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Technical Field The present invention relates to a nethod of cleansi
filtration sand, of a filtration reservoir used to filter water, and to a
systemtherefor. Mire specifically, the present invention relates to a

met hod of cleansing a portion of gbrttratrenoRedi a which is renoved froma
hi gh speed filtration reservoir, and to a system used therefor. Background

Technol Ogyrﬁ/ﬁm psgii fication processes at water treatnment plants involve
addi ng che PN 8 WHRTSODY Ad¥h FhoBYSTREY s, | akes, ponds, or

well's to consolidate the suspended matter therein to a size that causes
said consolidated matter to deposit on the bottom The supernatant water is
skinmed and sent to a filtration reservoir, where it is passed through a

| ayer of sand (filtration sand) to renove the finer suspended matter. This
water is theshsicanfetérd with chlorine. At high speed filtration
reservoirs, regular cleansing of filtration nedia is perfornmed at intervals

of 2472 hours. AghEELhedSQf 1GhRARSLAT el thsl Wald A tTRA & f (R ARy
surface cleansing, in which water is sprayed froma nozzle to strike the

f f I ; I ' ' ich: | t
s foroed it o ERboR A odnt R A P S Bochs UL R
cause the sand, particle b agaiﬁpst each of her

t t
cont am nat F3f. TEved i aE]%gléég%'si ng fd BBTk Js%ajcjl%gnrgsggvpgrreesent

regularly perforped, pollutants in the water (contam nants such as sl udge,

her ei naf t etNY@R et PRI G TS EBM AR IANOL) CARRREHNY 6 RIF 1Tt PackS! ot il

filtration sand, if used for a long period of tine. Problens arise from
repeat ed uBSedbyerhichers oerofvad mroguehhagh speed filtration reservoir,

and to a system used therefor.
Background Technology

Water purification processes at water treatment plants
involve adding chemicals to untreated water drawn from rivers,
lakes, ponds, or wells to consolidate the suspended matter therein
to a size that causes said consolidated matter to deposit on the
bottom. The supernatant watexr is skimmed and sent to a filtration
reservoir, where it is passed through a layer of sand (filtration
sand) to remove the finer suspended matter. This water is then
disinfected with chlorine. At high speed filtration reservoirs,
regular cleansing of filtration media is performed at intervals
of 24~72 hours. As methods of cleansing the filtration media,
there are: surface cleansing, in which water is sprayed from a
nozzle to strike the surface of the sand layer; and backwash
cleansing, in which purified water is forced into the filtration

reservoir froma lower pressure chamber to cause the sandparticles

AT [MEEMm
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t he reduction of space anong the filtration nedia due to the progressive

t hi ckening of particle size from contam nant accumnul ati on thereon, cl ogging
due to the separation of materials that had been attached to the filtration
medi a, and the | eaking of the contam nants thenselves. Conventionally these
probl ens were dealt with by, for exanple, increasing the frequency of the
backwash process. However, if the backwash process is repeated over a |ong
period of tinme, the water pressure thereof influences even the gravel |ayer
whi ch suppertsbtigainttreaeRnotedi A, t&r eahdng aseesmDiatlidd erent thickness
in said layer, which is optimally flat and of an even thickness. Wen the

gravel layer begqums juneygprathe SanGdiayerahd bAtRwALhPU QNS esget he
gravel layer is thick, and insufficient filtration occurs at these

portions. pdirat cti IS, reduce t iltrati I rvoLy does
not functf%&gﬁé%%grég%f%hﬁ%ﬂ@h%bggﬁgéftgfEgaggemaqg%!é%ggkggqpﬁgggsggké. In
order to restor roper .filtration function, it is.necessary, t erforma
Fegener at P Riebis BBERANGH L RV At S0 to T somigT REnEa) af L beh 30 bRE of
the filtration reservoir, renoving the filtrati on nedia, cleansing, and

si eving therferesad thetfidititet inndsand; ddpeeed Hgrapd Wk PRELPAP & Rhéme -
interior of the filtration reservoir, replacing the filtration nmedia with
the filtrBrolohemedinl shitorhaepsededcisgnsedr #Howvierd athd imegenehasson
process is extrenely costly, and as during said process the filtration
reservoi rths netluopépat iofig,spiatcel eadsiot che deicrteasse dam meadiss dueatoenhe
efficiency. Therefore, there is a strong demand on the part of the water

treat nentppbanessovapaciei thenimg eraml phedivaen sagenerabmONcphOeRSALRLAS
| ong as possible. There are cases in which the filtration sand which is

replaced hActhe1seupae irddie E@Q&??ﬁﬁ@@t@r@ﬁﬁ%pﬁa’a?%%?ﬂ“ﬁlatb’?%ygr,

stringent standards are set so thaf the percentage of
that had been attached to the filtration media, and the leaking
of the contaminants themselves. Conventionally these problems
were dealt with by, for example, increasing the frequency of the
backwash process. However, if the backwash process is repeated
over a long period of time, the water pressure thereof influences
even the gravel layer which supports the filtration media,
creating areas of different thickness in said layer, which is
optimally flat and of an even thickness. When the gravel layer
becomes uneven, the sand layer is thin at portions where the gravel
layer is thick, and insufficient filtration occurs at these
portions. The filtration function is reduced, the filtration
reservoir does not function properly, and the supply of safe water
becomes impossible.

In order to restore proper filtration function, it is

necessary to perform a regeneration process, which involves:



collected sand that is acceptable as filtration sand is only 1020 0 in
reality. In addition, costs are increased in the case that new sand is
utilized. Therefore, filtration sand is regenerated by cleansing and the

| i ke. The inventors of the present invention have proposed a sand cl eansing
apparatus whi ch enabl es cleansing of filtration sand to a degree of

contam nation |less than or equal to 30, which is a state of cleanliness
close to that of new sand (Japanese Unexam ned Patent Publications No.
H10(1998) 4890564 taredt bitdl (@A)t i-BS5FEAHe fibyretpboyasg ravaiev,okahoohagy

met hod cal | ed a scrubbi ng cl eansi ng process. By use of this apparatus,
filtrati ophgunetiorasidh!| afedin t hatlfndirdd | hat | @Rekengr vehe t hahovded

enpl oys new sand is capable of being realized, even if new filtration sand

s not reptaced i gy theafd | LALION 18SSRKOLE, AULL N9 Lhe: SARNSIA! b9Ntne

process. wever, the quality of wat’er to or use Is rapidly

det eri orati in.recent vears. This_ is dug to..pollution of.rivers,.] akes,

ond the oEbafrabafr Elhatral s, Erbiakind: Frdr s B Rt iaf erSih v SER: &bl b

wast e wat acid rain that includ%%Eni rous oxi des and sul fur oxi des due
B

.
to atnnspﬁé}FEaEbPPutm%ﬁﬁaENWP%Qﬂa e. PPEE t L EARSHEt er i HPHEVER i nthRe

quality of water to be filtered, contam nation of the filtration sand has
advanced ASISROWALIANTRBEPECSES FiS| LAE&TIEHS LeSESdis &t ohs wer Bl @padle of
being utilized for a period of 710 years under nornal operating conditions
must now pubcken the phterafiorgerrartdion i ocdsoperatiagl,eit] leads to
Reservoi r/ Year Cont am nati onPost Dry Wi ght of Hydr ochl ori cPost

Cl eansi ng&l @anseagéont awa et tsried et s Miadiicordfel githSekdbicki, t yhdegr £e) (g) (
ny)

(my/ g) (%) &dear ey 6%5@36@4@1@?%&5083-&6@%&%&78%88%539%81&3@%@08 aBe43. 40
394B1986399049. 296581 3. 3502. 101401993634048. 59132027. 1662. 80320C1987476048.

6783917-2§§gd%Q%Qﬂé%%?ﬁé@Qéén@%E%%%%&éﬂﬂ?péQ?@Qs@?%ﬂM@BhS%nﬁBBBE@B@Q?e

operations of filtration sand perforned at filtration resérvolirs are

performed to detgryine the Jiqe 15af;h the st LReneralion, pofess. and

mai nly invol ve

replaced in the course of the regeneration process is new sand.
However, stringent standards are set so that the percentage of
collected sand that is acceptableas filtration sandisonly 10~20%
in reality. 1In addition, costs are increased in the case that
new sand is utilized. Therefore, filtration sand is regenerated
by cleansing and the 1like. The inventors of the present invention
have proposed a sand cleansing apparatus which enables cleansing
of filtration sand to a degree of contamination less than or equal
to 30, which is a state of cleanliness close to that of new sand
(Japanese Unexamined Patent Publications No. H10(1998)-109051
and H11 (1999)-057526), by employing a revolutionary method called
a scrubbing cleansing process. By use of this apparatus,

filtration function similar to that of a filtration reservoir that



measur enent of the unevenness of the gravel |ayer, neasurenent of particle
di aneters, and the |ike. Mai ntenance operations to preserve the function of
the sand which has regained its filtration function by the regeneration
process are limted to regular cleansing processes of surface cleansing and
backwash cl eansing. The Mnistry of Health and Wl fare has issued

gui delines for the degree of contam nation of water, which has passed
through filtration reservoirs, to be less than or equal to 0.1 degree) as
the resul emplogsyplaspairidi ush papubseond wERsyr esaMkel, wererest abheghed
in 1996. To conply with these guidelines, water treatnent plants are

i ncreasi ng; § peatf sgueNEYi 8hdtheestadage ncligarsh RYandnhacderaaly chganayng
whi ch have been descri bed above.” However, during these cleansing

operation b ed, and the anount of obtainable water is
decreased?h%g%égéﬂéﬁgpﬁ§ntﬁ%ééggéf treatment efficiency is reduced. In

addition, fine sand flo out every tine that cleangsi i s perforned.
Further, if thePPPEYaECYST SBaRIMsRECHEEASI G P8 FhCEEASE:OFhE Foi fiat i on
of uneven thickness in the gravel layer is hastened. As a result, there are
cases i n WAP¢AlH dEFEHGTRG G pRoce hisarBe pBRDAfedus doePOLTHEL B OT €,
it is thought that there are limts to the extent which conventi onal
surface cpéansvenys and: krsck sash tbleeansangby ati e ada skiet Watthe , contasitnaglon of
filtration media. The present invention has been developed in view of the 5
above cireapstarntes;, and adriicsilitheradbjecte obtelte grisseantnitheentihohuties
provi de a nethod and apparatus for cleansing filtration sand that enabl es
extensi onnotrblie bk Bepedh@tsbEf VE IR IRIGENRIALIOALtROBPRSEES Pyllagesatati ng
the filtration function of sand by a nmethod other than by surface cl eansing

or backwaghgctgansipg, Wuheut t5eagkngr opesatbem Vit HheubillitthabiroRater
reservolr.
to be filtered, contamination of the filtration sand has advanced
as shown in Table 1. Filtration reservoirs which were capable

of beingutilized for a period of 7~10 years under normal operating

conditions must now quicken the pace of regeneration processes.

