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Yvvroun [epiinyn

Ot TopaoITIKES E10POES o€ JIKTVLO. OK0BGPTWY amoTELODY Vo, amo
Ta oofapotepo. TPOPAUATA TV GOTIKOV OIKTOWV OTOYETEVOHG.
Zoupwva pe t owebvy Piplioypopia o1 mpoobetes €10poéS avyVa.
avépyoviar ato 100% e mapoyns Avpdtwy, mpokalivias oofopd
Tpofiiuaro aTo JKTVO, TV EYKATATTACH EMECEPYOTIOS ADUCTWY, TO
wepifariov kou t onuoota vyeio. KardAlnlo Oeopixo whaioio Eyet
KOTOPTIOTEL 0 AIYES YWPES, eV 0€ KATOlES alAeg eivol ae elédiln
epevvntikad mpoypauuota. Inbopo uedodwv cvotivovior diebvag
YLOL TNV OVIYVEDGN KO TOV TEPLOPIGUO TV TOPOTITIKOV ELGHPODYV.

2t0 mlaioio g mopodoog epyaciog, mEpa amd T Oebvi
Piflioypagikn  emokonnon, ovomtOyOnxay mAOTIKES EQOPUOYES
oToV EAAOIKO Ypo Kol GLYKEKPILEVD. OTIS TOAEIS TV lwovvivay
xkou ¢ Kapditoog. o xobe mwoin oigpevvnOnkov o1 ovvOikeg
OYETIKG, [UE TIG TOPACITIKES ELGPOES KO OTH TUVEXELQ ONpiovpynOnke
HOVTEAD TEPIYPOPRS Kol TOGOTIKOTOINOHGS TOVG. TéAog eléyyOnKay o1
EMIOOOEISC TOV UOVTIEAOD KOL TPOGOIOPIGTHKOY Ol GUVIOTMOES TWV
okaboptwv yo kdbe woln. To yeviké ocvumépaouo. givor o0ti n
TOGOTNTO, TV TOPOCITIKDOV EIOPODV V0L OPKETE  GHUOVTIK,
vmepPaivoviog g exTiuoclsc wov ocuviBwg Yivovial ot UEAETES
OYENOGUOD TWV IIKTOWV.

1. EIXATQI'H

Ymv mopovoo epyacio e€etdletoan to {RTMpO TV
MOPOCITIKOV ~ €6podV  ota  diktve  okabdptov. Qg
TOPOCITIKEG €10p0EG opilovtarl To. OuPplo Kol To. VITOYELL
V30T, TOL EGEPYOVIOL OTO OIKTLO AOY® POYHUTOCE®V,
OTEAELOV KOl TOPOUOPPDCEDY TOV OYOYOV KOl TGOV
GUVOECEDY TOVG, EAMTOVG OTEYAVOONG TV PPEATIOV Ko
TOPAVOUNG GVUVOESNG TNG Omay®YNS opfplov amd Kripla
(oxemés, avrég, Oepeiioon) oto diktvo axabBaptov. Ot
npochetes €16poEG ekTidTan OTL TPOGSAVEAVOLY GNUOVTIKGL,
ovyva kat katd 100% v mopoyn Avpdtov otig Hvopéveg
[oAtteieg [25]. Ot kLPLOTEPES EXTTOGEIS OTO OTTOYETEVTIKO
dikTvo Kol TV eykatdotacn entepyociog and TV €10poN
vroyeiov Kot ouPpiov VOATOV ETYPOUUATIKE €ivol ol
aKoAovBeg:

" 1 VEPPOPTIOCT] TV OMOYETEVTIKMDV QYyMYDV,

= 1 VIEPYEIMON TOV OTOXETEVTIKOV OYyOYOV HE GUEDT
GUVETELD TNV EKPOT] 0KOBAPTOV Gg KTNpLa 1) SPOLOVE,

= 1 avenapkng enegepyacio TV AvpdTwv,

= 1 adénon tov KOGToVG pHeTaPopdc Kot emelepyaciog TV
AvpdTov,

= 1 emPapovon g dnuodctag vyeiag, Kot

= 1 €XPAPLVOT] TOL OIKIGTIKOD KOl PLGIKOV TEPPUALOVTOG.

XopokTnplotikdé  Tov  mpochetov  KOGTOVG  AOY®
TOPOCITIKOV €10podV glval to Zynuo 1. To yphonuo tov
GYNLOTOG TPOEKLYE Be@p®dVTAG OTL Ol TOUPUCITIKEG EIGPOLEG

avépyovtol oto 30% tng cuvolikng mapoxng oxabdptav.
Hapamnpeitor 6Tt yio winBoopd 120000 1o mpdobeto
KO670G eKTILGTOL ota. 50000 $ [7, 21,22].
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Figure 1: Additional cost due to Infiltration/ Inflow

