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Executive Summary 

Background 

Water Corporation operates three major wastewater treatment plants (WWTP) in 

metropolitan Perth: Beenyup, Subiaco and Woodman Point.  The bulk of the treated 

wastewater processed by the WWTPs is discharged to the sea through three ocean 

outlets at Ocean Reef, Swanbourne and Sepia Depression, respectively.  The discharge 

of treated wastewater to the marine environment is undertaken according to licence 

conditions set by the Department of Environment Regulation (formerly, the Department 

of Environment and Conservation).  The licence conditions include a requirement to 

undertake annual summer surveys of ocean water quality at Ocean Reef and Sepia 

Depression.  For consistency, Water Corporation undertakes an identical survey at 

Swanbourne.   

 

The objective of the annual summer water quality surveys is to measure the effects of 

treated wastewater on the marine environment, based on a one-day survey of water 

quality at each of the ocean outlets.  This report presents the results of the summer 

water quality surveys at Ocean Reef (3 February 2015), Swanbourne (20 January 2015) 

and Sepia Depression (17 February 2015). 

Field survey 

Water samples were collected from 35 offshore sites (34 sites at Sepia Depression) 

within a rectangular sampling grid selected for the prevailing current conditions at each 

outlet on the day of the survey.  At each site, samples were collected from the surface 

(~1 m depth) and the bottom (~2 m above the seafloor) of the water column.  Nine 

shoreline sites located along the coast adjacent to each of the ocean outlets were also 

sampled.  As per licence conditions, water samples were analysed for nutrients (total 

nitrogen, total ammonia nitrogen, nitrate+nitrite, total phosphorus and ortho-

phosphate), chlorophyll-a (as a measure of phytoplankton biomass) and microbiological 

indicators (thermotolerant coliforms and Enterococci spp.).   

Water quality criteria 

To provide context for the results, the values for each of the measured nutrient and 

primary production water quality parameters were compared with (1) 

ANZECC/ARMCANZ (2000) default low-risk water quality guideline trigger values for 

south-west Australian inshore marine waters, and/or (2) 'reference values' calculated as 

the 80th percentile of values from reference sites, collected over the last 16 years.  The 

results of the offshore sampling program are summarised in the Report Cards 

(Table ES.1 to Table ES.6).   

 

Thermotolerant coliform concentrations were compared with the Environmental Quality 

Criteria (EQC) for maintenance of seafood safe for human consumption (based on those 

developed for Cockburn Sound [EPA 2005]).  Concentrations of Enterococci spp. were 

compared with the water quality guidelines developed by ANZECC/ARMCANZ (2000).  

Results for these microbial indicators are summarised in the Report Cards (Table ES.2, 

Table ES.4 and Table ES.6).  The Report Cards compare the median concentrations of 

thermotolerant coliforms and Enterococci spp. with the relevant guidelines using 

different approaches.  For each of the outlets, concentrations of thermotolerant coliforms 

are compared against the guidelines based on concentrations recorded in surface and 

bottom waters at distances <250 m and >250 m from the outlet.  The same approach is 

used at Swanbourne and Ocean Reef for Enterococci spp., whereby concentrations are 

compared against the guidelines based on concentrations determined for surface and 

bottom waters at distances <250 m and >250 m from the outlet.  At Sepia Depression, 

however, Enterococci spp. concentrations are compared with the guidelines based on 
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concentrations recorded in surface and bottom waters at distances 'inside' and 'outside' 

the post-upgrade boundary. 

 

Key results from the 2015 summer water quality surveys are presented below. 

Ocean Reef 

The flow rate of the treated wastewater discharge on 3 February 2015 at Ocean Reef 

was 129 ML/day.  The average initial dilution of the plume, calculated using the 

VPLUMES UM3 numerical model set up to match the conditions at the time of sampling, 

was 1:157 for Outlet A and 1:136 for Outlet B.  Median nutrient concentrations in 

surface water within 250 m of the diffuser were: total ammonia nitrogen 10 μg/L; ortho-

phosphate 43 μg/L, nitrate+nitrite 45 μg/L, total phosphorus 58 μg/L and total nitrogen 

170 μg/L.  Median nutrient concentrations in surface waters greater than 250 m from 

the outlet were: total ammonia nitrogen <3 μg/L; ortho-phosphate 16.5 μg/L, 

nitrate+nitrite 13 μg/L, total phosphorus 28 μg/L and total nitrogen 115 μg/L.  Median 

surface and bottom chlorophyll-a concentrations were 0.6 and 0.55 μg/L, respectively, 

within the 250 m boundary compared to 0.5 and 0.6 μg/L for surface and bottom 

concentrations outside the 250 m boundary.  Microbial indicators in surface and bottom 

waters were slightly elevated in the immediate vicinity of the diffuser with a decline in 

concentrations away from the outlet (supporting rapid die-off of microbes).   

 

Median concentrations of nutrients and chlorophyll-a were compared against the 80th 

percentile of values from reference sites.  In summary, surface water nutrients and 

chlorophyll-a exceeded the 80th percentile of the reference values at sites within 250 m 

of the outlets.  With the exception of ortho-phosphate, bottom water nutrients within 

250 m of the outlets were less than the 80th percentile of the reference values (Table 

ES.1).  Outside of the mixing zone, ortho-phosphate, nitrate+nitrite and chlorophyll-a 

exceeded the 80th percentile of reference values in surface waters and orthophosphate 

and chlorophyll-a exceeded the 80th percentile of reference values in bottom waters.    

 

At shoreline sites, median concentrations of all nutrients exceeded the 

ANZECC/ARMCANZ (2000) guideline values (Table ES.1). 

 

At Ocean Reef, thermotolerant coliform concentrations exceeded the EQG in surface and 

bottom waters (Table ES.2) less than 250 m from the diffuser.  The EQG was met in 

surface and bottom waters at distances greater than 250 m from the diffuser.  Median 

concentrations of Enterococci spp. were below the ANZECC/ARMCANZ (2000) primary 

contact recreation criteria in all cases.  Shoreline sites at Ocean Reef met the EQG for 

seafood consumption and the ANZECC/ARMCANZ (2000) criteria for primary contact 

recreation. 

 

Microbiological indicators typically do not meet the relevant guidelines in the immediate 

vicinity of the ocean outlet diffusers.  Results presented here show that the exceedance 

of the EQG for thermotolerant coliforms during the 2015 sampling event was restricted 

to sites less than 250 m from the outlets.  It is noted that are presently few, if any, 

suitable habitats for filter feeding shellfish near the ocean outlets.  The risk to human 

consumers of seafood is therefore considered very low.   
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Table ES.1 Ocean Reef summer water quality survey 2015 Report Card: 

Nutrients and chlorophyll-a  

Parameter 

Inside the mixing zone 
(sites <250 m from diffuser) 

Outside the mixing zone 
(sites >250 m from diffuser) Shoreline 

Surface Bottom Surface Bottom 

Total ammonia 
nitrogen 

     

Ortho-phosphate      

Nitrate+nitrite      

Total phosphorus      

Total nitrogen      

Chlorophyll-a       

Notes: 
Assessment criteria for surface and bottom sites: 

1. Green = Nutrient median values ≤80
th

 percentile reference values 

2. Red = Nutrient median values >80
th

 percentile reference values 

1. Assessment criteria for shoreline sites: 
3. Green = Nutrient median values ≤ ANZECC/ARMCANZ (2000) guideline values 
4. Red = Nutrient median values > ANZECC/ARMCANZ (2000) guideline values 
 

Table ES.2 Ocean Reef summer water quality survey 2015 Report Card: 

Thermotolerant coliforms (TTC) and Enterococci spp. 

Parameter 

Inside the mixing zone 
(sites <250 m from diffuser) 

Outside the mixing zone 
(sites >250 m from diffuser) Shoreline 

Surface Bottom Surface Bottom 

TTC      

Enterococci spp.      

Notes:  
Assessment criteria: 
1. Green = TTC: ≤14 coliforms/100 mL (seafood safe for human consumption).  Enterococci spp.: ≤35 

Enterococci spp./100 mL (primary contact recreation) 
2. Red = TTC: >14 coliforms/100 mL (seafood safe for human consumption).  Enterococci spp.: >35 

Enterococci spp./100 mL (primary contact recreation) 

Swanbourne 

The flow rate of the treated wastewater discharge on 20 January 2015 at Swanbourne 

was 65 ML/day.  The average initial dilution of the plume, calculated using the VPLUMES 

UM3 numerical model set up to match the conditions at the time of sampling, was 1:81.  

Median concentrations of surface water quality parameters within 250 m from the 

diffuser were: total ammonia nitrogen 110 μg/L, ortho-phosphate 50 μg/L, 

nitrate+nitrite 5 μg/L, total phosphorus 62 μg/L and total nitrogen 240 μg/L.  Median 

concentrations in the surface waters greater than 250 m from the outlet were: total 

ammonia nitrogen 49 μg/L, ortho-phosphate 8 μg/L, nitrate+nitrite 3 μg/L, total 

phosphorus 18.5 μg/L and total nitrogen 160μg/L.  Median surface and bottom 

chlorophyll-a concentrations were 0.2 and 0.25 μg/L, respectively, within the 250 m 

boundary compared to 0.2 μg/L for both surface and bottom chlorophyll-a 

concentrations outside the 250 m boundary.  Concentrations of microbiological indicators 

in surface and bottom waters generally showed elevated concentrations near the diffuser 

and a decline in concentrations away from the outlet, indicating rapid die-off of 

microbes.   
 

The median concentrations of nutrients were compared against the 80th percentile of 

reference values.  Median surface water ammonia, ortho-phosphate total phosphorus 

and total nitrogen, less than 250 m from the outlets at Swanbourne were greater than 

80th percentile of reference values for nutrients and chlorophyll-a, whereas all bottom 

water nutrients inside the mixing zone were less than the 80th percentile of reference 

site values (Table ES.3).   
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At shoreline sites, median nutrient concentrations were within ANZECC/ARMCANZ 

(2000) guideline values for all nutrients except nitrate + nitrite (Table ES.3).  The 

median chlorophyll-a concentrations for surface and bottom sites <250 m and >250 m 

from the diffuser were below or equal to the 80th percentile of reference values.  The 

median chlorophyll-a concentration at shoreline sites was also below the 

ANZECC/ARMCANZ (2000) guideline (Table ES.3). 

 

The EQG for thermotolerant coliforms was exceeded at the surface within 250 m but met 

at bottom <250 m from the diffuser and at the surface and bottom >250 m from the 

diffuser (Table ES.4).  Median concentrations of Enterococci spp. were below the 

ANZECC/ARMCANZ (2000) primary contact recreation criteria in all cases except the 

surface waters with 250 m from the diffuser at Swanbourne.  Thermotolerant coliform 

and Enterococci spp. concentrations at shoreline sites met their respective EQG and 

ANZECC/ARMCANZ (2000) guidelines. 

 

Table ES.3 Swanbourne summer water quality survey 2015 Report Card: 

Nutrients 

Parameter 

Inside the mixing zone 
(sites <250 m from diffuser) 

Outside the mixing zone 
(sites >250 m from diffuser) Shoreline  

Surface Bottom Surface Bottom 

Total ammonia 
nitrogen 

     

Ortho-phosphate      

Nitrate+nitrite      

Total phosphorus      

Total nitrogen      

Chlorophyll-a       

Notes: 
Assessment Criteria for surface and bottom sites: 

1. Green = Nutrient median values ≤80
th

 percentile reference values 

2. Red = Nutrient median values >80
th

 percentile reference values 

Assessment criteria for shoreline sites: 
3. Green = Nutrient median values ≤ ANZECC/ARMCANZ (2000) guideline values 
4. Red = Nutrient median values > ANZECC/ARMCANZ (2000) guideline values 

 

Table ES.4 Swanbourne summer water quality survey 2015 Report Card: 

Thermotolerant coliforms (TTC) and Enterococci spp. 

Parameter 

Inside the mixing zone 
(sites <250 m from diffuser) 

Outside the mixing zone 
(sites >250 m from diffuser) Shoreline 

Surface Bottom Surface Bottom 

TTC      

Enterococci spp.      

Notes:  
Assessment criteria: 
1. Green = TTC: ≤14 coliforms/100 mL (seafood safe for human consumption).  Enterococci spp.: ≤35 

Enterococci spp./100 mL (primary contact recreation) 
2. Red = TTC: >14 coliforms/100 mL (seafood safe for human consumption).  Enterococci spp.: >35 

Enterococci spp./100 mL (primary contact recreation 
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Sepia Depression 

The rate of the treated wastewater discharge from the SDOOL was 145 ML/day on 

17 February 2015.  The average initial dilution of the plume, calculated using the 

VPLUMES UM3 numerical model set up to match the conditions at the time of sampling, 

was 1:338.   

 

Median concentrations of surface water quality parameters at sites <250 m from the 

outlet were: total ammonia nitrogen 81 μg/L, ortho-phosphate 24 μg/L, nitrate+nitrite 

9 μg/L, total phosphorus 35 μg/L and total nitrogen 190 μg/L.  Median concentrations in 

the surface waters at sites >250 m from the outlet were: total ammonia nitrogen 

13 μg/L, ortho-phosphate 6 μg/L, nitrate+nitrite 3 μg/L, total phosphorus 16 μg/L and 

total nitrogen 110 μg/L.  Median surface and bottom chlorophyll-a concentrations were 

both 0.4 μg/L at sites <250 m from the outlet compared to 0.3 and 0.4 μg/L for surface 

and bottom, respectively at sites >250 m from the outlet.  Microbiological indicators in 

surface and bottom waters showed elevated concentrations in the immediate vicinity of 

the diffuser and a general decline in concentrations away from the outlet, indicating 

rapid die-off of microbes.   

 

All median surface nutrient concentrations at sites <250 m from the outlet exceeded the 

80th percentile of reference values (Table ES.5).  Bottom nutrient concentrations at sites 

<250 m from the outlet were below the 80th percentile of reference values.  All median 

nutrient concentrations except ammonia, from surface sites >250 m from the outlet 

were below or equal to 80th percentile of reference values.  Median nutrient 

concentrations for shoreline locations were below the ANZECC/ARMCANZ (2000) 

guideline value against which they were compared (Table ES.5), except for median total 

ammonia nitrogen concentrations which exceeded the guideline value. 

 

Median chlorophyll-a concentrations for all surface and bottom sites <250 m and 

>250 m from the outlet were less than the 80th percentile of reference values.  The 

median chlorophyll-a concentration of shoreline sites also met the relevant 

ANZECC/ARMCANZ (2000) criteria for inshore coastal waters. 

 

Thermotolerant coliforms and Enterococci spp. concentrations (Table ES.6) at Sepia 

Depression met their respective EQG and ANZECC/ARMCANZ (2000) guidelines at sites 

>250 m from the outlet.   Thermotolerant coliforms exceeded the EQG in surface and 

bottom waters <250 m from the outlet.  Median concentrations of Enterococci spp. 

exceeded the ANZECC/ARMCANZ (2000) guideline in surface waters at sites <250 m 

from the outlet, but were below the guideline at bottom water sites.  Concentrations of 

thermotolerant coliforms and Enterococci spp. at shoreline sites met their respective 

EQG and ANZECC/ARMCANZ (2000) criteria. 

 

Microbiological indicators typically do not meet the relevant guidelines in the immediate 

vicinity of the ocean outlet diffuser.  Results presented here show that the exceedance 

of the criteria for thermotolerant coliforms during the 2015 sampling event was 

restricted to sites <250 m from the outlets, and inside the post-upgrade boundary.  It is 

noted there are presently few, if any, suitable habitats for filter feeding shellfish near the 

ocean outlets.  The risk to human consumers of seafood is therefore considered very 

low. 
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Table ES.5 Sepia Depression summer water quality survey 2015 Report Card: 

Nutrients 

Parameter 

Inside the mixing zone 
(sites <250 m from diffuser) 

Outside the mixing zone 
(sites >250 m from diffuser) Shoreline  

Surface Bottom Surface Bottom 

Total ammonia 
nitrogen 

     

Ortho-phosphate      

Nitrate+nitrite      

Total phosphorus      

Total nitrogen      

Chlorophyll-a       

Notes: 
Assessment criteria for surface and bottom sites: 

1. Green = Nutrient median values ≤80
th

 percentile reference values 

2. Red = Nutrient median values >80
th

 percentile reference values 

Assessment criteria for shoreline sites: 
3. Green = Nutrient median values ≤ ANZECC/ARMCANZ (2000) guideline values 
4. Red = Nutrient median values > ANZECC/ARMCANZ (2000) guideline values 

 

Table ES.6 Sepia Depression summer water quality survey 2015 Report Card: 

Thermotolerant coliforms and Enterococci spp. 

Parameter 

Inside the mixing zone 
(sites <250 m from diffuser) 

Inside the mixing zone 
(sites >250 m from diffuser) Shoreline 

Surface Bottom Surface Bottom 

TCC      

Enterococci spp. 

Sites inside post-upgrade 

boundary 

Sites outside post-upgrade 

boundary Shoreline 

Surface Bottom Surface Bottom 

     

Notes:   
Assessment criteria: 
1. Green= TTC: ≤14 coliforms/100 mL (seafood safe for human consumption).  Enterococci spp.: ≤35 

Enterococci spp./100 mL (primary contact recreation) 
2. Red= TTC: >14 coliforms/100 mL (seafood safe for human consumption).  Enterococci spp.: >35 

Enterococci spp./100 mL (primary contact recreation) 

Conclusions 

The 2015 summer water quality surveys provide a snapshot of marine water quality 

conditions, on individual sampling days during summer, near three ocean outlets.  

Results indicated that the treated wastewater plumes dissipated away from the diffusers 

and that the region of influence was localised within the immediate vicinity (<250 m) of 

each outlet.  The results of this report, in conjunction with other PLOOM components 

(i.e. trial compliance monitoring [reported separately]), found no evidence that the 

treated wastewater from any of the three outlets is having detectable adverse effects on 

water quality conditions in the surrounding area. 
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1. Introduction 

1.2 Background 

Water Corporation operates three major wastewater treatment plants (WWTPs) within 

the Perth metropolitan area, at Beenyup, Subiaco and Woodman Point (Figure 1.1).  The 

WWTPs employ an activated sludge treatment process with high nitrogen removal 

capacity.  Most of the treated wastewater is discharged to the sea through three ocean 

outlets located at Ocean Reef, Swanbourne and Sepia Depression, respectively 

(Figure 1.1).  

 

The Beenyup WWTP discharges advanced secondary treated wastewater via two outlets 

at Ocean Reef.  The two outlets are located in ~10 m of water, have overall lengths of 

1.6 km (outlet A) and 1.8 km (outlet B), and diffuser lengths of 195 m each.  The 

Subiaco WWTP discharges secondary treated wastewater via an outlet at Swanbourne, 

which is located in ~11 m of water, has an overall length of 1.1 km, and a diffuser 

length of 91 m. The Sepia Depression Ocean Outlet Landline (SDOOL) discharges 

secondary treated domestic wastewater (~85% of the total), a smaller volume of 

primary treated wastewater (~10% of the total discharge flow) and wastewater from 

industry, the Jervoise Bay Groundwater Recovery Scheme and the Kwinana Wastewater 

Reclamation Plant (5% of discharge).  The Sepia Depression ocean outlet is located in 

~20 m of water, has an overall (offshore) length of 4.2 km and a diffuser length of 

324 m. 

 

The operation of each of the WWTPs in Perth’s metropolitan region and the discharge of 

treated wastewater to the marine environment is conducted under licence conditions set 

by the Department of Environment Regulation (Appendix A).  Licence conditions include 

a requirement to undertake annual summer surveys of ocean water quality at Ocean 

Reef and Sepia Depression.  For consistency, Water Corporation implements an identical 

survey at Swanbourne.  The objective of the annual water quality surveys is to measure 

the effects of treated wastewater on the marine environment.   

 

Water quality parameters (Table 1.1) are measured annually at a rectangular sampling 

grid of 35 offshore sites (34 sites at Sepia Depression) appropriate for the prevailing 

currents on the day of the survey (Appendix B).  Nine shoreline sites along the coast 

adjacent to each of the outlets are also sampled. 

 

Table 1.1 Water quality parameters for the summer survey of ocean outlets 

Nutrients Phytoplankton biomass Microbial indicators 

Total ammonia nitrogen 
Ortho-phosphate 
Nitrate+nitrite  

Total phosphorus 
Total nitrogen 

Chlorophyll-a  
Phaeophytin 

Thermotolerant coliforms 
Enterococci spp. 
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The purpose of the annual summer water quality surveys is to: 

 

 provide data on water quality in the vicinity of the outlets  

 assess the performance of each outlet by determining the dilution and dispersion 

characteristics of the treated wastewater 

 examine the extent of influence of the plumes 

 allow for the ongoing assessment of the environmental impact of the wastewater 

discharge in relation to the marine water quality and beneficial uses of the area 

 allow for the ongoing assessment of the level of public health risk associated with 

ocean disposal of treated wastewater. 

 

Water Corporation has undertaken the annual water quality surveys in the vicinity of the 

outlets since their construction and they have been a component of the Perth Long Term 

Ocean Outlet Monitoring (PLOOM) program since it was implemented in 1996.  The 

PLOOM Program was developed to determine the impacts of treated wastewater 

discharges on the marine environment in terms of nutrients, bacteria, metals and 

organic contaminants, and to assess whether environmental and public health values are 

being maintained (DALSE 2004a). 

 

This report presents the results of the 2015 summer water quality surveys of the marine 

environment near the three ocean outlets: Ocean Reef (3 February 2015), Swanbourne 

(20 January 2015) and Sepia Depression (17 February 2015). 
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Figure 1.1 Treated wastewater ocean outlet locations, Perth 
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1.3 Water quality criteria for Perth coastal waters 

1.3.1 An environmental quality management framework for Perth's coastal 

waters 

In 2000, the Environmental Protection Authority (EPA) published Perth’s Coastal Waters 

– Environmental Values and Objectives, a working document aimed at establishing an 

Environmental Quality Management Framework (EQMF) for Perth’s coastal waters.  In 

2015, the Environmental Assessment Guideline for Protecting the Quality of Western 

Australia’s Marine Environment, expanded the Environmental Quality Management 

Framework (EQMF) to all the state's coastal waters.  The document identified 

Environmental Values and Objectives relevant to  coastal waters, and outlined the 

process for developing Environmental Quality Criteria (EPA 2000).  Four Environmental 

Values are relevant to this report: Ecosystem Health (an ecological value), Fishing and 

Aquaculture (a social value), Recreation and Aesthetics (a social value) and Industrial 

Water Supply (a social value).  Seven Environmental Quality Objectives (EQOs) were 

developed to protect these Environmental Values.  The relevant EQOs are: 

EQO1: Maintenance of ecosystem integrity  

The objective of EQO1 is to maintain a healthy and diverse ecosystem.  Over 99% of 

Perth’s coastal waters have been designated as having a high level of protection (E2) 

with less than 1% designated as moderate (E3) or low (E4) levels of protection.  The 

areas designated with a moderate (E3) level of protection, where moderate changes 

from natural variation are identified as the limit of acceptable change, include those 

areas around the discharge points of the Ocean Reef and Swanbourne metropolitan 

ocean outlets (EPA 2000).  EPA (2000) includes appendices showing notional levels of 

ecological protection around each of the metropolitan ocean outlets (see Figure 3, Map 

2, Map 3 and Map 4; EPA 2000).  Although the framework published in this document 

still applies at Ocean Reef and Swanbourne, it was superseded at Sepia Depression 

through the publication of Ministerial Statement 665 (28 October 2004).  The levels of 

ecological protection were updated in this document such that area within 100 m of the 

Sepia Depression outlet is a low ecological protection area, whereas the area outside 

100 m is a high ecological protection area.   

