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Hopaocritikéc Eiopoéc o€ Aiktvo AkaBaptov:
Amotipnon tov Ipofipatog otnv EALGO

I. ZAAAXQPH A. KOYTXOI'TANNHX A. ANAPEAAAKHX
IMoMtkdc Mnyovikog EMIT [MoMtikdg Mnyavikog, [ToAtikdg Mnyovikog,
Avaminpotig Kabnyntg EMII Kafnyntg EMII

Zovroun Hepiinyn

O1 TopaoITikéS €10p0ES o€ JIKTVA aKaBOPTWV aTOTEAODY éva amd
0. 00POoPOTEP. TPOPINUOTO. TV AOTIKOV OIKTOMV OTOYETEVTHG.
Zoupwva ue m oebvy fiflioypagia, o1 mpoobeteg e10poés ovyva
avépyovrar ato 100% s mopoyns vudtwy, mpoxkoiovias cofopd
Tpofinuaro. ato JIKTVO, TV EYKATATTAON ETECEPYATIOS ADUATWV, TO
wepIfariov kar ) onuoaia vyeio. Koardlinio Oeouiro whaioio Eyer
KOTapTIoTEL 08 AIYES YWOPES, EVQ G€ KOTOLES GALES €lvor e eCéhln
epevvitika mpoypauuoza. IIindwpa 1edodwv aoativovior diedvag
VIO THV OVIYVEDON KA1 TOV TEPLOPIOUO TWV TOPACITIKDV ELGHPOMDV.
270 mhaiolo ¢ Tapovoag epyoaiog, mEPo. amo ) oiedvi Pifiioypo-
QIKH] ETLOKOTN TN, OVOTTOYONKOY TILOTIKES EPOPUOYES TTOV EALOOIKO
AOPO Kol GUYKEKPLUEVO. 6TIC TOAEIS TV lwovvivwy kot e Kopdi-
t00g. 10 kGl woin diepevvnOnroy o1 ovVONKES TYETIKG UE TIC TOPa-
OITIKES ELOPOES KO 0TI GOVEXELQ ONULOVPYNONKE LLOVTELO TEPTYPAPHS
Ko ToooTIKOmoINang tovg. Télog, eAéyybnray o1 emddoei tov po-
VIEAOV KO TEPOTILOPITTNKAY 01 GUVITTWOES TWV 0KadapTwV yio kabe
7oA. 10 yeviko ovumépacyo eivor 0Tl i TOGOTHTO, TV TOPOTITIKDOV
ELOPOWV EIVAL OPKETC, ONUOVTIKH, DIEPPAIVOVTOS TIG EKTIUNOEIS TOD
ovviiBwe Yivovtol oTig UEAETES TYEILOTUOD TV JIKTOWV.

1. EIXATQI'H

Yty mapovoa epyocio egetdletal To JTnpHo TOV TOpO-
OUTIK®V €10p0DV 0T OiKTLO 0KOOAPT@Y. QG TOPACITIKES
elopoég opilovrar T duPpla kot To vedyelo HOUTO TOL
ELGEPYOVTOL GTO SIKTLO AOY® POYUATDOCEMV, OTELEIDOV KOl
TOPAUOPPOCEDY TOV OYOYDOV KOl TMV GUVOECEDY TOVG, €A~
MTOVG OTEYAVMOONG TOV PPEATIOV KOl TOPAVOLUNG GVVOESG
g anay®yng opPpiev amod kripla (okemés, avAés, Oepeiio-
omn) oto diktvo akafdaptmv. Ot TpodcheTec £1GPOLG EXTLATOL
OTL TPOGAVEAVOLY CNUHOVTIKA, GLyva kot Kotd 100%, v
napoyn Avpdrtov ot Hvopéveg Tlolteieg [25]. Ot kupio-
TEPEG EMNTMOCELG GTO OMOYETEVTIKO OIKTVO KOl TNV EYKATO-
otoon enelepyaciog and TV €lGPON VIoyEi®V Kol opPpinv
VOAUTOV, EMYPAUIOTIKA, gival 01 0KOAOVOES:

