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Orange City Council’s 
water treatment processes 
are very important to 
the wellbeing of the 
community. Council has a 
commitment to providing 
a safe and reliable supply 
of drinking water to the 
residents and businesses 
in the city of Orange and 
villages of Spring Hill and 
Lucknow. The Icely Road 
Water Treatment Plant 
(WTP) takes raw water 
from Suma Park Dam and 
treats it using state-of-
the-art technology and 
processes to produce 
high-quality drinking water 
that meets the Australian 
Drinking Water Guidelines 
for health and aesthetics. 

This treatment process 
involves multiple stages 
designed to: 

• remove particles from 
the water

• kill off pathogens and 
prevent their regrowth

• protect against 
potentially harmful levels 
of chemicals

• protect plumbing fixtures 
and pipes from staining 
or scaling

• ensure the water tastes 
and smells good.

Sustainability is also 
important for the Icely 
Road WTP.  Water is a 
precious resource that 
must be managed carefully 
and used efficiently. By 
designing, operating, and 
maintaining the WTP 
correctly, and by using the 
by-products of treatment 
in new ways, Icely Rd WTP 
avoids unnecessary waste.

Introduction

ICELY ROAD 
WATER 
TREATMENT 
PLANT  

Designed to treat 
up to 525 litres per 
second of raw water 
from Suma Park Dam 
Pump Station.

Produces up to 38 
million litres of clean 
drinking water a day, 
and is able to store up 
to 20 million litres to 
be ready for times of 
increased use. 
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SCHOOL GROUPS 
AND VISITORS
Schools and industry 
visitors are most 
welcome. Tours can 
be arranged through 
Orange City Council 
on 1300 650 511 or
(02) 6393 8000.
A general tour takes 
approximately one 
hour and there is 
plenty to see. A risk 
assessment has been 
compiled for use by 
teachers and must 
be reviewed prior to 
visiting the site. 

History
The city of Orange is 
situated about 250 
kilometres west of 
Sydney, within the Central 
Tablelands of NSW.

The city is isolated from 
major rivers and relies 
on diversity of supply, 
including the network of 
creeks that traverse the 
city. The original village 
of Orange was served 
by water reserves on 
Blackmans Swamp Creek 
and private wells. 

After years of concern 
over the unreliability of 
Blackmans Swamp Creek 
as a water supply, the 
Council built Gosling Creek 
Dam in 1877.  The supply 
was said to be good for 
the next 20 years, and 
the 645-million-litre (ML) 
storage would stand 
for two years without 
replenishment.

In 1918, the Meadow Creek 
system, later renamed 
Lake Canobolas, was built. 
Water was pumped to 
Orange via the 2ML service 
tank on Cargo Road, by 
two pumps powered by 
coal gas engines. 

Water from both Gosling 
Creek and Lake Canobolas 
was unfiltered and 
untreated and the water 
quality was poor.

It was commonplace at the 
time for householders to 
use alum to clarify water 
before washing clothes.

In 1931, the Spring Creek 
Dam filtration plant and 
4.5ML service tank were 
constructed downstream 
from Gosling Creek Dam 
to create a catchment 
area of about 63 square 
kilometres.

Due to persistent water 
shortages, a new scheme 
was investigated. The 
Icely Road WTP and 
9ML service tank were 
completed in 1959, and the 
18,100ML-capacity Suma 
Park Dam was completed 
in 1962. This increased daily 
production from 10ML per 
day to 22ML per day. 

The capacity of the Icely 
Road WTP was increased 
again in 1966 to 20ML 
per day. Then further 
construction, completed 
in 1985, included doubling 
the capacity of the Icely 
Road WTP and upgrading 
the pumps at the Spring 
Creek Plant to produce up 
to 48ML/day.

During this time, eight 
kilometres of mains, 
ranging in size from 
250mm to 750mm in 
diameter, were laid to 
transport water from the 
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SPRING CREEK 
DAM

As the city grew, 
additional demand 
was placed on the 
water supply. The dam 
was raised in 1947, 
increasing its capacity 
from 2,700ML to 
4,500ML, and is still in 
use today.

treatment plants to those 
areas most in need, and 
to distribute the water 
more evenly at times of 
peak demand.  This added 
to the existing 330km of 
water mains distributing 
water to more than 10,000 
household connections.