EQO2: Maintenance of seafood for human consumption, EQO3: Maintenance of 

aquaculture, EQO4: Maintenance of primary contact recreation values and 

EQO5: Maintenance of secondary contact recreation values  

The objectives of EQO2–5 are to support social uses such as fishing, swimming and 

boating.  These EQOs will be enforced throughout Perth’s coastal waters with the 

exception of small areas surrounding the three metropolitan ocean outlets.  The EPA has 

appended maps to Perth’s Coastal Waters – Environmental Values and Objectives to 

provide an indication for each of the metropolitan ocean outlets of the boundaries 

identified by the EPA as S2 areas where EQO2 will not apply (i.e. seafood collected from 

these waters may be unsafe to eat) and S3 areas where EQO4 will not apply (i.e. water 

quality may not be suitable for swimming) (see Figure 4, Map 2, Map 3 and Map 4; EPA 

2000). 
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EQO6: Maintenance of aesthetic values and EQO7: Maintenance of industrial 

water supply values  

The objectives of EQO6–7 are to maintain the attractiveness of the environment and 

maintain industrial water supplies.  These EQOs will apply throughout Perth's coastal 

waters. 

 

In 2003, a Memorandum of Understanding (MOU) was developed between five relevant 

stakeholders, each with an interest in the management of treated wastewater 

discharges to the Marmion Marine Park.  According to the MOU (Anon 2003), the next 

phase in the establishment of an EQMF was to develop a Schedule outlining the 

Environmental Quality Criteria (EQC)1, their associated measurement and interpretation 

protocols, and the boundaries of the areas where the different EQOs will apply.  A 

guideline for the establishment of Environmental Quality Criteria for use near Perth’s 

existing ocean outlets was released in March 2015.   

1.3.2 ANZECC/ARMCANZ guidelines for fresh and marine water quality 

Physical and chemical stressors 

In the absence of formal Environmental Quality Guidelines (EQGs) or Environmental 

Quality Standards (EQSs), the ANZECC/ARMCANZ (2000) Guidelines for Fresh and 

Marine Water Quality include default trigger values, which are low-risk water quality 

guidelines for physical and chemical stressors.  These guidelines are applicable to south-

west Australian 'inshore marine waters', which includes the coastal waters off 

metropolitan Perth.  To provide some context for the results from the annual summer 

water quality surveys, it is useful to compare the values for each of the measured water 

quality parameters with the default water quality guidelines identified in 

ANZECC/ARMCANZ (2000).  According to the guidelines, an exceedance of a trigger 

value should be regarded as an 'early warning' mechanism; trigger values are not 

intended as a means of assessing 'compliance'. 

 

The default water quality guidelines for 'slightly disturbed' marine inshore waters in the 

south-west Australia region are shown in Table 1.2.  The ANZECC/ARMCANZ (2000) 

guidelines define 'slightly-to-moderately disturbed systems' as “ecosystems in which 

aquatic biological diversity may have been adversely affected to a relatively small but 

measurable degree by human activity” and where the “biological communities remain in 

a healthy condition and ecosystem integrity is largely retained”.  The ANZECC/ARMCANZ 

(2000) guidelines identify marine ecosystems lying immediately adjacent to 

metropolitan areas as potential examples of slightly-to-moderately disturbed systems.  

Inshore waters are defined in the ANZECC/ARMCANZ (2000) guidelines as “coastal 

lagoons (excluding estuaries) and embayments and waters less than 20 m depth”.  The 

marine environments of the three metropolitan ocean outlets can be classed as 'inshore 

marine'.  The Ocean Reef and Swanbourne outlets discharge to waters of ~10 m depth 

and the Sepia Depression outlet discharges into a natural channel ~20 m deep, bounded 

offshore by a shallower reef (~15 m deep). 

                                           
1
 Environmental Quality Criteria are benchmarks for monitoring used to guide and assess the results of 

monitoring programs, specifically to identify when and where Environmental Quality Objectives are being met 
or not met.  There are two types of Environmental Quality Criteria: Environmental Quality Guidelines and 
Environmental Quality Standards. 
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Table 1.2 Summary of default water quality guidelines (trigger values) 

applicable to south-west Australian coastal waters  

Parameter Inshore marine waters trigger value1 

Total ammonia nitrogen (µg/L) 5 

Ortho-phosphate (µg/L) 5 

Nitrate+nitrite (µg/L) 5 

Total phosphorus (µg/L) 20 

Total nitrogen (µg/L) 230 

Chlorophyll-a (µg/L) 0.7 

Notes: 
1. From ANZECC/ARMCANZ (2000)  
2. The ANZECC/ARMCANZ (2000) guidelines shown are recommended for summer (low rainfall) periods. 

 

Previous summer surveys (DALSE 2002, 2003, 2004a, 2004b, Oceanica 2005, 2006, 

2007, 2008, 2009, 2010, 2011, 2012, 2013, BMT Oceanica 2014) have indicated that 

levels of some of the measured ‘background’ water quality parameters are naturally 

higher than the ANZECC/ARMCANZ (2000) default guidelines.  For example, it has been 

the general trend for concentrations of ortho-phosphate, measured at sites located away 

from the influence of the outlets, to be above the guideline values.  Conversely, in the 

case of the chlorophyll-a, it is likely that the ANZECC/ARMCANZ (2000) guideline is 

relatively high compared to the background levels in Perth’s coastal waters. 

 

The ANZECC/ARMCANZ (2000) guidelines recommend, for naturally occurring stressors, 

that data from appropriate local reference systems should be used to determine the low-

risk trigger values for each key water quality parameter.  Data collected over two years 

of monthly sampling are generally regarded as sufficient to indicate ecosystem 

variability and can be used to derive trigger values.  Where few data are available (e.g. 

few reference sites or sampling times) the guidelines recommend that a single trigger 

value should be derived from the available data as an interim measure.  The guidelines 

recommend defining trigger values for physical and chemical stressors for slightly-to-

moderately disturbed ecosystems in terms of the 80th and/or 20th percentile values2 

obtained from an appropriate reference system.  For stressors that cause problems at 

high concentrations (e.g. nutrients), the 80th percentile of the reference distribution 

represents the low-risk trigger value.  

Reference values 

In this report 'reference values' for each nutrient and primary production water quality 

parameter have been derived as a measure of the background conditions for each outlet 

(Table 1.3).  Separate reference values have been derived for surface and bottom 

waters of the marine environment.  These reference values were calculated as the 80th 

percentile of the 'background concentrations' collated from the summer water quality 

surveys undertaken over the last 17 years (1999–2015).3  Background concentrations 

are the surface and bottom concentrations measured at sampling sites located upstream 

of the outlet at the time of each summer water quality survey.  Note that the 80th 

percentile of reference values has not been calculated for the shoreline sites.   

 

 

                                           
2
 A percentile is a value on a scale of one hundred that indicates the percent of a distribution that is equal to 

or below it.  For example, the 80th percentile is greater than or equal to 80% of all values – conversely, 80% 
of all values are less than or equal to the 80th percentile. 
3
 These years were selected on the basis that the same laboratory (Marine and Freshwater Research 

Laboratory) has been responsible for undertaking water quality analysis over this period, thereby minimising 
the potential for between-laboratory differences within the dataset (see DALSE 2004a). 
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Table 1.3 Median and 80th percentile values for the nutrient and primary 

production water quality parameters in the marine environment 

for each ocean outlet 

  
Total 
ammonium 
nitrogen (µg/L) 

Ortho-
phosphate 
(µg/L) 

Nitrate+
nitrite 
(µg/L) 

Total 
phosphorus 
(µg/L) 

Total 
nitrogen 
(µg/L) 

Chlorophyl
l-a (µg/L) 

Ocean Reef – surface waters 

median <3 7 8 18 110 0.3 

80th percentile 4 8 12 35 140 0.5 

Ocean Reef – bottom Waters 

median <3 7 7 17 112 0.3 

80th percentile 3 8 12 33 130 0.5 

Swanbourne – surface waters 

median <3 4 <2 14 110 0.3 

80th percentile 4 8 11 35 140 0.5 

Swanbourne – bottom waters 

median <3 4 <2 14 120 0.3 

80th percentile 3 8 11 33 130 0.5 

Sepia Depression – surface waters 

median <3 4 3 15 110 0.4 

80th percentile 6 6 5 31 146 0.6 

Sepia Depression – bottom waters 

median <3 3 3 14 110 0.4 

80th percentile 4 5 4 31 150 0.7 

Note: 
1. Values in this table are rounded. 

 

In ANZECC/ARMCANZ (2000), the recommended approach for physical and chemical 

stressors is that the median concentration of independent samples taken at a test site 

should be compared with the relevant guideline values.  Where suitable reference site 

data are available, the comparison should be against the 80th (or 20th) percentile of the 

reference site data.  The summer water quality surveys have not been specifically 

designed to provide information suitable for these types of comparisons.  In this report, 

the water quality parameters measured for each of the individual sites within the 

sampling grid are compared with the ANZECC/ARMCANZ (2000) guidelines and the 80th 

percentile of reference values for contextual purposes only.  In addition, the median 

concentrations of each water quality parameter were calculated for sites located within 

250 m of the diffuser and greater than 250 m from the diffuser.  This distance nominally 

represents the region encapsulating the initial stages of treated wastewater mixing, as 

indicated by historical initial dilution modelling. 

Water quality guidelines for recreational waters 

The ANZECC/ARMCANZ (2000) water quality guidelines for microbiological 

characteristics for primary and secondary contact recreation in marine waters are listed 

in Table 1.4.  The guidelines are exceeded if the median of the impact sites exceeds 35 

and 230 MPN/100mL for primary and secondary contact, respectively.   
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Table 1.4 ANZECC/ARMCANZ water quality guidelines for microbial 

characteristics for primary and secondary contact recreation in 

marine waters 

Enterococci spp.1 
Marine waters primary contact recreation 
guidelines from ANZECC/ARMCANZ (2000) 

Primary contact recreation 35 MPN/100 mL 

Secondary contact recreation 230 MPN/100 mL 

Notes: 
1. ANZECC/ARMCANZ (2000) guidelines for Enterococci spp. are provided for primary and secondary contact 

recreation and are based on median values and maximum number in any one sample of 60–100 
organisms/100 mL (primary) or 450–700 organisms/100 mL (secondary).  Enterococci spp. are the major 
component of the faecal streptococci group. 

2. Concentrations of Enterococci spp. are shown as Most Probable Number (MPN)/100 mL 
Source: ANZECC/ARMCANZ (2000) 

 

In this report, the median concentrations of Enterococci spp. were calculated for sites 

located within 250 m of the diffuser and greater than 250 m from the diffuser at Ocean 

Reef and Swanbourne.  At Sepia Depression, the median concentrations of Enterococci 

spp. were calculated for those sites inside and outside the post-upgrade boundary.   

 

It should be noted that the microbiological water quality guidelines are not intended to 

be used as the basis for establishing conditions for the discharge of treated wastewaters.  

Public health concerns relating to primary (whole-body) contact recreation are not 

considered to be an issue because there is no recreational use of the waters within the 

vicinity of the ocean outlets.  The NHMRC (2005) Guidelines for Managing Risks in 

Recreational Water identify that the first step in the framework for microbial quality 

assessment of recreational waters is the question “Is the water body used for contact 

recreation?”  If the response is 'No', the water body should remain unclassified, to be 

reassessed if use changes.   

1.3.3 Environmental Quality Criteria for the maintenance of seafood safe for 

human consumption 

The EPA (2005) Environmental Quality Criteria for maintenance of seafood safe for 

human consumption are listed in Table 1.5.  The Environmental Quality Guidelines 

(EQGs) are a measure of the potential threat to human health.  The Environmental 

Quality Standards (EQSs) are intended to “confidently predict whether there is a 

significant risk to the health of human consumers” (EPA 2005).  The important subtext is 

that these criteria were developed for Cockburn Sound where aquaculture or commercial 

and amateur harvesting of wild seafood species occurs.  They were not intended to be 

used as the basis for establishing conditions for the discharge of treated wastewaters to 

Perth’s coastal waters.  In addition, the EQO Seafood Safe for Human Consumption is 

primarily concerned with the harvesting and consumption of raw shellfish (meaning filter 

feeding bivalve molluscs, e.g. oysters, mussels, clams, pipis, scallops, cockles, and razor 

clams), and not other forms of seafood (e.g. fin fish, abalone, crayfish, etc.).  Human 

health concerns relating to consumption of shellfish are not considered an issue at the 

outfalls as there is no aquaculture within 250 m of the diffusers and no known 

harvesting of shellfish in the waters 1–2 km offshore.  In addition, any exceedance of 

the EQC for thermotolerant coliforms (TTC) is to be viewed conservatively.  The 

Department of Health (DoH) discourages the public from taking wild shellfish, 

recommending instead that shellfish are only consumed if harvested commercially and 

under strict monitoring programs.  The DoH has further indicated that “It is impossible 

to guarantee the safety of eating wild shellfish without having a comprehensive 

monitoring program that tests the waterway concerned for harmful microorganisms and 

toxins” and has formally advised DEC that, in the absence of a full monitoring program, 

the application of the TTC criteria (EPA 2005) is insufficient to protect those who wish to 

collect and eat wild shellfish.   
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Table 1.5 Environmental Quality Criteria for the maintenance of seafood safe 

for human consumption 

Thermotolerant coliforms 
Environmental Quality Criteria from EPA 
(2005) 

EQG1 14 CFU/100 mL 

EQS2 70 CFU/100 mL 

Notes: 

1. The EQG is based on median values with no more than 10% of the samples exceeding 21 CFU/100 mL. 
3. The EQS is based on median values with no more than 10% of the samples exceeding 85 CFU/100 mL. 
4. Concentrations of thermotolerant coliforms are shown as Colony Forming Units (CFU)/100 mL. 
Source: EPA (2005) 
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2. Survey Methods 

2.1 Wind, wave and tide conditions 

Information on the prevailing wind conditions (wind speed and direction) at Ocean Reef4, 

Swanbourne5 and Sepia Depression6 immediately prior to and over the duration of each 

summer water quality survey was provided by the Bureau of Meteorology.   

 

Significant wave height and wave period was provided by the Department of Transport 

(DoT) from a wave rider buoy located south-west of Rottnest Island in a water depth of 

48 m.  Attenuation of the wave energy, due to refraction and diffraction processes 

around the offshore reefs, will cause the wave height near the outlets to be considerably 

lower than that observed offshore of Rottnest Island.  Water surface elevations were 

provided by the DoT from their gauge in Fremantle Fishing Boat Harbour. 

 

This information was used to describe the prevailing wind, wave and tide conditions at 

each location immediately prior to and during the summer water quality surveys.  The 

prevailing flow conditions determine which sampling grid was used for the summer 

water quality survey at each outlet (Section 2.5; DAL 2001). 

2.2 Discharge from the outlets 

Flow-proportionate composite samples of treated wastewater were collected from each 

of the WWTPs over the 24-hour period prior to and during the annual summer water 

quality survey at each outlet and the characteristics of the treated wastewater samples 

determined.   

2.3 Surface drogue movement 

At the commencement of the summer water quality survey at each outlet, a drogue was 

released over the centre of the operational outlet diffuser (Outlet B for Ocean Reef).  

The location of the drogue was recorded at intervals throughout the survey using an on-

board global positioning system (GPS).  Drogue tracking provides an estimate of mean 

surface current and this information is used in the initial dilution modelling (Section 2.4). 

2.4 Initial dilution modelling 

2.4.1 Model 

VPLUMES is an initial dilution model developed by the United States Environmental 

Protection Agency.  Initial dilution occurs from the point of discharge to a point of 

maximum rise or fall (e.g. reaching the surface of the water body) of the plume. 

 

These numerical models are designed to model the near-field behaviour of plumes; that 

is, the behaviour in the region where the plume first jets into the surrounding waters 

and then (in the case of positively buoyant plumes) rises and mixes with the 

surrounding waters.  These models capture simple features of the surrounding 

environment such as depth at point of discharge, net current and wind speed.  However, 

because the models do not take into account broader scale bathymetry and 

hydrodynamics, they generally do not accurately predict the far-field behaviour; that is, 

the behaviour after the plume has reached the surface or is fully mixed in the water 

column.  Three-dimensional baroclinic or barotropic hydrodynamic models are required 

to better estimate far-field behaviour.  

                                           
4
 Bureau of Meteorology Site Number 009214. 

5
 Bureau of Meteorology Site Number 009215. 

6
 Bureau of Meteorology Site Number 009256 (Garden Island). 
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The UM3 initial dilution model, which is part of the Visual Plumes (VPLUMES) suite of 

dilution models (Frick et al. 2001), was applied to the discharges from each outlet under 

ambient conditions and treated wastewater flows at the time of the surveys.   

2.4.2 Model set-up 

Model set-up parameters were selected to represent the outlet diffuser, flows and 

ambient conditions at Ocean Reef, Swanbourne and Sepia Depression, respectively, at 

the time of the surveys (Table 2.1). 

Table 2.1 Initial dilution model set-up parameters for ocean outlets at Ocean 

Reef, Swanbourne and Sepia Depression 

Diffuser 
characteristics 

Ocean Reef 
(outlet A) 
3/02/2015 

Ocean Reef 
(outlet B) 
3/02/2015 

Swanbourne 
20/01/2015 

Sepia 
Depression 
17/02/2015 

Port diameter (m)1 0.125 0.16 0.17 0.135 

Port elevation (m) 0.76 0.84 1 0.75 

Number of open 

ports 
50 48 20 68 

Port spacing (m)2 4 4 5 4.65 

Port orientation  
Alternating 
horizontal 

Alternating 
horizontal 

Tee discharge 
horizontal, 
aligned N-S 

Alternating 
horizontal 

Water depth (m) 9.8 9.8 11 20 

Ambient conditions at the time of sampling 

Temperature (°C)3 22.81 22.81 24.10 23.19 

Salinity3 35.97 35.97 36.09 36.04 

Surface current 
(m/s)(based on 
drogue 
movement) 

0.07 0.07 0.07 0.14 

Discharge characteristics 

Flow (ML/day) 59.09 59.17 65.00 145.26 

Temperature (°C) 25.0 25.0 24.0 29.7 

Salinity (psu) 0.6  0.6  0.70  0.47  

Notes: 
1. Equivalent diameter for a 0.15 x 0.15 m square section. 
2. In the case of alternate ports, they are all assumed to be on one side of the diffuser and ‘port spacing’ is 

the distance between each port irrelevant of the actual position on either side of the diffuser.  For T-
shaped risers, it is assumed that all ports are on the one side of the diffuser with the spacing equal to half 
of the spacing between the risers. 

3. Ambient conditions have been taken from sites 64 for Ocean Reef and Sepia depression and site 48 for 
Swanbourne. 

 

The surface drogue tracking at each location provides an accurate estimate of mean 

surface current with good agreement among velocities calculated from the four, four and 

six observations taken at Ocean Reef, Swanbourne and Sepia Depression, respectively, 

on each day of the water quality surveys.  The mean direction7 of the surface current 

was also estimated from the surface drogue tracking locations.  The mean surface 

currents were used to synthesise vertical velocity profiles based on the findings of 

Pattiaratchi et al. (1995), who installed current meters at 3 m and 7 m above the 

seabed at the Ocean Reef outlet and at 3 m and 13 m above the seabed near the Sepia 

Depression outlet.  The difference between the mean currents at these depths was used 

as an indication of a likely linear decrease in current speeds from the surface to the 

seabed8.  At Ocean Reef it was estimated that the current speed dropped by ~1.2% per 

                                           
7
 The current direction was assumed to remain constant throughout the water column. 

8
 Two sets of ambient conditions are set in the model, one at the surface (0 m) and one at ~1 m above the 

seabed.  The current speed is set to linearly decrease to zero from this depth to the seabed. 
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metre depth and at Sepia Depression it was estimated that the current speed dropped 

by ~3.8% per metre depth.  There were no current measurements from the 

Swanbourne outlet, so the currents at Ocean Reef were also used to determine the likely 

linear decrease in current speeds at Swanbourne. 

2.5 Water quality sampling 

2.5.1 Sampling locations 

Water samples were collected from 35 offshore sites (34 at Sepia Depression) within a 

rectangular sampling grid appropriate for the prevailing flow conditions at each outlet on 

the day of the survey (Appendix B; DAL 2001).  The sampling grid was chosen after 4–6 

drogue readings to determine the predominant flow direction.  The actual position of 

each sampling site was recorded using an on-board GPS.  In addition, nine shoreline 

sites located along the coast adjacent to each ocean outlet were sampled.   

2.5.2 Sample collection 

At each offshore site, water samples were collected from the surface (1 m depth) and 

the bottom (~2 m above the seafloor) of the water column.  The samples were collected 

with two electric bilge pumps (one for the surface and one for the bottom samples).  

Prior to collecting a sample at each site, the pumps were operated for ~30 s to flush the 

delivery hose.  Single shoreline samples were obtained by filling the sample containers 

directly in waist-deep water.   

 

At the surface and the bottom of each of the offshore sites and at each shoreline site, 

the following samples were collected: 

 

 two 125 mL unfiltered samples for total phosphorus and total nitrogen analysis 

 two 10 mL filtered samples (onsite through a 45 μm filter) for ortho-phosphate, 

ammonia and nitrate+nitrite analysis 

 one 10 mL sample for fluorometric chlorophyll-a analysis 

 one 250 mL sample for thermotolerant coliforms and faecal streptococci analysis. 

 

Prior to collecting a sample at each site, the sample containers (with the exception of 

pre-sterilised sample bottles used for the microbiological analysis) were flushed with 

seawater.  Immediately after collection all the samples were placed on ice and in the 

dark. 

2.5.3 Replicate samples 

During each survey, three replicate samples for nutrients were obtained from surface 

waters at a single offshore site in the sampling grid.  The samples were compared to 

identify variance from small-scale spatial variability in the water column or by variability 

associated with laboratory analyses. 

2.5.4 Water column structure 

A multi-parameter water quality sensor was lowered through the water column at seven 

or eight of the offshore sites in the sampling grid at each of the outlets to provide 

information on the physical structure of the water column, i.e. vertical profiles of 

temperature, salinity and dissolved oxygen.  The selected sites were located along a 

north–south transect through the middle of each sampling grid, with additional sites 

measured around the diffuser.   

2.5.5 Laboratory analysis 

The nutrient and primary production analyses were undertaken using the analytical 

methods identified in Table 2.2. 
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The measurement of chlorophyll-a by fluorescence was performed on unfiltered water 

samples.  The sample fluorescence was measured the same day using a Turner Designs 

Trilogy Benchtop Fluorometer (Model 7200-042).  The fluorometer was calibrated 

against acetone-extracted chlorophyll-a samples that were collected from a number of 

corresponding sites.  Water samples collected for the measurement of chlorophyll-a and 

phaeophytin (acetone extraction method) were filtered in the field onto Whatman 

47 mm GF/C glass fibre filter papers, placed on ice and kept in the dark for transport.  

In the laboratory, filter papers were ground with 90% acetone and extraction occurred 

over 24 hours.  Chlorophyll-a and phaeophytin were measured using a 

spectrophotometer following extraction. 

 

Ortho-phosphate was analysed by the ascorbic acid method (Johnson & Petty 1982), 

nitrate+nitrite by copper-cadmium reduction (Johnson & Petty 1983) and ammonia 

using the alkaline phenate method (Switala 1993).  Total nitrogen and total phosphorus 

were determined from autoclave digests with potassium persulfate (Valderrama 1981).  

All nutrient analyses were carried out on a Lachat Quick Chem 8500 Automated Flow 

Injection Analyser in accordance with NATA accreditation requirements. 

 

Occasionally the concentration of a particular parameter in a sample was below the 

reporting limits.  The lower reporting limit for thermotolerant coliforms and Enterococci 

spp. is dependent on the maximum sample volume that can be processed.  For the 

purposes of calculating statistics and data presentation, nutrient, chlorophyll a and 

microbial concentrations below the reporting limit were assumed to be half the reporting 

limit (e.g. <3 µg/L becomes 1.5 µg/L). 

