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View of the treatment plant



Every day, millions of litres of raw sewage from homes 
and industry—peaking at around one million litres per 
hour by Mid morning—is sent to the Orange Waste 
Water Treatment Plant (WWTP) for treatment. This 
water contains a variety of organic and inorganic matter 
that makes it harmful to health if left in its raw state.

At the WWTP, after four stages of treatment, the 
resulting water can again be used by industry or 
returned to the Macquarie River system via Blackmans 
Swamp Creek after meeting strict environmental 
standards. 

The WWTP is located north-east of the City of Orange 
on the banks of Blackmans Swamp Creek. Council also 
operates a smaller waste water treatment plant that 
services the nearby villages of Lucknow and Spring Hill.

Introduction
SEWERAGE 

SYSTEM
Maximum daily 

capacity: 48 ML 
Average daily flow 

(dry weather): 9 ML 
Average annual flow: 

4300 ML Average 
annual export effluent 

to Cadia Mine: 2600 
ML Kilometres of 

sewer pipes: 461 km

Pre-treatment 
the separation of inorganic 
solids and rags from the 
incoming wastewater by 
using two step-screens and 
a grit chamber.

Primary treatment 
the separation and removal 
of floatables and organic 
settleable solids (mainly 
faecal matter) from 
the wastewater using 
primary settling tanks 
(2 round, 2 rectangular), 
a pre-fermenter and an 
anaerobic digester.

Secondary treatment 
the removal of soluble 
wastes and the non-
settleable portion of the 

suspended solids with 
the use of aerobic micro-
organisms embodied in 
biological trickling filters 
and activated sludge 
(using extended aeration).

Tertiary treatment 
the reduction in the 
number of pathogenic 
(disease – causing micro-
organisms by adding 
chlorine to the treated 
effluent in a chlorine 
contact tank.

Greater detail on the 
treatment process can 
be found in the following 
pages.

The four stages of the Orange WWTP process are shown 
in the diagram on the inside cover. They are listed below:

TREATMENT STAGES
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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. 

Cadia re-use scheme 
Approximately 65% of the 
final treated effluent from 
the Orange WWTP gets 
exported to a gold/copper 
mining venture, Cadia 
Valley Operations, located 
approximately 25 kms 
south of the City.

This equates to an average 
of around 9 ML per day.  
The treated effluent is a 
prioritised water source 
for the mine and is used in 
the ore extraction process.  
The remaining 35% of 
treated effluent produced 
at the Orange WWTP is 
discharged to Blackmans 
Swamp Creek.

Biogas 
The Orange WWTP uses 
an anaerobic digester 
to break down and 
stabilise the faecal matter 
(sludge) removed from 
the wastewater stream.  
One of the by-products 
of this digestion process 
is methane, a gas that can 
be used as a fuel source.  
Council uses this methane 
to fuel boilers that keep the 
sludge in the digester at a 
constant temperature of 
35°C. Given the beneficial 
use of the methane, it is 
termed biogas.

Biosolids 
Stabilised sludge is 
removed from the 
anaerobic digester after an 
average of 25 days. Excess 
water is removed via a 
centrifuge so it can be 
transported for beneficial 
re-use. Historically, Council 
has provided the nutrient 
rich biosolids to farmers 
for use as a fertiliser in 
broadacre cropping. 
From 2007, Cadia Valley 
Operations has used the 
biosolids for rehabilitation 
purposes.

Biological nitrogen 
removal 
This is an advanced form 
of secondary treatment 
that uses flocculated 
aerobic bacteria to 
markedly reduce nitrogen 
and carbon levels in the 
wastewater stream. As a 
result, the treated effluent 
discharged to Cadia 
Valley Operations and the 
Macquarie River catchment 
is of fit quality.

SUSTAINABILITY FEATURES
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Step-screen

Wastewater
treatment in detail
Screening and grit removal 
Trunk mains deliver raw 
sewage to the plant 
from both domestic 
and industrial sources. 
Domestic sources include 
toilets, showers, baths, 
kitchen sinks, laundries 
and dishwashers. All other 
liquid waste, including 
industrial waste, is managed 
under Council’s Trade 
Waste Policy, which was 
introduced to protect 
the treatment plant 
infrastructure and the 
environment.