>1ic Hvopéveg IToMreieg 10 mpdPANULO TOV TAPAGITIKOV
gl0po®V peletdrar and TG apyés g dekaetiog tov 1970 pe
amotélecpa va €yl kataptichel Beocpkd mhaico y v
aviyvevon kot tov mepopopd tovg. O opocmovdlakol
kavovicpol éyovv Oeomiotel amd v Environmental
Protection Agency (USEPA), oA&d voictatonr TIg
KaTAAANAEG TpomomoOmoel; avd molteio pe Pdon TS
vrapyovoeg cuvinkeg [22]. Me Baon tig dotderg g EPA
[14, 15], pétpo ywo TOV TEPLOPIGUO TOL TPOPANLOTOC
emPdArovtot dtav N T TOV VIOYELOV EIGPOoMV Eemepacel
ta 450 L avd kdrowo wor nmuépa (120 gped) ot tov
oupplov ewopodv ta 1040 L avd xérowo ko nuépa (275
gpcd). Xmv Evponn, amd tig apyés g dekoetiog tov 1990
€xel apyloel | €épguva 6 aVTOV TOV TOUEN [LE TNV OVATTLEN
UOVTEA®V TOGOTIKOTOINGNG TMV TAPAGITIKGOV El6pomv [10,
16, 17]. Méyxpt onuepa, Opmg, oev £xel dtopopewbel
KatdAANAO OeoIKO TAGIGIO YIOL TNV OVIWETOTICN TOV
TpoPANLOTOG Eite o€ €BVIKO, gite o€ KOWOTIKO eminedo [24].
Yvykekpipéva oty EAAGSa amd vopobetucig dmoyng to
Omuo eivar oyeddv ayvooto pe povn egaipsorn piog
yevikng euoews mpoPieymn tov Krtiprodopkod Kavovicpon
[3, 4]. Ag onuewBel mdvtwg 6Tt To TPOPANHA propel va unv
aPopd TOAAEG EVPOTATKES XDPES, Ol omoieg dtabéTovv Katd
KOvOVo TOVTOPPOTKA GUGTIHLLATO. ATTOYXETELGNG, OPOPE OLMG
wwitepo v EALGSa Tov otnVv peydin mieiovotntd tovg ta
SiKTVLO ATTOYETELONG EIVOIL YOPLOTIKA.



2. ANIXNEYXH KAI ANTIMETQIIXH

H avtyetonion tov mpofAnpatog Stapopomoleitar 6To
OTAd0 HEAETNG—KOATACKEVNG KOl GTO OTAO0 AglTovpyiog.
210 oTdd10 PEAETNC—KOTAOKELNG Tpémel va Aappdvovral
VIOYN amd TOV LEAETNTY| Ol TOMIKEG GLVONKEG TG TEPLOYNG
Kot Vo yivetol KOTOAANAN mpocovénon TG mopoxns
oYedlOGUOD  TOV  SIKTOOV, YO TNV TAPOYETELOT TOV
npochetov elopodv. Emmiéov ta DAKE KATAGKEVNG TOV
AYOYDV, TOV GUVOEGEDV KOl TOV Qpeatiov kabopilovv g
éva fabpd T cVUTEPLPOPA TOL SIKTLOV MG TPOG TNV ELGPOT
vroyeiov kot opfpiov vddtwv. I'Y avtd 1 perétn Oa mpénet
va kafopilet VAIKA cOyypova Kot KATAAANAC Yol TIG TOTIKEG
ouvOnkes. Téhog, M moWdTMTO TNG KOTOOKELNG OUYVA
gvfivetar yo éva T0G00TO TV TPOCGHETOV E16PODY GTO
diktvo. Kath ovvémeio 1 emipeAnc Kotookevn omotelel
TPOANTTIKO LETPO TEPLOPLGHLOV TOVG.

Y10 otadlo Aewtovpyiag TO WP®TO Prne Yoo TNV
OVTLETAOTION TOV TOPOUCITIKOV EIGPOMYV Eivar 1 aviyvevon
Kot 0 evtomopog tovg. Ilototiky £€voeln g €lopong
VIOYEWV Kol OUPp@v vOGTOV oto OikTvO OmOoTEAEL 1
GUYKPLOT NG MEONMG TUEPNOOG TaPOYNG 0KaOApTOV of
eTNol0 KAlHOKO HE TNV mOPOYN O GLVONKEG LYNAOL
vdpoeopov opilovta M Katdmwv £€viovng PpoxdnTwong.
Aglktng mpdobetv e1opodv €ivar Kot T AELTOVPYIKA
XOPOUKTNPIOTIKA TNG £YKOTAOTOONG eneEepyacioGg AVUATOV.
INo mapdderypa, av mapatnpnel onuavtikny peioon g
ovykévipwong BODs «xatd tovg eoptvodg  pnvec,
EVOEYOUEVDG VTOYEW VePA €Gpéovy  oto  Oiktvo. H
enPePfaimon TOV TOOTIKOV EKTIUNGEDY KOL O EVIOMIGIOG
TOV TOPOCITIKOV EICPOROV YIVETOL GUVIHOMG LE TIG TAPUKAT®
pebddovg:
= cmfempnon EPeoTiov €8IKA Katd TN SlipKeLn EVTOVNG
Ppoyomtocng,
= £AeYX0G TOL SIKTHOL HEGH PVTEOCKOTNONG,
= 1éBodog kamvov (smoke test),
= ¥pNoN XPOOTIKOV ovctdv (dye water test), Kot
= EAEYXOC Qy®Y®V KOU OPU®OV HE gpapupoyr| mieong (oe
GLVOLAGHO e BtvTEOGKOTNON)).

