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Field The present invention relates to a nethod of cleansing 1MA($ %9@'{/5(‘1
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 ofpkcifrerropnnedi a which is rewmm MWM
r
ve

hi gh speed filtration reservoir, and to a systemused therefo

Technol og \{\gpter urification ocesses at water treatnment plants | NVO
addi ng ché}ﬁ %Mﬁ%&%l&ﬁm MBI TS GUSTBMer s, | akes, ponoT‘5959
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
wat er is téehnitsl nfegl@d with chlorine. At high speed filtration
reservoirs, regular cleansing of filtration nedia is perfornmed at intervals

of 2972 hours. feMBLBALA O nGLARISING iRl T &l intiRdidy Lhedss are:

surface cleansing, Iin which water is sprayed froma nozzle to strike
surface of, the ssand | ayers .an ckwash cl eansin Lifl d wat er
i's forced%%%tira'ih%n fsiqr{cfaﬂ o%dfrgs ra\}:d]orn FFSﬁrgoﬂgv%?e%%sgﬁggggha “to
cause the scgnd particl es to rub against each other, to renov
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invention relates to a method of cleansing a portion of filtration
L media which is removed from a high 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 water 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
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regul arly perforned, pollutants in the water (contam nants such as sl udge, ,
hereinafter referred to as contam nants) attach to the surfaces of the
filtration sand, if used for a long period of tine. Problens arise from
repeated use over a period of tinme such as: the reduction of space anong

the filtration nedia due to the progressive thickening of particle size
from cont am nant accumnul ati on thereon, clogging due to the separation of
materials that had been attached to the filtration nedia, and the | eaking

of the aentrams naydindthersd e rGonventémenad | o t@senptr ddh ens wer e deal t

with by, for exanple, increasing the frequency of the backwash process.

However, if the,backwasdy, processieanseneat s OBQEk@aEHnQ:]F@dﬂ%(%f akkne,
the water pressure thereof influences even the gravel |ayer which supports

the fil tﬁegqg{'lfa{r}aﬁfﬁf%?ifgfﬂm%ﬁi ggl%‘éﬁﬁtgf %ﬂ:él{(@rvpar{teWic%%Qgﬁﬁnia%t%agﬂgbZI?er’

which is and an ‘even ckness. en the gravel

becones uneyen, the sand Layer is thin _at portions where the vel , | ayer
s ot o B8%mRs s FEhont BFF Ind i bRl ContSHaga L0y ¢ FERCh Trhghe
filtration function is reduced, the filtration reservoir does not function
pr oper | BUHRFehefstp ity léragire sandr HekdfdL ampoyipreripg of gémeto
restore proper filtration function, it is necessary to performa

r egener Ridn e ceasisse irooh repeeltedsusg ovef-a qeasion) ahd imst sluchpesat i on
of the filtration reservoir, renoving the filtration nedia, cleansing and
Si evi ng the rednyetohi bfr appos amding, thes pEict gk iaord medi&cduagtbhehe
interior of the filtration reservoir, replacing the filtration nmedia with
the fil tgald s a whi hediasy begn ¢Jaanad  Bawkverrohhe chbaganghahiton (;

process is extrenely costly, and as during said process the filtration

reservoided smitP+ PPLEALRSDn, | £16§§08g (e to the separation of materials
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:



~ ( ,"a decrease in water treatnent efficiency. Therefore, there is a strong
demand on the part of the water treatnent plant to space the intervals
bet ween regeneration processes as |long as possible. There are cases in
which the filtration sand which is 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 acceptable as filtration sand
is only 1020%in reality. In addition, costs are increased in the case that

new sandcéssuhfliizedotahesmf el o blft tled ifan t¥amnd oinsr ¢ ©gener af e@mdy ing
cleansing and the |ike. The inventors of the present invention have

proposedi feSapgd] £} £a06h NOn&PPAT at e AU Ly ena ess i wasi e ldokisat | on
sand to a degree of contam nation |ess than or equal to 30, which is a

state of .¢ nlines | ose tQ that of w Japanese Unexaj Pat ent
Publ | cat fohECRe. St du8s) L Bt ieh a T Top 1856 1 30BHE 6 EEEE R o g
revol utionary nethod called a scrubbing cleansin rrocess., By uyse of this
opar at ue TR RGR: GRSFGHOLT onsoP IR, ShEnAL Lofan PP Al Pl 1 s e
that 3 _enpl oys new sand i s capable of being realized, even if new
filtrati 6A158Aa81P8 ndediaplvdtieh | hashe been r glpenseeser valavarating thige
regeneration process. However, the quality of water to be filtered for use
i s rapi deggdeeeatopat pmgcessr dcerix tysmmsly Tdost 1w, dardt s poklioyi eaidf
rivers, |akes, and the ocean by city waste water, industrial waste water,

and agri pbtesal thestelvpseionaceskeradrt hatndthadpeest inid r duits 1@ddiescand
sul fur oxides due to atnospheric pollution; and the |ike. Due to the

(deteriorgthaBrbAsthenaiatét Ve péatméRE éPrbeididy er athe AT RAfdN i@f the
filtrati on sand has advanced as shown in Table 1. Filtration reservoirs
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the intervals between regeneration processes as long as possible.

There are cases in which the filtration sand which is
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 acceptable as filtrationsandisonly 10~20%
in reality. In addition, costs are increased in the case that
new sand is utilized. Therefore, filtration sand is regenerated
by cleansing and the like. 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), byemploying a revolutionary method called

a scrubbing cleansing process. By use of this apparatus,

filtration function similar to that of a filtration reservoir that



condi tions nust now qui cken the pace of regeneration processes. [Table 1]
Reservoi r/ Year Cont am nati onPost Dry Wi ght of Hydr ochl ori cPost
Cl eansi ngCl eansi ngCont am nant sAci dCont am nat i onWei ght Sol ubi l'ity(degree) (g)(

ng)

(my/ g) (% (degr ee) A1985939098. 96115023. 9631. 601721994683048. 03226097. 0543. 40
394B1986394049. 2965813, 3502. 101901993634098. 59132027. 1662. 80320C1987476048.
6783917. 2382. 201691995838048. 57199840. 1072. 40560 Meanwhi | e, mai nt enance

oper at i osfp Doy i heatdoty sagd cepbbaenesk abe{hdt rakil @ReHES IWA I 8 ahRw
per f or med to deternlne the tinme frame of the next regeneration process, and

mai nly | AYPL Ve 3 8n sanfd D@%%‘trféfﬁi‘écé’é tnh:ﬁhé"f‘i‘i%@@%i%noéeéé‘@v&iﬂ&%‘rﬁgﬂer
measurenent of particle diameters, nd Mai nt enance operati
preservetthe funct|0ﬂ of the sand mhlch has regained its filtration
function"® TRESPRER %?3t?5%cﬁ?80ess are linted to regul ar clean5|ng
processes of surface cleansing and backwash cl eansin The ni stry of

Heal th and el FQNEVRAs it §§u8&aéﬁﬁdepln@étﬁértphgedédgéérﬁﬁ &85t ¥8enadsi on of
wat er, which has passed through ( , filtration reservoirs, to be less than
or equal rapidly dpiprderating he yeeent yeereryplrbspord duarﬁcm peildiugigin
nmeasures which were established in 1996. To conply with these guidelines,
wat er treftnbndrp) atlesr endicheascagnt be ¢iegueshe ofatiehe dudfuiateial

cl eansi ng and backwash cl eansi ng whi ch have been descri bed above. However,

during theseeGlA1SI 8d eRATIAM 1A a VA4 6 c GRAHRAL; HEid reahethaBAGRReanOUNt
of obtainable water is decreased. Consequently, the water treatnent

efficiengytirsutedieads 4RdPehfasreskiday thet +d fatfmla,%pfhre%%ewn%ftl%ckwash(
cleansing is addition, fine sand flows out every tine that cleansing is -

i ncreasegy %Pﬁefff ti Qﬁ fto“@ﬁ\éeaeEQk%QQmth”lﬁ h?n@;cﬁ.ler . tjifyoef water

hast ened. resu t ere are cases I n Ich a reg on process nmust
be perfoEgEé:Ie %O(i@%rred-rhgér%é%Ena!:lorll oft QRUQLh ltraatlon 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 Weight of | Hydrochloric | Post Cleansing
Cleansing Contaminants Acid Contamination
Weight Solubility .
{degree) (g) (mg)  (mg/qg) (%) (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

