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’ [B . e in a washed-sand stock tank (4), and stored
2 filter sand (7) is returned to the rapid filter
{1) when the rapid filter is backwashed.
ey g EHARy 2 : An automatic washing of filter sand in the
N ; rapid filier is possible by repeating the steps
o of sucking, washing and returning filter
\¢& *---FILTER POND SURFACE HASHING BY BACKHWASHING (7 TO 10 MINUTES) sand, whereby a sand washing function is
Q B...FILTERING (48 HOURS) regenerated by a washing method other than
&) C---CONTAMINATED SAND SUCKING TO SAND WASHING MACHINE (1 M’ surface washing and backwashing to thereby
& D...CONTAMINATED SAND WASHING (1 HOUR) drastically prolong a regenerating cycle of a

o E.

[sEn)



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 watefmayasd to a
systemtherefor. Mire specifically, the present invention relates to a
met hod of cl eansing a portion Llihatign nedia which is renoved froma
hi gh speed filtration reservo??%C&gggAﬁgbg system used therefor. Background
Technol ogy Water purification processes at water treatnent plants involve
addi ng CHEWTER| SAND WASKEENG adETwomr Alp ayns feperemvers, | akes, 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 skimed and sent to a filtration reservoir, where it is passed through
a layer of sand (filtration sand) to renove the finer suspended nmatter.
This wa erhis tﬁe%iéw infected with chlorine. At high speed filtration
reservoi?g,nlfggu arcleansing of filtration nedia is perforned at

intervals of 24-72 hours., As nmet hods of cl eansin filtrati edi a,
“there are: suﬂﬁﬁ%é?%¢%ﬁﬂki%Rﬂeqq%%ﬂn%ﬁi%@ﬁ%rg sasg?ggég ?§oﬁﬁ ag%&z le to
strike the surface of the sand |ayer; and backwash clegggtﬂg, in which

puri fi edfiNsretion pandedf vt H11HEEiPRIERIVAVOFYSRIE? FHUHTR “Adwdr

pressure chamber to cause the sand particles 4|Nhy“2005 ‘
and to a system therefor. More specifically, the present

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




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 %ma@soos
contam nants) 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 fromcontam nant accunul ation

t hereon, clogging due to the separation of materigls .. that had been

att achle®l ¥¥Pta2inFtraRrbroRRara, tandSMREe ERRLAGLNGE1e cont ani nant s

t hensel ves. Conventionally these problens were dealt with by, for exanple,
i ncreasi ng t Bwefr eifueavyfotet huledrnzkves Angr deagiwasoweleansing hereackwash
process is repeated over a long period of tine, the water pressure thereof
i nf | uehegslaevenpdhfogiayelpdiayeramits cdn shepeatert heofitbminthbn sech a,
creating areas of different thickness, in said |ayer, which is optimlly

flat agngd Ofudfe cnereliRb¢kBeSSe rNEBINE a8l ¥Rt ah BY S Lt s Pepai®dsh waeyes, the
sand layer is thin at portions where the gravel layer is thick, and

| nsuf LGEeOLLidd EALTAN GCAY Sy Abresp ndtl EbONS10iBedLL 4 als end unct i on

i's reduce tration Treservoir does not function properly, and the
suppl y ofRfafe wat econes i ssi bl e

i o MR PORIRIR EFiRe 157 o St BRRargr (5 e PR BgohId! FafhPelecs.
whi ch ngongaEti%n4o¥héﬁgggsamong.the filtration media due to the
progreésive .thigkening 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 déalt with by,‘for example, incréasing'the frequency of the
backwash process. However, if thelbackwash process is repeated
. over a léng’peribd.of timé, the water;pressure thereof iﬁflﬁences
-even the gravel layer which‘supports the filtration'media,
creating areas of different thickness in said layer, which is
'optimally flat and of éh even thickness. When the.gré§ei 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
beéomeS'impcssible.
In ofder to restore propéf filtration function, it is

necessary to perform a regeneration process, which involves:




ceasing the total operation of the filtration reservoir, renoving the
filtration nedia, cleansing and sieving the renoved filtration nedia, -
inspecting and correcting the interior of the filtration resesyybgos
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 paid;iQ thBet Yed Loph@limBNS s RNt 1 Or8PER rddierddi€f Yahsvhggveen
regeneration processes as long as possible. There are cases in which the

regener. sses as'Tong as_possi bl i
processthe now Saton s, SRt AR SR8 gl EFRCTSERLVES,

per cent of .collected sand that is acceptable as filtratjon sand is only
D0 5056 EEREPeti h yied A addiabesii o e0s SPBEP AEHOdoEHe |11t oiel st Fhge new
sand is utilized. Therefore, filtration sand is regenerated by cleansing
and thefilkeatipre resenveks, ofephacpraesbhe fhlbReLaAN mMRa¥a Hﬁgbogéa a sand
cl eansi ng apparatus which enables cleansing of filtration sand to a degree
of cont &l bratomn | essdidamwioicleqbals bee80, chbinheds a dlcateyeof, cltbanl i ness
close to that of new sand (Japanese Unexam ned Patent Publicati ons No.

R10( 1998244 R00s0i omnfrbdds 61989 e xtAeimd§) ,cdyt I8npl axyd ngs adueyabusaadar y

nmet hod called a scrubbing cleansing process. By use of this apparatus,

filtrat %Pﬁcéygoﬁﬂ@nfﬁiﬂéﬁioﬁ Ord@tv®ir a  iddth JPHhdigRer A Neadato -3 4

May 200 _
‘a decrease in water treatment efficiency. Therefore, the:_:e is

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

the _infervals bc_etwe‘en regeneration procésses as long as possible.
| There are case.s in which the filtration sand whi.chA is.
replaced in the course of the regeneration préces§ is.hew sand..
However, étringent standards are set so that the percentage of
collected sand that is acceptable as filtration sandis only'10'~20% 7
in real-ity; In addition, costs are increased .in the case that
new sand is utilized. ’i‘herefore, filtration sénd is regenerated
by cleansing and the like . The inventors of the present invention
have proposed a sand cleansing apparatus which enables cleansing
of filtration gand to a degrée‘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) —05752'6) ; byemploying a revolutiona:%y methéd called |
a sc:i:ubb.i'ng cleansing p].;cﬁcess. By ﬁse’ of this apparatus,

filtration function similar to that of a filtration reservoir-that




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

i S not

process. However, the quality of water to be filtered for use usay206pidly

replaced in the filtration reservoir during the regeneration

deteriorating in recent years. This is due to: pollution of rivers,
and the ocean by city waste water, industrial waste water, and
agricultural waste water; acid rain that includes nitrous oxides and

sul fur

deterloratlon in the quality of water _to be flltired contam pati on of the .
filtratPBRLISEAdIRYs %ﬁ:ﬂﬁbnb%d capabdRoif i PeTRaB| &ef.

oxi des due to' atnospheric pollution; and the |like. Due to the

whi ch were capable or being utilized for a period of 7-10 years under

nor mal

bpttnethgn seaddisinmisrapsacedwngthe Kan tirind ipaces o £y elye deyranidon

processes. [Table 1] Reservoir/Year Contam nation post Dry Weight of

Hydr ochthei cefoneret éanspngeédss.C eansi ng Cont ami nants Acid Contam nation
Wei ght Solubility (degree) (g) (ng) (no/g) (% (degree)

1150 23.963 136Qelé2, 1994 HHA3QABr 44105413 4@ 311&%@@%%%5%9 168

13.350 2.10 140 199.3 6340 48.59 1320 27.166 ~. 80 320 C 1987 4760 48.67

839 17. zég erat | O%ﬁﬁ%@eé&é? 3. 10.} gsﬁos é@g ?J&‘Mlutei’on

mai nt enan

[trafion orrred at

ation

reservob%s are gerlé)kmed to ({%term ne

rivers, es,” and e oceal }gy c:Lty waste water, 1ndustr1a1
waste water, and agricultural waste water; acid rain that includes
nitr‘ogs oxidés and sulfuf oxicies due to atmospheric pollution;
and the like. Due to the deterioration in the qﬁality of water
to be filtered, contamination of the filtration sand has advanced
as shown in Table 1. Filtration reservc.:irs 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 o . Solubility '
(degree)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 2.10 140

