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Executive Summary 

Torres Strait Island Regional Council (TSIRC) have been experiencing operational issues with the Saibai Island Sewage 
Treatment Plant (STP) resulting in in numerous breaches of the Environmental Licence conditions. The Department of 
Environment and Heritage Protection (DEHP) issued a “Notice to conduct or commission an environmental evaluation” 
to TSIRC on the 5th of June 2017 following several environmental non-compliances with the Environmental Authority 
(EA) EPPR00713013 for ERA 16-A(b)(ii). 

The non-compliances noted are summarised as: - 

1. Exceedances of effluent water quality parameters (numerous between November 2016 and January 2017); 

2. Overflow of effluent from final effluent tank causing release of effluent into the coastal waters; and 

3. Release of poorly treated effluent from the Saibai Island STP with the potential to cause environmental harm; 

TSIRC has engaged GANDEN Engineers and Project Managers to undertake a condition assessment, environmental 
evaluation and options analysis for the upgrade of the Saibai Sewage Treatment Plant.  

In July 2017, GANDEN attended site with TSIRC representatives Tom Day and Toni Veronese to inspect the existing 
plant condition and gain insight into the current operation of the plant. A Condition Assessment Report (0615 – Saibai 
STP Condition Assessment Report) has been produced and has been appended to this report. Outcomes from the 
condition assessment indicate the overall condition of the sewage treatment plant is poor and the treatment process 
has failed, resulting in untreated flow being released to the environment. The failure of the treatment process is, 
largely, due to the failure of major process equipment such as pumps, blowers, instrumentation and electrical faults. 
This is due to a combination of inappropriate selection and specification of equipment and materials, coupled with the 
apparent lack of maintenance of the assets. 

This report analyses options for the upgrade or replacement of the Saibai Sewage Treatment Plant which, as identified 
above, is in poor condition and is approaching (prematurely) the end of its service life. Some of the key considerations 
for the analysis included: - 

1. The STP is subject to a highly corrosive environment due to the tropical climate and proximity to the ocean, 
and as a result all equipment and materials shall be suitably selected to resist corrosion; and 

2. Operations and maintenance difficulties are common in remote communities – a low maintenance plant is 
preferred due to longer lead times on equipment and difficulty accessing specialist labour. 

Options Assessment 

A two-gated options assessment methodology was used to identify the most suited option for the upgrade of the plant 
by firstly identifying treatment technologies, followed by a multi-criteria analysis (MCA). Gate 1 identified relevant 
treatment technologies used throughout Australia, which were then assessed against the following three criteria main 
criteria: - 

1. Will the proposed treatment technology provide sufficient treatment and satisfy the effluent quality 
parameters outlined in the Environmental Authority?  

2. Is the option possible and practical to implement? 

3. Is the option easy to operate and maintain? 

All these options were considered taking into account the specific challenges and the unique nature of sewage 
treatment in a remote island community.  

The outcomes from the Gate 1 assessment are displayed in the table below. 
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Table 1: Mandatory Criteria Summary 

Option Effluent 
Quality 

Possible or 
Practical to 
Implement 

Easy to 
Operate & 
Maintain 

Outcome 
(Pass or 

Fail) 

1. Refurbishment of Existing Plant  × × Fail 

2. New MLE, Keep Existing Clarifier    Pass 

3. New MLE Plant    Pass 

4. New SBR Plant    Pass 

5. New MBR Plant   × Fail 

6. New Oxidation Ditch  ×  Fail 

7. New Trickling Filter × ×  Fail 

8. New Lagoons × ×  Fail 

9. New MBBR   × Fail 

10. New RBC ×   Fail 

Only three options passed the Gate 1 criteria and were subject the MCA assessment, including - 

 Option 2 - New MLE, Keep existing Clarifier 

 Option 3 - New MLE Plant 

 Option 4 - New SBR plant; 

The three options above were assessed against five key assessment criteria, which were: - 

1. Whole of life costs – High-level cost estimate to design, construct, operate and maintain the treatment plant; 

2. Proven treatment technology – Has the technology been proven in similar installations and operating 
conditions? 

3. Resourcing & Operational support required – What level of resourcing is required to operate and maintain 
the plant?  

4. Fit-for-purpose/fit-for-place – Is the plant durable and able to withstand the corrosive conditions on Saibai 
island, flooding and salt water inundation 

5. Process resilience – How resilient is the process regarding changes in influent flows, influent characteristics, 
etc. 

Outcomes from the MCA assessment are displayed in the table below: - 

Table 2 - MCA Scores 

Option MCA Score 

2. New MLE, Keep Existing Clarifier 4.825 
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Option MCA Score 

3. New MLE Plant 4.605 

4. New SBR Plant 4.190 

Conclusions and Recommendation 

Following the outcomes of the MCA criteria, the recommended option is Option 2 – New MLE, Keep Existing Clarifier, 
which is deemed the most suited for the upgrade of the Saibai Sewage Treatment Plant for the following reasons: - 

1. Scored the highest in the MCA analysis; 

2. Easy to operate and maintain; 

3. Does not require full-time monitoring nor does it require highly skilled operators; 

4. No instrumentation, except flowmeter, is required; 

5. Can be installed within the existing sewage treatment plant boundary; 

6. Has excellent process resilience; 

7. Fastest to implement; and 

8. Process tanks and major equipment items can be manufactured entirely offsite and shipped to the island 
minimising onsite installation timeframes. In comparison to the precast concrete tank which requires 
assembly onsite, waterproofing and the application of protective coatings, this option is significantly cheaper. 

Preliminary sizing has been carried out to identify approximate plant footprint, major infrastructure requirements and 
capital expenditure (CAPEX) estimates. The O&M costs (OPEX) for the treatment plant is considered to be less than 
the existing plants due to less drives (i.e. mixers and blowers not required), instrumentation, pumping requirements 
and selection of more robust pumps.  

Further CAPEX and OPEX savings may be realised with the relaxation of the Environmental Authority regarding 
disinfection (Currently under negotiation with DEHP). The current configuration of the plant requires the effluent to 
be pumped to the outfall. If disinfection of the effluent is not required, flows can gravitate directly from the Clarifier 
to the outfall, providing CAPEX and OPEX savings as a chlorine dosing system, chlorine contact tanks and an effluent 
pump station is not required. 

It was assessed that Option 2 – New MLE, Keep Existing Clarifier would cost approximately $4,784,000.001 to build. 

 

  

                                                             

 
1 This pricing has been obtained by requesting quotations for the works based on the preliminary design drawings 
however limited responses were received and as such a 30% contingency has been allowed for the works. 
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1. Background 

1.1 Overview 

Saibai Island is one of the Northern most islands in the Torres Strait and is situated approximately 3 kilometers from 
Papua New Guinea. The existing Sewage Treatment Plant (STP) is located on the western edge of the community and 
discharges effluent via a marine pipeline to the north of the STP, see image below. 

 
Figure 1 - Saibai STP Locality Plan 

Torres Strait Island Regional Council (TSIRC) owns and operates the Saibai Island Sewage Treatment Plant (STP) that 
services the island community. The existing STP is a packaged Modified Ludzack-Ettinger (MLE) plant supplied by 
Enviroflow which consists of inorganics removal by a static screen, a series of fiberglass tanks for biological nutrient 
removal followed by secondary clarification and disinfection prior to discharge to the ocean. This plant was upgraded 
in 2008. 

TSIRC have been experiencing operational issues with the STP resulting in in numerous breaches of the Environmental 
Authority discharge conditions. The primary cause of the deficient performance has been identified as frequent 
breakdown to pumps, blowers, sodium hypochlorite disinfection systems and power supply to the equipment due to 
the harsh environment and as a result of maintenance and funding difficulties. 

Operational and maintenance difficulties are common in remote communities, such Saibai Island. These difficulties 
have led to sections of the STPs remaining offline for considerable periods, causing ongoing failure in the treatment 
process and ultimately, resulting in non-compliant effluent. 

The Department of Environment and Heritage Protection (DEHP) issued a “Notice to conduct or commission an 
environmental evaluation” to TSIRC on the 5th June 2017 following several environmental non-compliances with the 
Environmental Authority (EA) EPPR00713013 for ERA 16-A(b)(ii). 

The non-compliances noted are summarised as: - 

1. Exceedances of effluent water quality parameters (numerous between November 2016 and January 2017); 

2. Overflow of effluent from final effluent tank causing release of effluent into the coastal waters; and 

3. Release of poorly treated effluent from the Saibai Island STP with the potential to cause environmental harm; 

Saibai STP 

Outfall – Shown Indicatively 
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1.2 Notice to Commission Environmental Evaluation 

Refer to Appendix B -  for the DEHP “Notice to conduct or commission an environmental evaluation”. 

As a result of the non-conformances, DEHP have requested that TSIRC undertake an environmental investigation 
addressing the following: - 

1. Environmental Assessment including: - 

a. Identify the Environmental Values (EVs) and Water  Quality Objectives (WQOs) relevant to releases 
from the Saibai Island STP; 

b. Provide a description of the default EV/WOQs, characteristics and resilience of the receiving 
environment; and 

c. Determine the quality that must be achieved for effluent release to protect or enhance EVs and 
achieve the WQOs. 

2. Assessment and projection of sewage flow loadings of the project sewage flow loadings into the Saibai STP 
for a 20-year planning horizon and be developed with the Department of Energy and Water Supply ‘Planning 
Guidelines for Water Supply and Sewerage, April 2010’. 

3. Detail the capacity of existing sewage infrastructure to meet current and future service demands and 
environmental standards and identify options for achieving release quality that must be achieved to protect 
or enhance EVs and achieve the WQOs including, but not limited to:  

a. A statement of the current performance of the plant in respect to effluent release; 

b. Details of all options available and a detailed evaluation of potential options to improve and maintain 
suitable quality of effluent releases; 

c. Details of technology considerations and their suitability for use in relation to the locality and skill 
level of operators; 

d. Review of similar technology and applications in similar environments; and 

e. Details of cost considerations that include installation/augmentation, commissioning and 
maintenance. 

4. Report on the analysis of options considered, which must: - 

a. Determine an evaluation criterion linked to quantified service objectives, and which must include 
consideration of service standards, regulatory compliance, operational and performance efficiency 
as well as social, environmental and financial objectives; 

b. Determine options which include existing, non-asset and new asset options; and 

c. Undertake the options analysis, which must include whether the option is technically feasible; 
considers the physical and operational capacity of the infrastructure including infrastructure 
appropriateness, condition and limitations; a financial analysis to determine financial viability 
including financial constraints of each option over the whole lifecycle of the sewage treatment plant 
and associated infrastructure; analysis of environmental impacts; and a risk assessment of each 
chosen option. 

5. Outline a proposed implementation strategy based on the option/s identified through Requirement 4, which 
must: 

a. Determine the preferred project delivery option; and 

b. Develop an implementation program with consideration of funding sources and allocation. 

1.3 Condition Assessment 

A site inspection and condition assessment of the Saibai Sewage Treatment Plant was undertaken by GANDEN, 
accompanied by TSIRC representatives on the 1st August 2017.  
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Outcomes from the report indicate that the overall condition of the sewage treatment plant is poor and the treatment 
process has failed, resulting in untreated flow released to the environment. The failure of the treatment process is, 
largely, due to the failure of major equipment items such as pumps, blowers, mixers and instrumentation. This is due 
to a combination of inappropriate specification of equipment and materials, coupled with the apparent lack of 
maintenance of the assets. To bring the STP back to design performance, the following rectification/refurbishment 
works are required, as a minimum: - 

 Replace/repair the DN200 MDPE outfall pipeline extending the required 400m out to ensure the effluent 
release point provides suitable clearance from the foreshore; 

 Repair or replace the stainless-steel inlet screen and support structure. Fabricate out of suitable corrosion 
resistance materials and isolate dissimilar metals; 

 Installation of shade/roof over screen to prevent blinding of the screen from dried materials; 

 Refurbish the screenings collection trailer and sump; 

 De-sludge all tanks to remove solids accumulated to ensure proper flow paths are maintained; 

 Inspect fiberglass tanks and undertake integrity tests to determine actual residual life and refurbish if possible.  
Alternatively, replace all fiberglass tanks if 20-year life cannot be guaranteed; 

 Replace aeration blowers; 

 Replace WAS/RAS pumps (may be able to seek alternative recycling and wasting via gravity, therefore 
actuated valves); 

 Replace Aerobic Return Pump; 

 Replace supernatant pumps; 

 Replace Clarifier Lift Pump Station including tank, pumps and instrumentation; 

 Refurbish/clean and maintain the Clarifier and address corrosion issues; 

 Replace Flowmeters & actuated valves; 

 Replace pipework and pipe supports; 

 Replace corroded pump skids; 

 Replace all mixers; 

 Replace mixer support frames;  

 Repair/modify to walkways/platforms to conform to Australian Standards and rectify stability issues; 

 Replace structural bolts etc. that have perished on the platforms/walkways; 

 Replace all site run electrical cabling, cable trays, power outlets etc.; 

 Repair the site fence and front gate; 

 Replace the Final Effluent Pump Station, pumps and instrumentation; 

 Replace the Clarifier Sprinkler Pump and fittings; 

 Replace eyewash/safety shower with self-contained unit with tank; 

 Install purpose built Sodium Hypochlorite storage shed and dosing system conform the relevant Australian 
Standards; 

 Rectify operational issues with Potable and Service water supply to prevent contamination; 

 Replace all ABS and PVC pipework; 

 Replacement or refurbishment of the existing switchboard, RTUs etc. to suit modified plant; 
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 Process design review and modifications ensuring required treatment is achieved. This would include the 
production of as constructed P&IDs, updated functional description and operating philosophy, O&M manuals 
etc. 

 Installation of SCADA systems; 

 Recommissioning of refurbished plant; 

 Operator training including daily checklists; and 

 Supply of spare pumps, instrumentation and the like; 

The works outlined are the minimum work required to get the STP functioning, however, there is no guarantee that 
the existing tanks etc. will provide a long-term solution. Assets to be reused will need to undergo further condition 
assessment and possible refurbishment works to prolong their service life. 

GANDEN believes refurbishment of the existing treatment is not a viable option. 

1.4 Environmental Assessment 

Refer to the Environmental Evaluation Report for details in regards to Environmental Values and Water Quality 
Objectives.  

1.5 Current Environmental Authority Negotiations 

TSIRC have submitted an application to DEHP requesting the removal of disinfection of the effluent from the 
Environmental Authority.  
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2. Design Criteria 

The design envelope for this project is defined through estimations of population growth, previous design parameters, 
typical load characteristics, effluent and influent sampling results and flow calculations provided by TSRIC. 

2.1 Historical Flows and Flow Projections 

The current STP influent flows into the STP are unknown due to the failure of the existing influent flowmeter. TSIRC 
have undertaken investigations to determine the actual influent volumes transferred into the treatment based on: - 

 Calculations based on pump starts/stops in pump station 1 (immediately upstream of STP) from recent SCADA 
trends. 

 Readings from influent flowmeter – A new flowmeter was installed on the inlet pipeline. 

Preliminary calculations indicate Average Dry Weather Flows (ADWF) varying between 140 and 170kL/day. The 2008 
Design Report indicates that the existing treatment plant is designed for ADWF of 150 kL/day. 

