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Bulletin　of　the　Faculty　of　Engineering，

　Hokkaiclo　University，　Ne．　113　（1983）

Se］ectien　of　Sludge　TreatmeRt　and　Ebisposa］　Processes
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　i盤

　　　　　　　　　　　　　　　aWater　P顧ficatio煎Sysもem

Norihito　TAMBo，　Mitsuna　KoBAyAsHI

　　　　　　（Received　September　30，　1982）

Abs重ract

　　　In　many　p｝aces　of　the　world，　disposal　of　untreated　sludges　frem　water　treatment　p｝ants

is　prohibited　by　law．　lnvestment　of　money　for　sludge　treatment　facilities　is　sometimes

comparable　with　that　of　purification　facilities　where　environmental　restrictions　are　severe．

Therefore，　a　ratioRal　design　of　sludge　treatment　facilities　is　strongly　required．　Treatment

processes　can　be　selected　by　taking　both　factors　ln　the　raw　water　and　envlronme就al

conditions　of　the　individual　water　works　into　accouRt．　With　respect　to　purification　pro－

cesses，　the　least　amount　of　coagulant　dosage　is　essential　so　as　to　improve　treatability　and

decrease　the　amount　of　sludge　generation．　For　this　reason，　direct　filtration　of　low－turbidity

water　is　recommended　because　of　its　much　lower　alminium／turbidity　ratio．　Sludge　treat－

ment　processes　can　be　selected　mainly　by　the　nature　of　sludges　and　the　conditions　of　disposal

and　reuse．　The　authors　show　the　advantages　and　draxNrbacks　of　typical　systems．　Quantita－

tive　experimental　and　sta£istical　data　with　respect　to　those　processes　and　systems　are

presented　with　discussions　of　the　mechanism　and　theories　of　new　processes．　Disposability　of

treated　sludges，　secondary　environmental　pollution　problems，　reuse　data　of　recovered　alum，

production　of　ceramics　from　sludges，　and　evaluation　of　sludge　natures　for　gardening　or

agricu｝tural　use　are　discussed　by　the　Rumerous　experiences　in　the　authors’　research　activities．

1．　lntreduction

　　　From　a　techRical　viewpoint，　water　and　wastewater　treatment　can　be　defined　as　the

operation　to　fill　quality　gaps　existing　between　raw　water　and　required　water　by　combinations

of　several　treatment　processes．　At　the　same　time，　from　an　environmental　viewpoint，　the

treatment　can　be　understood　as　such　operations　that　redistribute　impurities　in　water　（liquid

phase）　to　the　soil　（solid　phase）　or　air　（gas　phase）　to　improve　usefulness　or　to　limit　deteriora－

tion　of　enviroRfnents　and／or　resources．

　　　If　there　were　ample　space　in　the　environment　to　accept　the　f｝ow　of　solid　waste　from

water　treatm．ent　operations，　engineers　could　design　and　operate　water　treatment　facilities

oRly　from　a　viewpoint　of　water　purification．　Because　of　environ1nental　restrictions，　how－

ever，　disposal　of　untreated　sludges　from　water　treatrnent　plant　are　not　allowed　by　law　in

many　areas　of　the　world．　The　purpose　of　sludge　treatment　is　to　faci｝itate　the　return　of　solid

impurities　to　the　land　witk　the　least　energy　consumption，　land　use　and　manpower．

VV’ater　Worl〈s　Engineering　Dept．　of　Sanitary　Engineering
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　　　　Investment　of　money　in　siudge　treatment　facilities　is　sometimes　comparable　with　that　of

purification　facilities　where　enviroRmental　restrictions　are　severe．　Therefore，　the　rational

design　of　sludge　treatment　facilities　is　strongly　required．　Frequently，　revising　of　the　main

water　purification　system　is　required　to　obtain　total　effectiveness　of　a　whole　water　and

sludge　treatmeRt　system　under　given　environmental　coRditions．

　　　　The　authors　intend　to　present　numerous　Japanese　experiences　for　a　period　of　more　than

twenty　years　as　well　as　other　metheds　practiced　in　other　countries　on　the　basis　of　the　authors’

classification　and　evaluation　of　various　systems．　Sludge　treatment　and　disposal　processes

are　selected　by　taking　both　factors　in　the　raw　water，　and　natural　and　social　environments

of　the　individual　water　works　into　account．　A　general　flow　scheme　of　water　purification，

sludge　treatment　and　disposal　is　i｝lustrated　in　Fig．　1．is

　　　The　prime　requirement　for　a　water　treatment　plant　is　to　obtain　safe　potab｝e　water．

