DESCRI PTI ON _ COAGULATI ON PRECI PI TATOR 5
~TECHNI CAL FIELD The present invention relates a coagul ator,
and nore _ particularly it relates to a coagul ator in which an

I norgani c coagul ant such as an al um num based coagul ant is added to
rar/' materBZchoagulate and separate suspended solids in the raw 10
wat er . GROUND ART agul ators are appar at uses
used to treat water for use %§9§%£1¥g§}90n1a river orpfhe like is
treated so that it 15 can be used as nunicipal or industrial water, and
wher e waste wat er such as public sewage or factory waste water, is

treated 1o meel Te0ul ApBAKULARIOR. pRRCROTTARBRAT, an upflow type
coagul ator is often enpl oyed because sucﬁ a coagul at or has hi gh

coagulating and filtering efficiencies and is easy to 20 oper at e.
I n an upfl ow coagul ator, raw water to which a coagul ant is added is

passed upMasyidNPUSFEite i nterior of a packi ng medi um accunul ati on
| ayer forne y stacking snall pi eces of packing nedi um havi ng a high

void ratio to thefy y%r8§entfim§mﬂ:mm relates t 4 eccoagpkated, sahd dgore t he
water. _ - eferring nowto Fig. 5, description will be given of
a confi gufatt oulansilypniopeskdtes tof @ aogwlatanain ugilcdw arypbnorganic
coagul at or 10. ' This typical conventional upflowtype
coagul at aroaduilant such as an aluminum-based coagulant is added to raw

" water to coagulate and separate suspended solids in the raw

10 water.

BACKGROUND ART

Coagulators are apparatuses used to treat water for
use where water from a river or the like is treated so that it
15 can be used as municipal or industrial water, and where waste
water suqh as public sewage or factory waste water, is treated
to meet regulatory limits. In particular, an upflow type
coagulator is often employed because such a coagulatdr has
high coagulating and filtering efficiencies and is easy to
20 .operate;
In an upflow coagulator, raw water to which a
coagulant is added is passed upward through the interior of a
packing medium accumulation layer formed by stacking small
pieces of packing medium having a high void ratio to thereby
25 flocculate and settle suspended solids in the water.
Referring now to Fig. 5, description will be given of
a configuration and an operation of a conventional upfléw type
coagulator 10.

This typical conventional upflow type coagulator 10



conprises, as shown in Fig. 5 a raw water tank 12, a raw wat er punp
t4 for punping raw water fromthe raw water tank 12 to feed the raw
wat er, coagul ant adding facilities 16, a coagul ant m xi ng tank 18 and
a coagul ation tank 20. 5 The coagul ant adding facilities 16

I nclude a turbidinmeter 22 for neasuring the turbidity of the raw
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t ank 18 i S a cont ai ner I'n which tThe raw

water beaghagui b mmngoegﬂkafé 4fia! £"B0LgN1 hY15hotaAkasg Stirred by the

stirrer ly mx the raw wat dthe coagulant. The
wat ers bear'@HetESaQHQQHEaQHdhﬁgtESBliQEEe¥'Qsaﬂnbmﬁhgmhp'pe 30 to

t he coagul ation tank he coagul ation tank 20 is a tank in

whi ch t heturbldlﬁéﬁeenﬁlﬁdféﬁl méésuflﬁ@emet @ﬁrlé\bdiﬁ%l hafetﬁeeﬁa@gaaeea; ed by
20 t he coagul ant are coagul ated, floccul ated |tered and

separ at eda dcaglilaiti Bafk 24§, at B6agabant apump 28nKo20injectisgnehéts of a
wat er inflow zone 32, a packing nmedi um accunul ati on zone 34, and a
wat er coIéeagubmntoﬁmoﬂGthblcbagnbant tanka24i intoead rawsnmﬂencsuppby1the
underside. 25 The packi ng medi um accunul ati on zone 34 is
partltlonpdpe 26 omytherdownstreant$idey of ctkattanbpiimetens?2 490 vbhah are
provided in an upper part and a | ower t of the zone. In this
packithg nddesd udewRt oof zbhe gaag t SRAY | bparided to theppawa havi ng

a small specific gravit nd a high void.ratio
2 ﬁ%ter ongthe bgsfs of a %easured value of the turbidimeter 22.

The coagulant mixing tank 18 is a container fitted
with a stirrer 29, in which the raw water bearing thé
coagulant is temporarily stored and stirréd by the stirrer 29

15 | té rapidly mix the raw water and the coagulant. The water
bearing the coagulant is then sent via an inflow pipe 30 to
the coagqulation tank 20.

The coagulaﬁion tank 20 is a tank in which the
suspended solids in the water which have been aggregated by

20 the coagulant are coagulated, flocculated, filtered and

- separated. As shown in Fig. 6, the coagulation tank 20
consists of a water inflow zone 32, a packing médium
accumulation zone 34, and a water collection zone 36 which are
partitioned in sequence from the underside.

25 The packing medium accumulation zone 34 is partitioned
by perforated outflow prevention plates 38, 40 ﬁhich'are
provided in an upper part and a lower part of the zone. 1In
this packing medium accumulation zone 34, many small packing

media having a small specific gravity and a high void ratio:



‘are acconmodat ed, and a packi ng nmedi um accunul ati on | ayer 44 S

Fornmed bel ow the upper outflow prevention plate 38 with the upfl ow of
the water. As the small packing media for formng t he packi ng nmedi um
accurnul ation | ayer 44, for exanple, there 5 are enpl oyed short

t ube-shaped plastic snmall packing nedia 42 having a relatively small
specific vid 4ggggll | Ul { on
zone 36 |%réaéreé/g?l@!?1° ghd:cagl azccl%ll'nngg ntu-%delq[nr\ eaa(%ced vva%/%&{mh élﬁgls‘l been
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zone 36 10 consists of a mater collecting part 46 disposed i nmediately

above t heypriidv Q¥ PERY Qi ter. Plmd el sMalhpaeicingigne®it Ufor forming
accurrul ation zone 34, a water collection trough 48 for col l ecting the

treated vEHe&rpavieing avediomi ravednel atnivn Fayeofi4, for téwample; thetection
part 46, and an outtl ow pi pe 50, 15 connected to the water collection.
troug 4&rd empkoybdiGldiet tube-ghapad doladieic tsmall rpaticihguatedia ok 52
(see Fig. 5). : The raw water |eaving the coagulant m xi ng tank
18 Hdwirsy \d areleetivélpvema e fiedific tgravity e Ahewis2in Hig. 7.

i nfl ow pipe 30 extends to the mddle of the inflow zone 32 20 and has
at itstip a domﬂﬂh@dW@benl¢@ﬂle¢$ﬂ¢mv%¢n%d3@n%$e@lEeglon fo%haped baffl e

pl ate 54 I%ufrOVIded under the_opening of the i nflow e 30 to
change tRokkeaikingthg treated walker shich hagheen ihigea
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to the | owernbs
accumulation zone 34, a water collection trough 48 for

collecting the treated water overflowing from the upper end of
the water collection part 46, and an outflow pipe 50,

15 connected to the water collection trough 48, for sending the
treated water to a treated water tank 52 (see Fig. 5).

The raw water leaving the coagulant mixing tank 18
flows via the inflow pipe 30 into the inflow zone 32. The
inflow pipe 30 extends to the middle of the inflow zone 32,

20 and has at its tip a downward opening. An inverted umbrella-
shaped baffle plate 54 is provided under the opening of the
inflow pipe 30 to change the direction of flow of the raw
water from downward to upward. An alkaline agent injection
pipe 56 is also connected to the inflow pipe 30 so as.to

25 inject an alkaiine solution, if desired, for the control of
the pH of the raw water. |

In the lower part of the inflow zone 32, that is,
below the baffle plate 54, there lies a hopper-shaped sludge

storage zone 58 for storing the sludge, to the lowermost part



of ﬁhich I's connected a sludge di scharge pipe 60 for di scharging the

sl udge. . Above the inflow zone 32 is disposed an air supply
pi pe 62 having a plurality of air nozzles for jetting air 5 upward, so
as to eject air fed by the air blower 64 to thereby stir and wash the
packi ng nedia 42 of the packing nmedi um accumnul ati on zone 34.

In the'coagulation,tank 20, the maier beari the 80 ul ant first
flows int®ftWRIChisFoRARCEEd a sipdge; dischprd® Pipgnel 350T 5npng f1 ocs
formed as_a resul't of coagul ati on of the suspended solids in the raw
wat er, ré@%§?9%¥?1P3r5Eef$§E€g%re first settled and separated.
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the voi ds or between the packing , Sl mu

m cro-f | ogScumui HEL6R V% ¥RE €54 ar € capt ur ed by the floc |ayer.
Fl ocs whi ch have adhered onto the packing nedia 42 or 25 have been

captured between thethéctbvagulrtieni4fagkagoal thieowaber bearilg thecontact
wi th the subsequent mcro-flocs or the |ike, resulting in flocs of
i ncr easeccahquikdret . £ ifihet, f howsr intg| yhe inflaw zdmef3DCcs Imvihlnis aibf Hower
settlenment velocity than the upward flow rate of the raw water becone
forndd, tzene 32pcamong flocs formed as a result of coagulation of the
suspended solids in the raw water, relatively large flocs are
first settled and separated. '
The water then flows into the packing medium
accumulation zone 34, in which miqro-flocs remaining in the
15 water come into contact with the packing media and adhere onto
the external surfaces of the packing media, or are captured in
the interstices between the respective packing media 42 and
are separated. Water flows upwardly through voids of the
packing media 42 or flows through between the respective
20 packing media, and is filtered through the floc layer formed
in the voids or between the packing media, while
simultaneously the micro-flocs in the raw water are captured
by the floc layer.
Flocs which have adhered onto the packing media 42 or
25 have been captured between the packing media 42 gradually grow
due to contact with the subsequent micro-flocs or the like,
resulting in flocs of increased diameter. Then, accordingly

as the flocs having a higher settlement velocity than the

upward flow rate of the raw water become formed, these flocs



4 are di sl odged fromthe packing nmedia 42 by the flow of the
water, settle against the flow of the water, retained in the sl udge
storage zone 58, and then discharged via the sludge di scharge pi pe
60. 5 In this manner, suspended solids in the raw water are
separated fromthe water and settled in the sludge storage zone 58 by
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cl ogs, aifs:j rok 5 the air nozzles of the air supply pipe 62 to
stir and §é§§h§ﬁég ngg ggéking medi um accunul ati on | ayer 44.

This gpflow type %ﬁa@n'igt aantﬁg&g; %tﬁﬁgbﬁabﬁeﬁbltiﬂsb‘in the % RatERd Ale a

hi gh speed because t he densi coagul ated fl ocs which- have

become thsgkhyated! epBnatRE wate2Oandhs8Btaedi $nsehkl 8TaAheSBeBHage
Accordingly, the facilities beconme conpact, so that facility

i nstal | at h@ﬁeaﬁSabyaﬂhéeaﬂgl_omefaﬁﬂﬁﬁdoft BReasuspendedl sbeAHCELoageNthecan
be decreased, and the treatnment and di sposal of the generated sludge

can be filtsatpbnfofdraw2@ater throughhthe bpfepwofyfitocsagthet ors have
many advant ages, for the purpose of further heightening its treatnent
ef fi ci encyepanatbos angrsethienenhao€ bhenaggliemerated flocs, ardrtbeanpl e,
it has been attenpted to prol ong water
10 like. On the other hand, raw water thus treated flows out
from the water collection zone 36 into the treated water tank
52,
When the packing medium accumulation layer 44 of the
packing medium accumulation zone 34 clogs, air jets through
15 the air nozzles of.the air supply pipe 62 to stir and wash the
packing medium accumulation layer 44.
This upflow type coagulator enables treatment to be
performed at a high speed because the density of the
coagulated flocs which have become thickly agglomerated is
20 high as is settlement speed. Aécordingly, the facilities
become compact, so that facility installation area can be
reduced, the amounts of dhemical agents can be decreased, and
the treatment and disposal of the generated sludge can be
simplified.
25 ' While upflow type coagulators have many advantages,
for the purpose of further heightening its treatment
efficiency, various improvements have been made.

