3 RTmiP_ colY
Tltle e NETHOD AND APPARATUS FOR RECOVERI NG WATER FROM A SEVEER MAI N FI ELD
OF THE | NVENTI ON The present invention relates to a process and appar at us
for recovering water fromraw sewage- ext ract ed directly froma sewer main.
The invention has been devel oped primaritylfor produci ng water of '
i ndustrial and agricultural use quality level and wll be described with
reference to this application. However, it should be appreciated that the
i nvention may be adapted to provide a potable water supply. BACKGROUND COF
THE | NVENTI ON Vari ous processes and systens have been proposed for
recovering water fromsewer mains. However, in view of the high |evels of
organic matter in sewage, such systens have always previously included a
-2- .

Title: METHOD AND APPARATUS FOR RECOVERING WATER

FROM A SEWER MAIN

FIELD OF THE INVENTION

The'present invention relates to a process and
apparatus_for.recovering water from raw sewage
extracted‘directly from a sewer main.

The invention has been developed primarily for

producing water of industrial and agricultural use

2

gﬁ quality level and will be described with reference to
this application. However, it should be appreciated
that the invention may be adapted to provide a potable
water supply.
BACKGRO&ND OF THE INVENTION

Various processes and systems have been proposed
for recovering water from sewer mains. However, in
view of the high.levels'of organic matter in sewage,

such systems have always previously included a



set't|l epment process, nore usually as part of, or in conjunction with, sone
form of biol ogical digestion process. Sone of these prior art systens have
i ncl uded an anaerobi ¢ processing stage which generally requires the slurry
to be stored in a holding tank or chanbera wthout oxygenation. Simlarly,
the preferred aerobic treatment often used in these systens is the
activated sl udge prettdssment qirdi:gmam menss A Ky SO Pt tOR, sewiriyy in.
sonme formof tank arrangenent. Air is then injected into the slurry by

vari ous neans to mpoonptretbial ogitdsl sbimesfomm df bielayicdlholibgestioit er
the biological treatnent, the resulting. effluent of the prior art is
further treated | PEAFSSFs known manners i ncl udi ng processes such as

chemi cal coagul ation and roccuIatlon multi-nmedia sand filtration,_ and

chlorination, etc. Syst¥me f (thesg RE QR Atk FYsFein haveinclided an

dlsadvantages Firstl the I ncl usi.on_ of any f.or m of settlenent or holdlng
Lank will not onl FRSESRIGHLPISRI IR S 430 Hiiih GenFmatiy nqadi

the slurry to be stored in a holding tank or chamber
without oxygenation. Similarly, the preferred aerocbic
treatment often used in these systems is the activated
L sludge pfoc;é: which again necessitates storing the
» slurry in some form of tank arrangement. Air is then
injecfed into the slurry by various means to promote
biological digestion by aerobic bacteria.

After the biological treatment, the resulting
effluent of the prior art is further treated in
various known manners including processes such as
chemical coagulation and flocculation, multi-media
sand filtration, and_chlorination, etc.

Systems of the kind referred to above have

%ﬁ’ several disadvantages. Firstly, the inclusion of any
form of settlement or holding tank will not only
potentially increase the processing time, it
immediately makes the system bulky and cumbersome,
thereby placing restrictions on where and how the
treatment plant is located. Furthermore, odour
control problems are often encountered when using such
systems.

Where long residence time biological treatment



i mredi at el y nmakes the‘system bul ky and cunbersone, thereby placing
restrictions on where and how the treatnent plant is |ocated. Furthernore,
odour control problens are often encountered when using such systens. Were
| ong residence tinme biological treatnment3 - -3- stages are included, there
is the additional disadvantage of needing to keep the system operating at
all tines so as ktagessare intdudied)t khefrebdet ehied ada@dwiondlf or the various
bi ol ogi cal processes to work effectively. Wth activated sludge systens,
this neans that tlisadvaatageasnsonesiddmgwitioh kieepe thiengystemapperptinyi ng

t hese systens nmust still be incurred even when additional water is not

requi red, such astdadinfipes sgsasi tieepresexive the igrowthobifebactérihe
present invention to provide a process and apparatus for recovering water

required for the various biological processes to work
effectively. With activated sludge systems, this
means that the expense associated with injecting air
and operating these systems must still be incurred

even when additional water is not required, such as

during periods of heavy rain.

.,. M

It is an object of the present invention to
provide a process and apparatus for recovering water
from raw sewage extracted from a sewer} that overéomes
or at least ameliorates one or more of the above
discussed disadvantages of the prior art.

DISCLOSURE OF THE INVENTION

According to a first aspect of the inyention

there is provided a process of recovering water from
) raw sewage extracted directly from a sewer, said
& process comprising the steps of:

screening the raw sewage to obtain screened
effluent having a maximum particle size of no more
than approximately 900 microns; and

filtering some or all of the screened effluent
through a first membrane separation stage for the
removal of suspended'solids.

Preferably, the process further comprises the

steps of filtering some or all of the effluent from



fromraw sewage extractéd froma sewer, that overcones or at |least -
anel i orates one or nore of the above di scussed di sadvantages of the prior .
art. DI SCLOSURE OF THE | NVENTI ON According to a first aspect of the S
invention there is provided a process ol yecovering water fromraw sewage
extracted directly froma sewer, said process conprising the steps of:

screening the raw gR¥agerke fRndranaciseagedtirbuginh Bavbid AcHiBrafem
particle size of no nore than approximately 900 microns; and filtering sone

or all of the scregapdratfibuestayler foghthefl rembvagnbraseleepedakiodabieage
for the renoval of suspended solids. Preferably, the process further
conprises the stepsubkthnces.i ngptdonadlyal lthef prbeessf Furkhekr dmcludes-
the first nenbrane stage through a second nmenbrane
the step of chemically dosing the effluent from the
first membrane stage to prevent precipitation of
soluble organic substances in the solution prior to
passing through the second membrane stage.
Desirably, the preferred first membrane

([ separation stage is a continuous microfiltration

‘ process. The preferred second membrane separation
stage will vary according to the guality of the
in-feed and the required quality level of the final
effluent and may include ultrafiltration,
nanofiltration or reverse osmosis, these processes
being used either alone or in combination.

Preferably, the process includes the additional
steps of periodically washing or back-washing each of
. the screeping and membrane separation stages, and,

@ﬁ: optionally retﬁrning the washing media and accumulated
solids directly back to the sewer. In one preferred
form, the washing media from the first and/or second
membrane separations stages are returned in a manner
whereby they are first used to assist in cleaning the
screen.

Preferably, the screen aperture sizes are in the

range of 50 to 900 microns, a 100 to 500 micron screen

opening being the preferred size range. In one useful




separ at izon stage for the renmoval of selected soluble substances. :
Optionally, the process further includes the step of chemcally dosing th
effluent fromthe first nmenbrane stage to prevent precipitation of sol uble
organi ¢ substances in the solution prior_tg passing through the second _
menbrane stage. Desirably, the preferred first nenbrane separation stage is

a continuous m cr offdihi abf OthPI PESSSss Wi ¢l alsdd afli Nt raiomne
separation stage will vary according to the quality of the in-feed and the
required quality | efxelloded ey freserss fosmosisndc oo itec 250 micron
ultrafiltration, nanofiltration or reverse osnosis, these processes being
used either al one csc¥eemohdipreferredyef erably, the process includes the
addi ti onal steps of periodically washing or back-washing each of the
screeni ng and nenbrane s¥pshing gredigier Ehel ubprabHdiqation omineyense
washi ng medi a and accunu| ated solids directly back to the sewer. I n one
preferred form thSBRPHEHRIP SAY HRTHIAS Fhemica) Gleaddidih 39 Sne

separations stages are returned in a ner . . '
P 9 fﬁ a pre erreén¥Brm, the screening is conducted

within the sewer main or a preferably closed-in well
diverted direétly therefrom, via a substantially

{ self-cleaning screen system such as a screen made in

| accordance with the third aspect of the invention.

Other suitable screens include rotating belt or drum
screens, bag screens and the like. Desirably, the
screen also includes washing means comprising nozzles
or jets or the like that direct water and/or air or
other washing medium to the screen surface.

The use of an in-sewer screen has several
advantages in that it is easier to control odour,

- handling of the screenings is substantially eliminated
ﬁ%i and only one pumping stage will be required to the
microfiltration stage.

In one preferred form, the process also includes

the step of passing the screened effluent through a
trickle bed suspended growth filter arrangement prior
to the microfiltration stage.

Desirably, the process also includes the step of
dosing the screened effluent with a coagulant prior to

the microfiltration stage.



whereby=zthey are first used to assist in cleaning the screen. Preferably,
the screen aperture sizes are in the range of 50 to 900 mcrons, a 100 to
500 micron screen opening being the preferred size range. In one useful
-5- formof the process which uses mcrofiltration followed by reverse
osnosis, a 200 to 250 micron screen is préferred. Washi ng nedia for the

ultrafiltration or reve eogg&' S 'ncélégg'efgﬁ;g I L g
agents. Ina preferred ?grﬁ]?t e E’Er%?‘%g@?ﬁt'gzon uc?e V\nltﬁﬁi%ﬁ% g‘_&gé;wer
mai n or a preferabbycehasanbPalil! segh¥etioH Stdgeindy IHE PN idd R, @
substantially self-cleaning screen systemsuch as a screen made in
accordance with thprblferdbagppgt passihe o2veettiterethrRiglsli t abl e screens

include rotating belt or drum screens, bag screens and the |ike. Desirably,
t he According to a second aspect of the invention
there is provided an apparatus for recovering water
from raw sewage extracted directly from a sewer, said
apparatus comprising:
screening means operable to obtain from raw
{ sewage a screened effluent having a maximum particle
size of no more than approximately 900 microns; and
first membrane separation means opefable to
filter the suspended solids from some dr all of the
screened effluent.

Desirably, the apparatus further compriseé second
membrane separation means operable to filter selected
soluble substances from some or all of the effluent
from the first membrane separation means.

_ Optionally, thé apparatus also includes chemical
éﬁ% dosing means td treat the effluent from the first
membrane separation stage so as to prevent
precipitation of soluble organic substances in
solution.

Desirably, the apparatus also includes means to
periodically wash or back-wash each of the screening
and membrane separation stages and return the washing
media and accumulated solids back to the sewer.

Preferably, the apparatus also includes means by



screen al so includes washi.ng means conprising nozzles or jets or the like
that direct water and/or air or other washing mediumto the screen surface.
The use of an in-sewer screen has several advantages in that it is easier

to control odour, handling of the screenyjngs is substantially elimnated

and only one punping stage will be required to the mcrofiltration stage.