1
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-~ thefe are limts to the extent which conventional surface cleansing and
backwash cl eansing can deal with the contam nation of filtration nedia. The
present invention has been devel oped in view of the 5 ,, .1 above
circunstances, and it is the object of the present invention to provide a
met hod and apparatus for cleansing filtration sand that enabl es extension
of the tinme period between regeneration processes by regenerating the
filtration function of sand by a nmethod ot her than by surface cl eansing or
backwashmed sanshegt of ttiowturcessimes Opef atheonyrafvetlhd afyielrt, r akciacn reeeatvoi r.
Di scl osure of the Invention The nethod for cleansing filtration sand of the

present AVt 0F € I ®S 4, Nanst @Re Of ke ©XIMAGH { dYoh e ' RABIAT B E canDunt
of filtration sand froma high speed filtration reservoir, that perforns

pur i i 635} 00 pf  YRILLE S Ny biel daLLRR AN 1 9UTid 3 hapkuash «oleansi ng
operation; supplying the extracted filtration sand to a sand cleansing y

t | i t filtrati . d t t am ts th f
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whi ch cont am nants have been renoved, to the high speed filtration

reser voi FLeAUF I RY RIRCIRRIS RAsPUET 2eh SleR IS ae NP aciie e 5d&enTd "Ohe
above extracting, supplying, cleansing, and returning operations to cleanse
the filtrati onTsgnMiotsthy afghespeldnd |Welfidnm hassamesiad gpidelines

for the degree of contamination 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
addition, 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



1 r The filtration sand cl eansi ng systemof the present invention \
conprises: a high speed filtration reservoir; an extracting neans for
extracting filtration sand fromthe high speed filtration reservoir; a sand
cl eansi ng apparatus for cleansing the extracted filtration sand; ( , a
returning neans for returning the sand, from which contam nants have been
renoved, to the high speed filtration reservoir fromthe sand cl eansi ng
apparatus. The filtration sand cl eansing system may performthe processes

of extraydwciet@nBshABesanthd et Hithe &bjéde Jf the PrcyerRantvasitdon
continuous process, or may performthe above processes as batch processes .

The "ext i fofj i o [ I : :
operat 1 S SRR, Aohethal B halerd P Hd o TRANMIG 9512 %3 S g
filtrati,qn ,sand filter%imater k& a nor_nal gtate. #f filtration_sa
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sand layer, and there is a possibility that contam nants may | eak, The
ext r act iIRFPSIS $99 (i APt g the fdiftdat®wiencsdoradé ePeanbiyng i s
bei ng perfornmed concurrently with the backwash cl eansi ng operation. The
"r et ur ningLhgid fethent tlan shvidsurfaee sol pens orngedr doarkyashecbhaakwasa,
operation of the high speed filtration reservoir. This is because during
t he backwiatout ezress gy opeeedtiioon @lrtlie effi tsation reservoir.

Disclosure of the Invention (E

The method for 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 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.



rwatér is forced into the filtration reservoir froma |ower pressure
chanber, thereby causing the filtration sand therein to float. If
filtration sand is returned in the filtration reservoir in this state, the
filtration sand is capable of formng a flat |ayer when the backwash
cleansing is conpleted. Note that the returning of filtration sand may be
performed when surface cleansing is being perfornmed concurrently with the
backwash cl eansi ng operation, in a simlar manner to the extraction of
filtration sangheThei ytrapigfetdd n@ﬂ!eﬁff@!ﬂﬂ? ofydtdh r dlfl ophsapFedefters to
an amount of filtration sand that does not affect the purlflcatlon of wat er

by the f is also preferable that the "extraction of
f||trat|%h%§§%%8ﬂ ES&EEgg%%ed with a suctlon force of a strength that does
not form uneven %hlﬁkness%¢f|qr % %{avel yer of the high speed

filtration resér SPRE it 4 séﬁ&qr f@F in a high speed filtration

reservoir is about 60cm thick. In case that filtration sand is suctioned
out using an eRPeSIFECING SiRans O GXUMAGHIAG dr ISt iod $3ad &FOR out
close to the boundary thereof with the gravel layer, the gravel |ayer,

whi ch supperbighhepept faltsatiandremayvbésome thinner and thicker at
portions thereof. Therefore, it is preferable that extraction of filtration
sand is perforredadd tleauinpnappacatwd fost cérghbinhbatthdoestnaictfear m
uneven thicknesses in the gravel layer. Although there are variances
dependi ngioarbheoat EHalyre of the 8 h ' filtration layer and the suction
force enployed in the extraction, it is preferable that the extraction of

(filtration sand be perfosaeheahsa ﬂf‘ﬂotbetumt&e t%‘érf% of 1B fiditdat i on
sand | ayer of 1570@6of the t hi ckness thereof .- It is further preferable

t hat 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



the extraction of filtration sand be perforned at a depth fromthe surfade

of the filtration sand | ayer of 4060% of the thickness thereof. In the case
that an unevenness prevention net is utilized, extraction nmay be perforned

at 100% of the depth of the filtration sand |layer, that is, fromjust above
the gravel layer. After contam nants have been renoved fromthe filtration

sand by the sand cl eansing apparatus, the filtration sand from which

contam nants have been renoved nmay be retained in a retention tank.

Al ter natjmlyis e ddd 1hesitar samerd ¢ Don Waisehveant srdmantswdiayec B8t e
renoved may be returned to the filtration reservoir before conpletion of

the backyashh ol eanslug PRefAlingn (W 99 colcafb LWas L RELEAG g, gk pout

bei ng retaine e reten tank. case that the retentron tank

i s not i ded, the extraction, cleansing,..and returnin rocesses,of the
11t It SRR A teors i iad 3R BRI e ol e el P g RS
backwash cl eansi ng operation. In the case that a retention tank is

provi dedtate i §hgri bk Edt £OR FANIAE FARFP 1t 0bxf 213 2afbat liayedonhahned in
the retention tank so that the filtration sand retained therein does not
cont act tie baChkiwesihne letosisgahplemplemdf eNableethat ttee FeturniBigrifdi zi ng
agent. By transferring the cleansed filtration sand fromthe sand cl eansing
appar at W&l ttrdthieorr etaenal mag banper fid rems whgnobusfadefelomard ivey i pbiapeed
filtration reservoirs is enabled, in the enpty sand cl eansi ng apparatus .

By keepigi fidtn@dd c@hM@r@nt1RChieh itheBa@Xkiwdishl A0e 2981 g Idbdri ifc,eRhi on
tank, the filtration sand does not dry. Thereby, the activation of a

2gggane%§ %fﬂfﬁa?fmkﬁﬁé@'éa_ ﬁ@“eSEQQctWBBC%é“¥&£ @l i EXnb0 reppve (3
ganese fromwater to be tfiltered, can be preserved. Wth regard to the “~
“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. 1In case that filtration
sand is 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



+siz€ of the retention tank, a size sufficiently large enough to retain
filtration sand of the predeterm ned anobunt, extracted fromthe filtration
reservoir in one extraction operation, in water so that it does not contact
air, may be adopted. The nethod and systemfor 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 nethod of cleansing

filtrati ‘%'11%%%1% i ePra%%leEHe 'sﬂ)é%%h%%ﬁb&%ﬁehk&% ghensk s ct8pdh acting
a predetermned amount of filtration sand froma speed filtration

reserv0|r t.hat gt for r|f|c tion vat er n ation_s n

during a Eaé%VaE ?e%ﬁglng pera exgsuppﬁ??né) hgl£§ %%Céedsépgtré?ion
sand to a sand cl eansin par at us; cleansing the filtratjon sand
o T enov e SRET AN S AL RER T<Th P T FRES S oF iy Wb aRRRUS Y™
retaining the filtration sand, from which contam nants have been renoved,
in a reteitlon’@ank thetthrigikngsshehereaf ned ¥ ibtiwttiher parferiphile that gh
speed filtration reservoir different fromthat fromwhich the filtration
sand has theerxextacadioed ofddiilhgadibackanadhbel panfongedpet ad | deptinefswd; and
repeating the above extracting, cleansing, retaining, and returning

oper at i orhet Quefge82E the fliilllrbdtibans $add a9k roo PLOrEoRtYE ehehi it iohess
filtration reservoirs. The retained filtration sand is returned to a

filtrati Qpr@Rfr.Voifn dichberenfe T t BAl JHARMUELD bhevEhtisat her sgnd has
- utilized, extraction may be performed at 100% of the depth of the
filtration sand layer, that is, from just above the gravel layer.
After contaminants have been removed from the filtration
sand by the sand cleansing apparatus, the filtration sand from
which contaminants have been removed may 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