For example, it has been attempted to prolong water

treatment time between the respective wash treatments by the



treatnment tinme between the respective wash treatnents by the

5 use of packing nmedia having a large size in place of the
snmal | packing medi a which constitute the packing nmedi um accunul ation
| ayer, but this results in a problemthat the turbidity of the

treated water increases. Conversely, when the packing nedia 5 havi ng
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A coaguléior i accordance w t he present “invention as a first

coagyl at iy, BAY temahh fe‘;irzqéﬁ PRYUsEd Oh Ri¥der to dROsEAFSamat | east one
packi-ng redi‘um accunulation |ayer t hrough which raw water is passed
at - a supghfy "&i'_tg"%@%ﬁé’ rrdhted vty | Rafe tWhish of réquidtdy REF e um
accumul ation layer in a ~ subsequent coagul ation and sedi mentation
part. ACGY¢Hitl edium adtinElatisrdlabrarireityectas tiatcadptation in
t he packing medi um accunul ation | ayer in the upstream coagul ation
part can arises ke paidbem that |tive irdw watses tbhsesapuent dobmpl & i on and 25
sedi ment ation part. The superficial velocity (a velocity

obt ai ned dhorteneddi vi ding a water passage flow rate by a sectional area of

t he :
10 Thus, an object of the present invention is to provide

a coagulator which can decrease the frequency of the media
wash operation while the turbidity of treated water is

maintained at a low level.

15 SUMMARY OF THE INVENTION
A coagulator in accordance with the present invention
has a first éoagulation part. This first coagulation part
possesses at least one packing medium accumulation layer
through which raw water is passed at a superficial velocity
20 higher than that of a packing medium accumulation layer in a
subsequent coagﬁlation and sedimentation part. Accordingly,
primary treated water subjected to coagulation in the packing |
medium accumulation layer in the upstream coagulation part can
be allowed to flow into the subsequent coagulation and
25 sedimentation part.
The superficial velocity (a velocity obtained by
dividing a water passage flow rate by a sectional area of the
packing medium accumulation layer) in the packing medium

accumulation layer in the first coagulation part should be



packi ng nmedi um accunul ati on layer) in the packing nmedi um accunul ati on
Fayer in the first coagul ation part should be

6 . higher than the superficial velocity (e.g., 150 to 800
m day, preferably 300 to 500 niday) in the packing nmedi um
accurul ation layer in a downstream coagul ati on and : sedi nent ati on
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packi ng nedra prefer vor ds Ich func S as water

passages Ghodebglice hatVgkdrhal igeple00UGEIEPLC and have such | arge
1 that t

surface areas e surface area per err] of the accunul at ed

packing nedia  gsmall$ %QQk‘i eqehiar whBeR, cBhstetabkytRA0psakeny] or nore.
For exanple, as the small packing nedia, there may be preférably used

pl astic tmé@fufioxetemal st aont Eélgléfsabﬁuthé tpstream aﬁd?@léeﬂ@ﬁ hpgftabout 4
nm hol | ow spheres having nmany holes 20 on their surfaces, a Tellerette

packi ng osnd hehéi dewnbttesheyoagulatior and pedimentatignrpsttikavee.

The smal | packi ng nmedi a which constitute the packing medi um

accunul athbgh|wgid vatide. upNorpanticabat aresbrparcionays put ometkeéenil ar,
in shape and size, to the small packing media 25 which constitute the
packithg nelrper asatexialiand| kied of the small proking caedidadg®e alevd and

sedi nentation part. Alternativelz, ) .
as they can be accumulated to form the packing medium

accumulation layer, but these small packing media preferably
- should have voids which functions as water passages at a high'
void ratio of 60% or more and have such large surface areas
15 that the surface area per m* of the accumulated packing media
is 200 cm® or more, preferably 300 cm® or more.

For example, as the small packing media, there may be
preferably used plastic tubes having a diameter of about 4 mm
and a length of about 4 mm, hollow spheres having many holes

20 on their surfaces, a Tellerette packing or the like, but they
are not particularly restrictive.

The small packing ﬁedia which constitute the packing
medium accumulation layer of the upstream coagulation part may
be similar, in shape and size, to the small packing media

25 which constitute the packing medium accumulation layer of the
downstream coagulation and sedimentation part. Alternatively;
at least one of the shape and size of the small packing media
which constitute the packing medium accumulation layer of the

downstream coagulation part may be different from that of the

7



at | east one of the shape and size of the small packing nedia whi ch

.constitute the packing nedi um accumnul ation | ayer of the downst r eam
coagul ation part ‘'may be different fromthat of the
7 smal | packi ng nmedi a which constitute the packing nmedi um

accurul ati on |layer of the coagul ati on and sedi nentation part.

Sui t ably, sh&E]1 SpREkikgCtieda r@ﬂi@h%mf@@ﬁéltuée?aemng med Pa@ki ng medi um
accurrul ati on | ayer of the downstream coagul ati on and sedi nentation

part has ideumal®tSoRPEapéridE the cosdilatpogkang sedimenbatiogopattiute
t he packi ng nmedi um accurul ati on layer of the upstream coagul ation

part and has SuitabiysneheesmabhdnpabRingf méltaswhlithpeoksogtutdi ahwhi ch
constitute the packing nedium accunul ati on [ayer of the 10 upstream
coagul at i packing . medium accumulatiom lager dof cthdéedowmsteeam whi ch can be
treated in t he coagul ator of the present invention, its source and
qual ity aceagulationtand sedifentakbom partehas theisgme shape asrtheity of
several degrees to 2000 degrees is applicable. 15 In this specification,
raw wat ersia} brpachingzmediatwkich sconstitute rRceacking nediwwagul at or,
and i ncl udes mater such as river water, well water, |ake water, and
swanp wat9cumalakion 1aYera%fwb%%euBﬁﬁﬁﬁaWWFQﬁﬂﬂ%ath?$dﬂ%%%damﬁt%a$he
coagul at or, restriction is. |g§§sed on the coagul ant to be

added 20°1z¢% smallex, ‘&%ﬁ"érth"&% *Hrpesmally %k%%%g‘lh‘?%’t? fPEFh ect for

h ded lid Th t f bl
o, for ST RS TR RO AL R AT T on 1Y% 98 thdng

i ek or B ECRE S Fruation BAFE) 1 in The raw vt or (added with the
coagul ant) which with regard to the raw water which can be treated in
the coagulator of the present invention, its source and
quality are not limited, and for example, water having a
turbidity of several degrees to 2000 degrees is applicable.

15 In this specification, raw water refers to water which is
introduced into the coagulator, and includes water such as
river water, well water, lake water, and swamp water, as well
as waste water which is introduced into the coagulator.

No restriction is imposed on the coagulant to be added

20 to the raw water, as long as it has a coagulating effect for
the suspended solids in the raw water. The coagulant may
preferably be, for example, aluminum salts such as aluminum
sulfate and polyaluminum chloride. |

If a rétio of coagulatéd flocs having diameters more

25 than 100 pm in the raw water (added with the coagulant) which
is passed through the packing medium accumulation layer
increases, the viscosity of the flocs which adhere to the

packing media and grow thereon increases, so that the

separability of the flocs from the packing media and the



S bassed t hrough t he packi ng nmedi um accunul ati on | ayer I ncreases,

the viscosity of the flocs which adhere to the packi ng medi a and grow
thereon increases, so that the . - separability of the flocs fromthe
packi ng nedia and the 8

dewaterability of collected sludge deteriorate inconveniently.

Ther ef or egew#€etrabiPify bhechdlPEstbaVsTadgbaaBE8r$ofREE 1hé8nvenient?y.
[err] mshould better be as |ow as possible, and it Is necessary to

control thgegesege, | enel ratid hef coRgUEBSEsSRat Ay dhafetebs mb2éi ehdfaes not
exceed 5% or so. The dosage |evel of the coagul ant depends on its

ki nd, thelopohmtshoildhbetbetr Vibéeds low ashnpossitblekeandnit hegcretéssary
previously set to a preferred val ue by neans of experinents or the

li ke. to control thetdesageclefelsofigthe ebagubantbssethatothasic 10
coagul ant, its dosage |level, which may vary dependi ng on the

t ur bidi t yratio hdoeswnokt exceedyStisonl $9. beThe dbgagenievel &f lthe to
0.001, and preferably 0.05 to 0.005 in ternms of an ALT ratio

[ al uni nunegagylamt deperde| onuibs dkind, Bheeapabityigof the rae waferatio in
this range, the suspended solids in the raw 15 water are so coagul ated as
to form mRdctheotikes apd hence ig speewnieuslyisst heQiagerefersedneabue100
[err]mor, |ess, ref erabl y several ierr]n1to several tens [err]m

When t he RpHSRFRBH QD FEPSF 1BAN LR 2T i kb nkikft ed and when t he
super{1c1 2l vel ookl L 05PaEKL0tadoSh R Prom ERHHL BN O 1
Soneld 1< adELERL AL $08a0e devBle NARTSHAY VA b o8’ 1"
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to 0.001, and preferably 0.05 to 0.005 in terms of an ALT
ratio [aluminum (AL) dosage level/turbidity]. By employing
the ALT ratio in this range, the suspended solids 'in the raw
15 water are so coagulated as to form micro-flocs of the
suspended solids having dimensions of 100 um or less,
preferably several um to several tens pum.
When the.upstream coagulation part is installed and
&hen the superficial velocity.in the packing medium
20 accumulation layer of the upstream coagulation part is
reqgulated to be higher than the superficial velocity in the
packing medium accumulation layer of the downstream
coagulation and sedimentation part, the micro-flocs introduced
to the upstream coagulation part grow into the coarse flocs
25 :having large sizes and most of the coagulated coarse flocs afe
discharged from the packing medium accumulation layer without
stagnating in the packing medium accumulation layer. In the
downstream coagulation and sedimentation part, therefore, the

thus discharged coagulated coarse flocs are allowed to settle



25 havi ng | arge sizes and nost of the coagul ated coarse flocs are

di scharged fromthe packi ng nmedi um accunul ati on | ayer w thout

stagnating in the packing nmedi um accunul ation layer. In the :
downst ream coagul ati on and sedi mentation part, therefore, the t hus
di scharged coagul ated coarse flocs are allowed to settle
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sedi nentation part, occurrence of he cl oggi ng of the

packi ng el AEN SEY A dued BETENe ddiBitidn ofd s ideafu g Wattn and
sedi mrentat1 on part can be dec?égsed and hence a packi ng nmedi um wash

interval A Recd B8l .coarsened, and the peands @ ars endtt readm lsrisedd
packi ng nedi a constituting the packing nedi um accunul ation | ayer in

t he £ X S rree ave totrbstl | srid cseparh ot esankatinortheardovenat feamed so as
20 to have the same shape as the small packing nmedia constitutin
t he 19ackicuagrEki tinmandndedinentation ipartheqpgrduagnthe amqungty Lﬂgt‘?%
part and so as to have smaller sizes than the . .small packing nedia
const i t utfilera mepandithEreuntumt the raw water which flow into the

packing medium accumulation layer of the downstream -
coagulation and sedimentation part, whereby the occurrence of
the clogging of the packing medium accumulation layer in thé

15 downstream coagulation and sedimentation part can be decreased
and hence 'a packing medium wash interval can be prolonged.

