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EYXAPIXTIEX

®a Bera va evyaplotow Bepud tov emPAénov kabnynt k. Todvn Iodvvn yio v
avéBeon g epyaciog, o0ALA Kol TNV TOALTIUN KaBodNyNon Tov Kotd TN JStdpKeld
avts. 'Emetta, 0o n0ela va guyapiomom 6Aa ta péAn tov Epyactnpiov Awyeiptong
Ydoatwkov [Mopwv ko IMoapdktiag Mnyavikng tov IloAvteyveiov Kpnmg ya
oLVEYN GLVEPYACID TOLG Kot TN Pondeld Tovg 6e EMMOTNUOVIKO OAAL KOl TPOCMTIKO
eminedo. Emiong ta uéAn g tpuerovg emtponng Kapatld I'edpyro ko Xprotdmovio

Atovdo1o.

TéNog, éva pLeyAho ELYOPIOTO GTNV OKOYEVELL OV OV e oTNPilel 6To SVGKOAQ. .. ...



IHEPIAHYH

Ta axatépyoaota kol eneEepyaspuévo vypd amoPAnta og cuvnbmg dwotifevior ota
TANGLESTEPO VOATIVO GCOUOTO, EITE LE EMPAVELNKES amoppiyelg eite o PuBiopévoug
amodéktes. ‘Evag amodéktng pmopet va mapet m popon evog Pubiocpuévov aywyov 1
umopel va meptapfavetl vav dtoyvtnpa (éva Tupo coAva didtpnto pe 600 1 Kot
neplocotepeg €£0600VG Kahovueveg ¢ Bupeg). Ot dlayvtpeg elval 1 mO ONUOPIANG
néB0d0g d1d0eong VYPOV amOPATOV, OO TOTE TOL TO LYPO dtocKopTiLeTal YVP® ATO
po euphTepn  mePLOYN, avEAvovtag TN O1dALGeN KOl HEIMVOVTOS TIG EMOPACELS OTO
vepod OV dEYETAL.

MoOnpatikd povtého  cvyvé ypnolpomoobvtar  ywo.  vo  Kabopicovv  gdv
emruyybvetar O1GALON TAVE Omd €va  OOYVLTNPO TPOCUPUOGHEVT] OTO EMIMESQ
moldttog Tov vepoL. Ta povtédo mpoPAémovv TN SAALGN TPOGOUOUDVOVTOS TO
unyoviopd avauéng méveo ar to dwvtypa. H euown emmpedletor kor and to
OoXEO1OGLO TOL JLOLTNPO KOL OO TN KATAGTOGT TOL vEPOL Tov d&yetTat. OAot avtol
Ol TOPAYOVTEG MUTMOPOVV Vo, €MWOEEOVY  ONUOVTIK TOWKIAOTNTO ,TOPAYOVTOG
TOALATAOVG TOOVOUG GLUVOLAGLOVG OLOYLTIPA-TEPPAAAOVTOS, TTOL £VOL YEVIKELUEVO
povtélo mpémel va mposopolwsel. Ot 600 mo kotvol THTOL HOOMNUATIKOV HOVTEA®DY
gtvor o OAOKANPOTIKA LOVTEAD KOl TOL LOVTEAD KAILOKOG IKOVE.

H mapodoca dumhopatiky mpoopiletor yio vo amodmcel TG Pacikés opyes g
povtelomoinong g OdAvoNG Kol VO TPOCOUOIDGEL TN SIYLOT  PLTAVTOV
VTOOAACCIOYV  aYy®YDOV UG Kol TOAAATA®V Oupdv GE OTPOUATOTOMUEVO N
OLOOHOPPO TEPPEALOV.

210 TPOTO KEPAAa10 YiveTOl avaPopd 6TO VOROOETIKO TANIG10 dtoyelptong VOUTIKMV
nopwV o€ 01eBVEC, KOoTKO Kot £6vikod enimedo.

To dgvTEPO KEPALOO £0TIALEL OTN QLGIKY TNG OLAALGONG KOL GTO CYNUATIGUO TOV
ediov TV ATOPANTOV OAAG TOVTOYPOVAOS TaPUDETEL LEPIKE aplOUNTIKA LOVTEAN TTOV
avantOoyOnkay Tig 3 teAevtaieg deKaeTies.

210 TPiTO KEPAANLO YIVETAL 1] TPOGOUOIMOT TNG JYLONS PLTTAVTMOV VTOHUAACTIWV
ayoymv piog Kot TOAAATADV Bupdv G GTPOUATOTONUEVA 1] OLOIOHOPPO KOl Y10
otdoa N un tepipdAiovro.

Téhog 6TO TETAPTO KEPALALO KATOYPAPOVTOL TOL GUUTEPAGLOTO TNG TPOGOUOIMONG,.
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KE®AAAIO 1

NOMOOETIKO ITAAIXIO

1.1 AweBvég mhaioro yio TNV TPOGTUGIN TOV VOUTIKMOV TOPMV

O 1oyvp6S AVTAYOVIGHAOS Yo TO KaBapd Kot PPESKO veEPDH, TOL AMOTEAEL Evav €V
AVETAPKELD PLGIKO TOPO, AVAUEVETOL VO, ATTOTEAECEL LU0l OO TIG O ONUOVTIKEG TTNYES
oLYKpOLGE®V 6T0 UEALOV. [ avTd dAA®oTE 1 avdAny” TG décpevong va Anedodv
péTpa ,dote v petmbel 6to pHicd o aplBudg Twv atoumy Tov dev Exovv TpdsPoocn o€
OG0 vePO Kal 6€ PACIKES EYKATAGTAGELS LYLEWNG ®¢ T0 2015,0cpnOnke ¢ pia an
avtd TIC Mo onpavtikég emtvyieg g I[oaykdouag Zvvodov yio TV aglpdpo
avamtuén mov mpaypatonomOnke oto [Noydvesumovpyk to ZentéuPpro Tov 2002.

AMG ko kotd o 3° TOYKOGUIO @OPOLU Yo TOL vePd , Tov EAafe ydpa oto Kidto
¢ lamwviog otig 22 kon 23 Maptiov Tov 2003, d1e6vnig kowvotnta enavaPePainoe ™
péylotn onuocio Tov £xel n opbBoroykn Slayeiplon Kol TPOoTOGIH TOV VOATIKAOV
TOp®V Yoo TV pomdnon g Pudoung avdmruéng kot yw TNV VAOTOINOM TOV
debvirg cvppovnuéveoy avartuElokomv otoymv e Xietiog tov Hvopévov Edvov
(Millennium Goals). ‘Exet avayvopiotel emopévog amd ola ta péAn g debvoic
Kowdttog 0Tl Ta BEpaTA TOL VEPOL Bal TPEMEL VO GLVIGTOVV KEVIPIKT TPOTEPALOTNTA
o€ TOYKOGUL0, TEPUPEPELOKD, EBVIKO KOt TOMIKO EMIMEDO.

H dwoprdg av&avopevn onuocio e aeupopikng dloyeiplong Kot Ipoctaciog Tmv
VOOTIKAOV TOP®V GE GLVOLOGUO LE TN OTAOOKN LWOBETNGT TOL HOVIEAOL TNG
OELPOPOV OVATTTVENG G KEVIPIKNG MOMTIKNG EMAOYNG, OAAG KOl TN OTOOOKN
avayvoplon TG aepopov ovamtuEng ¢ apyng tov oebvoidg mepPailoviikon
dwkaiov ,&yovv emmpedocsl KaBoploTikd To TEPLEYOUEVO TOL OlEBvovg cupPaticod
JKaiov Yo TNV TPOSTAGia Kol SloyElPIoT] TV VOUTIKAOV TOPM®V.

Ewdwotepa ,010 meplexdevo twv VO O CNUAVTIKOV dEBvav cuupdcewv yio TV
TPOCTAGiO Kol OlXElPIoN TOV SOCLVOPLOKAOV LOAT®Y, dNAadN otn ZouPacrn g
Owovopkne Emuponng yw v Evponn yww v mpootocio kot ypnion tov
JCLVOPLOKAV VOATOV Kol TV deBvav Apvav kot ot cvppaocn tov Hvopévov
EBvav yuo t1g pun vowo1mAoikég xpnoels TV S1EBvav voaTopELHATOV , OVTAVOKAMVTOL
pe caen tpoémo to véa OlebvomoMTikd oAAE KOl KOVOVIOTIKE O€dOpéEVA, TOV
amoppéovy amd v vwobémon ¢ aswpopov avamruéng. To kowd Poocikod
YOPOKTNPIOTIKO OVTOV TOV GLVONKOV €ivol OTL TO KOVOVIGTIKO TOVG TEPLEXOUEVO
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oiénetor oe peydro Pabud am v vBEMON TOL HOVTIEAOL TNG OAOKANPOUEVNG
dwayeipiong tov vootikdv mopwv (Integrated water management) g 1o mAfov
KatdAAnAo povtéro dtayeipiong. o 1o Adyo avtd cuVIGTOVV GAAMGTE GE GNUAVTIKO
Babud tig kaboprotikég O1ebvelg emppoég yuoo ) B€omion g odnyiog-miaiclo og
eMimedo evponaikng &vvoung taéng. Ileportépw ,m vioBétnon tov HOVTEAOL TNG
OAOKANPOUEVNG Oloyelplong oLVAYETOL Ol TIC OOTAEES TOV XLVONK®OV oV
pvOuilovv Bépata mOV APOPOVV GTNV TOLOTIKY KOl GTNV TOGOTIKY O1I0TOCT TNG
Jwelptong TV VOATIKOV TOPOV OAAL KOl OTNV TPOCTOCIO TOV  VOUTIKMOV
OKOGLGTNUATOV GTO TANIGLO LOG OIKOGUGTNUIKNG TPOGEYYIoNG.

Xvunepacpatikd a&ilel va vroypapuctet 6t 1060 T0 HOVTEAO TNG OAOKANPOUEVIG
dwyeipiong, 060 Kat 1 VIOBETNON NG OIKOGVOTNKNG TPOCEYYIOTG Y T dtoyeipion
KO TTPOGTAGIO TOV VOATOV GUVIEOVTAL LE TO KOVOVICTIKO TEPLEYOUEVO TNG OPYNS TNG

aepdpov avantvéng (Kapayedpyov,2007).
1.2.1 Evponaiké Aikarwo Yodrov npwv amxd tnv Odnyia 2000/60

O1 puOuicec Tov gvpomAikoD KooV Yo TOVG VOATIKOVS TOPOVS OMOTELEGAV
and TG TpOTEG pLvOoTIKEG TapeuPdoelg 6to mESIO TOL EVPOTOAIKOD OIKOIOV
epPaALovVTOC KaBmG 01 TPAOTEG OYETIKEG 00MYieg Beomionkay MOM oTIC apyXES TG
dekaetiog tov 1970. And tote péypr onuepa €xel ekdobel évo mANB0G KOWOTIKOV
00MYLOV Yl TNV TPOGTOGIO TV VOATIKOV TOPp®V. Ot KOWOTIKEG SATAEELS Yo TNV
TPOGTAGIO TMV VOAT®V UITOPOVV Vo, EvToBovv cg 000 «KLIATO» Vopobesiag.

To mwpdTO KOpa cvvictator omd vopofetikd TAEYUO TOWOTIKOV GTOY®V OV

neptlopfdver v odnyio Yy To EmM@AVEWNKE Vepd, TNV odonyia Yoo To. vepd
KOAOUPMNoNG, TNV 00Nyia Yo o vepd aAteiag, TNV 0dnyid yio Ta vEPE e OCTPAKOELDY),
v odnyia yio To TOGO vEPD, TV 0dnyia Yo TIC EMKIVOLVES OVGIEG KL TNV 00T Yin
v To VEOHYELDL VEPQ.

H mo onuavtikn odnyia oy katevbouvon g pelmons Tov EKToUm®V givor 1
odnyia 76/464, n onoia AAL®GTE amotelel LEYPL KO CHUEPX KOl TO PAGIKOTEPO TUNLLOL
TOV EVPOTATKOD JKOIOV Y10 TNV TPOCTUGIO TMV VOATIKOV TOP®V, UE GTOHYO TNV
eEdAetyn ¢ pUTOVONG TOV LOAT®V OO OPICUEVES 1O10ATEPN EMKIVOLVEG OVGIEC.

To odgvtepo kvpa meplhopfaver mo eEgdkevpéveg 00mMyieg, Ol OmOieg

dwkpivovtor and v mpoomdBela  kaBopiopod TeV  UEYIGTOV  0ploV  0VEKTNG

POTTOVONG TOV VITIKOV TOPWV OAAL KOl Ao TN BECTIOT QVCTNPOV OPLIK®V TIUMV
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EKTIOUTNG Y10. GUYKEKPIUEVEG OVGIEG KOl GUYKEKPIUEVAOV TEYVIKDOV TPOOIYPUPDV LE
Bdon Tic o GVYYPOVES AVTIPPVTOVTIKEG TEXVOAOYies. O1 IO YOPAKTNPIGTIKEG 0ONYiES
TOV OEVTEPOV KLLATOG Eivart

e H odnyia 91/271 n omoia Oeomilel CLYKEKPYEVEC VITOYPEDGCELS Y10 TO KPATY-

LEAN OGOV aPOopd TN GLAAOYN, emeepyacia, Kot OmOPPIYN OOTIKOV AVUATOV
Kol AOUATOV oo OptoHEVOLS PLopmyavikoHs KAGIOLG.

e H odnyla 91/676 pe v omoio emdidkeTon M peiwon g pdmaveng Twv

VOUTIKAOV TOPWV OO TO VITPIKE 1OVTO YEDPYIKNG TPOEAELONG.
e H odnyia 98/83 n omoia Oeomilel cLYKeKPUEVEG OLGTNPEC TPOVTODETELS Yol

TNV TOWOTNTO TOV VEPOV TTOL TTPoopileTat Yo avOpOTIVI KATAVAAW®GT).

1.2.2 H Odnyia 2000/60/EC, IThaicro Kowotikng Apdong oto Topéa tov Ydoartwv

IHuepa 10 €VPOTOIKO VOpoBeTIKd TAaIclo Yo TN dloyeipon TV VIATOV
kaBopiletar kupimg amd v Odnyio 2000/60/EC otnv omola mpoteivetan £vo Lovtéro
dwelptong tov vOATIKOV TOpmV pe otdyo TN dwnpnon kot Peitioon g
KOTAGTAONG T®V VOOTIKOV ovotnudtov Kol kabopiletor 10 mAOUGO Y TNV
OAOKANPOUEVT dloyelplon TOVg GE €MMEOO TOV AEKOVOV amoppons, He Pdon v
acwpopia. [Tapéyet ™ Pdon yia ) ¥Gpaén Kot VAOTOINGN omd TAELPAS TOV KPATDOV —
HEADV H0G PLOGIUNG TOMTIKNG Y10 TOVS VOOTIKOVS TOPOLS, HE OTOXO TOGO TNV
KOVOTIOIN o1 TV OVOYK®V GE VEPO daYPOVIKG OGO KOl TN TPOCTAGIio Kol 1 Tpnon
TOV VOATIKOV OIKOGVOTNUATOV PECH TNG EMITEVENG TOL GTOYOL Y10 KOAT KATAGTAO)
T0VG £m¢ 10 2015.

Kvprog 61605 ¢ 0dnyiag amotelel n 0éomion mhaisiov yio v Tpoctacio TV
ECOTEPIKDOV  EMPOVEINKADV, UETOPATIKOV, TOUPAKTIOV Kol VROYEW®V VEPOV. X&
avtifeon pe ™V vadpyovco evpwmaiky vopobesia n mapovoa odnyia opiler éva
evpitato medio eQoapuoyng vrepPaivoviag TOV OMOGTOCUATIKO YOPOUKTAPO TOV
TPOTYOVUEV®V PUOUIGEDV, TPOYOPAOVTOS GE L0 EVIOIN TPOGEYYIOT) TOL TPOPANUOTOS
(Kapaysmpyov ,2003).

¥10 kelpevo g odmylog opileton yioo TPAOTN @opd M Evvoln NG AEKAVNG
ATTOPPONG TOTAUOD OC «7 EOOPIKY EKTOON OTO THV OTOLO. GUYKEVIPMVETOL TO GOVOAO
TS OmOPPONS UEGD OlOOOYIKMV PEUCTOV, TOTOUDYV Kol TOOVOS LUvov Kol

rapoyevetor oty Gdlacoo pe evioio otoulo motouov, ekfoléc 1 délton (apbpo 1).
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XOppova pe v odnyia ta kpdtn—uUéAn Ba mpémel va. opicovv KaTapyiS To VOUTIKA
dwpepiopoTo 6T0 TANIGIO NG EMKPATELNG TOVG, UE PAON TIG EMUEPOVS AEKAVEG
amoppong motopoV. [lpénet vo S1ocpoAoTel N EQPOPLOYN TOV KAvOV®VY TG 00NYiag o8
K@Oe meployn Aekavng amoppong motopol, Oeomilovtag Tig KaTdAANAES S1OIKNTIKES
povOuiocels, peTta&d TV 0moimV CLUTEPIAAUPAVETOL KOL O TPOGOIOPICUOG TNG OPUOOTOG
apynsg v m owyeipton tov vodTOv. To KUPLO TAEOVEKTNUA OVTOD TOV HOVIEAOV
dwxeiptong, mov €xel g Poactky] povada v TEPLOY] AEKAVNG OTOPPONG TOTOALOV,
gykeltor €01KOTEPO, 6TO Yeyovog Ot Kabiototar dvvatdv va ANeOovv vmoyMN ot
SPOPETIKEG LOPPES TOV VOOTOG (VEPD TOTAUMY, AMUVAOV, TNYADV), Ol OPOPES
YPNOES TOV, OAAG KOU Ol EMMTAOGEL; TOV LEIoTATOL KUPIOS amd TIg avOpOTIVES
dpacTNPOTNTEG OTO TAOUIGIO HOG ELPVTEPNG YEWYPAPIKNG Tepoyns. Etor o
OYEOWICHOC KOl 1 OlYEIPION TOV  VOATIKOV TOP®V  Yivoviol TEPLGGOTEPO
amoteAecpaTIKE KaBDG eivol TPOGOVATOMGUEVE GTA PLGIKE dedopéva Kot GUVONKES
pe Paon ta omoion koBopifovror ot OVTICTOWXES OOKNTIKEG €VOTNTEG KOl Oyt
avtiotpoa (Kapaysmpyov ,2003).

O epifarrovtikoi 6tdyotl g OdNyiag amrocKOTOLY KVPImG 6T TPOCTUGIO Kot
BeAtioon TV OWKOGLGTNUATOV, GTNV TPOOOEVTIKN HeiwoN TG POTAVONG TOV
VOATOV, o1 pHelmon TOV SVCUEVOV EMMTOCE®V OmO TANUULPEG Kot Enpacieg kot
otV mpootacio TG mowdtntag TV BoAddociwv vodtwv. Ot otdyol avtol
KOTOTACoOVTOL GE TPELS POCIKEG EVOTNTEG, TOL OVOPEPOVTOL GTO EMUPAVELNKA VEPU,
oTo LIOYEW VEPE KOl OTIS TPOCTOUTELOUEVEG TePLoyES. Evialog otdyoc eivan m
KOTAKTNOT KOl dTtpnomn g KOANG modtnTtos OA®mv TV vdatkdv nopov. Ot
KOVOVIOTIKOl TTpocdlopiopol ot omoiot ekppdlovv v embBounty KoTdoTOoN TNG
ToTNTOS TV LOATEV opilovion péow TV oyediwv dayeipiong oto TAAIGLO TG
TEPLOYNG AEKAVIG QLITOPPONG TOTALLLOV.

Ta Zyxéda Awoyeipiong katoptiCoviot yio KOs meployn AEKAVNG amoppong Kot
amoteAobv éva mAoiclo to omoio divel TN OSvVOTOTNTO Yo ML OAOKANPOUEVN
TOPUTPNON, EEETOCT KAl AVAALGT] TOV PUOTKAOV YOPOKTIPIOTIKAOV, ETLPAVEIOK®OV KoL
voyelov vepwv. Méca oe avtd eEetdleton M SvvATOTNTO 1KOVOTTOINGNG TV
JPOpmV avoyK®v oe vepd aAAd Kot 1 €€100ppOTNoN UETAED OVTAYOVICTIKOV
avayKaOV 0£Toviag TPoTEPALOTNTES KOl KOTAOTPMOVOVTOS KOUTAAANAQ Ol0XEPIGTIKA
oeviplo (nmomng. Emiong oto mAaicio tov oyediov dwyeipiong g Aekdvng
AmoppPoONG, UTOpel v yivel KOAVTEPOC GULYYPOVIGUOC TMOV GUVOAIK®V UETPOV
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TPOGTAGING T®V VOATOV AoUPAVOVTOC TAVTOTE LIOYT TIG WOTEPOTNTEG TOGO OO TN
TOGOTIKY] KOl 7OL0TIKN KOTAGTAGCY, TOL LOATIKOD OLVOMKOL TNG OGO KOl To
npoPAnuata Tov epeoavilel aAAd Kot TIG W1TEPOTNTEG TOV AVAYKMOV GE VEPO. Alvetal
€101 1 gukopia Yo eTiteELEN OAOKANPOUEVTG TTOALTIKNG TPOOTUGIOG VOATOG.

Kdabe kpatog pérog eCacporilel 6Tt yia kdbe meployn] AEKAVNG OmOPPONS
TOTOUOD TTOV OVIKEL OAOKANPOTIKE 1 TUNHO TNG GTO £50POG TOV, avaAaUPAvETAL: o)
N oviAVoY TV XOPOKTNPOTIKOV NG  (YewAoywkd, Kot VOIPOYEWAOYIKA
YOPOKTNPIOTIKA  KaODC Kol VOPOUY®YWOTNTA, TOPMOES, OTEYOVOTNTA, T
YOPOKTNPIOTIKE TOV EMPAVEIOK®DV €VOTOOECEMV Kol €30QMV TNG VOPOALOYIKNG
Aekdvng amd v omoio TPOPOSOTEITAL O VIAYELOG VIPOPOPENS, YAPUKTNPIGUOS TNG
ANUIKNG 60VOEGN S TOV VIOYELWV VEPDV, KTA) B) 1 EMOCKOTNGCN TOV ENTAOCEDY TMOV
avOpOTIVOV  SPOCTNPOTATOV CTNV KOTACTOCN TOV EMLPAVEINKOV KOl VTOYEI®V
VOATOV KO Y) 1] OIKOVOULKT avBAVOT| TG XpNong voatog. Ot mapamdve avaAdGES Kot
EMGOKOMNGES Ba yivovTal cOUe®VA e TIC TEXVIKEG TPOdLaypaPEg Tov opilovtatl otV
Odnyia.

Erniong v «éBe mepoyn Aekdvng amoppong mOTAPOD TO  KPATN-HEAN
Pocdopilovy Ao Ta VOUTIKG GUGTHHOTO TOL (PN GLLOTOLOVVTOL Y10 TV VOPOANYia

pHe OKOTO TNV avOpOTVY KOTOVIAMOY Kol TapEyovv Katd HEGO Opo Aved TV

10m3nuspncioag N €ELINPETOVY TTEPIGGOTEPA. MO TEVIVTA ATOLM, KOl GUGTHUOTO TOV
nwpoopilovion yia ) ypnon ovty. Ta kpdtn-péin npénet va eEacpoaiilovv O6TL T0 vEPO
OV TPOKLATEL OO aVTA TANpol Tig amontroelg g Oomylag 80/778/EOK o6mwg
tportortomOnke pe v Odnyio 98/83/EK, kabdg kot v amopuyn g vrofaduong
™G molOTNTAG TOVG, £T61 MOTE va Hewwbel To eminedo eneEepyaciog Kabapiopod mov
QTOLTEITOL Y10l TV TOPAYWYT TOGILOV VEPOU.

TéNog, véo otoryeio mov glodyet 1 Ooryia 2000/60 givor | otkovopkn Bempnon
oN OSlelpton TV VIATIKAOV TOPWV KOl GTN AYN OTOPAGE®V VOUTIKNG TOALTIKNG,
Y. TO YOPOKTNPICUO TOV AEKOVOV OTOPPONG TOTOUOL Kol Ylo. TNV EMAOYN TOV
KatoAAnAotepov pétpov. H emitevén tov mepiBaiioviikdv otoywv g Oomyiag
Bacileton og OKOVOKES TOMTIKEG (1] apyn «O PLTOAVEOV TANPOVEL)), OIKOVOUIKA
epyodrela kot teXVIKEG (AVOADOT TNG OKOVOUIKNG OMOJOTIKOTNTOS TOV HETPMV) Kot
pétpa (Tipoddynon vanpeciodv Hoéatog). H onuavtikdtepn cvveiocpopd g Oomyiog
elvail n Onpovpyia evog kotvol mAoiciov dtayeipiong mov mePIAapPAvel TOMTIKES Kot

HETPOL OTOC M TIWOAGYNON TV LANPECLOV VOatog pe Pdon v avdxtnon Ttov
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oLVVOAIKOV KO06ToVG(To001006,2002). 10 MTPpdTO G6TAdI0 EPapUoYNS TG Odnyiog Ta
KPATN HEAN LTOYPEMVOVTOL VO EKTIUNGOLY TO Babfud 6Tov 0moio T0 GLVOAIKO KOGTOG
TOV VANPECIOV VOATOG OVOKTATOL KOL GE EMOUEVO OTAO0 VTOYPEDVOVTOL VO
YPNOYLOTOU|COVV TIG KATAAANAEG TOMTIKES TIHOAGYNONG Y10, TV TANPT AVAKTNGT TOL
KO6GTOVG LINPESIOY Voatog. Méypt 1o 2010 Ta kpdtn péAn e&aceaiilovv OTL ot
TOMTIKEC TILOAOYNONG TOL VEPOL Oa TapPEYOVV KATAAANA KV TP GTOVG YPNOTES Yo
OTOTEAECUOATIKY] KOl GOOTN YPNON TOV VIUTIKOV TOP®V KaODS Kol TN S1dKplor TV

SPOP®V XPNOEMV VOUTOG TOVAUYIGTOV GE Propnyavic, VOIKOKUPLE Kot Yye®pPyia.

1.3 H ATAXEIPIZH TQN YAATIKOQN ITOPQN XTHN EAAAAA
1.3.1 O Yoatikoi I1opor otnv EALGOO

Ymv EAMGda, 0 cuvolikdg OYkog vepoL TV Katokpnuvioudtov (Bpoyn Kot

9 3
xovy) ektipdton o€ 115x10 m avd €toc. Ta cuvoAikd avovedoio amodEpato vepou

9 3
avépyovtar oe 70x10 M avd £€10¢ KO 1) GUVOMKN OVTIGTOYYN KOTOVAAMOT| OE

5.5X109m3. Ao avtd to 80-84% ypnoiponoteital yoo apdELTIKOVS oKOTOVG, 0 13-
15% y1a v HOpevon oKIGUAOV Kat T 2,5-4% dtatiBeton yia Propmyavikn xpnomn Kot
napaymyn evépyelag(Mulonovrog,2001). Tlap’ 6o dpwg mov ot apBpoi dgiyvouy o
TOAD 1KOVOTOUTIKT KATAGTACT] Y10 TOVS VAOUTIKOVG TOPOLS TG YDPOS, oty EALGS
10 vepO amoterel onuovtikd meptPailoviikd {RTnuo mov omottel Waitepn Tposoy].
H xpoyomta tov {ntiuatog apopd mapdyovieg mov oyetiloviol TOG0 [E To
KMUOTIKE KOl TO YEOUOPPOAOYIKA YOPOKINPIOTIKA TNG YOPOS, OGO KoL HE TNV
TOMTIKN TS dwyeipiong mov epoapudletoan ot yopa poc. H yopikn kot ypovikn
OVICOKOTOTOVOUY TNG QUOIKNG TPOGPOPAS TOL VEPOL NG Ppoyng OAAL Kot TG
Mmong tov givar €vag amd avtovg Tovg mapdyovtes. 'ETol, otnv nIepoTikn Kot
opewvy EAAGO0 ko kotd TOUG YeEWepPvoDg UNVEC Topatnpeitol TO UEYOADTEPO
TOGOGTO TOV PBPOoYonTOGE®MY, VM OvTIBETA 1 TESIVY KOl TAPAKTLOL YDPO, GTNV OmToia
GLYKEVIPAOVETOL KOl TO LEYOAVTEPO UEPOG TNG OVOPOTIVNIG dpacTnploTNTaS (Yewpyia
Kol TOLPIoPOS), 0eevog yapoktnpiletor amd younAd mocootd Ppoydntmong,
apeTépov VIApyel {TNoN Yo KOTAVOA®ON HEYAA®V TOCOTNTOV VEPOV. Ag Un
Eeyvhpe mmg 600 amd TOLG CNUAVTIIKOTEPOVS OTKOVOUIKOVS TOPEYOVTEG TNG XDPAS, O

TOVPIGHOG Kot 1) Yempyia, otnpiloviol 6TV KATOVIA®GT VEPOL.



O meplopiopévog apBpdg Kot 1 YEQYPOQIKY KOTOVOUN TOV  TOTAHIOV
CLOTNUATOV, 1] OTTOi0L OPEIAETOL GTO YEMUOPPOAOYIKO avAyAvpo kKabmg Kol 1 EAAEYN
VOPOTEYVIKAV  €pymv, odNynoe oe peydlo aplBpd YeOTPNOE®YV Kol OTNV
VIEPEKUETAAAEVCT] TOV VLTOYEIOL VEPOD LE OMOTELECUN GE OPICUEVEG TEPLOYEG TNV
évtovn) vmoPdduion g otdbung tov VIOYEOL VOPOPOPEX 1 OKOMO KOl TNV
VQOAUVPIVOY] OE TOPAKTIEG TEPLOYEC. AVIUMIPOCHOTEVTIKO TOPAdEYHa &lvar 1
avatoAMKn meployn ™G Oeccariag oty omoio NON €xEl EIGYWPNOEL N VOAAUVLPN
oPNVo. 6ToV VOATIVO VIPOPOPEN. H vOaAIdpven TV VOPOPOPE®Y TOV TAPAKTIOV
KOl VICLOTIKOV TEPLOYDV, AOY® TOV VIEPAVIANCEWDV &ivar 0 AOYOS Yo TOAAG
npofAnuata Aenyvdpiag kuping ota viold g yopogs. Emiong oe meployés pe évrovn
aypoTIKY] dpacTnPOTTA 1 0AOGYIeTH YPHON AMTAGUATOV KOl QUTOPUPUAK®V OE
oLVOLOOUO HE TNV EAAEWYT HETP®V TPOCTAGING Yol TN OlOYETELGT TOLG EYEL MO
OTOTEAEGLOL T TTOLOTIKT VIORAOUGT TV VOPOPOPEMV.

e 6ha ta Tapamdve tpootifetat kot 1 avurapéio eviaiog moltikng oe Bépata
VEPOD OTN YOPO UOG. X& O0IKNTIKO EMIMEdO OV VILAPYEL GAPNG TPOCIOPIGUOG TOV
ApUOSI®OV 0pYaveV oV GYETICOVTOL e TOVE VOATIKOVG TOPOLS Kabdg 1 vouobecia
OV 0POPE GTOVG VIATIKOVS TOPOVG, OV EYEL EQPUPUOCTEL AKOUN OAOKANPOUEVAL.
Inuovtikd onueio emiong omotehel M vwotioAdynon tov vepov otnv EAAGSa. To
vepd Bempeitar Kowvovikd oyad mTov TPEMEL VO TAPEYETOL GE YOUNAT T KOl TOL M
KOpLOL YPNOTN TOV, N APAELOT|, Elvarl oYedOV dWPeAV, TPAyUa Tov {6mG TapeUTOdilEl
TOV amod0TIKO Kot 0pOoAoykd TpOTO dlayeiplong Tov.

Téhog, onv EALGOG KOpla vOATIKA GUOTANATO «UOPALOVTOLY LE YEITOVIKEG YDPES.
Ta kOpo motdpia cvotuota tov Popelov Tpunqpatog g yopos, (ERpog, Néotoc,
Yrpopdvag, AE0g, AMdkpovag) kabmg Kat Tpelg omd T LEYOADTEPES AMIVES AVITKOVV
KOl GE YEUOVIKEG YDPES. Avtd dvokoAeDEL TOGO TOV €Aeyy0 NG POTAVONG TOV
eupaviCetoar ota cuoTHUATE AVTE 660 Kot TNV AEOTOINCN TOL VIATIKOD SVVAUIKOD
avtov. H xoataokeun evdg teyvntod €pyov 1N Ty M EKTPOTN UEPOVS TOL POV EVOG
S0IGVVOPLOKOD TOTOUOV aTd Lo YMOPa, Bo £xEl AUECO AVTIKPIOUO GTNV YEITOVIKT TNG.
'Y avtd kot n duoyeipton TV SGLVOPLIKOV GUGTNUATOV EMPAALEL Lo GUVEPYAGTQ

LETAED TV YOP®V LLE GTOYXO TNV EVIAi SLOYEIPION AVTOV.



1.3.2 To €0viké vopo0eTiké mhaiclo

‘Etot 10 1987, petd v évtaén g yopog otnv Evponaiky ‘Evoon, yneiotnke
0 vopog 1739/87 yio t «Awyeipion tov Ydoatwkov IIopov» tng xdpag, o omoiog
amoTEAEL KOl TNV TPMTN EMIONUN KPOTIKN TOpEUPAOT) Le GTOYO TNV TPOCTAGIO Kot TNV
opBoroywikny alomoinon tov voatkov dvvoukov. O vépog 1739/87 vmnpée
KOLVOTOHOG OTY] CUAANYN TOL, KAOMG avTIUETOTILEL TO vePO ¢ PUOIKO ayabd o€
avemdpkelo Kot Sivel ELPAOT) GTOV KOWWMVIKO YopaKTipa Tov. Idwaitepa onpovticég
vmpEav ot Pacikéc apyég ko dtatdéels Tov pe Pdon tig omoieg avayvopileTor o
oTpaTNYIKOS poOAog TG Awayeipiong tov Ydotwav I[lopov, m omoio mAéov
dwywpileTor coOS amd TN XPNon Tov vepoL, Becpobetovvror ta dpyava GoKNoNg
NG G€ KEVIPIKO Kol TEPLPEPEIKO eMinedo kot amokadiotaTor o popéag yio TV eviaio
AVTILETMOMION TG 0O UEPOLG TNG dLOTKNOTG.

Inuovtikd emiong onueio tov vopov etvar 6Tt avayvopiletor N advvopio
TOVTIONG TNG PLGIKNG HOVAOAG TNG VOPOLOYIKNG AEKAVNG LE TO SLOKNTIKE Opla NG
Nopapytog ko g Ieprpéperoc. 'a 10 AdYo avtd N yopa yopicOnke oe 14 vdotikd

dwuepiopota  mov  mEPAoUPAvovLy  OAOKANPOUEVO  VOPOYPOUPIKE  diKTya,

yopoaktnpifovor and Opoteg Katd 10 SLVOUTOV VOIPOAOYIKES GLVONKEG KO T OO0 OV
KOL OVTIGTOLOVV GE SLOIKNTIKEG TEPLPEPELEG, EVIOVTOLS OEV GLUTITTOVY VIOYPEMTIKA
pe avtés. Kabe voatikd oapépiopo meptlopupdvel por M Kol TEPLGGOTEPES
VOPOAOYIKEG AeKAveg Ko amotedel T Pacikn S101kNTIKY povada yio TV Acknon Kaoe
dpactnpoTNTag dlayeiptong N xPNong vepov. Xe kdbe O10nTIKd SopUéPIGHA
avtiotoryel ko po [eprpeperokn Ymnpesio Awayeipiong tov Yootwov Iopwv. Ot
OEKATECTEPLS OTEG VANPEGIES, OVIIKOLV OPYOVIKO GTO GUVIOVIGTIKO (POPEN TOV KATA
10 Voo givar to Ymovpyeio Avdmtuéng. (Xatinevayyérov,2005).