Liquid ferric chloride is 
added at the inlet works for 
the purpose of removing 
phosphorus (which settles 
out with the primary 
sludge).  It also helps the 
sludge settle much faster.

The solution then travels 
through two step-screens, 
with bar spacings of 
6mm, to remove all of 
the inorganic objects that 
people wrongly put into 
the system (e.g. cotton 
buds, wet wipes, and nappy 
liners).

The step-screens are made 
from stainless steel to 
help them withstand the 
corrosive nature of the area 
in which they work.

Incoming sewage is divided 
into two streams, with each 
directed through a step- 
screen. In the event that one 
screen fails, the other allows 
for operational backup 
whilst repairs are carried 
out.

Each screen is controlled by 
two ultrasonic level sensors, 
one in front of the screen 
and the other behind.  The 
build up of waste on the 
front of the screen causes 
the incoming water level 
to build up. Once there is 
a difference of 300 mm in 
the water levels, screenings 
(collected waste) are moved 
up and out of the water 
stream, thus making room 
for more waste to collect on 
the steps.

The screenings are removed 
automatically from the 
step-screen, washed to 
return any faecal matter 
to the treatment stream 
and pressed to remove 
excess water. The resulting 
‘cake’ is disposed of at the 
Resource Recovery Centre, 
located on the eastern side 
of Blackmans Swamp Creek.  
The screens work around 
the clock because sewage 
never stops entering the 
plant.  The flow varies 

throughout the day, ranging 
from a low of approximately 
0.25 million litres / hour 
at 3.00am to a peak of 
1 million litres / hour at 
10.00am.

PRE-TREATMENT
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During periods of wet 
weather, stormwater can 
infiltrate the sewerage 
system and increase the 
normal flow by more 
than 300%.  Under these 
conditions the treatment 
capacity of the plant is 
exceeded and the excess 
water is diverted around 
the bulk of the treatment 
process directly to the 
chlorine contact tank where 
the flow (highly diluted by 
rainwater) is disinfected.

Following screening, grit 
in the sewage is removed 
in two large aerated tanks 
called grit chambers.

Grit is removed because it 
has the ability to damage 
pumps and pipe systems 
at the treatment plant. 
Because it is inorganic, 
grit is not broken down in 

the biological treatment 
processes that follow.

Grit consists mainly of 
sand and pipe bedding 
material and enters the 
sewerage system in many 
ways including leaking 
sewage joints, the bathing 
of children just out of the 
sand pit or garden and the 
washing of clothes. 

Air is injected into the waste 
stream through sparge 
pipes along the central 
wall of the tanks, creating 
a spiral flow in the tanks. 
The grit is heavier than 
the organic material and 
settles to the bottom of 
the tanks. An airlift pump 
located on the travelling 
bridge removes the grit 
from the tanks and sends 
it to the grit classifier for 
drying.  A sloping screw 

conveyor removes the water 
and returns it to the waste 
stream.  The grit is collected 
in a hopper and then 
disposed of to the Resource 
Recovery Centre.

Screenings and grit are 
the only two products 
that are not reused in the 
treatment process. Because 
of their foul nature and 
ability to attract flies and 
animal pests, the wastes are 
buried.  Odours (especially 
from hydrogen sulfide and 
Mercapton gases) and pests 
are controlled.

 
Inlet channel and step-screens
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Round and rectangular sedimentation tanks

Sedimentation tanks 
Up until this stage, the 
screens and grit chamber 
have only removed 
inorganic matter. After 
leaving the grit chamber 
the waste stream is 
directed into one of the 
four sedimentation tanks 
(primary settling tanks). 
In the primary tanks, large 
organic matter is removed 
by slowing the flow enough 
to allow these solids plenty 
of time to settle to the 
bottom of the tanks. The 
ferric chloride added in the 
pre-treatment stage helps 
solids settle faster.