[Table 1]
Reservoir/Year Contamination Post Dry Weaght of | Hydrochlorac | Post Cleansing
Cleansing Contaminants Acid Contamination
Weight Solubility
(degree) (9) (mg)  (mg/q) (%) (degree)

A 1985 4340 48.96 1150 | 23.963 1.60 172

1994 6830 48.03 2260 | 47.054 3.40 394

B 1986 3940 49.29 658 13.350 2.10 140

1993 6340 48.59 1320 | 27.166 2.80 320

C 1987 4760 48.67 839 17.238 2.20 169

1995 8380 48.57 1948 | 40.107 2.40 560

Meanwhile, maintenance operations of filtration sand
performed at filtration reservoirs are performed to determine the

time frame of the next regeneration process, and mainly involve



Di scl osure of the Invention The nethod for cleansing filtration sand of the
present invention conprises the steps of: extracting a predeterm ned anpunt
of filtration sand froma high speed filtration reservoir, that perforns
purification of water using filtration sand, during a backwash cl eansi ng
operation; supplying the extracted filtration sand to a sand cl eansi ng
apparatus; cleansing the filtration sand to renove contam nants therefrom
with the sand cl eansing apparatus; returning the filtration sand, from

whi ch conhasknashénbaye tieenurneravetks tof tthe birgheipeeageti, | heakuiodment
reservoir, during the back wash cleansing operation; and repeating the

above eXté@%éf‘Qxcﬁé‘Q&a&fﬂé&r@ Qakstng. 1804, r‘ﬁa‘ﬂd“dé}%rﬁ@b%%'r%@%ohg gheanse
the filtration sand of the hlgh speed filtration reservoir.

filtratiog sapd, cleansing. sysLeml <508 38 s F%g;%%'e‘&”lt[cé)@iﬁﬁﬁloﬁ‘. hi gh

speed filtration reservoir; an extracting neans extracting tration
sand from.the _high.s d f| tration, reservoir; d clea ng._a rat us
or el conERRE e BX T chedt R arion BhnEets AuRiry e pamRELE
returning the sand, from which contam nants have been renoved, to the high
speed fi l ELRENBRNY RRGRITET PENTHHE? G2 d CENEARS Agd fsareals Shsclepasing.

filtration sand cl eansi ng system may performthe processes of extraction,
cl eansi ng, and FéeuManhgtol oheHealth andisldiadadas dosueduousdploness, or
may performthe above processes as batch processes . The "extraction of
filtrati ofosarid' degrperdfocnadadinanfon of water, which has passed through

filtration reservoirs, to be less than or equal to 0.1 degree,
as the result of cryptosporidium provisional measures which were
established in 1996. To comply with these guidelines, water
treatment plants are increasing the frequency of the surface
cleansing and backwash cleansing which have been described above.
However, during these cleansing operations, water cannot be
treated, and the amount of obtainable water is decreased.
Consequently, the water treatment efficiency is reduced. 1In
additicon, fine sand flows out every time that cleansing is
performed. Further, if the frequency of backwash cleansing is
increased, the formation of uneven thickness in the gravel layer
is hastened. As a result, there are cases in which a regeneration
process must be performed sooner. Therefore, it is thought that
there are limits to the extent which conventional surface
cleansing and backwash cleansing can deal with the contamination
of filtration media.

The present invention has been developed in view of the



a backwash operation of the high speed filtration reservoir. This is
because the filtration sand filters water in a normal state. If filtration
sand is extracted during this state, thin portions are forned in the
filtration sand layer, and there is a possibility that contam nants may

| eak. The extraction of filtration sand may be perforned when surface
cleansing is being performed concurrently with the backwash cl eansing
operation. The "returning of filtration sand" is also perforned during the
backwash epevatdiatwefstddirdy ,ghnapaecdsfitd 6Bt e6d JREBE Wdsenthi fvestbegause
during the backwash cl eansing operation, purified 7 water is forced into

the filtragi ¥ I el tf S r Ga g the
filtration ggﬂ% %%gfglﬁkf%kggggtéﬁ¥§£??$§r§%fgﬁ'san q{sfﬁgﬁﬁgﬁé H§hﬁ

orm oy SR EERHO Lol Ol 023 SE L el e LERLLAN 2 agebgfggeggﬁgu{sﬂm

formng a I ayer "2 S|ng conp
t he returnln%%of f||trat|on sand na be er forned mhen surfz Iegn5|ng IS
bei ng per PHY BT EOMRYr FRFETST i 1 t e ¥ FNGHGoREr §2PGnPYi A a

simlar manner to the extraction of filtration sand. The " redeternlned
amount of MPFNPRaPEBATsERAN PEf eRsfRECaRl8RBEANIOPT PREKHAPBNCSEABSEAGL does
not affect the purification of water by the filtration reservoir. It is

al so prefeibhpetthaasihg vpgrancononfothéi filnrébhosamnelersojperformed with
a suction force of a strength that does not form uneven thicknesses in the
gravel layer of the high speed filtration reservoir. The filtration sand

| ayer in a high speed filtration reservoir is about 60cmthick. In case

that filtppsbDEsER@UoFStRECIhOBAEiONt USIi Ng an excessive suction force, or
filtration sand is suctioned out close to the boundary thereof with the

gravel layer, thecgratebd %)6§rcl\éﬁah%@n§UEQQEE§tEBﬁ Eahare@ PHeSBPds e ARY
becone thinner and thicker at portions thereof. Therefore, it is preferable

that extragbifpiff comprises the steps of:

extracting a predetermined amount of filtration sand from
a high speed filtration reservoir, that performs purification of
water wusing filtration sand, during a backwash cleansing
operation;

supplying the extracted filtration sand to a sand cleansing
apparatus;

cleansing the filtration sand to remove contaminants
therefrom with the sand cleansing apparatus;

returning the filtration sand, fromwhich contaminants have
been removed, to the high speed filtration reservoir, during the
back wash cleansing operation; and

repeating the above extracting, supplying, cleansing, and
returning operations to cleanse the filtration sand of the high

speed filtration reservoir.



filtration sand is performed with a suction force of a strength that does
not form uneven thicknesses in the gravel |ayer. Al though there are

vari ances depending on the structure of the 8 filtration layer and the
suction force enployed in the extraction, it is preferable that the
extraction of filtration sand be perfornmed at a depth fromthe surface of
the filtration sand | ayer of 1570% of the thickness thereof . It is further
preferable that the extraction of filtration sand be perfornmed at a depth

fromthe surfacenef thecfddidmt isandsadrkdyeig ofs4@ea % of thiee pheskness
thereof. In the case that an unevenness prevention net is utilized,

extracti op, Byt bgnPeLhPr Bdsat 100% of the depth of the filtration sand
| ayer, that 1s, fromjust above the gravel |ayer. After contam nants have

been renoved frgnhggﬁmkkéﬁaakgggrgggg b¥ﬁéggvgggd cl eansi ng apparatus, the
Y

filtration sand fro contam nant's eeh renoved may be retai ned

in aretention tank. Altgtnativel , the ftltr tion sggd Pronlmhigh
cont ani nants haf8 G&&R3F ﬁB@eHeﬁﬁé 68Tr E¥GFACHIPS EALCFRAFLPR: PIAYr EERPvoi r
bef ore congletlon of the backwash cl eansing operation during which it was
extract edth@i hhaht spep@gi+ bEapheeni Fes®EVeetention tank. In the case that
the retention tank is not provided, the extraction, cleansing, and
returning processesndf alleanfsilng srrmradarsd fmy bkepes oy melde agxbrgoneidnuous
process during the backwash cl eansing operation. In the case that a
retentionfiankatsopresnded, it is preferable that water or an oxidi zing
agent is contained in the retention tank so that the filtration sand

retained therei a deasumiingonéass @oh. LHuwming £pe e%adp! e&rdns Phrekrrabl e
as the 9 oxidizing agent. By transferring the cleansed filtration sand
contaminants have been removed, to the high speed filtration
reservoir from the sand cleansing apparatus. The filtration sand
cleansing system may perform the processes of extraction,
cleansing, and returning of the filtration sand as a continuous
process, or may perform the above processes as batch processes.
The “extraction of filtration sand” is performed during
a backwash operation of the high speed filtration reservoir. This
is because the filtration sand filters water in a normal state.
If filtration sand is extracted during this state, thin portions
are formed in the filtration sand layer, and there is a possibility
that contaminants may leak. The extraction of filtration sand
may be performed when surface cleansing is being performed
concurrently with the backwash cleansing operation. The
“returning of filtration sand” is also performed during the

backwash operation of the high speed filtration reservoir. This

is because during the backwash cleansing operation, purified



fromthe sand cl eansing apparatus to the retention tank, cleansing of sand
fromother high speed filtration reservoirs is enabled, in the enpty sand
cl eansi ng apparatus . By keeping water, or water including an oxidizing
agent in the retention tank, the filtration sand does not dry. Thereby, the
activation of a manganese |ayer of the filtration sand, which has the
ability to renove manganese fromwater to be filtered, can be preserved.
Wth regard to the size of the retention tank, a size sufficiently large

enough towsesaiil fotdeatin®d andi 0f rhbeopredeteidlimetorrBOlber pXEEacted
fromthe filtration reservoir in one extraction operation, in water so that

It does ng% xﬁﬂ&acﬁh&éb%”@% ?ﬁndﬂqﬁ{& ¢d.1 chhe @%‘ﬁda@ﬂe%%eg})f ?!’Loat

cl eansi ng fration san pr esent |nvent|on i's applica

| f f | "Q. ! d fil )
hearordi® e'refﬁalﬁo'oﬁga? & Srfanch RbAR s Y n?%%a?%xéii“l'éfghls

connect ed. That e nethod of . ¢l eansi fil rat|on t he resent
Chvent i onSEBhB it f%EErEFéBE Seta S cotean e o b Eute At hen TavsiorR
filtration sand froma high speed filtration reservoir, that perforns

puri fi cat FBR RACKwATY clsiomg imd Leatoenaterd, Matienghat bk weshrariasnef ng
operation; supplying the extracted f||trat|on sand to a sand cl eansing
appar at usfiloratcbragmicdqatyhbefpet fatneh whaemd sto f e eaovke aontragriisahesng
therefromwi th the sand cl eansi ng apparatus; retaining the filtration sand,
f rom whi cpe € 6otaEd reci suthsatre: been thetioy edckiwash ¢ Béensing dppvgt ifoet, ut ni ng
the retained filtration sand, into a high speed filtration reservoir

di fferentf comitiBat rfarpamhishehbeckikbtatban crand Nashrad sxtaact ede
during a backwash cl eansi ng operation thereof; and
“predetermined amount of filtration sand” refers to an amount of
filtration sand that does not affect the purification of water
by the filtration reservoir,