Therefore，　if　environmental　restrictions　are　not　st血gent，　eitgineefs　can　design　and　operate

water　purification　processes　merely　from　a　viewpoint　of　producing　good　quality　water．
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However，　when　restrictions　with　respect　to　sludge　disposal　in　the　environmeRt　are　imposed

on　engineers，　it　is　necessary　to　devise　a　means　of　improvement　of　water　purification

processes　so　as　to　decrease　sludge　production　as　well　as　to　add　necessary　sludge　treatment

processes　to　the　puri’flcation　processes．　Therefore，　discussion　of　the　control　of　the　irnpact　of

sludge　discharge　into　the　eRvironrr｝ent　caR　be　related　to　two　categories　of　treatment　proces－

ses．　One　is　water　purification　and　another　is　sl．udge　treatment．

2．S茎轍｛至ge　contro糞in　puri戴ca盒on茎｝rocesses

　　　　In　the　purification　processes，　reduction　of　sltidge　production，　and　improvemeRt　of　sludge

characteristics　at　the　production　step　with　respect　to　thicl〈ening　and　dewateriRg　are　two

major　aims　for　the　control．

a）　Selection　of　raw　water

　　　　The　ainount　and　preperties　of　sludges　vary　considerably　depending　upon　tke　character－

istics　of　raw　water　and　the　types　of　treatment　selected　with　respect　to　the　raw　water．　Thus，

the　selection　of　raw　water　has　a　prime　importance　in　the　sludge　treatmeRt　system　desigR　as

well　as　in　the　purification　precess　selection．　Properties　o’f　suspended　matters　including

coagulable　collGids　are　important．　Size　distribution，　ignition－loss　and　total　concentration　of

the　suspended　and　col！oidal　substances　shouid　be　knowR　for　a　whole　year　or　at　least　with

typical　samples　of　the　four　seasons．

　　　To　estimate　the　amounts　of　an　annual　sludge　production　and　cheirtical　consurnption，

probability　data　of　the　ttirbidity　occurrence　are　necessary．　ln　addition　to　this　long　term　data

of　the　turbidity　occurrence，　the　duration　and　frequency　of　high　turbidity　occurrence　in　a　short

time　are　alg．o　necessary　tQ　know　how　to　design　the　necessary　capacities　of　s｝udge　flow

regulation　and　treatment　facilities．　In　water　treatm．e就plant　design，　steady　state　deslgn　for

water　pttrification　processes　and　unsteady　state　handling　for　sludge　treatment　systera　are

important　basic　characteristics　to　be　marl〈ed．

b）　Selection　of　operations

　　　The　least　amount　of　coagulant　dosage　is　recommended　for　the　reason　that　it　Rot　only

decreases　the　amount　of　sludge　productien　but　also　improves　treatability　of　the　generated

sludges　throughout　the　’following　sludge　treatment　processes．　Fig．　2　shows　the　case　of　clay

turbidity　removal　by　a｝um　coagulation．i2　These　figures　show　that　at　lower　specific　alumi－

nium　dosage　with　turbidity，　i．　e．　Aluminium／Turbidity，　or　Al／T　ratio，　both　thicl〈ening　and

dewatering　properties　are　improved　greatly．　For　the　reasons　of　both　decreasing　sludge

production　and　also　improving　treatability，　for　low　turbidity　conditions，　use　of　direct　filtra－

tion　is　recommended．S2

　　　For　the　coagulation　of　organic　colloids　such　as　colored　waters，　weal〈　acidic　pH　range

should　be　selected　so　as　to　attain　the　lowest　aluminium　or　iron　coagulant　desage．i2

　　　To　decrease　the　amount　o’f　dosage，　the　tise　of　cationic　polymers　has　been　proposed．　To

attempt　effective　coagulant　recovery，　the　use　of　magnesium　compounds　was　proposed．7

