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DECENTRALIZED ENGINEERED WATER CYCLE
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By Ben Kele, Tony Kodel, Jim Kelly, and Tim Wood's

Introduction

The Woodford Folk Festival (www.
woodfordfolkfestival.com) is the larg-
est music event in the southern
hemisphere and has been held at
the Woodfordia site (see Figure 1)
since 1994. The Woodford Folk Fes-
tival is held between December 27
and January 1 every year, during the
Australian summer months. There
are approximately 130,000 people
who attend the festival over the week-
long event. The majority of patrons,
performers, and workers camp at
the site during the festival. There are
around 25,000 people on site per day
during the event with more than 500
different performances held over the
course of the week.

The engineered water cycle at Wood-
fordia is completely decentralized.
The site has its own dam, drinking
water treatment plant, sewer system
and associated pump stations, sew-
age treatment plant (STP), and recy-
cled water scheme. There are more
than 60 permanent amenities blocks
(i.e., bathrooms) and 20 miles of
gravity sewer. No water is brought to
the site and no water leaves the site.
Even the sewage sludge is dewatered,
composted, and reused at site.

The STP was not installed when the
site first opened in 1994. Up until

Figure 1. Location of the Woodfordia site

2008, all of the wastewater used to
be trucked off site and disposed of
at municipal facilities. Trucking the
wastewater off site was a large cost,
(approx. $200,000 per year in 2008),
accounting for 11% of the total car-
bon emissions from the festival. It
was also a major concern to the insur-
ance company due to the number of
truck movements occurring amongst
the patrons. Woodfordia required a
decentralized STP, but due to the
wastewater generation pattern, nor-
mal biological treatment solutions
were not viable.

Wastewater Generation
Volumes and Pattern

Each Woodford Folk Festival pro-
duces approximately 2.1 million gal-
lons (8 million liters) of wastewater
over the week. There are two smaller
camping events held at the site every
year. These two smaller events are
located around the site’s Lake Gkula,
a 3-million-gallon (12 million liters)
swimming lagoon constructed by
Waterscapes Australia (www.wood-
fordfolkfestival.com/lake-gkula/). The
Lake Gkula Easter event produces
around 100,000 gallons (400,000
liters) of wastewater over the Eas-
ter school holidays and the Septem-
ber camping event creates around
95,000 gallons (360,000 liters) of
wastewater. During the other 47
weeks of the year, Woodfordia pro-
duces a total of about 200,000 gal-
lons (760,000 liters) of wastewater.

The comparison of wastewater-
producing activities and the number
of days involved for each activity per
year can be seen in Figures 2 and 3.

For most of the year, just over 600
gallons (2,200 liters) of wastewater
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Figure 2. Wastewater production per activity
type at the Woodfordia site
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Figure 3. Number of days per year for
each wastewater producing activity at the
Woodfordia site

are produced per day, whereas during
the Woodford Folk Festival, the site
produces around 300,000 gallons
(1.1 million liters) of wastewater per
day. This is a very large variation on
wastewater generation volume and
most standard on-site and decen-
tralized wastewater treatment tech-
nologies cannot manage differences
of this magnitude. The vast majority
of on-site treatment technologies
rely on beneficial microorganisms for
the treatment of wastewater. At the
Woodfordia site, the timeframe is too
short for beneficial microorganisms
to be able to handle the variation in
wastewater volumes.

In 2009, Woodfordia examined the
feasibility of a pipeline to the nearest
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municipal STP. This was not economi-
cally feasible, with the pipeline costing
$2.6 million and the capital improve-
ments required at the municipal
STP costing $6.5 million. They also
assessed the possibility of installing
a large holding tank (2.5 million gal-
lons) and feeding a small amount of
wastewater per day (around 10,000
gallons) to commercial on-site waste-
water technology. But no on-site
treatment company would provide
a warranty for their technology to be
used in this manner. This is because
the wastewater stored in the holding
tank would be anaerobically digesting
over time and the biologically avail-
able carbon would be removed rela-
tively early in the year [11.

Our company, Arris Pty Ltd, (www.
arris.com.au/) proposed a batching
decentralized sewage treatment plant
costing $600,000 for the Woodfordia
site. This proposal was accepted in
June of 2009 and the system was put
into operation in December of 2009,
before the start of the festival that
year.

Decentralized Treatment Chain

Arris designed, built, and now oper-
ates and maintains a batching
sewage treatment plant for the Wood-
fordia site. To treat the wastewater,
the system uses physical separation,
chemical treatment, ion exchange,
absorption, aeration, and, only as a
final stage, biological processes (see
Figure 4).

