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ABSTRACT

Technical progress in the field of municipal wasiésv treatment, which includes
removal of eutrophicating pollution loads, has ire tpast few years significantly
improved the process flow of sewage treatment plant

More attention is now being paid to the high humbkdisease-causing germs in the
sewage treatment plant effluent. Micro and ultiaafiion, combined with the activated
sludge process, has turned out in recent years gosuitable method for minimising the
effluent load. Tightening discharge standards éwage treatment effluents can thus be
met, without the need for the conventional aeraéind secondary clarification tanks or
filtration and disinfection plants. Membrane biarta technology provides a good
alternative to the conventional treatment of mypatiwastewater (Huber Technology,
2004).

* Most of the current regulatory requirements will inet by the membrane
separation step.

 Membrane bioreactor technology is a space savidgnique. Its module-
based design allows the capacity to be easily ase@ when needed.

* Membranes will continue to decrease in price indbming years.

* With improved effluent quality, re-use of the fomyewasted effluent is
possible, which makes it a sustainable technology.

e It combines the biological treatment with a memleraaparation step.

Because of this combination it has several advastayer conventional treatment by
activated sludge followed by a settling tank.

e« The settling tank is unnecessary because of the bm@m separation;
submerged membrane bioreactors can be up to 5 temedler than a
conventional activated sludge plant.

« Membrane bioreactors can be operated at mixedriguspended solids of
up to 20,000 mg/L.

» Biomass concentration can be greater than in cdiorert systems, which
reduces reactor volume.

 The membrane can retain soluble material with d higlecular weight,
improving its biodegradation in the bioreactor.

* Good effluent quality.

* Good disinfection capability, with significant badal and viral reductions
achievable using UF and MF membranes.

This paper describes the activated sludge treatraadt the membrane bioreactor
processes, using Melbourne Water's Western Tredtplant at Werribee, in Victoria,
and Citiwater's Magnetic Island plant, in Queendlaas examples of the treatment
processes.

Sufficient information is given to permit an undargling of the two processes and
their relationships. The more recent MBR technologly be seen as an emulation of the
natural filtration processes occurring in broadeaceatment, without the large tracts of
land area, or the plant and the number of requpeacesses needed for later
advancements.
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GLOSSARY OF TERMS

BOD
COD

Biochemical Oxygen Demand.

Chemical Oxygen Demand - the measure of theuamof oxygen
required to oxidize organic and oxidizable inorgamgiompounds in
water. The COD test is used to determine the degfegollution in

water.

BOD & COD Measurements of the strength of the wiast

RBCOD
VFA

SS
VSS
ASB
MLSS
MLVSS
ASP
HRT
SRT
DO
DAF
Aerobic

Anoxic

Anaerobic

Organic

Readily Biodegradable Chemical Oxygen Demand
Volatile Fatty Acid.
Suspended Solids.
Volatile Suspended Solids.
Activated Sludge Basin.
Mixed Liquor Suspended Solids.
Mixed Liquor Volatile Suspended Solids.
Activated Sludge Plant.
Hydraulic Retention Time.
Solids Retention Time.
Dissolved Oxygen.
Dissolved Air Flotation.
High in dissolved molecular oxygen.
Low dissolved molecular oxygen but has ralaive sources of oxygen
available (eg nitrate, sulphate).
No dissolved molecular oxygen and newosiources of oxygen.
Pertains to material having its origin in livingganisms, which usually
have carbon as the predominant component of theimeal structure.
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CHAPTER 1 INTRODUCTION

1.1 Primary, Secondary, and Tertiary Wastewater tratment

Many industrial treatment plants were constructedhe 1970s and 1980s. Discharge
criteria required the installation of facilitiesathperformed what is now calledimary
treatment of wastewater. This involved using stseand sedimentation tanks to

remove most of the materials in the wastewaterftbat or settle.

As subsequent discharge criteria were tighteaedyndantreatment became necessary.
Secondary treatment is accomplished by bringingttuey waste, bacteria and oxygen in
trickling filters or the activated sludge proceBacteria are used to consume the organic

parts of the wastewater.

Facilities, and their designers are now consideang installingtertiary treatment
facilities to comply with the latest regulatory apdrmit parameters. These advanced
treatment processes go beyond conventional segortdeatment and include the
removal of recalcitrant organic compounds, as @aglexcess nutrients such as nitrogen

and phosphorus.

1.2 Project Aim

The focus and the emphasis for the project is thmbnane bioreactor: -

* The types available.

» Particular design features.

» Operational characteristics and applications.
* Advantages and/or limitations.

» The science and the technology.

* Performance.



The project investigates the characteristics aretainal properties of the membrane
bioreactor, including: -

» The identification of the stringent processes usesklect an MBR plant.

» A discussion of the construction, commissioning apération of an MBR
plant.

* A comparison with the activated sludge system (aogkibly other systems)

in treating wastewater.

The membrane bioreactor (MBR) installed at Picney BMagnetic Island, and the
treatment plant at Werribee, Melbourne will be usedthe primary examples upon
which to illustrate the processes of membrane buimes and activated sludge
treatments in general. Figure 1 below is given asrple illustration of the processes
and their similarities and configurations.

conventional ac brated shudge sysbemn

rrechanically
treated
irfluert

demtficaton minfication settlihe tank

¥ surplus sHudge

[ MEE process (external memh ranes)

rmechanically
treated effluert

sludge demtrification mtification memb mre separabon

T i A . I AL A K e e = e T

| MEBE process (intermal memb ranes)

rmechanically
treated effluert

dernbification mibificaton meirh @mre separation

Fig. 1 Activated Sludge and MBR Processes
(Evenblij, 2004)



CHAPTER 2 WERRIBEE SEWAGE TREATMENT
FARM

2.1 The Werribee plant

The Werribee plant, with its combination of landatment and lagoons, was conceived
in the 1880s and currently treats about 400 MLdmer, 54 % of Melbourne’s sewage

from 1.6 million people. It is one of the princigdahd treatment systems in the world

(Melbourne Water, 2004c).

Fig. 2 Werribee Sewerage Farm

(Australian Academy of Technological Sciences andifteeging, 1988)

It is one of the largest sewage treatment planteenworld, covering 10,815 hectares -
about the size of Phillip Island (Melbourne Wa604b).

For comparison the area of the whole of Magnetani$, Queensland, is 5184 hectares

(Magnetic Island Information, 2004).

2.2 Werribee land and grass filtration methods

Three methods of sewage treatment are used at th&teYM Treatment Plant in

Werribee depending on the season and the inflosewhge.



e Lagoons are for peak daily and wet weather flowadlr round.

e Land filtration is used during periods of high ewegtion from around
October to April. Sewage is applied to the land gmw grass. The
disadvantage is that, in the winter, when the l@adt needs the application

of sewage, the volume to be treated is the greatest

e Grass filtration is used during periods of low ewation when land
filtration is not practical (ie between May and &sapber). Sewage is run
over, rather than into the land, and the grassésluo increase the area of

exposure to light and air.

Land and grass filtration processes are being phasge They will be decommissioned
by 2005 and replaced by the lagoon treatment systemich have been enhanced with

activated sludge technology.

2.3 Werribee lagoon treatment processes

Lagoon treatment operates all year round treatemkplaily and wet weather flows.

Surface areas reach up to 289 hectares, eachmogtad to 12 ponds.

Sewage travels slowly under gravity through thdeseof connected ponds, which
contain high concentrations of naturally occurrivgcteria. The bacteria convert the
organic and inorganic nutrients in the sewage loatcteria cells and inorganic products
like carbon dioxide, water, ammonia and phosphEtese inorganic products are then

consumed by algae.

The initial pond in the major lagoon systems iglgarovered to collect gases from the
bacterial breakdown of the solids settled fromdbeage. These gases contain methane
and odorous compounds and are combusted to proglecticity and non-odorous

gaseous by-products.

The following is an explanation of the treatmeriqass that takes place in each lagoon:



1. Sewage enters the anaerobic reactor.

2. Bacteria digest the organic material in the agy producing methane,
carbon dioxide and odorous gases.

3. The gases rise to the top of the lagoon. Ineslaigoons, these gases such
as methane are collected and used as a fuel toagerectricity.

4, Sludge containing heavy metals and some chésnsgedtle out to the
floor of the pond.
Sewage moves into the aerobic ponds.
Algae grow in the pond, feeding on the nutsesd trace elements in
the sewage.

7. Nitrogen is removed by bacteria and algae, Wwhice then eaten by

zooplankton.

o

Birds feed on the algae and zooplankton.

©

Effluent flows into Port Phillip Bay after &0 80 days of treatment.

The older lagoons require two to three months ¢attisewage; the modern lagoons
require only one month to treat sewage. The effluerthe final pond can also be

recycled for irrigation, including grass, grapewr orchards.

2.4 Werribee activated sludge plant

As part of the Western Treatment Plant Environmergrovement Project works, an
activated sludge plant was commissioned, 8mgril 2001, in the 5th pond of the 55
East lagoon system and a second plant is preskeethg constructed in the 25 West

lagoon system.

The removal of nitrogen from the sewage is incréasehe activated sludge plant by
turning it into nitrogen gas. Secondary treatetuefit flows into Port Phillip Bay. The
Western Treatment Plant inputs about 50 per centtadgen to Port Phillip Bay. The
other 50 per cent enters Port Phillip Bay via ratuvater catchments. Most of the

nitrogen in Melbourne’s waterways comes from feseits.



Annual nitrogen load to Port Phillip Bay from
Western Treatment Plant (fonnes)
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Fig. 3 Annual nitrogen load to Port Phillip Bay
(Melbourne Water, 2004f)

The reduction achieved is attributed to operatimg 55 East activated sludge plant,
water recycling and a lower annual inflow (Melboivater, 2004f).

2.5 Werribee activated sludge plant processes

The 55 East activated sludge plant takes up anaregproximately 200m by 500m
with half the area dedicated to the activated stuolgsin and the other half comprising
clarifiers. Within the sludge basin are four quadsa two of which are operated to
create anoxic conditions and two quadrants, whish @erated to create aerobic

conditions.

Flow from the last facultative pond enters thetfirgadrant of the activated sludge plant
and is mixed with return activated sludge, whichaisarge recycle from the fourth

guadrant containing nitrates and a high strengémital oxygen demand feed from the
anaerobic reactor. The anoxic condition requireddenitrification is created by the

presence of nitrates and depletion of oxygen dutndoaddition of the high strength

chemical oxygen substrate. The anoxic conditiorsviged by the first and second

guadrants ensures that the nitrates are suffigiaetluced. Mixing occurs in both

anoxic quadrants to ensure sludge stays dispetsedgh the water for maximum

biological activity.



Aeration is provided in the third and fourth quadsato ensure aerobic conditions
conducive for the conversion of ammonia to nitratedarge recycle flow returns the

nitrates to the anoxic zones to be denitrified aadcompletes the removal of nitrogen
nutrients. The level of aeration and mixing proddeelects for bacteria that forms a
biological floc, which settles rapidly so that bexéa can be separated from the water in

the clarification step.

In the clarifiers, the mixed liquor of water andctexial flocs is separated into a clear
overflow stream, which is directed to ponds 5 tofdiOdisinfection, and an underflow
containing the settled bacterial flocs, which itureed to the activated sludge basin
(RAS) to boost the bacterial population (Melbouvidater, 2004g).

ACTIVATED SLUDGE BASIN
(200 m x 200 msquare) Water to

FomPond 1

SEE—
Shdge cortaimng 4 Q
bacteria & ruinents

.‘_

Anoxic Aerobic

Zone 7 one CLARIFIER

(45m diametey and 4 mdeep)
Fuom Pond 4 Separates solids from water

—»
NH; & BOD

Shudge
oot almng
bacteria &
ruatrients

— | ‘

Anowic Aerakic

4Q

J = flow rate measure,

Fig. 4 Activated Sludge Basin
(Melbourne Water, 2004q)



CHAPTER 3 ACTIVATED SLUDGE

3.1 Development

The activated sludge process was developed byedny two Englishmen, Arden and
Lockett. During development Arden and Lockett régdrthe results of experiments in
1914, and coined the term 'active sludge'. These wak batch units, and the process
was not useable until continuous units were dewlodhe first active sludge plants
were both completed in 1917 at Withington, Englaaal Houston, Texas. The basic
premise of the activated sludge process is thairglinics can be converted by aerobic
biological microorganisms to inorganics, inert arga, CQ and HO, and more
organisms. The influent waters, containing rapatgradable organics, are brought into
contact with a mass of organisms, which use thegantgsms for food. By separating
the organisms from the fluid after this contact,ca@ let the organisms digest the food
for a while and when they get hungry use the oggagiover again. This provides a net
increase of organisms, some of which are wastei fhien becomes waste-activated

sludge.

Cheremisinoff (1994) states that biological treattris typically applicable to and used
in aqueous streams with organic contaminants. énfluvaste streams may contain
either dissolved or insoluble organics amenable biodegradation. Biological

management of hazardous wastes and wastewatecaltypesults in: -

* Volume reduction with disposal

* Detoxification

Wastewaters are usually composed of a complex xnafricompounds varying in
concentration and toxicity. Contaminants may beragaple, or recalcitrant in varying
degrees. Physical-chemical treatments may be estjuo render the wastewater less
inhibitory to microbial treatment and/or ensure osal of non-biodegradable
compounds. Engineered systems have been developttftreatment of contaminated

wastewaters and wastes.



3.2 Nitrogen in wastewater

Nitrogen enters the wastewater in urine or fromustdy (tanneries) and cleaning
products (mainly as amines). In waterways nitrogemvastewater acts as additional
nutrient and increases the chance of eutrophicaimourring. This can result in an
abundance of opportunistic algae, weeds and plahts.increase in total biomass also
increases the amount of microorganisms, which avelved in breaking down dead
matter. The overall result is a decrease in theusutnof dissolved oxygen present in the
water due to the decomposition of plants, algaete@ and other microorganisms.
This therefore has an adverse effect on any ottganesms that rely on the dissolved

oxygen to survive.
Most of the nitrogen in waterways comes from fesgils.
High levels of phosphorus cause a similar impacivaterways to nitrogen. Nitrogen is

more often the problem in salt waterways whereassjpiorus tends to affect fresh

waterways. Phosphorus is found mainly in deterg@viedbourne Water, 2004e).