In one preferred Wwinidh ddifle 6OCEEE ot Sthé otiass ipreferments RESHhey the
screened effluent through a trickle bed suspended growh filter arrangenent
prior to the m criirst raspect sefigche Dasverthion arec gbtadeed.al so i ncl udes
the step of dosing the screened effluent with a coagulant prior to the.
mcrofiltration stage.According rte & ghird agpssti mfhthet Haventtiigant from

t he second nenbrane separation stage may be sterilised, .
there is provided a screening device for screening raw

sewage from a sewer, said device comprising:

a screen adapted'to permit passage of screened
effluent from an outer surface of the screen through
the screen; and

( means ﬁo direct air generally toward an inner
surface of the screen to assist in removal of solids
that accumulate on the outer surface of the screen.

In the preferred form the screen defines a
portion of the surface of an enclosed chamber and is
adapted to permit passage of screened effluent from
the outer surface of the screen through the screen and
into the chamber. Désirably, a pump is provided
within the chamber to extract and divert the screened
effluent.

éﬁé Preferably, the screen also includes means to
direct cleaning water or other washing media to the
screen. This may include means to direct washing
media from the inner surface of the screen and out
through the screen and/or directly to the outer
surface of the screen.

The screen element of the device may be static
such as sieve bends, bag'screens, floating bag

screens, enclosed in-line screens etc, or dynamic



preferably by passing '‘ozaone therethrough. According to a second aspect of
the invention there is provided an apparatus for recovering water fromraw
sewage extracted directly froma sewer, said apparatus conprising: .. _
screeni ng neans operable to obtain frqung aw sewage a screened effl uent
having a maxi num particle size of no nore than approxi mately 900 m crons;

and first menbrang & addd) 48 Bt [rmsO o botatiing Aisrended sol ids
fromsonme or all of the screened effluent. Desirably, the apparatus further

conpri ses second dErdym earse e tlide eans operable to filter sel ected
sol ubl e substances fromsone or all of the effluent fromthe first nenbrane

separati on neans. Optigptaidnallyne tppaEcatasn aayo also dohed udec o fbasd ng
nmeans to treat the effluent fromthe first menbrane separation stage so as
to prevent preci pff acapioig sz s geliectdviedya opes-ajbl es ginuttihen.
Desirably, the apparatus al so includes neans to
outer surface of the screen. In another form, the
device may include means to vary the inclination of
the screen to the general sewage flow direction such
that the tangential flow of sewage assists in cleaning
{ ‘ the screen. Alternatively, the device may be disposed
so as to utilise any turbulent sewage flow in the well
to clean the séreen by, for example, placing the
screen under the inlet.

In another embodiment the screen includes
mechanical means to vibrate the screen and dislodge
accumulated screenings.

The cleaning air directed to the screen also
serves as a gas/odéur scrubber. In one preferred
form, intermittent high pressure air blasts are used

éﬁé to periodically dislodge sgreenings and generally
continuous lower pressure air jets operate to
deodorise the screened effluent. In this way odours
are kept substantially in the sewer, allowing transfer
of scregnéd, aerated sewage to the surface for further
treatment.
BRIEF DESCRIPTION OF THE DRAWINGS

A preferred embodiment of each aspect of the

invention will now be described, by way of example



peri-odiscal | y wash or back-wash each of the screening and nmenbrane
separation stages and return the washing nedia and accumul ated sol i ds back
to the sewer. Preferably, the apparatus al so includes neans by = -7- which
some or all of the process prefernents of othe first aspect of the invention
are obtained. According to a third aspect “of the invention there is

provided a screeni g, deViGaH Ge g‘fl%!&i RS hdWohBYAYEnG’ 8FhTiRGYCEin %?F.Elh:

device conprising: a screen adapted to permt passage of screéned effluent

froman outer surface ofpiififiesar 4@ al Richesatibe risteaiageas BEaas rigsdi rect
air generally toward an inner surface of the screen to assist in renoval of

solids that accunuleaiodimdnte padicaisss andaagpakraths acceedinygntobhehpreferred
formthe screen defines a portion of the surface of an encl osed chanber and
S first and second aspects of the invention; and
Figure 2 is a schematic flow diagram of a first
embodiment sewage screen in accordance with the third
aspect of the invention;
Figure.3 is a graph illustrating the variation in
C; : RO permeate flows with run hours for the system
described in Example 1 made in accordance with the
first and second aspects of the invention; and
Figure 4 is a graph illustrating the wvariation in
éalt passage with run hours for the example referred
to in Figure 3.
PREFERRED EMBODIMENT OF THE INVENTION
Referring first to Figure 1, the water recovery

apparatus 1 comprises a screening device 2 illustrated

in location either directly in a sewer 3 or a well

255
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diverted therefrom, the screéening device being .
connected by piping 4 to a first membrane separation
stage comprising a continuous microfiltration (CMF)
unit 5.

Chemical dosing means 6 are optionally connected
with the piping 7 that carries the effluent from the
microfiltration units 5. The piping 7 extends from
the microfiltration unit 5 to a second membrane

separation stage 8 which in the form illustrated



adapted. to permt passage of screened effluent fromthe outer surface of
the screen through the screen and into the chanber. Desirably, a punp is
provi ded within the chanber to extract and divert the screened effl uent.
Preferably, the screen also includes neans to direct cleaning water or

ot her washing nedia to the screen. Thi§ ﬂﬁyﬁ ncl ude means to direct washing

nedia fromthe inne%ﬂégé%ggf g%?§§§sgc§§$§sfgd EH% Eﬁ% g@h t he screen

and/or directly t € screen el enent of

t he device may be stat|gnsggglgﬁa§|€¥§cﬁfgg§ db@ﬂsﬁéﬁéﬁwsgr5&9ﬁtEﬂgggfg9

screens, enclosed in-line screens etc nam c SCr eens suc

rotating drums or iQtﬁilﬁgtghﬁédsiﬁﬁéﬁﬁeéﬁﬂtéh@hé'g@reéﬁtzoaﬁa|y the
screen may al so include sonme form of scrapi ng mechani sm sel ectively

operable on the pjcrofiltration unit 5 with an optional ozonation
process 10 adjacent the outlet from the RO unit 8.
Referrihg next to Figure 2, there is shown a
preferred screen arrangement 2 made in accordance with
the second aspect of the invention. The screening
§' device 2 preférably has a generally muéhroom shaped
construction, the top outer surface 12 supporting a
filter screen 13 that has an outer surface 14 and an
inner surface 15. The screen 13 defines part of a
chanber shown generally at 16. The screen in this
preferred form has a mesh size selected to result in a
screened effiﬁent having-a maximum particle size of
around 200 to 250 microns.

Disposed below the screen 13 are a plurality of
optional cleaning liquid nozzles 17 arranged on a
manifold 18 which are preferably connected to a high
pressure water or cleaning agent source (not shown).
High pressuré cleaning liquid from the nozzles can be
directed toward the screen surface to assist in the
removal of accumulated debris and thereby prevent
blockages. Optionally, the screen is also rotatable
to assist in cleansing of the screen.

Illustrated immediatelj below the liquid nozzles

and screen are means to admit high pressure air into



out er sdrface of the screen. In another form the device 3
to vary the inclination of the screen to the general sewa HISGHEET HASIREEN
such that the tangential flow of sewage assists in cleani t he REPLAGED

Al ternatively, the device may be disposgd% o_as to utilise any tarburert
sewage flow.in the well to clean the scre by, for exanple, placing the

screen under theilgﬂg.cd %g%h%ggpgﬁﬁﬁﬁ%gﬁgga%ciggn | %Iq%ps

mechani cal neans to vibrate € screen. ge accunulat éd screenings.

The cleaning air d:p;ef‘igj.td%fiéélﬁ”'%rs@o%%'lrﬂo%%l%ehﬁﬁ%tiédatﬁa%%d@ﬂamber

scrubber. In one p rred-form intermttent "high pressure air blasts are
used to periodi cal Inrefiexta¥ige vEIMRE Mo ) d paaiFi-altlivngod nuous | ower
pressure air jets operate to deodorise the screened effluent. In this way
odours are kept subsiiexrd-vainturnis dre thewdrikedlinow mgnheanvherebly 3hecaiad,
aerated sewage to the surface for further treatnent. BRI EF DESCRI PTI ON OF
THE DRAW NGS is directed generally toward the inner surface of the

screen. An air'bleed—off tube 20 may also be provided

to ensure air flow is continuous when applied even

when the screen is blocked. The air serves not only

to aerate the screened effluent and/or scrub the odour

?’_'*:

from the gaseous portion of the effluent, but also
contributes in a surprisingly effective manner to
cleaning the screen by applying pressure from the
inner surface causing the sludge to be driven away
from the sieve’s outer surface 14 and by causing
vibration of the screen surface helping to dislodge
solids.
Finally, the stem of the mushroom shaped
o screening arrangement houses a submersible pump 16
%§; which directs the screened aerated and scrubbed sewage
effluent to piping 4 and optionally ohto the trickle
bed filters 9 or direct to the microfiltration units
5. Suitable microfiltfation units may be selected
from the range of products produced by Memtec Ltd and
sold under the registered trade mark "Memtec" such as
the M10 CMF unit.
The CMF units 5 and RO units 8 each include means

for chemically washing or back-washing the various

devices. The washing media and accumulated solids
/.

as Been Reilaced

il



A prefearred enbodi hent bf each aspect of the invention will now be

descri bed, by way of exanple -9- only, with reference to acconpanying.
drawings in which: Figure 1 is a schematic flow diagramof a first

enbodi ment process and apparatus accordi rﬁt to the first and second aspects
of the invention; and Figure 2 is a schenmatic flow diagramof a first

enbodi ment  sewage gGgLRed f?oﬁcﬁﬁégénﬁﬁlﬁétﬁs ﬁfe%@féﬂlﬁsﬁﬁfécEEdtﬂﬁck to

invention; Figure 3 is a graph ilTustrating the variation in RO permeate

flows with run houggef Sewbbevsystenadess ppednan2Expagpectivad9.i NThis
accordance wth the first and second aspects of the invention; and Figure 4

is a graph illustreahnpet Qéveatiedt ontoi 8rstbivapasthgeouteh supfhoer 34 oF
the exanple referred to in Figure 3. PREFERRED EMBODI MENT OF THE | NVENTI ON
the screen 13 to assist in keeping the screen clear.

