Texvntol uypotomol yia tnyv
emeEepyaoia ouBplwy udATWY

AKpdatog Xpnotog

AvamA. Kaényntng



Elopogg

A = £Ktaon Aekavng amoppong, m2
Cr = OUVTEAEOTNG AmOPPONGg, adlaotatog
Qp = p€ylotn pon amoppong, m3 /h
| = yéon €vtaon Bpoxomtwong, m/h




TABLE 14.1
Runoff Coefficient (C) for Use in the Rational Method in Maricopa County, Arizona

Return Period
Land Use 2-10-year 25-year 50-year 100-year
Streets and Roads
Paved roads 0.75-0.85 0.83-0.04 0.0-0.95 0.04-0.95
Gravel roadways and shoulders 0.6-0.7 0.66-0.77 0.72-0.84 0.75-0.88
Industrial Areas
Heavy 0.7-0.8 0.77-0.88 0.84-0.95 0.88-0.95
Light 0.6-0.7 0.66-0.77 0.72-0.84 0.75-0.88
Business Areas
Downtown 0.75-0.85 0.83-0.94 0.0-0.95 0.94-0.95
Neighborhood 0.55-0.65 0.61-0.72 0.66-0.78 0.60-0.81
Residential Areas
Lawns—flat 0.1-0.25 0.11-0.28 0.1-0.3 0.13-0.31
Lawns—steep 0.2504 0.280.44 0.3-048 0.31-0.50
Suburban 0304 0.33-044 0.36-048 0.38-0.5
Single family 0.45-0.55 0.5-0.61 0.54-0.66 0.56-0.60
Multi-unit 0.5-0.6 0.55-0.66 0.6-0.72 0.63-0.75
Apartments 0.6-0.7 0.66-0.77 0.72-0.84 0.75-0.88
Parks/cemeteries 0.1-0.25 0.11-0.28 0.12-0.3 0.13-0.31
Playgrounds 0.4-0.5 0.44-0.55 0.48-0.6 0.5-0.63
Agricultural areas 0.1-0.2 0.11-0.22 0.12-0.24 0.13-0.25
Bare ground 0.2-0.3 0.22-0.33 0.24-0.36 0.25-0.38
Undeveloped desert 0.3-04 0.33-044 0.36-048 0.38-0.5
Mountain terrain (slopes > 10%) 0.6-0.8 0.66-0.88 0.72-0.95 0.75-0.95

Source: Adapted from the Drainage Design Manual for Maricopa Countv, Volume 1.




Putroypagnuata

» H XpovooeIpd GUYKEVTIPWOEWY GTNV ELGPOT)
P0G TOV UYPOTOTIO ovoudadetal

putroypd@nua. 45
> X& OPICHEVEG AEKAVEG ATTOPPONG,TO 40 ji?
putoypag@nua 6ev oUyXpoviletatl Pe Tov 35

udpoypa@npa, aAAd TAPEXEL UPNAOTEPEG
OUYKEVTPWOELG OTIC APXESG TNG ELOPONG.

: l
> Auto TO PatvépEvo ovopdaletal GUPTIEPLPOpd » A
TPWTNG EKTTAUGNC. 20 (&

» Ta mapadetypa, ot Wanielista kat Yousef .
(1991) avagepouyv ot1, otn OAGpIVTA, Ta 10 W

NQ,-N (mg/L)

TPWTA 25 MM amopporg anod AcTIKA 5

oyotnpata cuvnBwg petapepouv to 90% tng o

pumavong. 5 4 3 210 1 2 3 4 5 6 7 8
>  AVayKaoTIkd, TPEMEL va XpNotHoTonBolv Time (days)

HEGEG CUYKEVIPWOELG KATTOLOU £00UG, EK TWV
OTTOIWV N CUYKEVIPWON HE 0TABUION PONG
glvat mo xpnRouun.




Putroypagnuata

QCdt
Qdt

C —

€

C = otwyplaia cuykevipwon, mg / L

C. = HEon ouykEvIpwon cupBavtog, mg / L
Q = ottyplaia pon, m3 / h

t = xpovog, h




TABLE 14.2
Pollutant Concentrations for Source Areas for Stormwaters

TS5 Tpe TNe E coli Cu Pb2 Im
Constituent (mg/L) (mg/L) (mg/L) (1,000 #/mL) (ng/L) (ng/L) (pg/L)

Residential roof 19 0.11 1.5 0.26 20 21 312
Commercial roof 9 0.14 2.1 1.1 7 17 256
Industrial roof 17 — — 58 62 43 1390
Comm./res. parking 27 0.15 1.9 1.8 51 28 139
Industrial parking 228 — — 27 34 85 224
Residential street 172 0.55 1.4 a7 25 51 173
Commercial street 468 — — 12 73 170 450
Rural highway 51 — 22 — 22 80 20
Urban highway 142 0.32 3 — 534 400 329
Lawns 602 21 9.1 24 17 17 50
Landscaping 37 — — 04 04 29 263
Driveway 173 0.56 2.1 17 17 — 107
Gas station 31 — — — 88 80 290
Auto recycler 335 — — — 103 182 520

Heavy industrial 124 — — — 148 290 1,600




YopoAoyia

d(d?h)zQi—Qo+A(P—ET—I)

A = uypn empdvela uypotomou, m2

Qi = elopoi, m3 / d

Qo ekpon, m3 / d

P = Bpoxdéntwon, m / d

ET = e€atpicodianvon, m / d
h = BaBog vepou, m

| = dibnon, m / d

vV vV v v v v VY

t = xpovog, d




YopoAoyia

Q, =A(h)

how = Uyog vepou Tavw amo tnv €000 TOU UYPOTOTIOU, M
Qo = ekpon, m3 / d
a = eKBETNg Babuovopnong, xwpig dlaotaon

B = otaBepa BaBpovounong, (m3 / d) / ma




TABLE 14.4

Parameters for a Hypothetical Stormwater

Wetland Event Scenario

Basin

Area=
Runoff coefficient =

Wetland
WWAR =
Nominal maximum depth=
Wetland area full =
Wetland volume full =
Stage area: A=aH, a=
Weir height =
Weir coefficient =
ET rate =
Infiltration rate =
Rain catchment =

Rainfall
Period =
Rain rate =
Basin catch=
Inflow start=
Inflow end =
[nflow rate =
Runoff =
Storm/wetland volume ratio =

120,000 m*
0.5

2%

1.00 m

2,500 m?*

1,250 m?

2,500 m%m

0.90 m

31,623 (m/d)}(m'-)
1.00 cm/d

1.00 cm/d

3.000 m?

1.00d
5.00 cm/d
6,000 m?
0.504d
2.00d
2,000 mi/d
3.000 m’
240
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Agltoupyla uypotoTou

» O uypotomog Ogv £xel emimedo MUBUEVA.

»  AvtiBeta, UTTAPXEL PlA UTTOTIBEPEVN TETPAYWVLIKN OXEON OTABUNG-OYKOU, N OTIOia UTTOVOE(
OTL N BpeypEVN TTEPLOXN AUEAVETAL YPAPHIKA HE TN oTtadun.