1993 6340 48.59 1320 | 27.166 2.80 320

c | 1987 4760 48.67 839 | 17.238" 2.20 169

1905 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

igetyr RYYh +EsBFYoi rs

A 1985 4340 48. 96




time frane of the next regeneration process, and nmainly involve 4 4 My
2005 neasurenent of the unevenness of the gravel |ayer, neasurenent of
particle diameters, and the |ike. Mintenance operations to - p#Bagpess t he
function of the sandwhich has regained its filtration 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 fidy Siheht |4 £ AHOUISAGIMAYS Df B DGR thgR O nedyakeheng. 1
degree, as the result of cryptosporidium provisional neasures mhlch mere

est abl '3939&} cllgeg%la]’_r[%hte%g)e%n\éf Lhet ?f?‘%e éj#erlﬂél% Rlra thilch

pl ant s ncreasi n guency "o ace “tl'ea S|ng an ackmash
clean5|n whi ch been descr.i bed. abave.. However, | hese
i eansmge%%v%ttg&nﬁun%%? Aosapg v t‘ﬁf@a‘?@a PG ek Ak HaR o
obtai nabl e water is decreased, Consequently, the wat er treatnent
ef fi ci efiegction efiicdde | FEORITA T P  PFRESSENE TS oM bERd eb@r FeORAB Tt hat
cleansing is performed.. Further, if the frequency of backwash cl eansing-
is incckasesing e damramts of @tﬂrfmmetamscjmgassdibmtheasﬁ aveknlsapgr s -
hastened. As a result, there are cases in which a regeneration process

must be perforhmedvinosery dbeHeiDtle, and Wesl fdwpighds tikatued l@rieedhiaelsi mts
to the extent which conventional surface cleansing and backwash cl eansing

can deafopithe §88§r8HARbARLNIAat9bnfdt WEREEFONINEEH Ras passed through
filtration rése:voirs, to be less than or equai to 0.1 degr.ee_\.
as the result o_f_ -cryptospoiidium provisional measures which were
established in 1996. To comply with these guidelines( wate-r
trea;t_men.t plants are increasing the frequency of the surface
éleans_incj and-béc’kwash cleansing which have been described.abo;re.
However, during these cleansing operations,, waté_r cannot-_ be
“treated, and the amount of obtainable water is decre‘_as_ed,
Consequently, the water treatment efficiency is reduced. | In
addition, fine sand flows out. evAery'tim,e that cleansing j.s
performed.l, Fu.rt‘her, 1f the frequency of backwash cleansi_ng is
increased, the fo;:mation of uneven thickness in the gravel iayer
is hastened. As a result, there are cases inwhicha regenefatioﬁ
process must be performed _s-ooher. Therefore, it is \_tho_ught that -
‘ther‘e are limits to the extent which conventional’ su'rf_afz'_e
cleéns.ing and backwash cleansing can deal with the contaﬁlination '
of fil-trat;_ion media.

The present invention has been developed in view of the,



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
provide a method and apparatus for cleansing filtration sand jmyo®3aabl es
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, w thout ceasing operation of the
filtration reservoir Disclosure of the Invention An aspect of the present

| vention LIVRR AJRINOUa L 5 € SAISkAL LENald phosand Smising the

a?qv
st eps: ot : suctionin eterm ned anoun trati on san rom a

hi gh speed fi)Jtration reservoir, that perforpns purifi ion of water using
(1P r 200 GHFSHRE TEA T D RAEERAENEARSF nGL SBPEH AT bt SR BEPYi S he

extracted filtration sand to a sand cl eansing apparatus; cleansing the

filtrathah exalled exhovelienmhibmiiione PRy et tHRICRBEEansi ng
apparatus; returning the filtration sand, from which contam nants have :
been rpnovedses obyheehégbrspeag thétfialtoatiesefunctiodueEngan@iebyback wash
cl eansi ng operation; and repeating the above suctioning, cleansing, and

ret ur nhdehodt 8pBet OtBhaange suk€abiel Wialdren mansk Badibeadh gbl spreing,
filtration reservoir. . . : :

without ceasing operation of the filtration reservoir.

Discldsuré of the Invention
An aspect of the preéent 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
Watér using filtration sand, during a badkwash- cleansing
operatipn;
vsupplyin‘g the e};tra{:ted filtrétion sand to a sand dleanSing
apparatus;
cleansing the lfiltratidn.-Sand. to remove contaminants
thgrefroﬁ 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.



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 resgnygbhss a
sand cl eansi ng apparatus for cleansing the extracted filtration Sand; a
returning neans 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 system my performthe processes

of extractiofhe ¢{§2R8A%n aggnpetaw'ﬂgiﬂg thes ddh t At | Pe- SAUL &S @

continuous process, or may pertformthe above processes as batch processes.

The "e i fddddatdon sand” may be perfornmed during a backwash
operat];%{leq}gél%qﬂeﬁ% gh s{:{)eed filtration reservoir. This is because the

filtration sand filters water in a normal state. |If filtratioon sand is
extract ed dutithgh HiReed a1 tFAFACPBOLESERYddn be formed in the filtration
sand layer, and there is a possibility that contam nants may |eak. The
extraction cin féxtragtiions saeanaayobe epérbeitded VHet mrfaresadahcihg is
bei ng performed concurrently with the backwash cl eansi ng operation. The
"ret uthiengrigih fspeedatfiidrt isanidin cemsaksoibe perfornmed during the backwash
operation of the high speed filtration reservoir.. This is because during
the backwash cdé@adstDganpenat i:ppaiiiud i 8r éleansing 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,
cle;hsing, 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. Thi-s
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 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 in4tafsoosst ate,
the filtration sand may be capable of formng a flat |ayer when the
backwash cleansing is conpleted. Note that the returning of filtration
sand may be perfornmed when surface cleansing is being perforned '
concurrently with the backmash cleansing operation, in a sinmlar manner to
t he extraction of eéLb ﬁ and The "predeterm ned annunt of filtration
sand” PEREIELT § OFESHURD (OIS Li1 T FALLPBFSSAT A at rABes |RUETH TR i e
purification of water by the filtration reservoir. It is also preferable
that tlshambaradhesiehl dauaing ithe Gaidratsopesdnd i veim o stiraton force
of a strength that does not formuneven. thicknesses in the gravel |ayer
of the Ifi §hlspetilonfsdnd dis patuesedvioi theThiel 1dtiahireseaansi f apathis a
hi gh speed filtration reservoir is about 60cmthick. In case that
filtrattove, sard fis tadet bansahduiasiengapabexcesstvaniuctd dlaftoleger ovhen
filtration sand is suctioned out close to the boundary thereof wth the

gravel drayghcextAehIbaxshshiayels m;gfbi_sé'cﬁ)ﬁorﬁ&:fé tf ltl’l%r Eétﬁ?niﬁ@dof nmay

becone thlnner and thicker at portlons ereo ere ore

PL?ESO btom e hal W et 4 orm eed %e@%%%%ésgng BT avel |
| ayer. hou there are variances dlng n the structure of the 8
: orme concurrently with the wash c eansing operation, in
a similar manner to the extraction of" filtration sand. The
“pre-determine_d amount of filtz_:ation sand” refers to an amount t;)f
filtration sand that does not affect the purification of wa—ter
by the ,fi-l'tratrion reservoir.
It is aJTso preferable that the “extracti.on of filtration
- - sand” is performed with a éuction force of a strength that doc_-:f-s
not form uneven thicknesses in the gravel layer of the high speed -
‘filt.rati‘on reservoir. The filtration sand laryer 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
| filtra.t_ion sand ‘is suctioned out close to the boundar_:f thereof
: with the gravel layer, the gravel layer, which supports 'thé
filtration sand, may become thinner and thicker at portiohé
therebf. _Th_erefo're, it is preferable that extrac_tioh of
filtration sand is performed with a suction fofce of a stréngt-}-l
that does not form uneven thickﬁesées, in the gravel layer.

