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FLQN NG WATER SUPPLY AND METHOD OF USE THEREOF 5 FI ELD OF THE | NVENTI ON
This invention relates to a novel intermttent slow sand filter and a | 10

nmet hod of using the intermttent filter. Mre particularly, this invention

Pt ermttent 1y oper at eq. ST SANPEIANRmORBREIWANLE ! oo LN
di sturbing the acti oINVERMETTENALY FLOWING WATERASWBROWND OF THE  «icaiine
| NVENTI ON 15 20 Slow sand filters ae ovvnto be effective in renoving

bacteria, parasites, G ard . WBocysts and viruses.
Wi |l e bacteria, parasites arid viruses may be killed or rendered inactive
wi th disinfection, dormant cysts and oocysts are very resistant to

di sinfegtion unl ess disinfectEELD OFCHETNYENTIONery i ntensively. Slow
sand filters may be used to supply clean water directly for consunption or
may be used to supply water for further treatnent, such as by reverse

hater to begin wh. TS ivemer grates fo Acie) BcrmReR: wpd ol Tulksand Ry
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i nclu ainer part,i with sa The slow_sand alter is
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conti nuouskiyef ! ows through the sand at a rate of about or slightly over

0. 08m hour, W|th the sand providing a filter effect for the flow ng water.
In addltlon) when the sand is imersed in the oxygen containing flow ng
water for several days, a barely visible

bi ol ayer forms at the top 53 : eferred to as a
schnut zdecke, which is formed from various organl sns such ~ APR 2. 00
2 as algae, plankton, diatons, protozoa and bacteria. The schnutzdecke
entrapdS and partial | )Slmﬁlgpaad filtens| ate d&n&wn dovbe effgetivec inrmemeving dracteriagd i n

the raw water cont usly p through the filJter c jmatter
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nechani cal sand. Si ow sand filters are not, however,
ef fective Ms end hecy\amaec vsnyppblytantstmdmeﬁenmn wnless tb&ofecmltmadmlmyd
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20 consumptlon or may be used to supply water for further treatment, such as by reverse

osmosis and ultra-filtration, both of which processes require quite clean water to

begin with.

In the prior art, slow sand filters are known that require a continuous

25  water supply, and that are intended for use with continuously flowing water. Such
a prior art slow sand filter is described in United States Patent No. 5,032,261, to
Pyper. The slow sand filter includes a container partially filled with sand. The slow

sand filter is provided with a water inlet and water outlet. Water containing oxygen
continuously flows through the sand at a rate of about or slightly over 0.08m/hour,

30  with the sand providing a filter effect for the flowing water. In addition, when the
sand is immersed in the oxygen containing flowing water for several days, a
beneficial aerobic initially barely visible biolayer forms at the top of the sand. This

layer is referred to as a schmutzdecke, which is formed from various organisms such
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10 to lack of oxygen. This shortcomng limts the utility of prior ark AMRoR003
sand filters. U S. Patent No. 4,7b5,892, August 23, 1988, Hul bert et al.,

di scl oses a slow sand filtering systemin which an uncovered filter tank

has therein a | ayer of IS sand, and an effective filter-enhanci ng amount of
zeolite. The zeolite is topped by a-@-owth of schnutzdecke, with the

schnut zdecke conprising a | ayer of living organisns selected fromthe group
consi sting of algae, plankton, diatons, protozoa, rotifers and bacteria. 20
Thus) in Vas stgh@f?lﬁhkt@h dmfoﬁis??r&@ﬂéh and backéria0 N The lscirRGIREEIKE Yen ghd

Suppl y", Techni cal Paper , International Reference Centre Tor

Conmuni ty DertigHy silapstg/ aad dbmaks downoQrganite matten econtiined\dnhthel aamSwateew at

page 31, |t s stated that, intermt eratian of slowsa filt

Bhoul o not CorigBblY Hastinppialsh e RR, BBE st R AbuRflie o
unaccept abk&nhftﬂﬁéké”a%gﬁm fe lﬂ?di'gﬁﬁb WaR9iare! fortred2O! AYUAL A Chite S lﬁ&‘t” to
flve hours after the fil s recomence operation" . Likew se, Hui snan,

" Sl ow Sandsuspendesdtpasticles imthb damawmaxatgmowzchmwmmlydnamemm at page
32, teaches that slow sand filters should be operated at as constant a
filtration rate as possible. Thus the understanding in the art was that
slow sand filters sh n t r ently)
it is not meant that %uxgsigﬁ%w Oﬁgg{lsgﬁl‘?d?dtter g%égb%gﬂse{:%%ea%?{a eﬁh%ht of
oper ati on Supplyris intezmiorsne, sushab aasourgtrydestagedeln suchldaséss dhéStvatee $n Pailoent  No.
4,765,892 of Hul bert, but that the slow sand - 9 AFR 203 -3 f||ter
remai ns i naidslovesanshfilters prcames stagmant dorss REYSaD) aad the schamtadseke dies dHe when

h
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schrut zdecke does not remain alive until it is operated again. 5 For a slow
sand filter of the type described by Huibert, with depth of water above the
filter material being in the range of 60 cmto 2.44 m the schmutzdecke
will begin to die i [ S t urdiffodagr i ods
of intermttent ope?g]talgoﬁstgirl\?q@ 1t7@d| ‘g@o&,\lgﬁ&aﬁl’t i%uszlifmbﬁ Hofd oxy%gn

This . 10 aalmdoeamﬁMrdgrsymchhhowhidhcmi unzabmﬂ:ﬂltenmamﬂasttherem:ymr@érmnd

of the chrrutzde UVVARY OF | NVENTI ON 15 _The,inyv tlonls dlrec ed to a
sl ow s pﬁf? estive Tlighpahagring: a‘%P‘%Rf&F‘HéF ligg1s,{9pR¢d B¥r t i on
and a | OWE (Jﬂ%Qﬁ scRm{Bideike, "With the sch éﬁﬁﬂgOAf af;a@? o?omla ”er,
the water |n el ng connectéd to a supp a f| mater

filling at oi'g;;um;mstsiabctedvfilarsmmh:s;r group cohsistimg oi)aigaau rlﬂmktmme:llimhlseprM| aI
having a to @H.s ;@%fc‘?e bel ow the water inlet; a schnutzdecke |ayer on the top
surface of F acfezia. material; a water outlet in the |ower portion of
the container below the top surface of the filter material; and a water

| evel nmmi ntenance device in_the upper POI’tI on which mai ntains water in the

upper ¥brtion of the Thuntini Visschar etalyeiStow $and Filtration forsgommunity ' Wates ur f ace

bt er i noappilc. Thufioe! palled"Re” 2 ARERa K REBIcHEs o TR ClRhRRY )

fromthe wisér Supmy aﬁdﬂsam“tdlﬁmt qmeqlagthemewmermnﬁbelmtaalpaﬁ 3glpisis not
significantl éddl sturb the schnutzdecke and (2) a water maintenance
ta %i%@iﬁ

| evel that$ mtfln@n@rnen opasationof slowi Shwdmorabeaprmm% Use wat er

that the schiet ogaill %38#‘“?5%@%& & hahepiebiq O ARERT HRRRRIODIT ST

there 25 npolﬂtit@ﬂ!soécdu@d dourt 5 ofigd Hoves Itenadher filtérsetecomnibincé Usperatidiive t he
wat er mai nL enance Level, water fromthe water inlet passing thr&ggh t he
di f fuser of-is¥Hiss, Hyisman, rﬁ%"h@a%ﬁﬂmﬁ%e Wand Health Oegagizaton.c Ggpeva, _ 4

and the ung Y, iaht t "fﬁﬁ :?]oﬂﬂgtaﬁ
surface of ?‘[14 %Q;f&FL 2 %agirg%%aﬁd b ﬁ a{r%g%éh%gwn@éc%gﬁﬁ%bv\hl can Be used
to i ntrodufitrativnenate astposdible. \mmmndemm inah& it swasubdtastow kanduljjlners he
filter darre ani sm HCh can be used to drain off flow
wat er on t%r? 9 eparated intepnuptendly. By intermittently, it 1s not meant that esow
30 sand filter be occasionally taken out of operation for maintenance, such as is

described in United States Patent No. 4,765,892 of Hulbert, but that the slow sand




5 The slow sand filter apparatus can include a diffuser above the wat8rAFPR 2003
mai nt enance | evel, water fromthe water inlet passing through the diffuser
before reaching the top of the water maintenance |evel and the underlying
filter material. 10 The water |evel ?BI nt enance device can include a pipe
connected to the water outlet and exfending upward to the water naintenance

| evel . The vvater | evel mai ntenance device can maintain the water |evel

bet ween ab 1 cmand 8 ¢m above the to L‘ Af@ter mat eri al or between
about 1 ¢ ML 15 IBEAtIPM it fresehmy @hecie githg permadewhen there g
rater i o RS kel iyt E*%ﬁ% e B2 ot il SR BB Syl b V7€

mesas for finet 6pHuﬂiﬂersdlmb&|dﬁﬁng@ﬁﬁﬁtehﬂtcbh@0 Wit Ghe sélnRitz4edke-dokl@os! ow
sand filter apparatus can include a first water |evel detector to detect an

upper wat efemainglive nntilhi icoparated@gaina second wat er | evel detector to detect
20 a | r water level in the container; and a controller connected to
receive signals fromthe first and second container water |evel detectors
and to provide signakgy b QlowSaneilGr dfﬁh@iyp@%&drfﬂed'%mbéns%ﬂwpﬂi be water
mai nt enance |l evels are nmaintained within'the desired range of water

mai nt enancwategvalioye ths filter matnma&dmhg‘ it de mpgaert 68 emantof 2c4shean, dbepri se
a high vvate det, (o] ct ed.to t controller
i ndi cative ES‘F“%E%W@CRF t"é‘F‘e‘i“@ BF :ﬁ‘ ?eéotlrqu’él‘ﬁ t?ﬁid'dﬁ‘ $user
can incl udﬁer%cwf%@rmeﬁ@oqmm S w il hi%v\eﬁtgﬂt dad t@qm SMygefl, aaye the
di ffuser to percolate down through the diffuser onto the top the water
i(n t hellconcan rber .showg from- theoretital Tloalcslationss avfd the | dxygem pemandisofc ahe

I'ncl ude a V% E erv0| r connected to the water outlet, first and second
wat er resef | evel detectors for detecting hi gh and | ow wat er

| evels in the water reservoi r, and a flow control for controlling flow of
water fromthe water outlet of the container into the water reservoir. The
5 slow sand filter apparatus SIIMMARY @E INVENTIGN er reservoir connected to
the water inlet of the apparatus and a control for controlling flow of
water fromthe raw water reservoir to the sand filter apparatus. The sl ow
sand fyg ter apparat U%E%enﬂshWau&té@wa&twsm filtecCappatitu€ BaRpLisihgt OP
surface of the filter materi al be cleaned. The cl eaning nechani smcan be
a manual | ya epetaineabhving@aiupper abrt@guatnata)loweﬂpertm hawatcaunlatgm theaippean

conprise an I tat bl ade, which ¢ cont act th e of filter
mat eri al , &5&%?%‘3& ﬁ‘%ﬁ‘f"atﬁ'fﬂf? %?f@a%g'?ﬁg’[)f’g WAL 35&‘?& or to
be manual | dhateRiaf fifithg dthigast@hd RivRT g@hﬁiﬁoﬁﬁﬁ doﬁ@htéﬁ'eth%rﬁltdirtﬁa@ﬁaﬁh@ﬂhg\per

bl ade, scraper teeth scraper paddl 15 scraper forks) shape%ffzgrapers

and T- shap®&B éﬂdﬁférhﬁlﬂwh@ watenanlet & schgutzdecke layer ok theotapnicfase

rotati [ USe n of

the cdi ai Flsfe BRECH MAtAChull' e tﬁw&e%trﬁéﬁ‘ Bt RobRfe ity 38e (of

gl ow sand siifdcel sfethe filker Mmaterial; dndca uchmgleaelcﬂmhmmace devick dn mufppeﬂl
artially filling the container, a water in]et ﬁrgve the filter material

and a wat ePOTSIOR Wiich,magntaing wateriin the unpgr gpTtion of the-CORSAIAGTAL AMBIICNATZEE t he
steps of : RRQLNLBAVY B 0B Kfrfacl Gt thé Tille? CmERARR (e mARRNEnde "Rvel being a

balance between (1) a water maintenance level that is sufficiently deep that water
25 falling from the water inlet onto the top of the water in the confainer does not

significantly disturb the schmutzdecke layer; and (2) a water maintenance level that
is sufficiently shallow that oxygen from the air above the water level can diffuse
through the water and reach the schmutzdecke layer so that the schmutzdecke layer
is maintained in living condition even when there is no flow of water through the
30  water inlet, a diffuser above the water maintenance level, water from the water inlet

passing through the diffuser or before reaching the top of the water maintenance level



top of the filter material at a level which is a balance between (1)=& Apg 2003
wat er mai nten- ance level that is sufficiently deep that water falling from
the water inlet onto the top 25 of the water in the container does not
significantly disturb the schnutzdecke | ayer; and (2) a water mnaintenance

| evel that is sufficiently shallow that. oxygen fromthe air above the water

| evel can diffuse through the water and reach the schnutzdecke | ayer so

that the schnut zdecke layer is maintained in |iving condition even when

the filter P G uBedlRheiruieh pL o frebffinfim (AH oraREs R oBFALS e B ™"
filter mat efiltet! mategal tothentledneg, a mecRanism WRicH R bebused Ro itfddnes watert ifto

Filter material to bring particles into suspension in water above the

filter matche avatersautletrandnbackflawayaten dhrgugh rthe: fidtes ueaenial candpa rméahianism BRI EF
DESCRI PTI ON DRAW NGS, 5 I,n. dr awi whi ch illustrat i fi.c enbodi nent
of the inve‘ﬁ%gﬁ?n%t“%?%ﬂp%é%%gﬁ?wﬁgﬁﬁro#%kq%ﬁ%{dﬂﬁgﬂfegﬁt?g 'rﬁg '? hlamen >

spirit gr scope of the invention in any way: 10 Figure 1 is an el evation
section view of a manual Ih)(/) operated intermttently operating slow sand
filter, in resting cohb¢ slosnsandifgter apparatis £an dhaludet a diffuser abave theovatef t he

' f.th h ' ' 1 i ' . dition. 15
FQure 3 | JoBaRaya ah ks From The-Rasr Uik nrvita@Pcial (ieouBRtToberore
i ntermi tt enjehohifp Meop'ut the Wit absinfebhriceleveliagd tRe Andeslytng Alta} ariad

di ffuser plate holder " for use in the apparatus 20 of Fr'gure 3. Figure 5 is
a plan view of a diffuser plate for use in the apparatus of Figure 3. 25

Fo%2" FIl ™ ow schondbt Balst 1RLaisietRage AV GAR e RipE COMeRed SR Pat | on
Wi th a raw yakebufiSHd @dndiufvi?a 46 PheE wiRE FaifteRiicy %vet. FHhe water level
maintenance device can maintain the water level between about 1 cm and 8 cm above
the top of the filter material or between about 1 cm and 5 cm above the top of the
filter material. The filter material can be quartz sand. The slow sand filter apparatus
15 can include a water inlet line connected to the water inlet and water inlet control

means for controllably supplying water to the water inlet line.

