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1. Background and Context 

1. The National Environment Service (NES) is currently reviewing the environmental impact 

assessments and progress reports of the national water SOE, To Tatou Vai (TTV), as their 

existing EIA permit for “Water Treatment Plants Onsite Discharge, All Rarotonga Intakes” 

(Project Permit # 2021/004RAR) is due for renewal on 25 February 2023.  

 
2. The Project Permit covers the treatment of water at ten intake sites through a standardised 

treatment process which includes; 

• Coarse screening at the stream intake, 

• Sedimentation (settling): Removal of suspended sediment material and colour in a 
settling tank including the use of a coagulant to enhance removal efficacy. 

• Filtration: Passing settled water through a sand or multimedia filter for further 
removal of suspended materials including microbiological contaminants and 
provision for disinfection of treated water if disinfection used. 

 
3. The Project Permit was issued on 25 November 2021 following submission of the permit 

application by TTV to the Rarotonga Environment Authority1 (REA) with an accompanying 

EIA2  as required under Section 36 of the Environment Act 2003. The Project Permit was 

valid for a period of 12 months. A Project Permit for a Temporary Sludge Storage Facility 

(PP # 2021/019RAR) and Water Treatment Plants for all Intakes in Rarotonga 

(PP#2021/0004RAR) were issued on 25 November 2021 following approval of the EIA for 

that component.3 

 
4. On 25 November 2022 NES submitted a formal request to the REA to consider a temporary 

extension of TTV’s permits for 3 months in order to: 

• Provide time for TTV to submit a progress report on both permits, and 

• Provide NES time to seek a technical report of the monitoring plan to provide future 
advice to REA for an anticipated renewal of the permits 

 
5. Permit extensions were granted to TTV for both expired permits and these will expire on 25 

February 2023.  

 
6. In addition to the above, a local NGO group has raised some concerns regarding the 

operation of the TTV treatment plants, highlighting potential breaches and environmental 

impacts being caused. In view of these issues NES requires that a thorough assessment 

be conducted of the information available to date so that informed decisions about 

subsequent permits and conditions may be made to ensure the protection of the 

environment, , as per the NES mandate (Environment Act 2003). 

 
7. NES currently does not have sufficient technical capacity in-house to appropriately assess 

TTV’s reports and has sought external technical expertise to support this task. Specifically, 

NES’ request for assistance entails the following activities; 

• Review TTV EIA and progress reports submitted; 

 

 

1 Permitting Authority to determine applications for permits mandated under S.12 of Environment Act 

2003. 
2 Water Treatment Plants On-site Discharge EIA (Tonkin & Taylor International Ltd ,May 2021) 
3 Temporary Sludge Storage at Rarotonga Waste Facility EIA (Tonkin & Taylor International Ltd Oct 2021)  
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• Review the presentation provided by the local NGO; 

• Provide recommendations with technical input on suggested actions required and 

• Draft a TOR to guide future progress reports (required bi-annually from TTV) to 
ensure thorough and relevant information is provided and reported to NES, to 
assist with ongoing monitoring and decision making. 

 
8. Following NES’s approach to ADB for advice, ADB agreed to assist NES in the above 

activities through the provision of two environmental specialists, one with technical expertise 

in water supply and the other a capacity building specialist. NES then provided a suite of 

key documents for review by the consultants. The consultants undertook an initial appraisal 

of the documents prior to a meeting with ADB and NES during which some technical details 

along with the scope and approach to the assignment were discussed. It was agreed that a 

briefing paper would be prepared addressing NES’s key concerns identified above. The 

paper would focus on immediate technical and procedural recommendations in respect of 

the on-site discharge permit renewal and longer-term capacity-building recommendations 

for NES.  

 

2. Purpose, Methodology and Outputs 

9. The primary purpose of this paper is to support NES’ presentation to the REA Board in 

respect of the TTV on-site sludge discharge permit (# 2021/004RAR) and the Water 

Treatment Plants Permit (PP#2021/0004RAR) that is both due for renewal on 25 February 

2023. This involves recommendations for any technical and procedural actions to ensure 

compliance with the Project Permit in conformance with the NES mandate under the EA Act 

2003.  

 
10. The secondary purpose is to identify key capacity-building requirements to support NES in 

its role as the national environmental regulator going forward.  This involves 

recommendations for, inter alia, technical and procedural support related to preparing 

project permits, monitoring and audit of TTV operations, stakeholder communications, 

compliance mechanisms and sludge disposal issues. 

 
11. The methodology in preparing the paper involved the following activities: 

• Review of project-related documentation provided by NES; 

• Review of relevant legislation, regulations and guidelines; 

• Discussions with the NES team for additional context and background information; 

• Analysis of the above with reference to relevant international standards and 
practices;  

• Recommendations for consideration of TTV’s on-site discharge permit renewal, 
and 

• Recommendations for longer term ADB support for NES. 
 
12. Outputs include: 

• Concise Briefing Paper;  

• Appendices as required, inclusive of outline ToR for future ADB support to NES, 
and  

• PowerPoint presentation of Key Findings. 
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3. Brief Review of EIAs and Associated 

Permits 

   
13. A brief review of the EIAs submitted to NES to support the project permits required from the 

REA for the Te Mato Vai project, as stipulated in the Environment Act 2003 is provided 

below. The review focuses on the robustness of the technical coverage in respect of 

alignment with relevant GOCI policies and legislation and appropriate international good 

practice, along with the proposed environmental management requirements (mitigation, 

monitoring and reporting). The environmental management requirements are considered 

as commitments made in respect of the project permit applications. The project permits 

issued are briefly reviewed in light of the respective EIA findings and recommendations. 

3.1 Te Mato Vai Draft EIA (GHD Aug 2015) 

14. The purpose of the Draft TMV EIA was to support the permit approval process by providing 

information on the overall construction of the TMV project. The EIA describes the objectives 

and scope of the TMV project along with the impacts and mitigation measures associated 

with the upgrade of the Rarotonga water supply network undertaken between 2016 and 

2021. The Draft EIA was prepared based on the indicative design with a view to progressing 

to detailed design following the stakeholder consultation phase that is required that is part 

of the EIA process. Information on the statutory consultation phase and finalised EIA were 

not available during this review.  

 
15. The TMV project involved island wide upgrade of the existing water infrastructure and 

treatment facilities. In particular, it involved the installation of gravity-operated water supply 

treatment systems at 10 water intakes around the island. The EIA focussed primarily on the 

construction related impacts of the project.   

 

16. In summary construction works involved  

• Building new intakes (2) and additional structures to improve existing intakes (8) 

• Building settlement tanks, filtration and treatment plants (10)  

• Building storage tanks (8) 

• Building fords at stream crossings and improving access roads and associated 
drainage systems for 4-wheel drive access 

• for access 

• installation of new PE pipelines and decommissioning of existing AC pipelines in 
seven trunck mains 

 
17. The technical coverage of the EIA is considered appropriate for the construction stage of 

the project given the relatively small-scale nature of the works at scattered locations within 

the existing water supply footprint. Key operational impacts such as sludge management 

and disposal and use of water treatment additives were not covered in this EIA.  The EIA 

was focused on obtaining permit approval for construction of the infrastructure. The report 

noted that whilst provisions to add systems to treat bacteria are included in the designs, the 

GOCI had yet to decide how it wished this to be carried out. 

  
18. Initial stakeholder consultations were undertaken as part of the draft EIA with a range of 

stakeholders including government agencies, contractors, landowners and the community. 

Relevant to this paper, the EIA reported that water treatment was a key issue and that 
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people should be consulted when Government decides on any chemical water treatment. 

Further consultations were expected during the 30 day period of public consultation as 

required under the Environment Act during consideration of the EIA for project permit 

approval. The findings of the consultations during the 30 day period were expected to be 

included in the Final EIA for NES submission to the REA. 

 
19. The draft EIA concluded that with implementation of a construction management plan, traffic 

management plan and Health and Safety Plan for the construction and operation of the 

project, the potential adverse impacts on the environment social values and economy would 

not be significant. The Draft EIA also provided a recommended list of conditions for approval 

of the project permit based on mitigation measures identified in the EIA. 

 

20. Project Permit for Te Mato Vai Project Phase 2 (27 April 2015). The Permit follows a 

standard proforma including project description and conditions. The date of the project 

permit indicates it was issued prior to submission of the Draft EIA reviewed above. The 

permit conditions note that approval in principle was granted pending a High Court decision 

for the case of Landowners of the intakes vs Te Mato Vai Phase 2 project and that the TMV 

project manager notifies REA of the decision hearing. Other permit conditions align with the 

findings and recommendations of the EIA including the requirement to strictly follow the 

guidelines plans/specifications that have been submitted to the NES as part of the Te Mato 

Vai Project.  

  

3.2 Waste Treatment Plant on-site Discharges EIA (Tonkin & Taylor July 

2021) 

 
21. This EIA was commissioned by TTV to support the project permit application as required 

under the Environment Act 2003 (namely Part 5, Section 36), for on-site discharges from 

the newly constructed TMV Project which involved upgrading of ten water intakes and 

construction of new water treatment plants at each intake as described above. Water is 

treated through a standardised treatment process using gravity to move water and residual 

materials and includes:  

• Coarse screening at the in-stream intake 

• Sedimentation (settling): Removal of suspended material in a settling tank 
including the use of a coagulant to enhance fine particle removal. 

• Filtration: Passing settled water through a sand filter for further removal of 
suspended materials and colour, including microbiological contaminants. 

• Provision for disinfection of treated water (if disinfection is used). 
 
22. Settled material from the sedimentation stage and sediment-laden water from cleaning of 

the sand filters (backwash) is held in sludge ponds for further settlement. After further 

settling the clear water (supernatant) from the sludge ponds is discharged to an adjacent 

stream at each site. Settled sludge will be periodically removed for disposal at an 

appropriate location. Maintenance operations also produce discharges from cleaning the 

system 

 

23. The assessment specifically addresses TTV’s proposed use of poly aluminium chloride 

(PACl) as a coagulant added to incoming water to enhance the removal of suspended 

material including appropriate dosing rates and associated procedures. The coagulant also 

improves micro-biological contamination in the sand filter.  
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24. Labour and other resource requirements for regular supervision of the system and 

operational maintenance are identified. The EIA outlines the benefits of the project and use 

of coagulant in terms of protecting public health and providing potable water and 

demonstrates consistency of the activity with national development objectives and plans. 

These include the National Sustainable Development Agenda (NSDA 2020+) 4  and 

Integrated Water Resources Policy5.   

 
25. The EIA also assesses various alternatives to enhance removal of fine sediment and 

microbiological contaminants including diversion of water during times of high flows and  

Moringa seed extract as a natural option. Diversion was considered unfeasible and Moringa 

seed was trialled but proved ineffective. PACl was preferred for a number of reasons, 

including local water characteristics (pH range), and operational constraints. 

 
26. Stakeholder consultations undertaken during preparation of the EIA indicated some 

opposition and concern with the use of PACl by local community groups on environmental 

and socio-cultural grounds. Relevant issues were assessed as part of the impact 

assessment along with appropriate mitigation measures. 

 

27. The potential environmental impacts of using PACl were assessed in detail including the 

bioavailability of aluminium in the receiving environment. Potential impacts of aluminium on 

freshwater ecology include degradation of water quality, riparian vegetation dieback, loss 

of aquatic flora, reduction in biodiversity and abundance of macroinvertebrate communities 

and an increase in susceptibility. 

 
28. The main points at which PACl may be discharged into the environment are: 

• from the sludge ponds via the discharge of supernatant into the stream, 

• during removal of the sludge for disposal to an appropriate location, 

• from the settling tank during maintenance operations, and 

• from the reservoir or mains during maintenance operations. 
 

29. During heavy rainfall, surface flooding may occur in the area immediately adjacent and 

upgradient of the sludge ponds. The ponds have been designed so that water is directed 

around the ponds during heavy rainfall. 

 
30. The EIA presented a robust analysis of the toxicity of the PACl discharge and considered it 

to be low due to the pH of the streams. However, it noted that there is a limit to the amount 

of aluminium that can be discharged without causing a significant adverse impact. 

 
31. Internationally recognised guidelines for maximum acceptable levels of aluminium in 

freshwater were reviewed  and a value for maximum acceptable concentrations of 

 

 

4 The NSDA 2020+ articulates the national vision and development outcomes desired by Cook Islanders. 

The TMV project seeks to implement the NSDA 2020+, particularly Goal 5 Water and Sanitation, by 
improving access to sufficient and safe water. The use of PACl as a component of this water system is 
consistent with the direction contained in the NSDA 2020+ 
5 The IWRM   document sets out its purpose as, “to establish policies that will guide planning, actions and 

efforts in ensuring the sustainable integrated water resources management across the Cook Islands”. Policy 
Objective 1 of the IWRM is, “Reliable, potable water for all who reside in the Cook Islands and the 
establishment of standards for water quality and resource management. The use of PACl in water treatment 
to provide potable drinking is consistent with the relevant objectives of the IWRM, particularly Objective 1 
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aluminium derived from the United States Environmental Protection Agency (USEPA) 

guidelines as follows: 

• Based on the pH levels within the streams (pH 7.0-7.6), the long-term/continuous 
concentration that could be tolerated in the streams is in the range of 290-630 µg/L 
(‘criterion continuous concentration’ or CCC). 

• Based on the same stream conditions / pH levels, the maximum aluminium 
concentration is in the range of 570-1100 µg/L in the streams (‘criterion maximum 
concentration’ or CMC). 

• In a worst-case scenario, where pH decreases within the receiving environment 
(below 6.5) the maximum acceptable concentration would decrease to 78 µg/L 
under the USEPA guidelines in the streams. 

 
32. The Australia & New Zealand Guidelines for Fresh & Marine Water guidelines 

(ANZECC6)were also considered as a source for adopting Al guideline values.  This 95% 

default guideline value for aluminium, indicating the concentration at which 95% of species 

is expected to be protected, is 55 µg/L. This is based on streams with pH greater than 6.5, 

but does not take into account the specific pH, hardness and DOC observed in the streams. 

ANZECC reports that the lowest chronic ‘No Observed Effect Concentration’ (NOEC) for 

aluminium, being the concentration in an environmental compartment (water, soil, etc) 

below an unacceptable effect is unlikely to be observed, is 170 µg/L for fish and 136 µg/L 

for crustaceans.  

 
33. Therefore, the EIA concluded that 55 µg/L was likely to be very conservative, and adopted 

the USEPA values.  This is considered reasonable and the guideline values are endorsed. 

  
34. The EIA reported that on-site trials of the TTV WTPs and associated monitoring of residual 

aluminium discharge  (supernatant post-settling tank and post AVG filters) found that 

dissolved aluminium levels are consistently below  200 µg/L. Aluminium concentrations in 

sludge are likely to be significantly higher than in the supernatant. In normal conditions, this 

will not be discharged into the stream but removed off-site to a disposal area. 

 

35. The EIA concluded that the addition of PACl is generally considered to have a low impact 

on the environment. The scientific justification for this as presented in the EIA is considered 

robust. 

 
36.  The EIA presented a draft Operational Environmental Monitoring Plan Framework (OEMP 

Framework)  to be further developed in an Operations Manual for each treatment site by 

TTV.  The OEMP Framework includes a detailed monitoring plan, including performance 

criteria for measuring the extent of environmental impacts and/or success of mitigation 

measures. 