» H umoBetikn akoAoubia Twv YEYOVOTWY £XEL W £ENC:
» H katdotacn €kkivnong Tou uypoToTou €ival LEPLKWG YEUATH, HE TN oTABuUN Tou vepoL 10 cm KATw amnod

To onueio e€o6ou.

Mua otaBepn Bpoxn Eekva oto Xpovo undév kal ocuveyiletal yla pia npepa.

H amopporn amnoé tnv Aekavn anoppong apxilel peta ano t = 0,5 nuépec kat ouveyiletal yia 1,5 nuEpeC.

O uypotomnog xavel Alyo vepo amo ET (1,0 cm / d), kat amnd 6t6non (1,0 cm / d).

Ma tnv mpwtn pon nuépa (t = 0-0,5 nuépec), o uypodtomog yepilel AOyw tnG apeong cuAAoyng Bpoxng.

et =0,65 NUEPEG, O LYPOTOTIOC EXEL YEULOEL OTNV KOPUDN TNG PONG EKPONG KaL apXileL n ekpon).

Mo TNV emMopevn pon nuéEpa (t = 0,5-1,0 nuépa), o uypoTomog yepilel AOyw tNG Apeons PPoxXAGS Kal TNG

ELOEPYOUEVNC QTIOPPONC.

Ma tnv emopevn nuépa (t = 1,0-2,0 nUEPEG), 0 LYPOTOTIOC YEUILEL AOYW TNG ELOEPXOUEVNG ATIOPPONG.

Kata tn dapkela t = 2,0-3,1 nuEPEC, SEV UTIAPXEL ELOPON KOL O LYPOTOTIOC ATtOoTPAYYLETAL TTAVW ATIO TN

por ekpongc. 2 t = 3,1 nUEPEC, To Tinedo £xel pewwBel otnv Kopudr Tou weir Kal n EKPor oTapaTaA.

» Metad to xpovo t = 3,1 nUEPEG, 0 LYPOTOTIOC XAVEL vePO amo ET kat dtnbnon, kat to eninedo ouvexilel pla
apyn mTwon.

vVvVvyvVvyyvyy

VY




ATopakpuveon putiwy

EMC = ZZ(X/C)
(EMC, —EMC,)
EMC,

(V,EMC, -V,EMC,)
V.EMC,

Concentration Reduction =

Load Reduction =




ACTIKEC TANUHUPEG




ACTIKEC TTANHUUUPEC

» H amoppon amno oteyeg, ykalov, Xwpoug oTadBpeuong Kal AAAQ XapaKTNPLOTIKA
ACTIKOU TOTTIOU GUXVA TEPLEXEL TOAAEG KATNYOPIEG PUTIWV

>  Oa UTTAPXOUV PIKPEC TOCOTNTEG alwTou Kal pwowopou, BOD kat TSS,
HETAAAWY KAl (0WC PUTOPAPHAKWY.

» ‘Eva onpavtiko umooUVOAO EAEYXOU AOTIKNG ATTOPPONG ETKEVIPWVETAL OTNV
amoppon autoklvntodpopwy (Shutes et al., 2001; Bulc and Sajn Slak, 2003;
Pontier et al., 2003)

» QoT1000, 0 HEYAAUTEPOC APIOPOC CUCTNHATWY XPNGCLUOTIOLEITAL YId TV
eMe€epyacia tng amoppong Twv OpuBpLwy UGATWY ATIO YEVIKEUHEVEC AOTIKEG
TTEPLOXEC




TABLE 14.5
Suspended Solids Reduction in Constructed Urban Runoff Treatment Wetlands

Name Location Reference WWAR Area Ratio HLR Reduction
(%) (cm/d) (%)
Crookes Australia Raisin et al. (1997) 0.1 21.83 12
Mays Chapel Maryland Carleton er al. (2001) 0.6 5.35 11
Shop Creek Colorado Carleton erf al. (2001) 0.6 — 25
Franklin Farms Virginia Carleton ef al. (2001) 0.5 17.16 62
Lake Munson Florida Maristany and Bartel (1989) 1.1 5.19 93
Slovenia Highway Slovenia Bulc and Sajn Slak (2003) 1.1 — T4
DUST Marsh Californma Meiorin (1980) 1.8 — 64
Crestwood Virginia Carleton ef al. (2000) 2.4 3.69 58
Greenwood Florida McCann and Olson (1994) 2.5 2.57 68
Queen Anne Maryland Carleton et al. (2001) 38 — 63
Clear Lake Minnesota Carleton ef al. (2001) 4.9 1.71 76
Tampa Office Pond Flonda Carleton et al. (2001) 5.1 8.16 35
West Lafayette Indiana Harbor et al. (2000) 6.3 — 75
Lake McCarrons Minnesota Carleton erf al. (2001) 6.6 T.38 B3
Hidden River Florida Carr and Rushton (1995) 19.5 1.04 86
Elbow Valley Calgary Amell (2004) — — 72
Hallam Valley Low Australia Wong et al. (2006) — 400 04
Hallam Valley High Australia Wong et al. (2006) — 220 04
Kaohsiung China Kao et al. (2001a) — 7.10 37
Villanova Pennsylvania Rea (2004) — 8.16 70
Median 7.10 (%]

Note: All are FWS except for Slovenia, which is HSSE




TSS Percent Re maining = 78q°*C>* R*=0.8

TP Percent Remaining =129°* R*=0.7

TN Percent Remaining =14q°* R*=0.78
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Blopynxavikec amoppoEc

» O1 poEg amoppong Twv opBpiwy UGATWY Kal N TOLOTNTA TWV «BlOPNXAVIKWY>
EYKATACTACEWY OEV YTTOPOUV Vd YEVIKEUBOUY, BLOTL AUTEC Ol EYKATAOTAOCELC
gival TOAU OLagOPETIKEC ATTO TIC XNHUIKES OUGLEG TTou odnyouVv GTNV amoppon.

» EOw xpnoipotmoleital Evag eupuUTEPOC OPLOHOG TNE BlOPNXAVIKAG, EEALPOUHEVNG
TNC AOTIKNG KAl TNG YEWPYIKNG ATTOPPONC.

» Autn n amoppon mepAauBavel avopyaveg mnyeg alwtou, OTwE VITPIKA aAdtd
KAl dgpwvia amo £yKATaoTtacelg mapaywyng Atmacpatwy (TCl, 2005) kat
oupia amo tnv amomaywon Tou agpodpopiou (Thoren et al., 2004).




Yypotomol SLaAELTTOVTOC EPYOU

>

Aev npOKcI?\o(Jvral é)\sg Ol POEC YEYOVOTWY ATO TN PETEWPOAOYIA: N Eloaywyn Tou
vepou o€ Evav uyporono sns&spyaclag UTTOPEL VA OQEIAETAL ATTOKAEIOTIKA OF
avepwmvn amogaon. Auto loxUel yia Ta cuothpata e dlaAsimouca Asttoupyia,
ota omola mpootifetal vepo emelco0lakd Kal amootpayyiletal emelcodlakd.