The main steés and optional variations in the
process and apparatus in accordance with the first
aspect of the invention will now be described in more
detail.

( Commencing with the screening that forms part of
the treatment process of the first aspect of the
invention; it will be appreciated that the embodiment
illustrated in Figure 2 is only one preferred form and
that it will be possible to achieve the design
criteria with a number of physically different screen
embodiments. In this regard, commercially available
rotating drum screens, belt screens and various

agitating screen arrangements could be modified to

meet the requirements of the invention. Similarly, a

generally stationary screen that can be inclined
rélative to the sewage flow_for cleaning purposes can
aiso be used.

In most cases the preferred form of the scfeen
will be configured to provide a filtration velocity
therethrough of preferably less than 1.0 m3/s/m2
and a resulting filtrate having a maximum particle
size of no more than approximately 900 miCrbns and
more ideally around 200 to 250 microns. It will be

appreciated that these figures are in part dependent



Referri,ng first to" Figute 1, the water recovery apparatus 1 conprises a -
screening device 2 illustrated in location either directly in a sewer 3 or
a well diverted therefrom the screening device being connected by piping 4
to a first menbrane separation stage cQmgii sing a continuous
mcrofiltration (CW) unit 5. Chemi cal dosing neans 6 are optionally

connected W th the,pi ph8dpdrt 184182 dbSarates 66 | HEAE1E T 881 é8€ed.

mcrofiltration units 5. The piping extends fromthe mcrofiltration unit

5 to a second nenbrane gepaidli AlsstBgcapprbciated thet fwhniist! Leeaaied
- 10 - conprises a reverse osnosis (RO filter. An optional trickle bed

suspended growt h foftehe9stBeehl 2swithin tié esewel a3 cot han Sad feceRt awdll
mcrofiltration unit 5 with an optional ozonation process 10 adjacent the
outlet fromthe ROsnthe8preferred arrangement, another option is to
pump the sewage from the sewer to an above-ground
screening arrangement.

The total number of pumps required will depend
véry much on the topogfaphy of the sewage extraction
location and whether or not the selected filtration
units incorporate their own pumping systems.
Generally, however, it is believed that an additional
pumping stage is required where the screening is
performed external to the sewer.

Anothef optional procedure in the process is a
coagulant_dosinq stage which would occur prior to the
microfiltration stage 5 at point 24. Where a

biological trickle bed filter arrangement is also

included in the process, the coagulant dosing is

-~

ik

desirably pérformed downstream of this biological
treatment as shown.

The chemical dosing stage shown generally at 6
may comprise a number of known treatments such as
injection of an anti-scalant at location 25 followed
by injection of an organics dispersant at location 26
and/or injection of disinfectant e.g. chlorine at
location 27 to control biological growth.

In use, effluent is drawn through the screening

device 2 and pumped via conduit 4 either directly to a



Referrimng next to Figur'e 2, there is shown a preferred screen arrangenent: 2 -
made i n accordance with the second aspect of the invention. The screening '
device 2 preferably has a generally nmushroom shaped construction, the top

outer surface 12 supporting a filter screen_13 that. has an outer surface 14

and an inner surface 15. The screen 13 défines part of a chanber shown

general Iy at 16, Theoserepodfiddivni o G oh PHTdIAL 2 RS Sel ect ed

to result in a screen uent having a nmaxinudm particle size of around

200 to 250 micronsgi kPO HdeHMiMe oif HARD nhtude® of RINY ddwayed! the
optional cleaning liquid nozzles 17 arranged on a manifold 18 which are

preferably connectegfigest g 1 afsse® widilera Woahalit) pragantts aHee . ( not
shown). High pressure cleaning liquid fromthe nozzles can be directed
toward the screen siefafiltratbon ttaged he renoval of accunul ated debris
and thereby prevent blockages. Optionally, the screen is also rotatable to
assi st in cleansing of The siceefilitdtusn seavdsntedisathsbaridladdyt he |i qui d
nozzl es

reduce the quantity of suspended solids. Where the

microfiltration units appear to be having difficulties

in processing the in-feed, a certain degree of

{ . cross-flow through the microfiltration units can be

tolerated. When the microfiltration units become

clogged, the system automatically performs a

back-washing operation and the back-wash is preferably

returned to the sewer via conduit 17.

The BOD of the effluent exiting the
microfiltration stage may still be fairly high, in
which case it is desirable to inject an organic

- dispersant prior to passing the microfiltered effluent

through the RO or other second membrane separation

stage. This serves to prevent the soluble organic
matter from precipitating out of solution and biocking
the membranes of the RO. The final effluent exiting
the RO will haﬁe a substantially reduced BOD and may
optionally be further treated/sterilised by injection
of chlorine or ozone. |

The results of preliminary tests incorporating
pre-screening of raw sewage followed by CMF and then

RO are as follows.



and screen are nmeans to admt high pressure air into - 11 - the chanber
16 shown generally at 19. Air is periodically or continuously admtted to

t he chanber preferably using nozzles, perforations or mcro-venturis or the
like in a manner whereby the air is dirfgted generally toward the inner
surface of the screen. An air bl eed-off-Pube 20 may al so be provided to

ensure air flow i#x&ﬁ%énfoyspg—:ﬂ ﬁg&!é&%gg}l% &ént%h%rﬁ“ %%ng':os bl ocked.
The air serves n a ) ub the
odour fromthe gaseousRapréé%%f C‘fa[]&rpf({ilf&glgc%np@g %%Q,ta@ebut es in a

surprisingly effective manner eani ng the reen by applyi'ng pressure
fromthe inner sugf@gEn&t!Spikht NhidtidaRid SdiReicdd/ ¢d 20AY mlildnt he

sieve's outer surface 14 and by causing vibration of the screen surface
hel ping to disl odgeingla dsag filter. The screened sewage was then
directed to a model "3M1 Microcompact" manufactured by
Memtec Limited, which contains three membrane
modules. The unit was fitted with a centrifugal feed
pump with a maximum pressure of 120 kPa and was
{ operated in the "dead-end" mode. The microfiltration
merbrane is made from polypropylene and has a nominal
pore size of 0.2 microns. The system operates by
filtering from the outside of hollow fibres to the
inside, thus accumulating a filter cake on the surface
of the membrane. This cake is periodically removed
using a compressed air/liquid back-wash. During
back-washing air is forced through the membrane from
the inside of the hollow fibre to the outside. This
dislodges the filter cake which is then washed away by
a liquid sweep-on the outside. of the fibres.

The microfilter was run for a total of 124 hours
at feed temperatures ranging from 19 to 23°C and pH
from 7.5 to 9.0. Back-washing was set to occur
autbmatically every 18 minutes. The flowrate from the
microfilter was initially 300 L/h but was later
reduced to 200 L/h. Chemical cleaning of the membrane

using caustic and surfactants was carried out every 24

hours to maintain the flowrate.



Finally, the stemof the nmushroom shaped screeni ng arrangenent houses a
subnersi bl e punp 21 which directs the screened aerated and scrubbed sewage
effluent to piping 4 and optionally onto the trickle bed filters 9 or
direct to the mcrofiltration units 5._ ?uLtabIe mcrofiltration units may-
be selected fromthe range of products 5 oduced by Mentec Ltd and sold

under the registered tﬁfﬁ@ﬁg?%léf%%@rgﬁ&"m ﬂ}?éﬁ%%%n%%ﬁ’éﬁtto-r&?- CMF

units 5 and RO units 8 €ac means for chem cally washing or

back-washing the yanipnp SRYb6 CSevdilbe \Esiid s MR Gs) asaniizdatesbdol i ds

- 12 - washed fron1t%ese units is preferably directed back to the sewer via
conduits 22 and reeRe6ti Kbhitedhi TTK@ rdaerie s ntunit wasard t he

outer surface 14 of the screen 13 to assist in keeping the screen clear.

The nain st eps anflibpédondthvar2 28 i imsh iz 2%einch cellulose acetate
reverse osmosis membrane.

The reverse osmosis unit was run for a total of
83.5 hours at an average perﬁeate flux of 17.6 GFD (US
gallons/sq. foot/day) with_a concentrate flow of 6
{ L/min. This géve an average recovery of 7.85%. The
| operating pressufe of the system was kept constant at

a value of 1800 kPa throughout the trial. Concentrate
recycle was used to maintain the required flow in the
RO unit. Chlorine (in the form of sodium
hypochlorite) was added at 1 ppm to the RO feed to
control biological fouling.

Normalised permeate flows for the RO are listed

in the table below and shown graphically in Figure 3.

é%; Run Permeate
“ hours flow (GFD)

30.8 17.6 '
32 17.6
36.6 18.1
56.6 18.1
72.3 17.6
78.5 16.5
93.5 17.4 -

The data shows a slight variation in normalised
flow but generally stable performance. This is
supported by the salt passage data listed in the table

below and presented graphically in Figure 4, which



process and apparat'us in accordance with the first aspect of the invention
w Il now be described in nore detail. Comrencing with the screening that
forms part of the treatnent process of the first aspect of the invention,
it will be appreciated that the enbodi mentji Ll ustrated in Figure 2 is only
one preferred formand that it wll be possible to achieve the design
criteria wth a nungiielh pBy&ken! Aodlt 3 e3edn$Cs emn enbodi nents. In this
regard, commercially available rotating drum screens, belt screens and
various agitating screen arrangenents could be nodified to neet the

requi rements of the invention, Sam | afjl-ySabt gpasssdd y|Stati onary screen

that can be inclined rel ativel tbothg gewage f$ow for Eleaning pur poses can
al so be used. In nost cases the3pr&feqred fo2mdf thejscreen will be

configured to provide a filtrjptB@n vellocity 2h&2 et hroyigh of preferably |ess
than 1.0 m[err] and a resultj ngétfltnate ha¥ihg a maxi mum particle size of
no more than approximately 90D efong and 2-5

72.3 2.72
78.5 2.45
93.5 2.73

The ability of the system to reject contaminates
from the sewage was also studied. This involved
analysis of the screened raw sewage, microfiltered
effluent (filtrate), and reverse osmosis effluent (RO
permeate). Samples were ahalysed for bacteria (faecal
coliforms), Chemical Oxygen Demand (COD), Biochemical
Oxygen Demand (BOD), Nitrates, Ammonia,- Total Kjeldahl
Nitrogen.(TKN), and Total Phosphorus. Averaged

results are summarised in the table below.