 

37. In short the proposed monitoring plan included a layered approach to routine monitoring of 

the streams upstream of the WTP (baseline flows), immediately downstream of the 

discharge compared to the CMC value for dissolved aluminium of 570 µg/L in the receiving 

water) and approximately 200m downstream of discharge compared to the CCC value for 

dissolved aluminium of 290 µg/L in the receiving water.  

 

 

 

6  https://www.waterquality.gov.au/anz-guidelines/guidelinevalues/default/water-quality-
toxicants/toxicants/aluminium-2000. 
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38. Sampling of the supernatant outlet of the settling tank, the outlet from the AVG filter  and in 

the ponds at each WTP was also required to understand aluminium fate through the 

treatment process, and confirm aluminium concentration at the discharge. No specific 

schedule was proposed for this. Protocols for sampling of the settling tank during 

maintenance operations involved sampling being undertaken half an hour after the midlevel 

drain has been opened with sampling locations proposed in the stream at the same locations 

as that for routine stream sampling around the plant as described above.  

 

39. The current permitting requires continuation of this required extensive Al monitoring.   In the 

OEMP framework it is noted that should no exceedances be observed over a six-month 

period, then the frequency of water quality monitoring can be reduced to twice yearly - one 

wet season and one dry season environmental sampling run per year. 

 

40. It is understood that a permit application along with the EIA was submitted by TTV to  NES 

review after May 2021 and underwent the statutory public and government agencies 

consultation process required under Section 36 (5) and (6) of the Environment Act 2003 

and associated guidelines.7  Project Permit No. 2021/0004RAR Water Treatment Plants – 

Onsite Discharge.  Permits were issued for all Rarotonga Intakes were subsequently issued 

to TTV by the permitting authority (REA) on 25 November 2021, valid for 12 months. The 

permit and associated conditions are briefly reviewed below. 

 

3.2.1 Project Permit No: 2021/0004RAR Water Treatment Plants – Onsite 

Discharge, All Rarotonga Intakes  

 

41. The Permit follows a standard proforma including project description and conditions. The 

conditions include: 

• A number of essentially general provisions that would likely apply to many project 
permits  issued by REA, including: 

• NES to be advised 24hrs prior to commencement on site for monitoring purposes 

• Reference to Health and Safety, Environmental and Employment Laws and 
regulations 

• NES staff and project engineer (PE) to be on-site before the commencement of 
any work 

• Liability of project owner for any damage to surrounding land from work on site 

• Requirement for the project owner to inform and provide a brief report to NES upon 
completion of the project 

• Requirement for PE to supervise work and submit a report to NES upon completion 
of project verifying completion and that all activities have been complied with 
(similar to above) 

• Any future development of the site to seek approval from REA 

• Requirement for PE to strictly follow guidelines/plans/specifications submitted to 
NES as part of EIA 

• Requirements for prior notification of MOH and NES and when discharges are to 
occur and the requirement for testing to confirm safety of discharge. 

 

 

 

7 These include The Environment and Consents Regulations 2011 (not yet enacted) and NES Compliance, 

Enforcement, Monitoring Division Manual 
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42. Comment: The project permit conditions are fairly generic and in some cases unclear. For 

example, does “completion of the project” correspond to the expiry date of the permit? 

Permit conditions could be strengthened.  

 
43. The permit is focused on receiving water monitoring (as specified in the EIA) in isolation of 

field observations. There needs to be greater detail on the operational requirements at the 

WTPs, for example establishing criteria by which time operators must trigger sludge 

removal activities.  Also ecological monitoring would be appropriate. 

 
44. The key condition that the “PE strictly follow “the guidelines/plans/specifications submitted 

to NES as part of EIA” implies that the detailed mitigation, monitoring and reporting 

requirements specified in Section 10 and Appendix F of the EIA must be followed. Of 

particular relevance to the purpose of this briefing paper is Section 10.3 item 11 of the On-

site Discharges EIA which states:  The treatment plant produces a bi-annual report 

summarising the monitoring and sampling undertaken, critical analysis of compliance and 

potential adverse environmental effects and any recommendations. This will be issued 

internally to TTV and to NES. 

 

3.3 Sludge Management – 2 reports  

 

45. Two reports have been prepared on the management options for sludge from the WTPs, 

namely Sludge Disposal Site in Rarotonga - Environmental Impact Assessment (Tonkin & 

Taylor July 2021) and Temporary Sludge Storage at Rarotonga Waste Facility EIA (Tonkin 

& Taylor Oct 2021).  Much of the content is repeated and common to both reports, so they 

have been reviewed collectively. 

 

46. These were prepared to support a project permit application for the removal and temporary 

storage of sludge from settling ponds at the 10 WTP sites at the Rarotonga Landfill. 

Temporary storage of the sludge was required as an interim measure while TTV  sought 

approval for a permanent sludge disposal facility through a second EIA. 

 
47. The reports describe the sludge management process including excavation from ponds, 

dewatering and associated transport and temporary storage arrangements at the Rarotonga 

Landfill. Three management and handling approaches are described in order of preference 

as shown below; 

• Dry disposal (dewatered at WTP) 

• Wet disposal (dewatered at WTP) and 

• Wet disposal  (dewatered at waste facility) 
 
48. The detailed process associated with each approach is described. It notes that handling of 

sludge will vary between WTP sites depending on : 

• The capacity of WTP ponds to dry sludge to a point it can be held in international 
bulk bags without leaching liquid sludge and 

• Sufficient space to dewater in bags around the ponds at the WTP 
 

49. The temporary storage facility was designed to be operated to manage run-off during rainfall 

including: 

• Constructing bunds to capture stormwater from operational (storage, dewatering) 
areas for treatment in the septage ponds. 
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• Building the dewatered sludge stockpile to ensure rain falling on the stockpile runs 
into the leachate system or directly into the septage ponds. 

 
50. The reports considered alternative options for sludge disposal including  

• Temporary storage of sludge prior to disposal at another facility. 

• Disposal of water treatment sludge to a dedicated facility; 

• Use of water treatment sludge in agriculture (as a soil amendment); and 

• Disposal of water treatment sludge to landfill. 
 

51. The EIAs noted that owing to the high liquid content from sludge removed at some plants 

the disposal option needs to provide dewatering of sludge to be a viable alternative. 

Temporary storage of dry sludge and treatment of low solids content at the Rarotonga 

waste facility was preferable while a permanent facility is established. The impact 

assessment considered  

• toxicity of PACl 

• relevant environmental social and cultural factors 

• scale and magnitude of changes or effects at different stages in the sludge 
treatment process 

• effects of environmental hazards (flooding etc.) 

• environmental change processes 
 
52. The assessment concluded that impacts on surface water quality, terrestrial ecology land 

and groundwater quality and social and cultural heritage would be low and that temporary 

storage of the sludge at the landfill would provide an acceptable solution whilst awaiting 

designation of a permanent facility. Similarly the permanent facility proposed at 88h 

 
53. The EIA included a draft OEMP framework based largely on visual inspections at the 

temporary storage site to ensure key mitigation measures are in place and operating 

effectively i.e.) erosion and sediment controls are in place and sludge dewatering system is 

properly draining to the landfill leachate collection pond.  

 

54. The possible permanent disposal site, referred to as ‘88H’, is a dedicated facility on 

Vaiauara Road directly west of the Rarotonga Waste Facility.  The site has received 

domestic waste previously.  The proposal includes the development of cells with partitions. 

 

55. The conclusions from the two EIAs may be combined as below: 

These results indicate that PACl sludge could be successfully disposed of in a monofill or used 
in an agronomic application. The sludge would have fertiliser value as a source of plant-
available sulphur in an agronomic situation. In a monofil established in mineral soil geology on 
the island, the PACl sludge would not represent a risk for leaching of trace elements or nutrient 
compounds. Containment (liner or capping) is not required. The environmental considerations 
for design of a monofill are: 

1. The need to manage dust nuisance, and 

2. The need to protect waterways from unintentional discharges of stormwater, since 
elevated levels of suspended solids would be expected in runoff from the sludge.  

For agronomic applications, incorporating the sludge into natural soil by mixing (e.g. ploughing 
the material into the topsoil) would have some advantages compared to a broadacre spreading 
process on the soil surface. The main advantage arises because the sludge lacks structure 
and PACl sludge has been reported in other studies to develop water repellency when dried 
(which can inhibit rainfall infiltration). Mixing the sludge would also reduce the propensity of 
the sludge to induce trace element deficiencies due to the elevated sulphur content.   
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The source of the elevated sulphur is believed to be the PACl product that is used in the water 
treatment process. The supplier of the PACl product has indicated that their production 
process utilises sulphuric acid, which is a source of sulphur.   

The studies concluded that the soil amendment rate (tonnes per hectare ploughed into the 
root zone) for PACl sludge could be high because the material does not pose a hazard for 
people or for crops. The only practical constraint and consideration is the need for trace 
element fertiliser due to sulphur-induced trace element deficiencies. The reports 
recommended that an application and fertiliser regime should be developed in conjunction with 
the Cook Islands Ministry of Agriculture.     

 

56. Comment  Whilst robust in its overall assessment of the impacts of the temporary storage 

arrangements for sludge and the toxicity assessment at the landfill, the EIA has paid less 

attention to potential impacts of sludge removal and dewatering operations at the WTP sites 

themselves. This upstream phase is in fact the main concern with overall sludge 

management, namely the management and handling of the backwash and sedimentation 

tank sludges at the WTPs, rather than the disposal options. The reports clearly demonstrate 

that dried sludge is not hazardous and could in fact be agronomically beneficial, subject to 

basic controls and further agronomic studies on application rates and fertilizer regimes. 

Finally, it is important to dissuade the belief that the sludge is a hazardous waste. More 

details on the acidic potential and sulphur toxicity are presented below. 

 

3.3.1 Project Permit No, 2021/019RAR Temporary Sludge Storage at the 

Rarotonga Waste Facility    

 

57. The permit conditions are similar to that of the on-site discharge permit in that they are 

largely generic. Moreover, conditions 6 and  9 seem out of place and would apply more 

appropriately to the On-site  Discharge Permit. As noted above permit conditions could be 

strengthened. 

3.3.2 Project Permit No. 2022/005RAR TTV – Sludge Disposal Facility, Land 

Vairauara 88H, Aorangi District Rarotonga     

58. The permit conditions are similar to that of the on-site discharge permit in that they are 

largely generic. Conditions 6 and 9 described in the temporary sludge permit above have 

been removed, which is appropriate. As noted above permit conditions could be 

strengthened by applying specific conditions. 

 

4. Review of TTV Progress Reports on 

Monitoring Plan 

4.1 Water Treatment Plants Onsite Discharge 

  
59. The progress report reviewed indicates it is the first monitoring report issued by TTV since 

the permit was issued on 25 November 2021. As noted above the report is required to 

inform NES in respect of future renewal of the permit following expiry on 25 November 2022. 

The report includes the following: 
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60. Executive Summary The half page Executive Summary notes that monitoring and testing 

of dissolved aluminium in discharges from the ten TTV WTPs during the permit period show 

compliance with the specified trigger levels and pose no risk to human health or organisms 

in the stream. The report therefore recommends the REA extends the permit grant.  

 
61. Introduction A brief introduction refers to the permit issued for on-site discharges following 

approval of the EIA Report and specifically refers to the permit conditions with respect to 

monitoring and testing as specified in Section 10.3. The report then refers to the summary 

of results over the period of operation 25 November 2021 – 25 Nov 2022. 

  
62. Monitoring and Testing This section provides a statement of Actions referring in a general 

way to the EIA requirement for water samples to be collected from specified places and 

times. It then provides a two page summary of Findings and Outcomes. Under this section,  

reference is made to the six sampling locations “as per the EIA”  and parameters to be 

measured at each of the ten WTPs including a note that C02 could not be tested since 

equipment is not available on the island.  

 
63. For the routine stream tests (upstream of intake, immediately downstream of decanting arm 

and 200m downstream of discharge point from scour backwash ponds) it was noted that 

whilst testing was required weekly, tests were undertaken monthly over the reporting period. 

It noted that aluminium levels at each intake and during all testing were consistently below 

the  EIA specified trigger levels. A sample test result sheet from one monthly sampling event 

of the 10 intakes was provided as an attachment. 

 
64. For the WTP tests (sampling of supernatant outlet from the settling tank, outlet of AVG filter 

and sludge ponds) it was noted that under these conditions samples were collected i) 

upstream of midlevel drainage discharge point several times during the reporting period, ii) 

immediately downstream of the midlevel drainage point but upstream of the pond discharge 

point – several samples were collected, and iii) approximately 200m downstream of the mid-

level discharge point – sampling is completed every time the mid-level drain is utilized and  

samples were collected and tested several times during the reporting period. 

 
65. With reference to the WTP tests the report presents Table 1 (graphical display) of dissolved 

aluminium levels recorded at Turangi and Avana water treatment sites on 9 March 22 in 

respect of the three WTP tests above.  

 
66. On the same graph a display of dissolved Aluminium levels recorded at Ngatoe Point WTP 

settling tank outlet, AVG outlet and backwash pond on 23 Sep 2022 is provided. This 

table/graph is provided as an example of testing undertaken that purports to demonstrate 

compliance with the dissolved aluminium trigger levels at all sites. 

 
67. The report highlights that all test results undertaken during the duration of the permit period 

did not exceed the maximum concentration of (CMC) for dissolved aluminium at pH 7 to 7.6 

(570 micrograms/litre) and the continuous concentration (CCC) for dissolved aluminium at 

pH 7-7.6 (290 micrograms/litre) and CCC Trigger levels specified in the EIA. 

 
68. The report noted that tests at mid-level discharge during the reporting period were limited 

since midlevel discharge was only recently undertaken. 

 
69. Conclusion and recommendation The report concludes that it has been demonstrated that 

monitoring and testing of dissolved aluminium residuals from the WTPs never exceeded the 
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trigger levels for CMC or CCC as referenced above,  and therefore the renewal of the permit  

be granted. 

 

4.2 Observations and Comments on Monitoring Report 

 
70. The following observations and comments are presented on the monitoring report: 

 

• Appendix F of the Discharge EIA requires that a biannual report will be produced 
to provide transparency, data and outline how the mitigation measures have been 
adhered to. It is understood that this report is the first monitoring report issued by 
TTV since permit approval. 

• There is no reference to an operational environmental management plan which 
section 10 of the EIA implies will be prepared as part of the Operations Manual for 
each treatment plant site, and based on the draft operational management plan 
framework. 

• The report does not explain/justify the changes in monitoring regime  as prescribed 
in the EIA 

• Whilst the report notes that all testing results were consistently below the CMC and 
CCC levels more detailed information on monitoring activities and testing results 
should be presented for verification and transparency. The examples of sampling 
and testing sheets provided as attachments whilst useful, are insufficient in 
themselves to verify the validity and compliance of all sampling and testing required 
by the EIA. 

• Further to the above there was no reporting of site observations during monitoring 
events. For example, it is important to take note of stream flows downstream of the 
intake especially prior to a proposed settling tank and sludge pond supernatant 
discharges and the need to adjust the level of sludge pond decanting arms as 
necessary.  

• No mention of the required one week prior notification to MOH and NES of 
intentions to make a discharge on site and no clear indication that testing was 
undertaken prior to discharge to confirm the discharge is safe. 