° 1 VIEPPOPTIOCT] TV OMOYETEVTIKAOV ALYyMYDV,
° M vrepYeiMOon TOV OTOXETEVTIKOV OYOYOV HE GUECT

GULVETELD TNV €KPOT| akaBdpT®V og KTipto 1 dpopovg,

YroBiOnxe: 15.2.2006  Eyve dexcrij: 18.4.2006

* M avenoapkng enelepyacio TV ADUATOV,

° 1M adENOM TOL KOGTOVG LETAPOPAS Kot EMEEEPYOTING TOV
Apatov,

*  nemPdapovvon g dNudciag vysiog, Kot

* M emPapuvon TOL OIKIGTIKOD Kol GLGKOV TEPIBAALOVTOC.
XopoKTnpioTikod 1oV TpdcheTov KOGTOVE, AOYM TUPAGCL-

TIKOV glepo®v gtvor To Zynuoa 1. To ypbonpo Tov GyRUeTog

TPOEKLYE BEMPDOVTOG OTL 01 TAPUGITIKEG EIGPOLEG AVEPYOVTUL

010 30% g cvvoAkng mapoyng akaddptov. [apatnpeitot

oty TAnBvopd 120000 to Tpdcheto KOGTOG eKTILATOL GTO,

50000 $ [7, 21,22].

NpooBeTo K6oTOg Adyw MapaoiTikwv Eiopowv

KéoTtog o€ X1IMadeg $
Cost in thousands $

MAnBuopo6g o€ XINGdEG

‘— Mpayparké Ké6otog — ZuvoAiké KéoTog ‘

[Inyn: Liu & Vipulanandan, 1998
ynpa 1: llpocleto k6oTog Ay TOPOGITIKDY E10PODV
Figure 1: Additional cost due to Infiltration/ Inflow

>11ic Hvopéveg TloMteleg 10 mpoPAnpo TV TOpACLTL-
KOV €l6pomV HEAETATOL OO TIC OpYEG TNG OEKOETIOG TOV
1970, pe amotéleopa va €xet katopticbel Oeopikd TAaiclo
Yo TNV aviyveuon Kot Tov TePLopiopo tovg. Ot opocmovot-
axol Kavoviopoi égovv Beomiotel and v Environmental
Protection Agency (USEPA), aAL& voiotavtal Tig KOTAA-
ANAEG TPOTOTOMGELG AV TOMTEI [LE BACT) TIG VITAPYOVGEG
ovvOnkeg [22]. Me Baon tig datdEelg g EPA [14, 15],
HETPOL Y10 TOV TTEPLOPIOUO TOV TPOPALaTOG EMLPAAAOVTOL
otav M TN TOV VIOYEIOV glopodV Eemepdoet To 450 L
avd kdtoko kot nuépa (120 gped) kot Tov duPplov gio-
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podv ta 1040 L avé kdrowo kot nuépa (275 gped). Znv
Evpdnn, and tig apyég g dexoetiog Tov 1990 yel apyioet
N €pguva 6° oLTOV TOV TOWEN UE TNV AVATTLEN HOVTEA®V
TOGOTIKOTOINONG TV TOPASITIKOV giGpoav [10, 16, 17].
Méypt onpepa, OLLMG, dev €xel dtapopebei KotdAinio Oe-
OUIKO TAOIGLO Y10 TV OVTLLETOTLOT TOV TPOPANHATOG ElTE
oe €Bvikod, elte og kowoTwkd eminedo [24]. Xvykekpiuéva
omv EALGSa, amd vopobetikng dmoyng, to uo givat
oxedOV Gyvooto pe povn efaipeorn oG YEVIKNG QUGEMG
wpoPreyn tov Ktiprodopukov Kavoviopov [3, 4]. Ag on-
pewmbel, Tavtwog, 6t 10 TPOPANUA Umopel vo unv apopd
TOAAEG EVPOTOIKES YDPES, oL omoieg dubéTovy KaTd Ko-
vOVO TOVTOPPOTKA GLUGTNUOTO ATOYETEVONGS, APOPE OUMC
wiaitepa v EAAGSa Tov Gt peyddn mhetovotntd Toug Ta
SiKTVA OTOYETEVOTG EIVOL YOPLGTIKA.

