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- 1 - TITLE COVBI NATI ON MEMBRANE/ Bl OLYTI C FI LTRATI ON
TECHNI CAL FI ELD 5The present invention relates to
wast ewat er treatment and, nore particularly, to the
conmbi nation of biolytic filtration with a nenbrane
filtration system BACKGROUND OF THE | NVENTI ON
Donesti c wastewater treatnenilsystens are a commpn
net hod of dealing 10 with household waste in areas
wi t hout sewer connections. This usually involves
on-site disposal of the treated or partially treated
eTfILEe TTOMBNKTIOM WENBRANE/BIOLOMICHHSERAYKINMS f or
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hanpered by the variable quality of the treated
eTEbchardegﬁ)ffi culty of ensuring safe water for
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bpakixtiafy,fth lihd 86mbRativ® bﬂﬂb%@ﬁl‘tﬁaﬁ@ﬁmh BLihEmbeestilitation
treati ng wastewater and solid organic waste within a
c%YﬁWﬁ filter bed having a top, a bottom and a
UN@R@URID bﬁWélWEﬂ?Mpos' ng and deconposed
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t he sBongstir wastewates dreatmentisystepts Eﬂrﬁlﬁ‘t @mt@@a metbed Q& daaling
R%BB?eﬁq‘?&) w%gtg iRGrddd \Mﬁ{mﬁ %e?v@ potite o Tthrh GARAIG involves

nmposi ti o gani ¢
V\als-tsée dtspt)hal didhe tuaateﬂ or hertiadyl tregted afﬁluetr@r Rggmclmg of water
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RPRHERHE bidofs RiGRetndie honkkr it AR kBl Ras begp
Chasiperedrby tésheabltejualiiychf slod treated gifiveot and diffieutty of ensuring
a%i&%t the upper layer of the filter bed so that
tg & %@éfeé“fs ®25 percoiates through the filter bed.
The fAlymdal lmﬂyﬂosrltmdm@smd ig dla?rib@ceirﬂbmkt)ed:mwes Paﬁent
a romthe bottom o
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the water quality and provide patho
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nﬁ!wrtzmismsreaﬁ@s fromithe tersof the é@%ﬁoéae Pﬁg@raevwﬁhwere Being
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out t need for sophisticated
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bed in an air and liquid permeable condition. Wastewater and solid organic
waste are applied to the upper layer of the filter bed so that the wastewater
percolates through the filter bed. The filter bed is maintained in an aerobic
condition and treated wastewater is drawn from the bottom of the filter bed in a

~ substantially purified state. Adding a membrane to the treatment process can

greatly improve the water quality and provide pathogen removal, making reuse a
viable option. _

As the filtration system is likely to be used in a domestic situation or.in a
remote isolated area, it is desirable to provide a membrane filter which is
integrated inside the treatment tank making it compact and is self-backwashing,

without the need for sophisticated controllers, valves and timers. The control



operations of the systemare desirably perforned by

si npl e conponents such as hydraulic and non-return

val ves and punps with the only controls required being
float or level switches to control the punp operation.
Further, given the |imted opportunity to effectively

di spose of backwash waste in d@Restic 5 situations, it

is desirable that backwash waste be further treated by
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of [ causeflowof feed liquid from

th@%‘"ﬂ‘?@g@%ﬁﬂﬁ‘?& fent conponentto the feed side of
t he regndbinteical ireatraerd coirtpodeatyal of filtrate |iquid
fromthe filtrate_side
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aer obi ccarppgesit; bed. 25 Pr eferably, the system
further includes f|| \ for receivin
15111 ¢ B3 MG E e Rt SaRer A G OF dNares oy permeable
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valve neans in fluid comunication with said punp
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preference ressure responsive
is said membrane walls.