• No mention of the need or otherwise for testing where there is a dry stream bed 

• No mention of periodic jar tests of incoming water to determine appropriate dosage 
of PACl 

• The reporting of the required WTP tests: sampling of supernatant, outlet from 
settling tank and outlet of the AVG filter (including reference to Table 1), is 
confusing. Under this heading, the report notes that “under these conditions” fourth, 
fifth and sixth samples were collected upstream of the mid-level discharge point, 
downstream of the mid-level drain discharge point (upstream from the ponds) and 
200m downstream of the mid-level discharge point. These sampling points do not 
correspond with the locations identified above and in the EIA, yet Table 1 also 
shows the example of testing at Ngatoe WTP where the correct sampling locations 
have been used. Clarification by TTV is needed. 

• It would be useful to include reference to compliance with the Operations Manual 
in respect of contaminants on land and groundwater and Health and Safety as per 
Appendix F  of EIA 

• There is clearly a need for NES to provide guidance to TTV on the scope and 
content of future progress reports to be submitted for permit compliance and 
renewal.  
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4.3  Temporary Sludge Storage at Rarotonga Waste Facility   

 
71. The progress report is very general and attests to conformance with the environmental 

performance objectives for the activity as per the EIA. The report provides a brief description 

of the drying, delivery and storage methodologies. The summary of observations is 

presented as four photographs of the temporary storage area at the Rarotonga Waste 

facility showing i) the high inland location (well away from the Vairauara Stream) ii) and iii) 

dry sludge bags being offloaded and stored at the facility and iv) a weekly inspection being 

undertaken to check on the conditions of the bags and crate. The caption states that the 

site is also inspected after heavy downpours to ensure no leaks. 

 
72. The report concludes that the waste facility has been a success with no impact on the 

surrounding environment and therefore recommends that the permit be renewed. 

 

73. Comment: Recent discussions with TTV staff indicated that the approach of using a 

geotextile with 80 µm holes within an intermediate bulk container (IBC) to drain liquid sludge 

prior to final disposal has not been successful. The geotextile blinds with the fine colloids 

and clays within the sludge and so an outer thin film of dried sludge forms, the interior of 

the bag remains wet and becomes anaerobic. This system is clearly not working and a 

different approach to managing wet sludge needs to be developed. 

 
74. Sludge drying beds have been installed at some of the water treatment plants, and subject 

to having adequate space for the beds and pond capacity, the system is working. 

 

75. However in terms of overall sludge management, the bigger problem is the backwash 

sludges at the space-constrained sites. 

5. Review of NGO Presentation 

76. The presentation starts by quoting from the discharge EIA where it mentions that any 

discharge to the stream will be subject to significant dilution. This is an unfortunate 

statement in the EIA as this will clearly only apply during the wet months, given that at least 

some of the receiving streams are ephemeral in nature.  Fortunately, the extensive 

monitoring of aluminium in the receiving water downstream of the treatment plants indicated 

only extremely rare elevations above the adopted thresholds, and these occur during 

elevated stream flows in any case. Therefore the need for dilution in the stream is not 

essential to the discharges meeting the adopted thresholds for aluminium. 

 

77. TTV staff did indicate possible overtopping of the ponds during flood events and some 

ponds could certainly have been full at some stages. Photographs submitted by the NGO 

as part of this submission would certainly suggest that the ponds had been overtopped 

judging by the damage to the perimeter bunds. TTV staff also advise that the small sludge 

pond capacity at these two space-constrained sites continues to be an operational concern. 

This in fact is the main problem going forward. Discussions with the TTV staff could not 

completely clarify the operational protocols at some of the plants, which is made a little more 

difficult because it seems to have diverged from the operational procedures described in 

the EIA. This particular aspect of operational protocols certainly needs further resolution 

and this may be achieved if site audits are undertaken in the coming months.  For example, 

TTV stated that the scour pond (which receives the thicker sludge from the sedimentation 
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tank every six or so weeks) is operated on a batch flow basis and does have periods of 

drying. However, the NGO is correct that the two ponds are not operated on an intermittent 

cycle basis whereby one pond is filled with sludge and allowed to dry whilst the other pond 

comes online. It will be necessary for TTV explain why this system presented in the EIA is 

not being followed. It is understood of course that the TTV operators have put significant 

effort into trying to optimise the operation of the space-limited facilities and this will need to 

continue. 

 

78. The photographs comparing the upstream to downstream bedforms clearly show that some 

deposition of sludge has occurred. Discussions with TTV indicated that this was a very 

infrequent event and the physical extent of the sludge deposition on the streambed was 

only several square metres rather than a large plume. Also, the deposited sludge was 

eroded away following increased streamflow events. However, this does confirm that sludge 

deposition on the streambed can and has occurred, and, as such, should attract a licensing 

response. 

 

79. A further observation relating to the photographs is that there is some damage to the bund 

walls between the ponds and this seems accurate, and, as such, requires attention and 

maintenance. 

 

80. The NGO also noticed the sludge drying beds established upslope of the ponds. This needs 

to be formalised in the licensing process and also conditions applied relating to the diversion 

of any upslope stormwater run-off away from the drying beds and the ponds, and 

appropriate management of the leachate coming from the drying sludge. 

 

81. The comment regarding possible increase in sludge pond sizes can only be responded to 

by TTV staff. However, any increase in the sludge pond size would be a beneficial 

development.  

 

82. The Avana August 2022 photograph actually does show cracking sludge in the ponds which 

is a desirable feature of the process. 

 

83. The Turangi July 2022 photograph indicates either significant and protracted heavy rainfall 

or possible overtopping of the site, but both ponds are essentially full. The bund between 

the two ponds is also showing the effects of being over-topped or just saturated, and whilst 

not collapsed, the photograph does indicate repairs and some armouring would be 

appropriate. 

 

84. The observations slide for Turangi again repeats that the intake is taking all water flow from 

the stream which both NES and TTV admit is the case in dry periods. The NES and other 

ministries need to consider whether it is appropriate for all streamflow to be diverted through 

the water treatment plants, or whether an environmental base flows should be required. 

However, part of this consideration would be are these streams dry at any time upstream 

of the intake meaning that the stream biota would be acclimated to no-flow periods in any 

case, so maintaining a base environmental flow would be less critical and even ecologically 

inappropriate. 

 

85. The NGO again notes that there is no dilution for the discharges, which is not in dispute. 

However, the monitoring would indicate that the adopted thresholds are being met almost 

100% of the time. 
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86. Whilst not specifically stated, perhaps the NGO is suggesting that there should be no 

discharge during periods when there is no streamflow downstream of the water treatment 

plant. Given the site constraints, there is insufficient space available to install ponds to retain 

the overflow until streamflow restarts. 

 

87. For the Avana site, the NGO noted that there are sludge deposits extending across the 

streambed. However again this must be better monitored to understand if this is an 

occasional localised event or an ongoing issue with large sludge deposits extending some 

distance downstream. 

 

88. The NGO also notes that the stream is clouded by suspended fine particles downstream of 

the discharge, and could be algae. TTV notes that algae are growing within their sludge 

ponds, and therefore would be released during their discharges. It should also be noted that 

the EIA advises that the residual aluminium in the discharges will still coagulate particulates 

in the stream flow below the discharge. This is unavoidable and the amount of solids forming 

should be minimal and would generally be advected downstream rather than settling onto 

the streambed. 

 

89. The discharge from the sludge ponds is not elevated in nitrogen or phosphorus, and 

therefore would be unlikely to cause elevated primary productivity and algal blooms 

downstream. The algae growing within the settling ponds would be expected to rapidly die-

off and be mineralised downstream of the discharge location, rather than causing elevated 

growth rates. 

 

90. The comments on sludge characterisation were selective and did not include the full extract 

as follows - .” The sulphate concentrations were not considered to be of concern for disposal 

in a monofill founded in natural mineral soils (as opposed to sands). In natural mineral soils 

on the island the silts and clays of the highly weathered volcanic soils have a high cation 

exchange capacity. As a result, the sulphate will tend to react with soil cations (magnesium, 

calcium, sodium, potassium) and produce benign compounds”. The issue of sulphur levels 

in the sludge is addressed elsewhere in this briefing paper in more detail. 

 

91. The slide referencing the precautionary principle refers to ecological flows, noting they 

should be maintained in natural streams and waterways to the greatest extent practicable. 

As noted above, information is required on whether these streams are truly ephemeral even 

without the flows being abstracted for water treatment. 

 

92. The slide referencing hazardous waste correctly notes that it really is only a hazardous 

waste when it is a health or environmental hazard. It could be argued that the EIA plus some 

additional information provided in this briefing paper indicated is not a health nor 

environmental hazard when managed appropriately.  This applies either with application at 

a landfill as daily cover, or ploughed into the soil at appropriate application rates. Merely 

looking at the total gross concentration of contaminants without consideration of their 

bioavailability or mobility is inappropriate. 

 

93. The reference to not disposing of hazardous waste into any water is noted, but it is 

contended that the sludge should not be considered as a hazardous waste. This paper 

notes that the sludge is comprised mainly of the inorganic solids and some organics 

naturally present in the stream, together with Sulphur and Aluminium associated with PACL 
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dosing. The Sulphur content is not sufficiently elevated that it will cause acid generation at 

levels capable of lowering the pH in the soils matrix when ploughed in. The extractable 

Aluminium  levels were below the level of detection and therefore would not pose a health 

nor environmental hazard. That is not to say it may not be causing some environmental 

harm by smothering the benthic biota if a regular and extensive event. 

 

94. The risk profile slide suggested safeguards against stream discharge should be instituted. 

This is considered inappropriate given the monitoring results and the impracticability of 

storing the supernatant indefinitely, or having it pumped to some crop irrigation scheme. 

The comment regarding the sensitivity of freshwater ecosystems is noted, hence the 

recommendation that macroinvertebrates monitoring be instituted. Again the comment 

about the force and frequency of discharges disrupting biodiversity is valid. However, as 

noted several times, the natural streamflow variation needs to be understood as there may 

well have been protracted periods of no streamflow without the water intakes operating. 

Furthermore, freshwater ecologists note that maintaining an artificial base flow in a stream 

that is ephemeral actually alters the ecosystem, and so this would be an issue. However, 

advice from TTV is that in dry periods, the discharges soak into the streambed rather than 

present as a continuous flow for the length of the stream until it reaches the ocean. 

 

95. The EIA report summary slide then paraphrases the EIA conclusions. These conclusions 

are then compared in the following two observations slides noting the variation in terms of 

pond operating models and capacity and that some suspended solids are flowing directly 

across the ponds and discharging – and these conflict with the EIA. Based on the 

photographic evidence and discussions with TTV, a number of these observations are 

correct but need to be contextualised. For example, a reference taken from the EIA is 

somewhat selective and does include the caveats presented in the EIA. Also it could be 

interpreted from the presentation that all 10 WTPS are causing environmental issues but it 

is understood that eight WTPs are working as permitted. TTV reports that the majority of 

their plants are operating according to these EIA conclusions and that the two plants 

referenced by the NGO are undergoing active review in an attempt to improve sludge 

management 

 

96. Overall, the NGO document has extracted items from the various EIA documents and 

compared those with some real-world observations and supported these with photographic 

evidence. Some of the extracts presented in the NGO presentation are a little selective and 

need to be interpreted based on a fuller understanding of the science and protocols involved. 

However, the key issue is that particulates (either inorganic sludge or algae) have been 

discharged from at least two of the water treatment plants during normal operation (in terms 

of some entrained solids), and there has been at least one event where sludge has carried 

over directly into the stream.  

6. Monitoring Program Comments 

6.1 Existing permit requirements 

97. The monitoring results presented in the various EIAs and monitoring reports indicate the 

CMC and even the CCC thresholds have never been exceeded, nor has the pH gone below 

7.0, based on some 1,000 samples. 
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98. However, to date over 4,000 samples have been analysed for the specified parameters.  Of 

these Al and pH are the most critical.  Only one sample has exceeded the CCC threshold 

and that was an upstream sample during high stream flows. A total of 6 other samples from 

the 4,000 exceeded the CMC level, all associated with one monitoring day and again at 

elevated streamflows. By any rational measure, this could be classed as a compliant 

dataset, and has been sufficiently analysed to consider relaxation of the sampling regime. 

 

99. The monitoring permit refers to Section 10.3 of the EIA which sets out the monitoring regime.  

However, based on the results to date, the following clauses would be triggered: 

 

9. If after six months of operation, results show Al  concentrations are stable and below 
the threshold, the sampling required will be decreased to once every month 
until 4 consecutive samples at locations (a)(ii) and (a)(iii)are compliant, then 
reduced to seasonal sampling once every 6 months for perpetuity i.e. one 
sample in the dry season and one sample in the wet season.  

10.  If an exceedance occurs in any test, then the testing regularity will revert to the 
next highest level of testing regularity until the issue is resolved.   

 
100. Therefore the environmental monitoring for Al and associated parameters could be reduced 

to twice yearly immediately, whilst other monitoring approaches are considered.  

 
101. Also, the process monitoring was only required for 6 months, so this could be stopped as 

well and reduced to what TTV require for operational reasons only, such as monitoring jar 

test results. 

 

6.2 Possible future monitoring programs 

102. Monitoring programs are not primarily to collect data just for generating data files, but rather 

to generate data to be used in support of management decisions.  It is considered that the 

present monitoring regime no longer provides data appropriate for management 

consideration, and requires refocussing. 

 
103. As noted above, the over 4,000 aluminium test results to date have only once exceeded the 

CCC. However whilst these data are encouraging, they are only indicators and do not 

directly reflect the ecological status of the receiving streams. 

 
104. Furthermore, the NGO submission received indicated solids carryover or sludge 

development in the receiving streams. Whilst there is a requirement to measure turbidity 

from certain types of discharges, consideration could be given to altering the discharge 

monitoring requirements to include non-filterable residue/suspended solids (NFR/SS). 

 
105. However, it is acknowledged that the operational difficulties at these space-constrained 

sites relate more to the backwash flows which are associated with automatic events. 

Therefore backwash events may well occur when the sites are unattended. Discharges from 

the backwash ponds as well as the scour ponds should be tested for NFR/SS for a period 

of six months to ascertain the significance of the solids carryover during normal operation. 

 
106. It is also acknowledged that the EIA noted that discharges from the treatment plants, 

regardless of whether it was from the mid-level release in the sedimentation tank, overflow 

from the scour pond or discharges from the backwash pond will contain some residual 

aluminium. This aluminium will still continue to act as a coagulant and flocculent when 
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introduced into the receiving water, which could lead to further solids precipitation within the 

stream itself. Some ocular surveys of the streams well downstream of the treatment plants 

would be appropriate to see if sludge beds are accumulating. However, it is noted that 

streamflow is highly variable in all the water sources, and the flocculation sludges are very 

light and would be easily resuspended by elevated streamflows during heavy rainfall. 

However, an inspection of the creek beds particularly during the dry season would be 

appropriate. If sludge banks are forming on the streambeds, then additional management 

interventions could be required. 

