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The existing pressures on water as a
resource have prompted the development of
strategies for reuse of wastewater throughout
the world. Population growth, coupled with
increasing urbanisation in Australia,
contributes to the forces limiting the
availability of water as a resource (Anderson
1996; NWQMS 2000). Adelaide has
relatively low average annual rainfall of 585
mm compared to 1200 mm in Sydney
(Engineering and Water Services [E & WS]
1993), and South Australia also has a
relatively low run-off rate. Therefore, water
sources outside of the State must be relied
upon to provide enough water to meet
South Australia’s needs (E&WS 1993; Law
1997). Unlike rainfall, wastewater is
generated in urban areas in relatively

constant amounts, even in times of drought,
providing a reliable water source where
rainfall is deficient (Hermanowicz & Asano
1999). Consequently, wastewater reuse
should be considered to help alleviate water
shortages, particularly in regions of low
rainfall. 

Using water as a method of waste disposal
is becoming more of a concern to the
community, as awareness increases of the
environmental damage that disposal into
natural waterways can cause (Simpson
1999). This, and the concept of a
sustainable environment, are reported
influences for considering wastewater reuse
(Simpson 1999; Terpstra 1999). There has
also been a subsequent change in attitude
towards regarding wastewater as a resource
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rather than a waste to be discharged
(Anderson 1996; Asano & Kayaalp 1997;
Levine 1996). 

Treatment of wastewater is necessary
before reuse because of the threat to public
health from potential pathogens including
bacteria, viruses, protozoa and helminths
(Asano & Levine 1996; Rynne & Dart
1998). These pathogens are known to cause
diseases such as typhoid, cholera, shigellosis,
dysentery, anaemia and diarrhoea (Rynne &
Dart 1998). In order to reduce the presence
of pathogens and subsequent diseases that
they may cause, advanced treatment
processes such as disinfection, membrane
filtration and lagooning are utilised. The
level of treatment required is dependent
upon the end use of the wastewater (Rynne
& Dart 1998). State and National reuse
guidelines have been implemented to
protect public health and have criteria based
on the end use of the water (Department of
Human Services and Environment
Protection Agency 1999; Rynne & Dart
1998). Guidelines for South Australia,
released in 1999, are similar in many
respects to the National Water Quality
Management Strategy Guidelines (2000),
which in turn are based on the Californian
Title 22 wastewater reclamation criteria
(State of California 1978). 

Domestic water usage patterns will vary
between countries, cities and households
depending upon the number, age and habits
of household occupants, the type of
property, the season, and the type of water
appliances within the household (E & WS
1993). This uncertainty is reflected in the
various estimates of domestic water usage
in Adelaide that ranged from 486
L/person/day in 1990 to 348 L/person/day
in 1993 (E & WS 1993). International
water usage rates also vary with 145
L/person/day recorded in a Netherlands
study, with only 5% of that being used for
garden watering and rinse water (Terpstra
1999), 450 L/person/day in Zurich and 250
L/person/day in Copenhagen (Dixon,
Butler & Fewkes 1999). It is, however,

unclear whether these last two figures
include garden irrigation water. 

Water usage patterns in Adelaide identify
garden irrigation as the major use of water,
representing 182 L/person/day or 52% of
total daily use, followed by showering 
(60 L/person/day or 17%) and toilet flushing
(50 L/person/day or 9.1%) (E & WS 1993).
Potable use is minimal, representing 
8 L/person/day or 2% of total daily 
per capita consumption (E & WS 1993).
Understanding patterns of water usage can
assist in directing wastewater reuse to where
it will create the most effective reductions in
potable domestic water usage, while
minimising potential health risks to
communities. 

New Haven Village is located in a heavily
industrialised suburb on the Le Fevre
Peninsula approximately 20 kilometres
from central Adelaide, in South Australia.
The village is a functional example of
domestic wastewater reuse using a dual
reticulation system. The housing
development comprises some 65 residences,
whose wastewater is treated by an onsite
aerobic package system. The treated
effluent is recycled for non-potable uses
such as toilet flushing and sub-surface
irrigation of gardens and an adjacent oval
(Kayaalp 1997). Domestic wastewater
(including both grey and black water)
enters the treatment system from the
village, combined with stormwater from an
on-site storage facility. This water is
pumped to the treatment system at a rate of
approximately 8000 litres per day. Overflow
from the stormwater tank flows into a
soakage trench, and ultimately infiltrates
the oval, which has been set-down by 500
mm to act as a retention system. The
processes of intermittent aeration,
settlement, sand filtration and UV
disinfection treat the sewage and
stormwater. Treated water is then stored in
two tanks, for use on demand for oval and
village garden irrigation, and toilet flushing.
Mains water provides an essential back up
facility if the treatment system needs to be
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taken off-line for maintenance or is unable
to meet the demand for recycled water
within the village. 