It is also preferable that the “extraction of filtration
sand” is performed with a suction force of a strength that does
not form uneven thicknesses in the gravel layer of the high speed
filtration reservoir. The filtration sand layer in a high speed
filtration reservoir is about 60cm thick. 1Incase that filtration
sand 1is suctioned out using an excessive suction force, or
filtration sand is suctioned out close to the boundary thereof
with the gravel layer, the gravel layer, which supports the
filtration sand, may become thinner and thicker at portions
thereof. Therefore, it 1is preferable that extraction of
filtration sand is performed with a suction force of a strength

that does not form uneven thicknesses in the gravel layer,

Although there are variances depending on the structure of the



repeating the above extracting, cleansing, retaining, and returning
operations to cleanse the filtration sand of a plurality of high speed
filtration reservoirs. The retained filtration sand is returned to a
filtration reservoir different fromthat fromwhich the filtration sand has
been extracted. This is because the cleansed filtration sand cannot be
returned to the sane filtration reservoir until the next backwash cl eansing
operation thereof. Therefore, essentially the same anount of tinme will be

required aslthetcasadyewhghneheudtdidn gbires sadithed chaansedtbaeteash
filtration reservoir one by one. If a plurality of retention tanks is

provi ded, ; there M&%’@OF%P @HRNCSt Fh dd 1B T HPM; ﬁ%r%%%%n' s MU Che

filtration sand froma single Itration reservoir is cleansed, even If the

cl eansed fi| n san ret rned to.the s ltration rese .
Covover . PEEESBRLETOME S FELH NR0LO cLlR SRR HLILELLO0 (ER0 YaUES o

and theref re i_s..not econom cal practical . Alternatiyvel if a large
ret enti on°f dmk i08 61%5\;1%5]8”}‘6?5 tt}k?ﬁ cl EEHS%QUFFF?FQLH%?% WRRER has

been extracted froma plurality of filtration reservoirs would be possible.
However, EREseWBLREtHPR0°T ntbttrain istichiNaamiedit cxdsts 2tNgr AaPLEY, fapmwat er
treatnent plants where a plurality of high speed filtration reservoirs are
connect edthbackueaste of ddresf hjt vdt ide shinghlaspeed £f401eG: Porthreesbivbnessi s
not performed sinmultaneously, fromthe viewpoint of processing capacity.
Backwash theaastng iIs petd ocaed frovateamh ohet’benbbgh pspeeed thiidrt raét ofis
reservoirs at a staggered timng. By taking advantage of this staggered

timng, cheansied, dxthectidd maki B8 cerbofedt DHOS RE LhbtdSSERBE the

reservoirs is enabled in substantially the same tine as that expended in

the cleansing 981l Hq tl'a‘i‘yef' '%1‘1% QN $28f ot %B%vfe' LhE YA LB GEGEYOI T,

even in the case that the nunber of hi'gh speed filtration reservoifs

increases. In aﬂQEEEO@onggm&pgnts have been removed from the filtration
sand by the sand cleansing apparatus, the filtration sand from
which contaminants have been removedmay be retained in a retention
tank. Alternatively, the filtration sand fromwhich contaminants
have been removed may be returned to the filtration reservoir
before completion of the backwash cleansing operation during
which it was extracted, without being retained in the retention
tank. In the case that the retention tank is not provided, the
extraction, cleansing, and returning processes of the filtration
sand may be performed as a continuous process during the backwash
cleansing operation.

In the case that a retention tank is provided, it is

preferable that water or an oxidizing agent is contained in the

retention tank so that the filtration sand retained therein does

not contact air. Chlorine, for example, is preferable as the



retention tank is of the sane scale as that used in the case in which
filtration sand froma single filtration reservoir is cleansed, this is
preferable fromthe viewpoint of installation costs. At water treatnent

pl ants having a plurality of high speed filtration reservoirs, there are
cases in which filtration reservoirs with filtration sand which is highly
contam nated and filtration reservoirs with filtration sand which is
relatively lightly contam nated coexist. In cases like these, it is 12

preferabl gx; §1 ot hegah €W G Nt B s8RYAlInZALHRN 9B ahkkhr a2t h eRa8apd 9hnfhe
plurality of filtration reservoirs, to réeturn filtration sand extracted

froma hi n 1 f.ilt i Mol N i oir
which is PPOMTY Sonanrancans o STuieTErst febnBubh il PRt REFRYL,
repetition.of each of these steps is automatically perfarned by sequence
control . %ﬁaﬁaqi,g}r@&gﬁggrt Hégga%ﬁ)(%\%@#c]tte%%tsli% I)éfseévﬁ)ll&ﬁ‘ éﬁeé‘aak???gr ation
reservoir is controllable by using pressure loss or tine as factors, the
steps of eR{FEcEPBRY SACRsFAYS I AR EPPSTETiSng BY XafP 19 YREEY o LsWABE L or
the steps of extraction; cleansing; retention; and returning of the
filtrati ohnshnditam@nbexhdi ohed fgantyl paheoreteen bhiorsegunsnddracdhl FoRtiBot h
the extraction and return of filtration sand are performed during backwash
cl eansi ngsamtiednds Inotatiirgn SHnsrélsy | nthe tladtrangost af e mahgasnepeeleyabl e
that the filtration sand which has already been cl eansed not be mxed in

with the $FliHeakiioRrSaREnt S2Me, SHLIGRCHhEH, tHd 2B ek yt B0 iReIRRSRahBEnese
cleansing efficiency. Accordingly, it is preferable that the filtration

sand fronguhh Gl CORLYTLBARE B+ HAYE, REED YLBRUEM RE I, el fied-dcfi Ad1e hi gb

speed filtration reservoir at a position renote fromthe position from

which TilLEaLiop SANG e liaehad, dhat dSsutdsd S A 83 enough to
retain filtration sand of the predetermined amount, extracted
from the filtration reservoir in one extraction operation, in
water so that it does not contact air, may be adopted.

The method and system for cleansing filtration sand of the
present invention is applicable to cleansing of filtration sand
of a “Greenleaf” high speed filtration reservoir, wherein four
to six high speed filtration reservoirs are connected. That is,
the method of cleansing filtration sand of the present invention
comprises the steps of:

extracting a predetermined amount of filtration sand from
a high speed filtration reservoir, that performs purification of
water using filtration sand, during a backwash cleansing
operation;

supplying the extracted filtration sand to a sand cleansing

apparatus;
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that the neans for extracting filtration sand fromthe high speed
filtration reservoir and the neans for returning filtration sand, 13 from
whi ch contam nants have been renoved, are provided renote from each ot her

It is also preferable, fromthe viewoint of cleansing efficiency, that the
position at which filtration sand is extracted is changed per every
extraction operation, and that the position to which the filtration sand,
from whi ch contam nants have been renpoved, is returned is changed per every

returning operatiieansIRgt tise iftilksapieherstle thatredodecasbnoarifbnthe
means for extracting filtration sand fromthe high speed filtration

reservoi rtﬂ@?g%%m”@?@ﬁ £Re E%ﬁ&ré‘ié‘%%éjhﬂl;%[ﬁg%é’f‘a d, from which

cont am nants have been renopve tot eed filtration reservoir be
provided so as to,be novahle.. t he "sand, cLeansing, a ratus”", i1 _is

D of o1 abl o t o eftay "LRURIF EhEFE UPE SraSkat Tof JagERe LA 502 ER ent
Publ ication No. Hei |1 O 109051, which conprises: a cleansing tank for

cont ai ni NGSSANESAANCEl ehRsPngehRRBECP heRRKN: a screw conveyor that rotates
about a substantially perpendicular axis within the cleansin%ltank; a
rotating nmeans FECursLag et rrtasigredviddivéfdionasands pell o hilght speede
rotation of the screw conveyor causes the sand and cl eansing water to be

el evat ed fhiteatdohanresatsoar e dehbaezht r dmdrhe tdartd Ky osonwhdthbetiheen
particles thereof with the cleansing water therebetween, at a | ower portion

of the scremeapyeyosanditds bechearathctba, siif ot Dbalchaacheabaangingt er,
and the rotation of the screw conveyor causes the sand to flow while

contaninag%grgggoﬁegggggotgoghahe sand by contact between 14 particles
thereof with a slight anmount of contam nant-|aden water therebetween; and a

circulation rrear}%pfe%rtlﬁguéhggaﬁm %L{%%QE%gng, cleansing, retaining, and
returning operations to cleanse the filtration sand of a plurality
of high speed filtration reservoirs.

The retained filtration sand is returned to a filtration
reservoir different from that from which the filtration sand has
been extracted. This is because the cleansed filtration sand
cannot be returned to the same filtration reservoir until the next
backwash cleansing operation thereof. Therefore, essentially
the same amount of time will be required as the case in which the
filtration sand is cleansed for each filtration reservoir one by
one. If a plurality of retention tanks is provided, there would
be no difference in time from the case in which filtration sand
from a single filtration reservoir is cleansed, even if the
cleansed filtration sand is returned to the same filtration
reservoir. However, to do so would require a substantial

installation cost and space, and therefore is not economically
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sand to descend to the | ower portion of the screw conveyor so that the sand
is el evated again. Wereas conventionally, cleansing of filtration sand
relied solely on backwash cl eansing, the nmethod of cleansing filtration
sand of the present invention extracts a predeterm ned anount of filtration
sand froma high speed filtration reservoir during a backwash cl eansing
operation thereof; supplies the extracted filtration sand to a sand

cl eansi ng apparatus; cleanses the filtration sand with the sand cl eansi ng
appar at Usptct eaRYe GAMeXH AN f, hef &f I 9fge RitemS drheahik lity pEbeddeand,
fron1mhicﬁ contam nants have been renoved, to the high speed filtration

reser voi 1 iR daciibslual aansing operatlonber 896 paad crpeateeyhe

extraction, cleansing, and returning of the filtration sand to cleanse the

filtratiop_sand w.thin.the h peed filtration reservaojr. Theref , the
fiItratioﬁr%%na P%uéﬁéﬁkgdogg%géﬁgﬁﬁéﬂﬁ\ﬁﬁ%%%ﬁ%%iﬁyﬁf%% h %tp§%§%§%§'
operation _of the filtration _reservoir, and the tinme period between

regener at 1OWCPFbceddess c4PUE drARRL i TAFTY AT ATdedNSiBreaspeRi Feaffy, if
substantially all of the filtration sand within a high speed filtration
reservoi rNpsmaht pmatti wall ¢y tepainsad mpntepehe rag R herakivuetifoigh epeadsi ng,
and returning of the filtration sand, it becones possible to restore the
wat er 15 fiptraticatresefwntts arofcaredtdd,r deickwastsedeaensingnoaddh¢i on,
if contam nants are renoved fromthe filtration sand, a decrease in the
filtrationigesgicantel besoi®s rpeesivblies andobasknisdines] samsl tgneans be,
performed at pressures as designed. Accordingly, it becones possible to

reduce therbgakegey Déwhdldt adf Prsaybimp WRdcias .t opdeapBthcal bynk edyce
t he | eakage of contaminants renoved therefrom Further, it becones possible

to delay Lhe&dOfSmld @ ol HBRVERANGRS nOhn! BHCEASS dih il GeRLel iayes, From
this point also, the tine period betweén regeneration processes can be
a staggered timing. By takingadvantage of this staggered timing,
cleansing of the filtration sand of all of the filtration
reservoirs is enabled in substantially the same time as that
expended in the cleansing of all of the filtration sand for one
filtration reservoir, even in the case that the number of high
speed filtration reservoirs increases. In addition, as the
retention tank is of the same scale as that used in the case in
which filtration sand from a single filtration reservoir is
cleansed, this is preferable from the viewpoint of installation
costs.
At water treatment plants having a plurality of high speed
filtration reservoirs, there are cases in which filtration
reservoirs with filtration sand which is highly contaminated and

filtration reservoirs with filtration sand which is relatively

lightly contaminated coexist. In cases 1like these, it is
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dramatically extended. Note that by: extracting a predeterm ned anount of
filtration sand froma high speed filtration reservoir during a backwash

cl eansi ng operation; supplying the extracted filtration sand to a sand

cl eansi ng apparatus; cleansing the filtration sand to renove contam nants
therefromw th the sand cl eansing apparatus; retaining the filtration sand,
fromwhi ch contam nants have been renoved, in a retention tank; returning
the retained filtration sand, into a high speed filtration reservoir

di fferentpteesribag, firum wheGh dvip ifdd bF aldul isand s f ean edirackedd
during a backwash cl eansi ng operation thereof; and repeating the above

extractings €A£aNsimQ.i 2@ BiNGra80dnT L 4K AL O QP ALLRRS s ERerEhLiLATI ON
sand of a plurality of high speed filtration reservoirs can be cl eansed

ef ficient i S} t : r.atli her eof .. Lt se
the 111 tratraresanee (Rt 1R EeRERInSRY ranErBPakh BlpepEott
returned to a_high eed filtration.reservair different, fromthat, from