 

Table 2.2 Analytical methods and reporting limits  

Parameter Analytical method Reporting limit Unit 

Nutrient 

Total phosphorus 
Lachat automated flow 
injection analyser 
(Valderrama 1981) 

51 µg P/L 

Ortho-phosphate 
Lachat automated flow 
injection analyser 
(Johnson & Petty 1982) 

21 µg P/L 

Total nitrogen 
Lachat automated flow 
injection analyser 
(Valderrama 1981) 

501 µg N/L 

Total ammonia nitrogen 
Lachat automated flow 
injection analyser 
(Switala 1993) 

31 µg N/L 

Nitrate+nitrite 
Lachat automated flow 
injection analyser 

(Johnson & Petty 1983) 

21 µg N/L 

Primary production 

Chlorophyll-a  Fluorometric 0.12 µg/L 

Chlorophyll-a  Acetone extraction 0.11 µg/L 

Phaeophytin Acetone extraction 0.11 µg/L 

Microbiological indicators 

Thermotolerant 
coliforms 

Membrane filtration Dilution dependent3 CFU/100 mL 

Faecal streptococci  
(as Enterococci spp.) 

Enterolert Defined 
Substrate Technology 

Dilution dependent3 MPN/100 mL 

Notes: 
1. The reporting limit is calculated as the constituent concentration that produces a signal ten standard 

deviations above the reagent water blank. 
2. Instrument reporting limit. 
3. The lower assay limit for thermotolerant coliforms and faecal streptococci are dependent on the dilution of 

the original sample. 
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Data analysis and presentation 

The water quality data for each sampling site are presented as bar plots.  Dot 

distribution plots are presented to illustrate the spatial variation in water quality 

parameters within the sampling grid.  It should be emphasised that although individual 

sites may exceed ANZECC/ARMCANZ (2000) guidelines or the 80th percentile of 

reference values, this does not imply that an EQG or EQS has been exceeded.  EQG and 

EQS exceedance criteria are based on median values of samples taken from many sites. 

 



 

 

Summer Water Quality Survey 

Ocean Reef 

3 February 2015
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3. Ocean Reef Summer Water Quality Survey – 

Results and Interpretation 

3.1 Wind, wave and tide conditions 

The survey at Ocean Reef was undertaken on 3 February 2015.  For 24 hours prior to 

the survey, winds at Ocean Reef ranged from 10.5 to 22.2 km/h (Figure 3.1a) and were 

from the east and south (Figure 3.1b).  During the survey, gentle easterlies prevailed 

with an average wind speed of 16.8 km/h.  

 
Note: 
1. a = wind speed 
2. b = wind direction 
3. Dashed lines (- -) show approximate timing of the summer water quality survey. 

Figure 3.1 Wind speed and wind direction at Ocean Reef 

 

For 24 hours prior to the survey, the average significant wave height9 offshore from 

Rottnest Island was 0.84 m10, with an average peak wave period11 of 10.77 s10 

(Figure 3.2a and b).  During the survey the average significant wave height was 0.89 m 

and the average peak wave period increased to 11.00 s.  The survey was conducted 

during a low tide (Figure 3.2c). 

                                           
9
 The significant wave height (in metres) is defined as the average height of the highest one-third of 

waves recorded (source: http//www.dpi.wa.gov.au/). 
10

 Values presented are for the ‘total’ wave conditions, that is, the combined sea and swell conditions. 
11

 The wave period (in seconds) is the time between consecutive wave crests.  The peak wave period 

is the wave period of those waves that are producing the most energy in a wave record. 
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Note: 
1. a = significant wave height 
2. b = peak wave period 
3. c = water level elevation 
4. Dashed lines (- -) show approximate timing of the summer water quality survey. 

Figure 3.2 Significant wave heights (offshore Rottnest Island), peak wave 

periods (offshore Rottnest Island) and water level elevation 

(Fremantle Fishing Boat Harbour)  
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3.2 Discharge from outlets 

The characteristics of the treated wastewater from Beenyup WWTP measured from a 24-

hour composite sample collected prior to and during the survey at Ocean Reef on 

3 February 2015 are presented in Table 3.1.  At the time of the survey, 50 ports were 

operational on Outlet A and 48 ports were operational on Outlet B.   

 

Table 3.1 Characteristics of Beenyup WWTP treated wastewater on 

3 February 2015 

Parameter Concentration 

Total phosphorus 6.6 mg/L 

Total nitrogen 11 mg/L 

Total ammonia nitrogen 2.4 mg/L 

Nitrate+nitrite 8 mg/L 

Thermotolerant coliforms 460 000 CFU/100 mL 

Enterococci spp. 16 000 MPN/100 mL 

Total suspended solids 11 mg/L 

Biological oxygen demand 6 mg/L 

Total flow (outlet A) 129.00 ML/d 

Total flow (outlet B) 129.00 ML/d 

3.3 Surface drogue movement 

The surface drogue, released above the centre of the Outlet B diffuser at the beginning 

of the survey, initially drifted in an easterly direction before veering north-east, with an 

average velocity of 0.07 m/s (Figure 3.3).  At the time of the survey it was expected 

that the discharged treated wastewater would advect north-east and inshore of the 

diffuser. 
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Figure 3.3 Ocean Reef ocean outlets summer water quality survey and 

drogue tracking sites 
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3.4 Initial dilution modelling 

For ambient conditions at the time of the summer water quality survey on 

3 February 2015, the modelling predicted average initial dilutions of 1:157 for Outlet A 

and 1:136 for Outlet B with centreline dilutions of 1:73 for Outlet A and 1:62 for Outlet 

B (Figure 3.4a and Figure 3.5a).  The plume was predicted to first reach the surface 

within ~5–8 m (horizontal distance) from the discharge point (see the ambient 

boundary12 of the plume in Figure 3.4b and Figure 3.5b).  The full model output is 

included in Appendix C. 

 
(a) (b) 

  
Notes: 
1. a = predicted average and centreline dilution 
2. b = predicted plume elevation 

 

Figure 3.4 Predicted average and centreline dilutions and predicted plume elevation 
trajectory for Outlet A at Ocean Reef 

(a) (b) 

  
Notes: 
1. a = predicted average and centreline dilution 
2. b = predicted plume elevation 

 

Figure 3.5 Predicted average and centreline dilutions and predicted plume elevation 
trajectory for Outlet B at Ocean Reef 

3.5 Water quality 

The grid for northerly flow conditions at Ocean Reef was sampled during the survey on 

3 February 2015 (Section 3.3).  Water samples were collected from the surface and 

bottom waters of the 35 offshore sites and from nine shoreline sites (Figure 3.3).  The 

concentrations of all water quality parameters measured during the summer water 

quality survey are included in Appendix D.   

                                           
12

 The ambient boundary corresponds to the plume boundary at which concentrations are estimated to be 

equal to ambient conditions. 
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3.5.1 Water column structure 

Water column profiles were collected at eight sites (sites 28, 31, 32, 33, 37, 44, 55, 64).  

Across all sites, water temperature varied between 22.41 and 22.97°C, salinity was 

35.72–35.9913 and dissolved oxygen was 6.59–7.38 mg/L (equivalent to 93.72–

105.13% saturation) (Figure 3.6 and Figure 3.7).  There was evidence of a thermocline 

at sites 44, 55 and 64, with temperatures declining by up to 0.5 °C over the first 2–6 m 

depth.  Salinity showed little variation with increasing depth (difference of 0.27 between 

minimum and maximum values).  Salinity was slightly reduced in surface waters at sites 

28, 31, 32, 33, 37 and 44; the reduced salinity may indicate the presence of the treated 

wastewater plume.  Dissolved oxygen also showed little variation with increasing depth 

(difference of 0.79 mg/L between minimum and maximum values).  The dissolved 

oxygen profiles varied among sites and were not indicative of the presence of the 

treated wastewater plume.  

 

                                           
13

 Salinity throughout this report is referred to without units according to the Practical Salinity Scale.  On this 

scale salinity is defined as the ratio of conductivities and therefore cannot have units.  Seawater typically has 
a salinity in the range of 34–36. 
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Figure 3.6 Temperature, salinity and dissolved oxygen vertical profiles at 

Ocean Reef 
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Figure 3.7 Temperature, salinity and dissolved oxygen vertical profiles at 

Ocean Reef  
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The effect of the discharged wastewater on the physical structure of the water column is 

illustrated in Figure 3.8.  The colour scales used in Figure 3.8 range from the minimum 

to the maximum of each parameter, thus exaggerating small differences in 

measurements.  A mass of slightly warmer water was recorded in surface waters from 

sites 44–64, extending up to 4 m depth (Figure 3.8a).  Surface and bottom waters 

surrounding the diffuser (sites 28, 32, 37) showed little variation in temperature with 

depth.  A body of lower salinity water was recorded directly above the outlet, extending 

north for ~1.5 km before equalising to background salinities (Figure 3.8b).  Similarly, 

water density was lower in the waters directly above and to the north of the outlet 

(Figure 3.8c).  The temperature, salinity and density profiles were taken in a north–

south direction and therefore may not have captured the full extent of the discharged 

wastewater plume. 

 
Notes: 
1. a = temperature 
2. b = salinity 
3. c = density 

Figure 3.8 Temperature, salinity and density transect at Ocean Reef 
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3.5.2 Replicate samples 

Variance in measurements of water quality parameters may be introduced by small-

scale spatial variability in the water column or by variability among laboratory analyses.  

To examine the range of this variance, three surface samples were collected at site 1 

(Table 3.2).  The results indicated that in general, the variability amongst replicates was 

small.  The mean value of these replicate samples was used as representative of the 

water quality parameters at site 1. 

 

Table 3.2 Replicate surface samples from site 1, Ocean Reef, 

3 February 2015 

Parameter 
Total ammonia 
nitrogen 

Ortho-
phosphate 

Nitrate+nitrite 
Total 
phosphorus 

Total 
nitrogen 

Units μg/L μg/L μg/L μg/L μg/L 

Reporting 
limit 

<3 <2 <2 <5 <50 

Surface rep 1 <3 14 12 25 120 

Surface rep 2 <3 13 13 24 120 

Surface rep 3 <3 13 12 24 120 

Mean <3 13.3 12.3 24.3 120 

Parameter 
Chlorophyll-a  
(Fluorometry) 

Chlorophyll-a  
(Acetone) 

Phaeophytin 
Thermotolerant 
coliforms 

Enterococci 
spp. 

Units μg/L μg/L μg/L CFU/100mL MPN/100mL 

Reporting limit <0.1 <0.1 <0.2 <10 <10 

Surface rep 1 0.5 0.6 0.3 <10 <10 

Surface rep 2 0.5 0.6 0.3 <10 <10 

Surface rep 3 0.4 0.6 0.3 <10 <10 

Mean 0.5 0.6 0.3 <10 <10 

Note: 
1. Mean values were calculated by replacing values below the reporting limit as half the reporting limit. 

3.5.3 Nutrient concentrations and distributions 

Total ammonia nitrogen (NH4
+) 

 Offshore surface concentrations of NH4
+ ranged from <3 to 17 µg/L with 21 (60%) 

sites below or equal to the ANZECC/ARMCANZ (2000) guideline of 5 µg/L.  Bottom 

concentrations of NH4
+ ranged from <3 to 11 µg/L with 34 (97%) sites below or 

equal to the ANZECC/ARMCANZ (2000) guideline. 

 NH4
+ concentrations in surface waters of 20 (57%) sites were below or equal to the 

80th percentile reference value of 4 µg/L.  Concentrations in bottom waters at 33 

(94%) sites were below or equal to the 80th percentile reference value. 

 Sites within 250 m from the diffuser had NH4
+ concentrations ranging between 6 and 

13 µg/L (median of 10 µg/L) in surface waters and between <3 and 11 µg/L (median 

of <3 µg/L) in bottom waters.  All surface samples within 250 m from the diffuser 

exceeded the ANZECC/ARMCANZ (2000) guideline of 5 µg/L and the 80th percentile 

of reference values (4.3 µg/L).  Two bottom sites within 250 m of the diffuser 

exceeded the ANZECC/ARMCANZ (2000) guideline, and one of these (site 32, directly 

over the diffuser) exceeded the 80th percentile of reference values (3.3 µg/L). 

 Sites outside 250 m from the diffuser had NH4
+ concentrations ranging between <3 

and 17 µg/L (median of 2.75 µg/L) in surface waters and between <3 and 4 µg/L 

(median of <3 µg/L) in bottom waters.  Nine out of 30 (30%) surface sites >250 m 

from the diffuser exceeded the ANZECC/ARMCANZ (2000) guideline of 5 µg/L 

compared to none of the bottom sites.  Ten surface and one bottom sites exceeded 

the 80th percentile of reference values (4.3 µg/L and 3.3 µg/L for surface and bottom 

waters, respectively).  
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 NH4
+ concentrations at shoreline sites ranged from 7 to 23 µg/L.  All shoreline sites 

had concentrations above the ANZECC/ARMCANZ (2000) guideline of 5 µg/L. 

 For surface waters, the highest concentrations of NH4
+ occurred at sites immediately 

adjacent to and up to ~600 m surrounding the diffuser (Figure 3.10).  Surface sites 

outside ~600 m were below the ANZECC/ARMCANZ (2000) guideline.  In bottom 

waters, NH4
+ concentrations were consistently below the ANZECC/ARMCANZ (2000) 

guideline, with the exception of site 32 immediately above the diffuser. 

 
Note: 
1. Dashed line indicates ANZECC/ARMCANZ (2000) guideline value. 

Figure 3.9 Total ammonia nitrogen concentrations at Ocean Reef 

0

5

10

15

20

1 2
1
8

2
0

2
2

2
5

2
6

2
7

2
8

3
0

3
1

3
2

3
3

3
4

3
6

3
7

3
8

3
9

4
0

4
1

4
3

4
4

4
5

4
7

4
8

5
2

5
3

5
4

5
5

5
6

5
7

6
0

6
1

6
3

6
4 A B C D E F G H I

To
ta

l a
m

m
on

ia
 n

itr
og

en
(m

g/
L)

Ocean Sampling Sites                                                                         Shoreline SitesSurface Bottom



 

28 PLOOM Program: 2015 Summer Water Quality Survey 

Ocean Reef, Swanbourne, and Sepia Depression 

 
Notes: 
1. Site locations have been exaggerated for visual clarity.  Precise site locations are given in Figure 3.3. 
2. Breaks in the legend (solid lines) indicate concentrations above or below the detection limit or 

ANZECC/ARMCANZ (2000) guideline. 

Figure 3.10 Spatial distribution of total ammonia at Ocean Reef 
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Ortho-phosphate 

 Offshore surface concentrations of ortho-phosphate ranged from 6 to 60 µg/L; 

concentrations at all sites exceeded the ANZECC/ARMCANZ (2000) guideline of 

5 µg/L.  Bottom concentrations of ortho-phosphate ranged from 5 to 53 µg/L with all 

sites except site 60 (97%) exceeding the ANZECC/ARMCANZ (2000) guideline. 

 Surface concentrations of ortho-phosphate at 6 (17%) sites were below or equal to 

the 80th percentile reference value of 8 µg/L.  Bottom concentrations of ortho-

phosphate at 13 (37%) sites were below or equal to the 80th percentile reference 

value.   

 Sites within 250 m from the diffuser had ortho-phosphate concentrations ranging 

between 25 and 58 µg/L (median of 43 µg/L) in surface waters and between 9 and 

53 µg/L (median of 13 µg/L) in bottom waters.  All sites within 250 m from the 

diffuser (surface and bottom) exceeded the ANZECC/ARMCANZ (2000) guideline 

(5 µg/L) and the 80th percentile of reference values (8 µg/L for both surface and 

bottom waters).   

 Sites outside 250 m from the diffuser had ortho-phosphate concentrations ranging 

between 6 and 60 µg/L (median of 16.5 µg/L) in surface waters and between 5 and 

16 µg/L (median of 13.2 µg/L) in bottom waters.  All surface and all but one bottom 

site exceeded the ANZECC/ARMCANZ (2000) guideline (5 µg/L).  Twenty-eight of 30 

(93%) surface sites and 17 of 30 (57%) bottom sites exceeded the 80th percentile of 

reference values (8 µg/L for both surface and bottom waters). 

 Ortho-phosphate concentrations at shoreline sites ranged from 10 µg/L (sites C and 

E) to 16 µg/L (site D) (Figure 3.11).  Concentrations at all shoreline sites exceeded 

the ANZECC/ARMCANZ (2000) guideline of 5 µg/L.   

 For surface waters, the highest ortho-phosphate concentrations occurred at sites 

immediately adjacent to and up to ~1 km surrounding the diffuser.  In bottom 

waters, ortho-phosphate concentrations were highest adjacent to and south of the 

diffuser (Figure 3.12). 

 
Note: 
1. Dashed line indicates ANZECC/ARMCANZ (2000) guideline value. 

Figure 3.11 Ortho-phosphate concentrations at Ocean Reef 
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Ocean Reef, Swanbourne, and Sepia Depression 

 
Notes: 
1. Site locations have been exaggerated for visual clarity.  Precise site locations are given in Figure 3.3. 
2. Breaks in the legend (solid lines) indicate concentrations above or below the detection limit or 

ANZECC/ARMCANZ (2000) guideline. 

Figure 3.12 Spatial distribution of ortho-phosphate at Ocean Reef 
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Nitrate+nitrite (NO2
–+NO3

–) 

 Offshore surface concentrations of NO2
–+NO3

– ranged from <2 to 64 µg/L with 7 

(20%) sites below or equal to the ANZECC/ARMCANZ (2000) guideline of 5 µg/L.  

Bottom concentrations of ortho-phosphate ranged from <2 to 57 µg/L with 21 (60%) 

sites below or equal to the ANZECC/ARMCANZ (2000) guideline.   

 Surface concentrations of NO2
–+NO3

– at 14 (40%) sites were below or equal to the 

80th percentile reference value of 12 µg/L.  Bottom concentrations of NO2
–+NO3

– at 

21 (60%) sites were below or equal to the 80th percentile reference value.  

 Sites within 250 m from the diffuser had NO2
–+NO3

– concentrations ranging between 

20 and 64 µg/L (median of 45 µg/L) in surface waters and between 5 and 57 µg/L 

(median of 1045 µg/L) in bottom waters.  All surface sites and all but one bottom 

site within 250 m from the diffuser exceeded the ANZECC/ARMCANZ (2000) 

guideline (5 µg/L).  All surface sites and two bottom sites exceeded the 80th 

percentile reference value (12 µg/L). 

 Sites outside 250 m from the diffuser had NO2
–+NO3

– concentrations ranging 

between <2 and 58 µg/L (median of 13.2 µg/L) in surface waters and between <2 

and 16 µg/L (median of 3.5 µg/L) in bottom waters.  Twenty-three of 30 (77%) 

surface sites >250 m from the diffuser exceeded the ANZECC/ARMCANZ (2000) 

guideline (5 µg/L) compared to 10 of 30 (33%) bottom sites.  Sixteen surface and 

three bottom sites exceeded the 80th percentile of reference values (12 µg/L). 

 Nitrate+nitrite concentrations at shoreline sites ranged from 9 µg/L (site C) to 

160 µg/L (site E) (Figure 3.11).  Shoreline NO2
–+NO3

– concentrations at all sites 

exceeded the ANZECC/ARMCANZ (2000) guideline of 5 µg/L.   

 For surface waters, the highest NO2
–+NO3

– concentrations occurred at sites 

immediately adjacent and up to ~1 km surrounding the diffuser (Figure 3.12).  In 

bottom waters, the highest NO2
–+NO3

– concentrations were immediately adjacent 

and up to ~600 m south of the diffuser.   

 
Note: 
1. Dashed line indicates ANZECC/ARMCANZ (2000) guideline value 

Figure 3.13 Nitrate+nitrite concentrations at Ocean Reef 
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Ocean Reef, Swanbourne, and Sepia Depression 

 
Notes: 
1. Site locations have been exaggerated for visual clarity.  Precise site locations are given in Figure 3.3. 
2. Breaks in the legend (solid lines) indicate concentrations above or below the detection limit or 

ANZECC/ARMCANZ (2000) guideline. 

Figure 3.14 Spatial distribution of nitrate+nitrite at Ocean Reef 
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Total phosphorus (TP) 

 Offshore surface concentrations of TP ranged from 16 to 73 µg/L with 8 (23%) sites 

below or equal to the ANZECC/ARMCANZ (2000) guideline of 20 µg/L.  Bottom 

concentrations of TP ranged from 15 to 61 µg/L with 17 (49%) sites below or equal 

to the ANZECC/ARMCANZ (2000) guideline.   

 Surface concentrations of TP at 19 (54%) sites were below or equal to the 80th 

percentile reference value of 35 µg/L.  Bottom concentrations of TP at 34 (97%) sites 

were below or equal to the 80th percentile reference value. 

 Sites within 250 m from the diffuser had TP concentrations ranging between 36 and 

68 µg/L (median of 58 µg/L) in surface waters and between 19 and 61 µg/L (median 

of 26 µg/L) in bottom waters.  All surface sites and all but one bottom site <250 m 

from the diffuser exceeded the ANZECC/ARMCANZ (2000) guideline (20 µg/L).  All 

surface sites exceeded the 80th percentile of reference values (35 µg/L), whereas the 

only bottom site to exceed the 80th percentile of reference values (33 µg/L) was site 

32, directly above the diffuser. 

 Sites outside 250 m from the diffuser had TP concentrations ranging between 16 and 

73 µg/L (median of 28 µg/L) in surface waters and between 15 and 30 µg/L (median 

of 20 µg/L) in bottom waters.  Twenty-two of 30 (73%) surface sites outside 250 m 

from the diffuser exceeded the ANZECC/ARMCANZ (2000) guideline (20 µg/L) 

compared to 14 of 30 (47%) bottom sites.  Eleven surface sites exceeded the 80th 

percentile of reference values (35 µg/L).  There were no exceedances of the 80th 

percentile of reference values (33 µg/L) at bottom sites.   

 TP concentrations at shoreline sites ranged from 23 µg/L (site H) to 39 µg/L (site A) 

(Figure 3.11).  All shoreline sites exceeded the ANZECC/ARMCANZ (2000) guideline 

of 20 µg/L.   

 TP concentrations in surface and bottom water were elevated north, east and south 

of the diffuser.  Lower TP concentrations (within ANZECC/ARMCANZ (2000) guideline 

value of 20 µg/L) were recorded at sites west of the diffuser (Figure 3.12).   

 
Note: 
1. Dashed line indicates ANZECC/ARMCANZ (2000) guideline value. 

Figure 3.15 Total phosphorus concentrations at Ocean Reef 
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Ocean Reef, Swanbourne, and Sepia Depression 

 
Notes: 
1. Site locations have been exaggerated for visual clarity.  Precise site locations are given in Figure 3.3 
2. Breaks in the legend (solid lines) indicate concentrations above or below the detection limit or 

ANZECC/ARMCANZ (2000) guideline. 

Figure 3.16 Spatial distribution of total phosphorus at Ocean Reef 
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Total nitrogen (TN) 

 Offshore surface concentrations of TN ranged from 90 to 180 µg/L and bottom 

concentrations of TN ranged from 80 to 170 µg/L. Surface and bottom 

concentrations at all sites were below the ANZECC/ARMCANZ (2000) guideline of 

230 µg/L.   

 Surface concentrations of TN at 27 (77%) sites were below or equal to the 80th 

percentile reference value of 140 µg/L.  Bottom concentrations of TN at 34 (97%) 

sites were below or equal to the 80th percentile reference value of 130 µg/L.   

 Sites within 250 m from the diffuser had TN concentrations ranging between 120 and 

180 µg/L (median of 170 µg/L) in surface waters and between 110 and 170 µg/L 

(median of 120 µg/L) in bottom waters.  All sites <250 m from the diffuser (surface 

and bottom) were below the ANZECC/ARMCANZ (2000) guideline of 230 µg/L.  Three 

surface sites exceeded the 80th percentile of reference values (140 µg/L), whereas 

the only bottom site to exceeded the 80th percentile of reference values (130 µg/L) 

was site 32, located over the diffuser. 

 Sites outside 250 m from the diffuser had TN concentrations ranging between 90 and 

180 µg/L (median of 115 µg/L) in surface waters and between 80 and 130 µg/L 

(median of 100 µg/L) in bottom waters.  .  All sites >250 m from the diffuser 

(surface and bottom) were below the ANZECC/ARMCANZ (2000) guideline of 

230 µg/L.  Seven of 30 (23%) surface sites >250 m from the diffuser exceeded the 

80th percentile of reference values (140 µg/L) whereas no bottom sites exceeded the 

80th percentile of reference values (130 µg/L).   