Analysis Screened raw|Microfilter|RO% % Removal
: sewa feed (filtr erme
Faecal coliforms cfu/100mL 8x100 8.5 0.8 100
COD mg/L : 376 i 102 14 96
BOD mg/L L 141 52 15 89
Nitrate mg/L_as N ; 0.05 0.01 0,01 .72
Ammonia mg/L_as N 33.2 29 1.5 95
TN mg/L as N 43.6 34.4 2.2 95
Tot. Phos. mg/L P 9.6 9,7 0.3 97
TDS mg/L ' 408 408 18 96

L Conductivity uS/cm@25°C 963 929 30 97
number of samples = 5 .

Conclusion of Treatment sttem_Test

The data shows that operation of the microfilter

on screened raw sewage is feasible and that the



nore ideally around 200 to 250 mcrons. It will be appreciated that these

figures are in part dependent - 13 - on the particular apparatus or
nodel s selected. It will also be appreciated that whilst |ocation of the
screen 2 within the sewer 3 or an adjacent well is the preferred

arrangenent, another option is to punp"tﬁ@ Sewage fromthe sewer to an '
Gepend very mich AL THEVHIISERRR S Hses m gutedp . Be Rokafisktany
uhether or not INeRdd ed dégiidle pdifidaite)) FHoRO LALC kIR L OWERRUTRI NG

systens. Generally, however, it t an additional punping
stage is required gpiesd hfb f YR HdtaIy f(ﬂ{a'ﬁ@yeéhar Bakitheikheogever .

Anot her optional procedure in the process is a coagul ant dosing stage. which
woul d occur prior gahy Keuse applications. The process has also been

shown to be easily stopped and started with no

apparent adverse affects. It should also be noted

that the average permeate flux of 17.6 achieved to

date is extremely good, as this is almost twice the

(f: accepted industry norm. Surprisingly, it was also

unnecessary to chemically clean the RO unit during the
albeit limited duration of the tests.

It will be immediately apparent to those skilled
in the art that the process and apparatus according to
the first aspect of the invention provides a system
which is substantially more compact and more flexible
than any water from sewage mains extraction process
previously known.

The advantages arise at least in part from the
substantial elimination or reduction in the need for
any settlement holding tank type treatment. This
ability to optionally eliminate the need for any long
term and cumbersome settlement or bio-digestion
process arises from the unexpected discovery that
screened raw effluent can be successfully processed
directly by microfiltration.

Turning next again to the screening device made

in accordance with the third aspect of the invention,



mcrofiltration stage 8 at point 24. Wiere a biological trickle bed filter
arrangenent is also included in the process, the coagulant dosing is

desirably perfornmed downstream of this biological treatnment as shown. The
chem cal dosing stage shown generally at, 6 may conprise a nunber of known
treatnments such as injection of an anti-scalant at |ocation 25 followed by

i nj ection of an O{gﬂ?iii ﬂ&sgﬁ?gggﬁaéédg ?EiQﬂezﬁeﬁﬂgéo‘siHB@Cikﬁﬁ&gﬁ_'ln

di sinfectant e.g. orine a Ion 0 contro rolfogical ~gro

use, effluent is ﬁéaﬁﬂetEb&HQ?i&hf9§%LQQQEEQbQ§¥:Cﬁo@eaﬁﬂrﬂﬂgﬁigriyg

conduit 4 either directly'to a 4*- mecrofiltration unit 5 or~an
optional trickle trd s&rbeh gleﬂéﬁendfnﬁhéndbbﬁcéﬁt vbetRk rBarsevageort he

ef fluent may be dosed with a coagulant prior to the mcrofiltration stage.
which the cleaning air is directed, may be of the
static kind such as used in sieve bends, bag screens
or enclosed screens of the kind described, or dynamic_
screens such as fotating drum screens or rotating disc
screens and the iike.
{ The results of preliminary tests conducted on the

preferred form of the pre-screen device as illustrated

in Figure 2 are as follows.

Example 2 - Pre-Screen Operation

A prototype pre-screen, containing water sprays
and an air distribution system for aeration as
described in Figure 2, was manufactured and fitted
with a 500 micron aperture screen with an open area of

. 45.5%. The total screen area was 0.26 m>. The

@gl  screen was opefated at a constant flow of 33 L/min.
Screening velocities of 0.002, 0.004 and 0.008
m3/s/m2 were tested by varying the exposed screen
area.

The screen was submerged in a well in the form of

the inlet.forebay of a sewage treatment plant such
that the entire screen device was completely covered

by raw, untreated sewage. Without the aeration

activated and at a flow of 33 L/min and a screening



The-merofiltration serves to substantially reduce the quantity of
suspended solids. Wiere the mcrofiltration units appear to be having
difficulties in processing the in-feed, a certain degree of cross-flow
through the mcrofiltration units can be tol erated. \hen the
mcrofiltration units becone clogged, thé%ystem automatically. perforns a

sever via 28@??& a‘ti‘? SofEY o 01 B0 s f/uE ERE FEFREH (YRR FEIET 1 1 atf on
ot aoni 6 i sper sancoReFaHé, EoRaabRet TRECef R Er | hibReaS RIS SRR e
R0 o Qther second,gegbEAne; 303K hkPRr £4798na TBEACF SUPRaL 0 REFUEN! ns

sol ubl e organic nm rom precl atin ution an ki ng the

menbranes of the RihrdPfohl aehe&fcéaeeﬁeeéeféaﬁ VB8 heratéd e Sver 90
substantially reduced BOD and may optionally be further treated/sterilised

by injection of chhhitesowitheat. anpesighsl b8 blogk&ye M Meuynhimsithe
i ncor porating
aeration off resulted in the screen blocking after a
further 17 minutes. Once blocked the screen could be
cleaned effectively using the water sprays, but was
{ more readily cleaned using a combination of water
sprays and aeration.
The above was repeated at a screen velocity of
0.008.m3/s/m2, Without aeration the screen
blocked after approximately 3 to 4 minutes. However,
by applying short bursts of aeration, lasting about 10
seconds, every 3 minutes the screen was effectively
cleaned whilst submerged allowing operation to
continue.
Samples collected showed a total solids reduction

{5
et
{3{23\\5-‘

NI

of about 30 to.40%.

Example 3 - Pre-~Screen Operation

In this test the screen used in Example 2 was
refitted with a 250 micron aperture screen with an
open area of 50% and tested at a filtration velocity
of 0.003 m3/s/m2.

Without aeration screen blockage occurred after

about 2 minutes of operation. By applying 10 second



pre-screening of raw sewage foll owed by CM and then RO are as foll ows.

- 15 - Exanple 1 - Pre-Screened Raw Sewage to CMF and RO Raw sewage, taken
directly fromthe sewage treatnent plant inlet, was screened to 200 m cron
using a bag filter. The screened sewage was then directed to a model "3M
M croconpact” manufactured by Mentec LTt ed, which contains three nembrane

dul Th t fitted wth trif t h
pressure of 120 kBRSHRF W2 %e#atat°§a%%%r&héuﬁa@a&%§na§“ﬁ§d¥ eaidy ¢ ‘ﬁ: i
filtrat o
Sizeof 0. 2 m or onetanor ol T B ATy PLRREeRBeRRAe 88, 800 I °

hollow fibres to t '}ﬁtéif' e el ] %&%@é'saWﬂEﬁoﬁtf b'lb%ﬁuﬁ@ke ehckhe surface

of the nenbrane. e is periodically renmoved using & conpressed

air/liquid baCk'Vwﬁﬂbcﬂlﬂd’Hbcurs {(either by insufficient aeration or no
aeration) the screen could be cleaned by turning the
water sprays on for about 10 to 30 seconds.

Turbulence in the forebay, that occurred when
feed was intermittently sent to the sewage treatment
(; plant from one of the pumping stations, also aided in

cleaning the écreen as screened material was easily
washed from the screen surface. This highlighted the
benefit of designing the screen to take advantage of |
natural flows and turbulence that may be present in
the sewer main. Alternatively, artificial turbulence
and tangential screen flows could be achieved by

careful design of the sump or pit in which the screen

is located.

Example 4 - Pre?Screen Operations

The pre-screen of Example 2 was fitted with an
850 micron screen with an open area of 50% and tested
at a screening velocity of 0.003 m3/s/m2.

The screen operated with no aeration and no water
spray for a total of 34 minutes before blocking. With
aeration activated, the screen operated for over an
hour without any signs of blocking. Samples taken

showed a solids removal of 20%.



hack-washing air is forced through the nmenbrane fromthe inside of the

hol | ow fibre to the outside. This dislodges the filter cake which is then
washed away by a liquid sweep on the outside of the fibres. The mcrofilter
was run for a .total of 124 hours at feed tenperatures ranging from19 to
[errr] and pHfrom 7.5 to 9.0. Back- wasi? ng was set to occur automatically

EEEL%SL‘% or ?deuIZS;P% e agqaﬁ}l %é"ﬁ’%‘r’%ﬁ@ﬁgvevfa%m AL g
* g %m%\@é?cgﬁélﬁ alg e&verﬁlh Cl‘H{Cﬁl’(i‘ctl{rgito an the

fl ow at e. -16- romthe mcrofilter was Adm r al
SWr00 reverse 05”%?@ ﬁ%&s(éﬁ HBSghacietEibrhy tyaid %xlé Hdte Gontittiey er se
osSnDSi S unit was wth a Inch x 25 1nch cellul ose acetate reverse

osnmosi s menbrane.py spray water, had fibrous material that was becoming
entangled in the screen and was not easily removed.
This had not been a problem on the finer screens
tested (Examples 2 and 3) as fibres and other solids
tended to lay on the surface and could easily be

(' removed using air and/or water.

Conclusion of Pre-Screen Tests

All the screens tested were effective at removing
fibrous material with the finer screens (250 to 500
microns) being easier to clean. Solids removal ranged
from approximately 30% to 40%-for the 250 micron
screen to about 20% fof the 850 micron screen.

The water sprays were capable of keeping the
screen clean although it was found to be most

%§ effective when.used in conjunction with the aeration.

The aeration systenm ?rovided.a well aerated
sewage (evidenced by fine bubbies in samples
collected) and also assisted in maintaining a clean
screen.

