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Lepiinyn

To. tedevtaio ypovia n ypHon LOONUATIKOY HOVTEAWY Y10, TOV GYED-
QOUO TOV EYKATATTACEDY EVEPYOD 1ADOG ATOTEAEL ATAPAITHTO EPYOL-
AELO yLO. TV THPHON TWV TPOSLAYPAPDV EKPONS TWV ELELEPYATLUEVV
Avudrwv aopupwva ue v 1oyvoveo Nopobeaio, kabwg xar yio tyv
IKOVOTOINGN TV KPITtNpiwv PEATIOTNS am0000NS Kol AE1Tovpyiog
TV EYKATOOTACEWV. XTHYV TOPODGO. EPYOTIO, EYIVE EPAPUOYH TOD
nobnuotiod poviélov digpyaciwov ASMI1 e IWA  yia tov éleyyo
TV GOUPATIKDV DYEIOVOLOYPIKDV DIOLOYIGUDV TOD TPOTEIVOUEVOD
Kévipov Emelepyooios twv Avpdrwv (KEA) Kopwmiov-Tlouaviag
070 Kkevipiko tufua s Nouapyiog Avatodikng Attikig, onws avtol
ovviayOnkav oro mlaioto g Ilpouclétng tov épyov. H ypnoiuo-
woinon tov ASM1 éywve yia tov éleyyo ¢ uellovtikng Asitovpyiog
TG EYKOTATTOONG UE TOVG OYKOVS KAl TIG AEITOVPYIKES TOPOLETPOVG,
0TS aVTES KaBopIoTnKOY GTOVS VYEIOVOAOYIKODS DTOLOYLOUODS
¢ Tpouelétng, kabug kar yio tov kabopiouod e KaTavouns e
itnong dradvuévov olvyovov ava agpofio drouépioue v kabe
Sroavuidpootipo, 1 omoio. kol amoTEAEL KpIoWN TOPOUETPO VIO, TH
Aertovpyio twv eykaTocTATEWV.

1. EIZATQI'H

To Kévtpo Emetepyaciog tov Avpdtov (K.E.A.) Kopo-
miov-TTonaviag £yel oyedaotel yia duvapikotnto 29.000 m*/d
1 Y1 16odvvapo TAnduopd (I.I1.) 136.000 wepimov KoToikovg
Yy TV TeEMKN @don avantuéng tov to £tog 2044. To €pyo
&yel yopobemBel copewva pe v [poperétn tov épyov [1],
og Béon votioavoToAkd Tov AteBvoug Agpodpoptiov g Adn-
vog «EL. Beviléhoo» (Zynpa 1). O ene&epydletat To 0.0TIKA
Mpota meploymv Tov Anpov Howoviog ko Koporiov g
Nopopyiog Avatohkng ATtikng, pe e&aipeon Tig TopoAaKES
neploy€g Tov Anpov Kopwmriov, ta aotikd Adpata g meplo-
NS XapoAldg Tov Afpov Mopkomoviov, KabBdS Kot Tpoemne-
Eepyaopéva Bropnyavikd amodpfinto and tic Biopmyoavikég Ie-
proyég (BLITE) tov Ajuov Kopaoriov kot [owaviag ta omoia
Ba TANpovV TIC TPOdaypais Yo cuvenetepyaocio poli e Ta
aotikd Apata oto Kévipo Emelepyaciag tov Avpdrtov. To
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K.E.A. Kopomniov-TTawoviag Oo mepthapfaver mpotopddiua,
devtepofadia  (Boroywkr]) ko Svvototnta TprtoPaopog
enelepyaciog TV AWUATOV (S10AIGT), ATOADOVOT LE VITEPL-
®dN axtvoPoria U.V.), kabdg Kot OAEG TIG AAPAITITEG EYKOL-
TAGTACELG Y10, TNV eme&epyasio TG TopayOUEVNS IMDOG, HECH
Tayovong, ovaepoflag ydvevong kot aevddtmong. Ta épya
TPOCAYMYNG TOV AUATOV 0TV eyKoTdotact Ba mepthopfd-
VOV KEVTPIKO SIKTVO aKOBAPT®Y GUVOALKOV prkovg 26,5 km
nepinov. H d1d0eom tov enelepyasuévov Aopdtav Ba yivetot
He yepoaio aymyd cvvolkod pikovg 11 km mov Bo odnyel
T Apata omd to KEA ot Boddooio meploy] g XopoAldg
oto Noto EvPoikd kdAmo, Kot oo exel og andotacn 1000 m
amd TV oKTh, T enegepyacpéva Aparta Bo SotibBevton pe
vroBardocto aywyd og fdOog 50 m and v empdveto g B4
Aaooog (Zynpa 1). Evaidakricd, et mpoPfrepBei oto KEA 1)
duvartdTTa Tprtofadriog enelepyaciog TV AVUATOV Yo TV
gmavayproyonoinon g ekpong tov KEA ywo amepiopiot
(POEVON YELTOVIKAV YEDPYIKDV EKTACEWDV.

H pofnporticy) Tpocopoimon Tov eYKoTooTicEwDy evep-
00 tWog (mathematical modelling) amotelet d1eBvdg 6® Kot
OPKETA YPOVIO. EVOL OTOPAITITO EPYOAEID Y10l TOV EMLTVYN OYE-
GO TOVG, £TCL MOTE VO, TNPOVVTOL Ol TPOSIYPOPEG EKPOTIG
TV eNeEEPYACUEVOV ADUATOV KOl VOl IKOVOTTOLOVVTOL TOL KPL-
TP BEATIOTNG AmOS00NG KoL AELTOVPYING TOV EYKOTOOTACE-
v [2,3,4]. H ipocopoimot) Tov GLGTHLATOG EVEPYOD TADOG e
xpnon H/Y diver ) duvotdtnta eKTipnong TG CUUTEPLPOPAG
TOL GLGTILLOTOG Y10 SLPOPETIKES BepLokpacieg Aettovpyiag,
1000 Kat® omd otobepég cuvlnkeg (steady-state conditions)
000 KOl KAT® omd petafadAdpeves cuvONKeEg TapoyNG Kot
pumavtikdv eoptiov (dynamic conditions),. H mpocopoinon
pmopet va yivel yuo SopopeTIKoNg TOTOVG TOV GUGTIUATOC,
Ao TOV amAd ovTIOPACTHPA TANPOVS HENGS HEXPL TOV oUVOE-
70 Proavtdpactipo eUPoAkng pong mov mepthapfivel Evav
apfud avtidpaoTipOv TANPOLS UENG o€ GEpd.

Amd ta gyKvpoTEPO. LOVTEAD OV £Yovv Tpotabel Yo
TNV TPOCOHOIMGT GUGTNUATOV EVEPYOD IADOG TOL TPOLYLLOL-
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TOTOLOVV PLOAOYIKT OMOUAKPLVOT] OpyoviKoy GvBpaKo Kot
aldtov, givat o yvootd poviédo ASMI (Activated Sludge
Model No 1, [2]) g IWA (International Water Association,
nponv IAWRPC: International Association on Water
Research and Pollution Control). To povtélo ovtd £xet
ePapuooTel e emrvyio o TELELTAiN YPOVIL GE SLAPOPES
YDPES TOL KOGLOV, TOGO Y10l TV TPOGOUOIMGT TNG AELTOVP-
Yiog VEIGTAUEVOV EYKATAOTAGEWY, OGO KOl Y10 ETEKTAGELS
VOICTAUEV®V EYKOTOOTACE®Y N ToV €57 0pyNg oYeOOCUO
VE®V LOVAOWV.