Following several years of 
blue-green algal blooms 
in Suma Park Dam and 
Spring Creek Dam, and 
an increase in taste and 
odour complaints from 
consumers, an investigation 
was undertaken into 
the removal of these 
compounds and associated 
toxins.

In 2000/2001 an ozonation 
plant with biological 
activated carbon filters was 
constructed at the Icely 
Road WTP to ensure better 

quality water could be 
consistently supplied.

During the Millennium 
Drought of (2000-2010) 
the water supply became 
critically low.  In an attempt 
to reduce pressure on 
the supply, a number of 
demand management 
initiatives were 
implemented, such as user-
pays and water restrictions, 
and consumption reduced 
significantly. So much 
so, that the aging Spring 
Creek Dam WTP ceased 
producing water in 2004. It 
was then decommissioned, 
as it had reached the end 
of its usable life.

Gosling Creek Dam 1890s
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Source Water

SUMA PARK DAM
Icely Rd WTP receives most 
of its raw water from Suma 
Park dam, which is located 
4km east of Orange. Built 
in 1962, the dam was 
upgraded in 2016.

The dam is fed by surface 
water flowing from 
Summer Hill Creek, with 
a catchment area of 179 
square kilometres. The 
catchment area includes 
the three reservoirs (Suma 
Park, Spring Creek and 
Gosling Creek) and feeder 
creeks generally situated 
to the south and south-
east of the city.  Suma Park 
Dam has a storage capacity 
of 18,976ML, almost 19 
gigalitres (GL).

The dam is a concrete arch 
dam with a height of 32m, 
crest length of 208m and a 
crest width of 2.4m. 

About 1km west of the main 
dam wall, concrete fuse 
gates were added in 2016 
to create a 62-metre-long 
auxiliary spillway.

A 600mm-diameter steel 
suction main runs from 
the dam to the pumping 
station, where it rises 110m 
to the Icely Road WTP. The 
length of the pipeline is 
4.2km.

During times of drought, 
ensuring enough water 
is available can be 
problematic.  Various 
supplementary supplies 
have been added over time. 

Orange City Council’s 
urban stormwater run-off 
reuse scheme is the first 
of its kind in Australia 
and has been hailed as a 
breakthrough innovation   
in drought management. In 
this scheme, wetlands and 
ponds have been created 
to trap stormwater runoff 
from urban areas and can 
currently provide up to 
25 per cent of Orange’s 
drinking water. 

The wetlands remove 
pollutants from the water 
as a natural pre-treatment 

and allow the excess water 
that falls during storm 
events to be saved for use 
during times of low rainfall. 

Another supplementary 
scheme implemented by 
Council is extraction from 
the Macquarie River. A 
small volume of bore water 
is also added to Suma Park 
Dam.

The water from the 
harvesting schemes and 
the Macquarie pipeline 
feeds into Suma Park Dam 
and mixes with the dam 
water before being treated 
at the Icely Road WTP.

The main water supplies for Orange are provided by two storages which capture run-off 
from the local catchments. While Orange has a relatively high annual rainfall compared to 
surrounding areas, its location at the top of the catchment limits the volume of water that 
enters the water storages.
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SPRING CREEK DAM
The city’s secondary water 
supply, Spring Creek Dam, 
is located at the junction of 
Spring Creek and Gosling 
Creek, about 4km south-
east of Orange. It was 
completed in 1931 and was 
raised in 1947. Following 
partial embankment failure 
in 1966, reconstruction 
work was conducted 
in 1969. The dam has 
a storage capacity of 
4500ML.

The catchment area is 63 
square kilometres and the 
dam has a surface area of 
1.1 square kilometres when 
full.

Historically, a 375mm-
diameter steel suction main 
ran from the dam to the 
pumping station where 
it delivered water to the 
Spring Creek Dam WTP 
(now decommissioned). 

In 2020, emergency 
funding was received by 
Council to build a direct 
connection from Spring 
Creek Dam to the Icely 
Road WTP, providing 
improvement to water 
security through an 
alternative water source 
and as backup supply in 
the case of an incident at 
Suma Park Dam. 