In particular, when the small packing media
constituting the packing medium accumulation layer in the
downstream coagulation and sedimentation part are formed so as

20 to have the same shape as the small packing media constituting
the packing medium accumulation layer in the upstream
coagulation part and so as to have smaller sizes than the
small packing media constituting the packing medium
accumulation layer in the upstream coagulation part, the

25 turbidity of the treated water can be decreased. Furthermore,
in the upstream coagulation part, the micro-flocs are
coarsened, but the coarsened flocs_are discharged as much as
possible from the packing medium accumulation layer without

stagnating in this layer. On the other hand, in the packing
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accunul ation | ayer in the upstream coagul ation part, the 25 turbidity of
the treated water can be decreased. Furthernore, in the upstream
coagul ation part, the mcro-flocs are coarsened, but the coarsened
flocs are discharged as nuch as possi bl e fromthe packi ng nmedi um
accunul ation | ayer w t hout stagnating in this layer. On the other

hand, inthe neckfhlation layer in the downstream coagulatdion and
medi um accunul at1on T ayer In the downstream coagul ati on and

sedi ment 3id iy diffde. 14 AT GHd Gefcrl Slodipum gt RARA not bedwar sened in

t he upstream coagul ati on part are securely captured. As descri bed

above, theEidd A (eGP eds codyul £t fon fpaet sord hadoddelef f ect of
the present 1 nvention can be | mpr oved. ' Additionally, in

the preseptideil | s dedribed Gibove, thé aitagimy ohifunarigmsize
coagul ated flocs in the upstream coagul ation part, and, when these

f | ows nt @lde fihdo edmat ifthe effapt aif cdrherpresshitententoioparan heey are
‘settled and separated at an early stage. As a result, the anount of
coagul at ednpeawed f | ocs which flow into the packing nedi um

accunul ation layer in the downstream coagul ati on and, sedi nent ati on
part decreases, thdditbiopallyitimgthecpresent invention |BeshHMIEFR nedi a
conpared with conventional nedia, . wi t hout shortening the medi um wash
i nterval fToasmeagpawkintp large fige Feagulated i BiPIsdt the (WRSHRRt r eam

coagul ation and | sedi nent ati.on rt. . The use of the
shalgl er RRAIHARR PATE + ARG WRED 3‘3}&5%0f1°"6o’a’&ﬂ Fh% AYRF YA %ent at i on

P L G A Sgmencat L e S A g o 7
.flocs am%égg%ated at an early stage. As a result, the amount of
coagulated micro-flocs which flow into the packing medium
accumulation layer in the downstream coagulation and
sedimentation part decreases, thereby permitting the use of
15 smaller packing media compared with conventional media,
without shortening the medium wash interval of the packing
medium accumulation layer in the downstream coagulation and
sedimentation part.
The use of the smaller packing media in the downstream
20 coagulation and sedimentation part énables the coagulated
flocs to be densely held in the packing medium accumulation
layer, and'the contact chance of the coagulated flocs and the
subsequent micro-flocs and the like can be increased to reduce
the turbidity of the treated water.
25 The packing medium accumulation layer in the upstream
coagulation part and the packing medium accumulation layer in
the downstream coagulation and sedimentation part may be

disposed in turn from bottom to top in one treatment tank so

that the raw water and the primary treated water (raw water

11



subsequent mcro-flocs and the like can be increased to reduce t he

turbidity of the treated water. 25 ' The packi ng nedi um

accunul ation |ayer in the upstream © coagul ation part and the packing
medi um accurrul ation | ayer in t he downstream coagul ati on and

sedi nentation part may be di sposed in turn frombottomto top in one

oL aled®in cne SHReA ARINTRELoR Nt AR ST
152 T e ol A M AR
gﬁfgg\eﬂrﬁ'{f%ﬁt}%ﬁ%&%&%‘{/ %o? Bgoﬁx%cg é\é))fnﬁ ea(g?l %?%e_r. ‘ cha am
coagul at i%ﬁe%%ﬁ tgt?]%llftﬂge p’%@ﬂ‘%ﬂgﬁ& n@%%é&fa g%lg%%?%?}%% T%%ggé@?\}'lﬁe
par ol o Tora A FHRT S6on LaveRd AT IGY 58 Bk Ly oA R R

t hrough the FRAEKEPHOPBY HAk ap86RYhGt hEAitAYSEchRul 8€iURS1EPER in
coagul ati on part in the manner of an upward or downward flow and the

primary tfleatesbtedsl doygilavidh et dne ©re kpaekimglimedium .
accurrul ati on layer in the downstream coagul ati on and 15 sedi ment ati on
part in téaescumilseticod ldwexipivarthé |downstream coagulativmdshdi on, the
packi ng nmedi um accunul ati on |ayer in t he upstream coagul ati on part
and t he peexkimentetiionmpart may chendispesed aiymrparallel dowene eam
coagul ati on and sedi mrentation part may be disposed in different

t r edihhenttreatmentyfiank ree ekt vielhg raw twakex Heay s owtthrongh ithey t hr ough
t he packi ng nedi um accunul ation | ayer_in the upstream coagul ation
part in tBRCKEMHdReDIU ACHHBEIA HIOR olGNRF iR | the upstream coagulgfiom .y,

ere are disposed a turbidity detectin
th part[in éLe manner ogian upwar& or downward flow and the

primary treated water may flow through the packing medium
accumulation layer in the downetream coagulation and
15 sedimentation part in the mahner of the upward flow.

In addition, the packing medium accumulation layer in
the upstream coagulation part and the packing medium
accqmulation layer in the downstream coagulation and
sedimentation part may be disposed in different treatment

20 tanks, respectively, so that the raw water may flow through
the packing medium accumulation layer in the upstream
coagulation part in the manner of an upward or downward flow.

Suitably, there are disposed a turbidity detecting
part for measuring the turbidity of the raw water, and a

25 dosing control part in which the amount of an aluminum salt to
be dosed by a dosing part is controlled in the range of 0.1 to
0.001 in terms of an ALT ratio on the basis of turbidity
values as determined by the turbidity detecting part.

Moreover, -an additional constitution may be provided

12



parf for neasuring the turbidity of the raw water, and a 25 dosi ng

.control part in which the anobunt of an alum numsalt to be dosed by a
dosing part is controlled in the range of 0.1 to 0.001 in terns of an
ALT ratio on the basis of turbidity val ues as determ ned by the
turbidity detecting part. Mor eover, an addi.ti onal

consti t utiPRyHEsh Rthdd A& airbidity of the treated water exceeds al2
in which when the turbidity of the treated water exceeds a :

predet er praibtiedbinbdd wddElitgh Tdvelbam s Hayiy &f rudidEity valued the
treated water as determined in the turbidity detecting part, the
packi ng reflithe anmatdditvater akerdeterniimetdwrs ttheaturbi dityoatpteatt oy and
sedi mentation part can be automatically washed. BRI EF DESCRI PTI ON
OF THE DRA#tNGCIhe packing mediking.ackunsila tsichre istyier \ire vihsh aloiwng tideam
constitution of a coagul ation tank in an exenpl ary Enbodi nent 1 of

t he Presamagulatidmead isedimentation part miap b iasitwmedhicadiliyc washed.
showi ng the constitution of a coagul ation tank in an exenplary

Enbodi ment 2. Fig. 3 is a schematic view show ng the
constitution of a co%gﬁlation tank in an exenplary Enbodi mrent 3. 15

Fig. 4 | PREECRERARIETAQW ThSHh PR NG hsti tution of a coagul ation

tank in an exenplar odi nment, 4. . ] .Fig.. 5is a flow shee
showi ng the consthidi i brioia cheiiat i XN iShRing AR AGStitution of

1% P R A Mk P U S 1 3 o G
periaecﬂfﬁ%éﬁéﬁgﬁQKWan one exanple of a packjng nedium
Fig. 2 is a schematic view showing the constitution of
a coagulation tank in an exemplary Embodiment 2.
Fig. 3 is a schematic view showing the constitution of
a coagulation tank in an exemplary Embodiment 3.
15 Fig. 4 is a schematic view showing the constitution of
a coagulation tank in an exemplary Embodiment 4. '
Fig. 5 is a flow sheet showing the constitution of a
conventional coagulator.
Fig. 6 is a schematic view.showing the constitution of
20 a coagulation tank installed in the conventional coagﬁlator.
Fig. 7 is a perspective view showing one example 6f a

packing medium.

EXPLANATION OF SYMBOLS
25 10 Conventional upward flow type coagulator
12 Untreated water tank
14 Raw water pump
16 Coagulant adding facilities

18 Coagulant mixing tank

13



EXPLANATI ON OF SYMBOLS 25 10 Conventional upward flow type

.coagul at or 12 Untreated water tank 14 Raw wat er
punp " 16 Coagul ant adding facilities 18

Coagul ant ni xi ng tank 13

20 Coagul ation tank 22 Tur bi di net er : 24

Coagul ant tank - ated water supply pipe 5

28 Coagul ant pumz)0 Coagulatf@nLg%ﬁgairrer 30 Inflow pipe
32 Untreated wat epai Nl P¥4dPREer 34 Packing nedi um accunul ation
zone 10 36 Water collection zone 38, 40 Qutfl ow
prevention plates24 coagulant tégkSmall packing nedia 44
Packi ng medi um accumnul ation | ayer 46 Water collection part

15 48 ¥Gt euntpeheed i watér osgbp 50 CQutfl ow pipe

52 Treated water tank 54 Baf¥|e pl ate 56

Al kal5 ne agent inR&ctCoagulaet Rémp 58 Sludge storage zone
60 Sl udge di scharge pipe ,
29 Stirrer
30 Inflow pipe
32 Untreated water inflow zone
34 Packing medium accumulation zone
10 36 Water collection zone
38, 40 oOutflow prevention plates
42 Small packing media
44 Packing medium aécumulation layer
46 Water collection part
15 48 Water collection trough
50 Outflow pipe
52 Treafed water tank
54 Baffle plate
56 Alkaline agent injection pipe
20 58 Sludge storage zone
60 Sludge discharge pipé
62 Air supply pipe
64 Air blower
70 Coagulator in Exemplary Embodiment 1
25 72 Coagulation tank
74 Second packing medium accumulation zone
76 Water collection zone

78 First packing medium accumulation zone

79 Separation zone

14



62 Air supply pipe 64 Air bl ower 70 Coagul at or
in Exenplary Enbodinent 1 25 72 Coagul ation t.ank _
74 Second packi ng nedi um accurul ati on zone _ 76 Water
col l ection zone 78 First packing medi um accunul ati on zone

79 Separation zone : 14 6 Ei

80 Sl udge storageggon Cont ai ner I rst
packinggnediun1acggnu?é??gﬁ fE?E?ge zgﬁg 84 Second packi ng nmedi um
accunul ation | ayegy ®fontainer 86 Cylinder part 88 Reverse
cone part 90, 92 Qutfl ow prevention pl ates _ 94
Waste pipe 82 Firsﬂoﬁaémﬂ?lﬁ,éaszﬁmtae&umﬁuéﬁfaﬁlEéyeﬁnbodl ment 210
102 Second packi ng nedi um accunul ation | ayer 104 First

packi ng medi um acg4musetond payking medium accumdD&ti&RNiayaLr

108 Sl udge col lecting machine with scraper

110 Sl udge storage

zone 515 86 11yl fndegnl paxron tank in Exenplary Enbodi nent 3

113, 114 Packing nedi um accunul ation | ayer

115 Downstream

coagul ation tank 88 Reverse cond6pattt7 Sl udge storage zones

118 Packi ng nmedi um accunul ati on | ayer 20

120 Coagul ation tank

in Exenpl ary Enbo®0 ne$2 40utflow prevention plates

' 94 Waste pipe

100 Coagqulation tank in Exemplary Embodiment 2

10 102 Second packing medium_accumulation'layer

104 First packing medium accumulation layer

106 Container

108 Sludge collecting machine with scraper

110 Sludge storage zone

15 112 Coagqulation tank in Exemplary Embodiment 3

113, 114 Packing medium accumulation layer

115 Downstream coagulation tank

116, 117 Sludge storage zones

118 Packing medium accumulation layer

20 120 Coagulation tank in Exemplary Embodiment 4

122 First treatment tank

124 First packing medium accumulation layer

126 Coagulation tank

'128, 130 Outflow prevention plates

25 132 Primary treated water pipe

BEST MODE FOR CARRYING OUT THE INVENTION

Exemplary embodiments will be described hereinbelow.

Reference is made to the accompanying drawings to describe
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122 First treatment tank 124 First packing nedi um

accumul ation | ayer 126 Coagul ation tank - 128,
130 CQutfl ow prevention plates 25 132 Primary treated water pipe
BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON Exenpl ary

enbodi mrents will be described herei nbel ow. Ref erence is nade to the

acconpanyda i¢i@41N95 drfd 495 Horee detail the embodiments of the present 15
specifical'ly and in"nore detail the enbodi ments of the present

i nvent i oynveAtGbn,S widilcH Miemdtd int rldd id & tidniitese to those.