To ASM1 ypnoonomdnke oty mopodoa epyacio yio
TOV €AEYY0 TOV GUUPATIKAOV VYELOVOAOYIK®DY VTOAOYIGUOV
tov KEA Kopomiov-Tlawoviag, 6ntmg avtoi cuvtdaybnkov
oto mAaicto g [Ipoperéng tov £pyov [1]. H epappoyn tov
ASMI1 éywve PéS® TOL LTOAOYLOTIKOV TTPOYpAappaTog SSSP
(Simulation of Single Sludge Processes), to omoio avomnty-
yxOnke amd tovg Bidstrup kot Grady [S]. H ypnowonoinon
00 ASMI1 éywve pe okomd: a)tov €EAeyyo NG Agittovpyiog
G €YKOTAGTOONG HE TOVG OYKOVG KOl TIG AELTOVPYIKEG
TOPAUETPOVG OV KaOOPIOTNKAV GTOVG VYELOVOAOYIKOVG
vroloyiopovg g [poperétng kot f) Tov LTOAOYIGHO TNG
Katavoung g gitnong dwwivpévov o&uydvov oe kdbe oe-
poPio Sopépiopa TV PloavTidpacTHp®V TOL deV UTOPEL va,
kaBopiobei pe cuUPoTIKOOG VYEIOVOAOYIKOVS VTOAOYIGHOVG.

2. MAOHMATIKO MONTEAO ENEPTOY
IAYOX THX IWA

2.1 ZuvonTiKi TEPLYPOLPY] TOV PaONROTIKOD pHOVTELOD

To pobnpotkd poviédho ASM1 g IWA mpocopoudvel
GULGTILLOTO EVEPYOD ADOG OV, EKTOG amd TV 0EEId®OT TOL
opyovikov avOpaxa BOD,, mpaypotonoovv kot Bioloyikn
amopdpuven aldTov (VITPOToinoN-amoviTpomoincn) 6 Kot-
VO VoA evEPYOD 1ADOG (single-sludge systems). To ASM1
amAOTOLEL TIC TOAVTTAOKEG PLOoAOYIKEG dlepYAGiEg TOV CLOTI-
potog evepyold wog kot Pociletoar og Té€00..6p1g Pactcég
dlepynoieg mOV TPAYHUATOTOOVVIOL KAT® 0md aepofieg Kot
avo&ikéc cuvinkes: a)ovamntuén g Popdlas, Blamocvvieon
™¢ Propdlag, Y)OUUOVIOTOiNon Tov SIADIEVOL 0PYaVIKOD
al®dTov Kot 8)VOPOALCT] TOV COUATIOIKAY OPYUVIKOV KOl
70V al®TOL TOV TaydevOVTAL 6T Plokpokida TG ADOG.

To povtého meprhopfdver dvo koatnyopieg Propdloc:
v etepotpo@iky Propdla (X)) mov mpoyuotomolel
Bloloyiki] amopdKPLVOT] TOV OPYAVIKOD AvOpaKe KAT® 0o
aepoPieg Kot avo&iKég GUVONKEG KoL TNV 0LTOTPOPIKY Blopd-
Co (X4 ) mov mpaypatonotel TV 0feidmon Tov appmVIoKoD
aldTov og vitpikd (vitporoinon).

H etepotpoeikn| Propdlo ypnoiponolel g pHovn tpoen
Yo TV avamtuén g €0KOAN PloSIUCTAGIN OpYAVIKT VAN
(Sg)- H apyd Produacméoun opyoviks ¥An (Xg) Oewmpeitan
OTL OTTOPOKPVVETAL aKOpLoiol omd TV aLdPToN UE TNV Toryi-
devomn g ot Prokpokida, Kol amd exel HEG® TNG dlodIKoL-

olag TG VOPOALONG LETATPENETOL GE EVKOAN BLOdIAGTAGIUN
tpoon]. H anopdrpovon g dkora Blodlacndciung tpoeng
Bewpeiton 0Tt vt avaroyn g avanTuéng.

H ovtotpoikn PBopdlo ypnoyonotel ¢ anyn tpoeng
Yo TV ovamtoén g S1o&eidio tov dvOpaxa (CO,) kot mg
TNYN EVEPYELNG OVTH TOL OTOSIOETAL KOTA TN VITPOTOiNoN
(TopdAAnAn o&eidwon Tov SIALHEVOL OUU®VIOKOD AlDTOV
SNH o€ Vurpikd dlwto SNQ)-

Ta GLOTATIKA TOL HOVTEAOD PAIVOVTOL OTNV TAV® GEPE
tov [Tivaxa 1 pe ta cOUPOAE TOLG Kot TIG LOVAOEG HETPT-
oG TOVG Vo divovtan mapakdTe. Ot Pacikéc diepyocieg mov
TEPLYPAPOVTOL GTO LOVTIEAO OVOYPAPOVTIOL GTNV OPLOTEPT|
oAn tov Ilivoka 1, evd Ol EKPPACELS TOV KIVITIKAOV TOVG
avaypaeovtol 6t 4510 GTHAT TOV TVOKO. VVOMKA, TO [LO-
vtédo ASM1 mepihappavet 13 cuotaticd mov anotehody TIg
YOAPAKTNPLOTIKEG TOPAUETPOVG TOV AVUATOV KoL TNG EVEPYOD
TA00G GTO GUGTNLLOL
AwAvto adpovéig COD, Sy (g COD/m3)

Evkola Brodiacndoipo Staivtd COD, Sg ( COD/m3)
Adpavég copatidraxd COD, Xy (g COD/m?)
Apyd Blo&acnamuo copatdiokd COD, Xg

(g COD/m?3 )
Etepotpoguct] froudla, X, (g COD/m3)
Avtotpogukt| Bopdla, X, (g COD/m3 )
Mn Blodacmdoia, Gcouau&am TpoldvTa omocHvheong
™G Propdlac X, (g COD/m3 )

Awdopévo oiuyovo So (80> /m3 )
Nurpiko6 afwto NO, - N, Sy (g N/m3 )

Appoviakd dloto NH -N, Sy (g N/m3 )

AwAopévo opyavikod aCcoro SND (g N/m3 )
Zopatidaxo opyavikd dloto, Xnp (g N/m3 )
AkkaAikoTa, SATK
Onwg gaivetor Topamdvm, OAd TO OPYOVIKO oTOLYEId,
CUUTTEPIAAUPAVOLEVOV KL TOV COUATIOOKDV, EKQPAlovTal
og 6povg COD. H drahvpévn adpavig opyavikn ovcio cuvel-
opépel 610 COD g ekpong. H cvykévipmon tov ttntikdv
alopovpévev oteped@v MLVSS 610 cbotna evepyod 1A00g
(og 6povg COD) givar To GOpOIGHO TOV TEVTE YOPOKTNPLOTL-
kov opov: Xg, X, , X, , X1, X,.

YV V YVVVY
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2.2 ZrovysropeTpio Kol KivijTikEG EE16MGELS H1EpYUcILOV

H otoyctopetpia kot ot KivnTikég €E1I0MGELS dlePyOoIOV
oV povtédov divovtor otov Ilivake 1. H otoysopetpia
oyetiletal pue v apyn dwotpnong g palog oty oplovtia
d1evBvvon (1o AOPOIGLLO TOV GTOLEIOUETPIKADY CUVIELEGTOV
KGO YPOUUNAG TOV avVTIGTOLOVV o€ pin dlepyacio TPEMeL va
glvat ioo e 1o UNoév). Me dedopévo 6Tt 060 Yo TV Tpoen,
600 kat yio T Propale ypnoyomoodvtat povadeg COD kot
emeldn 1o o&uydvo petpararl og apvntikdé COD, i datrpnon
NG GLVEYELNG cVVETAYETAL OTL | amaitnon o&uydvov mpénet
va gélodvel v kabapn amopdkpoven COD (SwwAvpévn
TPOPT OV amopaKpOVONKE peiov dnuovpynBévia kvTTo-
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pa). ['o T PETOTPOT TOV CLYKEVIPOCEMYV TOL VITPIKOD
KOl TOVL app@Viakoy aldtov og 16oduvapeg povadeg COD,
OTN GTOLEOUETPIO, TOV HOVTEAOV YPNCLLOTOLOVVTOL Ol OVTi-
otoyol cuvterectég 2.86 g O2/NO, — N ko1 4.57 g 02/ NH,
— N. Me tov 1pémo avtd, amromoteital 1 dtadtkocio Tng Ko
TaoTpwong Tov eilodoemy woluyiov paleg (mass balance
equations), ywo. kG0e KAACHO TOV AUATOV KOl TNG EVEPYOD
W00G¢ € KGBe avTIdpaoTNPO TANPOLG HIENG.

