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ABSTRACT 
 
Progressive treatment of domestic sewage wastewater at the Coleraine Waste Water 
Treatment Plant exploiting innovative biological purification methods utilising as a 
preference singularly or in combination: effective micro organisms; modern 
constructed wetlands; inventive secondary / tertiary treatments; and pioneering 
biofiltration / disinfection methods for an onsite organic horticulture farm.  
 
The project is linked to other anticipated benefits such as: production of high value 
horticulture farming onsite using organic practices and permaculture design methods; 
generating employment opportunities for identified groups such as local unemployed, 
youth, new settling immigrants and entrepreneurs; creating a diversified local 
economy; increasing marketing opportunities; linking with the Coleraine Community 
Garden; supporting the Eucalyptus Arboretum; increasing awareness of water as a 
precious resource; developing as an ongoing research and education showpiece; 
demonstrating to communities a treatment model to investigate / utilise and 
becoming a model project in collaborative efforts.  
 
The entire project from research, development and demonstration through to fully 
operational will embrace sustainable ethics and practice sustainable methods.  
 
HANDBURY FELLOWSHIP 
 
The consideration bestowed by the Handbury Fellowship for the wastewater project 
due to the foresight and community spirit of Geoff and Helen Handbury is greatly 
appreciated by the local community. We take this opportunity to express our gratitude 
to Geoff and Helen Handbury in recognition of their support. We are confident our 
project of a very real and practical nature with distinct short, medium and long term 
benefits will provide the expected outcomes.       
 
RMIT (HAMILTON) CENTRE FOR REGIONAL AND RURAL DEVEL OPMENT 
 
Based at the RMIT Hamilton Campus, the Centre for Regional and Rural 
Development with Associate Professor John Martin as Director has provided 
excellent facilities, expertise and guidance for this project. Collaborations in response 
to community demands and ideas are a hallmark of their area and this project 
exemplifies their commitment to this and other projects.  
 
COLERAINE AND DISTRICT DEVELOPMENT ASSOCIATION 
 
Following amalgamation of many shire councils throughout Australia in the 1990’s 
various communities feeling either disenfranchised or wanting to consolidate their 
presence with government initiated progress and development associations. After the 
local Wannon Shire was dissolved the Coleraine and District Development 
Association (CDDA) was formed.  
 
The CDDA is an incorporated not for profit entity comprising a diverse cross section 
of annually elected local community volunteers. Like many associations found 
throughout rural and regional Australia the CDDA is recognised by the community 
and government and is held in good standing. It is the premier committee 
representing Coleraine and the surrounding district. The committee primarily 
represents the community at large and on this basis forms the nexus between 
persons, entities and various levels of government interacting with the community on 
a formal level. As such it has the capacity to determine important social, cultural, 
environmental and economic directions and decisions on behalf of the community. 
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PROJECT OUTLINE 
 
On behalf of the Coleraine community I would like to acknowledge the generosity of 
Geoff and Helen Handbury and their community spirit in establishing such an 
important and valuable resource with their fellowship.  We recognise the quality and 
significance of an RMIT Handbury Fellowship and due to their philanthropic 
enterprise we are able to undertake such a practical project. We also thank the RMIT 
Hamilton Campus and especially the Centre for Rural and Regional Development 
(CRRD) with associate professor John Martin as director for their support with this 
project. It is a hallmark of the CRRD that they engage with the community and this 
project is typical of their responsiveness and commitment to our region. 
 
As Project Coordinator it is opportune that I live in Coleraine. Like many people in 
rural and regional communities in Australia I wear many hats. In part this is due to 
our physical and social closeness, community spirit and the realisation (possibly due 
to ‘isolation’) that to ‘get things done’ – you get involved. I am involved in a few 
associations, but relevant to this project I am a member of the Coleraine and District 
Development Association (CDDA) and have been contracted as a consultant to fulfil 
the role of project coordinator / researcher for the CDDAs RMIT Handbury Fellowship 
project.  
 
Our project of a very practical nature is: reuse of reclaimed domestic sewage 
wastewater at the Coleraine wastewater treatment plant utilising innovative biological 
treatment methods via a modified, pulsed flow, free water surface, constructed 
wetland to produce high class water for high value organic horticulture. 
 
This project evolved due to a few underlying factors. Namely, that Coleraine is:  
- a small close-knit community 
- a vibrant, thriving community with many interests 
- actively concerned with pursuing and enhancing our social, cultural, economic and 
environmental future  
- a rural community that is very much aware of our ‘natural’ surrounds 
- receptive to innovation if it ‘makes sense’   
- once we achieve an important endeavour we examine what can be done next 
 
These intentions are by no means exclusive to Coleraine but due to local context 
factors this is the type of community we live in and it reflects how we function.  
 
So, due more to a general ambition than a single motive, the CDDA on behalf of the 
community decided to pursue an application for a Handbury Fellowship to investigate 
the possibilities of using our wastewater, an underutilised precious resource, more 
effectively and thereby creating other benefits.  
 
In August 2003 we applied for a fellowship; November 2003 we were advised of our 
success; early 2004 funding became accessible and March 2004 we convened our 
first steering committee meeting.  
 
The projects functioning structure comprises three interacting units:  
- A Steering Committee overseeing the task with five representatives from; RMIT, 
Glenelg Region Water Authority (GRWA), CDDA and the ‘on-ground’ project team    
- An ‘on-ground’ Project Team developing the project comprising a locally based 
Project Manager and Project Coordinator  
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- A Treatment System Design Team investigating an appropriate treatment system 
comprising three RMIT Melbourne Campus specialists from the Civil and Chemical 
Engineering Faculty – Natural Resources Engineering 
There are many institutions, authorities and people involved in the project but one of 
the key entities is the GRWA. The GRWA is responsible for provision of reticulated 
public water supply and sewage services locally. The whole project is based at a site 
on land at the Coleraine Wastewater Treatment Plant which the GRWA owns and 
operates. When first approached at the idea stage they were very responsive to the 
concept of using the wastewater as a valued resource. Using the wastewater would 
also assist in mitigating storage issues. (Currently disposal of the wastewater is via 
evaporation and pasture irrigation). Following further discussions GRWA decided to 
make available land for the treatment system and horticulture area. After initial 
approaches from the community the Steering Committee are now the formal 
advocates for this part of the project. The viability of the project is only possible with 
GRWA collaboration and their exceptional support is greatly appreciated. 
 
Other important entities involved as responsible, referral or assisting authorities are 
the: Environment Protection Authority (EPA), Department of Sustainability and 
Environment (DSE), Southern Grampians Shire Council (SGSC) and Glenelg 
Hopkins Catchment Management Authority (GHCMA) 
 
Because we are using wastewater and wanting to apply it as a treated product for 
horticulture the EPA must, by law, consider the nature of the project and also allow 
the application of the treated wastewater. Accordingly, via a detailed submission and 
permit application we are applying for a Research, Development and Demonstration 
(RD&D) permit to conduct a pilot wastewater treatment plant. After approval we will 
be able to begin trials which involve monitoring, data collection and analysis (usually 
for a year). Then we can apply for full works approval (a very detailed process also 
involving Department of Human Services {DHS}) which will allow full function of the 
treatment process and use of the treated wastewater for horticulture. Investigation for 
EPA RD&D approval involves detailed research and background briefing into 
legislative requirements - all to satisfy criteria for approval. (A list of these vital 
documents is given in Part One, General Report, Essential Documents / Background 
Briefing section). The Project Coordinator and Design Team are collaborating in 
research, investigations and applications for approval. The information and support 
the EPA offers is excellent and their efforts in developing the project are valued.        
 
Also, since we are establishing a new use at the proposed site we must, by law, 
apply for a Planning Permit. This involves making a Planning Permit application with 
supporting submission to the SGSC and DSE. Also, one of the treatment system 
components is a constructed wetland using wetland plants. Because we want to 
source a small quantity of local wetland plants from a nearby creek we must, by law, 
seek permission to remove native flora. This is done via an application to DSE for a 
permit to remove native flora. Planning Permit permission involves detailed research 
and investigation into satisfying the relevant legislative requirements and application 
criteria. (A list of these vital documents is given in Part One, General Report, 
Essential Documents / Background Briefing section). The Project Coordinator in 
conjunction with the Design Team is preparing necessary undertakings for approval. 
The SGSC and DSE assistance to date and their efforts in providing information is 
also appreciated.      
 
Given that the GHCMA is the overarching entity responsible for waters and the local 
catchment area their involvement at this stage is primarily as courtesy briefings. 
However if we decide as part of the project to further investigate the possibility of 
returning some of the treated wastewater to a nearby ephemeral creek for 
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environmental flow reasons, then GHCMA involvement will be essential. So far the 
GHCMA have provided suggestions and ideas from a number of their personnel and 
their expert opinions are especially valued. 
So, to the project itself. Primarily, the project is developing the reuse of reclaimed 
domestic sewage wastewater at the Coleraine Wastewater Treatment Plant utilising 
innovative biological treatment methods via a resourceful treatment system to 
produce high class water for high value horticulture. But it is more than this. As well 
as a practical project in its own right it reflects upon and dovetails in with other new, 
ongoing and proposed projects.  
 
(Interestingly, it could be argued this project promotes ideas and actions concerned 
with an integrated sustainable community development approach contributing to a 
viable rural landscape. Basically, approaches embracing and implementing 
endogenous development concepts – themes that will be developed in the Final 
Report).  
 
The project is linked to establishing medium and long term direct and indirect benefits 
for the community.  
 
Direct benefits such as:  
- production of high value organic horticulture farming onsite using permaculture 
design methods 
- generating employment opportunities for identified groups such as local 
unemployed, youth, settling immigrants and new entrepreneurs 
- creating a diversified local economy  
- increasing marketing opportunities 
- linking with Coleraine community garden 
- supporting the Eucalyptus Arboretum 
- securing a level of fresh food supply  
 
Indirect benefits such as: 
- reinforcing the value in and awareness of wastewater as a precious resource 
- becoming an ongoing research demonstration site 
- developing as an educational experience 
- demonstrating to similar communities a treatment model to investigate / utilise. 
- showing to other communities the ‘nuts and bolts’ practicalities and approaches in 
achieving innovative projects 
- illustrating the value of and becoming a model project in collaborations with 
government, authorities and institutions 
- strengthening links with RMIT  
- contributing to restoration of environmental flows to a nearby ephemeral creek  
- increasing self sufficiency 
- increasing self reliance 
 
The entire project from research, development and demonstration through to fully 
operational will embrace sustainable ethics and practice sustainable methods. It must 
be affordable, operable and reliable. It is on this basis the project aims for:  
- low initial capital outlay 
- low maintenance costs 
- using simple technology 
- low embedded energy in materials 
- using renewable energy systems 
- using easily accessible materials 
- sourcing resources locally 
- adopting sustainable organic farming practices 
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- using permaculture design concepts 
 
 
With regard to the practicalities of implementing, constructing and developing the 
project to its full potential to date it is interesting to make some observations and 
mention some methods and approaches. 
 