Mo Tpd™ Popd o1 vopobesio kKablep®VETOL O TPOYPOUUATICUOS AVATTUENG
TV VOUTIKOV TOpwv. Baocwd Prpo yio tov mpoypappoatiopd ovtd omoteAel 1
Stpopemon 1eoluyiwv Tposeopds kot {fitnong vepol pe Bdor, TOG0 TNV LPIGTANEVT
KOTAGTAOT), 000 Kol TN HEALOVTIKN TTpoontik| Kol e£EMEN. Ta wwolbyla exmovovvton
TPMOTO, G€ EMMEGO AEKAVNG OMOPPONG, YEVIKELOVIOL OUMG OTN CLVEYELD GE EMIMEDO
V30TIKOV drapepiopaTog, cupmepAapPdvovtag T oy€oelg Letalh TV AeKavaV.

Inuoavtikn pobon tov vopov 1739/87 amotehel 1 Kabiépwon tov Becpov g

AOEWC YL TNV AOKNGON TOL OIKOIMUATOS XPNONG TOL VEPOD Kol EKTEAEONC £PYOV



a&lomoinong tov. Me tov TpOTO OVTO EMTLYYAVETOL TOGO O EAEYYOC TWV VEWV
YPNOEDV KOl EPYwV, OGO KOl 1 KATOYPAPN TOV VOIGTAUEVOV KOTUVOADCEDYV TOL
vepov. Ao TV voypémon £kdoong Gdelag eEapohvtar ot oKlakég avdykeg (LExpt 3
KUPKA pétpa TV nuépa).

O vopog 1739/89 éywve 61610¢ OVTIOPAGEMY, GLVTEXVIOKOD KUPIME YOPAKTHPO,
Kol BOpa TG Yvoo g adpdvelag g ototknTikng unyaving. Ta Ilpoedpikd Atatdypoto
mov mpoPAémovtav  kabvotépnoav vo €kd0000V Kol akOuN TEPIGGHTEPO VA
viomomnBovv. Avtd elye ®G omotéAespa T ONUovVPYio €vOG VOLOL TOV Omoiov 1
emrtuyio oTNPIYTNKE OTN OO0IKNTIKY LETOPPVOLIOT KOl TNV ATOKEVIPOUEVT OO, VO
epappoleton pepcd. H epoppoyn tov meplopiotnke 6TV KEVIPIKN TOL LANPEGIO EVAD
Ol TEPIOCOTEPEG TEPLPEPEINKES VLANPECIEG Ogv €ylvav TOTE KOl OGEC Eyvav
Aertovpynoav TANUUEADG Kol e EAAYLOTO TPOCSHOTIKO.

AegkagEl ypovio apydtepa, ynoiommke o vopog 3199/2003 ywo t «IIpoctacia
kot Atatipnon tov Yodtov — Evapudvion pe v Odnyia 2000/60/EK». Zdpewva pe
10 vopo 3199/2003, kabopilovtar ot popeig kat Ta dpyava wov givarl vtevhvva Yo TN
JLXELPIOT) TV VOATIKDOV TOPMV.

‘Eto, oe EOviké_emimedo ovvictator n EOviky Emitponmy) Yédtwv m omoia

YOPAGGEL TNV TOMTIKN Y10l TNV TPOCTAGIO Kot SaXEipion TV vddT®V, Tapakolovdet
Kol EAEYYEL TNV EQOPUOYN TNG Kol €ykpivel, petd amd gonynon tov Y.IIE.XQ.AE.
Kol yvoun tov EBvikod Zvpoviiov Yodtwv, ta eBvikd mpoypdupato Tpocstaciog Kot

dtxelptong tov VOATIKOL SLVOUIKOV TNG Y®Pos. Xvvictator to Efvikd Yvufovio

Yddtov pe 1 ovppetoyny TOAADV @QOpEmV Kol £xovtag KLplg GLUBOLAELTIKO
yopaxtpa onévavtt oty EOvikr Emtpony| Yodtwv. Xuvictatar oto Y.IIE.XQ.AE.

n Kevrpwr) Yanpeoio Yodtwv n onoia aokel kupimg Tig €ENG 0prodtdTnTeS:

e Koartaptiler eBvikd mpoypdupata mpootaciog kot dwyeipiong eBvikov
VOUTIKOV OLVOLKOV.

e Eionyeitor tovg yevikovg Kavoves KOGTOAOYNONG Kot TILOAGYNONG TOV
VOATOV Kot TOPaKoAOVOEL TNV THPNON TOVC.

e FEionyeiton vopoBetikd kol S0kNTIKG UETPO YLOL TNV TPOCTOGIO KO
dwyeipton TV VIAT®V.

o Awyepiletoanr BAcn VOPOAOYIKMOV KOl HETEMPOAOYIKMDV OEGOUEVOV GE

£bviko eninedo.



o Tlopaxorovbei tnv moOTNTO Kot TOCOTNTO TOV VOATOV GE GLVEPYAGTH
pe tic Atevboveelg Yodtov tov [epupepeimv.

o Tlopaxorovbel 1N Aettovpyic TV Atevbivoeov Yodtov ToV
[Teprpepeldv kol mapéyel 0dNyieg yioo TV ACKNON TOV OPUOSIOTHTOV
TOVG,.

Yvviotatal téhog 1 [vopodotikn Emtpor Yddtwv, n omoia yvompodotel mpog

™ Kevtpikn Yrnpeoia Yddtmv.

Xe Ileppeperarxo ermimedo, m Aevbvvon Yodtov g Ilepipépelag eivar
OPLLODIOL, ETLYPOLLUATIKG, Y10, THV:

e Ilpoctacia kot dtayeipion kdbe Aekdvng amoppong OV AVAKEL G QLTI
(amd KovoU Yoo AeKAVES AMOPPONG TTOV OVIIKOLV GE TEPIGGOTEPES OO
pa Heprpépetec).

o  Afym avoykoimv HETPOV TOV 0pOopOLY KUPImG : a) TNV avaBdduion kot
ATOKOTACTACT] VOATIKOV GLCTNUAT®V, B) T TPOANYN g vToPdduiong
TOV VOATOV, ¥) T pelmon ¢ pOTaveng Kot T otadtokn Edienyn TV
amopplYem®V TOV SAPOP®Y OVGIAV 0) TNV 160ppoTio Hetald GvIAnong
Kol EUTAOVTIGHOV VOPOPOPEMY €) TO UETPLOCUO TOV EMATOCE®V OO
TANUUOpEG Ko ENpacies.

o  ZuyKkéVIpmOTN Kol EMEEEPYNCIO. TOLOTIKAOV KOl TOCOTIKOV GTOUXEI®MV
(0wooTOAY| 6€ BAom VOPOLOYIKADV KOl LETEMPOLOYIKAOV dEGOUEVDV).

e  Mépva yuo T GUUUETOYN TOV KOWVOU.

Yvvictotal, emiong, Hepupeperokd Zvufodio Yodtwv mov yvopodotetl mpv v

gykpion tov Zyediov Atayeipiong aAld kot yo kB B€pa mov Tov {nndel yvoun.

H mpooctacio kot 1 dwoyeipton tov vdoTik®v TOpV yivetor 6T0 TAAIGIO TG
Aexdvne amoppong motopov. o kdbe Aekdvn oamoppong TOTOUOV 1 AVTIIGTOLYM
[Teprpépera exmovel to Xyxéo10 Awayeipiong 1o omoio woyvet yua €1 ypovia. To Zyxéoro
Awyeipiong mepiéyet 6Aa ta otoyyeio, MANPoPopieg Kol EKTIUNAGES 7OV &ivat
OTOPOATNTO YO TV TPOCTOGIO Kot SloXElplon TV vddTmv. X’ avtd teptlopfdvoviot
kot to Ilpoypdupata Métpov wor to Ilpoypappota IMapakoAiovbnong g
Kataotaong Tov Yodtov mov emiong xotaptiCovrar amd Tig Ileprpépetec. To
[pdypappa Métpov kabopilel o YEVIKES YPOUUES TO LETPO TTOV OTOLTOVVTOL Y10 TN
dtnpnon mpootacio kot PeATioon g modTNTAG TOV VOATIKOV TEPPAAAOVTOS, TN

TPOCTAGIO. KOl SLYEPION TOV VIATOV TOV AEKOVAOV OTOPPONG TOTOUDY, TNV
10



OVTILETOTION TNG POTOVONG Kot TN S1sPAMOoT NG aelpopov ypnons. To Ipoypappa
[MapaxorovOnong mepiéyer  edkoéTEPOL  pETpO. mov  eac@arilovv 1N  Ol0pKN
TOPOKOAOVONON TOV TOWTIKAOV TOPOUUETPOV KOl TNG TOCOTIKNG KOTACTAONG TOV
VOATOV KABMG KOl TNG OIKOAOYIKNG KATAGTOONG TWV EMUPAVEINK®OV VOATMV.

Tovileton emiong 6t1 1 Kavomoinom ¢ {Rong yiveton pe Pdon ta Oplo Kot
TIG SVVOTOTNTEG TOV VOATIKOV AToOEUATOV Kol OTL O AVAYKES TV YPNOEWV GE VEPO
TPETEL VO IKOVOTIOLOVVTOL KATA TO LUVOTOV GE EMIMEDO TEPLOYNG AEKAVNG OTTOPPONG
notapov. Ot ypnoelg LOAT®V dlakpivovial 6g VOPELON, APdEVOT, rounyoVIKY XpPIoT,
EVEPYELOKT] XPNOT Kot ¥prion Yo avayvyn. H xpnon yia 0dpevon €xet mpotepondtnTa,
®G TPOG TNV TOGOTNTA KOl TNV To1dTNTa, £VavTL KAOE AAANG XpNoNG.

[Swaitepa onuavten elvar n pOOUION Yo TNV EQAPLOYN UG OTTOTEAEGUOTIKNG
TILOAOYNONG Y10 TO VEPD, dEOUEVOL OTL TO KOGTOG TOL VEPOD GTIS OOTIKEG YPNOELS
avoktdtol Kot to 1/3, evd oTig aypoTikeS Xpnoels, mov Kataiapupdvovv to 70% tov
KOTOVAAOVLEVOL VEPOD, TO VEPD glvar TEAEI®S ATILOAOYNTO.

H evapudvion g odnyiog — mhotciov otnv eAAnvikny vopobecio eivar pio
gvkapio yoo ™ xoOpa Hog va yopdEel Kot vo EpaPUOGEL Lol OAOKANPMUEVT] TTOALITIKN
Yoo T JSoxElpon TV VOATIKOV TOpmV pe Paon Tig ovyypoveg avtinyelg. H
avaykodtto ¢ aétomoinong ¢ gukapiog autg eivar mpogavng av Adfovpe
VoYM TO. ATOTEAEGUATO TNG EAAELYNG GLYKPOTNUEVNG TOMTIKNG, £TGL OMWG £XOVV

Nnom avaeepOel ko og mponyovpeva kepaiaia (Xatinevayyéiov,2005).
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KE®AAAIO 2
Baowég apyés Tng povreromoinong s otdAvong
2.1 H ®vowki) Tov TAOVRIOV KOl HOVTEAOTOIN 0T EKTOSEVONEVIC déaun) POT|G

H 61dAvon emrvyydveton pe dieicdvon, 1 omoia (Sieicdvon) eivar o unyoviopuods e
TOV 07010 TO TAOVLIO EVGOUATOVEL VAIKO ToL TtepiBdAlovtos. Mmopel va meptypagel
ooV pa dlepyosio pe TV omoia T0 VYPO PEEL GTO ECMOTEPIKO TOV TAOVUIOL UECH NG
e€otepucng emeaveag. Mo koAn epunveio g euoikng g deicdvong 1 omoia
diémel ™ pon YOpP® amd €vo SloYLTNPE OVOOEIKVIETOL GTO TAPOKAT® TOPASELYLLO

(Tsanis and Valeo ,1994).

2.1.1 Mw ami) gkpon} amofAtov amd déoun pong yio fuOicpévo amodikTn puog
0vpac

H ewova 1 deiyver por exkpon amoPfAnTov mpoepyOuevn amd eKTOEELOUEVT OEGUN
pong wog Bvpag, Pubiopévne péco ce éva OLOOLOPPO, GTAGULO OTOJEKTY VEPOD
ueyaAvtepng mokvomrag. H ektoevduevn déoun pong (jet) eivor pa por] vyming
TayOTNTOG TNG OTOL0G 1 KIVNTIKY EVEPYEWD OLOAVETOL HECH TNG AVTIOPAONG WE TO
neptPdAlov  vyp6. Elvar m  01dAvon avty mov mapdyet v emBounm
ddivon(Albertson et al.,1948).

H d1divon Eekvd apéong £E® amd 1 Bvpa dmov 1 ekpon vdkevToL GE pia BETIKA
avooTikn emtayvvon. H ekto&evdpevn déoun pong EeKva va avoy®VETOL TPOG TNV
emedaveln. puéypt ™ MKpotepn mukvotnto. H o oyxetikny kivnon  peta&d g
ekto&evdpevng déoung pong tov omoPAtov Kot Tov axivintov VvePOD TOL
TePPAAALOVTOC OVOMTOGGEL [ AoTAOE e HOpON TECEDV YOP® O TN TEPIUETPO
™G déoun ponc. ZTpofraot (nAdvovtal pe aKavOvIoTovg KOKAOLG otnv ekéva 1)
ONUIOVPYOVVTOL GTNV TEPLOYN QTN TOV TECEMV. AVTO KATOANYEL GE L0, TAELPIKN
depyacio avapiEng n omoio e£eMOGETOL KOl E0OTEPIKA KO EEMTEPIKE GE OMOGTACN

am tn Ovpa.
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Ovpag(Albertson et al.,1994)

And ™ otiyp] mov n ovquEn etvor peyaAvtepn YOp® ol Tr TEPLPEPELN
,AVOTTTOGGOVTOL 01 KAMGELS TG TayvTNTag KaTd TAdTog ™G otAng. To onueio oto
omoilo M mEPOY TG OVAUIENG JMEPVA TN KEVIPIKN YPOUUU| TNG EKTOEEVOUEVNC
déoung pong, omwg eaivetal oty Ewodva 1, onueidvel to 1€hog g apykng Lovng
¢ kabiépmong g pong. H avodkn taydta g 6TANG ¢ TANPNG , UEWOVETOL
EMTLYOG KAODS AVOYOVETAL, €KTOG TNG MOAD HIKPNG OmOGTAGNG oIV apy] Omov
vmhpyel pwoe apylkn emtdyvvon péxpt 10 go'. H ovvolikr oavoroyioa TV
TEMEPACUEVAOV  TUNUATOV  EMTUYNUEVIIG PONG TNG EKTOEELOUEVNC OECUNG  POTG
npoypatikd 8o ovénbel pe v amdctaomn an v ££0do. Avtn n Lovn éxel 6 Bopec
dapéTpov og pnkog kat 5 BHpeg mhdtog og unKog yio opboymvieg Bvpec (Albertson et
al., 1948).

H {ovn g xabiepopévng pong mov Eekva po gopd 0OAOKANPO TO KEVIPIKO HEPOG
™G EKTOEELOUEVNC OéaUN poTg £xel Yivel Tapaymong. “Tlepartépw deicdvon amd to
nePPAALOV  VYPO pHEC® TNG TEPLOYNG TOL JCTEAAOUEVOL OTpoPfidov Thpa
LGOPPOTEITAL AOPOVAOS HECH HIOG CLVEYOLS HEIMONG TNG ToDTNTAS OAOKANPNG NG
kevipikng meployng’ (Albertson et al., 1948). H petdfoaon peta&d e {dvng kot g
Covng ¢ eykatdotaong e pong oev opiletan emaxpiPmg. Emiong , to téhog tng
LOVNG G €YKOTESTNUEVIG PONG ONUEIDOVETOL PE piol T KOVIQ o010 UNndév oTn
KEVIPIKY] YPOUUN NG ToyvTNToc, KATL mov Oewpntikd dev elvar mbovo. “Tinv
TPAYLOTIKOTNTO LIdpyel pn axkpiPég onueio oto omoio otpdPthor amd ovtifeteg
TAELPEG TNG EKTOEEVOUEVIG déoung poNg Umopel va cuvavtnBohv , Yio T CTOTIGTIKY|

@vomn ¢ depyaciog avapéng mov kdvel SLVOTO Vo TOTOOETHGEIS TEPLGGOTEPO OO
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éva avbaipeto 6pro 6to mAeLPKd Tedio. Ta dpia TG mEPLOYNS TG ddyvong, OT®S To
dKkpo MeTaED TV Vo (wvdv, TPEMEL Vo YIVOLV amOdEKTA UOVO MG KOTAAANAOL
ovopaoTtikoi Tpocdiopiopoi’’ (Albertson et al., 1948).

O Albertson ka1 dArot (Albertson,Jensen and Rouse, 1948) ntov pio amd TIg
TPAOTEG OUAOEG EPEVVITMOV TTOV YMPICUV TN PON OV TOPAYETAL OO EKTOEELOUEVN
déoun pong oe Coveg. H Covn g eykatdotaong e pong kot n Codvn ¢
eyKateoTNUEVNG poNg eival €vvoleg mov akoun OtevBetobvtal o€ AVOALTIKY Kot
EUMEIPIKN €pevva. AmO TN oTlypn mov ot depyocieg avdpuéng moikidovv og
dtapopeTkos Topelc Tov TAoVLIO 1) TNG EKTOEELOUEVTG dET U PONG, £TCL YIVETOL Ko

pe 1o pubuod g deicdvong.

2.1.2 IMMovmo ko Extoevopeveg d0éopeg porig

Mia 0éoun pong ivarl avty mov mapovctdlel por| Ady® opung aidd oyt pon Aoym
dvoong. Mia déoun pong ved avmon moapovctdlel T6co opun 660 kol dvwon. ‘Eva
TAOVLO TTaPOoLGLALEL por] povo AOY® avoonc. Poég pe Btk dvoon opilovtal avtég
o6mov M dHvVaUN TG Avwong ackeitat kabeta avtiBeta and ™ dHvaun g PapvnToc.
Poég pe apvntikn davoon opifoviar avtég 6mov 1 dHvaun g avmong £xet ida popd
pe ) dvvoun g Papvtrag. Ot décpeg pong Kot to AoV uiropet va eivot KOKAIKA
OTOV LOVTEAOTOLOVVTAL OTIS TPELS OLOGTAGELS 1] EMIMESD OTAV LOVTEAOTOLOVVTOL GTIG
dvo dlactdoelg. Mia eme&nynon avtdv divetar otnv Ewdva 2. TThodpa pe eyxomég 1

YPOAUUES EyovV TNV {d10L EVvOola Le TO EMIMESO TAOVULO.

Water Surface

Port I:I<

Az B &

Ewova 2. 'E€odog amofintov and Pubiocuévn 60pa :a)kabapd mhovuto B) avooTtikn
ektoéevopevn déoun pong N dvvaptkd TAoOo v)kabapn extoevdpevn décun Pong
(Tsanis and Valeo,1994).
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‘Evoc am toug onuovTikOTEPOLS TOPAYOVTEG GTN LOVTEAOTTOINGM NG O1dyvong eivot
o mukvopeTpikdg apduog Froude (Fp). Opiletor g 0 AOyoc tov Suvapemy adpavelog
(M opun) mpog Tig duvdpelg fopdtTag. AnAcon :

Fo=uo/ (go D)
Omnov
Up : M To0TNTO ATOpPLYM G LECH TNG BVpag,
D: n dudpetpog g Bvpog ko
Jo: M eEAaTTOUEVY emtTduvon ogetkdpevn ot Papdtnte. To g eivar ico pe g(pa —
P0)/Pa OOV pp €lval N TLKVOTNTO ATOPANTOVL, Py EIVOL 1| ATHLOGPALPIKT TUKVOTITO KoL
etvar n emrdyovon ogelopevn ot Papvnro.

Ooco peyoddvel 1 oATHOGOOIPIKT] TOXVTNTO KOL OGO ALYOOTEVEL 1 LETOTPETOUEVT
EMTAyLVOT TOGO TEPLocOTEPO TO amOPAnto €£600v Ba powaler pe exkto&evouevn
déoun pong (ue vynAd apBpo Froude ), évovtt evog amhod mhovpiov (pe yopmio
apOud Froude). H guowf mov kuplapyei v ovdmatoén tov thovpiov Stapépet o
avtd VT TV pevpdtav. Ot gpeuvntég Teivouy va ta. Katevbhivouy ympLoTd GTNV
EUMEIPIKN N ovVOALTIKY €pevva Tovg. Tapoymdoels PuOicpuéveg ekToEevOpEVEG OEGES
poNG peAetONKav mepapotikd kot Oempnrikd and avtovg Albertson et al. (1948). Ot
Rouse et al. (1952) kot o Scorer (1978) perétmoav avootikd mAodua. Ot Morton et
al. (1956) perétnoov KUKAKG OVOOTIKG TAOVUIO GE OTPOUNTOTOMUEVO — OE
nmokvotnto wepPaiiovta. Ou List and Imberger (1974) peiétnoov tn Topoy®on
dlelodvuon 6€ AVOOTIKEG EKTOEEVOLEVEG OEGUES PONG Kol TAOVMLO. AvTol cuvdvacay
JoTOTOVG AOYIGHOVG HE TEWPAUATIKA omoteAéopata Tov £xovv ekdobel yio va
dei&ovv 011 0ev LVILAPYEL LOVASTIKOG GLVTEAEGTNG S1EIGOVONG Y10 TAPAYDIELS AVOCTIKES
exto&evopeveg 0éopeg pong kabodnyovpeveg avodikd kataxkopvea. H Asttovpyio g
deiodvong kuplapyeitoar and tov apOud Froude tng tomkng ektofevopevng déoun
POMNG Kot omd 10 pLOUS eEATAMONG TNG TOTIKNG EKTOEEVOUEVNC OEGUN PONG KOl TO dVO
glval ovveyn Kot Umopovv va cuvoyBovv amd TEPANATIKE  TPOPIA TayHTNTOC.
[Tewpapatikd amotedécpato deiyvouv 0Tt 1 Asttovpyia TG O1E1GOVONG HING KUKAKNG
KOTOKOPLONG OVOOTIKNG EKTOEELOUEVNG OEGUNG PONG Elval aVTIGTPOP®S OVOAOYT
otov apiBud Froude. TTowkikn £pgvuva mov £yve o€ TOPUYDOELG EKTOEEVOUEVEG OECLLES
pong, TAovpa cuvoyiomnkav oe 600 apbpa om tov List (1982) xar Chu and Jirka
(1986).
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2.1.3 Eyyvg oto medio Zovn

H Covn avauéng eyyvg oto medio, 1 N apyikn {ovn avaéng Onme emiong sivon
yvoot, meplhapufaver ™ (ovn eykatdotaong e pong kot T {ovn g
eykateoTuévng pong. OAn n apyikn avauén oeetldpevn otn S1dAven TG KIVITIKNAG
evépyelong ovpPaivet 6 ovty ™ Lovn. Avt mepwdelet T pon  AVOOTIKNG
eKTOEEVOUEVNG OECUN PONG KOl OTOLOONTOTE EMLPAVELD, TVOUEVA 1] TEMKO CTPOULA
aAnAeniopaong. H {ovn avauéng eyydg oto medio etvar avt ) {dvn mov gival n mo
EMNPEOCUEVT] O TO OYESOGUO EKPONG KOl HECOH €KEL OV OEV VLIAPYOLY UETPAL

TOLOTNTOS TOL VEPOU.
2.1.4 Evowgpeon Zovn

BéBaia pépn g pong emiong meprypdpovv pia evotdpeon Lovn peta&d Lovav tov
eyyvg-mediov kot paxpld amd 1o medio. H Ewodva 3 meprypdoet €vov evaALoKTIKO
duTNpo 6€ €va GTACIHO OmOdEKTN vepoL. Mia aotabng £yybg oto medio cuvEPN
TPOKOADVTOS MO KATOKOPLON OVAUEN TAVE o T0 aTHoc@apkd Pabog. Avti 1
TEPLOYN ONUEIDVEL IO UETAPOON O TN pon KOTOKOPLONG OECUN PONG OE Mid
oplovtia kivnon e€dmiwong. 1o medio pong, ONUovpYNONKE L GTPOUOTOTOUEV
nepoyn oavtippons. To otpopo emdvelng Kwveitor Koatdvn egoutiog ™G
VTOAELUOTIKNG OPUNG KOl EEAMADVETOL GE €YKAPGLO KATEVOLVOT 0QEILOUEV TNV
opuf (Akar and Jirka, 1991). H doun g pong yapaktnpiletar amd opldvtieg
kwnoeg(Ng, 1990).

Unstable Nearfield
2.5H

et *D‘d
|
R
\gql 4-/ J
Diffuser
Cross-section

Intermediate Nearfield Farfield —p»

Ewéva 3. Zoveg avapuéng eyyog kot evotdpeceg oto nedio (Akar, Jirka , 1991) .

16



2.1.5 Zovn pokprda and to wedio

H {ovn paxpid and 1o medio yapoakmmpiletar amd mabntiky didyvon meptpdAiovtog
Kol petagopd omd pedpoata Alpvne. Ot W10Teg TG pong Kot OdAvong topa
ovykpatovvrol and meptParrovtikodg mapdyovieg povo (Ng, 1990). O Brooks (1960)
napovcioce por HEBodo avaivong yio Tapay®on dtdyvon evog mediov Avpdtwv ce
éva pedpa wkeavov. O daLTNPOG TOPICTAVETAL LE ol TNYN oTafepNS YPOUUNGS (Ta
atopkd mAovpa and kdbe Bupa cuyymvedoviar) pe kavovikd dEova oto pevua . To
TpoOPANua Eekivdel 6to TEAOG TV €yyDg N TV evildpecov {ovav oto medio. To
povtélo ypnowomnotel to vopo didyvong tov Fick (flux=-gaCl/aY) omov C eivar n
GLYKEVTIPMOOT) TOV PUTAVTY, & £lval 1 Agttovpyio TG andotacng am v Tnyn (Topven
™mg €yyvg oto medio) mpog tn tomobecio ¢ emBuuntg d1dAvone, ko Y givar og
KateLBLVOT KATAKOPLEN GTO PELLA Uz KOt TOPAAANAL cTOV AEova Tov dtayvtipo. H
KOTOKOPLON KOl G YEQYPAPIKO UNKOG avauén etvon apeAntéec( my 1o mAovo stvat
OAOKANPOTIKG KOTAKOPLOO, OVALELYLLEVO KOTE TAATOG TOV dtayvtipa). H amoctvOeon
Tov KoAoPaktnpdiov eivar aviroyn oto —Kc, omov K eivor m otabepd Tng
arocvvleong. To mpoPAnpa tepropileron oty axodlovdn dtopopikt| e&icwon :
%(—gF %Hua%kC:O
10 X givar ot katevbuvon tov peduartoc. O Brooks mpowbei v akorovdn e&icmon
nov PBaciletor otny voddeom OTL £/t 0 eivan avdroyo ota 4/3 g dvvaung tov Adyov
OV TAATOVG TOoV TTEdiov amoPfAntwv ( oty Tomobecia g emBuung StAvong ) Tpog

0

10 UNKog tov dwyvtnpa. To & = givon pia otabepd. H péyiom ovykévipwon katd

UMKOG Tov a&ova Tov Tediov TV Avpdtov etval

C,ox =C,.e erf 3/2 1.3

1+(2ﬂF3XLCmax )_1

Omov Bf:12EfO/uaL, erf , eivon n Aettovpyia cedApatoc kot Xcmax EIVOL TO KOG TPOG
v ton00esia ™G Cmax 01T KaTeHOHLVGN TOL PEVUATOG.

Ot Bogle et al. (1993) ypnowonoincav v aAnpogopic and ta dedopévo LETPOL
OV PEOHOTOG Y1l VO OTIAEOVY €val TEdI0 PONG OV VO KOAVTTEL YPOVIKA TNV €LPEi

wepoyn ™¢ anodppyne. ‘Eva memepacpévo otoryeio 0100106TATOL VOPOSVVAUIKOD
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HOVTELOL ¥pNoILOTOONKE Yio vo, dnovpynoel cvoveyn medio pong. Avtd éywve og
pio TpooTdoeLn va. avamopacsToovV 0pOd T Y®PIKNY Kot XPOVIKN LETAPANTOTNTA TOV
pevpatog. Anuovpynonke €va LOVTELO aviyvevong amofANTOV Yo Vo TPOGOUOUDGEL
™V op1lovIlo LETAPOPE KOl TN OCGKOPTICT) TOL GMOPANTOV Kol 1| GLVEXNG TNy
povtelomombnke pe I'koovolovée €1omvoég  mov ekmEUEONKOV Ge AUETAPANTEG
amootdoelg amd tov amodéktn. To povtého ansvBuvotov otov kKOAmo tov San Pedro
o6mov moapdyOnke po. avopoldpopen dlackopmion amofAntov, avtifETmg TPog To
TEPLOCOTEPO OAOKANP®TIKE povTéLa To. omoia Bewpovv o opadr dtuokopmion . Ot
ovyypageils oyvpiCoviar 6Tt 1 avopoopopeios avtavakAd tn petafAntdétmra Tov
otoyeiov.

O Kohli (1981) noapovcioce avaroyieg d1GAvong pHakpld o to tedio yio andPAnTo
7oV anoppiednke otig mapdxtieg mepoyéc twv Great Lakes ot Bopeia Apepikn. Ot
avaloyiec dwdlvong pokptd omd to medlo Yy OLPOPETIKOVG GUVIEAECTEC
dacKOpmIoNG Kot LT pETafANTA pedpata d6Onkav arx tov McCorquodale (1983). To
novtélo McCorquodale e&étace un otabepn pony mepPAAAOVTOC OT®G E€miong Kot

o100epOV PELLLATOGC.

2.1.6 BaBog

Ta mhodpie mov vydvovior oty  emedveln. cav  otabepéc OTNAES TOL
akolovBovvron pe pio TAevpikn e£amimon, cvyxvd avaeépoviar cav fabic vepa M
otabepés amoppiyelc. Avtd ocvyvd ocopPaivouv ce PBabid vepd pe extoevdpeveg
déopeg pong yaumiov opbupov Froude .dpéoko vepd TEPIPAAAOVTIOS GUVEXDG
delodvel e tn pon g ekto&evduevng déoun pong. H mukvdtmta tov otpdpotog
J1id00MG MOV EMTLYYAVETOL GTNV eMEAveLR gival avaloyn oto Pdabog peiov to
otpoua diddoong (Koh and Brooks, 1975). O Jirka and Harleman(1973) Bprikav 6tt
vy éva koBapd mAovpo , to orpope  duadoong stvor 15% tov Pabovg kar yia
KaBapn eKTOEELOUEVT] OEGUN PONG, TO GTPMOLLA SLVOUNG ivor Katd tpocéyyion 15 pe
20% tov BaBovg. T'a ta poviéda Pabidv vepmdV, To VOLOYPAOILATO Y10 OVIAVOT)
otafepotnTag avantuyOnkav om tovg Jirka and Harleman (1979) xou Lee et al (1977).
Extymoeilg apyikng dwdAvone ovamtoydnkav emiong omd tovg Fan and Brooks
(1969)xon Koh and Fan (1970).
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Av 10 BaBog tov mEPIPAALovTOg glvor pnyd Kol 0 TUKVOUETPIKOG aptBuog Froude
elval vymAog , émerta n por| popet va yiver aotadng . Otav n extolevduevn déoun
pPONG TPOCKPOVETOL GTNV €AELOEPN EMEAVEID ,EVOL AETTO OTPOMO oynuatileTon
axolovBovpevo amd o dpota pe v ekto&evdpevn déoun pong opidvtia drovoun ,
EMeLTa GLVOOEVETAL A0 £Va OOVVOUO EGMTEPIKO VOPOVAIKO GApo (o OPUNTIKN
amOAEl0 KIVNTIKNG evépyelng). Kabmg o mukvopetpikog op1Buog Froude avéavetor, to
1310 KAvVEL Kot 1) TUKVOTNTO TOL GTPMOUATOG, 1) 0TToio 001Yel 6€ pia advvaun actdoela.
Avt 1 aotdBeto cupPaivel OTav 10 VOPOLAIKS GALO PTAVEL TO UIGO TOV GLVOALKOV
Babovg (Hamdy,1981). Avtd eneényeite oty Ewcova 4. Av o Tokvopetpikog aptuodc
Froude givar apketd vyniog, N TUKVOTNTO TOL GALOTOC UTOPEL VO 160GTAOUIoEL TO
Baboc tov vepov, kit To TAOVLLO Bol ETOVAIIEIGOVGEL TO PUTAGUEVO VEPD. L& VTN TNV
nepintwon, N £yyH¢ oto medio umopet vor avapelyvOHETOL KATAKOPVPO. .

H dovaun g adpdvewng otabepomotel ) OOVOUN , VO 1 OVOOCTIKY SUVOUN
otafepomotei t dvvaun (Ng,1990). H actdbeio ovpPaivel og kdmoto onpeio 6mov M
duvoun g adpdavewog Eemepva v avootikny dvvaun (Jirka and Harleman,1979). Ta.
Kpumplo. dlatvTdvovIol o€ o Kpiown tun apdpod Froude to omoia sivol pia
Aertovpyio Tov Adyov tov BaBovg otn Bvpa , To AOYO TOL KEVOD NG BVPOAG TPOG TN
JtapeTpo ¢ BHpag Kot 0 THTOG TOL JLELYLTIPA TOL YPNCLOTOIEITOL.

Ot yOpo KOTAKOPLEEG OVOOTIKES €KTOSEVOUEVES OEGUES pONG o€ pnyd vepd
uekemOnkav amd tovg Lee and Jirka (1981). Nopoypagnuota yio ovéAven tng
otafepotntag avamntoyOnkov omd tovg Jirka and Harleman (1979) xou Lee et al
(1977). T otadiakobe 1 un devBetnuévoug dayvmpes ( Top2.2.1 ko 2.2.2),  pony
eyyoc oto medio stvon otadepy otav H/D> 0.46F (/D)™ 6mov H eivan to Pédoc
TOV VEPOV GTNV TEPLOYN TOV dlayvthpa , o | gival to kevd twv Bupdv kot D givar n
ddpetpog tv Ovpav (Lee et al.1977, Almquist and Stolzenbach,1980). T
EVOAAOGGOUEVOVG SlYLTNPES, 1 pon €yyOs oto medio eivan otobepn av H/D>
1.7FD4/3(I/D)'1/3 (Hamdy,1981). E&iodoelg g Sddlvone yio otadloakoDs Kot pn
katevhovopevoue  Siyutipec elvar avéroyec oto (IHYYD. O evodhaktikdc
dtyutnpog Exel po StdAvon avaroyn o avtn TV €€lcmon Kot avtioTpopa avaioyn
otov apud Froude. Etadiaxég ko pn katevbovopeveg e€lcmoelg didAvong ivat
aveEdptnrec Tov apBpod Froude g&attiog T 6TL 1 opun TG €GN PONG VIEPIOYVEL KoL
N ovveyne TMYN TS OPUNG TOPAYEL MO «KOAQ OVOUELYHEVT] OlLCKOPTIOT NG
ToOTNTOG KOl OLYKEVIP®ON oOTn OTHAN  tov  vepov» (Hamdy,1981) .Ot
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evalhaoodpevol dtovtpeg ekBétouv pn ver opilovtia opun. Av o SoyvuTipog
OTOPPINTEL KOVTA GE AlUVI 1 KOITN OKENVOV, 1 EKTOEEVOUEVT dEGUN PONG UITOpEL val
etacel oto PuBd cav eawvopevo yvmotd ®g mpookOAAnon Coanda, kdri mov
enelnyeitar omv  Ewova 5.0u Sobey et al. (1988) peiémmoav oplldvtieg
exto&evopeveg déoueg pong o pnyad vepd .Avtoi Kabopiosav OTL 1 €yydTnTo NG
Koitn¢ (my to Byog ¢ BVpag ) Ko To BAOOG TOL VEPOD £YOVV GNLOVTIKY EMPPON GTO
€YY VAKO pon|g Yo opllOVTIES EKTOEEVOUEVEG OEGES POTG TTOV ATOPPITTOVTOL LEGH
evog kukhkov coiva . H mpookdAinon Coanda éyel Booikn emppor] oto apyika
oTAdWL TNG AVATTTLENG TOL TAOVUIOV GAAG OTTOYEUDVETOL Y10 VO GLVEYICEL TNV aENoN
me. O Sobey et al. (1988) nposidonoovv 6t 1 TpookdAInon Coanda Oa mpene vo
EMIKEVIPMVEL GE KATAOTAGELS OTOV 1 avaloyio Vyovs BVupag Tpog T KApoKe UNKOVG
ekto&evopevng déoun pong/miovpiov givar pkpdtepn omd 0.1.