In high-density population areas (i.e. cities) the average wastewater production per person varies between 200 – 220 
L/EP/day, however, in small remote communities such as Saibai, water consumption can be up to 2 to 3 times higher 
than in large population areas resulting in increase in wastewater generation. There is evidence from conductivity 
results that seawater infiltration at higher tides contributes to additional flow. 

Recent water consumption data provided my TSIRC indicates the total water consumption on Saibai Island is roughly 
220 kL/day. Based on a population of 465 (2016 Census Results), the community is using roughly 430L/EP/day. The 
hydraulic design will be based on wastewater generation of 300L/EP/day with an equivalent population of 650EP. 

If the inlet screen height is increased, the existing SPS01 pumps will need to be assessed and may require upgrading 
due to the increase in static head. 

Table 3 – Saibai STP Design Envelope 

Parameter Current Ultimate Design Units 

Equivalent 
Population (EP) 465 (2016 Census)2 650 EP 

Wastewater 
Production (L/EP/d) - 300 L/EP/day 

ADWF (Average Dry 
Weather Flow) 50 – 170 195 kL/day 

PWWF (Peak Wet 
Weather Flow) - 975 (5 x ADWF) kL/day 

                                                             

 
2 The results from the 2016 Census may not be accurate 
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Parameter Current Ultimate Design Units 

PIF (Peak 
Instantaneous Flow) 10 L/s 

Maximum pumped flow 
rate from SPS 1 with 2 

pumps operating + 30%3 
L/s 

 

2.2 Influent Envelope  

Limited raw sewage data is available for the Saibai STP. TSIRC have provided influent and effluent sampling results 
from the plant between September 2016 and May 2017. The four most recent sampling results from February to April 
2017 have been used to determine the adopted design criteria. Higher conductivity and lower influent strength 
indicates that there is seawater infiltration. 

These results are expected from a domestic population located close to the sea. 

Table 4 - Influent Envelope 

Parameter 6th Feb-
2017 

7th March 
2017 

9th May 
2017 

13th April 
2017 

Average Adopted 
Design 

Envelope 

BOD (mg/L) 220 230 290 93 209 180-350 

Total Suspended Solids (mg/L) 320 130 370 110 230 200-380 

Electrical Conductivity 
(µS/cm)4 1800 5700 1100 7900 4125 500-15,000 

Total Phosphorus (mg/L) 5.5 5.4 8.6 2.8 5.5 4-8 

Total Nitrogen (mg/L) 43 44 77 20 46 40-80 

Ammonia (mg/L) 40 40 45 11 32.25 35-65 

2.3 Effluent Quality Requirements 

The current effluent quality requirements are summarised in Table 5 - Current Effluent Release Limits (from February 
2002). TSIRC is currently negotiating to remove the faecal coliform limit for a new treatment plant with an extended 
outfall. This would remove the requirement to disinfect without any negative impact on the community. Refer to the 
environmental evaluation. 

  

                                                             

 

3 Existing pumps will need to be upgraded due to significant increase in static head for upgraded plant. Upgraded plant 
will be hydraulically designed to cater for maximum flows of new SPS 01 pumps + 30%. Pumps to be selected during 
detailed design. 

 
4 The electrical Conductivity is elevated likely as a result of seawater ingress within the system, there is however limited 
to no impact expected on the treatment process.  
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Table 5 - Current Effluent Release Limits (from February 2002) 

Parameter Units Release Limit Limit Type 

5-day Biochemical Oxygen 
Demand (BOD5) 

mg/L 20 80th percentile 

Maximum 

Suspended Solids (SS) mg/L 30-90 80th percentile 

Maximum 

pH - 6.5 – 8.5 Range 

Dissolved Oxygen (DO) mg/L 2 Minimum 

Ammonia Nitrogen (NH3
-N) mg/L 5-8 50th percentile 

Maximum 

Total Nitrogen (TN) mg/L 20-40 50th percentile 

Maximum 

Total Phosphorus (TP) mg/L 10-15 50th percentile 

Maximum 

Oil and Grease mg/L 10 Maximum 

Faecal Coliform Organisms/100mL 150-600 50th percentile 

Maximum 

2.4 O&M Considerations 

The assessment was required to consider the ongoing operation and maintenance of the STP following the defects 
liability period, specifically: - 

 Confined Space entry – STP operators do not have confined space entry certification or equipment available. 
The design shall consider the requirements for confined spaced entry and minimize or eliminate where 
possible; 

 Working at Heights – STP operators do not have working at heights certification or equipment available. The 
design shall consider the requirements for working at heights and minimize or eliminate where possible; 

 Lifting Equipment – There are no cranes or mobile lifting equipment available for use on Saibai Island. If 
required, a forklift can be borrowed from the barge for short periods of time. The island’s backhoe also has 
fork attachments. Mechanical equipment shall be designed to be easily accessed for maintenance activities 
and space provided for removal using the backhoe; 

 Minimise maintenance requirements – There is trade qualified electricians or plumbers on the island. Access 
to externally sourced skilled maintenance is limited and the budget for servicing is limited. The design is to 
minimise maintenance where possible; 

 STP Operators – STP operators have limited skills and access to skilled support is limited. The process is to be 
designed to be easily operated without in-depth knowledge of the treatment process. The number of process 
tanks, mechanical equipment and instrumentation shall be kept to a minimum; 
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 All electrical components, mechanical equipment, tanks and walkways shall be selected using suitable 
materials to withstand the hot, humid and corrosive environment, and shall be designed to maximise the 
asset life; 

 Redundancy of major process equipment – Major process equipment is to be Duty/Standby where possible 
due to the lack of skilled labor and long lead times to get skilled labor to the island; and 

 Consideration into demolition, replacement or refurbishment works of the plant in the future. 
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3. Options Analysis Methodology 

The options investigation was undertaken using a two-gate approach, derived from the following method: - 

1. Identifying the objectives for the project, 

2. Identify comparison criteria, 

3. Identify options, 

4. Analysis of options, 

5. Recommendations. 

3.1 Objective of Options Analysis 

The overall objective of this project was to provide a fit-for-purpose and fit-for-place solution for the upgrade of the 
Saibai STP to rectify operational issues and achieve continual compliance with the Environmental Authority conditions. 

3.2 Evaluation Criteria 

A two-gated approach was used to compare all options for the upgrade of the Saibai STP. The following gates were 
used: - 

 
  

Gate 1
Mandatory Treatment Requirements

•Evaluation of sewage treatment technologies. 
•The treatment technology options must meet the 

following criteria:
1.  Will the desired effluent quaility be acheived?
2.  Is the option possible and practical to 
implement?
3. Is the option easy to operate and maintain?

• Only options that can answer "yes" to all 3 
progress to Gate 2.

Gate 2

Scoring

• Multi-Criteria Analysis:
- Whole of life costs
- Proven technology
- Resourcing
- Durability of materials and equipment
- Process Resilience

• The top 3 options to progress to Gate 3
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3.2.1 Gate 1 – Mandatory Requirements 

Sewage treatment technology options were listed, and the following evaluation criteria was applied to Gate 1: - 

1. Will the desired effluent quality be achieved?  

 Will the proposed treatment technology provide sufficient and robust and reliable treatment and 
satisfy the effluent quality parameters outlined in the Environmental Authority? Refer to Table 5 - 
Current Effluent Release Limits (from February 2002). 

2. Is the option possible and practical to implement? 

 Can the option be accommodated on the existing STP site? 

 Can the components be transported to the island by barge? 

 Can flood mitigation methods me implemented easily by design without significant cost implications 
(i.e. raised above flood levels etc.)? 

3. Is the option easy to operate and maintain? 

 Does this option require full time operational supervision? 

 Does this option require skilled labor to operate? 

 Are there long lead times on replacement items? 

All treatment technology options that satisfy the above criteria will progress to Gate 2. 

3.2.2 Gate 2 – Multi Criteria Analysis 

In Gate 2, options were compared using a multi-criteria analysis. The multi-criteria analysis included: - 

1. Whole of life costs – High-level cost estimate to design, construct, operate and maintain the treatment plant; 

2. Proven treatment technology – Has the technology been proven in similar installations and operating 
conditions? 

3. Resourcing & Operational support required – What level of resourcing is required to operate and maintain 
the plant?  

4. Fit-for-purpose/fit-for-place – Is the plant durable and able to withstand the corrosive conditions on Saibai 
island, flooding and salt water inundation 

5. Process resilience – How resilient is the process regarding changes in influent flows, influent characteristics, 
etc. 

Each option was assessed and given a score out of 5 (1 being the lowest & 5 the highest). The weighting displayed in 
the table below were applied to the scores.  The scores were then multiplied by the weightings and then all scores 
added. The option with the highest score was considered the preferred option. 

  



 

    
  

Saibai Island Sewage Treatment Plant – Options Study Report P a g e  | 11 

 

 

The following weighting has been given to each of the 5 MCA categories. 

Criteria Whole of 
Life Cost 

Proven 
Technology 

Resourcing Fit-for-
purpose/fit-
for place 

Process 
Resilience 

Score Weighting 

Whole of Life 
Cost      5 22% 

Proven 
Technology     Equal 3.5 15% 

Resourcing      4 17.5% 

Fit-for-
purpose/fit-
for place  

     6 26% 

Process 
Resilience  Equal    4.5 19.5% 
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4. Review of Treatment Process Technologies 

The following options for the rectification of issues at the Saibai Sewage Treatment Plant (STP) were considered: - 

1. Refurbishment of Existing Plant 

2. New MLE, Keep Existing Clarifier 

3. New MLE Plant 

4. New SBR Plant 

5. New MBR Plant 

6. New Oxidation Ditch 

7. New Trickling Filter 

8. New Lagoons 

9. New MBBR 

10. RBC 

It should be noted that the existing control room building, drying beds and storage shed are all in good serviceable 
condition and would be retained and reused regardless of the preferred option. The upgrade of the treatment plant 
would involve the replacement or refurbishment of the primary treatment process. 

All mechanical equipment is required to be placed on plinths or otherwise elevated to at least 300mm from the existing 
surface level to mitigate against flooding risk. Mechanical equipment will be (were possible) be sized to allow for lifting 
using lifting devices like engine hoists for removal rather than equipment that is not easily available on the island (such 
as Franna’s or forklifts.  

Options provided here were modelled using the Biowin © software and from a process technical perspective will work 
and provide compliant effluent. Refer to Appendix C -  for further details.  

4.1 Option 1 - Refurbish the Existing Plant 

The existing sewage treatment plant is Modified Lutzack Ettinger (MLE) process with the addition of a pre-anoxic zone. 
The plant has sufficient bioreactor sizing. The complexity of the existing plant and poor selection of process equipment 
and materials are the main contributors to the poor effluent quality and ongoing maintenance issues. 

Historically, the existing treatment plant has never satisfied the licence conditions since the inception of the plant in 
2001. In 2008, modifications were made to the existing plant to achieve EA compliance by the addition of the stainless 
steel secondary treatment clarifier. Although the clarifier is believed to have improved the effluent quality, the high 
maintenance requirements, and limited availability if skilled labour on the island has led to the failure of major process 
equipment (i.e. blowers, pumps, mixers etc.) resulting in further breaches to the effluent release limits. The addition 
of the clarifier also introduced further complexity to the plant.  

Refurbishing the existing plant is, effectively, replacing all equipment. Based on the condition assessment undertaken 
as part of the review, the following works will be required to refurbish the treatment plant: - 

 Replace/repair the DN200 MDPE outfall pipeline extending the required 400m out to ensure the effluent 
release point provides suitable clearance from the foreshore; 

 Repair or replace the stainless-steel inlet screen and support structure. Fabricate out of suitable corrosion 
resistance materials and isolate dissimilar metals; 

 Installation of shade/roof over screen; 

 Refurbish the screenings collection trailer and sump; 
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 De-sludge all tanks to remove solids accumulated to ensure proper flow paths are maintained; 

 Inspect fiberglass tanks and undertake integrity tests to determine actual residual life and refurbish if possible.  
Alternatively, replace all fiberglass tanks if 20-year life cannot be guaranteed; 

 Replace aeration blowers; 

 Replace WAS/RAS pumps (may be able to seek alternative recycling and wasting via gravity, therefore 
actuated valves); 

 Replace Aerobic Return Pump; 

 Replace supernatant pumps; 

 Replace Clarifier Lift Pump Station including tank, pumps and instrumentation; 

 Refurbish/clean and maintain the Clarifier and address corrosion issues; 

 Replace Flowmeters & actuated valves; 

 Replace pipework and pipe supports; 

 Replace corroded pump skids; 

 Replace all mixers; 

 Replace mixer support frames;  

 Repair/modify to walkways/platforms to conform to Australian Standards and rectify stability issues; 

 Replace structural bolts etc. that have perished on the platforms/walkways; 

 Replace all site run electrical cabling, cable trays, power outlets etc.; 

 Repair the site fence and front gate; 

 Replace the Final Effluent Pump Station, pumps and instrumentation; 

 Replace the Clarifier Sprinkler Pump and fittings; 

 Replace eyewash/safety shower with self-contained unit with tank; 

 Install purpose built Sodium Hypochlorite storage shed and dosing system conform the relevant Australian 
Standards; 

 Rectify operational issues with Potable and Service water supply to prevent contamination; 

 Replace all ABS and PVC pipework; 

 Replacement or refurbishment of the existing switchboard, RTUs etc. to suit modified plant; 

 Process design review and modifications ensuring required treatment is achieved. This would include the 
production of as constructed P&IDs, updated functional description and operating philosophy, O&M manuals 
etc.  

 Installation of SCADA systems; 

 Recommissioning of refurbished plant; 

 Operator training including daily checklists; and 

 Supply of spare pumps, instrumentation and the like. 

It is noted that the existing fiberglass tanks, if retained will be difficult to remove if failure occurs due to the complexity 
of the STP with walkways, pipework and mixer frames blocking crane access. 
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4.2 Option 2 - New Conventional Plant, Keeping the Existing Clarifier (MLE 
Process) 

This option is to remove all equipment except the stainless-steel clarifier, which can be reused with some pickling and 
passivation of some areas of surface corrosion. The plant would be set up in a MLE process, with one new anoxic 
reactor and one aerobic reactor manufactured from stainless steel.   

Both concrete and stainless-steel tanks were considered, but stainless tanks have the advantage of being able to be 
manufactured off-site and rapidly installed. Either grade 316 or SAF 2205 stainless tanks will provide adequate 
protection. If 316 stainless tanks were used, then it is recommended that this steel be highly polished in the factory 
and have a routine wash down (either manually once a week or using an automatic spray). All stainless tanks should 
be pickled and passivated in the factory. The tanks would be best mounted on legs with plinths to prevent corrosion 
occurring at the base. 