Whi oh e he EBid A AEF BT LS REr HY DR Bt LadnteNeRRBE SRR T Bt FORESand
of a plurality of filtration reservoirs is capable in substantially the
same anmpuMErdf-tine as the case in which filtration sand froma single
filtration reservoir is cleansed. Further, by returning filtration sand
extract ed from athighine feostdie hheed e kepatibhaonesktreechrof dhesfe btenpsi on
reservoir which is lightly contam nated and vice versa, equalization of the

filtrati ohssarmbnaltitded ify perédroadiesseyoensecamthelr.ealfhzedi s, Foethese by
enpl oyi ng a sand cl eansi ng apparatus conprising: a cleansing tank for

cont ai ni nghsapdcRAgs k| €28sh Hitnyed Bra tHiRIEishecd FaNEWaEABYCYEE AL rI DAL €S
about a substantially perpendicular axis within the cleansing tank; a

rotating pBARSoIPhLIOUR} LBA NGNS SEL VL GUEY P Ble BsSPEELL SO, thR! stEPE
rotation of the screw conveyor causes the sand and cl eansing water to be
of extraction; cleansing; and returning of the filtration sand,
or the steps of extraction; cleansing; retention; and returning
of the filtration sand can be automatically performed by sequence
control.
Both the extraction and return of filtration sand are
performed during backwash cleansing, when filtration sand is in
a floating state. It is preferable that the filtration sand which
has already been cleansed not be mixed in with the filtration sand
to be extracted, in order to increase the cleansing efficiency.
Accordingly, it is preferable that the filtration sand from which
contaminants have been removed be returned to the high speed
filtration reservoir at a position remote from the position from
which filtration sand is extracted. That is, it is preferable

that the means for extracting filtration sand from the high speed

filtration reservoir and the means for returning filtration sand,
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el evated whil e contam nants are renoved fromthe sand by contact between
particles thereof with the cl eansing water therebetween, at a | ower portion
of the screw conveyor which is beneath the surface of the cleansing water,
and the rotation of the screw conveyor causes the sand to flow while
contam nants are renoved fromthe sand by contact between particles thereof
with a slight anount of contam nant-|aden water therebetween; and a
circulation neans for causing the elevated sand to descend to the | ower
portion 1fromOfnidie S&iEN GRIMEY HavaO Heat rkheveandairs Ek@vaaed P8RbHe as
t he sand cl eansi ng apparatus for the nethod and systemfor cleansing
filtratio resent: t tam S n e
W thout | of GOR G LS Sand By i Bart Pr e oF Sand oy Shbi NG 4Beh bt hor.
Therefore, . the water_ pur.i fication, function of the filtratiqQn _sand can, be
estored £bSATSTAY & TGS D 1t RAE Eot e A" ALCEHE I - e T R Ber i od
bet ween regenerati on processes of the filtration reservoir can be further
ext ended. 1% @’%Fcﬁﬂqq%,l%F%?g?@éﬁ%H€rﬁl %%Féaﬁ’éﬁo%ééﬁﬁq%ﬁr%s?ﬁ& that
frequency of conventional surface cleansing and backwash cleansing as a
crypt ospotheingnidesut @ whideheies fiiltrpééoneapbs§rbhevhichepntanhnanes
degree of contam nation to less than or equal to 0.1 at the exit of the
filtrati onaveseegni remohedle perfetnrngdt he sbhafged peeassény aadutheng
backwash cl eansi ng at normal frequency, by the nethod and system for
cl eansi ngopélratabhon ™ad iaf, tihe ipr eseferapienthar. atheeaker enet b€ the
cryptosporidiumneasure is aided, and water treatnent plants can be
oper at ed mehhgutrdeducicrgcthagpurifteation efdfici epey. Bid ehiBascspetgon of
the Drawi ngs Figure 1 is a process diagram showi ng an enbodi ment of the
filtrati °Pi§é‘£‘9t§£§%%e’l%o@ 00g 9fe &QQnBVf%?[EP%th?MFH{;'ﬂr.‘rtr':a!t%réues%nas a

of the Tilt c

schematic view show ng a first enbodi nent ation san eahsi ng
systenloff£Q§ Qﬁ?gﬁn%ontaminants have been removed, to the high speed
filtration reservoir be provided so as to be movable.

As the “sand cleansing apparatus”, it is preferable to
employ that which is disclosed in Japanese Unexamined Patent
Publication No. Heil0-109051, which comprises: a cleansing tank
for containing sand and cleansing water therein; a screw conveyor
that rotates about a substantially perpendicular axis within the
cleansing tank; a rotating means for rotating the screw conveyor
at a speed so that: the rotation of the screw conveyor causes the
sand and cleansing water to be elevated while contaminants are
removed from the sand by contact between particles thereof with
the cleansing water therebetween, at a lower portion of the screw
conveyor which is beneath the surface of the cleansing water, and
the rotation of the screw conveyor causes the sand to flow while

contaminants are removed from the sand by contact between
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i nvention. 18 Figure 3 is a schematic view show ng a second enbodi nent of
the filtration said cleansing systemof the present invention. Figure 4 is
a process di agram showi ng anot her enbodi nent of the filtration sand

cl eansing nethod of the present invention. Figure 5 is a process diagram
show ng yet anot her enbodi ment of the filtration sand cl eansi ng net hod of
the present invention. Figure 6 is a sectional view of a high speed
filtration reservoir, taken along the line A-A of Figure 2. Figure 7 is a

di agr am showt 1@l é e nelrew fofi thld &2t §ion @ tCOF lcespendinag t+-Q adlepl Wittty of
filtration reservoirs. Figure 8 is a diagramthat shows an exanple of the

movenent ghefibdfRbdQN $30 AN, fddildraldeQn o 688" ¥alESngBeRt Meeafoy
Carrying out the Invention The filtration sand cl eansi ng system of the

present ioygatlop.g | $8%n al&i«%P SRR bEIAL LORLESIVAl L, Lo g hump 2
for suctioning out ??P?réfioﬁ san ﬁ%ving contam nants éﬁ{égké% there?o
fromthe €$%h Sﬁged fiitrati n reservoir 1; a sand cl eansing apparatus 3
for cleanstgt?PR +71¢raYFbRYs3P¥ % havi ng cont ami nants attached thereto: a
stock tank 4 for stocking the filtration sand 6, which has been cl eansed by
the sand cl eansPR§r&ppard@RiseBtiiall By pathernBandr @ tir dildg reld o8ant2P¢ om
whi ch 19 contam nants have been renoved fromthe stock tank 4 to the high
speed filredt¢dnspéséyvoinr bhckasshhodeans iFiogurtdhe2 nfatieoderfii ¢ seafisihe
process steps of the filtration sand cl eansing systemw ||

filtration sand of the present invention extracts a predetermined

amount of filtration sand from a high speed filtration reservoir

during a backwash cleansing operation thereof; supplies the

extracted filtration sand to a sand cleansing apparatus; cleanses

the filtration sand with the sand cleansing apparatus to remove

contaminants therefrom; returns the filtration sand, from which

contaminants have been removed, to the high speed filtration

reservoir during a backwash cleansing operation thereof; and

repeats the extraction, <cleansing, and returning of the

filtration sand to cleanse the filtration sand within the high

speed filtration reservoir. Therefore, the filtration sand is

enabled to be effectively cleansed without ceasing operation of

the filtration reservoir, and the time period Dbetween

regeneration processes can be dramatically extended.

More specifically, if substantially all of the filtration
sand within a high speed filtration reservoir is automatically

cleansed by repeating the extraction, cleansing, and returning

of the filtration sand, it becomes possible to restore the water
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be described later in the enbodinents). Alternatively, the filtration sand
cl eansi ng system of the present invention may conprise: a high speed
filtration reservoir 1; a punp 2 for suctioning out filtration sand havi ng
contam nants attached thereto fromthe high speed filtration reservoir 1; a
sand cl eansi ng apparatus 3 for cleansing the filtration sand 5 having
contam nants attached thereto; and a path 7 for returning the sand from

whi ch contam nants have been renoved fromthe stock tank 4 to the high
speed fil puatifonatesarfoidtlon a¥ shovil litrfiigw eeSer¥bat . i Sin bhaisyshem nmay
adopt a construction wherein a stock tank for cleansed sand is not

provi ded. 1Encéﬁ€a£§§£n$§%hx¥Q%meEHrP%&Qﬂjﬁﬁ@@l%&gﬁﬁéhngaﬁaskﬁﬂbb§e89E
provided with the stock tank f cl eansed sand, becomnes possible to save

Lhe costsreqd efk therelay. rggl BP0REL OBecklies, qjgselh pgﬁé%gé}kgrg’g, n

there is in icrent space I'n vicint speed

reserv0|r o _install ge st ock t%fk for cleansed Qf n% Ielof t he
pr ocesses “p&PSHREEHY PHE Fi 111 FBrP%%ﬁ?dJrcEiseﬁﬁs gsr% S} f“ﬁ Bt gur e
3 is shown in Figure 4. First, approximately 1n8 of contam nated filtration

sand is s&ét?%ﬁ@ﬂe%ﬁo%ﬁ“lk{lﬁ‘etﬂ Feraee gl ésekgsier of %%W%W@O‘bu.ﬁ%‘dz @dri ng
the time (e . g . , 1525 mnutes ) when surface cl eansing and backwash 20
cl eansi ngwed 1bad hg drantadrimal 1 yThedR e tthat 1 onkaam@ fseen t amrhys reaoyedp 2
is sent to the sand cl eansi ng apparatus 3, where cleansing is performed for
a short tiheredppmoxi hutehyr 10 tmbeubesrs phesébye Thetgldhehd damgedion
filtration sand (cleansed sand) is returned to the filtration reservoir 1

bef ore thefsunéasenéeseadsithg ckne skackwasdh gdealsilagear. e EosmleiiedpoByt
perform ng the suctioning of contam nated sand and the returning of

cl eansed gard, Wit Ne{he bbIBoRELRU U iG MU G e SrEdace£1 aRShHay and
backwash cleanS|ng are perfornmed in this nmanner, it becones possible to