3. EGPAPMOTI'H TOY MONTEAOY XTHN
HEPIIITQXH TOY KEA KOPQIIIOY-
ITATANIAX

3.1 I'evika

T v gQopproyn Tov HOVTEAOL TO GTOLTOVUEVO. dEO-
péva ov Ba TpémeL va TPocsdoptoTodV GE i eyKaTdoTaon
gtvo to akoAovda:

a) Poiko duaypoppa Aettovpyiog TG £YKOTAGTAONG.

B) XapoKTnpiopog TV AHAT®V Kot

v) Exrtiunon tov TiHdv TV KIvnTIKOV Kol GTOUYEOUETPL-
KOV TOPAUETPOV.

3.2 Poiké swaypoppo KEA Kopomiov-Ilawaviog

To poikd d1dypapio AEIToVPYiog TG EYKATAGTOONGS, OTMG
aVTH TPOGOHOL®ONKE, amekovileTol 6To Zynua 2. 1o Hovté-
A0 Tpocopol®ONKE 1) AgLTOoVPYio LUdG YPoUUNG enegepyaciag,
nov mepthapPavel évov Proavtidpactipo kot pio de&opevi
telkng kabilnong. Zopemvo pe v [popeétn tov €pyov
[1], x6Os Proovtidpactipog £XEL GYEOOOTEL VA £XEL GLVOAIKO
®OEEMLO OYKO VITpOToinong-amovitpomoinong 3.840 m3.

H avo&wn {odvn Bo omoteleitar amd 2 diapepicpata
(DN 1 xou DN 2), yopntikétnrog 510 m3 1o Kabéva, epo-
dwacpéva e vtoPpylovg avadevtipeg Yo TV e&ac@diion
TOV amopaitnTov Babpod avauéng, Kot amd 2 dlopepicpota
(DN/NI 1 ka1 DN/NI 2) yopntuwodtrag 390 m3 LLE ETOUPO-
tepifovca Aertovpyio (avo&ucd/aepoPia). Me o tehevtaia
avtd 6vo dwpepiopata, Tov Bo gival POdAGUEVA KaL [
Sl LTEG PO KOTAVEUTIEVOLG GTOV TVBUEVE TV dekople-
vov, Ba enttuyydvetar 1 avéopeimon Tov ovo&ikod Kot Tov
aepdPiov 6yKov Tov BloavTdpacTipa, AVAAOYA LLE TO GEVA-
plo Aettovpyiag TG £YKATACTAONG KATA TN XEWEPV 1| T
Bepvi mepiodo (Zynpata 2a kot 2[3).

H oaepopro {ovn o amotedeitor amd 4 dapepiopata
(NI1, NI2, NI3 xou NI4) yopntikotrog 510 m3 1o Kabéva,
€PodlooéEVE oTOV TVOUEVE LE SloyLTEG AEPOL AETTTHG VOO
MOag amd eAaoTIKY PEUPPAvT.

H ecotepic) avoakvkloeopic. TOL GVAUIKTOV VYPOD,
Omw¢ Qaivetol oto Zynua 2, Bo mpaypatonolgital ond To

tehevtaio aepllOpevo SLOUEPIGHO OTO TPAOTO AVOEIKO Ot-
OUEPIOHO, EVD M EMAVOKVKAOQOPIO TNG €vePyoy 1Avog Ba
mpoypoatonoteiton omd T deEopevn TeMkNg kabilnong oto
TPDOTO AVOEIKO SLOUEPIGHLO. TOV BLOOVTIOPACTIPOL.

3.3 Xapaxtnpiopog Aopdtov Kot oevapra Aettovpyiog
NG EYKATAGTAGN G

YOUQOVO LLE TOVG VYELOVOAOYIKOVG VTOAOYIOHOVS TNG
poperétng tov KEA Kopomniov-Tlaaviog [ 1] Tpocdiopict-
KOV 01 TOPOYES KOl 0L GUYKEVIPMGELS TMV PUTOVTIKAOV QOPTi-
@V €16000v o1 froroyy Pabuida (Q, BOD, SS, TN).

H Aertovpyia tng eykatdotacng evepyod 1ADOG TPOGo-
HoudONKe Yo TEGGEPO GEVAPLO, AELTOLPYIOG TTOV AVTIGTOL-
YOVV 0T YEWEPIVI Kot TV Kohokalptvi tepiodo g 20etiog
kot 40¢etiog (étog ovvragng Ilpoperémng: 2004, A’ @don:
étog 2024, B’ @don: €10g 2044). Ot Beppokpacieg oyedio-
OLOV TNG XEWEPVIG KoL TNG KOAOKOPIVIAG TEPLOSOV NTOV
14°C ka1 24°C, avrictotyo.

To ceviplo Aettovpyiog mov €EETAGTNKOV HE TIC XOPO-
KTNPIOTIKEG TIWES TV TopapUETpev divovtal otov [livoka
3. H eneepyacio tov Avpdtov oto KEA 6a yiveton oe 4
avelapmteg Ypoupés enebepyaciog, mov 1 Kabepio Oo me-
praappavet and va froovidpactipa kot omd pio deEopevn
telkng kabilnong. a 11g avaykeg g A’ edong m enetep-
yooia Ba yivetor o 3 ypappég eneéepyooiag, evad yuo m B’
@don 1 enekepyocia Bo copumAnpwbel pe ™ Aettovpyio Kot
TETOPTNG YPOUUNG.

e 6,TL APOpPE GTOV YUPAKTNPICHO TOV OPYUVIKAOV KAO-
OUATOV TOV ADUATOV PE KPUTNplo Tov Pobud dtacma-ciuod-
mrag KafdS Kot Tov KAMICUATOV aldTOV TOL OTUITOvVTOL
Yo TNV €100Y®YN GTO HOVTEAO, QLTA EKTUNONKOY and Ta
dedopéva Aertovpyiog ovdAoymv eykataotdoswv emelep-
yooiag Avpdatov otnv EAAGSa (Epguvntikd npdypapio tov
Epyaotmpiov Yysovopikng Teyvoroyiag tov EMII, Avdpea-
daxkng A., [9]). Avtd fitav avaykaio, yloti 6TV TEPLOYN TOL
Bo ebummpetet 10 perrovtikd KEA dev vrdpyovv ofpepa
KOTOOKEVAGUEVO OIKTLO OTOXETEVONG, KOl GUVERMG OgV
VIAPYOVY UETPNOELG TV YOPUKTNPIOTIKAOV TOV AVUATOV
(TOpoyEC, CLYKEVIPDGELS PLTAVTIK®Y QOpPTicV) mov Ba &1
GEPYOVTOL OTNV EYKATACTOOT).

Me Baon ta mopamdved ototyeio, £Yve N KOTOVOUT TOV
ovvoikov COD 1tov hpdtov mov eryepiletoar oto 50%
v T0 dreAvpévo COD kot oto vdorouro 50% yio T0 G-
patidiaxd COD (ITivakag 4). T 1o adpavég dStaAvpévo Kot
copatidiaxd COD, SI kot XI, eApbnooav tipéc 8% tov oht-
kov COD. Oa mpémet va onuetmbet 0Tt o1 Aiyo peyaAdTepeg
TIUEG TOV EVKOAN PLOSIAGTAGILOV KAAGLATOG TG OPYOVIKNG
VMG SS o¢ ovykpion pe to dvokoia Prodwwondoipo COD,
XS, opeilovtat 6To YeYOVOS OTL 6TO €UKOAN Blod106TAGILO
KAGopo cuumepAapBAvETOL Kot TO TOYEWDG VOPOAVGILO KAG-
opa Tov COD. T tov Adyo avtd Bempnbnke okdmLO, Yo
TIG OVAYKEG TOV HOVTELOV, VO Yivel pud pikpn tpocadénon
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™G oLYKEVIpONG Tov SS og BApPog TG CLYKEVIPOONG TOVL
XS [Mapoépoto AOYIKN EQOUPUOCTNKE OTNV TEPITTOOT TNG
poabnuatikng mpocopoionong tov Kévipov Emefepyociog
Avpdtov tov Bopeiov Mecoyeiov (A. Avdpeadakng, [10]).