Having a locally based on-ground project team is very advantageous. It means more 
informal updates and briefings can occur within and between the team, community 
and involved entities. Rather than through a more formalised structured process this 
flexibility and adaptability allows better responsiveness. The community and 
personnel within the entities are also familiar with the team members and vice versa. 
This familiarity assists greatly in creating rapport, community awareness, project 
acceptance, sourcing materials and passage of submissions / approvals.   
 
It should also be noted that there are features specific to the area that have greatly 
assisted us regarding the awarding of the fellowship, implementation of the project 
and in laying the groundwork to develop its full potential.  
 
Being a small rural community in a regional community means that familiarity with 
and access to government, authorities, institutions and entities is a lot easier than 
being lost in the maze of cities and large bureaucracies. This is a huge advantage. 
(Also Australians level of public accessibility to these bodies, their service efficiency, 
delivery efficiency and administrative system integrity are vital to this and other 
projects success). 
 
Foremost it is imperative on the community, as an individual or association, 
becoming involved in as many areas as possible with local entities, authorities and 
institutions on an ongoing and familiar basis. This is an obvious networking tool but 
often forgotten, unrealised or underplayed. Whilst it may not be immediately obvious 
the recognition and commitment demonstrated will be rewarded at some stage. Be 
prepared for the long haul and be persistent. 
 
Research and more research. In order to address various criteria that must be 
satisfied for granting of approvals this project involves the need for technical 
investigation and detailed legislative research (refer to the Essential Documents / 
Background Briefing list). In particular with various responsible and referral 
authorities: EPA for RD&D submissions; SGSC and DSE for Planning Permit 
submissions; DSE permission for taking of protected flora and GRWA site approval.  
 
Community and institutional awareness is another important factor. Creating 
awareness involves extensive briefings with the above responsible authorities as well 
as other entities, in this instance DHS and GHCMA. Also briefings with any interested 
groups. To date meetings with Japan Environment Exchange Australia and Food 
Industries Research Institute of Vietnam have also taken place resulting in project 
awareness, an exchange of ideas and possibilities of collaborations. Most importantly 
of all and fundamental to the long term success of this and any project is community 
awareness and education. Local meetings, briefings, discussions and accessibility to 
information regarding the project on a continuing basis are vital for success. 
 
With this project one factor in realising outcomes is the excellent collaboration 
afforded by the RMITs Centre for Rural and Regional Development, individual 
personnel within various authorities and notably the key advisors.  
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Especially vital to the development and ultimately the success of the project is the 
RMIT Design Team whose insight, investigations, commitment and ongoing efforts 
are outstanding. (In fact the bulk of the Final Report will reflect their work).   
As this is an interim report this outline can only be an overview of actions and 
observations to date, especially with regard to app lications, investigations, 
designs and systems.  
 
Also, parts of this interim report will be used as supporting documentation for 
RD&D and Planning Permit submissions to EPA, SGSC a nd DSE.  
 
The final report due late September 2004 will expan d upon many of the areas 
mentioned above and will include in depth analysis and descriptions of; 
processes, strategies, submissions, applications, p ermits, final designs, 
implementation, construction, data, reflections, hu rdles and successful 
outcomes.  
 
There will also be development of themes relating t o integrated sustainable 
community development, viable rural landscapes, inc reasing self-sufficiency, 
partnerships, local action and endogenous developme nt as it relates to the 
context of the community and the wastewater project  on a local and global 
scale. 
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PROJECT TIMELINE AND SIGNIFICANT OBJECTIVES 
 
February 2004  Funding Accessible 
March 2004  Initial Steering Committee Meeting 
March 2004  Design Team Meeting – Initial Design Brief 
March 2004  CDDA Meeting Update 
April  2004  Design Team Meeting – Modify Design 
April  2004  CDDA Meeting Update 
May  2004  Design Team Meeting – Enhance Design 
May  2004  CDDA Meeting Update 
June  2004  Interim Report at RMIT Hamilton 
June  2004  Interim Report to CDDA Meeting 
June  2004  Design Team Meeting – Final Design 
June  2004  Design Team Meeting – Horticulture / Marketing Brief 
June  2004  Steering Committee Meeting 
June  2004  DSE Permit to Take Protected Flora Submission  
    Approval 
June  2004  GRWA Site Submission 

Approval 
June  2004  EPA Research Development Demonstration Submission    
    Approval 
June  2004  SGSC Planning Permit Submission 
    Approval 
June  2004  DSE Planning Permit Submission     
    Approval 
June  2004  Community Planting / Site Development 
June  2004  Treatment System Construction 
July  2004  Treatment System Operating 
July  2004  CDDA Meeting Update 
July   2004  Start Treatment System Monitoring, Data Collection, Analysis  
August 2004  Steering Committee Meeting 
August 2004  CDDA Meeting Update 
September 2004  Final Report at RMIT Hamilton 
October 2004  Final Report to CDDA Special Public Meeting 
 
PROPOSED ADVANCED STAGES 
 
July to July 2004 / 5 Monitoring, Data Collection, Analysis 
February  2005  Enterprise - Expressions of Interest Called For 
May   2005  Enterprise - Expressions of Interest Considered 
June  2005  Analyse Data 
June  2005  Approve / Modify Treatment System Design  
July   2005  Application to GRWA for Second Stage Site Approval 
July  2005  Application to EPA for Full Works Approval 
July   2005  Application to DHS for Reuse of Reclaimed Water 
July  2005  Application to SGSC for Planning Permit 
July  2005  Application to SGSC for Building Permit (if required) 
August  2005  Enterprise - Finalised 
September 2005  Develop Full Treatment System    
October 2005  Initiate Full Horticulture Development 
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COLERAINE WASTEWATER TREATMENT PLANT DESCRIPTION 
 
COLERAINE WASTEWATER SYSTEM * 
 
(Current procedures as at June 2004) 
 
Major Components:  
 

Wastewater Collection System 
 
- gravity sewers collect all sewage which flows to low points 

 - one major pumping station pumps wastewater via rising main to plant  
- one minor pumping station pumps from sub catchment into the rising main  

 
Wastewater Treatment Plant 

  
- pre treatment or inlet works 

 - imhoff tank 
 - recirculation wheel 
 - sludge drying beds 
 - treatment ponds 
 - maturation ponds 
 - winter storage 
 

Wastewater Reuse System 
  

- reuse by irrigation to onsite pasture 
 

 
* For detailed descriptions refer to: 

 
Environment Improvement Plan – July 2002 
Operational Controls Part 3 
(2002?) 
Glenelg Region Water Authority 

 
 
For a description of TYPICAL SEWAGE / WASTEWATER TREATMENT 
PROCESSES see Appendix 9. 
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PLAN - COLERAINE WASTEWATER TREATMENT PLANT  
 
ENTIRE PLANT SITE AND IMMEDIATE ADJOINING PROPERTIES 
 
 
 
 

 
 
SCALE 1:2000 
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MAP – COLERAINE LOCATION SOUTH EAST AUSTRALIA   
 
STATE SCALE 
 
 
 

 
 
 
 
 
MAP – COLERAINE AND SURROUNDING DISTRICTS 
 
REGIONAL SCALE 
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MAP – COLERAINE TOWNSHIP AND WASTEWATER TREATMENT P LANT 
 
LOCAL SCALE 
 
 

Coleraine Wastewater Treatment Plant Area Approximate Only 

 
 
 
 
MAP – COLERAINE WASTEWATER TREATMENT PLANT AREA  
Shown with proposed treatment system area (white rectangle) approximate only 
 
SITE SCALE 
 
 

Coleraine Wastewater Treatment Plant Area Approximate Only 
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MAP - COLERAINE TOWNSHIP 
 
DSE SOUTHERN GRAMPIANS PLANNING SCHEME  
 
ZONES 
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MAP - COLERAINE WASTEWATER TREATMENT PLANT SITE 
 
DSE SOUTHERN GRAMPIANS PLANNING SCHEME  
 
ZONES 
 
RUZ RURAL ZONE 
 
NO OVERLAYS 
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ESSENTIAL DOCUMENTS / BACKGROUND BRIEFING 
 
Key to Fonts - 
 
Bold: Documents Essential to Project, mainly bureau cratic  
Underline: Documents Essential to Project, mainly technical  
Italic: Documents supporting Project, mainly research 
Normal: Documents supporting Project, mainly background 
 
 
PLANNING (SGSC, DSE, DOI): 
 
Southern Grampians Planning Scheme 
User Guide 
24 July 2003 
Department Of Sustainability and Environment 
 
Southern Grampians Planning Scheme 
Zones 
RUZ 
35.01 Rural Zone  
27 September 2001 
Department Of Sustainability and Environment 
 
Southern Grampians Planning Scheme 
Overlays (including schedules) 
Department Of Sustainability and Environment 
 
Planning a Short Guide 
Booklet  
ISBN 0731187245  
2001 
Department Of Infrastructure 
 
Applying For a Planning Permit in the Rural Zones –  A Guide for Applicants 
General Practice Notes  
February 2002 
Victorian Government 
 
Application for Planning Permit 
Generic Form 
Southern Grampians Shire Council / Department Of Su stainability and 
Environment 
 
Southern Grampians Planning Scheme 
Particular Provisions 
Department Of Sustainability and Environment 
 
Southern Grampians Planning Scheme 
General Provisions 
Department Of Sustainability and Environment 
 
Southern Grampians Planning Scheme 
Definitions 
Department Of Sustainability and Environment 
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Southern Grampians Planning Scheme 
Incorporated Documents 
Department Of Sustainability and Environment 
 
Municipal Strategic Statement 
 
State Planning Policy Framework 
 
Local Planning Policy Framework 
 
Victoria Planning Provisions 
 
Coleraine Urban Design Framework Report 
Prepared By 4D Form 
2003 
Southern Grampians Shire Council 
 
RESEARCH DEVELOPMENT AND DEMONSTRATION (EPA): 
 
Guidelines for Environmental Management - Disinfect ion of Treated Water 
Publication 730  
September 2002 
Environment Protection Authority Victoria 
 
Guidelines for Environmental Management – Use of Re claimed Water 
Publication 464.2  
June 2003 
Environment Protection Authority Victoria 
 
State Environment Protection Policy (Waters of Vict oria) 
Publication 905  
June 2003 
Environment Protection Authority Victoria 
 
Research Development and Demonstration Approvals 
http://www.epa.vic.gov.au/Industry/rdd.asp  
20 June 2003 
Environment Protection Authority Victoria 
 
Information Bulletin 
Guidelines for Applicants 
Research Development and Demonstration Approvals 
Publication 425a  
December 2001 
Environment Protection Authority Victoria 
 
Application Form Research Development and Demonstra tion Approval 
Form RD&D / 94 
Environment Protection Authority Victoria 
 
Environment Improvement Plans – An Overview 
Publication 938  
February 2004 
Environment Protection Authority Victoria 
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Application for a Permit to Take Protected Flora  
Flora and Fauna Guarantee Act 1988  
Department of Sustainability and Environment 
 
Environment Protection Act 1970 
section 19 A & section 19 D, E, F, and G. 
 