Water Surface

—_— Surface impingement
zone

Stable Nearfield

77
Bottom

Submerged Jump

Unstable Nearfield

Ewova 4. H petafoaon amd éva otabepd oe éva ootabés €yyvg oto medio

(Hamdy,1981).
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Depth (m)

Lake Bottom

2 6 10 14 18
Distance from jet (m)
Ewova 5. Xvumepipopd extofevdpevng déoung pong amd pia oploviie amdppym
(Hamdy,1981).

2.1.7 Zrpopatomoinon

Metafoléc oty Katakdpuen TuKvOTNTA 68 GYEoN e T0 fabog Tov Aappavopevov
vepov ,umopet va ovuPet oe opropéveg emoyés. I'voot) wg KAlon oTpopatoroinong
,umopel va. KataAn&el oe mowkideg SwAvcelg Katd T dudpkew Tov xpovov. [a
napaderyua, n meproyn Great Lakes yapaxtmpiletor and gite po dvvaty 1 adbvoun
OTPOUATOTOINGT KATA TOLG KOAOKOIPIVOUS, XEWWMEPIVOLS Kol GOVOT®PIVOUG UNVEG,
evo etvan opotdopopen katd v dvolln . Onmwg delyver n Ewkdva 6,  0éppavon g
EMUPAVELOG TOV VEPOD TNV AVOLEN TPOKAAET Lol GAAOYT] AT TN KOTAGTOGT TOV XELLAOVAL
kaBmg to Oepudtepo vepd avoyavetar. Tlepartépm Oépuavon g emedvelog
TPoKaAel Lo ETIOPOACT] GTO GTPMOUO TO KAAOKAIPL TO 0moio avamodoyvpilel Eava to
eOvomwpo oto KPHO EMPAVEINKO VvEPO oL Yivetal mukvotepo kot Eekiva va
Bubiletar. H péylot mokvomnta 10v @pEcKOL vepoy GLUPOIVEL GTOVG 4° C, ¢1o1 pio
KGALYN TAYoL TOV YEW®VA Topdysl HoOvo o Nme otpopotomoinon (Botts et
al,1987).

Mo otafepn ekToEELOUEVT] OEGUN PONG OTTOPPIYNG GE EVOL CTPOUATOTOMUEVO GO
vepov 011600€L peVoTOd oV gival og peyadvtepn Tukvotta ot to vYpd . To mhovo
aVOYAOVETOL PEYPL TO VAIKO Tov va €pBel otV 1o0ppomiot UE TNV TUKVOTNTO TOL
nepPdArovtog o€ avt T tomobecio .Exel maydebetan 6to teAkd Hyog ko Kavel tnv

d1éAevon Tov amd TN KATaKOpLEN aviymon otnv opovTia eEATAMOT).
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Winter Spring (turnover) Summer (layering) Fall (turnover)

Ewova 6. Xtpopatoroinon Apvng (Botts et al, 1987).

Ot oyedwotég pmopel va B€lovv va emweeinbovv To TAEOVEKTHUOTO TOV
EMOPACEMV TNG OGTPMOUATOTOINONG, CLYKEKPIUEVA TIG YPOUUES 1d10G TLKVOTNTOGC, Ot
omoieg yapoktnpilovror amd mOAD peydieg kotakdpveeg wAiceic. To medio
amofAntev umopet va avatpanel o yapnidtepo Pdbog ,00tm¢ dote va kpatnBodv
omoloWNToTE  PLTAVTEG  OAOKANP®TIKE  Pvbicpévolr. To  oTpopoTOTOMUEVO
nepPaAlov ,wotdco o telvel Vo TPOKAAEGEL YOUNAOTEPEG OLOADGELS O TN OTIYUN
TOV TO amOdEYOUEVO VEPO glval TP AtydTEPO.

K\ioeig g otpopatoroinong purnopet va givorl ypoppukés 1, LEPIKMS YPOUUIKES Kot
HEPIKDOG OUOOHOPPEC. Mia ypfoIun TOPAUETPOS OV YopokTNPilel TN YPOUKN
otpopatonoinon eivor 1 kKAion otpoupatonoinong & ,0mov e=-(dp,/dz). Eivor éva
HETPO NG OAAAYNG NG TUKVOTNTOG pE To PdBog vepoy. Mo debtepn TOPAUETPOS
givat M emmAféovca  ovyvomrToe M M ovyvomnta  Brunt-Vaisala
Nen=£[(0/pa)(|dpal/dz)]*2 Teyvicd eivar n cvyvotTa TG TOAGVTOONG £VOC MIKPOD
oQOPIKOD TUNUATOG TOV PEVCTOV OV UETATOMILETON HEGO G VA GTPOUATOTOUNUEVO
V34TIVO cOpa. TeEMKA 1 TapAUETPOg TNG oTpwpaTonoinong (N #) ekppdlet To Pabuod
010 omoio 10 ePIPAALoV elvar oTpopaTonompévo (advvapa 1 dvvatd). I'paestor g
Str#= (pa-ps)Dp/[(Pa-po)Y] 0oL pa eivar n wokvoéTTa TOV TEPPAALOvTOG 6TO PéBog
T0L TAOLHIOV ,ps Elvar M TLKVOTNTA TOL TTEPPAAAOVTOG oTNV empaveln ,Dy etvor 1
SLAUETPOC TOV TAOLHIOV,Pg Elvar M TLKVOTNTO TOL TAOVTOL Ko Y givorl To PdBog Tov
TAoviov.

H ocvuneprpopd 1@V eVOALAGGOUEVOV SLO(LTHP®Y TOL OTOPPITTOLY KATAKOPLPA GE
OTPOUATOTOMUEVO  pevotd  uedethnke amd tovg Wright et al. (1982).

XPNOHOTOUDVTOS L0 OVAALGT KAMULOKOS KOG Yo Vo TPOPAEYOVY TO HEYIGTO VYOG
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™G ovOymong 1TNng Oéoun pong kot Tn oyxetllopevn oOdAvor, Tapovciacay
Sypdppato adldototo ™G AEITovpyion OVO AVOAOYIOV KMpaKg unKove. Ymédeoav
OTL 0 HYKOG TOL PELGTOV TNG APYIKNG d€oun pong Mrtav acnuovtoc. H sumelpkn toug
épevva €0eiée  OTL M TokvoTNTO TV opldvTIOV oTpoudtov e&animong Ppédnke
peyorvtepn amd 50% TOL GLVOAKOU VYOLg avOYmoNg Kot UEPKES (POPEG
amacyOAnce oAOKANPo to Pabog. Ta eumelpikd péytota Hym avdymong Nrav Tepimov
30% peyaddtepo amd TG mpoPAéyelg tov poviédov. Ta ev duvauel mAovule oe
OTPOUATOTOMNEVE, peVOTE pedetOnkav and tov Fox (1970) o onoiog vébece 6t N
Aertovpyia ¢ dieiodvong Nrav avdAoyn otov O6po mieong tov Reynolds ,tov
OYNUOTIGHOD T®V TPOPIA opotdtnTag kat tov aptBuod Froude. Ot Brooks and Koh
(1965) avémtvéav évo OAOKANP®TIKO TOTO avdAvong yuo va kabopicovv to péyleTto
VYOG TG avOiymong Yo €vo d1odtdotato TAovuo. Ot Tapduetpot g nalog Kot g
opun g pong Ppédnkav va eivar devtepelovcas oNUOcitG GLYKPIVOLEVES PE TNV

OVOGCTIKT PELOTOTNTA KOt TN KAIOT) TNG TUKVOTNTOG.
2.1.8 Pgvpa

To pedpa yevikdtepa moteveTan 6Tt av&dvel ) 018AVGN GTIC £YYDG KOL GTIS LOKPLEL
anod 1o medio. Otav éva pevpa kotamatdtor ond €vo mAovpo Ba TpokaAéoel o
TEPUTEP® O1EIGOVON TOL EPEGKOL VEPOL WEGH GTO TAOLMO. AVt 1 depyacio
ovopaleton eCavaykaouévy oieioovan M omoia OlPEPEL o TNV PAEY™M g deicdvong
N omoio cvpPaivel Katd TN dLPKELD TNG dLYLONG TNG KWNTIKNG evépyelonc. To pedua
etvar vynAd ypovikd petafintd tov omoiov N TPOPAEYN pmopel va yivel LOVO YEVIKA.
‘Eva povtého otabepng katdotoons pmopet povo vo Aappdaver va yeviko péyebog
pevpotog Ko kKatevovvon. Mo oplopéveg epapproyEg avtodg 0 TEPLOPICUOG OEV Eivar
npoPAnua. Otr meplocOTEPES KATOOTACES HeAeTONKaV KATO amd Ta YEPOTEPA
oevapla ,ouvBmG OGOV 0POPA oTAGIES CLVONKES. QQ6TOGO AVTO PITOPEL VoL 0N YN GEL
0€ OMOKPOVOTIKA KOKEG EKTIUNGELS TNG SIAALONG Kol AcVLUPOPOVS oyedlacovs. Ta
HOVTEAQ UTOpPOLYV VO YPNCOTOMO00V ETAVEIANUUEVOS, OCTOGO Y10, VO KOAVOLLE
dAvoelg v éva €bpog TIHmV pevpatog. Emiong , and ™ otiyun mov n Katevbuvon
0V pevpatog Ba adAdéetl péca oe pia mepiodo 24 wpdv , ot {oveg avapéng oe Oheg
TIG TAEVPEC TOV dloyvThpa TPEMEL va Teptypapovy (Baumgartner et al,1993).

O Roberts pelémoe ypappukd mhoduo TEXEPAGUEVOD UAKOVE 6E GTAOEPO peEdULX
avBaipetng katevBvvong ko Pdbovg 6 éva opotdpopeo mepPdirov . H d1dAvon
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Bpédnke va etvarl ave&aptntn TOL PEVUATOC OTAV O TUKVOUETPIKOG apBuodg Froude F
tov Roberts ( opiopévo g 0 kKOBOG TOV PELLOTOG TOV SLOLPEITOL 0T TNV OVOGTIKN
opun mov opiotke oto 2.2.3) Ntav pkpdtepog amd 0.1. Iave and 0.1 1 didAvon
avENOnke pe T ToOTNTO TOL PEVUATOG Kot EEAPTIOVTOV O TN YwVic EVOVYPAUUIONC
Tov pevpatog. Emumdéov ,o1 O10AVCEI MTOV HEYOADTEPES YlOL TNV KOTAKOPLON
evbuypaupon amd Ot pe TNV TOPAAANAN vBvYpdupion.

Ov Chu and Abdelwahed (1990) peiétmoav tnv TPOGKOAANGY GTNV OKTH €VOG
OeppcoV mhovpiov og duvatd mAdylo pedpa. H cuvnkn povielomodnke pécw tov
amoppntopevov (eotol vepol amd Lo TAELPA TOL KOVOALOD HEGOH G €va avoryTo
KOVAAL TAGylov peopatog tov idov Pabovg . To mioduo €oeie o kiion va
ATOUOKPOVETOL Ot TNV OKTOYPOUUN. X& TOAD duvatd pedpoto, To TAoOVU0 Oa
EMOVOTPOGKOAAOVVTAY Y10, VO GYNMUOTICEL Lo TEPLOYT ETOVOKLKAOPOPIOG KOVTE GTNV
aKTOYpPOUU. ATO VTN TN HEAETN , TPOV ol KPIGIUN TOPAUETPO KATM O TV Oomoia

ocvppaivel n TpookOAANGN.

2.1.9 H évvouwa g d1drvong

H ovykévipwon tov pumaviov kot Tov emBountdv cvotdoewv (StoAvuévon
o&uyovov) etvan gite opoldpopen gite otabepr| oe oxéon pe To YDOPO Kot to xpovo. H
Ewova 1 deiyver o kevipikn ypoppr yope® omd TV omoio LEApPYEL o
OVOLLOLOLOPOPT  Ol0CKOPTIoT TNG TOYVLTNTOS Kol TNng ovykévipoons. H kevipikn
ypouun g owlvong eival emiong m eAdyiotn SwdAvomn mov mapotnpninke ot
dwtoun tov mAovpiov Evag péocog O6pog duwivong Oa pmopovcoe va petpnOet
OAOKANPpOVOVTOG KATO TAATOG TN datopy Tov mAovpiov. Mmopel va gmtevyBel mo
e0koAo BepdVTOg O GLYKEVIP®ON JloKOpmonS HEcH ©TO mAOLo. M
I'caovoiavn TpobmdBeon dlacKkOpmIoNg elval KO , KOTd UAKOS U0G OLOLOHOPONG
dwtopng ovykévipmong (avagepduevn g TPOQIA nyuiynio) , O6mov M péon

OLYKEVTPOOT) €ivol 1G0SVVOUY [LE TN KEVIPIKY] YPOLUN TNG CVYKEVIPMONG.

H ewdva g ovykévipmong TV pumtovidv 6To amodeyopevo vepd Ba emmpedoet
mv emuyyavopevn didivon. H dilvon mpaypotikd opiletar mg S=(Co-Cp)/(C-Cp),
o6mov Cp givor m ewova g ovykévipoong kot Co n apyikn cvykévipoon. H swova
NG GLYKEVTPMOTG KoL 1) S1EIGOVGT TOV PLTTAGUEVOD VEPOV GTO AmOPANTO SImTAN GTOVG
amodéxteg Oa Empeme va devbetnBel OTov oxed1alovTal ot dLo L TNPES.
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Eniong, 6tav ta mAodua yertovik®v Bupdv avamtvccovtol oe péyebog ,copPaivet
OLYYDOVELOT] Kot To TAOVUI EeKtvobv var d1E160HOVY LOAVCUEVO PEVOTO TO OTO10
dpaotikd mepropilet T ddlvon. Avtd devkpwviletoan otnv Ewova 7. O Liseth (1976)
HEAETNGE TNV OPYIKY OVAIEN TOV GUYXOVELUEVOV EKTOEEVOUEV®V dECUDV PONG amd
éva dloyutipa €101 Mote va oyedtdoet Eva moAlamho (manifold) oe oyéon pe to kevo
TV Bupdv , 0 péyebog g BOpag Ko T TayvTnTa amdppyng. H egumepikn tov
epyacia amokdAvye OTL 1] GLYYOVEVOT TOV EKTOEEVOUEVOV dECUDYV PONG TPOKAAECE
po ypryopn Helwon otn KeVIpkn ypouun tng otdivong. o omotodnmote apBpud
Froude d&éoun pon mov divetar  kar omowodnmote oapBud Froude amdppryng
(Q/ly(go'y)?), gmTuyyavetal n vynrotepn ddlvon pe avaroyio Y/ peta&d 5 ko 10,
omov | givon to kevd TV BupdV Kot Y 1 KAtakdpuen andoTtact HETOED KEVIPOL TOL
dwyvtpa Ko €vo. onpeio péca 6to cvyymvevuévo miovuo. Ta dayvtpeg pe
tovAdyiotov 40 BVpeg , o1 déopeg pong OTIG  GKPEG KAUTLAMVOLV ECMOTEPIKA TO
dwyvtpo o€ éva younAotepo Pabud ce oxéon pe TIC EKTOEEVLOUEVES OECIES PONG
7oV TomoBETOVVTAL TPOG TN KOTELOLVON TOV KEVTPOL. Ot eEMTEPIKES EKTOEEVOUEVEC
déoueg pong emitevéov o peyodvtepn dtdlvon kot ovty TEA0g 1 emidpaoct Ppédnke

va enekteivetal ecotepikd 10-15 60peg am to téAOG .

Jets merging in a unidi lfc(iuxw—‘/

A > e

Ewova 7. [TapepPoin daitepov yOpw KTOEELOUEVOV SECUMV PONG OO TOAALUTAMDY
Bupav dyvtpwv amoppiyelg oynuatilovtog doo1doToTES EKTOEEVOUEVES OEGLES

pong 1} mAovuo. (Akar and Jirka,1991).
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2.2 T'empetpia ToV dSryvTypa

Ymhpyovv yeviKad TPEIS TOTOL SLOVTHP®V: Ol GTASIKOL, Ol LOVO- KOTELBVVOUEVOL
Kol ot evaAdlacoopevol . H Ewdva 8 deiyvel mn doun tov kKabe tHmov Kot tov mediov
pong mov Oomuovpyeital Yopw om tov dwyvtipa. H Ewdva 9 emeényel mbavég
petafolréc oe kdbe tomo. Kot ot tpelg pmopel va €xovv Bvpeg mpoepydpeveg amd

OTOLONTOTE YOVIOL € GYEOT LE TNV EMPAVELN TEPPAAAOVTOC.
2.2.1 Movo- Katgv0uvopevol o1 vTipes

Kolobvtar étor emedn omoppimtovv OAo ta amOPAnta o pio kotevbuvon
(xotakdpven otov dEova TOv JlYLTNPA),0l HOVO- KATELBVVOUEVOL dLoYLTNPES
amodidovV pHeYEAM TOGE OPUNG YL DVYNAES TAPOYES, EVE OMOLTOVV GYETIKA UIKPEG
TEPLOYEG OTIG omoieg emitvuyydvovy ypriyopn avauén (Lee et al.,1977). Eivor
onuoerelc  oe mepPdAiov TOTAPOV, 0LTOL EKTEAOVV KOAQL ©TO pevpo {dl0g
katevBovvong M oe Apvdlovro(otdoipa) mepipdriovia AOYy® ™G LYNANg €£600v
opung. Qotoéco , dgv elvar 1060 omoteAEsHOTIKOlL VIO pevHATO TOPAAANAL GTOV
a&ova tov dayvtpa (o Stdtaln enionc TOV AVAPEPETOL G OVTO EIVOL TO OVAYMLLOL
SlLTAPA) 0T TN CTUYUN TOV M OMOTEAECUOTIKY TEPLOYN TNG OEICOVONG LEIDVETAL
(Ng,1990).

Ot Lee et al.(1977) povielomoincov évav HOVO-KOTELOLVOUEVO BLoLTNPO. TOV
amoppintel 6 pnyd vepd ocvveyog Pabovg e pevpa kotd TV 101 KotevBvvon
STLTOVOVTOG oL S1GOIACTOTH EVOEXOLEVT PO GTO £YYVG TTEDTO.

O Adams (1982) die&nyaye o avaAvon 6TOVG HOVO-KATEVOVLVOUEVOVC GE PEVLLL
Katd v 1ot KatevBuvon dayvtipeg avayvopiloviag Tt o opotdpopen dpopd
onuovpyndnke katd TAatog twv Bupodv (otn Katevhouvon g pong) OPEIAOUEVT GTNV
VYN amodppIYn OpUNG. AvTti 1 O1POPE ETITVYYAVEL TN POT| AT TO TO® HEPOG TOV
dwyvtpa (Ticw and T BVpeg) Kot PeTd £E® am TO UTPOSTIVO LUEPOG TOV OLOYVTHPA.
Egpapupolovtag v efiocwon tov Bernoulli xatd mAdtog tov Swayvtipa Kot
ONUEIDVOVTAG OTL M O1dAVGN 1600TaL PE TO AGYO NG TPOKAAOVUEVNG TTAPOYNS GTO
UTPOOTIVO TUNUO TTPOC TNV amdppiyr Tov dlayvtipa, o Adams éfyode o eicmon
v TN S1dAvoT g Asttovpyia Twv aplBpdy Tmv Bupadv , Tov BaBovg Tov vEPOD Kat TOV

L KOVG TOV OloyLTNPAL.
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Ewova 8. I'evikoi Tomot dtoutipo kot ovtamokpvopeveg topoyés (Hamdy,1981)

Unidirectional diffuser designs, 85 ~ 0 Staged diffuser designs, 8 ~ 0
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Control: fanned design
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| Alternating diffuser designs, 8 ~ 0

E

Ewova 9. THnol dwoyvtipo kot mbavég ymvieg mpocavatoiopov 0vpag (Akar and
Jirka,1991).
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2.2.2 X10010K01 OLo(VTNPES

Avtol ot dwyvmnpeg yapaktnpilovior and akpoPOGIO G OAEC TIC TAEVPES KO
wpocavatoAilovtal cuvibme Oyl Tapoamdve and 20° amd tov ad&ova Tov dlayvTHPA.
Onwg 6100G HOVO-KATELOVVOUEVOLS JLO(LTNHPEG, Ol OTAdKOL €miong mapdyovV
vynA opun €660V Ko peydileg meployés kKuklopopiag. H didlvon teivel va avéndel
LE TO KOTOKOPLPO PEVLO GTOV AEOVE TOL OLOYVLTHPA.

O Lee (1980) uerétnoe v avapén oto gyydc medio TV 6TASIOKOV SoLTHP®V.
Avtog ypnoyonoince Evav oAOKANPOTIKO TOTO aviivong Bewpdvtag T dtotipnon
¢ patoc, opung kot Oeppotntoc. H tehikn tov e€icmon yia didAvon 6e Eva GuVEYES
Bdboc Mrov mavopoldtumn pE TO TOMO SdAvong tov Adam’s  yio  povo-
KatevBuvopevoug dayvtnpes. O Lee eniong vrodnimwoe Ot po KAion mobuévo on
mv &npd mpog 1t Bdhocoa Ba €dve avénom ot Aettovpyia g SidAvonc. Ot
Almquist and Stolzenbach (1980) éie&nyayav évav oAOKANP®TIKO TOTO avAAvOoNG
OV LOVTEAOTOINGE TN SLIAVOT| ooV AEITOLPYiet TG OPUNG TNG PONG TOL OLAYVLTNPA,
TOV OYKOV TNG PONG KOl TOV UAKOLG ToL dtayvtipa. To Bdbog tov vepol NTav apketd
peydAo €101 MOTE Ol WlaiTEPES AemTOUEPEIEG TOV KOOE TAOLUIOV Vo UTOopovV Vo
naporelpBovv. H egumepikny tovg peAétn ot Oepuxn amdppiyn omd oTodloko
dtyutnpo o€ NPEUO (GTAGIUO) UM CTPOUATOTOINUEVO VOATIVO GO BpNKe OTL VIO
BéPareg cuvONKeg TG AVEOGNS Kot TOV HIKOVS TOV SLoYLTNPM, TO TUNLLOL TG PONG KATA
UNKOG TOL dtoyvuTnpa pmopovoe va avarvdel dodidotata. Ot otadtokol dloyLTPES
&ytvav didonpot mpoceata yoo Oepikég amoppiyelg ol omoieg yapaktnpilovral omd
TOAD HeYAAeS poEC.

O Ng (1990) mpoetoipace TEPAUATA Y10 VO, LETPNOEL TN dlavoun Thg Oeppokpaciog
evog Beppco mhovpiov Yo £va 6TadOKO SOVTHPL GE EVO GTAGIUO, OLOIOUOPPO
amodeyouevo vepo. Tlapatnproelg vrootpilovv v €vvola Tov €yyv¢ mediov Tov
emKpaTeTOL OO OVOUIEN OPUNG EKTOEEVOUEVT] SEGUN PO KO TOV EVOLAUEGOV TEGIOV
oV Kvplopyeitor amd opun kot dvoon. Ta kdpa yopakplotikd tov TAovpiov
kaBopiomkay wg Aettovpyieg Tov BaOovg Tov vEPOL ,ToL aplBLoD TV BLPdY Kot NG

StapéTpov g Bvpag.
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2.2.3 EvoALaooOpEVOL S1a0TIPES

Avtol ot dtyvutpeg €govv BVpec oe KOOI TAEVPE KOl OKPOPVGLOL TOV JETYVOLV
(oe péon Tywn) ™ Kotakdopveo otov afova tov olayvtipa. H dvoon etvar évog
ONUOVTIKOC TOPAYOVTAG OO TN GTIYUN OV O EVOALAGCOUEVOS dLOYLTHPOS TPOKAAEL
un kaBopn oplovtia opun (opeAntéa petd amd mopepPorr] ekto&evdpuevng déoun
pong). Ot evOAALOCOOUEVEG EKTOEEVOUEVEC OEGUEC PONG €lval OMUOPIAElC eKel TTOV
VIapyel yoapunAn evépyslor PETOEL NG €UKOMag NG emefepyociog Kol TOV
amodeyovpevov vepov . Tdéco 0 evoAAacodpeEVol OGO KOl Ol LOVO-KOTELOBUVOUEVOL
dwumpeg umopel va agpilovian pe Eleyyo twv akpoeucinv. O agplopdg umopel va
gtvar AoyopBuucog M nui-AoyapBuikdc. O AoyapBuikdc oepiopds gaiverar otnv
gwova 9. O nui-oyopBpucog dtayvtnpag aepiletor povo yia o Hed Tov PNKOLS TOV.
O Hamdy (1981) mporteivel 1o kevo tov Bupdv | va eivar pukpotepo am to fadog tov
vepoy OAAG pHEYOAVTEPO OO UICO Yo VO EUTOOIGTOVV TO OTOUOVOUEVO «KOPLOL
onpeio.

Ot Nospal kot Tatinclaux pelétnoov TEPAPOTIKA T HEYIOTN 0OENCT) EMPAVEINKNG
Oepuoxpaciog mov emEEPETAL OO TO KEVIPIKO TUNUO EVOG EVOALUGGOUEVOL
noAlamAv Bupdv olayvtipa. Téhog ot emdpdoelg mapoieipdnkav kot 1 pon
BewpnOnke diodrdcToTy.

Ot mapdpetpor tov dwyvtipo ot ddtaén tov oyedacprol elvar ot axdilovbot:
ukog dwyvtmpa L,aptOudc Bupdv 1 axpopuciov N, péco kevd Oupaov I=L/(N-1),
ddpetpog v Bupdv D, Dyoc B0pac ndvm omd tov Tubuéva ho, 1 KaTakdpLeEN Yovia
™G amoppyng o€ oyéom pe v opovtia 0, yovia gvbuypdppuiong peta&d tov daEova
TOV OOYLTIHPA KOl TOL PEVHATOS (ov Elvar EPaPUOGILO) Y KO O TPOGAVATOAMGUOG TOV
BupdVv 6e oxéon e T Ypapp Tov dtayvutipa B.

O mapdpetpor pong Pacilovtal 6t YE®UETPiO TOV SOYVLTAPO KO GTN] GLVOMKN
pon dtopécov Tov coAnva eE6dov. O 0YKog TG PoNng Yo Kabe punKog Tov dlayuTipa
Jo woovtar pe Q/L 6mov Q givar n cuvolikn Tapoyn dopésov g eE66ov. H taydnta
dwapécov ke OOpag, U,=Q/(ApN) 6mov Ap givar To gufadov kabe 60pac. H opun g
pong yia kaBe pnkog drayvutnpa opiletar wg Mo=goUp. Av 10 amdPANTO £YEL TLKVOTNTA
Po UIKPOTEPT OO TNV OTHOGPOIPIKT] TUKVOTNTA Pa,TOTE TO amdPAnto Bo Pudoetl pa
AmoOAVT®G  OvVOOTIKY  emtdyvven Jo’=0(pa-po)/pa OmOL g eivor m  emTdyLVON

opeopevn otn Papvmta. H pon dvoong vy kdBe pnkog dwyvtnpo opileton
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Jo=0ogo’. To andPAnto Prdvel apvnTiKn Aveon av po eivor peyaddtepn omd pa. To 0
amd 0w K oto €ENG Ba YpPNOIUOTOIEITOL Y10 VO VTTOOMAMVEL TIG GLVONKEG ATOPPIYNG

KOVTd 6T 00pa Kot To a Yo TIC GLVONKES ATOSEYOUEVOL VEPOD.

2.3 I'evikoi TOmol povrélov

Yndpyovv 600 TOTOL OPOUNTIKOV HOVIEA®V Yoo TPOPAeEYn NG Sldlvons: To
OAOKANPOTIKA HOVTEAD Kol To Hoviélo kAMpaxkog unkove. H xatnyopio twv
OAOKANPOTIKOV LOVTEA®V UTOpel TEpATEP® VoL VITOdopedel o dVO vVIToKATNYOpPlES:
o Pdoer Euler oloxinpwtikd povtéda kot ta Pdost Lagrange oAokAnpotikd.
povtéda. Ta povtéla PBaoet Euler kaBopilovv 1o mocd g dietoddpevng pnalog kot
™V omd d® Kol Tdpa O1dAven , Abvovtag £va cbvoro cuvnBouévav egicacemy. Ot
eE10MGELG VTTOYOPEVOLV TNV AVOAOYiD TNG OAAAYNC TOIKIA®MY TOPAUETPOV GE GYEOM
LE TN KEVIPIKN YPOUUN TNG TPpOYLdG S, Tov mAovuiov. ‘Eva povtého Pacer Lagrange
dpépet oto OTL akolovBel To oTotyeio Tov TAovpiov kab olokAnpiay TG SLOPOUNG

10V 6¢€ GYéon e 1o xpovo. Ot arrayés kabopilovtan oe mapakeipevo otoryeio oe kéOe

OTLYUT] TPOGOVENGNC.
2.3.1 To OroxinpoTiKé povtéro Bacst Euler

Ot Muellenhoff et al. (Muellenhoff,Soldate,Baumgartner,Schuldt,Davis and Frick
,1985) dnAdvouy 0Tt To OVOOTIKA TAOVULN LTOPOVV VO, LOVTELOTTON OOV podnuotikd
ocwotd Bewpovtog T palo, TNV opun LEVEPYELN Kol Lo LOVOUETPY] HETAPANTN (1)
aAdt). Apykég vroBéaelg mepthappdvovy :

1)n pon eivor otafepn Kot P GCLUTVKVOUEV

2)n mieomn eivor VOPOCTAUTIKN TAVTOV

3)to TAOVUI0 Eivar TAPUYMIESG KOl CLUUETPIKO GTOVG AEOVES

4yxoplopyel  TopoaymONg didyvon Kot eivar  onuaviikd HOVO OV OKTIVOTY|
KatevBvvon

5N TaydTNTO KOt 1) CLYKEVTPMOT] SLOVELOVTOL GTT) KEVIPIKT] YPOLUN

6)epapudletar n mpocéyyion Boussinesq

H mpocéyyion Boussinesq Oewpei 0Tt ot Stapopég Tng TLKVOTNTOG HETAED TOL
mAovpiov Kot Tov TEPPAALOVTOC €lval HIKPEG, GUYKPIVOUEVEG LE TNV TPOYUOTIKY|

TUKVOTNTO TOV PEVGTOV.
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To axdAovbo givar pia avémvén yevikn tov poviélov Baoetl Euler tpocappoouévn

an tovg Koh kot Fan (Ewéval0) (Koh and Fan,1970) .

Velocity Profile

Concentration
Profile

Port

Ewova 10. TIpoik tayvmrog kot cvykévipoong( Tsanis and Valeo,1994).

Ta wpoeih cvykévipmong etvan mo emimeda emeldn n pala dSwyéel oe PeyoAdTEPO
Babud am v opun. O Babudc g ovyyevovg e£ATA®ONG TG CLYKEVIPMOONG €V
avtiféoel g tayvTag eEoptdtal o Tov cvvieheotr e€animong A(o AdYog TG

TOPAYDO0VS O1dyvong ¢ nalag tpog v opun) (Hamdy,1981).

Opilovrag T1g axdAovBeg mapaUETpog :

Q= [udA 1.4

A
15

M =—[u’ pdA 15
Po a

J =-[(,0a — pudA 1.6
A

G = [ (T, ~T hdA 17
A

f, =9[(p.—p)dA 18

A

Q elvar 0 6yKog g pong, M gival n opun g pong,d givar n dvoon g pong, G elvar
n éMewyn pong, Ta eivon n Beppokpacio mepiBarroviog ko Fj eivon  dvvaun g
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dvoons. Ta U kot p ivor 1 ToydTTO KOl 1 TUKVOTITO, OVTIGTOLY0 OTOVONTOTE KATA

UNKO¢ TG dtatopung Tov mAovpiov. H dtatpnon g palag dnidvel 6t

3_(;: E, 1.9

omov E; givar o puBuog g dieiocdvong tov peuotod mepifdiiovtog. O mpayuatikdg

TOMOG Ba TPETE VAL YPAPETOL (OC

d

—[updA=E; p, 1.10
ds

npwv v eiomwon 1.9, oAld n anaitnon g mpooéyyiong Boussinesq emttpénet v
napdrewyn tov p oty e&icmon 1.9 . H mieon elvar vdpootatikny kot dgv vrapyet

dvvaun Tov va dpa oty opiloviia Katevbuvon).
H dwompnon g opung vrodnioverat ,

dM (cos9) 0

111
ds
H xataxdpven opun g pong toovtot pe tn dHvoun g dvaong:
d .
(Mp,sin9)= f, 1.12

ds

Omnov p, givar 1 TokvoOTNTA TNG ATOPPLYNG G6TO VYOG TG Bvpac. H dtotrpnon g porg

g dveong
d
Eiu(/oo—p)dA= E+ (o — ) 113

H e&iowon 1.13 pmopel va ypagrtet,

d

E[Iu(po — p.JdA+ [u(p, —p)dA} = ET(p0- pa) 1.14
A A

Ul
_ 9Q o _dea), 9y _ _

(pa pa)dS+Q( dsj+ds—ET(po pa) 1.15
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Av16 epropileton o€

d _

o QI 1.16
S

ds

H Bepuodtmrta dtoutnpeitor o€ oyéon pe o eminedo pog Kamowg avagopds. 26td6c0 N

dwpnon g EAdewyng Bepuoxpaciog g pong (T) epunvedet

d
E{u(TO ~T)A=E, (T,-T,) 117
dG . dT
=2 -Q-—= 1.18
ds Q ds

Avto divel mévie e&omoelg (1.9, 1.11, 1.12,1.16 xor 1.18) yw entd ayvdoTovg
,Q,M,J,G,0,F; ko Er. H yoovia 0 pmopet va 600ei eEaleipovtag Evav dyvaoto. I'a va
KAgloovpe 10 ocvotnuo TV eflodcewv ovyvd Oeswpeitar o Asttovpyia g
dieiodvong. Avtd pmopel vo mapel T popen 2ombu (v o tpi-odtdotatn yopm
déoun pon) 6mov 1o oToLYEi0 TG avaroyiag o kabopiletar eumelpikd kot to b givar ,n
axtiva Tov TAovpiov.

Ta I'koovolavd mpoeidh opotdTNTOg TG TOLINTAG ,TNG Oeppokpaciog kot TNgG
mokvotTog (Katd mAdtog Tov emmédon A) vrmobétoviar .AvTo emTPENEL 6E KATOOV
va ekppdoet ta U,p kot T og omolodnmote onpeio KoTd UKOG TOL EMTEOOV TIG TUUEG
NG KEVIPIKNG YPOUUNG S1ELKOADVOVTOS TNV aplBuntikny oAokAnpwon. Mo aAiayn
and S oe éva X-Y ocvvtovioTikd cvotnua €ywve €netta. Am Tn otiyun mov 1 {ovn
gykotaotaong g pong ouvvibmg yopokmmpiletor amnd mpogil «top haty,
oAoKANpwoTn cuvnBmg Eekvd ot (OVN TNG EYKATEGTNUEVNG POT|S.