o v aviyetonion v TpofAnudtov mov Tuxdv
gvronifovtal, ot evOAaKTIKEG AVoelg mov e&gtdlovtal eival
N ektevng emdOpB®on Tov JIKTOOV Kot 1 EMEKTOOT 1)
AVOKOTOGKEDT TG eyKoTtaotoong eneéepyaciog Avpdtov. H
emhoyn yivetar pe PAon CULYKPITIKY] OKOVOUOTEXVIKN
peAétn, Bewpdvtag 6Tt katd TV emdldpHon Tov SKTHOL
B0 mepLoploToVY Ol TPOGOETEG E1GPOEG KOTA £VOL AVAOTOTO
eMOOKOIEVO TOG00TO, oL cuvifmg kvpaivetoar amd 30
£€mg 50%. X mepintoon mov emheyel g BEATIoT Adon
eMLOPO®ON TOL JIKTVOV, 1] AVTIUETMTIOT| TOV TPOPANLATOS
yivetor pe oTeEYAv@on Kol evioyuon TV epeatiov,
aVTIKATAOTOON 1 O0pOmoT TV Ay®YDV Kol 0TocLVOEST
TOV TOPEVOU®OY GUVIECEDV amay®YNS opfplov and Ktipla
(oxemég, avAég kot Oepéla) omd o diktvo akabdptov. X
0,Tt aopd ™V emddpboon TV ayoydv, ot diebveig
AVOPOPES GLGTIVOLV, OVTL TNG TAPASOCLOKTG EKOKOPNG KoL
enovaTomofETOoNG, T YPNON VEDV OKOVOUIKOTEP®OV KoL
TayvTepOV  UeBOd®V, Ommg eivar M «dapOpPOOT Kot
tomofénony (fold & form) Kot 1 «EMTONOV AVTIUETOTIOT

-0

(cure in place). H d1ebvng Biprioypapio mapéyer mAnbopa
TOPAdEYUATOV 0md TOAEIS, OTOV Ol TMOPUCITIKEG EICPOES
meplopiotniay mpooeyyilovtag 10 EMOIOKOUEVO TOCOGTO
[11,12, 13,18, 19, 25].

3. IIIAOTIKEX E®APMOI'EX XTON
EAAAAIKO XQPO
210%0¢ TG TWOPOVCOS  epyaciog MTaV  apevog M

Olepedhivnon TV ouVONKAOV GYETIKA HE TIS TOPUGLTIKES
gl0poéc otv EALada kot apetépov 1 avantuén povtédov
TEPLYPOAPN)G  KOL  TOGOTIKOTMOINONG TOV  TOPUCITIKMV
glopomv ota lmavviva kot oty Kapditoa. H meprypaon
OV TTPOPANUATOC EEKIVA LE TNV TOLOTIKY OlEPEVVNON TOV
TOPUCITIKMV EIGPOMY GTO dIKTVO.

3.1 Iodavviva

Mo tpdt gwcdva yro v Hrapén Tov TpoPALaTog 6To
diktvo akafdptev v Ioavvivov divetoan ota Xynpota 2
kot 3. Onwg @oivetor o610 GLYKPUTIKO Séypappio. Tov
ynuatog 2, ot mapoyés okabdaptov katd To Ppoyepd
dexonuepo 28/03-10/04/2000, sivar avénuéves cuyKpLTIKd
pe g avtiotoreg ywoo 10 Enpd  dekanuepo  28/04—
11/05/2000. Enpeidvetar 6Tt 100 00O  OEKOMUEPQ
avapépoviol og mepiodo LVYNAOL VOpoPdpov opilovra.
Hopopota Sadwkacio axorovbbnke vy v 7wepiodo
KOUNAOD VIPoPOpov opilovTo (KaAoKaipt), OTOL Kot AL
mopampndnke n avgnon mg mapoyng yw 10 Ppoyxepd
dekanpepo. T Tov Soympiopd TV €16podY amd VIOYELL
voata  €ywve ovykplon TOV ENpdv  deKomuépv OV
gketdokav  ywo TV 7EPiodo  vyMAoD Kol YOUNAOD
v3poopéa kal Tposkvuye to Zyfuo 3 [1, 5, 6].
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Figure 2: Comparison of sanitary sewer discharge in loannina for
dry and wet conditions with high ground water level.
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2ynupo 3: XZoyrpion mopoyns axalaptwv oto lwavviva yio Enpég
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Figure 3: Comparison of sanitary sewer discharge in loannina for
dry conditions with high ground water level (winter period) and
low ground water level (summer period)