Preferably the biological treatment component is an aerobic compost bed.
25 Preferably, the system further includes a filtrate vessel for receiving
filtrate liquid withdrawn from the filtrate side of said membranes. For preference,
the system includes valve means in fluid communication with said pump means
for reversing the pressure differential applied to said membrane walls and
producing a backwash ef the membranes by flowing filtrate liquid from the filtrate

30 side of the membrane wall to the feed side of the membrane wall.
Preferably, the valve means includes a pressure responsive valve, said
pressure responsive valve being responsive to fluid pressure being applied to a

control port to close. For preference, an inlet of the pressure responsive valve is



- 3 - connected to an outlet of said punp neans, an

outl et of the pressure responsive valve is coupled to

sai d nmenbrane device and the control port is coupled

to the outlet of said punp nmeans. Preferably, the

val ve means further includes a directional contro

valve having a first and secord-port and an outl et

port 5 wherein the valve is responsive to the fluid
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SRR R o e
]Ic nI ?netlntme rréfereelr Aipieot) tied filtrafe FESBER) clelad 41 thBQ)ump means
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ve‘é%sé?' Vel Q!P by e<9asnstop |valvgt whieh (ﬂﬂpwa@as to be vented
e RS Ve 56 Ar oS entPoPYADitEIhd {dstky pOr t and
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25 aerobic compost bed falls below a predetermined level. This results in pressure
being released from the control port of the pressure responsive valve and the
valve opening. When the pump means is re-enabléd the pressure responsive
valve remains open initially until sufficient pressure builds at the control port to
close the valve. During this initial open period the fluid pressure applied by the

30 pump means to the second port of the directional control valve exceeds the
pressure at the first port resulting in the outlet port being cl'osed and filtrate liquid
flowing back to the membrane device from the filtrate vessel thrbugh the second



close the valve. During this initial open period the
fluid pressure applied by the 30 punp neans to the
second port of the directional control valve exceeds
the pressure at the first port resulting in the outlet
port being closed and filtrate liquid flow ng back to
the nmenbrane device fromthe ful-trate vessel through

the second - 4 - and first ports of the directional
corhd dirstymiriseof tid idFestiondlesfiror viRe K Wandprellutdiea backwash of the
menbr ane devi ce. In anot her preferred aspect,

t h&SSENBNFEENESi s operable to provide feed |iquid

under PIeasether prefdrRRl dpRet, ShélBub mahrs RESHRIaANE %o bRovide feed
duce said 5 pressure differential across the

e s renden presSu tonine fageside of saidt membsangs feareduce said

JTaYrdraurd QiferSfial ScrbSY #leSRelBrark KSAYT /& id 5&%&@%@1‘%& pump

applied to said nenbrane walls and produce a

of MagaS@aYr ke @soviged o wpyryse ithe rrressure (differentianapplied to said
fi [ I I [ f o

t hi EIEnE Mo dind BBGHELHRRRYAEh b b KisFuraR, B A8yl itate
bedatid fif@mrrﬁw ifitirade fsiced of dbs enembdarmniveblintmithaarfeed side of the

deyj Lyfl uid communi cation with an inlet at or
adwgg‘gor{?ﬁ?%"base of said feed vessel. For preference,

1sai d f eBefermbbelthe netobibesorapdst ed is dorateddiat @ fdadovessel and said

deyj rable.to control the operation,qf said. pu
rolsEBRE HRUCE o Pl 8RS o et o5 =Bt tne base
\éee_ﬁe!aid_ fereef %@Ell.y,Fcﬂq?jr_dfér%rluded daity fded Yessd Gﬁ%@és ahfluid level
eyice.is erabl e t sabl e the pu mean n the
i gele t"l’rév(g%)v"feal‘?p?r%tg?o gof‘ﬁr?'st%%r%‘{%?t&% etfIfi RYP means
andependangbhethé heved BiMquTe & Saidesd tBSsdll Riefbratfy edaid fluid level
secqond predetermnped |imt. The first and

rises .o £€cQ [ L
155 ea‘aﬁ?aﬁ%? 3&&19@ rRioReERble {9 disapleytheepyrRa maaRs when the liquid level