PROJECT DEVELOPMENT: 
 
Glenelg Region Water Authority EPA Annual Report July 2003 
Coleraine Wastewater Treatment Plant – EPA Licence Number EX 108 
Summary of Treatment Performance July 02 – June 03 
8 August 2003 
Glenelg Region Water Authority 
 
Coleraine Wastewater Treatment Plant – Water and Salt Management Plan 
Prepared By Ag Challenge Pty Ltd  
June 2002 
Glenelg Region Water Authority 
 
Site Assessment for Wastewater Reuse at Coleraine 
Prepared By Nolan ITU Pty Ltd  
August 1998 
Glenelg Region Water Authority 
 
Impact of High pH Effluent on Reuse Sites 
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Appendix 1: COMMUNITY NEWS INSERT APRIL 2004 
 
RMIT HANDBURY FELLOWSHIP UPDATE 
REUSE OF RECLAIMED WATER PROJECT  
 
Coleraine is benefiting from an interesting venture courtesy of the Coleraine District 
Development Associations successful bid for a 2004 Handbury Fellowship. In 
conjunction with RMIT University and Glenelg Region Water Authority a significant 
project is underway at the Coleraine Wastewater Treatment Plant.  
 
This is a very practical project investigating and developing an innovative wastewater 
treatment system utilising biological methods – basically a small scale modified 
constructed wetland. The high class treated water will then be used for a high value 
organic horticulture ‘farm’ on site.  
 
Medium and long term benefits include; reusing a precious resource, employment 
opportunities, diversification of the local economy, expanding the new community 
garden, linkages with other similar projects, further research opportunities, various 
horticulture opportunities and supply of fresh produce.  
 
The research phase is nearing completion and permission / development 
applications are being considered. Following approvals the next step will be 
construction of the treatment system. After initial trials the project proper will be 
operational next year. This project is generating a lot of interest locally and regionally 
with broad scale implications. (The project is even being considered for possible 
inclusion in an international environmental exhibition). 
 
This project is one we should all be proud of and reflects the vibrant progress of our 
community with a solid future. The worthy support being offered indicates our good 
standing and the willingness for investment in our potential. Thanks to the RMIT 
Handbury Fellowship this project once again shows the wonderful work being 
conducted by the community and our Coleraine District Development Association. 
 
For information contact your local project researcher Anthony Herford 0419 442 073 
or project manager John Kane 5575 2202. 
 
Appendix 2: COMMUNITY NEWS INSERT MAY 2004 
 
RMIT HANDBURY FELLOWSHIP UPDATE 
REUSE OF RECLAIMED WATER PROJECT  
 
The interim report investigating and developing the reuse of reclaimed water via an 
innovative treatment system at the Coleraine Wastewater Treatment Plant for high 
value horticulture will be delivered this week at RMIT. This project has reached a 
critical phase with final system designs and initial investigative reports completed. 
Following approvals next month we will see the construction of the pilot project at the 
sewage farm. In conjunction with local project members the RMIT Design Team is in 
Coleraine this week to finalise development procedures. This is a Coleraine and 
District Development Association project working in conjunction with the RMIT for our 
community and their work to date is outstanding. As always information is available 
at the CDDA meetings or from one of the members. The interim report will also be 
available for the community to view and discuss.  
 
For information contact your local project researcher Anthony Herford 0419 442 073 
or project manager John Kane 5575 2202. 
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Appendix 3: RMIT HAMILTON ENEWS UPDATE MARCH 2004 
 
RMIT ENEWS SNIPPET #1 MAR (unedited) RMIT HANDBURY FELLOWSHIP 2004 
 
March 2004 heralds the initial research phase for one of the recently announced 
RMIT Handbury Fellowships – Progressive treatment of sewage waste water at the 
Coleraine Waste Water Treatment Plant exploiting innovative biological purification 
methods utilising as a preference singularly or in combination: effective micro 
organisms; modern constructed wetlands; inventive secondary / tertiary treatments; 
and pioneering disinfection methods. The project is linked to other anticipated 
benefits such as: production of high value organic horticulture farming onsite using 
permaculture design methods; generating employment opportunities for identified 
groups such as local long term unemployed, disengaged youth and or new settling 
immigrants; and creating a diversified local economy increasing marketing 
opportunities. Principle research officer Anthony Herford will be based at the Centre 
for Regional and Rural Development RMIT Hamilton collaborating with other RMIT 
specialists including Dr Michael Waters.   
 
Appendix 4: RMIT HAMILTON ENEWS UPDATE MAY 2004 
 
RMIT ENEWS SNIPPET # 2 MAY (unedited) RMIT HANDBURY FELLOWSHIP 2004 
 
After research phases the RMIT Handbury Fellowship project developing a 
sustainable waste water treatment process utilising innovative methods for high value 
horticulture at the Coleraine Wastewater Treatment Plant has reached a significant 
objective. Following local community input and initial consultations with responsible 
and referral authorities, including EPA, DHS, GHCMA, GRWA and SGSC, the 
treatment process development team is on the verge of unveiling their unique 
system. The principle RMIT specialists comprising Dr Michael Waters, students Josh 
Russell and Kamile Horn will soon be submitting their final design to the local project 
facilitators for onward consideration and approval by EPA and SGSC. In a relatively 
short time the project has received notable support from the various entities and the 
local community. This awareness augers well for the next stage which involves the 
construction of the system. After implementation and following the monitoring 
process of the working system important social and economic benefits will flow to the 
community. Interestingly the project is part of the RMIT Globalism Institutes 
international research into Community Sustainability and Globalism. For information 
contact project researcher Anthony Herford based in the Centre for Regional and 
Rural Development at RMIT Hamilton campus. Telephone 03 5572 0536 Email 
anthony.herford@rmit.edu.au 
 
Appendix 5: RMIT HAMILTON ENEWS UPDATE JUNE 2004 
 
Handbury Fellowships 
 
Recipients of Handbury Fellowships for 2003 presented progress reports at RMIT 
Hamilton on 1st June. Rosalind Jones, of the Hamilton and Alexandra College, 
presented a summary of the project "Attracting New Teachers to the Region". 
Anthony Herford, on behalf of the Coleraine District Development Association, 
discussed progress on the innovative treatment of wastewater for proposed high 
value end use. Both projects are being assisted by research staff at RMIT Hamilton 
and RMIT Melbourne. Further details can be obtained from Shelagh Krummel on 
(03)5572 0532 or shelagh.krummel@rmit.edu.au. 
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Appendix 6: PRESS RELEASE JUNE 2004 
 
RMIT HANDBURY FELLOWSHIP  
USE OF RECLAIMED WASTEWATER PROJECT  
 
Coleraine is benefiting from an interesting venture courtesy of the Coleraine District 
Development Associations successful bid for a 2004 RMIT Handbury Fellowship. In 
conjunction with RMIT and Glenelg Region Water Authority a significant project is 
underway at the Coleraine Wastewater Treatment Plant.  
 
This is a very practical project investigating and developing an innovative wastewater 
treatment system utilising biological methods – basically a small scale modified 
constructed wetland. The high class treated water will then be used for a high value 
organic horticulture farm on site.  
 
The initial system will be a research, development and demonstration pilot. Following 
extensive monitoring and analysis full works approval is expected this time next year. 
 
This project is generating a lot of interest locally and regionally with broad scale 
implications. 
 
Medium and long term benefits include; reusing a precious resource, employment 
opportunities, diversification of the local economy, expanding the new community 
garden, linkages with other similar projects, further research opportunities, various 
horticulture opportunities and supply of fresh produce.  
 
The research and investigation phase is nearing completion and approvals are being 
considered. The next step will be construction of the treatment system due to start in 
June. After trials the project proper will be operational next year.  
 
The project is also receiving advice and support from various responsible and referral 
authorities involved in the project in particular locally based Glenelg Region Water 
Authority, Environment Protection Authority, Department of Sustainability and 
Environment and Southern Grampians Shire Council officers who are working closely 
with the group.  
 
The RMIT design team led by Dr Michael Waters is in Coleraine this week with 
locally based project officers to inspect the proposed site and finalise designs.   
 
The Interim Report is being delivered this week in Hamilton at RMIT with the Final 
Report due in late September 2004. 
 
This project has a solid future and is one the entire Southern Grampians area should 
be proud of as it reflects the vibrant progress of the region and the Coleraine 
community in particular. The worthy support being offered by the Handbury 
Fellowship and RMIT indicates the good standing and expertise within the community 
and the willingness for investment in the local regions potential.  
 
Thanks to the RMIT Handbury Fellowship this project once again shows the 
dedicated work being conducted by the community and the Coleraine District 
Development Association. 
 
For information contact the local project manager based in Coleraine Mr John Kane 
5575 2202. 



 28 

 
Appendix 7: SGSC COUNCILLORS & EXECUTIVE OFFICERS B RIEFING NOTE  
(appeared with initial treatment system design flow  chart) 
 
RMIT HANDBURY FELLOWSHIP PROJECT 2004 
 
UTILISING INNOVATIVE BIOLOGICAL TREATMENT TO PRODUCE HIGH CLASS 
WATER FOR HIGH VALUE HORTICULTURE AT THE COLERAINE 
WASTEWATER TREATMENT PLANT: REUSING RECLAIMED WATER VIA A 
MODIFIED PULSED FLOW FREE WATER SURFACE CONSTRUCTED WETLAND.  
 
 
Project Facilitator:   Coleraine and District Development Association 
 
Site Owner:   Glenelg Region Water Authority 
 
Site Operator:    Glenelg Region Water Authority 
 
Site Use:     Licensed Sewage Treatment 
 
Site Location:  Existing Licensed Coleraine Wastewater Treatment 

Plant 
 
Site Zone:     RUZ Rural Zone (No Overlays) 
 
Proposed System Design:  Modified Pulsed Flow Free Water Surface Constructed 

Wetland 
 
Proposed System Location:  Open Ground North-East Corner     
     Existing Coleraine Wastewater Treatment Plant 
 
Proposed System Total Area:Length 50 m Width 30 m Depth 2 m 
 
Proposed Total Area:  Length 70 m Width 30 m Height 1 m  

Total system area, infrastructure, maintenance area, 
buffer zone, horticulture area, and fence 

 
Entities / Stakeholders:  Handbury Fellowship 

Coleraine and District Development Association   
RMIT  
RMIT Hamilton  
Centre for Regional and Rural Development 
Globalism Institute 
Glenelg Region Water Authority    

 Environment Protection Authority 
Department of Sustainability and Environment 
Southern Grampians Shire Council  
Department Human Services 
Glenelg Hopkins Catchment Management Authority 
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Appendix 8: SUMMARY OF REGULATORY FRAMEWORK AND GUI DELINES 
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Appendix 9: TYPICAL SEWAGE / WASTEWATER TREATMENT P ROCESSES 
 
The treatment of Sewage or Wastewater conventionally involves a series of physical, 
chemical and/or biological processes to remove solids, organic matter, pathogens, 
metals and often the added nutrients. The components of wastewater treatment are 
generally described as the preliminary, primary, secondary and tertiary stages, with 
advanced treatment being added to the third stage when the effluent is to be returned 
to potable or near potable standard, the extent of treatment being determined by 
what is necessary to reliably reclaim the effluent to make it suitable for its eventual 
use or discharge. 
 