 TN concentrations at shoreline sites ranged from 180 µg/L (site G) to 380 µg/L (site 

E) (Figure 3.11).  TN concentrations at 4 (44%) shoreline sites were below or equal 

to the ANZECC/ARMCANZ (2000) guideline of 230 µg/L.   

 For surface and bottom waters, the highest TN concentrations occurred at sites 

adjacent to the diffuser (Figure 3.12).  Concentrations remained within 

ANZECC/ARMCANZ (2000) guideline values at all sites.   

 
Note: 
1. Dashed line indicates ANZECC/ARMCANZ (2000) guideline value. 

Figure 3.17 Total nitrogen concentrations at Ocean Reef 
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Ocean Reef, Swanbourne, and Sepia Depression 

 
Notes: 
1. Site locations have been exaggerated for visual clarity.  Precise site locations are given in Figure 3.3. 
2. Breaks in the legend (solid lines) indicate concentrations above or below the detection limit or 

ANZECC/ARMCANZ (2000) guideline. 

Figure 3.18  Spatial distribution of total nitrogen at Ocean Reef 
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3.5.4 Phytoplankton biomass and distribution 

Phaeophytin 

 Phaeophytin concentrations (Appendix D) were measured in surface waters at six 

offshore sites (sites 1, 27, 36, 44, 60 and 64).  Phaeophytin concentrations ranged 

from <0.2 to 0.3 µg/L.   

 Phaeophytin concentrations were also measured at the nine shoreline sites, where 

concentrations ranged from 0.4 µg/L (site A) to 2.9 µg/L (site D). 

Chlorophyll-a 14 

 Offshore surface concentrations of chlorophyll-a ranged from 0.2 to 1.0 µg/L with 33 

(94%) sites below or equal to the ANZECC/ARMCANZ (2000) guideline of 0.7 µg/L.  

Bottom concentrations of chlorophyll-a ranged from 0.2 to 0.9 µg/L with 27 (77%) 

sites below or equal to the ANZECC/ARMCANZ (2000) guideline. 

 Surface concentrations of chlorophyll-a at 17 (49%) sites were below or equal to the 

80th percentile reference value of 0.5 µg/L.  Bottom concentrations of chlorophyll-a 

at 18 (51%) sites were below or equal to the 80th percentile reference value. 

 The chlorophyll-a concentration at shoreline sites ranged from 0.3 µg/L (site G) to 

2.4 µg/L (site E) (Figure 3.19).  Concentrations at 17 (49%) shoreline sites were 

below or equal to the ANZECC/ARMCANZ (2000) guideline value of 0.7 µg/L. 

 Chlorophyll-a concentrations at Ocean Reef sites showed no obvious spatial patterns 

(Figure 3.20).  Chlorophyll-a concentrations in surface and bottom waters at some 

reference sites >1 km from the diffuser exceeded the ANZECC/ARMCANZ (2000) 

guideline value of 0.7 µg/L. 

 
Note: 
1. Dashed line indicates ANZECC/ARMCANZ (2000) guideline value. 

Figure 3.19 Chlorophyll-a concentrations at Ocean Reef 

                                           
14

 Chlorophyll-a concentrations at surface and bottom offshore sites were determined in-situ using a 

fluorometer; chlorophyll-a concentrations at shoreline sites were analysed using an acetone extraction 
method. 
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Ocean Reef, Swanbourne, and Sepia Depression 

 
Notes: 
1. Site locations have been exaggerated for visual clarity.  Precise site locations are given in Figure 3.3. 
2. Breaks in the legend (solid lines) indicate concentrations above or below the detection limit or 

ANZECC/ARMCANZ (2000) guideline. 

Figure 3.20 Spatial distribution of chlorophyll-a at Ocean Reef 
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3.5.5 Bacterial concentrations and distribution 

Thermotolerant coliforms (TTC) 

 The highest offshore surface concentration of TTC was 1300 CFU/100 mL at site 26, 

positioned 424 m west of the diffuser (Figure 3.21a).  The next highest 

concentrations were 660 CFU/100 mL at site 28 and 470 CFU/100 mL at site 25 

(located 151 and 425 m from the diffuser, respectively).  The majority (23) of sites 

had TTC concentrations less than the detection limit of 10 CFU/100 mL 

(Figure 3.21b).   

 The highest offshore bottom concentration of TTC was 160 CFU/100 mL at site 32 

located above the diffuser (Figure 3.21b).  The next highest concentration was 

70 CFU/100 mL at site 39, located 428 m from the diffuser. The majority (22) sites 

had TTC concentrations less than the detection limit of 10 CFU/100 mL. 

 All but two shoreline sites had TTC concentrations less than the reporting limit of 

10 CFU/100 mL (Figure 3.21b).  Shoreline sites A and F had TTC concentrations of 

20 and 63 CFU/100 mL, respectively.  

 The median TTC concentration at surface sites located <250 m from the diffuser was 

above the EQG and EQS, whereas the median TTC concentration at bottom sites was 

above the EQG but below the EQS.  Median surface and bottom TTC concentrations 

for sites located >250 m were below the EQG and EQS (Table 3.3). 

 TTC concentrations in surface and bottom waters exceeding the EQG occurred 

nearby and up to ~600 m south of the diffuser (Figure 3.22).  
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Ocean Reef, Swanbourne, and Sepia Depression 

 

 
Note: 
1. Dashed line indicates EQG (EPA 2005) guideline value. 

Figure 3.21 Concentration of thermotolerant coliforms at Ocean Reef 

 

Table 3.3 Median thermotolerant coliform concentration at Ocean Reef  

Sites Surface Bottom EQC (EPA 2005) 

<250 m from the diffuser 380 CFU/100 mL 18 CFU/100 mL 
14 CFU/100 mL (EQG) 
70 CFU/100 mL (EQS) 

>250 m from the diffuser <10 CFU/100 mL(1) <10 CFU/100 mL(1) 

Shoreline <10 CFU/100 mL(1) - 

Note: 
1. 10 CFU/100 mL is the lower assay limit for the parameter. 
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Ocean Reef, Swanbourne, and Sepia Depression 

 
Notes: 
1. Site locations have been exaggerated for visual clarity.  Precise site locations are given in Figure 3.3. 
2. Breaks in the legend (solid lines) indicate concentrations above or below the detection limit or EQG. 

Figure 3.22 Spatial distribution of thermotolerant coliform concentrations at 

Ocean Reef 
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Enterococci spp. 

 The highest offshore surface concentration of Enterococci spp. was 63 MPN/100 mL 

at site 26, positioned 424 m west of the diffuser.  The next highest concentrations 

were 41 MPN/100 mL at sites 25 and 31 (located 425 and 90 m from the diffuser, 

respectively).  The majority (27) of sites had Enterococci spp. concentrations less 

than the reporting limit of 10 MPN/100 mL (Figure 3.23). 

 Offshore bottom concentrations of Enterococci spp. were less than the reporting limit 

at all but two sites (Figure 3.23).  Sites 26 and 32 (located 424 m and 3 m from the 

diffuser, respectively) had concentrations of 10 MPN/100 mL. 

 Concentrations of Enterococci spp were less than the reporting limit at all but two 

shoreline sites (Figure 3.23).  Sites A and F had concentrations of 20 and 

63 MPN/100 mL, respectively. 

 Median Enterococci spp. concentrations at offshore sites <250 m from the diffuser 

(surface and bottom), offshore sites >250 m from the diffuser (surface and bottom) 

and shoreline sites were all below ANZECC/ARMCANZ (2000) guidelines for primary 

and secondary contact recreation (Table 3.4).   

 Surface sites immediately adjacent to the diffuser had slightly elevated Enterococci 

spp. concentrations (Figure 3.24).  No pattern was evident in bottom water 

Enterococci spp. concentrations.   

 
Note: 
1. Dashed line indicates ANZECC/ARMCANZ (2000) guideline value. 

Figure 3.23 Concentration of Enterococci spp. at Ocean Reef 

 

Table 3.4 Median Enterococci spp. concentration at Ocean Reef 

Sites Surface Bottom ANZECC/ARMCANZ (2000) 

<250 m from the diffuser 20 <10(1) 35 MPN/100 mL (primary contact) 
 
230 MPN/100 mL (secondary contact) 
 

>250 m from the diffuser <10(1) <10(1) 

Shoreline <10(1)  

Note: 
1. 10 MPN/100 mL is the lower assay limit for the parameter. 
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Ocean Reef, Swanbourne, and Sepia Depression 

 
Notes: 
1. Site locations have been exaggerated for visual clarity.  Precise site locations are given in Figure 3.3. 
2. Breaks in the legend (solid lines) indicate concentrations above or below the detection limit or 

ANZECC/ARMCANZ (2000) guideline. 

Figure 3.24 Spatial distribution of Enterococci spp. at Ocean Reef 
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3.6 Conclusions 

During the survey on 3 February 2015 at Ocean Reef, the treated wastewater plume was 

initially buoyant (as indicated by the generally higher concentrations of nutrients and 

microbiological indicators in surface waters than in bottom waters) and was advecting in 

a north-easterly direction from the outlets.   

 

The survey provided a one-day snapshot of the extent of elevated nutrient 

concentrations related to the discharge of treated wastewater at the Ocean Reef outlets.  

Generally, nutrient concentrations in surface and bottom waters were higher near the 

outlets than at sites located further from the outlets. 

 

The summer water quality surveys were not specifically designed to provide information 

suitable for comparison with ANZECC/ARMCANZ (2000) guidelines, or with 80th 

percentile of reference values.  For information only, water quality parameters at sites 

located <250 m and >250 m from the diffuser were compared with the 

ANZECC/ARMCANZ (2000) guidelines and 80th percentile of reference values.   

 

ANZECC/ARMCANZ (2000) suggests that an exceedance of a trigger value should be 

regarded as an 'early warning' and trigger values are not intended as a means of 

assessing 'compliance'.  Parameters with medians exceeding the ANZECC/ARMCANZ 

(2000) guideline values during the 2015 survey at Ocean Reef were (Table 3.5): 

 

 NH4+ in surface waters at sites <250 m from the diffuser and at shoreline sites 

 Ortho-phosphate in surface and bottom waters <250 m and >250 m from the 

diffuser, and shoreline sites 

 NO2
–+NO3

– in surface waters <250 m and >250 m from the diffuser, in bottom 

waters <250 m from the diffuser and shoreline sites 

 Total phosphorus in surface waters <250 m and >250 m from the diffuser, in bottom 

waters <250 m from the diffuser and shoreline sites 

 Total nitrogen at shoreline sites 

 Chlorophyll-a at shoreline sites 

 

Nitrogen is a nutrient limiting primary productivity in Perth’s near-shore coastal waters 

(Lord & Hillman 1995).  Historical concentrations of total nitrogen and NH4
+ measured at 

Ocean Reef are generally below the ANZECC/ARMCANZ (2000) guideline values; this is 

demonstrated by the lower 80th percentile of reference values.  Parameters with 

medians exceeding the ANZECC/ARMCANZ (2000) guideline values during the 2015 

survey at Ocean Reef (Table 3.5): 

 

 NH4+ in surface waters at sites <250 m from the diffuser and at shoreline sites 

 Ortho-phosphate in surface and bottom waters <250 m and >250 m from the 

diffuser, and shoreline sites 

 NO2
–+NO3

– in surface waters <250 m and >250 m from the diffuser and shoreline 

sites 

 Total phosphorus in surface waters <250 m from the diffuser and shoreline sites 

 Total nitrogen in surface waters <250 m from the diffuser and at shoreline sites 

 Chlorophyll-a in surface waters <250 m and >250 m from the diffuser, in bottom 

waters >250 m from the diffuser and shoreline sites 
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Table 3.5 Summary comparison of median nutrient and chlorophyll-a values 

with guidelines at Ocean Reef 

Parameter 

ANZECC/ARMCANZ (2000) guideline values 

Inside the mixing zone 
(sites <250 m from 
diffuser) 

Outside the mixing zone 
(sites >250 m from diffuser) Shoreline 

Surface Bottom Surface Bottom 

Total ammonia 
nitrogen  

     

Ortho-phosphate      

Nitrate+nitrite      

Total phosphorus      

Total nitrogen      

Chlorophyll-a       

Parameter 

80th percentile of reference values 

Inside the mixing zone 
(sites <250 m from 
diffuser) 

Outside the mixing zone 
(sites >250 m from diffuser) Shoreline  

Surface Bottom Surface Bottom 

Total ammonia 

nitrogen  
     

Ortho-phosphate      

Nitrate+nitrite      

Total phosphorus      

Total nitrogen      

Chlorophyll-a       

Notes: 
1. Assessment criteria for surface, bottom and shoreline sites: 

2. Green = Nutrient median values ≤ ANZECC/ARMCANZ (2000) guideline values / ≤80
th

 percentile 

reference values. 

3. Red = Nutrient median values > ANZECC/ARMCANZ (2000) guideline values / >80
th

 percentile reference 

values. 
 

The microbiological indicators in surface waters showed elevated concentrations in the 

immediate vicinity of the diffuser and a decline in concentrations away from the outlet, 

indicating die-off of the microbes.  Thermotolerant coliform concentrations exceeded the 

EQG limit for the maintenance of seafood safe for human consumption in surface and 

bottom waters <250 m from the diffuser.  However, the guidelines were met at sites 

>250 m from the diffuser as well as at shoreline sites (Table 3.6).  Median 

concentrations of Enterococci spp. were below the guideline for primary contact 

recreation in surface and bottom waters <250 m and >250 m from the diffuser 

(Table 3.7).  Shoreline monitoring found no indication of contamination beaches east of 

the outlets (Table 3.7). 

 

Table 3.6 Summary comparison of the EQG with the median concentrations 

of thermotolerant coliforms at Ocean Reef 

Notes: 
1. For the maintenance of seafood safe for human consumption. 
2. Green= median values ≤ EQG. 
3. Red = median values > EQG. 

 

Parameter 

Environmental Quality Guideline (EPA 2005)1 

<250 m >250 m 
Shoreline 

Surface Bottom Surface Bottom 

Thermotolerant coliforms      
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Table 3.7 Summary comparison of the ANZECC/ARMCANZ guideline with the 

median concentrations of Enterococci spp. at Ocean Reef 

Parameter 

ANZECC/ARMCANZ (2000)1 

<250 m >250 m 
Shoreline 

Surface Bottom Surface Bottom 

Enterococci spp.      

Notes: 
1. Results for primary contact recreation. 
2. Green = median values ≤ ANZECC/ARMCANZ (2000) guideline. 
3. Red = median values > ANZECC/ARMCANZ (2000) guideline. 

 

The results from the summer water quality survey on 3 February 2015 indicate that the 

WWTP at Ocean Reef was operating effectively and the plume of treated wastewater 

dissipated relatively rapidly once the wastewater entered the environment.  Despite 

elevated levels of water quality parameters at some sites outside the immediate zone of 

influence of the outlet, the water quality conditions required for ecosystem protection 

and public health criteria were met.   

 



 

 

Summer Water Quality Survey 

Swanbourne 

20 January 2015 
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4. Swanbourne Summer Water Quality Survey – 

Results and Interpretation 

4.1 Wind, wave and tide conditions 

The survey at Swanbourne was undertaken on 20 January 2015.  For 24 hours prior to 

the survey, the winds at Swanbourne were gentle westerlies (averaging 12.8 km/h) 

swinging to light southerlies (average 5.9 km/h) 12 hours prior to sampling.  By 6 hours 

prior to sampling winds had swung to easterlies averaging 5.8 km/h.  During sampling, 

the area experienced light winds from the west and southwest (averaging 11.0 km/h) 

(Figure 4.1).   

 

Note: 
1. Dashed lines (- -) show approximate timing of the summer water quality survey. 
2. a = wind speed 
3. b = wind direction 

Figure 4.1 Wind speed and direction at Swanbourne 

For 24 hours prior to the survey, the average significant wave height15 offshore from 

Rottnest Island was 1.03 m16, with an average peak wave period17 of 11.73 s16 

(Figure 4.2a and b).  During the survey the average offshore significant wave height was 

1.08 m and the average peak wave period increased to 12.27 s.  The survey was 

undertaken during a rising tide (Figure 4.2c). 

                                           
15

 The significant wave height (in metres) is defined as the average height of the highest one-third of waves 

recorded (source: http//www.dpi.wa.gov.au/). 
16

 Value based on ‘total’ wave conditions i.e. the combined sea and swell conditions. 
17

 The wave period (in seconds) is the time between consecutive wave crests.  The peak wave period is the 

wave period of those waves that are producing the most energy in a wave record. 
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Note: 
1. Dashed lines (- -) show approximate timing of the summer water quality survey. 
2. a = significant wave height 
3. b = peak wave period 
4. c = water level elevation 

Figure 4.2 Significant wave heights (offshore Rottnest Island), peak wave 

periods (offshore Rottnest Island) and water level elevation 

(Fremantle Fishing Boat Harbour) 
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4.2 Discharge from outlets 

The characteristics of the treated wastewater from Subiaco WWTP measured from a 24-

hour composite sample collected prior to and during the survey at Swanbourne on 20 

January 2015 are presented in Table 4.1.  At the time of the survey, all 20 ports were 

operational. 

 

Table 4.1 Characteristics of the Subiaco WWTP treated wastewater on 

20 January 2015 

Parameter Concentration 

Total phosphorus 5.5 mg/L 

Total nitrogen 29.0 mg/L 

Total ammonia nitrogen 26.0 mg/L 

Nitrate+nitrite 2.6 mg/L 

Thermotolerant coliforms >100 000 CFU/100 mL 

Enterococci spp. >24 000 MPN/100 mL 

Total suspended solids 14 mg/L 

Biological oxygen demand 8 mg/L 

Total flow 65.0 ML/d 

4.3 Surface drogue movement 

The surface drogue, released at the centre of the diffuser at the beginning of the survey, 

initially drifted in a southerly direction for ~150 m.  The drogue then moved in an east 

to north-east direction for another ~850 m.  The average velocity of the drogue was 

calculated to be 0.07 m/s.  At the time of the survey and based on drogue movements, 

it is expected that discharged treated wastewater would overall be advecting north and 

inshore of the diffuser (Figure 4.3).   
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Figure 4.3 Swanbourne ocean outlet summer water quality survey and 

drogue tracking sites, 20 January 2015 
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4.4 Initial dilution modelling 

For the ambient conditions at the time of the summer water quality survey on 

20 January 2015, the modelling predicted average initial dilutions of 1:81 and centreline 

dilutions of 1:38 (Figure 4.4a).  The plume was predicted to first reach the surface 

within ~7 m (horizontal distance) from the discharge point (see the ambient boundary18 

of the plume in Figure 4.4b).  The full model output is included in Appendix B.   

 
(a) (b) 

  
Notes: 
1. a = predicted average and centreline dilution 
2. b = predicted plume elevation 

 

Figure 4.4 Predicted average and centreline dilutions and predicted plume 

elevation trajectory at Swanbourne 

4.5 Water quality 

The grid for light or moderate flow conditions at Swanbourne was sampled during the 

survey on 20 January 2015, as drogue movement (Section 4.3) and prevailing wind data 

(Section 4.1) suggested variable currents.  Water samples were collected from the 

surface and bottom waters of 35 offshore sites and nine shoreline sites (Figure 4.3).  

Tables containing the concentrations of all water quality parameters taken during the 

summer survey are included in Appendix D. 

4.5.1 Water column structure 

Water column profiles were collected at seven sites (29, 34, 35, 36, 38, 44, and 48).  

Water temperature ranged from 23.21°C to 24.10°C, salinity ranged from 35.90 to 

36.34 and dissolved oxygen varied from 6.67 mg/L to 7.43 mg/L (equivalent to 96.6–

107.8% saturation) (Figure 4.5 and Figure 4.6).  Profiles revealed evidence of a 

thermocline at all sites, with surface water temperatures ~0.5 °C warmer than bottom 

waters.  Salinity profiles showed generally constant salinities at most sites.  Sites 29, 34 

and 35 appeared to have a layer of less saline water at the surface, which may indicate 

the presence of the treated wastewater plume.  The dissolved oxygen profiles varied 

among sites (difference of 0.77 mg/L between minimum and maximum values) but were 

not indicative of the presence of the treated wastewater plume. 

 

                                           
18

 The ambient boundary corresponds to the plume boundary at which concentrations are estimated to be 

equal to ambient conditions. 
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Figure 4.5 Temperature, salinity and dissolved oxygen vertical profiles at 

Swanbourne 
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Figure 4.6 Temperature, salinity and dissolved oxygen vertical profiles at 

Swanbourne 

 

The effect of the discharged wastewater on the physical structure of the water column is 

illustrated in Figure 4.7.  The colour scales used in Figure 4.7 range from the minimum 

to the maximum of each parameter, thus exaggerating small differences in 

measurements.  Water temperature throughout the water column appeared to increase 

with increasing distance from the diffuser with the highest temperatures observed at the 

site 48, 1 km north of the diffuser (Figure 4.7a).  Temperature showed vertical 

stratification at all sites; water temperature generally decreased with depth irrespective 

of distance from the diffuser.  Salinity concentrations were generally constant 

throughout the water column at all sites, with the exception of a patch of lower-salinity 

surface water above the diffuser (Figure 4.7b).  Water density was stratified at all sites; 

density increased with depth irrespective of distance from the diffuser (Figure 4.7c).   
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Notes: 
1. a = temperature 
2. b = salinity 
3. c = density 

Figure 4.7 Temperature, salinity and density transect at Swanbourne 

4.5.2 Replicate samples 

Variance in measurements of water quality parameters may be introduced by small-

scale spatial variability in the water column or by variability among laboratory analyses.  

To examine the range of this variance, three surface samples were collected at site 2 

(Table 4.2).  The results indicated that in general, the variability amongst replicates was 

small.  The mean value of these replicate samples was used as representative of the 

water quality parameters at site 2. 
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Table 4.2 Replicate surface samples from site 2, Swanbourne, 

20 January 2015 

Parameter 
Total 
ammonia 
nitrogen 

Ortho-
phosphate 

Nitrate+nitrite 
Total 
phosphorus 

Total 
nitrogen 

Units μg/L μg/L μg/L μg/L μg/L 

Reporting limit <3 <2 <2 <5 <50 

Surface rep 1 <3 3.0 1.0 12.0 100.0 

Surface rep 2 <3 2.0 1.0 12.0 90.0 

Surface rep 3 <3 3.0 1.0 12.0 100.0 

Mean <3 2.7 1.0 12.0 96.7 

Parameter 
Chlorophyll-a  
(fluorometry) 

Chlorophyll-a  
(acetone) 

Phaeophytin 
Thermotolerant 
coliforms 

Enterococci 
spp. 

Units μg/L μg/L μg/L CFU/100 mL MPN/100 mL 

Reporting limit <0.1 <0.1 <0.2 <10 <10 

Surface rep 1 0.2 0.1 0.1 <10 <10 

Surface rep 2 0.2 0.1 0.1 <10 <10 

Surface rep 3 0.05 0.1 0.1 <10 <10 

Mean 0.15 0.1 0.1 <10 <10 

Note: 
1. Mean values were calculated by replacing values below the reporting limit as half the reporting limit. 

4.5.3 Nutrient concentrations and distributions 

Total ammonia nitrogen (NH4
+) 

 Offshore surface concentrations of NH4
+ ranged from <3 to 260 µg/L with 11 (31%) 

sites below or equal to the ANZECC/ARMCANZ (2000) guideline of 5 µg/L 

(Figure 4.8a).  Bottom concentrations of total ammonia nitrogen ranged from <3 to 

3 µg/L; concentrations at all sites were below the ANZECC/ARMCANZ (2000) 

guideline (Figure 4.8b). 

 NH4
+ concentrations in surface waters of 11 (31%) sites were below or equal to the 

80th percentile reference value of 4 µg/L.  Concentrations in bottom waters at all 

sites were below or equal to the 80th percentile reference value of 3 µg/L. 