perform cleansich gagﬁycggkgghggped sand within a short

Note that by: extracting a predetermined amount of
filtration sand from a high speed filtration reservoir during a
backwash cleansing operation; supplying the extracted filtration
sand to a sand cleansing apparatus; cleansing the filtration sand
to remove contaminants therefrom with the sand cleansing
apparatus; retaining the filtration sand, fromwhich contaminants
have been removed, in a retention tank; returning the retained
filtration sand, into a high speed filtration reservoir different
fromthat fromwhich the filtration sand has been extracted, during
a backwash cleansing operation thereof; and repeating the above
extracting, cleansing, retaining, and returning operations, the
filtration sand of a plurality of high speed filtration resexrvoirs
can be cleansed efficiently without ceasing the operations

thereof. In addition, because the filtration sand which is
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time. Alternatively, as shown in Figure 5 contamnated filtration sand may
be continuously suctioned out of the filtration reservoir 1 with the punp 2
during the tinme (e.g., 710 m nutes) when surface cl eansi ng and backwash
cleansing is being perforned. The filtration sand suctioned by the punp 2
may be continuously sent to the sand cl eansi ng apparatus 3, where
continuous cleansing is perfornmed thereby. Then, the cleansed filtration
sand (cl eansed sand) may be continuously returned to the filtration
reservoirrdehehose ihhedir facen€el €anshng and haekash ebeansiith agpeed
conpl eted. By performng these processes continuously within the tine

period duting, uhigh spclacsorl eansing-and hackrashael eansing,atenpeghor med

in this manner, 1t beconmes poss e to performcleansing of a greater
amount of _2 ont am e a, short tine in Figyre 6,
AUt Of 23 paf PRDAULAIRLSY AN NI SIOLL LB A shown 4 ELgur e

| ayer 12, which acts as a filtration |ayer, and gravel |ayers 13 through 16

for supponln@ t REUFPLEF Yt i BA sghatF%§é?n12re?ﬁEV?FF§ra%?oncgaﬁﬁ Fayel
conprises sand having effective particle diameters of 0.6mm and a

uni f orm tyubééamteaégv &hel exame hamowtt egffaltimse 125, tirRe cgrsgveln | vhees are
formed of four layers having different particle dianeters, and serve as
supporti ngilayetsohosapnévierdm theifgléerat 1onasaomd ﬁbéba‘mmﬁreriﬁecﬂ.agnaed/at er
col | ecti on apparatus (not shown, but the apparatus for collecting purified
water is puevhded B aestirhhinboveltpatibnansahdt Bethagbeapeedmf bl highion
reservoir 1). Spherical, hard, clean, and uniformgravel is selected for

the gravekohaygtfatddatinaught ikh, rése SFEEF tiola BENLRERY BACkWASH, £ 2AASERY
uniformy. As particle diameters thereof, those which are comonly used,

that is, QEa‘i?gh*Eﬁya\’}QirPcLJnﬁ%dt‘é% PAL4 ! GEEed'v%'f%ta?r e ffaid A3 ame# opnthe

gravel Iayer avi ng

filtration sand of the filtration reservoirs can be realized.

Further, by employing a sand cleansing apparatus
comprising: a cleansing tank for containing sand and cleansing
water therein; a screw conveyor that rotates about a substantially
perpendicular axis within the cleansing tank; a rotating means
for rotating the screw conveyor at a speed so that: the rotation
of the screw conveyor causes the sand and cleansing water to be
elevated while contaminants are removed from the sand by contact
between particles thereof with the cleansing water therebetween,
at a lower portion of the screw conveyor which is beneath the
surface of the cleansing water, and the rotation of the screw
conveyor causes the sand to flow while contaminants are removed
from the sand by contact between particles thereof with a slight
amount of contaminant-laden water therebetween; and a circulation

means for causing the elevated sand to descend to the lower portion
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effective particle dianeters of 3.5~7.O0mqm for the gravel |ayer 14; gravel
havi ng effective particle dianmeters of 7.0~13. Om for the gravel |ayer 15;
and gravel having effective particle diameters of 13.0~20. Omm are enpl oyed
for the gravel |ayer 16. These layers are sequentially laid with the
coarser grain gravel in the lower |ayers and the finer grain gravel in the
upper layers, and w thout unevenness of thicknesses thereof. Pretreated
wat er, 22 of which contam nants therein have been consolidated by a

floccul ang £apil caussd do v@?%‘is%_ Blat P Ahem i $1d M oducnd abaverhhe

@
filtration sand layer 12. I'n addition, a surface cl eansing pipe 22, for

. f i . : pI pe 22, for
Byt durr apten T Ay ARaTASR SRRt e AR 3F Papdlf g biRehotd™

t ter, ted duri f | eansi d back h_cl [
brovi ded GbOVESEhBT PREFaPF on S aRASPA)br LA3°TReRE; BUPFFREAETON ProcESs

steps commonly used for purifying untreated water will be briefl
describedFe@ﬁY?@aﬂ@&h&%an?%ﬁ%ﬁ%ﬁmthﬁté%QQXF%oFFGaHQﬁW%ﬁ%%%i?goﬁand
reservoir fromrivers, |akes, and the like. The contam nants in the

unt r eat edseatkbbingeasdnevhe dat dheane faddi ngha wiltesau aint 1 gakciomgunction

pol ychl ori nated al umi num and the consoli dated contam nants are caused to
deposit oafttiee boi Itomatof ot hearebreel bdakeenbdeposdta Grawserlvadd tolThRat
supernatant water is skimed and sent to the high speed filtration

reservoirof bpVeadde fAicIctorr@ti!ngny§aeﬁeI@y@é geridd MR tsezperdgdnerbtebnwhi ch
was not renoved in the consolidation/deposition reservoir is renoved by the

filtratiopg,rgandsd2. ofhenditier£d 1ol efedSwld eGledeat g ML cnakbect i on
apparatus provided at the lower portion of the high speed filtration

Ly SRS ARE RSy S S LeC el L gLinecoptsrgl ol nec
per day. ngaQ%%% e%%ys%ng gg%ventional surface cleansing and backwash
cleansing as a cryptosporidium measure. However, it becomes
possible to maintain the degree of contamination to less than or
equal to 0.1 at the exit of the filtration reservoir, while
performing the surface cleansing and the backwash cleansing at
normal frequency, by the method and system for cleansing
filtration sand of the present invention. Therefore, the
cryptosporidium measure is aided, and water treatment plants can
be operated without reducing the purification efficiency.
Brief Description of the Drawings
Figure 1 is a process diagram showing an embodiment of
the filtration sand cleansing method of the present invention.
Figure 2 is a schematic view showing a first embodiment

of the filtration sand cleansing system of the present

invention.
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by ceasing filtration operations and forcing cleansing water froma | ower
pressure chanber of the high speed filtration reservoir, thereby causing
the particles of filtration sand to float and rub agai nst each other, is
perfornmed at regular intervals, or when head | oss reaches 1.5m Surface
cleansing is perfornmed by spraying cleansing water fromthe surface

cl eansing pipe 22 onto the surfaces of the filtration sand 12, during the
backwash cleansing or at a timng matched with a certain point in the

backwash cycl e.r{graast Watharnaraiedwbimshens W kaeenal @ansdnge@nd the
backwash cl eansing is drained by the trough 21 . Wen cleansing is

conpl ete, pr ea to puri fi i Lp_sSe t i ation
reservoir?Paﬁg&?ikgggyg%ggps ?%@%nﬁ%ﬁf@%ﬂjﬁgr%ggkgT fﬂ% &gﬁemaéﬁ+¢§cation
and sand cl eansing steps are automated. Depending on the state of the

unt r eat ed* WAFR l?g'be purified at the water treatment plant with the high
speed filtration nethod, the timng of the surface cl eansing and backwash
cl eansi ng may bEPrER &t 154 PEOTESISVEL §IT RRSRIUTEHE 8 NOLBEA TR dHEE Blackwash
cl eansing may be set to be automatically perfornmed when the head | oss
exceeds acpr ddwd efAilfigdtiqhuesand sHeARSimITapeehod safanddedspfosent
filtration sand (Japanese Water Wrks Associ ati on Technical Standard JWMWM A
103- 1988) iavenesdabl i shed as : |l ess than or equal to 30 degrees for post
cl eansi ng contam nation degree; |less than or equal to 3. 5 o for

hydrochl oric acrggseéulsi | iy,a OpAbcOsd Omndgaianef §B6hiNg Rt i ghetkéanet ers;
24 and |l ess than or equal to 1.7 for uniformty coefficient. Even if

surface clgphgifgnand thagkvasiy €l £ansi ngsh8 PeLhALTRE hRIWRN |9 adhe
descri bed above and regeneration processes are performed every seven years,

if ten ye S L hg time when new sand is introduced, as indicated
by the coﬁ%%ﬁ?ﬁgté &gg%%&of Tabl e 2, contami nants attach to the filtration

sand Lo oM A gL, Lt 3% LhaLotRenRehs gl oared 99 oOBbatAL | o, feghee 1o

reservoir, taken along the line A-A of Figure 2.

Figure 7 is a diagram showing the flow of filtration sand
corresponding to a plurality of filtration reservoirs.

Figure 8 is a diagram that shows an example of the movement
of filtration sand among filtration reservoirs.
Best Mode for Carrying out the Invention

The filtration sand cleansing system of the present
invention comprises: a high speed filtration reservoir 1; a pump
2 for suctioning out filtration sand having contaminants attached
thereto from the high speed filtration reservoir 1; a sand
cleansing apparatus 3 for cleansing the filtration sand 5 having
contaminants attached thereto; a stock tank 4 for stocking the
filtration sand 6, which has been cleansed by the sand cleansing

apparatus 3; and a path 7 for returning the sand from which
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the hydrochloric acid solubility is 9.7% the effective particle dianeter
is 0.533, and the uniformty coefficient is 1.485. [Table 2] Established

St andar dsCont am nat ed Sandfor Filtration SandContam nation Post C eansing30
degrees or |essl, 980 degreesHydrochloric Acid Solubility3.5% or

| ess9. 7%ffective Particle D anmeter0.45~0. 70mm0. 533Uni formty
Coefficientl.7 or lessl1.485 If filtration sand to which contam nants are
attached in this manner continues to be utilized, clogging due to

cont am naBbstAREHAES L sCiRASE R drARkfoBEr E8SRStHd sttt Lass. 4 Therekoneght he
frequency of backwash cleansing is increased, and the water pressure

i nvol ved gpséa%wt@ééfssasréa%w-gq', |a§yﬁﬁ§wnqﬂil Gkeni g A henkopapbieg of

unevenness in the thickness there By the formati on of unevenness I n the

t hi ckness q@f, .t he _gravel er he. sand | aver copes_thin at .the tions
wher o ooty P PeRER s LANETdn thO RO R Sanr e B Rn ThY et v B0 hoce
portions._ In addition,  breakt hrough of sludge and contam nants that

separate 95 9eFFEAPEHelPEREr 4R BASsERBOBERERES) negat i vel y i nfl uencing the
quality of the filtered water. A regeneration process becones necessary if
the filtration peServativetyi vés At lthpsisnatand péeansbagosyseemedi feats of
the filtration sand cl eansi ng system which perforns the steps of:

extracti ngraspoktirorergfidn mbyatangrr isenda olgaapead fhe mitiractredesandrin a
sand cl eansi ng apparatus; and returning the sand, from which contam nants
have beenlrenpued,2 torasidtidralrnpbuEesSelsition Baaddidviony tonthRinants
conventional cleansing steps described above, will be descri bed.

