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Oxidation ponds have been traditionally used to treat the wastewater from dairy farms throughout New Zealand. They are cost-effective, require little maintenance and have generally provided adequate treatment in terms of organic pollutant removal measured as Biochemical Oxygen Demand (BOD5) and Total Suspended Solids (TSS). However, the increasing desire to protect receiving waters from pollution has meant that dairy farm wastewater treatment must now include more efficient removal of nutrients and faecal pathogens, which are generally not sufficiently removed by oxidation ponds.

Conventional oxidation ponds

Conventional dairy farm oxidation pond systems consist of an anaerobic pond followed by an aerobic pond (Figure 1). The anaerobic ponds typically perform well and remove much of the solid organic matter from the wastewater. However the aerobic ponds, which are usually facultative (aerobic surface, anaerobic bottom) tend to provide little additional treatment
 pond.

Figure 1: New Zealand oxidation pond systems, an anaerobic pond followed by an aerobic pond.

Several options for upgrading dairy farm ponds have previously been evaluated by NIWA. Wetlands, placed after the pond system, were found to improve effluent quality initially, but performance declined over time. Rates of nitrification in dairy farm facultative ponds were improved by addition of mechanical aeration and by placing biofilm attachment surfaces within the pond, however, these treatments only remove the ammoniacal-N and do not address the other effluent problems. Advanced Pond Systems (APS) incorporate many improvements in design over conventional oxidation ponds and provide a high quality effluent.

Advanced Pond Systems (APS)


Advanced pond systems (APS) have been successfully used to treat domestic, agricultural and industrial wastewater in many parts of the world. APS provide improved performance and reliability over conventional oxidation pond systems and enable potential resource recovery. Rather than the two ponds of conventional oxidation pond systems, APS systems consist of four ponds (an advanced facultative pond, a high rate pond, an algae settling pond and a maturation pond) that require a similar land area. Each pond is designed to optimise particular natural or microbiological treatment processes and they are arranged in the most favourable sequence for wastewater treatment (Figure 2).

Advanced Facultative Ponds (AFPs) are deep (3.0 - 6.0 m), with fermentation pits to promote the sedimentation and complete methane fermentation of wastewater solids. However, AFPs need not be used if the existing farm dairy pond system has an anaerobic pond that is already working effectively and pond odour is not an issue. High Rate Ponds are shallow 

(0.2 - 0.6 m), paddlewheel-mixed raceways. They are designed for energy efficient aerobic oxidation of dissolved organic waste and nutrient assimilation into algae biomass. The shallow depth ensures high exposure of wastewater to sunlight for improved disinfection while, the gentle mixing promotes growth of heavy microalgae that are easily settled in the subsequent Algae Settling Pond and can be periodically harvested for use as fertiliser. Maturation Ponds are designed to promote natural wastewater disinfection by solar-UV radiation, protozoan grazing and sedimentation. They can be designed to achieve almost any required effluent faecal indicator quality. 

New Zealand trial system


The APS trial system (Figure 3) was conducted at Anchor Products, Hautapu. The system did not include an AFP as the existing anaerobic pond was operating well. The system was designed to treat a flow of 1 cubic metre per day, one tenth of the flow through the existing oxidation pond system.

Trial APS performance


The median effluent water quality of the trial APS system and the existing conventional oxidation pond system from monthly sampling over two years are shown in Table 1.
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Figure 3: Photographs of the Hautapu APS pilot system.

Conclusions


The trial APS system provided much higher and, importantly, much more consistent performance than the conventional oxidation pond system. Therefore APS show great promise for upgrading oxidation ponds throughout New Zealand.


A full-scale demonstration system funded by the New Zealand Dairy Industry is being evaluated in the Waikato and two more demonstration system are presently under construction, one in Southland, the other in Northland.

Table 1: Comparison of median effluent water quality of the trial APS system and the existing conventional oxidation pond system over the two year experimental period.

	Water Quality Variable
	Trial APS
	Existing Oxidation Pond

	BOD5 (g m-3) 
	34
	108

	fBOD5 (g m-3) 
	8
	20

	TSS (g m-3) 
	64
	220

	TKN (g m-3)
	26
	55

	NH4-N (g m-3) 
	8
	29

	NOx-N (g m-3) 
	1
	1

	TP (g m-3)
	15
	20

	DRP (g m-3) 
	13
	17

	E.Coli (MPN / 100 mL)
	146
	16200
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Workshop summary


There are many types of effluent systems in use on dairy farms including barrier ditches, conventional pond systems and land irrigation type systems. All of these systems have their advantages and disadvantages. In many areas land irrigation is limited due to soil type, contour or climate but conventional pond systems are highly variable in their treatment of effluent. Advanced Pond Systems may provide a solution for some farms.


Advanced pond systems (APS) contain four ponds; the first is an anaerobic pond followed by a high rate pond, an algal settling pond and then a maturation pond.

The high rate pond:

· Contains baffles and a paddlewheel to slowly move effluent around the pond.

· Shallow - 20 cm to maintain oxygenation and light penetration.

· Promotes heavy algal growth to remove solids.

The algal settling pond:

· Settles out heavy algae.

· Algae removes 50 - 80% of solids.

· Needs three to six monthly algae removal.

The maturation pond:

· Controlled discharge or irrigation from here.

· Less solids so UV light works effectively.

· Natural disinfection.

Benefits of Advanced Pond Systems 

· Improved performance and reliability compared to conventional ponds.

· Economical upgrade - similar land area and low maintenance.

· Potential for resource recovery - algae used as a slow release fertiliser.

· Flexibility of treatment - combine with irrigation.

· Full scale demonstrations - Southland, Waikato, Northland.

Discussion summary

· The APS demonstration in Southland is on a 1000 cow farm and the total surface area for the ponds is 1.5 ha. The system was established for approximately 

$90 000.

· The cooler temperatures in Southland will provide information about the effectiveness of ponds and algal growth. 

· Sizing and design of the ponds is based on rainfall, sunlight and temperature.

· The paddlewheel on the Southland farm will use approximately 1000 watts.

· Solids from the first pond and the algal pond can be spread as a fertiliser.

· The APS can be further enhanced by use of an artificial wetland.

· Water from the final pond can be used for washdown in the farm dairy yard therefore reducing water input into the system.
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Figure 2:  Schematic diagram of an Advanced Pond System (APS).
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