H／owever，　the　polymer　is　only　effectlve　for　high　turbidity　conditions　of　coarse　suspeRded

matters　and　the　use　of　magnesjum　is　not　popular．
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Fig．　2　Effects　of　specific　al，um　dosage

3．　Sludge　treatment　processes

a）　Flow　equalization

　　　Wastewaters　and　sludges　from　backwashing　of　filters　and　sludge－blow　operation　of

sedimeRtation　basins　are　usually　withdrawn　intermittently．　Therefore，　a　certain　amount　of

seorage　capacity　is　required　to　flatten　the　intermittent　flow　of　water　aRd　solid　in　conRecting

with　the　following　thickening　and　dewatering　processes，　which　are　usually　operated　with　a

constant　rate　of　flow　for　a　certai鍛period．　Usually，　these　eq囎1ization　basins　are　used　as　a

primary　or　preparatory　thickener．

　　　Seasonal　variations　of　sludge　productioR　should　be　averaged　out　by　giving　a　large

amount　of　storage　capacity　in　the　sludge　treatment　system．　Usually，　the　sludge　zone　of　the

horizontal　sedimentation　tank　functions　adequately　for　the　purpose．

b）Thicke録量簸9

　　　Thickening　can　be　defined　as　the　process　of　conceRtrating　solids　under　the　condition　in

which　water　is　the　basi．c　continuum．　Therefore，　progress　of　the　operation　is　evaluated　by　the

increase　of　the　solid　concentration　in　water　（g／1）．　Sludges　withdrawn　from　sedimentation

basins　have　usually　O．5－20／o　solid　content　depending　upon　the　types　of　raw　waters　and

sedirnentation　tanks，　and　methods　of　sludge　withdrawal．’2　The　upflow　clarifier　is　apt　to

generate　dilute　s｝udge　and　needs　a　large　thickener．　For　the　driving　force　of　the　thickening，

gravity　is　the　most　commoR．　Centrifugal　force　or　capillary　action　is　used　when　very　high

concentrations　are　required　from　the　following　processes，　such　as　sludge　conditioning　by
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freezing　a鍛d　thawing．

　　　To　improve　the　rate　and　exte就of　thickening　of　the　bulky　flocs，　chemical　conditioning

is　often羅sed．　One　of　the　most　popular　methods　is　the　addition　of　a　certain　amount　of　weak

anlonic　or　nonionic　polymer　to　the　sludges．　Usually，　one　to　several　milligrams　of　polymer

are　applied　to　one　gram　of　solid．12　Polymer　condition呈ng　can　be　used　for　both　clay　an（i

　　　　　レorganic　flocs　coag観lated　by　me宅al　coagulants．　Toxicity　of　polymer　should　be　checked，

especially　when　the　supernatant　liquid　is　to　be　returned　to　the　raw　water．

　　　For　the　clay－aluminium　flocs，　the　addition　of　strong　acid　or　alkaline　solution　to　dissolve

aluminium　iR　the　flocs　can　improve　the　rate　and　extent　of　th玉ckening，　and　makes　it　possible

to　recover　the　aluminium　as　the　coagtilant．z6　Usual玉y　su圭phuric　ac圭d　is　used　to　bring　the　pH

down　to　about　2．0．12　This　acid　process，　however，　can　only　be　used　for　clay　or　coarse

suspentioRs，　Minute　organic　colloids　or　metal　precipitates　are　resolved　by　the　process　and

drawn　out　into　the　supernaもant　liquid．　One　hu鍛dred　per　cent　recovery　is　possible　in　prac－

tice．正2　Resolved　manganese　irl　the　reclaimed　coagulants　is　completely　removed　in　the　filters

by　way　of　chlorination　with　au七〇catalytic　reaction　of　precipitated　manganese　on　the　sand

grains．12

　　　Biodegradable　organics　in　flocs　consume　oxygen　in　a　thickener　when　too　long　a　detention

time　is　given　in　low　turbidlty　drought　seasons，　Oxygen　deficiency　i簸the　thiclくened　sludges

tends　to　resolve　reduced　metal　ions　and　biodegradable　matters　as　organic　acid．　The

deterioration　requires　wastewater　treatment　facilities　in　the　s玉udge　treatment　system．

c）

J1諜。舗ご器13「a御焼　許／cl・y　pa「t’cle
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primary　pore　volume．　The　above　mentioned　characteristics　are　reflected　in　such　indices　in

the　following　dewatering　processes　as　the　specific　resistance　and　the　coefficient　of　compres－

sibility　in　the　cake　filtration，　and　the　moisture　content　of　the　dewatered　sludge．