(Enbodi meat t4rnbdsendretsansboc PP P Wpoedsy HiseRsedn RebPaResel; a
Unexam ned Patent Publication No. He 11O 109051, which conprises: a

cl eansi ngsgﬁakciggng%gagg%gga@@%dz 2. clieansl g Weler ihReL iRy 8,361 §W
bo a s

conveyor that rotates ubstantially perpendicular axis wthin the

I i 1k f ' : d
o that | TReoa St O TR RO Th 2 A PREM TN R aPhaRe o

r | ev whij | .
water to %geesaengtf%%m whlgh contaminants have been removed from the stock

tank 4 to the high speed filtration reservoir 1, as shown in Figure
3. That is, the system may adopt a construction wherein a stock
tank for cleansed sand is not provided. In the case that the
filtration sand cleansing system is not provided with the stock
tank for cleansed sand, it becomes possible to save the costs
required therefor. 1In addition, this system is preferable when
there is in sufficient space in the vicinity of the high speed
filtration reservoir to install the stock tank for cleansed sand.

As an example of the processes performed by the filtration
sand cleansing system shown in Figure 3 is shown in Figure 4.
First, approximately 1m’ of contaminated filtration sand is
suctioned out of the filtration reservoir 1 with the pump 2 during

the time (e.g., 15~25 minutes) when surface cleansing and backwash
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contam nants are renoved fromthe sand by contact between particles thereof
with the cleansing water therebetween, at a | ower portion of the screw
conveyor which is beneath the surface of the cleansing water, and the
rotation of the screw conveyor causes the sand to flow while contam nants
are renmoved fromthe sand by contact between particles thereof with a
slight anpbunt of contam nant-|aden water therebetween; and a circulation
nmeans 26 for causing the elevated sand to descend to the | ower portion of

the screw conveyey SO HRly bRer3aRddl.s ehevatrd AgaiM saheseRyihRaKIBYNg a
scrubbi ng net hod of cl eansing, was enployed as the sand cl eansi ng appar at us

3. As shoyp, | Bgﬁbg?r &gt A F&Q“EﬁeZsaﬁﬁfﬁgfefaﬁ%{lﬁu%a}}ta%daédé ! at\%[}?%réand

was sucti oned rom a cor ner a) o reservoi’r y the

2, duri the ti 7 m t | i nut wh f | i d
P hvash Sl eafet 5 SRS b it A dbios RoaT E TG hebPEnr R be Ty 1D FEreted) an

sand was perforned at a depth_of approxinmately |0Ocm above the gravel |ayer
13 (the fE‘I“FF%‘PYon ety thgerlennrerfessl t5abbemsanthd Fliganegd §andands (5)
suctioned by the punp 2 was sent to the sand cl eansi ng apparatus 3, and

cl eansi ngrersrpedf dionethe orf idgpradxionat ¢ ye vvel hodr . basoshowinea nsTabhee 3,
the degree of contam nation of the suctioned filtration sand (5) decreased
to 11 degeéesnéingn 448G aeigresds ; c Idwn diydy eofd aronp ladtied .soBubperfyrdenyg eased
from9. 7 o0to 2. 8% and the uniformty coefficient was inproved from
1.485 to dh@&hcdilorGary be cntenstadd Bahdtdred khkt rat b oni S@RE ESc&Lidgned

to |l evels of new sand, by cleansing for approximately an hour. [Table 3]

Cont am nag edAf | £fy () eansi gl rﬂerwﬁ)d?%qmgo%%%%ﬂet a0t PaLEOP1eansing

(degree) 1, 48077941411Hydr ochl oric Aci

o0 BT 8 IR FLLSHLYBCFAL B S pammer, 10 pecones

Coef i ci elgct)g"sf'gfé"t208}73%'r%gﬁr%'cz_L8e4a1dszi8nog %% contaminated sand within a short
time.

Alternatively, as shown in Figure 5, contaminated
filtration sand may Dbe continuously suctioned out of the
filtration reservoir 1 with the pump 2 during the time (e.g., 7~10
minutes) when surface cleansing and backwash cleansing is being
performed. The filtration sand suctioned by the pump 2 may be
continuously sent to the sand cleansing apparatus 3, where
continuous cleansing is performed thereby. Then, the cleansed
filtration sand (cleansed sand) may be continuously returned to
the filtration reservoir 1 before the surface cleansing and
backwash cleansing are completed. By performing these processes
continuously within the time period during which surface

cleansing and backwash cleansing are performed in this manner,

it becomes possible to perform cleansing of a greater amount of
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The cleansed filtration sand (6a) was stored in a cleansed sand stock tank,
contai ning water. Approximately 48 hours after filtration was recomrenced
at the high speed filtration reservoir 1, filtration was ceased, and
surface cleansing and backwash cl eansi ng was perfornmed again. During this
time, the cleansed sand was returned to the filtration reservoir 1 at a
corner (1b) opposite the corner (la) thereof. By repeating this cycle,
substantially all 60nB of filtration sand in the filtration reservoir 1 was

cleansed &onaRRl QX8RI 84X | @O HlRYSa ksbodiment 2) Filtration sand
cl eansing was perforned in the same manner as Enbodi nent 1 descri bed above,

except that th cifi G _sat eansj ar, . ace i

conventi onal j§%§§g¥%flgprgg uggng’épggggi gS%%%?rgﬁzgggggggh%%%é%ﬁoﬁﬁble
4, although, there are sljght significant differences between Enpodi nent 1,
whi o onpfoySE TR Ao 1T % drid KA G pgarBEuS2: L EROBArAhE 3. 1 he
contam nated sand was dramatically cleansed. In the case of Enbodi nent 1,

t here wasfhhE8alyiamyl afahgandngraieebffastaysyé 3pblepesl 1fi ret BPPPHIEYSr, in
Enbodi ment 2, as cleansing was perforned for a long tinme, the effective
particl e thafstleradéonenzed lagrd the Ohefbrinitaticoeshndilenter neneassds |t
can be understood that in a conventional sand cl eansi ng apparatus that

enpl oys asaed Wweweimest p€dprttihe Sgendt tcold | deamsitielrspi pes,0 vaird s, aadd & he

| i ke during cleansing, causing destruction 28 t hereof. [Tabl e 4]

Cont am nahgdAbER1 £ ¢ @S g e Yt 8% Sanghl020306060nt &N /KAt i @Re gravel
(degree) 1, 48020817316788Hydr ochl oric Acid

SQlUbi|ityg%g%@.%%%.%%@”&&@.@%Ei@ﬁ§giy PALthgl@ng different particle
D anmet er 0. 533nmD. 606M0. 603mMD. 590mMmO. 577mni form ty

ffici . s f
e it bR o B D A i
ref erence
P

L:Itratiogﬁgggg %S%E%n'rf %ro%§d¢q3w4II be descr&?edtmﬁth o ! to

gure 7 N GErE TS N AdHHA S ROWAG T AR GRS (TeFat i on
shown, but the apparatus for collecting purified water is provided
at a still lower portion of the high speed filtration reservoir
1). Spherical, hard, clean, and uniform gravel is selected for
the gravel layers 13 through 16, in order to perform backwash
cleansing uniformly. As particle diameters thereof, those which
are commonly used, that is, gravel having effective particle
diameters of 2.0~3.5mm for the gravel layer 13; gravel having
effective particle diameters of 3.5~7.0mm for the gravel layer
14; gravel having effective particle diameters of 7.0~13.0mm for
the gravel layer 15; and gravel having effective particle
diameters of 13.0~20.0mm are employed for the gravel layer 16.
These layers are sequentially laid with the coarser grain gravel

in the lower layers and the finer grain gravel in the upper layers,

and without unevenness of thicknesses thereof. Pretreatedwater,
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sand corresponding to a plurality of filtration reservoirs. Figure 8 is a
di agram t hat shows an exanple of the novenent of filtration sand anong
filtration reservoirs. Here, a filtration sand systemas shown in Figure 7,
conprising; six high speed filtration reservoirs A through F, one sand

cl eansi ng apparatus; and one retention tank will be described as an
exanpl e. However, the principle is exactly the sane whet her the nunber of
filtration reservoirs is greater than or less than six. Filtration

reservoirgeA I QUIBoRt ahenbhtbT atl ineSREYEI el WBheB1baskuwashy
cleansing is perfornmed every 48 hours . As: shown in Figure 7, the intervals

bet ween t??o@%ﬁﬁ{‘ﬁé %n‘a:[)c‘f%?dfg%&‘%?&eepg?sghc of tth%eb{;l%1ll.{>rﬁfitiisoirh{1?c§cgfé/é)d Lol 8

ei ght hours. rst, a ermn nount  of rafi'on sand 1s suctloned
29 out frliration reservoir A. . The_ suctioned filtration sand is
cleansad FBP bhbLHULFoR Pt (oued LPeantt if Hndiin (s SULFRGS FREPAF T BR
sand, from which contam nants have been renoved, is retained in the

ret ent i onPERAKZZ mhi Th SEFRYAINE YWadear Topmuat Rz ebhttd mtid ken thri arzfage
agent. The retained cleansed filtration sand is returned to filtration

r eser voi r oBthat £ invhi oht bar keadhl ayeadsr hygissirdfaaeenteaneight ahdua srabghkr t he
backwash cl eansing of filtration reservoir A During the backwash cl eansi ng

of filtrakleon feserdtaiiniBg cahtanvaatewatétt rgdn e isand dusiswct sanedcout
therefrom while cleansed filtration sand is returned thereto. The

filtrati oplsandisyctamnedbakwddronchicbhsahyon seserpydvided S a@lo@nsedef or
one hour by the sand cl eansi ng apparatus, and the cl eansed sand is retained

in the retentigpibankanhigheconpai ns water or water containing an
oxi di zing agent. The retained cleansed filtration sand is returned to