The slow sand filter apparatus can include a first water level detector
to detect an upper water level in the container; a second water level detector to detect
20 a lower water level in the container; and a controller connected to receive signals
(. from the first and second container water level detectors and to provide signals to the
water inlet control means, so that the water maintenance levels are maintained within
the desired range of water maintenance levels.

25 The slow sand filter apparatus can further comprise a high water level
detector connected to provide a signal to the controller indicative of excessively high

water level in the container.

The diffuser can include discrete holes which can allow water
30 accumulating above the diffuser to percolate down through the diffuser onto the top

of the water in the container,



,~ ~1",1"f~ 2003 Figure 8 is a control systemschematic for use wi+l¥ $ARE 2003
apparatus shown in Figure 3 in conbination with a raw water reservoir and a
pot abl e water reservoir. 5 Figure 9 is an elevation of a second enbodi nent

of automatic intermttently operating slow sand filter. Figure 10 is a side
view of the automatic intermttently Dbperating slow sand filter shown in
Figure 9. 10 Figure 11 is a front section view of the automatic

intermttently operating slow sand filter shown in Figure 9. Figure 12 is a

side section view of Theeslow sandfiiter dpphratusidahgndlhde d YaREREVAIE cSARMeIaNd
filter shown in Figure 10 with clean in place apparatus, according to the

i nventi on. teithfuwaten utiet, firspanchsecordowvater resevoinmater kewel detestons formdetegsingr at us
of Figure 12..t 0 Figure 14.i5 a side section,vigw of t di ffuser of

i gure. 13, et and Tote walbt 8yl i Pyt TsSiihire po & v Sontel Grioontialive n ¢ ne
bot t om of tffiky dPRAA! f#8mOthe FWatet’ Qutlk? of & Eirfldiher o e Walt FEseP@sit| Ohevi €W
of the diffuser and clean is place apparatus according to the invention.

Figure 37 islowsandifiter apparates circinchide a faiw wated eesegrointonmgctedttodhe iwatete f or
30 the clean, i

i n_pl ace apparagtus of  Eigure 16. - Fi es 18 through 22
11 ust r at o 1ot PEMierAPPATSRS 49 SPEVSh RS ORBRI BB o MatSTJFOBIBIER PR he
clean in plagevAPRGHA 4id filter apparatus.

The slow sand filter apparatus can include a mechanism which can

- 10  enable a top surface of the filter material to be cleaned. The cleaning mechanism can
be a manually operatable mechanical agitator. The mechanical agitator can comprise

an agitator blade, which can contact the top surface of the filter material, and a

rotatable shaft and handle which can enable the agitator to be manually rotated. The

agitator blade can include any one of a scraper blade, scraper teeth, scraper paddles,

15  scraper forks, L-shaped scrapers and T-shaped scrapers. The mechanical agitator can

be journalled for rotation in a water diffuser which can be located in the upper

portion of the container.

The invention is also directed to a method of operating a slow sand

20 filter, the filter including a container, filter material partially filling the container, a
water inlet above the filter material and a water outlet within the filter material, the
method comprising the steps of: maintaining water level in the container above the

top of the filter material at a level which is a balance between (1) a water mainten-

ance level that is sufficiently deep that water falling from the water inlet onto the top

25  of the water in the container does not significantly disturb the schmutzdecke layer;
and (2) a water maintenance level that is sufficiently shallow that oxygen from the air
above the water level can diffuse through the water and reach the schmutzdecke layer

so that the schmutzdecke layer is maintained in living condition even when there is

no flow of water through the water inlet and periodically clean the filter by

30  intermittently backflowing water upwardly through the filter material, agitating the
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common know edge anong environnental engineers that slow sand filters,

whi ch are not designed for intermttent operation, fail to perform
satisfactorily when intermttently operated (see Slow Sand Filtration for
Comunity Water Supply, (J 10 Vi sscheg,. Paramasi van, Ranman and Hei nj nen,
Techni cal Paper Series No. 24, International Reference Centre for Conmunity
Water Supply and Sanitation, The Hague, Netherl ands; al so, Slow Sand

Filtration, r . . gt l.ow nd Filtration
of the Envitrogr?%gg%a f@%gﬁﬁéwél w&‘@ﬁﬁ“g@% sﬁﬁ?ﬁﬁ&’iﬁ%@%@?’?"%ﬁ‘b vi
Engi neers, filiéimatemibl adlé Griififg dwayethé Wt hed sapdnded phaivles5 sand filters is
reported to coincide with the decline is dissolved oxygen levels in the

wat er above the sand surface {see Effect of Intermttent Operation of Slow
Sand Filters on Filtered er i Par i V. shi, Dhage and
Tai j ne, 1980, Indian Jour 13 Mﬁm&ol. 22, No. 2, p.

| 36- 150%k. These results were obtained by observing full scale continuously
operated slow sand filters which treated 20 natural water supplies. t. The
i nventor has di scoverhdtirhwirgs Imhicheillosteatespegifichembsddiments ofi therinvantion, bpve
the top of the s n‘g é‘gr ot her ;&Iter ,rra.terialir,{l) above, a, m ni mrum dept h,
such that tWachisbowd garbecopstrusd 15 resticting thespiritox scqre.0f the invation in any
schnut zdeckgyy.does not dry out or becone disturbed by the incom ng water
supply) thereby perforating the schnutzdecke | ayer and permtting raw
untreated water to penetrate through the schnutzdecke | ayer; and (2) bel ow

a maxi gﬁm dept h, such_t hat o0x romthe agir can reach the, 30

gen

( schrut 2ecke Layer anHigifus! tihedls Hom feption QView: of; # | manyally, eperated
defi ci ent %&?ﬂi’tﬂ?ﬂ : s ok ifigput zdecke can be
preserved in [1vI nél%r@f%mé\??ﬁ"gn elﬁt]&gt efer?‘lgﬁtgﬁ?hgpg'r ating conditioas, and
the effectiveness of the slaw sand ftlter can be mai ntained, even when the
supply of water is infermttent, The static, wat | evel ,, or i nt enance
watorlevel i definEigUERS 570 elevaiion pecfion VieR oihe 9 RpTLOn of e APRATAA | o |
i's not bei NgownORaT; it i cdMaitida€i N9 used to supply water. The
schrmtzdeckeol g;./jgr lgﬁl%?%e ?ﬁ%‘%‘% ttently operating slow sand filter of the
presentlSi nvention will typically survive for at |east one weekend and nay

survive for at |east week in conditions.of no flow of water. from
period of flow 10 of g\;ﬂ"@’rgt‘ﬁra&u a4oD Jectipn, view, qf . an ﬁ%@@ﬂ% i ons
can occur VikiekRitnfi9tdpREiting sovr e fikgm a country cottage. Utimately) in
cases where tﬁerenlg prolfonged period of no water flow, the schnutzdecke
is not killed off by a | ack of oxygen but by a lack of food. By providing a
life for the schnutzdegcke greater.thaa ho dulr | rio wh t here
is no flow of water ?ﬁ%ﬂ’gﬂ“ﬁﬁﬁéﬂﬁ%%ﬁ?ﬁ%r@ﬁﬂ%g&p%@%ﬂw tion
i's a signi fofgRighreaglvance over the prior art. This is a surprising discovery
~because it was previously considered in the art that the schnutzdecke dies
quickly in slow sand filters in which the water has not been flow ng. 20
Nor mal conti nuous op .08 ; . ngﬂ; .!: t r i g.apiso gi cal
| ayer (schnutzdecke) e?%%%%f%g@%‘%@%ness 45 ertett‘lafrg.ké @nplg a:pgsu s&?n a
consequent Figaec3.i on of flow of water. In continuous systens ) it is

therefore necessary fromtinme to tine to shut down the slow sand filter and
physi cally reduce 25 the thickness of the schnutzdecke | ayer by scraping

f the | . ' . ' il f
The’ praBent. i nvent | ont ERES o8 Bk RRAGPRER el Blerkif Bt PR 2L 11 °

actually inproves water flow due to the slight starvation and size
reduction of the biological Layer (schnmutzdecke}. 30 One enbodi nent of the
intermttently oper atFW%?MéHJM&WISFWM ¢ PRATATYS Shown pgligre 3, g

raised pi pgytRniRoAS it SRR Bhkr FRLALE IR W IENE walllr reservoir? ~~=~ 2203

30
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-10 water in a slow sand filter container. The container includes a water
inlet and outlet, and is partially filled with sand or other filter
material. A pipe fromthe water outlet in the slow sand filter is raised
upward to the desired | evel of water over the sand before descending to a
water reservoir. Water backs up in theypipe and the container 5 to the
desired water |evel above the top of the sand, even when the flow of water
is intermttent. The schmutzdecke automatically and naturally fornms at the
top of the filter nedi Py ef er abl t r. l.evel in such a manually
operated stow sand fi Iﬁi@{e %s‘; r‘?‘gsﬁqv’fjé s&%@?’t\,\@h@?ﬁh‘c T e Wi 42e appaR and
at anbi ent sRoWEARIEEE I aDesibRktién Witk mwtwﬂesa%ﬁeaﬂﬂegsbmﬁhé Wagdpove
the top of the filter nedium and below (,- 10 about 8 cm above the top of

t he sl ow samesefvait.er. Ln anot her enbodi ment of the intermttently operating
slow sand filter, according to the invention, the water |evel is maintained
automatically, when not being used, at a desired m ni num rmai nt enance | evel,
and ot hegw se is kept pintAi pred nggﬁﬂ . p of
t he sands(or ot her filter rrgt %r %gl E?Jr?Bg %g?“u a 9 F@Pﬁ%@eggn aliu%@r&.attﬁ

Aut omat i ¢ cdmermittently pperdtiog slobysandSiierem t hat senses the mi ni rum and

maxi mum water level in the slow sand filter. The supply of water may be
froma punp or froma gravity flow controlled by a valve. Dosing tines when

water is not being ta'iﬁgueégfl‘b”ihta*l?deSJiWo?ﬁi&dq@%ﬁiﬂﬁﬁ%@@?@h@#%%&@

mai ntai ned at a 20 desi mal ntenance T eve
speci fi ed abawkfifter sHown inpRigatd 9. operated slow sand filter. The water from
an autopmtic intermttently operating slow sand filter is preferably
(suppl i ed0to a reservoir. Water level in the reservoir may al so be 25

controlled within a deggjted L C | Ngt hqn ] r
level |imt detect orsqag algyﬁ%ﬁk&%@lﬂ %%N {b?ndggf%lgéqm#ﬁ(gq‘%g@m r'%cé)' to
t he reser voioperafifg sitwe bahid filter shpwndihiRipuref9.t he intermttently operated sl ow
sand filters according to the invention have been carefully devel oped to

elimnate the problens 30 associated with continuously operated sl ow sand

filters when stopped. i ]tk : ap. o) fal al so
been extensively testelﬁgllﬁ'r? g%?li%n%i%ﬁ%éﬁgﬂﬁ%a&%g %153&‘?@9@%&%% orafﬁ ry
condi ti dHis wperating stow sand fikter showminl Figute (10ewith\tledinin pladespparatus, BecoBdingni s,
entitled Intermjtently Operated Slow Sand Filtration: A |Vew Wt er

Tr eat ment Plt%ggs’é{ve’éﬂﬂlzersi ty of Calgary, 1995). A pilot study of an
intermttently operated slow sand filter using natural water supplies has
i ndi cated that the dissolved 5 oxygen concentration at the surface of the
sand coul d be mui nt ai rigurat13ds apldn viewof b diffusgh faraise in thezppamtsof Riguneance
of the slow ﬁand filter was never inpaired) even though the filter was
interm’ttem:1 y operated. In conparison, the work by Paranasivan, et al _,
reporteggabove, reports failure of |arge scale continuously operated slow
sand filters when their operations were stopped for simlar periods of 10
{time. The rate with wiigtredidisd sidel sestipyaiew of thendififaser of Figure 13.vi ng
schnut zdecke at the sand surface is a function of the nagnitude of the
accurul ati on of m croorgani snms, organic material and inorganic materi al
{collectively known asighe 15 i9ia0lopoview! of @y ndévdrsifi nisbérableclo)usedin thee
sand surface and is not a function of how this accunulation is achieved
(that is, tbettemmefctheapparatusiofFigwe 2iiter is operated, continuously or
intermitently). It follows that a continuously operated filter with a

| arge dépth of water over the sand, when it is stopped, exhibits simlar
di ssol ved oxygen consURiphie0l6 ti® acwidd Béchiofividwe rdfl the Qfiffusdreshd' tledrelin wldde t he
sane depth of water, 20 when it is paused or interrupted, provided both
types of f Qapparatusaecerding torthpiiavestor.al

Figure 17 illustrates a side view of a first design of agitation blade for
30 the clean in place apparatus of Figure 16.



t . layers and the duration of the stop andlor pause is sinilar. Therefdt APR 2
results froma conpletely stopped continuously operated filter and a paused
intermttently operated filter would be conparable. It follows that the

wor k of Paramasivan et ai. on the continuously operated slow sand filter

woul d apply to the intermittently op&rated slow 25 sand filter. Referring

to Figures 1 and 2, there is shown a nmanually operated slow sand filter)
according to the inveakion, for use with an intermttent Supply O water.