Referring to the document Saibai STP Condition Assessment Report, the existing secondary treatment tanks are 
approaching the end of their service life and shall be replaced as part of the upgrade. To implement this option, the 
following works would be required: - 

 Removal and disposal of all redundant infrastructure (tanks, pumps, mixers, walkways etc.) except for the 
stainless-steel Clarifier, office and drying beds; 

 Installation of two new static inlet screens (duty/duty); 

 Installation of two new secondary treatment tanks (anoxic and aerobic bioreactors); 

 Installation of externally mounted jet aerators attached to the aerobic tank (duty/standby and hot swappable 
spare). The suction would be connected to the Anoxic tank which will provide mixing and recycling of 
wastewater between the aerobic and anoxic zones; 

 Installation of Return Activated Sludge (RAS) pumps (duty/standby); 

 Installation of Waste Activated Sludge (WAS) pump (if automatic wasting is preferred); 

 Installation of Chlorine Contact Tank (if required, pending outcomes from Environmental Authority 
amendment application); 

 Installation of Final Effluent Pumps (if chlorination is used, pending outcomes from Environmental Authority 
amendment application); and 

 Installation of new Chlorine Dosing System (if required, pending outcomes from Environmental Authority 
amendment application). 

If disinfection is omitted from the Environmental Authority, effluent can be released directly from the clarifier under 
gravity conditions removing the need for the effluent pump station. 

A 3D model has been developed for the proposed layout which is available as a Navisworks file. Refer to the Saibai 
Island STP Condition Assessment for further details. 
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Figure 2 - 3D Model of Options 2 & 3 

4.3 Option 3 – New Conventional Plant (MLE) 

This process is the same as Option 2 except a new clarifier would be used. The existing clarifier had been deemed 
suitable and in good condition, therefore the installation of a new clarifier and the demolition of the existing clarifier 
is not justified. Refer to  Appendix A -   for details. 

 
Figure 3: Typical Conventional MLE Plant with anoxic tanks, aerobic tanks and clarifiers. Tanks could be made of stainless steel or 
concrete, but steel would be easier to construct on site. 
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4.4 Option 4 – New Sequencing Batch Reactor  

Sequencing batch reactors (SBR) are a conventional treatment process which operates with a continual fill, react, 
settle, and decant mode loop.  The bioreactor is used for settling, negating the need for a clarifier. A SBR/IDEA 
treatment process set up in a MLE configuration would provide the require effluent quality, can be accommodated 
within the existing site boundary and can be designed for minimal operational input. This treatment process is 
currently being installed on Palm Island and a similar, but smaller, design would be suitable. 

The decanter presents a single failure point within the treatment system, however, this can be designed to ‘fail’ in a 
high position limiting any solids carryover. The decanter will also be difficult to maintain/replace as it would require a 
crane to lift it out of the tank. 

To implement the SBR/IDEA process, the following works would be required: - 

 Removal and disposal of all treatment infrastructure currently located on the existing concrete slab; 

 Installation of two new static inlet screens; 

 Installation of a new bioreactor (concrete or stainless steel) and chlorine contact tank; 

 Installation of chlorine dosing system (if required, pending outcomes from Environmental Authority 
amendment application); 

 Installation of RAS pump (duty/standby) 

 Installation of WAS pumps (if automatic wasting is preferred); 

 Installation of new Effluent Pumps; 

 Installation of decanter (located in Bioreactor); and 

 Installation of externally mounted jet aerators (duty/standby) providing process air to the aerobic zone. The 
suction would be connected to the Anoxic tank which will provide mixing and recycling of wastewater 
between the aerobic and anoxic zones. 

 
Figure 4: Typical SBR with decanter shown 
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A 3D model has been developed for the proposed layout which is available as a Navisworks file refer to Figure 5 Option 
4 3D model and Appendix A -  Concept Design Drawings for details. 

 

 
Figure 5 Option 4 3D model 
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4.5 Option 5 - Membrane Bioreactor (MBR) 

Membrane bioreactors can be set up in MLE configuration to achieve the required effluent quality. Flat sheet or hollow 
fibre membranes are used to filter the biomass so the filtered water, called permeate, can be pumped out as effluent 
and the biomass remains in the bioreactor. An MBR plant provides exceptional effluent quality and requires a relatively 
small footprint, however, this process is more difficult to maintain than conventional or SBR plants, and requires 
significant instrumentation and control. In addition, there is more input required from operators in relation to 
preventative maintenance such as backwashing and chemical cleans (CIP).  

To implement the MBR plant, the following works would be required: - 

 Removal and disposal of all primary and secondary treatment infrastructure currently located on the existing 
concrete slab; 

 Installation of a complex inlet works comprising of: - 

o 2mm Automatic Fine Screens, 

o Grit Removal, and  

o Flow Balancing Tank. 

 Installation of a new Bioreactor Tank; 

 Installation of a Membrane tank and membranes; 

 Installation of membrane feed pumps; 

 Installation of numerous pressure monitoring instruments; 

 Installation of a Clean in Place (CIP) system; 

 Installation of a chlorine contact tank (if required, pending outcomes from Environmental Authority 
amendment application); and 

 Installation of chlorine dosing system if required, pending outcomes from Environmental Authority 
amendment application. 

 

 
Figure 6: Hollow Fibre Membrane Cassette at Awonga Point MRB, Weipa, Qld 
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4.6 Option 6 -New Oxidation Ditch 

An oxidation ditch is, typically, an oval-shaped tank in the ground that has an aerator (normally a brush type aerator, 
though diffused aeration is employed on larger plants). The principle of an oxidation ditch is to create a circular motion 
around the bioreactor where the biomass goes from an aerated aerobic zone to an anoxic zone several times before 
discharge. The oxidation ditch can have a settle mode, like an SBR or have a clarifier.  

An oxidation ditch would provide the required effluent quality and is relatively easily maintained, however, will not be 
practical to implement on the existing treatment plant site. To install the oxidation ditch, significant earthworks and 
concreting would be required. Since the existing STP site forms part of the bund around the community this option is 
not practical and would be susceptible to flooding under storm or king tide events. 

 

 
Figure 7: Oxidation Ditch with Brush Aerator at Lorim Point STP, Weipa, Qld 
  



 

    
  

Saibai Island Sewage Treatment Plant – Options Study Report P a g e  | 20 

 

4.7 Option 7 – New Trickling Filter 

Tricking filters are bioreactors that have rock media that allows biomass to attach to the media. The treatment process 
would require a primary settling tank prior to the trickling filter. This biomass ammonia and BOD in the influent 
allowing the biomass to grow. Eventually the biomass clump, called humus, becomes large enough that it detached 
from the rocks and slumps out of the tricking filter. A clarifier, known as a humus tank, then capture the biomass for 
wasting.  

Trickling filters are common in regional areas, but are generally being replaced with more modern treatment process 
such as conventional treatment plants, oxidation ditches, MBR or SBR. A trickling filter plant will likely not achieve the 
required effluent quality, nor will it be accommodated within the existing STP boundary.  

Tricking filters are prone to odour and vector issues.  

 

 
Figure 8: Trickling Filter at Cherbourg STP, Qld 
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4.8 Option 8 - New Lagoons 

Lagoon systems, typically consist of screening, followed by anaerobic, aerobic and/or facultative lagoons. Lagoons are 
commonly employed in remote communities where sufficient land is available. The benefits of lagoons is the reduced 
operations and maintenance requirements and low power usage (if not aerated).  

Many lagoon systems around Queensland have issues with achieving the required effluent quality. Conventional 
lagoon treatment requires a large footprint and cannot be accommodated on the existing STP site. Saibai Island is low 
lying and susceptible to flooding. The high nutrient water and high temperatures also commonly result in algal blooms 
which introduce further risks to the treatment process.  

 
Figure 9: Lagoons in Nhulunbuy, NT 
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4.9 Option 9 – New Moving Bed Biofilm Reactor (MBBR) 

A Moving Bed Biofilm Reactor (MBBR) will achieve the required effluent quality and can be accommodated within the 
existing STP footprint. MBBR uses high surface area media in the bioreactors, normally made of plastic, to allow 
attached growth of some of the mixed liquor in the bioreactor, so that there is less suspended matter that needs to 
be clarified. This process is normally chosen when, either, a small clarifier is required, a plant has issues with sludge 
settleability, or the plant is overloaded. In this case, the existing clarifier is of sufficient size, there is no reason to 
suspect poor settleability and a new plant would be sufficiently sized. There is no benefit that justifies spending the 
additional money to install this media. 

To implement this process, the following works would be required: - 

 Removal and disposal of all primary and secondary treatment infrastructure currently located on the existing 
concrete slab; 

 Installation of a inlet works comprising of: - 

o 3mm Fine Screens, and 

o Grit Removal. 

 Flow Balancing Tank; 

 Installation of anoxic and aerobic bioreactor tanks with media; 

 Installation of Chlorine Contact Tank if required, pending outcomes from Environmental Authority 
amendment application; 

 Installation of new Chlorine Dosing System if required, pending outcomes from Environmental Authority 
amendment application; and 

 Installation of Final Effluent Pumps. 

 
Figure 10: Typical MBBR media 
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4.10 Option 10 – New Rotating Biological Contactor (RBC) 

A Rotating Biological Contactor (RBC) utilises high surface area discs that are continuously rotating at low speed. The 
rotation allows microorganisms to attach to the discs, and the microorganisms go from submerged in the influent to 
being in air. This allows aeration to be provided at low energy use.  

RBC could be accommodated within the existing STP footprint, however, this process does not produce sufficient 
quality effluent unless some type of pre-treatment is provided. 

RBC’s are generally limited to very small installations. Ongoing maintenance issues would need to be considered. 

To implement this process, the following works would be required: - 

 Removal and disposal of all primary and secondary treatment infrastructure currently located on the existing 
concrete slab; 

 Installation of inlet works comprising of: - 

o 3mm Fine Screens, and 

o Grit Removal. 

 Flow Balancing Tank; 

 Installation of a bioreactor tanks (anoxic tank to allow denitrification); 

 Installation of RBC unit; 

 Installation of Chlorine Contact Tank; 

 Installation of new Chlorine Dosing System; and 

 Installation of Final Effluent Pumps. 

 

 
Figure 11: Typical Rotating Biological Contactor 
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5. Options Analysis 

5.1 Gate 1 Assessment: - Mandatory Criteria 

Each of the treatment technologies described in Section 4 has been assessed using the following mandatory criteria 
(refer to 3.2.1 Gate 1 – Mandatory Requirements for a description of each of the criteria): - 

1. Effluent Quality (Service standards, regulatory compliance), 

2. Possible or Practical to implement (operational and performance efficiency), and 

3. Easy to Operate & Maintain. 

The table below displays a summary of the outcomes for each treatment technology reviewed against the Gate 1 
assessment criteria. 

Table 6: Mandatory Criteria Summary 

Option Effluent 
Quality 

Possible or 
Practical to 
Implement 

Easy to 
Operate & 
Maintain 

Outcome 
(Pass or 

Fail) 

1. Refurbishment of Existing Plant  × × Fail 

2. New MLE, Keep Existing Clarifier    Pass 

3. New MLE Plant    Pass 

4. New SBR Plant    Pass 

5. New MBR Plant   × Fail 

6. New Oxidation Ditch  ×  Fail 

7. New Trickling Filter × ×  Fail 

8. New Lagoons × ×  Fail 

9. New MBBR   × Fail 

10. New RBC ×   Fail 

After applying the screening criteria to each of the options, three treatment process options satisfied the requirements 
of the three-mandatory criterion and progressed to Gate 2.  
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5.2 Gate 2 – Multi Criteria Analysis 

The following three treatment process options passed the Gate 1 criterion and were assessed using a Multi Criteria 
Analysis (MCA): - 

1. Option 2 - New Conventional Plant, Keeping the Existing Clarifier (MLE Process); 

2. Option 3 – New Conventional Plant (MLE); and 

3. Option 4 – New Sequencing Batch Reactor. 

Conceptual designs were developed for the three passing options. Refer to Figure 2 - 3D Model of Options 2 & 3 and 
Figure 5 Option 4 3D model.  

All options use similar equipment for treatment (i.e. jet aerators for aeration and centrifugal RAS pumps). Although 
the SBR has a decanter, the differences in maintenance requirements, operator input and power on all three options 
is marginal. The operational costs are deemed to be the same across all options. Capital Costs have therefore only 
been used in the assessment. 

5.2.1 Option 2 - New Conventional Plant, Keeping the Existing Clarifier (MLE Process) MCA Analysis 

Table 7 – Option 2 MCA 

Criterion Description / Comment 

Score 

x/
5 

W
ei

gh
tin

g 

W
ei

gh
te

d 
Sc

or
e 

(%
) 

Proven 
Technology 

MLE Process is a standard treatment process used throughout the 
world to achieve low ammonia, BOD, TSS and total nitrogen levels. 
The existing clarifier has been assessed as having sufficient capacity 
to meet the required effluent quality. 

5 15% 0.75 

Fit-for-purpose 
Fit-for-place 

This process is simple, easy to operate and maintain and can be 
constructed using suitable selected materials to withstand the 
corrosive environment on Saibai Island. The proposed MLE 
arrangement includes two elevated tanks (7.0m TWL from slab) 
allowing the system to operate under gravity flow. This requires no 
intermediate pumping. 

5 26% 1.3 

Resourcing The MLE process, can be designed to be easy to operate and 
maintain with minimal operator input. Routine maintenance is 
required on jet aerators and pumps. 

4 17.5% 0.7 

Process 
Resilience 

The process is simple an effective. The process is constantly 
running with no complex SCADA control. Sufficient standby 
equipment will be required. The process is impossible to bypass 
and operator input is minimal (other than biomass wasting, 
sampling and housekeeping) 

5 19.5% 0.975 

Capital Cost  Capital Expenditure - $4,784,000.00 5 22% 1.1 

SCORE (x/5) 4.825 
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5.2.2 Option 3 – New Conventional Plant (MLE) MCA Analysis 

Table 8 - Option 3 MCA Analysis 

Criterion Description / Comment 

Score 

x/
5 

W
ei

gh
tin

g 

W
ei

gh
te

d 
Sc

or
e 

(%
) 

Proven 
Technology 

MLE Process is a standard treatment process used throughout the 
world to achieve low ammonia, BOD, TSS and total nitrogen levels. 
The existing clarifier has been assessed as having sufficient capacity 
to meet the required effluent quality. 

5 15% 0.75 

Fit-for-purpose 
Fit-for-place 

This process is simple, easy to operate and maintain and can be 
constructed using suitable selected materials to withstand the 
corrosive environment on Saibai Island. The proposed MLE 
arrangement includes two elevated tanks (7.0m TWL from slab) 
allowing the system to operate under gravity flow. This requires no 
intermediate pumping. 

5 26% 1.3 

Resourcing The MLE process, can be designed to be easy to operate and 
maintain with minimal operator input. Routine maintenance is 
required on jet aerators and pumps. 

4 17.5% 0.7 

Process 
Resilience 

The process is simple an effective. The process is constantly 
running with no complex SCADA control. Sufficient standby 
equipment will be required. The process is impossible to bypass 
and no operator input (other than biomass wasting, sampling and 
housekeeping). This process is capable of treating varying influent 
envelopes making it suitable for installation in small communities. 
The plant will run on power outage with loss of treatment for 
extended outages. There are no points of failure or potential for 
overflow. 