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 as the case in which the filtration sand is cleansed for each
filtration reservoir one by one. If a plurality of retention tanks is

provi ded, there would be no difference in tinme fromthe case in which
filtration sand froma single filtration reservoir is cleansed, even if the
cl eansetfidiziatig aysand By tehusTed tiag htesanreahisktr #gileratesar ¥aht.
However, to do so would require a substantial installation cost and space,

and thergef of enbSsd1d c?@@ﬂgrﬂh@gieﬂéyaéétus feppmé:weahtiéhttearrpﬁt tY8h¥sih @

| arge retention tank I's provi retention of cleansed filtration sand

whi ch has; heen tra froma pluralidf f.filtration reservaoi uld be
possi bl eo.f ﬁoa\/r\]éivg)li,omt ﬁ%gg\ﬁoﬂf%}l a?lgs)%ecll #clulrgﬁ%rlg%n iatal ati-on Scsg?éiew’)

Normal ly, at water treatnent pJants where a plurality of high speed

filtrat iHht;‘Es%?R/%Y Féf@rgf 9 @@PE fas hBeYIke%ﬁ%‘i‘}ﬂgwéFetg- hé"ﬁ?"@ﬁe§peed
filtration reservoirs is not performed simultaneously, fromthe viewpoint
of proceb’tHY P A e¥4 dBaEIagRNE| Bakdenieiention tpaks diheedifbratien of
the high speed filtration reservoirs at a staggered timng. By taking
advant ageamd ddeiss nettadggr edlia gy, tdleeansiingtdbnt bE 4 mancmtniese dagdrof all
of the filtration reservoirs is enabled in substantially the sane tine as

that expendd®e £nlthetebaadidigwhiichlAasftidabfiillitiatd denardmbaganaee
filtration reservoir, even in the case that the nunber of high speed

Filtrati phof GRAIMOILSHENEL PASESY, Il bir@Be rd@dl Newi €h SdLMY k@nknks of
the same scale as that used in the case in which filtration sand from a ’

\5/: g%gi ‘;]%l% ac%fngc'tha ﬁ%&%‘g%ii%ni tafikeansgf,e L Fed Si M $rallfe LhoTghheo

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 wusing filtration sand, during a backwash cleansing
operation;

supplying the extracted filtration sand to a sand cleansing

apparatus;

10
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ltration reservoirs, there are cases in which filtration reservoirs with
Itration sand which is highly contam nated and filtration reservoirs with
iltration sand which is relatively lightly contam nated coexist. In cases
| i ke these, it is 12 a preferable, fromthe viewpoint of equalization
of filtration sand of the plurality of filtration reservoirs, to return
filtration sand extracted froma highly contam nated filtration reservoir
to a filtrati o iRsRive reMBi Gl 1itsddidht | Yag@ntdy Pahsde aMhtdntihatisa. |t
is preferable that the repetition of each of these steps is automatically
perfor”egtheﬁﬁtAngEhCQ%r QEndTE%ahéinge%ﬁS%g tukhe backwash cleansing of
a high spee L &tion reservei rs contr of Fable y using pressure | oss or
time as factors, .the steps af .extraction; . cleansing:; and returning of the
filtration sandetGrhing bhetd LiF abieraadion, TenednshgonFabeReron "
returning of the filtration sand can be automatically performed by sequence
cont rol . PBeRhremevess r 48t PorcaRBLAEUANSF filtrati on sand are perforned
during backwash cl eansing, when filtration sand is in a floating state. It
is preferabl e tdegtunriend ithier a¢tannsdnii Wbt zthi drassaald,eadyobaemi ¢h expesst not
be mxed in with the filtration sand to be extracted, in order to increase
t he cl eafisilngaefibnci esegrvAdieor difgeyentt Esopr eflesabl Erdmatwhireh f idHe at i on
sand from whi ch contam nants have been renoved be returned to the high

speed filtration sand has been extracted, during a backwash cleansing

cost's. At water treatnent pl ants having a plurality of high speed
fi
fi
f

~

operation thereof; and

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 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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filtration reservoir at a position renpte fromthe position fromwhich
filtration sand is extracted. That is, it is preferable that the neans for
extracting filtration sand fromthe high speed filtration reservoir and the
means for returning filtration sand, 13 i fromwhich contam nants have
been renoved, are provided renote fromeach other. 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 thepasiidon, t awaieh ik 1k | 1Fati9Rgeandedtin YRKKN £aRLATHRANt S
have been renoved, is returned is changed per every returning operation.

s e B R R S e R s

filtration San rom n means for
returnin fiItral&i on sEnd, fro%\/\hi ¢h cont ani nant s han been remP\éid, to
the hi ghtSPted PHPFRAFF8nOfeddriditt 168 FriiAdEd b wRH1Q B REFERPES-As the
"sand cl eansing apparatus", it is preferable to enploy that which is

di scl ose#P¥eVIaparidse UNEXARi ne¥sPat BMUPUBIFRSS | dRsiel liadiliom 169658, whi ch
conprises: a cleansing tank for containing sand and cl eansi ng wat er

t her ei n;Narmszl kyv etmadyor tthatment gileg tabele ra agpbst aht € nlolfyh gk perddcul ar
axis within the cleansing tank; a rotating neans for rotating the screw

conveyorfaltbasieedr s tmirs drite dovindidt@d, 0baldkira$tr eWeaoRMeyob fcauses t he
sand and cl eansing water to be el evated while contam nants are renoved from

the sandybyh GPakLACE: Detyerdsh PasbGbes stieh8efpat Ad e s¢mBaRahBg UYLl
t herebetween, at a | ower portion of the screw conveyor which is benéath the

surface I i I : r (P of e r
causes. t heot e PRITA (RSl AL diify (B D BabRpasioteans s O

contact £§H6g¥¥grﬁg% for each of the high speed filtration reservoirs at

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 (J
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 like these, it is
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ra barticles thereof with a slight anbunt of contam nant-1|aden water
t herebetween; and a circul ation neans for causing the elevated sand to
descend to the |l ower portion of the screw conveyor so that the sand is
el evat ed agai n. Whereas conventionally, cleansing of filtration sand relied
sol ely on backwash cl eansing, the nethod of cleansing filtration sand of
the present invention extracts a predetermned ' anount of filtration sand
froma high speed filtration reservoir during a backwash cl eansi ng

operati oprtfergple, sty ke ¢hewsxifacifedqhalization orandlteadisanhnd
cl eansi ng apparatus; cleanses the filtration sand with the sand cl eansi ng

appar at Uéﬁt Ond GRS CONY JH 'i%’itt%art'l%ﬁxefcéggkv@c?cgr n§ot$@t1ﬁfr¥ teatd Qf i d,

from whi contanlnants have been reane he high speed filtration
reservoir d ackwash clea oper IIOH of ;, and repeat s t he
extracti SATICPRERaP hES BRGR, SUERITHD SARHE TS ] A B el e e
filtration sand within the hi h sSpe, <§bflltr tion reservoir. Therefore, the
Fi1tratiOR 2andtire taRRoFeaersohe W &?M%‘H%&ﬁ’é‘éﬁ&%f&aﬁ&&’t SR
operation of the filtration reservoir, and the tinme period between

regener aVedfaprocesses can be dramatically extended. Mre specifically, if
substantially all of the filtration sand within a high speed filtration
reservoir is audttoimatpoafdnaleledhsedthy regpaaitiing diieeact dcthese sdlegansi ng,
and returning of the filtration sand, it becones possible to restore the
wat er isis duthidficall ppeirifdtedbplsediendd ¢ortioD. r eedty ok .bddause

addi tion,

{ the backwash cleansing of a high speed filtration reservoir is
contreollable by using pressure loss or time as factors, the steps
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 sandwhich
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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if contam nants are renoved fromthe filtration sand, a decrease in the
filtration resistance becones possi ble, and backwash cl eansi ng can be
performed at pressures as designed. Accordingly, it becones possible to
reduce the | eakage of filtration sand, as well as to dramatically reduce

t he | eakage of contam nants renoved therefrom Further, it becones possible
to delay the formati on of unevenness of thickness in the gravel layer. From
this point r also, the tinme period between regeneration processes can be

dramati ceddry waxi@ndashtdipimadthathdie el aeiicved Rirkderesdideed rapeuat of
filtration sand froma high speed filtration reservoir during a backwash

cl eansi ngr GPeI Al WknSUPPYi 1Y ta'i%oe?%'é%%tr%%lf' | tfré%&a WSy %,glﬂtsg@d

cl eansi ng apparatus: cleansing the filtration sand to renpve contam nants

1 om whi Ch LB AIIL e BBan Pavad tior 2t iELRRi et Selini ng

the retajned f||trat|on sand, into a hlgh peed filtration reservoir

di f f er ents EFRAGRAD fEoFRAPILR RYTe STy ‘éf‘FSﬁ%éﬁB ARR HeEAN e hted,
during a backwash cl eansi ng operation thereof; and repeating the above

ext r act i ble polsédionnt whachi thad ll&ﬁétﬁ@ﬂuﬁ?aﬁﬂﬁlg fapareh i dnsonthminaptsat i on
sand of a plurality of high speed filtration reservoirs can be cl eansed

ef fi ci enhdye vibédmutereasidngi s heevpenati baschheagedf pelrn ezedivt ireturbaaguse
the filtration sand which is 16 i retained in the retention tank is

returnedoporachbgh smpeead ifd,| tinatiisop reFeaamlid thdtd eitentedfgtomnlehatt fthem

which the filtration sand has been extracted, cleansing of filtration sand

of a plupghhsy @r fektrabt9Agr eBLIVPAESohS LARRDIG I the high speed ()
filtration reservoir and the means for returning filtration sand,
from which contaminants 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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1

