FI LTER SAND WASHI NG METHOD AND | TS SYSTEM  Abstract: When backwashi ng a

rapid filter (1) where water is washed with filter sand, a preset anopunt
of filter sand (5) is sucked fromthe rapid filter (1) by a pumaypds The
sucked filter sand (5) is fed to a sand washi ng device (3) where the
contam nants on the filter sa d. Contam nants-renoved filter
sand (6) is kept in a mashedgggﬁg%gpggﬁbgank (4), and stored filter sand
(7) is returned to the rapid filter (1) when the rapid filter is

backwas hELLTERNS BNib OMES 1 CNGaSETHeD OAND | tt@rsesmei n the rapid filter is
possi bl e by repeating the steps of sucking, washing and returning filter
(err) A .. FILTER POND' SURFACE WASHI NG BY BACKWASHI NG (7 TO 10 M NUTES)
sand, whereby a sand washing function is B...FILTER NG (48 HOURS)
regenerated by a washing nethod other than C...CONTAM NATED SAND SUCKI NG

TO SAND, WASHL NG ! (1 M) surface washing and backwashing to thereby
D...CCN?& Nﬁ?ébwéggﬁ SH NG (1 HOUR) drastically prolong a regenerating

: cycle of a E"I;h'e S;;F%Eglimsnl_\lr%%t%ﬂ\rp E‘é :Eii%s p%‘da method of cleansing

filtration sand, of a filtration resexvoir us‘gd to filter water,
and to a system therefo_r.' More 'specific‘ally, - the preéent
invention relates to a method of cleansing a portion of filtration
media which -is removed from a high speéd filtration reservoir,
aﬁd to a system used therefor.
Background Technology

‘Wéter purification processes at water treatment plants
involve adding chemicals to untreated watér drawn from rivers,
lakeé, ponds; or welr‘lsl to consolidate the suspended matter therein'r
to a siz.e that causes séié cdns-olidated matter to deposit on the
bottom. The supernatant water is skimrﬁ_ed and sent to a filtration
reservoir, where it is péssed through a layer of sand (filtration
sand) to remm-re the finer suspended matter. This water is then
'disinfected with chlorine. 'At‘high speed filtration reservpir_.s,-
regular cleansing of filtration media is performed at intervals
of 24~72 hours. As methods of cleansing the filtration media,
there are: surface .él-eansi-ng, in which water is sp:ayc_’ad 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




4 May 2005 SPECI FI CATI ON FI LTER SAND WASHI NG METHOD AND | TS SYSTEM
Technical Field The present invention relates to a nethod of cleansing
filtration sand, of a filtration reservoir used to filter watejmayah to a
systemtherefor. Mire specifically, the present invention relates to a
met hod of cleansing a portion of filtration nedia which is renoved froma
hi gh speed filtration reservoir, and to a systemused therefor. Background
Technol ogy Water purification processes at- water treatnent plants involve
addi ng chenicals to untreated water drawn fromrivers, |akes, ponds, or
vel | s §9 Eohsapariate erelsakbBeRdedomatiere: RENEARINES 19 ze that causes
said consolidated matter to deposit on the bottom The supernatant water

i s skinmmed aBdeseritf t suafacet relidamsingsandoibackiesle icflsagsiadseare hr ough
a layer of sand (filtration sand) to renove the finer suspended matter.
Thi s waégulaslyhsswfehisedf eriladivadts dil aheneatdr heghtspésdntslsudti on
reservoirs, regular cleansing of filtration nedia is perfornmed at

i nt er val s1fge24nhé2chBlES e rABe FEEDOES O sCE6@PSh NEah DS) fAdd td e ironcredi a,
there are: surface cleansing, in which water is sprayed from1l nozzle to

stri keg%P%?%%fﬁQngfﬁlﬁm %g%glr,: ié%e%ﬁf!s%smong: r bAGE #ﬂm&bi ch

purifie orce nto t |tration reserv roma | ower
ressuge anber _to cause the ' . ‘
P f‘ro:lgfems arise rrom repea?t:aerz]cﬁJ 1.Psaer to'x?elre% %el\ﬁ%d2895t1me such as:

the reduction of space among the filtration media due to the
progreésive hthi_ckening of particle size from chtaminant
accumulation thereon, clogging due to the separati-oﬁ of materials
that had been attached to the filtration media, and the leaking )
of the contaminants themselves. lConventionally these problems
were dealt with by, ‘for example, incréasing the frequency of the
backwash process. However, if the‘-backwash process is repeated
. over a léng period of timé, the wate'rrpressure thereof iﬁfl.uences
-even the gravel layer which ‘support's. the filtration media,
creating areas of. different thickness in said layer, which is
'optimally flat and of Va'n even thickness. When the Igre-a-vel' layer
: .becofne-s‘ uneven, the sand layer is thin at po,rtion-s where the gravei
layer is thick, and insufficient filtration océurs at these-
portioné‘ ~ The filtratibn function is reduced, the filtration
reservoir does not function prop“e.rl.y, and the supply of sa‘fe water
b_eéo‘mes impossible.
In o.rder to restore prope‘ar‘ filtration function, it is

necessary to perform a regeneration process, which involves:




to rub against each other, to renpve contam nation. Even if surface

cl eansi ng and backwash cleansing are regularly perfornmed, pollutants in
the water (contam nants such as sludge, hereinafter referred ii@a@dSo0s5
contamnants) attach to the surfaces of the filtration sand, if used f or
a long period of tine. Problens arise fromrepeated use over a period of
time such as: the reduction of space anong the filtration nedia due to the
progressive thickening of particle size from contam nant accunul ation

thereonge gL DOYItRG Abeai @I SRAEAlIHN £ 91 ¢ PRE Ehha Sserddidt, Raflobery
attached to the filtration nedia, and the | eaking of the contam nants

t hensel . V. j onal t hese pr ens’ re LW by xanpl e,
i ncr eastlx‘[ﬁ% t e%f%iuﬁcyd%ql 'he%]bé%%v%a S\ré@ceg’g.%@ﬁg vté:IrPl,e i e{nﬁgegac kwash
process_| €eated over, a | on od of tipe, the matef%fres%ﬁégﬁthereof
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creating areas of different thickness, in said layer, which is optimlly
flat anBibbrapiewecretdrerhtssrenhenintietheabelirafiépn peddme¥ithetBA, the
sand layer is thin at portions where the gravel layer is thick, and
i nsuf fi €ikbratidn r atédin ocduirch ahatshebeenpoclieéansedThe fHdwevatr,onthancti on
is reduced, the filtration reservoir does not function properly, and the
supply pégenéecatbder prbeesses si ipassnlle. dostdiyderand aestarénpr epad
filtration function, it is necessary to performa regeneration process,
whi ch 'ﬁf@bé@@th@ £ MY 2009 reservoir is not operating, it leads to

‘a decrease in water treatment efficiency. Therefore, the:_:e is

a strong demand on the part of the water treatment plant to space

the intervals between regeneration procésses as long as possible.

There are cases in which the filtration sand which is.

replaced in the course of the regeneration _précess is new sand.

However, stringent standards are set so that the percentage of

collected sand that is acceptable as filtration sandis only'10'~20% 7

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), by employing a revolutionary method called

a sc:i:ubbing cleansing process. By use of this apparatus,

filtration function similar to that of a filtration reservoir-that




ceasing the total operation of the filtration reservoir, renoving the
filtration nedia, cleansing and sieving the renoved filtration nedia,
i nspecting and correcting the interior of the -filtration reseawayroos
replacing the filtration nedia with the filtration nmedia which has been
cl eansed. However, the regeneration process is extrenely costly, and as
during said process the filtration reservoir is not operating, it leads to
decrease in water treatnent efficiency. Therefore, there is strong demand
on the part of the water {reatnment plant to space_.the intervals between
r egener 8PP SAY Hr 86¥s st A5 F ofGPEE Lo bPRINThEF@LZE I a LR Nt e ¢ he
filtration sand which is replaced in the course of the regeneration
processfittnabigamand Howmierepiaeeddonthe faddapds oar e servebr dhatinghe
percentage of collected sand that is acceptable as filtration sand is only
10- 20% the regéhéyationagdobtesn, costs are increased in the case that new
sand is utilized. Therefore, filtration sand is regenerated by cleansing
and the |ike. ghhavihverther suafl itthe off GaeRk itdv @Rl ifan te v &dir eresa¢ a sand
cl eansi ng apparatus which enables cleansing of filtration sand to a degree
of contagy nat | X JEFB- r e 30Q, | i st at e afy,Gl4 | i ness
ég%)gg%ﬂ(g:&éeerslsof A %’jn ALyt B%a%% .. V“i‘g?% i dﬁeputg‘[ roJes Rt ugiherviL

close to new sa apanese Unexam ne at ent ircations No.
R10(1998).- 109051 d H11 Q% z%) - 057526) .g enpl oyi r.evpl yti.qnary
method Ghi RIS SETABH 17 IR SPRE "aP sesbey TP et i s
filtration function simlar to that of a filtration reservoir,.. th%{ -3 4
May sgogaste water, and agricultural waste water; acid rain that includes

nitrous oxidés and sulfur oxides due to atmospheric pollution;

and the like. Due to the deterioration in the quality of water

to be filtered, contamination of the filtration sand has advanced

as shown in Table 1. Filtration reservoirs which were capabie

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

conditions mist now quicken the pace of regeneration processes.

[Table 1]
Reservoir/Year Contal;lination Post 7 Dry Weight of 'Hydrochloric Post Cleansing
i Cleansing Contami.nanf;s " Acid Contamination
Weight S | Solubility | i
(deqree)r {g) 1 (mg) (mg/g) | - (%) | (degree)
a 1985 4340 ' 48.96 1150 | 23.963 1.60 172.
. 1904 | 6830 48.03 | 2260 | 47.054 3.40 394
B 1986 3940 49.29 658 | 13.350 2.190 140
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




enpl oys new sand is capable of being realized, even if new filtration sand
is not replaced in the filtration reservoir during the regeneration
process. However, the quality of water to be filtered for use #®ay200pidly
deteriorating in recent years. This is due to: pollution of rivers, |akes,
and the ocean by city waste water, industrial ~waste water, and
agricultural waste water; acid rain that includes nitrous oxides and

sul fur oxides due to' atnospheric pollution; and the |like. Due to the

det eri apal i@fehdnt Ner QUA iddeRinVB Lo DY HdIenede rGORLABLIRaREAR Of the
filtration sand has advanced as shown in Table 1. Filtration reservoirs

whi ch weg hets abj e di%gn%{%ﬂg ‘é‘hid't LAgo [RL, a »Pa%[rL@élﬂ&(cJ 'orjp%r%et%%s“ pder
normal operating conditions nmust now qur cken e pace of regeneration
processes. Tag%ed%géREServ i r./Year nt 'nation.p%%f.tx .g%i ht of
Fydr oo HhEs Pt o tied Uicr o OF THFaRASTHS TS ARORINED AEY §1CERARRPRa | on
Weight Solubility (degree) (g9) (nmg) (nmy/g) (9 (dggree A 1985 4340 48. 96
1150 23fwegtiomobyyrhel goaoEI8uat¥8: R¥005353 4 B 1UBe3o80 X9ondasy
13. 350 2.10 140 - 199.3 6340 48.59 1320 27.166 ~.80 320 C 1987 4760 48.67 -
839 17.@BGanks Py D kIGHEB880suBf &Te TR G iTQT apd4pGetasivedrahisiog.
mai nt enance operations of filtration sand perforned at-filtration
reservoirs arehpeming sedyt ofdeé£l th nend el fare has issued guidelines
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
éleans_ing and backwash cleansing which have been described.above.
However, during these cleansing operations, water cannot be
“treated, and the amount of obtainable water is decreasgd,
Consequently, the water treatment efficiency is reduced. In
addition, fine sand flows out every time that cleansing is
performed.. Fﬁrther, if the frequency of backwash cleansing is
increased, the formation of uneven.thickness in the gravel iayer
is hastened. As a result, there are cases inwhicha regenefatioﬁ
~ process must bé performed sooner. Therefore, it is thought that -
‘theré are limits to the extent which conventional surface
cleansing and.backwaéh.cleansing can deal with the contamination’

of filtration media.