It has been found with screens according to this
third aspect of the invention, that directing air
and/or cleaning fluid to the inner side of the screen

remote from the surface on which the sludge



:The reverse osnosis uhit was run for a total of 93.5 hours at an average
pernmeate flux of 17.6 G-D (US gallons/sq. foot/day) with a concentrate fl ow
of 6 L/mn. This gave an average recovery of 7.85% The operating pressure
of the system was kept constant at a_v e of 1800 [err] throughout the
trial. Concentrate recycle was used to maintain the required flowin the RO

uni t PO ne bk heem Oy 508U BYBRERLELILG]y 6Feaddnde Shedngam | O

the RO feed to contro oul I ng. mal Tsed perneate ows for
the RO are |istedsi Rebpén aahg ggfg&haagegﬂpmn graphlcally in Figure 3. Run
Per meat e hours fl ow (GFD) .6 32 17.6 36.6

18.1 56.6 18. lwiZh3the screéﬁsﬁhiﬁlﬁg apertusés 5i93Ppdrticularl?’. 4

of around 500 microns or less, the sludge is seen to
build up when no air is supplied. However, once the
aeration is activated, the accumulated sludge simply
slides off the screen in fragmented sheets. When the
air is applied conﬁinuously there does not appear to
(H be any substantial build up of sludge.

Although the invention has been described with
reference to specific examples, it will be appreciated
by those skilled in the art that the invention may be

embodied in many other forms.



The data r|at|on in normalised flow but generally st abl e
per f or mai m ﬁﬂﬁim m rted by the salt passage data S Btéggj
beIOM/an gsaphically in Figure 4, which - 1& weel
about 2.2%and 2.7% Run Salt Passage hours 30.8 3?'

2.22 36.6 2.3 56.6 2.53 7.3 2. 7778 2. 45

93.5 2.73 ﬂiﬁﬁ])bﬁvama%T&%e%ﬁcggt @'B'L% S rom t he

sewage was al so st mal'ysi's e“Screened raw
Sewage, n1croflltqud A process for recovering water from raw sewage

extracted dirgctly from a sewer, said process
comprising the steps of:
screening the raw sewage to obtain screened
effluent having a maximum particle size of no more
than approximately 900 microns; and
filtering some or all of the screened effluent
( : through a first membrane separation stage for the
- removal of suspended solids.
2. A process according to claim 1 further comprising
the step of filtering some or all of the effluent from
the first membrane stage through a second membrane
stage for the removal of selected soluble substances.
3. A procesé according to claim 2 further comprising
the step of chemically dbsing the effluent from the
first membrane stage to prevent precipitation of
- soluble organic substances in the solution prior to
@%& passing through the second membrane stage.
4. A process according to any one of the preceding
claims wherein the first membrane separation stage is
a continuous microfiltration process.
5. A process according to any one of claim 2 to 4
wherein the second membréne separation stage is a
reverse osmosis process.
6. A process according to any one of the precéding

claims further including the step of periodically

. i



eff | uent reverse osnosis effl uent (RO pgfFreatre—Sarpres—T)
vvere anaMﬂ"&”"ﬂ"ﬂmﬁﬂ!{a (faecal coliforns), Chenical |DiVifeBHEERHAS BEEN
Bi ochtnilcal® Osygen Dermand (BOD), Nitrates, Anmonilg, Totptﬂp%c@mahl

N|trogen (TKN), and Total Phosphorus. Aygraged results are sanmari s
the tabl e bel ow. Analysis Screen®d raw Mcrofilter RO% % Rermval

sevage feed 111t iidharP P B AR e ElR BRI Afls BomdbSlld 0. ®

0.8 100 COD ma/ L

141 52 sepHration st3dd b&a%%aEE%Laﬁa Neturnin%'Qie washing 01
0.01 72 Amonia ma/L as N 95 ng/ L
as N 4Adhedia and dﬁ%uﬁulaﬁ%dzsollds9al¥@bt19hﬁﬁcﬁﬂ¥8—ﬂﬁe 9.6
9.7 0.3 97 TDS ny/L 408 408 18 6
Conductivity [erislewedt3 929 30 97 nunber of sanples =5

Concl usion of Treatment System Test The data shqws t hat ogeration of the
mcrofilter on sd@reendd progessnageordingatiobkdadmd 6t Wherelia the

washing media is returned in a manner whereby it is

used to assist in cleaning the screen.

8. A process according to any one of the preceding
(f' claims_wherein the screaﬁiﬁé of the raw sewage uses a
screen having aperture sizes in the range of 50 to 9200
nmicrons.
9. A process according to claim 8 wherein the screen
has aperture sizes in the fange of 100 to 500 microns.
10. A process according to claim 8 or claim 9 wherein
the screen has aperture sizes in the range of 200 to
250 microns.
11. A process according to any one of the preceding
claims wherein the screening process is conducted
within the sewer main or a well that is diverted
directly froﬁ the sewer main.
12. A process according to any one of the preceding
claims wherein the screening stage uses a static
screening device.
13. A process according to any one of the preceding
claims wherein the screening stage includes the step
of continuously or intermittently applying a wéshing
fluid to the screen to keep it clean.

This Sp,

Wi



. .
+ 18 - filtrat >d provides a suitable feed for reJgr ' -
Ef uemm E@gﬁ?ﬂmmthe reverse osnosis process i's df THEaBHEBT slab®eEy
qual.i tis se r many reuse applications. The prgicess REPLACED been
shown to be easily stopped and started igtl1-no apparent adverse arftects-
shoul d al so be noted that the average perneate flux of 17.6 achieved to

date i's extrermel 00 adddls® akbosiRy’ ehiah bHe 8RCERECHrepduIbGy norm

Surprisingly, it was 0 unnecessary t0 chem clean the uni
during the al bei cildifd achrded!t igR1alihgethesktepl be\phkshfg ERRdi ately
apparent to those skilled in the art that the process and appar at us
accordi ng to the sidretineds pftluehtt hhroaghnki ¢ripkde Hed suspehasdwhi ch i s
substantially nore conpact and nore flexible than any water from sewage
mai ns extracti ongmostds fiditeri owsbgherolw residence time biological

treatment process prior to the microfiltration stage.
15. A process according to any one of the preceding
claims further including the step of dosing the
screened effluent with a coagulant prior to the first

C membrane separation.
16. A process according to any one of claims 2 to 15
including a final sterilization stage.
17. A process according to any one of claims 2 to 16
including a stage for disinfecting effluent from the
first membrane separation process to prevent biogrowth
in the second membrane separation process.
18. An apparatus for recovering water from raw sewage
extracted directiy from a sewer, said apparatus

) comprising: |

@rt ' screening means operable to obtain from raw
sewage a screened effluent having a maximum particle
size of no more than approximately 900 microns; and

first membrane separation means operable to

filter the suspended solids from some or all of the
screened effluent. *
19. An apparatus according to claim 18 further
comprising second membrane separation means operable

to filter selected soluble substances-froﬁ some or all

This Sheet Has Been Replaced
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S T

The advant H,lmﬂ’,ummml in part fromthe substantial_.elinination or
reduction i ny settlenment. hol di ng tank typeuid SatEERAs BERNS
ability to optionall¥y &liinate the need for any |ong taf m antepyAepsone
settl enment or bio-digestion process arisgs_fromthe unex '
t hat screened raM/efquent can be successfully processed directly by
mcrofiltration. et ¥ bl %@%1%@%&&%“%%6!?
accordance with the aspect of the invention | be
appr eci at ed thatﬂéyhgkwwce is not limted to the specific form descri bed.
More particularly, the screen elenent of the device, to the rear side of
whi ch the cl eani 2g.ai An ;appbaethed acaorditioftd kA admatlicc furttheatich as used
in sieve bends, bag screens or enclosed screens of the kind described, or
dynam ¢ screens swaiprdssimg athiewicvludosdnge means tot diriead dilec effluent

from the first membrane separation stage so as to
prevent precipitation of soluble organic substances in
solution.
21. An apparatus according to any one of claims 18 to
(3_ 20 including means to periodically wash or back-wash
h the screening and membrane separation stage or stages
and return the washing media and accumulated solids
back to the sewer.
22. An apparatus according to claim 21 including
means to direct the washing media back to the sewer in
a manner whereby it assists in cleaning the screen.
23. An apparatus according to any one of claims 18 to
22 wherein the screen aperture sizes are in the range

of 50 to 900 microns.

24. An apparatus according to any one of claims 18 to
23 wherein the screen aperture sizes are in the range
of 200 to 250 microns.

25. An apparatus according to any one of claims 21 to
24 wherein the washing media for the first and/or
second membréne separation stage includes chemical
cleaning agents.

26. An apparatus according to any one of claims 18 to

25 wherein the screening device is designed for use

“ﬁﬁiimiiifﬁﬁi“uﬁn )



scree and the I| e results of prelimnary tests c{regerFet—om tHhe — |
preferrmmm e-screen device as illustrated if Hill§EHEET HASBEEN
foll ows €- Screen Operation A prototype pr -scre@ﬁPLACED

cont ai ni g Vat er sprays and an air distgipbution system fof  ae aeratron as
described in Figure 2, was manuf act ured“and fitted with a 500 micron

aperture screen uifh Al AREN-GuER A5 woe AN eltasT EoFest sy #REmO. 26

[err]. The screen was operated at a constant flow of 33 L/mn. Screening
velocities of 0.004e fofOf RAEN0O. 008 3 2 [err] were tested by varying
t he exposed screen area. The screen was subnerged in a well in the form of

the inlet forebay2pf aasesdpgsratestaetdr@ingtits uay témé dheckaimsel8cteen
devi ce was conpletely covered by raw, untreated sewage. Wthout the
aeration activat ezls ailenéin thevscfe&3ing means dcemprisesni agstatic
screen.
28. An apparatus according to any one of claims 18 te
27 wherein the screening means comprises a dynamic
screen such as a rotating belt or drum screen.

( 29. An apparatus according to any one of the claims
18 to 28 wherein the screening means includes washing
nozzles or jets that direct water and/or air or other
washing medium to the screen.

30. An apparatus according to any one of claims 18 to
29 further including a trickle bed suspended growth
filter arrangement disposed prior to the first
membrane separation stage.

31. An apparatus according to any one of claims 18 to

30 further comprising means to dose the screened

effluent with a coagulant prior to the first membrane
separation means.

32. An apparatus according to any one of claims 18 to
31 further comprising sterilization means disposed to
treat the effluent from the first or second membrane
separation means.