H eyxvpdmta and omorodnmote tOmo POVTEAOL OAOKANpwoNG oiyovpa Paciletot
0TO GLVTEAESTN OLELGOLTIKOTNTOG TTOV EMAEYONKE otV TPpobHdOeon ¢ ['Kaovoiavig
dtvopng Koatd mAGTOG ToL TAOLUIOL. OQPEIMOUEVO GTOL OGVLVEM EPYOCSTNPLOKA
OTOTEAEGULOTO, 1) KOTAAANAN EMAOYT EVOC GUVTEAEGTY| O1EIGOVTIKOTNTOG £IVOL AGAPNG
KOl O GOLVTEAECTNG TOPAPEVEL €va  OUEIAEYOUEVO ONUEID TOV OAOKANPMOTIKOV
HOVTELOVL.

"Exovv avomtuydel moAAd olokAnpotikd poviédo Baoet Euler mdve and pcod aidva
omplopeva oy mopardve dwdikacio. H akdiovdn avackoémnorn o mepropiotet
070, IO TPOGPATA LOVTEAQ, 1) TN TEAELTALO VEISION 0TO10VANTOTE LOVTEAOD.
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Fan and Brook( 1969)

Muw OVOGKOTNOM TV Moewv and TPONYOVUEVEG €pevveg
(Fan,1967;Fan,Brooks,1969;Brooks and Koh,1965) kot ovt 1 epyacio, &dmoe
aplOuntikéc Avoelg yuo 4 ovykekpuyéveg TAEES TPOPANUATOV  AVOOTIKNG
exktoéevopevng déoun pong:1)Khvopevo yOpw omd avmoTikn eKTOEELOUEVT] déoun
pon G€ OTAGIUO, OUOWOUOPPO PeLOTO TEPPAALOVTOG 2) KAMVOUEVO YOP® 0o
OVOOTIKY EKTOEELOUEVT OEGUN PO} G €va OTACIUO PEVOTO TEPPAALOVTOG HE pia
YPOLLUIKT TUKVOTNTA GTPOUATOTOINONG 3) KAVOUEVO LE H160140TOTN KAIOT AVOCTIKY
exto&evopevn dEoun pon G€ GTAGIHO , OHOLONOPPO PeLGTO TEPPdAlovTog Kot 4)
KAMvOpEVO pe d1od1doTatn KAMON OVOOTIKY €KTOEELOUEVN OE0UN PON GE GTAGLUO ,
OLOIOHOPPO PEVGTO TEPPAAAOVTOC LE [0 YPOLUUIKT TUKVOTNTO GTPMUOTOTOINGNC.
I'evikég mpotimobéoelc kowég oe Ohec tic 4 tdéelg mpoPfAnudtov meptrapupdvovy
:1)pevotd mov eivon acvumicoto 2)vo epapudletar n mpoosyylon Boussinesq 3)n
TUKVOTNTO TOL PELGTOV VO EIVOL 0L YPOULIKT AETOVPYIO TG GLYKEVTPMONG AAATION
N Tov otoryeiov g Bépuavong 4) n pon eivor TapoydONG Kat dev vhpyel e£apTnon
a6 Tov apud Reynolds 5)tapoydong petapopd o Yemypapikd uikog eAdylota va
ovyKpiveTol pe TV HETAPOPA OepUOTNTOC GE YEOYPAPIKO pnKog 6)n mieon va givon
VOPOGTATIKN TOVTOL GTO TTEdI0 TNG PONG 7) M avaAOYict TOL TOTIKOV YOPUKTNPLGTIKOV
TAATOVG e NG EKTOEELOUEVT|G dECUN PONG TTPOG TNV OKTIVOL KOUTLAOTNTOG Vo Elvar
pikpn 8) T TPOPIA TOYLTNTOG, GLYKEVIPOONG KOl TUKVOTNTOG KOTE TO TANTOG TNG
exto&evopevng déoun pong va givor 101a pe T O1TopéG TOv €ivol KOVOVIKEG GTNV
TPOYLA TNG EKTOEEVOUEVNC OEGUN poTG Kot BewpovvTat ['kaovoiavd.

O ocvvteleoTnG O1EIGOVTIKOTITOS 0L Y10l L0 YOP® OVOGTIKY KTOEELOEVT dEGUN poT
AopPavetor 0.082 (Rouse et al,1952). T'ie 1t xhwvopevn O16ddoTonG KAMONG
exto&evopevn déoun pon|, M Asrtovpyia g Oteicovomg eivar 20U e TO GUVTEAEGTN
detedvtikdmrag vo eivan icog pe 0.16 (Rouse et al,1952). Ot g&iodoelg AvOnkav
TV TOYPOVO YpMooToldvTag T pnébodo Tmv Runge-Kutta-Gill. A6Onkav apOuntikég
MoEG OTIG OWADGES TNG KEVIPIKNAG YPOUUNG OO VOLOYPOONLOTO Y10, TOIKIAES
yovieg Bupav amoppiymc. H didlvon diépepe am tv opur pong kot tov apBud
Froude.
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Ditmars(1969)

Xpnowonowwvtag T uébodo tov Fan (1967) , o Ditmars éptiate £va mpdypauua o
Fortran yio vo TPOCOUOIDGEL TN HEIKTY] GLUTEPLPOPA HOG KAIVOUEVNG YOP®
TOPAYDOOVS EKTOEEVOUEVNC OEoUN PONG O €VO GTPOUATOTONUEVO TEPIPAAAOV
,XPNOLOTOLOVTOG TETPAYMVIGUS TV Kuplapymv dagoptkav eEichoewy. H sicaymyn
nepAapPavet ™ tomobecio TG EKTOEELOUEVNG dECUN POTIG, TV OPYIKN TOYVTNTA TNG
eKToEEVOUEVNG OEOUN PONG, TN OLAUETPO TNG EKTOEELOUEVNG OEGUN PONG, TN YOVid
KAoNG, TNV TUKVOTNTO TOV ATOPPITTOUEVOL PEVGTOV KOl TOL TPOPIA TLKVOTNTOS TOL
nepPdrrovtoc. To mpodypappa vroroyilel T KeVIpKN ypapun g tomobeciog Tov
TAOLUIOL GE KOPTEGLOUVOVS GLVIOVIGUOVS, TO OVOUAGTIKO TAATOG, TN ToyLTNTO TNG
KEVIPIKNG YPOUUNG KOt T dlapopd TukvotTas. O vToloyiopds oTopatd 6To HEYIGTO
VYog aviywong N oto peyovtepo Pdbog Pubicpatoc. To poviélo pmopei vo deytel
omowdimote yovia omdppyng B petasd -90° kar +90°. Avtd to poviého dev eivan

amodEKTO Y10, AAQ TAOV LA
Koh ket Fan (1970)

Opiopévol TOTOL OAOKANPOTIK®OV HOVTEA®V avarmtiydnkav yu vo tpoPAEyouv
dwvoun mepiooetag Oeppokpaciog v Oepuikég amoppiyelg oe peydia vddTvo
ocopota. To RBJ elvar éva olokAnpotikd HOVIEAO TOL TPOGOLOUDVEL 16
LOIPOGUEVEG YUP® EKTOEEVOUEVES OVOOTIKEG OECUES PONG TTOL OMOPPITTOVV GE L0
avBaipetn yovia 6 éva otdopo mepiPdAiov pe avbaipetn Beppokpocio TokvoTnTO
otpopotonoinons. To medio pong povielomomOnke oe dvo Ldveg , n petdfoon
onpewmdnke ar to onueio GVYYOVELONG UETAED TV YELTOVIKOV TAoLimV. OpllovTieg
EMPAVELNKES ekToCevOpeveg OEGUEC pong mpooopowmdnkay diodldotata pe Eva
HOVTELO TTOV GLYYMVEVLCE TNV OPUN TNG TNYNG, TNV AVMOOT, TN STUNTIKY TP, ™
dielodvon kot v amoAielo Oeppomroc. Tehwkd, VO mEPIGGOTEPA LOVTEAQ
avantoyOnkay yo madntiky odyvon ¢ éva pevpa. Ta PTD kot UTD avayvopilovv
TN YEQYPAPIKOD UNKOVS SL0GToPd, VM 1 TAELPIKY| dtacmopd Bewpel pua 4/3 dvvaun
TOV VOOV KOl O GUVIEAEGTIG KOTAKOPLONG dtdyvone pmopet avbaipeto vo dtopépet
pe 1o Paboc. O enelepyasieg Tov PTD otabepd amehevBepmvouy oe éva otabepd
pevpa kot 0 UTD pmopetl va poviehomomost pa otrypn sapopds ehevBépmong oe

L0 YPOVIKY] GTIYUT TTOV SLOPEPEL TO OLOIOUOPPO PEVLLAL.
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Sotil (1971)

Booileton oto apbpo tov Ditmars (1969), o Sotil mopovsioce évo Fortran
TPOYPOLLO. VTTOAOYIOTH Y10 EVO OAOKANPOTIKO LOVIEAO TOV TPOGOUOIWGE TIG KAMGELS
TOV OVOOTIK®OV EKTOEEVOUEVOV OECUMV PONG O CTPOUOTOTOUUEVO, GTAGILO
neptpdAlov. To povtédo eivar €ykvpo yuoo aveotikés N Pubiouéveg exto&evopevec
OEGEC PONG ,WGTOCO OEV eival £YKLPO Yo Vo OTAO TAOVUIO TOL £XEL APYIKT OPUN
pong undév. Avtd to TpoPANU AVVETOL YPNOILOTOIMVTOS TN HEHO0O0 OAOKANP®ONG
tov Runge —Kutta-Gill .To emutpenodpevo cedipo g pebddov opiotnke yio va
TPOGTATEVGEL TEVIE GCUYKEKPIUEVES EIKOVEG TOTIKA. ATOKAION OTNV TLKVOTNTO
EVOOUATOVOVTOS TO BAB0G TOoV TEPBAALOVTOG GTOL GTPAOUATA TOV EIVOL AVAAOYO GTO
Téyoc Tov OAOKANPOUEVOL Prpatog peyéBovg katd UnKog g Tpoylds g dfoun
pong . H «iion ¢ mokvomtoag @tavel o€ kbbe otpdpo katd pnrkog tov Padovg
OePOVTOG WO YPOLUUIKT GTPOUATOTOINGON HETOED OGS OOGUEVNG TUKVOTNTAG OTN
KOPLOT TOV GTPMUOTOS KOl TNG TLUKVOTNTOG otov Tubuéva tov otpopotoc. Ot
dayvtipeg oxedidomray yia v Orange County Outfall oty Kaigdopvia ko yia to

Sand Island Outfall ot Xovolovro¥ opilovtag avtéc wg line sources.
Cederwall (1975)

O Cederwall fedpnoe 61t N pala ko n opun daygovv otov 610 Pabud kot o6t N
KOUTOAGTNTO TNG TPOYLAG TNG EKTOEELOUEVNG OEGUN POTIG TTOV LUKPT) KO OTL o Ldvo
KMUOKO oTNV TAELPIKT TOYLTNTO Kol 6TO TPOPIA Tukvotntag mopéuevay. Ot Avoelg
TOV TOPAUETP®Y gross 800nkav yio éva gikovikd onueio M yw line sources mov
neplopilovior oe otdoa mEPPAAAOVTO, KOl YPOUUKO OCTPOUATOTOMUEVO T
opowdpopeo mepiParrov. Ot Acelg eEacpariotnkav yio 2-D katakdpoees ,0etikd
KOl OPVNTIKE OVOOTIKEG EKTOEEVOUEVEG OEGUES PONG G€ OpOLOLOpPo TteptBdAiov ,3-D
KOTOKOPLOES, OeTiKd Kot opvnTIKA OVOOTIKEG €KTOEEVOUEVEG OEGUEG PONG OF
opotopoppo mepPdrrov, 2-D xou3-D opildvtieg exto&evopeves 0EGUEG PONG TTOV
e&épyovian og kdmoo avbaipetn yovia 6 Eva opotdpopeo mepidirov, 2-D ko 3-D
mAoLa oL €EEPYOVTIOL  KATOKOPLOO G  €Va  YPOUWKO OTPOUATOTOUUEVO
amodeyopevo vepd kot téhog 2-D wor 3D, kataxOpueo eEEpYOUEVES OVOOTIKES
EKTOEELOLEVEG OECUEG PONG GE YPOULULIKO CTPOUATOTOMUEVO TTEPPAALOV pE BeTikm

KOl 0PV TIKY] Aveon.
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Muellenhoff et al. (1985)

Avtd to apyeio m™c USEPA mopovcialer mévie oaplOuntikd poviéda  mov
TPOGOUOIDOVOLV T YOPOKTNPIOTIKG 1TNG OPYIKNG OvOUENS TV  ONUOTIKOV
anoppiyemv okeavod. Am ta mévie mov mapovcidlovion oo UPLUME  kau
UDKHDEN eivou Bacet Euler.

To UPLUME npoto mapovoibdotnke om tovg Treeter Baumgartner (Treeter and
Baumgartner,1979) ka1 givar pio enéktaon tov poviédov tov PLUME mov éywve an
tov Baumgartner « dAlovg (Baumgartner et al,1971). To UPLUME ocyedidotnke yia
Vo EMADOEL TN YEMUETPIKY KOl OUVOUIKY] GUUTEPLPOPE €VOG OVOOTIKOD YOP®
movpiov mov e€€pyetan amd o 0Opa oe GTAGUYLO ,TUKVOTNTOS CTPOUOTOTOUUEVA
nepPdAlovra. [davikd yioo oplldvtieg N KaTaKOpLEES amoppiyels, ot KuPepvodoes
dwpopikég eElomaoelg ivol mOPOUOIEG HE OVTEC TOL TOPOVGIACTNKAY O TOV
Baumgartner kou Trent (Baumgartner and Trent, 1970). To povtélo vmoAoyilet
GUVTETOYILEVES Y100 TN KEVIPIKT YPOUUN TOL TAOLUIOV, Yo OLOADGELS TNG KEVIPIKNG
YPOUUNG Kot HECTG-PONG KOl Yl HEYIGTO VYOG avOYMONS YO GTPMUOTOTOWUEVO
nepPdirov. Ta I'kaovslavd Tpoeid opotdtnTag voHETovTal Yo T TayHTNTO Kot TN
ovykévipworn. Agv mpoopilovrtal Yo pnxd vepd, 1o Pabog mepipdAiovtog mpémel va
givar Tovddytotov 10 dapétpouvg BOpeg Pabdid. Ot apywkoi apbpoi Froude upmopei va
nowilovv amd Tpég pkpotepes and 1 oe peyorvtepeg and 10000. O vroloyioudc
amd Tov evogyOEVO TupNva uKkovs Paciletat otn pébodo tov Abraham.

To UDKHDEN eivar pior tporomomuévn exodoyny tov DKHPLM mov 660nke amd
tovg Treeter Baumgartner (Teeter and Baumgartner,1979). Avté 10 povtéro
TEPLYPAPEL  LOVOOIKE TAOVUIOL TO OTOl0. EMITPEMOVIOL VO  CLYYOVEVOVTOL UE
TOVOUOLOTLTIOL TOPOKEIIEVO TAOVIO GE GTdotia 1 TepiBaiiovta porg . H taydmra
emrpémeTon va TowkiAel pe 1o Paboc Ko moAlol TOTOL TPOPIA TG TuKVOTTOG Elval
anodeyovpeva. To UDKHDEN eivan éva tpr-coldotato poviéAo to omoio €xel
Oewpntikn Pdon oy epyacio tov Hirst (Hirst,1971a,Hirst,1971b), tov Davis (1975)
kou Kannberg and Davis (1976). MeAétoov ta YopaKTNPIOTIKE OVOIENG HLOG
Oepuikn|c amdppyng ®G o Acltovpyion TV KeEVOV TV Bupdv , TOL OaplORov
amoppyng Froude, tng yoviag andppiyng kot Thg ToydTNTOS Omdppyng mpog v
ToyVTNTO TEPPAALOVTOS. AVTO TO HOVTELO aVOADEL TO TAOVULO Stapécov S {dvng

€YKATAGTOONG pONG ,ovtifeta and T ddkacio Tov avarlvdnke mopamdved Tov To
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povtelonotel og €va Prpa. Ta UDKHDEN kot UPLUME vroloyiotnkoav oe apBpo
tov Tsanis et al. (1994).

Wood (1993)

To olokAnpoTikd poviédo tov W00d mpocopoldveL pio EMIAE0VGN EGUT POT) G
éva peopa. To poviélo kavomolel TIC TEPUTTOGCELS TEPLOPIGUOL UG  OVOOTIKNG
déoun pong o€ OTAGILO VEPA , LIOG UM OVOOTIKNG EKTOEELOUEVNG déoun poNg o€
oTacIa vepd , piaG eKToEEVOUEVT] OEGUT poN € PEDIO KOl LG OPUNG oTpofidov 1
omoio. elvar éva @oawvopevo pong mov dev mpooceyyileton TOGO0 KOAG omd o

['caovoiavn mpocéyyion .
2.3.2 To ohoxkAnpo 1Ko povréiro Pacer Lagrange

To oloxAnpwtikd povtédo Phoet Lagrange axoAovBel to otoyeio tov mAovpiov
KOTO UNKOG TNG TPOYLIS TOL Kol ypnoonolel e€10MGES TOPOUOES L OVTEC TOV
oAOKANp@TIKOD povtédov PBaoel Euler. To JETLAG, avartdybnke and tovg Lee and
Cheung (1990), sivar évo téAe10 TOPASELYUO EVOG OAOKANPOTIKOD HOVTELOV PdAoel
Lagrange. Avtoi Oedpnoov pie yOp® OVOOCTIKY €KTOEELOUEVN OEGUN  pon
kaBodnyoduevn o€ £va opotdpopeo opildvtio mAdylo pevpa. H pon xuprapyeitor amod
KWNUaTikn opun g pong M kou dvoong pong J. H apykn extoevopevn déoun pon
amoppipOnke oe yovia 0 ce oyéon pe to opldvTio EMIMEDO KOl G GE GXEGN LE TOV
d&ova tov pevpatog . To avikeipevo givar va TpoPAEyels v Ayveotn yeoueTpia
TOV TAOVLUIOL KO TN YOPOKTINPIOTIKN SAALGN Kol TN TOYVTNTO GTN OTOUN TNG
exTo&enouEVNg dEGUN POTC.

Ot Jordinson (1958) kot Scover (1978) édei&av O0TL mépa amd UEPIKES SOAUETPOVG
extoéevopevng déoun pong, To EUMOO0 NG Tieong mov emiPAndnke amd 1O
ATHLOCPUIPIKO PEVLOL EIVOL OUEANTED GUYKPIVOUEVO LLE TN GLVEIGPOPE OPEILOLEVT GTN
Tapoy®ON Oleiodvon tov TAAYL pevuatoc. H dyvoomn tpoyid tov mAoLHioL
amoteleiton amd cepd avemnpéactmv ototyeiwv tov mhovuiov. Kdbe otoryeio tov
mAovpiov , to omoio umopel vo Bewpnbel cav bent cone ,yapaxtmpiletor om ™
tonofecio Tov, T pEon TOYLTNTO, TN CLYKEVIPMOGT PLTAVTY, TN Beppokpoacio ,Tnv
aloatdétnTa ,10 wAATog Ko o mayos. To otoyeio avédvetar oe pdlo and v &v

dvvapel PAEymn g Oteiodvong kol ot W00t TeS aALAlovv o EEXYMPIOTA YPOVIKA
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Bruarta At. H uébodog Lagrange givat o xpdvoc ohokANp®oNG KaTd UKOS TNG TPOYLOG
™G eKTOEEVOUEVTG OETUN POTIC.

Y10 Prua kth Bewpei éva otoyeio mlovpiov mov tomobeteitan oe (Xk,Yk,Zk) HE
opLovTIES TOYVLTNTES Uk, VK KO KOTAKOPLOT ToyuTNTA Wi TO Thryog yOp® o To UniKog
i opitetar oc uTAL. H péto tov otoreiov tov mhovpiov eivar P=prbilhy, 6mov by

elval 1 aktiva Tov otoryeiov Tov TAovpiov. Emouévag to emdpevo Prpa stvor:

P, =P +AP, 119

P = /0|<+17Zbk+12 s 1.20

Andoveton  aratodtto pe |, Enetta o1 e§lomoelg datnpnong e nalog :

|, = % 191
K+1
Ty = w 1.22
K+1
Cp= PKCK;APKCa 1.23
K+1
Pra = p(l K+17TK+1) 1.24
H dwmpnon g opiloviiag opung:
v, =V 1.25
k+1
P.u, + ARU
g =Kk 1.26
I:)k+1
H dwompnon g kotakdpueng opung:
P.w, + PM(A'DJ gAt
W, = P Jin 1.27

Pk +1
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(PW)y,1 = (PW)k + (ApguT )k+1At 1.28

AlAeg €E10MDOELG TTEPYPAPOVY TO TAYOG KOL TNV OKTIVO, TOV TPOCAVATOMOUO TNG
eKToEEVOUEVG OEGUN PONC, TN TOTTODEGTN KOl TIG apYIKEG CUVONKEG.

O N deedodpevn pon mepifdrrovtog Bewpeitor 0Tl £yl TayOLTNTA Us. ZE QLT TN
JTOTTOOT 0V VILAPYEL O1dKkplon HETAED TG (DVNG TNG EYKOTACTACNG TNG PONG Kot
g {dvng g eykateotnuévng pons. Movo ot péceg 1010TNTEG avamaploTdvIatl. To
novtélo mpoPaidel €va mpogil «top haty koi yioo T TOOTHTO KOl Yoo TN

GLYKEVTPMOT).

Muellenhoff et al.(1985)

Ta UOUTPLM 1y OUTPLM, avartoydnkav apyikd amd tovg Winiarski and Frick
(1976). To OUTPLM 6ewpei éva povadikd mAodulo og €ite 6TAGUO 1 OLOIOUOPONG
pong meppdArov. To povtéro axolovbei to otoryeio kabmg amoktd palo opelopevn
ot Oeicdvorn. H ocvvorkn deiocdvon AapPdaveror og n peyoldtepn ev dvuvdpet
dieiodvon N PAéym ¢ dieicdvong.

To UMERGE ¢ivat po tpomomomuévn exdoyn tg MERGE | mpogpyouevn amd to
OUTPLM «xor v épevva tov Frick (Frick,1984). To UMERGE eivar éva
O1GO1AGTATO HOVTEAD TTOV OVOAVEL BETIKG avmoTikég amoppiyels. EEnyel mv avauén
TOV TOPOKEILEVOV TAOLHI®V Yoo poe TOWIAl ToyvTTtewv pevpatos. To peoua
Bempeitoan va givor Kavovikd otov dEova Tov SN Kol 0 QOPENS TNG TOXVTNTOGC
amoppyng Bewpeitar va givarl to eminedo mov oynpatifetor am ™ KotevHBVVOT TOL
pPELOTOG KOt TOV KatokOpupo d&ova. H ev duvdpuer ko amoPfiendpevn deicdvon

aBpoilovrat. Avtd to povtélo voloyiotnkay an tovg Tsanis et al. (1994).

Baumgartner, Frick kot Roberts (1993)

M ovvelopopd g USEPA ot povielonoinon dudivong koieiton PLUMES. To
UM egivor pa eméktaon tov UMERGE kot pmopel vo Bempnoel cuykevip®doelg

eovro(background) kot yevvdpeva Tokva TAoda.
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2.3.3 To povtérho KMPoKog pPiKovg

«O1 KAMPOKEG UIMKOVE TEPTYPAPOVYV TN GYETIKN ONUAGIO TNG OPUNG PONG OOPPIYNG,
™G pong Gvwong, Tov TAAYIOV PEVUOTOC TEPPAALOVIOC KOl TNG TUKVOTNTOGC
OTPOUATOTOINGCNG OTOV EAEYYO TNG cvumeplpopds g pong» (Jirka and Akar,1991b).
Mo mapdderypa ,n extofevdpevn déoun pong otn KApoko HKOLS TOL TAGYLOV
pPEVUOTOC Elval 0 AOYOC NG OPUNG TNG PONG TPOG TO TETPAYW®VO TNG TPEYOLCUG
tayvtroc. H Ewéva 11 mapoakdro answovilel To OTL av 1 amdoTOoN KOTE KOG TNG
TPOYLAG TOL TAOL IOV OV dropeitan amd T KAILaKO UKoV glvat TOAD AyoTePO amd
éva, TOTE M OpUN TNG €KTOEELOUEVNG OEGUN PONG Kuplapyxel T pon. Av eivan

LEYOADTEPO amd €va, TO TAAYo pedia Ba Kuplapyet T Teployn s pong.

Transition

o o w—

s \ Strongly Deflected Jet
uy \\ <
= &
@e&ﬂo\e@
- \ QR
e=0 N D

Ewova 11. To eninedo g extofeudpevng 0éoun pong o€ €vo OpOOLOPPO TAAYLO

pevpa. (Akar and Jirka,1991)
H exrolevouevn oéoun pon oty uetopopad e KAUaKoS UNKOvS To mlovm'OUZM/JZ/?’

Avt elvar n oamdéotoon otV omoio 1 UETAPOOT OmMO TN CLUTEPIPOPE TNG
eKTOEELOUEVNG déouU PONG OTN GLUTEPLPOPE TOL TAoLUioL Taipvel PEPOg o€ Eva

OTAGLO OLOLOHOPPO ATTOSEXOUEVO VEPO.
H exrolevduevn déoun pon oto mladyio pevuo kAipoxog pxovs =M/ Ua

Otav 10 pevpa mepPAAAOVTOG €ival KATOKOPLPO GTO OlOYVLTNPO, OVTH 1 KAIpoKO
WKOVG CNUEIMVEL TNV OTOOTACT OVAUESH OOV 1) EKTOEELOUEVN OEGUN PON LGYVPA
EKTPEMETOL O TO TAQYL0 pedpa. Ze €vo mopdAAnAo peopo , eivor 1 amdcTooN

OVALESH TTOL 1] PON| OTAGL LETOPEPETOL.
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H exrolevouevn oéoun pon /kliuoxa unkovg arpco,uaronoz’nanQZMl/ 313

Avt elvan n amdotaon oty omoio 1 ekToEgvdpevn déoun pon «oapyiletl woyvpd va
emnpedletol am TN oTpOUNTOTOinony», mov gival ,T0 VYOG ©TO Oomoio M pon

TOyLOEVETOL.
, , , , _ 13,102
To mwhovo/ Kliuaxo unkovg otpwuotoroinons= J~"/e

[Moapoépowr  pe ™ KAMpoko URKOVE Topamdvm, sivor 11 omdoTaon oIy omoin To
modpo apyiler dvvatd vo emnpedletal am Tr CTPOUOTOTOINCT 1 TNV TEMKN

avOY®GT VYOUC.

1TAGy10 peduo/xlinoro. uKovs oTpwUATOTOINGHS =Uy/e"?

Avt eivar katakOpLEN avavtn , 1 KOTAVIN omdcTOCT OVAUESO GTNV Omoid TO
mhovpo apyilel va emmpedletal am 1o mAdylo pevua.

Tomikd povtéda KAlpakog HnKovg dnpovpyndnkay arnd 1 S1aeTaTiKy ovOAVoT| TOV
oyetifel o emrevypévn 614AVGN Kol TOL VYOLG OVOYMONG TOL TAOLIOL 1) TNG
ekToEevouEVNG déoun pong, otn Aettovpyio €vog N aptBpod punkov kiipakog .Ot
otafepéc avaroyieg émerto kabopiloviar YPNGILOTOIDVTAS EPYACTNPIUKES UEAETEG.
Kotd 1o eowvopeva pe po pn emmmdsopévn potid , ot KAILOKEG UNKOLG EYOVV
TPOCTEPAGEL TOV TOTO OAOKANPOTIKYG aviAivong og dnpotikotnto.H Alota é0gce d1L
omowadnmote apluntikn emiAvon Oa  Empeme vo  TogkOploTEL  EvOvTl  OTNV
TOVOUOLOTLTN KMpako pnkovg : Ag pmopetl va 800l éupaon 010 OG0 oNUAVTIKO
etvar  va mpoetodlels Oyt pe PeYOAN AEMTOUEPELD. TO OMOTEAEGO, OTOLOVONTOTE

novtérov vroroyroti(Fischer et al.1979).

Muellenhoff ,Soldate, Baumgartner, Schuldt, Davis ko Frick (1985)

To tehevtaio poviédo 800nke omd dpbpo tov 1985 g USEPA ,10 UNLINE
Baciletan o mepapata tov 1977 ko 1979 ndve oe KAloelg ektoEevOUeVOV dEGUMV
ponNG mov Pyaivovv G€ CTPOUATOTOMUEVO TEPPAAAOV pE OOIIKOTO pedpo Kot

avBaipetn kotevbvvon. Xpnopomotel KMUOKES UKOLG Y10 VO LLOVTEAOTON|CEL L

YPOUUIKT TNy TEMEPAGUEVOD UNKOVG.
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Wright and Wallace (1979)

O Wright and Wallace (1979) ypnoipomoincav po avaivon KAMpoKog ppKovs yio
VO HOVTIEAOTOMGOLY U0 TOPOYMON OVMOTIKY OEGUN POT] TOL  OTOPPINTETOL
KOTOKOPLOO GE £VO, YPOUUKO GTPOUATOTONUEVO TEPPAALOV PELGTOV YWPIg TAAY10
pevpa. [Ipooeyyloueg AceS Yo T0 HEYIGTO VYOG OvOYMONG €E0CQPAACTNKAY ©
Aertovpyieg TG EKTOEELOUEVIG OEGUN PONG OTN KALOKO U KOLG TOL TAOLUIOV Kol
™G KAMUoKaG UNKOvS oTpopotomoinong tov mAovpiov. Emiong ,n ddAvon oto
TEPUATIKO OTPMOUO OIVETOL MG M AgLTOVPYiol TNG KIVNUOTIKAG OPUNG TG PONG, TNG
TNYNGS OYKOL poNg avl LovAda TAATOLG KOt TG KAHOKOG UKOVS GTPMUOTOTOINGNG
¢ ektogevdpevng oéoun pong. Mio OAOKANP®TIKOL TOTOL ovédAvon Kot puo
eumelpkn peAétn oeénydnoav ywoo va kobopicovv 1ig otabepéc avoroyies. Ta

aplOUNTIKA Kot EUTEPIKA omoTeEAEopaTO £0E1EaV dlkoun cupemvia
Wright (1983)

O Wright dweényaye pio 6100Tatiky avOALGT TOPOUOLD HE TNV AVAALGT €VOG
ypopptkod mAovpiov og éva pevpa owkeavov. H avédivon €yve yia va mpoPAéyet ta
péylota Oym avOoymong amd KAToKOPLOES YUP® EKTOSEVOUEVEG OECUEG PONG OF
YPOpKG  otpopatorotnuéva mepifaiiovta. Exepdoeic v ehdyiotn Sidhvon
emkpoTOnKoy pe (o oviAvon KAMPOKoG PKOLG O TO HEYIGTO VYOS OVOYMOGTG.
[Tepdpata oeénydnkav vy cvvieAeotéc mov ypnolpwomomdnkay oy avdivon

KMpoko HKovg.
Wright et al. (1991)

O Wright et al., peAétnoav v empaveiakn d1dAvon yopm vroPpdyles avmoTikKEg
exto&evopeveg 0éopeg ponc. Avtol KEVIpAPAV GTNV TEPAUTEP® O1BAVOT) GTNV TEPLOYN|
eKTPOTNG Omov M ekto&evopevn déoun pon apyilel vo eEamAdVETOL TEAELTAIN KOTA
uiKog ¢ emedvelng . H gumelpikn] toug HeATN amokdAvye OTL 1) EMIPOVELNKT

Stahvon oéNcE TIC TPIO GE TEVTE-TITLYMCELS TO ECMOTEPIKO VOPUVAIKO GALLAL.
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Baumgartner et al. (1993)

To RSB &ivan éva poviého kAipokog pukovg mov PacileTor oto mEPAUATO TOV
Roberts et al. (1989) mov pueietovv T S1dAvoN Kol TOV GYNUOTIOUO TOV TESI®V TOV
ATOPANT®V OV TPOKHTTOLY ATO Lo ATOPPLYN G VAL YPOUUIKE GTPMUOTOTOMUEVIG
nokvotrog meptPdAlov pe €va otabepd pevpa  avbaipetng  ToybTnTOG Ko
katevbuvong. E&etdotnke évag €101k0g oYeSOGUOC TOAMATADY Bupdv dlayvTnpmV

V7 €va €0POG TOPAUETPOV YL TUTTIKOVG OTOOEKTEG WKEAVAV OTOBANTOV-VEPOD.

2.4 Epnepo (Expert) Zootnpo CORMIX

Onwg mpoavagépape vrdpyel pio GePd TPOYPAUUATOV TOL AGYOAOVVTOL [E TN
LLOVTEAOTTOINGT EKPONG PLTACUEVOV VOATOV GE pio LEYOADTEPT LOATIVY MAla. XNV
napovoo perétn efetaletar 1o Aoywopkd mokéto CORMIX. To mpdypappo ovtod
dnuovpynnke amd 1o mavemomuo tov Cornell ex pépovc tov Apepikavikov
Opyaviopob Ipootaciog tov Iepipdirovtog (EPA).

To CORMIX givat éva, cOGTNHO AOYIGHIKOD Y10 TNV OVAALGT, TNV TPOPAEYN Kal TO
oxedlocpd  vouTk®V  ovuPatikov 1 To&ik®v  omoppiyewv. O okOomOG TOL
wpoypdlupatog eivarl va mapéyet axpiPeig kot aidmioteg mpoPAEYELS TV SLOOKOGUDY
avaéng Kot v TAOLVI®Y oL OMHovpyodvTol 6E VOATIVEG LALES, LE TV TOPAdoXN
otL vmapyovv otobepéc ocvvOnkes. Eivar éva eumepikd poviého Poaciopévo og
TEPAUATIKES EIGMGELS TOV TPOPAETOVV TNV apaiwon Kot EAEYYoLV TV akpifeia TV
Beopntikdv povtélov. To poviéro divel Epepacn ot yeopetpio Kot Tt dtAvtdTnTa
070 KOVTIVO Tedio av kol TPOPAETEL KOl T GLUTEPLPOPE TOV TAOVUIOL TTEPA Omd TNV
apywn Covn  ovapéng. To mpodypoppa mopéyel Aemtopepeic  VIPOSVVOAUIKES
TANPOPOPIES KOl GLGTACELS Yo TO GYedoUd TG ekpone. ‘Eva mAgovéxtnua g
xpnong tov CORMIX eivar 61t 10 HoVTELO EKTIUG TO OMOTEAECUOTO TOV OPLOK®V
oaAMnAemdpdoemy ot depyacieg avauéng tov kovivov mediov. To CORMIX
vroAoyiletl yia kdBeto (TLOUEVAG TOTOUMV Kot ETPAVELR) KOt TAELPIKA (OKTOYPOLLT)
opra. Amotedeiton and tpia vroocvotuate: CORMIX1, CORMIX2 ko CORMIXS.

Etvon oyeodv adbvato va avortuybel éva chotua mov Asttovpyel a&lomiota Yo
OTOONTTOTE TEPIMTMOON OVAUIENS Kot amodppyne pumavtyy oto mepiarrov. To
CORMIX eglvan éva éumelpo cOGTO TOL AgtTOVPYEL Yo TV TAEOYNQia (G€ TOG0GTH

HeYOADTEPO amd 95%) TOV TLUMIKOV TEPMTIOGE®V OmOPPYNG, omd omAEG MG
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nepimAokeg Kataotdoels. [ Tig vmoAowmeg amonteital Eexmplot avdivon pe ypnon
aPLOUNTIKOV KOl VOPUVAIKOV LOVIEAMV.