The new 375mm pipeline 
and upgrade to pumps 
can deliver up to 15ML/day 
to the Icely Road WTP, a 
distance of about 6km of 
pipeline.

All Council dams are 
continually monitored via 
radio telemetry. Safety 
inspections and surveillance 
are carried out on a regular 
basis. Council also has 
a Flood Warning Plan in 
place for each of its dams.

Spring Creek Dam
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Water Treatment Stages

1

4

7

2

5

8

3

6

9

PRE-TREATMENT
A series of screens remove 
large solid particles like 
grit and debris from the 
untreated (raw) water 
to prevent clogging and 
damaging equipment.

PRIMARY FILTRATION
Water from the launders 
flows to the filters where 
it passes through layers of 
different-sized grains of 
sand and coal, which block 
the remaining particles in 
the water.

SECONDARY 
FILTRATION
Passing the water through 
beds of biologically 
activated carbon, which 
have helpful bacteria 
growing within their 
structure, removes harmful 
organics and disinfection 
by-products.

COAGULATION AND 
FLOCCULATION 
Small suspended particles 
in the water clump 
together (coagulation) to 
form ‘flocs’.

FLUORIDATION
Fluoride is added to the 
water to prevent tooth 
cavities and protect the 
public’s dental health.

CHLORINATION
A final disinfection step 
involves adding chlorine 
to the water to create 
a chlorine residual, to 
prevent bacterial growth 
between water leaving 
the WTP and arriving at 
consumers’ taps.

CLARIFICATION
The large flocs are 
heavy enough to settle 
to the bottom of the 
tanks. The water on top 
then overflows into the 
collection launders.

OZONATION
Ozone breaks down 
organics improving 
its taste and smell. It 
also provides an initial 
disinfection of bacteria 
and inactivation of viruses.

pH CORRECTION
The pH of final water may 
be adjusted, if needed, 
to be acceptable to 
consumers and avoid the 
corrosion or scaling of 
pipes

8  |  WATER AND ORANGE
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Raw water is pumped from the dam to the plant for treatment.

To remove large solids and grit that may clog or damage the equipment, the 
raw water coming in from the dam passes through a series of screens.

Potassium permanganate may be dosed into the water to oxidise any 
dissolved manganese into solid (particulate) form so that it can be removed 
through subsequent coagulation/flocculation, clarification and filtration steps.

If left unremoved, soluble metals can cause staining and discolouration of 
plumbing fixtures.  
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Ozone is dosed in the early stages of treatment to help break down organic 
carbon compounds in the raw water.

If present in high enough concentrations, organic carbon reacts with chlorine 
to form potentially harmful levels of by-products such as trihalomethanes 
(THMs). Ozone is also used again later in the treatment process, because of its 
ability to disinfect pathogens in the water. 
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Suspended in the water are microscopic electrically charged particles known 
as colloids. Their electrical charge means they repel each other (like magnets 
of the same polarity) and remain as singular particles bouncing off each other.

Coagulation is a chemical process that neutralises the charge on these colloids 
so they can clump together. Flocculation is the physical, slow process of 
getting them to form clumps (agglomeration) large enough to be removed. 

At the Icely Road WTP, coagulation is achieved by adding an aluminium salt 
coagulant (aluminium chlorohydrate - ACH) and polyacrylamide (polymer). 
Dosed water is mixed rapidly so that contact between the colloids and these 
dosed chemicals is maximised.

When colloids are moving around in the water as single particles, repelled from 
other colloids, they are stable, but when the coagulation chemicals react with 
them, they lose their charge and no longer repel each other, which makes them 
unstable. 

Flocculation occurs when these destabilized colloids aggregate together into 
larger clumps called flocs. To aid in the formation of flocs, the mixing of the 
water is slowed through the WTP so the particles are more able to collide 
gently and clump together without being pulled apart.

Water Treatment In Detail
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Once the colloids in the water have agglomerated and formed flocs, the 
flocculated water is sent to the clarifiers, which are large tanks where the water 
flows through at a constant velocity, much calmer than in the flocculation 
mixers. As the flocs are relatively heavier, they settle to the bottom of the 
clarifier forming a layer of sludge. 

The water on top of the clarifier now has fewer particles remaining and 
overflows into the collection launders. Any flocs that didn’t settle that are 
carried over into the launders, are big enough to get caught in the filters.