Pr &fils 2w a firSEpledbfiminddanit ahditd @Aablehb pubns RlBRE &fhen the
to_ensure the inlet at or adjacent the base of the

f eliqHiq gyl risesrdPng serandmpresietermingd dimi. Feg first and second

pr Q. | i | . _—
e I 5 064955, Ly A v

pr B\asirotedhimensing the inlet@bor adjasenitthedase of thel fedd vgssdleemains

20?2@@@2%@%@%@? ;Fqggg{e?&%n@itﬂé hy fﬂ&u?%s ?%oql?)aﬁle

25

30

ng wastewat ér on he "aerobi c
conpostAdmsuiding 3e Janatier mgpsaj thewaresembineentton frolides a method of
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a) forming and maintaining an aerobic compost bed;

b) feeding wastewater onto the aerobic compost bed;

c) causing said wastewater to filter through the aerobic compost bed;

d) removing filtered wastewater from the aerobic compost bed;

e) applying the removed filtered wastewater to a feed side of a
membrane filter;

f) withdrawing treated wastewater from a filtrate side of said
membrane filter.

Preferably, the method further includes the step of periodically

backwashing the membrane filter by flowing treated wastewater back through



d) renoving filtered wastewater fromthe aerobic

conpost bed; e) applying the renoved filtered

wastewater to a feed side of a nenbrane fitter;

wi t hdrawi ng treated wastewater froma filtrate side of

sai d 30nmenbrane filter. Preferably, the nethod
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the nenbrane filter by flow ng treated wastewater back
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Figure 4 shows a schematic cross-sectional view of the filtration system
according to one embodiment of the invention for operation in on-demand mode:

Figure 5 shows a schematic cross-sectional view of the filtration system of
Figure 4 in filtration mode;

Figure 6 shows a schematic cross-sectional view of the filtration system of
Figure 4 in backwash mode;

Figure 7 shows an alternative arrangement for operation in on-demand
mode;

Figure 8 shows a further alternative arrangement for operation in on-

demand mode;

Figure 9 shows yet a further alternative arrangement for operation in on-
demand mode;



Figure 5 shows a schematic cross-sectional view of the
filtration systemof Figure 4 in filtration node;

25Fi gure 6 shows a schematic cross-sectional view of

the filtration systemof Figure 4 in backwash node;

Figure 7 shows an alternative arrangenent for

operation in on-demand node; -6- Figure 8 shows a
further alternative arrangenent for operation in on-30
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The slider valve 15 has first and second ports 23 and 25 coupled to the

filtration module 10 and the output port 19 of the filtrate diaphragm valve 14,
respectively. A third port 24 is coupled directly to the filirate vessel 6 by an
output line 32. In afirst, bypass position of the valve, fluid is fed from the first
port 25 via a bypass line 26 to the second port 23. Ina second, open position,
the bypass line 26 is closed and fluid is fed from the first port 23 to the third port
24 to allow fluid flow through line 32.
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Although the above embodiments are partici;larly described by reference to
an aerobic compost bed, in other embodiments alternate biological treatment

30 components are used in place of an aerobic compost bed. Examples of
alternate biological treatment components iriclude those typically used in post
treatment stages such as compositing processes, aerated fixed film processes,
and/or mixed liquor type processes with post settling.