The present invention has been developed in view of the,



time frane of the next regeneration process, and mainly involve 4 4 My
2005 neasurenent of the unevenness of the gravel |ayer, neasurenent of
particle diameters, and the |ike. Mintenance operations to p4fegpos the
function of the sandwhich has regained its fi-ltration function by the
regeneration process are limted to regular cleansing processes of surface
cl eansi ng and backwash cl eansing. The Mnistry of Health and Wl fare has

i ssued guidelines for the degree of contam nation of water, which has

passed ‘5" rcu l tr | Onarrlg rxglgﬁé fe) el?:et g?%ﬁiet E?ngﬁteﬂ% V$1

degree “he resu o cryptospori dirum provi si on neasur es mere
establlshed |n 1996 conpl Wi th the? tdellnes Mﬁter treat
of ant sEaRE Gt éﬁ@ﬂE?tHF REShFrBELng FbEHER RO AP Backvash

cl eansi ng mhlch have been descrlbed above. However, during these

cl eanstimt opralat ¢ dnextepsben cahridie delme i ol hefereere zeRRRRIZELON

obtai nabl e water is decreased, Consequently, the water treatnent
efflC|pwm@eeseseuycedgeheraeﬂdgttn@,filneatand fioosiont cEveapdthyreat hat
cleansing is perforned.. Further, if the frequency of backwash cl eansing

is ingéersgdochbe tREABbLLORuURFaURE AR GKNESS Bavkweslgreleinsbygs i
hastened. As a result, there are cases in which a regeneration ' process

must b&lmsuereegs%gne{)erm%ﬁf BECchkt £id QUM ddalrvditere are linits
to the extent which Conventional surface cleansing and backwash cl eansi ng

can deal with the contam nation of filtration nedi a.

Discldsure of the Invention
An aspect of the preeent invention pfovides a method for
cleansing filtration sand comprising the steps of:
suctioning out a predetermined amount of filtration sand from
a ‘high speed filtration reservoir, that performs purification of
Water using filtration sand, during a badkwash- cleansing
operatipn;
vsupplyin‘g the extra{:ted filtretion sand to a sand dleanSing
apparatus;
cleansing the lfiltratidn.-Sand. to remove contaminants
therefroﬁ with the sand cleansing apéaratus;
returning the.filt-ratio-n sand, fromwhich contaminants have
been ;em0ved, 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.



The present invention has been developed in view of the. 5 4 May 2005
above circunstances, and it is the object of the present invention to
provi de a nmet hod and apparatus for cleansing filtration sand qm@&zgﬂables
extension of the tine period between regeneration processes by
regenerating the filtration function of sand by a nethod other than by
surface cl eansing or backwash cl eansing, wthout ceasing operation of the
filtration reservoir Disclosure of the Invention An aspect of the present

I nvention progyd deg ;3 [Tt Rod Eggd CL £2055DH, 14 $datd 0B rSapHe CURIISIMg the

steps of: suctioning out a predeterm ned anount of filtration sand from. a

hi gh Sggggﬁgdgrﬁ%#(gbdﬁ¥¥ggpir, that performs purification of water using
filtration sand, during a backwash cl eansing operation; supplying the

extracted filtration sand to a sand cl eansing apparatus; cleansing the
filtration sarfqld $RGRMN L EDRTAR ARNESSSENE & romwith the -sand cleansing
apparatus; returning the filtration sand, fromwhich contam nants have
been renovedn textircthingh neend £kt eatires tisge fiditratdan mpndhefrdck wash
cl eansing operation; and repeating the above suctioning, cleansing, and
r et ur niheg hisheppeaenl didansetidre feseéravion sand of the high speed
filtration reservoir.
a sand cleansing apparatus for cleansing the extracted

filtration sand;

a returning means for returning the sand, from which
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” may be performed during
abackwashopepationof1ju3highspeedfiltrationreservoir. This
is because the filtration sand filters water in a normal state.
If filtration sand is eXtracted.dﬁring this state, thin portions
can be 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 pérformed
. concurrently with the backwash cleansing operation.  The
“returning of filtration sand” can also be performed during the

backwash operation of the high speed;filtratiqn reservoir. This

is because during the backwash cleansing 6peration, purified




4 May 2005 The filtration sand cl eansing systemof the present invention
may conprise: a high speed filtration reservoir; an extracting neans for
extracting filtration sand from the high speed filtration resgmappicgs a
sand cl eansi ng apparatus for cleansing the extracted filtration sand; a
returning means for returning the sand, fromwhich contam nants have been
renoved, to the high speed filtration reservoir fromthe sand cl eansing
apparatus. The filtration sand .cleansing systemnay performthe processes

of extraction cl eansing, .and returning of the filtration -sand as a B
cont i nﬂ’ﬁ'&?r by 5@§§?,dqb?t8r§;hepgﬂ51‘ﬂﬁﬁ€ AR Do LR L QUeE RSPk esses.
The "extraction of filtrati.on sand" may be perfornmed during a backwash
oper at iChRIgfe ihd hengh % seaes 19t | o esteyoi sand Hiker¢ 5n bee afismatt he
filtration sand filters water in a normal state. |If filtration sand is

ext r actiddf dut ragiohisamsd diserethirne@adnt thest Chordei dnrmedrvpihéenfidig ati on
sand layer, and there is a possibility that contam nants may | eak. The

extracitore oftHd Iftinathenosangndrayabéepenpabiredo fhesemsitnd ac € lelteange ngwhsn
bei ng performed concurrently with the backwash cl eansi ng operation. The

et PARSBRE L AL csp Cayplscede nEnfoR, B PAcLbR bk
the ba%%%t%o%ag%inizigmgeeﬁgtg;eoxnfmprr%é uh%% s?;rface cleansing is being
performed concurrently with the backwash cleansing operation, in
a similar ménner to the extraction éf'filtration sand. The
“prédetermined,amount,of filt;ation sand” refers to an amount 6f
filtration sand that does not affect the purification of wa£er
by the,filtration reservoir.
It is‘also preferable that the “extraction of filtration
‘:_ sand” is performed with a éuction force of a strength that dogé
not form uneven thicknesses in the gravel layer of the high speed -
‘filtratiOQ reserveoir. The filtration sand.laYer in a high speed
filtration reservoir is about 60cm thick. In case thé.t filtration
sand is suctioned-oﬁt usihg an ekcessive suction - force, or
‘filtration Saﬁd-is suctioned out close to the bounda:f thereof
:with the gravel layer, the gravel layer, which supports the
filtration sand, may become thinﬁer and thicker at portiohé
therebf. _TnerefOre, it is’ preférable that extraqtion' of
filtration sand is performed with a suction fofce of a stréngtﬁ
that does not form uneven thickﬁeséea-in the gravel layer.

ﬁlthough there are variances depending on the structure of the



4 May 2005 water 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 inaty200state,

the filtration sand may be capable of forning a flat |ayer when

t he

backwash cleansing is conpleted. Note that the returning of filtration

sand may be perfornmed when surface cleansing is being perforned
concurrently with the backwash cl eansi ng operation, in a sim.lar

t he extrag&%gg8of filtrat 'predet er

sand" ré&f

i d.. Th ' i d f .fi
Sh vt AnuThe fiFtian Sor BLaitl oit droeRT ettt s 1 ¢

manner to
[tration

purification of water . by the filtration reservaoir. It is also preferable
that thdtéa raeefereblef thatatibeh exbrRetien pett dritdd A1 aS&let ¥ force
of a strength that does not form-uneven. thicknesses in the gravel |ayer
of the begiospeddat fai fiepahifoon ebemswifiaceTné the fidtirasioangiendyaydam a
hi gh speed filtrati.on reservoir is about 60cmthick. In case that
filtratio@ns-saR oifstlatlthichedseuthdisico) an teke gagithe rspce fonakbbe adator

filtration sand is suctioned out close to the boundary thereof

with the

gravel kakebxcbBet9baAVEE FRaYLEat IWh CLaSaIRPOIdsr tdiened id ¢ ratdept s anbm nay

becone thinner and thicker at portioons thereof. -therefore, it

is
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force of a strength
| ayer .

oes not form uneven thicknesses, in the gravel
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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 from which contaminants
have been removed may be returned to the filtration fesex_:vo_i_;
before completion of the backwash cleansing operation during
which it was extracted, without being r_etéined 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
¢leansing 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 exampie, is preferable as the



4 May 2005 filtration, layer and the suction force enployed in the
extraction, it is preferable that the extraction of filtration sand be
performed at a depth fromthe surf ace of the filtration sand haggpoosof
15-7 0% of , the thickness thereof | t is further preferable that the
extraction of filtration sand be perforned at a depth from the surface of
the filtration sand | ayer of 40-60% of the thickness thereof. In the case
that an unevenness prevention net is wutilized, extraction may be perforned
at 100% of the depth of the filtration sand |ayer, that is, fromjust
above %CBT%N@ AT Rt Eragsheahinghida fleansad deddv@d i manse
filtration sand by the sand cl eansing apparatus, the filtration sand from
whi ch dommahhemasl pheanbeng ampranath srdy bee mesttaintddr hankr etle@risémg t ank.
Alternatively, the filtration sand fromwhich contam nants have been

r enoved fitggnkie firetnuothdrt bighespedd radli onat £sarvoservbief ories eaigplleid,on of

t he backwash cl eansi ng operation during which it was extracted, w thout

bei ng rigf ahakGddy AR &I &M Ay abPAcatys | he L REEpI RGtwalcRa: ;r 8F eldeln t ank

is not provided, the extraction, cleansing; and returning processes of the

filtrat 'iﬂqﬁwaﬂ%ﬂﬁzﬂ% SSEFEdiI‘?%h% Eg@%hﬁ!ﬂ%%a‘?ﬁ?c@ﬁé AU IitSJhe

backwash ¢l ea SI ng ‘operation: the cas at "a reténtiontan
provided, it is eferable that ter or_.an .oxidizi ng agent is .contained
"0t he St 89PRoRBEEREY 60 THERE e 19 AR BH Rh g o B AP T Hor GUF Hoos
not contact -air. Chlorine, for-exanRIe, is preferable as the 9

of the filtration sand, which has the ability to remove manganese

from water to.be filtéred, can be éreSér%ed.' With regérd.to the
size of the retention tank, a size sufficiently-large eneough to
retain filtration sand of the prédgtermined amount, extracted
from the filtration reservoir in -one extracﬁibn operation, in
%atétiéorthat it does not confact.air, may be adopted.
“ The method and system f.or cléans’ing fiitfation;sanﬁ of the
- present invention is applicablé to cleansing of filtration éand
of a “Greenleaf” high speed'filtration-resérvoir, wherein four
to six high speed filtration reservoirs are COnnécted. - That is,
another aspect of the.invention pro#ides a method of cleansing
filtration sand comprising the steps of;
suctioning out a predetermined amount of filtration sand from
~a high speed filtration reservoir, that performs purification of
water uSiné filtration Sand} during - a.-backwésh cleansing
operation;
supp.lying the extracted 'filtration- sand to a "s.an_d cleansing

apparatus;

