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Executive summary 
The treatment and disposal of winery wastewater is difficult to undertake especially if 
environmental requirements are to met in a cost effective manner. This appears to be 
especially the case for smaller scale wineries, with a crushing capacity of a few hundred to a 
few thousand tonnes. This report describes an approach to developing a wastewater 
treatment system targeted at smaller scale wineries. Key constraints in the design process 
were to minimise capital costs, minimise operating costs and make the system as automated 
and ‘robust’ as possible, thereby minimising management requirements. 
 
A prototype system combining sedimentation/anaerobic digestion, low level aeration and a 
soil based wastewater bioremediation cell (WBC) was installed at a small winery in Griffith, 
New South Wales, Australia, for the 2007 vintage. 
 
The wastewater bioremediation cell (WBC) was based on a combination of the soil FILTER 
technique developed by CSIRO and trialled on winery wastewater and on the vertical flow 
wetland approach to wastewater treatment. The system relies on the soil to act as both a 
physical filter and as a medium for chemical exchange and degradation processes. 
 
The overall preliminary results indicate that this winery wastewater treatment system has the 
potential to be used for the treatment of the wastewater from small wineries in rural areas. 
More research however is needed to optimise the operation of the different treatment 
segments. In particular it was found that the sedimentation segment needed to have carefully 
managed constant flow rates. Similarly, the aerobic segment displayed potential to remove 
the organic load, but a redesign is required to increase the water/air interface.  
 
The wastewater bio-remediation cell (WBC) performed well in reducing organic loads by an 
order of magnitude. The initially very poor performance of the sections of the wastewater 
treatment system prior to the WBC meant that practically untreated wastewater was applied 
to the WBC. This had a negative impact on the filtration of the wastewater though the soil of 
the WBC. Also the heavy loading of the WBC led to some blockage of the upper soil layers 
due to organic clogging. This surface soil throttling led to the system treating less water than 
should have been possible based on the soil hydraulic conductivity which was shown to be 
high and steady over time. A solution would be to replicate the existing WBC so that the 
wastewater could be cycled between the two units. This would provide opportunity for soil 
drying to occur under median flow conditions, whilst both cells could be used simultaneously 
for the few periods of very high peak flows. 
 
The current report describes the development of the WBC and summarises preliminary 
results as found up to 2006. The subsequent report will highlight changes and adjustments 
made to the system and will evaluate additional data which could be collected during the 
2007/2008 vintage. 
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1. Introduction 
Environmental issues are a critical factor for industry competitiveness today. Design and 
development of novel and low cost systems to re-use wastewaters are a possible action 
towards an eco-efficient strategy in order to protect natural ecosystems from polluted 
wastewaters. In the past, in Australia, winery wastewater was disposed of directly into ponds 
where the wastewaters were held back to allow solids to settle, before applying the effluent 
to soil or into water courses. The disposal into watercourses no longer occurs due to 
environmental concerns and has been replaced by application to land for the irrigation of 
trees, pastures and other crops or by the evaporation of the water in shallow lagoons. In 
small wineries, simplified systems with low energy consumption such as lagoons, wetlands, 
land spreading/irrigation, are important techniques for effluent treatment or polishing. 
However, this form of treatment and disposal needs stronger integration with the general 
landscape capacity to receive the wastewater and obviously requires that land be available 
and set aside for this purpose (Bustamante et al., 2005). 
 
In order to maximise the re-use of those water volumes for irrigation and for improving the 
fertility and structure of soils the Australian wine industry has sought to establish new 
protocols for the usage of its wastewater. The feasibility of such an approach depends on 
external factors that restrain a generalised use, namely meteorological, hydrogeological, soil 
and biomass characteristics.  
 
A recent survey of 50 wineries undertaken by Frost et al. (2007) found that smaller wineries 
may use more water and chemical per tonne crushed than larger wineries and that overall 
there tended to be a lower level of treatment of wastewater. This indicates the potentially 
greater financial, time and space constraints that smaller wineries may face compared to 
those crushing many thousands of tonnes. Larger wineries tend to be well established and 
have more financial, human and space resources to mange wastewater whereas smaller 
wineries are often in their early phases of establishment and lacking those resources. 
 
 

2. Aim and objectives 
The main aim of this study was to develop a wastewater treatment system targeted at small 
to medium sized wineries with 100’s to a few 1000 tonnes crushing capacity per annum. 
Such a wastewater system needed to be straightforward in design and management 
acknowledging the often limited resources available to wineries of this scale. The 
minimisation of capital investment costs and operating costs, electricity, chemical and 
manpower were key factors in the design. The aim was to select a treatment system that was 
flexible enough to cope with large fluctuations in organic load as winery wastewaters being 
characterised by their high organic content. 
 
Objectives of this study were to: 
 

1. Set up a robust low cost system for small to medium scale wineries based on land 
based disposal. 

2. Test a plant/soil bioremediation cell for wastewater treatment. 
3. Monitor winery wastewater generation - quantity and quality. 
4. Monitor the treatment system to determine functioning of individual components and 

overall wastewater treatment. 
5. Develop a system of automation to minimise labour requirements. 
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3. Current wastewater management approaches  

3.1. Introduction 
Winemaking is a seasonal activity and winery effluents contain different types of principal 
pollutants which are product losses in the form of grape juice and wine itself, sub-product 
residues such as seeds, lees, tartar, etc. and products used in various processes such as 
filtration earth and cleaning and disinfection chemicals such as caustic soda and citric acid.  
 
Effluents are characterised by a high organic load, a large part being biodegradable with high 
suspended solids concentration. Winery wastewaters have a daily variability, in both quality 
and quantity due to the type of wine produced and the specific management practices at the 
winery such as: crushing, washing, tank disinfection, filtering etc. Generally, the pH is acidic 
but periodically it may be alkaline after cleaning operations with large usage of caustic 
products. Winery wastewater has low amounts of nitrogen and phosphorus relative to total 
carbon. It contains many phenolic compounds. The salinity is usually moderate; the effluent 
contains a high potassium concentration and proportionally high concentration of sodium 
relative to that of calcium and magnesium. Usually, a winery produces from 1 to 5 litres of 
wastewater per litre of wine. Approximately 40 % of the volume of wastewater is produced 
within the three autumn months following harvest. Table 3-1 shows wastewater 
characteristics extracted from the National Water Quality Management Strategy (Agriculture 
and Resource Management Council of Australia and New Zealand, 1995). Table 3-2 outlines 
the main aspects, constituents and sources of winery wastewater and their possible impacts 
on the environment (EPA, 2004). 
 
 

Table 3-1: General characteristics of winery wastewater. 

Parameter  Vintage Non-vintage 

Suspended solids  (mg l-1)  100 - 1300  100 - 1000 
pH   4 - 8  6 - 10 
Total dissolved solids  (mg l-1)  <550 - 2200  <550 - 850 
Biochemical oxygen demand  (mg l-1)  1000 - 8000  <1000 - 3000 
Total organic carbon  (mg l-1)  1000 - 5000  <1000 
Total Kjeldahl Nitrogen  (mg l-1)  5 - 70  1 - 25 
Sodium  (mg l-1)  110 - 310  250 - 460 
Total phosphorus  (mg l-1)  1 - 20  1 - 10 
C:N:P   30 - 100 : 4 :1  15 - 30 : 5 :1 
Calcium  (mg l-1)  13 - 40  20 - 45 
Magnesium  (mg l-1)  6 - 50  10 - 20 
Sodium Absorption Ratio (SAR)   4 - 8  7 - 9 
Potassium  (mg l-1)  80 - 180  40 - 340 

 Source:  Agriculture and Resource Management Council of Australia and New Zealand, 1995. 
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Table 3-2: Types of contaminants in winery wastewater, their origins and likely 
environmental effects. 

Contaminant class Examples Sources Effects 

Organics Phenols, tannins, 
catechins, proteins, 
fructose, glucose, glycerol, 
ethanol, flavourings, citric 
acid, ethyl carbamate 

Loss of juice, wine and 
lees, residues in cleaning 
waters and filters, solids 
reaching drains 

Organism deaths, 
ecological function 
disruption, odours 
generated by anaerobic 
decomposition, 
solubilisation of sorbed 
nutrients and heavy 
metals. 
Soil clogging 

pH effects Organic, sulphuric and 
phosphoric acids, sodium, 
magnesium and potassium 
hydroxides 

Loss of juice,  wine and 
lees, cleaning agents, wine 
stabilisation 

Toxicity to macro and 
micro organisms, effect on 
solubility of heavy metals 

Nutrients N,P,K Loss of juice, wine and 
lees, protein removal to 
prevent haze, washings 
and ion exchange 

Algal blooms, excess 
nitrate in water, high SAR 

Salinity Sodium chloride, 
Potassium chloride 

Juice and wine, cleaning 
agents 

Affects water taste, toxic to 
plants and animals 

Sodicity Sodium, potassium Washing water Degrades soil structure, 
toxicity to plants 

Heavy metals Al, Cd, Cr, Co, Cu, Ni, Pb, 
Zn, Hg 

Al, Cu, piping and tanks, 
Pb soldering, brass fittings 

Toxic to plants and animals 

Disinfectants Sodium chloride, Sodium 
hypochlorite, Sulphur 
dioxide 

Sterilization of tanks, 
bottles, transfer lines 

Formation of carcinogens 
(e.g. Trihalomethanes) 

Soil cloggers Microbial cells and grape 
residues, flocculating or 
coagulating agents, 
bentonite, diatomaceous 
earth 

Loss of lees and marc, 
floor cleaning, filtering, 
wastewater sludge 

Reduction in porosity, light 
transmission, odour 
generation 

 Source:  EPA, 2004. 
 
 
The most prevalent form of winery wastewater treatment in Australia is biological treatment 
followed by irrigating woodlots, vines or pasture. About 10 % is being used to irrigate vines. 
Many Australian wineries have embraced the benefits of environmental sustainability and 
some are employing environmental consultants to undertake assessments of effluent 
management at their facilities. (examples include Chapel Hill Winery & The Environment, 
2005; Foster’s Group, 2004). Common recommendations involve pH control, solids removal 
followed by anaerobic and/or aerobic wastewater systems followed by application to tree 
plantations or vineyards (Smith, 2002; Olden, 2002; Foster's Group, 2004; Australian 
Government Department of Environment and Heritage, 2005; Deans, 2003; Johansen, 
2004).  
 
An evaluation of a number of discharge and treatment options, which was specific to 
wineries’ located in Australia, was reported by Swain and Thomson, (2000). The options 
included: cleaner production, transporting waste off-site to a wastewater treatment plant, 
irrigation, catchment discharge, discharge to a sewer, re-use in the winery and evaporation. 
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3.2. Cleaner production 
One approach to management options for wastewater in wineries has been via a coordinated 
'cleaner production' approach including wash down techniques, recirculation, pigging1 
transfer lines, alternative filtering (Laffer, 1996; Chapman et al., 2001) and  alternative tank 
cleaning methods (Astley, 2000). 
 
Improved washdown techniques include reducing the volumes of wastewater produced 
through the attachment of shutoff valves to hoses that prevent unnecessary over-use. Raking 
floors prior to washdown is another practise that can reduce use of water (Chapman et al., 
2001).  
 
'Pigging'1 transfer lines, involving the emplacement of plastic inserts has been used with 
limited success to reduce mixing of different batches of wines and rinsing solutions during 
transfer operations which can produce excess amounts of wastewater (Chapman et al., 
2001). Cleaning a pigged line also requires less water, less time and drastically reduces 
changeover time. 
 
Studies into the use of alternative winery cleaning practises such as hot water treatments, 
high pressure water cleaners, purchasing easy to clean winery equipment and using dry 
cake discharge filters are being carried out in some wineries.  
 
Training workers in pH monitoring to reduce the risk of overusing caustic solutions has also 
been identified as an important aspect of optimising cleaning operations.  
 