The unit is intendedFighfss Bxawmlgh 27 QlusGh@rdiffotean SltdriaeTinb8dimentSof N a
person's 30 dwelling. The slow sand filter includes a watertight contai ner

12 havi ng agitatipm bladgs fari the clean im plage [apparatugor t i on 1b. The container 12 is
supported on a base or ~-- ~ ~F~ 2003 -12 support stand 13. The contai ner

12 is preferably about 1 mto 1.2 mhigh and of variable cross-section,

t hough far househol d usETAIIEY IRYCREPTONORESPREIFPoUt 40 cm ' The
container 12 nmay be nadé of plastrc such as ., _Of 0f concrete or other

mat eri &l suitable for coBMBODIMENTS e THR A80Ddpper portion 14 of the
container 5 12 is covered by a cover 18, which preferably should conpletely
cover the open top of the container 12 to prevent dust and other debris
fromentering the c i : R4 a
wat er inlet, which g{eﬁﬁdﬁ.ﬁ%&%ﬁ%@r@@%o eg:)égglrrg Flhr}?o&lgﬁie&opents}%%go dT"tghe
cont ai ner fllgers,Twhich areenot designesifot intedmittbrt aperationnfail ta Perforrhishtisfdctonlyy dept h

f 4(1 ith fi h tz sand 20, ther filt terial
Cui t abl o 1Eer ST Geng Tt der Blopb S FilaHogy ok Cama duaer S, U 5
t entygNo. , ' ; : t ] 0.t f
he | a%er VRHMES, PaamasloRs Ramd 44 Mol Tkl RARET el N, 287001 et

15 22 i nclinteeBativhall Réfarehicei Cedtery for Compiuaug | Watkr \Supply bndlSahitstiort, lEhesand
20) and agﬁerforat ed drain pipe 26 lying wwthin the gravel 24 and_extending

out t hr ougaguenNetheriandse alsewaiow ofandofiliretios, & meposb prepaged byothendask

bor f or at ed oibfuitd=or SBE o a0 Fifln SE A B drontlifeal R R RABE DRfIsicl B ote. . e
her ei n) w AmegcanSesbiyof OivinBhgineaparsod).2 Thededlie\if perfosmaidesofdfie slowng t he

bot t om_of thefperfprat ed pipe 25 The drain pipe 26 in the sand 24 is
seal ed’at $3Rd filtgrs igireporied) to ceincidecwith shedecling dn disselued oxygen lgvels dp shg y
p

¥
washed 19 r I [.p,?" Qbnd I pe 26
i's enbedde‘g;%ﬂ*%%%gggg%ﬁ&v&%% Itnf.'e 0 eggg&?;@%g%fgﬁgﬁrave?ﬁgg%ee t he
crown of tdme Filearéd rWater Quialiey ,ZBaraﬂ'ésb ivée, Joskie| DBdgeodnd Maijneat dz|980,nllﬁdimb
cont ai ner 12 S e, mai nt aj ne ] ni_mum_an ximmum | evel s above
the top 21‘%‘15@19%@aﬁan@al}ta‘pﬁsﬁ@r-gﬁﬁgﬁnmph& Paﬁg@qi k: mifgsepresuis W6tk t he
top of thewand bifig Fil SQRECNY b8 | ¥ SiRd i ner
12. The vvgoter |ng£ﬁ%££?:‘l(’)lﬁn%£ﬂler IS a?%gﬁ te%%%?g?gmg%w??éﬁat? I's, not
heat e@P, awmtiral wateasppmlies21 C, and at anbi ent pressure (atnospheric

k’pressure). The |l ower water level, that is) | cm is selected to be
sufficiently deep to ~'~ ~ AFR 2003 -13 prevent drying of the

schnut zdecke | ayer 2ue ifvefirdr hhd diskdvered M8t BiF MElHtAARGRe stiticGMteElevel

di sturbance of the schnutzdecke layer 21 du€ to turbul ence from water
falling orabove the toppofahe sarsl (oatotherFitestmaterialy i n the container 12. 5 The

ter | 30, | ect ed hat Jt. | | | h t
SEbgnat on ¢ held) i o)atoye & BinpRm SBaft e Yoy do oAl AR? GfeBlcR o
surfaQg of the waterjagét (calléd@esehmiizactkek 8odsantt dry dutied bédnRedisfidbedvhen

there is no fresh raw water supply. The term "stagnation” is used herein to
define the conditi orby thevinreminghwatgr sepplnbéereby iperforating: theschmugzdegke t he

top of the sand 20 iS.so _deep th 10 it becones, deprive f .oxvge nd t he
Sohmit zdocke af es. TRETORIEFETe. Hy IneRS68 i I8 Rebelial’ mfOVEEHETC,
and i f the water aboyfimubfesitAyér@agke 21 is so deep that air above the

wat er 30 cannot reach the schnutzdecke |ayer 21, the layer 21 wil| die. The
actual upper we2dr |Relew agpaximugedepthetichdhatoxygen fromptherainean rrack flise of

filteggmedium and tOg,ANGA 1afé WA R hE scrifitzdeiit BN Riusd By ke & 'Y

determ a

deficient stagnant water,



15 able. The range of 1 cmto 8 cmis known by the inventor to be —9 App 2003
beneficial for fine quartz sand at 21 C. In general, the |ower the maxi nmum

wat er | evel 30 (but higher than 1 cn), the better. Hence a water

fluctuation range 1 cmtv 5 cmis preferred. 20 The water |evel my be

mai nt ai ned by extending the pipe 26 %ut fromthe water outlet upward to the
desired |l evel as indicated at spout 28. The water |level so maintained is
indicated at 30. This water level 30 is maintained at a m nivnmum | evel even
when the snéhiidtiditkd Sar"0S praSdrIe RPRViAS B6hm, evdh uhder WRSMItdME obblatigg | S not
been replenished wth raw water. This IS known as a resting cohdition.

Fi gure 2 genditibos; tand theseffectivenessof the slowt dand filteecaroe maintaipgh evenmtienn 14 of

R i
i ndi cat edlé%l,':lsgﬁéeﬁ%%i %samé %t%f“{@%lﬁnrtﬁg‘&f&vtsﬁn% *fﬂte?'eﬁhi?]@‘i't iseged BéiﬂFSho"‘“

in Figure 1 as t ered wat er drains down through the sand 20, The

gr avel 5 24 opemitad; tthattifienqrdreingr wsed o supply mwaeerpi pe 26. Filtered water can be
collected is 30 a bucket or other suitable potable water reservoir 32) or
punped to a portable water ~ ~AlaR ?.Q~ - 14 reservoir as shown in

| at er draw ngs. Und S o bl . f in
the top | ayer 21 of eegéfsi%}llgag%elm{g%llﬁ% aufégﬁtﬁggﬁaﬁgégiggt %)#ldttﬂéép

cont ai ner of 2hélprésedt divenasn widl picallyreyrviliesforrdr lelt ¢hel weeltend sidmiagdecke

| ayer 21 unless it is added carefully. To prevent disturbance of the

sensi ti ve SuovaYRfor &t dasrtca waglein conditiops pEng flewcpfapater from ore prriodoiflowuser 34

of 1t n8cot Startih AR @ TRRTo HE-fo el condpls b Gl e § fobydfer ' ©
di ffuser %aﬁﬁ%tfr&ﬁ £ agaityecotfagd] fUlimately] e casey wikdre ithere 68 lay pdishged
distributing the raw 10 water at a rate greater than the rate of raw water

suppl i ed Peripdef mo| water flywe thei schmutzdecke is potkidlgd off\byrgrlack ef axygenbuti gur es

5 and 6, (.S p8er at i 0, nd

| ocat ed a%ggq i‘?ls ogrgog‘%'ovéép?#g@nci rarur]{% zgllc@g s?%@gr&%@&o#&as%ﬁ%a&%u at

| east hi glaafing hrstiodb avigasthess isnab dlow oF alat&Outabwptn thenslowgsard filted)égher
entering the container 12 during operation initially accunul ates above the
15 di % us®ressnt mantgmawaﬁlgryﬁsegéévwewsh% RO aTbhnut zdecke | ayer 21

w thout disturbing it. In operation, the container 12 will normally be
filled wth water to the desired | evel 30 between a maxi nrum and m ni nrum and
t he schmut zdecke | ayFhis &la fftprising discevery becynse itwas previously eonsideretsin
sinmplest form the cover 1% is_renoyv d,angmr)aw %ter,is ured into the top
of the cofiefm&hatthe sohmutzdegke digs guickhy|ip s $RTF {0 W, ¢ WIS nt o

t he pot ablyg: BadEflowgeer voi r 32. The filtered water will continue to drain
fromthe fifter unt1 I the I evel of the water 30 above the schmnut zdecke

| ayer2@l is below the bottomof the drain pipe spout 28. In ogeration, the

. thickness of the 25 [living schhutzdecke |ayer 21 inc es_over .rime.
{_Mai nt enance is rgquil?r%‘a“\’mcéw ReMS; HP%ERWBBQ*IO% S19YE sggﬁiﬁ@?"‘[d Ilﬁy@é 21
devel ops thiplagiRsN B&eﬂ/‘{i irflut cdke{jﬁﬁﬁ%sihﬁ%ftﬁi%eﬁﬁb%loﬁm%tﬁfm tdsaRsiabat he
filter to bel ow acCeptable |evels. Mintenance typically consists of
renovi ng tchasequentuteducidnme of fjew of wated 1Imcoptimausf systems, ot daghemeforei t . The

Trtor 50 DBFsRiy i ol o EetS s BipSine oo fanfitled SOCBFEalPReAE 12
sand 5|t ¢ie ftRickdisse of tHe SchnnibRCRE UaRR! by WBRpIngO hwai Vsoifs ®F the layerstrat ed

in Figures 3 to 8. The automatic unit is intended) for exanple, for
provi di ng Intepuittent eparatipn ofatheaslpw sand Bltercnf ithe gresent danention sherefgre

filtered e r t. ' I :

part i of paBronesselBhaLy, bendlf t3EaRE 1 AT iplted dhor BTG e i, o
i ncl udes ataredtint arghdizecsedueritin 6fthe bivlogicaldayet{sétamitadecke). upper portion 44
and a lower portion 46 of simlar construction and size to the container
12, shown in Figure 1, and having a simlar cover 48. A raw water inlet

pi pe passes thro RO kLher 42
and f%(r?ms a downwar (ij?{ilh %@M@#ﬁ%ﬁgﬁé I'n ggg_oial?ﬁgnéés\l,\ﬁ %F‘ﬁgﬂ% 46 of
t he cont aithee Qashthing of iwdt@dint ® raiselipipd tofprdéide 2 constmnt eafitenanexdeqel @f 61 cm)
with filter material 50 such as quartz sand, simlar to the filter materi al
20 shown in Figure i . A water outlet layer 52 is forned in the | ower
portion 46 of the 15 container 42. The water outlet |ayer 52 at the base of
the container 42 includes an underdrain | ayer of gravel 54 underlying the
filter sand 50 above it) and a perforated pipe 56 associated with the
gravel 54. The pipe 56 has an end cap 57. The pipe 56 lies within the
gravel 54 and extends out through a hole in the |ower portion 46 of the

—— . o Y Y T T

2

——

.



20 53. Pipe 56 leads to a potable water reservoir 62 (shown in Figur ESQYAPR 2003
and 8). ;' Preferably, the pipe 56 is enbedded in at |east 20 cm of gravel

54. The rate of flow through the raw water intake 49 nust be greater than

the maximumrate of flow through the filter sand 50 to maintain a water

| evel above the top of the sand 51 _apgpl-t hereby maintain the schnutzdecke

| ayer 51 in living condition. 25 The water |evel 55 should be between 1° cm
and 8 cm above the schmutzdecke | ayer 51 and preferably between 1 cmand 5

cm Sensor i Li t a | ey can be. d {o .ensure
C, SenSOr e b RAPHA P e 25e PR EYER-ET el HEE R RS, o,
water 1Is agiitied pagtidliyefiltednwith 8A1d drothet filtkd matetift A%ip@‘ﬁbﬂﬁgh@mm"tdlmét It

may disturb or ?erforate the schnutzdecke | ayer 51 unless the water is
added car efutheyslowganpd Siltenis raised wpaward & theuddsinad devsl of watercovarithesabd | ayer

51 and L1 th i d to . th h
Sohmit 2 dochaoregiarerdine o wh@PrebBRyBir, Wale? bESKS S Biekiind tHE contEingne
di ffusey 6, the HeviedWhict TevePhbovei the [Wp0eF @8 s2nd e -whenahe iffolSEvales it S

perforated in the same manner as the diffuser 34 of Figure 1, with evenly
di st ri but eimtdrolitent s STheTsohmutdeckeeautormaiicallycandr maturally fforms atnthaitop rof 4Be as
shown in F.gure 4. with a b%ig’e‘g& a nut b7 an vvasherls 68 tv t?e cont ai ner
42 above tHE®S ddeRiErd e pvatgy leveloinssich asmanvally; pRergist Slow saed 55,
10 Prefera jaf i : o 51 of
t he sand 5!31,%3%&% fﬁ%@%@%é t g%ﬁ?ﬁfﬁéﬁ@%?é@%ﬁ%ﬁg g%ﬁ?g% rrgttj to as
t he mai nt e2EO)as madintained \abbve\dhoue b ématsivelibe coppaiithe fibter diestium land ibalpwwat er

at a rgte greater tgan t he 6\;\{4\/Water supplied to the filter contai ner 42

t hr ougﬁ)i t 8 58 ahave thg.fo e gpvesan gmteﬁe cont ai ner 42 during operation
passes through the holes 65 in the diffuser 15 64 onto the top of water

| evel 55 and gradually percol ates downwardly onto the schnutzdecke | ayer 51
of sand without di st inmatherienybodimer of thregintemiitteintly wiperatiaf slow samddilterpugh.