5 19.5% 0.975 

Capital Cost  Capital Expenditure - $5,784,000.00 

 
4 22% 1.1 

SCORE (x/5) 4.605 
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5.2.3 Option 4 – New Sequencing Batch Reactor MCA Analysis 

Table 9 - Option 4 MCA Analysis 

Criterion Description / Comment 

Score 

x/
5 

W
ei

gh
tin

g 

W
ei

gh
te

d 
Sc

or
e 

(%
) 

Proven 
Technology 

SBR is a standard treatment process used throughout the world to 
achieve low ammonia, BOD, TSS and total nitrogen levels.  This 
technology can be designed to be easy to construct, operate and 
maintain with a minimal amount of instrumentation and 
mechanical equipment. 

5 15% 0.75 

Fit-for-purpose 
Fit-for-place 

This process is simple, easy to operate and maintain and can be 
constructed using suitable selected materials to withstand the 
corrosive environment on Saibai Island.  

5 26% 1.3 

Resourcing Resourcing for this treatment option is minimal, it is estimated a 
part-time operator would be required to monitor the plant daily 
and take samples as required. This fits within the requirements of 
the existing resourcing at the STP. Routine maintenance is required 
on jet aerators, decanter and pumps. 

4 17.5% 0.7 

Process 
Resilience 

The process is simple an effective. The process is constantly 
running with no complex SCADA control. Sufficient standby 
equipment will be required. The process is impossible to bypass 
and no operator input (other than biomass wasting, sampling and 
housekeeping). The SBR has no pumping requirements through the 
biological treatment process operating under gravity (Note: 
Pumping of effluent required). Under power outage of equipment 
failure, the plant will continue to run with reduced treatment. The 
decanter will be used as an overflow, in the event of it failing it will 
return to its starting level. This process is capable of treating 
varying influent envelopes making it suitable for installation in 
small communities. 

A single mechanical failure point is the decanter, if the decanter 
fails there will be no ‘proper’ clarification resulting in solids 
carryover. 

4 19.5% 0.78 

Capital Cost Capital Expenditure - $6,994,000.00 3 22% 0.66 

SCORE (x/5) 4.19 
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6. Analysis and Recommendation 

6.1 MCA Outcomes 

The following summarises the scores of the MCA. 

Table 10 - MCA Scores 

Option MCA Score 

2. New MLE, Keep Existing Clarifier 4.825 

3. New MLE Plant 4.605 

4. New SBR Plant 4.190 

Based on this analysis Option 2 – New MLE, Keep Existing Clarifier is deemed the most suited for the upgrade of the 
plant and is the recommended option for the following reasons: - 

 Scored the highest in the MCA analysis; 

 Easy to operate and maintain; 

 Does not require full-time monitoring nor does it require highly skilled operators; 

 No instrumentation, except flowmeter, is required; 

 Can be installed in the existing sewage treatment plant site; 

 Has excellent process resilience; 

 Fastest to implement; and 

 Can be manufactured entirely offsite and shipped to the island. 

6.2 Social, Environmental and financial Objectives 

The above MCA and analysis has focused on finding an appropriate treatment technology and technical aspects of the 
wastewater treatment facility. This section explores any Social, Environmental and financial objectives in regard to the 
treatment facility.  

6.2.1 Social Objectives 

The design of the WWTP is primarily focused on a robust and simple treatment process. Social objectives that have 
been taken into consideration are to use local labour where possible for the construction phase of the plant and to 
provide simple operation and maintenance tasks that can be undertaken by local operators (with training and support).  

The broader social impacts of the treatment plant are considered minor as the treatment plant will be constructed 
within the current footprint of the plant and overall will lead to an improvement in effluent quality. During the 
construction phase of the project there will be a social impact due to the presence workers required to provide 
specialist skills during construction. 

Where possible, local workforce will be used and if required, additional training will be provided. 
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6.2.2 Environmental Objectives 

Process resilience of the treatment process has been used as a criterion within the MCA. Process resilience means that 
the treatment plant will be able to achieve (or improve upon) the effluent quality criteria under a whole range of 
operating conditions and with redundancy and safeguards in place to allow for compliant effluent at all times.  

The design choices have a holistic approach and, where possible, reuse existing components of the plant to reduce 
costs, materials and labour requirements. In addition, careful consideration has been made to the environmental costs 
of importing materials and labour to an island community like Saibai (this forms the driver for removing the sodium 
hypochlorite dosing system from the design). All the design options that passed through the first gate of the 
assessment process are in principle compliant with the environmental objectives as it was part of the assessment 
process. 

6.2.3 Financial Objectives 

Financial objectives are considered in detail through obtaining pricing from leading plant and equipment constructors. 
During the option assessment and preliminary design stages, different options were assessed using GANDEN’s 
knowledge of asset costs and a basic assessment of the cost associated with transport and labour of the different 
options. The three options that came out of the options assessment are considered similar in most aspects of 
construction, the key differences being reuse of the existing clarifier, versus fabrication of a new clarifier, and the use 
of stainless steel tanks versus pre-cast concrete tanks. 

6.3 Risk Assessment 

A holistic risk assessment was undertaken for the three options that were further assessed for gate 2. The risks 
associated with each of these options are considered to be similar, and risks are able to be mitigated to an acceptable 
level through the detailed design stage. Refer to Appendix E -  for the details of the risk assessment.  
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7. Concept Design 

7.1 Process Overview 

The MLE process has been sized to treat up to 5 x ADWF. The plant can be constructed within the existing footprint 
and provides a simple but robust treatment process which is simple to operate and resilient to varying influent flows. 
Where possible, equipment and instrumentation has been removed to simplify the process and reduce complexity. 
The MLE plant will provide inorganics, biological and solids removal through a three-stage treatment process which 
includes: -  

1. Inlet works (screenings removal); 

2. Anoxic Tank; 

3. Aerobic Tank with jet aeration; 

4. Clarification using existing clarifier and new RAS pumps; 

5. Disinfection (if required); 

7.1.1 Process Modelling 

GANDEN has used the Biowin © modelling software to ensure that the options presented here will be able to achieve 
the effluent quality criteria and provde robust and stable treatment with minimal complexity and operator 
interference. The results for the Biowin © modelling are available in Appendix C -   

7.1.2 Pre-treatment / Inlet Works 

The preliminary treatment, or inlet works, is the physical removal process that removes gross and fine solids from the 
wastewater for protection of blockages downstream. The proposed inlet works will consist of duty/duty static 
rundown screens that will be installed prior to the bioreactor tanks. Two screens are recommended (duty/duty) so 
that one may be taken offline for maintenance, i.e. single point of failure is eliminated. 

A plant bypass will be installed with a manual gate valve, the valve will be locked to prevent misuse. The plant will be 
designed such that the bypass will only need to be used during major maintenance activities that involve the isolation 
of both screens, the primary treatment tanks or the clarifier. 

The screens would be elevated above the level of the bioreactor to allow gravity flow into the bioreactor. This type of 
screen is currently installed at several TSIRC STP’s including the Saibai STP. The existing screen has experienced some 
corrosion around welds and connections. It is recommended the new static screen is made from a higher grade of 
stainless steel (SAF 2205) to provide enhanced corrosion resistance. To prevent corrosion issues in the future, a regime 
of wash downs of all stainless-steel equipment is proposed, along with yearly inspections. Pickling and passivating of 
the stainless-steel can be undertaken during construction to minimise corrosion. 

Automatic cleaning screens (i.e. screw screens, band screens etc.) are deemed to be inappropriate for this site due to 
issues with mechanical maintenance. 

An electromagnetic flowmeter will be installed upstream of the static screen to monitor influent flows. This flowmeter 
has no moving parts and should provide a long, problem free service life.  

The static screen has no moving parts and is easy to operate. The screen is designed to be self-cleaning, with spray 
bars fitted, however, operators will be required to inspect and hose down the screen daily to ensure screenings to not 
dry out on the screen. 

The screen can be provided with a drop-down chute directing screenings into a collection trailer or bin, similar to the 
installation of the existing screen. The collection trailer or bin will be located directly beneath the screen and will sit 
atop a concrete bund. The concrete bund will have a sump to catch all spillages. A small sump pump will be provided 
to transfer flows from the inlet sump back into the screen. 
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Figure 12 - Static Screen (typical) 
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Figure 13 – New Static Rundown Screens at Palm Island. Two screens facing each other is proposed. 
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7.1.3 Biological Treatment 

A single train Modified Ludzack-Ettinger (MLE) treatment process consists of two bioreactor tanks for biological 
treatment. Two grade 316 or SAF 2205 Stainless Steel tanks (Anoxic and Aerobic), will be installed adjacent to the 
clarifier to provide biological treatment. Refer to Appendix D -  for information on Stainless Steel Construction in 
coastal areas, from the Australian Stainless Reference Manual.  

The tanks will be hydraulically linked via low level and high-level connections. 

7.1.3.1 Anoxic Tank 

The anoxic tanks provide denitrification to reduce the nitrate and thus total nitrogen levels. Influent is fed from the 
inlet works screen, via gravity, into the Anoxic Tank. The anoxic tank is hydraulically linked to the aerobic tank via low-
level and high-level connections. 

Mixing of the Anoxic Tank will be achieved by connecting the Jet Aeration suction pipework to the Anoxic tank. 

The tank will remain full at all times so no level instruments are required. 

7.1.3.2 Aerobic Tank 

The Aerobic Tank provides BOD removal and nitrification of Ammonia (i.e. conversion of ammonia to nitrate). Two (2) 
Jet Aerators (duty/standby + hot swappable spare) will be installed outside the Aerobic Tank to provide process air to 
the treatment process. The suction of the jet aerators will be connected to the Anoxic Tank and discharge into the 
Aerobic Tank.  At least one spare jet aerator pump is recommended. All pumps should be connected to a GPO with a 
phase changeover switch so that they can be rapidly swapped out without an electrician. 

An A-recycle, or aerobic return is required to recirculate flows between the aerobic and anoxic tanks. As the aerobic 
tank provides nitrification of ammonia, the flows transferred back into the anoxic zone will provide further removal of 
nitrogen. By configuring the jet aerators in a way that the suction is via the anoxic tank, a flow path will be created 
between the Aerobic and Anoxic tanks removing the need for an A-recycle pump. 

The Jet Aerators consist of a pump (to be located outside of the tank to allow ease of access for maintenance and 
replacement), air inlet and jet nozzle (located inside the tank). Liquid is pumped through the jet nozzle ejector and 
past the air inlet branch. The venturi nozzle is designed to entrain air in the discharge of the pump, therefore aerating 
the water within the tank.  

An isolation valve and non-return valve will be provided on the intake and discharge of each pump to allow isolation 
for removal. 
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Figure 14 - Jet Aerator (currently being installed at various TSIRC STPs) 

7.1.3.3 Waste Activated Sludge 

Wasting is required to remove old biomass. The wasting is required to maintain an optimal biomass concentration 
MLSS of 3,000 - 4000mg/L within the bioreactor.  The amount of sludge to be wasted will around 3,000 L/day, but this 
can be done once a week or fortnight. 

Due to the configuration of the high tanks, a WAS pump will not be required as wasting can be achieved by draining 
directly to the drying beds. A manual valve can be provided to transfer flows from the Anoxic tank to the existing drying 
beds. 

Alternatively, if automatic wasting is preferred, an actuated valve or pump can be provided, however this is not 
recommended. 

7.1.4 Clarification 

The existing clarifier will be retained for solids separation downstream of the anoxic tank. Flows from the Anoxic tank 
will gravitate into the stilling well (located in center of clarifier). Mixed liquor biomass within the wastewater will fall 
to the bottom of the tank and the top layer of clearwater overflows   over the launders on the outside of the tank. The 
effluent from the Clarifier can discharge, via gravity to the ocean via the outfall pipeline. 

If disinfection is required, effluent from Clarifier will need to flow into chorine contact tanks for disinfection prior to 
being pumped out via the effluent outfall. 

 The existing clarifier has been designed for a small footprint with steep 60° walls providing efficient solids removal 
without the need for a mechanical rake. 

Settled activated sludge in the clarifier is returned to the anoxic tank using the return activated sludge (RAS) pump. 
The RAS pump rate is typically around 2 times the influent flow. It is recommended that the RAS pump be VSD 
controlled. 

Duty, standby and spare RAS pumps are recommended. 
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7.1.5 Disinfection (if required) 

TSIRC are currently seeking a dispensation for the faecal coliform (FC) limit in the Environmental Authority. If the FC 
limits are removed, then disinfection will not be required. 

For disinfection, a 12.5% Sodium Hypochlorite dosing system and a HDPE chlorine contact tank with internal baffles 
would be installed downstream of the Clarifier. Effluent form the Clarifier will flow into the Chlorine Contact tank (CCT), 
Sodium Hypochlorite will be dosed into the inlet pipework. The tank will be designed to provide a minimum of 30 
minutes contact time (CC) based on influent flows. 

If disinfection is required, an effluent pump station will need to be installed as there will not be sufficient driving head 
from the CCT. 

Sodium hypochlorite would be delivered to site in 200L drums. 

7.1.6  Effluent Pump Station (if required) 

An Effluent Pump Station consisting of a small poly rainwater tank and a duty/standby effluent pump set would be 
provided if required. Currently, there are two small polymer tanks onsite, one used as a clarifier lift tank and one 
effluent storage. Either of these tanks could be retained and reused for the Effluent Pump Station. 

The Duty/Standby effluent pumps will be controlled by a hydrostatic level instrument installed in the tanks. A hot 
swappable spare pump will be provided to allow operators to easily replace pumps. 

7.1.7 Effluent Flow Meter 

An electromagnetic flowmeter will be installed downstream of the Clarifier to monitor effluent flows. This flowmeter 
has no moving parts and should provide a long, problem free service life.  

7.1.8 Sludge Drying Beds 

WAS from the Anoxic tank would be transferred to the drying beds where the sludge will dry over time. The existing 
drying beds were refurbished in 2012 and are in good, serviceable condition. 

Once sludge is dried, it can be removed and disposed in the landfill. 

The water from the sludge will evaporate and filter through the sand in the drying beds. The filtrate is known as 
supernatant. The supernatant from the drying beds drains into a pump well adjacent to the drying beds. 

7.1.9 Supernatant Pump Station 

The Supernatant Pump Station receives filtrate from the drying beds and will pump into the inlet screen. The existing 
pump station structure is in good serviceable condition and can be reused within minimal repair works. A new pump 
and level instrumentation will be installed as part of the upgrade. A hot swappable spare pump will be provided to 
allow operators to easily replace pumps. 

7.1.10 Service Water System 

The existing service water system is complex due to the installation of the service water system at SPS 1. It is 
recommended that a bigger booster pump is installed at the SPS 1 location to provide service water for the site. 

7.1.11 Admin Building 

The existing control room building is in good condition. It is recommended that some minor replacements and 
refurbishment works are undertaken to prolong the life of the building. Minor repair works include the replacement 
of air conditioning units that have corroded and removal or algal growth form the ceiling, may require replacement of 
some of the ceiling depending on the severity of damage. 

7.1.12 Switchboard 

The existing switchboard was installed in 2012 and is in good condition, however, the new plant would require a new 
purpose-built switchboard to be constructed. 
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7.2 Marine Outfall 

The existing DN200 MDPE outfall pipeline was constructed in 2001 is designed to discharges into the ocean 
approximately 400m North of the STP. During the site visit, TSIRC advised the pipeline was cut several years ago due 
to a blockage in the pipeline, but are unsure of the exact location due to conflicting information between previous 
reports. The actual cause of the blockage is unknown; however, it is thought to be from one of the following: - 

 Crustacean buildup within the pipeline; 

 Buildup of silt in the pipeline; 

 Damage caused by recreational use in the area i.e. boats, anchors etc; and 

 Poor design or execution of the pipeline. 