Wine Federation of Australia (2003) identified the use of sodium hydroxide as the major 
cleaning agent for the removal of tartrate deposits and brown scums which accumulate on 
the inside of tanks and transfer lines. This treatment raises the pH of wash waters up to 13.5, 
which is highly corrosive and can be deleterious to the next batch of wine. The water is 
treated with citric acid to lower pH to acceptable levels. Both the sodium hydroxide and citric 
acid are cheap and readily available. However the sodium hydroxide leads to an increase in 
the salinity of the effluent, which in turn can cause reductions in crop yields and soil 
degradation in situations where wastewaters are being used to irrigate vineyards or are being 
treated through application to land or aquatic ecosystems (Chapman, 1999, Chapman et al., 
2001; Astley, 2000). Alternative cleaning agents for wineries include formulation of reduced 
levels of sodium hydroxide with stable surfactants, dispersants and sequestrants to improve 
efficacy. Such formulations have provided a significant reduction in effluent salinity for equal 
cleaning capacity compared with conventional caustic solutions (Astley, 2000). However, 
there has been little reduction in water waste from these alternative products which often 
have a higher organic load resulting in the basic problem remaining the same (Brooker and 
Smyl, 2003). 
 
Products based on potassium hydroxide, and magnesium hydroxide although more 
expensive, have been found to be just as effective at tartrate removal as sodium hydroxide 
(Astley, 2000). Vines and other crops (such as lucerne and oats) can take up significant 
quantities of potassium during growth and it is usually applied as a fertiliser. This would 
suggest that in some cases irrigating with effluent with elevated concentrations of potassium 
would not be damaging to the vegetation. However, excessive amounts have been known to 
cause magnesium deficiency in vines. It has been previously noted that the criteria used to 

                                                
1 Pigging is a technology widely used for over 30 years for natural gas and petroleum pipes and only recently been used  in 

application for winery wastewater. A pipeline pig acts like a free moving piston inside the pipeline by sealing against the inside 
wall with a number of sealing elements. Pigs perform numerous tasks including cleaning debris from the line and removing 
residuals. The method implies the insertion of plastic inserts into a launch that is either attached to the existing system or 
installed new. When launched, the pig is pushed through the system with a differential pressure that is greater than the 
pressure in front of the pig. The pig is ejected out the other end of the system leaving a clean pipe behind. 
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determine the effects on soil structural stability of sodium, apply equally well to potassium 
when these cations are looked at in isolation. However, uncertainty occurs in predicting soil 
coagulation when monovalent cation interactions occur (Smiles and Smith, 2004). 
 
 

3.3. Wastewater treatment 

3.3.1. Aerobic systems 

Current wastewater systems in Australia have tended towards aerobic systems (Anon, 2003; 
Australian Government Department of Environment and Heritage, 2005), involving a series of 
lagoons in which large pumps are installed that circulate air through the water to support the 
natural aerobic bacteria. The downside of such systems is their very high energy 
requirements and therefore high costs. Aerated systems, such as a flat panel airlift 
bioreactor, bubble column bioreactors and membrane aeration technology all offer new 
advances in aeration wastewater treatment systems. Some systems comprise algae and 
bacteria either free or adsorbed onto an inert carrier such as polyethylene beads that treat 
the water (Grismer et al., 2003; Saleh et al., 2005). Many photobioreactors, aerobic and 
anaerobic have been used to treat winery wastewater with greater than 90% removal rate of 
chemical oxygen demand (COD) (Petruccioli et al., 2002).  
 
 

3.3.2. Anaerobic systems 

Anaerobic systems, namely upflow anaerobic sludge blanket (UASB) systems have 
frequently been used to treat wastewater (Seghezzo et al., 1998) and can offer an 
inexpensive and simple solution to winery wastewater management with 80-98 % removal of 
COD load (Moletta, 2005). Many of the disadvantages of anaerobic systems, such as the 
slow start up time to the process, involving the development of the methanogenic microbial 
community, the efficiency of the treatment which can be limited due to the variable nature of 
the composition of the effluent, and the generation of malodours, can be overcome through 
inoculation techniques (Keyser et al., 2003).  
 
 

3.3.3. Sequence batch reactors, combined anaerobic/aerobic systems and 
artificial wetlands 

Sequence Batch Reactor (SBR) systems are currently being adopted as state of the art 
winery wastewater systems (Johansen, 2004). In the SBR system the effluent is mixed with 
the biomass and aerated on a cyclic basis using a fine bubble membrane diffuser system 
which minimises power consumption. At the end of a six hour aeration cycle the contents of 
the basin are allowed to settle and the clear effluent is removed for storage or irrigation. 
Excess sludge is wasted to a sludge digester where it undergoes further aeration, is 
dewatered and used as a slow release fertiliser on vines (Rodrigues et al., 2001). SBR 
systems have shown good performance with >98 % biological oxygen demand (BOD)2 
removal (Johansen, 2004).  
 
Other wineries are installing a combination of anaerobic/aerobic lagoons where the first 
lagoon facilitates anaerobic digestion through the exclusion of oxygen which occurs naturally 
during the decomposition of high strength wastewaters; secondly an oxygen enriched 
aeration lagoon system and finally an oxidative lagoon usually incorporating nutrient 

                                                
2  All biological oxygen demand (BOD) values in this report are BOD5 values representing the biochemical oxygen demand of 

wastewater during decomposition occurring over a 5-day period. 
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absorbing reeds and other aquatic plants or irrigation to vineyards. Wineries in South 
Australia’s Barossa Valley, McClaren Vale and other wine growing regions of the country, are 
using artificial wetland systems as a secondary treatment for wastewater prior to irrigation or 
re-use. Wastewater supplied to the wetland plants needs to be of a non-variable composition 
and significant amounts of BOD must be removed by aerobic or anaerobic systems prior to 
application in order for the plants to be able to thrive. There have been a number of scientific 
studies carried out on constructed wetlands overseas (Shepherd et al., 2001; Grismer et al., 
2003) which show BOD removal as high as 92 - 98 %, COD removal 87 - 98 %, total 
suspended solids (TSS) removed with up to 70 - 90 % efficiency, pH neutralisation, total 
nitrogen (TN) removal from 50 - 90% and total potassium (TP) removal between 20 - 60 %. 
However, the availability of data from Australia proving the success or otherwise of these 
systems for winery wastewater treatment is sparse and the long term use and reliability of 
wetlands for effluent treatment by large wineries, under rapid expansion, is questionable. 
 
 

3.3.4. Land application as wastewater irrigation 

Ultimately all treated winery wastewater is disposed of to land, evaporation basins or 
municipal sewage (Swain and Thomson, 2000). Environmental Protection Agencies (EPA) in 
many countries have promoted land treatment and reuse of wastewaters to reduce pollution 
of natural water bodies. When soil conditions are suitable, land treatment of wastewater for 
irrigated cropping or forestry systems can be successfully practiced with adoption of good 
management practices to ensure adequate pollutant breakdown and prevention of excessive 
accumulation of pollutants in the soil (Pescod, 1992; Department of Environment and 
Conservation, 2004a,b,c). With saline wastewaters, an adequate leaching fraction needs to 
be adopted to prevent salt accumulation. However the leached salts could affect the 
groundwater quality. 
 
Several Australian studies have demonstrated the feasibility of the land application option as 
part of the waste treatment process, as well as issues associated with sustainable cropping 
and ensuring natural habitats are not degraded. In Australia Chapman (1999) monitored the 
application of winery wastewater to a vineyard and found increases in total organic carbon 
(TOC) were <1 % during an irrigation season. Chapman et al., (1995) reported that newly 
exposed soils (brown earth) that were exposed to winery effluent had lower organic removal 
efficiency than non-exposed soils. Recommendations on the frequency of applications of 
wastewater were made to ensure sufficient microbial activity was maintained for the removal 
of organic matter.  
 
Berri Estates produces around 200 megalitres (Ml) per annum of low level wastewater with 
BOD of around 2500 mg l-1. Primary treatment involves screening and settling the larger 
solids in a pond followed by application to a 40 ha woodlot plantation by flood irrigation. The 
trees in the woodlot are primarily Eucalyptus camaldulensis with some Casuarina species 
ranging in age from 2 - 40 years old (Olden, 2002). 
 
When soil conditions are suitable, land treatment of wastewater for irrigated cropping or 
forestry systems can be successfully practiced, especially with low saline wastewater. 
However, on poorly drained soils, effluent irrigation can lead to waterlogging, as well as 
salinisation and sodification due to inadequate salt leaching. This reduces plant growth and 
nutrient removal, and hence long-term sustainability of such sites. In addition, where the 
wastewater needs to be stored during wet weather and winter periods the costs escalate. 
 
The land FILTER (Filtration and Irrigated cropping for Land Treatment and Effluent Reuse) 
technique was proposed to overcome these problems and provide a sustainable and cost-
effective land treatment system, on limited land area, (Jayawardane 1995, Jayawardane et 
al. 1997, Jayawardane et al. 1999). The FILTER technique combines using the nutrients in 
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wastewater to grow plants, with filtration through the soil to a sub-surface drainage system 
during periods of low plant activity and heavy rainfall, and thus provides wastewater 
treatment throughout-the-year on smaller areas of land.  
 
In the FILTER system a network of sub-surface drains is installed with control to allow for the 
regulation of leaching rates through the soil. The controlled drainage system enables 
manipulation of the watertable, and hence control of the depth of the aerated and anoxic soil 
layers above the drains, to maximise the pollutant removal and to provide adequate root 
zone conditions for plant growth. A schematic diagram of a land FILTER plot is shown in 
Figure 3-1. 
 

 

Figure 3-1: Schematic diagram of a land FILTER (Filtration and Irrigated cropping for Land 
Treatment and Effluent Reuse) plot. 

 
 
In the FILTER system, the rate of wastewater application and subsurface drainage are 
designed to ensure adequate pollutant removal, thereby producing low-pollutant drainage 
water that meets EPA criteria for discharge to surface water bodies or for reuse. This 
filtration phase can be combined or followed, if and when necessary, by a cropping phase to 
remove any nutrients stored in the soil, thereby maintaining a sustainable system. 
 
In operating the system, the wastewater is applied to FILTER plots on a 10 to 14 day 
rotation. Each 10 to 14 day effluent application cycle or filter event consists of four 
consecutive stages: 
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Stage 1: Wastewater application (irrigation), during which the drainage pump is off (1 
day). 

Stage 2: Post-irrigation equilibration period, to allow nutrients to be adsorbed to the 
soils, with the drainage pump still off (1 day). 

Stage 3: Drainage period, the drainage pump is switched on and the watertable is 
lowered (~ 7 days). 

Stage 4: Post drainage equilibration period, when the drainage pump is switched off 
and the watertable is allowed to flatten before the next irrigation  (1 day). 

 
The manipulation of these four-stage effluent application and drainage operations is used to 
maximise the removal of nutrients and other pollutants, as the wastewater flows through the 
soil. Plant uptake and microbial degradation processes are used to prevent the long-term 
excessive build up of nutrients and organic pollutants in the soil, and thereby provide a 
balanced and sustainable system. To operate a FILTER system, the available land area is 
divided into bays. Each bay is rotated through the sequence described above. The FILTER 
design and management at a given site depends on factors such as the land area available, 
the pollutants present in the wastewater and the daily wastewater discharge rate. 
 
The Land FILTER concept for treatment of winery wastewater was tested for one season at a 
winery with a 18,000 tonne per annum crush at Griffith, in the Riverina Region of NSW, 
Australia (Marcoux, 2002). The land application site was a 1.8 ha area divided into 7 
irrigation bays, with a 0.35 % lengthwise slope. Each bay was approximately 120 m long and 
20 m wide and had two 1.2 m deep subsurface drains. The application of the wastewater 
was by surface flooding of the bays. The field bays were planted with a grass. The soil was 
sandy clay loam at the surface underlain by sandy clay to clay soil.  
 
The system was found to provide pH neutralisation and excellent nutrient removal (95 % of 
phosphorus, 78 % of nitrogen and 67 % of potassium), Marcoux (2002).  
 