10



4 VMay 2005 oxidizing agent. By transferring the cleansed filtration sand
fromthe sand cl eansing apparatus to the retention tank, cleansing .of sand
from other high speed filtration reservoirs is enabled, in thevygmoy 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 nanganese |layer of the filtration sand, which has the
ability to renove manganese fromwater to be filtered, can be preserved:
Wth regard t, 4 f [ ' S L Cl -~ arge
enough to reé%é%ﬁé}fqrgpgoﬁfggﬁég%ﬁggt%%ngfgéétgfﬁkﬁgﬁ g%%gﬁ??ﬂéégﬁacted
fromt ?Hjil rati o rg_ervoi&il -one. extractiqn operation, in water so
that it ddés W8t "o < a¥m ré%??ﬁ?%ﬂﬁuﬁ@ﬁfr ‘met hod and system for
cleansing filtration sand of the present invention is applicable to

cl eansi ng. of r¢i3inkig Sheshindrajtion sapdentedt WhheIFYPARE 131 45 BRVen
reservoir, wherein four to six high speed filtration reservoirs are
connecttexgén Hemovesl, lanét hwtegdpapt tnlthe i nvention provides a nethod of
cleansing filtration sand conprising the steps of; suctioning out a

pr edet er m nedratwomi n@ftHd retatinea sandrikdom saihd ghispeed Hilght speedn
reservoir, that perforns purification of water using filtration sand,

duri ng /@ hackwash leiSidid Rl FuRRl YicAgtt herext r abtied ftheration
sand to a sand cleansing apparatus; 10

" filtration sand has been extracted, during a backwash cleansing

operation thereof; and

repeating the above éuctioning, cleansing,_retaining, énd
returning cperations to cleanse the filtration sand of a plurality -
of high speed'filtration-reservoirs.

.. The retained filtiation sand is returﬁed to a:fi;t;atioﬁ |
reservoir.different froﬁ-that from which the filtrat;on sand@has
been extracted. This is beéause the cleansed fiitrépiqn sand
cannot i)e returned to the same filtration reservoir until thg next
béckwash éleansing operation thereof. ' Therefore, essentigl}y
the éamg amount of tiﬁé will be required as the case in which the

filtration sand is cleansed for each filtréfion reservoir one by
one. If a plurality of retention tanks is provided, there~would
be nq difference in time f:om the case in'which'filgyation sand
from a’ single filtration réservoir is.cleansed, even if the.
6leansed filtration sand is returned o thé same fiitration
reéérvoir. . Bowever, to.  do so would require a substantial

installation cost and space, and therefore is not economically
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4 May 2005 cleansing the filtration sand to renove contam nants therefrom
with the sand cl eansing apparatus; retaining the filtration sand, from-:

whi ch cont am nants have been renoved, in a retention tank; re&mgpmng t he
retained filtration sand, into a high speed filtration reservoir different
fromthat fromwhich the filtration sand has been extracted, during a
backwash cl eansing operation thereof; and repeating the above sucti oning,
cl eansing, retaining, and returning operations to cleanse the f iltration
sand of a pluralltx of high speed filtration reservoirs. The retained
filtratRArEHRL-i s #é?ﬁﬂﬁéa‘fﬁ—ém 5 pr1369¢ GR tanddombapkd: § PEPEALSHy om t hat
fromwhich the filtration sand has been extracted. This is because the

cl eansetkfertirat iodh cd aad secafidic rbd ioat sandd whd chhéasalreefi lextakictrd
reservoir until the next backwash cleansing operation thereof. Therefore,
essent i gddy atpBuFATEL RNBENE ik rhitiBnWiddsdieraiani wedlasbehgosai®lien which
the filtration sand is cleansed for each filtration reservoir one by one.

| f a plagabddy, Ofthfl%t e%wa t2Nks 18 dOVilgede t & N orbe R_ts .
difference in time fromthe case in whichfiltration sand froma single

LSRR P, ehemied 948 i be o o cpOeed, Ld iahipncsand 1

e e Y gy I Y (R Bt ALY Tles "t

~ high speed filtrétion reservoirs is not performed simgltaneously,

from the vieﬁpoint of proce.ssing capaéi’t}}. Backwash cleansing.
is performed for each of the high sipeed filtration reservoirs at

a staggered timing. By taking advantage of this staggeréd timing,

cleansing of the filtration sand of all of the filtration

reservoirs is enabled in sgb‘stantiaily the"same -t.ime_ as that
expended in the cleansing of. all of the filtration sand for one
:Eiltration reservoir, even in the case that the number of high
'Speed'filtratiOn reservoi:s in_creas_es. In‘ addition, as the
reténtion tank is 67f the same. scale as that used in the case in
Whi—ch ‘fil_tr.ati'on 'sana f;r.;om a Single "filtration reservoir is

‘l::leransed, thi.é is preferablé from the w:riewpoint éf installai;ion
costs. -

A At water treatment plants having a plurality of high speéd
filtration ‘r.eservoirs, tﬁere are cases in which filtration
reservoirs with filtration.sand which is highly contaminated and
filtration resefvoir_s_ with filtration sand which is relatively

lightly contaminated coexist. In cases' like these, it is

12



practical. Alternatively, if a large retention tank is provided, retention
of cleansed filtration sand which has been extracted froma plurality: of
filtration reservoirs would be possible. However, this woul d akgg2bdkcur

| arge installation costs. Normally, at water treatnent pl ants where a
plurality of high speed f iltration reservoirs are connected, backwash
cleansing of the high speed filtration reservoirs i s not perfOrnEd

si mul t aneously, fromthe viewpoint of processing capacity. Backwash

cl eansi pgerbsapeLf onRdcher RaRL At bR diah shersh biel £1 800 §/2880NKO0I r's at

a staggered tlnlng By taki ng advantage of this staggered tim ng,

cl eansi g gfe L, 141 ¢ ft'fogﬁéggtgfnaéésgﬁgbf FL4Tal 0, (Hesenyqies is

enabl ed”i n"'Sut: g sane expen ean5|ng
of all of the f||trat| n san r one flltrat%f rreservoir, even i.nt

case thﬁ?n?h%xﬁﬁﬂBE? TR gh GHON FESEEYeLr In

addition, as the retention tank is of the sanme scal e as that used in the
case i ntowhitdhtraltioat ForeEaptr Mbdmhal 8iligiht ¥y FophamdRateseratit vices
cl eansed, this is preferable fromthe viewoint of installation costs. At
wat er tweasaent plants having a plurality.-of high speed filtration
reservoirs, there are cases in which filtration reservoirs with filtration
sand whi ch i s thi ghlprefiailiaahad e repdtindlononf reaset vai tise 3¢ tSteps
filtration sand which is relatively [lightly contam nated coexist. In cases
like t h@%%uﬁémd&calﬁlflp%fo%ﬁlga by sequence control. That is, because
the backwash cleansing of a high speed filtration reservoir is
controllable by using pressure loss or time as factors, the steps
of extraction; cleansing; and returning of the filtration saﬁd,
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
perfornied during backwash cleansing, when filtration sand is in
.a floating state. It ispreferable that the _fil_'tration'sand which
has alreadj'béen cleansed not be mixed in with the filt;ation sand
' to be extracted, in order to increase the cleansing efficiency. '
Accordingly, it is preférable that the filtration sand from which
contaminants have been removed be returned to the high speed
filtration reserveir 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,

13



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 filtratigmayes® voir
which is lightly contam nated, and vice versa. It is preferable that the
repetition of each of these steps is automatically perfornmed by sequence
control. 'That is, because the backwash cl eansing of a high speed
filtration reservoir is controllable by using pressure loss or tinme as
factors, the steps of extraction; cleansing; and returning of the
filtratinom sdvdh contiEme nendiss hafvee peetc reawves e 848 E‘g’?vll%{eéinff?@ﬁ,teand
returning of the filtration sand can be automatically performed by
sequencerorne addiplotBat .h Theiextiaot perfamdbiet, ufivoof thiel tmewpoinnsand are
performed during backwash cl eansing, when filtration sand is in .a

f1oati ng ¢drdd fhg bir fisiRneker ehhe th@lpddia ifdd btaihosh sand »iich shaa
al ready been cleansed not be mxed in with the filtration sand to be

extract i [ s 1.0 . Lng i Gi :on A hagly, it
B O A T B 4o S S AL s KR

renmoved .be returned to.the, .high eed filtrat res I r_at. sition
renot e rf%ﬁf’tgf’lngB%? Y’Bﬁcgr%}ﬁ g\ﬂlﬂ%gﬁ% Pﬂ?%??br#rg)gln‘gﬁ@{ é)%tnrtz?g@g%p hat is,
it is preferable that the nmeans for extracting filtration sand fromthe.

hi gh sp&e PR tFeRowrAr eber vt rrand tRehaansdr & &VEF A 1§ Y St i on
sand, 13 4 May 2005 ,
operation. That is, it is preferable that at least one of the A

neans for e.xi;.ra.cting 'filtr.atlion Sand. from the high speed
fill‘tration reservoir and the means for re,{:urning filtration sand;

from whiéh contaminants have been removed, to the high speed

filtration reservoir be provideci so as to be movable.

As the '“s-and' cleansing apparatus”, it is preferable to
enploy thét which is disclosed in Japanese Unexamined Patent
Publi'éation- No.‘ _HeilO—lOQOlS-l, which corr;priées: a cleansing tank
for containing sand and qleansin'.g water therein; a screw ,conveyO'r
that rotates about a substantially perpendicular axis within the

‘lcieansir}g tank; a rdtéting_ means for r.fotating the screw conveyor

" at a speed so that: thé .rotation of the screw convéyo'r_ causes the

| 'sand- and cl-eansing.water to be elevated while contaminants are

: remoxfea from the sand by_cont_act béj:ween -ﬁérticles thereof wi-th ‘
the cleansing water therebetween, at a lower portion of the screw
conveyor which is beneath the surface of the cieansing water, and

'ﬁhe gotatibn-of the screw conveyor causes the sand to flow while

| co‘n_'taminan{is are removed from the sand by contact between

14



from whi ch contam nants have been renoved, are provided renote from each
other. It is also preferable, fromthe viewoint of -<cleansing efficiency~
that the position at which filtration sand is extracted is changgépgser
every extraction.operation, and that the position to which the f iltration
sand, from which contam nants have been renoved, is returned is changed
per every returning operation. That is, it is preferable that at |east one
of the neans for extracting filtration sand fromthe high speed

filtratdon feses thkredfted e aNEBNSh ot WMicBathnihbat-0adeantatef rom
whi ch contam nants have been renoved, to the high speed filtration

reserval i de as,..to. a he., . i

appar atc:)'£ ulge']',beeﬁ)@{q{v?és/érg'r gafrg(:?aabl%él%%gti%g%?ﬁog L’? Rgﬁ'%i Qg?lulégﬂ‘gl giﬁg@%@gﬁeg apanese
Unexam ned, Patent Pullication No. i,10-1 51, which conprises;, a

ol eansi TG EmaSrapnidin Rk FranRa TN bale SE QT BT o TR oy e
conveyor. that rotates about a substantially perpendicular axis within the
cl eansitie teand &S roleitdtRe #aHs- for rotating the screw conveyor at a
speed so that: the rotation of the screw conveyor. causes the sand and

cl eansi ng wat@hereabe wmirerartisiconglile coheanthaat &r iltagdion f sandt he
sand by contact between particles thereof wwth the cleansing water there

bet weenrebiedd $o¥elypont bankehshhelsanewngeorvhey aetiiid hof schearaihgt he
surface of the cleansing water, and the rotation of the screw conveyor

causes t{ec St @ ahldoye Whid Sre §OAt aAMveati SnodLr f £00y edpteastébarisand by

contact between 14 4 May 2005 ' - - ‘
amount of fi}:ﬁration sand from a high speed filtration reservoir
during a backwas’h cleansing operati‘on t'hereof:_;_ su_pplies the
extracted 'fil'tr‘ation sand to a sand cl.e'ansing apparatus; cleanses
f.he ~_filtration sand with the sand cleansipg.appar_atus to remove
contaiﬁinants therefrom; returns the filt-ration' sand, from wh:Lch
contaminants havé been removed, to the high 'spe-e-d filtra_tilp.n
reservoir d-u'ring a; backwash cleaﬁsing opération thereof; and
repeats the _‘ extraction,. cleansing, and Areturﬁing of the
filtration saﬁd td cleanse .the fi_ltration _sand within t_he h]‘__gh
_sp;aed filtr’a}t;ion r_esérv_oir. 'Therefore, the filtration san.d' _is
Qnabled to-_b.g_ef_'fectively cleansed ,withoﬁt ceasing ope’ra.t"i_or}-pf
the f-_iltr_ai_:ion rre.sei:vo'ir, _ aﬁd the _tiine period between
re_gen‘erat_iq_z}i processes can be dramatically extenc_ieq.