Eav autn n akoAoubia epgpaviletal o€ Evav YpRyopo KUKAO, TOTE eV UTTAPXEL
onpavtikn mepiodog cuykpdtnong twv slopowv (Behrends et al., 2001).

QoT1000, €AV 0 XpOVOC KPATNoNG ival HEYAAOG, TOTE 0 TPOTIOC B OVOUAOCTEL
oladoxikn OlaAslmouca Asttoupyld.

To vepO pmmopei amAwe va cUyKpateital Xxwpic pon Katd tn SldpKela Tng EL6PONG, N
HTTOPEL VA AVAKUKAWVETAL.

To )\sltoupleo n)\sovsKtnpa glvat otL To vspo HTTOPEL va élatnpnesl £wWC OTOU
EMTEUXOEL EvAG CUYKEKPIPEVOC OTOXOC TTOLOTNTAG TOU VEPOU.

To IJElOVEKTmJG glvat otL kamola pop(pn CI]TOGFIKEUGFIQ glvat cmapaitntn.




Ala@popEC UYPOTOTTWV GUVEXOUC
AElToupylag Kal OLAAEITTOVTIOC EPYOU

Av Kal ouxva Bewpeital 6Tt 0 XpOvog o€ £va cUCTNHA OLAAEITTOVTOG £€pYOU Eival Ll6OOUVAHOG PE TOV
XpOVo, UTtapxouv Olagopol AGyol yia Toug omoioug Ogv ival lcoduvagol.

> YOpauAkn. Ta cucTAPATA GUVEXOUG PONG EPPAVICOUV KATAVOUN TwV XPOVWY KPATnong, Ue |
SlaPOPETIKA OTOIXEIA VEPOU VA TIEPVOUV OLAPOPETIKA XPOVIKA BlacTAHATA OTOV UYPOTOTIO TTOU PEEL.
Ze £va ouoTnpa OLJAEITTOVTOG £€pYOU TToU YEPIZEL KAl amooTpayyidetal moAU ypnyopa, Kabe oTolxeio
vepoU TEPVA aKpIBWC Tov 010 XpOVo 0To olkoouotnud. To amoteAEcpa eival 0Tt To cUoTNHa
élcg\s}fq%vrog £PYOU OTNV MPAYHATIKOTNTA AVTIKATOTTPILEL pla TepioTacn mou pHotadet moAU pE TN
guBoAwdn pon.

> Amoppo@noN. Z€ CUCTNPATA CUVEXOUG PONG, TO UTTOCTPWHA EKTIBETAL OE HIA OXETIKA 6Tadepn
OUYKEVTPWON PUTIWY, N OTIOld TPOKAAEL TNV £ELCOPPOTINGN TNG LKAVOTNTAG ATTOPPOPNoNG Kat Ogv
matdel mEPAITEPW POAO. Z€ £va GUOTNUA OLAAEITTOVTOG EPYOU , Ol ATTOPPOPNHEVOL PUTIOL HTTOPOUV VA
Xpnolomoinbouv pe pikpoBlakeg Kal BAAoTIKEG Olepyaocteg, padl Pe ta UAIKA udATIKNG (paong.
Emopevwg, oto teA0G plag maptiodg, n omola etvat €1mMoNg N apxn tng EMOPEVNG, Ot BeoElg
ATmopPPOPNONG EVOEXETAL VA ELVAL KEVEG KAl IKAVEG VA ATOUAKPUVOUV AUECA TOUG PUTIOUG OTNY
amobnkeucn amoppowYnong.

BAdotnon. To mepBaAAov yia tn BAaotnon ivat S1apopeTIKO oTa cuctnpata SLAAEITTOVTOG £pYou,
He POEG Bldxuong Kal O1amvong ToU TTAPEXOUV TN HETAPOPA SIAAUPEVWV OUCLWY, OTIWG 0§UYOVOU
Kal BPETTIKWY OUCLWY. ZTOV TPOTIO PONG, UTTAPXOUV EMBETIKEG SLEPYACIEG KAl PHTTOPEL va
KUPLAPXNGOUV.




ATTopporn amo mTaviopolka CUCTNHATA

> Zg& MOAAEG KovoTNnTeG otnV Eupwn kat tn Bopela Apepikn, uTapxouv maviopoikol
utrovopol. Ot syKataotaoslg sne&spyaolag AUPATWY ouvNOBwG £xouv oxeOLAOTEL yld TNV
emeEepyaocia powv xooplg N pon ™mg TAUPPNPaAg. Katd tn OlapKela HEYAAwY
BpOXOTITWOEWY, N nsplocaa napampnrerat n omoia ovopadetal ouvéuaopsvn
UTTEPXEIALON unovopoov (CSO) Mia amo Tig emAoYEG ya my avrlpstwmcn AuUTWV TwWV
uTrEPXELALONG €lval n xpnon uyporonwv Ala@popol TUTIOL UYPOTOTIWY EXOUV
KATAOKEUAOTEL Yl TO OKOTIO.

» ‘Eva ouotnpa FWS yia tn 8gpaneia tng CSO epappootnke oto Houten-Oost, OAAavdia,
to 1984 (Lageveen and Waardenburg, 1985; van Oorschot, 1990). Ot CSO Kateubuvovtal
O€ £va CEIPLAKO / TapdAAnAo AiKTuo uyporonwv FWS mou lTEplEXEl Scirpus Lacustris kat
Kolvd KaAapla (Phragmites australls) 0] uyporonm glvat 1,5 ektdpla kat ?\sltoupyouv
o€ Babog nspmou 0,5m. H EK(pOpTlGI‘] amo ToUg UYPOTOTIOUC avTAEiTal o€ Evav
aspaywyo KatappaKtn KAl OTN OUVEXELA O€ £va KavaAl. Mua ouvropn HEAETN
napaKvouenong Katd tn OlapKELld TOU KC[?\OKC[lplOU Tou 1987 mapeixe dedopEva
OXETIKA pE OUO yeyovora unspxslNong, Ta omoia lTEplElXC(V Kal Ta OUo TANPWCE OTOUG
uyporonoug H molotnta tou vepou BEATIWONKE YpRyopd KATA TNV ATTOBNKEUOH OTOUC
UYPOTOTIOUC.







TSS

» Ol uypotoTol eme€epyacia amoppowy XpNoIUoTIoloUY Thy idla oelpd
dladikaclwy TSS PE TA CUCTAPATA CUVEXOUG PONG, AAAd UTTAPXOUV CNHAVTIKEG
OlAPOPEC OTOV TPOTIO AsLTOUPYIag

» Xe avtiBeon PE TOUC UYPOTOTIOUG GUVEXOUG PONG, UTTAPXEL HEYAAUTEPN AVAYKN
va AngBel umown n pon Kat n XnUtkn GuVapLkn.

Juxvd, ta TSS elopong ivat ayvwotd.