3.3 Activated sludge chemical and biological process

The objectives of the activated sludge processcare

» Carry out the necessary biological treatment ofhstewater.

* Reduce the volume of excess sludge solids, whic$t meidisposed of.

* Remove substances that have a demand for oxygentifi® system.

* Provide the reliable and controllable removal otragen through a

nitrification/denitrification process.

3.3.1 Removal of Organic Carbon

The types of organic material removed are: -



« Biodegradable (soluble or particulate) - Biodegldeasoluble material is
used up very quickly in less than 10 minutes. Bgpddable particulate
material is dissolved using enzymes and then alsdedi

* Non-biodegradable (soluble and particulate) - Nodbgradable soluble
material passes through the activated sludge plamdffected. Non-

biodegradable particulate is removed in clarificati

Bacteria use the organic material as food for gnargl cell synthesis.

3.3.2 Removal of Nitrogen

3.3.2.1 Nitrification in an aerobic environment

e Dissolved ammonia (N§l is converted to dissolved nitrite (NO by
autotrophic ammonia oxidising bacteria (typicallynitrosomonas
nitrosomonasnitrobacter andnitrospira).

* Dissolved nitrite (NQ) is converted to dissolved nitrate (B)Oby
autotrophic nitrite oxidizing bacteria (typicaihtrobactel).

Aerobic reaction

« Organics + @ bacteria new cells + £60 H,O

3.3.2.3 Denitrification in an anoxic environment

» Dissolved nitrate (Ng) in the presence of BOD is reduced to nitrogen gas
by heterotrophic bacteria (typicalgseudomongswhich use the nitrate as

an alternative oxygen source (Melbourne Water, 28p04

Anaerobic reaction

e Organics acid forming bacteria Organidace CH, H,S, HO, CG
or N, acid splitting methane forming bacteria CH,and CQ

1C



« Benjes (1980, p.11) states that aerobic biologizdte treatment, whether
by suspended growth (activated sludge) or attaghedth (trickling filters),
follows basic concepts. The process converts ragtevarganics to bacterial
organisms, which are subsequently separated fremidgid stream. This
requires a medium for bacterial growth and oxygerofganic conversion to

cells.

* In suspended-growth treatment, bacteria are flatedlin a liquid medium
and oxygen is supplied to the liquid.
* In attached-growth systems bacteria is grown onixadf surface and

wastewater is passed over that surface.

Oxygen is supplied by the aeration effect of expgthe wastewater to air. The

oxygen requirements for each system are similar.

The types of nitrogen are: -

* Proteins and organic compounds containing aminaggdNH)
» Oxidised nitrogen - nitrate (N, nitrite (NG,)

«  Ammonia nitrogen (N& NH3)

1% stage - Ammonification

* Break up proteins and organic compounds to form anign
e N+ O NH/NH;" + CQ

organic nitrogen + oxygen ammoniacarbon dioxide

2" . stage - Nitrificatior{aerobic zone: activated sludge basin)

*« Oxidise ammonia to nitrate.

Bacteria NitrosomonasNitrobacterand Nitrospira.

Affected by sludge age, dissolved, @mperature and pH.

e 2 step process:

11



" NH," + 112 Q Nitrosomanas and Nitrospira NO, + H0O +

2H"
Ammonia + oxygen nitrite + water + hydragens (acid)
NO> + % Q Nitrosomanas and Nitrospira NOs

nitrite + oxygen nitrate

This requires 4.57 mg 4 mg of N in NH and reduces alkalinity by 7.1 mg
CaCag/ mg of N in NH;,

3" stage - Denitrification

* Reduce nitrate to nitrogen gas (mostly in anoxitezm Activated
* Sludge Basin, but minimal in aerobic zone).

» Organic carbon is necessary for denitrification.

* Reaction occurs faster than nitrification.

* Needs carbon source, nitrates, bacteria & absdmtissolved Q.
* Equivalent to 2.9 mg £ mg of N in NQ denitrified.

« Increases alkalinity by 3.6 mg CagOng of N in NQ

2NO; + 2CHOH + HCO; Pseudomonas bacteria N, + 2CQ +
4H,0 + HCQ'
nitrate + organics (eg methanol) + bicarbonate nitrogen + carbon

dioxide + water + carbonate (Melbourne Watef)42).

Table 1 below gives typical results for the proeessewage after treatment by the

activated sludge process.
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Table 1 Effluent Quality - Lagoon 55 East
(Melbourne Water, 2004€)

Activated Sludge Plant Results
(mg/L)
Biochemical Oxygen Demand | <= 20
Suspended Solids <=30
Ammonia <=3
Nitrogen <=15
Phosphorus <=10
Faecal coliforms < =1000/mL

3.4 Recycled water quality

The quality of recycled water produced by this egsis currently rated as Class B, as
defined by the Guidelines for Reclaimed Water pomdu by the EPA Victoria.
Melbourne Water is currently undergoing a twelventhaesting regime in conjunction
with EPA Victoria to investigate the steps requitednake the recycled water a Class
A product. Under this program a number of additiofiass A parameters are being
monitored weekly - pH, Biological Oxygen Demand,s@ended Solids, Turbidity,
Nitrogen, Phosphorous and E coli (Melbourne W&t6604g). The classes of reclaimed
water and the corresponding standards for bioldgieatment and pathogen reduction
are shown below as Table 2. The range of useshtodifferent classes of reclaimed

water is shown in the following Table 3.
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Table 2 Classes of reclaimed water and corresporsfarglards for biological treatment and pathogen

reduction

(Melbourne Water, 2004q9)

Class | Water quality objectives

Treatment processes

<10 E.coli org/100 mL
Turbidity < 2 NTU4
A < 10/5mg/L BOD/SS

Tertiary and pathogen reduction
with sufficient log reductions to
achieve:

<10 E.coli per 100 mL;

pH 6 - 95
1 mg/L CI2 residual
<100 E.coli org/100 mL

B pH 6 - 95

<20/ 30 mg/L BOD / SSB
<1000 E.coli org/100 mL
C pH 6 - 95

< 20/30 mg/L BOD / SSB
<10000 E.coli org/100 mL

D pH 6 - 95
<20/ 30 mg/L BOD/ SSB

< 1 protozoa per 50 litres; &

< 1 virus per 50 litres.

Secondary and pathogen reduction
(including helminth reduction for
cattle grazing)

Secondary and pathogen reduction
(including helminth reduction for
cattle grazing)

Secondary

Table 3 Range of uses for classes of reclaimedrwate
(EPA Victoria, June 2003)

Class | Range of uses (includes all lower class uses)

Urban (non- potable): with uncontrolled public access
A Agricultural: e.g. human food crops consumed raw
Industrial: open systems with worker exposure potential
Agricultural: e.g. dairy cattle grazing

B Industrial: e.g. wash down water
Urban (non-potable) with controlled public access
c Agricultural: e.g. human food crops cooked/processed,

grazing/fodder for livestock
Industrial: systems with no potential worker exposure
D Agricultural: non-food crops including instant turf, woodlots, flowers

Where Class C or D is via treatment lagoons, aljhodesign limits of 20 milligrams

per litre BOD and 30 milligrams per litre SS appbnly BOD is used for ongoing

confirmation of plant performance. A correlationthseen process performance and
BOD / filtered BOD should be established and in éwent of an algal bloom, the

filtered BOD should be less than 20 milligrams lgtee (Melbourne Water, 2004Q).
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3.5 Chemicals and Drinking Water

Water of a high quality is a critical factor for than activity. The standards for
drinking water are based upon the necessity todaaoy health hazard. However, it is
impossible to eliminate some classes of environatezdntaminants, such as metals
completely by conventional water purification matho Economical growth calls for

more process water, some of which is just usedltbedwastewater down to the legal
limits required for release into the next waterseuand into the freshwater reservoirs.
Caetano et al (1995) state that 95 % of globalhikeser reserves consist of
groundwater. Diminishing freshwater reserves caliplgith rising quantities of

chemicals present two environmental problems.

Caetano et al (1995) consider that the dispersioengironmental chemicals from
industrial wastewaters must be limited; the volunoéswaste materials drastically
reduced; and that industrial process water musebevered for re-use. Many chemical
contaminants are found in the sewage sludge defreed wastewater (and the figures

from several countries are given in Table 4 below.

Table 4 Metal content in sewage sludges
(Caetano et al, 1995)

Sweden England and Wales | Michigan
Element Range | Median | Range Median | Range | Median
. 705- 1700 - 72 -
Zinc 14.700 1,567 49000 3,000 16,400 2,200
52 - 84 -
Copper 3.300 560 200 -8,000 | 800 10,400 700
52 - 80 -
Lead 2017 180 120 -3,000 | 700 2,600 480
Chromium | 22° 86 40 - 8,800 | 250 22 - 380
40,615 ' 300,000
: 16 - 52 -
Nickel 2.120 51 20-5,300 |80 2.977 52
: 2.3 -
Cadmium 172 6.7 60 - 1,500 | - - 112
73 -
Manganese 3.861 384 150 -2,500 | 400 - -
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A number of specific sources have been identifidgte cadmium concentrations found

in the wastewater derived environmental contamsarg extremely high.

Zinc ores contain between 0.1 % and 1 % of cadmasrg consequence, freshly mined
cadmium in the order of 13.5 tonnes to 135 tonmesadded to the global cadmium
cycle every year. The cadmium element shows noneglehanges, nor a marked
tendency to form hydrophobic organic compounds, dnerefore follows quite
predictable routes. Other elements while changiatency and/or forming metal-
organic compounds may follow routes which are djeet from the original ones. One

example is mercury.

Inorganic mercury species, such as,HgHg" and HgO are transported into the
hydrosphere, and associate strongly with organitemaamorphous iron phases and
clay minerals. Only 1 % of the total mercury comtém sediments is found in the
interstitial water and is available for transpartidake-up. The organic species £l
and CHhHg formed in situ by bacterial activities are Hyghpid-soluble and quickly
introduced into the food chain where they are arngd to higher trophic levels. They
are also directly released into the atmospheregahdth gases, such as GHvhere the
mercury may conclude its cycle by demethylation &hation of HgO, ready for

further dispersion.

Another case is the arsenic cycle. Arsenates haga mtroduced into the environment
as pesticides, wood protectives and colour pigme@tsxce deposited either in the
hydrosphere, or the pedosphere, the relatively tmxic As,’ compounds are
transformed into highly toxic AS compounds and finally into volatile methylarsines,
which may reach the atmosphere and spread ouefurth

It is therefore important that these chemicalsrameoved and contained before they can
disperse. In fact Culp (1978) cites an article fritve August 197Journal of the Water
Pollution Control Federationwhich presents detailed information on the Derwater
supply concerning the differences in the city watigpply and the wastewater effluent.
Culp asserts from this article that studies made mtimber of places indicate that two
parts of makeup water must be added to one paecgtled reclaimed water in order to
prevent the development of excessive concentratbreertain chemical constituents,

which are not completely removed in treatment.
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Caetano et al (1995) conclude that the potenti@ira$s flow membrane techniques as
tools in safeguarding and protecting the aquaticirenment as a whole, and the
drinking water resources in particular, should pstematically explored. The varying

quality criteria for the control of trace metalswater are given below in Table 5.

Table 5 Drinking water quality criteria for trace tals which might affect public health.
(Caetano et al, 1995)

Japan | USSR | WHO | NAS Australia | US FRG
Element |1968 |1970 |1971 |1972 1973 1975 1975
Arsenic 50 50 50 100 50 50 40
Barium 4,000 | 1,000 | 1,000 | 1,000 1,000
Cadmium 10 10 10 10 10 6
Chromium | 50 100 50 50 50 50 50
Copper 10,000 | 100 50 1,000 | 10,000
Lead 100 100 100 50 50 50 40
Mercury 1 5 2 2 4
Selenium 1 10 10 10 10 8
Silver 50 50
Zinc 100 1,000 | 5,000 |5,000 | 5,000 2,000
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CHAPTER 4 WASTEWATER TREATMENT
PROCESSES AND EQUIPMENT

4.1 Treatment Processes

Waste treatment aims at the removal of unwantedoooents in wastewaters in order
to provide safe discharge into the environmentsTain be achieved by using physical,
chemical and biological means, either alone orimlaination. A treatment plant is like
an assembly in a factory where the various stegmurification are arranged in such a
sequence that the quality of the output of one ist@gceptable in the next step.

Physical treatment methods such as screening, sathtion, and skimming remove

floating objects, grit, oil and grease.

Chemical treatment methods such as precipitatiad, gajustment, coagulation,

oxidation, and reduction, remove toxic materiald aalloidal impurities.
Finally, dissolved organics are removed by biolagtceatment methods.

Tertiary treatment methods are used for furtheifipation and for reuse of treated

wastewater for various purposes.

The treatment units used require proper desigrstoaction, commissioning, operation
and maintenance to meet the discharge standardsregdoy regulatory authorities
(Sastry et al., 1995).

Aquatec-Maxcon is Australia's leading provider ddter and wastewater technology
and equipment.

Installations include 89 x 30 kW floating aeratfosWerribee stratified lagoons.