More gpecificaily, .if‘ substantially all of the filt__rétion-

sand within a high speed filtration reservoir is automatically
cleansed by repeating the ‘extracﬁion, qleansing,_ and returning

of the filtration sand, it becomes possible to restore the wét_.te_r
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particles thereof with a slight amount of contan1nant-|aden wat er
t herebetween; and a circul ation neans for causing the elevated sand to
descend to the |ower portion of the screw conveyor so that thgyaapghs s

el evat ed agai n. Whereas 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 eansi ng eration thereof.; pl.ies the extracted flltratlon sand to a
sand cI%FW%ﬁHﬂG&?lO@I ‘éﬁﬁé’@sfl%héaHPPr%‘ﬁ%V%]a‘ﬁd Vit RAERELSENd..

cl eansi ng apparatus to renbve contam nants therefrom returns the
filtratidreeamthinbnam alechemcoed driorahbe finlerdbeanrsanded desrensehi gh
speed filtration reservoir during a backwash cleansing operation thereof;

and repeatbet Ha 1@XERAGN Ofes LA NPecands I gloysiiig ofatdebatkivtsat i on
sand to cleanse the filtration sand within the high speed filtration

reser V%IeaJﬁﬁsct?E%%e e fbiread £ st elsSas rahlgtd .0 h@caﬁﬁﬁt;&g?

cl eansed wt ceasing operation of the filtrati'on reservoir

More Spbbiraceiie EorpEARCFA M Al R TR RE P FLET O ‘f”ﬁ‘ﬁ“de‘j

hi gh filt t t ticall I d (" th
i1 ac YORL 201 UhALPAGE  EAN Y e oot g PR TSt AR SRR B

possible to restore the water 15 4 May 2005
therefrom. Further, it becomes possible to delay the formation

of unevenness of thickness in the gravel layer. From this point
aiso, the time period b_etweén regenération processes can be
dramatically extended.
Note that by: extracting a pre‘déte;:min—ed amount of
‘filtration sand f£rom a high spéed __fil‘tra‘tiori reservoir during a
-b'ac'kwa;sh cleansing operation; suppiy:ing t_ihe extracted filtratiqn
sand to a sand cleansing apparatus; cleansing the filtration sand |
-£0o remove contamina'n:ts_ therefrom with the sand cleansing
ap;ﬁaratus; retaining the filtration sand, fromwhich con'tamin-ants
héve been remowved, iﬁ a retention tank; returning the 'ret-air_.led
filtration sand, into é,high ~speed_ filtr_'_étion reservoir differént”
f'rom that from which the filtration sand has been extracted, during
a back‘wash- cleansing 6peratidn thereof; arid repeating the ab'o_vé ,
.ektl.:acting,‘cleansing, retaini'ng., -and returning operati:_ons, t_he_a
filtration sand of aplurality of high'épeed filtration reservoirs _
can be cleansed efficiently- Without, ceasing | the operations

thereof. ' In addition, -becau_s_e' the filtration sand which is
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purification function of the filtration reservoir. In addition, if

contam nants are renoved fromthe filtration sand, a decrease in the
filtration resistance becomes possible, and backwash cl eansi ngymg@apogs
be-perforned at pressures as designed. Accordingly, it becones possible to
reduce the | eakage of filtration sand, as well as to dramatically reduce
the | eakage of contam nants renoved therefrom Further, it becones
possible to delay the formati on of unevenness of thickness in the gravel'

| ayer. From.thi,s .point also, . the ti perig e ege ti

pr ocess&?ggéﬂe e lndrglﬁ%t irgifamilg?t é:r?g%d.l?\loggt?%é%ﬁb&:or e%t Iﬂgéﬁl r?gjbéed
predeterm ned amount. of filtration sand fromga high_speed filtration
reser voitd 1gaEhga TBEEKVALR cPEEReTART opbF & oﬁ?afsup{f)‘f@? nd e%t “ct ed
filtration sand to a sand cleansing apparatus,- cleansing the filtration
sand . tfélteatiencoandriamhesnt¢retedeordnialeatidnged €1 bahathet Ephr at us;
retaining the f iltration sand, from which contam nants have been renoved,
in a rebgnt konpllanigl ingt urof ndilthetierai netdedvdilns atiison ecagrahld ntima hi gh
speed f iltrAtion reservoir different f rom that f romwhich t he f

iltrati gapsendthald 1geaethexsaa6t agoudr idl tambaelvasie ctesssiing wipesiat i on
thereof.; and repéating the above extracting,, cleansing, retaining, and

returni ig 1QRgEALKCBS nat PRomfd Idi@hic0R 13208 c8bnarabeEabii tyi ofc i speed
filtration reservoirs -can be cleansed efficiently w thout ceasing the

P HogEtnelS” Y wdth Al 'e AR TP LI AL Wiy s 10
contaminated; filtration reservoir to a filtration reservoirwhich
is lightly contaminated and vice verga, equalizatio'n of _thé
filtration sand of the filtration reservoirs can be realized.

Further,. by employing a :sand cléansing‘ apparatus
con}pz_:'is'ing: a cleansing tank for containing sgn_d and cleansing
i‘ water therein; a screw conveyor that rqtates about a substantialiy
perpendicular axis within the cleansing tank; a rotating megps
fér rotating the screw conveyor at a speed so that: the rotatioh
of the sérew conveyor causes .i_:hé sand and cleansing wa__te.r to lbe
élevatéd whlle contarﬁi.nants are removed from the sand by c.onfact
between par—t_,‘ic':les‘ thereof with the cleansing water therebetween,
at a -loﬁrer ;portion Of. ‘the screw convéyor which is b’_éne’ath the
su.rf_ace of __i;‘_he-__cléansing water, and tﬁe rotation G_f th‘e‘ screw
conveyor causes the sand to flow while contaminants are removed
from the s;;nd by contact between p'articlés thereof. wi.th‘ a sligﬁt
amount of contaminant-laden wai;ei: therebetween; and a circulation

means for causing the elevated sand to descend to the lower portion

17 .



retained in the retention tank is returned to a high speed filtration
reservoir different fromthat fromwhich the filtration sand has been
extracted, cleansing of filtration sand of a plurality of filjpa}bas
reservoirs is capable in substantially the same anount of tinme 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 vice versa, equalization of the filtration sand of the
filtratdPrtHesered e6noagokess agldtizathe Bunthes, eldyatenplaoysimg assahd

cl eansi ng apparatus- conprising: a cleansing tank for containing sand and

cl eansi ighg Walin 4Ry Sbparadtds! Fo GHY a¥ehoNahdl Hf Al 0Bl eAnsing,
substantially perpéendicular axis wthin the cleansing tank; a rotating

means Efité&%féﬁngaﬁgeofc£ﬁ¥/ﬁggégﬁgriﬁgeﬁFEBQEdcgﬁtgﬂﬁként%h%aﬁoﬁgtiOn

of -t he 'sCT eéw conveyor cause€s 't and cl'eaning water to be elevated
whil e contanm nants are renoved fromthe sand by.contagt. .between particles
t her eof LSV h¥1EheY si‘ﬁ’dj?\i?ét%’r ‘Eg]%r & , ¥hﬁt pé‘r&d\%espo?fi S308F t he
screw conveyor which is beneath the surface of the cleansin&hrater, and

the rot3ETrepbbrg eRehseReY - c Fhvaipdoreauthe Wake rsiwe £ 6°3 | bR dincd 1on

contam nants are renoved fromthe sand by contact between particles
t her eofofii the af Sl G yttiorarmaunst cein benrestrant- toadataks arladrriabdihaden; and
a circulation neans for causing the elevated. sand to descend to the |-ower
porti onof Infew Sy .20Bocordingly, the time period betwéen regenera_tion
" processes ofithe filtration reservoir éan be further eﬁtended.
| In addition, water treatment plants had Been,increasing
the frequency of conventiongl surface cleansing and backwash
cleansing as a cryptosporidium meésuie. Howeﬁér, it bgcomes
;pOSSible to maintain the degree of contamination to less than or
equal to 0.1 at the exit ofAthe filtration reservoir, ﬁﬁile
performing the surfage-cleansing-and the backwash Cleénsing”at
normal frequency, by the method and system for cleansing
filtration sand of . the .presént invention. Therefore, the
- cryptosporidium measure is aided, and water treatméht plants caﬁ
. be operated withoﬁt reducing the éurificationrefficiency.
Brief Description of the Prawings |
Figure 1 is a process diagram shqwing'an embodiment of
the filtration sand.cleansihginethod‘of the present invention.
Figure 2 is a schematic:view showing a first embodiment
of the filtrafion sand cleansing -system of the .ﬁresent

ipvention.
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of the screw conveyor so that the sand is el evated again, as the sand

cl eansi ng apparatus for the nethod and systemfor cleansing filtration
sand of the present invention, contam nants can be renoved W §Ryboos
crushing the sand by the particles of sand scrubbing each other.
Thetefore, the water purification function of the filtration sand can be
restored to a state close to that of new sand. Accordingly, the tinme
period between regeneration processes of the filtration reservoir can be

further ext erﬁ‘i@ﬁ;ré B add] HPRmatalcel i biveaid®ig Rl aBtsnbagnbeeméntr easi ng
t he frequency of conventional surface cleansing and backwash cleansing as

a cryptospoqidi | SBIEVENeal RCOTPSenPYSST R { grEBLALAI N (he
degree e %&ﬁt aﬁlﬂlgglgg#ﬁo ess g]gr?norl %gqgg$ to.0.1 at thg exit of the
filtratjon reservoir, while performng the surface cleansing and the
backwasH'§®&k* ng at nornmal frequency, by the nethod and system for
cleansing filtration sand of -the present invention. Theref 8r,e, he
crypt ospor i diligweadui & 3 Process, JARar AT INB eSS SHPLALER" the
operated w thout reducing the purification efficiency. Brief Description
of the 6faﬁﬂngstngmaei¢nissan@raﬂesgmdhugrmﬁtbhdmrhé-éﬁménﬁééﬁﬁﬁﬁt of the
filtration sand cl eansing nethod of the present invention. Figure 2 is a
schenatigvaheoshowi ng a first enbodi ment of the filtration sand cleansing
system of the present invention. 18 4 May 2005
Figure 5 is a process diagram showing yet another
embodiment 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
corrésponding 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 filtratio_ﬂ sand cleansing system of the present
invention comprises: a high speed filtration rese_rvoir 1; a pump
2 for suctioning out filtration sand having contaminants attéched
thereto from the high speed filtration reservoir 1; a sand
cleansing apparatus 3 for cleansing the filtration sand 5 havihg
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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Figure 3 is a schematic view showi ng a second enbodi ment of the filtration
sand cl eansing systemof the present invention. Figure 4 is a process

di agram show ng anot her enbodi nent of the filtration sand cl eapgj pghsmet hod
of the present invention. Figure 5 is a process diagram show ng yet

anot her enbodi ment of the filtration sand cl eansi ng nethod of the present
I nvention. 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
showi ng the flow of filtration sand corresponding to a.plurality of
filtrattontaebervos ravebgenergnpyed &iemitdin shacks ks ént‘é%é}‘?p%égbf t he
novenment of filtration sand anong filtration reservoirs. Best Mde for
Carryi ngpead filet datieo irerselhweifd (1t r aki shosanth diieanse iy (st detefilshe
present invention conprises: a high speed filtration reservoir 1; a punp