H amoktnon dedopevwy amodoong eivat OUCKOAN £meldn ol poEG cupBaivouv o€
ouvOnkeg katatyidag kat amatteital OslypatoAnyia otevou dlAcTAHPATOC Yia
ToV Kaboplopo tng mopeiag evog povo cupBavroc.

» Eowtepika otov uypototo, ol OlEpydacieg AEIToupyoUV HE XPOVIKN akoAouBia
poN¢ Kat OlaKoTnG.

Ot petpiwg otabepec Babpideg mou Kabopilovtal amd oTtabePEC PoEC EVOEXETAL
Va PNV UTTApXxouv TAEOV.
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TSS

» H duvapikn T000 Tou VEPOU 06O KAl TWV CTEPEWY EMNPEALEL TNV amodoon Twv
uypotonwy. Eav n mepiodog Tou cupBavtog eival peyaAn o€ cUYKPLON HE TO XPOVO
KPATNONG TOU UYPOTOTIOU KATW dTIO TN PO TOU GUUBAVTOC, TOTE TO TTPWTO HEPOC
TOU cUPBAVTOG EEMAEVEL EVIEAWG TO TTPONYOUHEVO VEPO KAl N GUYKEVIPWON EKPONG
auavetal PEXPL TO MiTTEAO TTOU UTTAYOPEUETAL ATTO TNV TTAPATETAPEVN pon
oupBavtwy (Eikova 14.13).

> MeTd tn 6LaKoTI TNG PONG SUPBAVTIWY, Ol EKPOEG UYPOTOTIOU KAl Ol CUYKEVTPWOELG
e€odou auavovtal o€ cUVONKEG Un pong.

» H mAeloynegia tng emegepyaociag cupBaivel kata tn Slapkela g MePLOGoU UYNANG
pPONG Kat n amoBoAn Tou MOAU ETTECEPYACHEVOU TTPOYEVECTEPOU VEPOU CUUBAAAEL
EAAXIOTA 0TN GUVOALKN amodoon Katd tn OldpKela tng eKONAwon .

» AvtiBeta, €av n mepPiodog Tou cUPBAYTOG Eival PIKPR O€ GUYKPLON PE TO XPOVO
KPATNONG TOU UYPOTOTIOU UTIO TN por Tou cupBavtog, Tote to cupBayv 0ev SEMAEVEL
EVTEAWC TO (TTPONYOUHEVWC ETTEECEPYACHEVO) VEPO.

» H au&non tou poptiou otepewy ou e€ayetal apxilel va cupBaivel, aAAd otapatd
TTOAU KOVTd O€ ld vEa otaBepn Kataoctaon mou Kaboplletal amo tnyv £lopon

» To TSS mapépelve au€énuévo otny dpeon mePiodo PETA TO cUpBAv.
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TABLE 14.6
Suspended Solids Entering and Leaving FWS Agricultural Runoff Treatment Wetlands

WWAR Mean HLR Data Inlet Outlet Reduction
Name Location Reference (%) (cm/d) (years) (mg/L) (mg/L) (%)
McDowell Co. Morth Carolina Kao et al. (2001a) — — 1 280 88 6o
ENRP Florida Gu et al. (2006) — 310 5 5 2 58
Wetland D Norway Braskerud (2001a) 0.03 340 7 — — 50
Wetland A Norway Braskerud (2001a) 0.06 140 7 — — 39
Wetland B Norway Braskerud (2001a) 0.07 120 7 — — 56
Wetland C Norway Braskerud (2001a) 0.07 160 7 — — 53
Alastaro Finland Koskiaho et al. (2003) 0.50 12.80 2 56 46 18
Flyttriisk Finland Koskiaho et al. (2003) 3.00 3.80 2 29 26 12
St. John Valley Maine Higgins et al. (1993) 4.80 0.67 2 611 11 07
Howvi Finland Koskiaho et al. (2003) 5.00 1.90 2 530 170 68
Bl Maryland Jordan et al. (1999) 9.29 0.59 1.3 165 135 18
Foster Maryland Jordan et al. (1999) 11.40 0.48 1.3 150 35 77
B2 Maryland Jordan et al. (1999) 13.00 042 1.3 110 30 73
Braun Maryland Jordan et al. (1990) 19.17 0.30 1.3 70 55 21

57

Median




Dwoopog

>

>

‘Eva Baepovopnpsvo OUVapiko Leoluylo palacg vepou avamtuxbnke wg TAdAioLo yla tnv

Meplodika yeyovota amoppong amo Xwpda@ld oTn YEWPYIKN Tapaywyn, i amod 6popoug Kat
XWPOUC OTABPEUONG, HETAPEPOUV PWOPOPO 0€ UOATIKA CUCTAHATA UTTOOOXNG

O1 uypotomol eme€epyaciag FWS éxouv amodeixBel 0Tl amopakpUvouV ToV (puwo@opo Ao TIG
POEC cUPBavIwy KabBwg Kat amo TG oTadePES POEG.

Ot pikpoi aApoi avtipetwmidovial mToAU KaAd, aAAd ooot peyaAutepng dlapkelag AauBavouy
TOAU ALYOTEPN APAipESN PWCEPOPOU.

H duvapikn tng agaipeong Kat eEaywyng IXVNOETN Kal QuwoPOPoU HEAETAONKE OTOV TOTIO
EMOEIENG UYPOTOTIWY TOU TToTapou Des Plaines.

Ta yeyovota avtAnong uypOoTtomou mapakoAoubndnkav yla OAEC TIC U5p07\OYlK£§ HETABANTEG,
oupmepIAapBavopévng Tng aviAnong, Bpoxng, aAAayng amobnkeuong Kat EKPonG.

H eicodoc¢ kat n amokplon tou IXvnOETn mapakoAoubnbnkav o€ otabpoug El6poNG, EKPONG Kal
E0WTEPIKOU.

0 @woPopog psrpnenKe o€ ULpn?\n ouxvotnta (KC[GE €€l WPEC) YA TIG EKPOEG KAl OE
XAPNAGTEPN CUXVOTNTA YLA EIOPOEC KAl EOWTEPIKOUC oTadpouC.

Ta oupBavra anopovwenkav syKalpwc_;, HE snapKn améotaon PETasy twv TapePBAcEwY yla va
EMTPEYOUV TTANPN LOOPPOTIiA TIPLY ATO TO EMOHUEVO GUUBAYV.

eppnveia twv amoteAeopdtwy (Kadlec, 2001a).
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Dwoopoc - ACTIKN amoppon

» H nooornta (pwocpopou TTOU aPnVel Ha ?\sKavn anoppong Kata tn OlapKELa svog
OUYKEKPIHEVOU YEYOVOTOC EIvAl GUXVA AVTIKEIHEVO EPEUVAG KAl TIPOYVWOTIKWY
uovrsva Ma napa(‘islypa ot Brezonik kat Stadelmann (2002) Bpnkav kKaAn
OUCXETION Yld TOUG OYKOUG anoppong stnAwoewv otn Miveoota, pe mv mocoTNTA
BpoxOmtwong, TNV amooTpdyylon Kal To TocooTO adlanspaorng nmeploxng (R2 =
0,78). Qotoco, ol amAoi ouoxeucpm yld TIC HECEC ouyKevrpwoslg oupBavrwv Kal
Ta poptia ua(ag ocupBaviwy Ntav aduvapol kat SLEPepayv Eviova PE Tn xpnon ynge.