In the upper Rﬁrtion 44 of the contai?er 42, there,is an escape gipe 70 20

whi ch ext e?§8Tding deidhe dnvention, therwatae levgl ismaitained automatically. whenynoh o
drain 71 i ired IREmOth i F%@f“%n rw?%'. Pl pe 70
with drai ﬁﬁgriégé%ds{%grsa dgﬁr%d;erge@yh%}%nﬁhﬁl nﬁsthﬁ)g\;fée t eﬁgﬁe&%‘?edr

passi nd cafestred yraage oifideveld aboye he W oflke sand (wrnotheR filer omsterdal) ihoa escape

f i thi . i 42 d t f ffiqi t it t |1
2t it P BN GoRAinee, AVPRRILGRRURAH BROVHEAdA SYSH % shpses B ng
fttled w tiigimn\ahEmaxfiiin e)fa% rl«fl%ie iﬁflﬁbtmowsa%atfﬂfer.t N8ie sBPpI9 fof Waerithay €

when water is being drained ilter. Air In the upper pet'rion 44 of
the filterbafrom d pwenmor fromos gravityflgw contmolied Weh afahiengDuoing ttings whers 7

and 8) whi Lk trate respective flukd 30 flo nd, control. m
Schennt | os Ak MG Bee kT PSR 1o o send il S B VG SOBRRIRGY BT
pot abl2® wadesired afsintéRanceAevdl watiiha Parpe subh ias iédhbeed foy the fignually e | -
(3 hf';~ 2003 -17 means such as a ball check valve 74 and a sol enoid val ve
7b. Pi pe 5eperated slayegangd fikerr ee | engt hs of 12 nm PVC tubing j oi ned at unions
78) and the solenoid valve 76 is |ocated on the central section of the
tubing. The final section of tubing 56 |eads into the potable water
reservoir 62. The pofThblwatercfrem anesueimatic inte?mittertlyZoperatingcstow 3amd filter wat er
supply sufficient for ngr use. Flow fromthe potable water reservoir 62

I

may be contiREETaREY Supplie 19 janEeseryolry, JYYAT devel i Hhe TeseryQiE may BS the
wat er ki st &dntdiled Wi : Fygin'g tifedli RWer el hinge 83
The distr i%dutl o!ﬁasylgﬁg%%@??ﬂs&?gg at 3‘%?% t}?gq{)fg@g%ll' %mwat erqrvesiler voir b2
by a bal | ddtectarsvaridvae valde on aniautleBHne froth theconthimeriotthdresesvairer f or use by
the consuner as required, or return ,. 10 of the water to the raw water
reservoir 88. Distribution of the water in line 83 is | driven by punp 86
secured in line 83 b%%@ﬂgﬁéﬁﬂd&%ﬁo?fhei){\%}:ﬁinehﬁgﬁbéﬂaﬁedmm@sﬁ@fﬁ% be
returned to the raw water Teservoir 88 along |ine 87 under control of

sol enoi d vadcordig® tothd invent®n havedwen icemfullyndeveloped te gplimipate e prabdéms t he

fil ter3042,

.

associated with continuously operated slow sand filters when stopped. The
intermittently operated slow sand filter has also been extensively tested in both field



or along a continuation of line 83 to Iines 90 and 91 where potable GbﬂeQPRZMU3
may be 15 made avail able from hand operated val ves (such as faucets) 92
typically installed in the home. Water is supplied fromthe raw water

reservoir 88 to the sand filter container 42 using punp 93 on intake |ine

49. |f the raw water reservoir 88 isijl evated above the contai ner 42,

gravity applies and the feed punp 88 may be 20 repl aced by a sol enoid

val ve. The feed punp 88, or sol enoid valve, constitute a water inlet

control ne |3 ' ‘ r . hknlet ine
30, The dr i R GRLSRIAGHR ip bl MTBBIGP (R B MBS LT L
wat er reseBuninis,88ntitled: dnrepraittently? Opépnteri oSlont Sopd eFiliratien:s Al Neiwhavgreat ai ner
42 and in the potable water reservoir 62 is acconplished using the water

f1ow cont r SregemensiPraeess: Univarsity of (adgary ) E985). dbpilet wudy phan inermnifientiner 42
ot ect or 5 PRPIRR KO3 S R s3img Bt Pl fopblfi ik sl oMLY aiffe
Mai Nt er;aNCexy i oneéntdatiba af BRSubfagdibethd)sand BoulbRIANAIRA & GhiEicieRpKe

layer 30 5 Z of the sand 50 (see also Figure Bhé; (2) a high level alarm
(SHLA}) | obighdevelsthatvthebparformasce af ¢he Slowasandhiilterowas mevéreimpringds@veén o

t f ; t f eed ~" ~ PR,200 - 18 SFPR), . | ted
5 em abovioEd i, it ok, Weersfenty opefatpdcq 15, RompdiieB) ) B o ek P54t n
above the batyffasivin Okt bl1® AN doovE ool e ATIakfle SEAE Spliogagy OnY S

are shown in Figure 8. To nmaintain the schmutzdecke in |iving condit’on,
even when operatedistow sandofikters whew theih opevatiens weseattorpsd fos sintilar perindsiofied

urin periods of non-use within acceptable distance of the naintenance
I'evel . *mai ntenance level M. is selected according to the

schnut zdecke maintaiaing criteria described above for the manual ly operated
slow sand filter. As a general nrle, the water |evel 30 (see Figure 1) or
wat er | evel 55 (see Fhguate $jthswhichddissolved axygemt is ofnsuetedelyn the divimgnd 8 cm

above the top of , the sand 20 or 5Q, and preferably befween 10 1 cm.and 5
em < " Ae schlwtadecks gAte sand surfack X a duicsbn ot dhomabrisiect e arcurmlBiGR) o

det ect gely Fuehl gk : ,gh
?reSeI eaf;rﬁ]ﬂ?x%ﬁg%i,ﬁﬁg@gf%%&@?%%t agﬁl{ldo%a of t eﬂfr?(gélgﬁlglél? l%x%lvn?a%ﬂh% stop
reser id r biotogidabRiz)er of .sEhmutzdécke), anthd sandogurfabe afd tihnotr # functionrofddw (3} a
tart ir flow (ST1ZF Q.cm,f t he . 96 of . ir 62;
and (4) o G syl eived Magtbcine SR ik BheD e UF i SR ¢ ne
reservoir EohtindBEIP ot itefhittelly). | RESIISHs Matla 8ntinidRseiRedted Siltét (vitht e

f oregoi ng acronyns are shown schematically at the apBroprl ate levels in

Fi gure 8. Roge/depthft water oxen the sagd, whan fit bnstpppeds exbibis similar dissglyed
th h f Fiqur. . bl
wnt or 1 e SPOEeR cBBsurtifontb WM iferikel Goritbilf WM Rarnd BlRh BE wRETC! ©

descri2®t i owhémitispmused de intérniysted, iprovidad bothitypes of fitlers liave simitaribidlapical wat er
(reservoi r 62. When water,is :Fﬁqui red fromthe 25.11i nﬁ 9% and 9 t he
di st ri but i @¥ersand the dutation.of the slop ang/or pause.is similar. nd pensfore o respilts, fr9B ap| e

water fro ' : | arid &;ﬁ?" t here
may be ot hnié%?%gey étl\sﬁ# {dﬁ%{x@h@%ﬂg&#gi’%ﬁ&é&t& r eqtr}lepraegi fn tﬁéﬁ\}\}g{bg»re e‘%/el in
t he pot abl filteyatweuld bes eomparable? ItHolowls dat thé/verk ofi Paramasivanret taheopdheabl e
wat er reservojr 62 drops . to the |evel detected .detector STItF ol enoi d
val ve 89 i@*’&ﬁ@“ﬁi’)ﬁpﬂ'g@dtsﬁ?’ %"@dr‘ﬁ(ﬁf\?@l‘aaﬁ’&@ iptermittently operated oy o £ oeq
punp 93 sugrﬂhgg&traw water to the slow filter container 42 faster than it
can be dralned out through outlet line 56, thereby ~~'" ~ APf~ 20D3 - i9

Referring to Figures 1 and 2, there is shown a manually operated slow

sand filter, according to the invention, for use with an intermittent supply of water.

The unit is intended, for example, for stand alone intermittent use in a person’s

30 dwelling. The slow sand filter includes a watertight container 12 having an upper
portion 14 and a lower portion 16. The container 12 is supported on a base or



causing the water level 55 (see Figure 3) in the container 42 to rise. QV\M;R 2003
the water level in container 42 rises to and is detected by detector SFP,

the feed punp 93 is turned off, thereby stopping the flow of water through

line 49 into the container 42. Water in the container 42 will continue to
percol ate downwardly through the sant2 50 5 and flow i nto the pipe 56 aad
subsequently into the potable water reservoir 62 until the STFP detector

| evel is reached in the container 42. Then the feed punp 93 is turned on

agai n. Thi suppwed fand 13.nerhe’ oA 25 ﬁ:efuﬂwlff&bb@c { th ko 4NE P RighDAG VR €T
reservoir 62. 10 When the water in the potable water reservolr 62 reaches

the | evel varighblecrosstsdsfiosRthough forchatsehold usef it wagychaveradiamster aif aboutc40

t hrough |ine from.confai ner, 42, .t feed pu is stopped but solenoid

val ve 76 <Py othe SontiSe 7 ey dedfide: olfutestE GuBb FE PG ok ot oRbiEfe.OF DRy

cont ai ner il Quedbld fof orGinidPpothble watkeS I Tiallnpet Portion 14 per 42

to the mai ntenance | evel R/L l(npl)lﬂgzlfx%arabl3;l bet vveerPﬂpf g?#and 56f2ﬁsgﬁ‘g‘\a/§bt he

schnut Zdeck2 id eoverdd ua cogert 8 nehicthprefariisly showll compldtely covgapthy openmop

reservoir 62.is not being used) since this,is, the optipumlevel, for

mai nt ai ni n§ W&%%tfz?d CREEVE W%W‘Eﬂn‘lﬁbﬂscﬁ;ﬂm?ﬁ@%m‘%ﬁ?w&"ﬁ deedure,

which forns part of the potable water reservoir fill cycle, acconplishes 20
" this. The water level in the potable water reservoir 62 is allowed to rise

to the level detected by RHLA through draining of filtered water fromthe

container 42 via line 56 and when this level is reached) solenoid valve 89
i s opened to drain tA8enpeRiPR ofdherontaiger {ifermapaiwater st whiddy allew®r voi r

Povel Hor ods 158 gqufeCind o eplin 37 o6 (ftBher PEC"MHR, bublbliRR1€ ohr
continues he dbn@iifert 17 3 Uled donedépth bf a0 cirher Mmrd Hiithefine’Wadhel QuafE RaN®i I 62
and these steps are repeated as required until the water level in the

cont ai ner 2% ¢rceidnefiltrr matariahisnigable arriisewith slowesasdcfiliars (as, for examplgsed.
Thi s concl e Vgl [ 162, T | . T IS
r epeat ed aggfe'g%ﬁhrﬁ‘eg?ég%ltgm\r,\ﬁ&'j’%%iﬂ’& b é% \/@igna"év\r/a er t?% 'Sno?m%éggq'ﬁ?om t he
pot abl e wabase ofahe lowdripostiod 06 of the dvpwiner 12 The Unwdrienld! of the waedrreeglet t he
wat er % ftgzeégét abl e water reservoir 62 (ternmped refresh cycle). Solenoid

[

val ve Wdas) an Hederdrain 1ayshiof Sraval A9 which: widerliesnthe saad 295 randoa ¢ o
drain into t bidhni ' s fof ' 5
pot abl ¢ waperoraied el dibe 36 TR Qilhihe el 2444 cRRLiLR ot PrBlieh L ol 0
poi nt val vin the lowergportienl 16 bf deltontinep|12 and termindting af isiuvppert dndasghspouhe 56

into reseryQir.,.62. .If, { in the iner 42 rises tqQ.the |evel t ect ed
by SHLA 128 TEbE Srsingieh 2 s 3 Bestarpietl BUC pIFS of st £ diamiier, o4 bo
| ower ed USihBQ:iﬁé%Qiefs&ﬁHeﬁ\MeP&n,lﬁitﬁgt:ﬁﬂ rﬁmﬁ@&?hal&?%&&hs nith PRty entepsiuct i on

cycle. The raw water feed punp 93 is turned off ‘until the water level in

t he cc® ai #leng 4be botigrm afothecpesforaed pine 26, vEhesdrain pipsc2ein the sand: 24 isvat er

l evel int of.abl e t reserval 2 S to | eve tect by
(sTRe, The BB heen R a7 12 Finy RYC. B 27 n e siet o smfter L e ) | e
pot abl e wal®mni @uaity gtavel Drithé like.y The psHvratddcdhd st the pipecZb R)entbeddddin ng
valve 76. 15 If the water |level in the potable water reservoir 62 drops to
the |evel thegseved@4pyittppdepthios ahputsy cmof gravehahaye the erayneof fhe serfprated voi r
62 mnust beibggged. This is doae sinply by turning off the distribution punp
86 to |ined and 91 until the water level is the potable water reservoir
QR ridss to the |l evel detected by STRF. 20 The algorithnms for the
procedures descri bed _above are Progranned into a_mcrocoatroller 100 which
§

i s connected to receilhie laye)r3) of theoWatescin b omtainast b mayst beHpaintaiped  STEP,
M., RHLA, ) i , h 86 d
93 aad eacﬁé?g'lpe rﬁ?@'"?& eﬁglﬁ) &l %‘?ﬁ@%‘sﬁh% g%@eébﬁé‘“ﬂ%%? of BE Lifl 20 prétefify 5 2"

in the range 1 cm fo 8 cm above the top of the sand 20. This is done by appropriate

markings on the container 12. The water in the container is at ambient temperature
30 (that is, not heated), as for example, 21°C, and at ambient pressure (atmospheric

pressure). The lower water level, that is, 1 cm, is selected to be sufficiently deep to



25 controll er 100 may be a programmable [ogic controller (PLC) such as§ AFR 2003
nodel No. 1747-L20CIF 12-DC SNK 8-RLY avail able from Al len Bradl ey Co.,
programed according to the software attached hereto as Schedul e A
Alternatively, it may be a CPU (for exanple, Mcrochip PIC 16C55157 Vi Sl
controllers) programred is simlar- pganer. The software carries out the

process control steps described herein and can 30 be readily programmed by

any skilled programmer fromthe description in this ~ APR 2003 -21

speci fi caty ol ke iQ?F ' d : £ AT 6 and 93
and val ve?k%ngggﬁgégf%ﬂecgon. r (t:)% egllragwoggfwa@?gn%gfﬂh%i& E'fa n %céé \7\/3? er

| evel s at calgseidistdrbapdesSthe \éehmewdaRe ddyer 21 @8 ¢ hivbulencefrondwark gallinpnt of
the invention as 5 illustrated in Figures 9 through 22. Figure 9 is an

el evat i onoato thedep of theewnlet PRstndisg indhe pentaiges R.ernmittently operating sl ow
sand filter according to the invention) including a clean-in-place feature.
As seen in Figure 9, the slowsand filter is constructed of a dowwardly

taperigg container Hfg w;%h vt el 301 Rlectdacsol @it ithﬁrsﬁﬁflowTé]ﬁuQHVt?VVar dly

t apered shape is useful r shi ppi ng purposes because a 10 nunber o

cont ai ner prevent stegrationkthdt isplpss hEtransponeioxygen Spmabe aik aboue thelgBface r
formed in e circ erence of th 0 rti.,on of, the container 102, Fitted
o e o o6 i, walss 3016 the sehuiiatecke byRe 2D dyufE pripts WS Bicke he TSk, | oo
pi pe 105 | i 8 i LAt I b3 i on
D0B aori PR water Sldbih tie 0AE1stpin’ Pusdd HERAIGIARE HE LURnlian Ty

connect or whidhithetwitbeatinve ttherschamitzieckd2t epthe tdp ofithevsand 120 ibae eleég fhatThe
utili of these fittings wll be, expl ai ne el ow. Ejgure 10.i side view
O t hb s cdtobarome Sapiia ot e Ao 46 PR 2deaka ches « Ehe SChanyindeske daei

revi ousl yqi | i j ' ' iol ttom of
P 21 tﬂe{ﬂbgHﬁﬁgﬁ& ﬂ(&ﬁwééécg{ drldGf thePVAEr aﬂalag; 'tl% CARRPATEEE B is §39de9g

t he cont al ner connector 1 mal nt enance val ve 20 109
i s connecthad airt abiolve theawatee 3G canmot edavke thecschmutnded@dayeret , Ehaylayer B} willhe pi pe