The dual water system in the village was
originally designed to reduce household
potable water consumption by 30-40%, and
to reduce the amount of stormwater entering
and polluting Adelaide’s waterways. This
paper discusses the actual measured changes
in water consumption compared to the state
and international averages, and the
determined patterns of flow of potable and
recycled water within the village.

Methods

Household meter readings
Residents within New Haven Village were
invited to attend a community meeting at
which time they were encouraged to take
part in the study. Eight of the eleven
households present agreed to participate.
Given the intrusive nature of the request,
which included digging up driveways and
gardens to allow meters to be fitted to the
reticulation system, the participation rate
was seen as very encouraging. The absolute
numbers participating do, however, mean
that the findings are qualitative in the main
rather than statistically verifiable. 

Individual meters were placed in the
gardens of the participating residences to
measure mains water usage and usage of
recycled water for garden irrigation and toilet
flushing. The sites were numbered and
meters positioned as outlined in Table 1. 

Table 1: Location of meters on eight
household sites (note 2 irrigation meters
at site 3 as it was a double block) 

Site Number Mains Supply Irrigation Supply Toilet Supply 
Meter Meter Meter

1, 4, 6 & 7 ✓ ✓ ✓

2 ✓ Combined with toilet
3 ✓ ✓ (2 meters) ✓

5 ✓ ✗ ✓

8 ✓ ✗ ✗

Readings were collected from the 21 meters
at the test sites from March to August 2000

and March to July 2001. All of the sites had
mains water meters. Site 3 had two meters
for irrigation as the house was built on a
double block. Site 5 did not have a separate
irrigation meter as it used mains water for
irrigation. Site 8 only had a mains water
meter, and did not use recycled water so it
was initially proposed as a control site for this
study. Meter readings were taken at differing
intervals, from daily to monthly and by two
different researchers over the 2-year period.
The numbers of residents at each site were
used to calculate water usage per person
within the village. Averages and standard
deviations were calculated from the readings
using Microsoft Excel (Excel 2000 for
Windows, Microsoft Corporation USA).

Treatment plant flow meter readings
Mag-Flo® meters (ABB Kent Taylor,
Adelaide) were used to monitor the flow
rates (L/min) for stormwater, sewage,
reclaimed water for irrigation of homes and
toilet flushing, oval irrigation, and
additional mains water requirements. These
five meters measured all water flow into
(sewage and stormwater) and out
(additional mains, oval irrigation, and
reclaimed supply to village) of the water
treatment plant, to and from New Haven
Village. Over a period of three years, flow
rate information was recorded for a series of
different time periods ranging from weeks to
months using a Datalogger (DT 500,
Datataker Pty Ltd, Rowville, Australia)
which read every 5 minutes and averaged to
hourly readings. Information was
downloaded from the Datalogger onto a
laptop computer and analysed in Excel
(Excel 2000 for Windows, Microsoft
Corporation, USA).

Results

Household meter readings
Readings obtained from meters located at
individual homes allowed calculations to be
made for daily consumption of potable
mains water along with recycled water for
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irrigation usage and toilet flushing on a per
household basis, as summarised in Table 2.
Per capita water usage rates were determined
for 6 sites where information was available
on the numbers of residents per household

Table 2: Daily figures for mean and
median water usage for mains, irrigation
and toilet flushing per household for all
sites (– 1 standard deviation)

Mains Water Irrigation Water Toilet Flushing
Water

Daily Mean (L) 409.2 ± 144.5 391.4 ± 317.2 76.6 ± 43.9

Daily Median (L) 369.3 283.9 57.6

(Table 3). The average total amount of
water consumed (± standard deviation) was
244.6 ± 102.4 L/person/day. Of this
consumption, mains water comprised 136.6
± 45.2 L/person/day or 52.6%. The
remainder (49.7%) of water usage was
recycled water. Of this recycled water
component, 24.6 ± 5.0 L/person/day
(11.5%) was used for toilet flushing and
110.4 ± 64.6 L/person/day (38.5%) was used
for irrigation. There was not a consistent
relationship between property size and water
consumption. The smallest site used the
least irrigation water (171m2 using 254.5
L/day), but the largest volume of irrigation
water (1015.8 L/day) was used on a site of
190m2, while the largest site (330m2) used
only 424 L/day. The site that used 1015.8
L/day could be viewed as anomalous since
the result had a standard deviation of 668.6
L/day, which was higher than the average
(391.4 L/day) or median (283.9 L/day) daily
household use for all sites measured.