Their alternative process configurations have liebuolated below in Table 6.
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Table 6 Wastewater Treatment Processes
(Aquatec-Maxcon, 2004a)

Alternative treatment processes

1 2 3 4

Grit removal |Gritremoval |Grit removal  |Grit removal
Primary Anoxic  [Clarification  [Clarification Clarification Clarification
Aerobic Aeration Aeration Aeration
Secondary Anoxic Sec_qndary Sec.o.ndary Sec_o_ndary

clarifier clarifier clarifier

Membrane Basin Sl_udge_ Sl_udge_ Filtration MBR

thickening thickening

Digestion Digestion UV disinfection

Dewatering |Dewatering

Drying Drying
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4.2 Screening Removal System

Fig. 5 Screening Removal System
(Aquatec-Maxcon, 2004a)

The wastewater, or raw water from rivers or seamwatets, contains large floating
objects, fibrous material or other foreign objectghich will cause problems for
downstream treatment and pumping equipment. Thesedagradable objects have to
be removed or they may lead to blockages, thesctbare called screenings. Manual
bar screens may be adequate for smaller plantseveyw mechanical screens are

normally used to remove the screenings from themwat

Mechanical screens come with different aperturestgpes. Generally, all screens with
an aperture less than 10 mm diameter or gap foroglening are called fine screens.
The choice of aperture will affect the quantity andlity of the screening captured. If
using fine screening in conjunction with a graviliyw system, faecal matter will be
captured together with screenings. This has todreebin mind when designing the
screening handling system. Various types of scneemquipment are used to suit

different applications.
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4.2.1 Fine Screens

» Travelling belt type fine screen for water intake
* Above channel rotating drum ccreen

* In channel trommel screen

* Walking step type fine screen

* Sieve bend static screen

4.2.2 Coarse Screen (Bar Screen)

* Inclined type
* Multiple raked
» Cable driven
e Climber type

» Back rake chain and sprocket type

4.2.3 Rotary Type

* Fully rotary

e Semi-rotary

The choice of type of bar screen depends on thenehaepth and width, preference for

above water moving parts, and headroom requirements
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4.3 Grit Removal System

Fig. 6  Grit Removal

(Aquatec-Maxcon, 2004a)

Grit particles, which are smaller than the apernfréhe screen, will pass through and
cause abrasive problems on pipes and pumps angeshahdling equipment. Also, the
grit particles can settle in channels, aeratiokgdlor and sludge digesters, which can
create maintenance problems. Therefore, a grit vamsystem is required for most
sewage treatment plants.

Removal of grit is achieved by differential sedirtaion, in which the flow velocity is
so controlled that grit may settle, but most of dnrganics are retained in suspension.
Velocity control may be achieved hydraulically, iasconstant velocity chambers, by
air-induced helical rolling motion, as in aeratdwmbers, or by mechanically induced

vortex chamber.
The grit collected will be transferred by recesgefter grit pump or air lift pump to

dewatering devices to reduce the water contenevstype grit classifier or sieve bend

are used for dewatering. Excess water will retackito the inlet channel.
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4.4  Clarification

Fig. 7 Clarification

(Aquatec-Maxcon, 2004a)

Gravity sedimentation is one of the most frequentbed processes in wastewater
treatment. Many wastewaters contain settleableesutgal solids that can be removed
under quiescent conditions. Particles, solid, tiguer gaseous that have a different
density from that of the suspension medium (wateil), settle downward because of
gravity or rise to the top because of buoyancyther cases where suspended materials
do not settle readily, upstream unit processesuaetrl to convert colloidal (non-
settleable suspended solids) and soluble pollutatissettleable suspended solids for
gravity sedimentation removal. Suspended solidsovamis important because of the
pollutants associated with the removed solids, saglorganics, nutrients (nitrogen,

phosphorus), and heavy metals.

Gravity sedimentation occurs in basins frequerdljed clarifiers.

4.5 Secondary Clarification

Secondary clarifiers are used to remove the sbtdeauspended solids created in

biological treatment processes such as the actiaitelge and trickling filter process.

There are various types of Primary and Secondanyfielrs.
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45.1 Circular

» Peripheral drive

* Centre drive
4.5.2 Rectangular
» Travelling bridge

e Chain and flight
* Wire rope and flight

4.6 Activated Sludge Aeration

Fig. 8 Diffused Air Aeration
(Aquatec-Maxcon, 2004a)

Diffused Air Aeration systems are available for onous or intermittent systems in
conventional basins, lagoons and racetrack or laircaxidation ditch configurations.

Examples include:
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* 75,000 EP racetrack continuous aeration oxidatiohes with ceramic
diffusers at Gibson Island, Brisbane and PoriruawMealand.

* 100,000 EP intermittent cycle extended aeratiomtplaith membrane
diffusers at Quaker's Hill, Sydney.

* Australia's largest ever aeration project for a 210 per day peak flow
intermittent cycle plant at Black Rock Geelong. STleiquipment transfers
3,600 kg Qper hour.

Aquatec-Maxcon has developed the first entirelytfalmn designed and manufactured
membrane diffuser the Aquablade. This revolutionagtented technology offers
material capital and operating savings through owed transfer efficiency and reduced

fouling potential. Advantages include:

e Reduced consumption of potable water and chemicals.
* Reduced contract delivery period.
» Better controlled, more accurate testing.

* Surface Aeration.

The surface aerator is available in fixed and ft@atconfigurations, which offer the
highest available guaranteed oxygen transfer effes demonstrated by infield
testing. Installations include: -

» 89 x 30 kW floating aerators for Werribee stratiflagoons near Melbourne.

e 24 x 37 kW / 18kW fixed mount units for Bendigo loigical nutrient

removal plant.
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4.7 Filtration

Fig. 9 Filtration
(Aquatec-Maxcon, 2004a)

Granular media filtration systems remove fine netilsable material. Media systems
include silica sand, anthracite, gravel, garnetngaaese greensand and birm - all
available in mono, dual, and multimedia form.

Underdrain systems are manufactured in plenumatedal styles, incorporating slotted

dome strainer nozzles.

Backwash systems are available as manual and atitoomntrol and comprise air
scour, combined air scour/low rate backwash, lowe rbackwash and high rate
backwash phases as appropriate.

Filter designs available include:
» Conventional open gravity cell.
* Pressure filters.
» Automatic self backwashing filters.
» Filter rate control methods include level contrdllerising level and

declining rate.

Filter media systems are designed to suit the Bpagiplication and include:
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* Mono sand media.
» Coarse deep bed media.
* Dual media (coal/sand).

* Multimedia (coal/sand/garnet).

4.8 Sludge Thickening and Digestion

Fig. 10 Sludge Thickening
(Aquatec-Maxcon, 2004a)

Fig.11 Sludge Digestion

(Aquatec-Maxcon, 2004a)
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4.8.1 Aerobic digestion equipment

* Multiport gas mixing valve - a single multi-portlva, which simplifies the
mixing valve arrangement.
* Gas lance - guide tube in stainless steel or gadedmild steel.

» Draft tube - mixing system using gas lift system.

4.8.2 Anaerobic digestion equipment

« Steel digester cover (floating and fixed)
a) Floating steel digester cover complete witherofjuides and water seal.
b) Fixed digester cover for primary.

* Sludge heat exchanger/heater
a) Innovative combined boiler/heat exchanger sluldgater. No separated
boiler.

b) Non-clogged tube-in-tube sludge heater.

4.9 Sludge Dewatering

Fig. 12 Sludge Dewatering
(Aquatec-Maxcon, 2004a)
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The solids generated by the sewage treatment mowesd to be dewatered in order to

reduce the volume and save on disposal costs.

Different dewatering methods include belt pressitrifeiges, screw press. Centrifuges
currently achieve 25 to 30 % dry weight for normslaidge de-watering. The system will
consist of a sludge conditioning system, dewatedqggipment, sludge conveyor and

storage silo (Aquatec-Maxcon, 2004a).

4.10 Solar drying of sewage sludge

The end product of all types of sewage works isdleared water and a more or less
liquid mass: the sewage sludge. The volume of titeeated sludge is enormous, as it
still contains over 95 % of water. Using differenechanical methods this volume can
be reduced significantly, but the water content caly be reduced - depending on the
system and investment - to a maximum of generaityless than 65 to 75 %. This
means that the remaining mass, which needs toabsported and disposed of, is still
high and any type of interim storage is difficlMoreover, every kilogram of water
remaining in the sludge restricts its use andigpaksal involves high costs.

Unlike mechanically dehydrated sewage sludge, difiedge is biologically

stable. The remaining water content is minimakloes not smell and the product is
suited for several means of disposal, such as csiooy land-filling, agriculture.
Conventional drying methods, however, require emusninvestments and the energy
consumption is high. Drying has been considereldet@a suitable solution only for big

stations.

28



Fig. 13 Solar drying technology
(Thermo-System Industries, 2004)

In contrast to this, refined solar drying technglagquires much lower investments.
Fully mechanized, microprocessor-controlled systérage proved to be suitable for
small and middle sized plants. The dryers work with without mechanically

dehydrating the sludge before drying. The weighthaf dry end product can be less
than 10 % of the original - and, in most cases,dtheur is comparable to that of soll

(Thermo-System Industries, 2004).
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CHAPTER 5 MEMBRANE BIOREACTORS

5.1 Membrane bioreactor technology

Balancing tank L2 N Sludge sturagetank
..‘ - ik " A _. 1
Denitriﬁcatiuntank' L D|5|nfectmntank
Discharge tank 'hh ﬁ"/’
Nltrlf cation tank TS -q il
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Fig. 14 Membrane bioreactor technology
(Enviroquip, 2004)

Membrane bioreactor technology combines the usebiofogical processes and
membrane technology to treat wastewater and proerdanic and suspended solids
removal. A high standard of wastewater treatment ba achieved, without the

conventional arrangement of aeration tank, setttengk and filtration to produce a
tertiary standard effluent of 5: 5: 5 BOD: Suspah@olids: Ammonia. Flow passes
through the membranes, while solids remain in tiwdopical treatment system. The
membrane bioreactor system combines the benéfgsospended growth reactor with
the solids separation capability of an ultrafil@r microfilter membrane unit. The

membrane provides a long solids retention timeallis30 - 60 days, which can greatly

enhance the biological degradation of influent arga
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A membrane bioreactor system can be operatedheregin aerobic or anaerobic mode,
increasing the spectrum of chemicals suitable faolobical treatment. MBR
applications have included batch chemical plantuefits, groundwater filtration,
landfill leachate, chlorinated solvents in manufiaicty plant wastewaters, oily wastes,
phosphorous control, and pharmaceutical intermesliat

Membrane bioreactors offer an excellent solution ifeprocess, at-source treatment

applications, and full-scale suspended growth mamddrbioreactors have been
operating in wastewater treatment systems for ri@e 20 years (USFilter, 2002).

5.2 Membrane Technology Development

PRESSURIZATION
PUMP

RECIRCLULATICN
PLIMP

EFFLLIEMT

LOOF BLEED

WASTEWATER Jr
FEED ——

“ SCREEN
~+— BIOREACTOR

AE M

Fig. 15 Simplified process schematic of the Dorivéd MST system - adapted from Bemberis, Hubbard
& Leonard, 1971

(Enegess, D. et al., undated)

A process referred to as the Membrane Sewage Teea{ST) system was developed
in the 1960s, in which raw wastewater entered aate@, suspended growth reactor
(see figure above). The reactor contents were mootisly withdrawn through a
rotating, self-cleaning, drum screen to the membrstep. In the crossflow membrane
loop, the reactor contents were recirculated atte@mecessary to ensure maintenance of
a high membrane surface velocity in order to minamihe rate of membrane fouling.
The membrane component consisted of flat polymergnbrane plates, with a pore

size in the range of 0.003 to 0.010 microns.
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A large-scale MST system pilot study completed bgrrEDliver, USA, involved
operation of a 2.27 hper day pilot plant for municipal wastewater treatiy over a
period of approximately one year. Treatment pertorce was said to be excellent but a
rapid deterioration in the membrane flux was obsérPowdered activated carbon was
added to the bioreactor in an attempt to improve flux characteristics of the
membrane component. The approaches taken to retb@v@embrane efficiency issue
proved uneconomical when the system was proposedhi® treatment of larger
wastewater flows of 76 Tnper day. This development work resulted in a kieg
agreement with Sanki Engineering of Tokyo (Stepbenst al, 2000), who installed
approximately 20 membrane bioreactor processes eeetwl974 and 1987. The
membrane biomass effluent separation componentalgaslocated externally to the
bioreactor (see figure below) and relied on a Highid crossflow velocity of 2 to 5
metres per second, and a high membrane pressdeeedifal of 280 to 400 kPa to

achieve filtration.
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Fig. 16 Simplified schematic of the external memier®&BR configuration
(Till, 2001)

The power costs associated with the operation efettternal membrane MBR system
limited its application to smaller wastewater flows the late 1980s, Japanese
researchers began to explore application of the MBBhnology in which the

membranes were mounted directly in the biologiealctor (see figure below) and the
membrane permeate or biosystem effluent was withrdrarough the membranes by

the use of a suction pump.
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Fig. 17 Simplified schematic of the internal menme&MBR configuration
(Till, 2001)

This development ultimately led to the introductioh various commercial, internal
membrane MBR systems such as Zenon Environmenfa&Need® ZenoGem®

system and the Kubota Submerged Membrane Unitr(fe@#&ppendices D & E).

The membrane component of the internal MBR conéigan typically involves
substantially more membrane area per unit volumerotess fluid, relative to the
membrane component of the external MBR configurafithe internal MBR operates at
a much lower trans membrane pressure of 28 kP& ki’& and effectively operates at a
lower liquid crossflow velocity. This meant loweower costs for the operation of the
membrane component. Reduced power costs combintdd improvements in the
efficiency and performance of cross flow membramege made MBRs a cost effective
wastewater treatment solution (Aquatec-Maxcon, 2p04

However, the large membrane surface area in a sughended solids environment
makes fluid transfer around the membranes extreroefical. Positive and uniform
fluid transfer across all membrane surfaces is sgng in order to prevent an unstable
operating environment for the membranes occurnwigich could result in increased

maintenance and the potential for the solids td paocund the membranes (Till, 2001).

In the US, the first large-scale external membrdf@R system for treatment of
industrial wastewater was constructed in 1991. fiise large-scale internal membrane
MBR system for treatment of industrial wastewatasvinstalled in 1998 (Enegess, D.

et al., undated).
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5.3 Configuration of Submerged and Sidestream MBRystems

Membrane filtration occurs either within the biocea, or externally through
recirculation, subject to a pressure drop acrossntembrane driven by either the
hydraulic head or a pump. Aeration within the bamter provides the required oxygen

transfer for growth of the biomass and mixing @& tkactor.