The preliminary stage involves physical screening of the arriving influent to remove 
coarse particles such as small stones, sand and gravel.  
 
The primary stage involves the removal of the most of the remaining particulate 
matter, involving comminution if necessary, followed by coagulation and/or 
flocculation before sedimentation. Alternatively, filtration can be applied after 
sedimentation. This processing will remove about half the suspended solids and 
reduce the biological oxygen demand (BOD), and will also remove about 10% of the 
nitrogen and phosphorus. If the primary effluent is to be discharged, it is likely to be 
disinfected. However, processing to only the primary stage is not now perceived 
adequate to meet current-day discharge standards. 
 
The options for the secondary stage usually involve a range of aerobic biological 
processes aiming to microbially metabolise the dissolved or suspended organic 
matter. These may involve using either slow rate suspended growth processes such 
as aerated lagoons and stabilisation ponds or faster processes such as activated 
sludge technologies. Alternatively, fixed film processes may be adopted such as the 
use of trickling filters. 
 
Some of the organic matter in the wastewater provides energy and nutrients for the 
microbial populations, the remainder being oxidised to carbon dioxide, water and 
other end products. A secondary sedimentation follows to remove the biomass 
produced. The biomass may then be treated by aerobic or anaerobic digestion, by 
composting or by other technologies. 
 
These processes remove up to half the nitrogen and convert the phosphorus to 
phosphates. There may be a further filtration of the effluent stream, which is then 
disinfected. About 80-95% of the BOD and suspended solids are removed in the 
secondary treatment. 
 
Tertiary treatment is usually the minimum for discharge to water bodies, particularly 
inland. Its processes involve further removal of colloidal and suspended solids by 
chemical coagulation and filtration, with the removal of specific metals, pathogens, 
and nutrients. 
 
Activated carbon can be used to adsorb hydrophobic organic compounds and lime 
can precipitate various cations and metals at high pH. 
 
Membrane processes including microfiltration and reverse osmosis are increasingly 
being adopted for the most advanced tertiary treatment processes beyond 
conventional filtration due to their ability to remove very fine particles from the 
effluent stream. In essence, the pores in the membrane are large enough to allow 
water molecules to pass through, but too small to permit the passage of salt, other 
minerals and large organic molecules. 
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Options for components of the wastewater treatment process have been summarised 
by Asano (1999), and are reproduced in Figure 1. 
 
 
Figure 1. Generalised wastewater treatment processe s and operations, and 
effluent reuse schemes (Asano 1999, adapted from As ano, Smith and 
Tchobanoglous 1985). 
 

 
 
 
 
 
Water Recycling in Australia 
Australian Academy of Technological Sciences and En gineering 
2004 
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PURPOSE 
 
The purpose of the project is to utilise waste products as value added resources; 
acting to both dispose of a waste product, and to create a useful resource. The 
project will utilize waste products (primarily treated water and waste sludge) from the 
Coleraine wastewater treatment plant for economic, social and environmental benefit.  
 
Value adding of these resources is to be achieved through high value horticultural 
activities on Glenelg Region Water Authority (GRWA) lands, and through 
environmental flows for surrounding waterways. It is also intended that the project, in 
its unique nature, act as a local attraction and an educational example for other rural 
communities. 
 
Key objectives of the project 
 
�  Utilise the economic and environmental benefits of the waste resource. 

 
�  Create an alternate and sustainable industry in the area (in the form of intensive 

horticulture), providing economic benefits and employment opportunities. 
 

�  Make the operation a unique local attraction (adding significance to Coleraine), 
via the use of alternate crops and integrated landscaping to enhance the 
attraction value of the operation. 

 
�  Offer an education value, providing an example of alternate industry and 

sustainable development for rural communities.   
 

�  Rejuvenation of the local environment through the restoration of a local waterway 
via environmental flows. 

 
Expected outcomes of the project 
 
�  Effective disposal of the treated effluent, without compromising the environment, 

whilst at the same time utilising the waste as a resource for operations.  
 
�  On site demonstrational horticultural plots, irrigated with treated wastewater 

effluent. The crops perceived to fulfil the objectives of the project most 
appropriately, namely Asian herbs and vegetables, and Australian wildflowers, 
are to be grown in trial plots. 

 
�  A community education and information facility, which provides conceptual and 

specific knowledge to both industry and the broader community. 
 
�  An environmental flows program for the Konong Wootong creek, which aims to 

restore environmental health through the simulation of storm events normally 
inhibited by the Konong Wootong creek. 
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SCALE AND DIMENSIONS 
 
The amount of treated wastewater effluent produced, and therefore prescribed for 
disposal/available for re-use, is estimated to be approximately 32ML/yr. The amount 
of waste sludge produced, along with its condition is not considered to be an amount 
able to be relied upon (or suitable) as a re-use commodity in the same way that 
wastewater is. For this reason it is only to be used as a landscape construction 
media, or soil conditioner/growth media for the limited sectors of the horticultural 
activities. After undergoing advanced treatment (making it suitable for use on food-
crops), the wastewater is to be utilized for environmental flows, and on-site 
horticultural activities. 
 
Horticulture 
 
Horticultural activities will encompass an area of the site estimated to be 
approximately 8ha. Irrigation water is to be applied via sub-surface drip techniques 
in-order to gain the maximum benefit and controlled management of flows. Irrigation 
is only to be undertaken under the correct climatic conditions to prevent damage to 
sensitive crops and the environment through waterlogging. At time when it is 
inappropriate to irrigate, irrigation water will be diverted to the storage pond. The 
types of crops to be grown are Asian herbs and vegetables (comprising 
approximately 5.5ha/ 70% of horticultural operations), and native Australian 
wildflowers (comprising approximately 2.5ha/30% of the horticultural operations). 
Due to the nature of the food-crops to be grown, water is to be expected to be of a 
grade suitable for direct contact with ingested parts of food-crops. 
 
Environmental Flows 
 
Environmental flows are intended to mimic the conditions in the stream system 
brought about by storm events and natural climatic conditions, which are inhibited by 
dam construction and water extraction further up-stream of the Konong Wootong 
creek. Water is to be discharged at rates that represent natural runoff and inflow 
events, and is to be discharged at a point in either the Konong Wootong or Bryans 
creeks, at a point that is both appropriate and viable.  
 
Where a clash between the needs of the environmental flows program and the needs 
of horticultural activities occurs, preference will be given to horticultural activities. 
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DURATION 
 
The nature of the operations to be undertaken, and the values sought, require that 
the project (after appropriate establishment) run for a duration that allows objectives 
to be observed. This duration is presumed to be approximately 1 year.  
 
An approximate 1-year duration would allow operation of the environmental flows 
over all seasons, thus providing the greatest information on the indications of 
environmental benefits, and allowing horticultural practices to undergo several 
cycles, providing the opportunity for analysis and adjustment of the system. 
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EMISSIONS- POTENTIAL ENVIRONMENTAL IMPACT 
 
Potential environmental impacts may result from emissions to land and water due to 
normal operations or failures of the system. Emissions from the operation will consist 
to a great degree, of treated wastewater effluent from environmental flows and 
irrigation system losses, and to a minor degree, leaching of constituents present in 
the waste sludge. 
 
Emissions to Land 
 
The treated wastewater effluent and waste sludge that will be used as part of 
operations will inherently be contacted with the soils on site and part of the Konong 
Wootong creek. Constituents present in the treated wastewater and waste sludge will 
inevitably enter the soil structure, where they may be stored in the soil structure, or 
may react with the soil structure. Salts, trace elements, and pH altering substances 
that contact the soil may change the soil structure by binding to soil particles- 
accumulating in the soil profile, or by degrading its structure through more complex 
chemical interactions. Constituents of leaching may also be transported through the 
soil profile to other environments such as the groundwater or surface waters. 
 
Emissions to Water/Groundwater 
 
Emissions to surface water and groundwater will result from infiltration and leaching 
of the irrigation water, and waste sludge. Thus the emissions to ground and surface 
waters will consist of the same emissions to land, and possibly the products that may 
result from the interaction between leached constituents and the soil profile. Once 
present in the groundwater, irrigation water (or its leached constituents) may act to 
alter the composition of the groundwater, and will be transported in the direction of 
flow throughout the aquifer, eventually emerging as part of stream bank 
storage/recharge of local waterways (presumably Konong Wootong and Bryans 
creeks). Emissions to surface water will result from surface runoff or soil infiltrations, 
due to failures or considerations of the drainage system. The emissions that reach 
surface waters may consist of the raw treated wastewater used for irrigation, or the 
constituents leached as a result of the irrigation waters’ interaction with the soil. Once 
in surface waters, emissions may circulate throughout the surrounding tributaries 
(Konong Wootong and Bryans creeks) before entering the Glenelg River and 
eventually the ocean. Unperceived emissions to surface waters may have adverse 
interactions with the complex environmental processes of the water and environment 
it supports. 
 
Although not perceived as an emission by the objectives of the project, 
environmental flows have the capacity to be recognized as an emission to surface 
waters by EPA standards. In this case, environmental flows can be considered an 
emission, with the scope to have the same impact, and travel in the same manner as 
emissions from runoff irrigation waters and waters infiltrated through the groundwater 
and soil profile. 
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PROPOSED ENVIRONMENTAL MONITORING 
 
Environmental monitoring of the operations will allow analysis of the impact of the 
operations on soil, water, and ecology both on and off site. Monitoring to assess the 
environmental impact and effectiveness of operations will occur on three levels.  
 
1. Treated wastewater effluent and waste sludge quality monitoring at outflow from 

treatment. Prior to re-use, the waste resources (wastewater and sludge) must be 
monitored to insure the suitability for horticulture and environmental flows. 
Wastewater to be used for horticulture and environmental flows must be 
monitored for its content of pathogens, pH, salts, and BOD so that impacts on the 
both the environment and the products of re-use are avoided. Waste sludge must 
also be monitored for the above, although pathogens are not so crucial because 
it is only to be used as a landscape and (wildflower) growth media, but may have 
importance where contact with groundwater is possible. 

 
2. Monitoring of the impact of operations (irrigated plots and stream rejuvenation) at 

the site of application, and end points of transportation of re-use resources. This 
comprises monitoring of the: 

�  Soils at point of application and surrounding soils in the direction of water 
flow (both on and off site). Soils will be monitored for their content of 
leached constituents of the waste sludge and irrigation water, and for their 
state of structural composition (or decomposition) as a result of 
interactions between such constituents and the soil structure. 

�  Groundwater composition and depth. Composition of the groundwater is 
to be established so that its beneficial uses can be maintained. The 
groundwater is to be monitored at the appropriate sites (both on and off 
site) of groundwater flow in-order to establish the degree and result of 
leaching. Groundwater depth is also to be monitored at the appropriate 
sites in-order to manage the possible effects on stream flow and 
horticultural activates. 