2. ANIXNEYXH KAI ANTIMETQIIIXH

H avtipetdnion tov mpofAnatog d10.poponoteitol 6To
OTAO0 UEAETNC—KOTOOKELNG KOl GTO GTASI0 AEITOLPYIOG.
310 oTAd10 HEAETNG—KOTACKEVNG TPEMEL Vo AapfdvovTot
VIOYT and TOV HEAETNTH OL TOMIKEG GUVOTKEG TNG TTEPLOYNG
Kot va yivetal KoTaAANAN Ttpocadénon g Topoyng oxedt-
aGHOD TOV SIKTVOL, YO TV TOPOYETEVCT TOV TPOGHET®V
elopomv. Emmiéov, o VAIKG KOTOGKELNG TOV 0YOYDV, TOV
oLvdécemV Kot TV epeatiov kabopilovv mg éva Babud
GUUTEPLPOPA TOL SIKTVOV MG TPOG TNV ELGPOT] VIOYEIDV KoL
ouppiov vddtwv. ' avtd n pekét Ba mpémel va kabopilet
VAKG GOYYPOVO Kot KOTOAANAO Yol TIG TOTIKEG GUVONKES.
Télog, N ToOTNTA TNG KATACKELNG GLYVE gvBHVETAL Yo Eval
T0G00TO TOV TPOGHETOV €1GpOomYV 6To dikTtvo. Katd cvvé-
TEWL, 1) EMUEANG KOTOOKELY OTOTELEL TPOANTTIKO WETPO
TEPLOPIGLOV TOVG,

310 oTdd10 AgtTovpyiog TO TPMTO PO Yo TNV OVTLLLE-
TOTIOT TOV TOPUCITIKOV E16POMV gival 1 aviyvevon kot o
evtomicopog tove. [owotikn €vdeilén g €1opong LVIOYEI®V
Kot OpUPplov VOATOV 6TO JIKTLO OTOTEAEL 1| GUYKPIOT TNG
LEGNG MUEPNOLOG TOPOYNG aKAOAPTOV Gg €ToL0 KA{pOKa
pe TV mapoyn o€ cuvinkeg vyMAod VEPoPdpoL opilovta N
Kkatomy Evrovng Ppoydntmong. Asiktng tpdchetmv elGpodv
€lval Kot To AELTOVPYIKE YOPOKTNPLOTIKG TNG EYKOTAGTOONG
enekepyoociog Apdtov. T mapddeypa, av mopotnpnOsi
onpavtikn peiwon g cvykévipoong BOD, xatd tovg ea-
POl UVES, EVOEYOUEVOG VTTOYELD VEPE EIGPEVCOVY GTO
diktvo. H emPefainon tov TOOTIKOV EKTIUNCE®Y Kol O
EVTOTIGLLOG TOV TOPACLTIKAOV EIGPODOV YiveTal, GuvRO®S, Le
TIG TOPOKATO PEBOSOLE:

*  emBedpnon epeatiov, eWIKAE KATA T SLAPKELD EVIOVIG

Ppoydntmong,

*  £LEYYOG TOV SIKTVOV HECH PIVTEOGKOTNONG,

*  uébodog Kamvoo (smoke test),

*  ¥pNoN XPOOTIKOV ovcldv (dye water test) Kot

°  £AEYYOG OYOYDV KOL OPLAOV LE EPUPLOYT TtiEONS (O€ GUV-

dvaopo pe Pvreookdmnon).

lNo mv avtipetonon tov TpofAnpdtov, mov TVXOV
evromifovtatl, ot eVOAOKTIKEG AOoelg mov eetalovtal ei-
vat M ekTeVIg emdopBmon Tov StkTHoL Kot 1 ETEKTOCT 1|
OVOKOTOOKEDT TNG eyKatdotaong eneepyosiog Avpdtov. H
emAoyn yivetal pe Ao GLYKPITIKT OIKOVOUOTEYVIKT HEAE-
), OeopdvTog 6Tt KoTd TNV €MdLOpHoT ToL dikTvOL OOl TTE-
PLOPLETOVV 01 TPOCHETEG EIGPOEG KATA VO OVDTATO EMILM-
KOLEVO TOG0GTO, OV cVVIBmG Kupaivetat amd 30 Emg 50%.
Y mepintwon mov emileyel g PEATIOTN AVon 1 emdtdpbmon
TOV JIKTOOV, 1) GVTIHETOMIOT TOL TPOPANATOG YiveTal pe
GTEYOVOGOT KOl EVIGYLON TV PPEATIMV, OVTIKATAGTOON 1
SOpOmON TOV 0yOYOV Kol TOGUVIEST TOV TUPAVOU®Y
ouvdéoemV amayoyNg ouppiov amd Ktiplo (CKETES, oVALG
Kot Ogpéda) amd to SikTvo aKaBdpTOV. Xe 0,TL APOpa TNV
eMOOPO®ON TOV aymydV, ot dlebveig avapopEég GVGTHVOLY,
avti TG TopadOCIOKNG EKOKAPNG KAl ETAVATOTODETNONG,
TN XPNON VEDV OLKOVOLIKOTEP®OV KOl TOYVTEP®V HEDOS®V,
ommg givar 1 «dopdpewon kot tonobéony (fold & form)
Kot 1 «emTénov aviyeTd@nion» (cure in place). H diebvig
Biproypapio Tapéyel TANO®PA TOPASELYLATOV OO TOLELS,
OTOV 01 TOPOCITIKEG EIGPOEG TTEPLOPIoTNKOY Tpoceyyilovtag
10 emdLKoOpEVO Tocooto [11, 12, 13, 18, 19, 25].