' substantially the same anmount of time as the case in which filtration sand
froma single filtration reservoir is cleansed. Further, by returning
filtration sand extracted froma highly contam nated filtration reservoir
to a filtration reservoir which is lightly contam nated and vi ce versa,
equalization of the filtration sand of the filtration reservoirs can be
real i zed. Further, by enploying a sand cl eansi ng apparatus conprising: a
cl eansing tank for containing sand and cl eansing water therein; a screw
conveyorpahaictesdthesraiowt th asshsghntaredunt pdérqpemthrcinant akademiwiattier t he
cl eansing tank; a rotating neans for rotating the screw conveyor at a speed

so that:th8gebotabeAp @hdt HecBEEEVA €LY &Y n £ AHE T repttheaRd efla@aisi Ng
water to be el evated while contam nants are renoved fromthe sand by

cont act Q%Wd@f@"cbh@l‘ €5 {ei8Qbrhd it {418 o¢! ERESNEWRBLRYBET EH@MREN, at

a lower portion of the screw conveyor which is beneath the Surface of the

cl eansin d_the atign _of the screw conveyor causes the sand to
fIOM/mhiEE$€E%§%n?%aﬁ gvgﬁggréﬁg%gd fromthe sand by contact between

particles thereof with a slight a nt of. contam nant-] aden wat er

Pher ehet ween:  JA67835  CORUENbhORBLAL: f SRR, Phe © Bt bEPEand o
descend to_the lower portion 17 s of the screw conveyor so that the sand
i s el evarediagaprledy e tagkragheankeans Hipar thesmebhoghe fmelisgd samg
system for cleansing filtration sand of the present invention, contam nants
can be rémbredtapnhzand ofusi pgetska tshmdemlyl o expaeacits| @ prefdes@mthig@dubbi ng
each other. Therefore, the water purification function of the filtration

{sand canaheunessédritd Hrata @t shadcEpse & bighaspeédneml tsendi orAceeediviaglry, the
time period between regeneration processes of the filtration reservoir can

be furthanrexgerdeshctwasiddicl b@Rsingt pelra@aloieNthdt@dit 5 bagphees the
i ncreasing the frequency of conventional surface cleansing and backwash
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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cl eansing as a cryptosporidi um neasure. However, it becones possible to *

mai ntain the degree of contamnation to | ess than or equal

exit of
and t he

for cleansing filtration sand of the present invention. Therefore, the

to 0.1 at the

the filtration reservoir, while performng the surface cl eansing
backwash cl eansi ng at normal frequency, by the nethod and system

cryptosporidiumneasure is aided, and water treatnent plants can be

oper at ed w t hout

the Drawbwgst Feguien Funktd o ocasse diagramishonesgrasi enbort sedt tabnt, he
filtration sand cl eansing nethod of the present invention. Figure 2 is a

schemat i £f Vi GW SN ark féﬁ\o@g@q%m%eohmea&bhr@émn = aBd relagansi ng

system of the present iInvention.

showi ng
present
of the f

nmet hod of the esent [ nventio Fi 5
is a prottedNeRY AR ]Eﬁé’{fﬁr Wﬁ%%ﬁwﬁésuéﬁ%a?%ﬁlﬁeci Clotr:&d't”lg& us:nd

cl eansing nethod of the present invention. Figure 6 is a sectional vi ew of

|nven i on. oW Hg Anot

re 475 a process
iltration sand cIe

a Figure 3is a schematic vi ew

P SEHRNG < ndgradu"%ntrgélg@fnéé' bEALhED S aleansing Suabeuegl the

odi nent

a hi gh spedweganes poisgiblestpvirduce fiben lgpkage: RE fiheratonrsanues 2.
Figure 7 is a diagram showing the flow of filtration sand corresponding to
a plural we¥ylefs €0 ldreatitdicald yeredics thei tprlka@e iof conlf anylman t hakerolveds an

exanpl e

of the novenent
therefrom. Further, it becomes possible to delay the formation

of unevenness of thickness in the gravel layer. From this point
also, the time period between regeneration processes can be
dramatically extended.

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
from that 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 reservoirs
can be cleansed efficiently without ceasing the operations

thereof. In addition, because the filtration sand which is

16

reducing the purification efficiency. Brief Description of
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' of filtration sand anong filtration reservoirs. Best Mde for Carrying out
the Invention The filtration sand cl eansi ng system of the present invention
conprises: a high speed filtration reservoir 1; a punp 2 for suctioning out
filtration sand having contam nants attached thereto fromthe high speed
filtration reservoir 1; a sand cleansing apparatus 3 for cleansing the
filtration sand 5 having contam nants attached thereto: a stock tank 4 for
stocking the filtration sand 6, which has been cleansed by the sand
cl eansi ngeappaeadt Us 3thandetepdtibn? tfaork r €8 ureicngniede tsand higm Wiedy 19
i contam nants have been renoved fromthe stock tank 4 to the high speed

filtrati ¢n 1:ea@R%AI I rdse@SoSPOVA; FReFLAYN €20kt hﬁggt af | Sm Of%’éﬁ@‘f PrQeess

steps of the filtration sand cl eansing system w e descri ater in

t he enbodi; , tively, Il Lration san | L.ng. syst.em of
the pr esgﬁ{ﬁ ?%yéﬁp f%%ﬁ%hia gc}égrrf#'i %%?P%é%‘%%hagslpeeaends J?}ftho r%affggﬁr?gégpr{vsoa} A 1, a
punp 2 for. suctigni ng .out fiItraﬁion sand havianqontaninants attached

thereto Pronft h8IHEGH E¥eed®Tr i FildTiadnt FesdRRETVOLIS) ddhd GARENSG ngt D
apparatus 3 for cleansing the filtration sand 5 havi ng contam nants

att ached sukétansiaddy dhsat pame f gmopaturdfi ngimde asarddid r eas@hiieéh which
contam nants have been renoved fromthe stock tank 4 to the high speed
filtratidnlteséivoi satd fsomrowingleFfgltealionhaesesyol heisysteamswmy. adopt
a construction wherein a stock tank for cleansed sand is not provided. In

t he caseFulr@hetrhebly Idetatrindfgs #id tela@dsi RGRY S:@PdcdDtf fn0\d dehvi h the
stock tank for cleansed sand, it becones possible to save the costs

\requi r ed coheagfiabtelns Akl d ¢ Dfh rEBsveY Stk 5 YR e dbkeswhkeBithg{f&nhs in
sufficient space in the vicinity of the high speed filtration reservoir to

install the s J 308n{ Ohi 74 €88S8HaSIEe Afe ALk £Xa0RLE1 2Lt 1BR REOCHRSEs
performed by thhe filtration
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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sand cl eansi ng system shown in Figure 3 is showm in Figure 4. First, ¢

approximately 1nB of contamnated filtration sand is suctioned out of the
filtration reservoir 1 with the punp 2 during the tine (e . g. , 1ly25

m nut es) when surface cl eansi ng and backwash 20 J cleansing is being
performed. The filtration sand suctioned by the punp 2 is sent to the sand
cl eansi ng apparatus 3, where cleansing is perforned for a short tine
(approximately 10 minutes) thereby. Then, the cleansed filtration sand