　　　　Major　processes　being　used　are　lime　or　polymer　addition，　and　freeze－thawing．

　　　　Lime　conditioniRg　：　By　the　addition　of　10－500／Q　of　slaked　lime　to　the　thickened　sludge，　the

specific　resistaRce　of　the　conditioned　sludge　cake　is　about　one　order　or　a　little　lower　than　that

of　the　original　sludges．i2　The　p｝1　of　the　sludges　is　about　12．　Aluminium　resolution　aRd

recoagulatioR　with　lime　proceed　at　the　same　time．　ln　this　conditioning　process，　the　insoluble

part　of　lime　may　play　an　important　role．’2

　　　　Aluminium　strippiRg　in　the　thickening　process　is　followed　by　recoagulatien　by　lime　in

about　200／o　of　solid　at　pH　12　or　more．i2　This　process　has　beeR　used　very　widely　since　the

1960s　in　Japan．6　However，　the　use　is　restricted　to　the　sludges　which　do　not　include　much

organic　conten£．　This　mechanism　may　be　exp｝aiRed　as　follows　：　1）　By　the　addition　of

sulphuric　acid，　the　bulky　alumiRium　hydroxide　is　resolved，　2）　The　stripped　c｝ay　is　recoagu｝a－

ted　by　the　lime．　These　lime　coagulated　flocs　are　much　smaller　aggregates　than　alum　flocs

and　contain　less　interpore　（primary　pore）　water　with　the　least　necessary　intrapore　（secondary

pore　or　channel）　required　to　pass　water　；　3）　As　a　result，　cake　filtration　proceeds　at　a

reasonable　rate　and　the　resultant　cake　has　an　acceptable　rnoisture　conteRt．

　　　The　defects　of　lime　conditioniRg　are　：　200／o　or　more　increase　in　the　solid　by　the　addition

of　a　large　amount　of　slaked　lime，　and　the　high　pH　of　the　generated　cake　which　restrlcts

freedom　of　final　disposal．

　　　Polymer　conditloning　：　The　additioR　of　nonionic　or　weakly　anionic　polymers　improves

the　rate　of　dewatering　remarkably．　Polymer　added　at　the　stage　of　thickening　is　useful　with

a　smal！　amount　of　additional　dosage　for　the　dewatering．　lncrease　of　£he　aggregated　floc　size

makes　large　interpore　（secondary）　channels　making　the　draining　of　ifltrapore　water　very

easy．　Frequently　by　only　the　slow　mixing　of　polymer　with　sludge　for　an　extended　duration

pel｝eting　will　occur．　ln　Japan，　polymer　coagulation　in　a　rotating　horizontal　drum　is　widely

used　to　carry　out　the　pelleting　and　squeezlng　out　of　intrapore　water　by　cyclic　shearing　forces，

induced　by　the　drum　rotation　（refer　Fig．　4）．’O　Squeezed　water　from　the　pellets　during　the

drum　rotation　is　discharged　by　gravity．　Due　to　the　｝arge　pellet　size　（1　rnm－1　cra），　the

moisture　content　of　the　intrapores　is　still　relatively　kigh．’2　The　pelletiRg　treatment　is

effectively　used　for　coarse　suspensions．　For　organic　co｝loid　f｝ocs，　pelleting　does　not　proceed

effectively，　but　an　improvement　of　dewatering　is　still　possib｝e．　By　a　small　amount　of

polymer　additioR，　improvement　in　the　rate　of　cake　filtratioR　proceeds，　but　increase　of

agglomerated　floc　size　is　apt　to　increase　the　moisture　content　of　the　squeezed　cake．