3. IITAOTIKEX EQPAPMOI'EX XTON
EAAAAIKO XQPO

216%0G TG Tapovoag Epyaciag NTav apevog 1 dleped-
VNoN TOV GUVONK®OV GYETIKA LE TIC TOPUCITIKEG ELGPOEC
oV EALGSa kot apetépov 1 avanTuén HOVIEAOL TEPLYPOL-
QNG KOl TOGOTIKOTOINGNG TOV TOPACITIKOV EIGPODV GTO.
lodvviva kat oty Kapditca. H meprypagn tov mpofinpa-
T0¢ EEKIVAL LE TNV TOLOTIKY OLEPEVLVNON TOV TAPUCLTIKOV
€10POAOV GTO SIKTVO.

3.1 Ioavviva

Mia pdtn ewdva yo Ty Ve pén Tov TPoPANUATOC GTO
diktvo axkobdptov Tov loavvivav divetar ota Zynpoto 2
kot 3. Onwg @oivetal 6T0 GUYKPLTIKO OLAYPOLLILL TOV Xy1|-
LOTOG 2, 01 TopOoYEG 0KOOAPTOV KOTA TO Bpoyepd dEKANLEPO
28/03-10/04/2000 eivar avEnpéves GUYKPLTIKG LE TIC aVTi-
oTolyES Yo To ENpo dekanpepo 28/04—11/05/2000. Enpeum-
VETOL OTL TOL 0VO SEKANEPT AVAPEPOVTOL GE TEPTOSO VYNAOD
vdpoeopov opilovta. [Tapdpoto dradikacio akoAovOONnKe
v v mepiodo yapniov vopoedpov opilovto (Kokokaipt),
OOV Kot TAAL TopatnPpOnKe N avénomn TG TAPOYNS Yo To
Bpoyepd dexanuepo. I Tov S10y@PIGHO TOV EIGPODYV OO
VIOYELD VOUTA £YIVE GUYKPLON TOV ENPOV dEKONUEPOV TOL
e€eTdoTNKOV Y10 TNV TEPI0d0 LYNAOD Kot YOUNAOD VIPOPO-
péa Ko Tpoékvye To Zynua 3 [1, 5, 6].
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Zynpa 2: Xoyrpion mopoxns axoboptwv ato lwavvive yio fpoxepés
Ko Enpés aovinxeg we vynin atabun vépopopéa

Figure 2: Comparison of sanitary sewer discharge in loannina for
dry and wet conditions with high ground water level
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Symua 3: Xoyrpion mapoync oxobiptwv oto lodvvive yio Enpéc
ovvOikes te vy otdlun vopopopéa (XeePIVo dekon-
uepo) xar younAn otéun vopopopéa (Oepivé dexonuepo)

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)

ATO TNV TOWOTIKY OVIXVELON TOV TOPACGITIKMOY EIGPODV
motonotgital 1 vVapén tov TpoPfAnuatog. H mocotikn ék-
@paon yivetol He TNV KOTAoTpmon gvog poviédlov. To Pri-
pata Tov akoAovOnonkav Eog T dapdpPoT| VO TETOLOL
HovTéLOL Elvat:

1. Zvuykévipwon kot gpunveios AEITOLPYIKOV OedOUEVOV
€YKOTAGTACTG.

2. ZvAloyn PpoyoUETPIKAV O£dOUEVOV 0O GTOOOVS EVTOG
™G Aekavng TV loavvivev 1 YEITovikodg ouThg.

3. 'Eleyyog ocuvvémeiag Tov cvAdeyBéviav PpoyouUeTpiKdY
dedopEVeV Kat S1OPOB®GCT AGVLVETEIDV.