2 for sygtiNpreceyt dcdpd I3t LR sand-Nawmegasant a8hnanhg sstaaned1lt heret o
fromthe high speed filtration reservoir 1.; a sand cleansing apparatus 3

Lo CLeBShigH 4| LG 99, PRBCh DAtk pontart nant s et cned therct o,
DY oo and APANS D0 AP 91 #a BT 3R R dPLYERERD £ Rficoan

present i,ﬁVention may comprise: a high speed filtration reservoir
1; a pump 2 for suctio'ning out filtration sand having contaminants
_attached the‘reto_ from the high speed fi'ltratiqn reservolr 1; a

sand -cleansing apparatus 3 for cleansing the fi‘ltration sand 5
having contaminan-ts attached thereto; and a path 7 fo; re-turning

the sand from which contaminants have been removed from the stock

taﬁ‘k' 4 to the hiijh speed filtrati'dn .reservoj;r 1, as s—hown. in Figure

3. 'That is, the system may adopt a construction. wherein a stock

-tank. for: c'léaﬁ»sed sand is not provided. In the case that the
filtration sand cleansing systém is not provided with the stock

tank for cleansed sand, it becomes pos'si'bl_e to save the cdsts

| 'fé-ciuired thefefor. 1;1 addition, this system is preferablé when

. there is in sufficient space in the vicinity of the high speed
| filtraticin reservoir td install the stock tank for cleansed sand.

As an example of thé processes performed by the filtration

 sand cleansing system shown in Figure 3 is shown in F_iguré 4.
First, approximately im® of contaminated filﬁratidnl sand is
s'lic.tioned .out of the filtration reservoir 1 with the pump 2 during

the time (e.g., 15~25 minutes) when surface cleansing and-bac,kWash _

90



contam nants have been renpbved fromthe stock tank 4 to the high speed
filtration reservoir 1, as shown in Figure 2 (the details of the process
steps of the filtration. sand cleansing systemw || be descriBggybader in
t he enbodi nents). 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 having contam nants attached
thereto fromthe high speed filtration reservoir 1; a sand cl eansing

apparat s, 3491 Qse%gig\aggi%g%?%égt atdn Sand. £ i YA Gastasheanby

attache an or re turning the sand from which

contam nants have heen renoved fromthe stock. t eq hi eed
filtratflm ﬁ"é@@rgoills £etfs Yhobhei ick g&ﬁgan?.lnﬁi;%%ﬁ%%%% %S/s?ieqﬁ?rgmy
adopt a construction wherein a stock tank for cleansed sq@ﬁ .S @ot)

provi dedlleans ing i6aeer forned for § phoF&G e SRATOFABASENY Y LEBH-PE not
provided with the stock tank for cleansed sand, it becones possible to
save t heheostts. g, éthet hépehoed fhladatiepnsandi cksatsad iSenHefiér abl e
when there is in sufficient space in the vicinity of the high speed
filtratiopfeserwi rehe ifistaldtitdie reseekeitrark befockearived svad@dceAs an
exanpl e of the processes perforned by the filtration sand cleansing system

shown i gy £iQUr 8 3ahg 5ACKRaSN FidiiSidy aifd rcdup BApsdXi Mt gloy fomdngf
contamnated fiTtration sand is suctioned out of the filtration reservoir

11 A ATy G i and 5B o0 ke
sand within the time period during which one surface cleansing
and backwash cleansing are performed in this manner, it becomes
posAsible to perform cleansing of: c,ontaminated_sand within a.-short
time. |

... ‘Alternatively, as shown in' Figure .5, .contaminated
filtrapion sand may be cohtinubusly ‘suctioned. out of the
filtration reservoir 1 with the pump 2 during the time (e.'g‘. , 1~10 .
minutés) wheﬁ surface cleansing and backwash cleansing is being .
performed. The filtration sand suctioned by the pump 2 may_be
continuouSlygsent'té the sand cléansing apparatus 3, where
.Continuous cleansing is performedlthereby. Theﬁ, the cleansed
filtration sand (¢leanséd sand) may be continﬁously returned to
the filtration reservoir 1 before the surface cieansingAand
backwash -cleansing are -completed. By performing these processes
continuously within the time period during whith éurface
,cléansing and backwash cleansing are performed in,this'manher,

it becomes.possible to perform cleansing of a gte’a-te_a_; amount of
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cleansing is being perforned. The filtration sand suctioned by the punp 2
is sent to the sand cl eansi ng apparatus 3, Were cleansing is perforned
for a short time (approximately 10 m nutes) thereby. Then, thgwgygﬁﬁsed
filtration sand (cleansed sand) is returned to the filtration reservoir 1
before the surface cleansing and backwash cleansing are conpl eted. By
perform ng the suctioning of contam nated sand and the returning of
cleansed sand within the time period during which one surface cl eansing
and backwash cl eansing are perfornmed in this manner, it beconmes possible
to per fanmhaemisedgsaid cobthaim matshbstandingthin a short . tine.
Alternatively, as shown in Figure 5 contamnated filtration sand may be
conti nuous! y zdigHAREednori gatet Big tid IHirat ispredegeivoatibn weshrvhérpunp 2
during the tine (e.g., 7-10 mnutes) when surface cl eansi ng and backwash

cl eansing J 08} Mbq REF{PTIEA 1 thhf ifdd 5a8ld Qmyeand osughiienedcly kieapunp 2

may be conti-nuously-. sent to the sand cl eansi ng apparatus 3, where

contin cl eansi i r.f t 42l lceq. ik t.ation

Sond (o EErEAGRES e BB GLEREL MR 13 BREoubRA € pA"BEPpoL Libu™!

reservoir 1 before the surface cleansing..and . back h cl eansi re

conpl et iy IO LRIEE 1 vo Db LRt | F AL LW Th C AR SF Pre

period during which surface cleansing?anq backmash'gle nsi ng are, performed
nst n

in thi sSarmnéaving péfsrtdvepRarbiele o Hamdshs! 8 B £t edt er
amount of 21 4 May 2005
‘uniformity coefficient of less than or equal to 1.5. The gravel .

layers are fofmed of four layers having different particle
diamt_et_ers, ‘and serve as Supporting layers £é) i)revent - the
filtration sand 12 from entering a water collection -apparatﬁs {not
.s‘h_own, but the apparatus for collecting purifiedwater is p.rov-id{ad
Ezrat a still lower portion of the high speed 'fi_ltratiop 're_a.servqir
‘1)-. Spherical, hard, c¢lean, and uniform gravel is selectéd fé:r
the graﬁél la.ye'rs 13 through ‘1-6, in order to perfcirm backwash’
cleansing uniformly. As particle diameters thereof, thoée which
are lcommonly .u.se,d,_ that is, gravel having e’ffe'g:tiv_e p'articr;le
ld.j.'Lam_eters of 2.0~3.5r;1m' for the gravel layer 13; gravel having
| effecﬁive particle diameters of 3.5?7.0@ for the grave'l layer
14; gravel having .effective particle diameteré of 7.0~13.0mm fo;:
 the gravel layef 15; and gravel hav?'.-ng effective parficl_e
diameters of 13.0~20.0mm are employed for the gravel layer 16.

- These layers are -sequentially"laid with the coarser grain gjra_n_ref'l:'
: in the lowér l_ayers and the finer graiﬁ gravel in the uppe; laYe?s,_

and without ﬁnevenhess of thicknesses thereof. Pretreatedwater,
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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 fmmaﬁmmgortlng
the filtration sand layer 12. The filtration sand | ayer conprises sand
havi ng effective particle dianmeters of 0.6nm and a wuniformty coefficient
of less than or equal to 1.5. The gravel layers are forned of four |ayers
having different particle dianmeters, and serve as supporting layers to
prevent the f iltration sand 12 f romentering a mater&cgéFectlon

appar at 88 (dCh sFONFRTHRR e tREFELR LR2TE 0T | ERPPRYHGEFH Y wlter s

provided at a still lower portion of the high speed filtration reservoir
1) Sphefleatulaat anddaed sadlapnsidr at ghaedtiemnsdisckr bodBeed oRhevEr avel

| ayers 13 through 16, in order to perform backwash cleansing uniformy. As
particIehdiaﬁrﬁfﬁtidﬂuﬁanﬂ,lawhmsé2mhirﬂ1aédktimnmnnﬂqpnﬁ&ﬂﬁ dlismmsiiag gravel
havi ng effective particle dianeters of 2.0~3.5mm for the gravel |ayer 13;

gravel E%bngz ef d 2 Glpirvey PRy Watke diames sz ffe kS shlike fdle the fgravel
| ayer 4; gravel havi ng effective particle dianeters of 7.0~13. Onn1for

the gray ltﬂeaff.'[t -1 D Eiaivﬁl;]elh&ﬁkﬂﬂ?%f %dé’@l@éﬁ&hﬁbe artlh ardeiRigh 0

13. 0~ 20 nn1are npl oye or t'he gravel |ayer hesé | ayers are

Iyl d h th d
The 11n8hrrSPR PR ﬁ%""rﬁgét@vﬂgrg@f%f%@dtMﬂﬁevenness of

€ upper {ayers W t hout of

hi ckn hereof. Pretr r 22 4 2
thic eg ggntsa.ggeoan b%ltckew%ts%d teglnsi_ng, a&‘/gy pl(:)gw.ded above the

filtration sand layer 12.