Removal of up to 85% of organic matter was achieved, where biochemical oxygen demand 
(BOD5) levels were as high as 8,000 - 12,000 mg l-1 in the irrigation water and 500 - 640 
mg l-1 in the treated drainage water. The BOD concentrations were so high that it was 
concluded that enhanced primary treatment of the wastewater would be required for BOD 
levels in FILTER drainage waters to meet the EPA discharge compliance levels of 15 mg l-1 
in wastewater. The BOD levels observed in the drainage waters may also have been partly 
associated with the very high levels of soluble sugars in winery wastewater, which were not 
adequately removed during flow through the soil in the FILTER plots. There was little 
increase in soil salinity, however the soil SAR (sodium absorption ratio) and PAR (potassium 
absorption ratio) increased, this posed some concern for long-term soil sustainability of the 
system. Other problems for the system were the very high organic loadings of the irrigation 
water which caused waterlogging, possibly through reductions in soil hydraulic conductivity. 
The researchers concluded further studies were needed to address some of the specific 
problems posed in the application of winery wastewater to land FILTER systems. 
 
 

3.4. Low cost low energy treatment design 
Based on the review of winery wastewater treatment conducted in previous chapters, a low 
capital cost and low operating cost design was adopted for a winery wastewater treatment 
system. It was considered that an adaptation of the FILTER treatment approach would 
provide the envisaged low cost system. Previous studies by Marcoux (2002) indicated that 
some pre-treatment of the wastewater would be required as a BOD concentration of a few 
thousand mg/l would be desirable for the application to a FILTER type system. 
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Due to the high load of solids in the wastewater an efficient screening would be essential 
followed by a digestion process. It was considered that the high energy costs normally 
associated with an aerobic pre-treatment had to be avoided. Thus a basic sedimentation and 
anaerobic treatment approach based on the use of commercially available septic tanks could 
be applied. 
 
Fernández et al. (2001) indicates that pH control, the use of agitators and inoculums are 
desirable to achieve a maximum degradation process under anaerobic conditions. However, 
as this also adds an extra layer of complexity and increases the amount of ongoing costs it 
was decided to initially test the system without any of the elements usually associated with 
an anaerobic digestion process. Other research conducted by Perez et al. (2006), indicate 
that reasonable degradation could be achieved under quite a varying pH range. Hence the 
tanks would initially be used to test a simple sedimentation approach and then try to achieve 
anaerobic digestion later in the trial. 
 
Although anaerobic technology is the most economical bioprocess due to lower running 
costs, an anaerobic pre-treatment combined with a subsequent aerobic post-treatment for 
organic or nutrient removal is considered to be the best solution (Rodrigues et al., 2001). 
Thus for this low cost system a low energy aeration system provided by a so called 'trickling 
filter' could be incorporated after the anaerobic system. This 'trickling filter' describes a 
wastewater treatment process which biodegrades organic matter and which achieve 
nitrification. It is a process commonly used in sewerage treatment systems (Metcalf and 
Eddy, 1991).  
 
During the 'trickling filter' process wastewater is slowly passed through (trickles) a bed of 
gravel (coarse stones) or plastic materials. It is fed in via a rotating pipe or sprinkler to 
provide a uniform distribution of the wastewater onto the bed surface. This is an aerobic 
system that utilises micro-organisms attached to a medium to remove the soluble organic 
matter from in wastewaters. This is known as an attached-growth-process a simple and 
reliable biological process. 
 
Based on experiences related to previous work using the FILTER system it became clear 
that that some adaptation of the system would be required in order to suit the specific winery 
wastewater treatment conditions. These changes would be: 
 
- Isolate the system from the local groundwater by lining to negate any concerns about 

leakage of wastewater past the drains; 
- Use a soil medium that allowed high flow rates with good exchange capacity to capture 

the soluble components of the wastewater; 
- Prevent any free water on the surface that may lead to odours or unsightliness; 
- Grow appropriate plants: low maintenance, high water/nutrient/potassium uptake, tolerant 

to wet and dry conditions, easily harvested for export of nutrients and good visual appeal. 
 
These adaptations to the original FILTER system led to the new concept of a wastewater 
bioremediation cell (WBC), which can be described as an amalgamation of a vertical flow 
wetland and the FILTER system. A conceptual design of such a wastewater bioremediation 
cell is shown in Figure 3-2.  
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Figure 3-2: Conceptual design of a wastewater bioremediation cell (WBC) which is an 
amalgamation of a vertical flow wetland and the FILTER system. 
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Combining all these elements led to the conceptual design of a prototype of a low cost low 
energy wastewater treatment system that would treat the wastewater to a point where it 
could be directly irrigated, stored or evaporated, as conceptually outlined in Figure 3-3 below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3-3: Conceptual design for a low cost low energy winery wastewater treatment 
system. 

 
 

4. Experimental design 

4.1. Wastewater treatment system construction 

4.1.1. Site selection 

Testing the experimental design of a low cost, low energy system was undertaken at the 
Piromit Wines winery, located in Hanwood, near Griffith, New South Wales, Australia. It is a 
small winery that produces red, white and a range of sweet dessert wines. It generally 
crushes over 1000 tonnes of grapes per annum. During the 2007 vintage it crushed 1300 
tonnes of grapes, 80 % of the crush being white grapes the rest being red and in addition 
about 150 tonnes of late crushing (May-June) occurs to produce sweet desert wines. These 
tonnages are similar to the previous year and are expected to continue at around these 
levels. 
 
The main winemaking equipment is composed of 34 tanks/fermenters of varying volumes, 
two grape presses, one grape crusher, one rotary drum vacuum (RDV) filter and one 'earth 
filter' 3. All the equipment is housed within a large shed and as such stormwater and 
wastewater are kept separate. 

                                                
3 The 'earth filter' consists of a rotary vacuum filter made of a large horizontal drum that has a cylindrical surface formed from a 

stainless steel mesh and is connected to a vacuum pump. Diatomaceous earth is made into a slurry, with water or wine, and 
is then dosed into the cloudy wine to be filtered. Filtration occurs because the diatomaceous earth is trapped by the mesh 
forming a layer that will act as a sponge. Earth filters are used in order to obtain wines that have a good clarity, excellent 
colour and no micro organisms that could spoil the finalised product. 

Coarse solids screening 

Sedimentation & and anaerobic digestion (SAn) 

Trickling filter aeration (TFAr) 

Wastewater bioremediation cell (WBC) 

Immediate irrigation or holding pond 
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The wastewater treatment system used up to now consisted of coarse solid screening of the 
wastewater, which was collected it in a large tank and then sprinkled onto a grass covered 
area at the rear of the winery. This system was not sustainable and did not allow the reuse of 
the wastewater. The winery owners desired a better treatment system that avoided any land 
degradation and odours, and allowed for reuse of the water for irrigation such as for the 
lawns, trees etc around the winery. 
 
 

4.1.2. System design and construction 

The construction of the wastewater treatment system began in December 2006 with the 
installation of the WBC, subsequently adding the other components which were completed 
for the vintage period in February 2007. As the system was considered to be a ‘pilot’ plant 
significant monitoring was required and implemented and adjustments to design and 
management was expected to be needed as the project unfolded. A diagram of the complete 
pilot wastewater treatment system, as used for the 2007 vintage, is shown in Figure 4-1. 
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Figure 4-1: The pilot wastewater treatment system as used for the 2007 vintage. 

 
 

4.1.2.1. Coarse solids screening segment 

The primary treatment was done through a commonly used wedge wire rotary screen 
designed to remove all the solids larger than 1 mm in size. This screen was part of the 
previous wastewater treatment system and is shown in Figure 4-2. After this coarse solid 
screening the filtered water was pumped to the flow equalisation tank of the main wastewater 
treatment system.  
 

 
 

Figure 4-2: The rotary filter showing details of the screening process. 
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4.1.2.2. Flow equalisation segment 

Depending on the various processes being undertaken at any time during the winemaking 
process, wastewater flows from wineries may vary significantly over a short period of time. In 
order to avoid system overload and provide the treatment system with a constant flow rate, a 
holding tank is required to buffer peak flows within the production system. This consisted of a 
tank with a 10 kl capacity. On the input side it was connected by a 90 mm diameter inflow-
pipe located 1 m from the bottom, coming from the coarse solids screening system.  
 
The gravity outflow was provided by another 90 mm pipe at the bottom of the tank feeding 
directly into the sedimentation/anaerobic treatment system. The outflow was regulated by an 
automatically controlled valve. Opening cycles were set in such a way that blockage by 
sedimentation were avoided while maintaining a consistent outflow to the following functional 
unit. This was planned to allow for hydraulic retention time in the sedimentation/anaerobic 
system to be controlled to standardise the wastewater treatment process. 
 
At the top of the tank an overflow pipe was fitted which would allow an overflow of excess 
wastewater caused by unforseen circumstances in the winery to entirely bypass the 
treatment system and drain directly to the storage pond. The setup of the flow equalising 
tank is shown in Figure 4-3.  
 
 

 

 
 

Figure 4-3: Flow equalisation tank with a capacity of 10 kl used to cope with wastewater flow 
fluctuations. 

 
 

4.1.2.3. Sedimentation segment - anaerobic digestion (SAn) 

The setup and design of the sedimentation and anaerobic digestion segment was inspired by 
the ASBR (anaerobic sequencing batch reactor) and sedimentation/settling technology 
described by Horan (1989). The approach used consisted of a set of three septic tanks (each 
3 kl) which were installed in a row and in-ground allowing for a gravity fed system through the 
flow equalisation tank while still being accessible for maintenance and sediment removal, 
Figure 4-4. Sediments can be removed at the end of each vintage season by pumping. Most 
winery wastewater  sediments consist of fine material like diatomaceous earth.  
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Figure 4-4: The sedimentation/anaerobic digestion section of the system consisting of a set 
of three septic tanks. 

 
 
The sedimentation segment treatment cycle starts with the addition of some wastewater 
which mixes with the existing volume due to the vertical flow path that the wastewater has to 
follow. This flow path is caused by the position of the inlet and outlet pipes and the presence 
of a bulkhead and a baffle in each tank. Water moves through the tanks by gravity and is 
removed from the last tank once a preset maximum level has been reached by a pump 
operating on a float switch. Each pump run removes approximately 1 kl and can be thought 
of as a ‘batch’. The wastewater from this sedimentation segment is pumped up into the 
subsequent aerobic filtering segment (trickling filter system) and a new cycle begins. A cross 
section through the sedimentation/anaerobic digestion section is shown in Figure 4-5. 
 

Figure 4-5: Cross section through the gravity fed sedimentation/anaerobic digestion section 
showing wastewater levels, baffles and pumping start and stop levels. 

 
 

4.1.2.4. Trickling filter segment - aerobic system (TFAr) 

The trickling filter system consisted of a 'gravel'4 packed bed (very coarse gravel/cobbles4 ~ 
30 - 100 mm particle size) created within a concrete ring tank of 1.9 m height and 1.5 m in 
diameter. The treatment is based on a low rate aeration process. As the flow passes over the 
stones oxygen is being absorbing from the air in the voids of the filter bed. Oxygen is 
replenished by natural convection of the air in the porous medium. The process involves 
adsorption of organic compounds in the wastewater by the layer of microbial slime, diffusion 
of air into the slime layer to furnish the oxygen required for the biochemical oxidation of the 

                                                
4  Australian Standards AS1726-1993 defines gravels as 2.36 - 63 mm and cobbles as 63 - 200 mm in size. The trickling filter 

packed bed material covers the range of gravels and cobbles. However, the term 'gravel' has been used here best describing 
the particle size range of the filter. 
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organic compounds. This trickling filter tank was located on top of another supporting 
concrete ring tank to allow for subsequent gravity fed drainage of the filtered water into the 
storage tank below, Figure 4-6. This supporting concrete storage ring tank was hydraulically 
interconnected with a larger plastic storage tank of 13.5 kl capacity. This acted as a 
intermediate storage for the treated wastewater before release to the next treatment stage of 
the WBC. An even distribution of water over the gravel filter bed was achieved by using a 
‘rose’ spray which was constructed out of a pipe cap with large drilled holes.  
 
 

 
 

Figure 4-6: The trickling filter setup consisting of the gravel packed trickling filter concrete 
tank (top right), the supporting concrete storage tank (right below) and the 
storage plastic tank (left). 