The primary screen is designed to
remove coarse solids, such as wet
wipes, diapers, etc. The multi-baf-
fled primary tanks are in an anaero-
bic digestor configuration. The holes
in the baffles are at different heights
and they aim to reduce the concen-
tration of total suspended solids.
They also slow the velocity of the
water. The aerated balance tank has
a 400,000-gallon (1.5 million liters)
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Figure 4. The batching treatment chain developed for the Woodfordia STP

capacity and it is used to control the
flow of the batches through the rest
of the treatment chain. The tank has
odor control vents and air is added
so that water is aerobic as it passes
through the rest of the treatment
chain.

The water flows from this tank into
a 5,000-gallon (22,000 liters) pump
well which is also an ozone contact
tank. A Primozone ozone system is
used to oxidize the water. Ozone dis-
infects (bacteria, viruses, and some
protozoa), decreases BOD and COD,
breaks down pharmaceuticals and
personal care products, and reduces
odor and colors [2] [3] [4]. Ozone
also acts as a micro-flocculant. The
ozone is generated on-site from con-
centrated atmospheric oxygen.
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After the ozonation, the water is
pumped through natural zeolite fil-
ters. There are six zeolite filter tanks,
containing 120 tons of media. The
filters are configured in an up-flow
arrangement. The natural zeolite
removes ammonia from the water via
a cation exchange process [5]. They
also surface absorb some forms of
phosphorus and act as a physical fil-
tration process that further reduces
the total suspended solids.

After this filtration process, the water
enters another 5,000-gallon (22,000
liters) pump well where it undergoes
another oxidation process via hydro-
gen peroxide. The hydrogen perox-
ide oxidation process also disinfects,
reduces BOD and COD, decreases
colors and odors, and breaks down

continued on page 16
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long-chain chemicals (personal care
products and pharmaceuticals). The
amount of ozone and hydrogen per-
oxide dosed into the pump wells can
be controlled by the operator and
varies depending on the volume and
type of wastewater being treated.

The water is then pumped through
sand filters to further reduce the total
suspended solids. After the sand
filtration the water flows through
granulated activated carbon (GAC)
filters. These filters treat the water
by absorbing potential contaminants
of concern and also reducing colors
and odors. The water then undergoes
ultraviolet (UV) disinfection which is
effective against bacteria, viruses and
protozoa. The water is then treated
by Clearflow Group Gel Flocculants,
which are designed to remove phos-
phorus, suspended solids, and most
metals [6].

This water flows into an aerated
waste stabilization lagoon, called the
Bonny-Doon, where biological pro-
cesses can begin (see Figure 5). This
lagoon is also the main irrigation stor-
age lagoon. If required, further treat-
ment can occur via two constructed
wetlands (one deep and one shallow).
The treated water is irrigated onto a
bamboo plantation.

Treated Water Quality

As part of the regulatory approval
from the Queensland State Govern-
ment, the Woodfordia sewage treat-
ment plant is required to meet certain
treated water quality objectives. The
parameters that the Woodfordia STP
are required to meet and its average
results since 2009 can be seen in
Table 1.

The multiple disinfection barrier
approach of ozone, hydrogen per-
oxide, and UV has meant that the
treated water has had very few fecal
coliforms in the 15 years since it
was built. The virus and protozoa

test were only conducted as part of
the commissioning process and the
5-log reduction was achieved. The
two forms of chemical oxidation have
meant that the BOD, limit has also
been easily accomplished.

Achieving the total nitrogen limit was
more challenging. The zeolite cannot
cation exchange ammonia out of the
water indefinitely; it does reach sat-
uration and become exhausted. The
120 tons of zeolite in the media filters
were replaced in 2022. The old media
was kept on-site and used as a com-
post/potting mix amendment.

The total phosphorus requirement of
under 10 mg/L has been the hardest
water quality objective to attain. The
Clearflow Group Gel Blocks are a

relatively recent but worthwhile addi-
tion to the treatment chain for their
ability to remove phosphorus from
solution.