LA on TeReRgh G Al ochonsl 1 PO donESTPGRde! 8
purifying untreated water will be briefly described. Untreated
water is drawn into a consolidation/deposition reservoir from
rivers, lakes, and the like. The contaminants in the untreated
water are consolidated by adding a flocculant such as
polychlorinated aluminum, and the consolidated contaminants are
caused to deposit on the bottom of the consolidation/deposition
reservoir. The supernatant water is skimmed and sent to the high
speed filtration reservoir 1 above the filtration sand layer 12.
Fine suspended matter which was not removed in the
consolidation/deposition reservoir is removed by the filtration
sand 12. The filtered water is collected at the water collection
apparatus provided at the lower portion of the high speed
filtration reservoir 1. The collected water is disinfected with

chlorine, and retained at a water distribution reservoir. The

filtration speed is normally 120~150m per day. Cleansing of sand
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filtration reservoir B. During the backwash cleansing of filtration
reservoir C, contamnated filtration sand is suctioned out therefrom while
cleansed filtration sand is returned thereto. In this manner, when 48 hours
pass, a predeterm ned anmount of filtration sand is suctioned out from each
of all of the filtration reservoirs A through F, and a predeterm ned anount
of cleansed filtration sand is returned 30 to each of all of the
filtration reservoirs A trough F. By repeating these steps, all of the

filtratiog, sandi9ly Ehecfit i 6RIPUT ARV RLE F A i 8ba s TRY Whe el eadaed.
By matching the exXtracting, cleansing, and returning steps to the timng of

t he back i p i ons_.of | i f. Ll Ltrati oirs,
i1 trat o Sudt oresoror o b f e B madd gt pe-EFRgtaey T
substantially the same ampunt of, tinme as_that required, for_ihe cleansing of
FITtrai oPelpty G IDGRE H3 ki eAa DAL SboFbar Fon SRR T It ARG AP case
that the degree of contam nation of the filtration sand increases in order
fromfilt?eeidnt re’dehr iten tls Manhosnesh ates8OVdRE ENLBYVAEEur AF NYRERe
filtration sand, extracted fromfiltration reservoir A and cleansed, to
filtrati ohea@dséossi rreaches uinbng t Huffdag acloansand, iextreciaudd oy
filtration reservoir E and cleansed, to filtration reservoir C; returning

the filtraprapisandeaxdirartwadefr 6nohitie atuirdaceesteyns in€ @ik @Reansed, to
filtration reservoir A, and so on as shown in Figure 8, equalization of

filtrati oophsasdr@aeag tdre dhdt Falt pAriesesNatr 32A tdiraugh fh€apabrwash
realized. Further, by automatically performng at |east the three steps of:

sucti oni ng1 o4f s {h4t pat hen asacq%ifnrgﬁma&%em W §Peeded i 1A HOME e§ﬁ~‘rgﬁér?

cleansing the filtration sand with the sand cl eansi ng apparatus; an

returningbggﬁwgghtré§éfg[SEN%%G wastewater generated by the surface

cleansing and the backwash cleansing is drained by the trough 21.
When cleansing is complete, pretreated water to be purified is
again sent to the filtration reservoir, and filtration is
recommenced. Normally, thewater purification and sandcleansing
steps are automated. Depending on the state of the untreated
water to be purified at the water treatment plant with the high
speed filtration method, the timing of the surface cleansing and
backwash cleansing may be preset. Alternatively, the surface
cleansing and backwash cleansing may be set to be automatically
performed when the head loss exceeds a predetermined value.
As shown in Table 2, standards for filtration sand (Japanese
Water Works Association Technical Standard JWWA A 103-1988) are
established as: less than or equal to 30 degrees for post cleansing
contamination degree; less thanor equal to 3.5% for hydrochloric

acid solubility; 0.45~0.70mm for effective particle diameters;
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31 from whi ch contam nants have been renoved, to the high speed
filtration reservoir, or the four steps of: suctioning out filtration sand
fromthe high speed filtration reservoir; cleansing the filtration sand

wi th the sand cl eansi ng apparatus; retaining the cleansed filtration sand
in the retention tank; and returning the filtration sand, from which
contam nants have been renoved, to the high speed filtration reservoir, by
sequence control, it becones possible to maintain the filtration sand in a

state sinph@ridss tdain @fr BeWa3and f 07 @y exieded Recbed rekikh®. Even
Therefore, the tine period between regeneration processes can b

e
dramatical ky ended. : ﬁ%?ﬁ@g% RATENT (1) A r
cleansing£¥il$%%t|on §§%§“€én%ff§?§§ the stgggagféguctf%n%ﬁg %%%ngmég
pr edet er mi ned, ampunt _of fiILrat'oq?sand froma hi%h speed filtration
reservoirfe?%ﬁ?gg%rﬁgrﬂfﬁﬁﬁ%Q% A0 of MAafETSUSTRG N (9T St e
during a backwash cl eansi ng operation; supplying the extracted filtration
sand to aPRBhArBEe AL SSHpar eea5s: difehRBi YRPTHEES fFanitdie §aRe Yo enove
contam nants therefromw th the sand cl eansi ng apparatus; returning the
filtrationewaand flisobnihpdhcednt agriimakitcs tieav bybdes qantmmddiattesl shadhd fh
speed filtration reservoir, during the back wash cl eansi ng operation; and
r epeat i ngTéhke &hoven sarct nami gt takkanschg, f idnd-ateitar sang tt epstdwisheanse
the filtration sand of the high speed filtration reservoir.

it so that the post cleansing contamination degree is 1,480 degrees,

the hydrochloric acid scolubility is 9.7%, the effective particle

diameter is 0.533, and the uniformity coefficient is 1.485.

[Table 2]
Established Standards Contaminated Sand
for Filtration Sand
Contamination Post Cleansing 30 degrees or less 1,480 degrees
Hydrochloric Acid Solubility 3.5% or less 9.7%
Effective Particle Diameter 0.45~0.70mm 0.533
Uniformity Coefficient 1.7 or less 1.485

Tf filtration sand to which contaminants are attached in
this manner continues to be utilized, clogging due to contaminants
occurs, causing rapid increases in head loss. Therefore, the
frequency of backwash cleansing is increased, and the water
pressure involved therewith affects the gravel layers, quickening
the formation of unevenness in the thickness thereof. By the
formation of unevenness in the thickness of the gravel layers,
the sand layer becomes thin at the portions where the gravel layers
are thick, causing insufficient filtration at these portions. 1In

addition, breakthrough of sludge and contaminants that separate

25



(2) A nethod for cleansing filtration sand as defined in Claim1, wherein:
an apparatus conprising: a cleansing tank for containing sand and cl eansi ng
wat er therein; a screw conveyor that rotates about a substantially

per pendi cul ar axis within the cleansing tank; 33 a rotating nmeans for
rotating the screw conveyor at a speed so that : the rotation of the screw
conveyor causes the sand and cleansing water to be el evated while

contam nants are renoved fromthe sand by contact between particles thereof

with the gteanshBg MatelatiRer ebeigesBcudt, a nle@url vRAKt | 0¥ 18fe ddtg P CF 8w
conveyor which is beneath the surface of the cleansing water, and the

rotation of S .- th - i 1L hant s
re removad H o Ther oo et et neba pactr it 8 PRbpEsf o amhas
slight anpunt of cong m | aden wat er t herebetween; a circul ation

- |
Py P R Bt L P o A ST el A €t e

a
means for  causing the &
screw conveyor so that the sand j s el evated agghgﬁqis utilized as the sand

cl eansi ng appar R TRINRSYOW FEPRCE MEGE ScPEaF Ftlan §ANSanteaRS HeF i ned
in either daiml1l or Caim?2, wherein: after contam nants are renoved from
the filtrayfommsantdiph) prefoxmd &heansers afparattuacting 3 Ipention ehnd,
from whi ch contam nants have been renpved, is retained in a retention tank.
(4) A nethottfaticheamnsi;ngléahsiayitdre sahdaasededamidni a seintdhete&hainyl or
Claim 2, wherein: the filtration sand, from which contan nants have been

renoved, appaedtispchid ddeidiighy speedafhd) tfedm ahirc@sebvebmnibahesenshe
conpl etion of the backwash cl eansi ng operation during which the filtration

sand was se&hi eBREvEH! . tD)a AcBENDEi $0T rekeansing fill tyRliansaiyl age
defined in
conventional cleansing steps described above, will be described.
{(Embodiment 1)
A sand cleansing apparatus as disclosed in Japanese
Unexamined Patent Publication No. Heil0-109051, which comprises:
a cleansing tank for containing sand and cleansing water therein;
a screw conveyor that rotates about a substantially perpendicular
axis within the cleansing tank; a rotating means for rotating the
screw conveyor at a speed sc that: the rotation of the screw
conveyor causes the sand and cleansing water to be elevated while
contaminants are removed from the sand by contact between
particles thereof with the cleansing water therebetween, at a
lower portion of the screw conveyor which is beneath the surface
of the cleansing water, and the rotation of the screw conveyor
causes the sand to flow while contaminants are removed from the

sand by contact between particles thereof with a slight amount

of contaminant-laden water therebetween; and a circulation means
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34 Cdaim4, wherein: the steps of suctioning, cleansing, and returning
the filtration sand are perfornmed continuously during the backwash
cl eansing operation. (6) A nethod for cleansing filtration sand as defined
in Caim3, wherein: the retention tank contains water or water containing
an oxidizing agent to prevent the filtration sand retained therein from
contacting air. (7) A nethod for cleansing filtration sand, conprising the
steps of: suctioning out a predeterm ned amount of filtration sand froma
hi gh speeghf iddustiPrheeseevated syl tReBERBRAPES | dHLaldwanr PB_rW@bﬁ%flSl ng
filtration sand, during a backwash cl eansi ng operation; supplying the
extracte i I Iﬁ@g% d e iNg .a ; ns
fiItratig%ﬁié%gﬂ%%qgénn e]%gﬁﬁgﬁgﬁéﬁﬁg ?%é?é Fo%?%f?%géhggégﬁﬁ %ﬁ%%%s ng
appar at us; égtainin the};thrat% nﬁfa d,c from.whi ch contagina ts have been
renoved, TToaFetent o PAmY FSUa ﬁg EREPEE A ned®Fi TYPAPYSH 28nH i nto
a high speed filtration reservoir different fromthat fromwhich the
filtrati oPPRArfd AL PerRBATH N ed dif | TP bdt BB ScLe RS RgIsse 2/
operation thereof; and repeating the above suctioning, cleansing,
r et ai ni nglMman cost@miingd egpek bt Fahkon sasdatamseuchéonpiaudt foansapdrotr a
plurality of high speed filtration reservoirs.

(la) of the filtration reservoir 1 by the pump 2, during the time

(7 minutes~10 minutes) when surface cleansing and backwash
cleansing was being performed. The suctioning of the filtration
sand was performed at a depth of approximately 10cm above the
gravel layer 13 (the filtration sand layer thickness is 60cm).
The filtration sand (5) suctioned by the pump 2 was sent to the
sand cleansing apparatus 3, and cleansing was performed for
approximately one hour. As shown in Table 3, the degree of
contamination of the suctioned filtration sand (5) decreased to
11 degrees from 1480 degrees; the hydrochloric acid solubility
decreased from 9.7% to 2.8%; and the uniformity coefficient was
improved from 1.485 to 1.280. It can be understood that the
filtration sand is returned to levels of new sand, by cleansing

for approximately an hour.