�  Surface water quality of surrounding waterways (principally Bryans creek 
and Konong Wootong creek). Surface waters are to be monitored for any 
interaction between the treated wastewater used for irrigation, the waste 
sludge, or the constituents therein. The quality and flow regime of the 
surrounding waterways is to be monitored for its natural qualities and any 
impacts or possibilities of leaching or changes to flow caused by and 
interaction between the re-used waste resources. This is to be achieved 
through up-stream and down-stream comparisons. 

 
3. Monitoring of the outcomes of operations; the effectiveness and quality of 

horticulture, and the environmental improvements/benefits shown as a result of 
environmental flows. Monitoring in this fashion will give indications of system 
failure, indications of the fulfilment of project objectives and outcomes, and an 
end-measure of the possible impacts or benefits arising from operations. 

 
Monitoring of the horticultural operations in this fashion will encompass:  

�  Water balances. The operation and effect of drainage and irrigation, and 
the uptake and utilization by crops 

�  The quality of crops. Crops are to be monitored for their quality (and signs 
of possible impact by constituents in the waste resources) at growth and 
harvest- this is particularly crucial where the food-crops are concerned. 
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Monitoring of the environmental flows program in this fashion will encompass: 
�  The environmental impacts of the flow regimes. The overall impact of the 

flow program; including the natural geology, hydrogeology, 
hydrochemistry, and ecology. 

�  The environmental values and conditions intended to be restored. 
Monitoring of particular environmental values, qualities, or properties 
focused is to occur in-order to ascertain weather the project is fulfilling its 
objectives, and that any impacts occurring are not a detriment to 
important aspects of the stream system. 

 
On a practical scale, the physical techniques employed to undertake monitoring on 
and around the sites of application will include such things as output water quality 
sampling, irrigation runoff water quality sampling, soil sampling, stream sampling, 
groundwater sampling, ecological and harvest sampling, water usage and flow 
gauging.  
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CONTINGENCY PLANS 
 
The WWTP already operates within EPA regulations without the proposed operations 
of the project. This fundamentally means that the system can be shut down and 
isolated it adverse environmental or operational conditions occur as a result of 
normal operations or system failures. 
 
The proposed contingency plans to be used are intended to both prevent adverse 
impacts from occurring, and to limit any adverse impacts in the case of environmental 
harm caused by the operations. Such contingency plans are likely to comprise: 
 

�  Full shut-down of irrigation practices if: 
o Failures in treatment allow effluent that is not up to standard to enter 

the outflow stream. The effluent is not suitable for application to land. 
o Adverse impacts in produce and environment are observed without 

reasonable explanation. 
 

�  Restricted use of the effluent for irrigation and environmental flows if: 
o Irrigation amounts exceed the capacity of horticulture (the soils and 

crop consumption), and environmental flows (the capacity and natural 
requirements of the stream). 

o Environmental conditions or manageable system adjustment dictate 
the suitable extent of re-use. 

 
�  Destruction of food-crops if suspected or known to have been contacted or 

contaminated with effluent that is not up to the required standard. 
 

�  Restriction or exclusion of environmental flows if: 
o Effluent is not considered to be of a standard beneficial to the 

environment as a whole, or the particular environmental values 
sought. 

o Unexpected environmental damage/impacts occur as a result of 
discharge rates/volumes or the composition of such discharges. 

 
Where waste resource quantities or parameters are considered unsuitable for the 
environment or operations of the project, effluent is to be re-entered into the 
treatment stream (if not treated to the required standard) for further treatment, or 
diverted to the existing storage pond (if quantities produced exceed the quantities 
able to be utilized) until its use can be appropriately undertaken. 
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ABSTRACT 
 
This report aims to examine low technology methods for increasing the quality of 
wastewater from the Coleraine Treatment Plant in order to re-use that water for high 
value horticulture 
 

Wastewater Reuse at Coleraine  
 
Introduction 
 
This project is a part of the Handbury Fellowship Program developed and sponsored 
by the Coleraine District Development Association Inc (CDDA) entitled, “Using 
treated wastewater for high value horticulture in rural communities.”  It is a 
collaboration of local community, industry and academia with the aim being to 
research currently available material on the further treatment of a small community’s 
wastewater facility in order to determine the suitability of using the water for far 
greater advantage than is presently the case.  The emphasis of the research is 
expected to be on using commercially available micro-organism products to further 
treat the waste so that it meets the standards for food production, preferably based 
on organic principles.   
 
RMIT’s School of Natural Resources Engineering was contacted by the Coleraine 
District Development Association (CDDA) in 2003.  The initial study evaluating the 
quality of the waste water and the regulatory requirements governing the use of 
wastewater for intensive agricultural production was completed by RMIT students 
Ben Spiteri and Michelle Simionato.   
 
This project is the second stage of RMIT’s contribution to the Handbury Fellowship 
investigation, and involves a detailed look at the treatment options.  After discussing 
the matter with the CDDA representative, Anthony Herford, it was concluded that 
what the CDDA want is a low technology and low budget method of treating the 
wastewater using locally available materials where possible.   
 
For the wastewater to be effectively used in high value horticulture it was agreed that 
the quality need to be increased to Class A EPA Standard.  At the suggestion of 
Michael Waters the project took on three separate focus areas in order to achieve 
this standard:  Wetland Treatment Systems, Biofilter Treatment Systems and Final 
Disinfection.  

 

Site Conditions 
Previous studies 
 

(Work in Progress) 

 

The Wastewater 
Description and table 
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(Work in Progress) 

Regulatory Requirements for Wastewater Reuse 

Legislation in Victoria 

Classification of Reclaimed Water 
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Auditing and Reporting 

(Work in Progress) 

Risk Identification and Management 

(Work in Progress) 

Environmental Improvement Plans 

(Work in Progress) 
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CONSTRUCTED WETLAND TREATMENT SYSTEM 

What is a wetland? 
 
Wetlands are widely regarded as “Nature’s Filter System”, providing protection for 
natural water resources such as rivers, lakes, estuaries and groundwater.  There 
term “wetland” is completely generic, in much the same way as “forest” is a generic 
term for a wide range of terrestrial ecosystems.  Wetlands are in fact more 
complicated than forests, combining aspects of terrestrial and aquatic or marine 
environments and like a forest ecosystem every wetland is unique with respect to its 
size, shape, hydrology, soils, vegetation and position in the landscape.  
 
Despite the varying nature of wetlands, they do share many aspects in common, and 
so there are some definitions available, although they are necessarily broad. For 
example: 
 
A wetland is defined as land having the water table at, near, or above the land 
surface or which is saturated for a long enough period to promote wetland or aquatic 
processes as indicated by hydric soils, hydrophilic vegetation and various kinds of 
biological activity which are adapted to the wet environment. (Kent, 2001, p.5) 

General Features of Wetlands that Contribute to Con taminant 
Removal 
 
This report has no need to enter into any detail regarding the different types of 
naturally occurring wetlands.  However it is necessary to spend some time examining 
the processes and features of wetlands which help to be such effective filters and 
removers of nutrients and environmental contaminants. For example, shallow water, 
low current velocity and the physical filtering action of plant stems provide favourable 
conditions for settling suspended particulate matter.  Wetlands also provide a range 
of media and environments for a large range of chemical and microbiological 
processes for nutrient removal and storage within the soil and vegetation. The total 
surface area available within the soil and detritus for microbial activity is extremely 
high in wetlands, and this activity is enhanced by the long periods of water retention 
in this zone. 

Types of Wetland Used for Wastewater Treatment 
The use of wetlands for wastewater treatment is now established technology, and is 
practiced worldwide. Wetlands constructed purposefully for wastewater treatment are 
generally classified as either free water surface (FWS) or subsurface flow (SSF) 
systems.  The terms are relatively self explanatory, however subcategories do exist. 
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Free Water Surface Wetlands 
 
FWS design typically incorporates a shallow layer of surface water, flowing over 
mineral (sandy) or organic (peat) soils.  Vegetation often consists of marsh plants 
such as reeds and rushes, but may include submerged and floating aquatic 
vegetation and wetland shrubs and trees.  FWS systems are suitable for the removal 
of organic material, SS, nitrogen, phosphorus, heavy metals and pathogens.  FWS 
systems are appropriate as a polishing mechanism for secondary and tertiary treated 
effluent, and for providing habitat.   
 
The environment within a FWS wetland varies from aerobic at or near the surface, to 
anoxic near the bottom sediments. The degree and depth of aeration achieved is 
dependant on a wide range of factors including temperature, wind speed, 
stratification and turbulence. Microbiological films growing on all surfaces are the 
main mechanism for pollutant removal, and the degree of oxygenation in the water 
near a surface will tend to be the main influence on the nature of reactions that will 
take place. 
 
The types of plants in a FWS system can vary across the whole range of wetland 
species.  The dominance of any one type of vegetation is often dependant on the 
application.  Water depth can be controlled to discourage emergent macrophytes, 
allowing the development of either a floating aquatic macrophyte (FAM) system or a 
submerged aquatic vegetation (SAV) system.  Different wetland cells in series may 
be of different types, or one wetland may be designed to contain all types. 
 
FWS wetlands are able to very closely mimic natural wetlands, and provide habitat 
for a wide range of animals.  Example Werribee 
 
 

  
(Source:  QDNR, 2000) 
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Subsurface Flow Systems 
 
As the name indicates, subsurface flow (SSF) wetlands are different from FWS 
wetlands in that the water flows along at a level beneath the ground surface.  This is 
made possible by growing the vegetation in a matrix of rock or gravel that the 
wastewater passes through in a horizontal or vertical fashion.  Unless the matrix 
becomes clogged up the top layer of the bed in horizontal flow systems will remain 
dry, and in any case there should never be a pool of free surface water while the 
system is operating properly.  They are suitable treatment of primary effluent and 
grey water, and are also used for the removal of high concentrations of organic 
material, SS, nitrate, pathogens and other pollutants such as from landfill leachate 
and industrial wastewater. Because the wastewater is below the surface, and the 
range of ecological niches is smaller, SSF systems tend to have lower species 
diversity than FWS systems, and also tend not to provide suitable habitat for wildlife 
to prosper in.   
 
The environment within a SSF wetland is mostly either anoxic or anaerobic.  Any 
excess oxygen supplied to the roots of the plants is most likely to be used up by the 
biofilm growing directly on the roots and not be released into the wastewater.  These 
systems therefore are more suited to denitrification (nitrate removal) than to 
nitrification (oxidation of ammonia) since oxygen is the limiting factor in nitrification. 
(DLWC, 1998)  Wastewater can be supplied to a SSF system either continuously or 
intermittently, and flow may be either horizontal or vertical.  In most systems the flow 
is continuous and horizontal, meaning that the wetland is continuously receiving 
water at one end and discharging it at the other.  In a vertical SSF system the water 
is applied to the matrix surface along the length of the wetland and is collected at the 
bottom of the matrix.  It is quite feasible to mix and match these variables to meet 
certain objectives.  For example, by intermittently loading a vertical SSF system, 
significant oxygenation of the biofilm occurs during the draining part of the cycle, 
enabling much higher rates of nitrification and subsequent denitrification.   
 