From investigations and the As-Constructed drawing of the pipeline (dated 2001), the outfall pipeline has been 
trenched from chainage 0 to chainage 260 where it breaches (Note: this is from 2001, as this is located around the low 
tide level, it is likely the surface has changed). Ganden assumes that the pipeline was blocked and has been cutoff 
between chainage 250 and 400. 

As the pipeline has been cut, it has been flagged as a breach in the STP environmental license. TSIRC are required to 
replace the cut section or replace the entire outfall pipeline.  

The condition of the existing pipeline is unknown therefore it is recommended that the entire outfall pipeline is 
replaced to match the initial design.  

Any new design should consider marine growth around the outfall. Duckbill valves can provide protection from marine 
growth. 

 

  
Figure 15 - Outfall Pipeline Long Section (From drawing 90014-15 dated 16/08/2001) 

 

7.3 Temporary Treatment During Construction 

During the construction of the upgraded treatment plant, a temporary treatment plant will be setup to allow minimal 
treatment of the sewage during the construction of the plant. As there is limited space on the existing site, the 
proposed temporary treatment plant will utilise existing tanks and equipment. 

It is proposed the temporary treatment is made up of: - 

 Two of the existing fiberglass tanks will be used to create an anoxic and aerobic zone; 

o A mixer will be installed in the Anoxic tank; 

o Jet Aerator will be installed in the Aerobic tank; 
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 Clarifier Lift Tank – The pumps and instrumentation within the tank will need to be replaced to be used as 
temporary treatment. This tank will be removed following commissioning of the new plant. 

 Clarification – the existing clarifier will be retained and reused; 

 RAS and WAS pipework will need to be reconfigured; 
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Appendix A -   Concept Design Drawings 
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Appendix B -   Notice to conduct or 
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Environmental Protection Act 1994 

         Environmental Evaluation 

Notice to conduct or commission an environmental evaluation 

This notice to conduct or commission an environmental evaluation is issued by the administering authority pursuant to 326B 

of the Environmental Protection Act 1994    

 
Chief Executive Officer 
Torres Strait Island Regional Council  
PO Box 7336 
CAIRNS QLD 4870 
 
Your reference:  EPPR00713013 
Our reference:  STAT1145 / 101/0009197 
 

5 June 2017  

Take notice: that under the Environmental Protection Act 1994 (the Act) a notice to conduct or commission an 

environmental investigation is issued to Torres Strait Island Regional Council (you) by the administering 

authority. The administering authority is the Chief Executive of the Department of Environment and Heritage 

Protection (the department).  

The notice to conduct or commission an environmental investigation is issued in respect of the activities of 

Torres Strait Island Regional Council at the Saibai Island Sewage Treatment Plant on land described at Lot 3 on 

TS157 situated at Saibai Island (the premise).  

A.  Grounds 

The notice to commission an environmental investigation is issued on the following grounds: 

• An activity or proposed activity is causing or is likely to cause environmental harm.  

The facts and circumstances forming the basis for these grounds are: 

Offence against section 430(3) of the Environmental Protection Act 1994 (condition C4) 

1. The Torres Strait Island Regional Council (TSIRC) is the holder of Environmental Authority (EA) 

EPPR00713013, which authorises TSIRC to carry out Environmentally Relevant Activity (ERA) 16-1(b)(ii) 

Sewage treatment: >100-1,500EP with treated effluent discharged other than as in 1(b)(i).  

2. TSIRC undertakes sewage treatment activities on land described as Lot 3 on TS157, Saibai Island.  

3. On 31 January 2017, the Department of Environment and Heritage Protection (the department) was 

provided water quality monitoring results by TSIRC of treated sewage effluent from the Saibai Island STP, 

which is discharged via ocean outfall to adjacent waters.  

4. The water quality monitoring was undertaken on 8 November 2016 and 11 January 2017, and the results 

identify the following exceedences with the EA: 
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Date Water Quality 

Parameter 

Water 

Quality Limit 

Limit Type  Result  

8 November 

2016 

Faecal Coliforms 

(Organisms/100

ml) 

150 

600 

(organisms) 

50th percentile 

Maximum 

- 

>100,000 

8 November 

2016 

5-Day Bio-

chemical 

Oxygen Demand 

(mg/L) 

60mg/L 80th percentile 

Maximum 

- 

88 

8 November 

2016 

Total Nitrogen 

(mg/L) 

40mg/L 50th percentile 

Maximum 

- 

47 

8 November 

2016 

Ammonia 

Nitrogen (mg/L)  

8mg/L 50th percentile 

Maximum 

- 

34 

 

11 January 

2017 

5-Day Bio-

chemical 

Oxygen Demand 

(mg/L) 

20 

60 

80th percentile 

Maximum 

- 

120 

11 January 

2017 

Ammonia 

Nitrogen (mg/L)  

5 

8 

50th percentile 

Maximum 

- 

25 

    Table 1: Water quality limit exceedances 8 November 2016 and 11 January 2017   

Offence against section 430(3) of the Environmental Protection Act 1994 (condition C1) 

5. On 27 January 2017, TSIRC notified the department of an overflow of effluent from the final effluent tank at 

the Saibai Island STP.  

6. The overflow event was first identified by TSIRC on 23 January 2017 and continued until 27 January 2017.  

7. Effluent was released to coastal waters immediately adjacent to the activity.  

Section 326B of the Environmental Protection Act 1994 

8. The release of poorly treated effluent from the Saibai Island STP has the potential to cause environmental 

harm to the environmental values of surface water and aquatic ecosystems. 

B.  Requirements 

The report on the environmental investigation must address the following relevant matters: 

1. An appropriately qualified person, as defined in this Notice must: 

a) Identify the environmental values (EVs) and water quality objectives (WQOs) relevant to releases 

from the Sabai Island STP; 

b) Provide a description of the default EVs/WQOs, characteristics and resilience of the receiving 

environment; 

c) With reference to items (a) and (b), determine the quality that must be achieved for effluent release 

to protect or enhance EVs and achieve the WQOs. 

Environmental value is— 

a) a quality or physical characteristic of the environment that is conducive to ecological health or 

public amenity or safety; or 
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b) another quality of the environment identified and declared to be an environmental value under 

an environmental protection policy or regulation. 

Note: This may involve a nominal assessment of EVs and WQOs including a desktop assessment.  

2. An appropriately qualified person, as defined in this Notice, must conduct an assessment of the projected 

sewage flow loadings into the Sabai Island STP for a 20 year planning horizon and be developed with the 

Department of Energy and Water Supply ‘Planning Guidelines for Water Supply and Sewerage, April 2010’ 

(including Chapter 6 amendments made March 2016). 

3. Detail the capacity of existing sewage infrastructure to meet current and future service demands and 

environmental standards and identify options for achieving release quality that must be achieved to protect 

or enhance EVs and achieve the WQOs. The details should include, but not be limited to: 

a) A statement of the current performance of the plant in respect to effluent release; 

b) Details of all options available and a detailed evaluation of potential options to improve and 

maintain suitable quality of effluent releases; 

c) Details of technology considerations and their suitability for use in relation to the locality and 

skill level of operators; 

d) Review of similar technology and applications in similar environments; and 

e) Details of cost considerations that include installation/augmentation, commissioning and 

maintenance.  

4. Report on the analysis of options considered, which must:  

a) Determine an evaluation criteria linked to quantified service objectives, and which must include 

consideration of service standards, regulatory compliance, operational and performance 

efficiency as well as social, environmental and financial objectives;   

b) Determine options which include existing, non-asset and new asset options; and  

c) Undertake the options analysis, which must include whether the option is technically feasible; 

considers the physical and operational capacity of the infrastructure including infrastructure 

appropriateness, condition and limitations; a financial analysis to determine financial viability 

including financial constraints of each option over the whole lifecycle of the sewage treatment 

plant and associated infrastructure; analysis of environmental impacts; and a risk assessment of 

each chosen option.  

5. Outline a proposed implementation strategy based on the option/s identified through Requirement 4, which 

must:  

a) Determine the preferred project delivery option; and 

b) Develop an implementation program with consideration of funding sources and allocation. 

Appropriately qualified person(s) means a person or person who has professional qualifications, training 

skills and or experience relevant to the nominated subject matter and can give authoritative assessment, advice 

and analysis to performance relative to the subject matter using the relevant protocols, standards, method or 

literature. 

The environmental report must be submitted to the department on or before: 

• 5:00pm, Tuesday 7 November 2017.  
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As the recipient of this notice, you are also required to provide a statutory declaration in the form attached, to 

accompany the environmental report submitted to the department. The suitably qualified person who prepares 

the environmental report must also provide a statutory declaration in the form attached to accompany the 

environmental report submitted to the department. 

You can view an electronic version of the statutory declaration for a recipient using the following search term 

(ESR/2016/1997).1  

An electronic version of the statutory declaration for a suitably qualified person form is available using the 

search term (ESR/2016/2266). 

Take notice: 

• the requirements of the notice to conduct or commission an environmental investigation take effect 

immediately upon service of this notice; 

• this notice remains in force until further notice from the department; and 

• you are responsible for meeting the costs of conducting or commissioning the environmental evaluation, 

preparing the environmental report and providing any further information as requested by the 

department. 

C.  Reviews and appeals 

The provisions regarding reviews of decisions and appeals are found in sections 519 to 539 of the Act. 

A person who is dissatisfied with certain decisions of the department, may be able to apply to have the 

department review that original decision.  

Generally, a request to have a decision reviewed must be made: 

• within 10 business days of the decision being notified to the person; 

• be supported by enough information to enable the department to decide the application for review; and 

• be made using the application for review of an original decision form (ESR/2015/1573).  

Where an application has been made for a decision to be reviewed, the applicant may also apply to the relevant 

court for a stay of the decision to secure the effectiveness of the review. 

Once the original decision has been reviewed, a person who is dissatisfied with the review decision may be able 

to appeal against that decision to the relevant court within 22 business days after receiving notice of the review 

decision. 

A person whose interests are or would be adversely affected by a decision of the department may also be able 

to request a statement of reasons for a decision or a statutory order review under the Judicial Review Act 1991. 

For further information about reviews and appeals see the: 

• Information sheet - internal review and appeal to the Planning and Environment Court 

(ESR/2015/1572).  

                                                      

1 This is the publication number. The publication number can be used as a search term to find the latest version of a publication at 

<www.ehp.qld.gov.au>. 
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• Information sheet - internal review and appeal to the Land Court (ESR/2015/1742).  

You may have other legal rights or obligations and should seek your own legal advice. 

D. Penalty 

Failure to comply with a notice to conduct or commission an environmental evaluation is an offence. 

1. The maximum penalty for an individual is 300 penalty units, totalling $36,570.00. 

2. The maximum penalty for a corporation is 1500 penalty units, totalling $182,850.00. 

Should you have any queries in relation to this notice, please contact Calvin Quick of the department on 

telephone number (07) 4222 5161. 

  

  

5 June 2017 

 

Signature  Date  

Tony Baker 
Manager (Compliance) 
Delegate of the Chief Executive 
Department of Environment and Heritage Protection 

Environmental Protection Act 1994 

 

 
 
 
 
Enquiries: 
Calvin Quick 
Senior Environmental Officer 
Department of Environment and Heritage 
Protection 
Level 3, 5B Sheridan Street 
CAIRNS QLD 4870 
Ph: (07) 4222 5161 

Email: calvin.quick@ehp.qld.gov.au  

 

 



 

    
  

Saibai Island Sewage Treatment Plant – Options Study Report  

 

Appendix C -   Biowin Modelling Results 
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BioWin user and configuration data 

 

Project details 

Project name: Saibai STP Project ref.: 0615 MLE Rev C 

Plant name: Saibai   User name: Chris Coxon 

 

Created: 11/10/2017   Saved: 7/11/2017 

 

Steady state solution 

SRT: ----- days 

Temperature: 20.0°C 

 

Flowsheet 

 

 

 

Configuration information for all Bioreactor units 

 

Physical data 

 

Element name Volume [m3] Area [m2] Depth [m] # of diffusers 

Anoxic 1 53.0000 9.6364 5.500 Un-aerated 

Aerobic 1 53.0000 9.6364 5.500 24 
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Operating data Average (flow/time weighted as required) 

 

Element name Average DO Setpoint [mg/L] 

Anoxic 1 0 

Aerobic 1 2.0 

 

 

Element name Average Temperature [deg. C] 

Anoxic 1 20.0 

 

 

Aeration equipment parameters 

 

Element 

name 

k1 in C 

= 

k1(PC)^

0.25 + 

k2 

k2 in C 

= 

k1(PC)^

0.25 + 

k2 

Y in Kla 

= C Usg 

^ Y - 

Usg in 

[m3/(m2 

d)] 

Area of 

one 

diffuser  

Diffuser 

mountin

g height 

Min. air 

flow rate 

per 

diffuser  

Max. air 

flow rate 

per 

diffuser  

'A' in 

diffuser 

pressur

e drop = 

A + 

B*(Qa/D

iff) + 

C*(Qa/D

iff)^2 

'B' in 

diffuser 

pressur

e drop = 

A + 

B*(Qa/D

iff) + 

C*(Qa/D

iff)^2 

'C' in 

diffuser 

pressur

e drop = 

A + 

B*(Qa/D

iff) + 

C*(Qa/D

iff)^2 

Anoxic 1 1.2400 0.8960 0.8880 0.0410 0.2500 12.0000 240.000

0 

3.0000 0 0 

Aerobic 

1 

1.2400 0.8960 0.8880 0.0410 0.2500 12.0000 240.000

0 

3.0000 0 0 

 

 

Configuration information for all BOD Influent units 

 

Operating data Average (flow/time weighted as required) 

 

Element name Saibai Influent 

Flow 200 

Total Carbonaceous BOD mgBOD/L 250.00 

Volatile suspended solids mg/L 200.00 
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Total suspended solids mg/L 250.00 

Total Kjeldahl Nitrogen mgN/L 50.00 

Total P mgP/L 6.00 

Nitrate N mgN/L 0 

pH 7.50 

Alkalinity mmol/L 6.00 

Calcium mg/L 80.00 

Magnesium mg/L 15.00 

Dissolved O2 mg/L 0 

 

 

Element name Saibai Influent 

Fbs  -  Readily biodegradable (including Acetate)    [gCOD/g of total COD] 0.1600 

Fac  - Acetate    [gCOD/g of readily biodegradable COD] 0.1500 

Fxsp - Non-colloidal slowly biodegradable    [gCOD/g of slowly degradable COD] 0.6463 