In the submerged (or internal) configuration a sedsubble diffuser is generally used.
This system does not offer very efficient oxygeansfer but the rising bubbles provide
a turbulent crossflow velocity (approximately 1 ms) over the surface of the
membrane. This helps to reduce the build up of nztat the membrane surface and
maintain the flux through the membrane, increashey operational life cycle of the
system. Less frequent and less rigorous cleaninigeomembrane is required to restore

operational flux compared to the side stream system

In the side stream (external) configuration theaten is usually through a fine bubble
diffuser, which offers much more efficient oxygemrtsfer. The crossflow velocity

utilized in these systems is usually higher (2m4 s). As the system is driven by a
differential head, the operational flux of the gystis higher. The disadvantage of this is
that fouling of the membrane is more pronounced @gorous cleaning regimes are

required to restore the operational flux, redu¢hmyuseful life of the membrane.

The choice between operating options is dependpoh uhe application, as both
systems have advantages and disadvantages.

5.3.1 Submerged and Sidestream MBR configurationomparison

Submerged MBR: -

» Aeration costs high (~ 90 %).

* Very low liquid pumping costs (higher if suctionrpp used ~ 28 %).
* Lower flux (higher footprint).

* Less frequent cleaning required.

» Lower operating costs.

» Higher capital costs.
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Side stream MBR: -

* Aeration costs low (~ 20 %).

* High pumping costs (60 - 80 %).
* Higher flux (smaller footprint).

* More frequent cleaning required.
» Higher operating costs.

* Lower capital costs.

5.4 Membrane uses

Membranes and membrane separation techniques hawea ¢rom a simple laboratory
tool to an industrial process with considerablehtécal and commercial impact.

Membranes are used on a large scale to: -

* Produce potable water from the sea by reverse asmos

* Clean industrial effluents.

* Recover valuable constituents by electro dialysis.

* Fractionate macromolecular solutions in the food @drug industries by ultra
filtration.

* Remove urea and other toxins from the bloodstregmdialysis in an
artificial kidney.

* Release drugs such as scopolamine and nitrogly@ranpredetermined rate

in medical treatment.

Although membrane processes may be very differetheir mode of operation, in the
structures used as separating barriers, and idrivi@g forces used for the transport of
the different chemical components, they have séveatures in common, which make
them attractive as a separation tool. In many casasbrane processes are faster, more

efficient, and more economical than conventionpbsation techniques.

With membranes, the separation is usually performedmbient temperatures, thus

allowing temperature sensitive solvents to be éeawithout the constituents being
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damaged or chemically altered. Membranes can aésdallor made so that their
properties can be adjusted to a specific separtdgin(Porter, 1990).

5.5 Membrane Technologies

These processes differ depending on the type cftanbe to be removed; there is still
plenty of scope for technological improvement, amtteasing the field of application.
The membrane processes, which Caetano (1995)asteging of practical interest for
water purification, are micro filtering, ultra #ting, reverse osmosis and electro
dialysis. Membrane types can be broadly placedfmio categories, with classification
being dependent on the pore size of the membramesel categories, from largest to

smallest pore size, are listed below. Nanofiltrati@as been included to demonstrate the
relativity of the categories.

5.5.1 Micro filtration

» Filtration by particle size.
* Removes e.g. colloidal silica, oil emulsion, cadillus staphylococcus.
» Used for wastewater treament.

* Membrane size 0.4m - 10um.

Fig. 18 Microfiltration
(Till, 2001)

This is a dynamic mechanical filtering process @ened by means of
membranes, which allow selective separation, mation and concentration of
organic substances of high molecular weight. Sipaiticles(of the order of a
micron), such as those produced by metal surfackimgy can therefore be

separated. The advantages are the low pressungiseetp obtain the selective
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the process. Some of the fields of application atron filtering in the
purification of industrial outflows are:

separation (0.2 - 0.5 bar) and therefore the loangjties of energy needed for

Oily emulsions.

Outflow water from metal finishing treatments.

Outflow water containing high concentrations ofsieactives
Outflow water from painting plants.

5.5.2 Ultra filtration

Removes e.g. various viruses.

Selectively filters only molecules of a specifiedesand weight.

Used for sterilization, clarification, wastewateratment.
Membrane size 1 - 0.01um.
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Fig. 19 Ultrafiltration
(Till, 2001)

This is a dynamic filtering process with a predoamoe of physical

(mechanical) phenomena in which chemical phenonaeaalso involved. The

membranes used, polymeric or mineral, allow disswlsalts to pass while they

reject high molecular weights selectively. The cilgy depends on the
membrane structure and is defined as the cut-affi@écular weight, which the

membrane can separate with an efficiency of 9@Bhough this definition may
not be rigorous depending on the molecular shape).
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Commercial membranes applied in ultra filtering saparate substances with a
molecular weight between 1.000 and 10.000. Ultitering systems generally
work in a pressure range between 1.5 and 7 bar.

With industrial discharge waters the fluxes of peate generally fluctuate
between 0.5 and 1 - 5%hh / nf surface, depending on the concentration of the
substances to be separated, with energy consuraptéoging between 2 and 20

KWh per nt of permeate.

The single pass ultra filtering process is the $astpand most commonly used
process for water treatment because it allowsabevery of high percentages of

permeate (approximately 90 - 95 %).

There has been a relatively recent applicationhid technique in the metal-
finishing sector for the recovery of degreasinghbdthe first cleaning bath in
metal-finishing processes, for pieces which ardl dirty with lubricating

substances). The solution to be treated is passedgh the membrane at a
certain speed and under hydrostatic pressure,mibgaa concentrated fraction
of oils and grease for disposal, while the filtraderecovered and reused to

prepare new baths.

5.5.3 Nandofiltration

* Used for partial desalination.
* Removes e.g. sucrose, egg albumin.
* Used for blood osmosis, blood fitration, water paation.

* Membrane size 1D - 0.001um.

byl MEMBRANE

WATER, % PART OF SALTS

Fig. 20 Nanofiltration
(Till, 2001)
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5.5.4 Reverse osmosis

A filtration process used for complete desalination

Used for blood osmosis, blood filtration, wateripaation.

Membrane size 1B - 0.001um
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Fig. 21 Reverse osmosis
(Till, 2001)

Industrial effluent treatment, using reverse ossiosan be applied in the

following main sectors: -

« Treatment of outflows containing colourings witleithpossible recovery.

* Treatment of outflows containing oily emulsionstelaand electrophoretic
paints.

* Treatment of outflows from the metal-finishing irstity with recovery of

concentrated solutions of metal salts and reusleeofvater in cleaning.

In addition some industrial sectors, such as pi@tisicroelectronics, use the
reverse 0SmMosis process together with treatmemgy ussin exchangers to obtain

very pure water.

5.5.5 Electro dialysis

This is a process in which electrically charged foeanes are used to separate
ions from water solutions by the effect of a diffiece of electric potential.

The electro dialysis group may contain, dependimghe type of application, up
to 400 cationic and anionic membranes, which viguate very similar to a

filter press.
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This process may be convenient for very high cotmagons (between 0.5 and
1 gram per litre). In the treatment of industrialtftows it is still a little
developed technology: its first applications ardact in metal finishing for the

recovery of metals (Caetano et al., 1995).

Increasing the pore size of the membrane has aethaffect on the performance of the
membrane and the quality of the filtered efflueot, permeate. Microfiltration

membranes will essentially reject particulate matidilst reverse osmosis membranes
are capable of rejecting macromolecular fractiossch as dissolved salts. The
ultrafiltration or microfiltration membranes haverp sizes such that allow water and
most solute species to pass through the membraiist wther larger species, such as

solids and microorganisms, are retained.

One of the main features of MBR technology is thiitg of the membrane to remove
pathogenic organisms, providing disinfection of tbH#luent. This is particularly
important when considering reuse options. The manoffers a physical barrier to
the organisms that is unaffected by the influendlitya Reductions in bacteria and

viruses of 4 - 8 log have been reported (Till, 2001

Table 7 Reduction in microorganisms using diffemetnbrane systems

(Till, 2001)
Pore Average Log | Bacterial
Membrane Size(mm) Reducgtion ’ Virus Reference
MBRs:
Coliphage | Chiemchaisri
PE (1) 0.1 4.6 OB phag (1992)
PS (1) 0.5 5 TC Gander (in press)
PS (1) 0.3 ND TC Jefferson (1998)
Memtec (2) 0.2 ND TC Kolega (1991)
Memcor (2) 0.2 3.8 FC Till (1998)
Renovexx (2) | 0.5-1.5 3.3 FC Till (1998)
Stork (3) 0.05-0.2 2.5 FC Tin (1998)
Starcosa (3) 0.2 ND TC Till (1998)
DOW (3) 0.2 <7 TC Till (1998)
(1) Activated sludge within MBR;
(2) Primary sewage effluent;
(3) secondary sewage effluent.
ND - None Detected; TC - Total Coliforms; FC - Faecal Coliforms
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5.6 Separation principles

The basic principle of any separation processas titre minimum amount of energy is
required to accomplish the separation. Two substandll mix spontaneously when the
free enthalpy of the mixture is smaller than thensof the free enthalpies of the
individual substances. The minimum amount of enermgcessary to complete
separation is at least equal to or larger tharfree enthalpy of mixing. In practice the
energy requirement for separation will be many srgesater than the minimum value.
Many different types of separation processes exidteach requires a different amount

of energy.

5.7 Membrane materials and properties

Membranes can be made from a large number of differmaterials. A first
classification can be made into two groups, bialabgiand synthetic membranes.
Synthetic membranes can be divided into organic modganic membranes. The
organic membrane materials (polymers or macromidsgare the most important. The
choice of a given polymer as a membrane materiaased on very specific properties,
originating from structural factors. Basically @blymers can be used as a barrier or
membrane material but the chemical and physicglgates differ so much that only a

limited number are used in practice.

A further classification can be made between thenpporous membranes, which are
used in microfiltration and ultrafiltration, andetllense nonporous membranes, used in
gas separation and pervaporation. For porous memby# is not the choice of material
that determines the separation characteristics,teitpore size and the pore size
distribution relative to particle or molecular siZEhe material is considered for its
adsorbtion, cleansing abilities and chemical sitgbiinder the actual application

conditions.

The main problem in microfiltration and ultrafiltran is flux decline because of
concentration polarisation and fouling (Mulder, 1R9Therefore the choice of material
is primarily concerned with the prevention of fagliand cleaning the membranes after
fouling. Some of the polymers most frequently ugsanaterials for micro filtration are:
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e Polycarbonate.

* Polyvinylidene-flouride.
» Polytetrafluoroethylene.
* Polypropylene.

* Polyamide.

* Cellulose-esters.

* Polysulfone.

» Polyetherimide.

Fig. 22 Schematic drawing of a porous membrane
(Mulder, 1991)

5.8 Membrane types

Most of the membranes in use today are phase ioversembranes obtained by
immersion precipitation. The polymer must be sauibl a solvent or solvent mixture.
Basically, the membranes can be prepared in twéigroations, flat and tubular. Flat
membranes are used in plate and frame, and spaahavsystems. Tubular membranes
are used in hollow fibre, capillary and tubularteyss. Flat membranes are relatively
simple to prepare and can be obtained by castiagtiiymer solution on a metal or
polymer belt.

Tubular membranes are grouped into three types: -
* Hollow fibre membranes (diameter < 0.5 mm).

* Capillary membranes (diameter 0.5 - 5 mm).

e Tubular membranes (diameter <5 mm).
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Hollow fibres and capilliaries are prepared by waglt, or dry spinning. Tubular
membranes are so large that the casting of them@slgolution has to be carried out on
a supporting tubular material, for example, a naven polyester or a porous carbon
tube.

A table listing the most common types of membraoefiguration with their relative

cost, turbulence promotion, advantages and dis@aagas and applications is given

below.

Table 8 Membrane configurations

(Stephenson et al, 2000)

. . Turbulence o
AN AN
Configuration | (m"2/m~"3) Cost Promotion Applications
Pleated 800 - 1000 Low Very poor Dead end MF
cartridge
ED, UF, RO
Plate-and- 400 - 600 High Fair
frame
Spiral-wound 800 - 1000 Low Poor RO, UF
Tubular 20-30 Very high | Very good Cross-flow filtration
High TSS waters
Capillary tube | 600 - 1200 Low Good UF
Hollow fibre 5000 - 40000 | Verylow | Very poor MF, RO
Configuration | Advantages Disadvantages
PIeaFed robust construction easily fouled
cartridge
compact design cannot be cleaned
fl?:lr;ee-and- can be dismantled for cleaning complicated design
cannot be back flushed
Spiral-wound low energy cost not easily cleaned
robust and compact cannot be back flushed
Tubular easily mechanically cleaned high capital cost

tolerates high TSS

high membrane replacement
cost

Capillary tube

characteristics between tubular and hollow

fibre

Hollow fibre

can be back flushed
compact design
tolerates high colloid levels

sensitive to pressure shocks

* The capillary tube is used in UF ( the water flofkom inside to outside the tubes).

* The hollow fibre is used in RO & MF ( the wattsws from outside to inside the

tubes).
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5.9 Membrane characterisation

Membrane need to be characterised to determinendrabrane separation properties
dependant upon pore size, pore distribution anel Waume. Large discrepancies can
occur between intrinsic membrane properties andiahcinembrane applications.

Electron microscopy provides a technique for chiaréging microfiltration membranes.