(cl eansedss@nd)sdrfew onR8D 1 Qot PRat IdHd &ldrRN 15€88EYQLEdLa HEIRT 6ad NGie
surface cleansing and backwash cleansing are conpleted. By performng the

suctioni pg,gfy dé’%ﬁﬂ‘}‘rl{gaa 4 sand and 1%1198 n{eg{h%'c{“aﬂ% Qgﬁgéﬁgé‘ixe\/&sﬁeaa&%i"ﬂ hi n

the tine™perio I'ch one“surface eansi ng eansi ng
are perfgrged in this Han er, it becones %psshble to %ertorn1cleansing of
cont ani nht LHT8EAGPWPRRPNCL LREr PIEFRBE ANVENGTAORYeCONTANITRMNT iISRFiRfur e 5,
contam nated filtration sand nay be continuously suctioned out of the
filtrati 8AMPESEr voithouty ¢Rushbnpuispe2 shid ngyt ivdet irRrYeckes fo santht es)
when surface cl eansi ng and backwash cl eansing is being performed. The
filtrati enrshhdngwesdlootdeby tHeeyrinre, bhy waddr pont fhoatisby Semttian t he
sand cl eansi ng apparatus 3, where continuous cleansing is perforned

t hereby. oFfheRe fhetcheboseshid |damideorestndedckeaasetasant)os@ytdehat
continuously returned to the filtration reservoir 1 before the surface

cl eansi ng rapgy bagkyas L HNTING 2t heCOTREESEFL o BYodt8Fd X Yk id¥asei on

processes continuously withinthe tinme period during which surface

cl eansi ”Er%ngggk}é@sPhS' ?@ﬂ&&gié‘ﬁer&%i\%{?dcéﬁ ﬁ%]ifng@{wrexéén&%ﬁf.oms (
possi bl e"to pertormcleansing of a greater anount o
In addition, water treatment plants had been increasing
the frequency of conventional 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 invengion.
Figure 2 is a schematic view showing a first embodiment

of the filtration sand cleansing system of the present

invention.
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»
c contam nated sand within a short tinme. As shown in Figure 6, the high
speed filtration reservoir 1 is provided with a filtration sand |ayer 12,
which acts as a filtration layer, and gravel layers 13 through 16 for
supporting the filtration sand layer 12 . The filtration sand | ayer
conprises sand having effective particle dianeters of 0.6mm and a
uniformty coefficient of less than or equal to 1.5. The gravel |ayers are
formed of four layers having different particle y dianmeters, and serve as
supporting | ayBigure prieverschémati¢ twigw ehowand d zdqand embedingnd wat er
col | ection apparatus (not shown, but the apparatus for collecting purified
wat er i sopr oshisledidttratdton | shawerc pedrig g ofs vishtenhi gh  syteed pirielskhat | on
reservoir 1). Spherical, hard, clean, and uniformgravel is selected for
the gravehvbayeks .13 through 16, in order to perform backwash cl eansing
uniformy. As particle diameters thereof, those which are comonly used,

that is, - ' .ef ' L Cl ' ~3. f th
gravel Tayer 15-00% BuatnavT o1 CRERa T er PREd Thnet PERGRTReY, o

for the gravel |agyer 14; gravel having effective particle dianeters of
70-13. O 197 ¢ e T EARICT 2 BPd1 281 SR Ay AISHRsH ngE er Tt PRESHRt | ol e

di aneters of 13.0~20. Oim are enpl oyed for the gravel |ayer 16. These | ayers
are sequéRVPAEEPNaid with the coarser grain gravel in the |ower |ayers and
the finer grain gravel in the upper layers, and w t hout unevennessof

t hi cknessest heFégtrepPret igatadpuacess 2Piagpamnf shieiwdhgcoyeanianathsert her ei n
have been consolidated by a fl occul ant and caused to deposit at the bottom
{is introdmbediakate of the filtration sand cleansing method 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 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 filtration sand layer 12. In addition, a surface cleansing pipe 22, for
spraying water froma nozzle to strike the surface of the filtration sand

| ayer during surface cleansing; and a trough 21, for draining the

wast ewat er generated during surface cl eansing and backwash cl eansi ng, are
provi ded above the filtration sand | ayer 12. Next, purification process
steps commonly used for purifying untreated water will be briefly
described. Untreated water is drawn into a consolidation/deposition
reservoi tohtafihhMesshat@kasan aagot/ed Firka. tHde Kk arinkadt 8oitthd d gh
untreated water are consolidated by adding a floccul ant such as

pol ychl ogiaated; 8t Hat DY rdWh-$ 41 QONSQ! saladi 0Pl GHLOaNT f 1 Qictauaed to
deposit on the bottom of the consolidation/deposition reservoir. The

super nat ant r. 1S Ski S i e L ltration
reservoi?git%%gggcf%g 5%?E§§y?§ﬁes§£%t#%5%?5f%?ﬁﬂf%gagazggnggétﬁﬁpﬁgﬁ whi ch
was not gengved I, thﬁ consolid tiongdggosi%i?n reservoir is renoved by the
filtrati BfF S§AGTiRedThALEF| £Br ERSWATRBPAILeREF) ected at the water col | ection
apparatus provided at the_ |ower portion of the high speed filtration
reservoir 1. Thétesnpeivedywdihd fid tapsinnetaRd Ahiqan THIDFYEESMaPE thet ai ned
at a water distribution reservoir. The filtration speed is normally 120150m
per day. p€esansiimyeit semoag3compr e cedsigiy sbieledr fit 1 bna bpen ate sersycdnd
forcing cleansing water froma | ower pressure chanber of the high speed
filtrati an 4 gsRpvDifior &het 2hyigqositngi 1 tea pbdih iseneShaifidgldoradantmasasd to
fl oat and rub agai nst each other, is perfornmed at regular intervals, or

when head¢h@speteanbeatd. 2obmSHRL aceys! SoE\sd N 1i S e d 01 Feghk BYo SPr3y iang

cl eansing water fromthe surface cleansing pipe 22 onto the surfaces of théf’

prat Lg,r@{lgfgqgéﬁﬁ%ﬂp; bBfakBeubagkIGS I FLAROMP AR A1 rdd B NG AR Ghed

having contaminants attached thereto; and a path 7 for returning
the sand from which 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., 15~25minutes) when surface cleansing and backwash

20
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* backwash cycle. The wastewater generated by the surface cleansing and the
backwash cl eansing is drained by the trough 21. Wen cleansing is conplete,
pretreated water to be purified is again sent to the filtration reservoir,
and filtration is recormenced. Nornmally, the water purification and sand
cl eansi ng steps are automated. Depending on the state of the untreated
water to be purified at the water treatnent plant with the hi gh speed
filtration nmethod, the timng of the surface cleansi ng and backwash
cl eansi nglemmys heg pire $etingAbkervaiiede! yThé hel St d taioen 'saalE ansitignaaddby
backwash cl eansing may be set to be automatically perfornmed when the head

| 0ss excegdspanpr edgierdaiedtyak e sAngsRAWa il ntpd o ZraBifngar gaeker
filtration sand (Japanese Water Works Associ ation Technical Standard JWW A

103- 1988%1@51? leré @L%l éé}.hfcgrﬁéd :folre§§hto?%nthﬁe ?ggggpkggggeg&g#(grﬁ§ﬂ{lgés 0St

cl eansi ng” contant nati onh degreé; | ess than or ydrochloric
acid solupility; 0,45~0.70 for effectjve particl ianeters; 24 .t and
less ¢ habier ek ual a1 her BLeaReRer HELbTEbaoR | 14 (IR AT salifd ad

cl eansi ng and backwash cleansing is performed regul arly as descri bed above
and regefRb@riefn Fcocklled diter Tor kBaCEVREY devBRLQES sthq f sp&hagears
pass fromthe tine when new sand is introduced, as indicated by the

cont anm nateansiomg afid Tadtkwesh cokrams Hantarataamh ¢teed he Blyi perrdpirmangand t o
contamnate it so that the post cleansing contam nation degree is 1, 480
degr ees, the 'sudtd dnidrgpolil @i tcansi ak s lsabidl ang tihe Betlrnihe «f béetnged
particle diameter is 0.533, and the uniformty coefficient is 1.485. [Table

(2] Est ablishei ShandanésGom ge nade duand ehildn bhat isor reaedceskagingt i on
Post O eansi ng30 degrees or |essl, 480 degreesHydrochloric Acid

Sol ubi I'i £ ¥3.1956 1882 485512 ahiE P AldeV BePRbYel®in this manner, it becomes
D anet er 0. 45~0. 70mm®D. 533Uni formty Coefficientl.7 or lessl. 485 If

Ciltratt ; . ) o ihi i
Hrira '§9$Is§g§?ecﬁoooé’gk%9r§8§$é§ Eaut 6N &%Q@Qd'&n&h%tﬂ?ﬂ%%&%?@ I nues

to be ut i ng am nants occurs, causing rap
increasegi&g head | oss. Therefore, the