 
107. Whilst inspection of the downstream creek bed will provide some indication of sludge 

carryover, it does not provide guidance on the actual ecological status. As part of the 

discharge EIA, GHD took macroinvertebrates samples upstream and downstream of the 

proposed treatment plants. Macroinvertebrate testing is a robust technique used globally, 

Standard protocols have been developed for analysing the results, such as  “SIGNAL 2”, a  

scoring system for macro-invertebrates (‘water bugs’) in Australian rivers. Further details 

and descriptions of macroinvertebrates sampling protocols are presented in Appendix A, 

 

108. GHD observed that the aquatic habitat and environmental values of the waterways between 

the 10 catchments were similar. Each waterway consisted of a relatively narrow irregularly 

meandering channel with flowing, clear, shallow water. The exception to this was the 

upstream sampling site for Avana, which was deep and turbid due to recent heavy rainfall. 

 
109. The field survey ranked the level of disturbance for the two sites as moderate to high. 

Species richness was relatively low.  

 
110. This site disturbance is related to changes in vegetation type and land use activity including 

agricultural activities such as small-scale pig, goat and poultry farming. The Level of 

Disturbance at the two sites is tabulated below.  

 

Location  Level of Disturbance  

Avana Rating US Moderate  

Avana Rating DS   Moderate  

Turangi Rating US Moderate  

Turangi Rating DS High 

 
 
111. Aquatic invertebrates’ are good indicators of stream health because these benthic 

invertebrate communities include a wide range of species, each with relatively well-known 

sensitivity or tolerance to stream conditions. 

 

112. Aquatic macroinvertebrates are sensitive to different chemical and physical conditions. If 

there is a change in the water quality, perhaps because of a pollutant entering the water, or 

a change in the flow downstream of a dam, then the macroinvertebrate community may 

also change. 

 
113. In terms of training, on-the-job (OTJ) training for one week (5 days) with an expert in this 

field would be sufficient for a candidate with some science or technology background.   This 

would include field sampling and macroinvertebrate identification.  Follow-up support during 

identification in the laboratory using Zoom would be an additional support mechanism to 

ensure the accuracy of the results.  
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114. Another key element of monitoring programs is that the samples collected should be as 

representative as possible. The permit does not specify the sampling methodology required 

and this could be amended to include a requirement for a sample replication. Sample 

replication significantly improves the statistical validity of data associated with sampling 

events. For this situation, a simple time-based replication approach would be appropriate. 

For example sampling in the stream would mean that a sample was collected every minute 

for three minutes and the three subsamples combined to provide the overall sample from 

which the sample bottles for the various tests could be filled. This approach to some degree 

overcomes within-site variability and the dataset will inherently have a higher level of 

statistical validity. This activity does not add any extra sampling costs and merely requires 

a short time input to collect the replicants prior to compositing. 

 
115. In summary, the existing monitoring program needs urgent amendment. One element would 

be a reduction in the existing sampling frequency from monthly to seasonal/6 monthly. The 

second element would be a change in the process monitoring, with a view to including non-

filterable residue/suspended solids for discharges. A requirement should be incorporated to 

undertake downstream inspections of the waterways to assess whether sludge banks are 

forming on the streambeds. The actual monitoring procedure would need to be developed 

but would incorporate requirements for inspections during various weather conditions and 

seasons, as well as determination of the area (square metres) of the sludge bed present, if 

in fact any sludge beds are located. The critical element will be a move from intensive 

indicator monitoring, such as aluminium and associated parameters, to direct ecosystem 

assessment using macroinvertebrates. These would need to be done seasonally upstream 

and downstream of the treatment plants.  

 

116. Another element to be considered when finalising the monitoring program would be to note 

the results of the GHD benthic macroinvertebrates surveys before PACL was being used at 

the treatment plants.  The ecosystems prior to PACL use upstream and downstream at 

Avana and Turangi were moderately to highly disturbed. Therefore recognition should be 

made that the system was far from pristine.  

 

117. One consideration that could flow from this would be the acceptance of a mixing zone 

downstream of the water treatment plants. This is common in many licenses globally such 

as where sewage discharges enter the ocean environment and the initial mixing plume does 

not have to meet the adopted water quality criteria or objectives. So one option to consider 

locally would be that any direct ecological impact as measured by the benthic invertebrates 

only applies a certain distance downstream of the discharge locations. This may be as little 

as 20 m or so and would be based on what we determine from the site inspections of any 

sludge blankets on the streambeds. 

 

118. This does not mean that further extensive degradation should be countenanced, however. 

6.3 Plant design and operation 

119. The EIAs note that there would be a number of different operating modes with respect to 

sedimentation tank sludge and backwash management. They note that some sites will have 

a scour pond that only receives sludge drawn from the sedimentation tank. In reality, the 

sludge is being withdrawn about every six weeks. The second pond at these plants will 

receive solely backwash flows. The EISAs then note there will be systems whereby the 
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ponds will be operated on an intermittent sequential basis whereby one pond will be filled 

and then left to dry, whilst the other pond is then being filled. 

 
120. Finally, the EIAs note in some cases that individual ponds will receive flows from both the 

sedimentation tank and also backwash flows, meaning they receive all sludge flows. In 

reality, none of the ponds are receiving flows from both the sedimentation tanks’ sludge 

withdrawals and the AVG backwash flows as advised by TTV. 

 
121. Because the operations manuals were based on the operational assumptions listed above, 

the operations manuals need to be updated. As noted elsewhere,  the environmental 

operations manuals have not been prepared and need to be developed urgently. 

 
122. Discussion with the operators indicated that the decant system is not being operated as 

described in the EIA documents. Traditionally these decanter systems work by being held 

above the water level until the flow into the pond has been provided with some time to allow 

the clear supernatant to form. Then the decant arm is lowered just into the supernatant to 

allow it to discharge without sludge carryover. 

 
123. However, the operator advised that the decant arms are allowed to sit on top of the sludge 

layer in the scour ponds and rainfall merely runs across the surface of the sludge and then 

exits via the decanter.  

 
124. Operation of the backwash ponds is more complex. This is partially due to the fact that the 

backwash is occur automatically and obviously can occur when the plant is unattended. This 

means that the decant system must be operated such that the pond is not allowed to overtop 

(which can damage the walls) and that decant must occur whilst there remains some 

freeboard within the pond. Again, the actual operation of the decanter arms needs to be 

assessed as part of the site audits, and the environmental improvement plan. 

 
125. One possible option would be to utilise perforated float such as used in controlling the 

releases from settling ponds serving large quarries. The system works by having the floats 

raise the decant arm and keeping it above the water level when there is a discharge into the 

pond. However, the floats have holes that eventually allow the decant arm to settle into the 

supernatant layer that has formed on top of the inflow. The decant arm continues to drop 

until it hits a predetermined level that would be set to suit the known sludge level within the 

backwash pond. Such a system may or may not be appropriate but at least should be 

investigated this part of the required environmental improvement plan. 

 
126. The proposed audit of these facilities will have to far more closely assess the operation and 

utilisation of the decant system in both backwash and scour ponds 

6.4 Sludge management and disposal  

6.4.1 Within the WTP Interventions 

127. As noted elsewhere, sludge management is a key issue, particularly at the sites which are 

space constrained. The operator is trying various interventions to be able to reduce the wet 

sludge management problems. For example, reduced PACl dosing rates are being trialled 

as this results in smaller sludge volumes being produced, but does impact upon the quality 

of the treated water, particularly with regards to E. coli. concentrations. 
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128. The treated water is not disinfected and permanent advisories are issued requiring people 

to this boil water for potable purposes. TTV provides bottled potable water for consumers to 

use for drinking and cooking purposes. 

 
129. Monitoring of the local treated water quality indicates the E. coli levels can get down to less 

than 1 organism/100ml and is often less than 10 E. coli/100ml. During wet weather with 

elevated turbidities, the E. coli counts increase to 20 or more organisms/100ml. 

 
130. The World Health Organization has guidelines on rural water supplies, which reflect the 

difficulty in providing consistently high quality treated water. Based on the local advice, the 

water would generally be in the low risk category of 1 to 10 E. coli/100ml, but rising to the 

intermediate risk level of 10 to 100 E. coli/100ml during wet periods. This does not suggest 

that the boil water advisories should be rescinded, but rather that the treatment plants are 

operating at a level that the World Health Organization recognises as being consistent with 

appropriate levels of treatment and operational skills in a “rural” setting (WHO, 1998). 

 

 

131. Based on the above, the treated water quality generally is in the low risk range sometimes 

going into the intermediate risk category. Ongoing reductions in the PACL dose rate will 

result in elevated E. coli levels but significantly reduce sludge volumes. Whilst this is one 

method of reducing sludge issues, it will need close monitoring to ensure that suitable water 

quality is still being produced. 

 
132. The operators are also considering other interventions such as sludge drying beds which to 

date have been successful in reducing the typical sludge run of say 100 millimetres depth 

down to 5 or less millimetres of dried sludge. Until recently dried sludge has been stored at 

the temporary sludge storage facility at Rarotonga landfill as described above (120 bags to 

date) while awaiting approval of the proposed sludge disposal facility No 88H adjacent to the 

existing landfill. However, this is no longer available. At the moment the dried sludge is just 

being stockpiled within the treatment plants because the proposed sludge disposal facility 

No 88H has still not been approved and this may be many months away from approval. 

 
133. Yet another option being investigated is diverting backwash flows from the pond and running 

a large proportion of the backwash flows through a dedicated offtake channel onto cropping 

areas growing Taro. 

 

134. The other obvious management intervention is to increase the frequency with which the 

vacuum tankers empty, or at least partially empty, the sludge lagoons. This obviously has a 

cost impact of around $3000 per event but will provide some buffer period to allow other 

interventions to be investigated and implemented. TTV advise they are in fact buying their 

own vacuum tanker, which was an earlier recommendation by the consultants, but that is 

some months away from arriving. Tankered backwash sludge is currently being hauled to 
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other WTPs such as Papua for discharge into their lagoons, and subsequent drying.  These 

lagoons have sufficient capacity to manage both the local WTP’s sludges as well as sludges 

from other WTPs such as Turangi. 

6.4.2 Disposal of dried sludge 

 

135. The two studies by Tonkin and Taylor have investigated disposal options and potential 

environmental impacts in detail. The conclusion is that it is safe for monofilling and even for 

agricultural purposes, subject to some agronomic trials being completed. 

 

136. But there remain some concerns expressed by the NGO about pH and Sulphur aspects, 

such as lowering the pH increases metals mobility for example as well as possibly forming 

acidic drainage.  These issues are considered below. 

 

137. Sulphur levels are elevated compared with local soils, and so this aspect deserves further 

explanation and investigation. The “Total” Sulphur concentrations measured in the PACl 

sludge samples were high, at 2,690 to 4,520 mg/kg, compared with a variable range of 142 

to 491 mg/kg in the five soil samples.  These results indicate that the source of the Sulphur 

in the sludge is the PACl product rather than the natural soil. These results also correlate 

with the findings for sulphate.   

 

138. The “Total” Sulphur concentrations in sludge are an order of magnitude higher than the 

sulphate Sulphur concentrations. This indicates that in a monofill or agronomic application 

that the sludge will continue to release sulphate over time (which will also be available for 

plant uptake). This means that all the Sulphur will not be bioavailable immediately, and 

therefore should not contaminate any crops nor restrict micronutrient bioavailability when 

mixed into the natural soil profile by ploughing in the sludge. Therefore it is important to not 

just view total Sulphur but rather the bioavailable form. 

 

139. The other possible concern is Sulphur compounds in the dried sludge converting into 

sulphurous/sulphuric acid.  This can impact soil fertility by lowering the soil pH and possibly 

producing acidic drainage or runoff. 

 

140. The pH of the PACl sludge samples was near neutral, ranging from slightly alkaline to slightly 

acidic. The pH values for the PACl sludge fell within the range of the natural soil samples.  

 

141. At these total Sulphur concentrations, the percentage of SO4 is 0.057% or 0.018% Sulphide 

in sludge.  The potential for Sulphur causing acid problems has been considered against 

both what is used in the mining industry for determining whether acid mine drainage will 

occur, and secondly, for land developments where acid sulphate soils will be exposed to the 

atmosphere 

 

142. In the mining industry, a 0.200% sulphide concentration is considered the threshold that may 

result in potentially forming acid drainage depending on site conditions. Under these 

conditions, sulphurous/sulphuric acid may be produced although the buffering capacity of 

the soil/sludge is also important.  In this case, sulphide concentrations in the sludge are an 

order of magnitude less than the trigger point used. 
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143. For acid sulphate soils (ASS), a 0.1% Sulphide concentration for medium to heavy clays 

would trigger a classification of ASS.   This is 5 times higher than the percentage recorded 

in the sludge.   

 

144. The criteria for classification of acid sulphate soil for determining whether soils are classified 

as acid sulphate soils are provided in the table below.  

 

 

145. In addition, the volumes that are produced are relatively small and easily dispersed and 

mixed in local soils.   

 

146. Therefore it is considered that the Sulphur levels will not represent a risk to the environment 

or agriculture. 

 

147. The sludge studies also investigated the bioavailability of the aluminium within the sludge 

and considered it is acceptable. The extractable Aluminium (Al) concentrations measured in 

the PACl sludge samples were all less than the laboratory detection limit, as was the case 

for the extractable Al concentrations measured in the soil samples;  Given that it is 

considered that the pH will not reduce due to acidification, then the aluminium levels in the 

sludge drainage water and sludge bioavailability in the solids are not expected to increase.  

 

148. Therefore, as an interim measure until agronomic trials can be completed, the dried sludge 

could be used as cover material at the domestic waste landfill. This is common for even 

heavily contaminated soil to be used as daily cover in such facilities. Most landfills struggle 

to have enough cover material available so this would be a good source. There was some 

discussion during meetings with NES and TTV that the current domestic landfill is close to 

capacity. However, this is a common conclusion when in fact many landfills can operate for 

many more years with the changing operation and reconsidering the end-use design.  

 

149. The advantage of allowing the sludge to be used as daily cover is that the dedicated facility 

proposed adjacent to the existing landfill on 88H would not have to be constructed. This 

possible use of the dried sludge as a daily or intermediate cover (but not final cover) material 

at the landfill will also allow time for trials to be undertaken using the sludge on agricultural 

land. These trials could be undertaken in conjunction with the local agricultural department. 

The local advice is that the heavy volcanic soils locally would benefit from the application of 

the water treatment plant sludges which have elevated Sulphur levels, but which is lacking 

in the natural soil profile. 

 

150. Elevated bioavailable Sulphur can also interfere with micronutrient bioavailability, such as 

Magnesium.  However, the pH will remain stable so the bioavailable Sulphur will not increase 
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and therefore not impact upon micronutrient availability excessively.  The agronomic trials 

would need to address fertilizer regimes to confirm macro- and micro-nutrient regimes and 

needs. 

 

151. In summary, sludge is considered safe for landfilling and agricultural use.  It could be used 

as daily or intermediate cover material at the existing landfill and a dedicated monofil facility 

is considered unnecessary. Trials of agricultural use of sludge in conjunction with the local 

agriculture department would be most appropriate. 

6.5 Possible operational and physical interventions 

6.5.1 Water management 

152. One of the main problems at the space-constrained WTP sites is managing excess water 

either in terms of floodwater overtopping the ponds, run-off water from the external 

catchments entering the ponds, excessive sludge flows from both the settling tanks and 

backwash for the pond capacity available and finally direct rainfall into the ponds. Rainfall is 

a key issue with the wettest month being March (19.93 rain days), whilst the driest is August 

(9.50 rain days).  Therefore managing the water balance is critical. 