Fig. 23 Top surface of a porous organic polyethelénmhembrane (magnification x 10,000)
(Mulder, 1991)
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Fig. 24 Inorganic ceramic microfiltration membrane
(Mulder, 1991)

The Bubble-point method provides a simple mearshafacterising the maximum pore
size in a given membrane. The method essentiallgsares the pressure required to
blow air through a liquid filled membrane. The telaship between pressure and pore

radius is given by the LaPlace equation: -
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fh = 2*y*cos@/AP (2)

where p is the radius of a capillary shaped pore, gnd the surface tension at the
liquid/air interface. This method can only be useaneasure the largest active pores in
a given membrane and has become the standard qeehnised by suppliers to

characterise their dead-end microfiltration membsan

The Mercury intrusion method and the Permeationhotktare extensions of the
Bubble-point method. The Mercury intrusion methagtedmines both pore size and
pore size distribution, using the same LaPlace temyabut cos has a negative value,
since mercury does not wet the membrane becausentact angle is greater than 90

degrees.
The Permeation method uses the Hagen-Poiseuilktiequ-
J = £*r*AP)/(8*n* 1* AX) (2)

where J is the water flux through the membraneh Wi being the pressure difference
andAx the film thicknessn is the liquid viscosityg is the membrane porosity ands

the tortuosity factor.

5.10 Membrane processes

Basically, there are two process modes, they aad-@nd filtration and cross-flow
filtration. In dead-end filtration the feed flow &ong the membrane surface, so that the
retained particles accumulate and form a type &&dayer at the membrane surface.
The cake thickness increases with filtration timel @onsequently the permeation rate
decreases. In cross-flow filtration the feed fl@nalong the membrane surface, so part
of the retained solutes accumulate. The depositidhe solutes inside the pores of the
membrane and at the membrane surface is callelihfbuConcentration polarisation,
adsorption, gel layer formation, plugging of thegmare the cause of fouling, which

results in the main problem encountered when milnation is applied - flux decline.
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Flux decline occurs despite a proper choice of ggeanode, since it is an implicit part
of the process, and the membranes must be cleareatlipally. This means that the
choice of membrane material must be exhibit stgbilinder the cleaning regime.
Generally, the pure water flux through a membrasmdirectly proportional to the

applied hydrostatic pressure, expressed as: -

J = AP/ *Rw) 3)

where R, is the hydrostatic resistance of the membrane.

However, in microfiltration and ultrafiltration thidux decline is very severe with the

process flux often being less than 5 per centahptire water.
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CHAPTER 6 MBR AND CONVENTIONAL
TREATMENT COMPARISONS

6.1 MBR and conventional treatment process comparss

MBRs offer a system that competes very effectivelyh conventional treatment
processes. The organic loading rates are genehafijzer than trickling filters,
sequencing batch and conventional activated slyuigeess, due to shorter hydraulic
retention time, but lower than BAFs, complete-mixidigh rate ASP. A comparison of
the organic loading rates and removal efficienofegarying unit treatment processes is
presented below.

Table 9 Organic loading rates for treatment preeg¢Gander et al., 2000)

(Till, 2001)
Reactor Organic loading rate | HRT Removal
(kg BODm”-3/day) (hr) (%)
BAF
Downflow 1.5 (COD) 1.3 93
Downflow 7.5 - 75
Upflow 4 - >903
TF
Low rate 0.08-0.4 - 80-90
Intermediate 0.24-0.48 - 50-70
High rate 0.48 - 0.96 - 65 - 85
ASP
. 12.0 -
Sequencing Batch 0.08-0.24 50.0 85-95
Conventional 0.32-0.64 40-8.0(85-95
Complete Mix 0.8-1.92 3.0-5.0|85-95
High Rate Aeration 1.6-16 20-4.0|75-90
MBR
Submerged: Plate and frame | 0.39-0.7 7.6 99
Submerged: Hollow Fibre 0.005-0.11 8 98
Kubota 0.03 - 0.06 1 98 - 99

The advantages offered by membrane bioreactorstbgaronventional activated sludge
process include a smaller footprint and reducedg&production. Galil (2003) reports
that biosolids, which had to be removed as exchsigs were characterised by a
relatively low volatile to total suspended solid$io - around 0.78. This could facilitate

and lower the cost of biosolids treatment and Hagdl
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Galil also reports that the MBR ability to develapd maintain a concentration of over
11,000 mg per litre of mixed liquor volatile susded solids in the MBR bioreactor
enabled an intensive bioprocess at relatively high residence time. Membrane
bioreactors can be operated at mixed liquor susgesdlids of up to 30,000 mg per
litre and as sludge settling is not required, suige@ membrane bioreactors can be up

to 5 times smaller than a conventional activatadg plant.

The high biomass concentration in the MBR tank veslocomplete breakdown of
carbonaceous material and nitrification of munitiypastewater to be achieved within

an average retention time of 3 hours.

The fact that clarification is achieved in a sindikration stage, in place of the
conventional multi-stage process, also contribtdethe smaller footprint. If additional
denitrification is required for the system a secandxic tank can be provided prior to

the aeration tank with conventional recycle.
Sludge production is significantly reduced, compgat@ conventional ASP, as longer
sludge ages are achievable (Till, 2001). A comparizetween the sludge production of

various processes is given below.

Table 10 Sludge production for various wastewatsatinent processes

(Till, 2001)
Sludge production for various wastewater treatment processes
Treatment process Sludge production (kg/kgBOD)
Submerged MBR 0.0-0.3
Structured media biological aerated filter
BAF) 0.15-0.25
Trickling filter 0.3-0.5
Conventional activated sludge 0.6
Granular media BAF 0.63-1.06

* The MBR system does not require flocs to be fortee@move the solids by
settlement and therefore the biomass can operatergt high levels of
MLSS, generally in order of 10,000 - 18,000 mg lges.

* This high concentration enables a low tank volumeé @ long sludge age to
be utilised, which reduces sludge production ahowal for a small plant

footprint. It allows for a 50 % reduction in aedatitank volume.
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Gravity filtration is possible and only modest powexpense is required
including the suction filtration. Membrane paneds1de easily and quickly
installed, and maintained by ascending or descenitie units along guide
rails. Membrane cleaning using chemicals is ndgmalquired only twice a

year.

The long sludge age process produces 35 % lesgeslindn conventional
treatment process. Hence, less sludge handlingdsmbsal cost. Since
sewage sludge disposal contributes significantlpwerall operating costs,
there are significant potential benefits in redgcits production. Also, the
sludge is highly stabilized (Till, 2001).

Bacteria and most viruses can be removed by theepso dependant upon
the pore size. Good disinfection capability, wiilgnéficant bacterial and
viral reductions achievable using UF and MF memésaiigh and reliable
guality of treated water is achieved. Consequetily,treated water can be
reused for flush water for toilets and sprinklingater. Turbidity of the
effluent is less than 0.2 NTU and suspended salidsless than 3 mg per
litre. Effluent quality is consistently high andrgeally independent of the
influent quality (Till, 2001).

Longer retention of nitrifying bacteria within théoreactor results in greater
nitrification than in a conventional ASP (Galil,@8). Denitrification can be

achieved by utilizing a second anoxic vessel.

Execution of work is easy, short work periods amsl tonstruction costs are
possible because the whole system is simple ang ardmall amount of

auxiliary equipment is required (refer to Appenddx Aquatec Maxcon

product literature).

Proven reliability and easy operation (Till, 2001).
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A paper by Galil (2003) summarises the results inbthin a study based on a pilot
plant, which compared a membrane biological readidBR) process to the

conventional activated sludge (ASP) process ina@mbic treatment of the effluent
obtained from an anaerobic reactor. During thetpleeration period (about 90 days
after achieving steady state) the MBR system pexVisteady operation performance,
while the activated sludge produced effluent, whizds characterised by oscillatory

values. The results are tabulated below.

Table 11 Average results comparison

Galil (2003)
Activated Sludge MBR
Suspended solids
(mg/L) 37 2.5
COD (mg/L) 204 129
BOD (mg/L) 83 7.1

The results were based on average values and fedioauch lower levels of suspended
solids in the MBR effluent. The total organic matt®ntent was also substantially
lower in the MBR effluent. The MBR enabled bettetrification and an intensive

bioprocess at relatively high cell residence time.

Galil (2003) concludes that the results of this pamative study indicate that in the case
of MBR there is no need for further treatment, whalfter activated sludge additional
filtration will be required.

Another comparison is provided by Stephenson €G00), which has been taken from
Cicek et al (1999), on the performance of an attyasludge plant with a sidestream
MBR.

The comparison is shown in Table 12 below. Thesflmcthe MBR were shown to be
significantly smaller and more active with a highetatile fraction in the mixed liquor
and a greater diversity of species especiallynmseof free swimming bacteria. Enzyme
activity was also seen to be higher in the MBR #msl was attributed to washout in the

activated sludge system.
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Table 12 Performance comparison
(Stephenson et al, 2000)

Parameter Activated Sludge MBR
Sludge age (days) 20 30
COD removal (%) 94.5 99
DOC removal (%) 92.7 96.9
TSS removal (%) 60.9 99.9
Ammonical N removal (%) 98.9 99.2
Total P removal (%) 88.5 96,6
Sludge production (kg

VSS/COD/day 022 0.27
Mean floc size (mm) 20 3.5

Stephenson et al (2000) qualify their statementsshying that the fundamental
differences in the biology of an MBR compared toaativated sludge process are not
yet clear, since a limited amount of informationagailable on the way in which
descriptive variables such as the floc structuespiration rate, species and off gas

production are affected by the changes in operation

6.2 MBR Benefits and Disadvantages

The Environment Protection Authority (1995) ligte ffollowing benefits: -

» Cost-effective - low life-cycle costs.
» Difficult contaminants degraded.

» High-quality effluent produced.

* Small footprint.

» Faster system start-ups.

* Long solids retention times.

* Minimal operating labour required.

* Minimal generation of biosludge.

Caetano et al (1995) list the advantages of thebreme process as: -

* Reduction of costs.

* Reduction of pollution.
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e Recovery of high-value products.
» Recovery of energy.

* Increase of productivity.

* Improvement of quality.

» Creation of new products.

» Easy to expand the system.

The principal problem in the treatment of municipestewater, identified by Culp

(1978), is membrane fouling, which can greatly wthe capacity of the units. The
primary foulants are believed to be colloidal maieand designed organics. Fouling
generally decreases with increasing degrees ofewaser pretreatment. RO units have
achieved stable operation on wastewater withoutrgagment by activated carbon

absorption, but regular cleaning of the membrasesquired.

6.2.1 Methods to reduce fouling

In practice, reduction of fouling can only redut¢e theed for cleaning. The
frequency with which membranes need to be cleamedbe estimated from
process optimisation. Cleaning can be hydraulicchrarical and chemical.

Some fouling reduction strategies are listed below:

* Pretreatment methods, which include heat treatmeht, adjustment,
addition of complexing agents, chlorination, adsiorbonto active carbon,
chemical clarification, and filtration.

« A change of membrane properties, for example, @aonapore size can
reduce fouling.

* Reduction of polarised concentration by increashey flow velocities and
using lower flux membranes.

+ Turbulence promotion over the surface of the memdara

6.2.2 Membrane malfunctioning

The most common geometries of membranes used e apiral or tubular,

because of the presence of suspended particlesstewater.
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Caetano et al (1995) provide some possible causewmlfunctioning of spiral
wound membrane modules, which they suggest mayelguh in identifying
problems with other modules. Preliminary diagnasisnade as a function of
variation of rejection, flow and load loss. Thengipal effects, secondary effects

and possible causes are presented below in taoutaat.

Table 13 Module malfunctioning of spiral wound maetul

(Caetano et al, 1995)

Principal Secondary effect Possible causes
effect
rRe?g;%':n of Increase of flow and reduction discharge loss increase of temperature

Flow reduction

variation of pH
chemical attack

ageing

membrane damage
defective O-ring
defective interconnector
damaged central tube
defective adhesive
defective brine seal

Row reduction

Increase of rejection and discharge losses
Reduction of rejection increase discharge losses

Increase discharge losses

Reduction of rejection and load losses

membrane compacting
insufficient pretreatment
low pressure

low temperature

low pressure

increase feed
concentration

Increase of
flow

Reduction rejection load losses

Increase of rejection and reduction load losses
Increase of rejection and load losses

high temperature

high pressure
low feed concentration

Increase load
losses

Reduction of
load losses

Increase of flow and rejection

Reduction flow and rejection

Reduction flow and rejection

high feed flowrate

deformed module
high fouling

low feed flow rate
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6.3 Commercial MBR systemgRefer to Appendices B, D & k)

The two main suppliers of MBR systems for wastewatsatment are Kubota (Japan)
and Zenon (USA). Other suppliers are Degremontngen Wehrle Werk (Germany),
Hans Huber (Germany), Orelis Mitsui (Japan), Memdde (S. Africa), US Filter
(USA).

Table 14 Summary of commercial MBRs
(Stephenson et al, 2000)

Manufacturer | Bioreactor | Type Membrane | Flux (L/m”2/h)
Kubota aerobic submerged | flat panels | 25

Zenon aerobic submerged 30

Orelis aerobic sidestream 100

USF aerobic submerged 40

Membratek anaerobic | sidestream 40
WerhleWerk | aerobic sidestream 100

Kubota uses a flat sheet membrane made of polyoleiih a non-woven cloth base
giving a nominal pore size of 0.4 mm. Each membreasdridge consists of solid
acrylonitrile butadiene styrene (ABS) support plaiéh a spacer layer between it and
an ultrasonically welded flat sheet membrane orh [sitles. The typical membrane
cartridge (Type 510) has dimensions of 1.0 m (H).409 (W) x 6 mm thick - filtered
water passes through to the interior of each memnebta an outlet nipple cast into the

top of the support plate. Each cartridge providesféective filtration area of 0.8

The Kubota MBR operates with membrane treatmerissubmerged in the reactor in
which the MLSS is maintained within the range of0D® to 20,000 mg per litre. The
standard Kubota unit has a glass fibre reinforcledtic casing and consists of two
sections. The upper section contains up to 150 mamebcartridges, each connected to
a filtered effluent manifold with a gap of approxtaly 7 mm between cartridges. The
lower section is a matching unit containing a cedmsbble diffuser. The lower section
supports the upper section and directs the mixtdrair bubbles and mixed liquor
between the membrane cartridges in the upper sedthos air-water mixture maintains
an upward cross flow over the membrane surfaceppfaximately 0.5 metres per
second, minimising fouling of the membranes. Theimum air requirement is 10 litres

per minute per cartridge.
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The Kubota system operates by gravity, with a hehd to 1.5 metres above the

membranes sufficient to drive permeate throughnteenbranes. Grit removal and fine

(2 - 3 mm) screening are pre-requisites prior ® MBR. The membrane flux for the

Kubota system is approximately 20 litres 7/rh (submerged system at a TMP of ~ 0.1
bar).