Exempl ary Enbodinent 1 5 . Thi s exenpl ary enbodi nent is an
exanpl e of the enbodi nent of a coagul ator according to the present

i nventi on. Fig. 1 is a schematic view showing the constitution of a
coagul ati on t ank ExenplkatyRiibddimienti il a coagul ator in accordance
with this exenplary enbodinent. In the schematic 10 views of Fig. 1 and
Figs5 2 to 4, thdsksreexampilary ambodifient is an example ofe theyresent ed by

the same synbols, and the description of these nenbers is not, :

r epeat ed entoddment, of a coggulater acsersimdedosfhe presendnisventdiofe and
a meter are . _ not described except where helpful to illustrate the
present Fig. 1 dgerd js¢thematic view showing dhe Go Rl & a

coagul ation tank 72, a coagul ator. 7Q in this exenplary ,enmbodi nent has
t he sane coagulatjen tank 4 geé%ﬁ%ﬁta\ allrhﬁ/\é’ro@gﬂq%ﬁ%ﬂ@ coagul at or

10 égy%r Jﬂééqﬁ%tﬁithis exemplary embodiment. In the schematic

10 views of Fig. 1 and Figs. 2 to 4, the same members as in Figs.
5 to 7 are represented by the.same stbols, and the
description of these members is not repeated. Moreover,
optional accessories such as an on-off valve and a metér are
not described except where hélpful to illustrate the present

15 invention.

Except for constitution of a coagulation tank 72, a
coagulator 70 in this exemplary embodiment has the same
constitution as a conventional upward flow type coagulator 10
shown in Fig. 5.

20 As shown in Fig. 1, the coagulation tank 72 is
equipped with a second packing medium accumulation zone 74 and
a water collection zone 76 having the same cons;itutions as
the packing medium accumulation zone 34 and water collection
zone 36 of the conventional coagulation tank 20, and the

25 coagulation tank 72 is also equipped with another first
packing medium accumulation zone 78 under the second packing
medium accumulation zone 74 and a sludge storage zone 80 under
this zone 78. Between the first packing medium accumulation

zone 78 and the second packing medium accumulation zone 74 is
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20 As shown in Fig. 1, the coagufation-tank 72 is | equi pped

W th a second packing medi um accunul ati on zone 74 and a wat er
col l ection zone 76 having the sane constitutions as t he packi ng
medi um accunul ati on zone 34 and water collection zone 36 of the

conventional coagul ation tank 20, and the 25 coagulation tank 72 is also
equi pped %&é septdefefdrftion zondaOKidumpiel g ar GiMPIas ispacensegibinder
t he secon acki ng medi um accunul ation zone 74 and a sludge storage
zone 80'%Ekﬁnum charibess) zone 78. Between the first packing nedi um

accunul ation zone 78 and the second packi ng medi um accunul ati on zone
74 is A first packing medium accumulation layer 82 dfeymsddim
separation zone 79 conprising a sinple space region - (pl enum chanber) .
A first paekifigrstedbaok o umed Ain acduyerat3ior gronel 18 functiang ¢ rast
packi ng nmedi um accunul ati on zone 78 functions as a 5 packi ng nmedi um
accurtul atparkimy anedinmracpmulatianaayer i bn an upstrean cgagwlatehd
packi ng medi um accunul ation |ayer 84 fornmed i n, the second packin

medi um aqeanrtu @andn Aeeomdl pagkingmedium accumplelomdlayey {4 forme
accurul ation layer in a downstream coagul ati on and se%inenlation

part. 10in the second,acking feeddwHly IRHMM alckQMMACHS o tHpns as
provided with a contai nper 81, ich is equipped with a - cyl i nder part

. 86 on an RASKERY dnediim QW\I@@% ]F&?nggn a &°W’bﬁﬁ%%aéﬁ’1t to the
cylinder part 86 on a hgmer sid cylinder part 86 '

d th
acconmod %ﬁgqﬁﬂﬁFgﬂnﬂ? [ﬁﬁﬁ&Wﬁﬁ%ﬂﬁﬁéP Qé?t'(hereinafter referred to sinply
as "the packing mfﬂéa%irst¥§é€$i%% $§&¥§?g§§$@ﬁﬁl$ﬁi&ﬁiéﬁnea7§'{§t packi ng

nmedi“Um accunul ati on I'S connection, the

gﬁghaggerpﬁviéed with Wicdtdimsk @1 2 WidRdd CHuippRe watll Hther shapes,
cylinder part 86 on an upper side and a reverse cone part 88
adjacent to the cylinder part 86 on a lower side, and the
cylinder part 86 accommodates many small packing media

15 (hereinafter referred to simply as "the packing media"). With
the passage of water, a first packing medium accumulation
layer 82 is formed. In this connection, the container 81 is
not limited to a cylindrical shape, and other shapes, such as
rectangular, are also acceﬁtable.

20 At the upper end part and the lower end part of the
cylinder part 86, outflow prevention perforated plates 90, 92
are disposed to prevent the accommodated packing media from
flowing out along with the water. The reverse cone part 88 is
connected at its bottom to an inflow pipe 30, and is provided

25 so as to uniformly disperse and feed the raw water to the-
cylinder part 86. |

In this exemplary embodiment, setting is made so that
a superficial velocity in the first packing medium

accumulation layer 82 formed in the cylinder part 86 may be

17



rectangul ar, are also acceptable. 20 At the upper end part and

the l'ower end part of the cylinder part 86, outflow prevention
perforated plates 90, 92 are di sposed to prevent the accommopdat ed
packi ng nmedia from flowng out along with the water. The reverse cone
part 88 is connected at its bottomto an inflow pipe 30, and is

provi ded h2§hersthas thatnihothéysdtonerpaecking fredithecaccumubationo 't he
cylinder part 86. In this exenplary enbodi nent, setting is

made so thayer 84. aMespneespecifiicaklycitheidiahmetérref phekeybimdeium
accurul ation layer 82 forned in the cylinder part 86 may be

17 part 86 ia&isétrsmakber hthannthat cfcbine paaguhat henli tank 72.
accurrul ati on | ayer 84. More specifically, the dianeter of the

cyl i nder Furthepmeregeothe packimglmedia heenshtitubinghbheobijrstitpackingk 72.
Furthernore, the packing nedia constituting the first packing 5 nmedi um
accurll atmedinmyaecembation olayennd? ear%hof-‘t’r teFmple, shepppubesrFig. 7
or the like, and may preferably have the_sa shape as the packing

medi a con%???%t%ﬂgF%%e %e%%hﬁh%a%kkﬂg and maﬁeﬂ?%ﬁ?%%@%ﬁu@%Y?dﬁh?aﬁ%me84
and a larger size t hﬁ e_second packi Q% %la thou

packi ng Re 7S¢ sEﬂ% %?QémeQEP C%P%tBBWFb%%I d%l% AR e%ﬁ%5+ i

Th Ki dia t d

R cuml athest, S ESiLation cHatd %r%%???noﬁ%gp 518, EER AR s 00,
g gy A A S A

S|nkable packi ng rrespective of specitfic graV|t
I'n agfli tigRe PEFKIRSLY a+$°r§gg ﬂggfg have a true specific gravity of

about 1 and which e on the outflow prevention plates 92, 40 before
the passage The packing media constituting the first and second
packing'medium accumulation layers are surrounded by outflow
. prevention plates 90, 92, 38, 40, and hence either of the
floatable packing media and the sinkable packing media can be
15 used irrespective of specific gravity. In addition, packing
media which have a true specific gravity of about 1 and which
lie on the outflow prevention plates 92, 40 before the passage
of the'raw water and float by the passage of the raw water or
primary treated water at an upward flow of 150 m/d or more to
20  form the packing medium accumulation layer under the uppér
outflow prevention plates 90, 38, can also be employed.

In the separatlon zone 79, a space is provided having
the same diameter as the coagulation tank 72. This space acts
to quickly slow the flow velocity of the primary treated water

25 discharged from the first packing medium accumulation layer.82
so that coagulated coarse flocs in the primary treated water
will hydrodynamically separate from the primary treated water.

A waste pipe 94 is disposed above the separation zone

79 and under the outflow prevention plate 40. This waste pipe

18



of the raw water and fl oat by the passage of.the raw water or primry
treated water at an upward flow of 150 nfd or nore to 20 formthe

packi ng medi um accunul ati on | ayer under the upper outfl ow prevention
pl ates 90, 38, can al so be enpl oyed. In the separation zone
79, a space is provided having the sane dianeter as the coagul ation

tank 72. gifiss Paffteidollect idiP pipe kihicH oy s fd Pipeeiesiing gfo t he
primary treated water 25 di scharged fromthe first packing nedi um

accunul atipgperd HErf 8h the tefitk ! hatlsAagitldrire d o et fdw grdvertiomr i mary
treated water wi || hydrodynam cally separate fromthe primary treated

water. plate 40, an AivSuppliyeipe 62 dqpgyed abicdie Mdny sHpamzzdes one
79 and under the outflow prevention plate 40. This waste pipe

18 for jettimyl dixr aipwemilydid etiisposed @s vin dtheremadee of @ pe havi ng
no upper half in the tank. Al so, under the outflow prevention

pl at & 40,canveritriongiplgoagylattidre qEndpad wiand edny delivered &y an aix or
jetting air upwardly is disposed as in the case of a_ 5 conventi onal
coagul at ilewerni6Lois detted tweistisr @andywagh fihe packing @gdiasAf $heetted
to stir and wash the packi ng nedia of_ the second packi ng nmedi um
accunul at§egendracking medium accumul@tsiqld¥&%B4re zone 80 conprises an

amnular 190N | n wubTAeEEbase oS 0B oAk SRR A T

LT RD Jo T L A D

COSM 2 ocH L Mk SRTUMSIP TP 48 porfiduited ons of (he

i”Orga”i%iﬂ%ﬁﬁﬁfy“tdfiﬂg'Egnﬁgﬁ¥ibnal coagulation tank 20 shown in Fig.
6.

Next; reference will be made to a water treatment
method by the coagulator 70 of this exemplary embodiment and

15 the functions of the packing medium accumulation layers.

An aluminum-based inorganic coagulant is first added
to the raw water fed to the coagulator 70 so that an ALT ratio
may be in the range of 0.1 to 0.001. After rapid mixing in a
coagulant mixing tank 18, the mixture is fed via the inflow

20 pipe 30 to the reverse éone part 88 within the coagulation
tank 72.

In the coagulant mixing tank 18 and the inflow pipe 30,
suspended solids in the raw water form micro-flocs with
diameters of 10 uym to several tens pum through a coagulating

25 reaction.

Soon after the commencement of passagé of the raw

water, the micro-flocs in the water which flows into the first

packing medium accumulation layer 82 formed in the container

81 are deposited on and begin to cover the surfaces of the
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to the raw water fed to the coagulator 70 so that an ALT ratio may be

I'n the range of 0.1 to 0.001. After rapid mxing in a coagul ant

m xing tank 18, the mxture is fed via the inflow 20 pi pe 30 to the
reverse cone part 88 within the coagul ation tank 72. In
t he coagul ant .m xing tank 18 and the inflow pipe 30, suspended sol ids

in the rapasRing medianberohél effevt tdf "screeh gt cof tle ffhdleing mto
several tens [err]mthrough a coagulating 25 reaction.

Soon aft emedibe, coherebyenieaingfcaptseed tietdmn s aw wat er, the
mcro-flocs in the water which flows into the first packi ng nmedi um
accunul ati on | ayebnée@ thenmilcro-fhecsobegineto deposilt aoncthiepssrfadesn and
begin to cover the surfaces of the : , ) 19
packi ng nefii theypatkirng fmediaj sebsegueny migro+tloes krortinue togkr a,

t hereby bei ng captured thereon. Once the mcro-flocs begin to

deposit oiepoRitedfercthe free gurfrces xf neherdRAeking Haedif hider o-f1 ocs
continue to be 5 deposjted on the free surfaces of theﬁgacking medi a

while, Pecaygesthe derofthediRirarElers IRIIHLFRRIRAE Hfhve a
COa0Ul Bt g, JePOELL) el PRI off EL L G R SELUAES d e wiv
o oo e 0SS L AR Rl b lendBled T BB e
i T A T A A
medigg i s é@ﬁ@ééﬂ@'ﬂeﬁé&?%i&%-% tdcellerat s PSEMEN e TBE MyfdOCS are
successi vel y adsorbed and gradually
grows on the packing media.
Flocs are not readily dislodged'at an early stage of
the deposition because the deposition force of the micro-flocs
onto the packing media is relatively strong, but when the
15 subsequent micrb-flocs are successively adsorbed and gradually
coarsen, they are dislodged by the shearing force of the water.
Meanwhile, micro-flocs which are dislodged before becoﬁing
sufficiently coarse and have Qrown past a certain size become
deposited at positions in the first packing medium
20 accumulation layer 82 where the flow of the raw water is slow,
or on the back surfaces of.the packing media or internal voids
which are not affected by the water flow.
The ALT ratio of the coagulant added to the raw water
can be as low as 0.1 to 0.001, as against an ALT ratio of 0.1
25 to 0.4 in a conventional coagulation method, hence the micro-
flocs have a larger density and higher floc strength, and
therefore have a high sedimentation velocity withbut breakage
when being dislodged from the packing media.