> Ms)\stsg UYPOTOTIWY ACTIKWY Katalyléwv napaKwAuovral amo TIg 6UGK07\lsg TTou
OUVETIAYETAL N napaKvouencn POWV Kal GUYKEVprGEwV o}3 Karaotaoslg medlou.
H napaKo)\ouenon £VOC PHOVO cupBAvTog amattei moAAd dsiypata nmorntag £Ll0PONG
KAl EKPONG VEPOU KAl CUVOOEUTIKEG xnlesg avaAuoeslc. MapoAa autd, uTTdpxouyv
TWPA TOAAEC TTOAU AeTTOHEPEIC PEAETEC, OTIWCG ot Carr Kat Rushton (1995) oTo
Hidden River tng ®Aopivta, o€ UYPOTOTIO, O OTOIOC TAPAKOAOUBNONKE APKETEG
(popEC og KaBéva amod ta 83 yeyovota Bpoxng Opoiwg, ot Godrej et al. (1999)
peAETNoe 33 ekONAWOELS Bpoxng oto uypotomo tou Crestwood tng Biptdivia.




TABLE 14.7
Phosphorus Entering and Leaving Constructed Urban Runoff Treatment Wetlands

HLR
MName Location Reference Area Ratio {cm/d) % Reduction TP
Armstrong Slough Florida Carleton et al. (2001) 0.3 34.65 39.7
Mays Chapel Maryland Carleton et al. (2001} 0.6 5.55 -7
Shop Creek Colorado Carleton et al. (2001) 0.6 — 36
Franklin Farms Virginia Carleton et al. (2001) 0.8 17.16
Lake Munson Florida Maristany and Bartel (1989) 1.1 5.19
Highway Slovenia Bulc and Sajn Slak (2003) 1.1 —
Spring Lake Minnesota Carleton et al. (2001) 1.2 —
DUST Marsh California Meiorin (1980) 1.8 —
Franklin County Ohio Carleton et af. (2001) 24 10.60
Crestwood Virginia Carleton et al. (2001) 24 3.60
Greenwood Florida Carleton et al. (2001) 2.5 2.57
Queen Anne Maryland Carleton et al. (2001) 3.8 —
Clear Lake Minnesota Carleton et al. (2001) 4.9 1.71
Tampa Pond Florida Carleton et al. (2001) 5.1 8.16
Lake McCarrons Minnesota Carleton et al. (2001) 6.6 7.38
Hidden River Florida Carr and Rushton (1995) 19.5 1.04
Spring Creek North Dakota Carleton et al. (2001} — 0.22
Elbow Valley Calgary Amell (2004) — —
Kaohsiung China Kao et al. (2001a) — 7.10
Median 5.6

Note: All are FWS except for Slovenia, which is 55F




TABLE 14.8
Phosphorus Entering and Leaving Agricultural Runoff Treatment Wetlands

Total Phosphorus

WWAR Mean HLR  Data In Out Removal
Reference Wetland Location (%) (em/d) (years) (mg/L) (mg/L} (%)
Braskerud (2002a) A Norway 0.06 170 7 0.17 0.10 41
Braskerud (2002a) C Norway 0.07 181 7 0.25 0.17 32
Braskerud (2002a) F Norway 0.08 163 4 0.22 0.17 21
Braskerud (2002a) Gl Norway 0.21 123 3 0.43 0.27 37
Braskerud (2002a) G2 Norway 0.38 67 3 0.43 0.24 44
Jordan et al. (1999) Bl Maryland 9.29 0.59 13 115 0.65 43
Jordan er al. (1999) B2 Maryland 13.00 0.42 13 0.97 0.40 59
Jordan et al. (1999) Braun Maryland 19.17 0.30 13 115 0.63 45
Jordan er al. (1999) Foster Maryland 11.40 0.48 13 0.20 0.25 =25
Kovacic et al. (2000) A [linois 4.00 2.19 3 0.21 0.17 21
Kovacic et al. (2000) B Tlinois 5.88 1.45 3 0.12 0.08 a5
Kovacic et al. (2000) D [linois 3.13 2.80 3 0.11 0.13 -18
Koskiaho er al. (2003) Hovi Finland 5.00 1.90 2 0.51 0.19 62
Koskiaho et al. (2003) Alastaro Finland 0.50 12.80 2 0.12 0.11 6.5
Koskiaho et al. (2003) Flyttriisk Finland 3.00 3.80 2 0.07 0.06 14.5
Miller et al. (2002) G Tlinois 0.16 16.50 4 0.060 0.060 -1
Tanner et al. (20035a) Toenepi New Zealand 1.00 6.90 2 0.015 0.070 -76
Tanner et al. (2003) Titoki New Zealand 2.00 19.00 1 0.075 0.015 80
Stone et al. (2003) Conestoga  Pennsylvania 0.10 32.20 1.5 0.055 0.036 35
Ballaron (1988) Crookes Australia 0.10 21.83 3 0.330 0.241 27
South Florida Water Management District ~ STATW Florida — 3.95 5 0.138 0.055 60
(unpublished data)
South Florida Water Management District STAZ Florida — 3.57 5 0.075 0.018 76
(unpublished data)
South Florida Water Management District ~ STAS Florida — 3.03 5 0.171 0.106 38
(unpublished data)
South Florida Water Management District ~ STA6 Florida — 457 7 0.067 0.028 58
(unpublished data)
Median 36

Note: All are FWS except for Conestoga, which is SSE.
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TABLE 14.9
Removal Performance of Constructed, Gravity-Fed, Urban Stormwater Wetlands

Wetland Drainage Area NH; NO,-N ™
System Location Area (ha) Area (ha) Ratio (%) (%) (%) (%) Reference
Clear Lake Minnesota 214 433 4.04 35 — — Carleton et al. (2001)
Crestwood Virginia 0.070 2.00 241 35 30 22 Carleton et al. (2001)
DUST California 22 1,200 1.83 10 15 — Carleton et al. (2001)
Franklin County Ohio 6.1 260 2.35 — — — Carleton et al, (2001)
Franklin Farms Virginia 0.125 16.2 0.78 -1 (&l — Carleton et al. (2001)
Greenwood Florida 5.24 213 246 10 —13 —11 Carleton et al. (2001)
Lake McCarrons Minnesota 2.50 38.0 6.58 35 35 Carleton et al. (2001)
Lake Tahoe Califormia 0.066 1.0 1.84 —53 23 — Carleton et al. (2001)
Mays Chapel Maryland 0.240 303 0.61 22 28 — Carleton et al. (2001)
Queen Anne Maryland 0.240 (.64 375 36 35 23 Carleton et al. (2001)
Shop Creek Colorado 1.42 223 0.64 — 21 41 Carleton et al. (2001)
Spring Lake Minnesota 26 2,260 1.15 —86 — -14 Carleton et al. (2001)
Tampa Office Flonda 0.129 2.55 5.08 39 63 — Carleton et al. (2001)
Motorway Slovenia 0.000 0.75 1.13 20 76 80 Bulc and Sajn Slak (2003)
Kaohsiung Tarwan 0.120 — — a1 — — Kao et al. (2001a)
Blacktown, NSW Australia 0.450 15 0.60 —6 16 58 Knoll and Bavor (2004)
Calamvale, QLD Australia 0.187 160 0.12 50 50 30 Greenway and Jenkins
(2004)
Coorparoo, QLD Australia 0.800 197 041 — T8 — Greenway and Jenkins
(2004)
Median 1.83 k]| 45 30

Note: All are FWS except for Slovenia and Taiwan.