ﬁlthough there are variances depending on the structure of 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 hagroonf
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 uti Iized extraction nay be perforned

at 100% o depth of _t atl n sand h m_j.ust

above tﬁé gé %a%ﬁé‘?r aﬂaeté’re 8‘6‘?\ P ASECS AS gg e%nl&lrgllrr%\?% 5 r%mdt e
filtrati on sand y the sand cl eansing apparatus, the filtration sand from
whi ch caft dif n%ﬁ?geﬁ%]%e b&8Atr Sy RXFERC BECR eC&i ek 11R L bt 8ARRORE t ank.
Alternatively, the filtration sand from which contamnants have been

r enovedprefobaedet tiendepth fidem £he tsvatfiage péddrey sild trgéfionesapmgleatdron of

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

bei ng r etfai e s b ftiee thtiekhiees tHardof | n Itthes CaseHehapréferakienthiadn tank -
is not provided, the extraction, cleansing, and returning processes of the

filtrather ogapdchB¥NbBE PELEPAEEH ASardd GO PPN QCESS dBPIME idie
backwash cl eansing operation. In the case that a retention tank is

provi dedyel gufﬁacé%%fﬁ{@@h@tkae& Wadfla 95¥é9 bl gba% RYRAH i IGRIYAI ned

in the Tetention tank so that the flltra 1on sand retained therein does

hot Con %%treglfr C\ihrll O{:he cafsc{)ar teh atrrp r‘? une n%fe%rsa%geégnﬁfgn get is

utilized, extraction may be pgrformedvat‘ 100% of the depth of the
filtration sand layer, that is, from just above the gravel }ayer.
After contaminants have been removed from the filtration
sand by the éand cleansing apparatus, the filtration sand from
-.u-whit_:h contaminants have been removed mé.y-‘be.refcained inaretention
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‘.tyh’e‘c-ase thét the retention tank is not provided, the
extraction, cleansing, and returning processes of ttvl-e filtratiqn
sand may beperformed as a .cbntinuous process during the backwas-h
¢leansing operation.
In the case that a retention tank is provided, it is
preferable that water or an oxidizing agt_ant is contained ih the
retention tank so that the filtration sand retained therein does

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



4 May 2005 oxidizing agent. By transferring the cleansed filtration sand
fromthe sand cl eansing apparatus to the retention tank, cleansing of sand
fromother high speed filtration reservoirs is enabled, in thewngpigs 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 nmanganese fromwater to be filtered, can be preserved.
Wth regard to the size of the retention tank, a size sufficiently -large
enough ¥4y #9911 1 abYohradadestinh & sdtadanhdd Riiror sadact ed
fromthe filtration reservoir in -one extraction operation, in water so

t hat i tfdeethactarsbalaansang appar deuadopted. retivn tistrhban knd lsyestsémd or
cleansing filtration sand of the present invention is applicable to

cl eansioly saeld Eirbirathen Bighl spded f{3eeat ah' rdsghvspeed 4 iddaratddyn
reservoir, wherein four to six high speed filtration reservoirs are

connectigfehIhaipt ¥ sananOidifis AsPaGha¥a e, | BERELIINEhANIESs A wiRldod of

cleansing filtration sand conprising the steps of; suctioning out a

ansi ng ' sand conpr i S s ol ng out
Fecorvart Rl BNt ild PAEREY SRS LECTh ROl ANEPERE Slner Rl

during a backwash cl eapsi operation;, supplying the extracted filtration
sand t&HLITCNEEIRY S uLe 8 g Y
of the filtration sand,Awﬁich has the'abiiityjto_femoveinanganese
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 cleansing the filtration sand to renove contam nants therefrom
with the sand cl eansing apparatus; retaining the filtration sand, from

whi ch contaninants have been renoved, in a retention tank; rejugadg the
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 oni ng,
cleansing, retaining, and returning operations to cleanse the f iltration

sand of a plurplify;, ftmeghfﬁlﬁﬁgt{&ﬂ.tfs%idontée%%wer Seod PEmi RhALHEd
oafilt f

filtration sand Is returned t ration reservoir different fromthat

f ich the filtrati b tracgted. This is b th
cl cans AR TER (T ARG T TR e same 11 tracion |

reservoir until the next backwash cleansing operation thereof. Therefore,
essential ly ¥%erbaing fhsuntlofaticrsanty b vhirh&prdaninantsBayf which
the filtration sand is cleansed for each filtration reservoir one by one.
I f a phleeal ingunofed.etiontd oretteartidson starlovi ded, there would be no
difference in time fromthe case in which filtration sand froma single
filtration resetwoning Siod eansddedevédirhitiba sah@anisedo fa htight spredand i s
returned to the sane filtration reservoir. . However, to. do so woul d
requi r & ia Sstant irdlse dvdshal laAfdrAst fakeh Spaae, . faba t arehor ehes not

econom cally 4 May 2005
" filtration sand has been extractedf during a backwash cleanging
operation thereof; and
repeating the above éuctioning, cleansing,_retaining, énd
returning operations 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 Whiéh_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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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 apgp2003cur

| arge installation costs. Normally, at water treatnent plants where a
plurality of high speed f iltration reservoirs are -connected, backwash
cleansing of the high speed filtration reservoirs is not perforned

si mul taneously, fromthe viewpoint of processing capacity. Backwash
cleansing is performed for -each of the high speed filtration reservoirs at
a st agderaetkqad ngAlBproakiing Ladvieheatprdt rekied o §ankd  PrPvgded,
cleansing of the filtration sand of all of the filtration reservoirs is
enabl edretersulist axft icdlelay stelte fddmrattiion asndhahicéx pasdbeeinn exliteracitednsi ng
of all of the filtration sand for one filtration reservoir, even in the

case t hitorh he pLIBLTi©f BEgFilspaedohi Iigsatrivayl FLSesWDETr Bel posed®de.. | n
addition, as the retention tank is of the sane scale as that used in the

case i oW, flchtikat ;80 gangh £& oM el NAlaf-dd | iralion 4l Vet sl.S
cleansed, this is preferable fromthe viewpoi'nt of installation costs. At

wat or Leealapny Bl anks havi g8, PLUGaLid wn ofo U o speedy Jd higAkhana

reservoirs,” re‘are cases In _ ltra . eservoirs .
1t At hEA PR A A, BT IoctSHl PACSIATH T L0 £ cases
li ke these, it is 12 4 May 2005 . .
high speed filtration reservoirs is not performed sa.mt;ltaneously,
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 cont_:aminated coexist. In cases' like these, it is
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preferable, fromthe viewpoint of equalization of filtration sand of the
plurality of filtration reservoi-rs, to return filtration sand extracted
froma highly contamnated filtration reservoir to a filtrati ogmayes®s voir
which is lightly contam nated, and vice versa. It is preferable that the
repetition of each of these steps is automatically perforned 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

factorsy LhersheRs £:m eXbALYRILnCheanal i z Ah 8FUf 1M Pk 9f o BEnd
filtration sand, or the steps of extraciion; cleansing; retention; and

returning ool e 1714y ald 09158005 6an, bec aybopBti callo By fanged v,

sequence” cont “the extraction and re n-of ation's
per f or ned 8urin backwash cl eansing, when filtration sand is in_ .a
Floati ngoERaFECREETS Brat af A1 h A0 U1 L i ickF TS WP R T VR
al ready been cleansed not be mxed in with the filtration sand to be
extract &6,2 falérasdonoresrrease wHehcl edigy erpnEpeasptedacist dilk§l y, it
is preferable that the filtration sand from which contam nants have been
renmovedvbesaeturned to the, high speed filtration reservoir at a position
renote fromthe position from which filtration sand is extracted. That is,
it is preferahiteistgairdfdbieanatf§the edpeadiding &6f ldad bantisesd sfrepm t he.
hi gh speed. filtration reservoir and the . neans for returning filtration
sand, 13 £t¥aa 0D 1y performed 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 extr@cted., in order to increase the cleansing eﬂfigiency, '
Accordingly, it is preférable that the filtration sand from which
coritaminants 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,
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from whi ch contam nants have been renoved, are provided rempte from each
other. It is also preferable, fromthe viewoint of cleansing efficiency~
that the position at which filtration sand is extracted is chapggdoser
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