4. Kotdption ypovocelpds avTImpOCO®TEVTIKNG PpoyOnTo-
ong yw v meployn tov loovvivov.

5. Zvoyétion Dyovug Bpoyng Kot mapoyng e&0dov (eAlelyet
dedOUEVOV €1GOJ0V) amd TNV £yKATACTOON EMESEPYATILOG
Avpatov.

6. Xpfon xpovocepoOV TOPOYNG TOTAUDV O OgikTn g
GUUTEPLPOPAS TOV VILOYELDV VOUTOV

7. ZuoyETioN MOTAM®V TOpoY®V e Tty mopoyr] €£6d0v
(eMhetyel dedopévov €10600V) amd TV E€YKOTAGTOON
emekepyociog ApdTy.

8. ZvAlhoyf pnvici®v THEV VOOTIKNG KATAVAA®DGONG.
9. Anuovpyio LovTéAoV (YPOUIKNG KoL U1 YPOLLLLKIG TToL-

Avdpounong )-Ilocotikd omotelécpota.

Bpoyopetpucd dedopéva GuYKEVIpGONKAY Yo TOLG
otabpovg Ilevtoraxko, Atkdpveo Kot Agpodpdpo Ioav-
vivov. Kotd v enelepyacio Tov Ppoyonetpikdv dedo-
pévov egetdotnray ypovikég KAipaxeg 1, 4, 5, 6, 7, 14,
30 nuepdv. Z1o EZynAuo 4 mapotnpeital 1 GYETIKE LYNAN
GLOYETION MUEPNOLUG TOPOYNG 0KAOAPT®V Kol abfpoloTi-
KOV VYOLG Bpoyng TG idtog NUEPAG KOt TV TPONYOOUEVOV
30 nuepav.

H oyetikd vy cvoyétion, dimg ot devtepn mepi-
TTMOGN, KOTAOEIKVOEL T OTULOVTIKT CUUPOAT TOV VTOYELOV
E1GPODV GTNV TAPOYN TOL HIKTHOVL AKOOAPT®V.
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Zynuna 4: Looyétion HeTpnuEVNS mapoyns axoboptwy — dyoovg fpo-
XNS: (Tovw) yio kAipoko nuEpag ko (kdtw) yio klipoxo 30
nuepwv

Figure 4: Correlation of measured wastewater discharge and
precipitation: (up) for daily scale and (down) for 30 days
scale

H évdeidn yuw onpoavtikn cupfoin tov vroyeimv vdd-
TOV 0TI JUOPPOCT TOV TOPOXOV 0KAOAPTOV Enpene va
miotomomBel and T copnepLPopd Tov VEPOPOPOL opilovia
oV gupvtepn meployf. EAlelyel dAhov dedopévav amo-
QOCIoTNKE M XPNON  TNG TOPOYNS TOV HEYOA®Y TOTAUDV
™G EVPVTEPNG TEPLOYNG ©OG OEIKTI TNG CLUTEPLPOPUS TOV
VIOYEIOV VOUTOV.

SUYKEVIPOONKAY Ol MUEPTOLEG TIUES TNG TAPOYNG Yo
Tovg motapovs Apaybo, Aovpo kot Amo. E&etdotnray kot
A ypovikég KAMpokes 1,4, 5, 6, 7, 14, 30 nuepdv.

Y10 Zynua 5 ewkoviletotl 11 cLGYETION TG TOPOYNG OKO-
Bdptv pe TV TOPOYN TOV TOTAUAV Yo KAipoko 1 kot 30
nuepdv. Edd ot cvoyeticelg eivol akopn vyniotepeg Kot
emPefatdvouv T SNUAVTIKY CUUPBOAY T®V VIOYEI®V VOG-
TOV GTNV TOPOYI TOL JIKTLOL AKAOAPTOV.
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Figure 5: Correlation of measured wastewater discharge and river
discharge: (up) for daily scale and (down) for 30 days
scale.