TABLE 14.10
Nitrogen Species Entering and Leaving Agricultural Runoff Treatment Wetlands

Oxidized N Ammonia N Organic N Total N
WWAR  Mean HLR  Data In Out Rem. In Out Rem. In Ot Rem. In Out Rem.

Reference Wetland  Location (%) {cmd) (years) (mg/L) (mg/L) (%) (mg/l)  (mgfl) (%) (mg/L)  (mgfl) (%) dmg/L)  (mgfl) (%%
Braskerud (2002a) A Norway .06 170 7 228 229 0 0.16 .17 =5 076 0.64 16 321 310 3
Braskerud (2002a) [ Norway 007 181 7 216 2.18 -1 0.37 .36 3 0.9 0.1 13 349 335 4
Braskerud (2002a) F Norway (.08 163 4 0.75 073 3 0.07 0.07 =10 079 0.70 11 1.60 1.30 &
Braskerud (2002a) L&) Norway 021 123 3 277 250 o 0.68 (.65 3 .70 1.24 27 3.04 4.40 14
Braskerud (2002a) a2 Norway .38 67 3 277 257 7 0.68 (.65 3 .70 I.1& 32 3.04 438 15
Jordan ef al. { 1999) El Maryland 9.29 059 1.3 0.25 007 72 0.36 .31 14 2.52 3.10 =13 313 348 -1
Jordan ef al. { 1999) B2 Maryland 13,0 042 1.3 0.78 00l O 0.34 .17 37 236 1.67 20 353 1.85 48
Jordan ef al. { 1999) Braun Maryland 19.17 030 1.3 004 004 0 0.17 014 13 1.9 1.38 1 217 1.76 19
Jordan ef al. { 1999) Foster Maryland 1140 D48 1.3 0,33 011 67 0.27 014 48 271 1.24 52 331 1.34 53
Kovacic et al. (2000} A [linois 4.0 2.19 3 1300 1020 14 1.0 (.80 20 L1TL 1] 0.30 — [ 4.0 12.30 12
Kovacic et al. (2000} B [linois 5.88 145 3 10,30 740 28 0.10 010 0 L1TL 1] 0.20 — 040 1.70 26
Kovacic et al. (200} D linois 313 2.0 3 2.50 5.040 3] 0.20 010 30 L1TL 1] 0.30 — 8.70 6.30 28
Koskiaho et al. (2003 Hovi Finland 5.00 1 .54 2 7.94) 514 33 0.11 (.08 20 1.80 105 4] 0,80 6.27 36
Koskiaho et al. (2003)  Alastaro Finland (.50 1280 2 .80 .07 — 0.04 (.06 =36 1.56 177 -14 240 B.00 -
Koskiaho et al. (2003)  Flytirisk Finland 300 3E0 2 240 216 10 0.0a (.04 35 &l 0.65 =7 310 285 g
Miller et ai. (2002) L& Minois 0.1a 1650 4 1250 1112 L1 — — — — — — - — —
Tanner ¢t al. (2005a) Toenepi MNew Zealand [ .94 2 11.79 B.10 3l 0.08 le =100 14.34 0.10 O 26.20 B.6l )
Tanner ¢t al. {2003} Titoki Mew Zealand 200 [ %K) | .50 040 i 0.25 (.42 —68 110 120 -4 2.50 570 33
Stone ef al. (2003) Herrings Morth Carolina (.78 LY 3 .60 200 70 0.50 .70 —4d .80 0.94) -12 794 3.60 54
Ballaron (1988} Conestoga  Pennsylvania 010 3220 1.5 2096 1985 5 0.08 (.08 0 230 1.67 27 233 21.60 7

Median {ex. Norway) 670 31BE 29 020 0.144 13 170 116 23 .40 370 26

Note: All are FWS except for Conestoga, which is 55F; Rem. = Removal




Bappea MetaAAa

TABLE 14.11
Metals Reduction in Constructed Urban Runoff Treatment Wetlands
Percent Reduction

MName Location Reference Cd Cu Ph Wi In Area Ratio  HLR (cm/d)
Shop Cresk Colorado Carleton ef al. (2001} — . — — 24 0.6 —
Lake Munson Florida Carleton ef al. (2001 —_ —4 36 —_ 59 1.1 519
Slovenia Highway Slovenia Bulc and Sajn Slak (2003) 100 93 100 — 08 1.1 —
DUST Marsh California Meiorin ( 1989) — 3l ER — i3 1.8 —_
Crestwood Wirzinia Carleton ef al. (2000 28 66 73 —_ 29 24 360
Gregnwond Florida McCann and Olson (1994) ] 50 &l — 64 25 257
Tampa Office Pond Florida Carleton ef al. (2001) — — — — 51 5.1 B.l6
Lake MoCarmons Minnesota Meiorin ( 1989) — — 74 — .6 T.38
Hidden River Florida Carr and Rushton | 1995) a8 79 £3 —_ B4 19.5 1.04
Kaohsiung China Kao et al. (2 a) —_ —_ &5 —_ a5 —_ 7.10
Sanford Florida Harper 1 al. (1986) 71 40 55 T0 41 —_ —_
Norco Louisiana Hawkins ef al. (1997} — 33 — — T8 — —
Aiken South Melson ef al. (2004 — B3 — — Al — —

Carolina
Orlando Florida Kent et al. (1997) — — — 34 — — —
Orlando Florida Kent et al. (1997) — — — 44 — — —
Oirlando Florida Schiffer (1989} — — — 25 — — —
Irondequoit Creek New York Coon ef al. (2000) — — 79 — — — —
Median 71 49 74 39 ol 24 32

Note: All are FWS except for Slovenia, which is HSSF.




TABLE 14.12
Metals Accumulation in the Sediments of Stormwater Pond
Sediments (mg/kg)

Metal Age 6-8 Years Age 10-17 Years LEL SEL
cd <l 1.4 0.6 10
Cr 122 19.0 6 110
Cu 278 45.7 16 110
Fe 10,800 13,700 30,000 40,000
Ni &8 13.4 16 820
Ph 304 00 1l 250
Zn 104 100 120 820

Note: LEL = lowest effect level, SEL = severe effect level.