 Sites within 250 m from the diffuser had NH4
+ concentrations ranging between 41 

and 260 µg/L (median of 110 µg/L) in surface waters.  NH4
+ concentrations in 

bottom waters at all sites within 250 m were below the detection limit (<3 µg/L).  All 

surface sites within 250 m from the diffuser exceeded the ANZECC/ARMCANZ (2000) 

guideline (5 µg/L) and the 80th percentile of reference values (4 µg/L).  None of the 

concentrations at bottom sites exceeded the ANZECC/ARMCANZ (2000) guideline or 

the 80th percentile of reference values (3 µg/L). 

 Sites outside 250 m from the diffuser had NH4
+ concentrations ranging between <2 

and 170 µg/L (median of 49 µg/L) in surface waters and between <2 and 3 µg/L 

(median of <2 µg/L) in bottom waters.  Nineteen out of 30 (63%) surface sites 

outside 250 m from the diffuser exceeded the ANZECC/ARMCANZ (2000) guideline 

(5 µg/L) and the 80th percentile of reference values (4 µg/L).  None of the bottom 

sites had concentrations exceeding the ANZECC/ARMCANZ (2000) guideline or the 

80th percentile of reference values (3 µg/L). 

 NH4
+ concentrations at all 7 (78%) shoreline sites were below or equal to 

ANZECC/ARMCANZ (2000) guideline value of 5 µg/L (Figure 4.8b).   

 NH4
+ concentrations in surface waters were highest surrounding and to the north of 

the diffuser (Figure 4.9).  There were no spatial patterns of NH4
+ concentrations 

evident in bottom waters. 
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Note: 
1. Dashed line indicates ANZECC/ARMCANZ (2000) guideline value 

Figure 4.8 Total ammonia nitrogen concentrations at Swanbourne 
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Notes: 
1. Site locations have been exaggerated for visual clarity.  Precise site locations are given in Figure 4.3. 
2. Breaks in the legend (solid lines) indicate concentrations above or below the detection limit or 

ANZECC/ARMCANZ (2000) guideline. 

Figure 4.9 Spatial distribution of total ammonia nitrogen at Swanbourne 
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Ortho-phosphate19 

 Offshore surface concentrations of ortho-phosphate ranged from <2 to 120 µg/L with 

14 (40%) sites below or equal to the ANZECC/ARMCANZ (2000) guideline of 5 µg/L.  

Bottom concentrations of ortho-phosphate ranged from <2 to 4 µg/L; concentrations 

at all sites were below the ANZECC/ARMCANZ (2000) guideline (Figure 4.10).   

 Surface concentrations of ortho-phosphate at 15 (43%) sites were below or equal to 

the 80th percentile reference value of 8 µg/L.  Bottom concentrations of ortho-

phosphate at all sites were below the 80th percentile reference value.   

 Sites within 250 m of the diffuser had ortho-phosphate concentrations ranging 

between 14 and 120 µg/L (median of 50 µg/L) in surface waters and between 3 and 

4 µg/L (median of3 µg/L) in bottom waters.  All surface sites within 250 m from the 

diffuser exceeded the ANZECC/ARMCANZ (2000) guideline (5 µg/L) and the 80th 

percentile of reference values (8 µg/L) (surface and bottom).  All concentrations at 

bottom sites <250 m from the diffuser were within guideline and reference values.   

 Sites outside 250 m from the diffuser had ortho-phosphate concentrations ranging 

between <2and 70 µg/L (median of 8 µg/L) in surface waters and between <2 and 

4 µg/L (median of 3 µg/L) in bottom waters.  16 out of 30 (53%) surface sites 

outside 250 m from the diffuser exceeded the ANZECC/ARMCANZ (2000) guideline of 

5 µg/L compared to none of the bottom sites.  15 surface sites positioned up to 

2500 m from the diffuser exceeded the 80th percentile reference value of 8 µg/L. 

 Ortho-phosphate concentrations at shoreline sites ranged from 4 µg/L (site H) to 

8 µg/L (site A) (Figure 4.10).  Ortho-phosphate concentrations at 5 (56%) of 

shoreline sites were below the ANZECC/ARMCANZ (2000) guideline of 5 µg/L.   

 Surface ortho-phosphate concentrations (Figure 4.11) were highest immediately 

around and to north of the diffuser.  There were no spatial patterns in bottom water 

orth-phosphate. 

 
Note: 
1. Dashed line indicates ANZECC/ARMCANZ (2000) guideline value 

Figure 4.10 Ortho-phosphate concentrations at Swanbourne 

                                           
19

 Bottom water concentration of ortho-phosphate at site 35 was not taken. 
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Notes: 
1. Site locations have been exaggerated for visual clarity.  Precise site locations are given in Figure 4.3 
2. Breaks in the legend (solid lines) indicate concentrations above or below the detection limit or 

ANZECC/ARMCANZ (2000) guideline. 

Figure 4.11 Spatial distribution of ortho-phosphate at Swanbourne 
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Nitrate+nitrite (NO2
–+NO3

–)20 

 Offshore surface concentrations of NO2
–+NO3

– ranged from <2 to 12 µg/L with 25 

(71%) sites below or equal to the ANZECC/ARMCANZ (2000) guideline of 5 µg/L.  

Bottom concentrations of NO2
–+NO3

– ranged from <2 to 4 µg/L and all were below 

the ANZECC/ARMCANZ (2000) guideline of 5 µg/L (Figure 4.12).   

 NO2
–+NO3

– surface concentrations at 34 (97%) sites were below or equal to the 80th 

percentile reference value of 11 µg/L.  Bottom concentrations of NO2
–+NO3

–at all 

sites were below or equal to the 80th percentile reference value.   

 Sites within 250 m from the diffuser had NO2
–+NO3

–concentrations ranging between 

3 and 9 µg/L (median of 5 µg/L) in surface waters.  All samples in bottom water 

were <2 µg/L (median of <2 µg/L) in bottom waters.  One (20%) surface site within 

250 m from the diffuser exceeded the ANZECC/ARMCANZ (2000) guideline of 5 µg/L 

and 4 sites (80%) exceeded the 80th percentile reference value of 3 µg/L.  All bottom 

sites within 250 m from the diffuser were within the guideline and reference values.   

 Sites outside 250 m from the diffuser had NO2
–+NO3

–concentrations ranging between 

<2 and 12 µg/L (median of 3 µg/L) in surface waters and between <2 and 4 µg/L 

(median of <2µg/L) in bottom waters.  Nine out of 30 (30%) surface sites outside 

250 m from the diffuser exceeded the ANZECC/ARMCANZ (2000) guideline of 5 µg/L 

compared to none of the bottom sites.  Thirteen surface and one bottom water site 

positioned up to 2500 m from the diffuser exceeded the reference value of 3 µg/L. 

 NO2
–+NO3

– concentrations at shoreline sites ranged from 2 µg/L (site I) to 14 µg/L 

(site A) (Figure 4.12).  Concentrations at 4 (44%) of shoreline sites were below or 

equal to the ANZECC/ARMCANZ (2000) guideline of 5 µg/L. 

 Surface NO2
–+NO3

– concentrations (Figure 4.13) were elevated immediately around 

and to the north of the diffuser. (Figure 4.12).   

 
Note: 
1. Dashed line indicates ANZECC/ARMCANZ (2000) guideline value. 

Figure 4.12 Total nitrate+nitrite concentrations at Swanbourne 
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 Bottom water concentration of nitrate+nitrite at site 35 was not taken. 
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Notes: 
1. Site locations have been exaggerated for visual clarity.  Precise site locations are given in Figure 4.3. 
2. Breaks in the legend (solid lines) indicate concentrations above or below the detection limit or 

ANZECC/ARMCANZ (2000) guideline. 

Figure 4.13 Spatial distribution of nitrate+nitrite at Swanbourne 
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Total phosphorus (TP) 

 Offshore surface concentrations of TP ranged from 11 to 130 µg/L with 15 (43%) 

sites below or equal to the ANZECC/ARMCANZ (2000) guideline of 20 µg/L.  Bottom 

concentrations of TP ranged from 11 to 16µg/L; concentrations at all sites were 

below the ANZECC/ARMCANZ (2000) guideline (Figure 4.14). 

 Surface concentrations of TP at 22 (63%) sites were below or equal to the 80th 

percentile reference value of 35 µg/L.  Bottom concentrations of TP at all sites were 

below or equal to the 80th percentile reference value of 33 µg/L.   

 Sites within 250 m from the diffuser had TP concentrations ranging between 24 and 

130 µg/L (median of 62 µg/L) in surface waters and between 12 and 16 µg/L 

(median of 13 µg/L) in bottom waters.  All surface sites within 250 m from the 

diffuser exceeded the ANZECC/ARMCANZ (2000) guideline of 20 µg/L while four out 

of five surface sites exceeded the 80th percentile reference value of 35 µg/L.  All 

bottom sites within 250 m from the diffuser were within guideline and reference 

values.   

 Sites outside 250 m from the diffuser had TP concentrations ranging between 11 and 

84 µg/L (median of 18.5 µg/L) in surface waters and between 12 and 15 µg/L 

(median of 13 µg/L) in bottom waters.  Fifteen out of 30 (50%) surface sites outside 

250 m from the diffuser exceeded the ANZECC/ARMCANZ (2000) guideline of 

20 µg/L compared to none of the bottom sites.  Nine surface (and no bottom) sites 

exceeded the 80 

 percentile reference value of 35 µg/L. 

 TP concentrations at shoreline sites ranged from 15 µg/L (sites B, C and F) to 

18 µg/L (sites A and D) (Figure 4.14).  TP concentrations were below the 

ANZECC/ARMCANZ (2000) guideline of 20 µg/L at all shoreline sites.   

 TP concentrations were elevated immediately around and to the north-west of the 

diffuser, while in bottom waters only one site north of the diffuser showed elevated 

TP concentrations (Figure 4.15).   

 
Note: 
1. Dashed line indicates ANZECC/ARMCANZ (2000) guideline value. 

Figure 4.14 Total phosphorus concentrations at Swanbourne 
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Notes: 
1. Site locations have been exaggerated for visual clarity.  Precise site locations are given in Figure 4.3. 
2. Breaks in the legend (solid lines) indicate concentrations above or below the detection limit or 

ANZECC/ARMCANZ (2000) guideline. 

Figure 4.15 Total phosphorus concentrations at Swanbourne 
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Total nitrogen (TN) 

 Offshore surface concentrations of TN ranged from 90 to 390 µg/L with 27 (77%) 

sites below the ANZECC/ARMCANZ (2000) guideline of 230 µg/L.  Bottom 

concentrations of TN ranged from 90 to 130 µg/L also with all sites below the 

ANZECC/ARMCANZ (2000) guideline (Figure 4.16). 

 Surface concentrations of TN at 14 (40%) sites were below or equal to the 80th 

percentile reference value of 140 µg/L for surface waters.  Bottom concentrations of 

TN at all sites were below or equal to the 80th percentile reference value of 130 µg/L.   

 Sites within 250 m from the diffuser had TN concentrations ranging between 150 and 

390 µg/L (median of 240 µg/L) in surface waters and between 100 and 110 µg/L 

(median of 110 µg/L) in bottom waters.  Three out of five surface and all bottom TN 

concentrations at sites within 250 m from the diffuser were below the 

ANZECC/ARMCANZ (2000) guideline of 230 µg/L.   All surface samples exceeded the 

surface 80th percentile reference values of 140 µg/L, while all the bottom values were 

below the 80th percentile bottom value (130 µg/L).   

 Sites outside 250 m from the diffuser had TN concentrations ranging between 90 and 

290 µg/L (median of 160 µg/L) in surface waters and between 90 and 130 µg/L 

(median of 110 µg/L) in bottom waters.  Five surface samples outside 250 m from 

the diffuser exceeded the ANZECC/ARMCANZ (2000) guideline of 230 µg/L.  All 

bottom sites outside 250 m from the diffuser had TN concentrations below the 

ANZECC/ARMCANZ (2000) guideline of 230 µg/L.  Sixteen surface sites outside 250 

m from the diffuser exceeded the TN 80th percentile reference value of 140 µg/L 

(surface).  All bottom sites outside 250 m from the diffuser had TN concentrations 

below or equal to the 80th percentile reference values of 140 µg/L (surface) and 

130 µg/L (bottom). 

 Total nitrogen concentrations at shoreline sites ranged from 120 µg/L (sites C and I) 

to 150 µg/L (site E) (Figure 4.16).  All shoreline TN concentrations were below the 

ANZECC/ARMCANZ (2000) guideline of 230 µg/L.   

 Surface TN concentrations were elevated immediately around and to the north of the 

diffuser (Figure 4.17).   

 
1. Note: 
2. Dashed line indicates ANZECC/ARMCANZ (2000) guideline value. 

Figure 4.16 Total nitrogen concentrations at Swanbourne 
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Notes: 
1. Site locations have been exaggerated for visual clarity.  Precise site locations are given in Figure 4.3. 
2. Breaks in the legend (solid lines) indicate concentrations above or below the detection limit or 

ANZECC/ARMCANZ (2000) guideline. 

Figure 4.17 Spatial distribution of total nitrogen at Swanbourne 
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4.5.4 Phytoplankton biomass and distribution 

Phaeophytin 

 Phaeophytin concentrations (Appendix D) were measured in surface waters at five 

offshore sites (sites 2, 20, 30, 49, 65).  All samples were below the 0.2 µg/L 

detection limit. 

 Phaeophytin concentrations at shoreline sites ranged from 0.2 to 0.4 µg/L.   

Chlorophyll-a21 

 Offshore surface concentrations of chlorophyll-a ranged from 0.1 to 0.4 µg/L, and 

bottom concentrations ranged from 0.1 to 0.5 µg/L.  Surface and bottom 

concentrations at all sites were below the ANZECC/ARMCANZ (2000) guideline of 

0.7 µg/L. 

 Concentrations of chlorophyll-a at all sites were below the 80th percentile reference 

value of 0.5 µg/L (surface and bottom). 

 Sites within 250 m from the diffuser had chlorophyll-a concentrations ranging 

between 0.2 and 0.3 µg/L (median of 0.2 µg/L) in surface waters.  In bottom waters, 

concentration in all samples were 0.2 µg/L.  All surface and bottom samples were 

within the ANZECC/ARMCANZ (2000) guideline of 0.7 µg/L and the 80th percentile 

reference value of 0.5 µg/L (surface and bottom).   

 Sites outside 250 m from the diffuser had chlorophyll-a concentrations ranging 

between 0.1 and 0.4 µg/L in surface waters and bottom waters (median of 0.25 and 

0.2 µg/L, respectively).  There were no exceedances of the ANZECC/ARMCANZ 

(2000) guideline of 7 µg/L or the 80th percentile reference value of 0.5 µg/L. 

 Chlorophyll-a concentrations at shoreline sites ranged from 0.2 µg/L (site A) to 

1.1 µg/L (site I) (Figure 4.18).  Concentrations at 8 (89%) of shoreline sites were 

below the ANZECC/ARMCANZ (2000) guideline (0.7 µg/L).   

 There were no consistent spatial patterns in chlorophyll-a concentration 

(Figure 4.19).  

                                           
21

 Chlorophyll a concentrations at surface and bottom offshore sites were determined in-situ using a 

fluorometer; chlorophyll a concentrations at shoreline sites were analysed using an acetone extraction 
method. 
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Note: 
1. Dashed line indicates ANZECC/ARMCANZ (2000) guideline value. 

Figure 4.18 Chlorophyll-a concentrations at Swanbourne 
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Ocean Reef, Swanbourne, and Sepia Depression 

 
Notes: 
1. Site locations have been exaggerated for visual clarity.  Precise site locations are given in Figure 4.3. 
2. Breaks in the legend (solid lines) indicate concentrations above or below the detection limit or 

ANZECC/ARMCANZ (2000) guideline. 

Figure 4.19 Spatial distribution of chlorophyll-a concentrations at Swanbourne 



 

71 PLOOM Program: 2015 Summer Water Quality Survey 

Ocean Reef, Swanbourne, and Sepia Depression 

4.5.5 Bacterial concentrations and distribution 

Thermotolerant coliforms (TTC) 

 The highest offshore surface concentration of TTC was 6200 CFU/100 mL at site 38, 

located 148 m from the diffuser (Figure 4.20a).  The next highest concentration was 

2100 CFU/100 mL at site 29, located 160 m from the diffuser.  The majority (25) of 

sites had surface TTC concentrations below the reporting limit (10 CFU/100 mL). 

 The highest offshore bottom concentration of TTC was 45 CFU/100 mL at site 40, 

394 m west of the diffuser (Figure 4.20b).  The next highest concentration was 

10 CFU/100 mL at sites 36 and 59.  All remaining sites had bottom TTC 

concentrations below the reporting limit of 10 CFU/100 mL. 

 All shoreline sites had TTC concentrations of <10 CFU/100 mL. 

 Median TTC concentrations at surface sites <250 m from the diffuser exceeded the 

EQG and EQS trigger values (Table 4.3).  Median TTC concentrations at surface sites 

>250 m from the diffuser, and all bottom sites were below the EQG (Table 4.3). 

 The median TTC concentration of shoreline sites was below the EQG and EQS trigger 

values (Table 4.3).  

 Elevated TTC concentrations (Figure 4.21) in surface waters were evenly distributed 

around the diffuser.  For bottom waters the single elevated sample was a moderate 

distance north-east of the diffuser.   
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Note: 
1. Dashed line indicates EQG (EPA 2005) guideline value 

Figure 4.20 Thermotolerant coliform concentrations at Swanbourne 

 

Table 4.3 Median thermotolerant coliforms concentrations at Swanbourne 

Sites Surface Bottom EQC2  

<250 m from the diffuser 1800 CFU/100 mL <10 CFU/100 mL 14 CFU/100mL (EQG) 
 
70 CFU/100 mL (EQS) 
 

>250 m from the diffuser <10 CFU/100 mL1 <10 CFU/100 mL1 

Shoreline <10 CFU/100 mL1 – 

Notes: 
1. 10 CFU/100 mL is the lower assay limit for the parameter. 
2. From EPA (2005) 
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1. Notes: 
2. Site locations have been exaggerated for visual clarity.  Precise site locations are given in Figure 4.3. 
3. Breaks in the legend (solid lines) indicate concentrations above or below the detection limit or EQG. 

Figure 4.21 Spatial distribution of thermotolerant coliform concentrations at 

Swanbourne 
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Enterococci spp. 

 The highest offshore surface concentration of Enterococci spp. was 140 MPN/100 mL 

at site 38.  The next highest Enterococci spp. concentration of 75 MPN/100 mL at 

sites 35.  The majority (24) of sites had Enterococci spp. concentrations below the 

reporting limit of 10 MPN/100 mL (Figure 4.22) 

 The offshore bottom concentration of Enterococci spp. was below the reporting limit 

of 10 MPN/100 mL at all sites. 

 Median Enterococci spp. concentrations at surface sites <250 m from the diffuser 

exceeded the ANZECC/ARMCANZ (2000) guidelines for primary contact recreation, 

but were below the guideline for secondary contact recreation.  Median Enterococci 

spp. concentrations at surface sites >250 m from the diffuser, and at all bottom sites 

were below the guideline values (Table 4.4). 

 All shoreline sites had concentrations of Enterococci spp. <10 MPN/100 mL.   

 Concentrations of Enterococci spp. (Figure 4.23) in surface waters were evenly 

distributed around the diffuser.   

 
Note: 
1. Dashed line indicates ANZECC/ARMCANZ (2000) guideline value. 

Figure 4.22 Enterococci spp. concentrations at surface Swanbourne 

 

Table 4.4 Median Enterococci spp. concentrations at Swanbourne 

Sites Surface Bottom ANZECC/ARMCANZ (2000) 

<250 m from the diffuser 52 <10  
35 MPN/100 mL (primary contact) 
 
230 MPN/100 mL (secondary contact) 

>250 m from the diffuser <10(1) <10(1) 

Shoreline <10(1)  

Note: 
1. 10 MPN/100 mL is the lower assay limit for the parameter. 
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Ocean Reef, Swanbourne, and Sepia Depression 

 
Notes: 
1. Site locations have been exaggerated for visual clarity.  Precise site locations are given in Figure 4.3. 
2. Breaks in the legend (solid lines) indicate concentrations above or below the detection limit or 

ANZECC/ARMCANZ (2000) guideline. 

Figure 4.23 Spatial distribution of Enterococci spp. at Swanbourne 
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4.6 Conclusions 

During the survey on 20 January 2015 at Swanbourne, the treated wastewater plume 

was initially buoyant (as indicated by the slightly higher concentrations of nutrients and 

microbiological indicators in surface waters than in bottom waters) and was advecting in 

a northerly direction from the outlet.   

 

The survey captured the extent of the elevated nutrient concentrations related to the 

discharge of treated wastewater into the marine environment at the Swanbourne ocean 

outlet.  Generally, nutrient concentrations were higher at surface sites closer to the 

diffuser than at sites located further from the outlet. 

 

The summer water quality surveys were not specifically designed to provide information 

suitable for comparison with ANZECC/ARMCANZ (2000) guidelines or with 80th percentile 

of reference values.  For information only, water quality parameters at sites located 

<250 m and >250 m from the diffuser were compared with the ANZECC/ARMCANZ 

(2000) guidelines and 80th percentile of reference values.   

 

ANZECC/ARMCANZ (2000) suggests that an exceedance of a trigger value should be 

regarded as an 'early warning' and, furthermore, that trigger values are not intended as 

a means of assessing 'compliance'.  Parameters with medians exceeding the 

ANZECC/ARMCANZ (2000) guideline values during the 2015 survey at Swanbourne 

(Table 4.5): 

 

 NH4+ in surface waters at sites <250 m from the diffuser 

 Ortho-phosphate in surface waters <250 m from the diffuser 

 NO2
–+NO3

– at the shoreline sites 

 Total phosphorus in surface waters <250 m from the diffuser  

 Total nitrogen in surface waters <250 m from the diffuser 

 Chlorophyll-a at shoreline sites 

 

Nitrogen is a nutrient limiting primary productivity in Perth’s near-shore coastal waters 

(Lord & Hillman 1995).  Historical concentrations of total nitrogen and NH4
+ measured at 

Swanbourne are generally below the ANZECC/ARMCANZ (2000) guideline values; this is 

demonstrated by the lower 80th percentile of reference values.  Parameters with 

medians exceeding the ANZECC/ARMCANZ (2000) guideline values during the 2015 

survey at Swanbourne (Table 4.5): 

 

 NH4+ in surface waters at sites <250 and >250 m from the diffuser 

 Ortho-phosphate in surface waters <250 m from the diffuser 

 Total phosphorus in surface waters <250 m from the diffuser  

 Total nitrogen in surface waters <250 and >250 m from the diffuser 

 Chlorophyll-a at shoreline sites 
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Table 4.5 Summary comparison of median nutrient and chlorophyll-a values 

with the 80th percentile of background concentrations at 

Swanbourne  

ANZECC/ARMCANZ (2000) guideline values 

Parameter 

Inside the mixing zone 
(sites <250 m from diffuser) 

Outside the mixing zone 
(sites >250 m from diffuser) Shoreline 

Surface Bottom Surface Bottom 

Total ammonia 
nitrogen  

     

Ortho-phosphate      

Nitrate+nitrite      

Total phosphorus      

Total nitrogen      

Chlorophyll-a       

80th percentile of reference values 

Parameter 

Inside the mixing zone 

(sites <250 m from diffuser) 

Outside the mixing zone 

(sites >250 m from diffuser) Shoreline  

Surface Bottom Surface Bottom 

Total ammonia 
nitrogen  

     

Ortho-phosphate      

Nitrate+nitrite      

Total phosphorus      

Total nitrogen      

Chlorophyll-a       

Notes: 
1. Assessment criteria for surface, bottom and shoreline sites: 

2. Green = Nutrient median values ≤ ANZECC/ARMCANZ (2000) guideline values / ≤80
th

 percentile 

reference values. 

3. Red = Nutrient median values > ANZECC/ARMCANZ (2000) guideline values / >80
th

 percentile reference 

values. 

 

Median thermotolerant coliform (TTC) concentrations were below or equal to the EQG for 

the maintenance of seafood safe for human consumption in surface and bottom waters 

>250 m from the diffuser (Table 4.6).  A decline in concentrations away from the outlet 

indicates die-off of the microbes.   