Next, purification process stéps commonly used for
purifying untreated water will be briefly described. Untreated
‘water is drawn into a .consolidation/deposition reservoir f_rbm
r;ive_rs, lakes, and the like. The con’tamina-nts in. the untreated.
water are c.onso-lidated by . adding‘ a floccullant such as
polychlorlnated aluminum, and the consolldated contaminants are
caused to deposit on the bottom of the consolldatlon/dep081t10n
reservoir. The supernatant water is skimmed and sent to the high
.speeci fiitra«tion rese‘rvoir 1 above the filtration sand laye_r-‘ 12.
Fine suspended matter which was not removed in the
consolldatlon/dep051tlon reservoir is removed by the filtration
sand 12. The filtered water is collected at the water collection
appai:atus provided at the lower portion of the hlg.h _sp_eed.
filtration resé.rvoir 1. The c'o_l.lect,e'.d water is.disinf,ected with
_ c.:hlorirne, and retained at a water distribution reservoir. The

~ filtration speed is normally 120~150m per day. Cleansing of sand
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of which contam nants therein have been consolidated by a flocculant and
caused to deposit at the bottom is introduced above the filtration sand
layer 12. In addition, a surface cleansing pipe 22, for sprayiRgypeder
froma nozzle to strike the surface of the filtration sand | ayer durlng
surface cleansing; and a trough 21, for draining the wastewater generated
during surface cleansing and backwash cl eansi ng, are provided above the
filtration sand | ayer 12. Next, purification process steps conmmonty used
for purifying. untreated water will be briefly described. Untreated water

i s dr awy icetieiagchhbotathbn apedepnsins andrisserivey clepoming watery firakes, and
the like. The contami nants in the untreated - water are consolidated by

addi ng 2 1fdwRGCHLaBkuTECEhafEbe PA ¥ HeOR Gt Sk @l UM TN t Aol rebereoisol i dat ed
contam nants are caused to deposit on the bottom of the

I 4 T t d d
conso 'aﬁf@ﬁ %%%%3) egﬂﬁ ﬁ';gfr?{aféé of ?Elwgeaea SDAa WY Boks Ard waed an

sent to tration reservolr -above the filtration sand

| ayer 12. .Fine suspended natter |ch s not
consol i AT R |?€% F 1 V2RO 0 (?%}é¥n§gﬁéﬁtr |3ﬁiwggﬁd 12.
The. filtered mater is collected at the mat coIIectlon araé
provi dtrad LRES| ARACHRF t lorTof tHEFHRGH Sgééamﬂﬁl tJrSatP‘Bﬁ E‘E% E%Yr
The collected water is disinfected with chlorine, and retained at a vvater
di st ri bep¥ayiresdremisingater frorathe supasae cd eqeErhng §iRe 22 sevhder
day. Ceansing of sand 23 4 -May 2005

the surfaces of the filtration sand 12, during the backwash

cleansing cnf at a timing matched with ‘a certain point in the_
béckwaéh cycle, The wastewater generated by the surface
r:;leansing and the _ba'ckwash'cleansi_ng -is drained by the trough 21
When cleansing is co.mplete, p.retrea-ted water to be purified is
"-“'“.‘agairi sent to ‘the filtration .'reservc_)fir, and f-ili;.ra:tion is
| recommenced . Normally-, the w.a‘teAr-p‘urification and sand cleansing
steps are auj-:ométea.-. Depending on the state of the uﬁtréated
" water to be pu-:;:ifieci at the wéter.treatmegt plant with the high
~ speed filtration méfhod, the timiné of the surface cleansihg and
-B'ackwash cleansing may be preset. 'Alternatively, the surface
cleansing and backwash cleansing may be sét to be aurtomaticail'y
peﬁ:formec-:l __w_ﬁen the head loss. exceéds a prgdetermined value._'.
As shown in Table 2, standards for filtration sand (Japanese
Water Works Assbciéti‘on Technical Standard JWWA A 103-1988) are |
‘e's_tablished as: less than or 'e;eqUal.lto 30 decjrees‘ for post. ¢1eansing
" contamination degree; less thanor equal to 3.5% for hydrochloric

" acid solubility; 0.45~0,70mm for effective particle diameters; '
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by ceasing filtration operations and forcing cleansing water from a | ower
pressure chanber of the high speed filtration reservoir, thereby causing
the particles of filtration sand to float and rub against eachppibgis iS
performed at regular intervals, or when head |oss reaches 1.5m Surface
cleansing is perforned 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

back h | e. . Th , : <G [ dth
packvasird) Gt itgT SrapBiaLat ey T haity oo ort (reRt g cdnBing FeAnd the
conpl ete

pretreated water to be purified.s agai.n sent to the filtration
reservoif, SHEFFY t CAERBRIPS ?%@oﬁﬁ%ﬁkﬂﬁfhwwﬁ%ﬁﬁﬁ%ﬁHQ:hésma?%¥gﬁﬁw??ication
and sand cl eansing steps are autonated. Depending on the state of the
unt r eat segularky 88 sEsaribEdkerhave hendaredened BIRHRSSAS hatBe hi gh
speed filtration nethod, the timng of the surface cleansing and backwash
cl eansi pgr flaymbeé gueasetevaht granat i \idl yenthen st phsse frohddrsitigieaniebackwash
cl eansing may be set to be automatically perforned when the head | oss,
exceedspaw ¥HHELS Thiedarakde, afs ndhewtddbiabhe chntstndindereds sfaod of
filtration sand (Japanese Water Wrks Association Technical Standard JWM
A 103- 1988) o &1 CcofBiRPhashed t23ch i8S EnkNaM O aeBIRbaha H)cdRBARERakcOT
post. cleansing contam nation degree; less than or equal to 3.5%for
Y Oros 1o e 2 feIRDL] X1 Ry 4enlahl WA 1% SLGPEE 1¥0L PG bELTees,

di amet er's;

the hydrochloric acid solubility is 9.7%, the effective:particle

diameter is 0.533, and the uniformity coefficient is 1.485. |

[Table 2]
Established Standards Contaminated S-and
| for Filtration Sand
‘Contamination Pos?: Cleans._i..ng . 30 degrees or less- ’ . 1,480 degrges
‘H.yclrochlorj.c Acid Solubilit;y; 3.5% or ‘less ; ] 9.7%
Effective Particle Diameter 0.45~0.70mm . 0.533
Unifg;mié:y_cdefficient 1.7 or-le‘ss - 1.'4_85_

1f filtr_a1;10n sand to which contaminants are attach_ezi in
t';his manner continpes tobe utilized, _clogging due to con'taminan-t§
occurs, causing raioid increaseé _in head loss. Therefqre} the
frequency of backwash cleansiﬁg is increased, and the watler
pressure _infrolved.therewithAaffects the gravel layers, qUickénin_g—
thé fdrmatio_r}_ of unevenness in the thickness theredf. By the.
formétion of -un‘éveﬁness- i‘n the thickness of the gravel layers,
the sand layer becomes thin at the portions where the gravel layers '
érg thick, .cau-sing; insufficient filtration at these portions. In

addition, breakthrough of sludge and contaminants that separate
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and less than or equal to 1.7 for uniformty coefficient. Even. if surface
cl eansi ng and backwash cleansing is perfornmed regularly as described above
and regeneration processes are performed every seven years, i} Magnoysears
pass fromthe tine when new sand is introduced, as indicated by the
contam nated sand of Table 2, contam nants attach to the filtration sand
to contamnate it so that the post cleansing contam nation degree is 1,
480 degrees, the hydrochloric acid solubility is 9.7% the effectivel
particle dianeter is 0.533, and the uniformty Coefficient is 1.485.

[ Tabl e DfoEsthbl ifshddasigndarand Concant natedaddie L ¥ obnH reraingn thénd
Cont am nati on Post cleans ing 30 degrees or |less 1,480 degrees

Hydr ochipoail ttAco il tSod ubiltdneB Wwaberor Resegengda tEbhe priove skabicoine s

Di aneter 0.45-0.70mm 0.533 Uniformity. Coefficient 1.7 or less 1.485 If

filtrathoressngyt of Whe he CORE 265 SNt Ss@F o vk t aghedes natt Bhismeraee.
continues to be utilized, clogging due to contam nants occurs, causing

rapid incr ea%?éré{%tgbg@h,;%@ﬁodlwn%fsow chberi {E LAUENE Y Afq Radkarsi

cleansing is incre the water pressure involved therew th é%fects

t he |, ickeni he f ti : [ . t hi ck
ner corS THPTha 6 nBEt CREBE Shay EHREes 15 1 RE- 1Y ERABes BPLHT el
I . th d | t hi t th ti wh t I
| ayer s EhlTERTOR SMisr AGRRRLOTIThS SREZPREARSTTAN Hi STRE e

addi ti on, breakthrough of sludge and contam nants that separate
~apparatus; and returning the sand, from which contaminants have

In

been removed, to a filtration reservoir; in | addition to the
cOnventioﬁal cleansing steps des_cribed above, will be described.
(Embodiment 1) |
‘ A sand cleansing apparatus ‘as disclosed in. Japanesé
"ﬁnexamined Patent Publication No. HeilO'—109051,'which cémprises_:
‘a tcleaﬁS'ing. tank for con{:éining sand and cléansiﬁg water therein;
a screw conveyor that rotates about a s_ubstantiaily pérpgndicular
axis within the c;gansing tank; a rotating means for rotatiﬁg the
screw conveyor at a speed. so that: the rotation of Vthe' screw
conveyor causes Athe“sa.n'd and cleansing water tq-'be élevated-while
contaminants are removed frém the sand- by contact between
i parﬁicle-s thereof with the cleénsi'ng water thefeb'etween, at a
‘lower portion of the screw convé.yo:c which is bér}eaj:h the surface
of the cleansing water, and the rotation of the screw conveyor
causes the sand to flow Whiie "-contaminants are removed from the
sandrbyICOntact befween'particles tﬁereof with a slight amount

of contaminant=laden water therebetween; and a circulation.means
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25 4 May 2005 fromthe filtration sand occurs, negatively influencing the
quality of the filtered water. A regeneration process becones necessary if
the filtration reservoir arrives at this. state. Hereinbel ow, @n@pﬂxﬂents
of the filtration sand cleansing system which perforns the steps of:
extracting a portion of filtration sand; cleansing the extracted sand in a
sand cl eansing apparatus; and returning the sand,. from which contam nants
have been renoved, to a filtration reservoir; in addition to the

Conve“tf&mab%'ij@n h8% FLERS.e3id edabousa W dndeqdgschbbedon o

( Enbodi nent eansi ng apparatus as disclosed in Japanese

Unexam ned Patent Publication i 10~10905 IS

cl eansi i tHHETF FCGCS M4 ﬁhggnEggnaaE%ea%s%%%¥€%%£rgﬁggée|€ﬁera screw
conveyor that: rotates about a substantiall er pendi cul _ v% h|n t he
cl eansi FRAY BAIAY & SETAHEG hEgisodoPL rﬁﬁﬁﬁﬁﬁgnghewa§c?@§i%8ﬁé Brihf

speed so that: the rotation of the screw conveyor causes the sand and

cl eansi smpdvatlerartso rige apicewattad whi | Bs FoMmiimAiosrs ¢ pBADYEALER oM t he
sand by contact between particles thereof with the cleansing water

t her ebetmken coalt atni nbawelr £ Pbrtaioivobahleras seat tongdymt fihdola teri@neat h
the surface of the cleansing water, and the rotation of the screw conveyor

causes {11g) ndnkorf] ovatrhoh Q:é‘é@i:tvaﬁlrnarlbﬁ e ptRpOY edifrriony the timnd by
contact between particles thereof with a slight anbunt of contam nant-

| aden wej eq,; et %Q’?‘va‘ﬁﬁhu@é@) awﬁbﬁc@lﬁtﬂéﬁé NB88Snsing and backwash
cleansing wasqpeing'performed; The suctioning of the fil;ratipn
sand was performed_at a -depth of épproximatelyﬁiOcm above tbe
gravel layer 13 (the filtratién sand layer thickness is GQcm);
The filtration sand (5) suctioned by the pump 2 was sent to the
sanq_pleapsing apparatus 3, and cleansing waé perférmed for
apéroximately oﬁe hour. As shown in Table 3, the degree of
contamination of the suctioned filtration sand (5)-décfeased to
11 degrees from 1480 degrees; the hydrochloric acid solubility
decreased from 9.7% to 2.8%; and the uniformity coefficienﬁ was
impto?ed ffom¢1.485 to 1“280‘ It can be underst@od that-phe'
filtréti&n_éapd‘is.returnéd_to levels oflnéw sand, by;cleapsing

for approximately an hour.