Alternatively, as shown 1in Figure 5, contaminated
filtration sand may be 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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frequency of backwash cleansing is increased, and the water
pressureinvolved therewith affects the gravel |ayers, quickening the
formati on of unevenness in the thickness thereof. Hy the formation of
unevenness in the thickness of the gravel |ayers, the sand | ayer becones
thin at the portions where the gravel layers are thick, causing
insufficient filtration at these portions. In addition, breakthrough of
sl udge and contam nants that separate 25 fromthe filtration sand occurs,
negat i vedont i neted ngaidiewhtiad h ty sotthecimd tered water. A regeneration
process becones necessary if the filtration reservoir arrives at this

state. Hereinbal QuowemMadireats €F &fie Hilde rsiﬁe!egnfigegafeheﬂnféggr%g&em

whi ch perfornms the steps of 7 extracting a portion o Iltration san

cl eansi the extracted sand d.n.a _sand cl eansi_ng apparatus; and _returning
Che sand® 19 GG S COHTM Ham e A0 SEE feveren2r SPAch REFAL Fon®
reservoifr; in addition to the 1 conventional cleansjng steps descri bed
above, v HETREERR AV, 2PEnBOAT Reria YD: A LSanor CHEANST FGTapREPAF isnds

di scl osed in Japanese Unexam ned Patent Publication No. Heil O 109051, which
conpri sehe Fidraandionganmikarsir loont dhki gl teatdl emdasfdas mgonar éses
therein; a screw conveyor that rotates about a substantially perpendicul ar
axi s w téamdt ieavdlrgpaneiffigectank; maroiale nglimeis dsor of ot@témy, t emdscaew
conveyor at a speed so that: the rotation of the screw conveyor causes the

sand andagi Bensi g ol feri diedie ol e¥atethawidreegaatiapd VB s ahe gegvwed from
the sand by contact between particles thereof wth the cl eansi ng wat er

therebet nepdlys abrd | Q¥edOBE Aol 100 86T BWVEABY Vel Gh parbepeath the
surface of  the cleansing water, and the rotation of the screw conveyor <

ggﬁf:itt eﬁ%ﬁré? 4y waile Cé’%‘t %Pﬁa%’ﬁt%]n%r elgggpgeour?,rpe%%tsaggeby

particles thereof w a sli"ght anount

filtration sand 12 fromentering a water collection apparatus (not
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 i6, 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,

22



+ of contaminant-|aden wat er t herebetween; and a circul ati on neans 26 i for
causing the elevated sand to descend to the | ower portion of the screw
conveyor so that the sand is el evated again, thereby realizing a scrubbing
met hod of cl eansing, was enpl oyed as the sand cl eansi ng apparatus 3. As
shown in Figure 1 and Figure 2, 1nB8 of contam nated filtration sand was
suctioned out froma corner (la) of the filtration reservoir 1 by the punp
2, during the tine (7 mnutes~l 0 m nutes) when surface cl eansi ng and

backwashof Gheansi REnvAR:RRHRY NaTd:riFRdnaFhe @é@ﬂa' Q3% 1Q/qalte b traat' on
sand was perfornmed at a depth of approximately | Gcm above the grav | ayer

13 (j[ he g'l%Ec #18@ a%‘%pgauggg cjg"é é@ethgt t%e6ggfﬂé Thies “1 é{:ﬁg a%or'lrde (5)

sucti one Was" sén € sand ¢ anélng appar and

cl eansin erforned fo i ely one hour. shown in Tahle 3,

t he degrgEe ? g‘bﬁ?%ﬁ?%aﬁ%‘ﬁw ]oafp é' suc?’f‘o‘?’n‘g l?’r‘l"f‘rai‘l%’rff%aaﬁ?d angddi%ased
to 11 degrees from 1480 degrees; the hydrochloric acid solubility decreased
from9. PiBetd22. fBuSRARY e WatierofkPlyacher rle| batsiike rigreo\eerr farcem
1.485 to 1.280. It can be understood that the filtration sand is returned

t o | evel sfdthengid snatiohyaglidebmge ndutdngappriodeaiebhysanghand a[tkahigh 3]
Cont am nat edAfter C eansi ng (m nutes)Sand10203060Cont am nati on

(degree) 21480fdP4 Iddaliyitpchher | Radebdater generated during surface
Solubility9. 7%. 799. 3%3. 59%2. 8%kffective Particle

D anet er 81a338WHg599Ra0. b'%‘?@m%é%fr@ané%@mnh%r biY¥vided above the
Coefficientl.4851. 2871. 2891. 2841. 280 27 the cleansed filtration sand (6a)

was stor e di§ ock tank, containing water. Approximtely
( %‘.%}'t@a@%% 43389 %ag §h¢e

48 hours after tration § rééomenced at the hi gh speed filtration

reservoir 1, fhl tEat'purl 1ca€fosr?d plaon(gessgrf ceepscl ecaor}r%orgl and bad:k\@ash

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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cl eansing was perforned again. During this tinme, the cleansed sand was ’
returned to the filtration reservoir 1 at a corner (lb) opposite the corner
(1a) thereof. By repeating this cycle, substantially all 60n8 of filtration
sand in the filtration reservoir 1 was cleansed in approximately 120 days.
(Embodi nent 2) Filtration sand cl eansing was perforned in the same nmanner
as Enbodi nent 1 descri bed above, except that the specific sand cl eansing
apparatus was replaced with a conventional jet water stream sand cl eansing
appar at usy RAasshyvriiirdabbs &peﬁﬁiwanah%&ﬁ{fcibhaatipglméf G3Rkn

di fferences between Enbodi nent 1, which enpl oyed the specific sand

cl eansin . d i ; ) . : .
dranmat i c%l % g)glr%s%esé&% ﬁﬁgﬁgg%g@%{e E%Egdgﬁé;%@@fﬁa%%gcrl?g\gg\éﬁzy 8Il§ "any
change ip the effectjve particle dianeter. However, in Enmbodipent 2, as
Cl eanei nENSEEPR G A 1AS thay PaFt §iES e T LLAESELPBCIS (ot LPRT GRA £k o
decreased, and the uniformty coefficientincreased. It can _be understood
that in adedRgbneachaPtBand tF Rewhagied st stal idvatl n&@HIVal$ a Greth@dt er
stream the sand collides with pipes, walls, and the |ike during cleansing,
causi ng desdr Ustsisonr@8cheshdr.eof. . JUafdee 4-lepnsanyndtedpétrBori@abyi ng
(m nut es) Sand10203060Cont am nati on (degree)l, 48020817316788Hydr ochl oric
Aci d Sol sprhiiy§. JLEx280n§ %k tEXD £ oYUl flectduref oAy tileh@sing pipe 22 onto

D anmet er 0. 533nmD. 606mMMO. 603mMD. 590mMmO. 577mni form ty

Coef fi ci eRE1sh8Fhced’ b 28ile 289113011 DRXsand NEL,hagh 21Kl SYRE EBRCRvash

cleansing filtration sand ( t in the case that a plurality of high speed

filtrati gRehRSERUOLES A" & ROt dedey HaCL i DErl 4 h N Eher SACEALO

Figure 7 an gure 8. Figure 7 I agr am show ng oW 0 tratior( !