 

Table 4.6 Summary comparison of the EQG with the median concentrations 

of thermotolerant coliforms at Swanbourne 

Notes: 
1. For the maintenance of seafood safe for human consumption. 
2. Green= median values ≤ EQG. 
3. Red = median values > EQG. 
 

Concentrations of Enterococci spp. met the guideline for primary contact recreation in all 

cases except surface waters <250 m from the diffuser (Table 4.7).  Shoreline monitoring 

found no indication of contamination of any beaches adjacent to the outlets (Table 4.7).

Parameter 

Environmental Quality Guideline (EPA 2005)1 

<250 m >250 m 
Shoreline 

Surface Bottom Surface Bottom 

Thermotolerant coliforms      
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Table 4.7 Summary comparison of the ANZECC/ARMCANZ guideline with the 

median concentrations of Enterococci spp. at Swanbourne 

Parameter 

ANZECC/ARMCANZ (2000)1 

<250 m >250 m 
Shoreline 

Surface Bottom Surface Bottom 

Enterococci 
spp. 

     

Notes: 

1. Results for primary contact recreation. 
2. Green = median values ≤ ANZECC/ARMCANZ (2000) guideline. 
3. Red = median values > ANZECC/ARMCANZ (2000) guideline. 

 

The results from the summer water quality survey on 20 January 2015 indicate that the 

WWTP at Swanbourne was operating effectively and the plume of treated wastewater 

rapidly dissipated once it entered the environment.  Despite elevated levels of water 

quality parameters at some individual sites outside the immediate zone of influence of 

the outlet, the water quality conditions required for ecosystem protection and public 

health criteria were met.   



 

 

Summer Water Quality Survey 

Sepia Depression 

17 February 2015 
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5. Sepia Depression Summer Water Quality Survey – 

Results and Interpretation 

5.1 Wind, wave and tide conditions 

The survey at Sepia Depression was undertaken on 17 February 2015.  For 24 hours 

prior to the survey, winds at Sepia Depression were moderate southerly breezes that 

averaged 22.7 km/h.  During the survey, winds at Sepia Depression were gentle to 

easterlies (average 15.3 km/h) changing to gentle southerlies (average 14.0 km/h) 

(Figure 5.1a and b).   

 
Note: 
1. Dashed lines (- -) show approximate timing of the summer water quality survey. 
2. a = wind speed 
3. b = wind direction 

Figure 5.1 Wind speed and direction at Sepia Depression 

For the 24 hours prior to the survey, the average significant wave height22 offshore from 

Rottnest Island was 1.67 m23, with an average peak wave period24 of 11.36 s23 

(Figure 5.2a and b).  During the survey, the average offshore significant wave height 

decreased to 1.59 m, while the peak wave period was 11.53 s.  The survey was 

undertaken during a rising tide (Figure 5.2c). 

                                           
22

 The significant wave height (in metres) is defined as the average height of the highest one-third of waves 

recorded (source: http//www.dpi.wa.gov.au/). 
23

 All significant wave heights and wave periods presented are for the ‘total’ wave conditions, that is, the 

combined sea and swell conditions. 
24

 The wave period (in seconds) is the time between consecutive wave crests.  The peak wave period is the 

wave period of those waves that are producing the most energy in a wave record. 
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Notes: 
1. Dashed lines (- -) show approximate timing of the summer water quality survey. 
2. For the period shown, the swell component of peak wave period (graph (b)) exactly matched the total 

wave period. 
3. a = significant wave height 
4. b = peak wave height 
5. c = water level elevation 

Figure 5.2 Significant wave heights (offshore Rottnest Island), peak wave 

periods (offshore Rottnest Island) and water level elevation 

(Fremantle Fishing Boat Harbour) 
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5.2 Discharge from outlet 

The characteristics of the treated wastewater from Point D on the Sepia Depression 

Ocean Outlet Landline (SDOOL) measured from a 24-hour composite sample collected 

prior to and during the survey at Sepia Depression on 17 February 2015are presented in  

Table 5.1.   

 

Table 5.1 Characteristics of the Point D SDOOL treated wastewater on 

17 February 2015 

PARAMETER Concentration 

Total phosphorus 5.7 mg/L 

Total nitrogen 26 mg/L 

Total ammonia nitrogen 21 mg/L 

Nitrate+nitrite 0.6 mg/L 

Thermotolerant coliforms >1000000 CFU/100 mL 

Enterococci spp. 240000 MPN/100 mL 

Total suspended solids 81 mg/L 

Biological oxygen demand 46 mg/L 

Total flow 145.26 ML/d 

5.3 Surface drogue movement 

The surface drogue, released over the centre of the diffuser at the beginning of the 

survey, drifted in a north-westerly direction with an average velocity of 0.14 m/s 

(Figure 5.3).  At the time of the survey it was expected that the discharged treated 

wastewater would advect to the north and offshore of the diffuser.  
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Figure 5.3 Sepia Depression ocean outlet summer water quality survey sites 

and drogue tracking sites, 17 February 2015 
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5.4 Initial dilution modelling 

For the ambient conditions at the time of the summer water quality survey on 

17 February 2015, the modelling predicted an average initial dilution of 1:338 and a 

centreline dilution of 1:176 (Figure 5.4a).  The plume was predicted to first reach the 

surface within approximately 14 m (horizontal distance) from the discharge point (see 

the ambient boundary25 of the plume in Figure 5.4b).  The full model output is included 

in Appendix B.   

 
(a) (b) 

  
Notes: 

1. a = predicted average and centreline dilution 
2. b = predicted plume elevation 

 

Figure 5.4 predicted average and centreline dilutions and predicted plume 

elevation trajectory at Sepia Depression 

5.5 Water quality 

The grid for northerly flow conditions at Sepia Depression was sampled during the 

survey on 17 February 2015, given prevailing southerly winds during the survey period 

(Section 5.1).  Water samples were collected from the surface and bottom waters of the 

34 offshore sites and from the nine shoreline sites (Figure 5.3).  Tables containing the 

concentrations of all water quality parameters taken during the summer survey are 

included in Appendix D. 

5.5.1 Water column structure 

Water column profiles were collected at eight sites (sites 31, 36, 37, 38, 43, 46, 55 and 

64).  Water temperature ranged from 22.59°C to 23.19°C, salinity ranged from 35.74 to 

36.1226 and dissolved oxygen varied from 6.30 mg/L to 6.60 mg/L (equivalent to 89.8–

94.3% saturation) (Figure 5. and Figure 5.6).  Temperature was relatively constant with 

depth at all sites except 55 and 64, which showed evidence of a thermocline with 

surface waters ~0.5 °C warmer than bottom waters.  The salinity profiles at sites 31, 

36, 37, 38, 43 and 46 suggest a body of lower-salinity water in the top ~5 m. 

The dissolved oxygen profiles at all sites showed little variation with depth (difference of 

0.3 mg/L between minimum and maximum values) and were not indicative of the 

presence of the treated wastewater plume. 

                                           
25

 The ambient boundary corresponds to the plume boundary at which concentrations are estimated to be 

equal to ambient conditions. 
26

 Salinity throughout this report is referred to without units according to the Practical Salinity Scale.  On this 

scale salinity is defined as the ratio of conductivities and therefore cannot have units.  Seawater typically has 
a salinity in the range of 34–36. 



 

86 PLOOM Program: 2015 Summer Water Quality Survey 

Ocean Reef, Swanbourne, and Sepia Depression 

 

 

 

 

 

Figure 5.5 Temperature, salinity and dissolved oxygen vertical profiles at 

Sepia Depression 
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Figure 5.6 Temperature, salinity and dissolved oxygen vertical profiles at 

Sepia Depression 

 

The effect of the discharged wastewater on the physical structure of the water column is 

illustrated in Figure 5.7.  The colour scales used in Figure 5.7 range from the minimum 

to the maximum of each parameter, thus exaggerating small differences in 

measurements.  Water temperature was generally coolest near the outlet (sites 31, 37 

and 43) before warming in surface waters approximately 400 m north of the diffuser 

(Figure 5.7a).  A body of lower-salinity surface water was evident above the diffuser and 

extending ~1.5 km north before reaching background salinities (Figure 5.7b).  Density 

showed a stratified profile at all sites; the top ~5 m had lower water density than 

bottom waters (Figure 5.7c). 
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Notes: 
1. a = temperature 
2. b = salinity 
3. c= density 

Figure 5.7 Temperature, salinity and density transect at Sepia Depression 

5.5.2 Replicate samples 

Variance in measurements of water quality parameters may be introduced by small-

scale spatial variability in the water column or by variability among laboratory analyses.  

To examine the range of this variance, three surface samples were collected at site 15 

(Table 5.2).  The results indicated that in general, the variability amongst replicates was 

small.  The mean value of these replicate samples was used as representative of the 

water quality parameters at site 15. 
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Table 5.2 Replicate surface samples from site 15, Sepia Depression, 

17 February 2015 

Parameter 
Total 
ammonia 
nitrogen 

Ortho-
phosphate 

Nitrate+nitrite 
Total 
phosphorus 

Total 
nitrogen 

Units μg/L μg/L μg/L μg/L μg/L 

Reporting limit <3 <2 <2 <5 <50 

Surface rep 1 <3 <2 <2 11 80 

Surface rep 2 <3 <2 <2 10 70 

Surface rep 3 <3 <2 <2 10 80 

Mean <3 <2 <2 10.3 76.7 

Parameter 
Chlorophyll-a  
(fluorometry) 

Chlorophyll-a  
(Acetone) 

Phaeophytin 
Thermotolerant 
coliforms 

Enterococci 
spp. 

Units µg/L µg/L µg/L CFU/100mL MPN/100mL 

Reporting Limit <0.1 <0.1 <0.2 <10 <10 

Surface rep 1 0.3 0.3 <0.2 <10 <10 

Surface rep 2 0.4 0.4 <0.2 <10 <10 

Surface rep 3 0.4 0.4 <0.2 <10 <10 

Mean 0.37 0.37 <0.2 <10 <10 

Note: 
1. Mean values were calculated by replacing values below the reporting limit as half the reporting limit.   

5.5.3 Nutrient concentrations and distribution 

Total ammonia nitrogen (NH4
+) 

 Offshore surface concentrations of NH4
+ ranged from <3 to 140 µg/L with 8 (26%) 

sites below the ANZECC/ARMCANZ (2000) guideline of 5 µg/L.  Bottom 

concentrations of NH4
+ ranged from <3 to 56 µg/L with 33 (97%) sites below the 

ANZECC/ARMCANZ (2000) guideline.   

 Surface concentrations of NH4
+ at 8 (26%) sites were below the 80th percentile 

reference value of 6 µg/L.  Bottom concentrations of NH4
+ at 32 (94%) sites were 

below the 80th percentile reference value of 4 µg/L. 

 Sites within 250 m from the diffuser had NH4
+ concentrations ranging between 51 

and 140 µg/L (median of 81 µg/L) in surface waters and between <3 and 56 µg/L 

(median of <3 µg/L) in bottom waters.  All surface sites within 250 m from the 

diffuser and one bottom site (37) exceeded the ANZECC/ARMCANZ (2000) guideline 

of 5 µg/L.  All surface sites within 250 m exceeded the 80th percentile of reference 

value of 6 µg/L (surface waters).  NH4
+ concentrations at all but one bottom site 

were below the bottom water 80th percentile reference value of 4 µg/L.   

 Sites outside 250 m from the diffuser had NH4
+ concentrations ranging between <3 

and 110 µg/L (median of 13 µg/L) in surface waters and between <3 and 5 µg/L 

(median of <3 µg/L) in bottom waters.  Twenty one out of 29 (73%) surface sites 

outside 250 m from the diffuser exceeded the ANZECC/ARMCANZ (2000) guideline 

(5 µg/L) and the 80th percentile of reference values (6 µg/L).  No samples from the 

bottom sites exceeded the ANZECC/ARMCANZ (2000) guideline (5 µg/L) but there 

was one exceedance of the 80th percentile of reference values (6 µg/L). 

 NH4
+ concentrations at shoreline sites ranged from <3 µg/L (sites D and G) to 

32 µg/L (sites A and E) (Figure 5.8).  Shoreline NH4
+ concentrations at 3 (25%) sites 

were below the ANZECC/ARMCANZ (2000) guideline of 5 µg/L.   

 The highest concentrations of NH4
+ occurred at sites immediately around and north 

of the diffuser with concentrations generally decreasing with increasing distance from 

the diffuser (Figure 3.12).  Only one site, immediately adjacent to the diffuser, had 

an elevated NH4
+ concentration in the bottom waters.   
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Note: 
1. Dashed line indicates ANZECC/ARMCANZ (2000) guideline value. 

Figure 5.8 Total ammonia nitrogen concentrations at Sepia Depression 
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Notes: 
1. Site locations have been exaggerated for visual clarity.  Precise site locations are given in Figure 5.3. 
2. Breaks in the legend (solid lines) indicate concentrations above or below the detection limit or 

ANZECC/ARMCANZ (2000) guideline. 

Figure 5.9 Spatial distribution of total ammonia nitrogen at Sepia Depression 
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Ortho-phosphate 

 Offshore surface concentrations of ortho-phosphate ranged from <2 to 36 µg/L with 

14 (43%) sites below or equal to the ANZECC/ARMCANZ (2000) guideline of 5 µg/L.  

Bottom concentrations of ortho-phosphate ranged from <2 to 16 µg/L with 33 (97%) 

sites below or equal to the ANZECC/ARMCANZ (2000) guideline.   

 Surface concentrations of ortho-phosphate at 15 (44%) sites were below the 80th 

percentile reference value of 6 µg/L.  Bottom concentrations of ortho-phosphate at 

33 (97%) sites were below or equal to the 80th percentile reference value of 5 µg/L 

 Sites within 250 m from the diffuser had ortho-phosphate concentrations ranging 

between 17 and 36 µg/L (median of 24 µg/L) in surface waters and between <2 and 

16 µg/L (median of <2 µg/L) in bottom waters.  All surface sites within 250 m from 

the diffuser and one bottom site (37) exceeded the ANZECC/ARMCANZ (2000) 

guideline of 5 µg/L and the 80th percentile of reference value of (6 and 5 µg/L, for 

surface and bottom, respectively).   

 Sites outside 250 m from the diffuser had ortho-phosphate concentrations ranging 

between <2 and 30 µg/L (median of 6 µg/L) in surface waters and between <2 and 

2 µg/L (median of <2 µg/L) in bottom waters.  Fifteen out of 29 (52%) surface sites 

outside 250 m from the diffuser exceeded the ANZECC/ARMCANZ (2000) guideline of 

5 µg/L compared to no bottom sites.  Fourteen surface sites exceeded the 80th 

percentile of reference value of 6 µg/L. 

 Ortho-phosphate concentrations at shoreline sites ranged from <2 µg/L (sites D and 

F) to 6 µg/L (site H) (Figure 5.10).  Ortho-phosphate concentrations were below or 

equal to the ANZECC/ARMCANZ (2000) guideline of 5 µg/L at 15 (44%) of shoreline 

sites.   

 The highest concentrations occurred at sites immediately adjacent to and north of 

the diffuser (Figure 5.11).  In bottom waters, ortho-phosphate concentration was 

highest at the site closest to the diffuser.  No other spatial pattern was evident.   

 
Note: 
1. Dashed line indicates ANZECC/ARMCANZ (2000) guideline value. 

Figure 5.10 Ortho-phosphate concentrations at Sepia Depression 
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Notes: 
1. Site locations have been exaggerated for visual clarity.  Precise site locations are given in Figure 5.3. 
2. Breaks in the legend (solid lines) indicate concentrations above or below the detection limit or 

ANZECC/ARMCANZ (2000) guideline. 

Figure 5.11 Spatial distribution of ortho-phosphate at Sepia Depression 
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Nitrate+nitrite (NO2-+NO3-) 

 Offshore surface concentrations of NO2
–+NO3

– ranged from <2 to 14 µg/L with 22 

(66%) sites below or equal to the ANZECC/ARMCANZ (2000) guideline of 5 µg/L.  

Bottom concentrations of NO2
–+NO3

– ranged from <2 to 19 µg/L with 31 (91%) sites 

below or equal to the ANZECC/ARMCANZ (2000) guideline.   

 Surface concentrations of NO2
–+NO3

– at 22 (66%) sites were below or equal to the 

80th percentile reference value of 5 µg/L.  Bottom concentrations of NO2
–+NO3

– at 30 

(89%) sites were below the 80th percentile reference value of 4 µg/L, 

 Sites within 250 m from the diffuser had NO2
–+NO3

– concentrations ranging between 

5 and 14 µg/L (median of 9 µg/L) in surface waters and between <2 and 5 µg/L 

(median of <2 µg/L) in bottom waters.  Surface samples from four out of the five 

sites within 250 m from the diffuser exceeded the ANZECC/ARMCANZ (2000) 

guideline of 5 µg/L and the 80th percentile of reference value (also 5 µg/L).   All the 

bottom sites were below the ANZECC/ARMCANZ (2000) guideline of 5 µg/L but one 

sample exceeded the bottom water 80th percentile of reference value (4 µg/L).   

 Sites outside 250 m from the diffuser had NO2
–+NO3

– concentrations ranging 

between <2 and 13 µg/L (median of 3 µg/L) in surface waters and between <2 and 

9 µg/L (median of <2 µg/L) in bottom waters.  Eight out of 29 (28%) surface sites 

outside 250 m from the diffuser exceeded the ANZECC/ARMCANZ (2000) guideline 

and the 80th percentile of reference value (both 5 µg/L).   Three bottom sites (10%).  

exceeded the ANZECC/ARMCANZ (2000) guideline (5 µg/L) and the 80th percentile of 

reference value of (4 µg/L). 

 NO2
–+NO3

– concentrations at shoreline sites ranged from <2 µg/L (sites E, G and H) 

to 4 µg/L (site D) (Figure 5.12).  NO2
–+NO3

– concentrations were below the 

ANZECC/ARMCANZ (2000) guideline of 5 µg/L at all shoreline sites. 

 Surface NO2
–+NO3

– concentrations were elevated concentrations at sites immediately 

around and to the north of the diffuser (Figure 5.13).    

 
Note: 
1. Dashed line indicates ANZECC/ARMCANZ (2000) guideline value. 

Figure 5.12 Nitrate+nitrite concentrations at Sepia Depression 
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Notes: 
1. Site locations have been exaggerated for visual clarity.  Precise site locations are given in Figure 5.3. 
2. Breaks in the legend (solid lines) indicate concentrations above or below the detection limit or 

ANZECC/ARMCANZ (2000) guideline. 

Figure 5.13 Spatial distribution of nitrate+nitrite at Sepia Depression 
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Total phosphorus (TP) 

 Offshore surface concentrations of total phosphorus ranged from 9 to 48 µg/L with 

17 (50%) sites (14–16, 26, 30, 34, 57, 61, 63–67, 70–72 and 74) below the 

ANZECC/ARMCANZ (2000) guideline of 20 µg/L.  Bottom concentrations of total 

phosphorus ranged from 9 to 27 µg/L with 33 (97%) sites below the 

ANZECC/ARMCANZ (2000) guideline of 20 µg/L.   

 Total phosphorus surface concentrations at 25 (74%) sites were below or equal to 

the 80th percentile reference value of 31 µg/L.  Bottom concentrations of total 

phosphorus at all sites were below the 80th percentile reference value (31 µg/L) 

 Sites within 250 m from the diffuser had total phosphorus concentrations ranging 

between 29 and 48 µg/L (median of 35 µg/L) in surface waters and between 10 and 

27 µg/L (median of 11 µg/L) in bottom waters.  All surface sites within 250 m from 

the diffuser and one bottom sites exceeded the ANZECC/ARMCANZ (2000) guideline 

of 20 µg/L.  Four out of the five surface but no bottom sites within 250 m exceeded 

the 80th percentile of reference value of 31 µg/L.   

 Sites >250 m from the diffuser had total phosphorus concentrations ranging between 

9 and 42 µg/L (median of 16 µg/L) in surface waters and between 9 and 12 µg/L 

(median of 10 µg/L) in bottom waters.  12 out of 29 (41%) surface sites outside 

250 m from the diffuser exceeded the ANZECC/ARMCANZ (2000) guideline of 

20 µg/L compared to no bottom sites.  Six surface sites exceeded the 80th percentile 

of reference value of 31 µg/L. 

 Total phosphorus concentrations at shoreline sites ranged from 11 µg/L (site I) to 

22 µg/L (site G) (Figure 5.14).  Shoreline total phosphorus concentrations were 

below or equal to the ANZECC/ARMCANZ (2000) guideline of 20 µg/L at all but one 

site.   

 Total phosphorus concentrations were elevated around and to the north–west of the 

diffuser (Figure 5.15).  In bottom waters, total phosphorus concentrations showed no 

strong spatial patterns.   

 
Note: 
1. Dashed line indicates ANZECC/ARMCANZ (2000) guideline value. 

Figure 5.14 Total phosphorus concentrations at Sepia Depression 
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Notes: 
1. Site locations have been exaggerated for visual clarity.  Precise site locations are given in Figure 5.3. 
2. Breaks in the legend (solid lines) indicate concentrations above or below the detection limit or 

ANZECC/ARMCANZ (2000) guideline. 

Figure 5.15 Spatial distribution of total phosphorus at Sepia Depression 
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Total nitrogen (TN) 

 Offshore surface concentrations of total nitrogen ranged from 70 to 240 µg/L with all 

sites but one (site 43) below the ANZECC/ARMCANZ (2000) guideline of 230 µg/L.  

Bottom concentrations of total nitrogen ranged from 80 to 160 µg/L with all (100%) 

sites below the ANZECC/ARMCANZ (2000) guideline of 230 µg/L.   

 Total nitrogen surface concentrations at 21 (62%) sites (14–16, 26, 28, 30, 34, 40, 

47, 56, 57, 61–67, 70, 72 and 74) were below or equal to the 80th percentile 

reference value of 146 µg/L.  Bottom concentrations of total nitrogen at all but one 

site (site 37) were below or equal to the 80th percentile reference value (150 µg/L). 

 Sites within 250 m from the diffuser had total nitrogen concentrations ranging 

between 170 and 240 µg/L (median of 180 µg/L) in surface waters and between 80 

and 160 µg/L (median of 80 µg/L) in bottom waters.  One surface site within 250 m 

from the diffuser exceeded the ANZECC/ARMCANZ (2000) guideline of 230 µg/L.  All 

surface and one bottom sites within 250 m exceeded the 80th percentile of reference 

value (146 and 150 µg/L, respectively).   

 Sites outside 250 m from the diffuser had total nitrogen concentrations ranging 

between 70 and 200 µg/L (median of 110 µg/L) in surface waters and between 70 

and 110 µg/L (median of 90 µg/L) in bottom waters.  No surface or bottom sites 

outside 250 m from the diffuser exceeded the ANZECC/ARMCANZ (2000) guideline of 

230 µg/L.  Eight surface sites exceeded the 80th percentile of reference value of 

146 µg/L. 

 Total nitrogen concentrations at shoreline sites ranged from 130 µg/L (site D) to 

250 µg/L (site H) (Figure 5.16).  Shoreline total nitrogen concentrations were below 

or equal to the ANZECC/ARMCANZ (2000) guideline of 230 µg/L at seven out of nine 

sites.   

 Total nitrogen concentrations were elevated at sites around and north–west of the 

diffuser (Figure 5.17). No spatial patterns were evident in bottom waters.   

 

 
Note: 
1. Dashed line indicates ANZECC/ARMCANZ (2000) guideline value. 

Figure 5.16 Total nitrogen concentrations at Sepia Depression 
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Notes: 
1. Site locations have been exaggerated for visual clarity.  Precise site locations are given in Figure 5.3. 
2. Breaks in the legend (solid lines) indicate concentrations above or below the detection limit or 

ANZECC/ARMCANZ (2000) guideline. 

Figure 5.17 Spatial distribution of total nitrogen concentrations in surface and 

bottom water samples from Sepia Depression, 17 February 2015 



 

100 PLOOM Program: 2015 Summer Water Quality Survey 

Ocean Reef, Swanbourne, and Sepia Depression 

5.5.4 Phytoplankton biomass and distribution 

Phaeophytin 

 Phaeophytin concentrations (Appendix D) measured at eight offshore surface sites 

were below the 0.2 µg/L detection limit.   