Chemical cleaning of the membranes is requiredyetfee to six months using sodium
hypochlorite and oxalic acid. Cleaning requireséhfitres of chemical solution per
cartridge and the cleaning cycle takes up to twar$io

Kubota has a reference list of over 400 plantstitrgadomestic and industrial
wastewater, with most of the sites located in Jafg&e Kubota plants range in size
from systems to treat the equivalent of individhaliseholds to the 23,000 EP (5,800
m> per day ADWF) plant at Swanage in the south of &ng)l The Kubota technology is
utilised at the new MBR plant (2,000 EP) on Magndsiland in Queensland (Till,
2001).

Zenon markets the ZenoGem system, based on the eaeWiembrane, which is a
hollow fibre with an external diameter of 1.9 mndaam nominal pore size of 0.4 mm.
The fibres are mounted on vertical frames into nheslwvith filtered effluent passing
into the centre of the fibre and extracted fromhbends. The ZW 500 module is 2.0 m
(H) x 0.7 m (W) x 0.2 m thick with 46 fof filtration surface area. Cassettes are made
up of 8 modules each. Air is supplied to the sysiyna combination of coarse bubble
aerators integrated into the bottom header of mesjub gently agitate the membrane
fibres and to keep the tank contents mixed, andingy bubble aeration to supply the
balance of the total biological oxygen demand.

The filtration capacity is in the range of 40 — li®es / nf / h under a driving
transmembrane pressure of 10 - 50 kPa. This preessyrovided by the head of water
over the membranes and by maintaining a negatesspre on the permeate side using
conventional centrifugal pumps. Sludge wastagdasned to be 1.5 to 2.0 per cent of

the influent flow.
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ZenoGem biological design parameters are: -

¢ MLSS 15,000 - 20,000 mg / L

* FM<0.2 kg BOD/kg MLSS / day

+ Volumetric Loading 1.8 - 5.7 kg BOD /¥hday

* HRT>2 hours

e SRT>15days

¢ Flux 15 - 25 L /mM/ h (TMP of approximately 0.5 bar)

In addition to the scouring action of the coarséolide aeration, cleaning of the
membranes to control fouling is provided by automaulses of backwashing with
stored permeate and periodic in-situ membrane itlgamith a hypochlorite solution or

other chemicals.

Zenon has a reference list of over 150 plantsitrg@lomestic and industrial wastewater
(Till, 2001).

6.4 MBR Summary

The increased efficiencies, lower costs, and tlghdri quality standard of effluent
production of the MBR systems, combined with comityuexpectations for reduced
environmental impact as set out in documents, ascfihe Environment Improvement
Project-Western Treatment Plant: The Port Phillgy BEnvironmental Study for the
Discharge of Effluent’, and reflected in governmksgislation, has meant that at many
existing treatment plants, producing a standarcrsdary effluent (20 mg per litre
BOD, 30 mg per litre SS), add-on processes have lobeastructed to achieve an
equivalent tertiary effluent. The standard set IBAEVictoria for discharge to inland

waters is given below.
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Table 15 Standards for discharge to inland waters

(Environment Protection Authority, 1995)

Indicator Unit Median 90 percentile
BOD mg/L 5 10

SS mg/L 10 15

Ammonia - N mg/L 2 5

Total N mg/L 10 15

Total P mg/L 0.5 1

Ecoli orgs/100mL | 200 1000

Commercial MBR systems have now been operatiomahny years and have proven
both reliable and simple to operate. Membrane failates have proven to be low and
increased scale and performance of the systemgesasted in reduced capital and
operational costs. This, coupled with increasedisoon water re-use and the need to
achieve higher discharge standards, in order tefgd¢gislation, means that the use of
MBR technology is becoming a realistic option falvanced effluent treatment (also
refer to Appendix F EPA Report 2003: Environmen@lidelines for the use of

Reclaimed Water).
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CHAPTER 7 MEMBRANE BIOREACTOR AT
MAGNETIC ISLAND

7.1 Overview

Zenon, from Canada, are represented, in Austt@idohn Thompson Pty. Ltd. Kubota
is represented, in Australia, by AVL-Brindley, NSiMatural Resources, Mines and
Energy, Queensland Government, 2004).

AVL (Aguas Vie Ltd) is part of the Aquator Group obmpanies, formerly part of
Wessex Water. This group of companies introducechionene bioreactor plants to the
United Kingdom, using Kubota submerged membranésranv have seven operating

plants, with another thirteen under construction.

AVL provided process design, commissioning and @sscguarantee for the first
Kubota MBR plant in Australia (at Picnic Bay, Magelsland). AVL joined with
Brindley Engineering for future Kubota MBR planta iAustralia (Enviro 2002
Convention and Exhibition, 2002). The membranedaotor plant is shown below.

Fig. 25 Membrane bioreactor plant
(Aquatec-Maxcon, 2004b)

The Aquator Group Ltd, is the world leader in thegly, operation and maintenance of
submerged flat sheet membrane bioreactor technpld4BR Technolog§. The

company states that over a number of years the aoynhas successfully treated
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effluents across diverse wastewater treatment meepnts, including municipal

sewage, industrial and commercial process apphieatin 900 plants worldwide. The
company also states that MBR Technofdggllows operators to maximise their
discharge and reuse options, both in the municgestor and across a range of
manufacturing effluents, including but not limitén] pharmaceutical, paper and pulp,

meat and vegetable processing and brewing andlidgsti

This flat sheet membrane treatment disinfects wasgty in a compact single stage
process. The discharged effluent is of a qualigt thnsures the operator meets and
improves upon the most stringent discharge stasdaygically producing< 5: 5: 5
BOD: SS: Ammonia, thus providing opportunities ferater re-use. Flat sheet
membrane bioreactors offer a high efficiency treathifrom just a few cubic metres per
day upwards (Melbourne Water, 2004b).

7.2  Municipal Sewage Processes

There are over 549 operational municipal sewagetplatilising the Kubota flat sheet
submerged membrane process around the world, gawvg the Aquator subsidiary,
MBR Technology.

The development of Kubota submerged membrane lwitmetechnology was the result

of a Japanese Government initiative to produce eatipigh quality effluent treatment

plants. Since the first pilot plant using this teclogy in 1989, and the first commercial

plant in 1991, over 900 plants have been installeddwide. These treat a wide range
of effluents, the principal application being sewagnd sludge liquors, but also

including industrial wastewater, manufacturing apdocessing wastewater, and

greywater recycling for a wide range of re-use pags. In the UK, a pilot trial has been
run at Kingston Seymour since 1995. A full-scalenplhas been operating successfully
at Porlock since February 1998, treating a popadatvaste of approximately 3,800

people. Swanage has been operating since Sept@®b@rtreating a population waste

of approximately 28,000 people.

The process employs simple flat sheet membranelgpdmoeised in GRP units and

aerated by a coarse bubble system below eachAisieries of these membranes are
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submerged within an activated sludge treatment.tdrle aeration necessary for
treatment of the liquors also generates an upwarsstiow over the membranes; this is
essential to keep fouling of the filtration surfacea minimum. An advantage of this
design is that the membrane panels are securaineet and do not touch or abrade
each other, while the units also act as a flumenture effective tank mixing and even

distribution of the biomass.

The membrane panels are manufactured with a paeeisithe range of 0.1 to 0.4
microns, which in operation becomes covered byranyc layer of protein and cellular
material. This further enhances the effectivenesshis filtration performance by
providing an effective pore size of less than hidrons, which is in the ultrafiltration

range.

The membrane bioreactor treatment produces a highity disinfected effluent. The

raw sewage generally only requires screening argtiteg prior to entering the

membrane bioreactor tank. The process requiresrinoagy or secondary settlement
stages and no additional tertiary treatment or Wages to achieve this very high
disinfection quality typically better than 5: 5B®D: Suspended Solids: Ammonia.

Membrane bioreactor technology has a number of@mftedvantages. The system does
not require flocs to be formed to remove the sobgssettlement and therefore the
biomass can operate at very high levels of MLS®egaly in the order of 12,000 to
18,000 mg per litre, and as high as 22,000 mgiper This high concentration enables
a low tank volume and a long sludge age to besetili which substantially reduces

sludge production.

The hydraulic flow determines the required numbdenembrane units. Each membrane
unit may contain up to 200 flat sheet membrane Isdmmised within a rectangular box,
together with an integral aeration system in th&dmo section of the unit. Treated
effluent is removed from the membrane units usirayity head (typically 1 to 1.2 m),

or a pumped suction operation can be utilised.
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7.3 Operation and Maintenance

Operating experience of MBR process treatment gldoas consistently shown an
effluent of high quality, that has little dependeran variations in feed strength and is
fully disinfected with bacteria and viruses redutedelow the EU limits for bathing

water or recreational water standards.

By minimising the effect of fouling through contied cross flow velocities over the
membrane surface cleaning is required typically dwice per year using a backwash
of high dilution dilute sodium hypochlorite solutiointo each membrane unit.
The process is designed to run without supervisioth by using high quality plastics
and stainless steel, the membrane panels and haes long life expectancies in the
most part beyond 10 years. The Aquator Group’spaoison of the benefits of the

MBR process compared to other processes is inclbelkenlv.

Table 16 Characteristics of the available wastewedatment technologies
(Aquator Group, 2004a)

o)
)

AST | Biofilter

Fast installation

Small footprint

Ease of operation

Low maintenance

No odour/vector attraction

High biomass concentration

High loading rates

Tolerates shock loading

High & consistent effluent quality

Disinfection without UV/chemicals

Effluent suitable for agricultural or greywater reuse
Effluent suitable for discharge to sensitive waters

SR SRR R KRR R Y=z
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7.4 Magnetic Island Water Recycling

Fig. 26 Magnetic Island

(Magnetic Island Information, 2004)

Magnetic Island is located 8km north from the Towits mainland. The island is
surrounded by the waters of the Great Barrier Ré&gine Park, and is World Heritage
listed. Most of the island is National Park. Fowbanised bays are suburbs of

Townsville from which residents can commute torttanland for work and school.

Magnetic Island does not have its own water soarwe residents are predominantly
dependent on water supplied from mainland Towrevillreated water is supplied
through a 375 mm diameter high density polyethylgtiePE) submarine pipeline that
extends for 5.6 km from Pallarenda on the mainlemdBolger Bay reservoir. From

Bolger Bay reservoir, water is distributed to otheservoirs on the island and finally to

the island’s properties.

Fresh water, on the island, is also used to ireigae Magnetic Island Golf Course. In
order to reduce fresh water consumption and toda&niocean outfall, the recycling of
treated wastewater for irrigation purposes becarsestainable and responsible option
(Townsville City Council, 2004). Construction commeed as shown in Figure 27

below. The completed plant is shown in Figure 28.
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Fig. 27 Magnetic Island Wastewater Treatment Planind construction
(Aquator Group, 2004b)

Fig. 28 Magnetic Island Wastewater Treatment Plant
(Grundfos Pumps, September 2002)

The MBR system treats the island’s sewage andewaseér, including that from nearby

Nelly Bay pumping sub-station. Total project cosaswabout $6 million (Aquator
Group, 2004b).

“The Magnetic Island plant, which required highetasdards of treatment
because of its position within the Great BarriereR&/orld Heritage area, cost
about three times that of present treatment pla@tdyiooney said”(Australian

Academy of Technological Sciences and Engineefifgg).
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7.5 Technical information

Three Grundfos 50 kW submersible wastewater pumpdoaated at Nelly Bay - two
installed side by side, while the third is on stanébr installation as part of the backup
system. Each of the installed pumps works on a ddnbasis pumping raw sewage to
the main Picnic Bay plant, about a kilometre awHye pumps have a 54 metre head
and operate at 39 litres per second. Drainage asawi overflow system into an
emergency holding area.

The main Picnic Bay station services 2,000 peopleday, and treats half a million
litres of water every 24 hours. The plant uses itn@fos pumps provided by Liquitech
(Qld) Pty Ltd, of Townsville. Four Grundfos submiblte wastewater single channel
impeller pumps are used to assist in removing génofrom the sewage, and each has to
handle water containing 1.5 percent solids. Two n@fos submersible wastewater
SuperVortex pumps are used with balancing tanksndi pre-treated sewage to a
storage tank before pumping it back for furtheatmngent.

During the treatment process, wastewater is purtipedigh the MBR, which filters out
all bacteria and many viruses. The sludge siteerbioreactor before being drawn off to
a drying bed, and is eventually is transported wump as topsoil filling. After the
sewage has been treated, two Grundfos submersddeewater transfer pumps move
the water to nearby Picnic Bay Golf Course forgation. All eight wastewater pumps
are dry well mounted, work independently and aratrodled by a logic computer
(Grundfos Pumps, September 2002).

Paterson Flood Engineers Pty. Ltd. in MacKay, penfd the detailed electrical and
instrumentation design, preparation of electricawdngs, PLC Programming, Citect
Configuration, factory testing of the PLC Panele gesting and commissioning of the
electrical installation and control system. In aidai to this PFE supplied the PLC

panel, Citect software and PC hardware.

65



Fig. 29 Electrical Control Panels

(Grundfos Pumps, September 2002)

The control system included the following majomte

B SLC505 Programmable Logic Controller (PLC) foarlControl.
Pentium computer running Citect 5.40 (sp.C) on \Wiasi NT4

Laptop computer running Citect 5.40 (sp.C) on WinddNT4 (sp.6) for
remote access.