The Orange WWTP has 
four primary tanks – two 
round tanks built during an 
upgrade in 1960, and two  

rectangular tanks built in 
the extensive 1987 upgrade.

The primary sludge that 
settles is collected in a 
hopper and pumped to 
the pre-fermenter where it 
is held for up to five days 
before it is transferred to 
the anaerobic digester to be 
stabilised.

Each of the primary tanks is 
fitted with surface skimmers 
to remove any material 
that floats.  The greatest 
proportion of floating 
material is the cooking oil 
and fat that solidifies in the 
sewer after being flushed 
down household drains. 
In solid form, this causes 
pipeline blockages. In the 
primary tanks, the solid 

fat and oil that floats to 
the surface is skimmed off. 
This material is collected 
and pumped directly to the 
digester.

Sludge digestion and 
dewatering
Sludge from the primary 
settling tanks is pumped 
into the pre-fermenter, a 
tank designed to encourage 
the first  stage of digestion 
by specialising in the growth 
of ‘acid-producing bacteria’. 
After the pre- fermenter the 
sludge is heated with the 
use of on-site boilers before 
being transferred into the 
Anaerobic Digester. 

PRIMARY TREATMENT
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A NATURAL  
FOOD SOURCE
The breakdown of 
the sludge releases 
methane, a gas that 
can be used as a fuel 
source.  Council uses 
this methane to fuel 
boilers to keep the 
sludge at a constant 
temperature of 35°C.

SUSTAINABLE 
FERTILISER
Cadia Valley 
Operations
use the rich 
biosolids produced 
for rehabilitation 
purposes.

The sludge is heated to 
35°C to aid the ‘methane 
producing bacteria’ in the 
digester to transform the 
volatile organic matter into 
stabilised sludge suitable 
for re-use. The process 
of stabilising the sludge 
takes a minimum of 15 
days. The digester is mixed 
continuously and holds 2.5 
million litres of sludge at a 
concentration of 4% solids.

As new sludge is pumped 
into the digester the same 
proportion of stabilised 
sludge flows out into a 
storage tank ready to be 
de-watered and re-used.

By products from the 
digestion process are 
methane gas (used to 
reheat the sludge entering 
the digester) and biosolids 
(used as a fertiliser for 
broad-acre farming and 
land rehabilitation under 
strict environmental 
guidelines).

The sludge in the digester 
is only 4% solids and so a 
centrifuge is used to spin 
off excess water resulting 
in a solids content increase 
up to 30%.  The centrate 
(spun off water) is directed 
back into the activated 
sludge system to help feed 
the bacteria. The biosolids 
are stockpiled ready for 
use.

Until recently, the 
wastewater flow from the 
round primary tanks was 
directed to the biological 
trickling filters via open 
channels. This wastewater 
flow, along with that from 
the rectangular primary 
tanks, is now diverted 
around the filters directly 
to the activated sludge 
system. This diversion 
helps to keep a good food 
source up to the bacteria in 
the activated sludge. 

Surface skimmer on round tank

The stone filters are an older, but still an active, form of technology
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Biological trickling filters
Biological trickling filters 
(a series of four bacteria 
beds) are an older form 
of technology, built in the 
1960 upgrade. In the past, 
wastewater from the round 
primary settling tanks would 
travel to these filters.

Current licensing 
requirements for the 
Orange WWTP mean that 
wastewater must be treated 
to a higher standard than 
the trickling filters allow. 
Thus, all wastewater is 
currently sent directly 
to the activated sludge 
component of the process.

Because filters can still 
provide a useful service in 
the reduction of the carbon 
load and the conversion 
of ammonia to nitrate in 
wastewater, their process 
has been included in this 
discussion.

The trickling filters use a 
wide range of organisms 
(e.g. bacteria, fungi, 
protozoa, worms and 
insects) to convert the 
organic matter that the 
primary system could 
not remove.  The organic 
material includes both 
dissolved solids and 
suspended solids that were 

too light to settle in the 
primary tanks.