 
 

4.1.2.5. Wastewater bioremediation cell segment (WBC) 

The WBC was constructed on the site where wastewater was previously applied by 
sprinklers, as per the design shown earlier in Figure 3-2. A hole of approximately 10 m x 10 
m square was excavated which was approximately 1.5 m deep at the centre becoming 
slightly shallower towards the edges. The hole was lined with plastic. 100 mm diameter 
agricultural drainage pipes wrapped in a geomembrane filter sock were placed at the 
deepest section running the full width. These were then covered with 100 - 150 mm of 
washed 10 mm river gravel. On top of the gravel a soil mix was applied which was made up 
of the soil excavated from the hole (a Hanwood loam soil), some mallee soil plus grape marc 
(a residue of mostly grape seeds left after the juice has been pressed from grapes). This 
combination was chosen in order to provide a permeable mix but with high clay content in 
order to provide a highly chemically reactive media. Saturated hydraulic conductivity of this 
soil mix was determined in the laboratory and was found to be around 0.8 m d-1. On the 
topsoil 450 kg of gypsum powder was spread in order to improve the infiltration 
characteristics of the soil and finally a 100 mm layer of 10 mm river gravel was added. 
 
As a plant cover the Juncus Ingens species was selected. Juncus Ingens is a large native 
rush found predominantly along the Murray River in New South Wales and Victoria. This 
species grows in waterlogged soils or in permanent shallow water and periodically flooded 
areas or lagoons and it is known for its long-term survival under highly variable conditions. It 
has been tested and used successfully with FILTER waste water treatment system before 
(Blackwell et al., 2005). 190 Juncus Ingens plants were transplanted in a 1 m x 0.5 m grid. 
The plants were established for six weeks with tap water before wastewater was applied. All 
plants grew strongly in this period (Figure 4-7). 
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The wastewater was applied from the plastic storage tank by gravity to the centre of the 
WBC where it flooded out across the gravel. The wastewater was removed from the WBC by 
gravity through the agricultural drain pipe to a 3 m deep sump. This treated wastewater was 
then pumped from the sump to a holding pond.  
 
 

 
 

Figure 4-7: The wastewater bioremediation cell (WBC) with Juncus Ingens plants (~ 40 weeks 
old) established and the trickling filter setup with storage tank in the background. 

 
 

4.1.2.6. Hydraulic design 

In order to properly scale a treatment system it would be ideal if historical volumes of 
wastewater were known. However, in this case the volumes of wastewater were unknown 
and needed to be estimated. Industry data indicate that wineries produce between 1 and 5 l 
of wastewater per litre of wine, with an average of around 2 l. Based on an overall crush of 
about 1200 tonnes per annum, which equates to around 900 kl of wine, and assuming an 
average of 2 l wastewater per litre of wine, a wastewater volume of around 1800 kl per year 
could be expected. Assuming that 40 % of this wastewater is created in approximately three 
vintage months a mean wastewater volume of 8 kl d-1 during vintage could be expected.  
 
During the non vintage period the mean wastewater volume would drop to only around 3.5 
kl d-1 and also the organic load of the wastewater would be significantly lower. Thus the 
design of such a variable flow system is problematic. General characteristics of winery 
wastewaters during vintage and non vintage times are shown in Table 3-1 (Chapter 3.1).  
 
The benefit of this composite design including the WBC is that it provides a significant buffer 
against sudden peak flows. Thus the hydraulic components were all constructed to meet a 
12 kl per day flow rate, expecting that on some days this would be exceeded but that for 
those infrequent occasions the WBC system would provide the main treatment in the system. 
Such a design constrains costs whilst still providing an expected high level of treatment 
throughout the year. 
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4.1.2.7. Setup costs 

The total costs for setting up the system were around A$ 27,000 from which about A$14,000 
were used for the various tanks and the sump for the WBC. A full breakdown of the costs is 
shown in Table 8-1 in the Appendix. 
 
 

4.2. Monitoring, measurement and control methods 

4.2.1. Research data collection 

The monitoring regime was designed in order to determine: 
 
- Composition and volume of water from the winery. 
- Treatment occurring in each component of the system. 
- Impact of winery wastewater on the soil in the WBC. 
- Overall treatment provided by the system. 
 
The wastewater treatment system was monitored over a 6 month period from January to 
June 2007 to assess differences in the volume and composition over the vintage and non-
vintage period.  
 
A daily and irrigation event based regime was conducted consisting of collecting wastewater 
samples from the inlet and outlet of each component of the system: 
 
- Sedimentation/anaerobic system. 
- Anaerobic/trickling filter. 
- Wastewater bioremediation cell. 
 
 

4.2.1.1. Wastewater sampling 

Winery wastewater composition is highly variable. Thus samples were taken on a daily basis 
between 20th of February and 30th of April 2007 and subsequently two times per week until 
the 6th of June depending on the irrigation management of the WBC i.e. during an irrigation 
event, and several days after the ponded water on the WBC had subsided. One litre samples 
were collected in amber glass bottles and returned to the laboratory immediately for analysis. 
34 samples were collected from the sedimentation/anaerobic system, 32 from the aerobic 
and WBC systems.  
 
The first water samples were taken from the WBC outlet sump on the 14th January 2007 
when irrigation of the WBC was only with tap water. These were taken to provide a baseline 
of the WBC outflow before wastewater was applied. 
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4.2.1.2. Physicochemical analyses 

Physicochemical characteristics of the wastewater such as pH, electrical conductivity (EC), 
total organic carbon (TOC), alkalinity, nutrients, cations, anions, heavy metal contaminants 
and total suspended solids (TSS) were analysed following standard wastewater analysis 
methods (APHA/AWA, 1992). Chemical oxygen demand (COD) was determined using a 
commercially available high range kit (Chemetrics; mercury containing; 0-15000 mg l-1, 
supplied by Watertest systems) and a single set wavelength photometer (640 nM).  
 

4.2.1.3. Soil and plant sampling 

Soil samples were collected from the WBC in order to assess changes in the soil after 
irrigation with wastewater. The first soil samples were taken after the WBC was initially 
established and then subsequent samples were taken after 5 months of wastewater 
application. Three separate soil cores were collected at random sites in the WBC to a depth 
of 90 cm and divided into three sections: 0 - 30 cm, 30 - 60 cm, 60 - 90 cm. The samples 
from each depth were bulked together and extensive physical, chemical and biological 
analysis undertaken. Soil sampling was also undertaken prior to each wastewater application 
to the WBC. A 10 cm top soil sample was analysed for: pH, EC and water content. 
 
Plant sampling was also undertaken to determine the influence of wastewater irrigation on 
plant growth. Plant biomass, shoots length and leaf chlorophyll content were analysed. 
Chlorophyll content was measured using the UV-visible spectrometer after extraction with a 
100 % acetone solution.  
 

4.2.2. Automated monitoring for system management 

In order for such a wastewater treatment system to be operated with minimal cost, the labour 
costs for operation need to minimised. With this in mind a prototype of an automated logging 
and control system was developed over the monitoring period. Using a programmable logic 
control (PLC) system the monitoring could be performed on-line for the main operational 
parameters such as volume, pH, EC, DO (dissolved oxygen) and TSS (total suspended 
solids). 
 
The instrumentation was installed in four key areas of the system: 
 
1. Flow into the treatment system. 

- Logging of input wastewater from the winery. At this stage the wastewater had just 
been treated by rotary screening. 

2. Sedimentation/anaerobic tanks (SAn). 
- Automatic control of wastewater from the flow equalising tank into the 

sedimentation/anaerobic tanks. 
3. Trickling filter (TFAr). 

- Input wastewater to the trickling filter. 
- Output wastewater from the trickling filter. 

4. The wastewater bioremediation cell (WBC). 
- Automatic control of wastewater from holding tank to WBC. 
- Output of wastewater from the WBC. 

 
 
This instrumentation is outlined in Figure 4-8. The volumes of wastewater entering, passing 
through and exiting the treatment system were measured using magnetic propeller type flow 
meters installed at the points shown in Figure 4-8. 
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Key constraints in the design process were to minimise capital costs, minimise operating 
costs and make the system as automated and ‘robust’ as possible, thereby minimising 
management requirements. 
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Figure 4-8: Location of logging and control instrumentation. 

 
 

5. Results 

5.1. Winery water use and wastewater volume 
Figure 5-1 shows the in- and outflow rates of the wastewater from the 31st of January to 29th 
of May.  
 

Figure 5-1: Variation of the in- and outflow rates of the wastewater from the end of January to 
the end of May. 
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The large peaks in the flow data from the beginning of sampling to the first week of March 
appeared to be due to the high daily variation in wastewater flows from the winery, 
compounded by the fact that the large (10 kl) tank, which was supposed to provide storage 
and buffering of the wastewater from the winery before it's release to the wastewater 
treatment plant, had not yet been installed. After the installation of the storage tank the 
discharge of effluent was better controlled to a range of values between 1 - 8 kl d-1 which was 
well within the design range. 
 
The inflow volume was affected by the increased processing activities in the winery during 
vintage, which occurred from the middle of February to the middle of March. During this 
period the overall trend of the inflow rates showed several peaks with a maximum value of 23 
kl d-1 at the end of February. A spillage also occurred in the winery at the end of the sampling 
period resulting in an outflow peak in the range of 10 kl d-1. 
 
Due to the higher than design flows in the wastewater treatment system and various 
problems of initially setting up the wastewater treatment plant, a large number of bypass 
flows occurred (~280 kl). Figure 5-2 shows the cumulative volumes of wastewater from the 
winery (totalling ~380 kl) and the irrigation wastewater actually applied to the WBC (totalling 
to ~100 kl). Therefore the WBC only treated about 25 % of the wastewater from the winery. 
This reduced treatment (below the design value) was mainly due to a throttle occurring in the 
surface layers of the WBC caused by the high organic load applied. This redyced the through 
drainage rate from the expected rate of around 8 kl d-1 down to around 1 - 2 kl d-1. This is 
discussed in a later sections of this paper. 
 

 

Figure 5-2: Cumulative volumes of total wastewater produced (inflow), evapotranspiration 
(ET) and precipitation (rain) occurred and wastewater applied to the WBC 
(outflow). 
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5.2. Wastewater chemical analysis 
The wine industry traditionally uses a wide variety of processing operations and equipment 
for a given process. Similarly a wide variety of products and methods are used for each 
process like cleaning, fining, cold stabilisation, filtration etc. The following products were 
used by the winery during the experimental period: 
 
- Diatomaceous earth 
- Pearlite, bentonite 
- Casein, skim milk 
- Potassium metabisulphite  
- Citric, nitric and tartaric acid 
- Caustic soda 
 
For each different functional unit of the treatment system the pH, EC, COD (Chemical 
Oxygen Demand), TSS (Total Suspended Solids) of the water entering the system were 
mesured, hereafter named ‘in’, and of the water leaving the system, hereafter named ‘out’. 
The reporting period is from January 31st to June 6th 2007.  
 
 

5.2.1. Sedimentation segment - anaerobic digestion (SAn) 

Figure 5-3 shows the temporal variation of the pH of the in- and out-water of the SAn.  

 

Figure 5-3: Variation of the of the pH of the in- and out-water in the SAn. 
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Both in- and out-water (Figure 5-3) were acidic with similar mean values of 5.2 and a range 
from 3.5 to 7.0. Peaks in pH of the in-water were detected during the vintage, at the end of 
February, as well as during non-vintage at the end of April. These were likely due to the 
intensive use of caustic cleaning chemicals which was confirmed by a survey of chemical 
used inside the winery.  
 
Overall the variability of in-water pH was moderate with a RSD (relative standard deviation) 
of 21 % (Table 5-1), notwithstanding the well known extreme variability of wine processing in 
wineries. However, the out-water was found to have a lower variability of pH with a RSD of 
15 %. The temperature of the in-water ranged between 14 - 24 οC. 
 
 

Table 5-1: Main statistics for pH, EC, TSS, COD of the sedimentation segment (SAn). 

 In- water (n=34) Out-water (n=32) 

 pH EC TSS COD pH EC TSS COD 
  dS m-1 mg l-1 mg l-1  dS m-1 mg l-1 mg l-1 

Mean  5.1 1.2 288.0 5483 5.2 1.5 284.2 7547 
Max. 7.0 3.7 785.0 14040 6.8 4.1 585.0 14240 
Min. 3.5 0.2 25.7 0 3.8 0.3 50.0 560 

RSD (%) 21.3 88.3 73.1 85.7 14.6 65.0 52.0 56.6 

 RSD - Relative standard deviation; COD - Chemical oxygen demand, TSS - Total suspended solids,  
EC - Electrical conductivity, n - Number of samples. 