The SSF type of wetland has some advantages including a decreased likelihood of 
odour production and insect infestation. 
 
SSF wetlands are increasingly being used for small applications such as small 
community and individual home waste systems, where they are most suitable due to 
the fact that there can be no human contact with the waste due to it being under the 
surface. 
 



 50 

 
(Source: QDNR, 2000) 
 
 

Hybrid Treatment Wetlands 
 
With advances in wetland treatment knowledge continuing, it is possible to construct 
wetland treatment systems that combine elements of different wetland types in order 
to achieve specific pollutant removal.  For example, to enhance nitrogen removal in 
SSF systems it is possible to alternate horizontal flow beds with vertical flow beds or 
FWS cells. 
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Elements of Constructed Wetlands 
Vegetation is the most obvious and important feature of a treatment wetland. 
 
 
Zone Components 
Inlet Zone Inlet pool 

Inlet structures  
Splitter Box 

Macrophyte Zone Porous bed/substrate  
Open water 
Vegetation 
Islands 
Mixing baffles/flow diversions 

Deep Water Zone Usually deeper, submerged vegetation 
Littoral Zone Littoral area, shallow 
Outlet Zone Collection devices 

Spillway/Weir/Outlet Structures  
 
 
There are three main elements to a wetland system, these include; Pre-treatment; 
Inlet zone; and Macrophyte or Wetland zone.  
 
 

(Source:  Melbourne Water, 2002) 
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Inlet Zone  
 
Coarse sediment or excessive velocities can damage biofilms and smother or 
dislodge sensitive wetland vegetation. Removal of coarse sediment can be achieved 
by either: 
• installing a sediment trap as part of the pre-treatment; or 
• using the inlet zone pond as a coarse sediment trap (in addition to its energy 
dissipation role). 
 
Regardless of which method is used, 95% of all suspended sediment down to a 
particle size of at least 125 µm shall be removed for peak design flows.  Where the 
sediment trapping occurs in the catchment and a ‘natural stream system’ is used to 
convey the waters to a downstream wetland, a 2 year ARI flow shall be adopted as 
the design flow (ie: tighter restrictions are required to protect the natural stream reach 
from sedimentation). 
 
An ability to retain collected sediment for a period of up to 5 years between 
maintenance is a minimum requirement. 
 
Specific design requirements for the inlet zone include: 
1. The pond should be arranged such that the length to width ratio is between 5:1 
and 10:1 and has sufficient energy dissipation to rapidly reduce inlet velocities to 
below 1.0 m/s to aid sedimentation. 
2. The sediment trap shall be designed to ensure that batter slopes and/or fencing 
accommodate appropriate safety features. 
3. The sedimentation pond shall be designed with a maximum depth of between 1.5 
– 2.0 metres below the normal water level. 
4. Where possible the normal top water level of the inlet zone or sediment pond 
should be 0.5 m above the normal water level of the downstream macrophyte zone. 
5. Draw down and low flow bypass facilities are required to allow for the lowering of 
the normal standing water level by at least 0.5 m for plant to access the pond for 
maintenance. 
6. Hard stand areas must be provided adjacent to the inlet zone to allow for the 
maintenance and cleanout of this zone. The hard stand should be at least 3 metres 
wide and designed to be capable of supporting a twenty tonne excavation plant. 
Multiple areas should be considered where the pond is greater than 7 metres wide. 
Adequate space for dewatering must be provided. 
7. Access ramps and tracks into ponds cells and to all hard stand areas are required 
and must be capable of supporting 20 tonne excavation plant for maintenance. 
8. A method for identifying the base of the sedimentation pond when cleaning out 
collected sediment (eg. concrete base or identifiable sand) must be provided. 
9. The pond is to have a maximum width of 14 m to allow access with maintenance 
plant, unless approval is provided for long reach excavators or the construction of 
access ramps into pond. 
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Ephemeral Zone 
 
An ephemeral marsh leaf trap may be considered to trap leaf and other organic 
material prior to entering the wetland zone where the litter trap device cannot meet 
the design flow. Ephemeral zones may be more useful in areas where significant 
carbon loads such as residential catchments with established deciduous trees for 
example.  The ephemeral zone reduces the likelihood of the anaerobic 
decomposition of organic matter in the wetland. 
 
Specific design considerations for the ephemeral zone include: 
1. The leaf trap should be sized at 250 m 2 per m 3 /s for the design flow (1in 1 year 
ARI flow). 
2. The ephemeral zone should be notionally graded from the outer edges towards the 
low flow channel and from upstream to downstream. 
3. The shallow rock lined (D50 75mm) base flow channel shall be zigzagged through 
the area with ability for event flows to side caste to the adjacent benches which will 
be planted with ephemeral marsh plants. 
4. The design shall incorporate a number of raised mounds (with no heights greater 
than 100mm) that are approximately 45° to the oncom ing flows. 
5. Ephemeral marsh plantings shall be arranged in the offline cells to form a 
herringbone pattern parallel to the raised mounds. 
6. A porous rock wall (D50 250 mm) shall be provided across the downstream end of 
ephemeral marsh cell to facilitate flow attenuation and pooling in event situations. 
7. The benches and mounds shall be top soiled and planted with appropriate 
ephemeral marsh species. 
8. Given the susceptibility of erosion of the mounds in the construction stages it is 
preferable that they are formed by removing material from around the mounds rather 
than stripping the entire area and then building the mounds. 
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Wetland Zone 
 
The Wetland zone may also incorporate ephemeral areas and open water. 
 
The intention of a wetland zone is to remove sediment less than 125 µm through to 
sub micron particles and dissolved pollutants. Wetlands should be generally 
designed and constructed in accordance with Urban Stormwater: Best Practice 
Environmental Management Guidelines (Victorian Stormwater Committee, 1999). 
Specific design requirements for the wetland zone include: 
1. The wetland must be capable of treating at least the 3-month ARI flow. 
2. The maximum event or ephemeral stored water depth should be set in accordance 
with the planting requirements of the wetland system. Melbourne Water recommends 
depths between 400mm to 600mm above the normal top water level. 
3. The batters of the wetland are to be smoothed off to ensure no small reservoirs 
remain that provide breeding habitat for mosquitos. 
4. Deep marsh areas and sediment ponds should have a means to isolate and drain 
under gravity to allow maintenance activities. 
5. Where ephemeral benches are used to aid uniform distribution of flows across the 
wetland, allowance shall be made for low flow bypass and drainage for maintenance 
by the provision of appropriate pipework or porous rocked drains through the 
benches. 
6. All pits and structures shall be subject to a due diligence and safety audit. 
7. Materials used for all fixtures and controls shall be durable and essentially vandal 
proof.  All covered pits are required to have approved lids, and all uncovered outlet 
structures areas require to have approved grilles/grates. 
8. The use of any electrical controls or automated gate or valve systems are not 
encouraged. 
9. Constructed access ramp must be provided into the wetland zone capable of 
supporting twenty tonne maintenance plant to allow of the maintenance of the 
wetland zone. 
10. A minimum of 80 percent emergent macrophyte (vegetated marsh) zone is to be 
arranged in bands across the flow path. The remaining area, up to a maximum of 20 
percent, shall be allowed for submerged marsh and or open water areas (pools 
deeper than 1.2 metres). 
11. The macrophyte zone should have a sequence and mix of submerged, shallow, 
deep and ephemeral marsh zones that reflect the quantity of the water from the 
receiving catchment. The zones should be arranged in a banded manner and be 
perpendicular to the flow (see Figure 1). The wetland margins should be planted 
densely with robust sedges and rushes. 
12. A minimum of 150 mm of topsoil is required throughout the wetland cells and 
adjacent fringing ephemeral areas with a minimum of 5 percent organic content to 
assist the establishment of aquatic macrophytes. 
13. The outlet performance is required to provide a hydraulic regime to allow the 
establishment of shallow marsh vegetation in addition to ephemeral and deep marsh 
species. Riser or siphon outlets are best suited to provide the range of depths 
required. Allowances in the orifices shall also consider the variance in the seasonal 
base flow rates. 
14. Outlet structures should be designed and located so that they are maintainable, 
with inlets to orifices submerged to minimise clogging with debris. 
15. A wetland vegetation and weed maintenance program shall be established for a 
period of at least 24 months after the initial planting of the wetland. 
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Wetland Design Factors 
 
Managing High Flows 
 
Constructed wetland systems generally require a diversion (high flow by-pass) for 
flood flows to avoid mobilisation of collected pollutants, and damage to the biofilms 
and vegetation within the wetland system. Generally the bypass will come into use 
once the wetland has been filled to the event standing water level and there is a need 
to divert the incoming waters away from the wetland.  The high flow by-pass needs to 
be capable of passing flows above the design flow for the wetland through to a 5 year 
ARI storm. Flows greater than 5 year may overtop the wetland, but only at velocities 
below 1.0 m/s. Where site constraints limit the construction of a high flow bypass 
then a system that passively overtops the wetland for all flows at velocities well below 
1.0 m/s may be considered. (slabbed out of Melbourne water document). 

Suggested Macrophyte Species 

The plants used most frequently in constructed wetlands include cattails, reeds, 
rushes, bulrushes and sedges.  The most important characteristic of the plants in 
relation to the design is the optimum depth of water for the FWS system and the 
depth of rhizome and root penetration for the FFS system.   Metcalf & Eddy (1991) 
provided the following rules of thumb:  Cattails tend to dominate in water depths over 
0.15m Bulrushes grow well at depths of 0.05 – 0.25m.  Reeds grow along the 
shoreline and in water up to 1.5m but are poor competitors in shallow waters Sedges 
normally grow along the shoreline and in shallower water than bulrushes.  Cattail 
rhizomes and roots extend to a depth of approximately 0.3m, whereas reeds extend 
to more than 0.6m and bulrushes to more than 075m.   
 