As the capture of the suspended solids in the raw
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coarsen, they are dislodged by the shearing force of the water.

Meanwhi |l e, mcro-flocs which are di sl odged before becom ng

sufficiently coarse and have grown past a certain size becone

deposited at positions in the first packing nedium 20 accurul ation | ayer
82 where the flow of the raw water is slow, or on the back surfaces

of the pagktes ﬁ?dbﬁe@éeéniﬁrﬂﬁisvﬁ5f§ the varv€d BlGcHPt BaéBed by the
wat er fl ow. The ALT ratio of the coagul ant added to the raw

wat er theCillcB6-8koto@pofited Oof). ORE, sesfages not tite Apdckig anedid). 1
25 to 0.4 in a conventional coagul ation nethod, hence the m cro-

fl ocs havand thegevadgebatéd eosrseobibscs | having chigh, sedimentatidmer ef ore
have a hi gh sedimentation velocity w thout breakage when bei ng

di sl odgedvétlooithes phetomg centained in the firs¥spadkingmediumf the
suspended solids in the raw 20

wat er5 pr ogeeusetathonhlayeny82t heAs atheudeposteion nef uthegflocs the

m cro-flocs deposited on the surfaces of the packing nedia and the
coagul at epregeesses | ckhe hinsideni gfh thelipaeking oredia andctheigspagespecone
contained in the first packing nedium ~,accunul ation |ayer 82. As the

deposi t i opeB¥eeRethe geacking m%@b@r%%%é%§;¥¥éi1$§?H%%9?#'tbﬂ¢[ﬁk§jng nedi a
the | “BERIRired dT1OS ST O En DS BRI (IS et b Fhe DR REE

or oup nast s PERY IS raw Wated F1ow; (i g (ne thustjerted T1ocs. That 1S to
vel &y of the The IpEUPnchofieRSh bf EReffos!GEbR HAp Wns eckebl or

nedia,  classPEYiRg CtRePORh S5t BEd €F14¥s [ herpdbels hehidsay Ner @ atui rd £d

fine floc particles are stirred up by the flow velocity of the
raw water, but, when they contact the upper packing media,
they are deposited there. On the other hand, the coagulated
l15 ' coarse flocs resist the flbw and stay on the packing media in
the vicinity of the position where the jetting of flocs has
occurred.
As the deposition and the growth of the micré-flocs
progress, the first packing medium accumulation layer 82 is
20 filled with the coagulated coarse floc group, and the
coagulated floc group leaves the first packing ﬁedium
accumulation layer 82 along with the primary treated water and
flows upwardly through the upper outflow prevention plate 90.
The primary treated water as discharged from the first
25 packing medium accumulation layer 82 as a certain velocity but
slows down greatly from the separatibn zone 79 until the
second packing medium accumulation layer 84. 1In consequence,
the coagulated flocs having large particle diameters and high

densities are separated from the flow of the primary treated
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15 coarse flocs resist the flow and stay on the packing nedia in

the vicinity of the position where the jetting of flocs has occurred.
As the deposition and the gromh of the mcro-flocs progress, the
first packing nmediumaccunul ation layer 82 is 20 filled with the

coagul ated coarse floc group, and the coagul ated floc group | eaves

the firstyReek] NendefbsHN of the aecagal £t ednfloyers& ke ahgring helidier pri mary
treated water and fl ows upwardly through the upper outflow prevention
pl ate 90.passage through Tdespaceatbgtweemt thle vedagu ket ibrs ctenlyet? famgdn t he
first 2 packi ng nmedi um accunul ation | ayer 82 as a certain velocity but
sl ows dovchgreshtyifeonst hehiepaistimmn zonEl Y ovaker |stake. The sBuwhd
packing medi um accurrul ati on | ayer 84. In conseguence, t he coagul at ed
fl ocs havsettled gElpes t reach dibeesudgersttonage zone Bensand arerthen
separated fromthe flow of the primary treated

21 5 stored asyeettlednglwdge. of the coagulated flocs settle during

their passage through a _space between_the coagul atjion tank 72 and
the contai ner 81 hAi ekhes vardsgtthe MACEP-51ace. fohmednim the et ed
fl ocs reach the sl udge, storage zone 30, ang E{e t hen

settled sfeRgelant mixing tark 8 A rt%-r{:l% ?%epwpcr%(-?f?]f)%tscot;%?qg% in the
coagul at it atite Frasdlafed ofres HGRE AF 3, AhEY T dario At ca
Cn e || P g SR A D EERTERES o' e B o) A CUSF, SN OO
vat efo Vm@g:%&"@téfééje_t%e.so. S£E 0O AEKE NIt HE A RE AUl @i ey er
84 on the ‘downstream side can be largely reduced and nost of the
suspendedsSPi 4lSin the primary treated water which flows into the

second packing medium accumulation layer 84 on the downstream

side can be largely reduéed and most of the suséended solids

themselves become micro-flocs.

15 Because the superficial velocitj in the first packing
medium accumulation layer 82 is accelerated, the coarse flocs
coagulated in the first packing medium accumulation layer 82
are from time to time dislodged and entrained by the flow of
the raﬁ water without mechanically dislodging them.

20 | Therefore, even if no specific wash operation is
carried out, the floc coagulation adsorption activity of.the
first packing medium accumulatibn layer 82 can be maintained
at a high level, and clogging of the first packing medium
accumulation layer 82 can be prevented.

25 on the other hand, the amount of micro-flocs flowing
into the second packing medium accumulation layer 84 is
noticéably reduced, and therefore a packing medium having a. .

‘smaller size than in a conventional case can be used as the

packing medium for the second packing medium accumulation
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t hensel ves becone mcro-flocs. 15 Because the superficia
velocity in the first packing medi um accunul ation |ayer 82 is

accel erated, the coarse flocs coagulated in the first packing nedi um
accurul ati on | ayer 82 are fromtinme to tinme dislodged and entrai ned by
the fl ow of the raw water w thout mechanically dislodging them 20
Ther ef or gayterBd f WheaPetidh paiShgRiEuOhaving a smedlierediee .ist he

fl oc coagul ation adsorption activity of the first packing nmedi um
accunul atus®d | sy tRklcidiitye ohitheitrethted watelr aan @le lredelcedand cl oggi ng
of the first packing medi um accunul ation | ayer 82 can be prevented.
25 withdat tdhoxttdremdghah intermaiutetodeem erashielsacs f 1 ow ng

into the second packi ng nedi um accunul ation |ayer 84 is noti ceabl y
reduced, and therBiereaptyre iechanidnmhaheguicro-£floaawin dihesisecandan in
a conventional case can be used as the packi ng medium for the second
pack®ng. e kimamadivmigcsumulation layer 84 is the same as the 22

| ayer 84. When such packi ng nedi um having a smaller, size is _- . used, the
t ur bi di t Fagrtune mechandsmdie they figst packdgg mediugy @eSWMUdREAOBNi ng t he

i nt erval _bet ween washes. . . I'he capture nechani smof_ the

mi cro- f | @YSH §4ve WdGrg thes su%&%w&mc&%l% S8PRFer 84 is the

he . . i,smin_the first Ki di .
ecum afegiing nefpl AESRRIRRER 1hyett d 13 13N SHFR, ARt 2 second

packi ng a5l Wi A WIALORANS! afdn1BAURT 16080 B Whcorainds i rst

packi ng um-acc at'ion 1ayer ccording € breakadeé and

E Eglﬁl as tnfey 1P KAYS AN "thet I?ﬁa(‘s%i@&li%tcf‘}amctionf b3C t%%o%gat&%fatﬁ%df | ow of
primary treated water Is nore noderate than 1n the first packing
medi um agqyEUl@ouR by t®e flow of the primary treated water is more
moderate than in the first packing medium accumulation layer
82, and coagulated flocs particles of small diameters alone
are carried upward.
15 As a result, soon after the commencement of the water
passage, the amount of coagulated flocs rapidiy increases
around the packing media of the lowermost part into which the
micro-flocs_flow and, moreover, the capture of the flocs by
the surface filtration of a coagulatory filtration treatment
20 is reduced and clogging progresses only slowly. However,
before the lowermost part of the packing medium accumulation
layer has been completely clogged, the primary treated water
flows intensively through positions where pressure loss is
small, and, at these positions, the breakage and the
25 classifying function occur. Therefore, a capture region of
the micro-flocs expands from the 1owef part to the upper part
6f'the.second packing medium accumulation layer 84 with the

lapse of the water passage time of the primary treated water.

Therefore, even when the second packing medium
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82, and coagul ated flocs particles of .small dianeters al one are
carried upward. 15 As a result, soon after the comencenent of
t he water passage, the anount of coagulated flocs rapidly increases
around the packing media of the | owernost part into which the

m cro-flocs flow and, noreover, the capture of the flocs by t he

surface filbeilopiol fapoaced aié”ﬁ’liléd i fPreddfataesd £18ks, ithe educed

and cl oggi ng progresses ‘only sl ow However, before the | owernost
part of tﬂ%p@&&w%mmlﬂ i€e second adkireg msktunconpl et el y
clogged, the prinmary treated water flows intensively through

posi t i ONsa¢@hel € £SH uw;(é_@su i s mild, Yeddusenthe giadiiose pakium desve t he
breakage and the 25 assifying function occur. Therefore, a capture
regi on ofa largetéerface caféadcandxpaidisvéIumes he | ower part to the upper
part of the second packi ng nedi um accurul ation layer 84 with the

| apses of the wat eInpaddationj neecdusacthei fikeg loadtef theesecond
Therefore, even when the second packing medi um

23 packlng nedtumaccumnlatien Bayes §4 Ii%oﬁmﬂllv cehguinteEval ocs,
t he I ncrease of |oss-of-head in the second packi ng. medi um
accumul athekweenckhescleaning treatments rRan R&kiPELHRRIEM have a

| arge surface area and void vol une tion, becau e t he

floc load of the ABcERBCribed ﬁBEK?ngth%dﬂﬁﬁpﬁﬁﬁﬁéﬂ?gsgéﬁ FAPENLS 40
ool e ttalasen 080 PETLAR%ELAR AL RRL R LR
B Umé*r%fﬂ@é‘ el Pt e o,
primary tgealed, paifl p2hid of the primary treated water, and in
succession, the capture of the coagulated flocs is continued
under the breakage and the classifying'function by deposit
filtration. As a result, the subsequent coagulated flocs pass
15 through the densely existing coagulated floc group, and hence,
they are securely adsorbed by the coagulated floc group with
the aid of its strong adsorptive function.
Accordingly, even if the turbidity of the raw water
rapidly increases, the coarse flocs or the micro-flocs do not
20 flow at one time from the second packing medium accumulation
layer 84, and treated water having a low turbidity can be
reliably obtained between_thelstart of flow of the raw water
and the step in which the wash opefation is required.
As described above, in the first packing medium
25 accumulation layer 82, the superficial velocity is high, and
hence, the primary treated watér including the coarse flocs
flows out, to thereby permit a longéterm water passage
treatment requiring almost no cleaning of the packing media.