 
 
The following Figure 5-4 shows the temporal variation of the salinity (EC) of the wastewater 
in the sedimentation segment. 

 

Figure 5-4: Variation of the EC of the in- and out-water in the SAn. 
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The in-water EC values (Figure 5-4) ranged between 0.2 to 3.7 dS m-1 with a mean value of 
1.2 dS m-1 and an RSD of 88.3 %. The out-water EC values had a slightly wider range 
between 0.3 - 4.1 and mean value, 1.5 dS m-1, with a lower RSD value of 65 %. Similar to 
pH, the salinity was extremely variable over time. Peaks of EC close to 4 dS m-1 for the in-
water occurred at the beginning of the vintage, when cleaning of tanks and crushers in the 
winery was frequent. After the middle of March the in-and out-water EC values were 
constantly below 2 dS m-1 and reached minimum values at the end of the sampling period.  
 
The mean concentration of the TSS was similar for both in-and out-water, 286 mg l-1, as 
shown in Figure 5-5. The TSS values of the in-water ranged between 26 to 785 mg l-1 and 
were moderately more variable than those of the out-water, RSD of 73 vs. 52 %. As for EC, 
the highest TSS value was found during the vintage operations, with a maximum value of 
800 mg l-1. It is suspected that failure of the rotary screen prior to the sedimentation segment 
was the cause of those peaks. 
 
These results show that the sedimentation overall was low. This can be attributed to the fact 
that for most of the experimental trial a stable hydraulic retention time could not be provided 
(see also Table 5-9 and comments). 
 

Figure 5-5: Variation of the TSS of the in- and out-water in the SAn. 

 
 
Figure 5-6 shows the COD variation over time. The mean COD values of the out-water were 
somewhat higher than that of the in-water, 7547 vs. 5483 mg l-1. This could be due to the 
sedimentation system not being in equilibrium in terms of volumes of water added and 
removed, and that the system was in a turbulent rather than constant state so that there was 
insufficient detention of the organic load. As for pH and TSS the COD values of the out-water 
showed more limited variation than those of the in-water, RSD of 57 vs. 86 %. 
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Figure 5-6: Variation of the COD of the in- and out-water in SAn. 

 
 
These observations together with those for pH and EC could be due to a starting, even 
though limited, mineralisation of the introduced organic matter and to sedimentation/ 
precipitation of both organic and inorganic compounds inside the system; however the main 
cause of the extreme wastewater quality variation is due to the different processes occurring 
in the winery. 
 
A more detailed discussion about the reasons for the apparent inefficiency of this 
sedimentation segment (anaerobic digestion), especially in terms of COD’s/organic loads, is 
provided in Chapter 6. 
 
 

5.2.2.  Trickling filter segment - aerobic system (TFAr) 

In this section no substantive differences were observed between the pH and EC values, 
(Figure 5-7 and Figure 5-8).  
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Figure 5-7: Variation of the pH in TFAr treatment, measured in SAn out-water and TFAr out-
water. 

 
 

 

Figure 5-8: Variation of the EC in TFAr treatment, measured in SAn out-water and TFAr out-
water. 
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TSS values decreased markedly after passing though the aerobic segment. There was a 
marked reduction of the mean suspended solids of up to about three times the initial load, 
from ~280 to 110 mg l-1, Figure 5-9.  
 

 

Figure 5-9: Variation of the TSS in TFAr treatment, measured in SAn out-water and TFAr out-
water. 

 
 
The TSS values varied between 63 mg l-1, non-vintage, to 400 mg l-1, during vintage, with a 
high variability, RSD of 93 %, (see Table 5-2). The COD value, Table 5-2 and Figure 5-10, of 
the out-water ranged between 470 to 15400 mg l-1, with a mean value slightly lower than that 
of the in-water, 7292 vs, 7547 mg l-1, and an RSD of 54 %. Hence still in excess of the 
ANZECC/NHMRC regulatory limits (1992). 
 
 

Table 5-2: Main statistics for pH, EC, TSS, COD of the trickling filter segment - aerobic 
system (TFAr). 

 In- water (n=32)* Out-water (n=30)** 

 pH EC TSS COD pH EC TSS COD 
  dS m-1 mg l-1 mg l-1  dS m-1 mg l-1 mg l-1 

Mean  5.2 1.5 284 7547 5.2 1.6 110 7292 
Max. 6.8 4.1 585 14240 7.0 5.1 400 15400 
Min. 3.8 0.3 50 560 3.9 0.7 63 470 

RSD (%) 14.6 65.0 52.0 56.6 15.8 66.7 93.5 53.6 

 RSD - Relative standard deviation; COD - Chemical oxygen demand, TSS - Total suspended solids,  
EC - Electrical conductivity, n - Number of samples. 

* Measured in SAn out-water. 
** Measured in TFAr out-water. 

0

100

200

300

400

500

600

700

800

900

1000

15-Feb 1-Mar 15-Mar 29-Mar 12-Apr 26-Apr 10-May 24-May 7-Jun

Day in 2007

T
S

S
 (

m
g

 l-1
)

SAn - out-water TFAr - out-water



 

A low cost land based winery wastewater treatment system: Development and preliminary results Page 28 

 

Figure 5-10: Variation of the COD in TFAr treatment, measured in SAn out-water and TFAr out-
water. 

 
 

5.2.3. Wastewater bioremediation cell segment (WBC)  

Base line water samples were taken from the WBC outflow. These were taken after the 
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sample provided the base line to compare with other samples after wastewater was applied. 
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variability in pH from an RSD of 15.8 % down to a RSD of 2 %. The constancy of these 
neutral pH values with time is likely due to leaching and hydrolysis of cations essentially Ca 
and Mg of the soil. Thus the soil worked effectively as a pH adjustment system for the 
wastewater. This did not seem to affect the top soil pH as shown in section 5.3.1. The pH 
values of the out-water complied with the ANZECC/NHMRC (1992) regulatory rules, pH 5 - 
8.5, for use as irrigation water.  
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Figure 5-11: Variation of the pH in WBC treatment, measured in TFAr out-water and WBC out-
water. 

 
 

Table 5-3: Main statistics for pH, EC, TSS, COD of the wastewater bioremediation cell 
segment (WBC). 

 In- water (n=30)* Out-water (n=32)** 

 pH EC TSS COD pH EC TSS COD 
  dS m-1 mg l-1 mg l-1  dS m-1 mg l-1 mg l-1 

Mean  5.2 1.6 110.0 7292 7.0 3.6 202.6 1557 
Max. 7.0 5.1 400.0 15400 7.4 4.5 450.0 6840 
Min. 3.9 0.7 62.5 470 6.6 0.3 18.8 0 

RSD (%) 15.8 66.7 93.5 53.6 2.5 23.6 58.3 113.6 

 RSD - Relative standard deviation; COD - Chemical oxygen demand, TSS - Total suspended solids,  
EC - Electrical conductivity, n - Number of samples. 

* Measured in TFAr out-water. 
** Measured in WBC out-water. 
 
 
The salinity of the out-water was more than double that of the in-water, 3.6 vz.1.6 dS m-1, 
Figure 5-12 and Table 5-3. This is to be expected due to the concentration effect of the 
evaporative losses from the WBC. The in-water EC values varied from 0.3 to 4.5 dS m-1  
however the out-water value was more constant around 3.6 dS m-1 which was only slightly 
higher than the maximum EPA limit for irrigation water of 3.3 dS m-1. As for the other 
segments of the wastewater treatment system the highest EC values were found mainly 
during vintage. 
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Figure 5-12: Variation of the EC in WBC treatment, measured in TFAr out-water and WBC out-
water. 

 
 
The values of TSS of the out-water, Table 5-3 and Figure 5-13, varied from 450 to 19 mg l-1 
with a mean value of 203 mg l-1 and were about double that of the in-water, 110 mg l-1 and an 
RSD value that was significantly lower than that of the in-water, 58 vz 93%. The high TSS in 
the out-water was probably due to fine materials being leached out of the profile and seemed 
to be reducing over time. The highest peaks of TSS were recorded during vintage and 
coincided with the peaks in the SAn and TFAr part of the system. 
 

Figure 5-13: Variation of the TSS in WBC treatment, measured in TFAr out-water and WBC out-
water. 
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The WBC appears to have been a very effective system for removal of organics. The COD 
values, Figure 5-14 and Table 5-4, of the out-water varied between 0 to 6840 mg l-1, with a 
mean 1557 mg l-1, that was about five times lower than that of the in-water (mean 7292 mg l-
1). The COD of the out-water displayed a higher variability, RSD 114 %, than those of the in-
water, RSD 54 %. The COD curve displayed several peaks throughout the sampling time. 
Most of these peaks appeared to be correlated with those recorded in the previous segments 
and temporally delayed due to the hydraulic retention of the waters in the SAn and TFAr part 
of the system. Only two COD peaks were above 6000 mg l-1 with one of these falling inside 
the vintage season, and the other occurring at the beginning of May, when washing 
operations of the tanks for the second minor vintage of botrytis were particularly intense. 
After this peak the COD values were below 2000 mg l-1 until the end of the study. 
 

Figure 5-14: Variation of the COD in WBC treatment, measured in TFAr out-water and WBC 
out-water.  

 
 

Table 5-4: Inflow and outflow wastewater statistics. 

 COD 

 Inflow Outflow 
 kg d-1 kg d-1 

Mean  2.2 0.9 
Max. 8.0 5.0 
Min. 0 0 

RSD (%) 98.5 123.0 

 RSD - Relative standard deviation; COD - Chemical oxygen demand. 
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Some basic statistics on the COD loads are displayed in Table 5-4. The mean organic load 
of the outflow was less than half that of the inflow, 0.9 vz. 2.2 kg d-1. The maximum COD load 
of the outflow was 5.0 kg d-1 compared with 8.0 kg d-1 of inflow. Thus overall the treatment 
system removed ~60 % of the organic load from the middle of February when vintage started 
to the end of May when sampling was terminated.  
 
 

5.3. Wastewater bioremediation cell (WBC) 

5.3.1. Irrigation water and surface soil chemical analysis 

The WBC was periodically irrigated with the out-water from the aerobic segment at different 
rates as reported in Table 5-9. Before each irrigation event, soil moisture content, pH and EC 
were determined, Table 5-5 and Figure 5-15. The irrigation volumes ranged between 2 and 
12 kl with a mean value of 7 kl. The interval between each irrigation event was about 3 days 
between February 5th and March 15th, during which time the irrigation volume was varied 
from 2 to 7 kl and of about 10 days between March 27th and May 28th, during which the 
volume was fixed at 12 kl. These operating conditions were aimed at maintaining plant 
growth, allowing the WBC soil to dry somewhat in order to restore the hydraulic soil 
properties after each irrigation event and attempting to treat as much wastewater as 
possible, Table 5-5. The soil moisture before each irrigation was quite wet,  values varied 
between 17.3 to 31.7%.  
 
 

Table 5-5: Irrigation events and wastewater quality, and top soil (0-10cm) moisture content, 
pH and salinity before each irrigation event. 