AmO TV TO0TIKN OVIYVELGT] TOV TOPAGITIKAOV ELGPODV
motomoteitor 1 Vmapén Tov mpoPinuatos. H mocotiky
€KQpaon yivetor pe TV Katdotpmon evog poviéhov. Ta
Pruata mov akoiovBnOnkav £mg TN SOHOPE®ON €VOG
TETO0V HOoVTELOL glvat:

1. Zuykévipwon kol epunveics AELTOLPYIK®OV  SedOUEVOV
£YKOTACTAONG.

2. ZvAhoyn BpoyoUETPIKOV dedOUEVMV 0t GTaORODS EVvTOG
g Aekdvng tov Ioavvivov 1 yertovikodg avtnic.

3."EAeyx0c GUVETEWG TOV CLAAEXOEVI®V PPOYOUETPIKDV
dedopévav kat 510pHmon acvvETELDY.

4. Katdption ypovoselpas ovImpos®IEVTIKNG fpoyxdntw-
ong yw v meployn Tov loavvivov.

5. Zvoyétion vyoug Ppoyng kot mapoyns e£660v (eAAeiyet
dedopévav goo6dov) amd v eykatdotacn emefepyaciog
Avpdrov.

6. XpNom YPOVOGEPOV TOPOYNG TOTAUMY G OEIKTN NG
GUUTEPIPOPAS TV VTOYELDV VIATMV

7. Zooy€Tion TOTOUIOV TapoydV pe TV mopoyr €£000v
(eMeiyel Oedopévov  €1G000V) amd TNV €YKOTOOTOOT|
enekepyoociog ApATOV.

8. ZuAdoyn unviciov TGV DOATIKNG KOTAVIA®OTG.

9. Anpovpyios HOVTEAOL (YPORUIKNAG KOL LN YPOUIKAG
moaAvdpounong )-Ilocotikd amoteAéopata.

Bpoyopetpicd  dedopéva  GUYKEVIPOONKOV Yl TOLG
otabuodc Ilevidhoxkko, Awdpvoo Kot  Agpodpopo
loavwivev. Katd v eneéepyacio tov PpoyopeTpikdv
dedopévav egetdotnray ypovikég kiipakes 1, 4, 5, 6, 7, 14,
30 nuepov. Xto EZynua 4 moapatnpeitor 1 oxeTKE LYNAN
GLOYETION NUEPNOWG TaPOYNS akafdpTmV Kot aBpolsTiko
Vyovg Ppoyng g dlog Nuépag Kol TV Tponyovpevay 30
nuepdv. H oyetikd vynAn cvoyétion dimg ot devtepn
TePITTOON  KOTUOEIKVOEL TN ONUOVTIIK] GULUPOAY TOV
VIOYEL®V ELGPODMV GTNV TAPOYN TOV SIKTOOV 0KABAPTV.
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Figure 4: Correlation of measured wastewater discharge and
precipitation: (up) for daily scale and (down) for 30 days scale
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Figure 5: Correlation of measured wastewater discharge and river
discharge: (up) for daily scale and (down) for 30 days scale.

H £évdeidn yuo onpavtik cupfoin tov vroyesiov vddtov
ot JWpOpPOON TOV TaPoY®V akafdpTeov E£npeme va
moTomomBel amd T CLUTEPLPOPA TOV VIPOPOPOL opilovTa



omv evpvtepn mepoyn. EAlelyer dAl@v  dedopévov
QOPAGIGTNKE 1 YPNON TNG TAPOYNG TOV LEYOADY TOTAUDV
™G evupvTEPNG TTEPLOYNG MG OEIKTN TNG GLUTEPIPOPAS TV
VIOYEL®V VOATOV. ZVYKEVTIPOONKAV Ol NUEPT|OLEG THEG TNG
TOPOYNG Yo TOvg motapovs Apaybo, Aodpo kot Ado.
E&etdomrav kot mwéAr ypovikég khipokeg 1, 4, 5, 6, 7, 14,
30 nuepdv. Xto Zynpo S5 ewovietor 1 cvoyétion g
TOPOYNG oKoOAPTOV HE TNV TOPOYN TOV TOTAUMYV Yiol
KAlpoko 1 ko 30 nuepdv. Edd ot cuoyeticelg ivar akoun
vynAdTEPES Ko emPBePardvouy T GNUAVTIKY GUUPOAN TV
vroyeiov VOGTOV TNV TOPOYT| TOL StKTVLOL aKkaBdpPT®V.