On the other hand, in the second packing medium

24



Sucéession, the capture of the coagulated flocs is continued under

the breakage and the classifying function by deposit filtration. As a
result, the subsequent coagul ated flocs pass 15 t hrough the densely

exi sting coagul ated fl oc group, and hence, they are securely adsorbed
by the coagul ated floc group with the aid of its strong adsorptive

function. accumulation lay€£084lj nehey s@YERfi¢idheré1lb®iel tis Oflowéle Hian vat er
rapidly increases, the coarse flocs or the mcro-flocs do not 20 flow at

one tine i ophéheibee OpacPRid | Med Ilfl acdareldticd i Diyer 82, |k, wtileand
treated water having a low turbidity can be reliably obtained between

the starttipé disvo@dméme amdv s@t€lement ofinthé eoadebated Wiiled the wash
operation is required. As descri bed above, in the first
packi ng neattiecled areceidelwtcarried eouty?, méde migyo+floed wielciciflow s

hi gh, and hence, the primary treated water including the coarse flocs
f | owsd outtheveinies ehpyspeatni such | speed casn tmitlee qaptuged in the rssconsht
requiring al nost no cleaning of the packing nedia. On the

ot her hareacking Heedibaynaceaeklakiomdlayer 84. In consequence, it is

24 accunul ation | ayer 84, the superficial velocity is |ower
t han neces$IEY {19 ReRirdd sl ke Fleancehempagkorg |Ingdia g2 ThevdE1lags | e

t he di sl odgpent. and settl enent of - fhe coagul ated fl.oc .particles are
wi del y cd’l’q%r%‘a RaYe hrrh TARTRESY obR Wﬁcgle‘??‘&%vpa‘ﬁ‘mﬁ MR 0 pass at

ceum attoagar ol TavEE B Gt ¥ (e to &aﬁ‘iii%&@%@%ﬂ‘flscs
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grown to éﬂ?e{é’ﬁﬂé”?&c?ﬁﬁr?céf tite cdiddBint 4B Wdn e i Ty ocs formed by
a conventiona . _
dislodged from the packing media. Thus, by stopping the
passage of the primary treated water, discharging the water
'through the waste pipe 94, and allowing the stored water in
15 the second packing medium accumulation layer 84 to fiow
downward, the deposited flocs can be simply dislodged from the
packing media, entrained, and removed, whereby the clogging of
the packing medium accumulation layer can be eliminated and
the deposition activity of the packing media-can be recovered.
20 As in the conventional case, the raw water passage may
be stopped, and the air blower 64 may be started to deliver
compressed air through the air supply pipe 62 to the second
packing medium accumulation layer 84, thereby stirring and
wash the packing media. Next, the water may be discharged
25 through the.waste pipe 94.
The settled sludge stored in the sludge storage zone
80 is discharged through a sludge discharge pipe 60. In this

exemplary embodiment, the settled sludge can be coagulated by

injecting a small amount of coagulant, and hence the
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excessive addition of the coagul ant and can be easily di sl odged from

t he packing nedia. Thus, by stopping the passage. of the primry
treated water, discharging the water t hrough the waste pipe 94, and
allowing the stored water in 15 t he second packi ng nedi um accunul ati on

| ayer 84 to flow downwar d, the deposited flocs can be sinply

di sl odgeqdddeRdat8 on proﬁaCtlile@g ofedhe setitnadnedudgedaremyoed, andethley t he
cl oggi ng of t he "packi ng nmedi um accunul ati on | ayer can be elim nated
and séﬂﬂé@@%d«j@%a&ptﬁe\/ idonicehtirat ediadlol ag hiigthi zoneenteatdony efed.

20 in the conventional case, the raw water passage nay

be st Opp@l,toauc!s%t He & redikavwe Thed conyent ratted eludgedebitadned in this
conpressed air through the air supply pipe 62 to the second packi ng

medi um ac@ymiaat iexedldeat Sewatierabtiyl ittyl,r eindg tived capacityaoif ®he packi ng
medi a. Next, the water may be di scharged 25 t hrough the waste pi pe 94.
The Sett Ida:hysimttgmgstdawd:e carhdes miagaized.agdz @ddition, ghe §adpﬁeschar ged
through a sludge discharge pipe 60. In this exenpl ary enbodi ment, the
settl ed gioiddarsacdndentadis diosty which can gesucendigpesali c&l‘fﬁ-@nt of

coagul ant, and hence the

condfangat : 03 pr opet 'gﬂb]ss gxemplagy enhedingne fhe gs&dﬂi%d:qrhé’e

settled slu e can e concentrated .t hi t 5t
I5%  n o WGKenRRL O o Bkt PG 108k S Hon 1o 40 & Yanjey apd ' °
excel | ent_ de tera ilit nd th t
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to 15%1 %b%dfti ’toa% in the ft@nK s [9A0 dorkiaRits ona 1N iWN-2peedss by

frequently W ng
coagulation tank not having any packing medium layer.
The above-mentioned advantages and effects of the
. coagulator 70 of this exemplary embodiment can be achieved by
15 the four features of (1) injecting the necessary and minimum
amount of the inorganic coagulant into the raw water
introduéed into the coagulator, (2) disposing, as a
pretreatment part, the first packing medium accumulation layer
82 in which a plurality of packing media having thé large
20 surface area and void volume are accumulated, (3) disposing
the separation zone 79 to settle and separate the coagulated
coarse flocs which flow from the first packing medium
accumulation layer 82, and (4) establishing such a
constitution that the second packing medium accumulation layef
25 84 alone may be washed. |
Exemplary Embodiment 2
This exemplary embodiment is a modified example of

Exemplary Embodiment 1, and Fig. 2 is a schematic view showing

the constitution of a coagulation tank in Exemplary Embodiment
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10 sl udge which is nerely concentrated to a | ow concentration of

about 1 to 2% in the tank, as in a conventional high-speed

coagul ation tank not having any packi ng nmedi um | ayer. The
above- nenti oned advantages and effects of the coagul ator 70 of this
exenpl ary enbodi nrent can be achi eved by 15 the four features of (1)

i njectingythe necessary and m ni num anount of the inorganic coagul ant
into the raw wat er i ntroduced into the coagul ator, (2) disposing, as

a pretreat nRngoRghlatids £ankt1eackn NExemslary aErbodiménon | byer
82 in which a plurality of packing nmedia having the large 20 surface

area and ¥@hipp&ed WELRI£ Sesond| paciting Jediwpastagrulation MeayeEpake i on
zone 79 to settle and separate the coagul at ed coarse flocs which flow
fromthe 4srshowncin Miged vand, on ame widatobrthiby esedMd packidg

est abl i shing such a constitution that the second packi ng nedi um
accurtul atmeditmysrcumblat Ban alayer nEf2 bea weoritzatiner 106 is dispdadeshpl ary
Enbodi ment 2 _ This exenplary enbodinent is a nodified exanple
of wxkelp| foxmserd ofii e t packingl nediiue aecumskafeian i ayerew &how ng

the constitution of a coagulation tank in Exenpl ary_ Enpodi ment .

26 having a smaller sectional mrem@s RWRREeH WD the SesHienal

Enbodi ment 2 is equi pped wth a second packj ng, medj um acc | ation
!5aye(r]|_ j02area Of a%l_‘%rﬁ%ﬁf’l ‘P‘i?l Hif)‘bk”?g a‘?ﬁfil‘%ﬂ‘n ?ﬁfg“m‘%qk]l_c%@?nt %erse]c% papkihng
medi um accumnul ation_| ayer a cont ai ner i S, di spose ic
fornms a first pac ﬂgfﬁE%Fuﬂ?ﬁé%ﬁ %é#%m Py %ﬁ;on ayﬁgv}%b AL nal | er

S0 b e AT Al M T o Layes" 02 on fecone
_exemplary embodiment perform the same functions as the first
lpacking medium accumulation layer 82 and the sécond packing
medium accumulation layer 84 in Exemplary Embodiment 1
respectively, while a tank inner region 107 in the coagulation

15 tank 100 ranging from the first packing medium accumulation
" layer 82 to the second packing medium acéumulation layer 84
functions as a separation zone.
In this exemplary embodiment, a sludge collecting
machine with scraper 108 is disposed on the bottom of the
.20 coagulation tank 100, and the settled coagulated flocs are
collected from the tank inner region 107 and the second
packing medium accumulation layer 102 to a sludge storage zone
by the sludge collecting machine 108 and they are.then
discharged.
25 ' Exemplary Embodiment 3
This exemplaiy embodiment is a modified example of
Exemplary Embodiment 1, and Fig. 3 is a schematic view showing

the main part of a coagulator, i.e., the constitution of a

coagulation tank in Exemplary Embodiment 3.

27



The first packing nedium accurul ation layer 104 and 10 the second packing
mredi um accurnul ation layer 102 in this " exenpl ary enbodi nent perform

t he same functions as the first packi ng medi um accurul ati on | ayer 82
and the second packing medi um accunul ation | ayer 84 in Exenplary
Enbodi nent 1 respectively, while a tank inner region 107 in the

coagul ation 15 t@@%gﬁ%&fjp@t&&&ﬁiﬁimo&m TEHigyn accunul ati on

| ayer 82 to the secon di um accumul ati on | ayer 84 functions

as a sepag ik dP Mnbodiment 3 is edulig&kécp WY1 7810 Patiling a sl udge

col | ecting machi ne w th scraper 8 is disposed on the bottom of the

20  coagbdii® hddiku 1H0iom Thyd¥es Setd) ed £ eaguipstarkdnl exaqulation
collected fromthe tank inner region 107 and the second packi ng

medi um agsael Hdwing es Sdive teomstsititttgiorstay agee zmnventiondly the sl udge
col l ecting machine 108 and-they are then di scharged. 25
Exenm® ar yedadpoh ot tank 20 and a dowiis tsreame ngagul arimoditeak 115 as a
nodi fi ed exanpl e of Exenpl ary Enbodinment 1, and Fig. 3 is a schenmatic
vi ew shovdowpstream tdwagmlat jen tpaxt dceegtiong divided thie pagriskbkQns on of
a coagul ation tank in Exenplary Enbodi ment 3. . .
27 111 in one treatmemt stank jand-ithe Packihiediym REHULEtIicH
Exenpl ary Enbodi nent 3 is equipped. with two-I|ayer ackiqg ) di um
“accunul atlawersykky 1hbl ane frmedisedhat %tqgrf'h“"l s%’t%nnaﬁavi ng the
same constitution as the convqagioqa{ 5 _coagul ation tank 20 and a

at of =Y

downst r ek e JARIES FRahkes 5an MG ML) ation part in
SR AR Ay e in the Hodiblad EHJPIH I el A 140
In this exemplary embodiment, raw water flows upward
through the packing medium accumulation layer 113 and then
flows down through the packing medium accumulation layer 114
and then upward through the downstream coagulation tank 115.
15 In the coagulation tank 112, a raw water inflow pipe 30 is
connected to a lower position of the packing medium
accumulation layer 113. In addition, the downstream
coagulation tank 115 is provided at a lower part thereof with
the sludge storage zone 80 having the sludge'discharge pipe
20 60A, and the packing medium accumulation layers 113, 114 are
also provided at lower parts thereof with sludge storage zones
116, 117 having sludge discharge pipes 60B, 60C, respectively.
In this connection, although not shown, the packing
medium accumulation layers 113, 114 which are disposed as
25 upstream coagulation parts may be provided at lower parts
thereof with air feed pipes for washing the packing medium
accumulation layers.
Exemplary Embodiment 4

This exemplary embodiment is another example of a
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Iayérs 113, 114 are forned so that each of their sectional areas may
be smaller than that of a packing nmedium 10 accurul ation layer 118 in

t he downstream coagul ati on tank 115. In this exenplary

enbodi nent, raw water flows upward t hrough t he packi ng nmedi um _
accunul ation | ayer 113 and then fl ows down through the packing nedi um
accunul atecgdBnSr it accordaaite Witth Whed ik ddurt Ghvidift igHNS tHriRAM 4
coagulatlon tank 115. 15 I'n the coagul ation tank 112, a raw water inflow
pi pe 30 iis a flow @WHwst ethdwiny [thee madas igdran off ﬁﬂﬁi‘dwljﬁl'w:d“fe,dli_wé.,
accunul ation | ayer 113. In addition, the downstream coagul ati on tank

115 i s prihe deshettitntioerofhar teddprlatfion ttank. t he sludge storage zone
80 having the sludge discharge pipe 20 60A, and t he packi ng nmedi um
accunul ation | ayeks shdyn lint Bie. 4, a eagulatolonddchrk IZﬂwaf[this t her eof -
wi th sludge storage zones 116, 117 having sl udge di scharge pipes 60B,
60C, 5r es¥ampléiny embodiment is equipped otitiec ifoir s talpaeduigly msd istmown,

t he packi ng medi um accunul ation | ayers 113, 114 which are dlsposed as
25 upsté\%ﬁ‘b]@ég‘tﬂlht]ﬁﬁ?rpdﬂ% afpRThARstEaale coagulatdon pars formed
thereof with air feed pipes for washing the packing nedi um

accunul atlrrbr?1 ITdyrsts treatment tank 122;,@ngd @ G564 ry tank 126

Thi s exe av:. e{\:rhbodl rren'&:[o&ssqlﬂ:ot he%’r exaggxl%icﬂpv% moq "Odh
28 ut 1o EW@?E FAFE
Fig. 4 2 v ?g@&ﬁe@gs@nt 1%/ Ui lerigl® sragLakor e

t he const |a[ d‘t i'on

4,
coaggl ati ng maa:l%gm(ij 1295 TH Ifélt st a%rk&nﬁng% J.'Etp%\c'c% RAYARGd W th a.

first pac accunu ayer as an upot ream
coagul at heReRant4f A5™brmed so that its sectional areas may be smaller

a

than that of a packing medium accumulation layer 44 in the
downstream coagﬁlation tank 126.
The first treatment tank 122 is a vertical type
15 cylindrical tank, and this cylindrical tank is provided at an
upper part and a lower part thereof with outflow prevention
plates 128, and 130, respectively. A packing media is charged
between these outflow prevention plates to form the first
packing medium accumulation layer 124 with the introduction of
20 the raw water.