 
Wastewater 

characteristics 
Soil sample 

characteristics 

Date 
Volume 
applied 

Salinity 
 

pH pH 
 

Moisture 
content 

EC 
1:5 

ECe Sat. 
paste 

  kl dS m-1   % dS m-1 dS m-1 

05-Feb-07 2 -  - 7.3 17 1.6 9.6 
20-Feb-07 2 -  - 7.5 18 1.9 11.4 
23-Feb-07 4 1.9 4.3 7.6 25 2.4 14.4 
26-Feb-07 4 3.0 5.3 7.6 27 0.7 4.2 
05-Mar-07 4 5.1 4.6 8.1 19 0.3 1.8 
08-Mar-07 6 -  - 7.9 29 1.7 10.2 
12-Mar-07 7 -  - 8.4 24 0.6 3.6 
15-Mar-07 7 -  - 7.7 30 1.3 7.8 
27-Mar-07 12 1.2 4.9 8.1 26 0.8 4.8 
04-Apr-07 12 1.3 4.9 8.2 23 1.9 11.4 
13-Apr-07 12 0.7 6.9 8.0 32 0.8 4.8 
23-Apr-07 12 1.5 4.8 8.1 24 1.6 9.6 
28-May07 12 0.8 4.1 8.2 21 1.2 7.2 

Mean 7 1.9 5.0 7.9 24.2 1.3 7.7 
Max 12 5.1 6.9 8.4 31.7 2.4 14.4 
Min. 2 0.7 4.1 7.3 17.3 0.3 1.8 

RSD (%) 55 32 17 7.9 18 25 48 

 RSD - Relative standard deviation. 
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Figure 5-15 shows the soil pH and EC of the WBC before each irrigation event. The pH 
values ranged between 7.3, recorded at the beginning of the sampling, to 8.4, recorded at 
the end of the study, with a mean value of 8.0 and an RSD of 4 %. It is interesting to note 
that the buffering capacity of the soil seemed to increase in the second period with pH values 
from 8.1 to 8.2. The EC values were more variable and ranged between 0.3 to 2.4 dS m-1, 
with a mean of 1.3 and an RSD of 48%.  

Figure 5-15: Variation of the pH and ECe values of the soil of WBC over the sampling period. 

 
 

5.3.2. Plant analysis 

Plant sampling was undertaken after five months of wastewater application. Figure 5-16 
shows the range of plant condition, ranging from very healthy to dead. 
 
The plants weights, shoot lengths and leaf chlorophyll contents were analysed. As shown in 
Table 5-6, the plants had grown significantly, although some had subsequently died. Those 
that survived appeared to be photosynthesising adequately as indicated by the chlorophyll 
levels. 
 
 

Table 5-6: Plant physical characteristics and chlorophyll concentration of Juncus Ingens 
plants with and without wastewater application. 

Plant sample Height Weight Chlorophyll 
(averages) cm g mg g-1 

Without wastewater 60 70 0.19 
After wastewater application 55 103 0.20 
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Figure 5-16: Juncus Ingens plants sampled after five months of wastewater irrigation showing 
a range of condition from very healthy (left) to dead (right). 

 
 

5.3.3. Effect of wastewater disposal on soil properties 

The wastewater application modified the physical and chemical properties of the soil, Table 
5-7 and Table 5-8. The addition of wastewater to the soil caused a change in the soil pH. The 
deeper layers seem to have a more alkaline pH value, 8.6, than the surface layers. The soil 
pH increased by as much as 1 pH unit at 60 - 90 cm depth. This can be explained by the 
high soil buffering capacity and the high levels of base cations in the inflow such as Na, Ca, 
Mg, and K that caused an increase in the base saturation of the soil. We can attribute this pH 
increase especially at greater depth to the effect of base cation leaching and base saturation. 
Several studies report increases of soil pH values following application of effluents (Falkiner 
and Polglase, 1997; Sullivan et al., 2005). The increase of soil pH may increase the capacity 
of soils to immobilise heavy metals (Kabata-Pendias, 2001). The application of wastewater 
induced about a two-fold increase in the electrical conductivity (EC) of the surface layer, 1.2 
vs. 0.73 dS m-1, which was still well below the limit of saline soil, 4 dS m-1. Thus the mixed 
soil used in this system together with the high rates of drainage seems to have ensured 
adequate leaching and so avoided excessive salt accumulation.  
 
The alteration of the soil cation exchange capacity (CEC) could also be related to the 
increase of the pH value. Even though no analytical data on the presence of iron oxides are 
available, the kind of soil used, a red brown earth, indicates the CEC changes could be due 
to the presence of minerals with variable charges. This alteration was more evident in the 
surface and middle layers with an average increase in CEC of about 20 %. The increase in 
CEC could be attributed to newly generated negative charges on surfaces which possess 
variable charge (i.e. pH dependent) characteristics such as edge sites of clay minerals, 
sesquioxides, and the undissolved organic matter remaining in the soil. This alteration was 
gradual with an upward trend for exchangeable Ca and Na. However, a significant change of 
total base cations was observed, with Ca and Na levels increasing in the surface layer up to 
35 %, with K levels increasing up to 20 % in the 30 - 60 cm layer. These high levels of Ca 
can also maintain the high pH value of the soil due to hydrolysis of the Ca rich clays. 
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Notwithstanding the high levels of Na and K in the wastewater applied to the WBC it did not 
induce any significant increase in salinity or sodicity. However, Na and K concentrations in 
the effluent from the WBC increased by about 20 % and 50 % respectively. 
 
The analysis of the organic matter content in the various soil horizons showed that the 
wastewater induced an increase in organic matter content in the higher soil layers with a 
slight migration towards the lower horizons. The immobilisation of the wastewater organic 
matter in the upper layers should facilitate its mineralisation. This is evidenced by the 
significant increase of NH4-N in the upper layers.  
 
A fourfold increase in the total levels of phosphorus in the surface soil layer was observed 
with a small quantity which migrated towards the lower horizons. No evident accumulation or 
depletion of Cu and Zn was observed in the soil. 
 
Overall the soil did not undergo any drastic changes and can be said to still be in good 
condition, capable of continuing to treat significant further volumes of wastewater. 
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Table 5-7: Soil properties of the WBC before disposal of wastewater. Data are means of nine replicates. 

 Depth pH(1) EC(2) Texture OC(3) NO3-N NH4-N N(4) Tot-P Av-P(5) CaCO3
(6) CEC(7) Ca Mg Na K Cu Zn 

 cm  dS m-1  % mg kg-1 mg kg-1 % mg kg-1 mg kg-1 % cmol(+) kg-1 cmol(+) kg-1 cmol(+) kg-1 cmol(+) kg-1 cmol(+) kg-1 mg kg-1 mg kg-1 

 0 - 30 7.8 0.73 SC 2.0 14 30 0.2 131 97 0.89 27 17.5 4.8 1.6 8.4 20 50 

RSD (%) 3.5 52.1  18.2 54.1 88.2  10.2 15.5 24.2 18.5 30.2 95.2 25.1 10.2 20.1 41.2 

 30 - 60 8.0 0.43 CS 2.6 14 29 < 0.1 340 106 0.75 21 14.0 3.5 1.0 7.3 19 46 

RSD (%) 4.1 54.3  19.2 58.2 87.5  12.2 14.5 25.5 20.2 32.5 94.2 24.5 12.2 18.5 42.2 

 60 - 90 7.8 0.56 CS 2.4 19 20 < 0.1 337 113 0.72 22 2900 3.6 1.1 7.9 19 42 

RSD (%) 2.7 57.0  20.2 62.0 110.0  12.5 11.4 22.3 27.2 14.5 93.0 23.5 8.9 14.5 41.2 

 

Table 5-8: Soil properties of the WBC after disposal of wastewater. Data are means of nine replicates. 

 Depth pH(1) EC(2) Texture OC(3) NO3-N NH4-N N(4) Tot-P Av-P(5) CaCO3
(6) CEC(7) Ca Mg Na K Cu Zn 

 cm  dS m-1  % mg kg-1 mg kg-1 % mg kg-1 mg kg-1 % cmol(+) kg-1 cmol(+) kg-1 cmol(+) kg-1 cmol(+) kg-1 cmol(+) kg-1 mg kg-1 mg kg-1 

 0 - 30 7.7 1.20 SC 2.7 5.7 35 0.2 424 113 1.32 33 26.9 1.3 2.4 9.5 19.6 47.7 

RSD (%) 5.4 50.1  17.5 65.0 97.2  10.2 22.2 26.2 19.2 31.2 95.2 27.5 10.1 22.2 45.2 

 30 - 60 8.5 0.50 SC(*) 3.0 2.7 20 < 0.1 410 130 1.00 28 18.2 4.2 1.5 9.7 18.6 39.6 

RSD (%) 5.8 52.5  18.8 63.2 99.2  11.2 27.4 24.5 21.2 30.2 94.2 25.5 8.5 23.1 48.2 

 60 - 90 8.6 0.40 SC(*) 2.1 3.5 22 < 0.1 412 119 0.85 25 16.5 3.5 1.1 9.3 19.3 42.3 

RSD (%) 5.7 51.4  20.8 66.6 104.0  12.8 24.4 27.4 20.1 28.0 96.5 29.4 9.8 21.9 44.8 

 RSD - Relative standard deviation. 
 (*) It is assumed that the change of texture in relation to pre-irrigation (pre-disposal of wastewater) was caused by movement and loss of fine clay mineral particles from deeper layers along with the drainage water. 
 Analysis conducted for Table 5-7 and Table 5-8: 

(1) pH:  pH in 1: 5 soil water suspension. 
(2) EC:  Electrical conductivity in a 1:5 soil water extract. 
(3) OC:  Organic carbon according to the method of Walkley and Black (Rayment and Higginson, 1992). 
(4) N: Total nitrogen by the Kjeldhal steam distillation (Rayment and Higginson, 1992). 
(5) Av-P:  Available phosphorus by the bicarbonate extractable phosphorus. 
(6) CaCO3:  Carbonates by manometric procedure. 
(7) CEC:  Cation exchange capacity by ammonium acetate extraction.
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5.3.4. Hydraulic analysis 

In order to understand the physical performance of the WBC system careful monitoring of the 
irrigation and drainage volumes were undertaken. In this monitoring period there were 13 
irrigation events onto the WBC applying a total of 96 kl (960mm) over four months. Irrigation 
event and volumes applied are shown in Table 5-9.  
 
 

Table 5-9: Irrigation events, dates and volumes applied onto the wastewater bioremediation 
cell (WBC). 

Irrigation event Date of irrigation event 
(2007) 

Irrigation volume applied 
(kl) 

1 5-Feb. 2 
2 20-Feb. 2 
3 23-Feb. 4 
4 26-Feb. 4 
5 5-Mar. 4 
6 8-Mar. 6 
7 12-Mar. 7 
8 15-Mar. 7 
9 27-Mar. 12 

10 4-Apr. 12 
11 13-Apr. 12 
12 23-Apr. 12 
13 28-May 12 

Total  96 

 
 
These irrigations events resulted in daily drainage discharges, however there were not 
always drainage flowmeter readings available for individual days. The data in Figure 5-17 
shows all the drainage data with some of the data points representing more than a single 
day.  

 

Figure 5-17: Drainage rates from the wastewater bioremediation cell (WBC) with some of the 
data points representing more than the value of a single day. 
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The drainage data from the WBC shows that flow rates around 1 kl day-1 were common. In 
conducting a water balance for the first 12 irrigations events5 it was found that the total water 
applied was 92.3 kl consisting of 84 kl applied through irrigation and 8.3 kl through rainfall. 
The amount of drainage water was only 38.9 kl which is 42% of the total water applied, the 
balance being evaporation losses. A crosscheck against calculated reference evapo-
transpiration values for the area over this time revealed only a small mass balance error of 
0.5 kl. Comparing this mass balance approach with a salt balance approach; the applied 
irrigation water salinity averaged 1.6 dS m-1 and rainfall salinity in this region is known to be 
0.05 dS m-1, giving a weighted salinity of applied water of 1.46 dS m-1. The drainage salinity 
averaged 3.6 dS m-1, which is an increase in concentration of 2.65 times. This compares well 
with a calculated concentration factor of 2.38 times using the mass balance figures of above. 
The fact that the salt balance is the same as the mass balance also indicates that the soil 
salinity in the WBC is in equilibrium with the applied salinity of the outflow plus rain. 
 
Figure 5-18 shows the watertable fluctuation over the period of the 13 irrigation events. It can 
be seen that the watertable rises rapidly within one day after an irrigation event, and then 
drops again. It is interesting to note that the watertable never rose to less than about 1.2m 
from the soil surface, even though the soil surface was ponded for one to two days after an 
irrigation event. This indicates that there was a throttle in the soil upper layers that prevented 
the whole soil column from becoming saturated. This throttle is likely due to the build up of 
organic matter in the surface layers, as discussed in the section on the soil analysis. 
 

 

Figure 5-18: Watertable depths fluctuation over the period of the 13 irrigation within the 
wastewater bioremediation cell (WBC). 