 
 

153. Given the critical nature of best managing water entering the process cycle, at least the 

following options need to be investigated: 

• ensure the rock-lined drainage channels from the AVG are appropriately bunded 
on the upstream slope to divert any uncontaminated stormwater run-off from 
external catchments away from the channels and therefore not flowing into the 
ponds. 

• Continue to monitor PACL dosing rates to minimise sludge volumes, being mindful 
of the trade-off with resulting elevations of indicators such as E. coli. 

• Ensure that the pond walls are sufficiently elevated and robust to prevent any flood 
waters from directly entering the ponds. 

• Consider installing a roofing system over the ponds and/or the sludge drying beds. 
Note that the roofing system over sludge drying beds is not low-level but sufficiently 
high to allow access underneath, including possibly for heavy equipment. 
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6.5.2 Pond improvements 

154. Discussions indicated that the ponds in the space-constrained sites are too small in reality 

now that operational experience is to hand, but reportedly there is no space to enlarge the 

ponds.  This needs to be investigated further as even small increases in pond volume will 

provide operational benefits. 

 

155.  It is appreciated that with the gravity flow system that the pond walls cannot be raised 

because the hydraulic grade line associated with gravity flow means the ponds could never 

be filled to utilise the new capacity. 

 
156. However more thorough investigations should be undertaken on possibly enlarging the 

ponds even if it is only a small enlargement in terms of footprint, and also investigate the 

possibility of steepening the ponds’ internal batter slopes. Traditionally unlined ponds have 

slopes no steeper than 1 to 3 or a maximum of 1:2. This could potentially be increased and 

the pond volume enlarged if the slopes were protected with riprap or other engineering keys 

were incorporated. 

 

6.6 Pollution control interventions 

157. It may be possible to retrofit a pollutant trap to remove solids from the flow through the decant 

outlet pipe.  One option would be a spiral flow removal system such as the Gross Pollutant 

Traps used in treating contaminated stormwater run-off in sensitive catchments. 

 
158. Within the ponds, consideration should be given to installing inlet and outlet baffles to restrict 

short-circuiting and also manage the higher flow velocities near the decanter which can then 

entrain solids from within the sludge blanket. 

 
159. The operation of the decanter arm, in terms of being raised and lowered to ensure that only 

clear supernatant is discharged, needs further explanation and investigation. As noted 

above, consideration could be given to installing different floats on the decanter with suitable 

holes to allow the floats to still raise quickly when the backwash flow enters the pond. Then 

water would gradually enter into the floats so that the decanter sinks into the supernatant 

layer which formed whilst the floats were slowly sinking. The decanter arm adjustment would 

still be required to ensure that the arm does not go any lower than the projected top of the 
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sludge blanket. This may be impractical locally but should at least be considered as such 

“leaky floats” are used internationally.  

7. Discussion and Recommendations 

7.1 Overview 

 
160. Review of the EIAs undertaken for the TMV project indicate they are technically robust and 

appropriate for the purpose of obtaining project permits under The Environment  Act 2003. 

However, it is considered that the proposed operational environmental monitoring plans 

could be improved to provide more reliable data on potential environmental impacts of WTP 

discharges and associated sludge disposal methods. This is particularly important as the 

WTP operations have in some cases been amended from the operational protocols 

described in the EIAs. 

 
161. TTV as the nascent State Owned Enterprise with legislated responsibility of managing and 

operating the TMV project under the TTV Act 2021, demonstrates through its Statement of 

Corporate Intent (SCI) 2022 that it is on the way to becoming a fully-fledged Water Authority. 

The SCI outlines the phases, recent milestones and upcoming milestones in this journey 

consistent with its stated Vision, Mission and Values. The most significant milestones to date 

relevant to this briefing paper have been the full refurbishment of the 10 water treatment 

plants, securing of environmental permits for the operation of the plants, a temporary facility 

to manage and store sludge and establishment of a technical network and treatment staff for 

operations and submission of progress reports as required by the permits to facilitate 

renewal. 

 

162. Operation and Maintenance Manuals (OMM) have also been developed for each WTP. As 

an example, the  OMM for Turangi WTP is a comprehensive document reflecting standard 

industry practice for managing a WTP. However, section 15 of the Turangi OMM which 

addresses environmental monitoring notes that it is a guide based on requirements during 

commissioning of the plant and that a detailed Environmental Plan will need to be developed 

by TTV based on discharge permit requirements. 

 
163. Review of TTV progress reports and providing recommendations for actions must be seen 

within the context described above.  Moreover, it is acknowledged that whilst there are 

significant weaknesses in progress reporting of environmental monitoring that need to be 

addressed, the reports appear to indicate overall compliance with dissolved aluminium 

trigger levels at all 10 WTP discharge sites. In taking account of the observations and 

comments on the monitoring reports and review of the NGO presentation a set of 

recommendations is presented below.  

 

7.2 Recommendations for Permit Renewal 

 
164. Onsite discharge Permit No: 2021/0004RAR be given a further 90-day extension during 

which time TTV would be required to undertake a number of actions outlined below. In 

parallel with these actions NES with technical support from ADB consultants including 

discussions with TTV, will amend the permit conditions prior to submission to REA for formal 

renewal on 25 May 2023. During the extension period, TTV would be required to: 
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1. Develop an Environmental Improvement Plan for both Avana and Turangi WTP 

sites.  This needs to address available options to recover the plant operation such as 

reducing sludge and solids carryover, and may include aspects such as the following; 

 

• Reconsider how ponds and drying beds can be enlarged at the critical WTP 

sites.  Even a small increase in the area will be beneficial. 

• Consider emptying the pond and try to steepen the walls even if it requires some 

sort of riprap or other stability interventions 

• Ensure sufficient bunding to divert external clean stormwater run-off from 

entering the drying beds and rock drains conveying the sludge and backwash 

to the ponds.  

• Ensure sufficient diversion bunding for the sludge ponds themselves 

• Investigate if a gross pollutant trap using cyclone technology or another 

approach can be installed on the decanter outlet, similar to what is used for 

stormwater run-off control in sensitive catchments. 

• Investigate installing a baffle system the decanter to reduce locally elevated 

flow velocities which are entraining sludge from the blanket below.  

• Also can Inlet baffles be installed in ponds to prevent short-circuiting of solids 

from inlet to outlet 

• Can “leaky floats” be installed to delay decant start 

• Could a roof be constructed over the sludge drying beds. 

• Do pond walls have to be raised to prevent flood inundation 

• Do pond walls require repair and perhaps armoring 

 

2. Prepare draft operational environmental management plans (OEMP) for each of 

the 10WTPs that are consistent with the requirements of the operational environmental 

management framework presented in Section 10 of the EIA along with any changes 

to the monitoring regime proposed by NES and cross-referenced to the relevant 

Operations Manual where applicable. The OEMPs must  demonstrate compliance with 

the Permit Conditions. As the operation of some WTPs differed from the operational 

protocols mentioned in the EIAs some will have to be updated to reflect the different 

operational approach. 

 

3. Institute the operational measures/changes such as; 

• Ensure there is always sufficient freeboard between the top of the sludge 

blanket and the top of the bund forming the sludge pond.  This may have to be 

achieved initially by increasing the desludging frequency utilizing the vacuum 

tanker. 

• Monitor any proposed discharge of the supernatant from the ponds or the 

settling tank for the standard parameters (pH, turbidity and aluminium as well 

as NFR/SS) and ensure MOH and NES are advised of the results. 

• Continue trialling reduced PACL dosing to reduce sludge volumes, subject to 

acceptable E. coli levels still being achieved.  

 

4. Alter the monitoring requirements: 

• Place less emphasis on ongoing aluminium level monitoring as that has been 

proven to be very stable, and can be reduced based on EIA recommendations.  
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• Supplement discharge monitoring, such as NFR/SS on the releases from the 

ponds 

• Require photographic evidence of stream bed status both immediately 

upstream of the WTP and downstream at accessible access points. 

• Commit to environmental assessments using benthic invertebrates in the 

streams on a seasonal basis (twice a year) both upstream and downstream. 

• Consider doing additional benthic invertebrates sites to establish the extent of 

the impact zone if sludge carryover is occurring regularly 

• Require sample replication for all water samples 

• Consider including a mixing/impact zone immediately downstream of 

discharges with less stringent water and environmental objectives 

 

5. Provide a report to NES on the status of the above actions by 15 April 2023  

 
165. Temporary Sludge Storage at the Rarotonga Waste Facility Project Permit No, 

2021/019RAR be given a further 90-day extension prior to REA consideration for renewal. 

During the extension period, TTV would be required to:  

• Confirm final disposal arrangements including investigating using dried sludge 

as cover soil at the landfill 

• Confirm how backwash sludges will be managed and disposed of, as 

desludging frequency increases at least in the short term  

 

166. NES to provide TTV with a Terms of Reference guide for preparing subsequent biannual / 

annual progress reports as included in Appendix B 

7.3 Recommendations for capacity building support to NES going 

forward 

• In discussion with NES determine priority needs for capacity development 

• Based on the above agree with NES on an initial plan for support activities 
notwithstanding the following: 

• Undertake an operational environmental audit of all WTPs to ensure compliance 
with OM and Environmental Manuals including TTV progress on the actions 
identified above and further advice on operational improvements.  

• Facilitate and provide for the training of TTV staff in proposed environmental 
monitoring using  benthic invertebrates 

• Support NES improve project permit preparation: This would initially involve 
developing new permit conditions/licensing responses for the renewal of TTV’s 
project permits based on agreed operational and monitoring changes. It could then 
lead on to reviewing examples of project permits/licenses issued in other pacific 
countries and preparing standard sections and then specific clauses for different 
sectors (e.g.) power roads, water supply and sanitation 

• Support NES in the monitoring of project permits – preparing checklists for permits 

• Support NES in further refinement of project permit reporting templates and 
undertaking project permit compliance audits 
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Appendix A – Macroinvertebrate 

Sampling Details 

 

  



 

 

Macroinvertebrate Sampling 

The EIA Water treatment plant treatment plant  – On site Design has a chapter on the 
aquatic ecology of the receiving waters of each water treatment plant.1   

Methodology  

Standard techniques for surveying macroinvertebrates within tropical rivers (DES, 
2018; DNRM, 2001) was undertaken at each site.  

Where possible, one sample was collected from each of two habitat types – edge and 
composite pool-bed. Sampling of the habitats was undertaken by sweeping a 250 µm 
mesh net in an upwards direction, perpendicular to the bank along a 10 m stretch. 
Each macroinvertebrate sample was collected from a series of sweeps within habitat 
at each site. For edge samples, areas of overhanging or submerged habitat (e.g. logs, 
leaf litter, tree roots) were targeted. Aquatic vegetation was avoided to maintain 
consistency between samples. 

For each macroinvertebrate sample, the collected material was placed into a sorting 
tray and the macroinvertebrates were picked for 15 minutes using forceps and 
pipettes. If no new taxa (not previously detected in the sample) were found within 5 
minutes of the time limit, then processing ceased. If new taxa were found, the sample 
was processed for a further 10 minutes. Samples were preserved in 70% methylated 
spirits, and were clearly labelled with site, habitat and date. 

Aquatic macroinvertebrates were identified in the field to order level, but where 
possible to family level. Further microscopic identification within a laboratory was not 
available on the island. 

Taxa richness was calculated for all sites. Richness refers to the number of different 
taxa contained in a sample. In general, the higher the richness scores, the better the 
ecological health, although, some exceptions do apply to this rule. For example, 
occasionally taxa richness may be higher in modified habitats where modifications 
have increased habitat supply or diversity, or increased food supplies. Therefore, the 
interpretation of taxa richness data occurred on a case-by-case basis, with 
consideration of multiple lines of evidence. 

Macroinvertebrate taxa are also assigned a SIGNAL (Stream Invertebrate Grade 
Number) score which indicates the level of sensitivity to pollution, where one is the 
lowest (most tolerant) and ten is the highest (most sensitive). This information is used 
to determine the health of an ecosystem. Where a diverse community of high scoring 
taxa were present, this would indicate a healthy ecosystem. 

The macroinvertebrate community data was also analysed to explore any spatial 
trends in the data. 

 

 

 
1 Water Treatment Plants: On-site Discharges Environmental Impact Assessment (May 2021), Prepared for 
To Tatou Vai Limited , Prepared by Tonkin & Taylor International Ltd 

 



 

 

Results  

Macroinvertebrate diversity was low with only eight orders and ten taxa groups 
present. All taxa found were considered to be tolerant of pollution with sensitivity 
scores of two to five. 

Of the groups present, Atyidae and Palaemonidae were the most common and 
abundant taxa found in edge habitat (Figure 4-2; Plate 4-3). Conversely, Lepidoptera 
and Oligochaeta were the least commonly found taxa with only one record at the 
downstream Totokoitu and Avana sites respectively. 

Upstream sites tended to have higher or equivalent taxa richness to downstream 
sites.. Differences in taxa richness between sites and locations (upstream and 
downstream) are likely due to site-specific habitat characteristics, such as flow, 
substrate composition and available cover. 

Within the bed habitat, Atyidae and Chironomidae were the most common and 
abundant taxa. Whereas, Veliidae, Tipulidae, Amphipoda and Lepidoptera were 
equally the least common taxa being present at only one site each. 

Taxa richness in upstream sites was generally higher than the respective downstream 
site with the exception of Turangi, Totokoitu and Ngatoe.  

Future Work 

At the impacted sites, additional macroinvertebrate sampling should be undertaken 
six monthly. The results should document taxa richness and the SIGNAL index.   

The results should be compared with baseline (prior to operation of the WTP’s) 
upstream and downstream sites to assist in determining the recovery of impacted 
areas after mitigation steps have been taken at the WTP’s for improved floc 
management.  

A macroinvertebrate sampling and interpretation manual is attached as Appendix A - 
Signal 2 A Scoring System For Macro-Invertebrates (‘Water Bugs’) In Australian River 
(2001).    
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What is SIGNAL 2? 
 
SIGNAL stands for ‘Stream Invertebrate Grade Number – Average Level.’  It is a simple scoring 
system for macro-invertebrate (‘water bug’) samples from Australian rivers. 
 
A SIGNAL score gives an indication of water quality in the river from which the sample was 
collected. Rivers with high SIGNAL scores are likely to have low levels of salinity, turbidity and 
nutrients such as nitrogen and phosphorus. They are also likely to be high in dissolved oxygen. 
 
When considered together with macro-invertebrate richness (the number of types of macro-
invertebrates), SIGNAL can provide indications of the types of pollution and other physical and 
chemical factors that are affecting the macro-invertebrate community. 
 
SIGNAL was first developed in 1993 for use in the Hawkesbury–Nepean River system near 
Sydney, and especially for assessing the impacts of discharges from sewage treatment plants. The 
original SIGNAL was a preliminary version, because knowledge of the distributions and tolerances 
of Australian river macro-invertebrates was limited at that time. Most of the knowledge that did 
exist was for south-eastern Australia, and the original SIGNAL was difficult to apply in northern, 
western and inland Australia. 
 
Since 1994, biologists from government agencies around Australia have been sampling macro-
invertebrates and measuring water and habitat quality in hundreds of rivers. This work, under the 
National River Health Program and other projects, provided data that were used to produce a more 
versatile and reliable version of SIGNAL. The new version is called SIGNAL 2.  
 