 Phaeophytin concentrations were measured at nine shoreline sites ranged from 

<0.4 µg/L to 0.6 µg/L. 

Chlorophyll-a27 

 Offshore surface concentrations of chlorophyll-a ranged from 0.2 to 0.6 µg/L with all 

sites below the ANZECC/ARMCANZ (2000) guideline of 0.7 µg/L.  Bottom 

concentrations of chlorophyll-a ranged from 0.2 to 0.7 µg/L with all sites below or 

equal to the ANZECC/ARMCANZ (2000) guideline of 0.7 µg/L (Figure 4.10).   

 All surface and bottom chlorophyll-a surface concentrations at all sites were below or 

equal to the 80th percentile reference value (0.6 and 0.7 µg/L for surface and 

bottom, respectively).   

 Sites within 250 m from the diffuser had chlorophyll-a concentrations ranging 

between 0.3 and 0.4 µg/L (median of 0.4 µg/L) in surface waters and between 0.3 

and 0.3 µg/L (median of 0.3 µg/L) in bottom waters.  All surface and bottom sites 

were within the ANZECC/ARMCANZ (2000) guideline of 0.7 µg/L and below the 80th 

percentile reference value of 0.5 µg/L (0.6 and 0.7 µg/L for surface and bottom, 

respectively).   

 Sites outside 250 m from the diffuser had chlorophyll-a concentrations ranging 

between 0.3 and 0.6 µg/L (median of 0.4 µg/L) in surface waters and between 0.3 

and 0.7 µg/L (median of 0.4 µg/L) in bottom waters.  All were below or equal to the 

ANZECC/ARMCANZ (2000) guideline of 0.7 µg/L and the 80th percentile reference 

value.   

 Chlorophyll-a concentrations at shoreline sites ranged from 0.3 µg/L (site D) to 

1.9 µg/L (site G) (Figure 5.18).  Chlorophyll-a concentrations at four of the shoreline 

sites (A, B, E and G) were above the ANZECC/ARMCANZ (2000) guideline (0.7 µg/L).   

 There were no spatial patterns in chlorophyll-a concentrations (Figure 5.19).   

 
Note: 
1. Dashed line indicates ANZECC/ARMCANZ (2000) guideline value 

Figure 5.18 Chlorophyll-a concentrations at Sepia Depression 

                                           
27

 Chlorophyll a concentrations at surface and bottom offshore sites were determined in-situ using a 

fluorometer; chlorophyll a concentrations at shoreline sites were analysed using acetone extraction methods.   
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Notes: 
1. Site locations have been exaggerated for visual clarity.  Precise site locations are given in Figure 5.3. 
2. Breaks in the legend (solid lines) indicate concentrations above or below the detection limit or 

ANZECC/ARMCANZ (2000) guideline. 

Figure 5.19 Spatial distribution of chlorophyll-a at Sepia Depression 
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5.5.5 Bacterial concentrations and distribution 

Thermotolerant coliforms (TTC) 

 The highest offshore surface concentrations of TTC was 30 000 CFU/100 mL at site 

46 Figure 5.20) 

 The highest offshore bottom concentration of TTC (site 37) was64 000 CFU/100 mL 

at site 38 (Figure 5.20).   

 Shoreline concentrations of TTC ranged from <10 CFU/100 mL (sites D, E and I) to 

10 CFU/100 mL.   

 Median TTC concentrations at surface (4900 CFU/100 mL) and bottom 

(20 CFU/100 mL) sites <250 m from the diffuser were above the EQG for both 

surface and bottom and the EQS at the surface.  Median TTC concentrations at 

surface and bottom sites >250 m from the diffuser, and median shoreline sites were 

all <10 CFU/100 mL and below the EQG trigger value (Table 5.3).   

 TTC concentrations (Figure 5.21) that exceeded the EQG for surface and bottom 

waters, occurred immediately around the diffuser.     

 

 
Notes: 
1. Dashed line indicates EQG (EPA 2005) guideline value. 
2. TCC concentrations above the reporting limit (i.e. >1000 CFU/100 mL) have been graphed as half the 

reporting limit to show lower concentrations more clearly 

Figure 5.20 Thermotolerant coliform concentrations at Sepia Depression 
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Table 5.3 Median thermotolerant coliform concentrations at Sepia 

Depression 

Sites Surface Bottom EQC (EPA 2005) 

<250 m from the 
diffuser 

4900 CFU/100 mL 20 CFU/100 mL  
14 CFU/100 mL (EQG) 
 
70 CFU/100 mL (EQS ) 

>250 m from the 
diffuser 

<10 CFU/100 mL2 <10 CFU/100 mL2 

Shoreline <10 CFU/100 mL – 

Notes:  
1. 10 CFU/100 mL is the lower assay limit for the parameter. 
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Notes: 
1. Site locations have been exaggerated for visual clarity.  Precise site locations are given in Figure 5.3. 
2. Breaks in the legend (solid lines) indicate concentrations above or below the detection limit or EQG. 

Figure 5.21 Spatial distribution of thermotolerant coliforms at Sepia 

Depression 
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Enterococci spp. 

 The three highest offshore surface concentrations of Enterococci spp. were 

3900 MPN/100 mL at site 37 (above the diffuser), 3400 MPN/100 mL at site 47 

(450 m north-west of the diffuser) and 1900 MPN/100 mL at site 46 (400 m from the 

diffuser) (Figure 5.22).  

 The highest offshore bottom concentrations of Enterococci spp. was 

1200 MPN/100 mL at site 38, 150 m from the diffuser and 20 MPN/100 mL at site 

70, located 3360 m from the diffuser. All other sites had concentrations of 

Enterococci spp. equal to or below the 10 MPN/100 mL detection limit (Figure 5.22). 

 The highest shoreline concentration of Enterococci spp. was 31 MPN/100 mL at site 

A.  All other shoreline sites had concentrations of Enterococci spp. below or equal to 

the 10 MPN/100 mL detection limit (Figure 5.22). 

 The median concentration of Enterococci spp. at surface sites within the post 

upgrade boundary (260 MPN/100 mL) was above the ANZECC/ARMCANZ (2000) 

guideline for primary and secondary contact.  The median Enterococci spp. 

concentrations at bottom sites within the post upgrade boundary, and at surface and 

bottom sites outside the post upgrade boundary (all <10 MPN/100 mL), were below 

the ANZECC/ARMCANZ (2000) guidelines for both primary and secondary contact 

(Table 5.4) 

 Enterococci spp. concentrations (Figure 5.23) in surface and bottom waters exceeded 

at sites within the 'after upgrade' boundary with four additional exceeedances 

observed in surface waters immediately north of the ‘after upgrade’ boundary.   

 

 
Note: 
1. Dashed line indicates ANZECC/ARMCANZ (2000) guideline value 

Figure 5.22 Enterococci spp. concentrations at Sepia Depression 
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Table 5.4 Median Enterococci spp. concentrations at Sepia Depression  

Site Surface Bottom ANZECC/ARMCANZ (2000) 

Inside the post-
upgrade boundary 

260 MPN/100 mL 10 MPN/100 mL1 35 MPN/100 mL 
(primary contact) 
 
230 MPN/100 mL 
(secondary contact) 

Outside the post-
upgrade boundary 

18 MPN/100 mL(1) <10 MPN/100 mL1 

Shoreline <10 MPN/100 mL(1) - 

Note: 
1. 10 MPN/100 mL is the lower assay limit for the parameter. 
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Notes: 
1. Site locations have been exaggerated for visual clarity.  Precise site locations are given in Figure 5.3 
2. The scale of the 'After Upgrade' boundary has been exaggerated to clarify which sites are located inside or 

outside the boundary 
3. Breaks in the legend (solid lines) indicate concentrations above or below the detection limit or 

ANZECC/ARMCANZ (2000) guideline 

Figure 5.23 Spatial distribution of Enterococci spp. concentrations at Sepia 

Depression 
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5.6 Conclusions 

During the survey on 17 February 2015 at Sepia Depression, the treated wastewater 

plume was advecting in a northerly direction away from the outlet.  The survey captured 

the extent of the elevated nutrient concentrations related to the discharge of treated 

wastewater into the marine environment.  Nutrient concentrations were generally, 

higher at sites closer to the diffuser and in the downstream plume, than at sites located 

further from the influence of the outlet.   

 

The summer water quality surveys were not specifically designed to provide information 

suitable for comparison with ANZECC/ARMCANZ (2000) guidelines or with 80th percentile 

of reference values.  For information only, comparison of water quality parameters at 

sites located <250 m of the diffuser and >250 m from the diffuser with the 

ANZECC/ARMCANZ (2000) guidelines and 80th percentile of reference values were made.   

 

ANZECC/ARMCANZ (2000) suggests that an exceedance of a trigger value should be 

regarded as an 'early warning' and, furthermore, that trigger values are not intended as 

a means of assessing 'compliance'.  Parameters with medians exceeding the 

ANZECC/ARMCANZ (2000) guideline values during the 2015 survey at Sepia Depression 

(Table 5.5): 

 

 NH4+ in surface waters at sites <250 and >250 m from the diffuser and shoreline 

sites 

 Ortho-phosphate in surface waters <250 and >250 m from the diffuser 

 NO2
–+NO3

– in surface waters <250 m from the diffuser 

 Total phosphorus in surface waters <250 m from the diffuser  

 

Nitrogen is a nutrient limiting primary productivity in Perth’s near-shore coastal waters 

(Lord & Hillman 1995).  Historical concentrations of total nitrogen and NH4
+ measured at 

Sepia Depression are generally below the ANZECC/ARMCANZ (2000) guideline values; 

this is demonstrated by the lower 80th percentile of reference values.  Parameters with 

medians exceeding the ANZECC/ARMCANZ (2000) guideline values during the 2015 

Sepia Depression survey (Table 5.5): 

 

 NH4+ in surface waters at sites <250 and >250 m from the diffuser and shoreline 

sites 

 Ortho-phosphate in surface waters <250 m from the diffuser 

 NO2
–+NO3

– in surface waters <250 m from the diffuser 

 Total phosphorus in surface waters <250 m from the diffuser  

 Total nitrogen in surface waters <250 m from the diffuser and at the shoreline sites 
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Table 5.5 Summary comparison of median nutrient and chlorophyll-a values 

with the 80th percentile of background concentrations at Sepia 

Depression 

ANZECC/ARMCANZ (2000) guideline values 

Parameter 

Inside the mixing zone 
(sites <250 m from diffuser) 

Outside the mixing zone 
(sites >250 m from diffuser) Shoreline 

Surface Bottom Surface Bottom 

Total ammonia 
nitrogen  

     

Ortho-phosphate      

Nitrate+nitrite      

Total phosphorus      

Total nitrogen      

Chlorophyll-a       

80th percentile reference values 

Parameter 

Inside the mixing zone 

(sites <250 m from diffuser) 

Outside the mixing zone 

(sites >250 m from diffuser) 
Shoreline  

Surface Bottom Surface Bottom  

Total ammonia 
nitrogen  

     

Ortho-phosphate      

Nitrate+nitrite      

Total phosphorus      

Total nitrogen      

Chlorophyll-a       

Notes: 
1. Assessment criteria for surface, bottom and shoreline sites: 

2. Green = Nutrient median values ≤ ANZECC/ARMCANZ (2000) guideline values / ≤80
th

 percentile 

reference values. 

3. Red = Nutrient median values > ANZECC/ARMCANZ (2000) guideline values / >80
th

 percentile reference 

values. 

 

The microbiological indicators showed elevated concentrations in the immediate vicinity 

of the diffuser and a decline in concentrations away from the outlet, indicating die-off of 

the microbes.  Thermotolerant coliform concentrations were above the EQG and EQS for 

the maintenance of seafood safe for human consumption in surface and bottom waters 

near the outlet (<250 m).  However, the guidelines were met in surface and bottom 

waters at distances >250 m from the diffuser and at shoreline sites (Table 5.6).  Human 

health concerns relating to seafood are not considered an issue at Sepia Depression, as 

there is no harvesting of seafood or aquaculture activities in the waters 1–2 km offshore.   

 

Table 5.6 Summary comparison of the EQG with the median concentrations 

of thermotolerant coliforms at Sepia Depression 

Notes: 
1. For the maintenance of seafood safe for human consumption. 
2. Green= median values ≤ EQG. 
3. Red = median values > EQG. 

Parameter 

Environmental Quality Guideline (EPA 2005)1 

<250 m >250 m 
Shoreline 

Surface Bottom Surface Bottom 

Thermotolerant coliforms      
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Median concentrations of Enterococci spp. were above the ANZECC/ARMCANZ (2000) 

guideline for primary contact in surface waters inside the post upgrade boundary.  

However median concentrations of Enterococci spp. were below or equal to the 

ANZECC/ARMCANZ (2000) guideline in bottom waters inside the post upgrade boundary, 

in surface and bottom waters outside the post upgrade boundary, and at shoreline sites 

(Table 5.7).  Public health concerns relating to primary (whole-body) contact recreation 

are not considered to be an issue at Sepia Depression because there is no primary 

contact recreational use of the waters 1–2 km offshore.  Furthermore, the 

Environmental Protection Authority (2005) notes in the Manual of Standard Operating 

Procedures for Environmental Monitoring Against the Cockburn Sound Environmental 

Quality Criteria (2003–2004) that the Environmental Quality Criteria for primary and 

secondary contact recreation are only appropriate for evaluation of data collected from 

waters at recreational beaches, where they protect regular beach users.   

 

Table 5.7 Summary comparison of the ANZECC/ARMCANZ (2000) guideline 

with the median concentrations of Enterococci spp. at Sepia 

Depression 

Parameter 

ANZECC/ARMCANZ (2000)1 

Within post-upgrade 
boundary 

Outside post-upgrade 
boundary Shoreline 

Surface Bottom Surface Bottom 

Enterococci spp.      

Notes: 
1. Results for primary contact recreation: 
2. Green = median values ≤ ANZECC/ARMCANZ (2000) guideline. 
3. Red = median values > ANZECC/ARMCANZ (2000) guideline. 

 

The results from the summer water quality survey on 17 February 2016 indicate that the 

WWTP expelling treated wastewater at Sepia Depression ocean outlet was operating 

effectively and the plume of treated wastewater rapidly dissipated once it entered the 

environment.  Despite elevated levels of water quality parameters at some individual 

sites outside the immediate zone of influence of the outlet, the water quality conditions 

required for ecosystem protection and public health criteria were met. 
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Appendix A – Wastewater Treatment Plant Licence Conditions 

 

 





 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Beenyup Wastewater Treatment Plant Licence 
 



































 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Subiaco Wastewater Treatment Plant Licence 



































 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Woodman Point Wastewater Treatment Plant Licence 
 
 













































 

 

Appendix B – Sampling Grids for Summer Water Quality Survey





Ocean Reef Sample Sites – Northerly Flow Grid and Shoreline Sites 
 

 
 

  



 

Ocean Reef Sample Sites – Southerly Flow Grid and Shoreline Sites 
 

 
 

  



Ocean Reef Sample Sites – Light/Variable Flow Grid and Shoreline Sites 
 

 
 

  



 

Swanbourne Sample Sites – Northerly Flow Grid and Shoreline Sites 
 

 
  



Swanbourne Sample Sites – Southerly Flow Grid and Shoreline Sites 
 

  



 

Swanbourne Sample Sites – Light/Variable Flow Grid and Shoreline Sites 
 

 
 

  



Sepia Depression Sample Sites – Northerly Flow Grid and Shoreline Sites 
 

 
 

  



 

Sepia Depression Sample Sites – Southerly Flow Grid and Shoreline Sites 
 

 
 

  



Sepia Depression Sample Sites – Light/Variable Flow Grid and Shoreline Sites 
 

 





 

 

Appendix C – UM3 Initial Dilution Model Output





OCEAN REEF OUTLET A – INITIAL DILUTION MODELLING 
 

 
 

 
 



OCEAN REEF OUTLET B – INITIAL DILUTION MODELLING 

 
 

 
 

 

 



SWANBOURNE – INITIAL DILUTION MODELLING 

 
 

 
 



SEPIA DEPRESSION – INITIAL DILUTION MODELLING 
 

 
 

 
 



 

 

Appendix D – Water Quality Sampling Sites and Data





Latitude GDA94 S Longitude GDA94 E

Site (actual) (actual) Easting Northing

1 31° 47' 45.51" S 115° 42' 30.74" E 377740.68 6481452.43

2 31° 47' 15.85" S 115° 41' 37.97" E 376341.92 6482349.14

18 31° 46' 5.17" S 115° 42' 14.68" E 377281.43 6484537.07

20 31° 46' 5.32" S 115° 42' 37.47" E 377881.05 6484539.62

22 31° 46' 5.57" S 115° 43' 0.24" E 378479.98 6484538.95

25 31° 45' 55.44" S 115° 42' 26.05" E 377576.91 6484840.42

26 31° 45' 55.73" S 115° 42' 48.90" E 378178.24 6484838.52

27 31° 45' 51.24" S 115° 41' 4.80" E 375437.96 6484944.08

28 31° 45' 50.75" S 115° 42' 37.55" E 377877.87 6484988.44

30 31° 45' 45.50" S 115° 42' 18.61" E 377377.64 6485144.11

31 31° 45' 45.81" S 115° 42' 31.91" E 377727.66 6485138.80

32 31° 45' 45.87" S 115° 42' 37.78" E 377882.09 6485138.52

33 31° 45' 46.00" S 115° 42' 43.31" E 378027.62 6485136.27

34 31° 45' 46.04" S 115° 42' 56.74" E 378381.04 6485139.25

36 31° 45' 46.28" S 115° 43' 30.86" E 379278.74 6485142.63

37 31° 45' 40.91" S 115° 42' 37.66" E 377877.21 6485291.50

38 31° 45' 36.06" S 115° 42' 26.43" E 377579.94 6485437.06

39 31° 45' 36.12" S 115° 42' 49.28" E 378181.19 6485442.51

40 31° 45' 25.96" S 115° 42' 0.04" E 376881.95 6485739.88

41 31° 45' 26.06" S 115° 42' 11.44" E 377181.97 6485740.33

43 31° 45' 26.28" S 115° 42' 26.63" E 377581.67 6485738.24

44 31° 45' 26.27" S 115° 42' 37.94" E 377879.15 6485742.20

45 31° 45' 26.42" S 115° 42' 49.40" E 378180.65 6485741.20

47 31° 45' 26.63" S 115° 43' 4.54" E 378579.12 6485739.32

48 31° 45' 26.81" S 115° 43' 15.86" E 378877.11 6485737.32

52 31° 44' 59.77" S 115° 41' 41.23" E 376377.25 6486540.36

53 31° 44' 59.95" S 115° 42' 0.31" E 376879.34 6486540.81

54 31° 45' 0.22" S 115° 42' 19.30" E 377379.08 6486538.65

55 31° 45' 0.40" S 115° 42' 38.29" E 377878.79 6486539.00

56 31° 45' 0.59" S 115° 42' 57.41" E 378382.02 6486539.05

57 31° 45' 0.79" S 115° 43' 16.29" E 378878.82 6486538.75

60 31° 44' 40.57" S 115° 42' 8.12" E 377077.79 6487139.98

61 31° 44' 41.11" S 115° 43' 8.83" E 378675.41 6487142.32

63 31° 44' 14.15" S 115° 41' 41.84" E 376376.67 6487945.32

64 31° 44' 14.58" S 115° 42' 38.78" E 377875.23 6487949.98

Drogue1 31° 45' 45.86" S 115° 42' 37.54" E 377875.66 6485138.75

Drogue2 31° 45' 45.41" S 115° 42' 50.46" E 378215.48 6485156.81

Drogue3 31° 45' 41.71" S 115° 42' 52.46" E 378266.70 6485271.18

Drogue4 31° 45' 38.03" S 115° 42' 57.83" E 378406.59 6485386.21

Drogue5 31° 45' 30.51" S 115° 42' 56.96" E 378381.13 6485617.56

A 31° 48.560' S 115° 43.882' E 379908 6480928

B 31° 47.164' S 115° 43.210' E 380108 6482579

C 31° 46.362' S 115° 43.906' E 379910 6484058

D 31° 45.943' S 115° 43.759' E 379669 6484830

E 31° 45.579' S 115° 43.612' E 379429 6485500

F 31° 45.167' S 115° 43.548' E 379319 6486260

G 31° 44.760' S 115° 43.452' E 379158 6487010

H 31° 44.160' S 115° 43.159' E 378680 6488335

I 31° 43.215' S 115° 42.631' E 377828 6489877

OCEAN REEF - SAMPLING SITES, 03 FEBRUARY 2015

UTM50, GDA94 actual



Ortho- Nitrate + Total Total Chlorophyll a Chlorophyll a Thermalolerant
Ammonia phosphate Nitrite Phosphorus Nitrogen (flurometry) (acetone) Phaeophytin a Coliforms Enterococci

Site µg.N/L (<3) µg.P/L (<2) µg.N/L (<2) µg.P/L (<5) µg.N/L (<50) µg/L (<0.1) µg/L (<0.1) µg/L (<0.2)  CFU/100mL (<10) MPN/100mL (<10)

1A <3 14 12 25 120 0.5 0.6 0.3 <10 <10
1B <3 13 13 24 120 0.5 0.6 0.3 <10 <10
1C <3 13 12 24 120 0.4 0.6 0.3 <10 <10
2 <3 10 11 19 100 0.3 <10 <10

18 <3 18 21 29 110 0.6 <10 <10
20 5 23 28 36 140 0.4 160 <10
22 9 31 26 42 120 0.6 <10 <10
25 6 23 23 36 130 0.5 470 41
26 17 60 58 73 170 0.5 1300 63
27 <3 8 15 16 100 0.2 0.3 <0.2 <10 <10
28 10 38 34 52 140 0.6 660 20
30 8 30 24 43 130 0.6 310 31
31 6 25 20 36 120 1.0 330 41
32 9 43 45 58 170 0.4 450 <10
33 13 58 64 68 180 0.5 380 20
34 9 39 37 51 160 0.3 150 <10
36 4 14 6 26 120 0.4 0.4 <0.2 <10 <10
37 13 56 54 68 170 0.6 200 30
38 12 48 42 62 180 0.6 40 <10
39 8 41 40 53 160 0.5 91 10
40 <3 16 9 26 100 0.6 <10 <10
41 4 22 14 32 100 0.6 <10 <10
43 4 31 27 44 120 0.5 <10 <10
44 11 47 42 61 160 0.7 0.5 <0.2 <10 <10
45 7 34 31 43 140 0.6 <10 <10
47 4 22 14 32 110 0.5 <10 <10
48 4 17 10 28 120 0.5 <10 <10
52 <3 9 8 18 100 0.4 <10 <10
53 <3 7 4 17 100 0.6 <10 <10
54 <3 8 <2 18 90 0.7 <10 <10
55 <3 16 9 28 100 0.6 <10 <10
56 <3 12 3 24 110 0.5 <10 <10
57 <3 14 9 24 110 0.4 <10 <10
60 <3 6 <2 16 110 0.9 0.6 <0.2 <10 <10
61 <3 12 3 24 120 0.7 <10 <10
63 <3 6 3 16 90 0.7 <10 <10
64 <3 7 <2 18 100 0.6 0.5 0.2 <10 <10

A 18 13 10 39 290 0.7 0.4 <10 20
B 7 14 68 33 260 1.0 0.8 <10 <10
C 23 10 9 24 200 0.8 0.7 20 <10
D 19 16 40 33 250 1.2 2.9 20 <10
E 13 10 160 26 380 2.4 4.0 <10 <10
F 7 11 18 25 180 0.5 2.5 10 63
G 13 14 24 26 210 0.3 1.7 <10 <10
H 9 12 36 23 190 0.7 1.8 <10 <10
I 13 13 64 28 260 1.1 1.4 <10 <10

Notes:
1. Numbers in parenthesis after the units indicate the detection limit for each water quality parameter
2. Chlorophyll a  (flurometry) was not measured on shoreline sites
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Ortho- Nitrate + Total Total Chlorophyll a Chlorophyll a Thermalolerant
Ammonia phosphate Nitrite Phosphorus Nitrogen (flurometry) (acetone) Phaeophytin a Coliforms Enterococci