 
 
After each irrigation event the watertable fell rapidly, how far it fell depended on the length of 
time between irrigation events. The maximum depth to which the watertable fell was 1.6m 
which was just above the drain height.  

                                                
5 Drainage data for the 13th event was unfortunately compromised. 
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The drainage flow rate data did not indicate any decline in the soil permeability. In order to 
further ascertain whether there were any changes the watertable data was analysed. The 
slope of each declining limb of the watertable hydrographs was separated from the full 
watertable record and shown in Figure 5-19.  
 
 

Figure 5-19: Watertable declining limbs over time following an irrigation event in the 
wastewater bioremediation cell (WBC). 

 
 

 

Figure 5-20: Average rate of watertable decline for individual irrigation events in the 
wastewater bioremediation cell (WBC). 

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50

0.55

0.60

0.65

0.70

18-Jan 1-Feb 15-Feb 1-Mar 15-Mar 29-Mar 12-Apr 26-Apr 10-May 24-May 7-Jun 21-Jun

Day in 2007

W
at

er
ta

b
le

 h
ei

g
h

t 
ab

o
ve

 d
ra

in
s 

(m
)

0.020

0.022

0.024

0.026

0.028

0.030

0.032

0.034

0.036

18-Jan 1-Feb 15-Feb 1-Mar 15-Mar 29-Mar 12-Apr 26-Apr 10-May 24-May 7-Jun 21-Jun

Day in 2007

A
ve

ra
g

e 
ra

te
 o

f 
w

at
er

ta
b

le
 r

ec
es

si
o

n
 p

er
 e

ve
n

t 
(m

 d
-1

)



 

A low cost land based winery wastewater treatment system: Development and preliminary results Page 40 

The slope of the declining limb indicates the rate at which the watertable falls, this is 
controlled by the soil permeability, also known as hydraulic conductivity. Visually there is little 
difference in the slope of the declining limbs over the four months of irrigation events, as 
shown in Figure 5-19. The average slope of each individual falling limb was calculated and is 
shown in Figure 5-20. The data from the short falling limbs (No. 2 to 5) should be ignored as 
the falling limbs were not long enough (not enough time between irrigation events) to provide 
a proper analysis of the slope. This data shows that the rate of recession of the watertable 
has not declined over time and perhaps may even be slightly increasing. This indicates that 
the permeability of the soil in the WBC is being maintained. 
 
In order to assess the hydraulic conductivity of the soil an analysis of the drainage flow rates 
at varying watertable depths was conducted and shown in Figure 5-21. Using the slope of 
the trendline fitted to the data an analytical solution maybe applied, which showed that the 
bulk soil hydraulic conductivity was about 0.34 m d-1. The hydraulic conductivity of the soil 
used in the WBC as analysed in the laboratory before it was added to the WBC was around 
0.4 m d-1.  

 

Figure 5-21: Drainage flow versus watertable height in the wastewater bioremediation cell 
(WBC). 

 
 
In order to assess whether the hydraulic conductivity of the bulk soil was changing over time, 
an analysis was conducted on a daily basis where data permitted. These values of hydraulic 
conductivity are less accurate in absolute terms than the previous analysis that used the 
whole data set. The data in Figure 5-22 shows no discernible clear trend over time. The bulk 
of the highest conductivity values appear to be towards the end of the monitoring period, this 
may indicate a slight increase in hydraulic conductivity, however this would not be significant 
in a practical sense. Overall it may be concluded that the soil structure was maintained and 
that water was moving freely in the saturated layers. 
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Figure 5-22: Calculated soil hydraulic conductivity in the wastewater bioremediation cell 
(WBC). 

 
 
Another important characteristic of the soil in the WBC is it's drainable porosity. This is the 
volume of water that will drain freely from the soil by gravity after the soil has been saturated. 
Analyses related to the irrigation events were conducted for those events where enough data 
was available. Results for the drainable porosity are shown in Table 5-10.  
 
 

Table 5-10: Soil drainable porosity values over time and irrigation events in the wastewater 
bioremediation cell (WBC). 

Irrigation event 
(#) 

Drainable porosity  
(%) 

1 - 
2 - 
3 - 
4 - 
5 - 
6 - 
7 - 
8 17 
9 20 

10 22 
11 21 
12 - 
13 - 

 Average 20 
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This data shows that the drainable porosity of the soil is about 20 %. Thus, if the WBC was 
fully saturated for the entire 1.6 m deep profile, about 32 kl would drain out. However, in this 
operational period only about 0.4 m were ever fully saturated and allowed to drain, hence 
resulting in a maximum drainage flow of about 8 kl only.  
 
 

5.3.5. Summary (WBC) 

The drainage from the WBC amounted to about 40 % of the total water applied through 
irrigation and rainfall. The watertable in the WBC only ever rose to about 0.6 m above the 
drains, despite water being ponded on the soil surface. This indicates that there must have 
been a throttle in the upper soil layer preventing the water movement downwards through the 
profile probably caused by clogging with organic matter. The bulk soil below the watertable 
was found to have a high permeability of about 0.34 m d-1, and high drainable porosity of 
about 20 %, making it highly suitable for the purpose of a rapid flow-through-system. There 
was no evidence of any decline in the soil permeability over time for this monitoring period. 
 
 

6. Discussion 

6.1. Wastewater volume variability 
The treatment system was tested with higher than expected inflows. As a result the 
sedimentation/anaerobic segment worked under a highly variable flow regime and all the 
following functional units were affected by low removal performance. As a remedial measure 
a further storage tank was installed on the 8th of March. With this tank as a balancing system 
in place, the plant was able to be run with set volumes of wastewater and with set and 
constant hydraulic retention times (HRT), mainly over the post vintage period (see following 
section).  
 
However, as historical volumes of wastewater were unknown the volume balancing system 
was not adequately dimensioned and still e.g. 20 by-passes to the sump and several 
numbers of overflows occurred. Based on the effective wastewater conveyed into the system 
over the study period, a simple but useful hydraulic model was developed showing that a 
redesign of the balancing system was necessary and that an additional tank of 10 kl volume 
would be needed. Additionally it is also possible to identify the specific activities undertaken 
in the winery during critical periods in order to suggest possible management changes to 
possibly stretch that particular process over a longer period of time. 
 
 

6.2. Hydraulic retention time (HRT) 
The COD loads of the in- and out-water for the SAn and TFAr relative to the hydraulic 
retention times of 1, 2, and 5 days and the percentage of organic load removal are shown  
in Table 6-1. For the sedimentation segment (SAn) only an HRT of 5 days was effective, with 
a mean organic load removal of 67 %, up to a maximum of 80 %. This data also displayed a 
moderately low variability of the loads, with an RSD of 22 %. This seems to be consistent 
with the fact that the sedimentation segment is essentially a settling system where only long 
HRT’s are effective to allow settling of most of the coarse solids. By contrast, the data for the 
aerobic system (TFAr) revealed that even at an HRT of one day the system removed on 
average 22 % of the organic load, up to 33 %. With an HRT of two days the mean organic 
load removal slightly increased to 24 %, with a maximum value significantly higher than that 
at an HRT of one day, 75 vs. 33 %. Increasing the HRT to five days improved the organic 
load removal efficiency of the system, with mean removal of 40 %, up to a maximum of 56 %.  
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Table 6-1: COD load and hydraulic retention time statistics. 

 COD load in 
SAn 

COD load out 
SAn 

Removal 
 

COD load in 
TFAr 

COD load out 
TFAr 

Removal 
 

 kg d-1 kg d-1 % kg d-1 kg d-1 % 

1 day hydraulic retention time 

 1.4 1.4 0 1.4 1.2 11 
 0.8 0.7 17 0.7 0.5 30 
 1.9 4.3 -129 4.3 4.5 -4 
 1.7 2.9 -71 2.9 2.1 28 
 0.6 1.2 -85 1.2 0.8 29 
 1.8 4.3 -140 4.3 3.1 27 
 0.2 1.8 -1015 1.8 1.2 33 

Mean 1.2 2.4 -203 2.4 1.9 22 
Min. 0.2 0.7 -1015 0.7 0.5 -4 
Max. 1.9 4.3 17 4.3 4.5 33 

RSD (%) 56 63 -178 63 75 61 

2 day hydraulic retention time 

 4.2 3.6 15 3.6 3.6 1 
 3.5 2.3 34 2.3 2.4 -5 
 0.6 1.2 -85 1.2 0.8 29 
 5.2 5.9 -15 5.9 4.6 23 
 2.5 4.4 -72 4.4 1.1 75 

Mean 3.2 3.5 -25 3.5 2.5 24 
Min. 0.6 1.2 -85 1.2 0.8 -5 
Max. 5.2 5.9 34 5.9 4.6 75 

RSD (%) 54 53 -213 53 64 130 

5 day hydraulic retention time 

 0.5 0.1 80 1.0 0.5 50 
 3.0 1.0 67 1.6 1.1 33 
 6.2 1.6 74 4.3 3.5 20 
 8.0 4.3 46 1.8 0.8 56 

Mean 4.4 1.8 67 2.2 1.5 39 
Min. 0.5 0.1 46 1.0 0.5 20 
Max. 8.0 4.3 80 4.3 3.5 56 

RSD (%) 75 103 22 69 100 46 

 RSD - Relative Standard Deviation. 
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7. Conclusions 
The overall results of this study indicate that this winery wastewater treatment system has 
the potential to be used for the treatment of the wastewater from small wineries. More 
research is however needed to optimise the operation of the different treatment segments. In 
particular it was found that the flow through the sedimentation segment needs to be 
maintained at a constant managed rate through the installation of a properly dimensioned 
flow equalising tank, if a respectable removal of organic load is to be achieved. Similarly, the 
aerobic segment displayed potential to remove the organic load, but a redesign is required 
there to increase the water/air interface. This will increase the oxygenation of the wastewater 
and provide a larger surface area for bacteriological activity. 
 
The wastewater bioremediation cell (WBC) performed well in reducing organic loads by an 
order of magnitude. The initially very poor performance of the sections of the wastewater 
treatment system prior to the WBC meant that practically untreated wastewater was applied 
to the WBC. This had a negative impact on the filtration of the wastewater though the soil of 
the WBC and so the organic load of the outflow from the WBC was sensitive to the large 
variation of the volume and organic load peaks of the wastewater. This was because the 
wastewater load was extremely high and so did not have adequate equilibration time with the 
soil and thus treatment was not as good as it could have been. Also the heavy loading of the 
WBC led to some blockage of the upper soil layers due to organic clogging. This was 
probably due to the WBC system being constantly loaded, there being little opportunity for 
drying and reduction of the anoxic conditions which would have allowed oxidation of the 
organic matter to occur. This surface soil throttling led to the system treating less water than 
should have been possible based on the soil hydraulic conductivity which was shown to be 
high and steady over time. A solution would be to replicate the existing WBC so that the 
wastewater could be cycled between the two. This would provide opportunity for soil drying 
to occur under median flow conditions, whilst both cells could be used simultaneously for the 
few periods of very high peak flow. 
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8. Glossary 
ASBR Anaerobic sequencing batch reactor 
BOD Biological oxygen demand 
BOD5 Biochemical oxygen demand (over a 5-day period) 
COD Chemical oxygen demand 
DO Dissolved oxygen 
EC Electrical conductivity 
ECe The electrical conductivity (EC) of a saturated soil paste extract (ECe) 
EPA Environmental protection agency  
ET Evapotranspiration 
FILTER Filtration and irrigated cropping for land treatment and effluent reuse 
HRT Hydraulic retention times 
Ml Megalitre  
NTU Nephelometric turbidity unit  
PAR Potassium absorption ratio 
pH Potential of Hydrogen - negative 10-base log (power) of the positive hydrogen 

ion concentration; measure of acidity 
PLC Programmable logic control (system) 
RDV Rotary drum vacuum (filter) 
RSD Relative standard deviation (coefficient of variation) 
SAn Sedimentation segment - anaerobic digestion 
SAR Sodium absorption ratio 
SBR Sequence batch reactor 
TFAr Trickling filter segment - aerobic system 
THM Trihalomethanes 
TN Total nitrogen 
TOC Total organic carbon 
TP Total potassium 
TSS Total suspended solids 
UASB Upflow anaerobic sludge blanket 
WBC Wastewater bioremediation cell 
  
  
 
 
 



 

A low cost land based winery wastewater treatment system: Development and preliminary results Page 46 

References 
1. Agriculture and Resource Management Council of Australia and New Zealand 1995, 

National Water Quality Management Strategy. Guidelines for groundwater protection in 
Australia. 
http://www.mincos.gov.au/__data/assets/pdf_file/0010/316099/guidelines-for-
groundwater-protection.pdf 

2. Anon 2003, Sirromet upgrades wastewater treatment facilities. The Australian & New 
Zeland Grapegrower &Winemaker, April 2003. 50-61 

3. ANZECC/NHMRC, 1992, Australian and New Zealand guidelines for the assessment and 
management of contaminated sites. Australia and New Zealand Environment and 
Conservation Council/National Health and Medical Research Council, Canberra. 