The raw water flows through the first packing medium
accumulation layer 124 in the manner of a downward flow.
Micro-flocs in the raw water are coagulated by the same
coagulatioh function as in the first packing medium

25 accumulation layer 82 in Exemplary Embodiment 1, and the thus
coagulated flocs flow together with a primary treated water
through a primary treated water pipe'132 to the downstream
coagulation tank 126.

Alternatively, as in Exemplary Embodiment 1, the
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inafirst treatnent tank 122, and a coagul ation tank 126 havi ng t he

sane constitution as the conventional coagul ation tank 20 which is
fornmed as a different tank than the first 10 treatnent tank 122. The
first packing nmedi um accunul ation | ayer 124 is fornmed so that its
sectional areas may be smaller than that of a packing nmedi um

accumul atdoist iAiok ndy e made sol@Mad M renagataly aayt &lowl 26.
The first treatnent tank 122 is a vertical type 15 cylindrical tank, and

this cylidifdug vhnkirstppackied aledium accumnizdriomaiiayend 124 dwerthear t
t hereof with outflow prevention pl ates 128, and 130, respectively. A

packi ng nixhreer ofchaar ggpward fldwet ween t hese outfl ow prevention plates to
formthe first packi ng nmedi um accunul ation |ayer 124 with the

i ntroducti on of ExXempldry Embodiment 5 The raw water fl ows

through the first packing nedi um accunul ation | ayer 124 in the nmanner
of aS5downward fl dbhis exempdary-émhadinent His ravhadiEked rexamlq|afl ed by

t he sane coa ulatlon function as in the first packing nmedium 25
accumul atEXsmplarsk mepdimd -ar eGSR Ahodinesty thene,are

o ary ER G Sﬂviriﬁ‘%?&tr“mer K5t BRI PLUTIIRIUOH f on tank
125 coagutaiofh SRR St e R SR T M o ¢
of an upidle [t TLit BREERREYRR YT 20 gt This
exerpl ary errbod| rﬁpttﬂﬁ et it OGP & Hore of the coagulation
tanks 126 can be kept in a water passage state while the other
coagulation tanks 126 are washed, to thereby maintain
uninterrupted flow of raw water and continuoué.discharge of

the treated water.

15

In order to evaluate the performance of the coagulator

in accordance with the present invention, an experimental tank
having the same constitution as the coagulation tank 72 of
20 Exemplary Embodiment 1 was prepared with the following
specifications.
(1) Experimental tank
Dimensions: diameter x height = 400 mm x 3500 mm
(2) First packing medium accumulation layer
25 Dimensions of cylindrical part: <diameter x height
= 300 mm x 500 mm
Packing medium accumulation layer: Height = 500 mm
Packing medium: Short tubes

Inner diameter x length
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Exempl ary Enbodinment 4. In this enbodi nent, there are provi ded a
first treatnent tank 122 and a plurality of coagul ation tanks 126
arranged in parallel on the downstream side of the first treatnent
tank 122. 10 In this enbodi nent, one or nore of the coagul ation
tanks 126 can be kept in a water passage state while the other

coagul ation tanks 126 are washed, £ ¢ @i 8o 0m@imnt ai n uni nt errupt ed
fl ow of raw water .and conti nuous di scharge of the treated water. 15
Test Exanple of the Coagul ator of dpeyidiay Wyraviagi remmt. 98 I n
order to evaluate the performance of the coagul ator I n accordance
with the present invention, an experinental tank havi ng the sane
constitution as the coagulation tank 72 of. 20 Exenpl ary Enbodi nent 1 was
prepared (3 ) h Sdordd|panking mediuns paxvnulations layer (1) Experinent al

t ank D nmensi ons: dianeter x height = 400 nmm x 3500 nm

(2) Brst packi ngpaekimgn metiuml atcwmlatyion dyer: HeightpFghfX)bawn of
cylindrical part: diameter x height

= 300 mm x 500 mPacking medium: Pa3howl ¥elRRim accunul ation |ayer: Height =

500 mMm Packi ng medi um Short tubes
| nner dianmeter x length Inner diameter x length 30
= 10 mmx 10 mm Specific gravity = Q.98

(3) Second packi ng medi um accumul &t i gy & T
Specific gravity = 0.98

10 River surface water having a low turbidity of about 15
degrees was used as the réw water, and polyaluminum chloride
was added to the raw water at an ALT ratio of 0.007, thereby
preparing a test raw water having a low turbidity. 1In
additibn to the test raw water, other test raw water having a

15 high turbidity was prepared by adding kaolin as a turbid
material to the same river water to artificially obtain a
high-turbidity kaolin raw water of about 500 degrees, and
further adding polyaluminuﬁ chloride thereto for an ALT ratio

of 0.05. |

20 "~ A turbidity removal test was carried out by passing
the two batches of test raw water through the experimental
tank at a superficial velocity through the second packing
medium accumulation layer (LV) of 400 m/d (therefore, a
superficial velocity through the first packing medium

25 éccumulation layer = 710'm/d). Table 1 shows the measured
results of turbidities of the treated waters obtained in the
turbidity removal tests, turbidity removal ratios, properties

of sludges drawn from a sludge storage zone, and the like.

31



5 Packi ng nedi um accumul ation |ayer: Height = 1000 nm
- Packi ng nmedi um Short tubes | nner di aneter x
| engt h : =4 mMmmx 4 nm
Specific gravity = 0.98 10 Ri ver surface water having a | ow
turbidity of about 15 degrees was used as the raw water, and
pol yal umsgumn &hi ori de was added to the raw water at an ALT ratio of
0. 007, thereby preparing a test raw water having a low turbidity. In
addition to the test raw water, other test raw vRitwsr havi ngkaolilb hi gh
turbidity was prepared by adding kaolin as a turter Repy edatedr t o the
same river water to artificially obtain a hi gh-turbidity kaolin raw
wat er of mpEid POP 6'e o S Swa tber! (degreéprt her addisg pol yal ursomum chl ori de
thereto for an ALT ratio of 0.05. 20 A turbidity renova
t est svas Tarbiditypubf byresised ngater (deédwed)o bat ches of test rka@ water
t hrough the experi nent al tank at a superficial velocity through the
second paperation comeihuonsccimell difbn | ayer (M) of 400 nmid €t herefore,
a superficial velocity through the first packing nedium 25
accunul atWaker sxegoeery orag i) . (¥)Tabl e 1 shows t hé®hefasured 98.%esults of
turbidities of the treated waters obtained in the. turbidity renoval
tests, tFDLiAtGoneemtration ot drawpeaiydge (%) 363 5| udges drsdv% froma
sludge storage zone, and the like.

Table 1

vg:o Kaol i n ] ¢ : ti 1.¢C 1af Wt er Raw

An experimental tank having the same constitution as
in a coagulation tank 20 of a conventional coagulator 10 was
also prepared with the following specifications.

(1) Experimental tank:

15 Dimensions: diameter x height = 400 mm x 3500 mm

(2) Packing medium accumulation layer: Height 1000 mm
Packing medium: Short tubes
Inner diameter x length = 4 mm x 4 mm
Specific gravity = 0.98
20 Next, a turbidity removal test was carried out as in
the test example of the coagulator Exemplary Embodiment 1, and
Table 2 shows the measured results of turbidities of the
treated waters obtained in the turbidity removal tests,

turbidity removal ratios, properties of sludges drawn from a

25 sludge storage zone, and the like.
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“ TJurbidity of raw water (degree) 15 500 5 Turbidity of
treated water (degree) 0.4 1.2 Oper ati on conti nuous
time (hr) ‘ 17 6 Water recovery ratio (%

99.6 98.5 Solid concentration of drawn sludge (%9 3.3

8.5 10 . Test Exanple of a Conventional Coagul ator

An experi#ggﬁ |, tank having the sanme constitution as I n a coagul ation
tank 20 of '@ conventional coagul ator 10 was al so prepared with the
foll owi ng specifications. (1) Experimentalrive 15%aolin

D nensions: dianmeter x height = 400 nm x 3500 Rfter Haid watsdet ng nmedi um
accunulation | ayer: Height = 1000 mm Packi ng medi um Short tubes

| nner af%ﬁk?jédi‘tz%e&@tfhw watee ﬁdde ' 15 500 Specific

gravity a turbldlty removal test was carried out

as iy murifi dPSIr dEt & Alatdie @ or ExenpJary Embodizmnt 1, and
Tabl e 2 shows the neasured results o turbldltles of the treat ed

wat ers oldaitiEshdous tdgetat torlit e egivpl tests, * 12  turbiditysSenoval
rati os, properties of sludges drawn froma 25 sl udge storage zone, and

the |ike.Water recovery ratio (%) 98.5 32 96.0
Table 2 Ri ver Kaol i n
Solid concentration of drawn sludge (%) 2.4 6.2
10 As is apparent from Tables 1 and 2, in Exemplary

Embodiment 1, treated water having a low turbidity of 0.4
degree could be obtained from the low-turbidity water having a
turbidity of about 15 degrees at an extreﬁely low coagulant
addition ratio of an ALT ratio = 0.007 and at a superficial

15 velocity of LV = 400 m/d, and the turbidity of the raw water
could be removed at a removal ratio of about 97% or more. 1In
addition, the drawn sludge having excellent dewaterability
cpuld be obtained at a relatively high solid concentration of
about 3.3%.

20 Moreover, also in the case of the artificially
prepared high-turbidity water, the turbidity of the raw water
could be removed at a removal ratio of about 99% or more. 1In
addition, the drawn sludge having excellent dewaterability
could be obtained at a high solid concentration of about 8.5%.

25 Oon the other hand, in the conventional cbagulation
tank, the continuous operation time was shorter and the
turbidity of the treated water was much higher, as compared
with Exemplary Embodiment 1.

In the description above, the embodiment in which the
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Wt er Raw Wt er Turbidity of raw water (degree) 15
1.2

500 5 Turbidity of treated water (degree) 3.5
Cont i nuous operation time (hr) 12 4.5 Wat er
recovery ratio (% 98.5 96.0 Solid
concentration.of drawn sludge (% 2.4 6.2 10 As is

apparent from Tab i I | ol
wat er haﬁ%#f?o%ﬁ%@%%?t@a%fw 1?6 ytJle% rweaet coul d it?eaﬁ'onb éﬁ%%ﬂ?g:m t he
| ow- t ur bi gl{ Yol £ ARV 1y Arater ox !iHdUgH it ARM P MR afirdy an

extrenel y T'ow coagu tron ratio of an ALT ratio = 0.007 and at

a superfig]dlys Mt Ok APt 10h T AhdTht e hibEry i thdatmént he raw

wat er cou be renoved at a renoval ratio of about 97%or nore. In

addi ti on,¢depligunt Sineae ey i dén e edppTiedamittiatitédtment of coul d be
obtained at a relatively high solid concentration of about 3.3% 20

Mor egyer ,sabade) NetfEuemseand the bikeSi cibddy with regaphres the

hi gh-turbidity water, the turbidity of the raw water coul d be renoved
at a renmcdgquBin® 6 béowsed9%n caddibrion Ito alumirutkhased adagwkanks,

sl udge havi ng excell ent dewaterability coul d be obtained at a high
sol i d confentexdamplbe pfa alon-igased imsrganic coaguante ecAmalsmrke in the
conventional coagul ation tank, the continuous operation tine was
shorter amsedhe In this gasei t3n Fe¥ Heatieatany IRieFtiRR MR hikHelC as

conpar ed . wth Exenplary Enbodi nment, 1, In the
descri pt i9h HIRRY eloR Hed R tRW edter tFP itk or an FeSS ratio (an

33 10.oninjectiol Shsike | TYEISIOF YESHAP8L & 4 Grd AL L VI N
material concentration) is used in place of the above-
mentioned ALT ratio to regulate the size of flocs.

