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RAFTED REEDBEDS FOR WATER QUALITY MANAGEMENT

Abstract

Rafted reedbeds (floating reedbeds) have been installed on two reservoirs where treated effluent is stored before being used to irrigate coastal golf courses.   Both sites had been subject to algal blooms that blocked irrigation filters and ongoing complaints from neighbours over odour and visual amenity.

Rafted reedbeds are commonly used overseas for various types of water treatment, but there are no accessible demonstration sites in Australia for the purpose described in this paper.  Overseas results demonstrate that rafted reedbeds are effective in controlling algae by providing a large surface area of roots suspended in the water that maximize uptake of soluble nutrients,  filtration and suspension of particulate matter and habitat for algal grazers. 

The first installation at Turross Heads Golf Course consists of a rafted reedbed island covering 30% of a small lined holding reservoir. Since installation, odour and algae have been significantly reduced and preliminary water quality sampling results indicate a reduction in Total Nitrogen. 

The second installation at Catalina Golf Course, Batemans Bay included a Permeable Reactive Barrier to reduce the amount of phosphorus entering the 1 ha reservoir, along with a 50m2 circular rafted reedbed.  Results to date show Total Phosphorus in the reservoir has reduced by 68%. However, due to the large accumulation of effluent related organic matter in the reservoir, the TP is still too high to prevent further algal blooms. In November 2006, 6 x 50m2 rafts were installed.
BACKGROUND

Algal blooms in water storage reservoirs have been a major problem at both the Catalina and Tuross Heads Golf Courses, located in the Eurobodalla Shire, NSW South Coast. These golf courses use treated effluent, and the water storage reservoirs are needed to ensure water is available to meet peak periods of demand. 

Any waterbody is prone to algal outbreaks when Total Nitrogen is in excess of 1mg/L and Total Phosphorus is in excess of 0.035mg/L (DLWC, 1998). In the case of treated effluent, this threshold is unavoidable and outbreaks of algae reach nuisance levels during summer, as temperatures increase. These algae blooms (diatoms and planktonic microalgae) are not only unsightly and smelly, but block irrigation filters.

The intention of this paper is to describe the efforts recently undertaken by golf course staff, Eurobadalla Council and Harris Environmental Consulting to use rafted reedbeds to manage algae.  The application of rafted reedbeds provided an excellent opportunity to study a system that has proven successful in the United States, Europe and Asia, but has been relatively untested in Australia. 

The two sites are very different. On the one hand, the Catalina reservoir holds 30ML of treated effluent and stormwater, is 4m deep, and covers an area of 1.1 ha.  Conversely, the Tuross Heads Golf course reservoir has only begun to use treated effluent in the last year. The reservoir is lined, relatively shallow at 1.5m and covers an area of approximately 300m2.

Also, the Catalina Reservoir is approximately 20 years old with a clay bottom, and given its long term use for effluent storage, it is assumed the phosphorus adsorbtion capability of the clay floor had declined in recent years.  A number of treatments had been introduced including the installation of mechanical aeration and circulation

As the intention of the study was to both treat the algae problem and better understand how rafted reedbeds could be applied in the Australian context, it was decided that additional treatment was needed in conjunction with the rafted beds to help reduce the high phosphorous levels in the Catalina Reservoir. For this reason, a Permeable Reactive Barrier (PRB) was also installed at the inlet of the Catalina Reservoir.  

As both rafted reedbeds and PRB’s are relatively new technology for water quality treatment in Australia, the following section describes the technologies in more detail.

Rafted Reedbeds

Rafted reedbeds have been used for water quality treatment since the mid 90’s, with case studies found in Japan, USA, Belgium and United Kingdom.  However, there are few reported applications in Australia making it difficult to apply this technology to situations where it may be suitable.

A Google search on floating wetlands or reedbeds also includes reference to natural floating wetlands and floating aquatic systems. Floating aquatic systems are managed systems that use free floating plants such as duckweed and water hyacinth to mop up nutrients. By comparison, the rafted reedbed system described in this paper uses a buoyancy raft to support macrophytes that can not naturally float, although some species used in this study will form floating islands as a natural phenomenon. 