The flow to the filters is 
firstly directed to one 
of four siphon boxes via 
an open channel.  When 
a box is full it induces a 
siphon and the wastewater 
is transferred to the filter 
boom.  The wastewater 
forcing itself out through 
holes in the boom pushes 
the boom around and so no 
electricity is required.

The filter media used at the 
Orange WWTP is graded 
blue stone.  The media is 
not part of the process, it is 
there to create a home for 
organisms and other forms 
of life such as bacteria 
which form a slime layer on 
the rocks to allow protozoa, 
larvae, worms and other 
beneficial organisms to 
grow and multiply.  Air for 
the organisms is naturally 
drawn up through the holes 
in the bottom of each filter.

This process of filling and 
discharging continues 
all day and night when 
sufficient wastewater is 
available.  The feed to 
a filter bed needs to be 
spread evenly across the 
surface for best results. As 
the water trickles down 

over the rocks the bacteria 
consume the solids from 
the water as it passes by. 
This process converts 
complex organic matter 
into other forms that can 
easily be removed later in 
the secondary treatment 
process.

The effluent from the filters 
exits the structure via 
holes in the bottom and 
rejoins the effluent that 
was bypassed around the 
filters (from the rectangular 
primary settling tanks) 
before moving on to the 
activated sludge treatment 
process.

Activated sludge
Activated sludge is different 
to the faecal matter that 
settles out in the primary 
settling tanks.  The term 
refers to a process that uses 
flocculated aerobic bacteria 
(floc) that removes nitrogen 
(denitrification) and carbon 
from the wastewater 
stream.  The technical term 
for the design used at 
Orange is called a modified 
Ludzak-Ettinger process  

SECONDARY TREATMENT



Effluent from the 
rectangular primary tanks, 
the trickling filters, rotary 
thickeners (used to thicken 
pre-fermented sludge 
on path to the digester) 
and the digested sludge 
dewatering area (centrifuge) 
are all channelled into the 
anoxic (no free oxygen) 
tank.  This is the first step 
in removing the remaining 
non-settable solids and the 
dissolved solids from the 
wastewater stream.

The purpose of the anoxic 
tank (also referred to as the 
reactor) is to biologically 
remove nitrogen. It is also 
used to mix incoming 
wastewater from the 
primary settling tanks and 

trickling filters with returned 
settled sludge pumped back 
from the clarifiers (refer to 
Step 3).

The anoxic tank is mixed 
with the aid of submersible 
mixers.  No air is added so 
that the micro-organisms 
are starved of oxygen, 
which results in them 
looking for an alternate 
source. They find oxygen via 
a chemical reaction when 
the bacteria strip oxygen 
from nitrate ions (NO3-) 
which results in the release 
of nitrogen gas (N2).  This 
results in a reduction in 
the amount of nutrients 
entering the river system.

Anoxic tank

STE
P

 1
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Activated sludge from the 
anoxic tank is directed to the 
aeration tank where oxygen 
is introduced with four fixed 
surface aerators capable of 
pumping 100 tonnes of air 
into the water per day.  The 
purpose of this part of the 
process is to promote the 
reproduction of the bacteria 
such that adequate numbers 
are maintained for nutrient 
removal.  Each day a small 
proportion of the sludge is 
drawn off and sent to the 
Digester via a Dissolved Air 
Flotation (DAF) thickening 
plant.

The DAF further removes 
suspended matter such as 
oil and solids by dissolving 
air under pressure in the 

wastewater.  The air is then 
released at atmospheric 
pressure in a floatation 
tank.  Tiny bubbles form and 
adhere to suspended matter 
causing it to float.  This is then 
removed from the surface by a 
skimmer.

Ferrous chloride (FeCl2) is 
also added to the inlet of 
the aeration tank. It is added 
to bind up any remaining 
phosphorous in the sludge so 
that it can be removed. 