33. An apparatus according to any one of claims 19 to
32 further comprising means to disinfect the effluent

from the first membrane separation process to prevent

f\
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2 veloci t " [err] the screen was abl e tQ.opatate—*F

apprOX| mmm‘&ul ‘mﬂ‘ﬁ before blocking up with fibro TﬁgsmtﬁaﬂHaadBEENh:r
sol i ds. ctivated the screen was oper at gp forHﬁFﬁAGﬁD

mi nutes Wit hout any S|gns of bl ockage. Tyrning the aeratFer=orr I'n
the screen blocking after a further 17 fitnutes. Once bl ocked the screen

coul d be cl eaned effectv{%(‘)li/n L@@gséé&dva&&b %)‘;gyée Mty@%eﬂp‘g&"égadl |y

cl eaned using a 3% nof “wat'er sprays an aer 21 on ove was

repeated at a scrgen vgl ooldan flg ‘?ﬁe\{l@e Op QP8 rdShing raW { S&hgE8CERERON

the screen bl ocked after approxifate to 4 mnutes. However, by applying

short bursts of aergyep é@f&'d&v?&@%oﬁ&rﬁ@fﬂ@ds every 3 ninutes the
screen was effectively cl eaned whiT st subnerged al |l owi ng operation to

a screen adapted to permit passage of screened

effluent from an outer surface of the screen through
the screen; and
means to direct air generally toward an inner
surface of the screen to assist in removal of solids
C? that accumulate on the outer surface of the screen.
35. A screening device according to claim 34
including means to direct air to the inner surface of
the screen in intermittent cleaning blasts and/or on a
continuous basis for odour scrubbing.
36. A screening device according fo claim 34 or 35
wherein the screen defines a portion of the surface of
an enclosed chamber and is adapted to permit passage
of screened effluent from the outer surface 6f the
o screen through the screen and into said chamber.
é%& 37. A screeniﬁg device according to claim 36
including a pump for extracting the screened effluent
from the chamber.
38. A screening device accérding to any one of claims
34 to 37 including means to direét cleaning water or
additional washing media to the screen.
39. A screening device according to any one of claims
34 to 38 wherein the screen is a static screen.

40. A screening device according to any one of clainms

—_—
This Sheet Has Bee;
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S BEEN
Exanpl wi'th a 250 micron aperture screen
of 50% and tested at a filtration velocjty of 0.003 [err] Wthout aeration
screen bl ockage occurred after about 2 "m nutes of operation. By applying 10

second - 21 - 3QUEQ! $808H3RE3HI BReCYBLEeR TENH! & ?nﬁhl@’ slsREr & dif

aeration on continuously, screen operation was confinued for 75 m nutes
wi t hout blocklngasCacgoﬁthh NArQaCebsebnl bRcaiby: sazekhi.ci ent aeration or
no aeration) the screen could be cleaned by turning the water sprays on for
about 10 to 30 segonda stweenliagcaevicehactorainy, tohahyoone ofd cMeims

Gonti nue. cted showed a total sol i ds reducti'nﬂqt
40% - !“ ﬂﬁﬁnm reen Operation In this test the scfleen ugg A

34 to 40 including some form of additional scraping
mechanism selectively operable on the outer surface of
the screen.
42. A screening device according to.any one of claims
34 to 41 wherein the shape of the screen is configured
I to as to utilize the expected turbulent sewer flow to
assist in cleaning the screen.
43. A screening device according to any one of claims
34 to 41 including means to vibrate the sdreen and
dislodge accumulated sludge.
44. A process for recovering water from raw Sewage
extracted directly from a sewer in accordance with.any
one of claims 1 to 17 incorporating a screening
process that use a screening device in accordance with

any one of claims 34 to 42.

45. An apparatus for recovering water from raw sewage
extracted directly from a sewer made in accordance
with any one of claims 18 to 33 incorporating a
screening device in accordance with any one of claims

34 to 43.

ThlS Sheet Has Been Reﬂla
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feed was intermttently sent to the sewage treatment plant fromone of the
punpi ng stations; also aided in cleaning the screen as P LT Retesti-g
was easi’ly washed fromthe screen surface. This highlid
designing the screen to take advantage of natural fl owssanc
may be present in the sewer main. A-t&8dnatively, artificial 5
tangential screen flows could be achieved by careful design of the sunp or
pit in which the screen is |located. Exanple 4 - Pre-Screen Operations The
pre-screen of Exanple 2 was fitted with an 850 m cron screen with an open
. area of 50% and tested at a scre@BSTRA0I ocity of 0.003 [err]. The screen
operated with no, aeration and no water spray for a total of 34 ninutes

bef ore hl ocki ném‘We(-h acMETHOP 221D \ARRARATURE ROR RECAYBRINGEHWATER over an
hour wi thout any-signs of blocklng S%gfles t aken showed a solids renbval .
of -20% - - “WER MAIN . S o

A process and apparatus-(l) for recovering water from
raw sewage extracted directly from the sewer including
screening‘means (2) operable to obtain from raw sewage a
screened.éffluént haviné a maximum particle size of no
more than.approximétely 900 mictdns. The apparatus also’
cbmpriSes first membraﬁe separation means, preferably in

" the form of a continuous microfiltration unit (5), which

( is opérable to filter the suspended solids from some or
| all of the screened effluent.
~ In the preferred form; the process also includes
second membrane séba?ation means,.preferably in the form

"~ of reverse osmosis filter-(8),.ﬁhich operates to filter
selected sdluble substances from some or all of the
effluent from the first membrane separation means (5).
6ptiéna1 additional précess stages include chemical
dosing means (G)Haﬁd a.tricklé bed suspendéd gfowth :

filter (9) or other short residence time biological

tregtment process. .

In the preferred ffom, the screen mesh size is
selected to result ip a scréened'effluent having a
maximum partidle size of around 200.to 250 mic:ons:-

~Desirably, the screen (2) also includes means to inject

~air to deodorise the sewage and/or assist in cleaning

the screen.

This Sheet Has Been Re'ilac
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« 22 ¢ After a total of 90 ninutes:oberation the screen was renoved and’
exam ned. Wiilst the bulk of the screen was cl ean sone sections t hat were

not contacted by spray water, had fibrous material that ;rﬁ L S BEEN
entangled in the screen and was not éasily renoved. This: g .
probl emon the finer screens tested (Exanples 2 and 3) a :
solids tended to lay on the surface g could easily be renmoved using air
and/ or water. Conclusion of Pre-Screen Tests Al the screens tested were
effective at renoving fibrous material with the finer screens (250 to 500
m crons) being easier to clean. Solids renoval ranged from approxi mately
30%to 40% for the 250 m cron screen to about 20%for the 850 m cron
screen. The water sprays were capabl e of keeping the screen clean although

it was found to be nost effective when used in conj UI’IC'[I?I’I with the
aeration. Theﬁwm provi ded a well aerate/

1
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sewage (evi denced by fY ne bubbles in sanples collected) and al so assisted
in maintaining a clean screen. It has been found with screens according to
this third aspect of the invention, that directing air and/or cleaning
fluid to the inner side of the screen renote fromthe surface on which the
sl udge -23- accumul ates, provides a surprisingly effective nethod of
keeping the screen clean. Wth the screens having apertures in particular
of around 500 microns or |ess, the sFﬁﬁge is seen to build up when no air
is supplied. However, once the aeration is activated, the accumnul ated
sludge sinply slides off the screen in fragnmented sheets. Wen the air is
applied continuously there does not appear to be any substantial build up
of sludge. Although the invention has been described with
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-r éf:erence to specific’exanples, it will be appreciated by those skilled in
the art that the invention may be enbodied in many other forns. 24

CLAI Ms: 1. A process for recovering water froma source of raw sewage
extracted froma sewer main (3) , said process conprising the steps of:
directly screening the raw sewage to obtain a screened effluent having a
maxi mum particle size of between 5®/and 900 [err]; filtering sonme or all of
the screened effluent through a first mcrofiltration menbrane separation
apparatus (5) for the renoval of suspended solids w thout an internediate
| ong term bi ol ogical treatnment/settl ement stage; chemcally dosing the.
effluent fromthe first mcrofiltrati on nenbrane separation apparatus (5)
with an anti-scalant (25); filtering sone or all of the chem cally dosed
effluent fromthe first mcrofiltration nmenbrane separation apparatus (5)
t hr ough

&
/8 ° o
\./
S e
(- /e +
é”--
/0 |3 2 K3 3 2
] ] L] | 8
z 20 o o Bo o0
fG. 3
5 -t
— /0
25 1 ‘\.“/ .
2 4
G
& el
7/ -
5 o
o + ' f i -
o 2 Lo éo0 8o /00

G, 4




a second finer nmenbrane separation apparatus (8); hashi ng
said firs} 'gjo Ttratro nbr ane separati-on apj 'sai d
second fi e.{_ﬂl E1 %@%%h‘ ion apparatus (8) wt ugm or
medi a to jlemy ated [polids; and returning I ym or
medi a and accumul ated solids back to 3hid raw sewdgq source. 2. A process
according to claim1, wherein the screening step ils conducted withi§ the

‘sewer main (3) or a well that | RABRIRAGRJ direct! |\ fromthe sewer—ahin. .3.
A process accop _al.m further including the step of
dosi ng the scregl#\“gcgi effI(ijﬁ%lﬂi[o%ﬂnahggﬁﬁﬁmﬁtF?§4ﬁEﬁpVW¥% TERr at i on
t-hrough the first m crofy (hiqil ngﬁgﬁe separ ati on appar atus” (5). 25
4. A process accordi ng T0 any one o e preceding clains, including
the. step of disinfecting effluent from the first microfiltration
‘menbrane sepaPapirocesspand: eppasptus {Advéer recovering water from

raw sewage extracted directly from the sewer including
screening means (2) operable to obtain: from raw sewage: a
screened-effluent having a maximum particle size of no
more than approximately 900 microns. The apparatus also’
somprises first membrane separation means, preferably in
the form of a contlnuous microfiltration unlt (5), which
is operable to filter the suspended solids from some or
all of the screened effluent.

" In the preferred form; the process also includes
second menmbrane separatlon means, preferably in the form
of reverse osmosis fllter (8), whlch operates to fllter
selected soluble substances from some or all of.the--
effluent from the first nembrane separation means.(S).
Optienal additional process staées'inelude.chemical
d051ng means (6) and a trlckle bed suspended growth
fllter (9) or other short re51dence time biological
treatment process.

In the preferred from, the screen mesh size -is
selected ro.resnlt in a screened effluent naving a
maximum particle size of around 2oo'to 250 microns. -
Desirably, the screen (2) also includes means to inject
air to deodorise the sewage and/ox assist.in sleaning

the screeén.