Fus  - Unbiodegradable soluble    [gCOD/g of total COD] 0.0500 

Fup  - Unbiodegradable particulate    [gCOD/g of total COD] 0.2000 

Fna  - Ammonia    [gNH3-N/gTKN]  0.6600 

Fnox - Particulate organic nitrogen    [gN/g Organic N] 0.5000 

Fnus - Soluble unbiodegradable TKN    [gN/gTKN] 0.0200 

FupN - N:COD ratio for unbiodegradable part. COD    [gN/gCOD] 0.0350 

Fpo4 - Phosphate    [gPO4-P/gTP] 0.5000 

FupP - P:COD ratio for unbiodegradable part. COD    [gP/gCOD] 0.0110 

FZbh - OHO COD fraction    [gCOD/g of total COD] 0.0200 

FZbm - Methylotroph COD fraction    [gCOD/g of total COD] 1.000E-4 

FZaob - AOB COD fraction    [gCOD/g of total COD] 1.000E-4 

FZnob - NOB COD fraction    [gCOD/g of total COD] 1.000E-4 

FZaao - AAO COD fraction    [gCOD/g of total COD] 1.000E-4 

FZbp - PAO COD fraction    [gCOD/g of total COD] 1.000E-4 

FZbpa - Propionic acetogens COD fraction    [gCOD/g of total COD] 1.000E-4 

FZbam - Acetoclastic methanogens COD fraction    [gCOD/g of total COD] 1.000E-4 

FZbhm - H2-utilizing methanogens COD fraction   [gCOD/g of total COD] 1.000E-4 

FZe - Endogenous products COD fraction  [gCOD/g of total COD] 0 

 

 

Configuration information for all Effluent units 
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Configuration information for all Ideal clarifier units 

 

Physical data 

 

Element name Volume[m3] Area[m2] Depth[m] 

Exist Clarifier 93.1480 21.1700 4.400 

 

 

Operating data Average (flow/time weighted as required) 

 

Element name Split method Average Split specification 

Exist Clarifier Flow paced   200.00 % 

 

 

Element name Average Temperature Reactive Percent removal Blanket fraction 

Exist Clarifier Uses global setting No 99.80 0.05 

 

 

Configuration information for all Sludge units 

 

Configuration information for all Splitter units 

 

Physical data 

 

Element name Volume[m3] Area[m2] Depth[m] 

Splitter10 0 N/A N/A 

Splitter8 0 N/A N/A 

 

 

Operating data Average (flow/time weighted as required) 
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Element name Split method Average Split specification 

Splitter10 Flowrate [Side] 6 

Splitter8 Flow paced   400.00 % 

 

 

BioWin Album 

 

Album page - Page 1 

 

Album page - Page 2 

 

Album page - Page 3 

 

Global Parameters 

 

Common 

 

Name Default Value  

Hydrolysis rate [1/d] 2.1000 2.1000 1.0290 

Hydrolysis half sat. [-] 0.0600 0.0600 1.0000 

Anoxic hydrolysis factor [-] 0.2800 0.2800 1.0000 

Anaerobic hydrolysis factor (AS) [-] 0.0400 0.0400 1.0000 

Anaerobic hydrolysis factor (AD) [-] 0.5000 0.5000 1.0000 

Adsorption rate of colloids [L/(mgCOD d)] 0.1500 0.1500 1.0290 

Ammonification rate [L/(mgCOD d)] 0.0800 0.0800 1.0290 

Assimilative nitrate/nitrite reduction rate [1/d] 0.5000 0.5000 1.0000 

Endogenous products decay rate [1/d] 0 0 1.0000 

 

 

AOB 

 

Name Default Value  

Max. spec. growth rate [1/d] 0.9000 0.9000 1.0720 
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Substrate (NH4) half sat. [mgN/L] 0.7000 0.7000 1.0000 

Byproduct NH4 logistic slope [-] 50.0000 50.0000 1.0000 

Byproduct NH4 inflection point [mgN/L] 1.4000 1.4000 1.0000 

AOB denite DO half sat. [mg/L] 0.1000 0.1000 1.0000 

AOB denite HNO2 half sat. [mgN/L] 5.000E-6 5.000E-6 1.0000 

Aerobic decay rate [1/d] 0.1700 0.1700 1.0290 

Anoxic/anaerobic decay rate [1/d] 0.0800 0.0800 1.0290 

KiHNO2 [mmol/L] 0.0050 0.0050 1.0000 

 

 

NOB 

 

Name Default Value  

Max. spec. growth rate [1/d] 0.7000 0.7000 1.0600 

Substrate (NO2) half sat. [mgN/L] 0.1000 0.1000 1.0000 

Aerobic decay rate [1/d] 0.1700 0.1700 1.0290 

Anoxic/anaerobic decay rate [1/d] 0.0800 0.0800 1.0290 

KiNH3 [mmol/L] 0.0750 0.0750 1.0000 

 

 

AAO 

 

Name Default Value  

Max. spec. growth rate [1/d] 0.2000 0.2000 1.1000 

Substrate (NH4) half sat. [mgN/L] 2.0000 2.0000 1.0000 

Substrate (NO2) half sat. [mgN/L] 1.0000 1.0000 1.0000 

Aerobic decay rate [1/d] 0.0190 0.0190 1.0290 

Anoxic/anaerobic decay rate [1/d] 0.0095 0.0095 1.0290 

Ki Nitrite [mgN/L] 1000.0000 1000.0000 1.0000 

Nitrite sensitivity constant [L / (d mgN) ] 0.0160 0.0160 1.0000 

 

 

OHO 

 

Name Default Value  
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Max. spec. growth rate [1/d] 3.2000 3.2000 1.0290 

Substrate half sat. [mgCOD/L] 5.0000 5.0000 1.0000 

Anoxic growth factor [-] 0.5000 0.5000 1.0000 

Denite N2 producers (NO3 or NO2) [-] 0.5000 0.5000 1.0000 

Aerobic decay rate [1/d] 0.6200 0.6200 1.0290 

Anoxic decay rate [1/d] 0.2330 0.2330 1.0290 

Anaerobic decay rate [1/d] 0.1310 0.1310 1.0290 

Fermentation rate [1/d] 1.6000 1.6000 1.0290 

Fermentation half sat. [mgCOD/L] 5.0000 5.0000 1.0000 

Fermentation growth factor (AS) [-] 0.2500 0.2500 1.0000 

Free nitrous acid inhibition [mol/L] 1.000E-7 1.000E-7 1.0000 

 

 

Methylotrophs 

 

Name Default Value  

Max. spec. growth rate [1/d] 1.3000 1.3000 1.0720 

Methanol half sat. [mgCOD/L] 0.5000 0.5000 1.0000 

Denite N2 producers (NO3 or NO2) [-] 0.5000 0.5000 1.0000 

Aerobic decay rate [1/d] 0.0400 0.0400 1.0290 

Anoxic/anaerobic decay rate [1/d] 0.0300 0.0300 1.0290 

Free nitrous acid inhibition [mmol/L] 1.000E-7 1.000E-7 1.0000 

 

 

PAO 

 

Name Default Value  

Max. spec. growth rate [1/d] 0.9500 0.9500 1.0000 

Max. spec. growth rate, P-limited [1/d] 0.4200 0.4200 1.0000 

Substrate half sat. [mgCOD(PHB)/mgCOD(Zbp)] 0.1000 0.1000 1.0000 

Substrate half sat., P-limited [mgCOD(PHB)/mgCOD(Zbp)] 0.0500 0.0500 1.0000 

Magnesium half sat. [mgMg/L] 0.1000 0.1000 1.0000 

Cation half sat. [mmol/L] 0.1000 0.1000 1.0000 

Calcium half sat. [mgCa/L] 0.1000 0.1000 1.0000 

Aerobic/anoxic decay rate [1/d] 0.1000 0.1000 1.0000 

Aerobic/anoxic maintenance rate [1/d] 0 0 1.0000 



File G:\GANDEN GC Server\02 - Projects\0615 - Saibai STP Environmental Report\09 - BioWin\MLEc\Sabai MLEc.bwc 8 

Anaerobic decay rate [1/d] 0.0400 0.0400 1.0000 

Anaerobic maintenance rate [1/d] 0 0 1.0000 

Sequestration rate [1/d] 4.5000 4.5000 1.0000 

Anoxic growth factor [-] 0.3300 0.3300 1.0000 

 

 

Acetogens 

 

Name Default Value  

Max. spec. growth rate [1/d] 0.2500 0.2500 1.0290 

Substrate half sat. [mgCOD/L] 10.0000 10.0000 1.0000 

Acetate inhibition [mgCOD/L] 10000.0000 10000.0000 1.0000 

Anaerobic decay rate [1/d] 0.0500 0.0500 1.0290 

Aerobic/anoxic decay rate [1/d] 0.5200 0.5200 1.0290 

 

 

Methanogens 

 

Name Default Value  

Acetoclastic max. spec. growth rate [1/d] 0.3000 0.3000 1.0290 

H2-utilizing max. spec. growth rate [1/d] 1.4000 1.4000 1.0290 

Acetoclastic substrate half sat. [mgCOD/L] 100.0000 100.0000 1.0000 

Acetoclastic methanol half sat. [mgCOD/L] 0.5000 0.5000 1.0000 

H2-utilizing CO2 half sat. [mmol/L] 0.1000 0.1000 1.0000 

H2-utilizing substrate half sat. [mgCOD/L] 1.0000 1.0000 1.0000 

H2-utilizing methanol half sat. [mgCOD/L] 0.5000 0.5000 1.0000 

Acetoclastic propionic inhibition [mgCOD/L] 10000.0000 10000.0000 1.0000 

Acetoclastic anaerobic decay rate [1/d] 0.1300 0.1300 1.0290 

Acetoclastic aerobic/anoxic decay rate [1/d] 0.6000 0.6000 1.0290 

H2-utilizing anaerobic decay rate [1/d] 0.1300 0.1300 1.0290 

H2-utilizing aerobic/anoxic decay rate [1/d] 2.8000 2.8000 1.0290 

 

 

pH 
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Name Default Value 

OHO low pH limit [-] 4.0000 4.0000 

OHO high pH limit [-] 10.0000 10.0000 

Methylotrophs low pH limit [-] 4.0000 4.0000 

Methylotrophs high pH limit [-] 10.0000 10.0000 

Autotrophs low pH limit [-] 5.5000 5.5000 

Autotrophs high pH limit [-] 9.5000 9.5000 

PAO low pH limit [-] 4.0000 4.0000 

PAO high pH limit [-] 10.0000 10.0000 

OHO low pH limit (anaerobic) [-] 5.5000 5.5000 

OHO high pH limit (anaerobic) [-] 8.5000 8.5000 

Propionic acetogens low pH limit [-] 4.0000 4.0000 

Propionic acetogens high pH limit [-] 10.0000 10.0000 

Acetoclastic methanogens low pH limit [-] 5.0000 5.0000 

Acetoclastic methanogens high pH limit [-] 9.0000 9.0000 

H2-utilizing methanogens low pH limit [-] 5.0000 5.0000 

H2-utilizing methanogens high pH limit [-] 9.0000 9.0000 

 

 

Switches 

 

Name Default Value 

OHO DO half sat. [mgO2/L] 0.0500 0.0500 

PAO DO half sat. [mgO2/L] 0.0500 0.0500 

Anoxic/anaerobic NOx half sat. [mgN/L] 0.1500 0.1500 

AOB DO half sat. [mgO2/L] 0.2500 0.2500 

NOB DO half sat. [mgO2/L] 0.5000 0.5000 

AAO DO half sat. [mgO2/L] 0.0100 0.0100 

Anoxic NO3(->NO2) half sat. [mgN/L] 0.1000 0.1000 

Anoxic NO3(->N2) half sat. [mgN/L] 0.0500 0.0500 

Anoxic NO2(->N2) half sat. (mgN/L) 0.0100 0.0100 

NH3 nutrient half sat. [mgN/L] 0.0050 0.0050 

PolyP half sat. [mgP/mgCOD] 0.0100 0.0100 

VFA sequestration half sat. [mgCOD/L] 5.0000 5.0000 

P uptake half sat. [mgP/L] 0.1500 0.1500 

P nutrient half sat. [mgP/L] 0.0010 0.0010 

Autotroph CO2 half sat. [mmol/L] 0.1000 0.1000 
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H2 low/high half sat. [mgCOD/L] 1.0000 1.0000 

Propionic acetogens H2 inhibition [mgCOD/L] 5.0000 5.0000 

Synthesis anion/cation half sat. [meq/L] 0.0100 0.0100 

 

 

Common 

 

Name Default Value 

Biomass volatile fraction (VSS/TSS) 0.9200 0.9200 

Endogenous residue volatile fraction (VSS/TSS) 0.9200 0.9200 

N in endogenous residue [mgN/mgCOD] 0.0700 0.0700 

P in endogenous residue [mgP/mgCOD] 0.0220 0.0220 

Endogenous residue COD:VSS ratio [mgCOD/mgVSS] 1.4200 1.4200 

Particulate substrate COD:VSS ratio [mgCOD/mgVSS] 1.6000 1.6000 

Particulate inert COD:VSS ratio [mgCOD/mgVSS] 1.6000 1.6000 

Molecular weight of other anions [mg/mmol] 35.5000 35.5000 

Molecular weight of other cations [mg/mmol] 39.1000 39.1000 

 

 

AOB 

 

Name Default Value 

Yield [mgCOD/mgN] 0.1500 0.1500 

AOB denite NO2 fraction as TEA [-] 0.5000 0.5000 

Byproduct NH4 fraction to N2O [-] 0.0025 0.0025 

N in biomass [mgN/mgCOD] 0.0700 0.0700 

P in biomass [mgP/mgCOD] 0.0220 0.0220 

Fraction to endogenous residue [-] 0.0800 0.0800 

COD:VSS ratio [mgCOD/mgVSS] 1.4200 1.4200 

 

 

NOB 

 

Name Default Value 

Yield [mgCOD/mgN] 0.0900 0.0900 
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N in biomass [mgN/mgCOD] 0.0700 0.0700 

P in biomass [mgP/mgCOD] 0.0220 0.0220 

Fraction to endogenous residue [-] 0.0800 0.0800 

COD:VSS ratio [mgCOD/mgVSS] 1.4200 1.4200 

 

 

AAO 

 

Name Default Value 

Yield [mgCOD/mgN] 0.1140 0.1140 

Nitrate production [mgN/mgBiomassCOD] 2.2800 2.2800 

N in biomass [mgN/mgCOD] 0.0700 0.0700 

P in biomass [mgP/mgCOD] 0.0220 0.0220 

Fraction to endogenous residue [-] 0.0800 0.0800 

COD:VSS ratio [mgCOD/mgVSS] 1.4200 1.4200 

 

 

OHO 

 

Name Default Value 

Yield (aerobic) [-] 0.6660 0.6660 

Yield (fermentation, low H2) [-] 0.1000 0.1000 

Yield (fermentation, high H2) [-] 0.1000 0.1000 

H2 yield (fermentation low H2) [-] 0.3500 0.3500 

H2 yield (fermentation high H2) [-] 0 0 

Propionate yield (fermentation, low H2) [-] 0 0 

Propionate yield (fermentation, high H2) [-] 0.7000 0.7000 

CO2 yield (fermentation, low H2) [-] 0.7000 0.7000 

CO2 yield (fermentation, high H2) [-] 0 0 

N in biomass [mgN/mgCOD] 0.0700 0.0700 

P in biomass [mgP/mgCOD] 0.0220 0.0220 

Endogenous fraction - aerobic [-] 0.0800 0.0800 

Endogenous fraction - anoxic [-] 0.1030 0.1030 

Endogenous fraction - anaerobic [-] 0.1840 0.1840 

COD:VSS ratio [mgCOD/mgVSS] 1.4200 1.4200 

Yield (anoxic) [-] 0.5400 0.5400 
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Yield propionic (aerobic) [-] 0.6400 0.6400 