3.4 Extipnon TOV KIVIJTIKAOV KOl GTOL(EI0UETPIKOV
TOPOUPETPOV

o v epappoyn omolovdNToTE PLOKIVINTIKOD HOVTE-
AOVL, M EMAOYN KOTAAANAQV TIHOV Yo TIG KIVNTIKEG Kot
TIG OTOLEIOUETPIKES TOPAUETPOVG TNG EVEPYOL ADOG £XEL
peydAn onpocio. TN CLYKEKPWEVN TEPITTMOT, Ol TUUEG
7ov vwoBetOnkav (Ilivakag 2) Bpickovtal g avTioTotyio e
TIG TUTKEG TILEG TTOVL TpoTeivovTol ot PifAoypagia yio to
povtédo g IWA [2], kot £xovv yevikd emainfevtel Kot 6TovV
EXnviko ydpo [10].

And v eumepia oe EMnvikég Eykataotdoeig Enelep-
vooiog Avpdtov (E.E.A), éxel mapatnpndet 6Tt oty npdén
pio avayaition g vitpomoinong g taéng Tov 15% sivan
apketd mhovn [10]. ['o tov Adyo avto, vIép TG acpareiog,
oL TaVTNTEG VITPOTOINGNG TOL LIBETHONKAV NTAV HIKPO-
TEPEG OO TIG TPOTEWVOUEVEG TIEG TOv povtérov (0.80-1.00
nu! yua tovg 20°C).

O1 Broroyikég diepyacieg TG avamtuéng Kot omocHvOe-
oG Y0 TNV ETEPOTPOPIKN Kol CLTOTPOPIKY Propdla, Ommg
Kot AT TG V3POALGNG ToV Bpudémg PlodlaoTAcILOV C®-
patidtakod COD (XS), eaptodvtot and ) Oeppokpacio. H
emidpaon g Beppokpaciog otov pudud g Prorloyikng -
gpyaciog meplypapetal omd T Yvooth oyéon Tov Arrhenius
Kot ot Beplokpaclakoi GUVTEAESTEG cuvTeAeoTéS (B) mov
emedncav yuo ypnon oto povtéro (Iivaxag 2) Bpickovrol
O€ QVTIOTOLYI0 e TIG TUTIKEG TIES TG PifAoypapiag [2].

3.5 Kpirijpro 636106100 £YKATAGTAGG

O evpotepoc EvPoikdg KOATOG, OT®G Kot 1 EMUEPOVS
Bordooia meployn g Xopohdg, 6mov Ba yiveton 1 exfoin
tov enegepyacpévov Awndtov and o KEA Kopeniov-TTat-
aviag, dev €yovv yopoktnpiodel g gvaichntol amodékteg
ar6 1o YIIEXQAE, vro v évvoto g epoppoyng g Oom-
viog 91/271 g Evponaiking Eveoonc.

TNo tov mapamdve Adyo , 1 TOLOTNTA TG TEAIKNG EKPOTG
tov KEA 0a npémel va minpel toug 6povg g Odnyiog v
KOVOVIKOVG OTTOOEKTES, YOPIG VoL DITAPYEL TUTTKG 1] ATaiTON
TpOchetng amopdkpuveng Opentikdv (aldTOL KU POoPO-
pov). ZOUPOVA LLE TOV GYETIKO Tivaka Tov [Tapaptipatog I
g Odnylag, n amaitovpevn enelepyacio Bo mpénel, Pécw
Boloyikdv Odiepyoocidv, vo eac@arilel GLYKEVTIPDGCELS
BOD,, COD «o1 SS tov ene&epyacpévov Apdtov pikpote-
pec and 25 mg/l, 125 mg/1 ko 35 mg/l avrictorya yio 1o 93%
v nuepnolev derypdtov (Ilivakag 5).

Qot600, AOUPAvVOVTOG LVTOYN TO OTOTEAECUOTO TIG
«MobBnpatikng Ipocsopoinong g Yopoduvvapukng Aloitag
kot Tov [Tootikdv Xapaktnpiotikdv tov Notov EvPoikod
KoAmov» mov exmoviOnke omd to Epyactiplo Yyslovopikng
Teyvoloyiog tov EMII (Avdpeaddaxng A., 1998, [8]), to alm-
TO OMOTEAEL TOV KOPLO TEPLOPLOTIKO TAPAYOVTO EVTPOPIGHOD
010 Notio Evfoikd koAmo. Katd cuvéneia, 1 foloyikn| amo-
paxpoven tov aldTov HECH VITPOTOINGNG-0TOVITPOTOiNoTG
OTOTEAEL TPOTEPALOTNTO VIO TN SLALTHPTON OE IKOVOTOMTIKO
EMINMESD TOV TOOTIKAOV YOPUKTNPIOTIKOV TOV OaAdcciov
OKOGLOTNHATOG (YOUNAEG GLYKEVIPAGCELS YA®POPVUAANG,
avénon g dapdveag Tov védT®V). To facikd avtd couté-
POCLLO TPOEKLYE OO TNV EEETAOT TOV EMMTTOCEDY EVOAAQL-
KTIKOV GYNUATOV eneEepyaciog TV ADUATOV TOV TEPLOYDV
™G AVATOMKNG ATTIKNG OTO TOLOTIKG YOPAKTNPLOTIKG TOV
TapaxTiov Teploydv Tov Notiov Evfoikod kdAnov, e xp1-
o1 tov povtéhov Tov EMIT.

SuvaEI0A0YDVTOG TO OVATEP®, SLLOPPOVOVTOL Ta. OpLal
ekpong tov Ilivaka 5 mov o mpénet va eooparilel to KEA
Kopomiov-ITarwavioag, coppova pe v [popedét tov £pyov.
H eyxatdotoom £xel oyed100TEL Y100 VO EMLTUYYAVEL ATOAL-
Kkpovor almtov g tééng tov 70-80% pE CLYKEVIPAOGELG
al®dTov oTNV €Kpon TOV Yo TO dedopEVO pPEyeBog Tov Epyou
(m\nBvopdg 136.000 wodvvapwy katoikmv) égv Oa vaepPai-
vouv ta 10 mg/l N (péom etnota Tipn), COUPOVA LE TG OTToL-
moelg ¢ Odnyiag Y evaicOntovg amodéktec. Emmiéov,
- 0V KOl 08V amanteiTol - £XEL cupmEPIANEOEL GTOV GYEdIOTUO
™G EYKOTAOTAONG 1] PLOAOYIKT OTOUAKPLVGT] POOPOPOV GE
T0000TO TG TAENG Tov 50% Yo AELTOLPYIKOVG AOYOLG TTOL
&youv va, Kvouv pe TN otabgpomnoinomn g Sodikaciog g
BroAoywng enegepyaciog Kot TNV Tapayyn AAomng pe Kold-
TEPOL YOPAKTNPLOTIKG KanowomTog (yoapunAés Tpég SVI).

4. AIIOTEAEXMATA

H Aetrovpyia g eykatdotacng evepyol thbog tov KEA
Kopaniov-Tlaaviag mpocopotddnie yuo to t€66Epa GEVA-
po. Agttovpyiog tov kévrpov (Ilivakog 3), Tov aviicTorobv
OTN XEWEPIVY KOl Kolokaipivi] mepiodo Agttovpyiag Tov yo
ta £t 2024 wkon 2044. H pobnpotik tpocopoimon pe to
povtédo ASM 1 giye g ntodpevo ta akdAovda:

» Tov éLeyyo TG amdI00TG TG EYKOTACTACTG COUPOVA LE
TOL KPLTNPLO GYESOGUOD TNG UE TOVG OYKOLG KOl TIG AEL-
TOVPYIKEG TAPAUETPOVG, OTMG OLTA KOBOPIGTNKOV GTOVG
VYEOVOLOYIKOVG VTTOAOYIoHOVG TG [Tpoperétng.