lNo ™ Swpdpemon tov poviédov, g dedopéva €l-
0600V OsmpnOnkav 1 Muepnold LOATIKY KOTOVAA®GN
(extiumpévn and unviaio dedopéva g AEYA loavvivov,
dedoUEVOD OTL dEV VINPYOV NUEPTOLEG LETPNCELS), 1 MLLE-
prota fpoydTTOOT KoL 1) TOPOYN TOTAUDV Yio, KATpaKko 30
nuepov. EETAoTnKOV 01 TEPMTOCELS HOVIEAWDV YPOLLLL-
KNG KO U1 YPOLUUKNAG TOAVOPOUNONG. AV KO KON Ko
TO YPOUUIKO TEPLEYPOPE KOVOTOINTIKA TG TOPAUCITIKEG
€10p0ég 670 dikTLO TV loovvivoy, To PN YPapUIKO HoVTE-
Ao BepnOnie PéATioto. H tehikn e&lowon tov poviérov,
OV TEPLYPAPEL TIG CLVICTMGESG TOV 0KABAPT®V GTO dTKTLO
tov loovvivov etvo:
Q=a+fY"+bII*+dB°+E (3.1)
o6mov Q M kavovikomompévn Tapoyn axaddptov, a, b, c, d,
e, I, h ot suvtedestéc Tov poviélov, I1 1 kavovikomompévn
mapoyn motapdv yie. 30 nuépec votépnon, B 1o kavoviko-
mompévo muepnoto Vyog Ppoyxns, E n kovovikomompévn
pochetn cuvictdca oufpiov (and PIATPAPIGLLO. ¥POVOCEL-
pOV) KoY 1) KOVOVIKOTOMUEVT VOOTIKT] KATOVIAMGT).

Atevkpviletatl 0Tt £ytve QIATPAPIGHO. OTIG KOVOVIKO-

TOMUEVEG Aty IéES akaBapTOV, BEOPOVTIG OTL £VTOVES JLoKL-
LAVGELG A0 LLEPQ GE LLEPOL TPOEPYOVTAL ATTO EICPOES OUPpicdv
Kkatd ™ didpkeln Eviovav Ppoyorttocemv. H mpokdntovca
YPOVOGELPQ, GTI GUVEYELD, TPOCTIOETAL TN GVVIGTAOCH TV
ouppimv véATOV TOV TPOKVTTEL OO TO LOVTELO.

AVOALTIKG Ol GUVIGTAOGEG TOV LOVTEAOV EKQPALOVV:
o a+fY": mapoyn Awpdtov,
e b II: etlopon voyeimv VIGTOV,
e d B¢+ E: eilopon] opppiov vddtov,

Y10 Zyfuo 6 amewkovifetal 1 ewidoon TOL HOVTELOL GE
OYECT LLE TN LETPNUEVT] TTOPOYT OKOOAPTOV.
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Zynpa 6: Zyéon vroloyiabeioos — uetpnuéVNS mopoyns axadoptwv
(lwavviva)

Figure 6: Relation of estimated and measured sanitary sewer
discharge (loannina)

Me Bdon to HOVIEAO UM YPOLLUKNG TOALVOPOUNOTG
TPOEKLYE OTL Ol GUVIOTAOGES TNG TAPOYNG AKAOAPTO®V GTO
diktvo tov looavvivov oe péon etfiolo KAlpoko divovtol
6710 Qv Ypaenuo Tov Xynpatog 7. Avtictolyo, 610 KATM
YpaoMuo SivovTal Ol GUVIGTOGCES TNG TOPOYNG aKaddpTmV
yuo TV mepiodo mov eppaviletat to péyioto 5% g mapoyns
axafapToOV, COLE®VO [LE TO HLOVTEAO.
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Symua 7: Loviotaoes TS TOpoynS Tov OIKTOOV 0KOHGPTOV TV
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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

Avtictoyn Swdkacio akoAoLONONKE Kot Gty TAOTIKN
gpappoyn yio mv moin g Kapditoag. Evrovtoig, Aoym co-
Bopdv erleiyemv OTIG LETPNCELS TOV TAPOYDOV 0KOOAPT®V,
énpene vo YIvel TPOTO EKTIUNGT TNG NUEPT|CLOS TALPOYNS TOV
ELGEPYETOL TNV EYKATAGTOON EMEEEPYOCIOG KOL GTI] CLVEYELD
vo. avortuydel To povtého [2]. Inpeidveror Ot ) ektipmon
TOV NUEPNOLOV TOPOY®V akabdptov £yve anevbeiog and Tig
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Tovieg KoTaypapng Tov mopoyOUeTpov, xmpig ypnon e&eidt-
KevpEVoL Aoyiopukov. H mapapetpikn e&icmaon tov LovtéAov
v v Kapditoa ivar idia pe exeivn tov Ioavvivev (3.1).
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Figure 8: Relation of estimated and measured sanitary sewer
discharge (Karditsa)
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akafapTov yloo T péom T Kot To péytoto S % g ma-
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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, Kot TV EKTIUNON TG TOPOYNG OKOL-
Bdptov ansvbeiog amd TIC Tavieg KaToypaenc, NTav duvat)
N ovdivon oe oplaio Baon g mapoyng akabdptov. Xpn-
GLULOTIOLOVTOG Kol mplaio dgdopéva yio T Ppoydntmon and
Tov Bpoyoypdpo tov otabupov Kapditcog, &ywve ciykpion
TOV OPLOHOV TILOV TEPOYNIG OKUOUPT®V Kot BPoyonTtmong, 1
omoia kot ametkoviletar oto Zynuo 10 yio v nepiodo 1-3/12/
2001. TTopatnpeitat OTL TIC ENOUEVES DPEG LETA T PPOYOTT®-
on m mapoyn axaddaptwv ayyiler T péytom Ty tov 1000 m¥/
h. EmumAéov, emonpaivetar 6t 1 mopoyn axabdaptov apyilet
vo. petdvetat 6 dpeg Petd ™ dtakomn s poyns, YeYovog mov
emPefordvel v €16poT opPpiny V3GT®V 6TO diKTVO.
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Figure 10: Hourly variation of wastewater discharge