Yield propionic (anoxic) [-] 0.4600 0.4600 

Yield acetic (aerobic) [-] 0.6000 0.6000 

Yield acetic (anoxic) [-] 0.4300 0.4300 

Yield methanol (aerobic) [-] 0.5000 0.5000 

Adsorp. max. [-] 1.0000 1.0000 

Max fraction to N2O at high FNA over nitrate [-] 0.0500 0.0500 

Max fraction to N2O at high FNA over nitrite [-] 0.1000 0.1000 

 

 

Methylotrophs 

 

Name Default Value 

Yield (anoxic) [-] 0.4000 0.4000 

N in biomass [mgN/mgCOD] 0.0700 0.0700 

P in biomass [mgP/mgCOD] 0.0220 0.0220 

Fraction to endogenous residue [-] 0.0800 0.0800 

COD:VSS ratio [mgCOD/mgVSS] 1.4200 1.4200 

Max fraction to N2O at high FNA over nitrate [-] 0.1000 0.1000 

Max fraction to N2O at high FNA over nitrite [-] 0.1500 0.1500 

 

 

PAO 

 

Name Default Value 

Yield (aerobic) [-] 0.6390 0.6390 

Yield (anoxic) [-] 0.5200 0.5200 

Aerobic P/PHA uptake [mgP/mgCOD] 0.9300 0.9300 

Anoxic P/PHA uptake [mgP/mgCOD] 0.3500 0.3500 

Yield of PHA on sequestration [-] 0.8890 0.8890 

N in biomass [mgN/mgCOD] 0.0700 0.0700 

N in sol. inert [mgN/mgCOD] 0.0700 0.0700 

P in biomass [mgP/mgCOD] 0.0220 0.0220 

Fraction to endogenous part. [-] 0.2500 0.2500 

Inert fraction of endogenous sol. [-] 0.2000 0.2000 

P/Ac release ratio [mgP/mgCOD] 0.5100 0.5100 
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COD:VSS ratio [mgCOD/mgVSS] 1.4200 1.4200 

Yield of low PP [-] 0.9400 0.9400 

Mg to P mole ratio in polyphosphate [mmolMg/mmolP] 0.3000 0.3000 

Cation to P mole ratio in polyphosphate [meq/mmolP] 0.1500 0.1500 

Ca to P mole ratio in polyphosphate [mmolCa/mmolP] 0.0500 0.0500 

Cation to P mole ratio in organic phosphate [meq/mmolP] 0.0100 0.0100 

 

 

Acetogens 

 

Name Default Value 

Yield [-] 0.1000 0.1000 

H2 yield [-] 0.4000 0.4000 

CO2 yield [-] 1.0000 1.0000 

N in biomass [mgN/mgCOD] 0.0700 0.0700 

P in biomass [mgP/mgCOD] 0.0220 0.0220 

Fraction to endogenous residue [-] 0.0800 0.0800 

COD:VSS ratio [mgCOD/mgVSS] 1.4200 1.4200 

 

 

Methanogens 

 

Name Default Value 

Acetoclastic yield [-] 0.1000 0.1000 

Methanol acetoclastic yield [-] 0.1000 0.1000 

H2-utilizing yield [-] 0.1000 0.1000 

Methanol H2-utilizing yield [-] 0.1000 0.1000 

N in acetoclastic biomass [mgN/mgCOD] 0.0700 0.0700 

N in H2-utilizing biomass [mgN/mgCOD] 0.0700 0.0700 

P in acetoclastic biomass [mgP/mgCOD] 0.0220 0.0220 

P in H2-utilizing biomass [mgP/mgCOD] 0.0220 0.0220 

Acetoclastic fraction to endog. residue [-] 0.0800 0.0800 

H2-utilizing fraction to endog. residue [-] 0.0800 0.0800 

Acetoclastic COD:VSS ratio [mgCOD/mgVSS] 1.4200 1.4200 

H2-utilizing COD:VSS ratio [mgCOD/mgVSS] 1.4200 1.4200 
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General 

 

Name Default Value 

Tank head loss per metre of length (from flow) [m/m] 0.0025 0.0025 

 

 

Heating fuel/Chemical Costs 

 

Name Default Value 

Methanol [$/L] 0.5264 0.5264 

Ferric [$/L] 0.1196 0.1196 

Aluminium [$/L] 0.0957 0.0957 

Natural gas [$/GJ] 3.5889 3.5889 

Heating oil [$/L] 0.5982 0.5982 

Diesel [$/L] 0.8374 0.8374 

Custom fuel [$/L] 1.1963 1.1963 

Biogas sale price [$/GJ] 2.3926 2.3926 

 

 

Anaerobic digester 

 

Name Default Value 

Bubble rise velocity (anaerobic digester)  [cm/s] 23.9000 23.9000 

Bubble Sauter mean diameter (anaerobic digester)  [cm] 0.3500 0.3500 

Anaerobic digester gas hold-up factor [] 1.0000 1.0000 

 

 

Combined Heat and Power (CHP) engine 

 

Name Default Value 

Methane heat of combustion [kJ/mole] 800.0000 800.0000 

Hydrogen heat of combustion [kJ/mole] 240.0000 240.0000 

CHP engine heat price [$/kWh] 0 0 
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CHP engine power price [$/kWh] 0.1794 0.1794 

 

 

Calorific values of heating fuels 

 

Name Default Value 

Calorific value of natural gas [kJ/kg] 48000 48000 

Calorific value of heating fuel oil [kJ/kg] 42000 42000 

Calorific value of diesel [kJ/kg] 46000 46000 

Calorific value of custom fuel [kJ/kg] 32000 32000 

 

 

Density of liquid heating fuels 

 

Name Default Value 

Density of heating fuel oil [kg/m3] 900 900 

Density of diesel [kg/m3] 875 875 

Density of custom fuel [kg/m3] 790 790 

 

 

Mass transfer 

 

Name Default Value  

Kl for H2  [m/d] 17.0000 17.0000 1.0240 

Kl for CO2  [m/d] 10.0000 10.0000 1.0240 

Kl for NH3  [m/d] 1.0000 1.0000 1.0240 

Kl for CH4  [m/d] 8.0000 8.0000 1.0240 

Kl for N2  [m/d] 15.0000 15.0000 1.0240 

Kl for N2O  [m/d] 8.0000 8.0000 1.0240 

Kl for O2  [m/d] 13.0000 13.0000 1.0240 

 

 

Henry's law constants 
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Name Default Value  

CO2  [M/atm] 3.4000E-2 3.4000E-2 2400.0000 

O2  [M/atm] 1.3000E-3 1.3000E-3 1500.0000 

N2  [M/atm] 6.5000E-4 6.5000E-4 1300.0000 

N2O  [M/atm] 2.5000E-2 2.5000E-2 2600.0000 

NH3  [M/atm] 5.8000E+1 5.8000E+1 4100.0000 

CH4  [M/atm] 1.4000E-3 1.4000E-3 1600.0000 

H2  [M/atm] 7.8000E-4 7.8000E-4 500.0000 

 

 

Properties constants 

 

Name Default Value 

K in Viscosity = K e ^(Ea/RT) [Pa s] 6.849E-7 6.849E-7 

Ea in Viscosity = K e ^(Ea/RT) [j/mol] 1.780E+4 1.780E+4 

Y in ML Viscosity = H2O viscosity * (1+A*MLSS^Y) [-]  1.0000 1.0000 

A in ML Viscosity = H2O viscosity * (1+A*MLSS^Y) [m3/g] 1.000E-7 1.000E-7 

A in ML Density = H2O density + A*MLSS [(kg/m3)/(g/m3)] 3.248E-4 3.248E-4 

A in Antoine equn. [T in K, P in Bar {NIST}] 5.2039 5.2039 

B in Antoine equn. [T in K, P in Bar {NIST}] 1733.9260 1733.9260 

C in Antoine equn. [T in K, P in Bar {NIST}] -39.5 -39.5 

 

 

Chemical precipitation rates 

 

Name Default Value  

Struvite precipitation rate [1/d] 3.000E+10 3.000E+10 1.0240 

Struvite redissolution rate [1/d] 3.000E+11 3.000E+11 1.0240 

Struvite half sat. [mgTSS/L] 1.0000 1.0000 1.0000 

HDP precipitation rate [L/(molP d)] 1.000E+8 1.000E+8 1.0000 

HDP redissolution rate [L/(mol P d)] 1.000E+8 1.000E+8 1.0000 

HAP precipitation rate [molHDP/(L d)] 5.000E-4 5.000E-4 1.0000 

 

 

Chemical precipitation constants 
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Name Default Value 

Struvite solubility constant [mol/L] 6.918E-14 6.918E-14 

HDP solubility product [mol/L] 2.750E-22 2.750E-22 

HDP half sat. [mgTSS/L] 1.0000 1.0000 

Equilibrium soluble PO4 with Al dosing at pH 7 [mgP/L] 0.0100 0.0100 

Al to P ratio [molAl/molP] 0.8000 0.8000 

Al(OH)3 solubility product [mol/L] 1.259E+9 1.259E+9 

AlHPO4+ dissociation constant [mol/L] 7.943E-13 7.943E-13 

Equilibrium soluble PO4 with Fe dosing at pH 7 [mgP/L] 0.0100 0.0100 

Fe to P ratio [molFe/molP] 1.6000 1.6000 

Fe(OH)3 solubility product [mol/L] 0.0500 0.0500 

FeH2PO4++ dissociation constant [mol/L] 5.012E-22 5.012E-22 

 

 

Pipe and pump parameters 

 

Name Default Value 

Static head [m] 0.2500 0.2500 

Pipe length (headloss calc.s) [m] 50.0000 50.0000 

Pipe inside diameter [mm] 500.000 500.000 

K(fittings) - Total minor losses K 5.0000 5.0000 

Pipe roughness [mm] 0.200 0.200 

'A' in overall pump efficiency = A + B*Q + C*(Q^2)[ - ] 0.8500 0.8500 

'B' in overall pump efficiency = A + B*Q + C*(Q^2)[   [ - ]/(m3/d) ] 0 0 

'C' in overall pump efficiency = A + B*Q + C*(Q^2)[   [ - ]/(m3/d)^2 ] 0 0 

 

 

Fittings and loss coefficients ('K' values) 

 

Name Default Value 

Pipe entrance (bellmouth) 0.0500 1.0000 

90° bend 0.7500 5.0000 

45° bend 0.3000 2.0000 

Butterfly value (open) 0.3000 1.0000 
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Non-return value 1.0000 0 

Outlet (bellmouth) 0.2000 1.0000 

 

 

Aeration 

 

Name Default Value 

Surface pressure [kPa] 101.3250 101.3250 

Fractional effective saturation depth (Fed) [-] 0.3250 0.3250 

Supply gas CO2 content [vol. %] 0.0350 0.0350 

Supply gas O2 [vol. %] 20.9500 20.9500 

Off-gas CO2 [vol. %] 2.0000 2.0000 

Off-gas O2 [vol. %] 18.8000 18.8000 

Off-gas H2 [vol. %] 0 0 

Off-gas NH3 [vol. %] 0 0 

Off-gas CH4 [vol. %] 0 0 

Off-gas N2O [vol. %] 0 0 

Surface turbulence factor [-] 2.0000 2.0000 

Set point controller gain [] 1.0000 1.0000 

 

 

Blower 

 

Name Default Value 

Intake filter pressure drop [kPa] 3.5000 3.5000 

Pressure drop through distribution system (piping/valves) [kPa] 3.0000 3.0000 

Adiabatic/polytropic compression exponent (1.4 for adiabatic) 1.4000 1.4000 

'A' in blower efficiency = A + B*Qa + C*(Qa^2)[ - ] 0.7500 0.7500 

'B' in blower efficiency = A + B*Qa + C*(Qa^2)[   [ - ]/(m3/hr (20C, 101.325 kPa)) ] 0 0 

'C' in blower efficiency = A + B*Qa + C*(Qa^2)[   [ - ]/(m3/hr (20C, 101.325 kPa))^2 ] 0 0 

 

 

Diffuser 

 

Name Default Value 
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k1 in C = k1(PC)^0.25 + k2 1.2400 1.2400 

k2 in C = k1(PC)^0.25 + k2 0.8960 0.8960 

Y in Kla = C Usg ^ Y - Usg in [m3/(m2 d)] 0.8880 0.8880 

Area of one diffuser  [m2] 0.0410 0.0410 

Diffuser mounting height [m] 0.2500 0.2500 

Min. air flow rate per diffuser  m3/hr (20C, 101.325 kPa) 0.5000 0.5000 

Max. air flow rate per diffuser  m3/hr (20C, 101.325 kPa) 10.0000 10.0000 

'A' in diffuser pressure drop = A + B*(Qa/Diff) + C*(Qa/Diff)^2 [kPa] 3.0000 3.0000 

'B' in diffuser pressure drop = A + B*(Qa/Diff) + C*(Qa/Diff)^2[kPa/(m3/hr (20C, 101.325 kPa)) ] 0 0 

'C' in diffuser pressure drop = A + B*(Qa/Diff) + C*(Qa/Diff)^2[kPa/(m3/hr (20C, 101.325 kPa))^2] 0 0 

 

 

Surface aerators 

 

Name Default Value 

Surface aerator Std. oxygen transfer rate [kg O /(kW hr)] 1.50000 1.50000 

Maximum power per rotor [kW] 20.00000 20.00000 

 

 

Modified Vesilind 

 

Name Default Value 

Maximum Vesilind settling velocity (Vo) [m/d] 170.000 170.000 

Vesilind hindered zone settling parameter (K) [L/g] 0.370 0.370 

Clarification switching function [mg/L] 100.000 100.000 

Specified TSS conc.for height calc. [mg/L] 2500.000 2500.000 

Maximum compactability constant [mg/L] 15000.000 15000.000 

 

 

Double exponential 

 

Name Default Value 

Maximum Vesilind settling velocity (Vo) [m/d] 410.000 410.000 

Maximum (practical) settling velocity (Vo') [m/d] 270.000 270.000 

Hindered zone settling parameter (Kh) [L/g] 0.400 0.400 
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Flocculent zone settling parameter (Kf) [L/g] 2.500 2.500 

Maximum non-settleable TSS [mg/L] 20.0000 20.0000 

Non-settleable fraction [-] 0.0010 0.0010 

Specified TSS conc. for height calc. [mg/L] 2500.0000 2500.0000 

 

 

Emission factors 

 

Name Default Value 

Carbon dioxide equivalence of nitrous oxide 296.0000 296.0000 

Carbon dioxide equivalence of methane 23.0000 23.0000 

 

 

Biofilm general 

 