[Selec.:ted Drawing ]: Fig. 1 This Sheet Has Been Replaced
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-brogromrh in the second-finer—membrane separation s(8) 5 A

process according to a edi ng cl aijnB PWEMENilMEQ‘h step
of' further chemnically W\‘“M‘\g““mmt fromthg fTrsT—mrcrof tion
renbr ane separation paramuss(5) to preven o¥ | )f sol ubl e
organi ¢ substances in the solution prior to passi bcpnd

finer menbrane separation apparatus (8). 6. A pio - | tp any
one of the preceding -clainms, whereinzghe first ycrofiltration nmenprane
separation apparatus (5) is arranged t o operate a conrrmUoTs

m cr of IJUAIMS :on process. 7. A process according to any one of the

preceding. claims;, wherein the second finer nenbrane separation apparatus
(8) is arrardged %R?Q@ﬁéﬁefarrm@@wmf@rprﬁ}”@eb§ sgurce fof i gewage

accordin any .one of the precedj wherein the scre (2 used
o he el Ry TEPB A hat AT ol DY ze 91 RO TSARCRAPRAI AL B0

A proc% accordlng to any one of the preceding clains, wherein the screen
(2) used’in the screening step has aperture sizes in t he range of 200 to

whor b Lo SeshBosEESerag ekt Abtn SobbpthEapacpom AR etuent

having a maximum particle size of between 50 and S00 pm; _

filtering some or all of the screened effluent through a first
microfiltration membrane separation apparatus (5) for the remeval of
suspended solids without an intermediate long term biological
treatment/settlement stage;

chemically dosing the effluent from the first microfiltration
membrane separation apparatus (5) with an anti-scalant (255;

filtering some or all of the chemically dosed efflueut from the

- first microfiltration membrane separation apparatus (5) " through

a second finer membrane separation apparatus (8);

periodically backwashing said first microfiltration ~membrane
separation apparatus (5) and/or said secend finer membfane
separation apparatus (8) with a washing medium or media to remove
accumulated solids; and

returning said washing- medlum or media and accumulated sollds

back to said raw sewage source.

2. A process according to claim 1, Wherein the screening step is
conducted within the sewer main (3) or a well that is diverted
difectly from the sewer main. |
3. A process according to claim 1 or claim 2, fufther
including the step of dosing the screened effluent with a coagulant
(24) prior to filtration through the first microfiltration membrane

separation apparatus (5).



whereby it or they i's or are used to assist in cleaningthe screen (2) used
i n the screening step. 26 11. A process according tg_mm-roé”gﬁe
precedi‘ng clainms, wherein the screening step uses a gt 3
device (12). 12. A process according to any one of thg fgrecedi.ng cl ai
wherein the screening step includes the step of contijuquddy JUN 1998
intermttently applying a washing fluid to the screen{(13). to keep it
clean. 13. A process according to any of the prec;ding clarnms, furtfper
i ncluding the step of passing the screened effluent thoughealau. residence
time trickle ped %g%%ggg filt | o |

bi ol ogi cal trlg'at me%nt appar a%éwgpltr}lhoﬂrd tt{? t%]@ S(?.g%o%{ne,;}# ?%%%ﬁ%at Oﬁca%é{iﬁ%,
first moseiadingt i eReMesbEgNeoseP@ 8inPEcODR@r JE51 St lfromA ghiéocebbrst
according to any one of the preceding clains, including a final

sterilisatcoofsitpatisn Anemppanat useparatibonyeapparaktwser {5bm o s@revent
raw '

biogrowth in the second finer membrane separation apparatus (8).

5. A process according to any one of the preceding claims,
comprising the step of further chemically dosing the efflﬁent from
the first microfiltration membrane separation apparatus (5) to
prevent precipitation of soluble organic substances in the solution
prior to passing through the second finer membrane separation
apparatus (8).

. 6. A process according to any one of the preceding clains,
wherein the first microfiltration membrane separation apparatus (5)
is arranged to opefate a continuous microfiltration précess.

- 7. A process according to any one of the preceding claims,
wherein the second finer membrane separation apparatus (8) _is.
~arranged to operate a reverse OosSmosis process.

é. A process actofding'to any one of the preceding ciaims,
whgrein the screen (2) used in the screening step has.apertu:e sizes

N in_the range of 100 to 500 jpm,

9. A process according to aﬁy one of the preceding claims,
wherein the screen (2) used in the screening Step has aperture sizes

in the range of 200 to 250 um.

10. A process according to any one of the preceding claims,
wherein the washing medium or media is or are returned in a manner
whereby it or they is or are used to assist in cleaning the screen

(2) used in the screening step.



sewage extracted directly from wer n&in (3), s | REPRAGEMENTS SHEET -
conprising: scréening neans (2) operable to obtain di, w |sewage

a screened efflue lﬁ m particle size pf{ bet. 0. and 1900
[err]; first m ch“‘“rmllm| ‘s ane separation mehng @@Wj@geégﬂl o to
filter the suspendé&d Sollids' from sone or all of the|skreened eff t

wi thout an internediate |ong term bi obggi cal treatngnt stage; nmeans (R5)

to chemcally dose t he ef f | uent from the 2ttt
mcrofiltratiogn nmbrane separatiqQn ans (5) wt - anti-sgal ant; .second
[l ner menbratd-ri P PRECSRSnBarOTIaNdo a, 266 oPY P ChE BEeGaraAdeoFiRige:
Subst ANGESrINMATBHechling0ls ol WS At 180580 oBhL hyehbyk L1 Bg . f1 1 <!
mcrofiltration nmenbrane separation nmeans g), nmeans to periodically
backwash the first mcrofiltration

12. A process -according to any one of the preceding claims,
wherein the screening step includes the step of continuously or
intermittently applying a washing fluid to the screen (13) to keep

it clean.

13. A process accoraing to any one of the preceding claims,
further including the step of passing the screened effluent through
a low residence time trickle bed suspended growth filter (9) or
other low residence time biologicai treatment apparatus prior to the
step of filtering through the first microfiltration membrane

separation apparatus (5). _ L : _ .

14. A process according to any one of the preceding claims,

including a final sterilisation step.

15. BAn apparétus for recovering water from a source of raw
sewage extracted directly frpm a sewer main (3), said apparatus'(li
comprising:

_séreening means (2) operable to obtaih directly from raw sewage
a screened effluent having,a maximum particle size of betwéen 50 and
900 pm; |
' first microfiltration membrane separation means (5) operable
.to filter the suspended solids from some or all of the screened
effluent without an intermediate long term biological treatment
stage; |

means (25) to chemically dose the effluent from the



. menbr ane separa%#@nanﬁéﬂgﬁigl~§gg4or t he second finer | ' '
nmeans.(8) with shi ng nediu nmedi a to renove accynBEPLAGEMENT jSHEET
ngans (22, 23, l@fﬁ” ”u gifl washi ng nmedi um or nedfa and accunul at pd

sol i ds back to Eource 16. An apparat u$ QUPQW*‘DS clajm

I5, wherein the screenlnﬁ nkarrs (2) is designed for usg he sew

main (3) or a well diverted directly fronlthe sewer mafn

apparatus according to claim 15 or cl ai further cnnpr|5|ng means (24)
to dose the screened effluent with a cong Iant prior to tThe flrst

mecrofiltrat] rat| ans ccordlng
“to any Oné€%¥§€|@$€§5€£f%§§§ fur erngoﬁ%PégﬁﬁdCWbans%%gag ﬂﬁ%lﬁ?ect
the ef fl ueamtisoralaetfirst mcrofiltration menbrane separatlon means (5)

to prevent biogrowh_ in the second finer nmenmhrane filtration neans (8). 19.
An appar atus acteFeRrtgt1iBe¥| BERPFaNe; lflltlf"'r?ﬁté@ﬁ‘pl“}eﬁr’r?g @erﬂR%i‘F%%%lﬁﬁ

means (26)g{prdfegblébeeql 5biGBh el SABstARLY Frdil Fdd dr &I PofrepReane

separation nmeans (5) so as to grevent preci pitation of soluble organic
subst anceschemically dosed eff uent from the first microfiltration

membrane separation means (5);
means to periodically backwash the first microfiltration
membrane separation means (5) and/or the second finer
membrane filtratian means (8) with a washing medium or media
to remove accumulated solids; and ' '
means (22, 23; 17) to return said washing medium or

media and accumulated solids back to said raw sewage souxrce.

16. An apparatus according to claim 15, wherein the
" screening means (2) is designed for use within the sewer main

{3) or a well diverted directly from the sewer main (3).

17. An apparatus according to Elaim 15 or claim 16,
further comprising means (24) to dose the screened effluent
with a coagulant prior to the first microfiltration membrane

' separation means (5).

18. An apparatus accordlng to any one of claims 15 to
17, further comprlslng means (27) to disinfect the effluent
from the first microfiltration membrane separation means (5)
to prevent biogrowth in the second finer membrane filtration

means (8).

19. An apparatus according to claim 18, furtherx
comprising chemical dosing means (26) to treat the effluent
from the first microfiltration membrane separation means (5)

s0 as to prevent precipitation of soluble organic substances

~in solution.



“in solution. 28 20. An apparatus according to affy | s to
19, \/\/r']'eremll wlﬂal Ismlltu)ullo,fi | tration menbrane sepa aﬁéﬂ"&ﬁc E@i%ﬁg"-l 3

arranged i OOt nuous microfiltration process. 21. An appaf atus
according to any one of clainms 15 to 20, wherein th¢ e QA dUN 98 nEnpr ane
separation stage (8) is arranged to operate a revergejosnosis proceps} 22.
An apparatus according to any one of clains 15 to 21, ereln the apefture
si zes of the screening neans (2) are i48$ the range offl 200 to 250 [Lecrcld 23.
An apparatus according to any one of clains 15 to 22, including neans (17)

to direct e hi ' Qr qﬁQi a t sewer j-n.a .l e Whﬁé eby
it or theytztzg)sisi Sts %p%g%{l:g? i ealgl!(ﬁg%(htgggc:beeeniér‘]\g ﬁé’%ﬁgs(%g %2 n
appar at s ACGPH I {95 2N OREF PL t AR OB membPards: sdfiFAl b e s hisP is
medium or nmedia for the first mcrofiltration nenbrane separation neans (5

and/ or dhearspadrtb fopwratrendreémet inuous microfiltration process.

21. An apparatus according to any one of claims 15 to 20,
wherein the second finer membrane separation stage (8) is arranged

to operate a reverse osmosis process.

22, BAn apparétus according to ahy one of claims 15 to 21,
wherein the aperture sizes of the screening means (2) are in the
range of 200 to 250 mpm.