filtration reservoir and the nmeans for returning filtration sand, from

whi ch dommavviah sodeaibeat s davyeedeero reRevIeichh aggepgovided, senghe
reservoir be provided so as to be novable. As the "sand cl eansing

appar atfiyxsim ddch ifreaf.er abl st alsenpkeyetrhbilephifclon $hei vdleopednitnofapanese
Unexam ned Patent Publication No. Hei 10-109051, which conprises: a

cl eansigikdriing £er169RhRiy)i FHA S Ak P 18l iRANSINEGh ek o Iherwidt sandcr ew
conveyor that rotates about a substantially perpendicular axis within the

cl eansi fig SRordd QE%Aglg%e@g@aieif@& 9%k aLLRY 1 bRCoSEF LI SRNVENPEhaRt @

speed soO t rotation of the screw conveyor. causes the sand and

I i ter.to.b . t.ed il t ami . . th
O T i S
bet ween, at a |ower portion of the sgrew gonveyor whi ch i s beneath the
sur f acd®fe tl?ﬁ‘ee%l’é%fng‘?é' vt eFeturged: k8 FHRRORENPEE ENE Ycr&N EOM 8y or

causes the sand to flow while contam nants are renoved fromthe sand by

cont actoprxaiekgn - 121‘h41t|\/g'.§3,2(j(_1;5 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 J;otat'ibn of the screw conveyor causfes the sand to flow while

| co‘n_'taminan{is are removed from the sand by contact between
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particles thereof with a slight anbunt of contam nant-|aden water
t herebet ween; and a circul ati on nmeans for causing the elevated sand to
descend to the | ower portion of the screw conveyor so that thgnaapghs s
el evat ed agai n. Whereas conventionally, cleansing of filtration sand
relied solely on backwash cl eansing, the nethod 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 eansigroRerad kaRrbberetin a SURPh gmotine oexbhashedahic-lkakihonasend to a
sand cl eansi ng apparatus; cleanses the filtration sand with the sand.

jf} F?P;%P%%%ﬁﬁ;ok]i%&fagﬁ‘i‘}cu‘i%'lk%ﬁi aeahﬁakefrséagﬁ%eﬁgr@fee ed

contam nant's ve been renopved, to the high
speed filtratign reservojr during a, back h cleansi ng operatio tgereof;
ohact cand B0 f8sehia g Bhh Toien ottt thes bR vt Sh Ped e on
sand to cleanse the filtration sand within the high speed filtration
reser voite sand ekoreleydeed 393 i on sand is enabled to be effectively
cl eansed wi thout ceasing operation of the filtration reservoir, and the
time period b@heeeas reagermerEidrellyocessansiénng bel didddiriaddlony axnénded.
More specifically, if substantially all of the filtration sand within a.
hi gh speelfidd | $ohélpnonedarkaiashi & lasheini, cahley medileahsell byearpbagi ng the
extraction, cleansing, and returning of the filtration sand, it becones
possi bl £ 1OrL1€569sAnHNESE WhieSprednt iMn2AQn extracts a predetermined
amount of filtration sand from a high speed filtration reservoir
during a backwash cleansing operation t'hereofj_;_ su_pplies the
extracted filtration sand to a sand cleansing apparatus; cleanses
the filtration sand with the sand cleansing.apparatus to remove
contaminants therefrom; returns the filt-ration' sand, from wh:Lch
contaminants have been removed, to the high speed Ffiltration
reservoir d-u'ring a backwash cleaﬁsing operation thereof; and
repeats the extraction, c¢leansing, and  returning of the
filtration sand td cleanse .the fi_ltration _sand within t_he h]‘__gh
speed filtr’at;ion r_esérv_oir. Therefore, the filtration sand' _is
enabled to be effectively cleansed without ceasing ope’ra.t‘i_or; of
the filtration reservoir, ~and the _tiine period between
're_gen'ei:at_ion" 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 wét_.te_r
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purification function of the filtration reservoir. In addition, if 7

contam nants are renoved fromthe filtration sand, a decrease in the

filtration resistance becones possible, and backwash cl eansi ngyg@boos

be-perforned 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. Fromthis point also, the tine period between regeneration

pr ocesSearibicdfel o fapatiical ¢ the EhdbBtNBR S FREVIYE - exXtt 99??‘5(};08'

predeterm ned anmount. of filtration sand froma .high speed filtration

reservaif chrbangnantizaekeasémeredfgiongtbpefbltvationpmEnydng drereaseact ed

filtration sand to a sand cl eansing apparatus,- cleansing the filtration

sand .4{® FBADVYE 1¢eRAMNMard$idtheied rostvnetd the ssiand cl sadsbagkwappar at us;
retaining the f iltration sand, from which contam nants have been renoved,

inar ' b ' iraads s faddilgratd onaseneddihghg,a hi gh
speed ?élf(%l%ﬂ#%ﬁ%%a?\e}?sée?&g{fr@lrg%dféeﬁrnlgr]iﬂt%%%f%rr on?st hatltdf rom whi ch 'EL Ele

210 A ep et L. QU dpraqbeckEeh clemssl gt on

t hereof ™’ . g the above - ,, cleansing, retalﬁing, and
i1t o voht Peces o5rRe ek Ly e bic BB T Ao Pt Pt Pee dertySine
operations thereof. In addition, because the filtration sand which-is 16
4 May Soagrefrom. Further, it becomes possible to delay the formation
of unevenﬁesé 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 reservioir differént”
f'rom that fr;om which the filtration sand has been extracted, during
a backwash-cléansing 6peratidn thereof; aﬁd repeating the abpvé,
.ektfacting,‘cleansing, retaining;-and returning operations, thg
filtration sand of aplurality of high'épeed filtration reservoirs _
can be cleansed efficiently Withouﬁ céasing‘the operations

thereof. ' In addition, -becau_s_e' the filtration sand which is
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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 filjga}bsys
reservoirs is capable in 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

cont am nated _and .vi ce vers gual i.zat.i on_ of; il i Qn_sa t he
FrTtrac Ponareger vl rendarepenf 4R, HEAW Rl Cheb0Engh S| gAMb

cl eansi ng _apparatus conprising; a cleansing tank for_containi sand and
cleansiﬁ@ltﬁéFéPnthé?é?ﬁ?oérsc&éﬁﬁ%ﬁ%@%yo?r Ratt %Yat%%m%bdﬂPigp the
substantially perpendicular axis within the cleansing tank; a rotating
neans ffadtratavinnganddrat beanconveyotedt dlepeedisett bl trathenrssingd i on
of the screw conveyor causes the sand and cl eansing water to be elevated
whi | e cerft agi npis-adrig yr endv ed ifltamttilos sardsehyodorst acits  betpeddre parnti cl es
t hereof with the cleansing water therebetween, at a |ower portion of the

screw Cepyeyantwainak ithdensashambantswe acemef akhecind eanséngnvatieich and
the rotation of the screw conveyor causes the sand to flow while

cont ani 12285 8 ggﬁ&eﬁroﬁ. rPRitA S 204 cRY G OR! Bk PobYReDs RAIdd R LS.