Citect Manager license to allow access by thirdipsr

Paging alarm system connected to the control rocampater.

Telemetry unit to report alarms back to the Citié/akownsville Depot.
100/10 Base-T Ethernet to connect the SCADA td?h€ and Networked
Printer (Paterson Flood Engineers, 2002).
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7.6 Design requirements

A L L C T R R B ] VN A3 L

MAGHETIC ISIAND
WATER RECYDLING
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GOLF COURSE

/
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Fig. 30 The Magnetic Island Water Recovery Plant
(Townsville City Council, 2004)

The Magnetic Island Water Recovery Plant (refeurigg 28 and 30) was commissioned
in October 2002. The main contract was fulfilled Aguatec-Maxcon Pty. Ltd. for
Citiwater, Townsville. The complete wastewater tmgant works includes inlet works
(screening, grit and grease removal), four stagatrifecation process, submerged

membrane bioreactor and supplementary disinfection.

« Designed to treat effluent from an initial popubatiof 2,000 people, and
upgradeable to 8,000 people.

« 540 nT per day flow to full treatment.

* Very low noise production.

* Very low odour production.

* Very small plant footprint.
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7.7 Process description

The process is designed around a modified four estdgnitrification process
incorporating Kubota submerged membranes.

Preliminary treatment is carried out by 3 mm firgegns and grit removal. The
industrial stream is also passed through a DAFRgfease reduction. Flow is balanced
such that a maximum of 3 ADWF is allowed to pastheéomembrane plant.

The treatment tank comprises four separate compattm Primary anoxic, aerobic,

secondary anoxic, and membrane basin.

Recycled sludge is sent to the aerobic zone asdhgect to dissolved oxygen control.
In this way the constant air supply to the membnamits is able to be incorporated into

the conventional design.
Designed to operate at up to 18,000 mg per litreSELthe process is designed at an
elevated sludge age (30 days not including membtank) so as to produce a

stabilised, largely mineralised and easily treavaedte sludge.

Waste sludge is dried in drying beds and collet@adhate is sent back to the head of
the plant.

Alum dosing is carried out prior to the membransifs for the purpose of phosphorous

reduction.

The permeate from the membranes is dosed with d smaunt of hypochlorite to

achieve further reduction in faecal coliforms.

The very high quality, fully disinfected effluerg suitable for a large number of re-use

options. The design data and final wastewater ctewatics are tabulated below.
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Table 17 Final wastewater characteristics
(Townsville City Council, 2004)

Design data Final wastewater characteristics

Flow to full treatment 540 m?¥/d BODs <5 mg/l

BOD load 135 kg/d Suspended Solids <5 mg/l

Nitrogen load 24.3 kg/d Ammonia <1 mg/L

Plant data NH3-N <1 mgl/l

Aeration/Bioreactor 115/202m? Total-Nitrogen <3 mg/l

volumes

Lst Anoxic/2nd Anoxic | 44 75,3 Total-Phoshorus <0.1 mg/l

volumes

. 10x200 -

No of membrane units panels Turbidity <0.2NTU
Faecal Coliforms < 5/100ml
pH 6.5-8.0

NTU = Nephelometric
Turbidity Unit

BOD = Biochemical
Oxygen Demand
mg/L = Milligram per
Litre

MAGNETIC ISLAND WATER RECYCLING
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Fig. 31 Magnetic Island Water Recycling Plant eSiayout

YWLE 3TREET

(Townsville City Council, 2004)
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Fig. 32 Magnetic Island Water Recycling Plant —vritiagram
(Townsville City Council, 2004)

7.8 Primary treatment

Wastewater entering MIWR flows through a screenrebany solids above 3 mm in

size are removed. Removing solids from the wastwatthe first step needed in order
to protect mechanical equipment of downstream Bystd he wastewater then moves
on to a grit removal system where diffused airdedito separate grit particles from the
wastewater. Diffused air separation is a procesghich small air bubbles are injected

into the wastewater to separate oils, grits anédgpe Oils and greases float to the
surface and these are skimmed off into a hoppectwaie then transported off site for
treatment (refer to Appendix D - DAF Process).
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7.9 Balance Tank

The balance tank is used when the flow to the glanbmes greater than five times
the average dry weather flow. A flow controlledwals closed slowly as the flow

to the plant increases forcing primary treated awaater into the balance tank.

As the flow decreases to the plant, balance tankpguift the stored wastewater back
into the plant as the flow control valve opens.sTi@duces and balances the
hydraulic loading through the plant.

7.10 Secondary Nutrient Removal: Anoxic Tank 1

Anoxic Tank 1 receives primary treated wastewaner r@cycled activated

sludge from the aerobic tank downstream. AnoxickThrs continually mixed by
mechanical mixers. Autotrophic bacteria are produnehis tank by using the
oxygen from nitrate and this process reduces retnqg@ nutrient) levels. Excess
nitrogen is often responsible for causing algaet® around Australian rivers and
coasts.

7.11 Secondary Nutrient Removal: Aerobic Tank 2

The activated sludge travels to Aerobic (contakygen) Tank 2 where dissolved

oxygen is supplied to this tank by three varialvkxjfiency drive blowers. Dissolved
oxygen levels are controlled by computer. Dissolesgigen is the concentration of
oxygen in the wastewater and is measured in nalfigr per litre (mg / L). Measuring
and maintaining the levels of dissolved oxygennsmaportant activity. It ensures the
activity of the heterotrophic and autotrophic baetethat help to reduce organic
compounds and nutrients (such as ammonia, nitnade plhosphorus) resulting in a

cleaner wastewater.

Excess phosphorus is reduced by the dosing of alumisulphate. Low pH levels can

be corrected by caustic dosing. Protozoa and mdwareed forms of life are present

and they feed on the heterotrophic and autotrop&ateria. This process reduces then
pollutant load of the raw wastewater, which resulta cleaner wastewater.
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Anoxic Tank 2 is designed to reduce nitrogen leral is only mechanically mixed, not

aerated. The autotrophic bacteria further consulinthe& remaining available oxygen

from the nitrate, thus reducing the total nitroghscharged to levels approaching the
lowest levels achieved anywhere in the world.

7.12 Submerged membrane filtration

This is the next and most advanced step in the emadéer treatment process. The
submerged membrane tanks operate with very higlissigvels (range 15 - 20,000 mg
per litre ), well above the levels of a normal @ated sludge system. The size of the

pores in the submerged membrane are 0.1 microns.

Sludge is held in this system for 30 days and ftioeflora growth on the membrane
enhances the membrane performance to less thani€rdns. The bio-flora is kept to a
fine film by the scouring action of air and actedtsludge flowing upwards past the
membrane. The treated wastewater passes throughriflaf membrane plates. This
permeate (wastewater treated by the membrane glosethen chlorinated and stored

in a one million litre tank.

7.13 Reuse/recycle

The high quality wastewater produced in this treathplant is a valuable resource
and is then pumped to the Magnetic Island Golf Geufor irrigation purposes. At the
golf course, this permeate is pumped to an operatitank and then to an irrigation
system that was installed using the latest teclyyaio effluent application and

computerised control.

Treating the wastewater produced in Magnetic Islemavorld’s best standards and

recycling it for irrigation purposes at the goliucee has many advantages: -
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Enhancement of the use and presentation of thecgotke.

Conservation of the fresh treated water that isveiedd to Magnetic Island.
Avoidance of an ocean outfall discharge, thus naaiirig the health of the
Marine ParkTownsville City Council, 2004).

7.14 On-site water recycling

It has been known for some time that biologicatimeent can be a highly cost-effective

approach to the treatment of difficult aqueous essparticularly where at-source

treatment can be applied (Pitre, undated).

Pitre (undated) cites several examples to demdadtrat high performance biological

treatment systems using advanced microbiology chiege cost-effective wastewater

and groundwater compliance, in efficient and corhpgstems.

An MBR system used to pretreat landfill leachates whipped to a facility
from the surrounding area. The effluent from thetygatment system was
then processed at the existing municipal wastewagatment plant. The
design influent flow to the MBR system is 1,800,0@fes per day with a

chemical oxygen demand (COD) of 10,000 mg per.lifiee footprint of the

system is approximately 630°’m

The second MBR system is a mobile publicly owneshtinent works,
capable of treating 360,000 litres per day with@IBof 625 mg per litre.
This system has phosphorous removal and disinfeciipabilities built in.

The footprint for this system is approximately 60m

An MBR system designed for a petrochemical compantyeat three high-
strength industrial wastes, including alcohols asdlfur-containing
compounds. One waste stream consisted of appreeiyn@0 percent
isopropanol by weight. The other streams contaliggdd hydrocarbons and
organic sulfides. The three streams treated aceduot less than 2 percent
of the plant's hydraulic waste load, but over 7fcest of the organic waste
load. The influent COD to the MBR was 25,000 mg pge. Removal
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efficiencies averaged 90 to 95 percent and allothedplant to stay within

regulatory limits economically.

Finally, comparing the final wastewater charactessof the MBR process at Magnetic
Island and the Activated Sludge Plant at Werrilvezcan see that the faecal coliforms
are virtually non existent in the MBR final wastdwmabut still quite numerous in the
ASP treated wastewater. The MBR is below the ptedidimit of 5: 5: 5 BOD:
Suspended Solids: Ammonia, but the ASP is in douwligt figures for the same

criteria. This can be seen clearly in the figurobwe

Table 18 Comparison of the final wastewater charatics of a MBR and an ASP

MBR ASP

(mg/L) (mg/L)
Biochemical Oxygen Demand [ <5 <=20
Suspended Solids <5 <=30
Ammonia <1 <=3
Nitrogen <3 <=15
Phosphorus <0.1 <=10
Faecal coliforms < 0.05/mL < =1000/mL

Given that the cost of a membrane reactor is dyrgmoportional to the cost of the
membrane, whilst the conventional activated sluplgat exhibits economies of scale,
Pitre (undated) concludes by saying that now, ntloa@ ever before, installation of at-
source treatment systems is a technically feasitdsi-effective alternative to the
expansion of existing, or construction of new, cantreatment facilities. Figure 33

below gives a view of the way in which that altéiveamight work.
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How onslte ' water recycling works

waler |3
"p'if:d fo ansite plaat

waln Sewer

Fig. 33 How onsite water recycling works
(Melbourne Water, 2004b)
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CHAPTER 8 CONCLUSION

Study of the effluent quality produced by convenéibsecondary treatment processes
reveals that such treatment methods do not remae ipollutants - which may create
a pollution problem, or prevent reuse of the efilué&hould the presence of materials
found in secondary effluent be objectionable beeaighe need to reuse the water or to
alleviate pollution, a selection must be made framong the appropriate advanced
waste treatment unit processes.

Some of the many factors to be considered whemyuiegj an advanced waste treatment
facility as mentioned by Culp (1978) are: -

» The disposition and use of the final effluent.

* The related requirements for effluent quality.

e The nature of the material to be removed in ordeadhieve the required
quality.

 The problems associated with handling of the soldswaste liquids
generated in the liquid treatment process.

* The potential for recovery and reuse of coagulantsther materials used in
the treatment processes.

* The limitations imposed by the sewage collectiostesyn and available plant
sites.

* The potential for creating air or land pollution tine process of treating
wastewater.

* The demand for energy and other consumable resurce

* Overall economic feasibility.

This project has looked at the membrane bioreactparticular, and comparisons have
been shown between the different types of membraares membrane reactors. The
types which are commercially available have bestedi, along with their particular
design features and performance characteristicgs fas, in turn, highlighted the

advantages and limitations of the membrane biooeact

The comparison between the conventional processdsh@ membrane bioreactor has

shown that the use of varying combinations of défe processes for different
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applications in varying environments is the bestiosp economically, socially,

environmentally and sustainably.

The unit processes now being used for advancedevigesitment have generally been
used for various industrial purposes, and adateudaste treatment plant design as the

need for higher effluent quality has developed.

The handling of the solids or waste liquids, geteztdy treatment of the liquid phase,
Is of major importance, since the residues of tlastes treatment cannot be discharged
into a useable source if a net gain is to be aeldidw the advanced waste treatment
process. In many instances, the disposal of thesiglues may be the major factor

governing the selection of the liquid treatmentgess.

High performance biological treatment systems usiadvanced microbiology,
providing efficient and compact systems, can aahi@ost effective wastewater

regulatory compliance.

The installation of at-source treatment systemsenealternatives to the expansion of
existing treatment facilities and the constructioh larger treatment facilities. The
consequences and costs of the production of thialimiastewater, and the benefits and
liabilities of the waste products recovered, camnmuoee closely related to, and accessed
by, those generating the wastewater, at or clofieettreatment plant.
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APPENDIX A PROJECT SPECIFICATION

Aim

To determine, by investigation, the characteristosl operational properties of the
membrane bioreactor.

Scope

* The identification of the stringent processes usesklect an MBR plant.

* A discussion of the construction, commissioning agekration of an MBR

plant.

* A comparison with the activated sludge system (aoskibly other systems) in
treating wastewater.

The plants that will be used as primary examples-ar
* The membrane bioreactor (MBR) installed at Picray BViagnetic Island.
* Land treatment plant at Werribee, Melbourne.

The focus and the emphasis for the project willHeemembrane bioreactor: -

* The types available.

e Particular design features.

* Operation and applications.

* Advantages and/or limitations.

» The science and the technology.
* Performance.

* Literature review

* The tasks involved are of an investigative and watale nature, which will be
applied primarily to previously written material candata concerning the
technologies and methods used in an MBR plant.

» The companies involved in the planning, commissigni operation, and
maintenance of the plants will be approached faistence in providing
additional information.
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APPENDIX B Aquatec Submerged MBR
AQUATEC-MAXCON PTY LTD PRODUCT LITERATURE
AQUA-MBR Submerged Membrane Bioreactor

Product description

Aqua-MBR opens a new era in sewage treatment psoges

Developed as a small foot print, energy efficieaatment system with excellent
effluent quality for reuse and less sludge produrcti

The sedimentation tank of a conventional activatedtment system is replaced by a
submerged type solid-liquid separation membrane.