Suggested macrophyte species for different soil types have been provided in 
Appendix 1 for wetlands constructed on Basalt derived soils, and Saline soils.  These 
have been selected because the site is comprised mostly of basaltic soils, and the list 
of plants suitable in saline soils was included because there may be some need for 
the plants to be salt tolerant.  These are general lists only of species which have 
been proven to be suited to constructed wetlands. 
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Safety Considerations 
 
Melbourne Water advises that the construction of any water body must include a risk 
assessment to be undertaken by a qualified professional.  The risk assessment shall 
consider the risk to the public during the construction and operational stages of the 
waterbody. The following provides some design criteria that may be considered: 
• A minimum offset of 15m, from the edge of waters to any allotment boundaries 
where there are back fences without private access provision or 25-30 m where there 
is access provision. 
• The edge of any deep open water should not be hidden or obscured by 
embankment or terrestrial planting unless measures precluding access are 
incorporated. 
• Approach batter slopes should be no steeper than 1:5 Vertical to Horizontal (V: H) 
unless there is special landscape edge treatment that will provide appropriate safety 
measures. 
• All boardwalks, piers, bridges and/or structurally treated edges installed and 
maintained by others are to have heights and or railings in accordance with design 
codes and satisfy inundation and safety criteria. 
• No formal access to water shall be invited unless there is appropriate safety 
benching. 
• All edges to wetlands shall have safety benches of at least 1.5m to 3.0 m wide from 
the edge of normal top water level (NTWL) position, except where transitions to 
culverts or waterways occur. The safety benches shall have a maximum grade of 1:8 
(V:H) for the first 1.5m –3.0 m before transitioning through 1:5 (V:H) grade over at 
least 0.5 m, prior to any steeper grades with a maximum of 1:3 (V:H) grades.  The 
safety bench shall be densely planted with emergent macrophytes such that casual 
entry will be difficult and that depths gradually increase beyond 150-200 mm before 
deepening. 
• In the case of open water bodies greater than 0.9 m deep a secondary safety bench 
may be required at 0.9 m. This is dependent on the batter slopes from the initial 
safety bench and depth of the deeper open water. 
• Interim fencing may be required between the construction and vegetation 
establishment where any component of the water body is deeper than 350 mm. 
• Permanent fencing and/or combined fencing and dense impenetrable plantings 
should be used adjacent to zones of deep water (greater than 350 mm at NTWL), 
areas where safety benches do not meet the width criteria, adjacent to potentially 
unsafe structures, areas where high velocities may be encountered or batters are 
steeper than 1:5 (V:H). 
• Maintenance access areas shall be signed, fenced and gated to discourage access 
where the basic safety measures above are not met. 
• Non-maintenance access to the top of weirs, orifice pits and outlet structures shall 
be restricted by appropriate safety fences and other barriers. 
• No public access is to be permitted into the wetland site during the construction 
phase. Appropriate fencing and signage must be provided during this phase. 
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Maintenance of a Constructed Wetland 
 
To ensure the successful and sustainable operation of the wetland system, a 
Maintenance Plan must be prepared by the developer that clearly identifies all 
maintenance tasks and frequency, and allocates maintenance responsibilities to the 
relevant authority. The Maintenance Plan must include a clearly labelled schematic 
layout of the site identifying all structures, plantings, open space, water bodies and 
paths. A Schedule of Responsibilities must be prepared that specifies the 
maintenance requirements and responsible authority for each component of wetland 
and surrounding area identified in the layout plan. The Maintenance Plan must be 
prepared in consultation with the relevant stakeholders and signed off prior to the 
completion of the detailed design. The agreed wetland maintenance plan must be 
implemented for a period of three (3) years, at a cost to the developer, and to the 
satisfaction of the local municipality and Melbourne Water as applicable.  This will 
ensure that the sediment trap is maintained for optimum performance during the 
development stage prior to hand over to the ultimate management agency. Collected 
sediment within the trap or inlet zone of a wetland is to be removed immediately prior 
to hand over. 
A range of defect liability periods will apply to constructed wetlands; 
• Civil assets – 3 months. 
• Soft engineering – 12 months. 
• Landscape revegetation & wetland plantings – 24 months. 
 
A sample maintenance plan and typical schedule of responsibilities is included in 
Appendix 4. >>>> slabbed from Melbourne Water Wetland Design Guide 
 

Recommendations 
 

(Work in Progress) 
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BIOFILTER 
 

What is a Biofilter? 
 

What are the principles that make a Biofilter work 
 

Three examples of Biofilters 
 

Elements of a Biofilter 
 

Biofilter Mediums 
 

Recommendations 
 

(Work in Progress) 
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DISINFECTION SYSTEM 

The need for effective disinfection of wastewater 

Disease Hazard 
 
A very large number of different disease producing organisms can be found in the 
faeces of ill or apparently healthy people, and as such all sewage should be 
considered contaminated beyond any reasonable doubt.  The main microbial agents 
of concern are the pathogenic bacteria, viruses, helminths, protozoa and spirochetes.  
These include (but are not limited to) bacteria associated with shigellosis and 
salmonella infections, viruses associated with hepatitis A and viral gastroenteritis, 
helminths associated with ascariasis and trichuriasis, spirochetes associated with 
leptospirosis and protozoa associated with amoebic dysentery and giardiasis.  Add to 
these are a range of non-specific diarrhoeas, secondary skin infections through 
scratches  and open wounds and infections of the eye nose and throat, and it is clear 
that the heavy regulations regarding human contact with wastewater in Victoria are 
totally warranted. (Salvato et al. 2003 pp. 535-6) A summary of the major pathogenic 
micro-organisms and their resultant effects on human health is provided in Appendix 
2. 
 

Effectiveness of current treatment 
 
Somewhere else? 

 
(Work in Progress) 
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Principles of Disinfection using Ultraviolet Light 
 
Ultraviolet radiation is the part of the electromagnetic spectrum between 100nm and 
400nm.  This is further divided into UV-A (black light), UV-B (sunburn or erythemal 
radiation), and UV-C (germicidal radiation). 
 
 

 
 
 
The optimum wavelength to effectively inactivate microorganisms is in the range of 
250nm - 270 nm.  When UV radiation penetrates the cell wall of an organism, it is 
absorbed by the DNA and RNA, which either prevents reproduction or causes cell 
death to occur. 
 
The effectiveness of UV disinfection depends on the characteristics of the 
wastewater, the intensity of UV radiation, the amount of time the microorganisms are 
exposed to the radiation, and the reactor configuration. For any one treatment plant, 
disinfection success is directly related to the concentration of colloidal and particulate 
constituents in the wastewater i.e. the only UV radiation which is effective in 
destroying the micro-organisms is the UV radiation which reaches the organisms.  
Because of the very short distance over which UV radiation is effective, and to 
mitigate the effect of any turbidity, the water is exposed to the UV as a thin film. 
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Summary: Advantages and Disadvantages of Ultraviole t Treatment 
 
Advantages 
 
• Effective at inactivating most viruses, spores, and cysts. 
• It is a physical process rather than a chemical disinfectant – eliminates the need to 
handle and store toxic/hazardous or corrosive chemicals. 
• There is no residual effect that can be harmful to humans or aquatic life. 
• The process is user-friendly for operators. 
• Has a shorter contact time when compared with other disinfectants (approximately 
20 to 30 seconds with low-pressure lamps). 
• Requires less space than other methods. 
 
Disadvantages 
 
• Low dosage may not effectively inactivate some viruses, spores, and cysts. 
• Organisms can sometimes repair and reverse the destructive effects of UV through 
photo reactivation, or in the absence of light "dark repair." 
• A preventive maintenance program is necessary to control fouling of tubes. 
• Turbidity and total suspended solids (TSS) in the wastewater can render UV 
disinfection ineffective. UV disinfection with low-pressure lamps is not as effective for 
secondary effluent with TSS levels above 30 mg/L. 
• UV disinfection is not as cost-effective as chlorination, but costs are competitive 
when chlorination dechlorination is used and fire codes are met.  (USEPA, 1999) 
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Solar Disinfection 
 
Every day the sun radiates huge amounts of solar energy of wavelengths that cover 
the ultraviolet, visible, and infrared bands; however, not all gets to ground level due 
to phenomena involving reflection, scattering (radiation deflected in all directions), 
and absorption of radiation to different degrees by atmospheric constituents. The 
amount of reduction varies for different wavelengths, depending on the length of the 
atmospheric pathway; this is affected by the altitude of the sun, latitude, season, 
cloud coverage, and atmospheric pollutants. 
 
Total radiation received at ground level includes direct radiation, as well as indirect or 
diffuse radiation (caused by reflection and scattering). The percentage of diffuse 
radiation may be more than 10% of the total solar radiation during daylight hours, but 
could go up to 20% during sunrise and sunset (Acra et al, 1984). This makes evident 
that in the presence of clouds, and during the early morning and late afternoon, the 
total solar radiation received at ground level will be greatly reduced. It is very 
important to be aware of these facts in order to properly utilize solar radiation towards 
the destruction of micro-organisms. 

The Evidence 
 
There have been many studies done around the world on the topic of Solar 
Disinfection. The main interest in developing this kind of technology is the low costs 
involved in its application and its simplicity: “the sun kills the harmful bacteria present 
in contaminated water.”(Cervantes, 2002)  Many studies have shown that various 
bacteria and viruses of serious concern are reduced significantly when exposed to 
solar radiation. This short overview aims to present the basis of some of the main 
influencing factors on the effectiveness of solar disinfection.  However despite 
evidence indicating that solar disinfection is effective and possible on a small scale, I 
could not find any incidences of continuous systems actually operating anywhere in 
the world. 
  
A note on Units :  the units of solar irradiation intensity (or of any section of the solar 
magnetic spectrum) are watts per square metre.  For photobiological research the 
unit is Fluence (F), which is intensity x time: F = I.T (W.h/m2) 
 
Solar disinfection is based on the fact that UV light in a range of 315 to 400 nm, also 
known as UV-A, is able to cause DNA damage in living cells, thus inactivating the 
cell. This fact has been corroborated in various studies  including Acra et al, 1984; 
Moulton, 1999; Wegelin et al, 1994; ENPHO, 2000; Khayyat, 2000; Smith, 2001; and 
SANDEC, 2002a.(Cervantes, 2002) 
 
UV-A is the component present in sunlight believed to be mostly responsible for the 
inactivation of microorganisms. The exact reaction paths and chemical/compounds 
involved in the interactions of microorganisms with UV light are not known. Some 
studies suggest that UV-A and UV-B light directly interacts with essential 
components of living cells, changing the molecular structure and leading the cell to 
death (SANDEC, 2002b). Others suggest that absorption of UV-A and UV-B light 
occurs through photo-sensitizers leading to the production of highly reactive oxygen 
species that cause strand breakage and base changes in the nucleic acids of 
microorganisms (Reed, 1996; Smith, 2001).  
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In some cases these effects may be repaired by some microorganisms. In this case 
the damage caused to the cell will depend on its ability to repair, compared to the 
inactivation rates of the technology used. Different studies show that exposure of 
microorganisms to a threshold of 500W/m 2 (integrated energy over the entire 
spectrum) for approximately six hours assures total inactivation, leaving the cells 
without the ability to reverse the lethal effects caused by UV-A radiation (SANDEC, 
2002a, Wegelin, 1994). 
 
In order to get a 3-log reduction of E.coli, a solar radiation fluence of 555Whr/m 2 
dose (wavelengths between 350-450 m) was required. This radiation is equal to 
approximately 5 hours of solar exposure in a midday mid-latitude summer sunshine. 
(Wegelin et al, 1994) 
 
It is of great importance to recognize that solar disinfection will not result in sterile 
water, since different natural water micro-organisms such as algae may be well 
adapted to the environmental conditions of the solar disinfection system. However, it 
is also important to mention that these organisms are not considered a danger to 
human health. 