sand cor onding_ to plutal it f filtration reservoirs. Figure 8 is a
di agram %’%égwg émsc%%lgkarrpfge ofvyatsf%eewr?otveerrre thof afg' Fﬁt r%Y i Ztnhesa%'(“]] rar%:r?g
filtratio reservoirg ltration sand sg/ste Figure 7,

conpr | 1 RECAEPANHI B ShEeRaFkReFh G LR TE 961 X RTh UG Ao FReh S

cl eansi rI%hen cleansing is complete, pretreated water to be purified is

again sent to the filtration reservoir, and filtration 1is

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 thanorequal to 3.5% for hydrochloric

acid solubility; 0.45~0.70mm for effective particle diameters;
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* apparatus; and one retention tank will be described as an exanple. However,
the principle is exactly the sane whether the nunber 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 98 hours . As shown in Figure 7, the intervals between the
backwash cl eansing of each of the filtration reservoirs is eight hours
First, a predeterm ned anount of filtration sand is suctioned 29 f out of
filtrati andresesvididn Ar Begiaduebi 0nedfdt | limbf o omi spnsbe Sf iod eatsed Bv@n one
hour in the sand cl eansing apparatus . The filtration sand, from which
cont am napt SgRAVL-deeNn dHIMURS: andl ' BhAkPRSHh! Ncl1dgn s &N ON HedHormid ch
contains water or water contalning an oxidizing agent.  The retai ned
cl eansed ] ,on.s i S u tq fil I eseryvoi t ich
backmashrgbggégﬁkggfsqggﬁkéﬂég% é?éﬂ? %&&Tgéi éég%éﬁgﬁaﬁgégg S% eéﬁélng of
filtration reservoir A. During the backwash cl eansi ng of fLItration
r eser voi PEBECEBRE A Y SF VAN YRAFFor St VA5G Thed oBUEPEHETE MOAR whi | e
cleansed filtration sand is returned thereto. The filtration sand suctioned
out fromerl$32diich ipssedigied B2 F sird ezl otheneohbaRingtedsanth®f
cl eansi ng apparatus, and the cleansed sand is retained in the retention
t ank, whlfehlecdht abntamananterattaadr tediteaf hi hgathon)dadidzt ogoageminakiee
retained cleansed filtration sand is returned to filtration reservoir C, at
whi ch badkwasthat edespagt icS eadsiRACEsh gt a hiost degiberid hp4 baclesasdes,
cleansing of filtration reservoir B. During the backwash cl eansi ng of
il trati eReSp@FYGT0fS c GRNaRbnabedi bl 14 atie) 8RB ffeSUCH QR8T iQUle
therefrom while cleansed filtration sand is returned thereto. In this

manner, w@smeégthgré.B§§§,aadpkﬁgehﬁ&%b@ﬁgt9ﬂeuequeighkt&gth9@8§@nd i's

suctioned out from
[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

If filtration sand to which contaminants are attached in

(,) this manner continues tobe 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



each of all of the filtration reservoirs A through F, and a predetern ned
anount of cleansed filtration sand is returned 30 r to each of all of the
filtration reservoirs A trough F. By repeating these steps, all of the
filtration sand of the filtration reservoirs A through F may be cl eansed.
By matching the extracting, cleansing, and returning steps to the timng of
t he backwash cl eansi ng operations of a plurality of filtration reservoirs,
filtration sand of a plurality of filtration reservoirs nay be cleansed in
subst antfixdnh ythbe fdaneaatounntsaid t boeuas, t hatyatdgeilivedi i Y udéhei sy eahei ng of
fiItration sand of a single filtration reservoir. In addition, in the case

that th eg &f 6HH“E¥THE¥éd”%dﬂéﬂiheAfké&éﬁbkﬁ@1%%n9rb86%%a§€§oh@sorder
fromfil ratlonreserv0|r Ato filtration réservoir F: yreturnlng t he

fritration sand., ext rté%é egl f{Pﬂiéét{@%éﬁ‘? afsﬂilf’éfés Aa@”?h £l eggéﬁrom

filtrati'on Teservorf urnin i on sand et @
filtration reservoir éi& 8@% sed to_filtration reservoiyr g r et urni ng
the filtrati ol SPEHWa @%FF‘@r?Itlsl PEr e It iRl se@daRdeer§inged, to
filtration reservoir A, and so on as shown in Figure 8, equalization
of fi | t r Y UFRIaNdvBkBRgPREEPEREatnGn StePs Wi r St Rar kit & BaRtbenr €4l i zed.
Further, by automatically performng at |east the three steps of:
suctionif@ﬁtmnti¢mﬁxmmhonlsandlngdﬂuihgthaghedpaymdﬂrﬂ@ﬁaﬂkbnleesedmgir;
cleansing the filtration sand with the sand cl eansi ng apparatus; and
returni ngppdeaths i ratd aetsamdng3the sand, from which contaminants have
been removed, to a filtration reservoir; in addition to the (';
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 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
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}
s from whi ch contam nants have been renoved,
reservoir, or the four steps of:

to the high speed filtration
suctioning out filtration sand fromthe

hi gh speed filtration reservoir; cleansing the filtration sand with 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
simlar fortdmisiigndw sdedater sanéxienedteper itodtbé Yowrer pohtercef afe, the
time period between regeneration processes can be dramatically extended. 32

SCOPE  OF REMAMELr Qo RAI T S0 Iehath v Rethd Ofs @1@aR%iedd alyality, atth@&e@@znd

conprising the steps of: suctioning out a predeterm ned anmount of

filtrati I r . rfoL

purifi Ca??%?l%g? %?%%@%'“?Hﬁ r acédli o&nfr ?ale%n‘%ﬁﬁqené%asr beg?lvé/e%egl eansi ng
oper ati on; u i ng the extr.act Itratlo sand to a nd cl eansi ng
appar at (EanE GLEATRLIY (PRI | Dn SndhPYPT okt Ch AT g e et r om
with the sand cleansin paratus; returning the filtration sand, from
whi ch coi‘a‘[“aﬁifr%ﬂ%a“ﬁsl'\ﬁg:%géhl%ﬁ’é?/@ﬂ Sanst Yae G csekeem | ifirames coFner
reservoir, during the back wash cl eansi ng operation; and repeating the
above suélpdrmhdghecfedhsphgonareiseeturnilnystkpPunp &l ednseng Hehd itlhimeat i on
sand of the high speed filtration reservoir. (2) A nethod for cleansing
filtrati it swinthtass~def | médutasC aihmnl, swhaee nclaanappar adngd bamwiashng: a
cl eansing tank for containing sand and cl eansing water therein; a screw
(conveyor ct Bahsh agai£s bl parsobatant imd yupeipandigCat arha&Vfiis tatthion t he
cl eansing tank; 33 a rotating nmeans for rotating the screw conveyor at a

speed SosBHétwaEhﬁeE@BéhéﬁnanatH§F§8r6W %95%%&Qha%ém§e§05R¢a%%Q@ and
cleansing water to be elevated while contam nants are renoved from

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 1 44 14 11
Hydrochloric Acid Solubility| 9.7% 7.7% 4.3% 3.5% 2.8%
Effective Particle Diameter | 0.533mm 0.59%mm 0.596mm 0.597mm | 0.595mm
Uniformity Coefficient 1.485 1.287 1.284 1.284 1.280
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the sand by contact between particles thereof with the cleansing water

t herebetween, at a |l 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
wat er therebetween; and a circulation nmeans for causing the el evated sand
to descend to the | ower portion of the screw conveyor so that the sand is
el evat edl'egad Isanseditfiillitzed iam tshands q6@d ) cwvadnstogedpparatdlsan(s¥dd Aamet hod
for cleansing filtration sand as defined in either daiml1 or daim 2,

wher ei n3s@$é}€rtSﬁRt,aer?ﬁin%iq{c_f_&EHE\!?d RN daftidityf afd ORogaRd sy trhe
sand cl eansi ng apparatus, the Tiltration Ssand, from which contam nants have

peen, 1 CTPYECc4 ol 63 DR bleReL 8L ATV AT,1 g ) £y TEL DR, Lot s o
fil i . whi ch i h b [ d d
Iftrati nggggg%:?ﬁr om 1 C cont am nacgt S gve egn renove turned to

-
the high tPHt M8R & i L OPETRRE EORPIELNEN3BE BrsRsashnash
cl eansi ng_ operation during which the filtration sand was suctioned out. (5)
A net hod ¥ernei RAner hgPerFermed ondahnd ddetg v s tigw, theaicheansaier ei n:
the steps of suctioning, cleansing, and returning the filtration sand are
per f or mesR @ ma snyedrsinnegutionhe hel backwash 18 sansd ing loperatdamey G)LbA
met hod for cleansing filtration sand as defined in Caim3, wherein: the
retenti ooppaskteonhai o mader (Da) Wwahereodnt aiBy Ngepdating 6Xidi ziyiag eggent
to prevent the filtration sand retained therein fromcontacting air. (7) A
met hod fehbsteasanByf ialitlr o sANdi1€LARL bR RAHEin 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 the uniformity 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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. steps of:
hi gh speed filtration reservoir,
filtration sand, during a backwash cl eansi ng operati on;
extracted filtration sand to a sand cl eansi ng appar at us;