1. A wastewater treatnent systemincluding a. an
aerobi c conpost bed; b. inlet nmeans for supplying
wast ewat er to sai d aerobic conpost bed; 5 c. a
menbrane filter device including one or nore holl ow,
per neabl e menbranes with a feed side .in fluid
comruni cation with said aerth% conpost bed; d. punp
means coupl ed to sai d menbrane “devi ce and bei ng

sel ectj v operable to.provide a filtration operation

by o ol e BTeR et ol et b et Avd SR SERERlor ot the

}Nairlvs?tdﬁn a@ pbbsls&ﬂé). w&h@ﬂtdegaﬁiatgm:tnih théa}%phﬁt dr%gdpé bﬂ:ld\'ﬁdnvention
rgmthe aerobic conppgs o the feed side of e

e TREd PartEHBR fRaas LAY \GFoNS Hesaie raRHmP G may be

t hprovidetriatvaricusiRirper sahBineBsHy, ane wal I s. 2. The system

according to claim1l further including a filtrate

Vessel for 15 receiving filtrate liquid withdrawn from

the filtrate side of said nenbranes. 3. The system

according to claim1 or claim2 further including

valve neans in fluid communication with said punp

nmeans for reversing the pressure differential applied

to said nenbrane walls and produci ng a backwash of the
menbranes by flowing filtrate liquid fromthe filtrate

side of the nenbrane wall to 20 the feed side of the
menbrane wall. 4. The system according to claim3

wherein the val ve nmeans includes a pressure responsive

val ve, said pressure responsive val ve being responsive

to fluid pressure being applied to a control port to

cl ose. 5. The system according to claim4 wherein an

inlet of the pressure 25 responsive valve is connected

to an outlet of said punp neans, an outlet of the
pressure responsive valve is coupled to said nenbrane
device and the control port is coupled to the outl et

of said punp neans. 6. The system according to claim5

wherein the val ve nmeans further includes a directiona
control valve having a first and second port and an

outl et 30 port wherein the valve is responsive to the

fluid pressure at the first port being



hi gher than that at the second port to allow fluid

flow fromthe first port to the outlet port while

cl osing the second port and being responsive to fluid
pressure - 14 - at the second port being higher than

that at the first port to allow fluid flow fromthe

second port to the first port mhlle closing the outl et

port. 7. The system accordi ng 130 claim 6 wherein the
dlrectlonal control valve is positioned between the

pr é44UM8: r esponsi ve val ve and the nenbrane device 5
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6. The system according to claim 5 wherein the valve means further
includes a directional control valve having a first and second port and an outlet

30 port wherein the valve is responsive to the fluid pressure at the first port being

higher than that at the second port to allow fluid flow from the first port to the

outlet port while closing the second port and being responsive to fluid pressure



-15- 16. The system according to claim14 or claim15
wherein the first predetermned [imt is selected such

that the inlet at or adjacent the base of the feed

vessel remains imersed in liquid. 17. The system
according to claim12 wherein the inlet includes a

foot valve. 5 18. A nethod of treating wastewater

including the steps of: a) forMng and naintai ni ng an

aer obi ¢ conpost bed; b) feeding wastewater onto th

aeral tlhe secomuiopart beidy mgheu: dhan thet ehthe fitatspasiia alfow Gu‘d flow from

B s L
10e). appITywlerB_s/stelne acmrdmgdofclameﬁ erdlamettbwai!reﬁthrwl @ontgelovalve is
v sflords BRG] plbShie sslhbE' i g B2hohorano oo
§1 Iighr the outlk®of fHeeprassure desparsive vadvet beiog &ionnaded to the second
A0 ot PR e B Sl B o e outet po
vva&i&r\r@ﬁﬁrwdoa&hmmkau@hwtthmerﬁltrbrearesséll Iter fromthe
o S S ke ghaa % noBRin HRFEE Bgsol s cosea and
' théd&ﬁné eREAMY iIDJPEERE toaGitRdraw filrateaeharefronc soplosthat said
10 W|thdrawal produces said pressure differential across said membranes walls.
9. The system according to claim 8 wherein the filtrate vessel is selectively
closed by a gas stop valve which allows gas to be vented from the filtrate vessel
but prevents entry of gas into the filtrate vessel.
10.  The system according to claim 1 wherein the pump means is operable to
15 provide feed liquid under pressure to the feed side of said membranes to
produce said pressure differential across the membrane walls.
11. The system according to claim 10 including a further pump means
operable to reverse the pressure differential applied to said membrane walls and
produce a backwash of the membranes by flowing filtrate liquid from the filtrate
20 side of the membrane wall to the feed side of the membrane wall.
12. The system according to claim 1 wherein the aerobic compost bed is
formed in -a feed vessel and said membrane device is in fluid communication
with an inlet at or adjacent the base of said feed vessel.
13.  The system according to claim 12 wherein said feed vessel includes a
25 fluid level detection device operable to control the operation of said pump means
dependent on the level of liquid in said feed vessel.
14. The system according to claim 13 said fluid level detection device is
operable to disable the pump means when the liquid level falls below a first
predetermined limit and to enable the pump means when the liquid level rises to
30 a second predetermined limit.