Aqua-MBR utilises a robust flat sheet submerged brame unit, which has a long life
& less cleaning requirement than other membranes

Kubota Flat Sheet Membrane Panels
Tube

Manifold

~Mermbrane case
.

fMembrane
cartricdge

Diffusgr— —
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Design features

The submerged unit comprises cartridges with fim@ps membranes fixed to both
sides of a supporting plate and tubes for remotreated water from the cartridges.
The membrane case for storing a large number ofbreame cartridges, as well as
diffuser and diffuser case at the lower portion.
The membrane cartridge can be removed one by oready inspection and
replacement.

. Gravity flow system
No requirement for vacuum abstraction

. Robust design & minimal operation intervention

. No requirement for regular cleaning-typically twipearly only
No pulsed backwash system required
Not clogged by hairs or fibers
Rigid design prevents damage through fatigue-mendsrdo not abrade each other
Modular designs for easy upgrade

Main application

Solid-liquid separation for high concentration aated sludge treatment
Domestic wastewater treatment

Wastewater reuse systems

Sewage treatment

Rural wastewater treatment

Industrial wastewater treatment

Design advantages
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1. Compact Plant

Aqua-MBR has a number of inherent advantages. y$tes does not require flocs to
be formed to remove the solids by settlement aacktbre the biomass can operate at
very high levels of MLSS, generally in order of Q@0 -18,000mg/L.

This high concentration enables a low tank volume: @long sludge age to be utilised,
which reduces sludge production and allows for allsptant footprint. It

allows for a 50% reduction in aeration tank volume.

2. Energy Saving Operation & Easy Maintenance @bntr

Grawvity filtration is possible and only modest paow&pense is required including the
suction filtration. The submerged membrane candséye& quickly installed and
maintained by ascending or descending the unitgyajoide rails. Membrane cleaning
using chemicals is normally required only twiceeary

3. Less Excess Sludge Production

The long sludge age process produces 35% lessestbdg conventional treatment
process. Hence, less sludge handling and dispostlAlso, the sludge is highly
stabilized.

4. Reliable Quality of Treated Water because of Meme Separation

Because of the small pore size of the membranen§ifion effective pore size) bacteria
and most viruses are removed by the process. Hidhediable quality of

treated water is achieved. Consequently, the tleatger is able to be reused for flush
water for toilets and sprinkling water. Turbiditf/tbe effluent is less than 0.2 NTU and
suspended solids are less than 3mg/I.

5. Short Work Period and Low Cost in Construction

Execution of work is easy, short work periods ana tonstruction costs are possible
because the whole system is simple and only a smmadunt of auxiliary equipment is
required.
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APPENDIX C Dissolved Air Flotation
AQUATEC-MAXCON PTY LTD PRODUCT LITERATURE
DISSOLVED AIR FLOTATION, "DAF"

Superior Water-Solids Separation

DAF is a process by which small, micronsize bubhlesmade to attach to suspended
material in water and carry the solids to the kigsurface. Once at the

surface the solids are mechanically skimmed toywwed thickened sludge of

2 to 5%. Similarly, mixed liquors and sludges cko de thickened.

The process operates at higher hydraulic and slolédBngs than gravity devices, is
space efficient and particularly suitable for a@rdnge of municipal biological
sludges, industrial wastewaters, and oily material.

Aquatec-Maxcon Can Offer Tailored DAF Designs ti Barticular

Industrial and Municipal Applications

AR SATURATION
YESSEL

SKIMMERS

] SCRAPER SKIMMINGS
cLosel valve | DRIVE COLLECTION _
|___i | n]
0 n I I T ¥
e . B - ora LAUMDER b
R 4" !
I / e RECYCLE | | Hh o f ;
AR FUMPS i N !
COMPRESSORS I Tk ]
. \L éﬁﬁ EFFLUENT EFF
FOUR POINT A e STORAGE
INJECTOR FLOW INDIGATOR T

& PRESSURE GAUGE ‘

o "y N o SLL_JEIGE l'___
INFLOW - fnand
SLUDGE DRAW i
QFF WALVE ]

FLOAT Fl
STORAGE

DAF FLOWSHEET

Design Advantages

Mechanical simplicity through a bridge mounted druwnit for collection of float
and bottom floc, thus avoiding greasy chain cotiesand screw conveyors
found in other designs.

Simple on/off controls throughout to ensure easepefation and to avoid
unnecessary complex control loops

Fabrication can be in steel, concrete, or composéeerials

Over 99% solids capture is regularly obtained emethickening applications.
Standard circular design provides minimum hydragiedient for optimum solids
separation and enables a single drive unit for Bo#t and floc scrapers

Design incorporates ability to build substantiabti layers above the liquid level to
enable gravity drainage and maximum float solidseot

Thickening of Waste Activated Sludge to 5% WitRalymer Addition is possible
Design Features
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Aquatec-Maxcon uses a high efficiency saturatatissolve air into a portion of
the wastewater at a pressure of 300 to 600 kPa.pidttion is then

recombined with the main wastewater under pressure

A valve subsequently reduces the pressure to measaheric, upon which an
effervescence is induced in the wastewater bydhadtion of small bubbles of the
order of 20 to 50 um in diameter

These bubbles attach themselves to suspended antidsansport the solids to the
surface, forming buoyant rafts or 'float’. The dhept this float is controlled by
adjustable height skimmers

In thickening applications, the float is allowedféom a thick raft of optimum depth
(through adjustment) to enable gravity drainagthefliquid formaximum performance

Aquatec-Maxcon Pty. Ltd.

QLD: 119 Toongarra Road, NSW: 1st Floor 221 Eastaitey Way
Ipswich QLD Australia 4305 Middle Cove, NSW Austea2068
TELEPHONE: (61) 7 3813 7100 TELEPHONE (61) 2 99523
FACSIMILE: (61) 7 3813 7199 FACSIMILE (61) 2 9958 54
EMAIL: aquateci@gil.com.au EMAIL: aquatecs@aquatem.au
Web: www.aquatecmaxcon.com.au
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APPENDIX D HUBER Membrane Bioreactor

HUBER - Membrane Bioreactor

The future-oriented solution for ever increasinguieements in wastewater treatment
For a maximum effluent quality

The situation

Technical progress in the field of municipal wasaéay treatment, which includes
removal of eutrophicating pollution loads, hasha past few years significantly
improved the process flow of sewage treatment plant

But little attention had been paid to the high nemtf disease-causing germs in the
sewage treatment plant outlet.

To prevent the risk, micro and ultrafiltration camdd with the activated sludge
process, has turned out in recent years to beuitebke method to minimize the effluent
load and retain at the same time pathogenic gefigtening discharge standards for
sewage treatment effluents can thus be met, witlheuheed for the "classic” aeration
and secondary clarification tanks or filtration atesinfection plants.

The innovative Huber membrane technology offers theufollowing benefits:
Optimum effluent quality: free of solids, bactesiad germs

Allows for reuse of used water

Complies with the latest legal EC standards fohipgtwaters

Improves the performance of existing sewage treatmplants

Suitable for municipal and industrial applications

Hans Huber AG, Maschinen-und Anlagenbau, Industriegrasbach Al, D-92334
Berching Phone: +49-8462-201-0, Fax: +49-8462-200-8mail: info@huber.de
http://www.hanshuberag.com/produktee/membrane.htm
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APPENDIX E ZeeWeed Filter Applications

ZeeWeed® 500 Target Applications

The membranes are versatile and can be used inadén treatment and wastewater
treatment applications. They are intended for apgilbns with medium to high
suspended solids concentrations. The target apipisahave been divided into two
groups:

1) Water Treatment (Direct Filtration):

Municipal drinking water treatment: membrane filioa of surface or ground water to
produce potable water. Membrane filtration can dls@ombined with: enhanced
coagulation (for organics and arsenic removal)nabal oxidation (for iron and
manganese removal); powdered activated carboni@ualdibr taste and order removal)
to achieve particular effluent requirements

Reverse osmosis (RO) pre-treatment: membranetifiitr@f surface water or ground
water to reduce SDI of RO feed

Tertiary treatment: membrane filtration of secodztfluent from wastewater
processes for recycle/reuse or simply to ensurenapt quality effluent is continuously
discharged

2) Wastewater Treatment (Membrane Bioreactor Sygtem

Municipal/industrial wastewater treatment: combgnmembrane filtration with a
conventional activated sludge process to treatiatyeof municipal or industrial
wastewaters.

Shipboard wastewater treatment: for wastewatetrnreat on a variety of ocean-going
vessels.

Commercial or private development wastewater treatnfor property owners who
wish to treat their wastewater on the premisescafly because they cannot be
connected to a municipal sewer because of caplauitations or distance).

In wastewater treatment, the combination of memifdimation and biological
treatment is otherwise known as "membrane bioresictnd is offered by ZENON as
the ZeeWeed® MBR Membrane Bioreactor process.ifnpifocess, the ZeeWeed®
membrane serves to replace the clarifier in a wastr treatment system. The benefits
of substituting a ZeeWeed® membrane for the clrdire significant and include:
Tertiary quality effluent is produced without ex&rguipment since the membrane is an
absolute barrier to suspended and colloidal solids

Capacity of existing wastewater treatment plantsteincreased without requiring
more tanks as the MLSS in the activated sludge ¢ankbe increased to 10,000 -
12,000 mg/I

Nutrient removal is improved because of the effectetention of suspended solids by
the membrane

The membrane is a reinforced fibre with a nomiraakpsize of 0.04 um.

The membrane module is the building block of thetesy. An individual membrane
module is the smallest replaceable unit within a\@eed® filtration system. The
ZeeWeed® 500 membrane module consists of hundfedsmbrane fibres oriented
vertically between two headers. The hollow fibres glightly longer than the distance
between the top and bottom headers and this atloeve to move when aerated. It is
the air that bubbles up between the fibres thatrscihe fibres and continuously
removes solids from the surface of the membrane.

Zenon Environmental, http://www.zenon.com/prodi@8/shtml.
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APPENDIX F

Guidelines for the use of Reclaimed Water

EPA Report: Environmental

EPA Report: Environmental Guidelines for the us®etlaimed Water

The four microbiological classes that determinegéemissible end uses are:

Class A: <10 thermotolerant coliforms per 100mL dime value). Suitable for high
contact end uses eg residential garden watering
Class B: <100 thermotolerant coliforms per 100mledilan value). Suitable for
medium contact uses eg irrigation of pasture faydenimals
Class C: <1000 thermotolerant coliforms per 100median value). Suitable for low

contact uses eg irrigation of open spaces withipagicess controls
Class D: <10,000 thermotolerant coliforms per 10qQmidian value). Suitable for non-

human food chain uses (eg cotton growing).

Table 2. Microbiological controls for specific igation methods of food crops

Reuse category -
type of crop

Application
method

Harvesting controls

Microbiological
quality

Raw human food
crops in direct contact
with reclaimed water

Large surface area
crops grown on the
ground and
consumed raw (eg
broccaoli, cabbage,
cauliflower, lettuce,
celery)

Spray , flood,
drip, furrow,
sub-surface

None

Class A

Root crops consumed
raw (eg carrots,
onions)

Spray, drip,
flood, furrow,
sub-surface

None

Class A

Raw human food
crops not in direct
contact with
reclaimed water or
crops sold to
consumers  cooked
(>70%C for 2 minutes)
or commercially
processed.

Crops without ground
contact (eg tomatoes,
peas, beans,
capsicums, non-citrus
orchard fruit, non-
wine grapes)

Spray (direct
contact)
Flood

Drip, furrow
Sub-surface

None

Dropped produce
not to be harvested
Dropped produce
not to be harvested
None

Class A
Class B
Class C
Class C

Crops without ground
contact and with skin
that is removed
before consumption

Spray

Produce should not
be wet from
irrigation with
reclaimed water

Class B (if
crops are
commercially
processed or
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(eg citrus, nuts) Flood, drip, when harvested cooked at
furrow, sub- | Dropped citrus not >70<C for 2
surface to be harvested minutes, then

Class C can
be used)
Class C
Produce should not
.be. wet ”0”? Class B (if
irrigation with
: crops are
Spray reclaimed water .
. commercially

Crops with ground when harvested

: processed or
contact and skin that

) cooked >70C

is removed before :

. . for 2 minutes -
consumption (eg | Flood, drip, Produce should not
Class C can

melons) furrow be wet from

oo : be used)

Sub-surface | irrigation with
: Class C

reclaimed water Class C

when harvested

None

Root crops Spray, flood, drip, | None Class C

processed furrow, sub-

before surface

consumption (eg

potatoes,

beetroot)

Surface crops Spray, flood, drip, Class C

processed furrow, sub-

before surface

consumption (eg

brussel sprouts,

pumpkins,

cereals, grapes

for wine making)

Non-food crops

Crops not for Any Prohibit public Class D

human access to area

consumption, Dry or ensile turf

silviculture, turf before harvesting.

growing Dry silviculture

crops before use

Pasture and

fodder for dairy

animals

Irrigation of Any Withholding period Class B

pasture and of 4 hours before

fodder for dairy pasture use for dairy

animals animals; Class C

alternatively dry or
ensile fodder before
use

Withholding period
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of 5 days before
pasture use for dairy
animals;
alternatively dry or
ensile fodder before
use

Pasture and
fodder (for
grazing animals
except pigs and
dairy animals)

Irrigation of
pasture and
fodder for non-
dairy animals

Withholding period Class C
of 4 hours before
pasture use for non-
dairy animals;
alternatively dry or
ensile fodder before
use

Table 3. Potential quality concerns for industrealse

Quality

Problem

Microbiological quality

Risk to health of workers and the public

Chemical quality (eg
ammonia, calcium,
magnesium, silica, iron)

Corrosion of pipes and machinery, scale
formation, foaming etc

Physical quality (eg
suspended solids)

Solids deposition, fouling, blockages

Nutrients (eg phosphorus
and nitrogen)

Slime formation, microbial growth
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