Mo ™ Japdpe®moN Tov LOVTELOL, ¢ SESOUEVO E1GOSOV
BecpnOnkav, 1 NuePNoLo LOOTIKY KATAVAA®MON (EKTUNEVT
a6 punviaio dedopéva g AEY A loavvivov, dedopévon o1t
dgv  vmipyav  MUEPNOlEG  WETPNOELG), M MUEPNOLL
Bpoyomtoon kot M mapoyn moTop®dV Yo KAipoxa 30
nuepdv. EEETAoTNKAV Ol TEPMTMOGELS HOVIEAWDV YPOLLLUIKNIG
KOl PN YPOUUKNG TOAVOpOUNoNG. Av kol akOun Kot To
YPOUUKO — TEPLEYPOUPE  IKAVOTOMTIKO TIG TOPACITIKEG
€10p0£¢ 610 dikTvo TV loavvivev, To pn ypapupkd poviélo
BeopnOnke Pértioto. H tehn e&iocmwon tov poviélov, mov
TEPLYPAPEL TIG CLVIOTMGEG TOV aKafEpTOV 610 diKTLO TOV
loavvivev etvau:

Q=a+fY" +bII*+dB°+E (3.1
omov Q 1 Kavovikomonpévn Tapoyn akabdptov, a, b, ¢, d,
e, ', h ot ouvteleotég Tov povtédov, I N kavovikomopévn
mapoyn motapdv yw 30 mnpépsg votépnon, B 10
Kavovikomomuévo  muepnoo  Oyog  PBpoyns, E 1
Kavovikomomuévn mpdohetn ocvvictdca oufpiov  (amd
PUATPAPICHO XPOVOCEPDV) Kot Y 1 KOVOVIKOTOWUEVN
VOOTIKN KOTAVOIA®GT).

Atevkpviletan ot €yve QUTpapIopa oTIS
Kavovikomomuéveg  ayués axkobaptov, Bewpodviag OtL
€VTOVEG OLOKVUAVOELS amd PEPO GE PEPO TPOEPYOVTAL OTTO
€10Pp0EC opPplv KoTd TN S1ApKELR £VIOVOV BPOYOTTOCE®DV.
H mpoxdntovca ypovocelpd ot cuveyelo TpooTifeTal ot
GLVIOTOGCO TOV OUPPiV VOGTOV MOV TPOKVMTEL ONO TO
HOVTELO.

AVOAVTIKA Ol GUVICTMGEG TOV LOVTELOV EKPPALOVV:
» a+fY": mapoyy Aopdrov

= b II%: e1opom voyeinv V8GTOV

= d B® + E: siopon opfpiov vddtov

Y10 EyAuo 6 amewoviletar 1 emidoon Tov HOVIEAOL GE
GYEON WE TN HETPTUEVT] TOPOYT OKOOAPTOV.
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Figure 6: Relation of estimated and measured sanitary sewer
discharge (loannina)

Me Pdon to HOVTELO UN YPOUUIKAG TOAVOPOUNOTS
TPOEKLYE OTL Ol GLUVIGTMCEG TG TAPOYNG akabdpTmv 610
diktvo tov loavvivav og péon etfoto KApoko divovtot 6to
v ypaonuo tov XZynuotoc 7. Avtictotye, o010 KAT®
ypaoNuo divovial Ol GLVIGTOGES TNG TOPOYNG OKAOAPTOV
Y v mepiodo mov epeavifetor to péyioto 5% g
TOPOYNG AKOBAPTOV GOUPOVA LE TO LOVTELO.

Eiopoég Opfpiwv
Yoarwv
4%
BEopoég Yroysiwv
Yoérwv
3%
Nopora
65%
Eopoég Oppiwv
Yodmuwv Al
3% 0%
Eopotg Yimoyeiwv
Y&arwv

2%

2y 7: Zoviotmoeg TS TopoyHS Tov OIKTOOL aKadaptwv twv
looawivav: (movw) oe uéon etoio kKAipaxa, koi (kdTw) yio. v
mEPiodo mov eupaviletar To uEyLoto 5% TV TILOY THS TOPOYNS

Figure 7: Sanitary sewer flow components in loannina: (up) on
average annual scale and (down) for the period when the
maximum 5% of the values occurs.

3.2 Kapditoa

Avtiotoyn dadikacio akoAovOnONKe Kol 6TV TAOTIKN
gpappoyn yuw v oA g Koapditcac. Evtovrtoig Aoyw
coPopdv elhelyemv OTIC HETPNOELS TMOV  TOPOYDV
axoBapTOV ENPENE VO YIVEL TPOTO EKTIUNON TG NUEPT|OLOG
TOPOYNG OV EIGEPYETAL TNV EYKATACTOOT ENEEEPYOTiag Kot
ot ovvéyew vo avortuyfel to povtého [2]. Enpeudveron
OTL M EKTIUNOT TOV NUEPNOLOV TOPOYDHV aKaBapTmV £ytve
amevbeiag amd TIG TOViEG KOTAYPAPNS TOL TOPOYOLETPOL
yopic ypnon e&ewdikevpévou Aoywopwkov. H mopaperpcn
ekiowomn tov povtéhov Yo v Kapditoa eivor i pe
ekeivn tov loavviveov (3.1).
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Figure 8: Relation of estimated and measured sanitary sewer
discharge (Karditsa)



Y10 Zyfuo 8 ewoviletar 1 emidoon tov poviéAov oe
GY£OT LE TN LETPTUEVT TTOPOYN.