»  Tov kaBopiopd g katavopng tng Gtnong dtalvpévon
o&uydvov oe Kabe aepofilo dapépiopa TV Proavtidpa-
oTNP®V, TOL dev pmopel va vToAoyloBel e copfatikode
VYELOVOAOYIKOVG DTTOAOYIGLLOVG,.

Ta amoteAéopATO TNG TPOCOUOIMONG TG EYKATAGTACNG
evepyol twog tov KEA Kopaomniov-Tlawaviag pe to povtédo
ASMI1 6g 60YKPLION LE TOVG VYELOVOLOYIKODG VITOAOYIGHOVG
¢ [poperétng divovrar otov Iivaka 6.
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4.1 'EAeyyog am60001g TS EYKATAGTAGNS

YHETUC PLE TNV TOLOTNTO. EKPOTIG TTOV B0t EMITVYYAVETOL GTO
KEA Kopomiov-ITotaviog, ot ekTylioelg Tov povtéhov givot
TOAD KOVTA LE OUTEG TV DYELOVOAOYIKMV VTOAOYIGUMV TNG
poperétng (Ilivaxag 6). To LOVTEAD EKTYLE CLYKEVTIPAOGELG
ekpong COD, BOD, SS kot oAkod aldtov (TN) yo tyeyle-
pwvn Kot koAokopivy ekpon g 40etiog, TopamTANoLEG LE TIG
OVTIOTOL(EG TV VYEIOVOAOYIK®OV VIOAOYIoU®Y. Ot mpoPAié-
WEIG TOV HOVTEAOL €IVOL GOMPESTOTO UIKPOTEPES TMOV Opi®V
ekpong, Omwg avtd kabopilovtor amd v odnyio 91/271 ko
To Kprepo. oxedlacpo g eykatdotaocng ([livakoag 5).

[epartépw, amd TN cHYKPION TOV ATOTEAECUATOV TOV
HOVTELOL LLE TOVG VYELOVOAOYIKOUS VITOAOYIGHOUS TG [Ipo-
UEAETNG TPOKVITOVV TO, AKOAOVOO GLUTEPACLLOTOL:

» Xg 6,11 apopd 6T cLYKEVTpMoES Tov MLSS, ot tuég
TOV HOVTEAOL €Vl TOPATANGCLEG LE QVTEG TMOV VYELOVO-
AOYIKGV VTOAOYIGUAV, EVD TO 1010 GLUPOIVEL KOL [LE TOVG
Babpovg amopdipvveng opyavikod goptiov (BOD,) kat
aldtov (TN).

O1 ovYKeVTPOGELS €600V TMV VITPIK®Y TTOL OIVEL TO LLOVTEAD
glval KPOTEPEG OO QVTEG TV VYELOVOAOYIK®OV VITOAO-
ywopdv kotd 1,3 mg/l. Avtd opeiletar oto YEYOVOS OTL
OTO HOVTEAO M €TePOTPOPIKT Propdlo ypnoiponotei to
€0KOoAN Plod100TACIIO KAAGHO TNG OPYOVIKNG VANG OC
7Nyn GvOpaca yio. TV amovITPOTOiNoNIE ATOTEAEGLA O
ocvverayopevol pubuoi anovitponoinong va otnpifovrat
otV Kotavaiwon tov S.. Avtifeta, 6tovg vyElOvolo-
YIKOOG VTOAOYICHOVG 1 amovitporoinon otnpiletol og
évav pnéco pubuod, o omoiog (yro Adyovg acpaieiog) ivar
OMMCONTOTE WKPOTEPOG MO TOVG TAPATNPOVUEVOVG
pLOLOVG OTOVITPOTOINONG YIo. €VKOAD BlOSIOCTACLLES
opyavikég Tpopéc. Emiong, 1 amopdkpoven aldtov pe
™V mopoyopevn AGomr givol PEYOAVTEPT OTO LOVIEAO
(8,6% g Propdlag eivar almto) oe cvyKplon e T
GLVTNPNTIKY TOPASOYT] TOL £YIVE GTOVG VYELOVOAOYIKOVG
VIOAOYIGHOVG 0TL TO 15% Tov ald®Tov TV ApdTOV amo-
pokpovetot pe ) Propala.

» Ot eKTNOELG Y10 TIG TOPOUYOUEVES TTOGOTITES TAVOG GTO
LOVTELO €ival 0pKETE KOVTO LE OVTEG TV VYELOVOAOYL-
KOV DITOAOYICUOV TOGO Y10l TN YELEPIVY], OGO KOl Yi0l TV
KaAokapvn mtepiodo g 40etiag.

4.2 Katoavopn g {mong o&uvyévov ctovg
Proavridpactipeg

YuyKkpivovtog Tn cuVoMlMKY katavaioon o&uydvov, mo-
POTNPOVLE OTL TO HOVTELD Sivel TIES AMyo HKPOTEPES 0o
OVTEG TV VYELOVOAOYIKMV VITOAOYIoUOV, 6to 80-90% mepi-
OV TOV TILOV TOV VYELOVOAOYIK®OV LITOAOYIGH®V. Tétoleg
amoKMGoELg HTopohV Vo, dtkatoAoynBovv amd To yeyovog OtL
GTOVG VYELOVOAOYIKOVG VITOAOYIGLODG VIEIGEPYOVTOL KATO101

OULVTEAECTEG AGQPAAELOG Y10l TOV VITOAOYIOUO TOV OTOLTOVLLE-
vou 0&VYOVOL Kol ETOUEVOG €IVOL PUOIKO TO OTOTEAECLLO
TETOLMV VTOAOYICUAOV VO EVOL CUVTNPNTIKO OG TPOG CVTO
10 péyeboc. Téhog, OTmG paiveTal Ao To OTOTEAEGLLOTO TOV
pHovTéLOL, ot puBpoi Kotaviilmong o&uydvon ekQpacpévol
ot kgO,/hr kot emopévmg n {firnom o&uydvov avéaver petad
YEWEPVNG Kot Bepivig meptodov g 40etiag.

Xe 6,11 apopa oty Katavoun tg itnong ouyovou ota
empépovg aeplopeva dopepiopota ke froaviidpactpa,
napotnpovpe and tov Ilivaka 7 6t elvon mapdpown yro To
dtpopa cevaplo Aettovpyiag. H Aettovpyion Aydtepwmv
aepofiov dopepiopdtov katd T yeyepvy mepiodo (5 ot
apepiopato avti yio 6 tng Bepvig) -ya Ty gvioyvon g
ATOVITPOTOINGNG TOV YEWWMVA oTIS avostkég Laveg (3 avolt-
kG drapepioporo avti yio 2 g Bepvig TepLodov)-, £XEL GOV
OmOTEAEGLOL TOL TEVTE OEPOPLOL SLOUEPICHOTO TNG XEWEPIVIG
1ePLOS0VL va Tapovctdlovv Aiyo avénpuéva tocootd (Tnong
o€ oyéon He 1o kahokaipt. Ady® Tov avénpévov poprtiov, Ta
tpia Tpota dapepiocpato speavifoov mon peyoldtepn
a6 1o PEGo 0po (65% mepinov g cuvolkng {RTnong), Evad
neplopopévn eivar 1 nom o&uydvov ota tpia tehevtaia
dwapepiopata (35% g cuvoAKNG).

H mopondve katavour &tnong o&vyovov (OTR) propel
Vo xpnotponon el 6T EACT TEMKOV GYESIOGHOD TNG VKO-
TAGTAONG YO TNV S10GTOGLOAOYT|OT TOV GUOTIUATOG OLAY V-
OMG KOl TV KOTAVOUN TOV SloyvTdv aépa ava aepllOpIeEvo
dwapépiopa kébe Proavtidpactipa.