As understood from the foregoing, according to the

present invention, an upstream coagulation part having at

15 least one packing medium accumulation layer through which raw
water is paséed at a superficial velocity higher than a
superficial velocity in the packing medium accumulation layer
of a coagulation and sedimentation ﬁart is disposed as a
pretreatment part between a coagulation and sedimentation part

20 and an addition part of a conventional coagulator, and primary
treated water islallowed to flow together with coarse flocs
coagulated in the packing medium accumulation layer of the
upstream coagulation part from the upstream coagulation and
sedimentation part to a downstream coagulation and

25 sedimentation part, whereby a water passage time between a
washing operation and the next washing operation of the
packing medium accumulation layer in the downstream
coagulation settlement part can be more prolonged as compared

with the conventional coagulator, and the treated water having -
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for obtaining city water or industrial water has been mainly

(di scussed, but in addition to the water purifying treatnent, t he
present invention can be applied to the treatnment of 5 sewage, effluent
and the like. Also, with regard to the coagul ant to be used, in
addition to alum num based coagul ant s, for exanple, a iron-based

i nor gani Ca%@‘l’:@ﬂifdi?@y\ AP bdbtainedised. In this case, an FeT ratio (an
i njection anmount ratio of ironion to a raw water turbidity) or an
FeSS ratio (an 10 i njection anmobunt ratio of iron ion to a raw water
turbid material concentration) is used in place of the above-

ment i onedPGESIBHELITY tGF rENDUSTRIAT I EIIZEZATION oCS. As
understood fromthe foregoing, according to the .present invention, an
upst ream coagul athormoagulatewiof the pfesentatnvemelqmodamdbersasedn

accunul ati on | ayer through which raw water is passed at a superficial
vel 0@ ty wheperramarater suchksrfivenivatencia treated o tainmeeitm
accunul ation | ayer of a coagul ation and sedi nentation part is disposed
as a wakedt rematindustikal pratRieand shere fftients susheat [ukidart

20 and an addition part of a conventional coagul ator, and é)ri mar

treated \#8WAIS And | RS EHLal WRTER) STHST AT Rated 1o & standard

coagul ated i n the packi ng nmedi um accurul ati on | ayer of the upstream
coagul at il#Velart fromthe upstream coagul ati on and sedi nentati on part
to a downstream coagul ation and 25 sedi nentation part, whereby a water
passage tinme between a washi ng operation and the next washi ng
operation of the packi ng medi um accurul ati on |layer in the downstream
coagul ation settlenment part can be nore prol onged as conpared W th

t he conventional coagul ator, and the treated water having

34
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a I6m1turbidify can be obt ai ned. POSSI BI LI TY OF | NDUSTRI AL
UTI LI ZATI ON A coagul ator of the—present invention can be used

5 where raw water such as river ter is treated to obtain city

water or industrial water and wher Reem Repladad as public
and industrial waste water are tre I IH”ﬂ,ﬁmard THISSHRET HAS BEEN

35 WHAT IS CLAIMED IS: REPLACED

1. A coagulator which receives raw water bearing a
coagulant and which coagulates suspended solids in the raw
5 water, said coagulator being equipped with:
| a coagulation and sedimentation part which has a
packing medium accumulation layer comprising accumulated small
packing media having large void volumes and in which the
influent-water.is allowed to flow in the manner of an upward
10 flow through the packlng medium accumulatlon layer to
coagulate and settle the suspended solids in the water, and
an upstream coagulation part which is disposed
downstream of the coagulation and sedimentation part and which
has at least one packing medium accumulation layer comprising
15 small packing media through -which raw water is passed at a
superficial velocity higher than a superficial velocity in the
packing medium accumulation layer of the coagulation and
sedimentation part,
whereby'primary treated water coagulated in the
20 packing medium accumulation layer of the upstream éoagulafion
part is allowed to flow from the upstream coagulation part to

the coagulation sedimentation part.

2. The coagulator according to Claim 1 wherein

25 at least one of the shape or size of the small packing
media constituting the packing medium accumulation layer of
the upstream coagulation part is different from that of the
small packing media constituting the packing medium

accumulation,layér of the coagulation'and sedimentation part.
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WHAT |'S CLAIMED | S: 1. A oaﬂulator whi ch receives raw water —— -

bearing a coagul ant and whi ch %5€nded S QMISTSHEET HAS BEEN
| 2 nepuncEDi on
and sedi mentation part. which has a Lo et

wat er, sai d coagul at or bei ng equi pp

conprising accunmul ated smal | -packing media having |arge voi d vol unmes
and a seo ent at i fhe 3B0agGEAEEHCEcEGPEInG &Y iR Whérein  packing
medi um accunul ation | ayef, and in which the influent water bearing a 10
coagul ant is all opgd &Rapko¥fi théhemaBNNSicRing me@i@rcondoitibinggbhe he

packi ng medi um accunul ation | ayer to coagul ate and settle the
suspendedbok ity medili® accumybd€lomhbaydyy cedilnerdodgulstidrecand t he
sedi mentati on and resi dence zone, and an upstream coagul ati on

part whi cded Bnehispoien peiteis the swmdkiag that ofdihensmalinpatkiong | ayer
and the sedinmentation and residence zone in the 15 coagul ation and

sedi reent ahédia paonstahta wing ht e spack e medimn predimyl atsidiniayer of
accunul ation layer conprising small packing nedia through which raw water
beari ng atheaypstrean scoagebat ion patherdndithe iz ief themmalhan a
superficial velocity in_ the packing nmedjum accunul ation | ayer of the
coagul at ipackirg media PRehitating pihe Pagking me@%ﬂﬂwﬁﬁF?%ﬂJ%@é%ﬂ beari ng
a coagul ant subjected to prjmary coagul atj on . _processjng i he packi ng
medi um ack¥¥ex¥ #2f othe a‘;‘/‘éﬁ‘g‘b*a‘ﬁfé“ Lﬁ)%‘?l‘ menta%%‘guﬁ’%lf"r ort g‘ﬁ?ﬂqi%r al | owed
to flow fromthe upsiream co lation part.io the . . fofo) tion .

sedi nent athHh %&?Yp% %e ?‘gffﬁp% af?%c?l%ﬁ’wq’]e%@ﬁfé{g?%%% T
bear, ng I i ; - i i he raw
ot 490 PR Bt REIN Lo (550G e e AR SERS RS et 1E 1T
sedi nentation part which has a packi ng nmedi um accurul ation | ayer
conprising accunul ated snmall packing nedia having |large 30 - void vol unes
and a sedj ent at | PRe ABFa§@BLEEPCECEONEInG €Y 8RY HRECYEtMPaims 1 pBSKBNg
medi um accunul ation layer, in which the influent water bearing a

coagul antyher@imhowed to flow in the manner of an upward flow through the
packi ng 36 medi um
accunul ati on | ayethéopackinganediun secuwhelztipernbiayesodf dehé nupsereaner
wher eby sedinent is settled in the sedinmentation and residence zone, and
an Ufst r ccongwbaticn i parpaand vikhe packing peedinm raegumitat ipn ckayere of
coagul ati on and sedi nentati on part and which has at |east ope_ packing

medi um StheReAgHiatHen | 3R rSeSHRRLAREPR RATL Ak&i FHFRRRFG FFABWh whi ch
raw wat er bearjng a coagul ant, i s passed, at_a sulgerfi ci%alrﬁa\églgoci t

hi gher t H-QWeE RAEY Qi8R UPPEr RAXYG AR FYID (1 PR KA RS LRt i on
| ayer of t.he coaqulation an . di i t . eby
Faw wat e RE A RRGSE AUt e KB BERL ST ER Mt ey At grhe panthet
processirgkight§5héfgk#ﬂgwpediun1 accurrul ati on | ayer of the upstream

coagul ation part“1s alTowed to flow fromthe upstream coagul ation part to
bet wren t he packi ng nmedi um accunul ati on | ayer of the coagul ati on and
sedi ment ati on part and the sedinentation and resi dence zone. 15 3.
The coagud at or aceRedtdggulatodfi stdoddingber &hy ohel efstlahms of tde3shape
or size of the small pacﬁing medi a constituting the packi ng nmedi um

accunul atwlerein |ayer of the upstream coagulation part is different from
that of the small packing medi um accunul ation | ayer of the coagul ation
and sedi nent ati ontharpacking mediumTaccepulatienrlayenrof nighe cupsbreas
wherein the shape of the snall

coagulation part and the packing medium accumulation layer of

25 the coagulation and sedimentation part are disposed in
parallel in one treatment tank; the raw water flows through
the packing medium accumulation layer of the upstream

coagulation part in the manner of an upward or a downward

flow; and the primary treated water flows through the packing
—_—
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coagul ati on and sedinentation part is the sane as that of

medi a constituting the packing nedi um accunul ation | ayer o
coagul ation part, and the size of the small packing nmedia d H
packi ng 25 nedium accunmul ation |ayer of the coagul ati on and sedi nentation

part is ﬂ%ihﬁf accumu1F@idnalayelr WFe thiedlcoakanlsitionmagida sedisienttation t he

packi ng medi um accurrul ati on | ayer of the upstream coagul ation part.

5. The Yptte dREHG BF D APpwadde fQbwd aims 1 to 4 wherein the

packi ng 30 nedium accunul ation |ayer of the upstream coagul ation part and

t he packi ng medi um accunul ation | ayer of the coagul ati on and

sedi mentation part are di sposed froma | ower part to an upper:
part in teurn in arte toerjulEtor adcomtichg e any amevofatCdaimed it Ho i mary
treated water flow in the manner of an upward fl ow. 6.  The

coagll at svhexedar ding to any one of Clainms 1 to 4 wherein the packing 5
medi um accunul ati on | ayer of the upstream coagul ation part and the packing
nmedi um accunul at ithe |paeking mediuwbapaumdlation leasenmad dheRedkeas o

di sposed in parallel in one treatnent tank; the raw water .flows through the
packi ng eeddwhatdanmpant and fhe pecking mediugy & @a:gpgn\ﬁ%g(,etr i%F t he'

manner of _an upward or a downwar.d flow, and the pri %r%,ﬁtr at,ed water flows
SPRES

10 t hr otfd® CRPHAGIRP A GRIIREAAHIAN B d8ul ati on and
sedi nent af.i art in the ner, of war.d f.l.ow. 7 he

coagul at f.(%gecr%,n& ﬁ&%"ﬁ&ag}%‘k@f and, WHETLIN, TS raw, wats efp])'é)(‘:"’-l% ng
medi,um accunul at i I . LA tah' %&. RF knddosis d2aeKi ng
15 ! di %%&?’nﬁ%&t ip%#q{lgyeﬁ%bﬁ'#ﬁ?c{?oag&%g?‘?’ynaa se%r ment aF:son part are
di sposed dhél\gc&faftqo‘?f"&)atr"teitd'% He WNmRARE WL WA rd @y AVddRInkfard E¥ow.

t hrough the packi ng nmedi um accunul ation | ayer of the upstream

coagul ation part in the manner of an upward or a downward fl ow. 20

. 8. A coagul ator according to any one of the clainms 1 through-7, wherein

t he superficial velocity in the packing nedium accunul ation | ayer in
the upstream coagul ation part is approximately twi ce as fast as the
superficial velocity in the packi ng medi um accurrul ati on |ayer in the
coagul ati on and sedi mentation part. 25 9. A coagul ator according to
any one of clainms 1 through 8, wherein the superficial velocity in the
packi ng nmedi um accunul ati on | ayer in the coagul ati on and sedi nentation

part is 150 to 800 m day.
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