[Table 3]
Contaminated After Cleansing (minutes)
Sand 10 20 30 60
Contamination (degree) 1,480 717 44 14 11
Hydrochloric Acid Solubility { 9.7% 7.7% 4.3% 3.5% 2.8%
Effective Particle Diameter 0.533mm 0.599mm 0.596mm 0.597mm | 0.595mm
Uniformity Coefficient 1.485 1.287 1.284 1.284 1.280
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(8) A nmethod for cleansing filtration sand as defined in any of clains 1
through 7, wherein: the repetition of each of the steps is automatically
performed by sequence control. (9) A nmethod for cleansing filtration sand
as defined in any of clains 1 through 8, wherein: the filtration sand from
whi ch contam nants have been renoved is returned to the high speed
filtration reservoir at a position renote fromthe position fromwhich the
filtration sand has been suctioned out. (10) A nmethod for cleansing

filtrati ophsanbAssdeidingd-dil AN%aflt ¢ba) had d4¥u9h Do WhekgkBa s48d
position at which filtration sand is suctioned out is changed per every

t
def i nod f‘%té’f%’%r%%h%c(ﬁ%* PR S0 wheP B A FRGhbe tl oh o wht €7 t he
filtrat d, whi ch t t h b d
changed pbi- GYEH F SR FFHGBHeT G FOne "¢ 10 OREERId I OF CioGur &P RO s

filtration sand as defined in 36 any of clains 1 through 11, wherein: the
suctlonlnbrofliFFFFaPPoHa§aﬁ&aﬁ§dpe@m&wﬁ#fQGQQ1%ﬂ%ﬁRﬁ%Qﬁl4%ﬁc@a%¥W%5h
strength that does not form unevenness of thickness in gravel |ayers of the
hi gh speedlé¢ansingions resefooied dB)n A dystiaw ftbisckenasi hpef cleansedn
sand conprising: a high speed filtration reservoir; a suctioning neans for
suct i oni ngandtwds Idatatrneal santdhé rionm e forghespeedifr Ltatata oornesefVoj r; a
sand cl eansing apparatus for cleansing the suctioned filtration sand; a
ret ur ni ngoppassté oheetddridig (1) senRdrebfOom Bl Glepeating this cycle,

substantially all 60m® of filtration sand in the filtration

reservoir 1 was cleansed in approximately 120 days.

(Embodiment 2)

Filtration sand cleansing was performed in the same manner

as Embodiment 1 described above, except that the specific sand

cleansing apparatus was replaced with a conventional jet water

stream sand cleansing apparatus. As shown in Table 4, although

there are slight significant differences between Embodiment 1,

which employed the specific sand cleansing apparatus, and

Embodiment 2, the contaminated sand was dramatically cleansed.

In the case of Embodiment 1, there was hardly any change in the

effective particle diameter. However, in Embodiment 2, as

cleansing was performed for a long time, the effective particle

diameter decreased, and theuniformity coefficient increased. It

can be understood that in a conventional sand cleansing apparatus

that employs a jet water stream, the sand collides with pipes,

walls, and the 1like during cleansing, causing destruction
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contam nants have been renoved, fromthe sand cl eansing apparatus to the
hi gh speed filtration reservoir. (14) A systemfor cleansing filtration
sand as defined in Caim13, further conprising: a retention tank for
retaining the filtration sand, from which contam nants have been renoved by
t he sand cl eansi ng apparatus, before returning the filtration sand to the
hi gh speed filtration reservoir. (15) A systemfor cleansing filtration
sand as defined in Caim1l4, wherein: the retention tank further conprises
a nmeans ferestpplying water, so that the filtration sand within the
retention tank does not contact air. 37 (16) A system for cleansing
filtration sand @gbﬂgfared inany of Claim1l1l3, Cdaim114, or Caiml5,
further conpristng: a plurality of high speed filtration reservoirs. (17) A
system fpr cleansing filtrati ofcsansnasalief i nedhrkdt an¥n&hhg Clnadd¥ss113 t hrough
16, further conprising: a control neans tor—auteratteattyperfiormng—at
l east the three steps of : suctli®$Bfng out *%iltrati’®on sand® from%he high
speed fi| ¢dnadriosribesesgeadr; cl eangbng thezdd | tragtiven sandsw t h ¢she sand

. _ . g , .
cleanS|ngﬁ%g£% g&gs,i%ggh&?h%rhgng t he flltzrg_atlog3 Qnd,aELQn1Wq!%h

. A i) 19 ] . ¢ 1% + 0% .
cont ani na Ve béeh Femdved) "to the high spedd filtrafidn riegséfvoir, or
the four| sttepgvefrartislcbipnatang | OUt33fr | t r a0 i @Ams grodedamam 0 Hrgorwi (ghsspeed
filtratipon reseryvolde, GLeansi n@blmg_ filtratjon sandy i th, the sand,cl eansing
appar at us,—retalning ihe cleanséd filtration sa inthe retention tank;

and returﬁing ey f )| 14 hdlchel §A80sy €O MY Gh GoRLAR PANE S DRYE Dokd
renoved, to the high speed filtration reservoir, by~ sequence control. (18)

tAhSYSt em gﬂrtvl\}% £3051Gf LI At1aR SaPe ;3% 4651969 110 a80%n0fe &AL B, 43

rough 17, erern:
are provided will be described with reference to Figure 7 and
Figure 8. Figure 7 is a diagram showing the flow of filtration
sand corresponding to a plurality of filtration reservoirs.
Figure 8 is a diagram that shows an example of the movement of
filtration sand among filtration reservoirs. Here, a
filtration sand system as shown in Figure 7, comprising: six
high speed filtration reservoirs A through F; one sand cleansing
apparatus; and one retention tank will be described as an
example. However, the principle is exactly the same whether
the number of filtration reservoirs is greater than or less than
six.

Filtration reservoirs A through F are filtration

reservoirs at which backwash cleansing is performed every 48
hours. As shown in Figure 7, the intervals between the backwash

cleansing of each of the filtration reservoirs is eight hours.

First, a predetermined amount of filtration sand is suctioned
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the suctioning neans for suctioning out the filtration sand fromthe high
speed filtration reservoir and the returning neans for returning the
filtration sand, from which contam nants have been renoved, are provided
remote fromeach other. (19) A systemfor cleansing filtration sand as
defined in any of clainms 13 through 18, wherein: 38 at |east one of the
suctioning neans for suctioning out filtration sand fromthe hi gh speed
filtration reservoir and the returning neans for returning filtration sand,

from whi cBueost ami andtsi Jinve skegd ikeADVerhe tsedtheonkighispeadibhl §&adi on
reservoir be provided so as to be novable. (20) A systemfor cleansing

fi1trati ossands s, deidneflel o0 Pbncl alie LTI OUOBCLS,apher el dnthe sand

cl eansi ng appar at us conpri ses: cl eansing tan ontai ning sand and

cl eansi ng m? er therein; 3 scregﬁconve or.tha% rotates about a .

subst anti af %rBEFBEHHFEHI FORYAL GR (FRTT A HE S A R8T R P THRE SR VS at ¥ ng
nmeans for rotating the screw conveyor at a, speed so that : the rotation of

the screwrBbAVBGErik dled StRe tdoRd “aRl  cY M| TR b ET "G SEe 8 B358Ed whil e
contam nants are renoved fromthe sand by contact between particles thereof

with the EPBAASNARInaRRr PhEfEBERGecrdernt- a | SWer poEeiBAdofcipansedew
conveyor which is beneath the surface of the cleansing water, and the
rotation ffilthetscnemrcbiseyarucaesdés fhetsanton gefkeawoilti B e atowk aoh nant s
are renmoved fromthe sand by contact between particles thereof with a
sl i ght anbuBkweabhcold g rantisl adene ned @re iidigr Rbatveeft e BntheabetkvabAt i on
means for causing the elevated sand to descend to the | ower portion of the
SCrew con¥e¥ahssAqgt Rat #ime sandd sretevabed agai murd%g the backwash
cleansing of filtration reservoir B, contaminated filtration
sand is suctioned out therefrom, while cleansed filtration sand
is returned thereto. The filtration sand suctioned out from
filtration reservoir B 1s cleansed for one hour by the sand
cleansing apparatus, and the cleansed sand is retained in the
retention tank, which contains water or water containing an
oxidizing agent. The retained cleansed filtration sand is
returned to filtration reservoir C, at which backwash cleansing
is commenced eight hours after the backwash cleansing of
filtration reservoir B. During the backwash cleansing of
filtration reservoir C, contaminated filtration sand 1is
suctioned out therefrom, while cleansed filtration sand is
returned thereto. In this manner, when 48 hours pass, a
predetermined amount of filtration sand is suctioned out from

each of all of the filtration reservoirs A through F, and a

predetermined amount of cleansed filtration sand is returned
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o |0bLM1Qupplyingtheextractedfiltrationsandixaasandcleansing
apparatus;
cleansing the filtration sand to remove contaminants
therefrom with the sand cleansing apparatus;
returning the filtration sand, fromwhich contaminants have
been removed, to the high speed filtration reservoir, during the
back wash cleansing operation; and
repeating the above suctioning, cleansing, and returning
steps to cleanse the filtration sand of the high speed filtration
reservoir.
(2) A method for cleansing filtration sand as defined in
Claim 1, wherein:
an apparatus comprising:
a cleansing tank for containing sand and cleansing water
therein;

a screw conveyor that rotates about a substantially

perpendicular axis within the cleansing tank;
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by the sand cleansing apparatus, the filtration sand, from which

contaminants have been removed, is retained in a retention tank.
(4) A method for cleansing filtration sand as defined in
either Claim 1 or Claim 2, wherein:
the filtration sand, from which contaminants have been
removed, is returned to the high speed filtration reservoir before
the completion of the backwash cleansing operation during which
the filtration sand was suctioned out.

(5) A method for cleansing filtration sand as defined in
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a suctioning means for suctioning out filtration sand from
the high speed filtration reservoir;

a sand cleansing apparatus for cleansing the suctioned
filtration sand;

a returning means for returning the sand, from which
contaminants have been removed, from the sand cleansing apparatus
to the high speed filtration reservoir.

(14) A system for cleansing filtration sand as defined in
Claim 13, further comprising:

a retention tank for retaining the filtration sand, from
which contaminants have been removed by the sand cleansing
apparatus, before returning the filtration sand to the high speed
filtration reservoir.

(15) A system for cleansing filtration sand as defined in
Claim 14, wherein:

the retention tank further comprises a means for supplying
water, so that the filtration sand within the retention tank does

not contact air.
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three steps of: suctioning out filtration sand from the high speed
filtration reservoir; cleansing the filtration sand with the sand
cleansing apparatus; and returning the filtration sand, from
which contaminants have been removed, to the high speed filtration
reservoir, or the four steps of: suctioning out filtration sand
from the high speed filtration reservoir; cleansing the
filtration sand with the sand cleansing apparatus; retaining the
cleansed filtration sand in the retention tank; and returning the
filtration sand, from which contaminants have been removed, to
the high speed filtration reservoir, by sequence control.

(18) A system for cleansing filtration sand as defined in
any of claims 13 through 17, wherein:

the suctioning means for suctioning out the filtration sand
from the high speed filtration reservoir and the returning means
for returning the filtration sand, from which contaminants have
been removed, are provided remote from each other.

(19) A system for cleansing filtration sand as defined in

any of claims 13 through 18, wherein:
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any of claims 13 through 19, wherein the sand cleansing apparatus
comprises:

a cleansing tank for containing sand and cleansing water
therein;

a screw conveyor that rotates about a substantially
perpendicular axis within the cleansing tank;

a rotating means for rotating the screw conveyor at a speed
so that: the rotation of the screw conveyor causes the sand and
cleansing water to be elevated while contaminants are removed from
the sand by contact between particles thereof with the cleansing
water therebetween, at a lower portion of the screw conveyor which
is beneath the surface of the cleansing water, and the rotation
of the screw conveyor causes the sand to flow while contaminants
are removed from the sand by contact between particles thereof
with a slight amount of contaminant-laden water therebetween; and

a circulation means for causing the elevated sand to descend

to the lower portion of the screw conveyor so that the sand is

elevated again.
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