[Table 3]
' | Contaminated ‘ After Cleansing (minutes)
sand | 1w |20 130 - . }eo
| Contamination (degree) 1,480 |77 g 14 11
'| Hydrochloric Acid Solubility 9.#% 17-7% ]4.3% 3.5%: 1 2.8%
Effective Particle Diameter |0.533mm | 0.599mm | 0.596mm | 0.597mm | 0.595mm
| Uniformity Coefficient 1.485  |1.287  [1.28¢ * |1.284 |1.280
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26 4 May 2005 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 nmethod of cleansing, was enpl oyed as the4m§?ﬂ%5

cl eansing apparatus 3. As shown in Figure 1 and Figure 2, 1m3 of -
contamnated filtration sand was suctioned out froma corner (la) of the
filtration reservoir 1 by the punp 2, during the time (7 m nutes~10

m nut es) when surface cl eansi ng and backwash cl eansi nhg was bei ng
perfornmed. The suctioning of the filtration sand was perforned. at a depth
of apprb3§ At addd dysdlahsang d6a) ragetesedt He 3 iqk93n5ssh Sea8d | ayer
thi ckness is 60cm The filtration sand (5) suctioned by the punp 2 was
sent tosthek tand,claursiingrappeatens 3Apamdxdmedredivngd Svabopesf erfived f or
approxi mately one hour. As shown in Table 3, the degree of contam nation
of the Sirtiratesh Wdst ratomnesasd {tOrhdacigaspecdori ldrdegsras slramikd 80
degrees; the hydrochloric acid solubility decreased from9..j%to 2.8%

and thei unif 0t Pht YoRO0GhK Ged¥ed¥@Sand "PHAFSEL f EPBLASIRG LAAL 1ABRwaldh can be
understood that the filtration sand is returned to |levels of new sand, -by

) Sane! S Py dOREO PSRRI LA Wy £ WP iR,
14 11 gyr(ljcri%:ahsl" (Jj:réit%r'?‘%cfj _tgolzﬁ'g i%;{iélra?tj?g/f)l 71:"e7so/e0J:A'\io?)io/r(_2 :i~g?€/0a2 'c%)/fne-r {1b)
.opposite the corner (la) thereof. By repeating this cycle,
substantially all 60m® of filtration 'sand in the filtration
reservoir 1 was cleansed in approximately 120 days.
(Embo_diment 2)
Filtration sand cleansing was performed in the same manner
‘as FEmbodiment 1 described above, e}icept' that the specific sand
. cleansing apparatus was replaced With a conventional jet water
-~ stream sand cleansing apparaﬁus. .As shown in Table'él, although
there are slight significant differences between Embodiment -;L,
.which employed the specific sand cleansing apparatus, and
Elinbddiment 2, the con.taminated sand was drama-tically cleansed.
In the case of Embodiment 1, there was hardiy any -cilange in the
effective parrticle ‘diameter. However, in Eml_jodiment‘ 2, as
.cieansing was perf‘ormed: for a long time, the_ effecti\{e particle
diameter decreased, and the uniforﬁtity coefficient inCreaSed. It
can be understood that in a conventional sand cl_eénsing apparatus
that employs a jet water stream, -the Sana collides with pipes,

walls, and the like during cleansing, - causing destruction
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Effective Particle D ameter 0. 533= 0.599M 0. 596mm 0. 597nm 0. 595mMm
Uniformty Coefficient 1.485 1.287 1.284 1.280 27 4 May 2005 The cl eansed
filtration sand (Ga) was stored in a cleansed sand stock tanksmgppdogi ni ng
wat er. Approxi mately 48 hours after filtration was recommenced at the high
speed filtration reservoir 1, filtration was ceased, and surface cleansing
and backwash cl eansing was performed again. During this tine, the cl eansed
sand was returned to the filtration reservoir 1 at a corner (lb) opposite
t he cor qgr ia(ol@) thereof. By repeating this cycle, substantially all 60m 3
of filtPAtiOn sand in the filtration reservoir 1 was cleansed in

approxi mately 120 days. (Enbodinent 2) Filtration sand cl eansi ng was

per f or ned i n Elabley manner as Enbodi ment | descri bed above, except that
the specifiT sand ~Treansinorappararusvas TeplACET.WUiLN @ elyentibnal | et
wat er | stream sand cl eansi ng| appar at us}—As shown i+-n-Table 4 althoufh :
there jare slight significant] disfd er ence® bet wg€f Enbodithent j€° which
enp! oyfed 1 he ecitic_gsand C ing appar atug,;-and odimept 2, the
conta_"%ﬁ%aénan%g%nd (e s%dr amat g’%P‘?y cl eaﬁged. Ilﬁgt he cgasae ofménbodi rent 1,
t her e Mavsrdvatadliy Aafy Selvabigey | de’the  ef f &@fi ve |Fafti cl ¥ dPangt®f® Hoyever,
in Enbiodi:0RO}. 2.r:851c F1.580081 NG, 598& Perf oreatsk [foQbosan | PO obinTey. 571dRe |
ef fectiive particle dianeter|decreased] and the unifofm_ty doefficient
i ncr eas@dforpity goghfisdetinder s bd8° t hat .| hr24” corveft’s onaf'.zgéan ~¢’eansi ng
appar at us

Next, a method and system for cleansing f"ilt_:ration 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 .1':'hé flow-o_f' fllf:raffén
‘sand cérres‘ponding to a plural'itf of filtration reservoirs.
Figure 8 is a diagram 'that shows an example of the movement of
~filtration sr;md among filtration reservoirs. Here, a -
filtrati-on sand systém as shown in Figﬁré 7, comprising: six
high speed filtration reservoirs A t'hrou;gh F; one sand cleansing
apparatus; and one retention tank will be described as an
examble. However, thé pfinciple 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 cil_eansing is performed e\'re-lfy 48
hours. As shown in Figure 7, the intervals betﬁeenltherb'ackwash
cleansing of eiach of the filtration reservoirs is eight hours.

. First, a predetermined amount of filtration sand is -s-uctioned._
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that enploys a jet water stream the sand collides with pipes, walls, and
the like during cleansing, causing destruction 2.8 4 May 2005 thereof.

[ Table 4] Contami nated After Cl eansing (mnutes) Sand 10 20 3@na02005
Cont am nati on (degree) 1,480 208 173 167 88 Hydrochloric Acid Solubility
9. 7% F9. 2% 8.9% 8. 7% 6. 6% Effective Particle Dianmeter 0.533nm 0. 606M
0.603mMm 0. 590mm 0. 577mm Uniformity Coefficient 1.485 1.287 1.287 1.290
1,301 Next, a nmethod and systemfor cleansing filtration sand in the case
that a plurallty of high speed f i Itration reservoirs are provided wll
be descPiberf \fﬁJ{lWrraéflé’PeﬁééeFBOFFg%lreTﬁeaﬁ&CtFPQ&ﬂefBltﬁﬁﬁaPE Fapd 3

di agram showing the flow of f iltratfon sand corresponding to a pIuraIity
of filtiatdlmansstioa ose hdimgunetBeisand dilaprahnchaprpsiretsisan Banpl e of-
the novenent of filtration sand anong filtration reservoirs. Here, a

filtratfdnesandos Sirin dsonRa@Wth konit@witaht schape itlsdaryg revovedyi g8 speed f
iltration reservoirs A through F, one sand cl eansing apparatus; and one.

retenti gt apnkqWd 'th*éereﬁéﬁﬁeﬁdtéﬁkamnfé@rﬂﬂz&allfm/%%r bhewprépciple is
exactly the same whether the nunber of filtration reservoirs is greater

than orLess: AIAR Sk *-ofidifAld OLd&REr VoI A LPAPHAR Fo18BFskl! tration

filtration sand is returned to filtration reservoir B, at which
backwash cleansing is commehc—'ed eight hours after the backwash
eleansing of filtration reservoir A "’.During the backwash
cleansing of filtrdation reservoir B, contaminated filtration.
sand is suCtior;ed-ouﬁ 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 cohtains weter or wgtér-containing an
oxidizing ageht. The retained cleansed filtration sand is
returned to .filtration'reservoirvc, at which backwash cleansing
is commenced eight ﬁours after the baekwash cleansing of
filtration reservoir B. During the baekwaSh cleansing of
filti:ation reservoir C, contaminated 'filtratipn sand 1is
_suctioged-ouf therefremg wﬁile cleansed filtration sand-is}
returned-thereto. In this menner, when 48 hours pass, a
predetermined amount of filtration sand is suctioned out from
each of all of the filtration resefeoirs A throtgh F;'ahd ae

predetermined amount of ‘cleansed filtration sand is returned
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reservoirs at which backwash cleansing is perfornmed 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 predeterm pgdyggogunt of
filtration sand is suctioned 29 4 May 2005 out of filtration reservoir A
The suctioned filtration sand is cleansed for one hour in the sand _

cl eansi ng apparatus. The filtration sand, from which contam nants have
been renoved, is retained in the retention tank, which contains water or

wat er CORLRINIJI AN @ did g 13981 onThe J8tAjined pplt,e@ai@d pfilgiration

sand is returned to'filtration reservoir B, at which -backwash cleansing is
comenced ei . ght urs after _th ack . i of _fiktrati reservoir
A ~ leﬁpr?&ttqﬁ‘g %&ﬁ%ﬁas%%eef’éaﬁgﬁngo%\?gp?l %lrl;i?’lr}o%rtlﬂr%élsesf%/ﬂ(‘)(#rgag, tglont am nat ed
filtratiqQqn sand is suctjoned out therefrgg% ﬁhile cl eansed filtration sand
i s ret dridddatHOneFeseTvRIF 1t FRFPBANSaRaY it £il6ABESGut FY SR FEr at i on
reservoir B is cleansed for one hour by the sand cleansing apparatus, and
the cl dhwseaxtsanding.,r edapnednon ané rebeenidgrs ek, tolikeh tEoHMgl ns wat er
or water containing an oxidizing agent. The retained cleansed filtration
sand i ©f r ehar fetckvwedh | clabineingesepevati@s atofivhiac hpbackivash cfeansi ng

i's commenced eight hours after the backwash cleansing of filtration
reser v@irl tathwn ngedidevbackash 1eheaisinngsafd bil ta aplapaleserwd r C,

contam nated filtration sand i's suctioned out therefrom” while cl eansed
filtratdion. $aRGn Seservoirs may be cleansed in substantially the same
| amount of timé as that required for the cleansing of filtration
" sand of a single filtratidn reservoir.