To CORMIX1 acyoAeitat pe vroPpoyteg ekpoég Lovng 5000V pe BETIKN, apvnTIKy
Kol 0VOETEPT Avewon péca og vodTvo mepBdArov (Pabid 1 pnyd vepd, otdoya 1
PEOVTO, OUOIOHOPPO T OTPOUOTOTOMUEVO TEPPAAAOV) Omwg moThpo, AUvVeC,
oeEopevég, ekPorég mOTAPMV 1| TOPAKTIEG TEPLOYES. YToBEtel otabepsés cuvOnKeg
poNG TG0 Yo TNV €Kpon OGO Kot Yo To mepPdArov. Mmopel va mpofAéyet v TpoyLd
KO TO GYNLLO TOV TAOLUIOL, TN CLYKEVTIPMOOT] PUTOVTAOV KoL TNV 0PaiMoT) TOGO Yo TO
Kovtivd 660 kot yio to pakpvd medio. O xpnog €164yel GTO GUGTNILO TANPOPOPIES
YL TNV €KPOT KOt Yo TG cuVONKeS oV emikpatovv 610 mepPdriov. To mpodypapLpae
e€ayel AEMTOUEPELES Y10 TOVS VOPOSVVOUIKOVG UNYOVICUOVS TOL EAEYYOLV TN POT| KO
NV 0paimon, YEOUETPIKEG TANPOPOPIEG TOV QPOPOLY TO GYNHO TOL TAOVLUIOL TTOV
onpovpyeitor péca otnv voativy pala kol T€Aog, cLOTACELS Yo T PerTicTomoinoN
TOV YOPUKTNPIOTIKOV NG opoioons. Ymhpyet 1 duvatdtnTo Vo ToPOLGLOGTOVV
TANPOQOPIES Yo TIC dooTaoelS TG (ovng avapiEng mov opiletar amd ) vopobeoia,
o Oplo. OVTNG KOl KATA 1Oco Tnpovvtal. To cvotnua vrobétel OTL N TPAYUATIKN
dwaToun ™G ekpong umopet va meptypaest | va oynuatonombei cov éva opboydvio
OUOOHOPPO KOVAAL, 1 €kporn Tov omoiov pmopel Kot vo meplopileton migvpikd. H
tayvtTo Tov mEPPAALovTOC Bewpeitan opodpopen oto onueio g ekpong. To
Tpdypappe vrodétel, akdpa, 6t n ekpor| elval Kovid otov Tuhuéva (1 avOYw®on g
e€0dov dev mpémel va Eemepvd 10 1/3 100 cuvolkol PaBovg). 'Etol, to CORMIX1
TPEMEL VO YPNCYLOTOLEITAL e TPOGOYN Kol evOEyeTOl va. xpedlovTal Tpomonoinom
OPIOUEVES TTOPAUETPOL Y10l ATOOEGEIS KOVTA GTNV EMUPAVELQL.

To vmocvommuo CORMIX2 ypnowomoteitor yoo mwpoPréyelg ekpong omd
VIOPPVYIOVG dayLTHPEG TOALUTA®Y EGO®V Yio. cLUPATIKO 1 TOEKO puTavT. Ady®
™G OLVOTOTNTAG TOVS VO TOPEYOLY GE PeYAAo Babud apykr avapln €xet avénbei n
YPNOT TOVG Yol TO GYEOCUO amoppiyemv. [TowiAovv amd dtoyvutpeg amofANT®VY Yo
™V €KpoN eneEepyYacévaV VOAT®V Ploloyik®v Kabapioudv, Oeppikods d1oLTPES
Yo vepo YHENG TOV YPNCLULOTOLEITOL GE EPYOCTAGLO TAPOYWYNG NAEKTPIKNG EVEPYELNG,
HEYPL dtayLTPES Yo Propmyavikd omdPAnTa Kot amoppiyelg dAung ond £pyootdcia
apoardtoong. H andppiyn umopel va £xel Betiky|, apvntiki 1 ovdéTepn AvmOON Kol Vo
TPOYLOTOTOIEITOL GE GTPOUOTOTOUEVO 1] OUOIOHOPPO TEPIPAALOV LLE TNV TAPOLGIa
N Yopic pevpdTov amd 10 TEPPAAAOV. XKOTOC TOL GLOTHUATOS &ival va dMGCEL
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a&10omioteg TPOPAEYELS Yo TIC (DVES avAIENS Kol TANPOPOPIES Yo TaL Opta. Tov opilet
N vopobesia. Atvel épugoon otn YEOUETPIO TNG AmOPPIYNG, OTO YOPOUKTNPIOTIKA TNG
Covng avapiEng mov opilel  vopobesio kot ot {dvN ToEIKNG avauéne. ZuAAEyet Ta
dedopéva,  mpoyuaTomolel  VOPOSLVOLIKEG — OVOAVOELS,  GLUYKEVIPAOVEL T
YOPOKTNPLOTIKE apaimong pall pe Tovg VOUIKOUE TEPLOPIoUOVS KOt TPOTEIVEL QAANYEC
O0TO OYESWICUO NG €KPONG OVTMG MOTE va PEATIOOODV TO YOPOKTNPIOTIKG TNG
apaioonc. To CORMIX2 pmopei va mpoPAéyerl 1dwoitepa TEPIMAOKES TEPIMTMOGELS
ekpong mov mepthapPdvovv Babd N pnyd Bardocio mepPdiiov, GTPOUATOTOMUEVO 1
OLLOIOHOPPO KOl OPLokEG AAANAETIOPACELC.

To vrocvomua CORMIX3 avaidel emavelokés amoppiyelg mov TPOKLITOVV
otav vypa amdPAnTa el0épyovTal og pio vIATIV PAla HEG® EVOG KAVOALOD, ay®YoD 1|
aywyod mov Ppioketor kovtd oty emeaveln. Xe avtifeon pe 1o CORMIXT ko
CORMIX2 mepropiletan o amoppoés pe Oetikn M ovdétepn dvoon. [ToAlomdég
TEPIMTMOGELS EMUPAVEIOKNG OTOPPONG LE OPOPETIKY YEMUETPiOL KOl Kotevhuvon
pumopovv va, avaAvfodv, cuUTEPIAAUPOVOUEVAOV KOVOAIDV UE OTOTOUN EMUPAVELOKN
€000, Koval®v oL dev Ppiokovtal 6To €mIMeSO TNG OKTNAG GALL EIGEPYOVTOL OTNV
3TV pala Kot T€A0G, TPOCUVATOACUAOV OV givorl o€ gvBeia, TapdAAnAa 1 TAGYL
otV oyxon.

Yvvolxkd, 1o CORMIX mepiéyetl mepimov 80 tpdmovg ta&vounong g pon kou 20
KMpokes. T kaBe o amod tig 80 yevucéc tagivopnoelg g pong tov CORMIX, éva
VOPOSVVOUIKO HOVTELD KOTOOKELALETOL Y10 VO TPOGOUOUDGEL TNV KOs Katnyopio
pong. To CORMIX ypnoomotet éva avotnpd tpoémo tavounong g pong ovaioyo
pe v oAANAemidpacn LETAED TNG EKPONG KOl TOV PEVGTOV TTOL YiveTon 1 omdOeon, o
po oo TIG SLPOPES KATNYOPIES PONG LE EVLOAKPITO VOIPOOVVOLKA YOLPUKTNPIGTIKA.
H ta&wvopnon €xet avamtuydet pe fdon tnv S106TATIKE 0vAAVGCT) KOl XPNCULOTOLEL TNV
KMpoKo PKovug og HETPO EMPPONG TOL KABE mhovoD pnyavicpov avéuéng, n omoia
wepLyplpel TV aAAnAemidpoon g oamoObeonc pHe TA  YOPOKTNPLOTIKO TOL
TEPPAAALOVTOC GTI GLUTEPLPOPE TNG PONG.

To ovomua CORMIX-GI ypnoiponotel o oelpd PAcewv Kavovmv Tov cuvoEovTat
HE TNV TPOCOUOI®MON VOPOSVVOKOV HOVIEA®V, O10dKacieg OmMTIKOTOINoNG Kot
epyoreion oyedlaocuod ekponc. Ot Pdoelg kavoOvov ehéyyouv TV oLVoyn TOV
dedopévav €16000V, LTOAOYILovy Pactkég KAILAKES UNKOVE KOl TOPAUETPOVS PONG,
kaBdg emiong ko v TAEN pong mov mpdkeltal va mpocopowdcel. Ot Pdoelg
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neptEyovv mhvew amd 2000 kavoveg yio vo alodoyndel n yopikn cvumepLpopd g
expong kobmg kot pvOuicelg yuoo tig {oveg avauéng, ocvpmeptrappovopévng g
a&loAdynong ¢ TowdTNTag VEPOD.
Onwg 6ha ta povtéra, étot kot 1o CORMIX éxet opiopévoug Teplopiopong :
e M pikpn aAloyn oe pion petafint) €c60ov umopel vo emdpdoel otV
avVayVOPIoT OL0POPETIKOD €100VC PONG UE EVTEAMS OLUPOPETIKEG TPOPAEYELS
OV 0ONYOLV OE JPOPETIKOVG PLOUOVE avapelEng ONOVPYDOVTAS TOUVES
OGVVEXELEC OTO OMOTEAEGHLOTO TPOPAEYNC.
e EmmAiéov, 10 povtého CORMIX £€xet meplopiopévn Kavotnto yio 1
TPOGOUOIMGT TNG ATOPPIYNG UEYAA®V OYKWOV PONG G PNYES TEPLOYES.
e To poviého dev pmopel vo €QAPUOCTEL OE TEPMTMOCES E VLYNAN
avopolopopio, OT®MG cuvONKeS OOV TO CLOTNUA EIVOL ETPPETES GE TOMIKY

EMOVOKVKAOPOPIQL.
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KE®AAAIO 3

IIpocopoimen dwdyvong purTavTAOV VT00CALAGOLOV AYOYOV PHi0G KOl TOALATADV

Oup®OV 6€ GTPONOETOTOMNEVE 1] ORLOLONOPPO. KOL YO GTAGIRA 1] U1 TEPLPairovTa.

- CORMIX 1 PREDICTIONS
3.1.1 Egappoyn AB Xnuikn Bropnyavio

To mapddetypo ovtd Odeiyvel pwoo emmAéovco  omdppiyn o€ oL TEPLOYN
oprofetnuévn mapoamotaua. H pon amdppwyng efetdleton Pdoer  Ttpidv VOUIKA
kpumplov avauéng: ™ to&ikn {ovn apaiowong, to mAATog TAOLUIOL GE [ol VO
Covn avapelEng mov opiletor amd To 16XV®V TAATOS KOVAALOD KOt TN KOTAVIN TEPLOYN

EVOLLPEPOVTOG.

3.1.2 H katdotacn Tov Tpofipatog

H AB Xnuwn Bopnyovia amoppinter Oeppovopeva Propunyovikd ondpfinto ctov
motapd Oydio péow evdg vrobardcssiov aymyov amoppwyns. H pon andppiyng eivan
0.053 m*® / s ko mepiéyer 500pg/l poc tofikng ovoiag. To VAKO &xel kprTiplo
péyotng ovykévipoong (CMC), 25 pg/l. T Bgpwvég ouvBnkes n Bepuokpacio
amoppyng sivor 48° C. 2t 6éomn andppiyng, N owtopn| eivar tpamefoeldng e Eva
mAdtog muBuéva 230 m. To BdBog Tov motapod eivarl 12 pétpa ko n tayvTnTO Elval
0,3 m / s. H tomxf Ogppokpacio tov karokorpod esivon 20 ° C. Ot cvvOfkeg
TpovTNTOG TOV ToTOOoV divovtal amd to n Manning’s 0,024. To onueio andpprymg
T0V BplokeTon 55 m amd T YPOUUR TPAVOLG KOVTA oty aptotepn 0xOn. H de&id 6xn
Bpioketon vmd v Okawodocion tov kpdtovg Tov Oydio. O oYedlCUOS TOL
TPOTEIVETAL Y10 TNV OTOPPLIYN oVTN £xEL OG €ENG: M BOpa delyvel kaBetn Tpog ™ pon
neptPaAlovtog kat odnyeitor opldvtia katd pinKog tov Pubov (0, = 0%. H OTPOYYLAY
Bvpa Exel dSquetpo 15 ecm kot to kKé€vipo g Ppioketor 0,4 m whveo and 10 TLOUEVL
tov wotapo¥ (Zymua 7.1). Ipénet va AneBovv voyn ot mepropicpoi {mvng avauéng
g [MoMteiag ™¢ Avtikng Biptlivia. o avtv v mepintoon n {ovn avauéng
Bewpeitar va €xel péyiom Ty mAdtoug ico pe to 10% tov mAdtovg Tov ToTapov, Kot

N opaioon va Tipndrol 3000 m katdvin omwd To onueio andppyng .
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AB Xnuui Bropnyavia

Q T Depth | u, n RMZ | Dy Ho | Concentration | CMC
3 0 discharge
(ms) | (C) | (m) | (mis) (m) | (m) |(m) g/l
(ng/l)
0.053 |48 |12 0.3 0.024 | 3000 |0.15 | 0.4 |500 25

Hivakag 1. Apywcég tipég epappoyng AB Xnuukn Biounyavio

Mo va eléyEovpe T cLUTEPIPOPA TOV GLGTAUOTOC HeTaPdAlape T yYovia 6 arnd
0°%6=90°) o€ 30° (6=270°).

3.1.3 Xvykpron amoterecpaTOV Tpocopoimons CORMIXL
MertoafdAlovtog T yovia 6 Tapatnpovpe:
1.Ta Bacwd punkn mov vroroyilovtatl and v mpocopoimon tov CORMIXI kot mov

elval amopaitnTo Yo ToV YopaKTNPIoHO TG Kotdtadng g pong eivat idwa mopd v

aAlayn ot yovia 0 Kot Tapovoidlovion otov [ivaka?.

Lm(m) | Lp(m) [ Lo(m) | Lm(m) | Hs(m) [ Jo(m¥s’) | Mo(m%s?)

0=0°, 6=90° | 1.33 0.18 0.13 3.62 12 0.004830 | 0.1590

0=30°,06=270° | 1.33 0.18 0.13 3.62 12 0.004830 | 0.1590

IMivakog 2. Xopoaktnpiotikd unkn eeoppoyns AB

2.20p0mvo e To dlarypappate. pong (GYNL) oL TPOKVTTOLV ,TO TPOPIA TG PONS
Katatdooetor ot koatnyopia HI , éva mpopilh pong mov avtamoxpivetor ¢ &va
oTpOUe OV VITooTNPilel 610 YepdTo vePO PdaOovg medio amodppyng Kot 6Tig 600
TEPUTTAOGELC.
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FLOW CLASSIFICATION
SUBMERGED

Zympal. Awlypappo pong epappoyng AB

R

13

3.20ppova e T GYNULOTE TOL TPOKLATOVY amd To Corspy enewdn petafariope to

YEDUETPIKA YAPOUKTNPLOTIKA OEV EYOVLLE TO 1010 GYNUA S10YVTH -AKPOPLGIOV.

irbased o
A= R0 m

W= L0 i

HSTH = X580

Iindretmted Section

Him al Barh Lo

Pont Filner Semurps.

# (THETAI= 8000 dhegs.

o (A= BN deg.

Pord Mavesller [0 = 8040 in
Meight at Dischwge MO = 00000
Finer [Hawester 0= B3G0m

= Riser
B Faort
B Battom
= Banks

)

-

Lt

Xympa2. Awyovtg epappoyng AB- 6=0°,6=90°
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At St

HA = AL W
HO = LA i
[HETH = 30500
Vnbsoamabed Sonction
Mt B s Lo

P Py Sommeis

 (THETAL= 3040 dem.

o (SHGAI = 270080 deg. * Vil
Pord Dasvssder [0 = @150 m
Hkght o Dischoge b= 8,400 m
Favet (Muveter D= O30

wse 85 DB | 0IE 05 0w

-

Riasr
W Port
B Bottom
B Banks

Xympa 3. Awyotig epappoyng AB- 6=30°, 6=270°

4._Extiunon davoong: Kot o11g d00 mepmtdoelg 11 mokvotnTo TG €KPoNg elvan
pikpotepn omd v mwokvotnto tov mepPdriovtoc. ‘Etol, 1 ekpon Oa xer Oetiknm
Gvoon Kot TEIVEL VO AVOYOVETOL TPOS TNV EMPAVELCL.

Enagn tov mlovpiov pe v 6yOn: To mAodo eivor omeploploto TUNHO OV £)EL
EMOPN HE TN KovTvotepn OxOn ota 568.62M oty mepintwon mov AdPovue yovio 0
=0° ko1 5T0: 906.08m 6tay 6=30°

2uvOnkeg oto kovivd medio: H NFR eivan n {ovn dvuvatic ecotepikng avauéng. Agv
&xel puBotikég emmtdcels. Qotd60 M TANpPoopio umopel va elvar xproun yo to
oxedot TS amdppyng emedn n avauén ot NFR givar cuvnbog gvaicOntm otig
ouvOnkeg oyedlacpov g amdppyns. Ot cvykevipdoelg Tov pvmov, ot pvhuoi
apaioong, to mhyog Kot T0 TAATOG TOv TAOLHIOV KOOMDS kol 0 Ypdvog Ta&ldlov
noapovctalovior otov [ivaxa 3.

Ieproyn évrovng avapedns (NFR)

8=0,6=90° 0=30",6=270°
x=79.07 m Xx=56.72m
C=0.001mg/I C=0.0014mg/|
S=480.8 S=349.1

bn=6.52m brh=5,55m

b,=6.52m by=5.55m
t=235.10008sec t=169.9277sec

Mivaxkog 3. Zvykévipoon (C) kot owdyvorn (S) omv meployr] EVIovng OpPYIKNG
avaueiéne (NFR)
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SOUPOVO LLE TOV TOPATAVE TIVOKO TOPATNPOVUE OTL AVEAVOVTOGS TIC YOVIES EYOVUE
pikpn avénon g ovykévipoons (C ) Tov pumov Ko  peimon TG apaiwong oty
neployn évrovng apyikng ovapéne (NFR).Eniong mapatnpeitor peiowon tov méyovg
,TOV TAGTOVG Kot TOV YpOVOL TaEW100 TOL TAOLHIOV.

Avauén pokpld or to medio: To TAoVWIO YivETOL KATAKOPVOO OAKE OVOULYVOOUEVO
ota 1475.96 m kotéven otav 0=0° ko ota 1638.95 dtav 6=30°

Kpvmpwe to&ikng Lovne dwagivonc:

o 0=0°

To kpuipio CMC twv 0.025mg/l cuvavtdtol otic cvvietoypéves: X = 8.30 m, y =
525 m, z = 041 m kot o Adyog OidAvong oto onueio avtd eivor 20. Ta
YOPOKTNPOTIKE TOL mAovpiov elvar: mdyog 0.17 m wor midatog 0.17 m. H
VTOAOYIOUEV aOoTOCT Ao TV ££000 £m¢ kat TNV tomobecio tov CMC givar 9.81
m.

- KPITHPIO 1°
H tonoBecia eivar £mg kot 50 popég v KAipoko pnkovg Lo =0.13 m
To xpitipio oev ikovomolgital
- KPITHPIO 2°
H tomoBecia etvar Arydtepo amd 5 popéc to Bébog tov vepod Hp =12 m
To xpitipio ikavormoieitol
- KPITHPIO 3°
[Ipoocdopiotnke po Lovn avauéng aArd ta Opla g 0 petpndnkov péoa
oTNV TPOPAETOUEVT] TTEPLOYN TOV TAOVLLIOV.

H expon dev wavomotei kat ta tpio kprripla. CMC yia v 10&ikn {dvn didhvong. To
YEYOVOS avTd pmopel va opeiletonr otn pikpr tahTnTa amdppymg.

To kpurfpio g CCC twv 0.025 mg/l suvavtdror otig cvvietaypéveg : X =8.30 m, y
=525 m, z = 041 m kot o Adyog dibAlvong oto onueio avtd eivar 20. Ta
YOPOKTNPLOTIKA TOV TAovpiov givar: mAdtog =0.84 m

o 6=30°

To kpuripro CMC twv 0.025mg/l cuvavidton otic cvvtetayuéves: X = 4.42 m,y = -
307 m, z = 257 m xor o Adyog odAvong oto onueio avtd esivor 20. Ta
YOPOKTNPIOTIKE TOL mAovuiov eivar mayog 0.04 m xow mAdtog 0.04 m. H

VTOAOYIoUEV amOoTAGT Ao TNV ££000 £ kot TNV Torobecia tov CMC eivar 5.8 m.

- KPITHPIO 1°
H tomoBecia givar £mg kot 50 popég v kKAlpoko pnkovg Lo =0.13 m
To kpithplo ikovormoigitol
- KPITHPIO 2°
H tomoBecia stvar Arydtepo amd 5 popéc to Bdbog tov vepoh Hp =12 m
To xpitipio ikavormoieitol
- KPITHPIO 3°
[Ipoocdopiotnke po Lovn avauéng aAld ta Opla g o€ petpnnkov péca
oTNV TPOPAETOUEVT TTEPLOYT TOV TAOVUIOV.
To xpitipio ikavormoigitol
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H gxpon wavonoiei kot ta tpia kprripra CMC yre v To&un {dvn dwdiveng.

To kpumpro g CCC twv 0.025 mg/l cuvavtdrar otig cuvtetaypuéveg : X = 4.42 m, y
=-307 m, z = 257 m xouu o AOyog OdAvong oto onueio avtd eivar 20. Ta
YOPOKTNPLGTIKA TOV TAovpiov givar: TAdtog =0.84 m

5.20ppova Le To. oYLt ToL TPOKLATOLY At To COorspy éyovpe 1610 TPOEIA pong

TOV TAOLUIOVL TOVL POTOV HE TIG OLOPOPOTOCEL, OTIS GVYKEVIPMOEIS VO &lvar
opeANnTEEC.

Plan View 3D View

Side View

Plan View 3D View

Side View

Tympa 4. TIpoeid mhovpiov pomov spappoyic AB a) 6=0° kat b)ya 6=30°
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Concentration vs. Downstream Distance

0.40
L
TR

Concentration (mg/l)
0.30
|

T T T T T T T T
o ana a0 1200 1600 2000 2400 2800 3z00

Downstream Distance (m)

—_— Taxic Dilution Zone (TOZ - GHE)
-—— Regulatory Mixing Zone (RMZ)
- Madule boundary [MOD)

Yympo 5. Auypappo cvyk€vipmong pvmov —Koatdvin omdotoons epappoyns AB
0=0°

Concentration vs. Downstream Distance

0&0
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e Toxic Dilution Zone [TOZ - CMC)
-—— Regulztory Mixing Zone (RMZ]
-—= Module boundary (MOD)

Yympo 6. Auypappo cvyk€vipmong pomov —Katdvin omdotoons epappoyns AB
6=30°
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Ewova 12. Aneikdvion g opoiwons Téve 6Ty Kupla Ypouun pong epappoyng AB
6=0°

B o o o |
p E
(1]

Ewova 13. Aneikdvion g opoioons médve otnv Kuplo Ypouun pong epappoyns AB
6=30°
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3.2.1 MN Buoroyikog KaOapiopog

Ye autd 10 TOpddElypo €vag pecaiov peyéBovc oMupog (100000 katoikmv)
amoppintel 10 enelepyacuévo amoPANTd Tov oe mopakeievo wopdktio vepd. Eva
TomKd epyootdolo  emefepyaciag  UETAAAOL  mpotifetar  va  dwbécel Vv
AmOpPPUTTOUEVN OAUN TTOL TEPIEYEL TOEIKA UETOAAO GUVOVOCUEVT] HE TO. OMUOTIKA
amoPfAnTa. Avti 1 eMIAEOVGO ATOPPIYT] VIOKEWVTOL GE TPio KPLTHPLO ovApIENG ;o
ovn tolwkng Sdhvong, 10 TAGTOG TOv TAovpiov KprtnPo ™G VOuung Cdvng
avapuéng kot T KOTAvVTN TEPLoYN EVOLOQEPOVTOG . Xpnotporoovpe to CORMIX1
YL VO, LEAETIOOVUE TNV EMOPACT] TOV TLTIKAOV YEWUEPWVAOV Kot Oeptvddv Tpoeir
TUKVOTNTOG GTN CUUTEPLPOPE AVAUIENG TNG ATOPPIYNG .

3.2.2 H katdotacn Tov Tpofipatog

Metpnnkov tomikd yelpepvd kot Oepvad tpo@ih oty mePLoyn TS AmdppLYNg Ko
eaivovtar oty Ewova 14(a).H andppryn mpdkertan va yiver 2000 m o tnv oKt o€
Tomikd Pabog vepol twv 24.4 m.H Boabvpetpio KAIVEL YPOUUKE O TNV OKTOYPOLLLLY).
H 00pa amdppryng elvar otpoyyvdn pe po dtapetpo 0.5 m ko ekteivetatl 0.5m maveo
amod tov mepPdAiov mubuéva e KatoKOpLEN Yovio 0,=30° ot katevbuvon tov
EMKPOTOVVTOG OTLOGOUPIKOD PEVUOTOS (00200) t0 omoio elvar ot TAEN TOV
0.25m/s.H mapox andppwyng eivar 0.6 mfs ko mepiéyer 100pug/l mog tofucic
petoAlkng ovoiag pe CMC 10ug/l. H mokvoémta omdppiyng yio to piypo Snuotiko
amofAntov Kot Propnyovikng GAung eivon 1015kg/m3. Muw onuocie mapoaiio
tomofeteitan  2000M  Katdvin TOL OMOPPUTTOUEVOL onueiov, £Tol MOTE  TO
YOPOKTNPLOTIKA TOL TAOVUIOL VOl VOl TOV EVOLAPEPOVTOG LLOG.

(o] o (o]
o
sf = Auygust [¢]
]
March —=
E 10 ° o
~> o
~
5‘ 15 o o
S o
=] 20,— o
o}
25 © o
{o) S S S——, Y
1,022 1,024 1,026

Density (kg/m3)

a) Actual Data

Depth, z(m)

Density (kg/m?3)

b) CORMIX1 Representation

Ewova 14. Tomkd mpogik mokvotntog yo Oepivég Ko xeyuepvég ouvinkeg yuoo MN
Treatment Plant(EPA,1990)
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To mwpdto Ppo yoo v avaivon sivor va emdé€ovpe €vav am tovg 4 TOHTOLVG
OTPOUATOTOINONG TEPPAAAOVTOS Y10 VO OVTITPOCHOTEVGEL TOL TPAYUATIKO TPOPIA.
Emléyetan éva mpoil mepipdilovtog (otpopatomoinon tonov C, ewkova 14(b) yuo
VO EKTPOCMOTNGCEL TO OEOOUEVO. AVYOVOTOV, HE TLKVOTNTO em@dvelng ps—=1022.6
kg/m®, mokvotnta mobuéva pp=1024.4kg/m® kot dhpo mokvoTnTog TEPIPEAROVTOG
Ap=0.83 kg/m® oTpopotonomuévo  vyoc otpopato; He=12.6lm. H
OYNUOTOTOMUEVT] OLOTOUN OTNV TPOKEWEVT] TEPITTMON TOL YPOUUUKE KEKAUEVOL

o€

mobuéva Ba mpayuatomomoel v andppiyn 2000m and v ok oe 24,4 m and To
vepd. M
(Zrpopatonoinon tomov A, ewoéva 14(b) emAéyetal va EKTPOCHONNOEL TO GTOLYEIN

adVVOUN  YPOUUIK TOUKVOTNTO  TEPPAALOVTOS GTPOUATOTOINONG

tov Maprtiov, pe mokvoétra emedvelng ps=1025.6 kg/m3, mokvotnTo. Toduéva
pb=1025.7kg/m3 KOl TO GTPOUATOTOMUEVO VYOG CTPMOUATOS {60 TPOG TO GUVOAIKO
Ba&Bog andppyng Tov 24,4 m.

MN Buworoyikoc Kabapiopog

Q Density | Depth | u, 0 o Do | Ho | Hg n RMZ | CMC C
s , . . (ng/l)
(m°/s) | kg/m (m) (mis 1 () | O) | (m) [ (m) | (m) (m) (ngfl)
)
0.6 1015 24.4 02510 90 |05 |04 | 244 |0.024 | 2000 | 10 100

MMivaxag 4. Apyikéc tipég epappoyns MN Broroyikog KaBapiopdc.
3.2.3 Zoykpion amoterespatov npocopoincg CORMIX1

2mv ovcia petafdAlope TO TVTO GTPOUATOTOINGNG OTTOL Yo TO BePvd TPoPil pe
dedopéva v to punve Avyovsto mrpope tHmo otpopatomoinong C pe mokvotnta
emoavelng ps=1022.6 kg/m?, mukvétnta mubpéva pp=1024.4kg/m* kar GApo
nokvotmrtog mepiPairovrog Ap=0.83 kg/m3 G€ GTPOUATOTOMUEVO VYOG GTPMUOTOG
H=12.61m ev® yio v mePLYypOapm] TOL YEWWEPIVOD TPOPIA TNPOLE TO OEOOUEV
Maptiov Etpopotonoinon tomov A, mokvotnro empdvelng ps=1025.6 kg/m?,
ToKVOTNTO TLOUEVLL pb=1025.7kg/m3 KOl TO GTPOUATOTONUEVO VYOG CTPOUOTOS {60
TPOG TO GLVOMKO PAaBog amdppyng TV 24,4 m.
1.Ta Bacwd punkn mov vroloyilovtatl am v wpocopoioon tov CORMIXI kot mov
elval omapaitto yioo ToV YOpOKTNPIoHO TG KATATAENG TG PONG OloPEPOLV Kot
TOPOLGLALOVTaL GTOV TOPUKAT® Tivoko

mpogih | Lm(m) [ Lp(m) [Lo(m) |[Lm(m) [Hs(m) [Jo(m¥s’) | Mo(m?/s?)
Oepvo | 5.42 3.28 0.44 6.96 12.61 | 0.005123 | 1.83346
Yeepvo | 5.42 3.91 0.44 6.37 24.4 0.006110 | 1.833

Mivaxog 5. Xapokmmpiotikd unkn epappoyng MN
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2.20uemvo te o dtoypappoTo pons (oyfuo) mov TPpoKHTTOVY ,T0 TPOPIA TG PONG
Katotdooetor ot kotnyopio H2 omv mepintwon tov Oepvod mpogik omov 1
TPOGO0PLOUEV] OTPOUOTOTTOINGT] TLKVOTNTOG TTEPIPAAAOVTOG €IvOl ONUAVTIKY , 1
€yy0g oto medio por| mepropileTar 61O YAUNAOTEPO OTPAOUO OO GAUO TUKVOTNTOG
nepPaAloviog otV TOUKVOKAIVI. To  ypOUUIKA OTPOUATOTOMUEVO  GTPMUOL
AVTITPOCHOTEVTNKE OO £V OUOLOLOPPO YOUNAOTEPO GTPAOUA LE TUKVOTNTO {61 GTO
KOp10 Yo pmAdTEPO GTPpOU TVKVOTNTAG .EVvD 0TV TTepintwaon Tov Xeepvoy £Xovue
pon katnyopiag HI 6mov avtamokpivetal 6 éva otpdua Tov vrootnpilel 610 YEUATO
vepo Pabovg oto medio andppyne .H otpopatonoinon mokvotnrog meptpaAiovtog
010 Tedio amoppyne elval adOVOUN KOl OGUOVTT £€T01 OCTE Vo OOEPVAE TNV
EMPAVELD 1] VOL «YOAG» TNV VITAPYOVGO CTPOUATOTOINOT] LECH dPACTIPLUG VAUIENG.

FLOW CLASSIFICATION
BUOYANT SUBMERGED DISCHARGES
IN UNIFORM DENSITY LAYER

45" < g < 90° Neitical
{Near) Vertical Aidla
(]

W

Og < 45°
(Near) Horizontal
o

Shallow Layer Deep
with Strong
Momentum

Strongly
Buoyant Weakly Buoyant

EIEE

<1

Plan|

H4-180

Buoyancy Momentum Buoyancy Momentum
Dominates Dominates Dominates Dominates

Momentum
Dominates

Buoyancy
Dominates

fan|

H5-1;
,é':
fan

il V2 V3 V4 V5 V6 H1 H2

22|71 | |2 | 2|2

= || E=—

Yympoa 7. Awdypappo pong epappoyng MN yua 1o Beptvo mpoii

FLOW CLASSIFICATION
BUOYANT SUBMERGED DISCHARGES
IN UNIFORM DENSITY LAYER

l

45° <09 <90° Verteal o< 45°
(Near) Vertical Bg b / {Near) Horizontal
o o o

Shallow Layer
with Strong

Weakly
Buoyant

Strongly
Buoyant
Cg

<

Strongly
Weakly Buoyant

Momentum
Dominates

Buoyancy Momentum Buoyancy Momentum
Dominates Dominates ~ Dominates Dominates

Buoyancy
Dominates

V1 V2 V3 V4 V5 V6 H1 H2 H3

2|22 2= | 2

| [— [|[——

Yyqpa 8. Awdypappa pong epoppoyns MN yia 1o xeyueptvé mpoeii
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3.20upmva. [E To GYNUoTe oL TPOKHITOVY am To COorspy mapdAo mov PeTaPAAAapE
T0 TUTO OTPOUOTOTOINONG TO 1010 oYNUO OlYLTH —aKPOPLGIOL £xel Ta 1d1n
YEOUETPIKA YOPAKTNPLOTIKE KO Y10 TO OEpvO AL Kot Y10 TO XEWEPIVO TPOPIA.

Ko oSy

Wl = zid.a0m

HD = 24800 i

H5TH = 0.5 m

I e Section
Wil B i Lo

Pot Fr Sommers

¥ THETR) = 0080 deg

o (SIGHAL = A0 deg,
Pord Dlasmesder B0= 8560 m
Heightt o Dinchorgs HO = &80 m
Vaver [amer s 13

® Tdixh
-
-

N Ak
-
+
r
o WAk '!"

Risar
W Part
= Bottom
H Banks

Yympa 9. Awyvtig epappoyng MN yia Oepivd Kot yelpeptvo mpoeia

4. Extiunon dvoong: Kot otig 000 mepmtdoEI 11 TUKVOTNTA TNG €KPONG &lvarn
HiKpoOTEPN Oomd TV mukvotnta tov mepParrovtos. ‘Etol, n expon Ba éxer Betun

Gvoon Kol TEIVEL VO AVOYAOVETOL TPOS TNV EMUPAVELCL.

Enagn tov mlovpiov pe v 0xOn: To mhlodo eivor omeptoploto TURHO TOL £)EL
emapn pe ™ kovivotepn O6xOn ota 27.41m katdavin yuo Oepvég cuvOnKeS Ko oTa
53.14 katdvn ylo YEWEPLVES.