Treatment plant flow meter readings
Examination of the Mag-Flo® meter data
generated over a three-year period
highlighted that on average, approximately
20 ± 5 ML/day was input from sewage and
stormwater combined (ratio about 4:1), and
the remaining contribution made by mains
water was averaged at 20 ± 11 ML/day. Thus
mains water represented on average 47%
(±17%) of the total volume used, which was
about 40 ± 10 ML/day. Recycled water thus
made up the majority (53%) of the water
flow on the site.

Incoming stormwater and outgoing oval
irrigation were set as pre-programmed flow
rates to the treatment system. Available
stormwater was treated at the plant in
aliquots of 8000 litres per day and was
therefore not directly related to rainfall.
Oval irrigation was related to season, with
increased programmed watering in summer
compared to winter. In summer, four
programmed periods each of two hours
duration were pre-set over a 24 hour period,
compared to four periods each of one hour

Table 3: Daily household water usage per
person. Total water usage includes mains,
toilet flushing and garden irrigation
consumption (note Site 4 and 8 not
included as the number of persons was
unknown)
Site Number Number of Persons Litres Percentage of

in Household /person/day total usage

1 2 Adults
Mains 184.6 45.6%
Toilet 28.5 7.0%
Irrigation 192.0 47.4%
TOTAL 405.1

2 2 Adults
Mains 121.8 55%
Toilet/Irrigation 99.5 45%
TOTAL 221.3

3 2 Adults
Mains 6 Children 72.0 49.8%
Toilet 18.9 13.1%
Irrigation 53.7 37.1%

TOTAL 144.7

5 2 Adults
Mains inc. Irrigation 120.8 80.6%
Toilet 29.1 19.4%
TOTAL 149.9

6 2 Adults
Mains 2 Children 129.9 58.9%
Toilet 27.0 12.2%
Irrigation 63.6 28.8%
TOTAL 220.5

7 2 Adults
Mains 174.5 53.5%
Toilet 19.4 6.0%
Irrigation 132.1 40.5%
TOTAL 326.0

AVERAGES
Mains 136.6 50.3%
Toilet 24.6 9.1%
Irrigation 110.4 40.6%
TOTAL 271.6
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duration in winter. These pre-set flow rates
were reflected in the results obtained from
the flowmeters (data not shown). Figure 1
illustrates a typical example of the different
patterns of sewage flow entering the
treatment plant, which were identified on
weekdays in contrast to weekends. The flow
rates shown were collected in September
2000, but are a representation of typical
patterns seen throughout the 3-year period
analysed. Typically, the peak flow on a
weekend started at a later time (around
9am) compared to the weekday flow where
the peak was less pronounced and stretched
from 7am-12 noon. 

Recycled water for village irrigation and
toilet flushing generally had two flow peaks,
one in the morning (from 4-7am) and one in
the evening (from 8-10pm). Figure 2,
collected in November 1999, but
representative of typical patterns seen
throughout the study, illustrates this ‘twin
peak’ pattern of village water flow on both
weekdays and weekends. The height of the
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Figure 1: Flow rates of sewage to the treatment plant from New Haven Village averaged
over 5 weekdays and 2 weekend days in September 2000

peaks varied between months according to
the season, with higher flows in summer
months compared to winter months.
February and March usually had small
midday peaks (data not shown).

A significant proportion of the recycled
flow (38.5% of total flow or 77% of
reclaimed water flow) is associated with
garden irrigation (see Table 3) and much of
this irrigation occurs at time intervals pre-
programmed by residents in their homes.