Source: Data from Wren e al. (1997) Wildlife and contaminants in consiructed wellands
and stormmwater ponds. carrent state of knowledpe and protecels for monitoring contami-

nant levels and effects in wildlife. Technical Report Series No. 260, Canadian Wildlife
Service: Burlington, Ontario, Canada.
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TABLE 14.13
Percentage Atrazine Removed in FWS Wetland Cells

Under Event-Driven Operation

Runoff Runoff Cell 1 Cell3  Cell5
Frequency Intensity

High Medium 3 &0 82
High Medium 9 Gl Tt
Medium Hizh 99 t13 &0
High High 27 76 &3
Low Low 35 48 B4

Sowrce: Data from Runes ef al. (2003) Water Research 37: 539-350.
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» Autni n e€iowon, padi pe Tn duvaplkn eoppotia palag vepou, UTTOPEL va
EMAUOEl aplOPNTIKA Yla Pla XPOVIKN CEIPd EICPOWY KAl EICEPXOHEVWV
OUYKEVTPWOEWV.

» AUTO TO HOVTEAO EXEL TTEPLYPAWPEL KAl XpNnolpotolnBel amo toug Alvord Kal
Kadlec (1996) yia tnv atpadlivn kat amo tov Kadlec (2001a) yia Tov pwoPopo.




TABLE 14.14

Phosphorus Entering and Leaving the Hidden
River Urban Stormwater Wetland Near Tampa,
Florida, 1991-1993, for 83 Rain Events

Crtho P Total P
g/l g/

Rain (45%)

1045 1 0
25 4 3
50 & 10
T5% 10 17
Ol 13 25
Mean 7 13
QOIS0 217 2.50
Inlet (55%.)

10%5% 2 67
215G 28 28
S04 40 11
T5% 49 127
0¥ 66 178
Mean 4 116
P 505 1.66 1.62
Outlet (27%)

105%: 3 7
25 T 27
50 11 40
T5% & 60
Ol 28 26
Mean 14 45
QOIS0 2558 215
Mass reduction 67% TO%

Note: The majority of the water leaves by ET (41%) and seepage (31%).

Source: Data from Carr and Rushton (1995) Integrating a native herba-
ceous wetland into stormwater management. Report by the Southwest
Florida Water Management District, July 1995, Boca Raton, Florida.




Combined sewer overflows (CSOs)

» Combined sewers collect wastewater and
stormwater

» Sewer system overflows and dumps untreate
wastewater into Ohio River and Pigeon Creek

» CSOs contain municipal and industrial
wastes, debris and disease-causing
pathogens

» Occur primarily during rain events or
snowmelts
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Evansville’s wastewater collection and treatment
systems

» Two Wastewater Treatment Plants
» East WWTP peak wet-weather capacity: 26 mgd
» West WWTP peak wet-weather capacity: 37 mgd

» Collection System
» 833 miles of sewers
» 60% combined and 40% separate storm/sanitary
» 50% West and 50% East
» 90 lift stations




Evansville’s CSOs

» 22 CSO OQutfalls

» Average annual overflow volume ~2.0 billion
gallons

» Currently capture and treat ~'/,, inch of rain

» ~35% of total wet-weather flow

» ~ 50 days of CSO activations in Typical Year

» Recelving Streams
» Ohio River
» Pigeon Creek
» Bee Slough




Evansville’s Sewer System
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CSOs and percent capture

» CSOs must be addressed because of federal mandates
» It's not If we fix our system, it's how and over what time frame
» Federal CSO policy requires:
» 75%-100% capture, 0-12 days of activation/year
» Percent capture targets are for a “Typical Year”
» Year 2000 is Evansville’s “Typical Year”

» 100% capture would mean collecting and treating overflows
from ~3.5 inches of rain in 24-hour period

» Evansville’s plan will not achieve 100% capture
» Most programs end up in the 90%-98% capture range




Challenges Unique to Controlling Evansvi
Overflows

» Large CSO volumes
» Bee Slough’s unique characteristics
» Levee and river level impacts

» Separate Sanitary Sewer overflows and capacity issues in four priority
areas must be addressed
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Unique challenges - CSO volume

Average Year CSO Volume

Evansville 2.0 Billion Gallons (BG)
Fort Wayne 1.1 BG
South Bend 0.9 BG
Indianapolis 7+ BG
Louisville, KY 4 BG
Milwaukee, WI 9 BG

Omaha, NE 3.5 BG
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Unique challenges - Bee Slough

» Three large CSO outfalls

» Ohio River level and Levee Authority pumping controls
flow and water levels in Bee Slough

» Eyesore and health risk

» referenced in decree— it must be addressed

» City’s most upstream discharge to the Ohio River
sensitive area

» ~70% of total CSO volume discharged to Ohio River

» Likely all or nothing solution to the problem — 100%
CSO control
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Unique challenges -
River level and levee impacts

» Most CSO discharges are pumped by the Levee
Authority Pump Stations during high Ohio River
levels

» Pigeon Creek water level influenced by Ohio Rive
level

» Periods of high river/creek levels require the Utility
to hold water in the system, reducing available
storage volume during wet periods
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Unique challenges -
River level and levee impacts (cont’d)

» High river/creek levels cause significant
Infiltration into the system during wet periods
due to elevated groundwater levels

» Most CSO outfalls pass through the levee

» CSO controls may require deep excavations
adjacent to the Levee in sand/gravel solls
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Integrated Overflow Control Plan (IOCF

» Two capital plans:
» CSO long-term control plan

» Sanitary sewer remedial
measures plan

» Best benefit for City's
Investment




Specific IOCP planning goals

Address Bee Slough!

Maximize underutilized existing infrastructure

Incorporate green infrastructure where possible

Optimize Pigeon Creek Sewer Main

Provide necessary redundancy and backup power at 7t Avenue Lift Station
Provide for better control of West WWTP influent

Reduce rainwater that enters the separate sewer system

vV vV v vV v v v Y

“Right size” CSO controls to increase capture and treatment of CSOs system-
wide
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West service area findings and proposed
solutions

» Pigeon Creek sewer main wet-
weather optimization

» Green infrastructure
Before » Sewer separation

» WWTP pumping improvements
» CSO storage and treatment

» Separate sanitary sewer system
infiltration/inflow (1/I) abatement

After green and control
improvements
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East service area findings and proposed
solutions

» Ohio River and Bee Slough CSOs

» WWTP wet-weather treatment capacity
expansion

» Bee Slough CSO control/wetland
» Downtown/green infrastructure
» One East System CSO on Pigeon Creek

» Oak Hill CSO control via storage

» Separate sanitary sewer system infiltration/inflow
(1/1) abatement and control
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Why a wetland for Bee Slough?