2vvOnkeg oto kovivo medio: H NFR eivon 1 {ovn dvvatng ecmotepikng avaéng. Aev
&xel puBoTikég emmtdoels. Qotd60 N TANPoPopio pmopel var elvar yproun yo to
oxedlaotn TG amoppyng enedn 1 ovapEn ot NFR eivar cuvnbog gvaicOntn otig
ouvOnkeg oyedlacpov g amdppyns. Ot cLYKEVIPAOOELS TOL pPYHTOL, ot puvOuoi
apaioong, to mhyoc Kol TOo MAATOG TOL TAOLHIOL KOOMG Kot O ¥pOvog TaEd0
napovctdlovtal otov [ivaka 6.
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Ieproyn évrovng avapeéns (NFR)

Ogpvég cuvOnKeg Xepeprvéc ouvOnkeg
x=27.41 m y=0m ,z=12.61m x=53.14m, y=0m, z=24.4m
C=0.0029mg/I C=0.0009mg/I

S=351 S=107.5

bn=6.49m bpr=11.36m

by=6.49m by=11.36m

t=51.7015sec t=124.4032sec

IMivaxkag 6. Zvykévipoon (C) kot Owdyvon (S) otV TEPLOYN £VIOVNG OPYIKNG
avauetne (NFR)

2Opeova Le ToV Topamdve TivoKo Topatnpovie 0Tt To KaAokaipt Exovpe avénon
NG GLYKEVTPOONS (C ) TOL PUTTOL KO UEIMOT NG APOLiMONG GTNV TTEPLOYN EVIOVNG
apyuns avapEng (NFR).Eriong mapatmpeitanr peiowon tov méyovg ,tov TAGTous Kot
OV YPOVOL Ta&13100 TOL TAOV IOV,

Extiunon Xtpouatoroinong: To kohokaipt to mpocsdiopilopeva 2 GTPOUOT
oTPOUOTOTOINONG TUKVOTNTAS TEPPAAlovToc €lvarl dvvopikd onpoavtikd. H pon
andppyng Kovtd oto medio Oa meploplotel 010 YAUNAOTEPO OTPOUA HECH
OTPOUATOTOINGNG TLkvOTNTaG TEPIPAALOVTOS. To YPAUUIKE OTPOUATOTOUUEVO
YOUNAOTEPO GTPOO O AVTITPOCOTEVETAL OO £VOL OLOOLOPPO YOUNAOTEPO GTPMLLOL
pe mokvoTnTa iom He TV TLKVOTNTA TOL KOPLov YapnAdtepov otpodpatos. [ Tig
YEWWEPIVEG GLUVONKES N TPOGIOPLOUEVT GTPO®UATOTTOINGT TLVKVOTNTOG TEPPAALOVTOC
etvar advvaun otig cuvnkeg amdppyng kot dSvvapkd acnuavtn. H andppiyn Oa
ovuneplpepHel cav 10 TEPIPAALOV VO LNV NTOV GTPOLOTOTOEVO.

Kprvmpre tolikne Lovng ddivong:

TN Ogprvég ouvOnkeg

To kpurfipio CMC twv 0.01mg/l cvuvavtdtor otig cuvtetaypéves: X = 12.60 m, y =0
m, z = 6.52 m ka1 0 Adyog didlvong oto onpeio avtd eivar 10. Ta yopaxTnproTiKd
oV TAovpiov eivar: mayog 0.11 M ko wAdtog 0.11 M. H vroAoyiopévn amdctocn amod
v £€£060 £m¢ kat v tomobecia Tov CMC eivan 14.01 m.

- KPITHPIO 1°
H tomoBecia eivar £mg kot 50 popég v KAlpoka prkovg Lo =0.44 m
To xprtipio kavomoigitol
- KPITHPIO 2°
H tomoBecia sivar Arydtepo amd 5 popéc 1o Babog tov vepol Hp = 24.4 m
To xpitipio ikavormoieitol
- KPITHPIO 3°
H tomoBecia eivon péoa oto 1/10 g andotaong g vrdpyovsag RMZ ota
1523.52m

H expon wavonotel kot ta tpio kprepra CMC yua v to&ikn {dvn d1dAvong.
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INo geypuepivég ovvonkeg

To kpurfipio CMC twv 0.01mg/l cuvavtdtol otig cuvtetaypéves: X = 12.09 m, y =0
m, Z = 6.60 m kot 0 Adyog d1dAvong oto onueio avtd etvan 10. Ta yapoknploTIKa
Tov Thovpiov givat: wéyog 0.16 m kot mTAdtog 0.16 m. H vmoloyiopuévn andotoon amd
mv £€£000 £m¢ kot v tomobecia tov CMC eivar 13.59 m.

- KPITHPIO 1°
H tonoBecia eivar £mg kot 50 popég v KAipoko prkovg Lo =0.44 m
To kpitipio 1kavomoieiTol
- KPITHPIO 2°
H tomoBecia etvar Aryodtepo amd 5 popég 1o fabog Tov vepod Hp = 24.4 m
To xpitipio ikavormoieiton
- KPITHPIO 3°

H tonobesio eivar péoa oto 1/10 ¢ andotacng e vrapyovcag RMZ ota
1396.52m

H ekpon wkavomolel kot €0 wot ta tpion kpreipoe CMC yuo v to&ikn {ovn
dtlvong.

Ot ouvOnkeg Tov mAovpiov oto Opla g mpoodopouevng RMZ eaivovtor otov
[Tivaxa 7.

RMZ Zodvn Avauéng
Oepvod Tpopid Xeyeptvo mpoeid
x=1523.47m ,y=0.5m, z=12.61m x=1396.31 m, y=0.5m, z=24.4m
C=0.000655mg/I C=0.000367mg/I
S=152.8 S=272.2
bh=200m bh=200m
by,=1.83m by=3.27m

Iivakag 7. Zvykévipoon ( €) kot ddyvon (S) oty mepoy) RMZ

To kadokaipt Egovpe avENON NG CLYKEVTIPMOONG TOV PHTTOL Kol LEIWGT TOL pLOLOV
OPOLMOTC TOV GE GYECT LLE TO YELUDVA.
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5.20upova pe to. oYNUOTo oL TPokVITOLY am to Corspy éyovue TapOUolo TPOPiA
PONG TOL TAOLLIOV TOV PUTOV LE HKPEG SLOUPOPOTONCELS OTIG GVYKEVTIPDGELS .

+xaxs

!

-1
- !
|
|

+yaxis

Relativa Carterline Concantration - —_— Teiit Dildion Zone (10Z < CMC
Distortian Scale —— S 3 E M
n mgh an sl e adhary interaction at end of near fisld

Yymqpa 10. IIpoeid miovpiov povmov epappoyng MN -0epivd Tpopid

] Simulstion

+3eais

Taxic Dil Zone (TOE - C
Regulatory Mixing Zone (RMZ]

Selativa Centarline Concartration —— MC) Sirul stion Warnings |

Distortion Scale: ——
g 00 sdtaryIntaraction 2t end of near field
El ] ¥iX=333 ZX=616 ROV=200000m  _..__ Crila et ) ambienit el ocity

Yympoa 11, TIpopil miovpiov pvmov epappoyng MN- xeyueptvo mpo@ii

0.1
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Concentration vs. Downstream Distance
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Yyqpo 12, Aldypoppo cuykévipmong pOmov -Katdvin amdetaong epapuoyns MN-
Oepvo mpopiL

Concentration vs. Downstream Distance
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Yypa 13. Auypoppo cuykévipmong pOmov -Katdvin andotacng eeoapuoyns MN-
YEWLEPIVO TTPOPIA
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Ewkoval6. Aneikovion e apaimong Tave otny KOPLo YPOU PONG-YELEPIVO
TPOQPIA
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3.3.1 PQ Emyeipnon Hiektpropov

AVTd 10 TOAPASELYHO GYESIOGHOD AVIUTPOCMOTEVEL VOV OKENVO, OTOOEKTN KPVOL
vEPOL amd  €va KPS ATUONAEKTPIKO EPYOCTAGLO TOPAYWOYNG GE GYETIKA PNyl vepA
Kol mowkilov mepPdAlovtog moMppoikd pedupate pe aoBevny OTPOUOTOTOINOT
mokvotntag meplPdAiovtoc. Agv vmhpyer Kopio voukn {ovn avaueiEng mov va
e€etdleTon ¢ TPOG VTN TNV ATOPPLYT . AALY ETELON 1| KATOOKELT YOENG VOPOANYiag
YL T0 oTOOO NAekTpoTOpaY®YNS Ppioketar oty aktoypouun 1000 m and to onpeio
ATOPPYNG, EMOIDOKETAL 1] AVADEIEN TNG CLUTEPLPOPAS TV Beppatvopevomv Aopdtomv
oTNV TEPLOYN -

3.3.2 H katdotacn Tov Tpofipatog

To onueio amdppyng tov Ppicketar 300 m avowktrg BGdhaccac, oe tomkd Pdbog
tovAdyiotov 5,0 m. H BaBopetpior divetoan amd po mepimov emimedn meproyn. Ta
dwbéoua otoyyeia delyvouv tomobeaia ypappkoy Tpoeil Tukvotntag neptBaAlovtog
pe po empavelakn Oeppokpocio tawv 18 0C xau po Katototn feprokpocio 15°C. H
B0pa andppryng eivar otpoyyvAn, pe odpetpo 1.0 m n omoia exteivetan mepimov 0.5m
néve amd to yopm muhuéva. To vepd YHENG amoppimTETOL KATAKOPLOQ LLE TOPOYT TOV
30m®/s. H Oeppokpacio amdppryng oxedracuod eivar 30 ° C. H neproyf andpprymng
yopoaktnpiletor amd mokida malippoikd pevpato petald 0,2 m/ s kot 0,8 m/ s.

PQ Emygipnon Hiektpiopod

Q T Dep | Surface | Bottom Discharge | Dg Port |6 o | n Regio
. o th temperat | temperatu | concentrati Heig . . n of
(m* | (°C) ure re on M | hin, | OO intere
s) (m) st
(°C) (°C) (C) (m)
(m)
3.0 |16 50 |18 15 30 1.0 |05 0 |90 0.024 | 1000

MMivaxag 8. Apykéc Tipég epapuoyne PQ Emyeipnon Hiektpiopon

3.3.3 Zoykpion amoterespatov npocopoincg CORMIX1

To medio amoppryng yapoktnpiletar amd mowila pevpate amd ToydTTe PEOIOTOC
0.2m/s péypt 0.8 m/s.

Yy mepintoon tov yopniov pedpatog pe U,=0.2m/s to CORMIX1 katoinyet o
YPOUWKY GTPOUATOTOINGT TUKVOTNTOS MEPPAALOVIOC TOL TPOKLATEL Oomd 1N
dwpopd otig Bepurokpaciec ¢ empdvelag kot muOpéva mov eivor advvaun Kot
dvvopikd aonuoavtn. Xty wpdén to Oeppovopevo amoPAnto Ba  veictovion
depyaocieg avtarloyng Oeppomrag oty emeaveln ot omoiec Aoywd Oa yivouv
duVaTEG AOYIKA KaTA TN Oldpkela pukpol Babuod avauéng .
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Mot péytot tipn todmroag pedpotog U,=0.8m/s to Cormix1 kotoinyel Eava mog
N YPOUWKN OOV OTPOUOTOTOINGT 7Tukvotntag meptBdAlovtog sivar Eovd
aonuavin. To woyvpdtepo pevpo mepPdriiovtog epmodilel v emmAéovoa avtibeta
o010 pedpa mapeiocppuon. kot Aappdver xopa pio actadng Lovn avipuéng yopo on
™V amdppyn. QoTOCO TO GTPOUATOTOMUEVO TAONTIKE avOULyVOOUEVO TAOVULO apYd
TpoceYYILeEL TNV AKTOYPOUUN.

1.Ta Bacwa puikn mov vroroyilovror and v mpocopoimorn tov CORMIXT kot mov
elval amopoitnTo Yoo ToV YopoKTNPIoHd TS KoTdTaEnG T pong dSapépovy OGOV
apopd Tic mopapétpovg Ly, Ly kot mapovsialovrol otov mivako

TPOGIL Lm(m) | Lo(m) | Lo(m) | Lm(m) [Hs(m [ Jo(m¥s®) | Mg(m*/s?
) )

Xopunio 16.93 |0.35 0.89 117.45 | 5.0 - 11.46

peopa 0.002812

U=0.2m/s

Yymio 423 |001 089 [117.45 [50 |- 11.46

peopalU=0.8m 0.002812

/s

Mivaxag 9. Xapaxmpiotikd punkm epappoyns PQ Emnyeipnon Hiektpiopon

2.20uemvo te o SoypappoTo pong (oyfua) mov TpoKHTTOVY ,T0 TPOPIA TG PONg
etvat o 1010 Kot 6TIG 600 TEPUTAOCELS Kot Katatdooetal ot katnyopioo NHS 1 omoia
avTOmOKpiveTal 6 éva oTp®dpa ov vrootnpiletal oto yepdto vepd PaBog oto medio
amoppwyns. H otpopotonoinon mokvomrag mepipdAiovtog 610 medio amdppryng
etvat advvaun Kot aonpovTn 16t OGTE N PoN ALdOPPIYNG VAL S1EIGOVEL GTNV EMLPAVELQ
KOU/1 v «(OAG» TV DITEPYOVGH GTPOUATOTOINCT LE VIOV OVOIED.

FLOW CLASS
NEAR BOTTOM NEGATIVELY BUOYANT JET
(OR DOWNWARD ORIENTED JET)
IN UNIFORM DENSITY LAYER (HEIGHT Hg)

Near - Vertical Vertical

45° <8 <90°
Momentum
Dominates
>

Near - Horizontal

Buoyan
Dmmlr‘{ategy <1

Cross - or Co-or
ounter - Flow  Cross - Flow,

Lis >a5NC

Weak |4 .} S‘Tnﬁn

N1 Nv2 NV3 Nv4 NV5 NH1 NH2 NH3 NH4 NH5

| ol 1Y T 12 e zed] [ e ]

[IPtan View

Tyqpald. Awdypoppa porg epappoyns PQ Emyeipnon HAiektpiopon
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3.20upmva. PE To. oYNUOTO OV TpokLITovy am to Corspy €yovpe to 1010 oyfua
VTN —aKPOPLGIOL UE TO 1010 YEMUETPIKE YOPUKTNPICTIKA KOl Y10l TO VYNAO KOt TO
YOUNAO pevpOL.

+ Y-Axis

Ambient Settings
HA= 5.000m

HD= 5.000m
DISTB = 300.000m
Unbounded Section
Nearest bank is Right
PortRiser Settings

8 (THETA)=  0.000 deg. ¢ 4
0 (SIGMA)= 90.000 deg.

Port Diameter DO = 1.000 m
Height at Discharge HO= 0.500m
Riser Diameter D= 2.400m

Riser
u Port
H Bottom
® Banks

Yympals. Awyvtig epappoyng PQ Emyeipnon Hiextpiopod

4. Extiunon dvoong: Kot otig d00 mepmmtdoelg 1 mokvotnto g eKpong eivan
pikpdtepn omd v mwokvotnto tov mepPdriovtoc. ‘Etol, 1 ekpon Ba xer Betikm
Gvoon Kol TEIVEL VO VLY OVETOL TPOS TNV EMPAVELCL.

Enraor] tov mhovpiov pe myv 6x0n: To mhovo dev £xel eman pe v Oxo.

Avoén poxpld am to medio: o to pev younAd peoua 1o mAoOU0 yiveton
KOTOKOPLOO OAKG avapryvodpevo non €yydg oto medio ot 0 M xotdvrn kot
ocvveyilel katakdpvea v avapryvoetal pakpild an to medio. ['a To vymAd pedpa de 10
TAOVL0 YIVETOL KOTAKOPLPO, OMK( avVOLLLyVOOLEVO NN €YYV 6To Ttedio ota 57.14m
KATAVTN Kot GuVEYILEL Kal auTd KATAKOPLOO VO OVOULYVOETOL LOKPLE ord TO TEdIO.

2uvOnkeg oto kKovtvd medio: H NFR eivan ) {ovn dvvatig ecotepikng avapuéng. Aev
&xel pLOOTIKEG emmTtdoElS. Q61060 N TANpoopio pmopel va givarl xprion yo to
oyxedlaotn TG amoppyng enedn 1 ovapEn ot NFR eivar suvnbog gvaicOntn otig
ouvOnkeg oyedlacpov g amodppyns. Ot cLYKEVIPOOELS TOL pvTTOV, ot puvOuoi
apoimong, TO TAYO0G KOl TO TMAATOG TOL TAOLUIOL KABMG Kol O YPOVOS TS0V
napovctdlovtarl otov mivaxa 10.
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Meproyn évroving avapsiéns (NFR)

Xapnro peopa u=0.2m/s Yynié peopo u=0.8m/s

x=12.32 m ,y=34.58m ,z=0m X=57.14m, y=18.41m, z=0m
C=3.154°C C=1.3572°C

S$=9.5 S=22.1

by=3.51m bn=2.67m

b,=5m b,=5m

t=41.98sec t=61.5335sec

MMivaxag 10. Xvykévipwon (C) kol owdyvorn (S) otnv TEPLOYN EVIOVNG OPYLKNG
avapeEng (NFR)

2OUQoVe [E TOV TOPATIVEO TIVOKO TOPATPOVUE OTL Yo XOUNAG pedUA £YOVUE
avEnon g ocvykévipmong (C ) tov pdmov Ko peimon g apaimong oty meployn
évtovng apykng avapéng (NFR).Eniong mapatnpeitar avénomn tov mhdtoug o miyog
nopapével otabepd Kat 0 xpovog Ta&id1o0 TOL TAOVUIOV UELDVETOL.

Extiynon Ytpopatomoinong: H mpocdiopildpevn oTpopotonoincn mwokvoTnTog
nepPaAlovtog gival adVvVaUn 6TIG GLVONKES AmOPPIYNG Kot duvapkd acrpoavtn. H
amoppwymn Ba cvumepipepbet cav To TEPIPAALOV VL UMV NTOV CTPOUATOTOUUEVO.

Zopeova pe o vroAoyLopevo peyEdn g ouykévipmong (¢) kot g apaiovong (S)
0E GLVAPTNOT| UE TNV AMOGTACT] GTNV TEPLOYN OMOL EMTVYYXAVETOL APYIKT OVALEEN
neydaing évraong (NFR) mpoxvmtet o ITivaxacl0. Ocov agopd t {ovn avipuéng dev
npocolopiletal. Ilapatnpovpe Ot1 aw&dvovrog ™ ToyxdTTO TOL PEVUOTOG M
GLYKEVTPMGT] TOL PUTOV UELOVETOL EVOD 1] dLAALGT awEAveETOL.

["a ™ ovykekpyévn Tpocopoimon dev Tpocdlopictnke ovte TDZ ovte RMZ.

5.X0ppova pe ta oyfuote mov TpokvmTovy om to Corspy €xovpe dpopéc OGov
aQOPA TO TPOPIA PONG TOL TAOLUIOL TOV PVTOV.

Plan View 3D View

e
Side View

P

AN

Yyqpa 16. Ipoeid mhovpiov pvmov epappoyng PQ Emiyeipnong Hlextpiopod yuo
YOUNAO pedpol
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Plan View 3D View

Side View

Yyqpo 17. Tpoeid mhovpiov pvmov epappoyng PQ Emiyeipnong Hlextpiopod yuo

VYNAO pedpa

EanerarE g £

DemnEe e Salanie 9]

Yympoa 18. Adypappa cuykEvipmong He KOTAvVTN omdoTaoT Yio XOUNAO pEVLLOL.

Concentraion vi. Downatream Diskance

nirasen (deg.Cl

Cance

] ———

Cgwmatre sm Duvtance (m)

Yympo 19. Adypoppa cuykEvipmong e KoTavtn amdotact Yo VYNAd pedpa.
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Concentration Profile - Trajectory (5) vs. Lateral Distance D (m)from Flume Centerline

11.48

754

Lateral Distance D (m)from Centerline

764

11.48

Ewova 17. Amewcovion g
peopa.

Lateral Distance O (m)from Centerline

Ewova 18. Amewcovion g
pev L.

1086 22 EED
Trajectory () (m) >
Relative Concentration ( deg.C )

, W T

Distortion D:X = 0.764 : 1065
Right Click to change Seale Value. Currently = 300 :1.00 (v:0)

apoioong mhve oty KOpLoL ypapp pong yuo xounAd

Concentration Frofile - Trajectory (s)vs. Laters! Distance O (m)from Flume Certerline

1839 36.77 55.16
Trajectary (=) [m]-=

Relative Concertration [ deg.C )

30 o

Distortion D:X = 0784 @ 1833
Right Click o change Soale Value. Currently = 3.00 : 1.00 (¥:0)

apaimoNg TAVE oIV KLPLOL YPOUUY PONG Yot LYNAO
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- CORMIX 2 PREDICTIONS
3.4.1 O amodéktns otnv ALdoka oto Port Valdez

H eykotdotaon emeepyaciog vepov oto Port Valdez emeepydletar ehoumoeg
alatobyo vepd mpotoh V' amopprpbel pécm evoc eVOAAAGGOUEVOL VLTORPHYLOL
dlyvuTpal.

Avo Egyoprotég  peréteg €ywvov poe to 1977 am’ to Ivotitovto Oardooimv
Emomuov tov IMavemomupiov g AAdoka Kot . OgVTEPT, AT’ TOLG
eunepoyvouoveg Woodward-Clyde to 1986.

Ta dedopéva an’ v mTpdT peEAéTn exdoOnkav ot0 «Evaluation of Selected Ignitial
Dilution in Stratified Fluids» on’ tovg Alam et al. (1982). H debtepn pekémm
ovumepianenke oto Outfall Plume Dilution in Stratified Fluids ar toug Wright et al.
(1985).To teAevtaio Gpbpo dev mePLOUPAVEL KAVEVO, XPNOILOTOMUEVO OESOUEVO
OWIAVONG , MOTOCO GLVEICOEPEL GTO VO, TANPOPOPNGEL Yol TN YEOUETPIOL TOV
JLoL(LTNPO KOt TO YOPOKTNPLOTIKE TOV TEPPAAAOVTOC.

To Ivotitovto Oaidoociov Emotudv tov [avemommpiov g Aldoka dieEnyaye dvo
peAéteg o1dAvong oto dwyvtnpa g Ardoka. H mpdt deEnydn vopic to Nosuppn
tov 1977 wor n devtepn ota péca tov Ampiin 1o 1978. Ta yopakInplotTikd Tov
dtyutnpa, ToL TEPPAALOVTOC Kol TV amoPANTOV amelkovifoviol TopaKiT®, GTOV
[Tivoxa 11.

Alaska Port Valdez

Q Po Dept | uy F N | I L D Ho |® |y | B | Regio
3 h ol ol o|n of
(m% | (kg/m (m/s m) [m) [ [m]C|C|C|inest
) |9 (m ) ) 1))
(m)
1.06 | 1020. | 57 0.03 002 |2 |304 579|012 |2 |4 |9 |9 |5700
7 5 4 0|8 1 7 51010

Mivaxag 11. Apywcég Tipég epappoyng Alaska Port Valdez
3.4.2 Zhykpion amoterespatov npocopoincng CORMIX2

2V ovcio HETAPBAAAQLLE TN TN TNG TLKVOTNTOG Yo TO punve NoéuPplo Kot to pnva
Anpiho mhpape Téc empavelaknic mokvotntag ps=1022.6 kg/m? ko 1024.3 kg/m®
avtioToryo Kot TYHES TuKvOTHTOS TVOREVE pYp 1024.2 kg/m® kon 1025.3 kg/m®.

1.Ta Bacwd punkn mov vroroyilovrar and v mpocsopoimon tov CORMIX2 kot Tov
etvar amopaitnto Yoo ToV YopaKTpPopd e Kotdtadng g pong do@EPovy He TV
aAdoyn oTIg TIEG TVKVOTNTAS Kot Tapovstdloviot otov [Tivaxka 12.
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Lm(m) [ Lo(m) |Lm(m) [Iln(m) [Hs(m) [Jo(m¥s®) | Mo(m®/s?)
Noéupprog | 76.24 0 13.04 7.03 57 0.000604 | 0.09340
Ampihog | 76.24 0 10.82 8.22 57 0.000799 | 0.09340

Mivaxoeg 12. Xapakmmpiotikd unkn epapuoyng Alaska Port Valdez

2.20p0mvo LE To Staypappate. pong (GYNL) TOL TPOKOTTOLY ,TO TPOPIA TG PONS
Katatdooetol ot katnyopio MS3 kot 6Tig 600 TEPMTMOOCELS Kol aVTATOKPIVETAL GE
£VOL GTPMOUO TTOV VTTOCTNPILEL CTPAOUO YPOUUIKE GTPOUATOTOMUEVIG TUKVOTNTOG GTO
medio amdpprync.

FLOW CLASSIFICATION
DEEFLY SUBMERGED TEST FOR PLUME

TRAPFING BN A LINEARLY

STRATIFIED LAYER (HEIGHT Hgj

Yympoe20. Adypappa porig epapuoyng Alaska Port Valdez

3.20upovae pe o oynuato mov tpokvmTovy am to Corspy  €yovpe to 1010 oynua

VTN -aKPOPLGIoL.
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+ Z-pxis

Ambient Settings 35.¢3
HA= 57.000 m
HD= 57.000 m
DISTE - 2028.955m
28.50

Unbounded Section
Nearest bank is Right
DiffuserPortRiser Settings
o (THETA) = 90.000 deq. 21.38
0 (SIGWMA) = 0.000 deg.
B (BETA)= 90.000 dey.
v (GAMMA) = 90.000 deg.

Port Diameter 0= 0.116 m 14.25
Height at Discharge HO= 2.000 m

NOPEN =20

Diffuser Length LD = 57.910m

YB1=2000.000 m 713

YB2 = 2057.910 m
Distance from nearest bank
to diffuser mid point = 2028.955 m UA {rnfs)

Axis {00}

B Diffuser Base
Riser
W Port

Yympoe2l. Awyotig epappoyng Alaska Port Valdez to urva Noéufpio

+ Z-fxis
Ambient Settings 35.43
HA = 57.000 m
HD = 57.000 m
DISTB = 2028.955 m

28.50

Unbounded Section
Nearest bank is Right
DiffuserPortRiser Seftings
8 (THETA) = 90.000 deg. 21148
a (SIGMA) = 0,000 deg.
B (BETA)= 90.000 deg.
v (GAMMA} = 90.000 deg.
Port Diameter DO = 0.116 m 1415
Height at Discharge HO= 2.000m
NOPEN = 20

Diffuser Length LD = 57.910 m
YB1=2000.000 m

13
YB2=2057.910m
Distance from nearest bank
to diffuser mid point = 2028.955 m UA lis)
0

B Diffuser Base
Riser
H Port

Yyua 22. Awyotig epapuoyng Alaska Port Valdez to uiva Ampiiio

4. Extiunon dvoong: Kot otig d00 mepummtdoelg 1 mokvotnto g eKpong eivor
pkpotepn omd v mwokvotnta tov mepPdAiovtoc. ‘Etol, m ekpon Ba €xer Betikm
Gvoon Kol TEIVEL VO AVOYAOVETOL TPOS TNV EMUPAVELL.

Emaor] tov mhovpiov pe v 6xOn: o to pive NoéuPpto to movpio €xel emaen pe
™ Kovtvotepn 0xOn ota 3625.94 katdvtn evd yuo To piva Anpido ota 3677.10m.

>uvOnkeg oto kKovtvd medio: H NFR eivan ) {ovn dvvatng ecotepikng avipuéng. Aev
&xel pLOOTIKEG emmTOoELS. QQ6TdG0 N TANpoPopio pmopel va givarl xprion yo to
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oyxedoT TS amodppyng emedn n avauén ot NFR givar cuvnbog gvaicOntn otig
ovvOnkeg oyedtoopod TG omdppyns. Ot cvyKeEVIp®OES TOv PvTOV, Ot pvOuoi
apoimong, TO TAYOG KOl TO MAATOG TOL TAOLWIOV KABMG KAl 0 ¥POVoS TS0V
napovctdlovtal otov [ivaka 13.

Ieproyn évrovng avapeiéns (NFR)
Noéppprog Amnpilog
x=328.65 m ,y=0m ,z=7.79m x=324.51m, y=0m, z=9.41m
C=0.8463% C=0.7137%
S=118.2 S=140.1
bn=537.27m bn=496.66m
by=3.33m by=4.27m
t=8040.5317sec t=7593.8179sec

Mivaxkag 13. Zvykévipoon (C) kot dwdyvom (S) ommv meployn EVIOVNG OPYLKNG
avapeEns (NFR)

SOUPOVA [E TOV TOPATOVE® Tivako Topotnpovpe 0Tt To Noduppn £govpe avénon
™G oLYKEVTP®ONG (C ) Tov pOTTOL Kot pelwon TS apaimong GTNV TEPLOYY| EVIOVNG
apywng avauéng (NFR).Eriong mapammpeiton  peimon tov mdyovg ,a0&nom tov
TAGTOVG KO TOL ¥POHVOL TaELO100 TOV TAOVUIOV .

Extiynon Ytpopatomoinong: H mpocdiopildpevn oTpopoTonoincn mwukvOoTnTog
nepPdAlovtog etvor dvvapkd onupavtik] H pon amdppwyng eyydg oto medio
TOYOEVETAL HECH OTO YPOUUKO OTPOUATOTOMUEVO TOUKVOTNTOS TEPPAALOVTOC
GTPOUO.

["a ™ ovykekpyévn Tpocopoimon dev tpocdlopictnke ovte TDZ ovte RMZ.
5.X0ppova pe to oynuate Tov Tpokvutovy om to Corspy éxovpe mapoOUolo TPOPid
PONG TOV TAOLUIOL TOL PUTOV HE TIS OLUPOPOTOUCELS OTIS GLYKEVIPAGELS VoL vt
opEANTEEC.
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Plan View

Side View

3D View

Yypa 23. Tlpogik Thovpiov pimov epapuoyng Alaska Port Valdez

100.00  110.00

F0.00 8000 90.00

Concentration (%)
£0.00

2000 3000 4000 5000
1

10,00

0.00

Concentration vs. Downstream Distance

-1000 x) 1000

T T 1 1 T
2000 3000 4000 a000 B000  §500

Downstream Distance (m)

Towic Dilution Zone (TOZ - CMC)
Regulatory Mixing Zone (RME)
Module boundary [MOD)

‘iater Guality Standard (WS - CCC)

Xympoa 24. Aldypoppa GuYKEVIP®ONG pOTOL KATAVING ATOGTACT).
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3.5.1 PPP Movéoa IMapaywyne Hiextpumge Evépyetog

H ocvykexpuévn epapuoyn avimpocsonevel £vo Bepuikd amodPANTO amdppiyne ce
pio Leyaan Aipvn omd €va pyooTtdolo Topaym®yng NAEKTPIKNG EVEPYELNG GE pNYaL VEPQ
pe mowkilo pedpate vd adbvaun otpopotomoinon meplPdAiovioc. Agv vIapYEL
T0&1KO aTOPANTO GTNV ATOPPLY.

3.5.2 H kataotaon Tov TpofApatog

H Afpvn €yer midtog 8000m kot 0 amodéktng tomobeteital o€ o amoctacn 1000m
am TV aplotepn TAELPA TG Aluvng oe tomikd PdBoc vepod twv 10 M. Awbéoua
dedopévo.  Tov  medlov  VTOJEIKVOOLV  €vol  OULOOHOPPO  TPOPIA  TLKVOTNTOG
nepPaALovTog e Héco 0po Bepokpaciog Tovg 15°C.

Xpnowonoteiton €vag otadokds dtayvmpag unkovg 300 m pe 31 BOpeg pe
dwotnua. 10m .01 Bvpeg anéyovv 0.5M méveo am tov moBuéva. Or Bvpeg eivar
oTpoyYVAEG pe dtdpetpo 0.9m. O dwyvtipog amoppintel oploviia (6=00) Kol kdBeTa
ot Katevhuvon TOL VTIEPIoYLMOV PEVUATOC nspthMovrog(GZ%O Kol y=900). H
GUVOAIKT] TOPOYT ATOPPLYTG Etvan 30m/s ue Beppokpocio amofArtov 35%C. To nedio
andppyng yapaktnpiletol and pedpata mov totkilovv and 0.015m/s kot 0.03 m/s. O
JL(LTNPOG VITOKEVTOL GTIG AOLTHOELS TG VOLUNG Codvng avapiEng (LMZ) pe midtog
miovpiov Ta 400m.

PPP Movada ITapaywyng Hiextpkng Evépyetag

Q Discharge Temper | Depth | Widt | f Region Dy Ht L N
. concentration | ature h of
(m°/s) Density | (M) interest | (M) | (M) (m)
(C) (m)
(C) (m)
30 20 35 10 2500 | 0.02 | 25000 09 |05 300 | 31
5

MMivaxkag 14. Apywég tég epappoyng PPP Movada IMopaywyne HAektpiknig
Evépyeuac.

3.5.3 ZOykp1o1 0TOTELEGUATOV TPOCONOIMONG
MetaBdirope T1g TaydTnTeEG TOL pevpatog 0.03 M/s kar 0.015 m/s avtictoya.

1.Ta Bacwd punqkn mov vroloyilovtal am v wpocopoioon tov CORMIX2 kot mov
elval amopaitnta yio Tov YopoaKINPIono e KaTataEng Tg pons mopovstaloviol GTov
nivokals.

76




Lm(m) | Lo(m) |Lum(m) |Hs(m) [Jo(m’s°) | Mo(m®/s%)
U=0.03m/s | 169.02 | 0.07 5.21 10 0.004978 | 0.471570
U=0.015m/s | 676.09 | 0.07 5.21 10 0.004978 | 0.471570

Hivakag 15. Xapaxtnpiotikd punkn epappoyng PPP

2.20p0mvo Le To dtayplppate pong (YU oL TPOKHTTOLV ,TO TPOPIA TG PONG
etvar 1810 ko kKotatdooetal otn katnyopiocc MUS mov avtamokpivetal 6 £va oTpodua
7oV VooTNpilel 610 YepdTo vePO PaBovg medio andppyng .

FLOW CLASSIFICATION

SUBMERGED POSITIVELY BUOYANT
MULTIPORT DIFFUSER DISCHARGE
IN UNIFORM LAYER (HEIGHT Hg)

Deep Layer
Stable Discharge

!
o N

Shallow Layer
fy(1+cos20)2 fyy-Caahg sin Unstable Discharge
H T ! .

s m

Strong
Current

>1

Weak
Current
<1

Cy'

Unidirectional

Gy

Diffuser

Staged
Diffuser

Diffuser
Type

Alternating
Diffuser

Perpendicular | > 45°

Strong
Current  Current

< 45°\Parallel

Perpendicular

<457\ Parallel

MU1V MUTH __EU2 MU3 _ . MU4 . Ntus _MU6 Mu7 +MU
— 7 — —
——-\7/ —-/ ! f/
A ../_s . p| |—=Llulul p —“ép —— el [~ _—@ :P _..@_ P
5 = Side View P = Plan View

Tympa25. Awdypappo porg epappoyng PPP yio u=0.03m/s kor u=0.015m/s

3.20upove pe to oynpato wov wpokvmTovy am to Corspy éyxovpe to 1010 oyfUa

JLoLLTY -0KPOPLGIOL.
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Ambient Settings
HA= 10.000 m
HD- 10.000 m
DISTB - 1150.000 m
Bounded Section, BS = 2500.000 m
Nearest bank is Right
Diffuser PortRiser Settings
o (THETA}= 0.000 deg.
@ (SIGMA) = 90.000 deg.
f (BETA)= 0.000 deg.
v (GAMMA) = 90.000 deg.
Port Diameter D0 = 0.900 m
Height at Discharge HO= 0500 m
NOPEN = 10
Diffuser Length LD = 300.000 m
YB1 - 1000.000 m
YB2 - 1300.000 m
Distance from nearest bank
to diffuser mid point = 1150.000 m

{m/s)

) + XAxis

H Diffuser Base
Riser

H Port

Bottom

H Banks

Yymna26. Awyvtmc epappoyng PPP yua u=0.015m/s

Ambient Settings
HA= 10.000m
HD = 10.000 m
DISTB = 1150.000 m
Bounded Section, BS = 2500.000 m
Nearest bank is Right
Diffuser/PortRiser Settings
® (THETA)=  0.000 deg.
@ (SIGMA) = 90.000 deg.
P (BETA)= 0.000 deg.
¥ (GAMMA) = 90.000 deg.
Port Diameter D0 = 0,900 m
Height at Discharge HO= 0.500 m
NOPEN = 31
Diffuser Length LD = 300.000 m
¥B1 - 1000.000 m
¥B2 = 1300.000 m
Distance from nearest bank
to diffuser mid point = 1150.000 m

{m/s)

s

) + X.Axis

H Diffuser Base
Riser

H Port

H Bottom

H Banks

Yympe?7. Awyotig epappoyng PPP yio u=0.03m/s

4. Extiunon dvooncg: Kot otig 600 mepmtdOoEIS 11 TUKVOTNTA TNG €KPONG &lvan
HiKpOTEPN Oomd TV TukvotnTa. tov mEPPaArovtos. ‘Etol, 1 exkpon Ba éxer Betucn
dvoon Kol TEIVEL VO AVOYAOVETOL TPOS TV EMPAVELCL.
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Emaogn tov mAovpiov pe v 6xOn: To mAoduo €xetl emagn pe ™ kovivdtepn Oy
oto. 556.56m kotdvin kot amd devtepn OxOn ota 822.28 katdvrn yio u=0.03m/s evd

ywo. u=0.015m/s éyel emapn pe ™ kovtvotepn O0xOn oto 278.28m katdvin kot omd
devtepn 6xOn ota 318.55mM katdvn.