4. XYMIIEPAXMATA

To mpOPANUO TOV TOPAGITIKAOV EIGPODY GTOV EAAAGIKO
YDOPO glvar oNpavTIKd, OTMG OTOSEKVOETOL A T SlEPEVLVI-
on mov £ywve Yo To. Iodvviva kot Ty Kapditca. Xapaktmpt-
OTIKG CTUEWOVETOL OTL Ol TOPUGITIKES £16p0ES 6Tol [wdvviva
amotehovv 10 35% NG mapoyg ADUATOV GE LECT] ETHGLN
KAlpoka, eved oty Kapditoa, avtictorya, amotelovv o 17%.
Ouwmg, ot1g meptdodouvg aryung (5% tov cuvolikov ypdvov) ta
peyétn avtd etévouvy to 67% kot 38% g TapoyNG AUAT®V,
avtiotoyo. H dtapopomoinon tov KAATIKOV Kot DOpoyEm-
AOYIKOV cuVONKGV peTa&d Tov 600 TOAE®V 0dNYEl 6 ovTi-
oTOoLY JLOPOPOTOINGT) TV TOPUCITIKAOV EIGPOdY. Emmiéov,
ot SUOPPOCT TOV TOPUCLTIKOV EIGPODMYV VTEIGEPYOVTOL
aféParot mapdryovtes, 6TMOG 1 CLUUOPE®GCT 1| U1 TOVL TANBL-
opob pe to Becpd mTAaiclo, 1 EmTYPNON TOV SIKTOHOV Ond
TOVG aPUOSIOVG POPEIG KTA, YEYOVOG TTOV SL0POPOTOLEL OKOLLOL
nePLocdTEPO TIG VITOAOYLIGOEicEG €16p0és 'Etat, ota lodvviva
ot Bpoyég eivar mepiocotepeg am’ 0,1t oty Kapditoa, evd
Qoaiveral 0Tl Kot TO TPOPANLO TOV TUPAVOU®MY TOPOYETEVCE-
@V opPpiov eivar peyaAntepo. to oNpeio ovTo EMGNLOIVETOL
1 ducyépela [e TV omoia £YVE 1 EKTIUNGCT TNG TG TNG Tl
poyng akabaptmv oty nepintwon g Kapditcag. H emion-
HavoT auTH VITOYPOpiCeEL T onuavTiky EAAEYN SEd0UEVOV
oTig eEANVIKEG TOAES. EmumAéov, a&ilet va avapepbel 6TL 6T
TAQIGLO AVTHG TNG £PEVVOG £YIVE TPOKOTOPKTIKY EEETAOT GTO
amoyeTeVTIKS dikTLO TOL Apyous-NawmAiov, 6OV Kot StaPE-
VNKE VO, DILAPYOLV avTicTolye TpoPAnpata. Me Bdon ta aro-
TeEMéGHOTA TG OlEPEVVIGNG KOL TOV LOVTEAOV GUUTEPOIVETOL
OTL 1 KOADTEPT EKTIUNON KOl OVTYETOTIOT] TOV TOPAGITIKAOV
ELGPODOY AVAOEIKVOOVTOL OE EMITAKTIKG TPOPANHaTa TOL Bal
TPEMEL VoL S1EPEVYN OOV TTEPALTEP® LIE GTOYO TOGO T GLVTOEN
KOTOAANA®V TPOdIay pap®V GYESGHOD, OGO KOl TNV OVATTL-
&N nebBOdmV TEPLOPIGHOV TOVG GE VOICTALEVO FIKTVA.