» Natural treatment

processes : B el

» No supplemental energy e %
requirements for T
treatment

» Uses no chemicals,
produces no residuals

» Provides food sources and habitat for animals
» Educational opportunities
» Aesthetic value




Bee Slough: Integrated Pest

Management Plan

Plan Components

» Larval monitoring

» Maintain habitat for natural
predators

» Larvicide application

>
>

Bti- Bacillus thuringensis israeliensis
For mosquitoes, black flies

Spores > larvae; release toxins into
mosquito’s gut, causing the larvae to
stop eating and die

Thresholds: 1+ /5 or 10 dips

MOSQUITOFISH
(Gambusia affinis)

BTi
pellet

pheto by Tim [Sv.h-m



Bee Slough Wetland Configuration

FIGURE 31
Bee Slough Control Measure
Querview

>
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Agenda

» Regulatory Background

» Evansville Consent Decree

» Sewer System Overview

» Overflow Control Planning and Challenges
» Integrated Overflow Control Planning (I0CP)
» Financial Capability

» Proposed IOCP

» Public Involvement and Next Steps

» Questions
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Financial issues:

Rates and existing debt
» Sewer Rates

» Little to no federal and state grant money available to fun
sewer system upgrades - projects funded by rate increases

» Evansville will pursue whatever grants are available and utilize
low interest state loan program as much as possible

» Current average in-city rate based on 3,859 gallons of water
usage is $26.30/month. Out of city rate is $35.50/month

» Retirement of existing debt for recent upgrades
» Existing debt is $12 million/year until July 31, 2023
» Debt load is then $11 million/year until July 31, 2031
» All existing debt retired July 31, 2031
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Financial issues: Financial capability

» Major cost components:
» Regular operating expenses
» Capital/infrastructure costs outside of IOCP
» |OCP costs

» Reasonable assumptions, e.g., interest rates, CPI,
MHI growth, etc.
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Financial issues: Financial capability

» CSO Policy makes clear that the financial healt
community is a factor in determining cost and
schedule for sewer upgrades

» Nevertheless, EPA has pushed communities to spend
to the very limits of affordability as quickly as
possible

» Been an ongoing source of frustration and financial
struggle for cities across country

» US Conference of Mayors and communities have
been aggressively pursuing change in EPA’s
approach to CSO programs 2




Financial Issues: EPA’s likely preferred IOCP
too costly

» EPA likely will want no more than 4 combined s
overflows per year

» 4 days of CSO activations = up to $815M
» 0 days of CSO activations = up to $916M

» High level of control in the sanitary system

» Evansville’s system poses unique challenges:

» May be a sizable gap between cost and level of contr
i.e., Evansville cannot afford a plan EPA/DOJ may wa
over 20 or 25 years.

» Evansville needs more than 20 year IOCP to less
rate impacts -




Summary of Proposed |IOCP: 28 year
program

CSO LTCP~*: SSRMP**;
West: $ 259M $ 22M
East:. $ 235M $ 22M
Total: $496M $ 44M

Total Anticipated IOCP Cost: S 540M over 28 years

» 92% capture; 12 days of CSO activations in Typical Year

**  Sanitary Sewer Remedial Measures Plan - capacity projects at 2-year storm
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Summary of Proposed IOCP: 28-year
program

» Pursue approach most affordable over 20 years

» Second phase allows reevaluation and refinement — total of 28 years

» Allows time

» For additional evaluations and relentless pursuit of affordable and cost-effective
solutions

» For additional flow redirection/removal
» To optimize existing infrastructure

» To ensure we “right size” CSO storage/treatment facilities based upon the best
available future information

» $12 million in debt service retired in 2031 allowing for additional funding capacity for
IOCP
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Summary of IOCP: First 20 years

Control Measure Cost
1. Bee Slough improvement Projects $ 150M
2. West Side Storage Projects $ 99M
3. Sewer Separation $ 28M
4. Green Infrastructure and
System Optimization $ 21M

5. SSO Abatement Projects $ 44M
6. WWTP Modifications $ 31M
Total $ 373M

» Achieves ~70% capture with ~50 activations ”




Summary of IOCP: Years 21 to 28

Additional 8-year plan to reach approvable level of control:

Control Measure Cost

1. 7% Avenue LS Replacement S 109M

2. Downtown Storage S 58M
Total S 167M

Total Proposed IOCP Cost Over 28 years: $540M

» 92% capture of flow and 12 days of CSO activations in Typical Year
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Summary of IOCP: Level of Control and
Water Quality Impacts IOCP

» 12 CSO activations in a typical year provides best
return on investment in water quality benefit:

» The Ohio River and Pigeon Creek are adversely affected
by pollutants upstream of Evansville CSOs

» Water quality sampling and modeling have shown that
reducing overflow frequency to less than 12 activations
per year has no net benefit to complying with water
quality standards

» Negligible improvements and no additional days of
recreational uses
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Proposed IOCP: Rate Impacts

» Approximate funding capabillity if rates increased to
and never exceed at 2% MHI:

» 20-year plan
» $373 million
» Avg. residential rate: $85.30/month in city; $115.20/month outside city

» 28-year plan
» $540 million
» Avg. residential rate: $87.10/month in city; $117.60/month outside city

» The final plan submitted to EPA will likely result in in-city monthly
rate increases of $7.45, $2.65, and $2.85 the first three years to
begin funding the IOCP. Subsequent increases through duration of
|OCP to reach and maintain 2% MHI threshold
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Example 1: Onsite or Semi-centralised
Treatment System

Low-flush - ®

toilet, :
shower, Groundwater
kitchen sink,

t Primary Treatment recharge
etc. - Out

Inspection Chamber

SR ST e 3 y

Compost filter (above), septic tank, imhoff tank,
anaerobic baffled reactor (below), etc.

Horizontal (picture), vertical, aquaculture, €

free surface or a combined
hybrid filter
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Source: UN-HABITAT (2008); STAUFFER (2012); MOREL & DIENER (2006); RU




Example 2: Hybrid CW for a Community

CW’s can also act as a treatment system for a community up to 3400 people
(e.g. Bayawan City):

- Protecting coastal waters from pollution
- Protect the health of local residents
- Reuse of treated waste water for irrigation

Septic Tank . Septic Tank
— |
*— h - .‘.

Wastewater is collected in septic tanks and
transferred through a small bore sewer
system to the hybrid constructed wetland.
The treated water can be reused (irrigation)
one part is recirculated or it could be
disposed (optional).
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Example 3: Greywater Treatment in
Urban Areas (Norway)

»CW’s can be embedded nicely in urban areas that greywater can be reuse
for irrigation or recharge groundwater.

The aerobic
biofilter with

d
Pump/siphon e

Horisontal
Level co_ntro subsurface flow
& sampling constructed
port wetland

The latest generation of constructed wetlands for cold climate with integrated aerobic
biofilter in Norway.
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Example 3: Greywater Treatment in
Urban Areas (Norway)

Upper right: the wetla
the foreground the biofi
is underneath the
playground behind the
stonewall. Upper

Left: flowforms.

- Lower left: the effluent is
% exposed in a shallow pond
4  and can be discharged in a
- local stream (lower right).




Example 4: Stormwater Wetlands (also
called Wet Ponds or Retention Ponds)

Adapted design for
stormwater management

Microbiological breakdown of
pollutants

Plant uptake (nutrients)

Retention, settling and
adsorption

Flood control

Aesthetic design for rural
areas (e.g. city parks)
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Source: METROCOUNCIL (n.y.); COASTAL WATE
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