AVOLOYIKE TPOEKLYOV KOl Ol GUVIGTMGEG TNG TOPOYNS
axoBdpTov Yoo T péomn Ty Kot to PEYoTo S % g
TaPOYNG akobapTOV OTMG Paivovtal 6To Zynua 9.
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Figure 9: Sanitary sewer flow components in Karditsa: (up) on
average annual scale and down for the period when the maximum
5% of the values occurs

Inueidvetor OTL KOTE TNV EKTIUNOYT NG TOPOYNS
axoBdptov amevbeiag amd TIC TOwvieg KOTOypOeNg MTOV
duvatp m ovdAvon oe oplaio Bdon G TOPOXNS
axaBdptov. XpNoIUOTOI®VTIS Kot MPLoic. SEGOUEVO Vi TN
Bpoyomtmon amd Tov Ppoyoypdeo Tov ctafpod Kapditoa,
£€YIVE GUYKPIOT] TOV OPLOU®V TIUOV TOPOoYNSG akafdpTmV Kot
Bpoyomtmong, 1 omoia kot omeikovifetal oto Tynua 10 yio
mv mepiodo 1-3/12/2001. TTapatmpeiton OtL TIG €MOUEVES
mpeg LeTd T PpoydmTmon N mopoyn axkabdptmv ayyilel ™
péytotn T Tov 1000 m*/h. Emmiéov emonpaiveton 6t n
napoyn axabdptov apyilel va pewdverar 6 @peg HETA T
dwokomn ¢ Ppoyns, yeyovog mov emPefordvel v €1Gpon
ouPpiov védtmv 6to diktvo.
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Figure 10: Hourly variation of wastewater discharge

4. LYMIIEPAXMATA

To mpofANUO TOV TOPAGITIKAOV EGPODV GTOV EALOIIKO
XOPo  glvar  oNUOVTIKO, ONMMG OMOdEKVOETAL OmO TN
dtepevvnon mov Eywve Yo o lodvviva ko v Kapditoa.
XapoKTNPIOoTIKA OMUEIDVETOL OTL Ol TOPOCITIKES ELCPOES
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ota lodvviva amotehodv 10 35% g TOpoYg AUATOV GE
péon emota KAipoka, evod omv Kapditoa oviictoryo
amoteAovy 10 17%. Opwg otig meptddovg ayuns (5% tov
GUVOMKOV ¥pOVOV) T HEYEON AT @TAvouy 10 67% Kot
38% g mopoyng Avpdtov, avtictoyo. H dtapopomoinon
TOV KMUOTIKOV KOl DOPOYEMAOYIKOV GUVONKOV HeTAED TV
000 moAewv odnyel oe avtictoyn Oweopomoincn TV
TOPUCITIKOV €lopodv. EmumAéov, ot Sopopemon tov
TOPACLTIKAOV £10POAOV vrelsEpyovtat aféfatot mapdyovreg,
Om®g M CLUUOPO®SN N U Tov TANBVGHOY pe To Beopicd
TAOIGl0, 1 EMTAPNON TOV SIKTV®V OO TOLG OPUOSIOVG
POpEiG KTA., YEYOVOC TOL SLOPOPOTOLEl OKOU TEPIGGOTEPO
T1g voloyiobeioeg eiopoéc ‘Etol, to Iodvviva ot PBpoyég
glvar eplocotepeg an’ 6,1t otnv Koapditoa, evd @aiveral
OTL KOU TO TPOPANUO TOV TOPAVOU®V TOPOYETEVCEMV
opPpilov elvar peyoddtepo. XT0 onueio avTd EMONUOIVETOL
N dvoyEpeln LE TNV OToi €Yve 1| EKTIUNGON TNG TWNG TNG
mapoyns akaBdptwv oty mepintoon g Kapditcog. H
EMONUOVOY OVTN LROYPOULIlEL TNV onuovTIK) EAAEYM
dedopévav oty edMnvikéc morels. Emumdéov, oa&iler va
avapepfel 011 610 TAaico avTNG NG épevvag, €yive
TPOKATOPKTIKY €EETAOT GTO  AMOYETELTIKO OIKTVLO TOV
Apyovc-NoavmAiov, O6mov Kot Spdvnke vo  vadpyovy
avtiotoyo mpoPAnuota. Me Bdon ta omoTEAEGHOTO TNG
dtepebvnong Kot TOv  HOVTEAOL cuumepaivetal OTL 1)
KOADTEPN EKTIUNOT KOL 1) OVTIUETOTION TOV TOPOUCITIKOV
EIGPOMV AVOEIKVVOOVTOL G EMITOKTIKG TPOofAnata Tov Ba
mpénel vo. OlepguvnBoldv TEPALTEP® LE OTOXO TOGO TN
ouvVTagn KATOAANA®V TPodlaypapdv cyedacol, 660 Kol
mv avantoén pebddmv TEPLOPICUOY TOVG GE VOIGTALEVO
SKTVOL.