Discussion
The wastewater reuse system at New Haven
Village has the capacity to reduce markedly
potable water requirements for irrigation
and toilet flushing. These are identified
areas of significant domestic water usage (E
& WS 1993). This finding supports the
opinion of Hermanowicz and Asano (1999)
that application of wastewater reuse should
be linked directly to the existing major
water usage patterns. The average total
amount of water used in the village was
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271.6 L/person/day, compared to the State
average in South Australia of 348
L/person/day (E & WS 1993). This
represents a saving of 30% per day, which is
a significant reduction in total usage rates,
without factoring the recycled component
into the equation. It also compares
favourably to an international comparison
of 250 L/person/day in Copenhagen (Dixon,
Butler & Fewkes 1999) and is considerably
lower than the interstate value of 448
L/person/day recorded in Perth, Western
Australia (Pigram 1986). 

Comparing the usage rates for specific
purposes between the village with the State
averages (E & WS data 1993), showed that
considerably less water was used at New
Haven for irrigation, with 110.4L or 38.5%
of total consumption compared to 182
L/person/day, or 50% for the rest of the
State. A similar trend was noted for toilet
flushing with 24.6L (11.5%) usage in the
village compared to 50 L/person/day or
14% of the State average. This may in part
be explained by the presence of dual flush
toilets and water efficient showerheads that

were installed in most homes in the village
as standard. Meeuwissen (Meeuwissen,
B.A.J. 2002, pers. comm.) cites water usage
for toilet flushing in the Netherlands at
36.2 L/person/day, and suggests that within
domestic households (not including
irrigation) 50% of the water requirements,
for toilet flushing and washing machine
usage, could be obtained from ‘low’ quality
water, such as recycled water.

Taking into consideration both savings
made in total water usage and combining
this with the additional saving of potable
water (when recycled water is used for the
relevant application) it is apparent that total
potable usage of these village residents is
considerably less. A saving of almost 61% of
total potable mains water was achieved at
New Haven Village (136.6 L/person/day at
New Haven Village compared to 348
L/person/day). The proposed control site (at
site 8) could not be evaluated as the house
was used for a child day-care facility. The
subsequent variable occupation rate did not
allow calculation of water usage per person.
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Figure 2: Flow rates of reclaimed water from the sewage treatment plant to New Haven
Village averaged over 5 weekdays and 2 weekend days in November 1999
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Daily water usage rates between individual
households were subject to a large degree of
variation. Suggested factors responsible for
this variation include the number and age of
people in the household, personal habits,
the size and nature of the property, the
number and type of water appliances present
and the season (E & WS 1993). Garden
irrigation is known to be highly variable for
all residences due to different garden sizes,
the nature of the garden flora, and the
amount of rainfall, which is generally related
to the season (E & WS 1993). 

At New Haven Village, the residential
allotment sizes range from 123 m2 to 348 m2

(averaging 196m2), while the allotment sizes
used to determine the average water usage
rate in Adelaide were not detailed by the E
& WS. They are, however, expected to be
larger than those at New Haven on average.
As an illustration, New Haven Village is
situated in the Port Adelaide Enfield
Council, which has several different
residential zones; with residential allotment
size averages ranging from 300-350m2 to
700-800m2 in older zones closer to the CBD
(City of Port Adelaide Enfield Council
2001). For new developments the minimum
allotment size ranges from 150m2 to 450m2,
but generally is around 250m2 (City of Port
Adelaide Enfield Council 2001). The
average allotment sizes and minimum size
requirements for new developments in the
surrounding suburbs are significantly larger
than those at New Haven Village, thus, it
might be reasonable to conclude that this
factor alone could contribute to the amount
of water being saved within the village,
since garden size is a pertinent variable in
water consumption data, utilising up to 50%
of a household’s daily water. 

A relationship between increasing
allotment size and increasing water
consumption is supported by the smallest
allotment with an irrigation meter at New
Haven Village (171m2) having the lowest
water use per person (254.5 L/day). However,
a direct relationship between these
parameters could not be identified due to the

small size of the data set from participating
households and variation within those
households being measured. The very high
irrigation use of site 5 (1015.8 L/day),
significantly higher than the average (391.4
L/day) and median (283.9 L/day) for the
village with a large standard deviation (668.6
L/day), seems anomalous and would warrant
further investigation, since such high usage
was atypical of the village irrigation use.

A limitation of this research that will
impact on the findings was the timing of the
research program. Sampling was carried out
between March and August each year, to
coincide with the academic calendar, which
meant that no meter readings were obtained
for the summer period from September to
April. As these summer months typically
have lower rainfall and higher temperatures,
water consumption would be expected to
increase at these times, thus making the
water savings at New Haven look even more
environmentally sustainable. A future
planned program of sampling will attempt to
address the lack of available data for a
consecutive 12-month period, which would
adequately account for seasonal variations. 