5. XZYMIIEPAXMATA

» Ol eKTUNOEIS TOV HOVTEAOL GYETIKO WE TNV TTOLOTNTO
ekpong mov Oa emtvyydvetot oto KEA Kopomiov-TTat-
aviog glvatl TOA KOVTA L€ TIG OVTIGTOLEG TV VYELOVO-
Aoy@V voAoyiop®dv g [Ipoperétng, kol copéotata
LUKPOTEPEG TOV OPI®V EKPONG, OIS avTd Kabopilovtat
amo v odnyio 91/271 ko ta KpLTiplo, 6YESOUGHOD TNG
€YKOTAGTACT|G.

» Zuykpivovtog Tn cuvolky Kotavalwon o&uydvov, ot
wpoPréyelg tov povtédov givar oto 80-90% mepimov
TOV TILOV TOV VYELOVOAOYIKOV VTOAOYIGUAV, AOY® TG
VI0OETNONG CUVINPNTIKOV GUVIEAECTMV AGQOAEING Yo
TOV VTOAOYIGHO TNG GuVOAKNG {Rtnomg o&uydvov oty
[poperé.

» To omoTEAECUOTO TOV HOVIEAOV MG TTPOG THV KOTAVOUN
™G GLVOMKNG Tnong o&uyovov oTo EMUEPOVG aepLio-
peva dwapepiopoto Kabe Ploaviidpactmpo HTopovy vo
YPNOOTOMBOVV GTOV TEMKO GYESICHO TOV GUGTILLO-
TOG S1AYLOTG KOl GTNV KOTOVOUN TOV SLOYVTAV 0EPO aveL
aep1lopevo Slapéptopa Tov Kabe Proavtidpactipa.

» Xty mapovoa gdomn, n pappoyn tov poviélov ASM 1
elxe oav okomd Tov EAeyy0 TOL GYESLUGHOV KOl TNG TOL0-
mrag ekpong mov Ba emtvyydvetor 6to KEA Kopomiov-
Howaviog. H epappoyn avt) Paciotnke ce mapadoyss
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©¢ TPOG TN 613(51(1(511 T®V KDLL('XT(OV KoL TIg ].LSTOLBOMKég 2. Henze, M., F}rady, C.P.LJr., Gujer, W., Marais .G.v..R. and Matsuol T.,
; , ; , 1987 “Activated Sludge Model No. 17, Scientific and Technical
wotteg TG Propalog mwov Ba avantvybei 6T0 GO Report No. 1, AWPRC, London, U.K.
NG EVEPYOD 1A00G, pe Ged0pEVO OTL OEV LILAPYOVY GNUE- 3. Henze, M., Gujer, W., Mino, T., and van Loosdrecht., M.C.M., 2000
PO KOTOOKEVAGUEVO HIKTVLOL OTTOXETEVONG OTIV TEPLOYN “Activated Sludge Models ASM1, ASM2, ASM2d and ASM3”,
Ko GDV&ZTE(bg 81a6é61u8g usrpﬁcalg oV X(Ip(lKTnpl(STle)V Scientific and Technical Report ‘I‘\IOA 9, TWA, Lond.on, UK
Aous 0 SEVETAL T EVKOTAGTOG 4. Metcalf & Eddy, Inc., 2003 “Wastewater Engineering: Treatment
Tov UH 0TV TCOI,) 0 ogy , ney M- L and Reuse”, Mc Graw-Hill Series in Civil and Environmental
210 pélhov, - Otav Ba £xovv katackevooHel diktva Engineering, Fourth Edition, Section 8-10: Simulation Design Models,
anoyétevons oty mweproyn kot 6tov to KEA oty ap- pp 859-865.
XlKﬂ (Pd(m ksm:ovpyiag Tov Oa Séxatat 81'EOLpKﬁ 0G6- 5. Bidstrup, S.M. and Grady, C.P.L.Jr., 1988 “SSSP - Simulation of single
; ; , sludge processes”, J. Water Pollut. Control. Fed., Vol. 60, pp. 351-
mta }LUH(XTOJV Yy ™ SOKIIJ,(IG’CIKT] N TNV KOVOVIKT TOVL 361
Aerrovpyia - 10 mapambve poviéro Bo UmOpOUGE VO 6. Siegrist, H. and Tschui M., 1992 “Interpretation of experimental data

amoteAéoel £va a&lOTIGTO EPYUAEID Y10 TOV AELTOVPYLKO
éleyyo tov KEA Kopomniov-Tlawaviag. Yo v npoino-
Beom, BéPara, 611 Ba yivel cooty pubpcen Tov PoVTELOL
LLE UETPNOELC: OL)TMV YOPOKTNPIGTIKMY TOV AUATOV TOV
ELGEPYOVTOL OTNV EYKATAGTOON Kol )TV KWNTIK®OV/
OTOLYEIOUETPIKAOV TOPAUETP®V TNG €vEPYOD 1Avog. T
TOV KOO aTO, 1 PVOEN TOoV povTEAOL Ba pTopovoe
va yivel 6€ KOTOAANAN €YKATESTNHEVT HOVADO EPYAOTY-
PLOKNG N TAOTIKNG KAIHLOKAG.
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[Tivakog 2: ZTotyelopetpikés kou KIVTIKES TOpOUETPOL TOD Ypnoyiorofnkay oty palnuatixy mpooouoiwon yio tovg 14°C ko 24°C.
Table 2: Kinetic and stoichiometric parameters used for the mathematical simulation at 14°C and 24°C.

Hapdypetpot Movddeg Tonucég Ap1Bpog 14°C 24°C
TES Arrherius
GTOVG
20°C”
Zroyswoperpikéc Mapdperpor
Yuv/otg mapaymyng etepotp. Popdalo Yy gCOD/gCOD 0.67
2uv/6tNG Tapay®yng avtotp. Propdloc Y gCOD/gN 0.24
N ot Bropdle ixp gN/gCOD 0.086
N oto adpavég COD iy gN/gCOD 0.01
Iocootd adpavovg COD ot Propdla fp gCOD/gCOD 0.080
Kwntikéc Iopaperpor
Erepotpopixn Biouala
Méyiom €. Tay. Avomrt. gtepotp. Bop. py day™ 6.0 1.072 3,95 7,92
2uv/otig amocvvieong by day™ 0.62 1.116 0.32 0,96
Ytafepd Monod ya tpoen Ky, gCOD/m’ 20.0 1.0 20.0 20.0
2tabepd Monod ya o&uydvo K, g0,/m’ 0.50 1.0 0.50 0.50
Ytabepd Monod yio app@viaxd N K, gN/m’ 0.01 1.0 0.01 0.01
Zt00epd Monod yo vitpikd K on egN/m’ 0.50 1.0 0.50 0.50
Awop6. Xvv/oTHG avomT.omoviTp. g Adudotarto 0.80
Avtotpopikn Bioualo.
Méyiot €d. Toy. Avant. avtoTp. Plof. pa day™ 0.68 1.103 0.38 1.00
Yuv/othg amocvvieong b day™ 0.12 1.092 0.070 0.17
Ytafepd Monod ywo appoviokd N K, gN/m’ 1.0 1.0 1.0 1.0
Ytabepd Monod yio o&uyovo K, 20,/m’ 0.4 1.0 0.4 0.4
Yopolvon
Mey. E1d. PvB.Ydpoivong Ky, gCOD/gCOD/d 3.0 1.116 1.55 4,65
>vv/otg Kopeopod Ky gCOD/gCOD 0.05 1.116 0.026 0,078
PvOudc Appmvioroinong K, m’/gCOD/day 0.08 1.072 0.053 0,10
Awop0.2vv/otg Yoo Avo&.Zovh.ny AdldoToto 0.4

*Tomkég TYES TOV TAPAUETPOV TOV HOVTELOVL Yo Tovg 20°C.
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[Mivaxag 3: Zevdpia Asitovpyiog tne eykataotoons evepyod 1ADog
Table 3:  Scenarios used for the mathematical simulation of the activated sludge system.