The electrical conductivity (salinity)
of the water has never been a con-
cern. The Woodfordia drinking water
is typically under 250 pS/cm and the
STP has not required a technology
to adjust the salinity. The sodium
adsorption ratio (SAR) is a measure-
ment that assesses the sodicity risk
of the treated water, typically if it
was irrigated onto a clay soil [7]. It
is a ratio of the sodium ions to the
calcium and magnesium ions in the
water. The natural zeolite we have
chosen for this site can also exchange
sodium ions out of solution and put
calcium and magnesium ions back

Table 1. Woodfordia STP treated water requirements and the average results achieved

Parameter Units
Fecal Coliforms

Virus & Protozoa

Biological Oxygen Demand (BODs) mg/L

Total Nitrogen mg/L

Ammonia mg/L

Total Phosphorus mg/L

Total Suspended Solids mg/L

Electrical Conductivity LS/cm
Sodium Adsorption Ratio (SAR)

pH
Turbidity NTU

cfu/100 ml
Log reduction

Limit/Guideline Average Result
<1000 <1
5 log reduction 5 log reduction
<10 <5
<10 7.3
<1 0.2
<10 8.1
<30 7.4
1000 687
<6 3.9
6-to-8.5 7.2
<5 2.4

Figure 5. Full waste stabilization lagoon at the end of the Woodford Folk Festival
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into the water. We have used this cat-
ion exchange mechanism to meet the
SAR requirements.

The pH of the treated water has been
kept within the required ranges with-
out the need for external chemical
adjustment. We can adjust the pH of
the water via the manual addition of
caustic soda or citric acid, but this
has not been necessary. The treated
water has been very clear and the
turbidity averaging well under the
required regulatory limit, due to the
multiple oxidations, physical filtra-
tion, Clearflow Group Gel Block flocs,
and the GAC. The Woodfordia batch-
ing STP produces a very good treated
water that is fit-for-purpose for recy-
cling as irrigation water.

Recycled Water Use

The treated water at the Woodfordia
site is 100% recycled as irrigation on
a bamboo plantation. The Woodford
Folk Festival uses over 60 tons of
bamboo poles every year for sculp-
tures, fencing, and other structures
(see Figure 6). The bamboo poles
used to be bought from various bam-
boo suppliers across Australia.

After the STP was built, it was logical
for Woodfordia to start growing their
own bamboo and to irrigate it with
recycled water. Australia is an old
continent and its soils, especially the
clays, are often at risk from sodicity.
The Australian on-site and decentral-
ized wastewater regulations focus on
protecting the soils in the dispersal
and/or irrigation areas. Decentralized
schemes often are required to moni-
tor the soil health in an irrigation area
for long-term sustainability in regards
to salinity and sodicity risks. The
monitoring results for the soil in the
Woodfordia bamboo plantation can
be seenin Table 2.

These results show that irrigating the
bamboo plantations with recycled
water has had non-adverse sodicity
or salinity impacts on the soil. We do
compost any bamboo waste from the

Figure 6. (Left) Woodfordia Bamboo Plantation; (Right) Bamboo Sculpture in Festival precinct

Table 2. Soil results from the Woodfordia bamboo plantation 2023

pH 1:5 in water

Electrical conductivity uS/cm
Salinity Hazard
Exchangeable calcium mg/kg
Exchangeable potassium me/kg
Exchangeable magnesium mg/kg
Exchangeable sodium mg/kg
Cation Exchange Capacity (CEC)  Meqg+/100g

Exchangeable Sodium %
Sodicity
Calcium to Magnesium ratio
Field texture
Base Saturation %

6.09 6.17 6.17
107 116 135
Non-saline Mon-saline Non-saline
1671 967 975
235 387 403
465 464 359
69 106 124
13.3 10.2 9.7
2.3 4.5 5.6
Non-sodic Non-sodic Non-sodic
22 13 1.6
Loam Loam Loam
98.2 96.1 96.7

Table 3. Results from the Woodfordia bamboo irrigation area groundwater monitoring bores

Escherichia coli MPN/100 ml
Heterotrophic plate count cfu/ml >30{10 >2OUO
Electrical conductivity uSfem 2000 1500
pH 7.1 7.3
Total Kjeldahl Nitrogen mg/L <0.2 <0.2
Total Nitrogen meg/fL 0.3 0.4
Total Phosphorus meg/L 0.11 0.18

pole harvesting and add that to the
soil in the irrigation area. The decen-
tralized regulations also require
groundwater monitoring bores on
the aquifer under the recycled water
irrigation area. This is to ensure that
the underlying aquifer is not being
contaminated with recycled water.
The 2023 results from the ground
water monitoring bores can be seen
in Table 3.