5. EYXAPIXTIEX

[MoAdtym 61N GLYKEVIPWOT TV OdOUEVOV KOl GTNV
Katavonon g Aettovpyiog Tov KTV NTOV 1 GLUBOAY
tov AEYA Ieoavvivov kot Kapditoag, vnd v emifieym
TV omoimv £Aofe ydOpa 1 TOPOVGO EPELVNTIKN €PYACLOL.
Ewwodtepa guyapiotieg exepdlovtar otov dievbuvtny g
AEYA Ieavvivov k. K. Twtdkn kot tov devboven g
AEYA Kopditoag k. T. Kaperd, xabbdg kot Tovg
unyovikove kk. IamaBavaciov, Prya, Bapéon kar Meyip
Y10, T GNUAVTIKOTOTI) GLUVEIGPOPEA, KOOMS Kot 6Tov AEKTOpO.
k. L Zrepoavdko vy TG TOAUTIHES OULUPOLAEC TOV.
Evyoprotodpe Toug agloloyntég kot 1d1aitepa ToV ovAVLHO
kpu ' yio tv moAd mpocekTikn avayvmon Tov KEWWEVOD
Kot TIG AemTopepeis dropBdcelg kat vtodeifelg Tov.
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Abstract

Infiltration and inflow (I/I) are known to be among the major
problems in sewer systems. According to literature reviews,
infiltration and inflow are often estimated as 100% of sewage flow,
causing major malfunction both to the system and the wastewater
treatment plan. In some countries proper regulation has been
applied; however, in others research is still in progress..

In this study, two pilot projects were conducted in Greece, in the
cities of loannina and Karditsa. In the first phase of the project,
infiltration and inflow conditions were identified for each city. A
model was then developed for the quantification of I/l. Last, the
reliability of the model was validated and the components of
sewage were analyzed. The general conclusion is that the quantity
of Il is significant, exceeding the typical assumptions in the design
studies of sewer networks in Greece.

1. INTRODUCTION

Infiltration refers to groundwater that leaks into the
sanitary sewer system through cracked and/or improperly
connected pipes. Inflow refers to clear water from rain and
snowmelt that enters the sewer system via destroyed
manholes covers, illegal connections of downspouts and
sump pumps etc. Various problems are caused both to the
sewer system and the wastewater treatment facility due to
infiltration/ inflow such as:
= overload of sewer pipes,
= overflowing of sewer pipes,
= inefficient wastewater treatment,
= increase of the transportation and the treatment cost,
= unsanitary conditions affecting public health, and
= detrimental effects both on the rural and urban
environment.

As an example Figure 1 shows the additional total treatment
cost due to infiltration and inflow for the case of a city of
120000 inhabitants [7, 21, 22].

Since 1970 several I/I surveys have taken place in sewer
system in the United States of America, the majority of
which were conducted under the supervision of the
Environmental Protection Agency (USEPA). In Europe,
extensive research has begun since the early 1990°s on the
development of quantification models for the infiltration
and inflow [10, 16, 17, 24]. Particularly in Greece there are
neither appropriate regulations on I/I nor efficient modelling
approaches [3, 4].

2. IDENTIFICATION & REHABILITATION

The process of eliminating I/ from sewer systems must
be distinguished between the stage of design-construction
and the actual operation period of the facility. During the
design phase, engineers should take under consideration the
local conditions; while in the estimation of the design
discharge they should account for potential periodic
increase in the wastewater discharge. An important
parameter in the first phase is the selection of materials, as
well as the quality of construction.

During the operation period the primary interest is
focused on the identification and localization processes. A
rather straightforward qualitative method for the
identification of infiltration and inflow is the comparison of
the mean daily discharge on an annual scale to the daily
discharge during high groundwater level periods or directly
after rainfall events. An alternative method is based on the
functional characteristics of the wastewater treatment plant.
For example in case that a significant decrease in the BODs
concentration is observed in the obtained data series,
especially during the spring months, that might indicate
groundwater infiltrating the sewer system.

The qualitative observations obtained from the above
methods should be validated in situ using various methods:
= investigation of manholes particularly during rainfall

events,
= video inspection of the sewer system,
= smoke tests,
= dye water tests,
= video inspection of pipes and junctions applying pressure.

The identification of excessive infiltration and inflow in
sewer networks must be followed by sewer system
evaluation surveys and an effective rehabilitation plan. The
techniques that are suggested by the international literature
are focused on dealing with the problem either in the sewer
network or at the wastewater treatment facility. In the first
case the extensive rehabilitation of sewer system is most
commonly suggested. The proposed methods are mainly the
sealing of manhole covers and pipe joints, the replacement
and/or the rehabilitation of sewer pipes and the
disconnection of illegal downspouts and sump pumps from
the sewer system. In addition, international references
suggest that more modern and cost efficient methods such
as “fold & form” and “cure in place” can be applied for the
elimination of infiltration and inflow. In the case of the



wastewater treatment plant; the expansion or the redesign of
the facility is proposed. However, the selection of the
optimum rehabilitation method is based on a cost-effective
analysis, given that the maximum economically acceptable
percentage of infiltration/ inflow elimination is between 30-
50% [11, 12, 13, 18, 19, 25].