The clarifier is designed to make sure sludge forms continuously as long as 
the WTP is operating, while the water above is still able to flow towards the 
launders without disturbing the sludge layer below. As sludge accumulates, it 
is scraped off the bottom of the tank by paddles known as ‘flights’ or ‘rakes’.  
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The Icely Rd WTP filters the water twice. Primary filtration occurs first to 
remove any particles and flocs left after clarification, and secondary filtration 
occurs after further treatment stages to remove lingering harmful chemicals 
and treatment by-products that may be present. 

Primary filtration is done by passing water through filter media, which is 
comprised of layers of different-sized coal, sand and garnet. These layers trap 
particles and flocs. The larger particles are physically blocked at the surface 
by the size of the media, while smaller particles penetrate further but are soon 
trapped because they tend to adhere to the media.

Eventually the filter media will accumulate enough trapped particles that it 
becomes blocked and needs cleaning out through the process of backwashing. 
Air is pumped into the filter media to dislodge particles that have stuck to 
the media, and then clean water is pumped backwards through the filters, up 
through the media, taking the trapped particles with it. The backwash water is 
disposed of to the sludge lagoons along with the sludge from the bottom of 
the clarifier.
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Water is pumped to the primary ozone contact tank for ozonation, whereby 
ozone is added to the water to break down organic contaminants that cause 
taste and odours. Ozone is created at the plant using electricity and dry air to 
convert oxygen gas (O2) to ozone gas (O3). The water and ozone are mixed 
together in the tank to ensure contact and dissolution of the ozone gas. The 
ozone disinfects bacteria and inactivates viruses. It is also a strong oxidant that 
breaks down organic molecules into forms that will be receptive to secondary 
filtration.
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Secondary filtration is performed using Biologically Active Carbon (BAC) 
beds, which are layers of carbon that have a special honeycomb structure that 
allows certain bacteria to grow inside them. As well as trapping compounds 
in the carbon in much the same way that primary filtration does, the bacteria 
feeds on oxidised organic molecules created during ozonation. Most organic 
compounds are broken down and removed through the ozonation and BAC 
filtration stages.

This type of filter is cost effective as the carbon can last 10 to 15 years without 
needing regeneration.  The water produced at this last stage is exceptionally 
clean and tastes good. Only a few high-end WTPs have this process and 
Orange is one of the lucky ones. 
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The treated water is dosed with fluoride, an important additive that 
strengthens teeth and prevents tooth decay. Since NSW legislated the addition 
of fluoride to public drinking water supplies in 1957, it has become the state 
with the lowest rates of tooth decay in children and juvenile dental problems 
have been significantly reduced. Only a very small amount of fluoride  
(0.8-1.2 mg/L) is needed to have this benefit, so fluoridation is carefully 
monitored at the WTP to ensure safety and efficiency. For more information 
on fluoride visit the NSW State Government website www.health.nsw.gov.au / 
environment/water
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Chlorine disinfects the water and prevents bacteria from growing in the 
pipes on the way to people’s taps after leaving the WTP. The pH is adjusted if 
necessary to suit chlorination and minimise corrosion in the pipes. Every part 
of the reticulation (the network of pipes and channels that deliver drinking 
water to your home or business) needs a minimum residual level of chlorine to 
ensure the water stays safe to drink after leaving the WTP. 

Demand peaks and falls throughout the day, week and year, so the water is 
not always sent out straight away. It is best to treat water at a steady rate, 
and store the excess during low-use times so the plant will not be overworked 
during peak times. The Icely Road WTP’s storage reservoir has a capacity 
of 20ML, ensuring that not only is the supply always reliable, but the WTP is 
operating as efficiently as possible.
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Along the treatment process, particles and compounds that are not suitable 
for human consumption have been removed as sludge. The sludge has high 
water content and contains metal oxides, flocculated organic compounds, 
and the dosed coagulant and polymers bound up with the removed flocs. The 
sludge is settled and stored in sludge lagoons at the Icely Road WTP.