t hereof w -anmount of “contam nant-- | aden wat er t herebetween; and

2 Gl OURALLRA, RIS LGS A GRS RS o AR dBRGETY HehTp | over
contaminated; filtration reservoir to a filtration reservoirwhich
is lightly contaminated and vice verga, equalizatio'n of the
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
amduntcﬁicontaminant—ladenwatertherebetween;andacﬁzculation

means for causing the elevated sand to descend to the lower portion
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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 renpved wi§xgiiboos
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
peri od between regeneration processes of the filtration reservoir can be
further extended. In addition, water treatnent plants had been increasing

t he fregfanry sefreGOagatibiORaso UHftadheC kaansi a0: baxth thad kiggsim, aseahsi ng as
a cryptosporidium neasure. However, it becones .Possible to naintain the

degr ee Ofh & UUANNGLY APpheak8sSFéhahOhme tB@ahnl0s (s tlertf drli@1@8nkiak t he
filtration reservoir, mﬁlle perform ng the surface cleansing and the .

ceana it Te eea T and <BRGPHy DFREEEPCLaxpH-R0R, (FOICARERtaP K LaR, bY

resen nvention. erefore, t

cryptosporidi ym neasure is aided, and water. treatnment plants can__b

oper at LY uFlFEGH&IﬁfQ ﬂﬁnF??c&ﬁqﬂ1QﬁfE@Feﬁﬁfﬁaé;Q%ﬁogbggpﬁption
of the Drawings Figure 1 is a process di agram show ng an enbodi nent of the
filtratserukiahag ey meihed efionchet be ¥sd/r P RHLON FURGELOR | 5 a

schematic view showing a first enbodiment of the filtration sand cl eansi ng
systemaf the hirldseition et icam begrésthyed0ds a state close to that

of neﬁ sand. Accordingly, the time period betwéen regeneration
" 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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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 egapgi pghsmet hod
of the present invention. Figure 5 is a process diagram show ng yet

anot her enbodi nent of the filtration sand cl eansing nethod 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

showi ng the fg;omf 5f ity %rc'h‘éﬁla%%@,d\rléﬂrélﬂﬁpﬂﬂﬁ'aﬂgeband plibis @l é iyt of
filtration reservoirs. Figure 8 is a d|a ramthat shows an exanple of the.
nmovement fi a ;Mro erypi 4 stsMyde for
Carryi ngf th’g ﬁ%ég ?t(?)nn%h fi %[ ﬂd cl eansi ngessgt e?n of the

present |nvent| on conprises: a hi gh speed filtration reservoir 1; a punp
2 for sh‘b‘t"?‘b ™y out f iltration sand havi ng contaminants attached thereto
from the high speed filtration reservoir

1.; a sand__clean aratus 3.
for cl eansi ng}f‘lmerer 4l 15 & PEHRCESFISEAREF PO é‘ﬁ‘ioﬁgﬁtrseﬁgf’agﬂ‘éggt'her eto;
a stock tank 4 for stocking the filtration sand 6, which has been cl eansed
by the sfindthd endtmgtiocappaaaduss1Farmiha pathod fof - rdreur ﬁifﬁgeflﬁe sand
fromwhich 19 4 I\/ay 2005

invention.

-Figurg 5 is a process diagram showing yet another
embodiment c;‘f'the filtration sand cleansing method of the
preseﬁt-inveﬁtion. |

Figure 6 is a sectional view of a high speed filtration
reservoir, taken along the line A-A of Figure 2.

Figure 7 ié a diagram showiﬁg the flow of filtration s.a_nd_
corresponding to a plurality of filt.ra-tion reservoirs. |

Figure 8 is a diagram that'; shows an example of the movement-
of ‘filtration sand among filtration- reservoirs. |
Best Mode for Carrylx;g.out the Inventlon

The flltratlon sand cleansing system of the present
invention cqmprises: a high speed filtration rese_rvon: 1; a pump
2 for _suctior;in'g out filtration sand having contaminanfs attéched
thereto from the high speed filtration reservoir 1; a sand
cleansing a@ﬁara-tus 3 -fbr cleansing thé filtration sand 5 havihg
contaminants _a't_tachedvtheretq; a stock tank 4 for stodking_ 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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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 descrilgdy,bgser in
t he enbodiments). 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 cleansing
apparatus 3 for cleansing the filtration sand 5 having.contam nants

at t acheconhenbnantadive paen renhovedef xom iy stogk §z§ﬁg frentlisi BRI
contam nants have been renoved fromthe stock tank 4 to the high speed
filtratipsedeSiErtuaitidn @sseah@ar iln Bsgshewn 3in THiajurs,2 t (ihesyetemlmay
adopt a construction wherein a stock tank for cleansed sand is_ not

provi degs die pPEceasestdid deheneldd 1t ih sand 6leansing systeaiwiginot
provided with the stock  tank for cleansed sand, it becones possible to

save thﬁecgéggrilg&guﬁggrtQﬁrgﬁgremﬂjgd &Réép[‘, this systemis preferable
t

when ere 1sIrn suffrcrent space in the vicinity of the high speed

fil ti ' ' | | - K- f .CJ
exampie of 1 oL OMERERl for i FedchgSHRG 1319 Paerairi e e EP Al the ) e

shown in Figure 3 is shown in Figure 4.  First, approxipately | m 3. of

cont am RESEHRE ISR G BaHEIPT ISR FOHER SRECALY Ho F1 10 FEET Pder voi r
| with the punp 2. during the tinme (e.g., 15~25 m nutes) when surface.

cl eansi hy aaputqpa’.’cﬁqggquctg'@miq@9ugdbi51tra.tion 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 _
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cleansing is being perforned. The filtration sand suctioned by the punp 2
is sent to the sand cl eansing apparatus 3, Were cleansing is perforned
for a short tine (approxinately 10 minutes) thereby. Then, thgpgleansed
filtration sand (cleansed sand) is returned to the filtration reServoir 1
before the surface cleansing and backwash cl eansing are conpl eted. By
perform ng the suctioning of contam nated sand and the returning of

cl eansed sand within the tinme period during which one surface cl eansing

fgdpgf‘]?%“%{ﬁ%ﬁg%sggg@r BPROLALAEA il U1 JIANGT sdd B6@RBACaPBYSI bl o

im contam nated sand within a short .tine.
Al ternatively, as shown in Figure 5 ont.am nat ed I iopn S y be
contimﬁﬂ%l@u@ﬂciidﬁefﬁﬁﬁ e Fﬁ% S?PﬁtF q%ﬁ?ﬁﬁéﬁﬁéﬁééiﬁﬁéwﬁfhagggggunp 2

during the time (e.g., 7-10 mnutes) when surface, cl eansi and ba?kmash
cl eansi ekpdns bed p§ PoRFIBReRAOrPhaheF Lt dAPRERIILALELE B b)Y UERE punp 2
may be continuously-. sent to the sand cl eansi ng apparatus 3, where

cont i nuplusretheandihen,i $heecleaneddt ficl ebytighespnd hgﬂcﬁaéhﬁ%(wanﬂn £fat i on
sand (cl eansed sand) nmay be continuously returned to the filtration

reser voiétdried one threswifianetdleansesgrvand babkfask ctleansiuggagee
conpleted. By performng these processes continuously within the tine

period gdyring; Wi £y StisdReSsh Ok Radlsd gy adkk hasnpibsted] e@ysipeg fareiper f or med
in this manner,” it becomes, possible to performcleansing of a greater
amount glfle szujét4io%Xlgz‘gQ%ontaminated sand and the returning‘of cleansed
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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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 |ayers 13 through 16 f@Ma§morti ng
the filtration sand |layer 12. The filtration sand | ayer conprises sand
having effective particle dianmeters of 0.6mm and a wuniformity coefficient
of less than or equal to 1.5. The gravel- layers are forned of four |ayers
having different particle dianeters, and serve as supporting |layers to
prevent the f iltration sand 12 f romentering a water collection

appar atams t{amitna tsddvegnd ui thien appshre@ttust ¥mer col lecting purified water is
provided at a still lower portion of the high speed filtration reservoir
1) Spherical adhanbwrcliearigand 6pnifis migraepleeds fdekestédnf peserheigr avel

| ayers 13 through 16, in order to perform backwash cleansing uniformy. As

particle i ?ﬁxﬁf&e& her@ofs AiNase vircarRl @ se¥Mmnl y wsed, abhat assa gravel
havi ng ef]i"e tive particle dianmeters of 2.0~-3.5nmfor the gravel |ayer 13;

gravel ving. .effective rti i I T ' vel
| ayer gﬁ;t@‘g‘éﬁ%‘—ll ]haé?%/%rrfgagl f%%glr%]édip |5gI1§ glﬁgﬁg grls@gf]@r];_gggg?g?tg%%‘ for
the gravel | a