Site µg.N/L (<3) µg.P/L (<2) µg.N/L (<2) µg.P/L (<5) µg.N/L (<50) µg/L (<0.1) µg/L (<0.1) µg/L (<0.2)  CFU/100mL (<10) MPN/100mL (<10)

1A <3 13 13 25 120 0.5 <10 <10
1B 5 13 12 25 120 <10 <10
1C <3 13 11 24 120 <10 <10
2 <3 9 13 19 100 0.2 <10 <10
18 <3 16 13 26 110 0.4 <10 <10
20 3 16 10 28 120 0.4 <10 <10
22 3 15 7 26 100 0.5 <10 <10
25 <3 12 9 24 110 0.4 <10 <10
26 3 16 10 30 130 0.5 <10 <10
27 <3 8 16 16 100 0.2 <10 <10
28 <3 13 10 26 120 0.3 <10 <10
30 <3 9 8 20 100 0.4 <10 <10
31 <3 11 10 22 110 0.5 <10 <10
32 11 53 57 61 170 0.5 <10 <10
33 3 16 15 26 130 0.4 <10 <10
34 <3 8 4 19 110 0.6 <10 <10
36 4 15 5 27 120 0.4 <10 <10
37 <3 9 5 19 110 0.6 <10 <10
38 <3 7 3 16 110 0.6 <10 <10
39 <3 12 7 22 120 0.8 <10 <10
40 <3 8 5 18 100 0.6 <10 <10
41 <3 7 2 17 80 0.9 <10 <10
43 <3 6 <2 18 90 0.7 <10 <10
44 <3 9 <2 21 100 0.6 <10 <10
45 <3 12 <2 24 130 0.5 <10 <10
47 <3 13 <2 25 110 0.5 <10 <10
48 <3 14 2 26 110 0.5 <10 <10
52 <3 10 5 20 90 0.5 <10 <10
53 <3 6 5 16 100 0.8 <10 <10
54 <3 6 3 15 80 0.8 <10 <10
55 <3 8 <2 18 100 0.7 <10 <10
56 <3 7 <2 18 100 0.8 <10 <10
57 <3 14 <2 26 100 0.6 <10 <10
60 <3 5 3 16 90 0.9 <10 <10
61 <3 12 <2 23 120 0.8 <10 <10
63 <3 6 2 16 90 0.9 <10 <10
64 <3 7 2 16 110 0.7 <10 <10

Notes:
1. Numbers in parenthesis after the units indicate the detection limit for each water quality parameter
2. Chlorophyll a  (acetone) and Phaeophytin a  were not measured in bottom waters
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Latitude GDA94 S Longitude GDA94 E

Site (actual) (actual) Easting Northing

2 31° 58' 40.52" S 115° 44' 34.89" E 381239.21 6461321.48

3 31° 58' 23.79" S 115° 43' 37.97" E 379739.21 6461819.11

9 31° 58' 7.92" S 115° 44' 16.30" E 380739.75 6462319.56

10 31° 58' 8.02" S 115° 44' 35.30" E 381238.59 6462322.39

11 31° 58' 8.36" S 115° 44' 54.11" E 381732.34 6462317.58

18 31° 57' 51.62" S 115° 43' 57.36" E 380236.71 6462815.87

19 31° 57' 52.00" S 115° 44' 35.54" E 381239.12 6462815.86

20 31° 57' 52.34" S 115° 45' 2.17" E 381938.16 6462813.36

22 31° 57' 38.59" S 115° 44' 12.86" E 380638.78 6463221.59

24 31° 57' 38.83" S 115° 44' 35.76" E 381240.09 6463221.30

26 31° 57' 39.01" S 115° 44' 58.54" E 381838.10 6463222.87

27 31° 57' 29.07" S 115° 44' 24.53" E 380941.89 6463518.35

28 31° 57' 29.30" S 115° 44' 47.33" E 381540.31 6463518.38

29 31° 57' 24.31" S 115° 44' 35.93" E 381239.46 6463668.51

30 31° 57' 18.71" S 115° 43' 19.95" E 379242.77 6463817.69

32 31° 57' 19.14" S 115° 43' 57.88" E 380238.56 6463816.18

33 31° 57' 19.33" S 115° 44' 16.93" E 380738.82 6463816.09

34 31° 57' 19.39" S 115° 44' 30.24" E 381088.23 6463818.41

35 31° 57' 19.41" S 115° 44' 36.02" E 381240.04 6463819.33

36 31° 57' 19.52" S 115° 44' 41.62" E 381387.06 6463817.86

37 31° 57' 19.72" S 115° 44' 55.01" E 381738.61 6463815.53

38 31° 57' 14.70" S 115° 44' 35.73" E 381230.67 6463964.46

39 31° 57' 9.67" S 115° 44' 24.56" E 380935.67 6464115.73

40 31° 57' 9.90" S 115° 44' 47.67" E 381542.41 6464115.81

42 31° 56' 59.82" S 115° 44' 13.21" E 380634.07 6464415.58

44 31° 57' 0.04" S 115° 44' 36.25" E 381239.03 6464416.00

46 31° 57' 0.25" S 115° 44' 59.02" E 381837.03 6464416.41

47 31° 56' 46.62" S 115° 43' 58.51" E 380243.38 6464817.57

48 31° 56' 46.89" S 115° 44' 36.55" E 381242.33 6464821.09

49 31° 56' 47.28" S 115° 45' 3.13" E 381940.31 6464817.15

57 31° 56' 30.67" S 115° 44' 17.57" E 380738.18 6465314.73

58 31° 56' 30.73" S 115° 44' 36.61" E 381238.19 6465318.68

59 31° 56' 30.89" S 115° 44' 55.65" E 381737.95 6465319.33

60 31° 56' 13.94" S 115° 43' 39.69" E 379737.43 6465818.24

65 31° 55' 58.31" S 115° 44' 37.21" E 381242.31 6466316.94

Drogue1 31° 57' 19.37" S 115° 44' 37.41" E 381276.53 6463821.02

Drogue2 31° 57' 21.30" S 115° 44' 36.67" E 381257.85 6463761.28

Drogue3 31° 57' 22.59" S 115° 44' 37.72" E 381285.83 6463722.08

Drogue4 31° 57' 22.68" S 115° 44' 39.12" E 381322.57 6463719.62

Drogue5 31° 57' 22.00" S 115° 44' 42.05" E 381399.33 6463741.52

Drogue6 31° 57' 17.87" S 115° 44' 45.01" E 381475.45 6463869.50

Drogue7 31° 57' 12.75" S 115° 44' 48.47" E 381564.46 6464028.16

Drogue8 31° 57' 6.26" S 115° 44' 50.72" E 381621.15 6464228.79

Drogue9 31° 57' 1.03" S 115° 44' 51.99" E 381652.58 6464390.27

Drogue10 31° 56' 55.00" S 115° 44' 53.12" E 381680.25 6464576.28

Drogue11 31° 56' 49.49" S 115° 44' 53.96" E 381700.29 6464746.27

A 31° 57.980' S 115° 45.264' E 382299 6462619

B 31° 57.763' S 115° 45.273' E 382309 6463020

C 31° 57.547' S 115° 45.263' E 382289 6463419

D 31° 57.330' S 115° 45.274' E 382259 6463819

E 31° 57.114' S 115° 45.256' E 382268 6464218

F 31° 57.897' S 115° 45.247' E 382250 6464619

G 31° 57.681' S 115° 45.256' E 382259 6465018

H 31° 57.464' S 115° 45.233' E 382218 6465419

I 31° 56.248' S 115° 45.281' E 382289 6465819

SWANBOURNE - SAMPLING SITES, 20 JANUARY 2015

UTM50, GDA94 actual



Ortho- Nitrate + Total Total Chlorophyll a Chlorophyll a Thermalolerant
Ammonia phosphate Nitrite Phosphorus Nitrogen (flurometry) (acetone) Phaeophytin a Coliforms Enterococci

Site µg.N/L (<3) µg.P/L (<2) µg.N/L (<2) µg.P/L (<5) µg.N/L (<50) µg/L (<0.1) µg/L (<0.1) µg/L (<0.2)  CFU/100mL (<10) MPN/100mL (<10)

2A <3 3 <2 12 100 0.2 0.1 <0.2 <10 <10
2B <3 2 <2 12 90 0.2 0.1 <0.2 <10 <10
2C <3 3 <2 12 100 <0.1 0.1 <0.2 <10 <10
3 <3 <2 <2 11 90 0.2 <10 <10
9 <3 2 <2 12 90 0.1 <10 <10

10 <3 2 <2 11 100 0.1 <10 <10
11 <3 2 <2 12 90 0.2 <10 <10
18 8 <2 4 11 110 0.4 <10 <10
19 <3 2 <2 13 90 0.1 <10 <10
20 <3 3 <2 12 100 0.2 0.2 <0.2 <10 <10
22 60 17 3 28 190 0.2 160 62
24 <3 3 <2 14 130 0.2 <10 <10
26 <3 3 <2 13 120 0.3 <10 <10
27 80 35 3 46 200 0.2 120 30
28 <3 3 <2 12 120 0.3 <10 <10
29 110 50 5 62 240 0.3 2100 52
30 <3 2 <2 11 90 0.1 0.2 <0.2 <10 <10
32 46 10 4 21 160 0.4 <10 <10
33 56 20 3 31 170 0.3 <10 <10
34 96 48 4 62 210 0.2 90 20
35 140 64 5 76 260 0.2 1800 75
36 41 14 3 24 150 0.2 540 <10
37 56 14 3 24 170 0.2 <10 <10
38 260 120 9 130 390 0.2 6200 140
39 170 70 7 84 290 0.3 10 10
40 68 31 3 42 190 0.2 73 20
42 140 32 10 44 280 0.3 10 10
44 160 67 6 77 270 0.3 <10 10
46 83 28 4 39 190 0.2 <10 20
47 28 3 5 12 140 0.4 <10 <10
48 140 51 7 62 260 0.3 <10 <10
49 52 22 2 32 160 0.2 0.2 <0.2 <10 <10
57 77 6 12 16 190 0.3 <10 <10
58 130 28 9 40 250 0.4 <10 <10
59 100 38 6 49 210 0.3 <10 <10
60 10 <2 7 11 110 0.4 <10 <10
65 99 11 8 21 210 0.4 <0.1 <0.2 <10 <10

A 4 8 14 18 140 0.2 0.3 <10 <10
B <3 5 4 15 140 0.3 0.4 <10 <10
C 3 5 4 15 120 0.4 0.3 <10 <10
D 5 7 10 18 140 0.5 0.3 <10 <10
E 12 6 6 17 150 0.4 0.3 <10 <10
F 3 5 6 15 130 0.4 0.3 <10 <10
G 4 5 8 16 130 0.4 0.4 <10 <10
H 7 4 4 16 130 0.5 0.2 <10 <10
I 5 6 2 16 120 1.1 0.4 <10 <10

Notes:
1. Numbers in parenthesis after the units indicate the detection limit for each water quality parameter
2. Chlorophyll a  (flurometry) was not measured on shoreline sites
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Ortho- Nitrate + Total Total Chlorophyll a Chlorophyll a Thermalolerant
Ammonia phosphate Nitrite Phosphorus Nitrogen (flurometry) (acetone) Phaeophytin a Coliforms Enterococci

Site µg.N/L (<3) µg.P/L (<2) µg.N/L (<2) µg.P/L (<5) µg.N/L (<50) µg/L (<0.1) µg/L (<0.1) µg/L (<0.2)  CFU/100mL (<10) MPN/100mL (<10)

2A <3 3 <2 12 100 0.1 <10 <10
2B <3 3 <2 13 90 <10 <10
2C <3 3 <2 12 100 <10 <10
3 <3 <2 <2 12 100 0.5 <10 <10
9 <3 3 <2 14 110 0.2 <10 <10
10 <3 2 <2 13 110 0.2 <10 <10
11 <3 3 <2 13 100 0.4 <10 <10
18 <3 2 <2 14 100 0.3 <10 <10
19 <3 3 <2 12 100 0.2 <10 <10
20 <3 3 <2 14 120 0.5 <10 <10
22 <3 2 <2 14 110 0.1 <10 <10
24 <3 3 <2 15 120 0.2 <10 <10
26 <3 <2 <2 12 110 0.2 <10 <10
27 <3 3 <2 12 100 0.2 <10 <10
28 <3 2 <2 14 130 0.2 <10 <10
29 <3 3 <2 13 110 0.2 <10 <10
30 <3 3 4 12 100 0.2 <10 <10
32 3 3 2 12 110 0.2 <10 <10
33 <3 3 <2 14 110 0.3 <10 <10
34 <3 3 <2 12 100 0.2 <10 <10
35 <3 4 <2 14 110 0.2 <10 <10
36 <3 3 <2 13 110 0.2 10 <10
37 <3 3 <2 12 100 0.2 <10 <10
38 <3 4 <2 16 100 0.2 <10 <10
39 <3 3 <2 14 120 0.1 <10 <10
40 <3 4 <2 14 110 0.2 45 <10
42 <3 3 <2 14 130 0.2 <10 <10
44 <3 2 <2 15 120 0.2 <10 <10
46 <3 4 <2 14 120 0.2 <10 <10
47 <3 3 <2 12 100 0.2 <10 <10
48 <3 3 <2 12 100 0.2 <10 <10
49 <3 3 <2 14 120 0.3 <10 <10
57 <3 3 <2 11 90 0.2 <10 <10
58 3 4 2 15 110 0.2 <10 <10
59 <3 3 <2 11 100 0.3 10 <10
60 <3 3 <2 13 100 0.2 <10 <10
65 <3 3 <2 12 100 0.3 <10 <10

Notes:
1. Numbers in parenthesis after the units indicate the detection limit for each water quality parameter
2. Chlorophyll a  (acetone) and Phaeophytin a  were not measured in bottom waters
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Latitude GDA94 S Longitude GDA94 E

Site (actual) (actual) Easting Northing

14 32° 18' 11.21" S 115° 38' 43.91" E 372480.75 6425159.96

15 32° 18' 11.67" S 115° 39' 22.07" E 373478.81 6425158.28

16 32° 18' 12.10" S 115° 40' 0.40" E 374481.52 6425157.83

26 32° 17' 35.83" S 115° 39' 3.62" E 372982.41 6426256.00

28 32° 17' 36.17" S 115° 39' 22.73" E 373482.53 6426251.98

30 32° 17' 36.14" S 115° 39' 41.78" E 373980.61 6426259.05

31 32° 17' 27.82" S 115° 39' 22.67" E 373477.69 6426509.00

34 32° 17' 22.53" S 115° 38' 52.20" E 372678.61 6426661.91

36 32° 17' 22.89" S 115° 39' 17.04" E 373328.55 6426658.98

37 32° 17' 22.79" S 115° 39' 23.00" E 373484.30 6426663.86

38 32° 17' 23.02" S 115° 39' 28.44" E 373626.75 6426658.69

40 32° 17' 23.24" S 115° 39' 53.23" E 374275.33 6426659.86

43 32° 17' 18.02" S 115° 39' 22.73" E 373475.51 6426810.80

44 32° 17' 9.93" S 115° 39' 3.99" E 372982.19 6427053.68

45 32° 17' 9.96" S 115° 39' 15.40" E 373280.56 6427056.49

46 32° 17' 10.00" S 115° 39' 23.04" E 373480.48 6427057.80

47 32° 17' 9.94" S 115° 39' 30.69" E 373680.67 6427062.13

48 32° 17' 10.09" S 115° 39' 42.16" E 373980.62 6427061.43

53 32° 16' 50.09" S 115° 38' 44.91" E 372475.35 6427658.44

54 32° 16' 50.37" S 115° 39' 7.85" E 373075.47 6427657.36

55 32° 16' 50.41" S 115° 39' 23.23" E 373477.89 6427661.30

56 32° 16' 50.44" S 115° 39' 38.52" E 373877.77 6427665.13

57 32° 16' 50.80" S 115° 40' 1.57" E 374481.03 6427661.67

61 32° 16' 23.65" S 115° 38' 14.85" E 371678.62 6428462.72

62 32° 16' 24.14" S 115° 38' 45.44" E 372479.07 6428457.86

63 32° 16' 24.33" S 115° 39' 8.52" E 373083.06 6428459.56

64 32° 16' 24.58" S 115° 39' 23.70" E 373480.31 6428456.82

65 32° 16' 24.62" S 115° 39' 39.04" E 373881.46 6428460.52

66 32° 16' 24.97" S 115° 40' 1.89" E 374479.42 6428457.18

67 32° 16' 25.35" S 115° 40' 32.54" E 375281.59 6428455.39

70 32° 15' 44.90" S 115° 38' 26.84" E 371977.18 6429660.05

71 32° 15' 45.55" S 115° 39' 24.52" E 373486.50 6429658.87

72 32° 15' 46.16" S 115° 40' 21.55" E 374979.18 6429658.76

74 32° 15' 13.07" S 115° 39' 24.90" E 373483.91 6430659.19

Drogue1 32° 17' 22.86" S 115° 39' 22.69" E 373476.14 6426661.60

Drogue2 32° 17' 10.36" S 115° 39' 14.09" E 373246.57 6427043.73

Drogue3 32° 16' 56.05" S 115° 38' 58.51" E 372833.45 6427479.39

Drogue4 32° 16' 51.30" S 115° 38' 53.95" E 372712.24 6427624.03

A 32° 22.192' S 115° 42.791' E 378939 6417838

B 32° 21.105' S 115° 44.502' E 381599 6419879

C 32° 18.559' S 115° 43.722' E 380320 6424568

D 32° 18.670' S 115° 42.154' E 377848 6425448

E 32° 17.228' S 115° 42.160' E 377839 6426998

F 32° 16.167' S 115° 41.156' E 376239 6428939

G 32° 16.300' S 115° 41.974' E 377519 6429258

H 32° 14.949' S 115° 42.161' E 377789 6431209

I 32° 14.643' S 115° 40.859' E 375738 6431749

SEPIA DEPRESSION - SAMPLING SITES, 17 FEBRUARY 2015

UTM50, GDA94 actual



Ortho- Nitrate + Total Total Chlorophyll a Chlorophyll a Thermalolerant
Ammonia phosphate Nitrite Phosphorus Nitrogen (flurometry) (acetone) Phaeophytin a Coliforms Enterococci

Site µg.N/L (<3) µg.P/L (<2) µg.N/L (<2) µg.P/L (<5) µg.N/L (<50) µg/L (<0.1) µg/L (<0.1) µg/L (<0.2)  CFU/100mL (<10) MPN/100mL (<10)

14 <3 <2 <2 10 70 0.4 <10 <10
15A <3 <2 <2 11 80 0.3 0.3 <0.2 <10 <10
15B <3 <2 <2 10 70 0.4 0.4 <0.2 <10 <10
15C <3 <2 <2 10 80 0.4 0.4 <0.2 <10 <10
16 <3 <2 <2 9 80 0.2 10 <10
26 <3 <2 <2 10 80 0.4 <10 <10
28 57 17 8 27 140 0.3 96 230
30 <3 <2 1 11 90 0.3 <10 <10
31 51 17 11 29 170 0.4 3600 150
34 <3 <2 <2 10 80 0.5 <10 <10
36 64 18 9 30 170 0.4 4900 260
37 81 24 14 35 180 0.3 4900 3900
38 97 27 9 39 200 0.4 <10 <10
40 34 13 13 24 140 0.3 420 110
43 140 36 5 48 240 0.3 0.3 <0.2 24000 1800
44 78 22 3 34 180 0.4 3000 590
45 110 30 3 42 200 0.3 4700 1100
46 90 25 3 37 190 0.3 30000 1900
47 44 13 <2 24 140 0.4 5600 3400
48 73 20 3 30 180 0.4 450 380
53 76 22 6 32 160 0.5 50 120
54 98 26 4 37 180 0.3 500 400
55 100 28 3 38 190 0.3 500 630
56 44 13 6 23 140 0.3 <10 41
57 13 5 6 16 100 0.3 <10 10
61 22 9 8 17 120 0.4 0.5 <0.2 <10 <10
62 35 12 6 22 120 0.3 <10 10
63 13 6 3 15 110 0.3 <10 10
64 7 3 2 14 100 0.4 <10 <10
65 19 8 6 18 110 0.4 <10 <10
66 7 3 4 13 100 0.4 <10 <10
67 <3 <2 2 10 100 0.6 0.5 <0.2 <10 <10
70 12 5 4 15 100 0.6 <10 <10
71 8 3 2 15 160 0.4 <10 <10
72 <3 <2 <2 10 100 0.4 0.5 <0.2 <10 <10
74 8 4 4 14 100 0.5 0.4 <0.2 <10 <10

A 32 5 3 20 240 1.4 0.6 <10 10
B 4 3 3 17 150 0.9 0.5 <10 <10
C 8 2 2 15 190 0.7 0.5 <10 <10
D <3 <2 4 13 130 0.3 0.4 <10 <10
E 32 5 <2 19 200 0.8 0.4 <10 <10
F 7 <2 2 13 160 0.4 0.6 10 10
G <3 2 <2 22 210 1.9 0.6 10 <10
H 18 6 <2 20 250 0.5 0.6 <10 <10
I 10 2 3 11 160 0.1 0.6 <10 <10

Notes:
1. Numbers in parenthesis after the units indicate the detection limit for each water quality parameter
2. Chlorophyll a  (flurometry) was not measured on shoreline sites
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Ortho- Nitrate + Total Total Chlorophyll a Chlorophyll a Thermalolerant
Ammonia phosphate Nitrite Phosphorus Nitrogen (flurometry) (acetone) Phaeophytin a Coliforms Enterococci

Site µg.N/L (<3) µg.P/L (<2) µg.N/L (<2) µg.P/L (<5) µg.N/L (<50) µg/L (<0.1) µg/L (<0.1) µg/L (<0.2)  CFU/100mL (<10) MPN/100mL (<10)

14 <3 <2 <2 10 80 0.3 <10 <10
15A <3 <2 <2 11 80 0.5 <10 <10
15B <3 <2 <2 11 80 <10 <10
15C <3 <2 <2 10 90 <10 <10
16 <3 <2 <2 11 100 0.3 <10 <10
26 <3 <2 <2 10 80 0.5 <10 <10
28 <3 <2 <2 10 70 0.3 20 <10
30 <3 <2 <2 10 100 0.4 <10 <10
31 <3 <2 <2 11 80 0.4 10 <10
34 <3 <2 <2 10 80 0.4 <10 <10
36 <3 <2 <2 10 80 0.3 64000 1200
37 56 16 5 27 160 0.5 <10 <10
38 <3 <2 <2 10 100 0.3 91 10
40 3 2 <2 12 90 0.3 <10 <10
43 <3 <2 <2 11 80 0.3 <10 <10
44 <3 <2 <2 10 110 0.5 30 10
45 <3 <2 <2 11 80 0.5 <10 <10
46 <3 <2 <2 11 90 0.4 <10 <10
47 <3 <2 <2 10 80 0.3 <10 <10
48 <3 <2 <2 10 100 0.4 10 <10
53 <3 <2 <2 9 80 0.5 80 <10
54 5 2 <2 12 90 0.4 10 <10
55 <3 <2 <2 11 90 0.3 <10 <10
56 <3 <2 <2 10 90 0.4 <10 <10
57 <3 <2 <2 10 90 0.4 20 <10
61 <3 2 7 10 80 0.3 20 10
62 <3 <2 <2 10 80 0.6 <10 <10
63 <3 <2 <2 10 90 0.7 <10 <10
64 <3 <2 <2 10 90 0.5 <10 <10
65 <3 <2 <2 10 90 0.7 <10 <10
66 <3 <2 <2 11 90 0.6 20 20
67 <3 <2 7 12 110 0.4 <10 <10
70 <3 <2 <2 10 80 0.6 42 10
71 <3 <2 <2 9 90 0.6 <10 <10
72 <3 2 9 11 110 0.4
74 <3 <2 <2 12 90 0.7

Notes:
1. Numbers in parenthesis after the units indicate the detection limit for each water quality parameter
2. Chlorophyll a  (acetone) and Phaeophytin a  were not measured in bottom waters
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