"In addition, in the case that the degree of contaminatiori_
of the filtration sand increases in order from filtfation
.reservoir A to filtration reservoir F: by retﬁrning the
filtration sand, extracted from fiifratioh reservoir A .and
cleansed, fo filtfation reservoir E; returning the filtratibn
sand, extracted from filtration ;eservoir‘E and cleansed, to
filtration reservoir C; returning the filtration éand,
extracted frdm filtfation reservoir C and cléansed, £6
filtration reservoir A; and so on as ;hown'in Figure 8;
equalizationofiﬁitrationsandamongthefiltrationreservoirs
A th;GUgh 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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returned thereto. In this manner, when 48 hours pass, a predeterm ned
anount of filtration sand is suctioned out from each of all of the
filtration reservoirs A through F, and a predeterm ned anount 4efyobsansed
filtration sand is returned 30 4 May 2005 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 maybe cl eansed.
By matching the extracting, cleansing, and returning steps to the timing
of the backwash cleansing operations of a plurality of filtration

reser vdinam whilgh gondemsaadtef havs begni remeveds for BReohivRsHRE rs may be
cleansed in substantially the sane anount of time as that required for the
cl eansifigl tofatfidit regsexvosandoof thesifoglre sftidpsr atfi orsrEsINVoIg .ouh
addition, in the case that the degree of contamnation of the filtration
sand i nGirneasasi ol 94881 firo@M diid t haghOBpek@saTMairatAdd feséradion
reservoir F. by returning the filtration sand, extracted fromfiltration
reservaliodh My THRANIAA: R ildd IAONWERREr YA Ganfe! UoaRgi e
filtration sand, extracte afromflltratlon reservoir E and cleansed, to
filtratjion reservoir. C. returning the fil.trati , tr;act from
filtratiBHsE 'ﬁ’vof?teigﬁiagcl{e}é%sggi?af'g(adf iﬁ%tlrtg{%%ﬁd}?eg%rﬁéoil?l A?g%nd SO on
as shown in Figure 8§, e%;alizatton of f%ltratLon sand a%gggﬁﬁgfbﬁiltration

r eser vaistenta g i BhdaReERrpAng; Lhey iltration sand,

contamiﬁants have been removed, to the high speed filtration

. reservoir, by sequence control, it becomes possible tomaintain

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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Further, by. automatically perform ng at |east the three steps of:
suctioning out filtration sand fromthe high speed filtration reservoir;
cleansing the filtration sand with the sand cleansing appar at y#ay ansh
returning the filtration sand, 31 4 May 2005 from which 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 with the sand cl eansing apparatus; retaining
the cleangpd. filtration sand in the retention tank; and returning the
filtration sand, fromwhich contam nants have been renoved, to the high

Tai ntain T Py ERERPB b i T N dud ARy g% RATORT ShWw SHRd f or
an extended period of tinme. Therefore, the tinme period between
r egenét&PSoRfpr ocesses can be dramatical |y extended. 32 4 May 2005 CLAI MB:
(1) A method for cleansing filtration sand conprising the steps of:
suct i oni ng cutctal gristeterimianededatentniokdf pnppati ofi §dhtiratiom samidgh speed
filtration reservoir, that perfornms purification of water using filtration
sand, favk NG a Wagkwaspeed! ednstRgtopar atde@@rvoir, that performs
- purification of water using filtration sand,,dﬁrihg a bagkwash
cleansing operation:;
.-c_:upply'ing the extracted filtration: sand to a sand cleansing
apparatus;
cleansing the filtration sand tc remove contaminants
1 therefrom with thé sand cleansing appafatus:
returningthefiltrationsand,frmnwhichcontaminantéhave
been removed, to the high.speedqfiltration.reservoir, during the
back waéh Cleénsing'operation; and
,repea;ing thé above suctioning, cleansing, and returning
. steps Fo_cleénse the filtration sand of the high speed filtration
reservoir.
(2) A method for cleansing filtration sand as defined in
Claim i, wherein:
“an appafatus comprising: -
a cleansing tank for cohtaihingfsénd and cleans;ng.wgter
thereiﬁ; |
a scréﬁ conveyof tﬁat rotates about a substantially

.pérpendiculat axis within the cleansing tank;
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suppl'ying the extracted filtration sand to a sand cl eansi ng apparat us;
cleansing the filtration sand to renove contam nants therefromwth the
sand cl eansing apparatus; returning the filtration sand, fromxkgoos
contam nants have been renoved, to the high speed filtration reservoir,
during the back, wash cl eansing operation; and repeating the above
auctioning, cleansing, and returning steps to cleanse the filtration sand
of the high speed f iltration reservoir. (2.) A method for cleansing
filtration sand as defined in Caim1, wherein: in apparatus conprising: 4
cl éansi ng t afkrPEALEBHIEGIHI TG OFaRatakdgl ‘é‘é‘ﬁsﬁ%%ﬁ’@?’eyf’ﬁe?%i%?ggegcrew
conveyor that rotates about a .substantially perpendicular axis within the
cl eansiswy tthatk; the 4oMaypi2006f the ctcrewngcomeager craysrattihe sehd dadew
conveyor at a speed so that: the rotation of the screw conveyor causes the

sand an¢les£heangivagevai®ebeldd i trldwhied aditemTwant tararantsneved feonyved
from the sand by contact .between particles thereof with the cl eansing

wat er thek eReldBe et adt MG P phir@l et BReFEHEW LONUANI 1WA ing! S
beneath the surface of the cleansing water, and the rotation of the screw

Convey%‘af&iﬁﬁrteﬁgtﬁrggg,té’t E\l Pé“v&@ ipJo%:tCiQﬂI é%i R rew conveyor which

is beneath the surface of the cleansing water, and the rotation -
of fﬁe screw conveyor causes the sand to flow while contaminants
atre removed from the sand by conltact be‘tween'particles thefeof
with a s'l‘i'ght amount of contaminant-laden m.rater therebetween; and

a circulation means for é,au‘sing the elevated sand to descend
to the lower por.tion- of the screw conveyor so that the sgnd is
‘elevated again, is utilized as the"s_and- c'leansing apparatus.

- (3} A method for cleansi.n_g_. filtration sandwas.definee_i-in
either Claim- 1 or Claim é, wherein:

after c-onta_minants- are removed :.‘:'rom‘ the filtr—?ation sand
by the sand cleansing apparatus, the filtration sand, from which .
contaminants have be_eﬁ removed, is retained in a fetention tank.

(4) A method for cleansing filtration sand as definéd in
either Claim 1 or Clraim 2, whereiﬁ:

the fi‘ltrat_‘.ibn sahd, from' which contaminants have been
removed, is returned to the high speed filtratioh reservoir before
the completion of the backwash cleansing operation dufing which'
the filtration sand Was sﬁctioned out. |

{(5) A method for cleansing filtrati_on- _'sand as defined in
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ate renmoved fromthe sand by contact between particles thereof wth a
slight anpbunt of contam nant- | aden water therebetween.; and a circul ation
means f or causing the elevated sand-to descend to the |ower peg}bes of
the screw conveyor so that the sand is elevated again, is utilized as the
sand cl eansi ng apparatus. (3) A nethod for cleansing. filtration sand as.
defined in either Claiml or Caim2, wherein: after contamnants are
renoved fron1the filtration sand by the sand cleansing apparatus, the
filtratjion, sa fronlmhlch ‘cont am nants have been renoved, is retained in
a ret enttdiftt hk DeYUS N nethod for cleansing filtration sand as defined in
either Claiml_or Claim2, wherein; the filtration s fram whi F
cont ani nants hhfe HFEHT 9%nﬁV§Hl°P§n9etGﬂﬁé&sﬂagthéﬁalﬁﬁgﬂﬁﬂﬁpq|E Fation
reservoir.before the conpletion of the backwash cleansing operation during
Wi ch fhbttatl®ai$@md9$WQlW%EfQﬂmﬂd(ﬂﬂﬂihﬂHQuséﬁ)dﬂrﬁéﬂh@gefgﬁCEWé§H5|ng
filtration sand as defined in 34 4 May 2005 Claim4, wherein: the steps
of suctibedmgingl epasatgonand returning the filtration sand are perforned
continuously during the backwash cleansing operation. (6) A nethod for

cleansing fil k3t hoRecRDE BSrdefémesing £ @ddBibn WeiRiay deliéneet éntion
t ank Contalns wat er or water containing an
Claim 3, wherein:
the retention tank contains water or water containing an
oxidizing agent to prevent the filtration sand retained therein
from contacting air.
{7) A method .for cleansing filtration sa_md, cqmpris‘ing the
steps of:
| ﬁsﬂctioniﬁg out-a predetermined»amoﬁnt_of filtration sand
from .a’ highA speed' filtration reservoir, thét . performs
.purification.of water usingrfiltration sand, during a bagkwash
 cleansing operation;-
su-pplying the extracted filtration sand to a sand cleansing _
apparatus; =3
cleansing the filtration sand to remove~chtaﬁinants
'therefrom-with the sand cleansing apparatus;
retainingthef&lﬁnationsand,frmnwhichcbntaminantshave
been removed,;in a re£entioh tank;
returniﬁg the retained filtration sand, into a high speed‘
filtratioh reservoir different from that from  which the

filtration.sand has been extracted, during a backwash cleansing

35



oxi di'zing agent to prevent the filtration sand retained therein from
contacting air. (7) A nethod for cleansing filtration sand, conprising the
stops of: suctioning out a predeterm ned amount of filtration sgagaodsr om a
hi gh speed filtration reservoir, that perforns purification of water using
filtration sand, during a backwash cleansing operation; supplying the
extracted filtration sand to a sand cl eansing apparatus; cleansing the
filtration sand to renpbve contam nants therefromwth the sand cl eansing
apparatus; retaining the f .iltration sand, from which contam nants have
been r IRFAREIGH Heeght iddtank; .returning the retained filtration sand,
into a high speed filtration reservoir different fromthat from which the
filtrati on saheP®ablhgdrhexboyet sdctioning, aclherkebnd, dedaigiing, 35d4 My
2005 operation thereof; and repeating the above suctioning, cleansing,

ret ai nirghumanthg vperanibgsoperabzass the €heanaeibhesdnd bifad pamrsandyof a
plurality of high speed filtration reservoirs. (8) A nmethod for cleansing

filt ratc;prh%mcg@e%cdeﬁmga{{bn HWsOfvsisd s 1 through 7, wherein: the
repetition of each o f the steps is automatically
(8) A method for cleansing filtration_sandAas defined in
any.of claims 1 through 7, wherein:
the repetition of each of the steps 'is automatically
perfgrmed by'sequence control.
(9} A method for cleansing filtration sand asrdefined in
any of claims 1 through 8, wherein:
the filtration sand from which contaminants have been
“‘removed is returned to the high speéd:filtratiqh'reservoir at a
-poSition rémote from the positioﬁ f:onnwhich.fhe filtration sand
‘has been suctioned ocut.
(10) A method for cleansing éiltfation sand as defined iﬁ
any of ciaims 1 through 9, wherein:
the position at-which filtration sand is suctioned.out is
-chénged per every suctioning operation.
(11) A method for cleanéing filtration sand as defined iﬁ
any 6f ¢laims 1 through 10, wherein:
the position to whic¢h the filt?aﬁibnvsand; frqm_whiéh
' contaminants have been removed, is returned is changed per evefy-
returning opefation.

(12) A method for cleansing filtration sand as defined in
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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 contanminants have been -renoved is returned to the highssrgedos
filtration reservoir at a position renote fromthe position fromwhich the
filtration sand has been suctioned out. (10) A nethod for cleansing
filtration sand as defined in any of clainms 1 through 9, wherein: the
position at mhich filtration sand is suctioned out is changed per every
suctionin ratlo 11 for clean3|ng filtration sand as
def i n88Yi ?lﬂﬁ gléﬁﬁﬁaﬁﬁ¥ﬁﬁd Twherein: the position to which the
filtration sand, from which contanlnants have been renoved, is returned is
changed perQhﬁn%ﬂc¥b@%%%gn@foﬁéﬁﬁﬁﬁﬁioq1??“% St RSUE Fgmed e&hsh ng
filtration sand as defined in 36 4 May 2005 any of clainms 1 through 11,
wher esnctibe dwctdecomhga oftfehgtht Ebatsawds agper formednevehnasssaéti on
force of a strength that does not form unevenness of thickness in gravel

| ayer ghatkhbe shi @lyrapeadi fvE s att BRe hasAr ¥peed fidlltration reservoir.