(_

suctioning out a predeterm ned anount of filtration sand froma
that perforns purification of water

usi ng

suppl ying the
cl eansing the

filtration sand to renove contam nants therefromw th the sand cl eansi ng

appar at

renoved,

us:
in a retention tank;

retaining the filtration sand,

returning the retained filtration sand,
a high speredediltration reservoir different fromthat fromwhich the
filtration sand has been extracted, during a backwash cl eansi ng 35

from whi ch contam nants have been

into

operation therppgbl@ng repeati ng the above suctioni ng, cleansing,
retaining, and returnlnq operations to cleanse the filtration sand of a
plurality of high speed filtratifaninessa VOi I'S.ast&) chaiBingOthihidescl eansi ng
filtratjon sand as defined in an¥] of cl ans—% Lmoougll wherern—the
repetitjon of each of the steps”3€ aut omdli cal Iy*%perfo i®d by %equence
control | cdn@ymiRedrBi haeyLor cl eams«:eng fil{eedion |sand as|definedss n any of
cl ai nms 1HE@&$EQH %ml¥Q P%lﬂl Qe flltraihoq sanq¥£%on1AhL&h cpptam nants
have beplF&Rovead °¢° rétirndd |fo’ % he hi g speed i trailon reservoir |at a
posi ti opEffemmwtve Phrigrid heemposi {| 0OIP3fr om WA @lamrt Hed .69 Iminr boi womshnd 7has [been
sucti oned, Qs ¢ 10D A URE hod A 1,6l eansi ng,ehi | tiration $andyas| dehined in J
any of clai . reln:
Next, a method and system for cleansing filtration sand
(; ! in the case that a plurality of high speed filtration reservoirs
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 position at which filtration sand is suctioned out is changed per evety
suctioning operation. (11) A nethod for cleansing filtration sand as
defined in any of clainms 1 through 10, wherein: the position to which the
filtration sand, from which contam nants have been renpved, is returned is
changed per every returning operation. (12) A nethod for cleansing
filtration sand as defined in 36 any of clains 1 through 11, wherein: the
suctioning of filtration sand is performed with a suction force of a

st r engt hotthad £ ddds vaati drori@serevdrnBss THe tdhickingssd if 1gravalon ayans of the
hi gh speed filtration reservoir. (13) A systemfor cleansing filtration

sand conpsisiduhised HohonRegSuF il Rkl 88nH CSEE Y04 Ing dpPaatdty ngrReans for
suctioning out filtration sand fromthe high speed ?lltratlon reservoir; a

sand C'emwgtfggfgﬁ s far, &%ggﬂgaén 4 %a%vé]m%dbééwe%v%w%d: a

returni ng neans ret'urning rom Whi ch contfam nant’s '‘have been
renmoved, fromthe, sand cl eansi.n ratus to the high speed filtration
reservoi F?Li‘iﬁ? AT eerﬂe?t(‘?f‘st(}log)aggﬁgg ‘f’lﬂf‘?}t)a‘f?%'ﬁa%‘é%d’ LJ&F HageFn daim
13, further conprising: a retention tank for retaining the filtration sand,
from ~_. FORRRERIRBNt A NARIdinbNe MRENE enpvEBehy refalsgdd eleansedg
apparatus, before returning the filtration sand to the hi gh speed
filtrati6hltestionigand 1i5)retwymecdinof i lttabhen npsarvaiat Boratsahdchs
defined in~ Claim 14, wherein: the retention tank further conprises a neans
for suppbgtkgash cleansing is commenced eight hours after the backwash
cleansing of filtration reservoir A. During the backwash (H
7
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 is 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 is
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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‘water, so that the filtration sand within the retention tank does not
contact air. 37 (16) A systemfor cleansing filtration sand as defined in
any of Claim13, Caim1l4, or Caim1l15, further conprising: a plurality of
hi gh speed filtration reservoirs. (17) A systemfor cleansing filtration
sand as defined in any of clains 13 through 16, further conprising: a
control neans for automatically performng at |east the three steps of
suctioning out filtration sand fromthe high speed filtration reservoir;

cleansi ngotdgchibfrationr send wilhribeosandsekoanssng appagat ws; Bpd
returning the filtration sand, from which contam nants have been renoved,

to the high speed thhbbaldihd esefVobE, e Uhe1 £ PUE 1 S eRSNAM (o SUERL ONI NG

out filtration sand fromthé high speed filtration reservoir; cleansing the

filtratign d.wth th nd, ¢l eansin ratus; retainn he. cl eansed
filtrati %lnlélg%%l% r[%r&f’éarslé)t %r?tll\c%)r}ﬁt At 9%"%3P§Stcufrlen§nnsgeciherﬂfyi ﬁ?%%ﬁf%‘% sand,
fromwhich contam nants have been renpved, to the high speed filtration

r eser voi te R ETRftRE 511091 A TSNS G0 S tePEakSi hef FHR#8¥i on sand
as defined in any of clainms 13 through 17, wherein: the suctioning neans
for suct?bnithg oé@ckwéshi | ¢ keanvm G apperadhanse Af g spdadatliiityr aefon
reservoir and the returning neans for returning the filtration sand, from
whi ch cohi horakits heserieem sy, enfoliad;ataren psenddext renptlaafaldamyeashi ot her.
(19) A systemfor cleansing filtration sand as defined in any of clains 13
t hr ough 81t kel en resdBvoidls hepde OlCamécdia SuEétant DL IR §ohe

suctioni ng out
( amount of time as that required for the cleansing of filtration
" sand of a single filtration reservoir.

In addition, in the case that the degree of contamination
of the filtration sand increases in order from filtration
reservoir A to filtration reservoir F: by returning the
filtration sand, extracted from filtration reservoir A and
cleansed, to filtration reservoir E; returning the filtration
sand, extracted from filtration reservoir E and cleansed, to
filtration reservoir C; returning the filtration sand,
extracted from filtration reservoir C and cleansed, to
filtration reservoir A; and so on as shown in Figure 8,
equalization of filtration sand among the filtration reservoirs
A through F can be realized.

Further, by automatically performing at least the 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,
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filtration sand fromthe high speed filtration reservoir and the returning
means for returning filtration sand, from which contam nants have been
renoved, to the high speed filtration reservoir be provided so as to be
novabl e. (20) A systemfor cleansing filtration sand as defined in any of
clainms 13 through 19, wherein the sand cl eansi ng apparatus ( conprises: a
cl eansing tank for containing sand and cl eansing water therein; a screw
conveyor that rotates about a substantially perpendicular axis within the
cl eansi nBrdmankiich rairaddmichamanhavey beimiren@viellly $or ewechyRySpedll a speed
so that : the rotation of the screw conveyor causes the sand and cl eansi ng
vat er tor e £l eV efe Y0181 £0NEAMRANTS, 13T & HRIPVSH: fé@&ﬂ@ﬁiﬁ?”@u{?y
contact between particles thereof with the cléansing (, water therebetween,
at a | over Portion glphhe Ser e SopysyoL LN 5 beneat h Lbe syt face of

t he cl eansi g Vet er DO8nd the rotation of Pthe sCcrew conveyor causes’the sand

to flow while contami nants are renoved fromthe sand b coniact bet ween
particl €s*EHET LY végq1 G Hho FA D YWtk a ﬁan?gﬁgdeﬁ fatasnd

t herebet ween; and a circul ation nmeans for causing the elevated sand to
descend apParrRtudnereainiss ofthe helsaperde drddyiort son t Randt Her skhd i s

el evated again. 39 .A3#3. A L. A{L. A3L. A r. A&a9. AY. Af 3% A% A9L. A3h9. A9

% AhL. ALr&tedntibon . vanis. And ABfuAsling theé\obi JA{ 86 istiosald A& rbmAwhdehl . A . AL

L. ASL. ALL. A A

L. AY{ 9. ASSn PdrilnéhOe AVa vd Wb etadad,} xanittheZhdghcapeafical t¥aheadnal cal caj
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c<a] ca] ca]ca]ca]ca!"f
" \V Vrdservoir, by sequence control, it becomes possible to maintain { )

the filtration sand in a state similar to that of new sand for
an extended period of time. Therefore, the time period between

regeneration processes can be dramatically extended.

@
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, 91"109%B& ()-9"109%& ()-9y"10%& ()-9 "109%& ()-9F"10%& () - & &10% & ()-GV

dEdV7F

,LLO" 109B& ()- 3.1"10%& ()-L,"109%& ()-L' &10%& ()- 9% 109G& () - 9#" 1096& (

)- Vj dYNCF , 105 105 105=s10%& ()- 8Y"10%& ()- 610%& ()-L4
109%6& () - 2" 19%&at)ing méafdEYINGF rotating the screw conveyor at a speed

so that: the rotation of the screw conveyor causes the sand and
cleansing water to be elevatedwhile 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, i1s utilized as the sand cleansing apparatus.

(3) A method for cleansing filtration sand as defined in
either Claim 1 or Claim 2, wherein:

after contaminants are removed from the filtration sand
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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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 from that £from which the

filtration sand has been extracted, during a backwash cleansing
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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 elevatedwhile 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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