2uvinkeg oto kovivd medio: H NFR eivor 1 {ovn dvvatng ecmtepikng avauéng. Aev
Exel pLOOTIKEG emMTOoELS. QQ6TOG0 N TANpoPopia pmopel va gival xprioun yo to
oyedlaotn g amoppyng enedn 1 ovapEn ot NFR eivar cuvnbog gvaicOntn otig
ouvOnkeg oxedlacpov g amdppyns. Ot cLYKEVIPOGELS ToLv phmov, ot pvbuoi
apaimong, to mhyog Kot To TAATOG TOLv TAOLHIOL KOOMG Kot o ¥povog Ta&ldlovn
napovctdoviot otov Iivaxa 16.

Meproyn évrovng avapeéns (NFR)
u=0.03m/s u=0.015m/s
Xx=556.56 m ,y=1080m ,z=10m | x=278.28m, y=1080m, z=10m
C=1.722°C Cc=1.722°C
S=11.6 S=11.6
bh=646.10m bh=657.44m
b,=1.8m by,=1.94m
t=23721.6875sec t=23721.6875sec

IMivaxkag 16. Xvykévipoon (C) kot dwdyvom (S) omv meployn EVTovng Py KNG
avaueitne (NFR)

2OpQmve. PE TOV TOPATAvVE TivoKo TapotnpoOue 6Tt TopOAO TOV EAATTOCAUE TN
ToOTNTO. TOL PEHUATOC Exovpe (010 cvykévipwon (C ) Tov pvmov Kot o pvOUd
apaiowong omv mepoyn éviovng apywng ovauéng (NFR).Emiong mapatnpeiton
avénon tov Thyovs Kot TOV TAATOVG LE TO ¥POVO TaE10100 TOL TAOLLIOV VO TOPAUEVEL
d10.

Moxkpid am 10 wedio amdppyne: 10 TAOVUIO OVOULYVOETOL OAKE KOTOKOPLPO HEGH
otV &yydg Lovn ota OM xatdvin oAAQ ETOVOCTPOUATOTOEL apyOTEPA KOl OEV
OVOLLLLYVOETOIL LOKPLAL O TO TTEST0 Ko 6TIC 000 TEPIMTMOELS.

I"a ™ ovykekpyévn Tpocopoiwon dev tpocdiopiotnke TDZ.

Ocov apopd ™ {dvn avapiEng RMZ 1 onoia givan péoa ot NFR, ta anotedéoparta
napatifevtan otov [Mivaka 17 mov akoAovdel
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[Teproyn {dvng avapeitng (RMZ)

ywo. u=0.03m/s ywo. u=0.015m/s
x=0m,y=-105m, z=1.18m x=0 m,y=-105m, z=1.18m
C=4.643524°C C=4.643524°C

S=4.3 S=4.3

bn=6.25m bh=6.25m

b,=8.33m b,=8.33m

Mivaxag 17. Xvykévipwon (C) kot didyvon (S) oy meproyn RMZ

[Mopatnpodpe 6tL dev €yovpe S10Popd OVTE OTIG GLYKEVIPMGELS 0VTE GTO PLOUO
dtlvong.

5.20ppova pe Tor oYUaTe oL TPOKVTTToLY ot To Corspy €yovue 1010 TPOPIA pong
TOV TAOLUIOV TOV PUTTOL KAONDS Kol GUYKEVIPMOGELS.

1600.00
LEFT BANK
1200.00

800.00

an0.00

v

-

Rl
-400.00
-500.00

RIGHT BANK

a 4000 2000 12000 16000 20000 24000 28000(r]

Yyua 28. TIpogik mhovpiov pvmov epapuoyng PPP yia u=0.03m/s
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+yEis,

1600.00

LEFT BANK
120000

200.00

a00.00

+xeanis

| By
T L

A

-400.00

-800.00

RIGHT BNK

o 4000 2000 12000 16000 20000 24000 28000(m)

Yymna 29. Ipopik mhovpiov pvmov epapuoyng PPP yioa u=0.015m/s

Concentration vs. Downstream Distance

Concentration (deg.C)
10.00 12.00 14.00 18.00 12.00 20.00 2z.00
|

2.00
I

4.00
-

2.00
e
e

0.00

T T T T T T T
o 4000 2000 12000 16000 20000 24000 28000

Downstream Distance (m)

Yyqpa30. Adypappo GUYKEVIP®OONG PUTOL KOTAVTN andotacng epoapuoyns PPPywa
ywo. u=0.03m/s
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Concentration vs. Downstream Distance

12.00 14.00 16.00 18.00 20.00 22.00

Concentration (deg.C)
4.00 6.00 2.00 10.00
L [

2.00
e

0.00

T T T T T T T
o 4000 2000 12000 18000 20000 24000 28000

Downstream Distance (m)
Yypo 31. Awdypoppa cuykévipmong pomov katdvn andotaons epappoyng PPP yua
u=0.015m/s.

3.6.1 AAA Buoroykog KaBapropdg

Av16 T0 Tapaderypa emeEnyel MV EMIOPACT TNG CTPOUATOTOINGNG TNG TLKVOTNTOG
10V TEPPAAAOVTOG 67 éva TOPAKTIO TEPPAALOV GTNV OVAUEEN LG EMTAEOVGOG
pong amoPAntov cvunepapPavopévev toikmv ovclwv. H amdppiyn vrdkeitoan o
tpio (3) xkprmpla avéhpedng : ™ {ovn towng dlvong, to TAATOG TAOLUIOV
KPLTNP1o G€ pio vOopuun {mvrn avapeléng Ko m KaTtavtn Teploy] EVOlopEpovTog.

O avoAvtg avalntd OCULYKEVIPMOOELS TOL PLTOVIN G OVTEC TIG TOTOOEGIES.
Xpnowonotovpe to Cormix 2 yio vo. LEAETICOVUE TNV EMOPOCT TOV TPOPIA NG
mokvottog teptBdAlovtog (Beptvod kot yeleptvod) 6T CLUTEPLPOPE AVALEIENG TNG
OmOPPLYNC.

3.6.2 H xatdotacn Tov Tpofinuatog

H anoppryn and tov AAA Broroyikd kaBopiopd ce moapdktio vepd mepthapPavet
Kamoleg TOEKEG 0VOIEC TOV OMOIMV TO YOPOKTNPLOTIKE OVAUEENS Y0l TOMIKE
xewepwvd ko Bepvd mpoeid eaivovror oty Ewova 19. H andppiyn mpoxettar vo
yiver 3000m am’ v axt ovt) o€ Tomiko Pdboc vepov 24.2m. H Babuuetpia kAiveTon

YPOLLUIKE 07T TNV OKTOYPOLLLUT).
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or August March
Conditions Conditions

——Type D

O Observed Data

—— CORMIX
Representation

z: Depth (m)
T
I

251

30 ! | |
1,022 1,024 1,026

py: Density (kg/m>)

Ewova 19. Amodéktng AAA Bioroyikdg KaBapiopog :Tvnmd TPOPIA TLKVOTNTOG
(EPA,1991)

Xpnowonoteitor £vag dtayvtnpag un katevbovvopevog 100m pnkovg pe 41 60peg

avotypata. Ot Bpeg eivan otpoyyvAég pe ddpetpo 0,3m kon enekteivovtan ota 0,3m
nave om tov TEpPEAAov muduéva pe kotakopuen yovie 0=30°. O dwuthpoc
amoppintel o€ kateHBvvon TOL EMKPATOOVTOG peduaTog mepBaiiovtoc (co-flow)
(6=0° ko y=90°) 1o omoio &xer TayvTTa 0,09M/s.
H cvvolikn mopoyn amdpprymg etvon 3,0m%/s ko nephopPaver 100mg/l poag To&kng
ovoiag pe CMC 5mg/l. . H mokvomta amdppyng sivor 994.0 kg/m®. M Snpoota
nopolia Bpiocketor 3000mM kotdven g andppiyng pe vouyun (ovn avaueiéng (LMZ)
nAdtovg ota 400m.

To mporto Prua g oavdivong sivor vo emeyel évag om’ tovg 4 TUTOVLG
OTPOUATOTOINONG TEPIPAAAOVTOS YO VO OVTITPOCMTEVGEL TO TPOYLATIKO TPOPIA
ToKvVOTNTOG OTTM¢ Qaiveton otnv ewovo 13. Emiéyeton 10 mpogid toHmov B v va
AVTITPOCHOTEVCEL TOL 0edOUEVA AVYOVLGTOV e EMPAVEINKT TukvoTNnTe, ps=1022,7
kg/m®, mokvétnra Tolpéva py=1024,9 kg/m3 kot Vyog mokvokhivng hin= 12,50 m. H
AVTITPOCHOTEVTIKTY TEPIMTOOT dtoTopng tomobetel v amdppryn 3000m arm’ v okt
oe 24,2m vepol o adOVOUN YPOLUY TUKVOTNTOG TEPPAAAOVTOS GTPMUATOTOINGN
(TOmOL A) EMAEYETOL Y10 VO OVTITPOCMOTELGEL TO. d€OOUEVO, MopTiov e EMUPOVELOKN
mokvotTo ps=1025,59 kg/m? kot TokvotnTa TUOpéVe, pp=1025,82 kg/m®.
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AAA Buwroywkég Kabapiopédg

Q Discharge Density | Depth | u F Region | D, | CMC | L N
. concentration . of
(m°/s) (Kg/m®) | (m) | (ms) interest | (M) | (mg/l) | (m)
(mg/l)
(m)
3.0 100 994.0 24.2 | 0.009 | 0.025 | 3000m [ 0.3 |5 100 | 41

IMivaxag 18. Apywcég Tyég epappoyng AAA Broroyueog Kabapiopog

3.6.3 ZUYKp1Lo1] 0TOTELEGCUATOV TTPOCONOIMONG

[Ipape vdym pog dvo €idn cvovOnkov ,xeuepvég Kot Bepvéc. Ta Tig yepepvég
mpape dedopuéva Tov Maptiov kot yuo Tig Oepivég dedopéva tov Avyovstov. Avtd
oV peTafdAlape NTOV TO €100G TNG CTPOUATOTOINGNG KOl Ol TYHES TNG EMUPAVELNKTG
Kol TOUEVHE TUKVOTNTOG .

1.Ta Bacwd pnkm mov vroioyilovtal am v npocopoioon tov CORMIX2 kot mov
elval amopaitnta yio Tov YopoaKInPIopnd e Katdtaéng tg pong Tapoustaloviol GTov
nivaxoal9.

Lm(Mm) | Ly’(m) | Lo(m) | Lm(m) | Hs(m) | Jo(m%s®) | Mo(m®/s?)

Xewepvég | 383.39 | 4.15 0.03 0.69 24.2 0.009477 | 0.031055

(Méprtioc)

Oeprvég 383.39 99999 |0.03 0.72 12.5 0.008870 | 0.031055
(Avyovotog)

IMivaxog 19. Xapaxmmpiotikd pnkn epappoyns AAA

2. Zouemvo pe to dtyplppato pong (oXMU) Tov TPOKLITOVY ,TO TPOPIA TG PONG
KatatdooeTol otn Katnyopic MS8 yia yeyepvéc cuvOnNKec mov avTomokpivetol 6 £va
OTPMOUA TOL VTOGTNPILEL TN YPOUUMKA CTPOUATOTOMUEVT] TUKVOTNTO TEPPAAAOVTOG
010 medlo amdppwyng eved yo TG Bepvég ot MULV mov avtamoxkpiveton ¢ éva
oTpOUe oL VooTnPilel va YapMAGTEPNG TUKVOTNTOS CTPMUATOTOMUEVO GTPMLLOL
010 medio amdppyms . To dApa mokvotnTog oV TLVKVOKAIv) Tteplopiletl T pon 610
YOUNAOTEPO GTPDOLLOL.
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FLOW CLASSIFICATION
DEEPLY SUBMERGED TEST FOR PLUME
TRAPPING IN A LINEARLY
STRATIFIED LAYER (HEIGHT Hg)

Jet-Like

Stratification Buoyancy

Dominated

Cq

Vertical
Angle

Horizontal
) g ; , ' \ #'ae 'D3f2 " "
PN | i LTARC | R YA zln ||z P || 2 ||zl zl
“a Terminal height Z¢
Cr3 Cra Crs Cre cr7 Crg
> ] o1 1 o1 o1 1 Ambient Stratification
. L, . L I cl, Unimportant
Approximate Ambient Density
with Vertical Mean Value
<1 <1 <1 <1 <1 <1
N 0 N 0, 0 0| Negatively Buoyant
Jet Behavior Dominates|

Yypa3d2. Awbypoppa pong eoappoyns AAA Municipal Treatment Plant yuo

YEWWEPIVEG CLVOTKEG

FLOW CLASSIFICATICN
SUBMERGED POSITIVELY BUOYANT
MULTIPORT DIFFUSER DISCHARGE

IN UNIFORM LAYER (HEIGHT Hg)

Y

Deep Layer Shallow Layer
Stable Discharge / Y m(1+ cos? 0 )2 / M - Caa hg siny Unstable Discharge
+
<1 \ Hs n >1
4 J
Diffuser
Type
Weak Strong
Current Current Unidirectional Staged Alternating
<1 >1 Diffuser Diffuser Diffuser
Cyq'
Perpendicular /> 45° i Perpendicular
Weak
! Current
MUV MUTH *EUZ MU3 _ MU4 - r\(Js _ MU MU7 _-MU MU9
—- 4 — —-
—-ﬁ.r’ —— / 4 £ /
g -n/s+ P——‘P“‘éﬁ"’ P_"-’/P—“EP P__@
5 = Side View P = Plan View

Yympa33. Awypappo pong epappoyns AAA Municipal Treatment Plant yio Ogpivég
ovvOnkeg
85



3.20upmva. JE To oYNUOTO OV TpokLITovy am to Corspy €yovpe to 1010 oyfua
VTN -aKPOPLGIoL.

+ Y[ Axis

Ambient Settings
HA= 24200m
HD= 24.200m
DISTB= 133.330 m
Unbounded Section
Nearest bank s Right
Diffuser Port Riser Settings
0 (THETA)=  0.000 deg.
0 (SIGMA) = 0.000 deg. 338
B (BETA)= 90.000 deg.
V (GAMMA) = 00.000 deg.
Port Diameter D0= 0,300 m
Height at Discharge HO= 0.300 m
NOPEN = 41
Diffuser Length LD = 100.000 m
YB1= 83.330m
YB2= 183.330 m
Distance from nearest hank

to diffuser mid point = 133.330m

sk Al X Axi

= Diffuser Base
Riser

H Port

= Bottom

M Banks

Xyqpa3d. Awyovmg epoppoyns AAA Municipal Treatment Plant yun yeyepivéc
ocuvOnkeg

+ YlAxis

Ambient Settings
HA= 24.200m
HD= 24.200m
DISTB = 133.330m
Unbounded Section
Nearest bank is Right
Diffuser PortRiser Settings.
6 (THETA)= 0.000 deg.
o (SIGMA) = 0.000 deg. 3303
£ (BETA)= 90.000 deg.
vV (GAMIMA) = 90.000 deg.
Port Diameter DO = 0.300m
Height at Discharge HO= 0.300 m
NOPEN = 41
Diffuser Length LD = 100.000 m
YB1- 83.330m
YB2 = 183.330 m
Distance from nearest bank

‘o diffuser mid point = 133330 m

(w's) ooy Y Axi

H Diffuser Base
Riser

H Port

= Bottom

H Banks

Xyqpe 35. Awyvtg epappoyns  AAA Municipal Treatment Plant yio Ogpivéc
ovvOnkeg

4. Extiunon dvoong: Kot otig d00 mepummtdoelg 1 mokvotnto tng eKpong eivor
pkpotepn omd v mwokvotnta tov mepPdAiovtoc. ‘Etol, m ekpon Ba xer Betikm
Gvoon Kol TEIVEL VO AVOYAOVETOL TPOS TNV EMPAVELCL.

Emaon] tov mhovpiov pe v 6yOn: To mhodo €xel emagn pe m kovrvotepn Oxn
oto Om xatévn .
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2uvinkeg oto kovivd medio: H NFR eivon 1 {ovn dvvatng ecmtepiknig avauéng. Aev
&xel puOoTiKég emmtdoelc. QoT060 1 TANPOoPOpio. umopel va. elvarl yproLun yo To
oyxedoT TS amdppyng emedn n avauén ot NFR givar cuvnbog gvaicOntn otig
ouvOnkeg oxedlacpov g amdppyns. Ol CLYKEVIPAOOELS TOL PYHTOL, ot puvOuoi
apaimong, to mhYog Kot TOo TAATOG TOL TAOLHIOV KOOMG Kot 0 ¥pOvog TaEIG100
napovctdlovtal otov [ivaka 20.

Ieproyn évrovng avapeéns (NFR)

Xewepvég ovvonkeg Oeprvég ouvOnKeg
x=5204.35 m ,y=0m ,z=18.30m x=5377.79m, y=0m, z=10.18m
C=1.4342mg/ C=2.5503mg/I

S=69.7 S$=39.2

bn=19374.29m bn=27249.41m

by=1.23m by=0.49m

t=101.6131sec t=33.1155sec

IMivaxkag 20. Xvykévipwon (C) kot ddyvom (S) omv meployn EVIOVNG OPYLKNG
avapeEns (NFR)

2Opeova e ToV Topamdve TivoKo Topatnpovie 0Tt To KaAokaipt Exovpe avénon
™G CLYKEVTP®ONG (C ) Tov pOTTOL KOt Hel®ON TS apaimoNg GTNV TEPLOYY| EVIOVNG
apyng avauéng (NFR).Erniong mapammpeitor peioon tov mdyovg ,a0énon tov
TAATOVG Kol Lelwon Tov XpovoL Ta&idtod Tov TAOLUIOL.

Extiunon Xtpouatoroinong: H npocdopildevn otpmpatonoinon mukvotntog ivol
duvapkd onuavtiky H pon amdppwyng €yydc oto medio moydedeton péso Gto
YPOUUIKE GTPOUOTOTOMUEVO TUKVOTNTOG TEPPAAAOVTOC GTPMUO YL TIG YEWEPIVEG
ouvOnkeg evod Yoo TG Oepwvéc N mpocdoplopnevn 000 GTPOUATOV TLKVOTNTOG
nepPaArovTog oTpmpatonoinong eival dvvopkd onuovtiky JH pon amdpprymg yydg
o010 medio Ba meploplotel 6TO YOUNAOTEPO GTPOUO HEGH GTPOUOTOTOINCNG TNG
TUKVOTNTOG TTEPPAAAOVTOG TEPULTEP® TAYIOEVETOL GTNV TUKVOKAIVI] HEC® GANLOTOG
TUKVOTNTOG TEPPAALOVTOG.

Kpunpa toékne ovne dtdivonc:

INo Ogpvég ouvOnkeg

To kprmpro CMC tev Smg/l cuvavtdator ot cuvtetaypuéveg: X =8.14m,y=0m, z
= 6.23 m ka1 0 AOyog ddlvong oto onueio avtd sivor 20. Ta yopakTPIoTIKG TOV
mhovpiov givar: mayog 1.27 m kou mAdtog 4.16 m. H vroroyiopévn andotacn and v
£€000 £mg Kot v Tomobesio tov CMC givor 10.07 m.

- KPITHPIO 1°
H tomoBesia eivar £o¢ kot 50 popég tnv kAipaka pnkovg Lo =0.27m
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To xpitipio 1kovomoieitol
- KPITHPIO 2°
H tomoBecia sivar Arydtepo amd 5 popéc 1o Babog tov vepol Hp = 24.2 m
To xpitipio ikavormoieitol
- KPITHPIO 3°
H tomoBesia eivon péoa oto 1/10 g andotaong g vrdpyovsas RMZ ota
2623.30m

H expon wkavomotet kot ta tpia kpreipro CMC yua v t0&kn {dvn ddAvong,.

INo geypuepivég ovvonkeg

To kprmpio CMC tev 5mg/l cuvavtdtor ot cuvtetayuéves: X =7.93 m,y=0m, z
= 6.17 m ka1 o Adyoc dtdhvong oto onueio avtd etvar 20. Ta yapakIPIoTIKA TOL
mAovpiov givar: mwhyog 0.16 m ko wAdtog 0.16 m. H vmoroyiopévn andotacn and v
¢€0d0 ¢m¢ kot v Tomobesio tov CMC givon 9.87 m.

- KPITHPIO 1°
H tonofecia ivar £mg kat 50 popég v KAipoko pfikovg Lo =0.27 m
To xpitipio 1kavomoieitol
- KPITHPIO 2°
H tomobeoia etvor Arydtepo amd 5 popéc 1o Babog tov vepol Hp = 24.2 m
To xpitipio ikavormoieitol
- KPITHPIO 3°
H tonobesio eivar péoa oto 1/10 ¢ andotacng e vrapyovcag RMZ ota
3681.90m

H ekpon wkavomolel kot €dw kot ta tpia kprripee CMC yuo v to&ikn Covn
drbAvonge.
Ot ovvOnkeg Tov TAovpiov ota Opla ™G Tpocdopldopevng RMZ eaivovtor ctov
[Tivaxa 21.

RMZ Zévn Avéauéng

Oepvo mpoeik

Xeepvo mpoeir

X=-2623.28m ,y=0m, z=10.18m

x=-3681.85 m, y=0m, z=18.3m

C=2.562747mgll

C=1.436802mg/I

$=39.0 S=69.6
by=200m by=200m
b,=35.16m b,=109.27m
t<33.1155sec t<101.6131sec

MMivakag 21. Zvykévipwon ( €) kot dudryvon (S) otnv meproyn RMZ

To kadoxaipt Egovpe avOENON NG CLYKEVTIPMOONG TOV PUTTOL Kol LEIWGT TOL pLOLOV

OPOLMCTC TOV GE GYXECT LLE TO YELUDVA.
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5.20upova pe to. oYNUOTo oL TPokVITOLY am to Corspy éyovue TapOUolo TPOPiA
PONG TOV TAOLUIOL TOL PUTOV HE TIC OLUPOPOTONCELS OTIG GLYKEVIPMOELS VO Elval

OUEANTEEC.

Xympa 36. Ipoeid mhovpiov pOHmov eQApPLOYNG Yol XEWLEPIVES GLVONKES

""_-‘_ 1 S
Xympa 37. Ipoeid mhovpiov pvmov epappoyng AAA yuo Bepvéc cuvOnkeg
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Concentration vs. Downstream Distance

100,00 110.00

Concentration {mg/1)
30.00 40.00 5000 60.00 TO.00 80.00 20.00
| 1 ]
e ume)

20.00
|

10.00

0.00

Downstream Distance (m)
Xypa 38. Adypappo cuykévipmong pOTOL KATdvtn amdoTaong epapuoyns AAA
Y0l XEWLEPIVES GUVONKEG

i Concentratisn vi. Downsiream Digtanes
B
B 3
B
B
B
=
- B
w =
E
=
5
2 K
[
= 8
-]
5
[ B
)
=
8
R
8
"

0.0

oo

Dewnatream Distancs (m)

Yyqpe 39. Adypappo cuykEvipmong pOTOL KATAvT amdeTaong spapuoyns AAA
v Oeprvéc ouvOTKec.
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3.7.1 E@OAPMOTIH York stp

[Mpoypatonomdnke po pedétn and tovg Zeilinski kor tovg cvvepydteg Tov yio va
€EETACOLV TIG EMOPACELS TOV AMOPANTOV Ot TO EPYO0TAGLO enelepyaciog amofAnTwv
York xotd ™ Sdpkea g eméktaong g Pdaong I tov Duffin Creek WPCP
Epyootdoio oviloync (Zeilinski and Associates,1986).

York stp
Q Discharge Tempera | Dep | Width F Regio | Dy | Ht L N
. concentration | ture th n of
(m?7/s) Density (m) interes | (M) | (M) (m)
(m) t
(’C)

(m)

0.045 | 100% 13.8 11 47 0.025 1000 |03 |31 42 15
05

IMivaxog 22. Apyikéc Tipég epapuoyng York stp
3.7.2 ZOykp1o1 0T0TELEGUATOV TPOGONOIMONG
H 0eppiokpacio Tov vepoo yio 23 IovAiov frov T,=8.8°C

1.Ta Bacwd punkn mov vroloyilovrotl am v mpocopoioon tov CORMIX2 kot mov
etvat amapaitnta Yo Tov opaktpiopd g Kotdtaéng e pong mapovstaloviol GTov
nivaxo23.

L(m) | Lo(m) [Lm(m) |Hs(m) [Jo(m%s®) | Mo(m®/s?)

T.=8.8°C |[17.32 0.03 14.29 11 0.000176 | 0.045050

Mivaxog 23. Xopaxtnplotikd unkn epappoyng York stp

2.20uemvo 1e o StoypappoTo pong (oyfua) mov TpoKHTTOVY ,T0 TPOPIA TG PONg
Katatdooetolr ot kamnyopio MU2 mov avtomokpivetoar o £€val oTPOUA 7OV
vrootpilel 610 Yepdto vepod PaBoug medio amdppiymg Kot 6Tig SV0 TEPMTMOCELS.
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FLOW CLASSIFICATION
SUBMERGED POSITIVELY BUOYANT
MULTIPORT DIFFUSER DISCHARGE

IN UNIFORM LAYER (HEIGHT Hg)

Deep Layer i Shallow Layer
Stable Discharge / EM (1 +cos2 0 )2 EM - Caa hg siny Unstable Discharge
+

<1 Hg fm >1

C4
Diffuser
Type
Alternating
Diffuser

Perpendicular

Weak
Current
<1

Strong
Current

>1

Unidirectional
Diffuser

Staged
Diffuser

[

Perpendicular /> 45° Perpendicular | > 45°
<45\ Parallel

Strong
Current  Current

MUY WUTH *& w3 | [ MU TUS —_MUg MUT WU MU
- 4 - —_ —- .
| =/ ; S %/ ﬁ/ = <=
A / P : — - el ™ %—"p| |~ P Pl |~ P

§ = Side View P = Plan View

Strong

Yympod0. Adypappa pofg epappoyng York stp

3. 20ppova pe To GYNUATO TOL TPOKVTTTOLV ot To COrspy £xovpe To TUPUKATO GYNLLOL
JLoLLTY -0KPOPLGIOL.

+ Y-Axis

Ambient Settings
HA= 11.000m
HD= 11.000m
DISTB= 56.000 m
Unbounded Section
Nearest hank is Right
DiffuserPort Riser Settings
6 (THETA)= 0.000 deg.
0 (SIGMA) = 0.000 deg. ]
B (BETA)= 90.000 deg.
v (GAMMA) = 90.000 deg.
Port Diameter DO~ 0.306 m
Height at Discharge HO = 3.100m
NOPEN = 15
Diffuser Length LD = 42.000m
YE1= 35.000m
YB2= 77.000m
Distance from nearest hank
1o diffuser mid poiitt = 56.000 m
(mis) N

M Diffuser Base
Riser

= Port

Bottom

M Banks

Yyunadl. Awyvtc epappoyng York stp

4. Extiunon davowong: H mokvotnta TG €Kpong ivar HikpoTepT amd TNV TukvoTnTa
Tov mepidarovtog. ‘Etot, n ekpon Oa €xel BeTikn) dvoon Kot TEIVEL va VO OVETOL
TPOG TNV EMPAVELQL.
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Emaogn tov mAovpiov pe v 6yn: To mhovuio €xel emaen pe ™ Kovtvotepn Oxon
ota 63.77mM kaTavn yio T.=8.8°C .

2uvOnkeg oto koviwvd medio: H NFR eivor 1 {ovn dvvatng ecmtepikng avauéng. Aev
&xel puBoTikég emmtdoelc. Qotd060 1N TANPOoPopio. umopel va. elvar yproun yo To
oyxedoT TS amdppyng emedn n avauén ot NFR givar cuvnbog gvaicOntn otig
ouvOnkeg oxedlacpov g amdppyns. Ol CLYKEVIPAOOELS TOL PYHTOL, Ot puvOuoi
apaimong, to mhYog Kot TOo TAATOG TOL TAOLHIOV KOOMG Kol 0 ¥pOvog TaEIOLoV
napovcidlovial otov mivako 24.

Ieproyn évrovng avapeng
(NFR)
x=21.0m ,y=0m ,z=11m

C=4.0248%
S=24.8

bp=15.67m
by=11m

t=202.1483sec

Mivaxkag 24. Xvykévipoon (C) kot dwdyvom (S) ommv meployn EVIOvNng OpPYLKNG
avapeEng (NFR)

Moxpid arm to medio andppyng: To TAoOUI0 avaptyvieTanl OAKA KATOKOpLEA LEGH
omv &yybg Covn ota OM KoTAvin OAAL EMAVOCTPOUOTOTOEL apydTEPE KOl OEV
OVOLULYVOETOL LLOKPLA Ot TO TTESI0 KOt GTIG OVO TEPUTTAOCELS.

["o ™ ovykekpiévn npocopoinon dev mpocsdtopictnke TDZ.
Oocov apopd ™ Lovn avauéng RMZ n onoia sivan péoa ot NFR, 1o arotedéopata
napatiBevtar otov [ivaka 25 mov axolovOel.

eproyn Covng avapatns (RMZ)

x=21m,y=0m, z=11m
C=4.024794%
S=24.8
br=23.5m
by=11m
t<202.1483sec

MMivakag 25. Zvykévipwon (C) kot didyvon (S) oy mepoyn RMZ

5.20upova pe o oynuata Tov TpokvmTovy am o Corspy £xovpe 1010 mpoih pong
TOV TAOLHIOV TOVL POTTOL KABMG Kol GLYKEVIPDGELS.
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+x-axis

+yaxis

Yympo 42.I1poeil mhovpiov poumov epapuoyng York stp

Concentration vs. Downstream Distance

10000 11000

90.00
Il
HML

20.00

FO.00

Concentration (%)
E0.00

1000 30,00 40.00 50.00
| 1

2000

0.0

T T T T T T T T T T T
0 100 200 300 400 500 &00 o0 800 500 1000 1100

Downstream Distance (m)

- Toxic Dilution Zone [TDZ - CHE)
== Regulatory Mixing Zone [RMZ]
-—— Module boundary (MOD)

Yyua 43. Atdypappo cuYKEVIPOOTG POV KATAVTH amdoToong epaproyng York stp
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Kepdaharo 4. Zopnepaopata

To gumepucod npdypappo CORMIX avardet ta poviéha yuo Tig Loveg avauéng kot
VTOOEIKVOEL TIG TEPPOAAOVTIKES EMATOOCELS MOV Umopel va dnpovpynBodv amd
oLVEXELS amopplyelg ONUENKMOV TYDV. Alvel EUEACT] OTIC OPLIKES OAANAETIOPAGELS
oL AaUPAvovV Ydpa, 0VTME MGTE Vo Yivouv TPOPAEYELS Y10 T CUUTEPIPOPE KOl TN
Ye®UETPia TOL TAOVUIOV KAT® amd oTabepEG GLVONKEG.

To vrocvotua CORMIXI1, 10 onoio ypnowomomdnke otnv mapovca daTpiPn
npoPAémel T SdAvorm Kot TN TPoYd pog BVpag aveOoTIKNG amdppwyng e €va
OLLOIOLOPPO 1| GTPOUATOTOMUEVIG TUKVOTNTOS TEPPAAAOV LE 1 XOPIG TAGYLO PEVLLAL.
To CORMIXI ypnowomotel Kavoveg yvaons mov tnydlovy amd TV VOPOSVLVOLLIKY|
Yo Vo opodomomoel kKot vo mpoPAéyel Olepyaciec avapiEng. XvyKEVIPpMOVEL T
amopoitnTo dedopéva, eAEYYEL Yo otolyeio. cLVOYNG, cuvappoioyel kol extehel Ta
OTOPOATNTO LOVTEAN TPOGOUOIMONG, EPUNVEVEL TO ATOTEAEGLLATO, TG TPOCOUOIWMGNG
and TV dnmoyn TOV VOUU®OV OToTNGE®V TEPIAAUPAVOVTOS TO KPLTNPO TOEIKNG
amoOPPWYNG Kol TPOTEIVEL EVOANUKTIKEG OYESCUOD Yl Vo PeEATIOOEL  TO
YOPOKTNPOTIKE apaimong. Alvovtag Epeacn ot Tayeie ecmTEPKY| ovapiEn, Oempel
£VoL CUVTNPNTIKO PLTTAVTY ATOPPIYNG TOPAUEADVTOS OTOLOONTOTE PLGIKY|, YNLUIKN 1|
Blorloywkn avtidpaon 1 dwdwocio amoocHvleons. Qotdco, T TPOPAETOUEVQ
amoteAéopaTo UTopel DKoM VO LETATPOTOVV GE TPOGUPUOYY] O TPOG TIG TPDTNG
14ENG avtidopaong depyacies .

To vrocvomuo CORMIX2 10 omoio emiomng ypnoomo|dnke mpoPArénet ) TpoyLd
KOl TOL YOPOKTNPLOTIKG avAENG £VOG S0y TP TOALATADY Bup®OV , TOL ATOPPITTEL
AVOOTIKE amOPANTA GE OLOIOUOPPA 1) CTPOUATOTOMUEVE TTEPIPAALOVTA LE 1 XOPIG
NV Topovcio. peOUaTog TEPPAALOVIOC Kot avTd e TN GEPE TOL CLYKEVIPOVEL TO
amopoitnTo dedopEVa, EAEYYEL YOl GTOLXEID. CLVOYNG, CLVOPLOAOYEL Kol exTeEAEl TaL
AmoPOiTNTO LOVTEAN TPOGOUOIMONG, EPUNVEDEL TO OTOTEAECUOTO TG TPOGOUOIMONG
am TNV Gmoyn TV VOUU®V oToToE®V TEPIAAUPAVOVTOS TO KPUTHPLo TOEIKNG
amoOppPWYNG Kol TPOTEIVEL EVOANOKTIKEG OYESWOUOD Yoo Vo PEATIOOEL  TO
YOPOKTNPLOTIKA apaiwonc. Alvovtag ELeacT ot Toyxela ecmTepkn avapln , Oempel
£V GLVTNPNTIKO PLTTOVTN ATOPPIYNG TOPUUEADVTOS OTOLAONTOTE PLGIKT, YNUIKN N

Bloroywkn avtidpaon 1 dwdwocio amoocHvOeons. Qotdco, T TPOPAETOUEVQ
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OTOTEAECUOTO LWITOPEL EDKOAO VO UETOTPOTOVV GE TPOCUPLOYY MG TPOG TNG TPMTNG
TaENG avTidopaong dlepyacies.

Oa mpénel pe TV ovaKTon eumepiag amd ™ ypnon tov umeipov(expert) avtov
OLGTAWOTOG VO, avoALOOVV TEepaTép® TO TPOWTOKOAAD pPONG OTO  GUOGTNUA
opadomoinong g pong He TNV emainbevon tv otabepdv TOV YPNGLOTOIOVVTOL
ot0 povtéro. ' opiopéveg ta&elg pong M vmdpyovca Pdorn dedouévov eivor
TEPLOPICUEVT] Y10 T1| OLEVEPYELD ETKVPMOGNG VTOSEIKVDOVTOS TNV AVAYKT Y10, EMTAEOV
dedopEVa EpYACTNPLOKE KO TTESTOV.