Name Default Value  

Attachment rate [ g / (m2 d)  ] 80.0000 80.0000 1.0000 

Attachment TSS half sat.  [mg/L] 100.0000 100.0000 1.0000 

Detachment rate [g/(m3 d)] 8.000E+4 8.000E+4 1.0000 

Solids movement factor [] 10.0000 10.0000 1.0000 

Diffusion neta [] 0.8000 0.8000 1.0000 

Thin film limit  [mm] 0.5000 0.5000 1.0000 

Thick film limit [mm] 3.0000 3.0000 1.0000 

Assumed Film thickness for tank volume correction (temp independent) [mm] 0.7500 0.7500 1.0000 

Film surface area to media area ratio - Max.[ ] 1.0000 1.0000 1.0000 

Minimum biofilm conc. for streamer formation [gTSS/m2] 4.0000 4.0000 1.0000 

 

 

Maximum biofilm concentrations [mg/L] 

 

Name Default Value  

Ordinary heterotrophic organisms (OHO) 5.000E+4 5.000E+4 1.0000 

Methylotrophs 5.000E+4 5.000E+4 1.0000 

Ammonia oxidizing biomass (AOB) 1.000E+5 1.000E+5 1.0000 

Nitrite oxidizing biomass (NOB) 1.000E+5 1.000E+5 1.0000 
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Anaerobic ammonia oxidizers (AAO) 5.000E+4 5.000E+4 1.0000 

Polyphosphate accumulating organisms (PAO) 5.000E+4 5.000E+4 1.0000 

Propionic acetogens 5.000E+4 5.000E+4 1.0000 

Methanogens - acetoclastic 5.000E+4 5.000E+4 1.0000 

Methanogens - hydrogenotrophic 5.000E+4 5.000E+4 1.0000 

Endogenous products 3.000E+4 3.000E+4 1.0000 

Slowly bio. COD (part.) 5000.0000 5000.0000 1.0000 

Slowly bio. COD (colloid.) 4000.0000 4000.0000 1.0000 

Part. inert. COD 5000.0000 5000.0000 1.0000 

Part. bio. org. N 0 0 1.0000 

Part. bio. org. P 0 0 1.0000 

Part. inert N 0 0 1.0000 

Part. inert P 0 0 1.0000 

Stored PHA 5000.0000 5000.0000 1.0000 

Releasable stored polyP 1.150E+6 1.150E+6 1.0000 

Fixed stored polyP 1.150E+6 1.150E+6 1.0000 

Readily bio. COD (complex) 0 0 1.0000 

Acetate 0 0 1.0000 

Propionate 0 0 1.0000 

Methanol 0 0 1.0000 

Dissolved H2 0 0 1.0000 

Dissolved CH4 0 0 1.0000 

Ammonia N 0 0 1.0000 

Sol. bio. org. N 0 0 1.0000 

Nitrous Oxide N 0 0 1.0000 

Nitrite N 0 0 1.0000 

Nitrate N 0 0 1.0000 

Dissolved N2 0 0 1.0000 

PO4-P (Sol. & Me Complexed) 1.000E+10 1.000E+10 1.0000 

Sol. inert COD 0 0 1.0000 

Sol. inert TKN 0 0 1.0000 

ISS Influent 1.300E+6 1.300E+6 1.0000 

Struvite 8.500E+5 8.500E+5 1.0000 

Hydroxy-dicalcium-phosphate 1.150E+6 1.150E+6 1.0000 

Hydroxy-apatite 1.600E+6 1.600E+6 1.0000 

Magnesium 0 0 1.0000 

Calcium 0 0 1.0000 

Metal 1.000E+10 1.000E+10 1.0000 
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Other Cations (strong bases) 0 0 1.0000 

Other Anions (strong acids) 0 0 1.0000 

Total CO2 0 0 1.0000 

User defined 1 0 0 1.0000 

User defined 2 0 0 1.0000 

User defined 3 5.000E+4 5.000E+4 1.0000 

User defined 4 5.000E+4 5.000E+4 1.0000 

Dissolved O2 0 0 1.0000 

 

 

Effective diffusivities [m2/s] 

 

Name Default Value  

Ordinary heterotrophic organisms (OHO) 5.000E-14 5.000E-14 1.0290 

Methylotrophs 5.000E-14 5.000E-14 1.0290 

Ammonia oxidizing biomass (AOB) 5.000E-14 5.000E-14 1.0290 

Nitrite oxidizing biomass (NOB) 5.000E-14 5.000E-14 1.0290 

Anaerobic ammonia oxidizers (AAO) 5.000E-14 5.000E-14 1.0290 

Polyphosphate accumulating organisms (PAO) 5.000E-14 5.000E-14 1.0290 

Propionic acetogens 5.000E-14 5.000E-14 1.0290 

Methanogens - acetoclastic 5.000E-14 5.000E-14 1.0290 

Methanogens - hydrogenotrophic 5.000E-14 5.000E-14 1.0290 

Endogenous products 5.000E-14 5.000E-14 1.0290 

Slowly bio. COD (part.) 5.000E-14 5.000E-14 1.0290 

Slowly bio. COD (colloid.) 5.000E-10 5.000E-10 1.0290 

Part. inert. COD 5.000E-14 5.000E-14 1.0290 

Part. bio. org. N 5.000E-14 5.000E-14 1.0290 

Part. bio. org. P 5.000E-14 5.000E-14 1.0290 

Part. inert N 5.000E-14 5.000E-14 1.0290 

Part. inert P 5.000E-14 5.000E-14 1.0290 

Stored PHA 5.000E-14 5.000E-14 1.0290 

Releasable stored polyP 5.000E-14 5.000E-14 1.0290 

Fixed stored polyP 5.000E-14 5.000E-14 1.0290 

Readily bio. COD (complex) 6.900E-10 6.900E-10 1.0290 

Acetate 1.240E-9 1.240E-9 1.0290 

Propionate 8.300E-10 8.300E-10 1.0290 

Methanol 1.600E-9 1.600E-9 1.0290 
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Dissolved H2 5.850E-9 5.850E-9 1.0290 

Dissolved CH4 1.963E-9 1.963E-9 1.0290 

Ammonia N 2.000E-9 2.000E-9 1.0290 

Sol. bio. org. N 1.370E-9 1.370E-9 1.0290 

Nitrous Oxide N 1.607E-9 1.607E-9 1.0290 

Nitrite N 2.980E-9 2.980E-9 1.0290 

Nitrate N 2.980E-9 2.980E-9 1.0290 

Dissolved N2 1.900E-9 1.900E-9 1.0290 

PO4-P (Sol. & Me Complexed) 2.000E-9 2.000E-9 1.0290 

Sol. inert COD 6.900E-10 6.900E-10 1.0290 

Sol. inert TKN 6.850E-10 6.850E-10 1.0290 

ISS Influent 5.000E-14 5.000E-14 1.0290 

Struvite 5.000E-14 5.000E-14 1.0290 

Hydroxy-dicalcium-phosphate 5.000E-14 5.000E-14 1.0290 

Hydroxy-apatite 5.000E-14 5.000E-14 1.0290 

Magnesium 7.200E-10 7.200E-10 1.0290 

Calcium 7.200E-10 7.200E-10 1.0290 

Metal 4.800E-10 4.800E-10 1.0290 

Other Cations (strong bases) 1.440E-9 1.440E-9 1.0290 

Other Anions (strong acids) 1.440E-9 1.440E-9 1.0290 

Total CO2 1.960E-9 1.960E-9 1.0290 

User defined 1 6.900E-10 6.900E-10 1.0290 

User defined 2 6.900E-10 6.900E-10 1.0290 

User defined 3 5.000E-14 5.000E-14 1.0290 

User defined 4 5.000E-14 5.000E-14 1.0290 

Dissolved O2 2.500E-9 2.500E-9 1.0290 

 

 

EPS Strength coefficients [ ] 

 

Name Default Value  

Ordinary heterotrophic organisms (OHO) 1.0000 1.0000 1.0000 

Methylotrophs 1.0000 1.0000 1.0000 

Ammonia oxidizing biomass (AOB) 5.0000 5.0000 1.0000 

Nitrite oxidizing biomass (NOB) 25.0000 25.0000 1.0000 

Anaerobic ammonia oxidizers (AAO) 10.0000 10.0000 1.0000 

Polyphosphate accumulating organisms (PAO) 1.0000 1.0000 1.0000 
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Propionic acetogens 1.0000 1.0000 1.0000 

Methanogens - acetoclastic 1.0000 1.0000 1.0000 

Methanogens - hydrogenotrophic 1.0000 1.0000 1.0000 

Endogenous products 1.0000 1.0000 1.0000 

Slowly bio. COD (part.) 1.0000 1.0000 1.0000 

Slowly bio. COD (colloid.) 1.0000 1.0000 1.0000 

Part. inert. COD 1.0000 1.0000 1.0000 

Part. bio. org. N 1.0000 1.0000 1.0000 

Part. bio. org. P 1.0000 1.0000 1.0000 

Part. inert N 1.0000 1.0000 1.0000 

Part. inert P 1.0000 1.0000 1.0000 

Stored PHA 1.0000 1.0000 1.0000 

Releasable stored polyP 1.0000 1.0000 1.0000 

Fixed stored polyP 1.0000 1.0000 1.0000 

Readily bio. COD (complex) 0 0 1.0000 

Acetate 0 0 1.0000 

Propionate 0 0 1.0000 

Methanol 0 0 1.0000 

Dissolved H2 0 0 1.0000 

Dissolved CH4 0 0 1.0000 

Ammonia N 0 0 1.0000 

Sol. bio. org. N 0 0 1.0000 

Nitrous Oxide N 0 0 1.0000 

Nitrite N 0 0 1.0000 

Nitrate N 0 0 1.0000 

Dissolved N2 0 0 1.0000 

PO4-P (Sol. & Me Complexed) 1.0000 1.0000 1.0000 

Sol. inert COD 0 0 1.0000 

Sol. inert TKN 0 0 1.0000 

ISS Influent 0.3300 0.3300 1.0000 

Struvite 1.0000 1.0000 1.0000 

Hydroxy-dicalcium-phosphate 1.0000 1.0000 1.0000 

Hydroxy-apatite 1.0000 1.0000 1.0000 

Magnesium 0 0 1.0000 

Calcium 0 0 1.0000 

Metal 1.0000 1.0000 1.0000 

Other Cations (strong bases) 0 0 1.0000 

Other Anions (strong acids) 0 0 1.0000 
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Total CO2 0 0 1.0000 

User defined 1 0 0 1.0000 

User defined 2 0 0 1.0000 

User defined 3 1.0000 1.0000 1.0000 

User defined 4 1.0000 1.0000 1.0000 

Dissolved O2 0 0 1.0000 

 

 

 
 
 
 
 
 
 

 



 

    
  

Saibai Island Sewage Treatment Plant – Options Study Report  
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Appendix E -   Risk Assessment 
 

Risk 

Risk Rating 

Mitigation Measures / Recommendations 

Inherent Risk Rating 

Likelihood 

Consequence 

Risk Score 

Likelihood 

Consequence 

Risk Score 

Influent Envelope - Limited influent samples 
were available for use and were taken monthly. 

D 4 

High 

Undertake a raw sewage sampling program during the detailed design phase to 
provide a better understanding of the raw sewage loads. 

 

It is evident there is saltwater infiltration present within the network occurring 
during high tides based on high conductivity values provided in the samples. 

D 2 

M
edium

 

Influent Flows – Limited data was available in 
regards to influent flows on the plant. Flows 
were estimated based on pump run times in 
SPS 01, water consumption data from the WTP 
and the influent flowmeter 

C 4 

High 

Install portable flow meter on the influent main into the plant to monitor 
influent flows more accurately.  

 

The concept design of the plant has considered relatively high flows. 

C 2 

M
edium

 

Influent flows – No data was provided for the 
Peak Instantaneous Flows into the plant 

C 4 

High 

Undertake investigations into the capacity of the pumps installed in SPS01. Plant 
to be designed to for the current peak flows from SPS01 + 30% to allow for future 
expansion in the network. Pumps may need to be upgraded, to be considered 
during detailed design. 

C 2 

M
edium
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SPS01 Pumps not capable of pumping to 
elevated tanks 

C 4 

High 

Investigation into the sizing of the SPS 01 pumps shall be undertaken during 
detailed design.  

Pumps may need to be upgraded due to an increase of approximately 4m of 
static head.  

C 3 

M
edium

 

Ground Conditions – Poor ground conditions at 
the STP site 

C 4 

High 

Limited data is available regarding the existing ground conditions at the STP. It is 
recommended that during the detailed design phase, a Geotechnical 
Investigation is carried out to determine the ground conditions. 

C 3 

M
edium

 

Capacity of existing slab is unknown C 4 

High 

The capacity of the existing slab is unknown; however, it is proposed that a 
Structural assessment of the slab is undertaken during the detailed design phase 
to determine upgrade requirements 

C 2 

M
edium

 

New plant is not capable of treating sewage to 
the standard specified EA conditions 

D 4 

High 

Process modelling has been undertaken during the options analysis. Further 
process modelling will be undertaken during the detailed design phase of the 
project. 

D 2 

M
edium

 

Major equipment failure resulting untreated 
effluent 

D 4 

High 

Redundancy will be required for all major process equipment will be provided in 
a Duty/Standby configuration. 

 

The plant has been designed to limit failure points that may affect the effluent 
quality. The two biological treatment tanks and the clarifier are hydraulically 
linked; therefore, all influent flows will be screened and have some treatment if 
failure of mechanical equipment occurs. 

D 2 

M
edium

 

Intentional plant bypass D 4 

High 

The preferred method is to LOCK all valves (excluding actuated valves if installed) 
to prevent misuse and intentional bypass of the plant. There should be no 
requirement to bypass the plant unless either of the process tanks, or clarifier 
were required to be taken offline. 

D 1 

M
edium
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The plant is too complex and requires specialist 
operator training 

C 3 

M
edium

 

The plant is designed to minimise Operation and Maintenance requirements by 
minimising the number of pumps and instrumentation. 

 

Operational requirements for the upgraded plant will include hosing down of 
screens and tanks, removal and disposal of screenings and wasting of sludge on 
a weekly basis. 

C 1  

Low
 

Confined space entry required for routine 
maintenance. TSIRC notified operators do not 
have confined space entry training. 

C 4 

High 

All major process equipment is designed to sit outside of the tank allowing 
maintenance activities to be carried out without the requirement for confined 
space entry. 

There should be no requirement for confined space entry to tanks. 

C 1 

Low
 

Working at heights required for routine 
maintenance. TSIRC notified operators do not 
have working at heights training. 

C 4 

High 

Walkways designed to AS1657 will be provided for access to the screens and the 
clarifier. There will be no requirement for working at heights. 

C 1 

Low
 

Corrosion of stainless steel tanks resulting in 
failure 

D 4 

High 

Investigations into the selection of materials has been undertaken during the 
options analysis. Tanks shall be washed down routinely (weekly) to remove salts 
and it is proposed an annual inspection is undertaken to monitor and provide 
preventative maintenance such as passivating or pickling of the stainless steel. 

D 2 

M
edium

 

Effluent discharges in close proximity to 
recreational areas 

D 4 

High 

The existing discharge point is unknown. Investigations into the outfall location 
shall be undertake to determine the discharge location. Outfall to be replaced if 
required. 

D 2 

M
edium

 

 