.ayer 15; and gravel_ havi ffective particle dianeters of
13 020 R S s oy foverres or 0l £ LGSt 16h BapHLG er (DT SE8
sequentially laid with the coarser grain gravel in the Ié)vver | ayers and
the fireandgr diavigiaverfestine ppeEithyerdanetsid wPtnolt *Mheveiftbs@ of
t hi cknesses thereof. Pretreated water, 22 4 May 2005 K
‘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,

22



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 sprayimgyyaser
froma nozzle to strike the surface of the filtration sand | ayer during
surface cleansing; and a trough 21, for draining the wastewater generated
during surface cleansing and backwash cl eansi ng, are provi ded above the
filtration sand | ayer 12. Next, purification process steps commonly used
for purlfylng untreated water will be briefly describe Untreated_ water
is drawd |ﬂﬂH‘%‘c%ﬂ%%@WH%@?Bﬁ/&QﬁE@FPIdﬁaY%s r Ppﬁﬁg PP&SPE%xYaEes, and

the like. The contaminants in the untreated water are consolidated by
addi ng &létovtanbandstatsed tostspastiitort wdedeo bt o Avni N BhadrReIASbRYE! i dat ed
contam nants are caused to deposit on the bottom of the

consol i dati b1l thepoisin isamd Neservalr . Mheadiieiorat antsurddaare ics eskisimgd and
sent to the high speed filtration reservoir | above the filtration sand

| ayer ePre BsRedsd npivheerWhteh aasofole resromad ke e surface
consolldaFlon/depOS|t|on reservoir is renoved by-the filtration sand 12.

The. f Ié h%dj#\@%ﬂti& gghheféyg—% aﬁrm MBI LOL LERLE AR ; ARPANEHYh

provi ded at t ower portlon gh speed filtrati on reservoir

e o bgSt g g ] s Leck et R Rl bt oL e i vt
day.‘ = gigglnggngf gr?é]d bazc%(wash %l%ggglng, are provided 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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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 eachnaybgis 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
backwash cycl e. The wastewater generated by the surface cleansing and the
backwashy ckaatsignfilsrat dbnegenattitms apddgipi2ling Whennsliogned ey ifgom
conplete, pretreated water to be purified is again sent to the filtration

reserva nowidpkbkbhatl 8Rakber!SE WREREGH. sposdEl i rdthivonmakeerpoiici cation
and sand cl eansing steps are autonated. Depending on the state of the

unt r eat rr%ﬁ %ra&s%tr%gg?dé[ : H@chéstﬁf?ﬁ%?&t%ﬁ%é‘@@t&!ﬁ%&tvﬂﬁ&‘ rupe high

speed fi , on e e timng of e surtace cleansing and backwash
cl eansi ng may be preset. Alternativel t.he surfac cleansin ackwash
cl eansi?lgajn%%//t et toﬁbe’f)b Ja%t%‘?ﬁ#?%%q N preerq‘uolra?r:e Then éé %erg?f%leglss,
exceeds a predeterm ned value, As shown in Table 2, standards for

filtratherd saRES( HRRFR]® v&Fer VBIKERAGR s6LRPAPPERITHNPELFOEREHdEYd Jvina
A 103-1988) are established as: |less than or equal to 30 degrees f or

post. ctplawing clepnsindiaater fegrethe |sapEfaamrleansdid PiBe £ Eaer
hydrochloric acid solubility; 0.45~0.70mm for effective particle
di anet etlse¢ sdé4fdchBy cD0bhe filtration sand 12, during the backwash
cleansing 01; 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
l‘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 autométea.: 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
-Eackwash cleansing may be preset. 'Alternatively, the surface
cleansing and backwash cleansing may be sét to be automaticaily
peiformea:wﬁen the head loss_exceéds a prgdetermined valué;
As shown in Table 2, standards for filtration sand (Japanese
Water Works AssbciétiOn Technical Standard.JWWA'A‘103f1988) 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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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 perfornmed every seven years, ilfpg@Boosears
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 .djaneter. is O, t-he i.fqra Gl ent, kS 1 A

[ Tabl e deEE‘%%ﬁi§ﬁ%§rs?§§§%rgquﬁﬂﬁﬁﬁ?E%@g%hﬁéggpﬁk%?%%??%ngioﬁéggnd
Cont am nati on Post cleans.ing 30 degrees qr |less 1,480 degrees

Fydr ochi-br i AAGE SSILEBRRIPY 328% RO o IRt 50 Par (P ERES

Di aneter 0.45-0.70mm 0.533 Uniformity.Coefficient 1.7 or less 1.485 [f
filtratregubtantyt asweegeridbacambnig sapfle rROPACKEF OB RIAE Fifthef e
continues to be utilized, clogging due to contam nants occurs, causing
rapi d i perfasesdiavermadeioasyedites éffoten yémrs pasguéney Wie agenaban
cleansing is increased, and the water pressure involved therewith affects
the graMel dayers iAUE6KEREAY ad hadicknRid by tie Wavesmiasstdd sialmel blii ckness
thereof. By the formation of unevenness in the thickness of the gravel
layers, pathg 25 206n { AYEhaRES ARSI NIt AE £ R {dPBEnYNEY BohBemahavel

layers are thick, causing insufficient filtration at these Portions. In
additione B &AkE REQYML L1 ShHEERy RBA LM A RN Sg 108 sSEPH Fh8grees,

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 Post Cleans._i..ng . 30 degrees or less-| . i,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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quality of the filtered water. A regeneration process becones necessary if
the filtration reservoir arrives at this. state. Hereinbel ow, emkgdoments
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
conventional cleansing steps described above, will be described.

( Enbodi fieeit  theA fddtdadlioansiang apparas us negadils@losetnf hugapangsdhe
Unexam ned Patent Publication.No. Hei 10~109051, which conprises: a -

cl eansiagal sk édrelooniiditamgl sartkrandAcregesieng twane probess becanescr ew
conveyor that rotates about a substantially perpendicular axi's within the

cl eansi ﬁ@cé@é‘ﬁy aji f Of1ad | Al FRRNSoh OFe 901 AdathEveSCAEW EOBV8YAEedl A
speed so that: the rotation of the screw conveyor causes the sand and

cl eansi ng VAl ihe1 S eWahedi Wi o@0PhaNE NANES: PSS JRIP AN he
sand by contac etween " particles thereof with the cleansing water

t her ebet t | t f t , ' iss..b th
the surfeetne; vpheh PERRePRG iBPertoRtd The Ttats ohrer & BERsaRE Fonveyor
gpredt S 1y RS TSR MUY M TR R et SR W

| aden wat er therebetween; and a circul ati on neans . :
~ apparatus; and returning the sand, from which contaminants have

been rem-oveci, to a filtration resexrvoir:; i._n.addit_ion 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
pal;.t'icle-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
sand by contact between particles tﬁereof with a slight amount

of contaminant=laden water therebetween; and a circulation.means
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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 nethod of cleansing, was enployed as thesmappshs

cl eansing apparatus 3. As shown in Figure 1 and Figure 2, 1m 3 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

perforned. (Ihe iSuc henéjg%vgée«%*eg%ﬁci br ALk 0Bna Sandneas opekf 96 pedoato depth