105 al ted th [ t .wat i 16 with
105 2120 15, SRR IghERE b 553 S0Rh e B otk bl B ofos 1«
connect ed fi@r H&i&rﬁﬁd&f;ﬂfﬂa lafibicdk tdriSerftaRy) QRA 9 rehity Ek}f?erﬁﬂéﬂtalfy a8efhiad hol e

113. 25 Figure 111 rates a ftont section view of the se€cond enbodi ment
of th&5i ntableni Thermnge of Jecraitd Seens isokmawmbly thel inzentors tasbe bengficialifoufing i n

Fi 9 10.. The .i ' f.th in 102 i . i i
Gt Scked o giRty At ftcfi 7| dshbaf ot ISRt Mbfun uBER R SECRERRE o 0, "
of sand 1ggan RRn)NERI betlend Hets 8 watdtefluctiatidatdngde? f ciptdls @nP i prefertayer of

gravel 126. The grades and screen sizes of sand 30 making up the top sand
| ayer 120, the second sand |layer 122, and the third sand | ayer 124 can be
varied in quality and diameter in order to provide desired filter flow
rates t -22

20 The water level may be maintained by extending the pipe 26 out from

the water outlet upward to the desired level as indicated at spout 28. The water level
so maintained is indicated at 30. This water level 30 is maintained at a minimum
level even when the sand filter is not being operated, that is, when the filter is not
been replenished with raw water. This is known as a resting condition. Figure 2
25  illustrates 2 section elevation view of the upper portion 14 of the filter 12 in initial
operating condition. During operation, when raw water is first introduced, the water
level will initially rise, as indicated in Figure 2, and gradually reduce to the desired
level 30 shown in Figure 1 as the filtered water drains down through the sand 20, the
gravel 24 and into the perforations of the pipe 26. Filtered water can be collected in
30  a bucket or other suitable potable water reservoir 32, or pumped to a portable water



and characteristics for the second enbodi ment of the automatic -~ 8 APR 2003
intermttently operating slow sand filter. The standing water |evel 118, as
expl ai ned previously is set so that it provides a bal ance between bei ng
shal | ow enough to enabl e oxygen fromthe top surface of the water |evel 118
to perneate dowmwardly to the schrut4édecke 5 | ayer 119 at the top of sand

| ayer 120, while at the sane tinme, being deep enough that water turbul ence
caused by fresh raw water being adnmtted into the top of the contai ner 102
wi Il not gicafydhid ad" far sSch I ion§0h {dASh

sati sf act gérs; ope?gtslhgﬁ,h ft?%g‘ﬁﬁ/a?%r%%\?g}ﬁﬁg%ﬁ%uﬁagugng’etﬁmen a ou%(el cm
and 8 cm abtovatlyt foems dp tief toplleyer@1 cfathd shmer 120, with a range of 1 cmto 5
cm being 10 preferred. Figure 12 illustrates a side section view of the
second enbodi nent of the automatic intermttently operating slow sand

filter with a clean Wﬂef&v%?(‘t}sﬂﬂﬁﬁ% 1% ?Egh@g{ék %rcﬁ{ﬂlgéor?gpzﬁio(}lom ai ner

102 contains in the T10op reaqgi ereof above op o ayer 120 a

hand oper at mby QisiErdhdsidetitaté gelirmhtodecke Jayee Mt dirlédsrig i§ AddedhcaréfallgenToe of a
di ffuser basin 130. The rimof the diffuser basin 130 rests on shelf f33,

whi ch is prventdistuchanee ofithe spasitiver sshawtzdecke layer 2l it is peeforablss torineludent ai ner
102. The vey.;d.cal, pi pe 5 _as discussed previausly in association,wth

i gur es oRdiie 34 eRErsA i, pllsabfe BREt Rish a5t o, ASFREH1 o8

bul khead GaNeesFiHE chhdinel N2 Mdve M sdfhubascke! lafed21 Be'tRs Ramd 29I NTRABaNce
valve 109, a treated water spout 116, a r calibration valve 115 ) and an

ant i - si phdiffusgr 3 mpust be ¢apable of diftusingahic pave watarsvenly Thé distributingshe Fowi ng
val veqdl 2_i.s i nportiant .be i I ter bei .Sl phoned
[Trom e poe LRl BaBr BB T he, B AU DAt SO it FREL THE DU Vet o
spout 1 i B4 i25héwe'4h enckd detailuiat Fighrs Saml 6nand enperforatedi withi2emnbasies 130.
The diffuser basin 130 has around the periphery thereof a basin rim 131,

which is 8prspd abowtol emsapasizand; logated abeuitli0¢m aheye theswhmutzdeekenlayer 2102, as

Car ai nage RSB 70 ot WO R, B g deded W 8501 A DB BRG e
di ffuser kpafed ehidfing the coh@mmerNd Burileopératibm dnifiany ecalmeRtes ldbbvenththe
bottom of the basin 130 are designed to ensure that negligible ~ ~~I""R

2@03 15 23diffusen 34ernod gradusllyaperrolates: patondhe schmptzdegkgnlayee Hasvithotgo (see
Figure | h}s @%ga% the sane tine permit adequate water flow rate so that
there is no -Up. A nechanical agitator bul khead 132 is |ocated in the
centre of the base 5 of the diffuser basin 13fl. The bul khead 132 is
designed to admt the vertical stem of_ the nmechapical agitator 128 ) and

al | ow the mechani calln8gertienrthe sentaiger 8&?‘&“9@%% "b“eﬁkl Uiqlf‘i?_éﬁfrtoﬂagi n 130.
113" The Beiredield Endyeb s MkEb@aid liiBnt W1 fe'schBizabat y8l 2 L0
agi t a2®r iErAlivee aTlo lopératenthe Hidter émits simyflest fiernthe covexrk8 isiremmved and raw
(A water is poured into the top of the container 12. Filtered water will subsequently
‘ begin flowing into the potable water reservoir 32. The filtered water will continue
to drain from the filter until the level of the water 30 above the schmutzdecke layer

21 is below the bottom of the drain pipe spout 28. In operation, the thickness of the

25  living schmutzdecke layer 21 increases over time. Maintenance is required when the
thickness of the schmutzdecke layer 21 develops to a point where it reduces the flow
rate of water through the filter to below acceptable levels. Maintenance typically
consists of removing the schmutzdecke layer 21 and 1 or 2 cm of sand along with it.
The manually operated filter can be expected to be back in operation one day after

30 being cleaned.



10 Figure 15 is a top view of an underdrain assenbly for use is the bDthﬁw 2003
| ayer of gravel 126 of the apparatus illustrated in Figure 11. The

underdrain assenbly 136 is constructed of a central cross-shaped pipe

connector 140, which has connected thereto at 90 positions four radially
extending perforated pipes 138. IS IHiree of the perforated pipes 138 have

caps 142 at the free ends thereof. The free end of the fourth perforated

pi pe 138 (the bottom pi pe as seen in Figure 15) connects to the bul khead

connector 114) whic : L i rain
assenbly 136 i)s i nn&rgégoﬁﬁu%ﬂg%gkfal&g ﬁ{;&g@g?c?%é?foggge é'i%aua:l;gg }#?Htgén hor t
di stance gsigmle of hew haser id 4ustratetitia Rigurea31tor3. 108e automatio dsitds dntendedzendl y

136 20 enables filtered water that has percol ated downwardly through the
over | yi ngforgxample;fog prayiding a coptimigustyipvpilable apd) aften intgrmittent seppiy ofi n

nunber of TREAbotRe ATRER Rifselold 1t IO SARNRF hliddtion [ wd' =€ 2N
filtered wadomiaticdlow Safdl fikeroidtiBlhstidte] HSERUR! ¥ idcleded ndwhRrepth *yEh&dcdlhr ough

connector 114, without causing any back-up of filtered 25 water. At the
sane ti necontaimepd? ihavingiapruppatipertion 44rand|a lowsa portionad6 of simdlar goustsumd

t . the.interi f t nb 13 | i oy 16
Tl et r ac tion 2ndsize odha Fenssines L BERETR S AR nA0R & idP ofhr 48,9 ©
conbi nat i @nra twiatdr IBANFPE 4B pAKst thicigh1d8 . wall of GANFipet Portish a4 dfhhe

di ffuser basin 30 130, rTim 131 and bul'khead 132 has been expl ai ned
previ ous| gontaies 4@ randforns) adewnardly facing mawi water indakeat The lower porgionshvct ed

of a rizont aqgi t at or,,hbl 48 at .t h ~" ~ ~1'R.2003 -24 hottqQm
rehereld " A8y Sntadiet o % 388410 & oo, OF 0.0 op e Freriecimintey & B e
agi tator RimdRltdrRateREPS®SuchR quutk Rarl simRarab th@silter Adtbrial20hawhERUal
hori zontal w nding handl e 152 connected to the top end of the vertical
shaft 150Figuse lvertical shaft 150 is rotationally nounted in nechanical
agi tator bul khead 132. Thus, the 5 horizontal agitator blade 148 can be
rotated in a clockw se or countercl ockw se direction by manual |y w ndi ng

handl e 152. A hei ghta agiweisbhtld lagér 52 fis ¥6fn@E e ithée 16Fer portonadé ofStheand
rests on the top of the nechani cal ggzltator bul khead 132 to keep the Level

of thd5 bl semtaingg 43t The waler oudetdnyeray2 afrthe base of thegoptainared2hisicliides 8n t he

above t ho 0Akh Byef SRR @Byl GETAP o AN, who abfritaR. O"
Layer 119pigess iisoeiaRd With the@i@wet54. EIRpipd §6 hapas eénd age sl THegpipesesand
| ayer 120 and the schnutzdecke | ayer 119 require cleaning, the hejight set

pin 146 cHfs withinthe\esavel 54 and extendsony through.a holedn the lopwer partion 4 offigde 148
to be lo : h i técﬂ%e , by
manual | yw\§\n6n 1“%84%131?3‘1"5} T{?gg‘? Eﬁcgs OfSiOtzzg'Etp g‘ffcépg'c%%ﬁge 0 ig&%ﬂcmgpﬁg
count 20 cl §8kwPipe 66 rlexsisitong potableopeteatreservain 62s (shhwenaini Figures Dlamde8Y148 to
rotate ang scrape awa) s.mal r.t.ion. of et Layer the t sand

A | ayer 120%@‘%@%&‘@%3@36&? ef“&?ﬁ@%ﬂﬂﬂf H‘é‘ciégc’?‘ %Fa?ig"‘b&'tqelcfétﬁﬁf@?/‘ﬁr time
?rgidn{ g;‘ ﬁr gggig@i Rhe Td v Wdté i@ AL RRALE %‘@dt{k‘ AR the rha%ciﬁ:ﬁﬂﬁkit@%f‘ flowr der to

ptable flow rates through the layer 119 and the sand | ayers

120, 122 thrdugle theofilterrsand 50 ¢o maintainta waenlevehabd@ the kapeof thEisgud 84 and

through 22 illustgate differen esi gn_enbodi| nent 5. pf agitator blade i48.
Figure 17 farebsmaintaia %Sﬂ%ﬁ‘ﬁ#“g%i@yg’ééfgﬁﬂ?ww& Y% at or bl ade 148 shown
in Figgres 12 and 16. Bl ade 148 has a rubber scraper 154 nounted on the 25
bottom surface thereof. The rubber scraper 154 is simlar in design to a
wi ndow washi ng squecthecwhiendevel isdsliald thef betwren dhemoarsl Bagra ahavg et op

| f the t d L 1 20 t f]exihl h t i de. i el d.
o o1 o SelimiBeE dever 3 el iptsrably pewetndl G Pau. SSELPESSiFRE, | oL
30 spaced ap HeAPUm RS 5 e 2evely Bin Bl UG MEEdshifedtHeYwAleY IRl §5 %tdys spithinom i n a

conb-1ike pattern. This arrangenent provides a conbing-actionon the top
surface othasadimithd

30



~" ~ "~ P R 2003 -25 layer 120, rather than a clean scraping actlon—QTm@R 2003
conbing action may be desirable in instances where sone of the top Iaye

the top sand |l ayer 120 and the schnut zdecke |l ayer 119 is to be nalntalned

5 Figure 19 illustrates a design of agitator blade 148 which has di sposed

al ong the bottomregion thereof a-4ér4i es of scraper paddles 158. In sone

cases, the scraper paddies 158 nay be preferred because the paddl es 158

scrape nost of the top |ayer of the sand 120, while at the sane tine

permtting a certai qu,gt 8. The
hori zontal angl es o?n? vé%{“ m&’@%d E:é;ﬁﬂg% 8‘?"3\3&5&{ to gg’?y si ze of
t he openiapgsation iemay acbjtt&bmtpeﬁfoehié ¢t schfhtzdecke laEexgslr aflefOtheAdatanis 22
|IIustrate respectlvely three different alternatlve desi ns of agltator

bl ade 14&ddedcargllyynTo prexent M@dcntrdlmr@an@ oftthp sehrautzdaq cadper

15" 7 qur o it 68 il e Pl e MR ‘hf@ﬁﬁi’&?é@%u%"éa*éf%‘%e? e
Dot O ofnhgpatit 3 AT b iSO diEkisic64, Shodini g Righads 2

series of T-Sshaped scra ers 164 di sposed along the bottom thereof. The

hori zont at andd@. eg'hafdlffhsr\ﬁﬁr isopestarated dnshe same magnees ag e difmendd a4 can
be adjusted to. var t he ,si f 0 I n b he scra ers., Any of
t hese al tlg ‘ébrcé{ﬁ'g?’ ‘ﬁ‘é@ﬂ%jﬁé% ﬁgogg g‘?lg &ﬁé‘ﬁ ﬁérlﬁ\/ﬁ ﬁlér he B type of
scrapi ng caﬁ».taxﬁ& maé showr BfiBiguaé 41With %Rﬁﬁ! 66.Ca Dt §2dn@NRashbrs! 68 iR keat i on of
Cl ean-in-Place Agitator Blade The follow ng instructions should be foll owed

when i nstc:gntamg A2raboye dwlschﬁmtzde@tialeﬂera@ ofathesand 3@ end e, waten levelr§d.n of f
thef ter to y lifti prflo witch in
Cthe dPoncBaretanE, verihis P dodhia bl Bm payede 1aser 3R et e 5850, e
inlet to dndes GaRtAove méﬂnﬂfnu%%)ater(la}en [95S@RBNRErrdd'® asMheniifgndfice he
filtcr 42 or 102 and renove the 30 nechani cal float assenbly) SHLA, SFP,