4. APHA/AWA, 1992, Standard methods for the examination of water and wastewater 
analysis. 19th ed. American Public Health Association, AWWA and WPCF, Washington 
DC, USA. 

5. Astley, C 2000, Developments in alternative cleaning agents for wineries. Conference 
Proceedings, First National Wine industry Environment Conference and Exhibition, 
Setting the Agenda. 31-1 November, Adelaide, 70-73. 

6. Australian Government Department of Environment and Heritage 2005, Great western 
winery water recycling  
http://www.ballarat.edu.au/projects/ensus/case_studies/wineries 

7. Blackwell, J, Jayawardane, NS, Christen, EW, Zandona, L, Zandona, R, Manente, R. and 
Carroll, J. 2005, Sustainable, Aesthetic, Environmentally Sensitive and Inexpensive On 
Site Sewage Management. Sustainable Irrigation System Directorate, CSIRO Land and 
Water, Presentation to the CSIRO Awards, 8 February. 

8. Brooker, JD and Smyl, C 2003, The use of microbial treatments in winery waste 
management. The Australian and New Zealand Grapegrower and Winemaker, February, 
2003, 31-33. 

9. Bustamante, MA, Paredes, C, Moral, R, Moreno-Caselles, J, Pérez-Espinosa, A and 
Pérez-Murcia, MD 2005, Uses of winery and distillery effluents in agriculture: 
characterisation of nutrient and hazardous components, Water Sci. Tech., 51, 145-151. 

10. Chapel Hill Winery & the Environment 2005, The environment and our community take 
priority at Chapel hill Winery. 
http//www.chapelhillwine.com.au/about/environment/enviro.pdf 

11. Chapman, J 1999, Standardised protocol winery production waste management. Final 
Report to Grape and Wine Research and Development Corporation Project No. CRS 
95/2, SARDI, p.11. 

12. Chapman, J, 1999, Standardised protocol winery production waste management. Final 
Report to Grape and wine research development corporation, Project No CRS 95/2 
SARDI, p 11. 

13. Chapman, J, Baker, AP and Wills, S 2001, Winery Wastewater Handbook: Production, 
Impacts and Management. Winetitles, Adelaide, Australia. 

14. Chapman, JA, Correll, RL. and Ladd, JM 1995, Removal of extractable organic carbon 
from synthetic winery wastewater by repeated application to soil. The Australian Journal 
of Grape and Wine Research 1, 76-85. 

15. Chapman, JA, Correll, RL. and Ladd, JM. 1995, Removal of extractable organic carbon 
from winery and distillery wastewaters by application to soil. The Australian Journal of 
Grape and Wine Research, 1, 30-47.  



 

A low cost land based winery wastewater treatment system: Development and preliminary results Page 47 

16. Deans, L 2003, Winery wastewater, Scourge or opportunity? Wine Business Monthly 
Online,  
http://winebusiness.com/html/MonthlyArticle.cfm?AId=74659&issueId=73745 
June 09, Accessed 24/10/2005. 

17. Department of Environment and Conservation, NSW, 2004a, Enviromental guidelines. 
Use of effluent by irrigation. Dep. Environ. Cons., NSW, Australia, p 23. 

18. Department of Environment and Conservation, NSW, 2004b, Enviromental guidelines. 
Use of effluent by irrigation. Dep. Environ. Cons. NSW, Australia, p 51. 

19. Department of Environment and Conservation, NSW, 2004c, Enviromental guidelines. 
Use of effluent by irrigation. Dep. Environ. Cons. NSW, Australia, p 29. 

20. EPA SA 2004, EPA guidelines for wineries and distilleries. Government SA and EPA SA 
http//www.environment.sa.gov.au/epa/pdfs/guide_wineries.pdf.p2 

21. Falkiner, RA and Polglase, PJ 1997, Transport of phosphorus through soil in an effluent-
irrigated tree plantation. Australian Journal of Soil Research, 35, 385-97.  

22. Fernández, B, Porrier, P, Chamy, R 2001, Effect of inoculum-substrate ratio on the start-
up of solid waste anaerobic digesters. Water Sci. Technol. 44, (4), 103–108. 

23. Foster’s Group Limited 2004, Environmental aspects and impacts statement. 
http://www.fosters.com.au/about/docs/environmentalaspectsandimpacts.pdf 

24. Frost P, Kumar, A, Correll, R, Quayle, W, Kookana, R, Christen, E, Oemcke, D 2007, 
Current practices for winery wastewater management and its reuse: an Australian 
industry survey. Wine Industry Journal, 22, 40-46. 

25. Grismer, ME, Carr, MA and Shepherd HL 2003, Evaluation of Constructed Wetland 
Treatment Performance for Winery Wastewater. Water Environment Research, 75(5), 
412-421. 

26. Horan, NJ 1989, Biological wastewater treatment systems: Theory and operations. John 
Wiley & Sons, Canada. 

27. Jayawardane, NS 1995, Waste treatment and reuse through irrigation, with special 
reference to the Murray Basin and adjacent Coastal areas. CSIRO Division of Water 
Resources Divisional Report, 95/1. 

28. Jayawardane, NS, Biswas, TK, Blackwell, J and Cook, FJ 1999, The research project on 
land treatment of effluent from the Griffith City Council sewage work - Report 9. CSIRO 
Land and Water Consultancy Report, Griffith, NSW. 

29. Jayawardane, NS, Blackwell, J, Nicoll, G and Wallett, DJ 1997, The research project on 
land treatment of effluent from the Griffith City Council sewage work - Report 7. Final  
report on pollutant removal by the FILTER system during the period November 1994 to 
November 1996. Report prepared for GCC, DL&WC (PWD) and DPIE, Consultancy 
Report No. 97/40. 

30. Johansen, T 2004, Evans and Tate adopt benchmark waste treatment technology. The 
Australian and New Zealand Grapegrower and Winemaker, February, 38-40. 

31. Kabata-Pendias, A 2001, Trace Elements in Soil and Plants, Boca Raton (FL), CRC 
Press, p. 128. 

32. Keyser, M, Witthuhn, RC, Ronquest,,LC, Britz, TJ 2003, Treatment of winery effluent with 
upflow anaerobic sludge blanket (UASB)-granular sludges enriched with Enterobacter 
sakazakii Biotechnol. Lett. 25:1893. 

33. Laffer, PL 1996, Opportunities for the Australian Wine Industry in minimising waste and 
meeting community expectations. In: Stockley, CS, Sas, AN and Johnstone, RS. 

34. Marcoux, MA 2002, Treatment of winery wastewater using the FILTER technique. CSIRO 
Land and Water, Student Report, Griffith, NSW. 



 

A low cost land based winery wastewater treatment system: Development and preliminary results Page 48 

35. Metcalf and Eddy, Inc. 1991, Wastewater Engineering: Treatment, Disposal and Reuse. 
3d ed. The McGraw-Hill Companies. New York, New York. 

36. Moletta, R 2005, Winery and distillery wastewater treatment by anaerobic digestion.  

37. Olden, S 2002, BRL Hardy’s Berri Woodlot - a case study. The Australian and New 
Zealand Grapegrower and Winemaker, 467: 62-65. 

38. Perez, M, Romero, LI, Rodriguez-Cano, R Sales, D 2006, Effect of the pH influent 
conditions in fixed-film reactors for anaerobic thermophilic treatment of wine-distillery 
wastewater. Jr. Bioresource Technology, 248:245. 

39. Pescod MD, 1992, Wastewater treatment and use in agriculture FAO, Irrigation and 
Drainage Paper 47, FAO, Rome, Italy. 

40. Petruccioli, M, Duarte, JC, Eusebio, A and Federici, F 2002, Aerobic Treatment of Winery 
Wastewater Using a Jet-Loop Activated Sludge Reactor. Process Biochemistery; 37, 
821-829. 

41. Rayment, GE, Higginson, FR 1992, Australian laboratory handbook of soil and water 
chemical methods. Australian Soil and Land Survey handbook, Inkata Press, Melbourne, 
Sydney. 

42. Rodrigues, AC, Britio, AG and Melo, LF 2001, Post-treatment of a brewery wastewater 
using a Sequencing Batch Reactor, Water Environ. Res.73:45. 

43. Saleh, A, Ang, H, Tade, M. 2005, Winery wastewater treatment using flat panel airlift 
photobioreactor with a mixture of algae and bacteria. Chemeca 2005. Smart solutions 
doing more with less, 25-28 Sept., Brisbane Australia. 

44. Seghezzo, L, Zeeman, G, Van Lier, JB, Hamelers, HVM and Lettinga, GA 1998, Review: 
the Anaerobic Treatment of Sewage in Uasb and Egsb Reactors Bioresource 
Technology, Sep.; 65(3): 175-190. 

45. Shepherd, HL, Grismer, ME., Tchobanoglous, G. 2001, Treatment of high strength winery 
wastewater using a subsurface flow constructed wetland. Water env. Research, 73:394-
403. 

46. Smiles, DE and Smith, CJ, 2004, A survey of the cation content of piggery effluents and 
some consequences of their use to irrigate soils. Australian Journal of Soil Research, 42 
(2): 231-246. 

47. Smith, F 2002, Winery waste water options. The Australian and New Zealand 
Grapegrower and Winemaker, 459: 40-41. 

48. Sullivan, DG, Wood, CW, Owsley, WF, Norfleet, ML, Wood, BH, Shaw, JN and Adams, 
JF 2005, Denitrification Following Land Application of Swine Waste to Bermudagrass 
Pasture, Comm. Soil Sci. Plant Anal. 36, 1277-1288. 

49. Swain, NW and Thomson, T 2000. A wastewater management strategy for a winery in an 
environmentally sensitive area. In: Conference Proceedings (first draft): First National 
Wine Industry Environment Conference and Exhibition: Setting the Agenda. 31st October 
– 1st November, 33-38.  

50. Wine Federation of Australia 2003, Australian wine industry public environment report 
2003. Prepared by the winemakers federation of Australia. 



 

A low cost land based winery wastewater treatment system: Development and preliminary results Page 49 

Appendix 

Table 8-1: Costing estimation for the wastewater plant. 

 

Item description 
 

Cost 
$ 

Number 
 

Total cost 
$ 

Concrete aeration tank 1,205.00 2 2,410.00 
Sump 1,867.00 1 1,867.00 
Black poly storage tank 20 k litres 3,320.00 2 6,640.00 
Black poly equalising  tank 10 k litres 2,160.00 1 2,160.00 
Septic tank 1,041.00 3 3,123.00 
Sump lid (galvanised)  200.00 2 400.00 
Sump pump 250.00 2 500.00 
Concrete slab  500.00 1 500.00 
Sump ladder 1,100.00 1 1,100.00 
Flow meters 180.00 2 360.00 
Digger - hire 154.00 1 154.00 
Bore drill - hire 83.60 1 83.60 
Washed gravel 300.00 1 300.00 
Water level switch 388.68 1 388.68 
EC sensor 640.00 1 640.00 
pH sensor 1,300.00 1 1,300.00 
Power wire to auto valves 59.98 1 59.98 
Flex conduit 104.57 1 104.57 
Logger 2,098.25 1 2,098.25 
Gypsum 350.00  350.00 
PGP 300.00 1 300.00  
Plants 1.60 190 304.00 
Excavation 400.00  400.00 
Cartage 400.00  400.00 
Pipes 100.00 4 400.00 

Total     26,043.00 
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