Recycled water used for sub-surface
irrigation of the oval at New Haven Village
was pre-programmed at different levels in
relation to the season. Generally, the flow was
set for early morning and late at night in
accordance with public health minimisation
strategies (Rynne & Dart 1998). Sub-surface
irrigation is the method of choice for reducing
the risk of microbial infection, as pathogens
have less chance of surviving in soil compared
to surface application (Jeppesen 1996). It is
important to note that subsurface irrigation
(which is used by 50% of the New Haven
Village residents) is also 60% more efficient in
terms of water use compared to surface
irrigation (Jeppesen 1996). This factor must
be considered when comparing New Haven
Village ‘irrigation’ water consumption per
person with the State averages.

The general trend for recycled water being
supplied to the village included peaks in the
morning and evening. The patterns for
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sewage flow correlated with recycled water
supply to the village. This was expected
because the reclaimed flow to the village
measures water used in the village for toilet
flushing as well as individual garden
irrigation. The changes in the peak rates of
reclaimed flow to the village could be
related to the seasonal changes in rainfall
and subsequent requirements of garden
irrigation. High rates of rainfall were seen in
winter months, and also in the spring
months of September and October (up to
57.6 mm in October), and very low rates in
summer months (as low as 2.0 mm in
January) (Bureau of Meteorology 2001).
This correlated with the patterns of oval
irrigation for the village, with an average of
330 L/day in October, and 619 L/day in
January, indicating that low levels of rainfall
require greater levels of irrigation and vice
versa. Water flow to the village also
displayed a similar pattern of lower morning
and evening peaks in October (60 L/hour
morning peak and 30 L/hour evening peak)
compared to January (120 L/hour morning
peak and 110 L/hour evening peak).

Water entering the treatment plant from
the mains supply as backup for system
downtime or to supplement the supply, had
no set pattern for the three-year duration of
available data. This was an expected
outcome due to the nature of the mains
water use in the treatment plant. In general,
the stormwater flow was low if there had
been prolonged periods of low rainfall
causing a depletion of storage tank volume.
Consequently, less stormwater resulted in an
increase in mains water flow to ensure
adequate amounts of water are supplied to
the village and oval. If rainfall was low,
irrigation needs would increase, further
increasing the need for mains supplement
water. The early morning period of water
flow from the stormwater tank to the
treatment plant was chosen to ensure
sufficient recycled water was available for
the village’s morning peak usage.

The amount of water entering the
treatment plant from the village sewage had

the general pattern of peak flow in the
morning and evening. There was also a
difference in weekday compared to weekend
flow. Weekday flow was more regulated to
the morning and evening use, whereas
weekend flow often had a similar pattern,
but at a later starting time, and/or more flow
during the middle of the day. This difference
between weekday and weekend use of
domestic sewage is supported by Friedler et
al. (1996) who discussed a similar pattern of
later and more frequent use of the toilet
throughout the day on weekends compared
to weekdays. This was attributed to the
increased likelihood of people being at
home on weekends compared to weekdays,
and the later rising of people on non-
working days (Friedler, Butler & Brown
1996). However, the difference between
weekdays and weekend flow was not always
prominent at New Haven Village, as the
population had a large component of
retirees at the time of the study, and thus
work influences may be less important.

Conclusion
New Haven Village has achieved significant
reductions in water consumption through
recycling stormwater, black water and grey
water. The initial aims of the village
regarding sustainability included a 30-40%
reduction in average household water
consumption, which would consequently
reduce the amount of stormwater runoff
entering St Vincent’s gulf. This study has
identified a 30% reduction in total water
usage per person compared to the state
average, and a 61% reduction in potable
mains water usage per person. An average of
50% of the total water consumed at New
Haven Village was recycled water. 

The substantial reductions achieved,
coupled with the linking of a recycled water
supply to areas of most effective saving and
health risk minimisation, that is irrigation
and toilet flushing, indicate that schemes
such as this have the potential to become
successful wastewater reuse options. There
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have been some ongoing issues with
continuity of supply at the village, which
need to be addressed urgently so that the full
potential of this project can be realised. New

Haven Village wastewater reuse project,
when functioning optimally, is a viable and
environmentally worthwhile approach to
addressing water shortages. 
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