The original version of SIGNAL required all macro-invertebrates to be identified to the taxonomic 
(classification) level of family. This is the level routinely used by most agency biologists. Although 
species-level identification provides more information, especially on conservation values, it is a 
specialised and laborious task. Community groups such as those in the national Waterwatch 
program often cannot take identification to family level. Typically, these groups identify to the 
taxonomic levels of order, class and phylum, depending on the type of macro-invertebrate. 
 
SIGNAL 2 has versions to suit both family and order-class-phylum identification. 
 
The purpose of this manual 
 
This manual provides practical advice on how to calculate and interpret a SIGNAL 2 score. It 
includes a brief introduction to the relevance of aquatic macro-invertebrates in river and stream 
assessment, and some advice on sampling and identification.  These matters are not treated in detail 
because several excellent guides on sampling and identification already exist. References are 
provided for those wishing to pursue these topics further. 
 
Readers who are familiar with macro-invertebrate biology and sampling can skip the introductory 
sections. 
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Why study macro-invertebrates? 
 
Vertebrates are those animals with a backbone like mammals, birds, reptiles, frogs and fish. 
Invertebrates is the name given to remainder of the animal kingdom. Although invertebrates all lack 
a backbone, they differ from one another in many respects.  
 
Macro-invertebrates are those invertebrates that can be seen without the aid of a microscope or 
magnifying glass. Aquatic macro-invertebrates are those that spend all or part of their life cycles in 
water. They include many insects, crustaceans, mites, molluscs and worms. 
 
The term ‘water bugs’ is often used as shorthand for aquatic macro-invertebrates. However, 
scientifically speaking the word ‘bug’ applies only to insects of the order Hemiptera (often called 
‘true bugs’). 
 
Around the world, various groups of animals and plants are used for the assessment of river 
condition. However, it is the macro-invertebrates that are used most often. There are several reasons 
for this. 
 

1. Macro-invertebrates are found in almost every water body, even rivers and ponds that dry 
from time to time.  

 
2. Macro-invertebrates are easy to catch with simple hand nets and relatively easy to identify. 

 
3. There are many different types of macro-invertebrates. Each type requires particular  

environmental conditions in order to survive, grow and reproduce. Some types are tolerant 
of water pollution whereas others are very sensitive. So biologists can tell a lot about the 
environmental conditions in a water body from the types of macro-invertebrates present and 
their abundances. 

 
4. Some macro-invertebrates are mobile but many, such as mussels, are sedentary. A sedentary 

macro-invertebrate collected from a particular site on a river may have been living there for 
months or even years. For the sedentary macro-invertebrate to survive, conditions must have 
been suitable throughout this period. If a pulse of severe pollution flows through a site it 
many be many months before new animals colonise and the macro-invertebrate community 
recovers, even if water quality returns quickly to normal. So studying macro-invertebrates 
provides an indication of past conditions as well as present conditions. In contrast, a spot 
water quality measurement provides information only on conditions at the time of sampling. 

 
5. Macro-invertebrates are a major component of biological diversity. About 99% of animal 

species are invertebrates. Understanding the effects of human activity on aquatic macro-
invertebrates helps in finding ways to conserve them. 

 
6. A healthy macro-invertebrate community is important to the normal functioning of a water 

body. Macro-invertebrates occupy a central position in the food webs of rivers and streams. 
Almost every type of organic matter is eaten by some macro-invertebrate or another; algae, 
water plants, dead leaves and wood are all food for some types of invertebrates. In turn, 
macro-invertebrates are eaten by one another and by most types of aquatic vertebrates 
including fish, frogs, turtles, birds, platypus and water rats. 
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Macro-invertebrate types and classification 
 
As for other animals and plants, the classification system for macro-invertebrates is hierarchical. 
Within the animal kingdom, macro-invertebrates belong to various phyla. Each phylum comprises 
several classes, each class comprises several orders, and so on down to genus and species.  As an 
example, here is the classification of a common freshwater shrimp. 
 
Kingdom:   Animalia 
Phylum (plural phyla): Arthropoda 
Class:     Crustacea 
Order:   Decapoda 
Family:   Atyidae 
Genus (plural genera): Paratya 
Species:   australiensis 
 
By convention, genus and species names are always written in italics. The species name is entirely 
in lower case. 
 
The table on the next page lists the phyla, classes and orders of aquatic macro-invertebrates that are 
likely to be distinguished by community groups. 
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Table 1.  List of phyla, classes and orders of aquatic macro-invertebrates 
 
Phylum Class Order Common name 

Porifera   Freshwater sponges 

Cnidaria Hydrozoa  Hydras; freshwater jellyfish 

Platyhelminthes Turbellaria  Flatworms 

Nemertea   Proboscis worms 

Aschelminthes Nematoda  Roundworms; nematodes 

 Nematomorpha  Horsehair worms; gordian worms 

Bryozoa   Pipe-mosses 

Mollusca Bivalvia  Mussels; clams 

 Gastropoda  Snails 

Annelida Hirudinea  Leeches 

 Oligochaeta  Segmented worms 

 Polychaeta  Bristle worms 

Arthropoda Acarina  Mites 

 Crustacea Amphipoda Side swimmers; scuds 

  Anaspidacea (Shrimp-like animals) 

  Anostraca Brine shrimps; fairy shrimps 

  Branchiura (sub-class) Fish lice 

  Conchostraca Clam shrimp 

  Decapoda Shrimps; yabbies; crayfish; crabs 

  Isopoda Freshwater slaters 

  Notostraca Shield shrimps; tadpole shrimps 

 Diplopoda  Aquatic millipedes 

 Insecta Coleoptera Beetles 

  Collembola Springtails 

  Diptera True flies 

  Ephemeroptera Mayflies 

  Hemiptera True bugs 

  Lepidoptera Moths 

  Mecoptera Scorpion flies 

  Megaloptera Alder flies; dobson flies 

  Neuroptera Lacewings 

  Odonata Dragonflies; damsel flies 

  Plecoptera Stoneflies 

  Trichoptera Caddis flies 
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Designing a macro-invertebrate study 
 
Before rushing out to sample macro-invertebrates, it is important to decide on the objectives of the 
project. 
 
Collecting some invertebrates in a dip net and calculating a SIGNAL 2 score provides only a simple 
or rapid assessment, particularly if identification is taken only to order-class-phylum level. It gives 
some indication of what the condition of the site may be, but is not an absolute measure of how 
‘good’ or ‘healthy’ the site is. A lot of information, covering the physical and chemical environment 
and several groups of plants and animals, is needed to make a judgement about ‘health’. 
 
The idea of ‘goodness’ or ‘health’ also implies a community vision or target for what the site should 
be like. This target might be the ‘natural’ condition or the condition that existed before Europeans 
arrived in Australia. In many cases, however, it may be difficult to know just what the site was like 
naturally, because it has changed so much. Also, it may not be possible to return to that condition 
because so much development has occurred in the catchment. In this case, the aim may be to 
manage the river as well as possible and restore some features that are known to have been lost, for 
example by replanting native trees on the banks and providing better treatment for wastewater 
discharged to the river. 
 
Examples of objectives for a macro-invertebrate study could be: 
 

1. To gain a better understanding of the different types of macro-invertebrates, their ecological 
roles and their use in biological assessment.  

 
2. To compare the study river with similar rivers that are still in their natural condition, in 

order to estimate how much the macro-invertebrates in the study river have changed. 
 

3. To compare the macro-invertebrates of the study river with others in the region, to obtain an 
indication about whether its management needs to be improved. 

 
4. To monitor the study river to see how its macro-invertebrate community changes as the 

management of the river is improved. 
 
Once the objective has been decided, an appropriate study can be designed. For example, if the 
objective were the second of those above it would be necessary to sample the study river plus a 
number of natural ‘reference rivers’. If the fourth objective were applicable, it would be necessary 
to sample many times, probably over a period of several years. 
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Sampling macro-invertebrates 
 
Macro-invertebrates are usually collected with pond nets with mesh sizes ranging from 0.25 to 0.5 
millimetres, although there are many other types of collecting gear. The Web site of the Australian 
River Assessment Scheme (AUSRIVAS), a part of the National River Health Program, has macro-
invertebrate sampling manuals for each State and Territory (http://ausrivas.canberra.edu.au/). 
Waterwatch manuals also give detailed instructions on sampling procedures. The Waterwatch Web 
site is at http://www.waterwatch.org.au/. 
 
It is important to choose the sampling areas carefully. Bare area such as sand banks and muddy beds 
without stones, wood or vegetation usually support few macro-invertebrates. Areas that have 
recently been flooded should not be sampled because macro-invertebrates may not yet have 
colonised them. For safety reasons, deep water and very fast-flowing water should also be avoided. 
 
A good sampling area in most streams is a sheltered alcove, or still area at the edge of the stream, 
like the one shown below. Preferably some combination of aquatic plants, vegetation trailing into 
the water from the banks, overhanging banks and submerged logs will be present. The net should be 
used to sweep among stones and logs, into the shore and under overhangs. Practice is needed to 
develop a technique that will scoop up macro-invertebrates from the stream bed without collecting 
large quantities of sediment. 
 
 

 
 

Plate 1. Sampling macro-invertebrates from a stream alcove 
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Riffles and similar areas of flowing water generally make good macro-invertebrate habitat, 
especially if stones of various sizes are present. An example is pictured below. The kick-sampling 
technique can be used in flowing water, digging the feet well into the stream bed and holding the 
net downstream to catch the disturbed invertebrates. It is important to move about to cover areas 
with both fast and slow flow. 
 
 

 
 

Plate 2. A rocky riffle is a good sampling area for macro-invertebrates 
 
 
It is important to allow enough time to collect an adequate sample of the macro-invertebrates 
present in each sampling area. Generally between 3 and 10 minutes per area will do, depending on 
the size of the net. With a small net it may be necessary to take several small samples rather than 
one big one, in order to prevent clogging. Aim to cover at least 10 metres of stream. It is also 
important to keep samples from different areas (alcoves and riffles) separate. The SIGNAL score 
from an alcove and a riffle at the same site will generally not be the same. 
 
After sampling, the net will contain macro-invertebrates plus sediment and debris such as leaf 
fragments. The contents of the net can be spread in large white trays to allow the macro-
invertebrates to be picked out with pipettes. The picked macro-invertebrates can be placed in 
containers, such as ice-cube trays filled with stream water, for later identification.  
 
It is very important that the macro-invertebrates can be seen clearly in the trays. In muddy streams, 
it is a good idea to rinse the net thoroughly in the water so that any mud is washed through it. In 
some streams, large quantities of sand can be a problem. If the tray contains too much sand, add 
water and shake the tray, then quickly pour the water (with invertebrates and other light debris) into 
another tray. 
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Macro-invertebrates are seen more easily if the debris is not spread too thickly in the tray. The tray 
should appear white with dark blotches rather than dark with the occasional white patch. If there is a 
lot of debris, use several trays or process it bit by bit. A magnifying glass may help in locating the 
smaller macro-invertebrates. It also helps to shake the tray from time to time, in order to make the 
macro-invertebrates move. Some will stick to the tray and can be seen more easily if it is tilted up 
occasionally. 
 
In order to calculate a reliable SIGNAL 2 score, it is desirable to collect at least 100 macro-
invertebrates and preferably 150-200. This may be difficult if the stream is so polluted that few 
macro-invertebrates are present. However, it should not be difficult in most places. It will generally 
take half an hour to an hour for one person to reach this total, depending on the person’s experience 
and the nature of the site. 
 
The box below gives a summary of sampling recommendations. 
 
 

 

 
Checklist for macro-invertebrate sampling 

 
• Sample an alcove/sheltered edge and a riffle if both are present 

 
• If possible choose areas with good macro-invertebrate habitat (stones, logs, 

vegetation) 
 

• Take each sample thoroughly (at least 3 minutes and 10 metres of stream). Be sure to 
disturb the bed material 

 
• Spread the samples out well in big trays so that small invertebrates that hide and don’t 

move can be seen  
 

• Aim to pick at least 100 macro-invertebrates per sampling area, and preferably 150-
200. Try to find as many types as possible 

 
• Keep invertebrates from each sampling area separate 
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Identifying macroinvertebrates 
 
Macro-invertebrates can be identified either by comparing collected specimens with illustrations of 
the various groups, or by using identification keys. Keys generally consist of a series of paired 
descriptions of particular bodily features. Each pair, called a couplet, is numbered. The user begins 
with the first couplet and selects the description that best fits the specimen being ‘keyed’. The 
chosen alternative will direct the user to another numbered couplet. This process continues until 
enough wrong alternatives have been eliminated to positively identify the specimen.  
 
Some Waterwatch manuals contain keys or pictorial guides to macroinvertebrates. The following 
books and compact disc are also recommended. 

Davis, J.A. and Christidis, F. (1997). A guide to wetland invertebrates of southwestern 
Australia. Western Australian Museum: Perth. 

Hawking, J.H. and Smith, F.J. (1997). Colour guide to invertebrates of Australian inland 
waters. Identification guide No. 8. Co-operative Research Centre for Freshwater Ecology: 
Albury. 

Ingram, B.A., Hawking, J.H. and Shiel, R.J. (1997). Aquatic life in freshwater ponds 
Identification guide No. 9. Co-operative Research Centre for Freshwater Ecology: Albury. 
CSIRO (1999). Interactive guide to Australian aquatic invertebrates. 2nd edition. CSIRO 
Division of Entomology: Canberra (CD ROM). 

For those wishing to undertake detailed identification, the following reference lists all the relevant 
keys in the scientific literature. 

Hawking, J.H. (2000). Key to keys. A guide to keys and zoological information to identify 
invertebrates from Australian inland waters. Identification guide No. 2, 2nd edition. Co-
operative Research Centre for Freshwater Ecology: Albury. 
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Calculating a SIGNAL 2 score 
 
Once all the specimens are identified to either the family or the order-class-phylum level, the 
SIGNAL 2 score can be calculated. 
 
Each type of macro-invertebrate has a ‘grade number’ between 1 and 10. These are listed in 
Appendix 1 at the back of this manual. A low grade number means that the macro-invertebrate is 
tolerant of a range of environmental conditions, including common forms of water pollution. A high 
number means that the macro-invertebrate is sensitive to most forms of pollution. The higher the 
number, the greater the average sensitivity. 
 
Generally, grades for the family and order-class-phylum levels of identification should not be mixed 
in the same calculation. However, in family-level studies, a few groups that are more difficult to 
take to family level are often left at order-class-phylum level, for example mites (Acarina) and 
segmented worms (Oligochaeta). In these cases the order-class-phylum grades can be used in the 
family-level calculation. However, this must be done consistently if valid comparisons are to be 
made between SIGNAL 2 scores for different samples. 
 
SIGNAL 2 scores can be calculated with or without abundance weighting. If no weighting is used, 
the SIGNAL score is the average of the grade numbers for those macro-invertebrate types collected. 
If abundance weighting is used, a weight factor is derived for each type of macro-invertebrate. 
Various weighting schemes are possible. The one used in this manual has been employed for 
several years in the New South Wales Streamwatch ‘Water Bug Survey’. 
 
Table 2 gives an example of how to calculate a score for the order-class-phylum version of 
SIGNAL 2 and Table 3 gives an example for the family version. These calculations proceed by the 
following steps. 
 
Step 1: A list of the macro-invertebrate types found in the sample is made at either the family or 
order-class-phylum level, depending on how far the identification is taken. 
 
Step 2: The relevant grade number is entered alongside each type of macro-invertebrate in the list. 
If a type has been recorded that has no grade number assigned, it should be deleted from the list. 
This will happen only rarely. 
 