As a water management system, overseas examples suggest the rafted reedbeds offer unique benefits that are not possible using surface or subsurface wetland systems. These include:

· Ability to retrofit existing wetland or detention ponds

· Maintain treatment despite fluctuating water levels

· Flexibility to scale up the level of treatment 

· Provide a food source and refuge for fish and general biodiversity

· Recovery of sediment and sludge

The concept of artificial floating reedbeds is similar to hydroponics. The rafts are designed so roots penetrate and suspend in the water for a depth of at least 600mm, depending on plant species.  Species grown must be adapted to live in anaerobic soils, by means of the aurenchyma (air vessels) which transfer atmospheric oxygen to the roots, and preferably have potential for good root development for water quality treatment, and ideally, be naturally buoyant. The species used overseas, and also native to Australia, are Phragmites australis and Typha orientalis. 
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As would be expected, there is no single design or species that is universally used in Europe, Japan or the US. The system we adopted for our study was constructed in 5m2 units and assembled into 50m2 circular (hexagonal) units.

Similar to constructed wetland systems, the real benefit of rafted reedbeds is the the physical, chemical and biological activity associated with the root zone, which includes:
· a habitat refuge for zooplankton that graze directly on the planktonic algae; 

· enhance filtration and precipitation of particulate matter that has absorbed nutrients; and

· growth of biofilm supporting aerobic/oxidizing bacteria - a bioreactor for water treatment.
The effectiveness of any constructed wetland system is dependant on the proportion of macrophytes to the water body. In the case of rafted reedbeds, the area of rafts for a given water body varies in the overseas literature from as little as 0.15% (Garbett, 2005), to as much as 30% (van Acker, 2005).  The results shown in Table 1 represent a few case studies where data is available.

Table 1
Collated Performance Data
	Parameter
	Removal efficiency (%)

	
	Lake Kasumigaura*/ River Restoration Research Team
	Heathrow Airport
Glycol treatment1
	Severn Trent Water
Whitacre
	Flanders (Belgium)

Wastewater treatment

	COD
	50
	-
	-
	67

	SS
	
	85
	64
	65

	Kj-N
	
	-
	-
	37 to 53

	TN
	60*
	
	
	

	BOD
	
	85
	42
	-

	Metals
	
	20 - 60
	-
	-

	Total P
	
	-
	Up to 96%
	54 to 61

	Phytoplankton 
	90
	
	
	


1 P. Worrall, pers.com

In the case of the Severn Trent Water site listed in Table 1, the use rafted reedbeds were so effective at controlling algal that it replaced the use of ferrous chloride treatment, the usual method of treatment.  
The successful application of a rafted reedbed is also reported by the Japanese River Restoration Research Team who found significant reductions in phytoplankton cell numbers when 25% of the water surface is covered with rafted reedbeds. (http://www.pwri.go.jp/team/kasenseitai/eng/kenk3/html/303/afi.htm) They found that total phytoplankton cell numbers in control mesocosms were 10 times as large as that of the trial sites with rafted reedbeds, representing a 90% reduction. It is generally thought that the reason for this reduction is due to the combined effects of shading, temperature reduction, and reduction in orthophosphate and habitat for algal grazers.

Permeable Reactive Barriers 

On our site, a permeable reactive barrier (PRB) was used to filter for incoming effluent.  The intention of the PRB was to ensure all incoming effluent came into contact with the reactive media, so phosphorous levels would be decreased after exposure.

Blast furnace slag was selected as the reactive media.  The properties of blast furnace slag for phosphorus removal in water and wastewater treatment literature has been reported over many years. A literature review undertaken by (Taylor, 2006) identifies the potential of blast furnace slag as a stormwater filter media to reduce concentrations of arsenic, cadmium, copper, lead, nickel, zinc, phosphorus and nitrogen from artificial stormwater.  Additionally, some, but not all of the slags will also reduce the concentrations of aluminum, chromium, manganese and molybdenum. 
Blast furnace slag use is generally clouded by the environmental concerns associated with its alkalinity. In water bodies with limited dilution, the high pH can adversely affect aquatic plant growth and affect sensitive aquatic organisms. However, in managed systems associated with landfill leachate, domestic, industrial and agricultural wastewaters, acid mine drainage and stormwater, there is widespread interest for remediation purposes.

The following section describes the history of the two sites, how the reedbed and PRB were used, and the outcomes of the installations.
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