The groundwater monitoring bores
shownoleaching ofthe recycled water
into the aquifer under the bamboo
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irrigation area. Nutrient levels and
E. coli levels are very low. Aquifers
in Australia are typically more saline
than many in North America, so the
electrical conductivity level is not
unusual. The batching nature of the
treatment process allows us to under-
take a relatively small daily irrigation
rate across the year and this helps us
avoid problems associated with over-
irrigation. The recycled water scheme
at the Woodfordia site is sustainable
and grows a product that the site uses

continued on page 18
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and no longer has to externally pur-
chase, so it saves Woodfordia money.

Research Conducted at the Site

The Woodfordia STP and recycled
water scheme have not only been
analyzed for regulatory purposes.
Woodfordia and Arris have allowed
access to post-graduate students
from the Central Queensland Univer-
sity, University of Queensland, Uni-
versity of the Sunshine Coast, and the
Queensland University of Technology.
Their research has looked at the cat-
ion exchange capacity of the zeolite
[8], the impact of hydrogen perox-
ide on the sub-surface drip irrigation
tape [9], the carbon emissions of the
treatment chain, and the feasibility of
using the treatment chain on other
festival sites with intermittent flows.

The most impactful research con-
ducted at the site was by Dr. Jake
O'Brien during his PhD study [10].
O’Brien investigated the pharma-
ceuticals, both legal and illicit, in the
untreated wastewater entering the
STP. O’Brien found that the patrons
of the Woodford Folk Festival were
using relatively few illicit drugs and
that most pharmaceuticals used at
the site were legal and related to the
aging demographic of the folk festival
crowd, such as cholesterol and blood
pressure medications, Viagra, and
Prozac. It is interesting to note that
during O’Brien’s study, the site was
rented toa modern music festival, with
actssuchas Coldplay and Kanye West,
and relatively large concentrations of

cocaine and other party drugs were
found in the untreated wastewater
at that event. Woodfordia was the
first site in Australia to give O’Brien
access for his research. O’Brien’s
research has been very successful
and implemented Australia wide,
with every major municipal treatment
plant tested monthly, and regional
STP’s tested every three months.
The majority of municipal STPs in
Australia are also tested for legal and
illicit pharmaceuticals every census
night. The major funder for O’'Brien’s
research has been the Australian
Federal Police (equivalent to the FBI).

Maintenance and
Operational Costs

There is no such thing as mainte-
nance-free in the engineered water
cycle, and the Woodfordia STP does
require regular maintenance. Prior to
each Woodford Folk Festival the tanks
are desludged and the sludge is dried
out on-site via a Geo-tube sludge bag
(see Figure 7). Each sludge bag lasts
approximately three years before it
is full. Once a bag is full the sludge
is removed, composted at the Wood-
fordia nursery, and reused as part of
the site’s native endemic plant spe-
cies revegetation program.

Each part of the treatment chain is
serviced and checked for its oper-
ational status. Multiple spares are
kept of many of the key service items.
The Woodford Folk Festival is held
between Christmas and New Year,

Figure 7. Sludge dewatering bag at the
Woodfordia STP

which is the main summer holiday
period in Australia. Most industrial
suppliers are shut during this period.
Because of this we have several fab-
rication tools including a lathe, drill
press, welders, crane-truck, etc. at
the site so we can fabricate and install
our own spare parts if required.

The batching treatment plant runs
24/7 during the week of the Wood-
ford Folk Festival and we always have
an operator on shift. If this was a con-
tinuous flow treatment plant it would
be relatively expensive to operate,
but because it only runs for a couple
of weeks per year, it costs on aver-
age $130,000 per annum to oper-
ate and maintain. This is significantly
less than the trucking and municipal
STP receival cost ($200,000) for off-
site disposal in 2008. Off-site dis-
posal costs in 2024 would be around
$400,000.

Australia’s most innovative on-site
& decentralized treatment specialist.

Fit-for-purpose water treatment solutions for all aspects of the engineered water cycle;
domestic, commercial, agricultural, trade-waste, government, industrial, mining and gas
sectors. Our water projects range from a single household to projects that use 2.6 million

gallons per day. We specialize in solutions for difficult sites.

Creating the best, whole of life solution for your water treatment needs.
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Conclusions

The decentralized batching sewage
treatment plant and water recycling
scheme at the Woodfordia site has
been very successful since it was
built in 2009. The large variations in

wastewater generation volumes at the
site required a specialized treatment
chain that used chemical, physical,
and absorption treatment technolo-
gies with minimal biological processes.
The decentralized STP has proven to
be cheaper to operate than trucking

the waste off-site and the recycled
water has been used to irrigate a crop
that is useful to the owners. The fit-for-
purpose treatment chain has proved
to be both environmentally and eco-
nomically sustainable.
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