TMopdpetpot Zevapuo 1: Zevaplo 2: Xevapuo 3: Zevapuo 4:
Xewmvag 2024* | Kaiokaipt 2024* | Xewpwmvag 2044* | Kolokaipt 2044*
Ipappéc enelepyaociog 3 3 4 4
Oykog Brooviidpactpov 3x3.840 m’ 3x3.840 m’ 4x3.840 m’® 4x3.840 m’
Oepuokpacio (T) 14°C 24°C 14°C 24°C
Yvvoakn niio tvog (6,) 14,79 d 13,2d 14,79 d 13,2d
Hopoyf Apdtov avé 7.143 m’/day | 7.143 m’/day 7.609 m’/day 7.609 m’/day
Broavtidpoaotipa (Q)
Enavakvkhogopia evepyod wog (Q;) | 10.929 m’ /day 8.200 m’ /day 11.642 m’ /day 8.735 m’ /day
(r=1.53) (r=1.148) (r=1.53) (r=1.148)
Ecotepwr| avakvikhopopio (Qqn) 2.429 m’ /day 14.143 m’ /day 2.587 m’ /day 15.066 m’ /day
(r4,=0.34) (rg, =1.98) (r4,=0.34) (rg, =1.98)
COD mpmtopaduimv ekpodv 450 mg/1 450 mg/l 464 mg/l 464 mg/1
BOD zmpwtofadumv expodv 211,2 mg/1 211,2 mg/l 217,7 mg/1 217,7 mg/1
SS npotofabuiev expomdv 170,1 mg/1 170,1 mg/1 175 mg/l 175 mg/1
OMk6 GlwTto TPOTORAOIOV EKPODY 36,4 mg/l 36,4 mg/l 37,8 mg/l 37,8 mg/l

Hopatnpnon*: Ta étm 2024 ko 2044 avtictoryobv oty 20etio kot 40etion XSSOV TNG EYKATAGTACNS, e apeTnpio T0 £T0G cVVTAENG
g [poperétng (2004).

[Mivaxag 4: Xapaxtnpiouog AvpTmy yio. 10, TE6OEPA TPOTOUOIOVUEVA, TEVAPIO. AEITOVPYIAG.
Table 4: Wastewater composition fractions for the four simulating scenarios.

"Etog 2024 "Etog 2044
Kidoporo COD (mg/l) Xewpovag | Koloxaipt Xeavog Koloxaipt

COD old 450 450 464 464
COD dwvpévo 225 225 232 232
COD copotidokd 225 225 232 232
Awivpévo gvkora-prodiacnaotpo COD (Ss) 190 190 195 195
Awivpévo adpavég COD (S;) 36 36 37 37
Yopatd.dvokora-frodcndoipo COD (Xs) 153 153 159 159
Yopoatidokd adpavég COD (Xj) 36 36 37 37
Youatid. COD etepotp. Opyaviopadv (Xpy) 35 35 36 36
Kidopara Alotov (mg/l)

OMKko-N 36,4 36,4 37,8 37,8
Appovioxd-N Sy 26,6 26,6 27,6 27,6
AwAvpévo opyoavikd-N Syp 49 49 5,1 5,1
Sopoatidtakd opyavikd-N Xyp 4.9 4,9 5,1 5,1
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[Tivakoag 5: Hoiétnra expong devtepofaluia emeepyoouévav loudrwv ato KEA Kopwmiov-Tloauaviog, petd omo froloyiki amoudrpoven

Operricdv (BNR)

Table 5: Treated effluent design standards for the Koropi-Paiania WWTP, after biological nutrient removal treatment (BNR)

XopoKTnpioTikn Avartato 6plo EXdyioto 1006006710 derypdrov
TOPALETPOG GLYKEVIPWONG 7oV ol IKOVOTOLOVV TIC UTOITNOEL
BOD 25 mg/1* 93%%*
COD 125 mg/1* 93%*
TSS 35 mg/1* 93%?*
O\ dlwto 10 mg/1** péon TGO TN
OMKOG POGPOPOG 5 mg/1** LEGT] ETHGLO TIUN

* AvOTaTo Oplol GLYKEVIPMGNG TOV TUPAUETPOV Y10 KOVOVIKOVG OTOSEKTEG, OTMG TPOKVITEL OO TOV HEYIGTO EMTPETOUEVO aplOUd dety-
pétov Yo kadnuepvi detypatoAnyio kot SIGoTno eVOg £T0VG, 6T0 0Tol0 Uropel va tapatnpndel vaépfacn TV avoTdTOV 0pimv GLYKE-

vipooewv (Odnyia 91/271 g E.E., ITivakeg 1 & 3, TTapaptua I).

** [Ipocbe emmAéov Prodoyikh amopdkpuvon Opentikadv (aldtov Kot pocedpov) tov Ho enttvyydvetal 6to KEA, o€ nocootd 70-80%
kot 50% Yo 10 AL®TO KoL TOV PMOGPOPO AVTIGTOLYO.

Mivakag 6: Zoyrpion amoteieouarwv poviédov ASMI pe ta amoteAéouara twv vyeiovoloyikwy vmoloyiouy e [lpouslétyg.
Table 6: Comparison of ASM1 model predictions with Preliminary Design calculations.

IMopdpeTpor Movtélo ASM 1 Yyelovoloyikoi vroloyiopoi [Tpoperétng
Xewwmvog 2044 KaAokaipt 2044 | Xewpmvag 2044 Koloxaipt 2044

1) Iootikd. yopoKTHPIoTIKG, EKPONG
CODeg, mg/l 76.60 71.7 83.16 79.2
BODe&, mg/l 12.76 12.95 13.86 13.2
SSe&, mg/l 17.00 17.22 25 25
(NH4-N)e&, mg/l 0.90 0.20 0.14 0.16
(NOs-N)e&, mg/1 6.70 4.70 8.0 6.0
Ol alwto (TN), mg/l 8.40 5.90 9.14 7.16
2) Ae1tovpyiKd, yopoKTNPLoTIKG COOTHILOTOS EVEPYOD 1ADOG
Almpodueva 6TEPEN AVAUKTOV 4550 3120 4500 4000
vypov (MLSS), mg/1
Opyavikn edption vog, F/M (kg 0.095 0.14 0.13 0.13
BODs/kg MLVSS.d)
IMapaywyn mepicoeiag tog (kg/d) 4.600 3.630 3.925 3.903
Znton 0&uyovou GE TPOoyUOTIKESG 402 453 448 576
cuvOnKeg
(OTR, kg O,/hr)
Babpoc amopdixpuvong g mpog 94 94 93,60 93,90
BOD:s (%)
Babuodg amopdkpuveng og mpog 78 84 75,80 81
oAk6 afmwto TN (%)
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Extended summary

Use of a Mathematical Model for the Validation
of the Koropi-Paiania WWTP Process Design

E. G. FOUGIAS
Dr. Civil & Sanitary Engineer
Design Division, EYDAP S.A.

Abstract

In recent years, the use of mathematical models has been a valuable
tool for the design of activated sludge systems in accordance with the
required treatment standards, as these are defined in the European
Union by the Directive 91/271 and the relevant national legislation.
In the present study, the ASM1 model of IWA was implemented in
order to validate the proposed design for the new Koropi-Paiania
WWTP for a region east of Athens, in the Eastern Attiki Prefecture.
The use of ASM1 had a twofold objective: a) to examine whether
the selected volumes and operational parameters of the proposed
activated sludge scheme, as defined in the Preliminary Design Study,
satisfy the required treated effluent standards, and b) to determine
the oxygen demand distribution along the aerobic section of each
activated sludge bioreactor, which is of crucial importance and
cannot be determined with conventional design calculations.

1. INTRODUCTION

The proposed Koropi-Paiania WWTP in the Eastern
Attica Region was designed with a treatment capacity of
29,000 m*/d or an equivalent population of 136,000 p.e for
the final design phase (2044). According to the Preliminary
Design Study, the plant will be located in the proximity and
southeast of the Athens International Airport “El. Venizelos”
(Figure 1). The new plant will treat wastewater from domestic
areas of the municipalities Koropi and Paiania of the Eastern
Attiki Prefecture, and from the seaside region of Hamolia. In
addition, it will treat a quantity of pre-treated, biodegradable,
non-toxic industrial wastewater from industrial activities in
the region that will be discharged into the sewerage network.