Step 3: The number of specimens of each macro-invertebrate type that were collected (abundance) 
is entered alongside the grade number. 
 
Step 4: The weight table is used to determine the weight factor for each type of macro-invertebrate, 
according to the number of specimens collected. The weight factors are tabulated next to the 
abundance values. 
 
Step 5: The grade number for each macro-invertebrate type is multiplied by the corresponding 
weight factor and the results are tabulated. 
 
Step 6: The weight factors for all macro-invertebrate types are added. 
 
Step 7: The products of  grade numbers and weight factors are added. 
 
Step 8: The second of these totals is divided by the first to produce the abundance-weighted 
SIGNAL 2 score. 
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Table 2.  How to calculate a SIGNAL 2 score for a survey site.  An example using the 
order-class-phylum version 

 
WEIGHT TABLE 

Number of specimens Weight factor 

1 - 2 1 

3 - 5 2 

6 - 10 3 

11 - 20 4 

> 20 5 

 
 

CALCULATION TABLE 

Invertebrate 
orders, 
classes and 
phyla 
collected at 
the site Common name 

SIGNAL 2 
sensitivity 
grade 

Number 
of 
specimens 

Weight 
factor 

Grade x 
weight 
factor 

Acarina Mites 6 10 3 18 

Coleoptera Beetles and beetle larvae 5 5 2 10 

Decapoda Yabbies, prawns and shrimps 4 1 1 4 

Diptera True fly larvae 3 35 5 15 

Ephemeroptera Mayfly nymphs 9 8 3 27 

Hemiptera True bugs and their nymphs 2 17 4 8 

Nemertea Proboscis worms 3 2 1 3 

Odonata Dragonfly and damselfly nymphs 3 3 2 6 

Oligochaeta Segmented worms 2 8 3 6 

Plecoptera Stonefly nymphs 10 12 4 40 

Trichoptera Caddis fly larvae 8 22 5 40 

Turbellaria Flatworms 2 4 2 4 

TOTALS    35 181 

 
 

SIGNAL SCORE = TOTAL OF GRADE x WEIGHT FACTOR / TOTAL OF WEIGHT FACTOR = 181/35 = 5.2 
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Table 3.  How to calculate a SIGNAL 2 score for a survey site.  An example using the 
family version 

 
WEIGHT TABLE 

Number of specimens Weight factor 

1 - 2 1 

3 - 5 2 

6 - 10 3 

11 - 20 4 

> 20 5 

 
 

CALCULATION TABLE 

Invertebrate families collected at the 
site 

SIGNAL 2 
sensitivity 
grade 

Number 
of 
specimens 

Weight 
factor 

Grade x 
weight factor 

Atyidae 3 8 3 9 

Baetidae 5 15 4 20 

Caenidae 4 12 4 16 

Chironomidae (subfamily Chironominae) 3 22 5 15 

Chironomidae (subfamily Orthocladiinae) 4 16 4 16 

Coenagrionidae 2 4 2 4 

Corixidae 2 2 1 2 

Dytiscidae 2 3 2 4 

Hydrophilidae 2 5 2 4 

Hydropsychidae 6 35 5 30 

Leptoceridae 6 12 4 24 

Notonectidae 1 7 3 3 

Physidae 1 6 3 3 

Planorbidae 2 1 1 2 

Simuliidae 5 42 5 25 

TOTALS   48 177 

 
SIGNAL SCORE = TOTAL OF GRADE x WEIGHT FACTOR / TOTAL OF WEIGHT FACTOR = 177/48 = 3.7 
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Plotting the results 
 
In order to interpret the SIGNAL 2 score, the next step is to plot both the score and the number of 
types of macro-invertebrates recorded on a graph with two axes (a biplot). Figure 1 below is an 
example of a biplot for the order-class-phylum (OCP) version using the data in Table 2.  
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Figure 1.  A biplot of the SIGNAL 2 score and number of macro-invertebrate types 
for a survey site.  An example using the order-class-phylum (OCP) version and the 

data in Table 2 
 
 
The vertical axis (SIGNAL 2 (OCP) score) ranges from 1 to 10, since these are the minimum and 
maximum possible scores respectively. However, it most cases, scores will lie between 3 and 7.  
The maximum possible number of orders-classes-phyla varies among regions of Australia, but it is 
very rare to collect more than 20. 
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Figure 2 below is an example of a biplot for the family version using the data in Table 3. The 
maximum number of families shown is 40, because it is very rare to record more than this. 
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Figure 2.  A biplot of the SIGNAL 2 score and number of macro-invertebrate types 

for a survey site.  An example using the family version and the data in Table 3 
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Interpreting results – the quadrant diagram 
 
A point on a biplot means little by itself. A quadrant diagram is used to place the result in context. 
 
The basic quadrant diagram is shown in Figure 3 (for the order-class-phylum version of SIGNAL 2) 
and Figure 4 (for the family version). The area of the biplot is divided into four quadrants. The 
appropriate boundaries between the four quadrants will differ between geographic regions of 
Australia because of natural variation in macro-invertebrate assemblages. They will also vary 
according to sampling effort and the types of habitats sampled. For this reason, numbers on the axes 
corresponding to the quadrant boundaries are not shown. The setting of appropriate boundaries for 
each particular case is discussed in the next section. 
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Figure 3. The quadrant diagram for the order-class-phylum version of SIGNAL 2 
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Figure 4. The quadrant diagram for the family version of SIGNAL 2 

 
Quadrant 1 (at the top right) represents high values of both SIGNAL 2 and the number of macro-
invertebrate types. The presence of large number of types suggests that the diversity of physical 
habitats is high and that stress factors like toxic chemicals and harsh physical conditions are not 
present. The high SIGNAL 2 scores suggests that turbidity, salinity and nutrient concentrations are 
low. Streams in undisturbed native forest will often fall in this quadrant. 
 
Quadrant 2 (at the bottom right) represents lower SIGNAL 2 scores and a high diversity of macro-
invertebrate types. Sites falling in this quadrant are likely to have higher levels or turbidity, salinity 
or nutrients than those in quadrant 1, as suggested by the lower SIGNAL 2 score. These levels may 
be high either naturally, because of local geology and soil types, or as a result of human activities. 
The high number of macro-invertebrate types suggests that physical conditions are still benign and 
toxic chemicals are not present in large amounts. Many agricultural streams without severe impacts 
fall into this quadrant. 
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Quadrant 3 (at the top left) represents high values of SIGNAL 2 but few macro-invertebrate types. 
Sites with toxic pollution, such as those with below old mine sites where acid rock drainage can 
result in low pH and high concentrations of trace metals, usually fall either in this quadrant or in 
quadrant 4. This occurs because the tolerances of some macro-invertebrate types differ according to 
the type of pollution. For example, snails and segmented worms are tolerant of most forms of 
pollution but sensitive to metals. Certain caddis fly families, such as the Leptoceridae, stonefly 
families such as the Gripopterygidae and Notonemouridae, and the alderfly family Corydalidae are 
tolerant of metals even though they are sensitive to many other forms of pollution. SIGNAL 2 is 
designed to respond to the most common forms of water quality variation, such as organic and 
nutrient enrichment and salinity. Sites with unusual forms of pollution may still have high SIGNAL 
scores. 
 
Harsh physical conditions can also result in sites falling in quadrant 3. A very simple habitat 
structure, such as occurs on mobile sand beds or bare muddy beds, can result in few macro-
invertebrate types being able to colonise and survive, even if water quality is suitable for them. 
Extreme floods can wash macro-invertebrates away, so that few types are collected if sampling 
occurs soon after the flood has receded. Streambeds that have recently filled with water after 
drought may also harbour few types of macro-invertebrates, until the macro-invertebrates have had 
time to colonise and breed. Poor sampling technique or inadequate sampling effort can also result in 
a site falling in quadrant 3, because few macro-invertebrates are collected even though many are 
present. 
 
Quadrant 4 (at the bottom left) represents low values of both the SIGNAL 2 score and the number 
of invertebrate types. Most sites falling into this quadrant will be suffering from one or more forms 
of human impact. 
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Setting boundaries on the quadrant diagram 
 
It is preferable to set the boundaries on the quadrant diagram individually, in order to suit each 
study region and the local sampling methods. 
 
Figure 5 shows a simplified example of how this can be done. The coloured dots in the biplot 
represent three macro-invertebrate samples taken from alcove/edgewater habitat at each of six sites 
in the upper Macquarie River catchment in the central west of New South Wales. One of the sites 
(blue dots) was in a forest area with very little human disturbance. Two others (pale and dark green 
dots) were in agricultural areas where high levels of stream turbidity, nitrogen, phosphorus and 
salinity are common. One site (yellow dots) was downstream of a disused metal mine, another was 
immediately downstream of a large dam (dark red dots) and the last site was on a small stream 
below the discharge point of a sewage treatment plant. The boundaries were set so that the samples 
from undisturbed sites fall in quadrant 1. 
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Figure 5. Example of a biplot of SIGNAL 2 (family) scores from 3 samples from each 

of 6 sites in the upper Macquarie River catchment, New South Wales. The dotted 
lines represent possible quadrant boundaries 
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With large numbers of samples, there will often be some overlap between disturbed and undisturbed 
sites. In these cases, setting the boundaries so that all samples for undisturbed sites are in quadrant 1 
may result in too many disturbed samples being in this quadrant. On the other hand, setting the 
boundaries of quadrant 1 to exclude all samples from disturbed sites may result in many samples 
from undisturbed sites being in quadrants 2, 3 and 4. In these cases, a compromise must be found 
between the two extremes. 
 
In many regions, there may be no undisturbed sites. A considerable amount of judgment is needed 
in such cases. If the best available sites are considered to be in good condition and well managed, 
the boundaries could be set so that such sites are in quadrant 1. If even the best sites available are 
considered to be degraded and poorly managed, the boundaries should be set so that these sites are 
somewhat outside quadrant 1. 
 
Since many users may lack the data or experience to set their own quadrant boundaries, suggested 
quadrant boundaries are listed in Tables 4 and 5 for various regions and the two principal habitats 
recommended for sampling. Because it is very difficult to provide general guidelines that deal with 
all local circumstances in different parts of Australia, it is highly recommended that users verify the 
appropriateness of these boundaries for local application. 
 
 

Table 4.  Suggested interim quadrant boundaries for different regions of Australia 
for alcove/edgewater habitat 

 
Region Boundary for 

number of orders-
classes-phyla 

Boundary for 
SIGNAL 2 
(OCP) 

Boundary 
for number 
of families 

Boundary for 
SIGNAL 2 
(family) 

Murray Darling basin above 
400 m elevation; coastal basins of 
Victoria and NSW; Tasmania 

7.5 5.5 19.5 5.0 

Murray Darling basin between 
400 m and 200 m elevation 

6.5 5.0 17.5 4.5 

Queensland east of the Great 
Dividing Range 

7.5 4.5 19.5 4.0 

Remainder of Australia 5.5 4.5 15.5 4.0 

 
 

Table 5.  Suggested interim quadrant boundaries for different regions of Australia 
for riffle habitat 

 
Region Boundary for 

number of orders-
classes-phyla 

Boundary for 
SIGNAL 2 
(OCP) 

Boundary 
for number 
of families 

Boundary for 
SIGNAL 2 
(family) 

Murray Darling basin above 
400 m elevation; coastal basins of 
Victoria and NSW; Tasmania 

6.5 6.0 17.5 6.0 

Murray Darling basin between 
400 m and 200 m elevation 

6.5 5.5 16.5 5.5 

Queensland east of the Great 
Dividing Range 

6.5 5.0 17.5 5.0 

Remainder of Australia 6.5 5.0 15.5 5.0 
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Dealing with variability 
 
Every macro-invertebrate sample taken from a stream is different. Catching macro-invertebrates is a 
haphazard business. Not every spot in the stream has exactly the same animals in it, so depending 
exactly where the sample is taken, a different group of macro-invertebrates will be caught. Also, 
each person samples a little differently, and some animals will get caught in the net while others 
will manage to escape. 
 
As Figure 5 shows, different samples from the same site will be scattered on the biplot. Therefore, it 
is unwise to draw conclusions from a single sample. Initially, at least three samples should be taken, 
preferably by different people or groups. If these show a wide scatter, or give contradictory 
indications, more samples should be taken until a clear picture emerges. 
 
The further away results are from the borders between quadrants, the more likely they are to signify 
the conditions represented by the quadrant in which they lie. Results close to quadrant boundaries 
indicate the need for more sampling. 
 
Relating macro-invertebrate results to other information 
 
It is always important to remember that SIGNAL 2 scores and biplots are a simple, rapid 
assessment and not a comprehensive assessment of a stream or even of its macro-invertebrates. The 
biplot provides an indication of things that may be affecting the macro-invertebrates at the site, 
such as water and habitat quality. 
 
Linking SIGNAL 2 assessments to other types of information will increase the weight of evidence 
and lead to more confident conclusions. Such information might include water quality test results, 
physical habitat assessments and assessments of other life forms, such as vegetation. Waterwatch 
manuals provide methods and guidance on how to undertake these types of assessments. 
 
It is also important to understand what may be influencing the stream: the land use in its catchment, 
the human activities that may be affecting it, and the infrastructure present, such as dams, drains 
and wastewater discharge points. It is difficult to interpret results from a single site in isolation. 
 
And what about wetlands? 
 
Most of the macro-invertebrate groups that occur in streams also occur in freshwater lakes, farm 
dams and other wetlands. However, the applicability of SIGNAL 2 to wetlands has not been tested. 
Some of the macro-invertebrate orders that have the highest SIGNAL 2 sensitivity grades are rare in 
wetlands, for example stoneflies and to a lesser extent mayflies and caddis flies. Therefore, 
wetlands are likely to have naturally lower scores than streams in the same region. 
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SIGNAL and AUSRIVAS 
 
The Australian River Assessment Scheme (AUSRIVAS) is a set of computer models that compare a 
macro-invertebrate family list from a sampling site (test site) with a data base from a large number 
of reference sites throughout Australia. The reference sites are those in each region of Australia that 
are believed to be least damaged by human activity. The AUSRIVAS models match the test site to 
appropriate reference sites for similar types of streams in the same State or region. If the test site is 
lacking the macro-invertebrate families that are expected to occur, according to the reference site 
data base, it is likely that the test site is in worse condition than the reference sites. 
 
The AUSRIVAS Web site can be visited at http://ausrivas.canberra.edu.au/. The site contains lots of 
information about macroinvertebrates and biological monitoring. A user name and password are 
needed to use the computer models. 
 
The AUSRIVAS models can also calculate a reference SIGNAL score for comparison with the 
actual score at a test site. However, AUSRIVAS is currently using the old version of SIGNAL, and 
there is some debate in the scientific community about how the AUSRIVAS should calculate the 
reference score.  Model outputs involving SIGNAL should be interpreted with caution until the next 
version of the AUSRIVAS is on line. 
 
It is also important to remember that in many regions of Australia, even the least damaged reference 
sites are far removed from their natural state. Therefore the AUSRIVAS reference data base does 
not represent a pristine condition. 
 
Scientific papers on SIGNAL 
 
The following articles in scientific journals provide more information on the origin and 
development of SIGNAL. A paper on SIGNAL 2 is currently in preparation. 
 