Aeration tank

STE
P

 2
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Activated sludge from the 
aeration tank flows into the 
seven clarifiers (secondary 
settling tanks) in which the 
activated sludge settles to 
the floor of the tanks, leaving 
a clear upper layer that 
has received full secondary 
treatment to overflow into 
a channel that leads to the 
chlorine contact tank.  The 
settled sludge is scraped 
back along the bottom of 
the clarifier to a collection 
pit where it is then returned 
to the anoxic tank via two 
submersible pumps in each 
clarifier.  The scrapers travel 
very slowly so as to not stir up 
the settled sludge.

The rate of settling in the 
clarifiers is influenced by 

temperature, with quicker, less 
disturbed settling occurring in 
summer months.

The activated sludge system 
at Orange is maintained on a 
21-day cycle. 

Clarifiers

STE
P

 3
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Wastewater from the 
clarifiers is directed to 
the chlorine contact tank. 
Chlorine dosing is used 
by Council to disinfect the 
effluent. It is the final stage 
of the wastewater treatment 
process.

Tests are carried out to 
change the dose rate of 
chlorine. Care is taken not 
to overdose the wastewater, 
as too much residual 
chlorine (that which is left 
over after the pathogens 
have been killed off) can 

have a negative impact on 
the environment.

The contact tank is set 
up with a series of weirs 
to slow the effluent down 
so that the chlorine has 
enough contact time to kill 
the pathogens.

After moving through the 
weirs the effluent cascades 
over a series of steps to 
add extra oxygen to the 
water (for the benefit of the 
aquatic environment) before 
it is released to Blackmans 

Swamp Creek. This creek 
feeds the Macquarie and 
eventually the Darling River 
system.

There are also three pumps 
in the chlorine contact tank 
that are used to extract 
water for the Cadia re-use 
scheme. At any given time 
it is possible that all of the 
water is either being sent 
to the creek or to Cadia 
Valley Operations, or a 
combination of both.

TERTIARY TREATMENT

Chlorine contact tank



Cadia re-use 
Cadia Valley Operations is a 
gold/copper mining venture 
located approximately 25 
kilometres south-west of 
Orange and receives up to 
13 million litres of treated 
effluent from the Orange 
WWTP each day.

The effluent is pumped from 
the chlorine contact tank 
to a storage tank above 
the treatment plant. It is 
then pumped to a second 
storage tank out near the 
mine from where it falls 

by gravity to the mine for 
use in the ore extraction 
process.

The high lift pumps adjacent 
to the first storage tank 
transport 160 litres/second 
up the pipe against 175 
metres head of pressure. 
After the second tank there 
is a fall of 150 metres to the 
mine. Because of this high 
amount of potential energy, 
special valves are installed 
in the pipeline to slow the 
water down.

Effluent quality 
requirements
The NSW Environmental 
Protection Authority (EPA) 
set treated effluent quality 
limits via an environment 
protection licence (available 
on the EPA website).  
The table below lists the 
100-percentile limits for 
a range of parameters, 
and demonstrates the 
capabilities of the Orange 
WWTP.

Typical treated effluent quality achieved  at Orange Waste  Water Treatment Plant

Parameter  In Out EPA Limits

Chlorine n/a 0.3 mg/L 0.5 mg/L

Faecal coliforms millions <100 cfu/100mL 400 cfu/100mL

Biochemical oxygen demand 300 mg/L <10 mg/L 30 mg/L

Suspended solids 300 mg/L <20 mg/L 30 mg/L

Total nitrogen 50 mg/L <15 mg/L 15 mg/L

Total phosphorus 10 mg/L <1 mg/L 1 mg/L

Oil and grease 50 mg/L 0 mg/L 10 mg/L

pH 7.0 – 8.0 pH units 7.5 – 8.0 pH units 6.5 – 8.5 pH units

Effluent cascade
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W: www.orange.nsw.gov.au
E:  council@orange.nsw.gov.au

A:  135 Byng Street, Orange
P:  PO Box 35, Orange NSW 2800

P:  02 6393 8000 
F:  02 6393 8199