STFP and water le3el Mijmand muss beicapahle of Bistributipg water| @on rate greater|than ihgqe 26
4) P di b f At t h

Lo at s orfe SalFgblied B dnd) D eppink 33 Brtey i pink OB "HA MR, 1

pi pe thr earingihe cbﬂalﬁeszeldanlgep&ﬁﬁmgissmdﬁgh&ﬁ@hblas 65 @R diRodiffugér of the

handl e 152 ina simlar fashion Set the new di ffuser basin 130, with

t he d§it £&dopnisl theetopssf water dewel tssla@i gtaduplllmercohm dewewardht oatosHef ¢t 150

oot tom poiehmeske afef aF of el DL aRhitpihd Je; & Bh0ihg, BRUGURIE ttes " 2

surface ItBéretHrbugtzet urn the mechanical float assenbly to the top of the
filter. Tighten 10 the union. (7) Return the upper fl oat svmtch in the
treated water storage reservoir to its operating p05|t|on (Open the ball

val ve on the inlet \ a

position to reduce Ee%?%%s w {)ﬂ‘n%ogﬂﬁﬁq t%“?()éﬁer? %g@é‘e ?tlap%nmf)f

l:():l eaﬂgl nf\ﬂm}xexﬁgds dtrougﬁmdeall(dﬁthae:bammdmandﬁs g'medsmﬂul,aﬂCAmﬂd altm Shigigd
. be made fqr |oc 0 e val ves n usi -pl.ace at or :
&..It i s rec?d?rrﬁﬁ'i‘&gé 3ﬂ8& 9@ éﬁ&fésg%&gd %‘@"'%9 tﬁﬂ'@’ﬁ ?ﬂg‘ er | evel

in the Sty a&ebAdKadim Ard inﬁsttﬁ}l%fthlal tanh@Rakr pastidg \Gaphéity 8¢ thkUdlet pigen the

rest posi t i on.
49. The air vent 72 allows air to escape from within the container 42 and must be

=

ll

of sufficient capacity to allow air in the top of the filter to escape while the container
25 42 is being filled with raw water, and alternatively to enter the top of the filter when
water is being drained from the filter. Air in the upper pertion 44 of the filter should

be at atmospheric pressure.

Referring now to Figures 7 and 8, which illustrate respectively, fluid
30 flow and control system schematics, rate of water flow from the slow sand filter

container 42 to potable water reservoir 62 through pipe 56 is controlled by a suitable



{2) The procedure is comenced by closing the valve 76 at the treate§ wakep()3
storage reservoir 62. (3) The calibration valve 115 and the anti-si phoni ng
val ve 113 should be 25 closed. (4) The hose on the mai ntenance valve 109 is
connected to the pressure tank 62 outlet. The valve at the pressure tank 62
is then slowy opened. The mai ntenahte valve 109 is used to control the
anmount of flowinto the filter 102. The flow rate of this back fl ow process
30 should not need to be very forceful. Excess flow rates disturb and m x

the bot t omean sudhaased BallleecRAEAIVE2H and 1-sdddndRl VRIVE 762 7Pipe)56 i Foihéd B¢6 i S
renoved fromthe centre shaft 150 of the nechani cal arm assenbly 128. The

agi t at i ontiseedengthsafi 2 mon@VEe tubing jednadogs unietsaths anfl thégoleppidsealet 760. The
in 146 is_ | t in th | f t ft 150.5 Th hani cal
B 1ot s loBRE Rt Febt seRRE ofifhe dulingy, (i REAlseieh S bbneiso S8, oy
- BN Wi e ! ot
bar t1 01 oo RS e RoraHlE (WA i FBEHHL BB s ibrf6ik 621 hed gonfin | "€

buckets ofh watresupplyesufficienefbr mbfmatheset dfiowf fromphe potibleuwitar edseiidir 621 ng t he
dr ai nage val ve 116, at .sand s,urtacg | evel . {8) Thi rocess is cqntinued until
D ciassh ball 5Bk §

the maj or My b confuctedsya iawg L 80 through, vevida T ByTHE Walles are
t hen cl os k ! r . } Vi | Bppal yals 2b at
t he pr essgir}'élll ‘%hetlfr?aesygtﬁ}ed %%&a‘ﬁ?ﬁ%%@%ﬁgﬁﬁﬁ? %{%'eqfhg I @%‘%‘8% ves
are then systere@2iin isolated frbincthe pgtabledeater tebervbm|@2vinyl a balbohdckevalvel $t oo t he
cont ai ner _10?8 t he val ye 81 @t the freatedwater storage reservoir 62) and
the cal i biiB¢83n 2B pyevidesspqtable prater tor uss By ths congiiner 28 gequirede(Or tgtun | i n,
Ihis 16 dePeeiated!ih ot (10 VPG relirklr BECDIRIAIRA HhE wathiCin'fhe/ 831143 1S
[set so that 4 [itres of 20water is collected in a one mnute period) or an
equi val entrived by pomp 8tesesexad (4 find B2 betweenitwo unidhd 8Sh oWhatkr from the pusspored to
its original condition.This clean-in-place procedure frequent | S
necessar yggd“%ibﬁtrﬁﬂﬁ?%tocgm LAW, Wjater jTesegyols 38 3lpng, bine %?n\‘“b@? f“(?PFFHK@g

| evel . 25 t r n WAty ' tly

oper at edEg gmﬁggﬁg@féﬁ%?@@&g% &%ﬁgﬁf@t&gﬁﬁ:@g@%&;}t@gs@ tﬁg;ﬂl &&g 7. ' The
filters wer alongns tontiruation of hink 183t tot lirees 30 avat 81 whepe pstableowater meayshe f ace of
the sand in . the filters, when the re paused, varied fr 5 ¢ .

(1 ecolfenHEds pvatianls, Frofi hanoppessied YAes (PER AL tiysrls) 8 dymically installed in. § Asg
200 -28 | gpsfoéice every day until Septenber, 1997. An assunption was nade

that the filters that were operated with the greater paused water depth
woul d denonstrate ch¥atacisesipplied from thel taw water Taservdis 88vtodthe pamb filtensi van

t al. d that t th . t i hal | t dept h
woutd” denGRAer 2w Buiop s PR dSaRRnR 4. o If Wl i Sper SRR BB ¢« e
al . Appr oxjedEkg! aboke he okiafne? 42, GBIk a iésimu&sféeaq%%,%gcsae bene the

filters were tested. Water to be treated (artificrally am nafed natural
wast 2G ubreplaced by asolepoisdvalvel i Thet feed Ipsingr 88,001/ salenoid valveh constisutewki ch had
been deve| d r the 10 previ hree.vears. This water wa ld in
(large tan%@&?d?#ﬁ??ﬂq?g W%F (,ﬁonﬁ#@#l%ﬁ%pp tvf%erptpzi‘ﬁ? Eavéﬁ'dtﬁﬂé@egﬁ‘ﬁed
periodi calipy Thé Rrmnedil (sed atdof Figdrea B uidl de)f‘etdﬁﬂdfdiﬁﬁﬁ% tdthé rimnwikegle wast e
wat er was used_ because it had very stable biol ogical characteristics and
was easy FesepyoaBter thwastntity. 15 The prototype filters were operated
such that all of the water ponded on top of the sand in each case was

repl aced. Attenpts were nade to nonitor the dissolved oxygen concentration
in tHEs water above WCQoatrohofl warsreldvels 6l vhepeomainérod2 had dnldhd porablef whtee new

water. It was found that considerable tine was required for each filter to
accunul at Eeseryoly 62 dsaccemplished ysing e water flew captrols jpstdescribed andgWater cant 20
i npacts o i 8&taih arﬂﬁérﬁﬂ: - gt lned t hat
t he techm&c‘i’giegagéstégqfl%asur% ﬁe ssé?\wea oxfg‘lle&nd-\é\‘g're nsggﬁggﬁgtl ve
enough. prﬂ@fwﬂbr:‘lcblelcdumml' $n Urecdntatice 4allle€t:clt tdhcrfeuawtrg \ditesblvvlgd (¢)<ygen
concentrations accurat t he techni s.gou not appar ent used to
test the Hi%mdfﬁgf;m @eﬁ@gglﬁnﬁémtwemﬁ%m@%%&wrm s
concligpi 09y of tsPGed N i ?ch RgGapduct ed
for several rm%%ds?ﬁ S'IOE(?’S ?@ge 0 g?,r(g%?m?gelé?v%ﬁg?;@ng, ox%en required
m ni at ur eabowd thpdayex| 51zatdthe qop pfirehet sand i (te putvent oberdiomd (3)ex stoprfeedicl usi ve
as far as the objectives of the project were concerned. Nonethel ess, we
were able to denonstrate conclusively that we werc able to operate the

prototype slow sand filters on as intermttent basis and still maintain the
30 schnut zdecke in living condition. " ~ ApR 2UD. - 24



Slow Sand Filter Constriction Diffuser Plate Construction Detail The ghiee 759
prototype slow sand filters were constructed of the followng 5 corrponents

- filter container - filter cover - diffuser plate - pipe collector 10 -
washed 19 mm quartz gravel undrain - washed quartz sand {simlar to that
specified for continuous sl ow sand f1|3I‘ters) - sandl gravel separation

menbrane - raw water supply intake 15 - air vent - drain The three

prototype filter containers were approxinmately i000 mn in height and had a
downwar dl ypurBp¢SEPR), Madateb L $ chy stirve 3R layen51{ 4rd mrﬁpamieﬁ Panial(strﬁp)% for

an individual household may be 400 mmin dianeter.) The filter containers

wer e constlogated §0onmpahove 1be dayer 81 nf theipanst Hlr 'H’\QGQ&HVGIS and theforegoing

cont ai ni n ter coul d d. . The fi wer e | e enough
to conpl etg%q? @g ﬂ‘gni’ﬁ‘ﬁ%lfe Borﬁ)ﬁm{%a m‘]%?k “6‘[’%8?“%@8% s from
acci dent al éwzenewha{ tHege tid)Bo fdtéeflo®? riﬁ@wa&rr 1eJélessdhfufsu§ermﬂhﬁl&a

required to spread the raw water supply evenly over the water in the

filter) whpdridstofi !mnausen‘uithmmlbeimmcelﬁ the ghaintenandsi evek Mit. tTheul ence
was mni un| ze and t.er did. not b t surfa e .of the.sand 30
or the schif wwﬁl&tﬁ??‘fﬁg géﬁﬁ‘te H%E&@ § I s
capabl e Ofdescﬁﬁed“ab“m@ foP fe mﬁﬂuﬂlystsﬂekﬁéﬂ 51ag/ dan8 f‘ﬂ@rerA@ta nE?a‘l Fuid, o er
than the raw water supplied to the filter container. The Tilter under dr ai ns

at the botwates leyel 30 ésee Higue m or satepdevet b5 {des tRighrs 3)ishauldbeeat agieptfuef t z

Gach pr ot Ry HeEt §i e BEm Bl The b ofR SuRCALGESE ot PREBAB R ugh

the walg of ﬁhé‘n&S'ch‘Fr cont ai ner The holes in the PVC pipe were 3 mmin
{di.anet er ang were | ocated on the underside of the pipe. The pipe 10
collector in each case was enbedded in approxi mately 100 mm of 19 nm washed

t | . The filt th t ' d of d t
Qand <i i 1ar o't hat ARGHA SNy ST BRI I (e POBIG WALF SHHeceh o A1S o o,
The sand | g&ited'y g?éctﬁﬁﬂﬁﬂ@ef&ﬁ ﬂﬂe%ﬁ’&@mg‘ié\lté F{l) Ahigh RO LATRIGTLAY) Leri a,

tl ae maxi mumrat € w of water throu sand hust be | eSs than the
m ni me r32 é ant ffom theabp 94vfithe easerfviotrvb2; (2} mstoplrbsmou”ﬂw €SRI), anfi cor avel

I ayer hr ee t ot eparated b 0 ane, \Water
wnd s 3801 e o BF it Boe oD A el o A PRETAPY B trord
the top 96 of the reservoir 62; and (4) distribution pump cutoff (DPC), 5.0 cm from
the bottom 98 of the reservoir 62, above the outlet lines 80 and 83. The detectors
with the foregoing acronyms are shown schematically at the appropriate levels in

Figure 8.
20
When potable water is used from lines 90 or 91, usually through
faucets 92 (see Figure 7), water must be pumped from the potable water reservoir 62
and this water must be replaced. The following description therefore describes the
water fill cycle for the potable water reservoir 62. When water is required from the
25  lines 90 and 91, the distribution pump 86 is automatically turned on, thereby forcing
potable water from the reservoir 62 along line 83 to one of lines 90 and 91 (there
may be other lines similar to 90 and 91 as required). The water level in the potable
water reservoir 62 thus drops. When the water in the potable water reservoir 62
drops to the level detected by detector STRF, solenoid valve 89 is turned on and the
30 raw water feed pump 93 is started. The feed pump 93 supplies raw water to the slow
filter container 42 faster than it can be drained out through outlet line 56, thereby



whi ch delivered the water to the surface at the top of the diffuser pr& PR 2003
As a performance criteria, the raw water supply was | ocated approxi mately

| 50 nm above 25 the diffuser plate. The rate of flow through the raw water

i ntake nust be less than the rate of flow through the diffuser plate but
greater than the maxi numrate of frd®-of water through the filter sand. The

air vent aad energency drain in each prototype was provided at 30 the very

top of the filter container at the sane el evation as the raw water intake.