of approximatel'y “10cm above t gravel layer 13 (the filtration sand | ayer
t hi ckness i s 60c The filtration, sand (;5)_s I e r.%,was
sent t o-thHef SEFhFOEN +§ &%8 r&Pﬁssg?&a%a %f%%%@?%dg%%%gbégﬁgga d for
approxi matel y: one hour. As shown in Table 3, .the degree of éont%ﬂ%nation
of the &ertioed § 9 digw SetdodsPidedparsanst oWa 161883%% #¥ or€1480
degrees; the hydrochloric acid solubility decreased from9..j%to 2.8%
and t hesamd forarnsigpebbiagiadms was A ighroved ¥ Féguresdsapg figepe 44 can be
understood that the filtration sand is returned to |evels of new sand, by
cl eansi 0’ of @onappioxicest £ Yt et hmusanf e sudtioGedtcarti inoed Adrrer
Cleansing (mnutes) Sand 16 20 30 60 Contani nation (degree) 1,480 77 44
14 11 iy eahkaei £ Peish Soh ukiddriwe it 1%y tid pudih B-2erd Bftthe time
{7 minutes~1q minutes) when surface cleansing and backwaﬂn
cleansing wasqpeing'performed; The suctioning of the filtration

sand was performed at a depth of approximatelyﬁlocm above the
gravel layer 13 (the filtration sand layer thickness is GQcm);
The filtration sand (5) suctioned by the pump 2 was sent to the
sand c¢leansing apparatus 3, and cleansing was performed for
approximately one hour. As shOwﬁ in Table 3, the degree of

contamination of the suctioned filtration sand (5) decreased to

11 degreées from 1480 degrees; the hydrochloric acid solubility

decreased from 9.7% to 2.8%; and the uniformity coefficient was
impto?ed from¢1.485 to 1“280‘ It can be underst@od that-phe'

filtration_éand‘is.returnéd.to levels of new sand, by.cleansing

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  [1.284 ~ |1.284 |1.280
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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 tankgqmappdcai ni ng
wat er. Approximately 48 hours after filtration was recommenced at t-he high
speed filtration reservoir 1, filtration was ceased, and surface cleansing
and backwash cleansing was perfornmed again. During this tine, the cl eansed
sand was returned to the filtration reservoir 1 at a corner (lb) opposite
the corner (la) thereof. By repeatin% this cycle, substantially all 60m3

of filtt2eiowanarf ifiiHation sandhdbalevapvblrredubl & |Yaieed sand

approxi mately 120 days. (Enbodinent 2) Filtration sand cl eansi ng was
per f or ngo¢h thaksamontsEitemg asatebodi ApproxigdedelivhetB aboves efdept t hat
the specific sand cleansing apparatus was replaced with a conventional jet

wat er BilesatSeamdiad eassmgnappartatts. hitgh shewd £l Tadt tod realadrRaiigh
there are slight significant differences between Enbodi nent 1, -which

enpl oyed, 1 Be1 £PEEE bhC widNdlsRAY)SI 41H aPRAF A4S e1 8BH s i FFL A BAlc kera s e
cont am nat ed sand was dramatically cleansed. |In the case of Enbodinent -1

there V@fegﬁé%%{ Wy ;g%‘?ﬁ&ﬁné& 108 ef fﬁféﬂn‘ée g‘%@i{é g:%]ln'?e dit%{EEtc%-atnh'éé%err’

i n Embodi ment - cl'eansing was performe . .oﬁg time, . the
ner oastidHES Eatathber CoBok FRatt o A SRR dndF, 5Pt dakd! ng
appar atggposite 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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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.

[ Tabl e 4] Contam nated After C eansing (mnutes) Sand 10 20 3Pm&P2005

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 D aneter 0.533mm 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‘at[rqlrllur:egbl_éty of high speed f i Itration reservoirs are provided wll
be described With reference to Fi gure 7 and Figure 8 Figure 7 is a

di agram showi ng the flow of f iltratfon sand corresponding to a plurality
of fiItratiorU?%é]@r\ﬁdirs. Figure 8 is a diagramthat shows an exanpl e of
the VETTENt Of frrrratrion (?Z:Q\gam%n % TIItr%nfkeanfegés%chq}n{r&tes) re,;a '
filtration sand systemas shpwn 1 n Fgu.e 7, conpising—sis H-gh—speed- f
iltratjion reservoirs A throughaf one sdhd cl @dfsi ng | Hppar atdds; angd one

ret ent i&?%aténgpa Y \i}\!ﬁé;? ,0€sCr| bedyas an| ,/xanplig,; Howeygs;, tHesgprinciple is

exact lly samne er the nunber of filtrdtion repervoirls is greater
t han orivdesslehamcidBxlubHiky [ &t on resp?sirs |&-% hr ou§H*F. |8 filtration
: Effective Particle Diameter | 0.533mm 0.606mm | 0.603mm 0.590mm | 0.577mm’ ’
Uniformity Coefficient 1.485 1.287 1.287 41.290 1.301

Next, a method and system for cleansing f"ilt_:rat.ion 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 every 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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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 predetern aggdyaggpunt of
filtration sand is suctioned 29 4 May 2005 out of filtration reserv0|r 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 containing an oxidizing agent. The retalned cleansed filtration
sand i sOvetaf rfé&%tr@tﬁolﬂt FapeBMOi Bskr vdite BuckiopgdchilprakhaBnsaPlansing is
commenced ei ght hours after the backwash cleansing of filtration reservoir
A. ~ Duls$ ngladresdrhdlowashe loheansi hjeofand Idlremrisima epprvreitusB, Toat ani nat ed
filtration sand is suctioned out therefrom while cleansed filtration sand

i s retufhedribesetsandihe€rbinldipdh @dntand namtls baed edn fveaiveld,| Lsation
reservoir B is cleansed for one hour by the sand cleansing apparatus, and

the cl epdgethe@nth ithd %%leﬁ%:dlohntéﬁﬁ wiet @Ntd At 41K watliCBreQatakns wat er
or wat er contalnlng an oxi |2|ng agent The retained cleansed filtration

sand | ScohELIANGY 100 IR Of ¥ SRR, ‘ﬁwash nB!  POLGRnBaCkuRshnCLaaNs] ng

is conmence erg urs eansi'ng o trat!on

cont an Tt EeeFrPe %%ﬁs?%%&“n’“h ‘é'ee L EeEREP B POy AT TECB! eansed

filtration sand is
backwash cleansing is commenced eight hours after the backwash
c_leans:Lng of filtration reservoir ‘ A. ".Durlng 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 resef&oirs A throtgh F;'ahd ee

predetermined amount of ‘cleansed filtration sand is returned
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returned thereto. In this manner, when 48 hours pass, a predeterm ned

of the
filtration reservoirs A through F, and a predeterm ned anount4 gy ségansed
filtration sand is returned 30 4 May 2005 to each of all of the

anmount of filtration sand is suctioned out from each of al

filtration reservoirs A trough F. By repeating these steps,

al |

of the

filtration sand of the filtration reservoirs A through F maybe cl eansed.
By matching the extracting, cleansing, and returning steps to the timng

of the Jackuas %fclaqqn%fw&%o%qte%cm R fMAlD A afroddd tF at iggn

reservolrs, filtratiron sand of a pl urallty of filtration reservoirs may be

| Enoell P ALl LYGLE SATE QFTDHRY (O LR 5 LY ppanged for the

singl e Itratlon reservoir
addition, -in the case that t he degree of inlnatlon of th
sand | irdasdd o eFEYO F Bk ERFP gP.FoﬁaYr ganFed -t oBY M

f||trat|on

reservoir F. by returning the filtration sand, extracted fron1f|Itration
reser véihe Ax&F@ctingansdaansangi | andt FeRureied \@hePE; to dihg il he
filtration sand, extracted fromfiltration reservoir E and cl eansed, to
fil tratdﬁ)ntheséafaxd'twas@; cdeansing tbpefationsi af sandplueaiiayt ed f-rom
filtration reservoir C and cleansed, to filtration reservoir A, and so on
as showiltrduigh erdseredins] za@tilenaefich | damd | of S‘;ﬁlnﬁlalﬁ‘ﬁmgtyhfbﬁl ltration

reservoirs A through F can be realized.