Effect of Increasing Oxygen 
 
Reactive oxygen species such as superoxides, hydrogen peroxide, and hydroxyl 
radical  
(-OH), are responsible for the lethal changes caused by UV-A at a cellular level in 
micro-organisms. Based on these findings, many studies have suggested the 
presence of oxygen as an additive for improving solar disinfection systems. Photo-
oxidative disinfection will then work, if the oxygen concentration present in the 
system is large enough to create oxygen photoproducts. Previous work with and 
without oxygen has shown that in most cases increasing the amount of oxygen 
present in the system improves the overall removal efficiency of the system. 
(Cervantes, 2002) 

Synergistic Effect with temperature 
 
In addition to UV, water also absorbs red and infrared light creating heat, which could 
lead to pasteurization if it reaches a certain temperature (see Table 2.3). The 
combined effects of radiation and heating to temperatures of 50 or 60 o C, provide a 
synergistic germicidal effect against viruses, bacteria and parasites, more powerful 
than each one of them on their own (Sobsey, 2002). 
A water temperature of about 30 o C, and a total fluence of 555Whr/m 2 UV-A light 
(340-450W/m 2 radiation during approximately 6 hours of mid-latitude midday 
summer sunshine) is enough to cause a 3-log reduction of faecal coliforms in the 
exposed water. (Wegelin,) At this temperature, the only cause of the inactivation of 
microorganisms is solar radiation. However, with a temperature of about 50 o C, a 3-
log reduction of faecal coliforms occurs with an irradiation of only 140Whr/m 2. This 
is equivalent to only one hour of exposure time (SANDEC, 2002). 
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Thermal resistance of micro-organisms. Source:? 
 

Turbidity 
 
Turbidity is of singular importance regarding the efficiency of solar radiation for 
disinfection. It is a measure of the degree to which light is scattered by suspended 
particulate material and soluble coloured compounds in the water, including clay, silt, 
finely divided organic and inorganic matter and microscopic micro-organisms. 
Turbidity is measured in Neophelometric Turbidity Units (NTU), and gives a measure 
of scattered radiation. 
The presence of suspended solids scatters the solar radiation that enters in the 
water, thus reducing the inactivation effect of solar disinfection. It is generally 
accepted that solar disinfection should only be used for water with turbidity below 30 
NTU (Sobsey, 2002, Wegelin et al, 1994, E-Conference, 2002, Acra et al, 1984). It is 
necessary for water to be pre-treated if it does not meet this basic requirement. 
 

Solar Disinfection Systems 

SODIS 
(Acra, 1984;) 
The system that has been most widely used and studied is the one known as SODIS 
(SOlar DISinfection). The idea originally came from Acra in 1984 but has been 
extensively studied by many people since then, including… 
 
The success of this technology is basically due to its simplicity, practicability, and low 
cost. It is very important, before any application of SODIS is done, to check for the 
feasibility of meeting the threshold of 500W/m 2 (all spectral light) for five hours.  
SODIS is a fantastic concept and has wide applicability for improving the standard of 
drinking water in many remote areas in the developing world, however for the 
purposes of this investigation, the SODIS method is inappropriate and will not be 
discussed beyond this basic description. 
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Principle of SODIS 
 
The treatment consists of four basic steps:  
1) Remove turbidity from water to be treated if it is above 30 NTUs  
2) Put the water to be treated in a characteristic vessel  
3) Aerate the water by vigorous shaking  
4) Expose the vessel to solar radiation for a certain designated amount of time. 
 

 
 
(Acra, 1991) 

 

Semi-Continuous SODIS  
(Cervantes, 2002) 
 
This system is a combination of SODIS and Continuous Solar Disinfection systems. 
Semi-Continuous SODIS is a manual intermittent system where the operator opens a 
valve during a certain period of daylight, and closes it during night time. The system 
consists of a reactor made out of multiple sets of two glued PET bottles placed in 
parallel, where the water to be treated passes through and is exposed to solar 
radiation. The water is fed to the system through a piping system connected to a 
source of microbial contaminated water. 
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Continuous Solar Disinfection Systems  
(Acra, 1987; Wegelin, 1994/1997; Caslake et al., 2003) 
 
Another approach to solar disinfection systems, which has not been as broadly 
studied, is continuous solar disinfection. Continuous solar disinfection has already 
been tried in different studies made by Acra et al (1987), Wegelin et al (1994 and 
1997) and Caslake et al (2003). After having determined the efficiency of solar 
disinfection in the SODIS method, the next obvious step was to develop a continuous 
flow system applying the same fundamental principles. Even though good results 
with respect to microbial inactivation efficiency were observed, further studies are 
required and no working systems exist. 
 
Principle of Continuous Solar Disinfection System 
 
Continuous disinfection systems combine the temperature effect and radiation to 
obtain a more efficient and quick disinfection. Usually the proposed design consists 
of a continuous reactor, or exposure reactor, where the water is exposed to direct 
solar radiation with a specific exposure area over a certain period of time, and in 
some cases a heat exchanger. 
 
The important variable in this system is the residence time, or exposure time per unit 
volume, that water to be treated needs to receive in order to reach the solar radiation 
threshold of 500W/m 2 (all spectral bands) for five hours (Wegelin et al, 1994; 
Wegelin et al, 1997; SANDEC, 2002b, SANDEC, 1998). One of the disadvantages of 
this system, but in common with SODIS, is that the tank reactor cannot be very deep, 
due to the fact that in about the first 10 cm, the solar radiation reduction is about 80% 
(Wegelin et al, 1997). Thus areas needed for single tank reactors are very large.  
The purpose of this approach is to be able to supply water at any given time 
continuously, without having to wait for two days to have safe drinking water. 
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The lack of take up of the technology is probably more to do with the fact that it was 
developed with the aim of providing safe drinking water in developing countries, and 
has been considered too expensive to set up for a household in those conditions.  
However for wastewater treatment in Australia it may not be too expensive. 
 
The major drawback though is the limited volume of water being produced. 
 
However this system has not been so popular due to its complexity and the high 
equipment costs (due to the necessity of more sophisticated equipment). Thus, it 
may not be affordable at the household economic level in most developing countries. 
 
 

 
 
 
 
 

 
 
Basic Elements of a Continuous Flow Solar Disinfection Unit  
(Source: SODIS – Nepal) 
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(Acra et al., 1987) 
 
(Caslake et al, 2003) 
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Disinfection Using High Powered UV Bulbs 
 
Although the germicidal activity of irradiation with UV lamps has only been known 
since the early part of the 20th century, this method of disinfection has a well-
documented ability to inactive some of the most resistant waterborne, chlorine-
resistant protozoa and cysts, at doses below 10mJ/cm 2. 
 
Disinfection is usually accomplished with mercury arc lamps containing elemental 
mercury and an inert gas in a UV-transmitting tube (usually quartz). At a household 
level, these lamps are submerged in water or mounted above a thin layer of the 
water to be irradiated. This system does not create taste, odours or toxic chemical 
by-products; however, the lamps do need an electrical source and need to be 
cleaned and replaced periodically. Moreover, the technology lacks residual 
disinfectant for further use. 
 

How does it work? 
 

Examples of commercially available units 
 
Trojan catalogue 
 

Solar Powered UV Disinfection 
 
This method of disinfection is effectively the same as that outlined above in that it 
uses electrically generated UV radiation.  The major difference is that the source of 
that electricity is photo-voltaic cells.  This has been developed primarily for water 
purification in areas where there is no mains power.  However in light of the CDDA’s 
desire to use non-polluting technology, this technology allows the disinfection unit to 
run without generating any greenhouse gases, which is the only environmental 
drawback of conventional UV treatment systems. 

Example of a commercially available unit 
 
There are actually a range of solar powered disinfection units on the market, with 
most combining a filtration system with a UV radiation treatment.   
 
Aqua Sun’s water filtration and disinfecting systems offer the following features: 
• Solar Photovoltaic electrical producing panels, battery powered or 12-volt DC 
systems; 
• Water purification with waterborne contaminant removal down to a 0.5 micron with 
a carbon block filtration system; 
• Water purification with disinfection of micro-organisms up to 99.999999% with an 
ultraviolet disinfecting process; 
• Portable or stationary, wall or ground mounted models; 
• Scale - sized and output capabilities range from 4.54 litres per minute up to 204 
litres per minute or more; 
• Daily water production rates from 454 litres up to 68,000 litres per day or more.  
Source: www.aqua-sun-intl.com 
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Another example of a commercially available unit is the Triangular Wave 
Technologies Inc Transportable Water Treatment System 
 

 
 
 
 
Is solar disinfection actually possible? 

Why isn’t it being used then? 

Recommendations 
  
Tentative. 
 
Although it is tempting to say that continuous solar disinfection is a feasible option, in 
fact there is no system available and so one would have to be designed specifically 
for the Coleraine site.  The costs associated with the development of this technology 
could be prohibitive.  I believe that the best option at this stage would be to install a 
small commercial UV treatment system such as the… 
 

(Work in Progress) 
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APPENDICES 

Appendix 1:  Suggested Macrophyte Species for Wetla nds 
 
Suggested macrophyte species for different soil types have been provided for 
wetlands constructed on Basalt derived soils, and Saline soils. These are general 
lists only and the recommended species have been proven to be suited to 
constructed wetlands. Other species may be appropriate depending on the local soil 
characteristics, water chemistry and wetting and drying regimes. 
 
The dominant species are shown in bold and should comprise of 70% of the total 
plant numbers. The remaining species should comprise of the other 30%. The 
planting densities recommend an appropriate coverage to ensure establishment and 
reduce the invasion of weed species. 
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(Source: Constructed Wetland Systems Melbourne Water, 2002)
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Appendix 2: Infectious Organisms that Could Potenti ally be 
Present in Domestic Wastewater 
 

 
 
(Source:   Wastewater Technology Fact Sheet:  Ultraviolet Disinfection 
    United States Environmental Protection Agency, Washington, 1999) 
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Appendix 3:? 
 
Appendix 4: Sample maintenance plan and typical sch edule of 
responsibilities  
 

(Work in Progress) 
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_____________________________________ 
PART THREE 
 
TREATMENT SYSTEM DESIGN  
- WETLAND CROSS SECTION 
- WETLAND DETAIL INTERIOR 
- FLOW CHART 
- PROPOSED SITE: Bare Site  
- PROPOSED SITE: Layout 
- PROPOSED SITE: Wide Shot  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 79 

 
TREATMENT SYSTEM DESIGN - WETLAND CROSS SECTION 

(J. Russell) 
(WORK IN PROGRESS – SEE FINAL DESIGN)  

_____________________________________ 
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TREATMENT SYSTEM DESIGN - WETLAND DETAIL INTERIOR 
(J. Russell) 

(WORK IN PROGRESS – SEE FINAL DESIGN)  

_____________________________________ 
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TREATMENT SYSTEM DESIGN - FLOW CHART (A. Herford) 
(WORK IN PROGRESS – SEE FINAL DESIGN)   
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TREATMENT SYSTEM DESIGN 
PROPOSED SITE: BARE SITE (photo M. Waters) 

_____________________________________ 
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North-East side of CWWTP, near showground, looking South 

 

 
TREATMENT SYSTEM DESIGN 

PROPOSED SITE: LAYOUT (photo M. Waters) 

_____________________________________ 
 

North-East side of CWWTP, near showground, looking South 
 

 
TREATMENT SYSTEM DESIGN 

PROPOSED SITE: WIDE SHOT (photo M. Waters) 

_____________________________________ 
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This report available as a CD-R 
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