For sati sfcaosing yheowatenlevel55 (sbeeFigues deinaiie domainendto Hise, eWlea thepmtezapaci ty
as the ravi/ 'V~ 4 ~ ~ 2a0 -31 water sugpld?é. The air vent nust be of
suf fi ci entlevedjn&pntaines 43| msghtaand is,deeqted by idetestor IR, the Seedapmp P3 i1 | i ng

of the fil ] | t )t i filter
dr ai ni ng. PeHed Ut ndfSh? ot e Ao ik e 4 1d lel Byl 47

mai nt ai nedVater & thessohfainee 4P willvontinye t0 pdrdotfie dawnwardly toosgh theGhnd 56 sl ow
sand filter to the raw water supply, potable water reservoir and potable

wat er di standfiaw érfo he; pips, 562 quanty, inte thecpaiable water ieserxeis 2 watli gur e

7. Water i HEpe | e .fl g he raw
wat er resetjri?/é)lsi r i&s]Ie e &er\?lae't;l@d' sarh%ct\;lgatl{%éﬂ ﬂ‘?‘@#‘%‘a%mé&ﬁ %E%pdy%lji}ﬁ ?3 lgse

repl aced hyrmedson sgubh.d Ftds ¢gcle \Motien fbpeatad af requitedetosfilbwhe pothbld ktatsr i nt o

t he potabl e water reservoir through a piping systemwhich includes a ball
val ve, unif8¥rveibbénoi d val ve and anot her union. Under emergency conditions,
water may be drained fromthe filter 1 Sinto the raw water supply or to
waste through the energeacy drain. The potable water reservoir of the

prototigpe was sized Wheg Qe Haterdn\¥aE Hotabld Mater Teserv61P (621 RACKER! R levélC .
(Pot abl e wat er was sup!ol ied to the potable water distn'bution sgstemthr ough
t

a di stri budetestedshy duarto sapply of twiatep fromb cgrpaiser 6f shriughrlingubé dromy st em

I ncl udi ng the.pump, .is.isolated.fromt reservoi r_.b al I val ve, and

_uni on. An&f’ﬂ%?%ﬁ@oﬁﬁe{ E“—eﬁcPé*mPe 18 Fﬁqﬂ%%le%‘_fte OEJF“_ bc(/\%%l#ggrﬁ%'fg qhf8- p . Atee
in the pi plRYsifarth@Critle kawrtb deAl fedm cBh@indP 42 ThrobBR IREtdget of the tee
provi des water as required to the potable water distribution system The

other outlet is controlled by a solenoid valve which is 2S operated when it

5 1ERE°S2rY 10 U1 SR ekl iy AUSByS? o3 es iR WG 7T L1

pot abl'e water reser etu raw wat er reservoir.
appar ent t(preférably bdtivedred dnd ahldeS amt above tthe s¢hinghtzdetke thiyerf odwrdng tignes

di scl osure, many alterations and nodifications are, possible in the practice
when the potable water supply from reservoir 62 is not being used, since Hus is the
optimum level for maintaining the schmutzdecke in living condition. The following
procedure, which forms part of the potable water reservoir fill cycle, accomplishes

20 this. The water level in the potable water reservoir 62 is allowed to rise to the level
A detected by RHLA through draining of filtered water from the container 42 via line
’ 56 and when this level is reached, solenoid valve 89 is opened to drain the potable
water reservoir 62 into raw water reservoir 88. When the water level in the potable
water reservoir 62 drops to the level detected by SRF, solenoid valve 89 closes.

25 Filtered water then continues to drain through line 56 from the container 42 into

reservoir 62 and these steps are repeated as required until the water level in the
container 42 reaches ML, at which point the solenoid valve 76 is closed. This
concludes the potable water reservoir 62 fill cycle. The process is repeated as
required.

30



30 of this invention wi thout departing fromthe spirit or scope t her epf 9 APR 200

Accordingly, the ~ ~~'~ 2003 -32 scope of the invention is to be
construed in accordance with the substance defined by the follow ng clains.
'-~ ~ A~ 203 -33 WHAT IS CLAIMED IS: i. A slow sand fitter apparatus

conprising: a container (102) havi ng2&s upper portion and a | ower portion;
5 a water inlet (113) in the upper portion of the container, the water
inl et being connected to a supply of water; a filter material (122) filling

at |l east the | ower pd¥Vhérowark if het asedt fromethe pdusblé iWate reseriveiri 64 f4Ng a
top surface below the water inlet; a schnutzdecke Layer (118) on the top

surface of DPWS. ft isidesirahle &9 refresh the Waigsiinthe povable yaten reservoin 62 (tesmed
tion of | ' f f | ial; and
ot or 1 e IR, Mliedd L0 aibeit], deind aibhind pothfle WREF dih. ST

water in t feetvoRe62 e dtdifintofthé By a@fdraiesavoirt88auniidlithé BVeN6E wakitein thbove
the tap surface of the filter material, the maintenance |evel being a

bal ance® bepokeblé yatpr teseryoirdiZedropatorthe devst deteetod by SARE, ias whickcpeint valveeep
that water gfalljing,f th ter i.nlet onto the.to f the water,in the
cont ai ner 8%&%4?8‘?“-5?S%Ffﬂiﬁ"‘tar”ﬁ{e&iﬂé%‘ﬁ‘s“is °§3ﬁr‘rﬁf’§gg@&’erqsﬁvgﬁﬁ é%md (2) a
m ni mum wat er mai ntenance level that is sufficiently shallow that oxygen

fromthe air above the water level can diffuse through the water and reach
t he schnut zdecke | aydf watertindbe contaiperndidirisesetokthe llened detesteddiymSHLAgkhen 20

i vi dit | t i fl f t hr ough, t t
et oo apaidsdgve {5 e ainhe bouaiferr it Ruw iR Sveed upiid i BIGREE | he
water il ePoﬁB&swmf ?&ENMFH%\@ tddie@bn yéle.lr THeSaG Wikdr F&A futRp OB ishe

1 enance | evel and the underlying filter material; a mechani sm

t
{328y | our tuned off watilrtbe siatasrievet in theccatitfifers? dfaps lovel ML adorakbs 88 t he
t f f ot f.llt jal  t | d: | hani ich
canbe. usedty SPeni ot e WPl v, ot iotAhLE SR G IeEYOLA A IBHERTPAN BV
through t hﬁ?ébdeﬂ &y SMEE! ThE %evg:lhéf tHe Wﬁﬁr%ﬂ%ei' chtainer 42wl mgg%ea@m' &'

apparatus of claim 1l wherel e water Level nmalntenance vice I ncludes a
pi pe connethecpbtable twatervmsavoio G2 fill cyolel mayt thenl be gtameddrycactivating valse §16.

mai nt epance level. 5 3. The slow sand filter apparatus of claim 1l wherein
t he water |evel maintenance device maintains the water |evel between about

1 cmand 8 cm above fhehel QRePleviim the Ipotiblewat rédervoir 67 laeopsl toViheaewkif i | ter
systemof claim1l wherein the filter material is 10 quartz sand. S. The

sl ow sand feteeted bypBRBEa theswater devgl in the pasableiwaieraresprveir G2nmust b paised.
connect ed {fyl oM sfhpl) Byt ot Thé biskbiton By 86 JRALS00 Bha B2 ek ! 201 Y
the water level in the potable water reservoir 62 rises to the level detected by STRF.
20
( The algorithms for the procedures described above are programmed
into a microcontroller 100 which is connected to receive signals from each of the
detectors SHLA, SFP, STFP, ML, RHLA, SRF, STRF and DPC (see Figure 8), and
to control the pumps 86 and 93 and each of the solenoid valves 76 and 89. The
25  controller 100 may be a programmable logic controller (PLC) such as model No.
1747-L20C/F 12-DC SNK 8-RLY available from Allen Bradley Co., programmed
according to the software attached hereto as Schedule A, Alternatively, it may be a
CPU (for example, Microchip PIC16C55/57 VLSI controllers) programmed in similar
manner. The software carries out the process control steps described herein and can

30 be readily programmed by any skilled programmer from the description in this



water to the water inlet line. 15 6. The slow sand filter apparatus -0f APR 2003
claim5 including: a first water |evel detector to detect an upper water

| evel in the container; a second water Level detector to detect a | ower

water level in the 20 container; and a controller connected to receive

signals fromthe first and second-2l1- contai ner water |evel detectors and

to provide signals to the water inlet control neans, so that the water

mai nt enance |levels are maintained within the desired range of water

mai Nt enangReIRYES - TRO controllee 19%%@&@ Qightds 86 AR sssa:ﬁfgﬂ@i ljesrherein

the diffuser includes discrete | es which aliow water accunulating above
t he diff ukeand 89 pe contralttheid operatibn and) maintaindthé fwaterrlevels at désreddeved§. t he
water in the container. - ~ ARR 2003 -35 8. The slow sand filter
apparatus of claim5 further including a high water |evel detector

connect ed to provi deyeiys) 43y IPaddfing AUl hnbdiffeiebt e Blefisiegsi vel ¥

hi gh water level'in't tal ner. e w san er appar at us of

clai msl fillustheted innBiguehsothreughcd2er Figaesd isqin eleviiog of adeéondt digbotiiinent out | et ;
first and second water reservoir water |evel_ detectors for detecting high

and | ow vift astomatie intermitieptly \operating cslaw \sgnd -filtes acgordingta ¢he invention,
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a raw watgnstrécied \08id deWnwaRIle tapefing dniiesr 102nvith Dotdrel®ppakad usp and a
control for controlling flow of water fromthe raw water reservoir to the
sand fi | ttBereappakhe dpsynwaydly tapengd shapgnissusafil ffor shippingRirpesss bgsausea med in

cl ai pal g ' [ ' I er at ahi =hani cal

agi t?{o or. : ‘ﬁi@%&%%%ﬁ@@a@%@ gos ggﬁs}’g@{caiypr?eeg i% s?’?iafie%ﬁﬁg]v\her ein
‘the 20 nEi@hﬂEdQﬂkhﬁﬁdeﬂﬁt@fenﬁ@ﬁﬁtﬂé@? pottiey bf deodontdingte)020h Fittedcomtiect s t he
top surface of the y filter material, and a rotatable shaft and handl e

whi ch carexerion of the,eontginerat @ isaovesticakpipgdi05y The: vartieal pips. 10frhasdhergins and
filter apapal(a%a'éﬁ v%fveci(%i, gerqalln&nglllc%' \ml\gellowﬂ?orneidk,tahﬁlter outlet 110, an anti-
siphoning valve 112 and a bulkhead connector 114 at the bottom region thereof,
15 above the base 144. The utility of these fittings will be explained below.

Figure 10 is a side view of the second embodiment of the automatic
sand fifter, as illustrated previously in Figure 9. The vertical pipe 105 is connected
at the bottom of the container 102 via bulkhead connector 114. A maintenance valve

20 109 is connacted at the maintenance valve location 108 (see Figure 9). The pipe 105
also has connected therein a treated water spout 116 with a calibration valve 115 on
the top of the valve. The top of the pipe 105 is connected to the top portion of the
connector 102 via anti-siphoning hole 113.

25 Figure 11 illustrates a front section view of the second embodiment of
the intermittently operating slow sand filter as shown previously in Figures 9 and 10.
The interior of the container 102 has disposed therein in stacked configuration a layer
of top sand 120, an underlying second layer of sand 122, an underlying third layer
of sand 124, and a bottom layer of gravel 126. The grades and screen sizes of sand
30  making up the top sand layer 120, the second sand layer 122, and the third sand layer
124 can be varied in quality and diameter in order to provide desired filter flow rates



25 agitator blade includes any one of a scraper blade, scraper teeth,~ 9 APR 20p:

scraper paddles, scraper forks, L-shaped scrapers and T-shaped scraper st
14. The slow sand filter apparatus as clained in claim13 wherein the
mechani cal agitator is journailed for_ rotation in the water diffuser which

Is located in 30 the upper portion 0#2 the cont ai ner. ~~ ~ A~'R 2UD3 -36
15. A nethod of operating a slow sand filter, the filter including a
container, filter material partially filling the container, a water inIet

above the dnd tobaraemiristitsaIfor ahavaseedndoetribetlinmgnt hof thieh @ufomtier intBineitteally
mechani sm for c¢leaning the top surface of the filter material, the rrethod

conpri si ngopesating slow send fitera Thestanding waterleveb IR, asiexplanedprevionsly iabove
the t f the filt t 1
wnter ey nieG AR AL it iR b erPedrttelte SBNEH P BB ONERR B { 1y
the water ineltgh sarfhe b thetwiterolevil T 8WBtREmEdte Hb@nﬁr@fﬁlﬁ't@ﬁe SEPRRtARICKe

significantly disturb the schnutzdecke layer; and (2) a m ai num wat er

mai nt eniancblyeel/kﬂ atttheitop of sand fayer 243, Iwmmmmemﬁeeprmuzhémlo air
above the wa l.evel can dj fuethrou t he r..a each_t he
schrrutzdecW@ efat%t? Wt‘fﬂ‘f‘“{ P?& é E? eﬁdﬁflge‘ﬂdP{?t 1P O e ying
condi tion exfaAind$ 802 WA ot distid bF ﬁ&i‘f&ﬁtc%%%hﬁ\ﬂfﬁé@& faber, WHoR the Bhé¥t, and
periodically cleaning the alter by intermttently backflow ng water through

the filter satufaetoralqpemmagwtmtcn vchbla goudd b beavesn abput 1 icm and Beaner i al
with an 15 agit h rnal for rotatlonlna er diffuser to
bring filt&o%Y n%'@d{oﬁg fpgﬁ g@ﬁ EW i p¥ifh; % fange QF eFma%\g e’ 'Phée"Pgl ter
materif) . Afeferdte Method of claim 15 wherein the water level is maintained

at between 1 cmand 8 cm above the top of the filter material. 20 O _. 17.
The nethod of claim 15 wherein water being filtered by the slow sand filter

oot e Cand cho on Bigite 2 dfligralies f1F Fetionaia Phihe ot snEpdient of
materil a an e Op
backf | owedgfahit,pitHit d;uw ,.111 %{\25' gpgl;aus%reiwz%m:m&tﬁ@ didandipiskPphtandshe

agi tator assoclate
. AuF. Au2. AAds2erAin\Bighye IASQeAphEmeFJOACMnAMIﬂm topAegion thereof above the
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9. A~% f#ggg ayer 4 operatable m agitator penetrating through
thc centre of a diffuser basin 130. The rim of the diffuser basin 130 rests on shelf

133, which is formed around the circumference at the top region of the container 102.

The vertical pipe 105, as discussed previously in association with Figures 9 and 10,
is connected at the bottom of the container 102 via bulkhead connector 114. The pipe
20 105 has fitted therein a maintenance valve 109, a treated water spout 116, a
calibration valve 115, and an anti-siphoning valve 112 as described previously. The

l("‘x

anti-siphoning valve 112 is important because it prevents raw water from being
siphoned from the top region of the container 102 and into the treated potable water
spout 116.
25
Figure 13 illustrates a plan view of a diffuser basin 130. The diffuser
basin 130 has around the periphery thereof a basin rim 131, which is adapted to rest
on circumferential shelf 133 of container 102, as seen in Figure 12. The diffuser
basin 130 has a series of perforations 134 (drainage holes) formed in a grid-like
30 pattern in the bottom of the diffuser basin 130. The size and number of the
perforations 134 in the bottom of the basin 130 are designed to ensure that negligible
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and be exhausted through connector 114, without causing any back-up of filtered

25  water. At the same time, the perforations must be small encugh that gravel and sand
cannot enter the interior of the assembly 136 and cause plugging.