15. The system according to claim 14 wherein the first and second

predetermined limits are the same.



21. A nethod of operating a wastewater treatnent
system according to claim20 7 to produce a backwash
of said nmenbranes, the nethod including the steps of:
a) during a filtration operation, closing the
pressure responsive valve to cause the fluid pressure
at the first port of the directional control valve to
exceed that at the second portléas fluid pressure
within the filtrate vessel drops; 25b)flowing filtrate

ffOfB.thG'hGE%’??téﬁ\e aievidiey ttbr olagh t4heof idlditn p&r whenein the  first
et port o

out | ] . the dj ti t. | ' -
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f eqded Vst rdrRXiRS iriMetded inag@l] ¢ conmpost bed falls

bel ow a _first predeterm ned | eyel ;

: | ; d)  respansi t
di sHbl i J@ecﬂvsteﬁ“eaﬁﬁ%"ﬂé%ﬁ'é!mﬂ@l%?'héh%ﬁ'ieggﬁ%de%ﬁragﬁm valve.
30tfie  ConbkfodRA tleafihy WaSteNaBSSHEIEdihg SRPStepY Bf: val ve to
open the pressure responsive val ve; enabl i ng said
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| evel ; - 16 - #grespon3|ve to enabling said punp
means, &ppl yrausiag saidiwasvaleiiodiltesthrarghibedicaolio Femppst bed;
L s B o 71 VoSt il 458808 st b
1out | et @drt applyingotliengemoved filtered wastewater to a feed side of a
membrane filter;
f) withdrawing treated wastewater from a filtrate side of said
membrane filter.
19. The method according to claim 18 further including the step of
15 periodically backwashing the membrane filter by flowing treated wastewater
back through the membrane filter from the filtrate side to the feed side.
20. The method according to claim 19 wherein the backwash step includes
feeding backwash waste to the aerobic compost bed.
21. A method of operating a wastewater treatment system according to claim
20 7 to produce a backwash of said membranes, the method including the steps of:
a) during a filtration operation, closing the pressure responsive valve to
cause the fluid pressure at the first port of the directional control valve
to exceed that at the second port as fluid pressure within the filtrate
vessel drops;
25 b) flowing filtrate from the membrane device through the first port. and
outlet port of the directional control valve into the filtrate vessel;
c) disabling the pump means when the feed liquid level in the aerobic
compost bed falls below a first predetermined level;
d) responsive to disabling of the pump means, releasing pressure from
30 the control port of the pressure responsive valve to open the pressure
responsive valve;
e) enabling said pump means when the feed liquid level within the

aerobic compost rises above a second predetermined level;



of filtrate liquid back to the filtrate side of the
menbr ane device from5the filtrate vessel through the
second and first ports of the directional control

val ve to produce a backwash of the nenbrane filter

devi ce.

f)
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responsive to enabling said pump means, applying a fluid pressure to
the second port of the directional control valve which exceeds the
pressure at the first port to cause closing of the outlet port and flowing
of filtrate liquid back to the filtrate side of the membrane device from
the filtrate vessel through the second and first ports of the directional
control valve to produce a backwash of the membrane filter device.