1. Chessman, B.C. (1994). The use of macroinvertebrates for the rapid biological assessment of 
streams in the Sydney region, New South Wales, Australia. pp. 235-245 in Classification of 
rivers and environmental health indicators. A joint South African/Australian workshop (ed. 
M.C. Uys). Water Research Commission: Pretoria, South Africa. Report No. TT 63/94. 

2. Chessman, B.C. (1995).  Rapid assessment of rivers using macroinvertebrates: a procedure 
based on habitat-specific sampling, family-level identification, and a biotic index.  Australian 
Journal of Ecology, 20, 122-129. 

3. Growns, J.E., Chessman, B.C., McEvoy, P.K. and Wright, I.A. (1995).  Rapid assessment of 
rivers using macroinvertebrates: case studies in the Nepean River and Blue Mountains, NSW.  
Australian Journal of Ecology, 20, 130-141. 

4. Growns, J.E., Chessman, B.C., Jackson, J.E. and Ross, D.G. (1997).  Rapid assessment of 
Australian rivers using macroinvertebrates:  cost and efficiency of six methods of sample 
processing.  Journal of the North American Benthological Society, 16, 682-693. 

5. Chessman, B.C., Growns, J.E. and Kotlash, A.R. (1997).  Objective derivation of 
macroinvertebrate family sensitivity grade numbers for the SIGNAL biotic index:  application 
to the Hunter River system, New South Wales.  Marine and Freshwater Research, 48, 159-172. 

6. Chessman, B.C. and McEvoy, P.K.  (1998).  Towards diagnostic biotic indices for river 
macroinvertebrates.  Hydrobiologia, 364, 169-182. 
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Table A1.  Order-class-phylum grades, arranged alphabetically 
 

Acarina 6 Conchostraca 1 Isopoda 2 Odonata 3 

Amphipoda 3 Decapoda 4 Lepidoptera 2 Oligochaeta 2 

Anaspidacea 6 Diplopoda 4 Mecoptera 10 Plecoptera 10 

Anostraca 1 Diptera 3 Megaloptera 8 Polychaeta 1 

Bivalvia 3 Ephemeroptera 9 Nematoda 3 Porifera 4 

Branchiura 1 Gastropoda 1 Nemertea 3 Trichoptera 8 

Bryozoa 4 Hemiptera 2 Neuroptera 6 Turbellaria 2 

Coleoptera 5 Hirudinea 1 Nematomorpha 6   

Collembola 1 Hydrozoa 1 Notostraca 1   
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Table A2.  Family grades, arranged alphabetically by order-class-phylum 
Acarina Arrenuridae 5 

Acarina Aturidae 6 

Acarina Eylaidae 5 

Acarina Hydrachnidae 4 

Acarina Hydrodromidae 5 

Acarina Hydryphantidae 5 

Acarina Hygrobatidae 7 

Acarina Limnesiidae 6 

Acarina Limnocharidae 7 

Acarina Mideopsidae 6 

Acarina Momoniidae 5 

Acarina Notodromadidae 1 

Acarina Pionidae 4 

Acarina Torrenticolidae 6 

Acarina Unionicolidae 6 

Amphipoda Ceinidae 2 

Amphipoda Corophiidae 4 

Amphipoda Eusiridae 7 

Amphipoda Melitidae 7 

Amphipoda Neoniphargidae 4 

Amphipoda Paracalliopidae 3 

Amphipoda Paramelitidae 4 

Amphipoda Perthiidae 4 

Amphipoda Talitridae 3 

Anaspidacea Koonungidae 1 

Anostraca Branchipodidae 1 

Bivalvia Corbiculidae 4 

Bivalvia Hyriidae 5 

Bivalvia Sphaeriidae 5 

Coleoptera Brentidae 3 

Coleoptera Carabidae 3 

Coleoptera Chrysomelidae 2 

Coleoptera Curculionidae 2 

Coleoptera Dytiscidae 2 
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Coleoptera Elmidae 7 

Coleoptera Gyrinidae 4 

Coleoptera Haliplidae 2 

Coleoptera Heteroceridae 1 

Coleoptera Hydraenidae 3 

Coleoptera Hydrochidae 4 

Coleoptera Hydrophilidae 2 

Coleoptera Hygrobiidae 1 

Coleoptera Limnichidae 4 

Coleoptera Microsporidae 7 

Coleoptera Noteridae 4 

Coleoptera Psephenidae 6 

Coleoptera Ptiliidae 3 

Coleoptera Ptilodactylidae 10 

Coleoptera Scirtidae 6 

Coleoptera Staphylinidae 3 

Decapoda Atyidae 3 

Decapoda Grapsidae 7 

Decapoda Hymenosomatidae 3 

Decapoda Palaemonidae 4 

Decapoda Parastacidae 4 

Decapoda Sundatelphusidae 3 

Diplopoda Siphonotidae 6 

Diptera Aphroteniinae (subfamily) 8 

Diptera Athericidae 8 

Diptera Blephariceridae 10 

Diptera Cecidomyidae 1 

Diptera Ceratopogonidae 4 

Diptera Chaoboridae 2 

Diptera Chironominae (subfamily) 3 

Diptera Culicidae 1 

Diptera Diamesinae (subfamily) 6 

Diptera Dixidae 7 

Diptera Dolichopodidae 3 

Diptera Empididae 5 
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Diptera Ephydridae 2 

Diptera Muscidae 1 

Diptera Orthocladiinae (subfamily) 4 

Diptera Pelecorhynchidae 10 

Diptera Podonominae (subfamily) 6 

Diptera Psychodidae 3 

Diptera Scatopsidae 1 

Diptera Sciaridae 6 

Diptera Sciomyzidae 2 

Diptera Simuliidae 5 

Diptera Stratiomyidae 2 

Diptera Syrphidae 2 

Diptera Tabanidae 3 

Diptera Tanyderidae 6 

Diptera Tanypodinae (sub-family) 4 

Diptera Thaumaleidae 7 

Diptera Tipulidae 5 

Ephemeroptera Ameletopsidae 7 

Ephemeroptera Baetidae 5 

Ephemeroptera Caenidae 4 

Ephemeroptera Coloburiscidae 8 

Ephemeroptera Leptophlebiidae 8 

Ephemeroptera Oniscigastridae 8 

Ephemeroptera Prosopistomatidae 4 

Ephemeroptera Siphlonuridae 10 

Ephemeroptera Teloganodidae (formerly Ephemerellidae) 9 

Gastropoda Ancylidae 4 

Gastropoda Bithyniidae 3 

Gastropoda Glacidorbidae 5 

Gastropoda Hydrobiidae 4 

Gastropoda Lymnaeidae 1 

Gastropoda Physidae 1 

Gastropoda Planorbidae 2 

Gastropoda Pomatiopsidae 1 

Gastropoda Thiaridae 4 
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Gastropoda Viviparidae 4 

Hemiptera Belostomatidae 1 

Hemiptera Corixidae 2 

Hemiptera Gelastocoridae 5 

Hemiptera Gerridae 4 

Hemiptera Hebridae 3 

Hemiptera Hydrometridae 3 

Hemiptera Mesoveliidae 2 

Hemiptera Naucoridae 2 

Hemiptera Nepidae 3 

Hemiptera Notonectidae 1 

Hemiptera Ochteridae 2 

Hemiptera Pleidae 2 

Hemiptera Saldidae 1 

Hemiptera Veliidae 3 

Hirudinea Erpobdellidae 1 

Hirudinea Glossiphoniidae 1 

Hirudinea Ornithobdellidae 1 

Hirudinea Richardsonianidae 4 

Hydrozoa Clavidae 3 

Hydrozoa Hydridae 2 

Isopoda Amphisopidae 1 

Isopoda Cirolanidae 2 

Isopoda Janiridae 3 

Isopoda Mesamphisopidae 3 

Isopoda Oniscidae 2 

Isopoda Phreatoicidae 4 

Isopoda Phreatoicopsidae 2 

Isopoda Sphaeromatidae 1 

Lepidoptera Pyralidae 3 

Mecoptera Nannochoristidae 9 

Megaloptera Corydalidae 7 

Megaloptera Sialidae 5 

Nemertea Tetrastemmatidae 7 

Neuroptera Neurorthidae 9 



 31 

Neuroptera Osmylidae 7 

Neuroptera Sisyridae 3 

Nematomorpha Gordiidae 5 

Notostraca Triopsidae 1 

Odonata Aeshnidae 4 

Odonata Austrocorduliidae (formerly part of Corduliidae) 10 

Odonata Coenagrionidae 2 

Odonata Cordulephyidae (formerly part of Corduliidae) 5 

Odonata Corduliidae 5 

Odonata Diphlebiidae (formerly Amphipterygidae) 6 

Odonata Gomphidae 5 

Odonata Hemicorduliidae (formerly part of Corduliidae) 5 

Odonata Hypolestidae (formerly Lestoideidae) 9 

Odonata Isostictidae 3 

Odonata Lestidae 1 

Odonata Libellulidae 4 

Odonata Lindeniidae (formerly part of Gomphidae) 3 

Odonata Macromiidae (formerly part of Corduliidae) 8 

Odonata Megapodagrionidae 5 

Odonata Protoneuridae 4 

Odonata Synlestidae 7 

Odonata Synthemistidae (formerly part of Corduliidae) 2 

Odonata Telephlebiidae (formerly part of Aeshnidae) 9 

Odonata Urothemistidae (formerly part of Libellulidae) 1 

Oligochaeta Enchytraeidae 4 

Oligochaeta Lumbriculidae 1 

Oligochaeta Naididae 2 

Oligochaeta Phreodrilidae 2 

Oligochaeta Tubificidae 2 

Plecoptera Austroperlidae 10 

Plecoptera Eustheniidae 10 

Plecoptera Gripopterygidae 8 

Plecoptera Notonemouridae 6 

Porifera Spongillidae 3 

Trichoptera Antipodoeciidae 8 
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Trichoptera Atriplectididae 7 

Trichoptera Calamoceratidae 7 

Trichoptera Calocidae 9 

Trichoptera Conoesucidae 7 

Trichoptera Dipseudopsidae 9 

Trichoptera Ecnomidae 4 

Trichoptera Glossosomatidae 9 

Trichoptera Helicophidae 10 

Trichoptera Helicopsychidae 8 

Trichoptera Hydrobiosidae 8 

Trichoptera Hydropsychidae 6 

Trichoptera Hydroptilidae 4 

Trichoptera Kokiriidae 3 

Trichoptera Leptoceridae 6 

Trichoptera Limnephilidae 8 

Trichoptera Odontoceridae 7 

Trichoptera Oeconesidae 8 

Trichoptera Philopotamidae 8 

Trichoptera Philorheithridae 8 

Trichoptera Polycentropodidae 7 

Trichoptera Tasimiidae 8 

Turbellaria Dugesiidae 2 

Turbellaria Temnocephala 5 
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Appendix 2: Example results and calculation sheet  
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Water Bug Survey Results Sheet 
USE THIS VERSION ONLY FOR: 

 Alcove/edgewater habitat  
Murray Darling basin above 400 m elevation; coastal basins of Victoria and NSW; Tasmania 

Group name:  .............................................................................................  Number in group:  ..................... 
Survey site:     ............................................................................................  Date sampled:        ..................... 
 

Weight table 
 

Number of 
specimens 
of bug type 
(column 1) 

Weight 
factor 

(column 2) 

1 – 2 → 1 

3 – 5 → 2 

6 – 10  → 3 

11 – 20 → 4 

Step 1:  Enter the number of specimens (i.e. how many) of each bug found in 
column 1 
Step 2:  Refer to the weight table for the correct weight factor for the number 
found 
Step 3:  Enter the correct weight factor for each bug in column 2 
Step 4:  Multiply the weight factor (column 2) by the bug grade (column 3) and 
enter the answer in column 4 
Step 5:  Add up column 2 (weight factors) 
Step 6:  Add up column 4 (bug value x weight factor) 
Step 7:  Divide total column 4 by total column 2 to calculate your SIGNAL score 
Step 8:  Add up the total number of bug types you found (NOT specimens) 
Step 9:  Use the interpretation chart to get an indication of the likely condition of 
your sampling area 

> 20 → 5 

 
 

WATER BUG TYPE 
Column 1 
Number of 
specimens 

Column 2 
Weight factor 

Column 3 
Bug grade 

Column 4 
Weight factor 
x bug grade 

Very sensitive to most pollutants     
  Stonefly nymph   10  
  Mayfly nymph   9  
  Alder fly larva   8  
  Caddis fly larva   8  
Sensitive to most pollutants     
  Horsehair worm   6  
  Water mite   6  
Moderately tolerant of most pollutants     
  Beetle or beetle larva   5  
  Yabby or shrimp   4  
  Dragonfly or damselfly nymph   3  
  Fly larva or midge   3  
  Mussel or clam   3  
  Nematode   3  
  Side swimmer   3  
Very tolerant of most pollutants     
  Flatworm   2  
  Freshwater slater   2  
  Moth caterpillar   2  
  Segmented worm   2  
  True bug or true bug nymph   2  
  Leech   1  
  Snail   1  
 TOTALS    
 

              Interpretation chart 
SIGNAL score = total column 4 = ____ =    
                    total column 2 

 
Above 
5.5 

Suggests toxic 
pollution or poor 
habitat 

Suggests good habitat 
and water quality 

Bug types found that are not on list: 

 
 

SIGNAL 
score  

Below 
5.5 

 
Suggests pollution 

Suggests high salinity 
or nutrient levels 
(may be natural) 

 Total No. of bug types found =   0 - 7 More than 7 
   Number of bug types 
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Appendix B - Draft Terms of Reference 

Guide for Biannual/Annual Progress 

Reports for Project Permits 

 

1 Introduction 

• Details of permit, ref number and name, date granted, expiry etc. 
• Purpose of report – reporting on compliance status of PP conditions as required by permit 

 

2 Project Description 

• Brief project description – should be the same in every report unless changes are 
anticipated  

• State any anticipated changes to project that may require permit amendment 
• Confirm compliance with TTV standard operational practices as presented in 

Operations Manual/OEMP and any reasons for deviation (refer to relevant document) 
 

3 Environmental  Monitoring Activities 

• Provide a summary of routine monitoring activities undertaken by TTV staff 
(daily/weekly/monthly/periodic) incl visual inspection/observations and 
sampling/testing. (Would expect a log book to be kept by TTV for each WTP) 

• Identify any constraints encountered (staffing, weather, access, community 
concerns, etc.) 

• Highlight areas where required monitoring (as per EIA/permit conditions) has not 
been undertaken, with reasons 

• Describe any environmental effects observed and actions taken to mitigate 
(operational adjustments, additional monitoring, notification to authorities 
NES/MOH) 

• Include any formal audits/site inspections undertaken by TTV, NES other parties. 

• Date 

• Purpose of audit 
• Summary of significant findings cross reference to any audit report included as an 

appendix 
 

4 Status of Compliance with Permit Conditions 

• Include list/table of permit conditions and comment on level of compliance including 
means of verification (log book entries, notifications etc.). 

 

5 Results of Environmental Monitoring 

• Compare results with environmental performance objectives (as per EIA) 

• Analyse monitoring data (graphs/tables) and identify/discuss trends 

• identify where any exceedance of standards has occurred and provide reasons 
• Recommend actions to ensure compliance with standards 

 

6 Summary and Recommendations 

 

Appendices 

All monitoring results to be included 

Photographs of key items discussed 