5. EYXAPIXTIEX

oAbty ot cVYKEVTIP®ON TV S£dOUEVOV KOl 0TIV
KOTOVONON NG AEITOVPYioG TV SIKTOOV NTOV 1 GUUPBOAN
tov AEYA loavvivev kot Kapditcag, vrd v enifreym tov
omoimv éhafPe ydpa N wapovoa epeuvnTiky epyacia. Eidi-
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KOTEPQ, EVYOPLoTies ekppalovtatl oTov dtevbuv g AEYA
loavvivev k. K. Twtdkn kot tov dievbovvty g AEYA Kop-
ditoog k. T. Kapelrd, kabdg kot tovg pnyavikovg kk. [lomo-
Bavaciov, Priya, Bapéon kot Meyip yuo tn onpovtikototn
GULVELGPOPA, KaOMOG Kot oTov Aéktopa K. 1. Zteoavdio yio Tig
mohoTieg cupPoviég tov. Evyapiotovpe tovg agloloyntég
Kot iaitepa Tov avadvopo kpith I yio v moAd TpocekTik
aVAYV@®GCT) TOL KEWEVOL Kot TIG AETTOUEPELS dlopBdoelg Kot
vrodei&elg Tov.
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Abstract

Infiltration and inflow (I/I) are known to be two of the major
problems in sewer systems. According to literature reviews,
infiltration and inflow are often estimated as 100% of sewage flow,
causing major malfunctions in both the system and the wastewater
treatment plant. In some countries proper regulation has been
applied; however, in others research is still in progress. Since
1970, the United States has developed a detailed legislation for the
identification and rehabilitation of the problem, while in Europe
various research programs are currently ongoing.

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/I. 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 manhole
covers, illegal connections of downspouts and sump pumps,
etc. Various problems are caused to both the sewer system
and the wastewater treatment facility by infiltration/ inflow,
such as:

» overload of sewer pipes,

» overflowing of sewer pipes,

* inefficient wastewater treatment,

e increase in transportation and treatment cost,

* unsanitary conditions affecting public health, and

e detrimental effects on both the rural and urban
environment.

As an example, Figure 1 shows the additional total
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treatment cost due to infiltration and inflow for the case of a
city of 120,000 inhabitants [7, 21, 22].

Since 1970 several I/I surveys have taken place in
sewer systems 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 1990s into the
development of quantification models for infiltration and
inflow [10, 16, 17, 24]. Specifically in Greece, there are
neither appropriate regulations concerning I/I nor efficient
modeling approaches [3, 4].

2. IDENTIFICATION & REHABILITATION

The process of eliminating I/I from sewer systems must
be divided 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; in the estimation of the design discharge they
should allow for a potential periodic increase in 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 the case that a
significant decrease in BOD, 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:
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* investigation of manholes, particularly during rainfall
events,

» video inspection of the sewer system,

¢ smoke tests,

* dye water tests,

e 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 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 extensive rehabilitation of the 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/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 series for the representative precipitation
for loannina.

4) Correlation of precipitation and wastewater discharge.

5) Collection and interpretation of river discharge data as an
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 nonlinear
forms.

Wastewater discharge was correlated to rainfall
heights at several timescales: 1, 4, 5, 6, 7, 14, 30 days.
The maximum correlation between precipitation data and
wastewater discharge occurred at the timescale of 30 days.
This observation indicates the significant contribution
of groundwater as a 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 timescales of 1, 4, 5, 6, 7, 14, 30 days.
The maximum correlation between precipitation data and
waste discharge occurred at the timescale of 30 days. This
corroborates the finding of the previous step, according to
which groundwater variation has an important effect on
wastewater discharge. Figure 5 depicts the correlation for
timescales 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 nonlinear forms were examined and it was
determined that both models describe the performance of
the loannina sewer system in a relatively sufficient way. The
nonlinear model was optimal and is given as follows:
Q=a+fY"+bIl*+dB°+E (1.1)
where: Q is the standardized wastewater discharge, ab, ¢, d, e,
f, h are the model parameters, I1 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:

o a+fY": wastewater discharge
e bII°: infiltration
e dB¢+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’s
performance in comparison to the measured wastewater
discharge data series.

A similar model was developed for the case of Karditsa.
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Figure 8 depicts the model’s 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 on an annual scale consists of infiltration and
inflow, while in Karditsa for the same timescale 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 loannina and Karditsa,

respectively. The difference between the two cities is mainly
due to the different climatic and geological conditions. In
addition, other stochastic factors, such as 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 [oannina 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 deal with this problem.
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