The water in the lagoon’s layer above the sludge is then returned to Suma 
Park Dam under an Environmental Protection Licence (EPL) which contains 
conditions on water quality discharge. 
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At certain points through the water treatment process, instruments 
continuously measure key features of the water such as pH, water clarity 
(turbidity) and chlorine levels.  This is to ensure all stages of the treatment 
process are operating effectively and to ensure the final product meets the 
Australian Drinking Water Guidelines for both health and aesthetics (taste, 
odour, appearance). 

Continuously monitoring certain water quality parameters allows operators to 
respond quickly if concentrations shift outside of the operational targets. The 
monitoring system used by Council, SCADA, allows for notices to go directly to 
the operators wherever they are and at any time.

The Guidelines are extensive, covering more than 200 water quality 
parameters, but a few measures of quality are of particular interest, because 
they give the most general information about the effectiveness of treatment 
and the continued quality of water in reticulation
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As well as continuous online monitoring, the operators of the water treatment plant 
also undertake daily checks to confirm the instrumentation is working correctly. The 
daily operational tests carried out on the water include: pH, fluoride concentrations, 
chlorine residuals, turbidity and manganese concentrations. These tests are carried 
out daily on both the raw and treated water to ensure the water filtration process is 
working correctly and the water quality meets the guidelines. 

There are also tests that are carried out weekly such as bacteriological, fluoride, 
iron, manganese and aluminum concentrations from designated sites around the 
reticulation system. This is to verify that the water quality continues to meet the 
ADWG to consumers. A description of a few key parameters are as follows:

RESIDUAL CHLORINE
Chlorine needs to be 
present in potable 
water in all parts of the 
reticulation to prevent 
disease-causing bacteria 
accumulating between 
the treatment plant and 
the consumer. Too much 
chlorine smells and tastes 
unpalatable, and at much 
higher levels is harmful 
to health. Monitoring 
ensures effective 
protection against water-
borne diseases while 
still delivering safe and 
enjoyable drinking water.

FAECAL COLIFORMS
As an extra precaution, in 
case the chlorine residual 
does fall below optimum 
levels, or conditions 
reduce its efficacy, 
water is monitored for 
the pathogenic bacteria 
known as Escheria coli. 
If even one cell of E. coli 
is detected in a 100mL 
sample of water, NSW 
Health is notified, and the 
public may be issued a 
“boil water notice”. This 
informs people there 
is a risk of bacterial 
contamination in the 
drinking water and they 
should boil their water for 
a certain length of time 

before use, or alternative 
safe water sources should 
be substituted. 
Measures are then taken 
to kill off the bacteria 
and extra monitoring is 
undertaken until the water 
has been free of E. coli for 
a satisfactory period. 

Boil water alerts are very 
rare in regional NSW 
and are quite often a 
conservative approach 
to managing risk. These 
alerts may also be related 
to factors other than 
faecal coliform detections.

Water Quality Tests
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pH
pH is a measure of how 
acidic or alkaline the 
water is. There is an 
optimum range of pH 
for drinking water. Below 
that range, chlorine is less 
effective and water can be 
corrosive to plumbing. In 
addition to wearing away 
plumbing, it can strip 
metals and compounds 
from the pipes that can 
stain or be a health risk. 
At the other end, high pH 
can also be associated 
with algal blooms, and 
ions in the water that 
contribute to hardness.

If the pH is too low 
(acidic), then soda ash 
is used to bring it back 
into range. If the pH is 
too high (alkaline), then 
less soda ash can be 
used in treatment, or the 
coagulation process can 
be altered to bring the pH 
down. 

The pH range of the water 
for Orange is very stable.

TURBIDITY
Turbid water is murky or 
cloudy and is measured 
by the proportion of light 
that can pass through the 
water. The raw water that 
enters the WTP from the 
dam may be turbid due to 
silt, clay, algae, microbes, 
organic matter and other 
particles. 

The raw water sourced 
from Suma Park Dam 
has a low turbidity in 
comparison to other 
treatment plants that 
draw water directly from 
a river.
 
Reducing turbidity to 
a low level through the 
treatment process is 
a good indication the 
treatment process has 
been effective, and the 
effectiveness of chlorine is 
not being impaired.
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A:  135 Byng Street, Orange 
P:  PO Box 35, Orange NSW 2800
E:  council@orange.nsw.gov.au

P:  02 6393 8000 
F:  02 6393 8199
www.orange.nsw.gov.au