23. An apparatus accoi:din'g to' any one of claims 15, to 22,
includihg means (17) to direct the washing médium:or méaia back to
the sewer in a manner whereby it of they assists or assist in

cleaning the screening means (2).

~24. An apparatus according to any one of claims 15 to 23,
wherein the. washing medium or media for the first microfiltfation
membrane separation means (5) and/or the second finer membrane
filtration méans (8) includes or include a chemical cleaning agent

or agents.

25. An apparatus according to any one of claims 15 to 24,

wherein the screening means (2) cqmprises a static screen (13).



filtrat
agent s

t he scr
SHEET 2
the scr

or drum screen. 27. An apparatus accordlng to any one

wher ei n
t hat di

ion nmeans (8) includes or include a chem cal cl ea‘nIREQLRmnENTosHEET
25. An apparat us %ordl ng to any one of clains

Segémﬁjmau ﬂ rises a static screen (13).

cording to any one of claing
eeni ng neans 2) conprises a dynam c screen such

the screening neans (2) i ncl ude$® washi ng nozzl

LgcgcégﬁgyhgggéQL one qui%ﬁfgh EQPF?%QQ w%%igaﬁ%L §gﬂhg sﬁbf?

appar at _

r?S'denghékgﬁntEh@kkgrgéﬂlﬁﬁsﬂﬁ?ﬂ%d (2 OWbliphiilse8 a aYh n%@”ﬁ&ieen(gﬁch as
di sposed upstream from rst microfiltration menbrane separation
means (&) ro28tiAg Bpperetrudramcecdiesg.t o any one of clains 15 to 28,

27. An apparatus according to any one of claims 15 to 26,
wherein the screening means (2) includes washing nozzles or jets
(17, 19) that direct water and[or air or other washing medium to

the screen.

28. An apparatus according to any one of claims 15 to 27,
further includihg short residene time trickle bed suspended growth
filter arrangement (9) disposed upstream from the first
microfiltration membrane separation means (5) .-

29. An apparatus according to any one of claims 15 to 28,
further comprising sterilisation means disposed to treét the
éffluent from the first microfiltration membrane separation means

(5) or the second- finer membrane filtration means (8).

30; An apparatis according to any one of claims 15 to 29,'
wherein the .screenihg means (2) is a submersible screening device
comprising:

a screen (13) inclined to the horizontal and/or to the
direction of sewage flow, said screen (13) defining a portion of a
surface of an enclosed chamber (16) and being adapted to permit
passage of screened effluent having a maximum particle size'of

between 50 and 900 pm from an outer surface (24) of the screen



further comprising sterilisation neans disposed to t{eREPLACRMENT fSHEEDt| -
fromthe first mcrofiltrati on menbrane separati on nmeanfg (5) or tie cpnd
finer menbrane filtration neans (8). 30. An apparatus a:cggpiq& gﬁgan one.
of clainms 15 to 29, wherein the: screening neans (2) {s a_suﬁ r I

screeni ng device conprising: a screen (13) inclined tp ! By _
and/or to the direction of sewage flgg, said screen ([L3) defining a porftion
of a surface of an encl osed chamber (16) and bei ng adapt€d TO permt

' passage fi S qgg&ﬁ eff| uent i IJrum. parti.cl e ' f cen 50
gnd 900 %%f’rgtrr}ﬁ an “out é:frhesu% éjc% %ﬁdf >§)ﬁ121i§,(1:: eé?trallgl 30%%@??%%% Bh
the screen fédhs af1h) NEPsS3EEd with3mDEdad OdnamBeRs (163 PASEE air
wi.thin said chanber (16) to direct air generally toward an inner surface
(15) of geheratilgehowdBd 4 ianssrstsurfacenoMd) of thlel dericeat (ag¢urpl akeiet
the outer surface (14) of the screen (13) by applying pressure to the

i nner s&pf Femovailspiomolidss thaén @reumilateaod thevppteri oaunfacke outer

surf ace

(14) of the screen (13) by applying pressure to the inner surface.
(15) of the screen (13) and causing vibration of the outer surface
(14) of the screen (13);

means (21) to extract a screened effluent from said
chambgr (16); and | | |

an air bleed-off outlet (20) disposed adjqcent an upper
edge of the scréen (13) to facilitate venting of excess air in said

chamber (16).

31..An'apparatus according to claim 30, inqiuding means (19)
to direct air to the inner surface (15) of the screen (13), in
intermittent cleaning blasts and/or on a continous basis for

removal of solids and odouf'scrubbing.

32. An apparatus according to claim 30 or claim 31, wherein

said screen (12) is genérally convex.

33. An apparatus according to claim 32, wherein the air bleed-
off outlet (20) is disposed adjacent the apex of the convex screen

(12) .

34. An apparatus according to any one of claims 30 to 33,
wherein said effluent extraction means (21) are in the form of a

pump.



. (14) of the screen (13); neans-(21) to extract a scr
“chanber and an air bleed-off outlet (20)

an upper Bmm‘"“ “ﬂﬂﬁ (13) to facilitate ventihgret—excess™arT] i
sai d chanb ppar atus according to cla 38, Q ﬂﬁb”g neans
(19) to direct air to £he i nner surface (15) of the $cte n”(l @) n {. -
intermttent cleaning blasts and/or on a continous basis fnr_LgnewBI of
sol ids and odour scrubbing. 32. An paratus accordifg to claim30 or glaim
31, wherein said screen (12) is generally convex. 33—Ap—apparatus

accor di ng t 85¢! airN SPpa S| Bctbeashy tBl %ﬁﬁr Md 8¢t kehind0)30 scdli spased
adj acent the apex of the convex screen (12). 34. An apparatus according to
any onén@ﬂudxngnméﬁhso(l73318Mh£bed1namu1cﬁédnung watteracor onadddnsohal)

are in the formof a un%
' washing media to the screen (12)

RERLAOEMENT zsaﬁag

36. An apparatus according to any one of claims 30 to 35,
including an additional scraping mechanism selectively operable on

the outer surface {(14) of the screen (13).

37. A process for recovering water from a source of raw sewage
extracted from a sewer main (3) substantially as herein descfibed
with reference to any of the embodiments shown in the accompanying

figures.

- 38 An apparatus for recovering water from a source of raw
sewage extracted from a sewer main (3) substantially as herein
described with reference to any of the embodiments shown in the

accbmpanying figures.

39 A process as claimed in claim 1 for recovering water from
a source of raw sewage extracted from a sewer main (3),
substantially as herein before described with reference to any one

of the examples contained herein.

40 An apparatus as claimed_ih claim 15 for recovering water
from a source of raw sewage eXxtracted from a sewer main (3),
substantially as herein before described with reference to any;

one of the examples contained herein.



3% 35. An apparatus according to any one of clains 30 t 7T
" means, (17, 18) to direct cleaning water or additional wasﬂﬁﬁ#é&é@ﬁﬁgg QE e

screen (12). 36. An apparatus according t.o any one of cJajns 30 to 35,
i ncludi ng an addi tional scraping nechani sm sel ectively bpergy $UNMILse
outer surface (14) of the screen (13). 37. A process fol fecovering watler|
froma source of raw sewage extract edl/f3rom a-sewer main} (3y-supstanttarl
as herein described with reference to’adny of the enbodi fents shown in th
acconpanyi ng figures. 38 An apparatus for recovering water froma source
of raw sewage extracted froma sewer main (3) substantially as herein
descri bed with reference to any of the enbodi nents shown in the

acconpanyi ng figures. 39 A process as clainedin claiml for recovering

= =

water froma source of Taw sewage extracted from a sewer nain
(3), substantially as h +f]] bef ore described with referggte to any one of.
the exanpl es n d hereilh. 40 An apparatus as claynmed in claim215 for
recovering watjer friomfa gourjge of raw sewage extragfed froma sewer main
(3),
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substantially as herei n before described with reference to
exanpl es cont ai ned herei n. ﬁEgEEC&EngEET
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the chamber 16 shown generally at 19. Air i

periodically or continuously admitted to the MBEE
'preferably using nozzles, perforations or
micro-venturis or the like in a manner whereby the air
is directed generally toward the inner surface of the
screen. Aan air bleed-off tube 20 may also be provided,
. to ensure air flou is continuous when applied even
when the screen is blocked. The air serves not only
. to aerate the .screen_ed effluent and/or ‘scrub tl_le odour
'from the gaseous portion -of the-'ef'fluent', but also
contributes- in a surprisingly effective manner to
- cleanin_g the_screen by applying pres_sure from the
--inner surface causing the sludge to Ee driven 'aﬁay o
: from the sieve’s outer surface 14 and by causing

:_ vibrata.on of the screen surface helping to dlslodge
solids. - _

Finally, the stem of the mushroom shaped
screenlng arrangement houses a submerSJ.ble pump 21
wh:.ch directs the screened aerated and scrubbed sewage
effluent to plplng 4 and optionally onto the trlckle
bed fJ.lters 9 or direct to the mzcroflltratlon un:.ts
5. Suitable mlcroflltratlon units may be selected
from the range of products produced by Memtec Ltd and
sold under the registered trade mark "Memtec" such .as
the M10 CMF unit.

The ;_CHF units 5 and RO units 8 each include_ means
for chemically washing or back-washing the various

devices. The washing media and accumulated solids
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ABSTRACT
' Title: . METHOD AND APPARATUS FOR RECOVERING WATER
FROM A SEWER MAIN

_ A process and apparatus (1) for recorering-water from
raw sewage extracted dlrectly from the sewer including
screenlng means (2) operable to obtaln from raw sewage a
screened effluent hav1ng a maximum partlcle size of no
more than approximately 900 microns. The apparatus also
comprises first'membrane separation means} preferably in
the form of a continuous microfiltration unit (5), which
is operable to filter the suspended solids rrem some or
all of the screened effluent;.

" In the preferred form, the nroceSS'also includes
second membrane senaration means, preferably in the form.
of reverse osmosis filter: (8), nnich dperates to filterf
seleeted soluble substances from'sone or all of-the
effluent from the flrst membrane separatlon means (5).
0pt10na1 addltlonal process stages ‘'include chem1ca1
d051ng means (6) and a trickle bed suspended growth
fllter (9) or other short res1dence time blolog1ca1

treatment process.

In the preferred from, the screen-mesh’size'is
seleeted to result in a screened'effluent having a -
maxXimum particle size of around 200.to 250 microns.-
De51rab1y, the screen (2) also includes means to lnject

.alr to deodorise the sewage and/or a581st in cleanlng

the screeén.