The proposed design scheme for the Koropi-Paiania
WWTP includes typical secondary, biological nutrient removal
treatment (BNR) for the wastewater, as well as optional
tertiary treatment for potential effluent reuse for agricultural
applications. As far as sludge treatment is concerned, the
process scheme is a conventional one, including thickening,
anaerobic digestion and dewatering of the produced sludge.

Submitted: Feb. 15. 2006 Accepted: Apr. 18, 2006

The raw sewage will reach the WWTP with a sewerage
network of 26.5 km main collector sewers. Treated effluent
from the WWTP will be routed to the seaside region of
Hamolia with an 11 km long disposal pipeline, and it will
be discharged with a sea outfall of about 1 km length into
the Hamolia Gulf, at a depth of 50 m under the seawater
level (Figure 1). Alternatively, there is the option that
treated effluent, after tertiary treatment, could be reused for
agricultural applications in the nearby region.

In recent years, mathematical models have been widely
used for the optimisation of design of new activated sludge
systems, as well as for the retrofitting and upgrading of
existing systems. Computer modelling provides the tool to
incorporate the large number of components and reactions,
in order to evaluate activated sludge performance under both
steady-state and dynamic conditions, for multiple-staged plug-
flow reactors as well as single-stage complete-mix reactors.

One of the most extensively used models for the
simulation of activated sludge systems performing carbon
oxidation, nitrification and denitrification is the ASM 1 model
of IWA. The ASM 1 model only describes reactions in single-
sludge systems by heterotrophic bacteria under aerobic and
anoxic conditions consuming carbonaceous substrates, and
autotrophic nitrifying bacteria oxidising ammonia to nitrate.

The ASM1 model was used in the present study in order to
validate the design for the proposed Koropi-Paiania WWTP,
as this was defined in the Preliminary Design Study for the
WWTP. The implementation of ASM1 had two objectives:
a) to test whether the selected volumes and operational
parameters adopted for the design of the WWTP fit with
the required plant performance and effluent standards, and
b) to determine the oxygen demand distribution along the
aerobic section of each activated sludge bioreactor, modelled
as a plug-flow bioreactor consisting of a number of aerobic
compartments in series. This latter objective is of crucial
importance for the future operation of the treatment plant and
cannot be defined with conventional design calculations.
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2. IMPLEMENTATION OFASM 1
MATHEMATICAL MODEL FOR THE
SIMULATION OF KOROPI-PAIANIA
WWTP

For the simulation of the proposed Koropi-Paiania
WWTP with ASM1, the following data must be introduced
into the model:

a) Process configuration and flow distribution,

b) Wastewater characterisation, and

c) Estimation of model kinetic
parameters.

Regarding to the process configuration, the flow scheme used
for the simulation was that of the Preliminary Design (Figure 2).
The model was calibrated for wastewater composition by using
relevant operational data from existing WWTPs in Greece
(Table 4), since there is no established sewerage network in
the region and therefore no available measurements. Typical
values for kinetic and stoichiometric parameters were used,
according to the default values given in the literature and from
relevant estimations reported from Greek WWTPs (Table 2).
An adjustment in the value of specific growth rate for nitrifying
bacteria was made, to account for an inhibition percentage of
around 15% observed in Greek plants.

The biological processes for growth and decay of
heterotrophic and autotrophic biomass and of hydrolysis
of particulate COD are temperature dependent. The effect
of temperature on the process rate is better described by the
Arrhenius equation, and the temperature coefficients used in
the model are in agreement with typical values given in the
literature (Table 2).

The operation of the activated sludge system was
simulated for four simulating scenarios (Table 3), which
correspond to the winter and summer plant operational
period for phase A (2024) and phase B (2044). The design
temperatures were 14°C and 24°C for the winter and summer
periods, respectively.

The treated effluent design standards for the plant are
in conformity with the 91/271 EU Directive guidelines for
non-sensitive receiving water bodies, but with the inclusion
of a 70-80% nitrogen removal rate for the prevention of
eutrophication in the receiving water body of the Southern
Evoikos Gulf (Table 5).

and stoichiometric

3. SIMULATION RESULTS

3.1 Estimation of the activated sludge system
performance

» Model predictions were in agreement with the design
calculations for phases A and B (2024 and 2044) of the
plant development.

» The model gives concentrations of treated effluent BOD,
SS and Total Nitrogen (TN) for the summer discharge of
2044 similar to those of the design calculations (Table
6). These values are definitely less than the discharge
consent values, as the latter are defined by the EU
Directive 91/271 and the plant design criteria (Table 5).

» A close agreement was also found between model
predictions and design calculations regarding the
concentrations of MLSS, sludge loading rates, produced
sludge quantities and the removal rates for organic load
(BOD,) and total nitrogen load.

> Effluent nitrate-nitrogen (NO,-N)  concentrations
determined in the model were less than those of the
design calculations by approximately 1.3 mg/l. This may
be attributed to the fact that in the model heterotrophic
biomass uses readily biodegradable COD (SS ) as the
carbon source for denitrification, and thus the estimated
denitrification rates are SS dependent. In contrast, in the
conventional design calculations denitrification rates are
more conservative average values, which in any case are
less than the observed rates for readily biodegradable
carbon sources.

3.2 Distribution of oxygen demand along the bioreactor

» By comparing the values of oxygen consumption
estimated by the model and from design calculations, it
can be seen that model values are the 80-90% of those of
design calculations. This can be attributed to the fact that,
for the safety of the design, the determination of oxygen
demand in conventional calculations includes a number
of safety coefficients.

» According to the model predictions shown in Table 7,
there is a small increase in the oxygen consumption in
the summer period of 2044 compared to that of the winter
period. Due to increased organic load in the first aerobic
compartments of the bioreactor, the first three aerobic
compartments present an oxygen demand equal to 65%
of the total oxygen demand.

4. CONCLUDING REMARKS

» The ASM1 model was used in the present study in
order to validate the design for the proposed Koropi-
Paiania WWTP, as this was defined in the Preliminary
Design Study for the WWTP. The implementation of
ASMI1 had two objectives: a) to evaluate whether the
selected volumes and operational parameters adopted
for the design of the WWTP fit with the required plant
performance and effluent standards, and b) to determine
the oxygen demand distribution along the aerobic section
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of each activated sludge bioreactor, which cannot be
determined with conventional design calculations.
Model predictions were consistent with design
calculations  regarding the discharge effluent
concentrations for BOD, SS and Total Nitrogen (TN) for
the summer period of 2044. These concentrations were
definitely less than the discharge limits, as defined by the
EU Directive 91/271 and the plant design criteria.

A comparison of the values of oxygen consumption
estimated by the model and by design calculations,
showed that model values were the 80-90% of those of
design calculations. This can be attributed to the fact
that in the design calculations, for safety reasons, the
determination of oxygen demand includes a number of
safety coefficients.

The determination of oxygen demand at each aerobic
compartment of the bioreactors can be used for the
final design of the diffused aeration system and the
dimensioning of the diffusers’ batteries along the
bioreactors.

At the present stage, model application had the purpose

of predicting treatment plant performance for the
proposed Koropi-Paiania WWTP. Model calibration was
based on typical wastewater composition data, as well as
operational data taken from existing WWTPs in Greece,
since there is no established sewerage network in the
region and therefore no available measurements of the
influent wastewater parameters.

In the future, when some basic sewerage network
infrastructure has been developed in the region and the
WWTP has been fed with a sufficient quantity of raw
wastewater for its trial operation, the above model might
be a useful tool for WWTP operational control. For
this purpose, a proper calibration of the model would
be required, where input data to the model could be
obtained from site measurements regarding to: a) the
influent wastewater characteristics, and b) the kinetic
and stoichiometric parameters of the activated sludge
developed in the full-scale plant. These parameters could
be defined in a bench-scale or pilot-scale activated sludge
unit, which would work in parallel with the full-scale
activated sludge plant.
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