Toxicity　of　the　polymers　should　be　noted．

　　　As　it　has　been　described　above，　polymers　can　be　used　with　a　wide　range　of　dosage　from

a　small　amount　for　the　filtrability　improvement　to　a　high－dosage　for　the　pelleting．　Toxicity

of　the　polymers　usually　is　caused　by　lnevitably　included　moRomeric　compounds　arisiRg　from

incomplete　polymerization．　Therefore，　the　use　of　a　high　grade　polymers　with　a　lesser

amount　of　remaining　monomer　is　required．　Polymers　in　the　dlsposed　cake　decompose　with
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time．　However，　it　is　reported　that　the　rate　of　the　decomposition　of　the　polyrner　into

monomer　ls　much　slower　than　the　rate　of　monomer　decompositon　into　inorganic　noR－toxic

compounds　with　respect　to　weak｝y　anionic　po｝yacryiicamide　which　is　the　most　commonly

used　polymer　for　the　pelleting　in　Japan．

　　　　Freezing　and　thawing　：　A　s｝ow　freezing　of　the　thickened　s！udge　causes　the　exclusion　of

solid　particJes　from　the　lce　crystals．”‘　By　increasjng　the　ice　pressure　being　exerted　gnder

confined　condi£ions　in　a　freezer，　excluded　flocs　are　agglomerated，　compressed，　and　turned

into　high　density　aggregates．　This　process　can　be　used　for　al｝　kinds　of　usual　sludges　wi£hout

adding　chemicals　if　high　energy　consumption　is　acceptable．　For　saving　of　energy　the

freezing　and　£hawiRg　operations　proceed　at　the　same　time　in　a　twin　contaiRer　acting　as　a　heat

exchanger．　For　greater　saving　of　eRergy，　thlckened　sludge　concentrations　as　high　as　le％　or

more　are　required．　For　this　purpose　ceRtrifugal　thickeners　are　frequently　used．　The　energy

consumption　for　the　centrifugal　process　is　comparable　to　that　of　the　freezing　process　itse！f．

To　overcome　the　deficit，　other　less　energy－cofisuming　thlckening　processes，　such　as　capillary

thickening　etc．　are　being　developed．

d）　Dewatering

　　　Dewatering　of　sludges　can　be　done　by　various　processes，　frorn　simple　gravity　draiRage　to

sophisticated　automatic　pressure　fi！tration　with　the　choice　depending　upon　the　raw　or

conditioned　sludge　characteristics　aRd　the　fiRal　sludge　quality　required　for　the　disposal．　Fig．

5illusttates　the　combined　performaRce　of　the　dewatering　and　pretreatme就processes　i簸

connection　with　the　raw　and　attainable　sludge　coRcentration　of　the　combination．

　　　In　the　early　1960s　when　sludge　treatment　was　gradually　being　introduced　into　water

treatraent　plants，　vacuum　filtration　with　lime　conditioning　was　the　most　common　one　for
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handling　large　amounts　of　sludge　where　drying　beds　could　not　be　used　due　to　shortage　of　land

area．6

　　　　The　Deve｝opment　of　automatic　control　techniques　has　made　possible　efficient　automatic

pressure　filters．　By　automation，　the　use　of　large　numbers　of　thin　filter　chambers　with　a

short　cyclic　operation　time　which　brings　about　a　high　rate　of　cake　production　with　low　final

moisture　coRtent，’‘　becomes　possible．　Sludge　is　pumped　into　the　charribers　with　a　pressure

of　3－5　kg／cm2　and　pressed　at　10－15　kg／cm2．　Nowadays，　pressure　filtration　with　or　without

conditioning　is　considered　to　be　a　more　reliable　and　efficient　dewatering　process．　The

largest　apparatus　has　fifty　2．5×2．5　m　chambers．

e）　Drying

　　　TherrRal　drying　is　used　for　further　decrease　in　moisture　content　of　the　dewatered　sludge．