Figure 16 illustrates a side section detail view of a diffuser basin 130

in combination with a mechanical agitator 128. The construction of the diffuser basin

30 130, rim 131 and bulkhead 132 has been explained previously. As seen in Figure 16,
the mechanical agitator 128 is constructed of a horizontal agitator blade 148 at the
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#+#} 0aS1! " 4388 dy manually winding handle 152. A height adjusting set pin 146 penetrates
the shaft 150 and rests on the top of the mechanical agitator bulkhead 132 to keep the
level of the blade 148 at a required elevation. In this way, the height of the
mechanical agitator 128 and blade 148 can be held normally in a position above the

10  top surface of the top sand layer 120 and the schmutzdecke layer 119 (see Figure 11).
However, when the top surface of the top sand layer 120 and the schmutzdecke layer
119 require cleaning, the height set pin 146 can be removed from shaft 150. This
enables the agitator blade 148 to be lowered so that it reaches the top of top sand
layer 120. Then, by manually winding handle 152 in a horizontal clockwise or

15  counterclockwise direction, the operator causes the agitator blade 148 to rotate and
scrape away a small portion of the top layer of the top sand layer 120. The thickness
of the schmutzdecke layer 119 builds up over time and retards water flow rate so
periodic maintenance is required in order to maintain acceptable flow rates through
the layer 119 and the sand layers 120, 122 and 124 of the intermittent slow sand

20  filter.

P
.

Figures 17 through 22 illustrate different design embodiments of
agitator blade 148. Figure 17 illustrates in detail the design of the agitator blade 148
shown in Figures 12 and 16. Blade 148 has a rubber scraper 154 mounted on the
25 bottom surface thereof. The rubber scraper 154 is similar in design to a window
washing squeegee blade, and is stiff enough to scrape away a top layer of the top

sand layer 120, but flexible enough to provide some yield.

Figure 18 illustrates an agitator blade 148 which has a series of vertical
30  spaced scraper teeth 156 protruding vertically downwardly therefrom in a comb-like
pattern. This arrangement provides a combing-action on the top surface of the sand
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100 8810%){%:1@ thg t/ tom r%non thereof a series of scraper paddles 158. In some cases, the
scraper paddles 158 may be preferred because the paddles 158 scrape most of the top
layer of the sand 120, while at the same time permitting a certain amount of water
to pass between the paddles 158. The horizontal angles of the paddles 158 can be

10  adjusted to vary the size of the openings between adjacent paddles 158.
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Figures 20, 21 and 22 illustrate respectively three different alternative
designs of agitator blade 148. The design illustrated in Figure 20 has a series of
scraper forks 160 distributed along the bottom thereof. The design illustrated in

15  Figure 21 has a series of L-shaped scrapers 162 distributed along the bottom of the
agitator 148. The design illustrated in Figure 22 has a series of T-shaped scrapers
164 disposed along the bottom thereof. The horizontal angles of the various designs
of scrapers 160, 162 and 164 can be adjusted to vary the size of the openings between
the scrapers. Any of these alternative scraper designs can be selected to provide the
20 type of scraping action that is required for specific situations.

Installation of Clean-in-Place Agitator Blade

The following instructions should be followed when installing the clean-
25  in-place agitator blade 148.
(1)  Tum off the flow of water to the container 102 by lifting the upper
float switch in the treated water storage reservoir 62 (or close the ball
valve on the inlet to the container 42 or 102).
) Disconnect the union inside the filter 42 or 102 and remove the
30 mechanical float assembly, SHLA, SFP, STFP and ML.
(3) Remove the diffuser basin 64 or 130.

=8 APR 2003
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p
the set pin 146 through the shaft 150 in the bottom position. This
holds the mechanical agitator 148 above the top sand surface 120.
(6) Return the mechanical float assembly to the top of the filter. Tighten

10 the union.

( (7)  Retumn the upper float switch in the treated water storage reservoir to
its operating position. (Open the ball valve on the inlet to the
container 102. This valve should be set at a position to reduce excess
flow into the filter 102.)

15

Operation of Clean-in-Place Agitator Blade

(1)  Reference to Figures 9, 10 and 12 should be made for location of the

valves when using clean-in-place agitator 128. It is recommended that
20 the procedure should be done when the water level in the storage tank
62 is in the full range and the filter 102 is in the rest position.

(2)  The procedure is commenced by closing the valve 76 at the treated
water storage reservoir 62.

(3)  The calibration valve 115 and the anti-siphoning valve 113 should be

25 closed.

@ The hose on the maintenance valve 109 is connected to the pressure
tank 62 outlet. The valve at the pressure tank 62 is then slowly
opened. The maintenance valve 109 is used to control the amount of
flow into the filter 102. The flow rate of this back flow process

30 should not need to be very forceful. Excess flow rates disturb and mix
the bottom sand layers 122 and {24,

CVQM\P’} 2003
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water level is slowly filling from the bottom. This mechanical
agitation action will bring the particles on top of the filter surface 120
into suspension.
(7)  Several buckets of water are drained off the top of top sand surface
10 120 using the drainage valve 116 at sand surface level.
(8)  This process is continued until the majority of the suspended particles
have been removed.
(9)  The valves are then closed in the following order: the drainage valve
116, the valve 26 at the pressure tank, the maintenance valve 109.
15 (10) The following valves are then opened in the following order: the ball
valve on the inlet to the container 102, the valve 81 at the treated
water storage reservoir 62, and the calibration valve 115.
(11) The calibration valve 115 is set to 4 L/min. This is done by collecting
water with a calibrated pail. The valve 115 is set so that 4 litres of
20 water is collected in a one minute period, or an equivalent ratio can be
used.
(12) The container 102 should now be restored to its original condition.
This clean-in-place procedure as frequently as necessary to maintain
the container fiiter 102 in optimum performance level.
25

Experimental Procedure and Results

Three prototype intermittently operated slow sand filters were
assembled and installed in May, 1997. The filters were constructed such that the
30 water depths above the surface of the sand in the filters, when they were paused,

varied from 5 cm (recommended), 30 cm, and 100 cm. The filters were operated at
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each time the filters were tested.

Water to be treated (artificially contaminated natural waste substitute)

was produced in the laboratory using techniques which had been developed over the

10  previous three years. This water was held in large tanks containing tropical fish and
aquatic plants and was spiked periodically with small specified amounts of dog feces.

This man-made waste water was used because it had very stable biological

characteristics and was easy to produce in quantity.

15 The prototype filters were operated such that all of the water ponded
on top of the sand in each case was replaced. Attempts were made to monitor the
dissolved oxygen concentration in the water above the sand immediately prior to the
addition of the new water, It was found that considerable time was required for each
filter to accumulate sufficient organic matter at the sand surface for significant

20 impacts on dissolved oxygen to be noted. It was ultimately determined that the
techniques used to measure the dissolved oxygen were not sensitive enough. Though
the techniques used were able to measure dissolved oxygen concentrations accurately,
the techniques could not apparently be used to test the dissolved oxygen in the water
immediately above the sand. This conclusion could not be reached until the

25 experiment had been conducted for several months. This type of direct test for
dissolved oxygen required miniature and specialized equipment. The results obtained
were inconclusive as far as the objectives of the project were concerned. Nonethe-
less, we were able to demonstrate conclusively that we were able to operate the
prototype slow sand filters on an intermittent basis and still maintain the

30 schmutzdecke in living condition.
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10nt 10n! - filter container
- filter cover
- diffuser plate
- pipe collector
10 - washed 19 mm quartz gravel undrain
- washed quartz sand (similar to that specified for continuous
slow sand filters)
- sand/gravel separation membrane
- raw water supply intake
15 - air vent

- drain

The three prototype filter containers were approximately 1000 mm in
height and had a downwardly tapered variable cross-section. (In comparison, a filter
20 for an individual household may be 400 mm in diameter.) The filter containers were
constructed of PVC, concrete or any other material suitable for containing potable
- water could be used.

The filter covers were large enough to completely cover the filter top
25  to prevent dust and other debris from accidentally entering the filter container.

The diffuser plates were required to spread the raw water supply evenly
over the water in the filter, while it is at maintenance level, in such a fashion that
turbulence was minimized and the water did not disturb the top surface of the sand

30 or the schmutzdecke layer. The diffuser plates were of a design that was capable of
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The pipe collector in each prototype consists of a perforated 12 mm
PVC pipe installed through the wall of the filter container. The holes in the PVC
pipe were 3 mm in diameter and were located on the underside of the pipe. The pipe
collector in each case was embedded in approximately 100 mm of 19 mm washed

quartz gravel.

The filter sand in the prototypes consisted of washed quartz sand
similar to that normally used for continuous flow slow sand filters. The sand layer
was approximately 610 mm deep. As a performance criteria, the maximum rate of
flow of water through the sand must be less than the minimum rate of flow of raw
water flow to the filter.

The sand and gravel layers in the three prototypes were separated by

a geomembrane.

Water was supplied to each of the filters through a raw water supply
which delivered the water to the surface at the top of the diffuser plate. As a
performance criteria, the raw water supply was located approximately 150 mm above
the diffuser plate. The rate of flow through the raw water intake must be less than
the rate of flow through the diffuser plate but greater than the maximum rate of flow
of water through the filter sand.

The air vent and emergency drain in each prototype was provided at
the very top of the filter container at the same elevation as the raw water intake. For

satisfactory operation, the emergency drain must have the same capacity as the raw

ob He1theeegprojotypes@OnsiBRdr f aBN@
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during filter draining. (The air space at the tops of the filter must always be

maintained at atmospheric pressure.)

A typical relationship of the slow sand filter to the raw water supply,
potable water reservoir and potable water distribution system is shown in the
schematic illustrated in Figure 7. Water is pumped into the filter from the raw water
supply. If the raw water reservoir is elevated above the filter, the feed pump may

10  be replaced by a solenoid valve.

Water drains from the slow sand filter into the potable water reservoir
through a piping system which includes a ball valve, union, solenoid valve and
another union. Under emergency conditions, water may be drained from the filter

15 into the raw water supply or to waste through the emergency drain. The potable
water reservoir of the prototype was sized to contain a water supply sufficient for
normal use. Potable water was supplied to the potable water distribution system
through a distribution system pump.

20 In the prototypes, the distribution system, including the pump, is
isolated from the reservoir by a ball valve and union. Another union is located
immediately downstream of the pump. A tee in the piping is located downstream of
this union. One outlet of the tee provides water as required to the potable water
distribution system. The other outlet is controlled by a solenoid valve which is

25 operated when it is necessary to freshen the filter. When this valve is open, water
from the potable water reservoir is returned to the raw water reservoir.

As will be apparent to those skilled in the art in the light of the
foregoing disclosure, many alterations and modifications are possible in the practice

30 of this invention without departing from the spirit or scope thereof. Accordingly, the
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top surface of the filter material, the maintenance level being a balance between (1)
15  a water maintenance level that is sufficiently deep that water falling from the water

inlet onto the top of the water in the container does not significantly disturb the

schmutzdecke layer; and (2) a minimum water maintenance level that is sufficiently

shallow that oxygen from the air above the water level can diffuse through the water

and reach the schmutzdecke layer so that the schmutzdecke layer is maintained in
20 living condition even when there is no flow of water through the water inlet;

a diffuser (130) above the water maintenance level, water from the
water inlet passing through the diffuser before reaching the top of the water
maintenance level and the underlying filter material;

a mechanism (128) journalled for rotation in the diffuser (130) which

25 enables the top surface of the filter material to be cleaned; and

a mechanism which can be used to introduce water into the water outlet

and backflow water through the filter material.
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10  quartz sand.

5. The slow sand filter apparatus of claim 1 including a water inlet line
connected to the water inlet and water inlet control means for controllably supplying
water to the water inlet line.
15
6. The slow sand filter apparatus of claim 5 including:
a first water level detector to detect an upper water level in the
container;
a second water level detector to detect a lower water level in the
20  container; and
a controller connected to receive signals from the first and second
container water level detectors and to provide signals to the water inlet control means,
so that the water maintenance levels are maintained within the desired range of water
maintenance levels,
25
7. The slow sand filter apparatus of claim 1 wherein the diffuser includes
discrete holes which allow water accumulating above the diffuser to percolate down
through the diffuser onto the top of the water in the container.
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and low water levels in the water reservoir; and

a flow control for controlling flow of water from the water outlet of

10 the container into the water reservoir.

10. A slow sand filter apparatus of claim 9 including a raw water reservoir
connected to the water inlet of the apparatus and a control for controlling flow of
water from the raw water reservoir to the sand filter apparatus.

15
11, The slow sand filter apparatus as claimed in claim 1 wherein the

cleaning mechanism is a manually operatable mechanical agitator.

12. The slow sand filter apparatus as claimed in claim 11 wherein the

20 mechanical agitator comprises an agitator blade, which contacts the top surface of the
filter material, and a rotatable shaft and handle which can enable the agitator to be
manually rotated.

13. The slow sand filter apparatus as claimed in claim 11 wherein the
25  agitator blade includes any one of a scraper blade, scraper teeth, scraper paddles,
scraper forks, L-shaped scrapers and T-shaped scrapers.

14. The slow sand filter apparatus as claimed in claim 13 wherein the
mechanical agitator is journalled for rotation in the water diffuser which is located in

30 the upper portion of the container.
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15. A method of operating a slow sand filter, the filter including a
container, filter material partially filling the container, a water inlet above the filter
material, a water outlet within the filter material, a mechanism for cleaning the top
surface of the filter material, the method comprising the steps of:

maintaining water level in the container above the top of the filter
material at a level which is a balance between (1) a water maintenance level that is
sufficiently deep that water falling from the water inlet onto the top of the water in
the container does not significantly disturb the schmutzdecke layer; and (2) a
minimum water maintenance level that is sufficiently shallow that oxygen from the
air above the water level can diffuse through the water and reach the schmutzdecke
layer so that the schmutzdecke layer is maintained in living condition even when there
is no flow of water through the water inlet, and

periodically cleaning the filter by intermittently backflowing water
through the filter material, and agitating the top surface of the filter material with an
agitator which is journalled for rotation in a water diffuser to bring filter impeding
particles into suspension in water above the filter material.

16. The method of claim 15 wherein the water level is maintained at
between 1 cm and 8 cm above the top of the filter material.

17. The method of claim 15 wherein water being filtered by the slow sand
filter is passed through the water diffuser located at the top of the filter material and
the top surface of the filter material when water is backflowed through the filter
material is mechanically agitated by the agitator associated with the diffuser.
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