filtration reservoirs 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 contaminatio?i_

of the filtration sand increases in order from filtration

reservoir A to filtration reservoir F: by retu'rning the

filtration sand, extracted from fiitratidn reservoir A .and
cleansed, fo filtfat-ion reservoir E; returning the filtratibn
sand, extracted from filtration _reservoirE and cleansed, to
filtration reservoir C; returning the filtration s;and,
extracted frdm filtfation reservoir C and cléansed, to
filtration reservoir A; and so on as ;hown "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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Further, by. automatically performng at |east the three steps of:
suctioning out filtration sand fromthe high speed filtration reservoir;
cleansing the filtration sand with the sand cleansing apparat g#ay agwh
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 cleansed filtration sand in the retention tank; and returning the
filtratfimom sdrich foosrhagHinem tc bavaniossnt senayedpetn EbAoledh sREe%e hi gh
speed filtration reservoir, by sequence control, it becones possible to
mai nt-aifii 1t ifod tredeonosandor nthestfabe sitleiplsaroft:o sietigfinevwsand for

an extended period of tinme. Therefore, the tinme period between

r egener@ti o DIEess88 Fabrbec il anpghcapkpdetiangdecti @2 dedbyv@DO5 CLAI MB:
(1) A method for cleanS|ng filtration sand conprising the steps of:

suct i oniyug, aut, laNE 8 ADUO! Wih! I BhboNsaARd cléam gl oh speed
flltratlon rese v0|r at perfornms purification of water using Tiltration

sand, dauprﬁanxga sb,aCkV\%aan.%lgeatnnSI ngl 8&' C%ﬁ'lltrat:.on sand in the

retention tank; and returning the filtration sand, from which
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. .
.

32



supplying the extracted filtration sand to a sand cl eansi ng apparat us;
cleansing the filtration sand to renove contam nants therefromwth the
sand cl eansi ng apparatus; returning the filtration sand, from wiaghoos
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 nmethod for cleansing
filtratiponeand as defined in Caiml, wherein: in apparatus conprising: 4
cl eansing tank for containing sand and cl eansing water therein; a screw

cl eansing. 1a: JaaeEinfy Fo065 I TGRSk PR GPROFhg P AErew
conveyor at a speed so that: the rotation of the screw conveyor causes the
sand &&8PScPéansing water to be elevated while contanminants are renoved
from the sand by contact between particles thereof with the cl eansing
wat er t her ebetotsismired cartl ewprepetceironnefl sheoustr e Eohvegoronnsand is
beneath the surface of the cleansing water, and the rotation of the screw
conveyebmcauseshidte sapdetio Ehowrwbiba comfsarvedm,s 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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ate r'enoved fromthe sand by contact between particles thereof wth a
slight anount of contam nant- | aden water therebetween.; and a circul ation
means f or causing the elevated sand to descend to the |ower praioap 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 fromthe filtration sand by the sand cl eansi ng apparatus, the
filtration sand, fromwhich contam nants have been renoved, is-retained in
a retention tarRtatipgmeanhdQ@rf sptatdbastig FFIT SPPYRYSENYT &S8R ned in
either Caiml or Caim2, wherein: the filtration sand, from which

cont am saritte thathebeehationeédihe sseeewrernive yox eauderh tdsesant andat i on
reservoir before the conpletion of the backwash cl eansi ng operation during

Wi ch  ¢headéiig abter t5Apd aas/aunt whied ootafbart sretreatkfioved Feansi ng
filtration sand as defined in 34 4 May 2005 Cdaim4, wherein: the steps

of suctiRlifthd BLCANSEAG: RRGdA! PaRitng1idiethbirbbEali on and1aaaspagf or med
continuously during the backwash “cl eansi ng operation. (6) A nethod for

o 0 04 ESERR, SRR 2 B 0PA N1 F BEAL oHBRIAL S LALEN'T O
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 coﬁtact between'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 portion-of the screw conveyor so that the sgnd is
‘elevated again, is utilized as the"gand-cieansing apparatus.

- (3} A method for cleansing,filtration sandwas.define@-in
either Claim-l or Claim é, wherein:

after’éontaminants-are removed from‘the filtﬁation sand
by the sand cleansing apparatus, the filtration sand, from which
contaminants have beeﬁ removed, is retained in a fetention.tank.

(4) A method for cleansing filtration sand as define;.d in
either Claim 1 or Cléim 2, whereiﬁ:

the filtratibn sahd, from'which contaminants have been
removed, is returned to the high speed filtratioh reservoir before
the completion of the backwash cleansing operation dur.ing w.hich'
the filtration sand 'Wa_s_'sﬁctioned out. |

{(5) A method for cleansing filtrati_on- _'sand as defined in
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oxi di‘zing agent to prevent the filtration sand retained therein from
contacting air. (7y A nethod for cleansing filtration sand, conprising the
stops of: suctioning out a predeternined anount of filtration spagaodsr 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;.refaining the f iltration sand, from which contam nants have

been réﬁ%%ﬁﬁ &1HQQEE%T%htion tank; .returning the retained filtration sand,

into a high sgeed filtration reservoir different fromthat from which the
méEV#c

filtration sahBehaSmeerPoxfRaELeRLNGur CAG2RSHATK TN HY 58°4 may
2005 operation thereof; and repeating the above suctioning, cleansing,
r et ai ni fig] temdion esamaiawne qparfaingd qon clirewned vt Harfine thei Backdaghof a
plurality of high speed filtration reservoirs. (8) A nethod for cleansing
filtratébmasandgaspdesthen.in any of clains 1 through 7, wherein: the
repetition of each o f the steps is automatically
(6) A method for cleansing filtration sand as defined in
.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 sand, cqmprising{the
steps of:

: ﬁsﬂctioniﬁg out a predetermined amount of filtration sand
from .a° high speed' filtration reservoir, that . performs
purification of water using filtration sand, during a backwash

 cleansing operation;-
supplying the extracted filtration sand to a sand cleansing _
apparatus; =
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‘

filtratioh reservoir different from that from:- which the

filtration.sand has been extracted, during a backwash cleansing
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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 contam nants have been -renoved is returned to the highsmaeeshs
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 which filtration sand is suctioned out is changed per every
suctioni ng operation. (11) A method for cleansing filtration sand as
defi nedFHE2 dgiheef s A€ hr ough 10, wherein: the position to which the
filtration sand, fromwhich contam nants have been renoved, is returned is
changed per evep§atieyuihd adpoysesactboniid?)cleames hod, freytacirdanyi rgd
filtration sand as defined in 36 4 May 2005 any of clainms 1 through 11,
wher ei ncettinen isugcbperangoak té kieahsercisandligapebhosded ol & Plaragtielyi on
force of a strength that does not form unevenness of thickness in gravel
layers of Riyn higlespeed: Fatisati O FRSEFYOIT. 31 '
(8) A method for cleansing filtration sand as defined in
any of claims 1 through 7, wherein:
the repetition of each of the steps 'is automatically
performed by'sequence control.
(9} A method for cleansing filtration sand as defined in
any of claims 1 through 8, wherein:
the filtration sand from which contaminants have been
“‘removed is returned to the high speéd:filtratioh'reservoir at a
-poSition rémote from the position from which the filtration sand
‘has been suctioned out.
(10) A method for cleansing filtration sand as defined in
any of ciaims 1 through 9, wherein:
the position at which filtration sand is suctioned.out is
‘changed per every suctioning operation.
(11) A method for cleansing filtration sand as defined in
any of claims 1 through 10, wherein:
the position to whic¢h the filtration .sand, from whiéh
' contaminants have been removed, is returned is changed per evefy-

returning operation.

(12) A method for cleansing filtration sand as defined in
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any of claims 1 through 11, wherein:

the suctioning of filtration sand is performed with a

- suction force of a strength that does not form unevenness of

thickness in gravel layers of the high speed filtration reservoir.
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