Using　fuels　or　electricity　to　improve　poor　performance　of　pretreatment　er　dewatering　is　the

worst　use　of　the　method．　Such　processes　should　be　limited　to　the　preparation　of　reusable

sludge．

　　　The　most　common　dryiRg　method　is　the　natural　drying　bed．　The　batch　drying　bed

usually　behaves　as　a　gravitational　drainage　bed　in　the　first　stage　of　the　operation，　either　with

or　without　suction　head　application　£o　the　drainage　system．　The　bed　is　not　oRly　used　for

natural　drying　but　is　also　used　as　a　natural　freezing　bed　in　winter　in　cold　areas．

　　　It　is　recommended　that　a　certain　size　of　drying　bed　be　added　to　all　sludge　treatment

systems　to　increase　storage　capacity　to　level　out　sludge　flow　variation　and　to　serve　in　case

of　an　emergency．

4．　Sludge　treatmeRt　system

　　　Fig．　6　shows　typical　sludge　treatment　systems　being　used　in　Japan．　Specific　character－

istics　of　these　systems　can　be　understood　from　the　characters　of　the　component　processes

described　in　the　preceding　section　and　are　summarized　in　Table　1．　Fig．　7　is　a　schematic

diagram　for　selecting　an　optimum　sludge　treatment　system　with　respect　to　the　raw　water
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Table　1．　Dewatering　process　evaluation
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conditions，　i．　e．　turbidity　and　organic　content，　and　the　coagulatlon　conditions　which　are

selected　from　the　raw　water　characteristics．

5．　Disposal　and　reuse

　　　Dewatered　sludges　are　returned　to　the　land　with　or　wlthout　dryiRg．　La捻dfill　is　the　most

popular　method　of　disposal．　Freq登ently，　such　sites　are　reused∫or　factories，　houses　and　parks

after　a　period　of　consolidation．　Sludge　cakes　have　a　litt！e　interior　strength　and　permeability

compared　with　natural　soils　because之he　finer　particle　size　distrlbution　causes　a　higher

moi＄ture　content．12　Therefore，　for　the　stabilization　of　a　f量lled　land，　an　under－drainage

structure　or　a　sand　drain　method圭s　often　used．

　　　Polymer　conditioning　wlth　thermal　dryi鍛g　generates　a　mlcro－graRular　structure　of　high
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ロ

s£rength　and　permeability。12　These　particular　s玉udges　can　be蘇sed　for　ma簸y　purposes　such

as　agriculture，　gardening，　landfi韮1，　emba簸kments　and　o乞her　uses．　Toxicity　of　the　polymers

is　usua至1y　caused　by　the　mo鍛omer　which　is　inevitably　present　arising　from　incomp至ete

polymerization．　Therefore，　the　use　of　a　hlgh　grade　polymer　wlth　less　monomer　im似rity　is

necessary．　Polymers　in　the　sl蘇dge　cake　decompose　with　time．　H：owever，　it　is　reported　that

the　rate　of　decompos量tioR　of　the　weakly　a簸ionic　polyacryllcamide　whic屋s　the　mos毛com－

monly　used　one　for　the　pelleting　in　Japan，　is　much　slower毛han　the　rate　of　decompositlon　of

the　monomer　in£o　inorganjc簸ontoxic　compo腿ds。15

　　　The　lime　cake　landfil｝generates　an　alka薮ne　leachate　to　the　surrounding　environme難ts，

and　damages　plants　a琵d　o毛her蕪ving　crea加res．　Therefore，　a難interceptio簸wall　surrounding

the　landfill　area　and　a　covering　of無atural　top　soil　are　necessary　for　the　protec乞io難of　the

environ．ment．10

　　　By　the　decomposit至on　of　organics宝n　the　f量Ued　body，　the　oxygen　in　the　fi1｝e（量cake　is

consumed　and　an　anaerobic　conditlon　begiRs，　The　decomposition　of　the　organic　generates

s賢ch　hazardous　gases　as　CH4，　H2S　and　o£hers．　Under　the　conditlon，　metal　ions　such　as　Fe2＋，

Mn2＋and　others　are　resolved　o飢easily．　At　tlmes，　a　wastewater　treatment　facillty　is

req娯ired｛or　the　treatment　o｛the　leachate　from　the　land創1。

　　　The　sludges　are　sometimes　reused　as　raw　materials　for　the　productio難of　light　aggrega－

tes，　bricks　and　cemen毛s．
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