3.CASE STUDIES

As shown in Figure 2, for the sewer system of loannina,
wastewater discharges for the wet period from 28/03/2000
until 10/04/2000 are increased compared to the dry period
of 28/04-11/05/2000. Both period intervals analyzed are
referring to high ground water level (spring). An
investigation was conducted also for a low groundwater
period (summer) yielding similar results. In order to
distinguish infiltration from inflow, dry weather discharges
between high and low ground water level were compared
(Figure 3).

The qualitative results discussed above, give a
preliminary verification of the fact that I/ exist. A model
was developed to quantify the results of this preliminary
analysis. The steps involved in the modeling procedure are
as follows:

1) Collection of inflow, outflow and operation data for the
wastewater treatment facility.

2) Collection of precipitation data from gauges in the
Ioannina basin or in neighboring basins.

3) Consistency test of precipitation data and correction for
inconsistencies.

3) Creation of time
precipitation for loannina.
4) Correlation of precipitation and wastewater discharge.

5) Collection and interpretation of river discharge data as
indication of groundwater variation.

6) Correlation of river discharge and wastewater discharge
for the wastewater facility.

7) Collection of monthly water consumption data.

8) Development of a model, using both linear and non
linear forms.

Wastewater discharge was correlated to rainfall heights at
several times scales: 1, 4, 5, 6, 7, 14, 30 days. The
maximum correlation between precipitation data and
wastewater discharge occurred at the time scale of 30 days.
This observation indicates the significant contribution of
groundwater as component of wastewater discharge (Figure
4).

The indication of groundwater as a significant portion of
wastewater discharge can be verified through the variations
in groundwater table level in the greater area. Due to lack of
other data, river discharge was used as an index of
groundwater variation. Daily river discharge data were
collected for three main rivers of the area: Arachthos,
Louros and Aoos. Again, wastewater discharge was
correlated at time scales of 1, 4, 5, 6, 7, 14, 30 days. The
maximum correlation between precipitation data and waste
discharge occurred at the time scale of 30 days. This
corroborates the finding of the previous step, according to

series for the representative
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which groundwater variation has an important effect on
wastewater discharge. Figure 5 depicts the correlation for
time scales of 1 and 30 days.

Based on the above findings, a regression model was
developed with the following input data: the one day
rainfall, the daily average of water consumption and the
river flow data for the period of 30 days. It should be
mentioned that both linear and non linear forms were
examined and it was obtained that both models describe the
performance of loannina sewer system in a relatively
sufficient way. The non linear model was optimal and is
given as follows:

Q=a+fY" +bMI°+dB°+E (1.1)
where: Q is the standardized wastewater discharge, a b, ¢, d,
e, f, h are the model parameters, II is the standardized river
flow discharge for a scale of 30 days, B is the standardized
rainfall for daily scale, Y is the standardized water
consumption and E is an additional rainfall component.
Analytically the model components are interpreted as
follows:
= a+fY": wastewater discharge
= b II° : infiltration
= d B° + E: inflow

It should be mentioned that the extreme peaks in the
wastewater discharge series were considered mainly as
inflow during heavy rainfall; this was assumed to be
component E in the model. Figure 6 shows the model
performance in comparison to the measured wastewater
discharge data series.

A similar model was developed for the case of Karditsa.
Figure 8 depicts the model performance, while Figure 9
shows the components of wastewater as estimated from the
model.

4. CONCLUSIONS

From the research conducted for the sewer systems of
Toannina and Karditsa, it was verified that infiltration and
inflow is a major problem of sewer networks in Greece. In
the sewer system of loannina 35% of the total sewer
discharge in an annual scale consists of infiltration and
inflow, while in Karditsa for the same time scale this
percentage is 17%. Moreover during extreme events,
meaning periods when the maximum 5% of the values
occurs, infiltration and inflow account for the 67% and 38%
of the total wastewater discharge in Ioannina and Karditsa,
respectively, the sewerage network, etc. The difference
between the two cities is mainly due to the different climatic
and geological conditions. Moreover other stochastic factors
such as the surveillance of the sewer network, etc.
contribute to the rates of infiltration and inflow in the two
cities.

However, it should be mentioned that we experienced
significant difficulties during the estimation of total
wastewater discharge in Karditsa, which also underlines the
important lack of databases in the Greek cities. In addition



to the research conducted for the cases of loannina and
Karditsa, a preliminary investigation took place for the
sewer system of Argos-Nafplio, during which the existence
of infiltration and inflow in the local sewer network was
verified. Based on both the results of the in situ
investigations and the model developed; it was clear that
infiltration and inflow is a significant component of
wastewater and thus there is a need to cope with this
problem.
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