Eniong to CORMIX vmoBétel 611  amdpprym oo mepfdiiov gival cuveyng Ko
avtd gtvon Eva TpoPAnua. Kamown petafintd dedopéva 0mmg 1 tayhTnTe TOV AVELOL
N 1ov TEPPAALOVTOG GTO TPOYPOUpE TOPOVGLAlovTol ooV oTafePEC, €V GTNV
TPOYLATIKOTNTO DITEPYEL OLOKVUAVOT GTNV TN TOVG G oYEom He To xpovo. Eiva,
€101, amopaitnto to oevapla va eeTalovtat Kot Le KATowo LovTEAD Tov O Bewpel 0Tt
vrapyovv otabepéc ouvvOnKeg, €10l MOTE TA OMOTEAEGUHOTO Vo, TANGLALovv
TEPLGGOTEPO TNV TpaypoTikoTnTa. Mia pukpr] aAloyn oe pio petafinty €660V
umopel vo emdploet oV avayvoplon OlopopeETIKOD €I00VG poNg HE EVIEAMG
SPOPETIKEG  TTPOPAEYES OV  0OMYOUV GE  JAPOPETIKOVS PLOUOVG  avApEENG
onpovpydvtog mhovEG aovvexeleg  oto amoteAéopato mpoPieymc. Emiong, ta
OTOTEAECLOTO TG TPOGOUOIWONGS, Vo emaAnfedovion pe aokNoelg mediov my 1 Eviaon
PEVUOTOC, M TEPLEKTIKOTNTO TOL PLTOVTY|] KTA.

EmumAiéov, o povtého CORMIX é£yet meplopiopévn ikavotnta Yo T TPOGOLOImoT)
™G omoppynsg HeEYOA®V OyKov pong oe pnyés meployés. Kou téhog emiong
Tapovcldlel advvapio 6To OTL 0eV UTOPEL VO EPUPUOCTEL GE TEPUTTAOGELS LE VYNAN
avopolopopeio, O6mwg ocvvOnkeg OmOL TO CLOTNUO Elval EMPPENEG GE TOMIKN
EMOVOKVKAOPOPTOL.

Ye yevikd miaiota, To povtédo CORMIX eivar éva eEedikevpévo (expert) cvoommua
Kol Oyl EUTELPIKO KOt EIvVOIL YPNOLUO Y10 TNV AVAAVGT), TO CYESOGHO Kot TNV TPOPAEYN

TOV OTopPIYeEV £T61 MOTE Vo, EMTeLYOel pLelmon TV TEPIPAALOVTIKOV EMATOCEWDV.
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-CORMIX1
Kaptéha “project”

H mpot xoptéha dedouévmv project kabopilel Tic Poacikéc mAnpo@opieg mov
ATOITOVVTOL Ot TO TPOYPOUUO (OTE VO AEITOVPYNOEL ,va amobnkedoel Kol v
TPOCGOUOUDGEL TO. OEDOUEVO YlOo. HEAAOVTIKN YPNOT. ZTO OYNue Tapovctaletar m
KOPTEAL QVTT).

‘romct Fuges Pes-frocessng ook Fun Cutpot Data Rmports  Poat-Procesngiadvancsd e

pjejajes/mis)=je]=]x>|n]2]]

>t koptéo avT Kot yio To dedopéVa TOV TPOPANUATOS HOG EIGAYOLUE GTOLXELN
OmmC:

e To ovoua tov apysiov (project file name)

o  Yndbeon oyediacpon (design case)

e To dvoua g meproyng nerétng (Site name)

e  Tnvoudda epyaciog

e  Tnvnuepounvia

e AM\eg GNUEIDOELS O OTTOIEG UTOPOVV VO, XpNOLUELGOVY (Project notes)
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Kaptéha “effluent”

Xpnowonoteiton ywo v Kabopicel TG 1010TTEG TOV ATOPANTOV-AVUATOV GTO
CORMIX.To &idog tov pumoavty| pmopet va lvart pior arm tig €ENG TEVTE Katnyopies:

1.Conservative pollutant (cuvinpnrikéc pvaevtic): O pvmog awTdg dev VPioTATAL
kapio @Oopd /depyacieg avantvEnc. Xvvnbwg ol TePIocdTEPOL pLTOVTEG ol TPETEL VO
TPocoopilovtal g GLVTNPNTIKOL.

2.Non_conservative pollutant(un cvvrnpnrtikég pvmovticg): O podmog veictatat
TPOTG ThEeme dadikacio amoovvleong N avamrtuéng. Ilpénel va devkpiviotel o

ovvteheotng omdoPfeonc (Betikdg apBpde) N avarTuENG (apynTikdg aplouodg) .

3.Heated discharge: H anoppon Oa avtiuetoniost v andiewa Oeppudomroag oty

ATULOCOALPA, GE TEPUTTMGELS OTOL TO TAOVULO EPYETOL G EMOPN LE TNV EMLPAVELL TOV
vepov. Avtd to €100¢ glvar onuavtikd kvupimg yio Bepukés myég d6ov apopd v
TpoPAeyn g ocvumeplpopds tov mAovpiov. Elvar avaykaio vo mpocdiopiotel m
Katdotoon exkpong oe mepiooewn  Oeppokpaciog (AT) maveo oam  ovt) TOL

nepPdAiovtog o€ °¢C ,kaBmg Kol 0 cLVTEAESTNG avtaAAlayng Oeppotrog o W/m?,
0
C.

4.Brine discharge(Amoppon} _dlung) :Avtdog o TOmOC KOTH  Kovove  givol
amoteléopato apardtoong .Xto CORMIX m diun Oswpeiton mhviote OtL €xet
HEYOADTEPN TTLKVOTNTO AT TO TEPPAALOV GTO 0010 amopPPinTETAL.

5.Sediment _discharge(Amoppon Wnudtov): AToppoés OYETIKEC HE OUOPOVUEVA.
oteped eivar ovvnbog amotélecpa depyaciov otig Oxbeg TOV TOTOUDV .XTO
CORMIX ,6\0 to. AWpata otepeomapoyng Dewpeitar 0Tt £(0VV TUKVOTNTA HLEYOAVTEPT
am VTN ToV TEPPAAAOVTOG.
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Promct Fagey FesProcewsng Todk Fun  Outpf Dabs Feporty  Post-Processngiadvanced. et

Mo 6ko ta amdPAnta . TPoEAELON KOl 1| PO TOV TUT®V &ivol avaykoio. Q¢ ek
TOUTOL , Yl To OedOpEVA TOL TPOPANUATOS poG oamontodvion to €€Ng dedouéva
€16000V:

1.0 pvOudg porg (discharge flow rate,Qo)
2.H nepiooeio ovykévipwon (discharge concentration)
3.H 0gppokpacia (T)

Ye Oleg TIC MEPWMTIMOELS ,M GLYKEVIp®ON Tov tyvnBém expong (Co) tov VAKOV
evolPEPOVTOG (puTovL, 1yvnBétn) opiletal mg 1 mePicoEIL GLYKEVIPWOOT TAVED O
0TOLOdNTOTE GLYKEVTP®ON TTEPPAALOVTOG TOV 1510V VAIKOD.

106



Kaptéha “ambient”

Ot ovvOnkeg mepPdriiovtoc Kabopilovior am TIG YEMUETPIKES KOl VOPOYPUPIKES
oLVONKEG TG TEPLOYNG AMOPPIYNG EVOG POTTOV. ZTO GYNUO TOPOVGLALETOL 1) KOPTEAQ
“ambient”.

Ot avorvoelg oto CORMIX d1e€dyovtal cuviBwg pe v mopadoyr] TG GLVONKNG
otafepng katdotaong (Steady state) tov mepiBaiiovtoc. Ilopd to yeyovog 0Tl 1O
mpaypatikd meplpdAiov Oev elval moTté TmpoyUoTIKA o€ otabepr] KaTAoTOON , M
vdOeomn avt) givar cuvNBwg EmapPKNG dedOUEVOD OTL 01 dladtKacieg avauéng sivot
OPKETE YPNYOPEG GE GYEOT LE TN XPOVIKT KAILAKO T®V VOPOYPAPIKAOV SUKVUAVGEDV.

21 koptého vt Yo To. OEOOUEVE TNG EPOPUOYNG amortovvTol To. €€Ng dedopéva
€160000L:

1.Edv 0 vddrtivog amodéktng tvar meplopiopévos 1 oyt
2.0pileton 0 cuvteheotng Manning

3.Ta yeopetpikd yopoktnplotikd O6nmg to Pabog oto onueio ekpong (depth at
discharge), n tayvtnta tov avépov( wind speed)

4.01 cuvOnkeg pong, doniadn eav £yovue Steady state 1 unsteady. Kabopiletan emiong
N toyvTa ekpong (velocity)

5.KaBopiletar n otpopatonoinon my stratified type A kar n Oeppoxpacio T tov
v3&Tvov amodéirn (at bottom=20°C ,at surface=20°C)

107



Kaptéha “discharge”

2V KopTEAD OVTH KO Y10 T0. OEGOUEVE TOL TPOPANUATOS OGS amontovvTon o €ENG
dedopéva g16660v:

1.To e&idog tov vmompoypdppatog CORMIX mov Oa ypnoyomonmbel 10 omoio
egaptaror om 1o €idoc Tov drayvti—>ry CORMIX1-Single Port

2.Ta xopaKTNPIGTIKA TOL YPTGLLOTOLOVUEVOL doyLT 1} TG BEoMC TOL NG :

H tomoBecia g kovivotepng 6xOng (nearest bank)

H amdéctaon tov dwyuth ar T Kovivotepn 0xon

H didpetpog (port diameter) tov dwoyvtn

H xataxoépven yovia tov akpopuciov (THETA)

H opilovtia yovia tov akpopuoiov (SIGMA)

H andotacn tov akpoguciov ar tov tubuéva (Port Ht above channel btm)
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Koaptéha “Mixing zone”

Yy koptéda “Mixing zone” giedyovpe dedouévo mov a@opodv ™ {dvn avapueEng.
Y10 oyfuo Topovctdletor 1 kaptéra “Mixing zone”
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2nv koptédo AT Kot Yo To E00UEVE TOL TPoPAnatog pag opilovpe Ta e€ng:

e To kpumpro péytomg ovykévipwong (CMC)

e To kpumplo ovveyovg cvykévipwong (CCC)

o KoaBopiCovpe ™ {ovn avauéng to mAGTOG, TNV TTEPLOY] EVOLUPEPOVTOG
otV omoia EMOLVUOVUE Vo LEAETNOOVE TIG CLUVONKEG avApelEng Kot
GUUTEPLPOPE TOV TAOVULIOV

Kaptéha “output control”

1 koptéra output control opilovue ta apyeia Tov anotehecudtov mov OElovue va.
TOPOVCLOGTOVV. XTO GYNUa Tapovotdletal | koptéAa “output control”

slel==ls]

cossry

O ypiotg umopel va oamodnkedoer M va ektummoesl o €€Mg apyeio ta omoia
mapovstalovtat avoivtikd oto mapaptnpa HI:

1. Prediction files(fn.prd}—> apyeio mpofreyng

2. Session report(fn.ses)y—» avapopd £kbeomng

3. Flow class description(fn.flw)—> zmeprypaen katdtaéng pong
4. Design recommendations(fn.rec}—» npotdoeig oyedacon

5. Processing record(fn.jrn) — eneepyacia eyypaomv
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Kaptéha “processing”

v xoptélo avt divetar M dvvatdtnTa EVOPENG NG TPOCOUOIMONS HEC® TOV

npoypappatog CORMIX 1.Xt0 oynpa mopovoidleton n Koptédo “processing”.

Promct Pages Tock Fun O Data Bwpcrts

22 [e[afe]=[mx] e =] =[>[=]E]

e | S S| s B | St | s B |

a | e | e

Pare: OT/13/10
TSl 12134128

Baaign Casa: Sumar Srracifisd
Stee Mame:r N
Peepaced Bri ELEMI

Funjest Batas)

This exabgle appears Lo the CORMIE User Nanual Appendis B.
VALIDATING INPUT PATL ...

Chacking Fages for imvalid oF mLaing Iguta...
Erfluent Fage has Be<h vallsatsd,

AEbiEnT Pagl hEF BHES velldatad,

Fircharge Fegn bar R velldeted,

Eixing Icee Page has been validated.

Finlehed cheoRing Pages 00T IWVelld O BLASLGY 1RJWLE.
Lomding Correct Pulslases

Valldating Pulebases ...

ANNIENT BATAI

Eguivalest Daccy-Peisbach friction Emster = 0.016

The sski4st DENBITY PRACFILE you have specified 1F PYHANISALLY 3TABLE I8 che presence of che QIven ssbisnc Srosetlov. |(This has bees oherksd wich & FLEX
BEICHARDSON NUNBER CRITERICM| .

Ambient Faiz Bmse bas been validated.

BIBCHARGE BATAI

CORNIX1: Single Port Discharges
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CORMIX 2

KapTtéAa “effluent”

o|[=[m]z] 2]e|=]2]*]

e | owws | i | oms | e |

MNa 6Aa 1a amoBAnTa ,n TPoéAeuon Kal n porp Twv TUTTWV gival avaykaia. Qg ek
TOUTOU , yia Ta &edouéva Tou TTPOPRAAMOTOS pag aTraitouvtal Ta eEAG dedouéva
€l06d0u:

1.0 pubudg pong (discharge flow rate,Qo)

2.H TukvoTnTa (discharge density) 1 n BOepuokpacia ekporg (discharge
Temperature)

3.H ouykévrpwaon (discharge density) Tou UAIKOU evOIa@épovTog

e OAEG TIG TIEPITITWOEIG ,N OUYKEVTPWON Tou IXvnBETn ekpong (Cp) Tou UAIKOU
evola@épovTog (puUTTou, IXVNOETN) opileTal wg N TTEPICTEIO CUYKEVTPWON TTAVW atrd
OTTOIAdATIOTE  ATHOOQAIPIKN) OUYKEVTPpWON TTEPIBAANOVTOG Tou idlou UAIkou. O
XPNOTNG WTTOPEI va Kabopioel TNV TT000TNTA QUTH O JOVABEG CUYKEVTPWONG (TTX
mg/l, ppm,%,C). Edv dev uttdpxouv dIabéaiua aToixEia, eival OKOTTIMO va UTToTeBE T
Co=100%
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KapTtéAa “ambient”

O1 ouvBnkeg TTepIBAAAOVTOG KaBopifovTal aTT TIG YEWMETPIKEG KAl UOPOYPAPIKES
OUVBNKEG TNG TTEPIOXNG ATTOPPIYNG £VOG PUTTOU. 2TO OXAMA TTAPOUCIAeTal N KApPTEAQ
“ambient”.

O1 avaAuceig ato CORMIX dig€dyovTtal ouvRBwg pe Tnv TTapadoxn Tng ouvenkng
o1aBepng kardotaong (steady state) Tou mepiBdANovToG. Mapd To yeyovog OTI TO
TTpayuaTikd TTePIBAAAOV Oev gival TTOTE TTPAYMATIKA OE OTABEP KATAOTACN , N
uTTéBean auth eival ouvnBwg eTTapknig dedopévou OTI o1 dladikaoieg avauigng eivai
OPKETA YPYOPES O OXEON ME TN XPOVIKH KAIJOKO TWV UdPOYPAPIKWY OIOKUUAVOEWV.

To CORMIX 1rpoUtToB£Tel 0TI N TTpayuatikh diatour Tou uddtivou TrePIBAAAOVTOG
TePIYPAPeTal aTmd £va opBoywvio KAVAAI TToU MTTOpEi va TTepIopifeTal TTAEUPIKA
(bounded) 1 6x1 (unbounded). EmiTAéov , TO KavAAl uTTOTIBETON OTI €ival OUOIGPOPYPO
WG TTPOG TN KATAvTn KATeUBuvon , akoAouBwvTag Tn Péon por TOU TTPAYMATIKOU
udaTIKOU CUCTANATOG TTOU PTTOPEI va €ival AvOUOIOPOP®N 1 HAIOVOPIKH.

To TpwTo PrApa TPOCSIOPICHOU Twv ouvbnkwyv Tou TrePIBAAAOvVTOG €gival va
kaBopioTei av o uddTivog atmodékTng Ba Trpétel va Bewpndei TTEPIOPIOUEVOS
(bounded) 1} un Teplopiopévog (unbounded).

MNa va yivel autd KaBwg Kal yia va atravinBouv GANEG EPWTHOEIC OXETIKA WE TN
YEWWETPIa Tou TTEPIBAAAOVTOG ,Eival avayKaio va UTTApxEl TTpooRaon o€ diaypauuaTa
EYKAPOIWYV dIATOUWYV TNG UBATIVNG UAlag. Autd Ta diaypdupaTa TTPETTEl va dEiXvouv
TNV TTEPIOXN OTN KateuBuvon TnG PONG , OTO ONUEI0 EKPOAG Kal O€ TTEPAITEPW
TOTT0BETiEG KATAVTN. EAV 0 UBATIVOG aTTOOEKTNG TTEPIOPICETAI OTIG BUO TTAEUPEG aTTO
0xPeg , OTTWG O¢ TOTAMIO , PEUATA ,EKBOAEG TTOTAMWY Kal GAAQ OTEVA UBATIVO
pelpaTa, TOTE Ba TTPETTEI VA BEWPEITAI «TTEPIOPICHUEVOSY.
21N KapTéAa autr yia Ta dedopéva NG £Qappoyng atmraitouvTtal Ta €€r¢ dedouéva
€10000uU:
1.Edv o uddmivog atmodéktng cival Teplopiopévog 1 oxI; Edv eival opidetal 1o TTAGTOG
TTEPIOPICHOU KAl N MOPYPr] TOU UDATIVOU OTTOOEKTN

2.0piCetal 0 ouvteAeo TG Manning

3.Ta yewueTpIK& XAPOKTNPIOTIKA OTTWG TO BABog oTO onueio ekporg (depth at
discharge), n Taxutnta Tou avépou( wind speed)

4.01 ouvBnkeg pong, dnAadn edv éxoupe steady state ) unsteady. KaBopiletal etmiong
n TaxuTnTa €KPong (velocity)

5.Ta dedopéva TTUKVOTNTAG €AV 0 UBATIVOG aTTodEKTNG Eival kaBapog (fresh water) i
ox1 (non fresh water). KaBopiletal €ite n Bepuokpacia (temperature) Tou UdATIVOU
aTTOdEKTN €iTE N TTUKVOTNTA (density) Tou.
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Project Pages Pre-Frocessing Tooks Run

Output Data Reparts  Post-ProcessingiAdvanced  Help

Load Clear Save

=
lbs kg
Save Az Prirt Sl-Units

CorSpy

o> (£C1 - 3 Y Areg EEE LU
alidate = user I
T FC Tree Corvue Cordet FFL CorSens Mansel ]

Project |

et . S — |

Discharge | Mixing Zone | Output | Processing
Ambient Page

Flow Field D:

Average Deptt [5

hd )

Depth at Discharge: [5

=fm

Wind Speed: [2

Steady Unsteady |

velooity |

[

Velocity] 0.2

[

Bounded Unbounded

Water Body is HOT BOUNDED

Menring | Darcy |

Manning's n: [ 0.024

Freshwiater Man-Fresh water

Uniform
Stratified

Typah | TupeB TypeC

Ambient Density Dat

Linear Density Profile

= [Temperatuz [deg 0]
2t Suface: [18
at Bottom: [15

KapTtéAa “discharge”

‘Eva diaxutipag TTOAATTAWY €E00WV gival PIa YPAUMIKA SIATAEN TTOU OTTOTEAEITAI
a1ré TTOAAEG €EO0O0UG 1 akpoPUOIa PE PEYAAN TaxUuTnTa £vav pUTTO OTOV TTEPIBAAAWY
uddTivo atrodékTn . Autd Ta Alyavia 1 akpo@Uaia UTTopEi va gival ouvdedepiva
K&BeTa P Eva uttdyEIo oWARVa , TOUVEA, | UTTOPEI ATTAG va gival avoiyuata o€ Eva
OwAnva TTou BpiokeTal aTrd KATW .

21NV KapTéAa autr Kail yia Ta dedopéva Tou TTPORAANATOG Pag aTTAITOUVTal TA €EMG
Oedouéva €10600u:

1.To €idog TOU uTrOoTTPOYpPAPuaTog CORMIX T1ou Ba xpnoigotroindei 10 OTT0I0
eCapTdTal aT 10 €id0G TOU BIAXUTA

2.Ta xapakTnPIOTIKA TOU XPNOIPOTTOIOUMEVOU BIayuTh 1l TNG BEong Tou OTTwG :

e H TomoBeoia Tng KovTIvaTEPNG OXONG (nearest bank)
e To unkog Tou diaxutnpag (diffuser length) dnAadn n amdéoTacn Petagu Tng
TTPWTNG ££600U —aKPOYUGIoU WE TN TEAEUTAIO
e H améotaon péxpl To TPWTO Gkpo (dist. to 1% endpoint) kai n améoTaon
uéxpl To SeUTepo Akpo (dist to 2™ endpoint)

e To Uwog (Port height) kai n diduetpog (Port diameter) tng €§ddou —

OKPOPUGiou
e O Adyog ouoTOAG (contraction ratio) Tng e§6doU-aKpoPuaiou
o O apiBudg Twv akpouaoiwv-avolypdaTwy (total of openings)
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e H péon ywvia guBuypdupiong (Alignment Ang. Gamma),dnAadr n ywvia
Tou OloXuTApa o€ oxéon ME Tn KareuBuvon TnG Pong Tou udATIVOU
aTrodEKTN

e O oxemikég mpooavatoAiopos (Relative orientation —BETA),6nAadn n
ywvia Twv €€60wvV Tou dlaxuThpa o€ axéon e Tov Agova Tou

e H kareuBuvon Tou akpouaoiou (nozzle direction)

KaptéAa “Mixing zone”

Z1nv KapTéAa “Mixing zone” eilocdyoupue dedopéva TTou agopoulv Tn {wvn avAapeigng.

21NV KopTEAQ auTh Kai yia Ta dedopéva Tou TTPORANMATOS PaG OPICOUNE Ta €EAG:

o Tn dwvn avAapeigng ekPpacévn wg TTAOUMIO JE KATTOI0 TTAATOG.
e Tnv Tepioxn evdio@épovtog (region of interest) otnv otroia emBupolue va
MEAETAOOUWE TIG CUVONKEG AVAUEIENG KAI TN CUUTTEPIPOPA TOU TTAOUMIOU.
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ITAPAPTHMA 11

(ATATPAMMATA AIIEIKONIZHX 'EQMETPIKQN
XTOIXEIQN)
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- I'lA CORMIX1

A)A1Gypappo. Tpocdlopiopod yempetpiag yio amdppiyn wog 0vpag (EPA,1990).
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Flux quantities: Q, = discharge

Mg = Ug Qg = momentum  flux

Jo = (8pg /pq) 9 Qg = buoyancy flux

B)IIpogpik mukvotntog (técoepa €i6n otpopatonoinong) (EPA,1990).
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- I'lA CORMIX2

A)Aldypoppo  TPOodOOPIoUOD  YEMUETPIOG Yoo SyLTNPE  TOAAOTA®V  Bupdv
amoppyng (EPA,1991).
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B)ITpoeik mukvomrac( téocepa €idn otpmpatonoinong) (EPA,1991).
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ITAPAPTHMA |11

(Apyeia Tpooopoimons CORMIX1,2)
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Cormix1
-E@appoyn AB chemical company

CORMIX SESSION REPORT:

:9.9,9,9.9,9,9.9,9,9.9,9,9,9,9,9,0.9.0,9:9,9.0:9,9.9.9,0,9.9,9,9.9,9,0.9:9,0.9,.9,9.0,:9,0,0.9,0,9.9,0,9.9,9,9,9,0,¢

) 9,.9,.9.90.90.9.9.9.9.9.9.9.9.90.9.9.9.9.0.4
CORMIX MIXING ZONE EXPERT SYSTEM
CORMIX Version 6.0GTS

HYDRO1:Version-6.0.0.0 October,2009

SITE NAME/LABEL.: AB
DESIGN CASE: 1
FILE NAME: C:\Documents and Settings\eleni\My Documents\AB.prd

Using subsystem CORMIX1:  Single Port Discharges

Start of session: 10/01/2010--19:28:47

SUMMARY OF INPUT DATA:

AMBIENT PARAMETERS:

Cross-section = unbounded
Average depth HA =12m
Depth at discharge HD =12m
Ambient velocity UA =0.3m/s

Darcy-Weisbach friction factor F =0.0198

Calculated from Manning's n =0.024
Wind velocity UW =2mls
Stratification Type STRCND =U
Surface temperature =20 degC
Bottom temperature =20 degC

Calculated FRESH-WATER DENSITY values:
Surface density RHOAS =998.2051 kg/m"3

Bottom density RHOAB =998.2051 kg/m"3
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DISCHARGE PARAMETERS: Single Port Discharge

Nearest bank = left
Distance to bank DISTB =37.5m
Port diameter DO =0.15m

Port cross-sectional area A0 =0.0177 m"2

Discharge velocity Uuo =3.00m/s
Discharge flowrate Q0 =0.053 m"3/s
Discharge port height HO =04m

Vertical discharge angle THETA =0 deg
Horizontal discharge angle  SIGMA =90 deg
Discharge temperature (freshwater) =48 degC

Corresponding density RHOO0 =988.9288 kg/m”3

Density difference DRHO =9.2763 kg/m"3
Buoyant acceleration GPO =0.0911 m/s"2
Discharge concentration CO =0.5mg/l

Surface heat exchange coeff. KS =0m/s

Coefficient of decay KD =01/s

DISCHARGE/ENVIRONMENT LENGTH SCALES:
LQ =0.13m Lm =1.33m Lb =0.18 m

LM =3.62m Lm'=99999 m Lb'=99999 m

NON-DIMENSIONAL PARAMETERS:
Port densimetric Froude number FRO = 25.65

Velocity ratio R =10.00

MIXING ZONE / TOXIC DILUTION ZONE / AREA OF INTEREST PARAMETERS:

Toxic discharge =yes
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CMC concentration CMC =0.025 mg/l

CCC concentration CCC =0.025mg/l

Water quality standard specified = given by CCC value
Regulatory mixing zone = yes

Regulatory mixing zone specification = width

Regulatory mixing zone value =230 m (m"2 if area)

Region of interest =3000m

HYDRODYNAMIC CLASSIFICATION:

* *

| FLOW CLASS =H1A3|

* *

This flow configuration applies to a layer corresponding to the full water
depth at the discharge site.
Applicable layer depth = water depth =12 m

*hkkkkhhkkhhkhkhhkkhhkhkhhkkhkhhkhhkhkhhkkihhkhhkhhhrhhdhhkhhhdhhrhhihhhhhrhkhdhhihhkhhkdhhihhrhkihhihkikikx

MIXING ZONE EVALUATION (hydrodynamic and regulatory summary):

X-Y-Z Coordinate system:
Origin is located at the bottom below the port center:
37.5 m from the left bank/shore.

Number of display steps NSTEP = 20 per module.

NEAR-FIELD REGION (NFR) CONDITIONS :

Note: The NFR is the zone of strong initial mixing. It has no regulatory
implication. However, this information may be useful for the discharge
designer because the mixing in the NFR is usually sensitive to the

discharge design conditions.
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Pollutant concentration at NFR edge ¢ = 0.001 mg/I

Dilution at edge of NFR s =480.8

NFR Location: X=79.09m

(centerline coordinates) y=6.62m
z=12m

NFR plume dimensions: half-width (bh) =6.52 m
thickness (bv) = 6.52 m

Cumulative travel time: 235.1008 sec.

Buoyancy assessment:

The effluent density is less than the surrounding ambient water

density at the discharge level.

Therefore, the effluent is POSITIVELY BUOYANT and will tend to rise towards

the surface.

Benthic attachment:

For the present combination of discharge and ambient conditions, the
discharge plume becomes attached to the channel bottom within the NFR

immediately following the efflux. High benthic concentrations may occur.

FAR-FIELD MIXING SUMMARY':

Plume becomes vertically fully mixed at 1475.96 m downstream.

PLUME BANK CONTACT SUMMARY':

Plume in unbounded section contacts nearest bank at 568.62 m downstream.

*hhkhkhkhkhkhkhkhkhkhkhhkhhkhhhhiiik TOXIC DILUTION ZONE SUMMARY *hhkhkhkhkhkhkhkhkhkhkhhhhkhhhkhkhiik

Recall: The TDZ corresponds to the three (3) criteria issued in the USEPA

Technical Support Document (TSD) for Water Quality-based Toxics Control,

1991 (EPA/505/2-90-001).
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Criterion maximum concentration (CMC) =0.025 mg/l
Corresponding dilution =20
The CMC was encountered at the following plume position:
Plume location: x=830m
(centerline coordinates) y=5.25m
z=041m
Plume dimension: half-width (bh) =0.17 m

thickness (bv) =0.17 m

Computed distance from port opening to CMC location = 9.81 m.
CRITERION 1: This location is beyond 50 times the discharge length scale of
Lg=0.13m.

+++++ The discharge length scale TEST for the TDZ has FAILED. ++++++

Computed horizontal distance from port opening to CMC location = 9.81 m.
CRITERION 2: This location is within 5 times the ambient water depth of
HD =12 m.

++++++++++ The ambient depth TEST for the TDZ has been SATISFIED. ++++++++++

CRITERION 3: An RMZ was specified but its boundary was not encountered
within the predicted plume region. Therefore, the Regulatory Mixing

zone test for the TDZ cannot be applied.

The diffuser discharge velocity is equal to 3.00 m/s.

This is below the value of 3.0 m/s recommended in the TSD.

*** This discharge DOES NOT SATISFY all three CMC criteria for the TDZ, ****
**** This MAY be caused by the low discharge velocity for this design. *****

FAFAAS A IAFIAIIAIx AR REGULATORY MIXING ZONE SUMMARY

*hkkkkkhhkkhhkhkkihkkhkhkhkkikkikihkkikkx
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An RMZ was specified but its boundary was not encountered within the
predicted plume region.

In a subsequent analysis, use an ROI that extends further downstream.

But:

The CCC was encountered at the following plume position:

The CCC for the toxic pollutant was encountered at the following

plume position:

CCC =0.025 mg/l
Corresponding dilution =20
Plume location: x=830m
(centerline coordinates) y=5.25m
z=041m

Plume dimension: half-width (bh) = 0.84 m
*hkkkhkhkkkhhkkhkhkkkhkhkkhkhkhkhhkiikk FINAL DESIGN ADVICE AND COMMENTS *hkkkhkkkhkhkkkhkkkhhkhkkhkhkkihkhkihkik
The discharge port or nozzle points towards the nearest bank.

Since this is an UNUSUAL DESIGN, check whether you have specified

correctly the port horizontal angle (SIGMA).

REMINDER: The user must take note that HYDRODYNAMIC MODELING by any known
technique is NOT AN EXACT SCIENCE.
Extensive comparison with field and laboratory data has shown that the
CORMIX predictions on dilutions and concentrations (with associated
plume geometries) are reliable for the majority of cases and are accurate
to within about +-50% (standard deviation).
As a further safeguard, CORMIX will not give predictions whenever it judges

the design configuration as highly complex and uncertain for prediction.

CORMIX1 PREDICTION FILE:

11111111111111111111111111111111111117111111111111111111171111111111711111111111111111
111111111111

125



CORMIX MIXING ZONE EXPERT SYSTEM
Subsystem CORMIX1: Single Port Discharges
CORMIX Version 6.0GTS

HYDRO1 Version 6.0.0.0 October 2009

CASE DESCRIPTION
Site name/label: AB

Design case: 1

FILE NAME: C:\Documents and Settings\eleni\My Documents\AB.prd

Time stamp: Fri Oct 1 19:28:47 2010

ENVIRONMENT PARAMETERS (metric units)

Unbounded section

HA = 12,00 HD = 12.00
UA = 0300F = 0.020 USTAR =0.1491E-01
uw = 2.000 UWSTAR=0.2198E-02

Uniform density environment

STRCND= U RHOAM = 998.2051

DISCHARGE PARAMETERS (metric units)

BANK = LEFT DISTB= 37.50

DO = 0.150A0 = 0.018H0 = 040 SUBO = 11.60
THETA= 0.00 SIGMA = 90.00

Uuo = 2999Q0 = 0.053 =0.5300E-01

RHOO = 988.9288 DRHOO0 =0.9276E+01 GPO =0.9113E-01
CO =0.5000E+00 CUNITS= mg/I

IPOLL= 1 KS =0.0000E+00 KD =0.0000E+0Q0
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FLUX VARIABLES (metric units)

Q0 =0.5300E-01 MO =0.1590E+00 JO =0.4830E-02 SIGNJO=

Associated length scales (meters)
LQ = 013LM = 362Lm = 133Lb = 0.8

Lmp = 99999.00 Lbp = 99999.00

NON-DIMENSIONAL PARAMETERS

FRO = 2565 R = 10.00

FLOW CLASSIFICATION
111111111111111111111111111111111111111111
1 Flowclass (CORMIX1) = H1A3 1

1 Applicable layer depth HS = 12.00 1

111111111111111111111111111111111111111111

1.0

MIXING ZONE / TOXIC DILUTION / REGION OF INTEREST PARAMETERS

CO =0.5000E+00 CUNITS= mg/I

NTOX =1 CMC =0.2500E-01 CCC = CSTD

NSTD =1 CSTD =0.2500E-01

REGMZ =1

REGSPC= 2 XREG = 0.00 WREG = 230.00 AREG

XINT = 3000.00 XMAX = 3000.00

X-Y-Z COORDINATE SYSTEM:

ORIGIN is located at the bottom and below the center of the port:

37.50 m from the LEFT bank/shore.

X-axis points downstream, Y-axis points to left, Z-axis points upward.

NSTEP = 20 display intervals per module

0.00
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BEGIN MOD101: DISCHARGE MODULE

COANDA ATTACHMENT immediately following the discharge.

X Y Z S C B Uc TT

0.00 0.00 0.00 1.00.500E+00 0.11 2.999 .00000E+00

END OF MOD101: DISCHARGE MODULE

BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION

Jet/plume transition motion in strong crossflow.

Bottom-attached jet motion.

Profile definitions:
B = Gaussian 1/e (37%) half-width, normal to trajectory
Half wall jet, attached to bottom.
S = hydrodynamic centerline dilution
C = centerline concentration (includes reaction effects, if any)
Uc = Local centerline excess velocity (above ambient)

TT = Cumulative travel time

X Y Z S C B Uc TT

0.00 0.00 0.00 1.00.500E+00 0.08 2.999 .34212E-02
0.00 0.18 0.00 1.00.500E+00 0.10 2.999 .38653E-01
0.02 040 0.00 1.00.500E+00 0.12 2.999 .92785E-01

0.04 060 0.00 1.20.434E+00 0.15 2.999 .15296E+00
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191

2.08

2.25

2.40

2.54

2.68

2.81

2.93

3.05

3.16

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

190 3.26 0.00

Cumulative travel time =

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION

1.3 0.375E+00

1.5 0.323E+00

1.8 0.277E+00

2.1 0.243E+00

2.3 0.214E+00

2.6 0.189E+00

3.0 0.167E+00

3.4 0.149E+00

3.8 0.133E+00

4.2 0.119E+00

4.7 0.107E+00

5.10.971E-01

5.6 0.885E-01

6.2 0.812E-01

6.7 0.749E-01

7.2 0.695E-01

7.7 0.652E-01

0.17

0.19

0.22

0.25

0.28

0.31

0.35

0.38

0.41

0.45

0.49

0.52

0.56

0.59

0.62

0.65

0.68

3.5089 sec

2.603

2.224

1.887

1.632

1.414

1.226

1.063

0.922

0.801

0.697

0.610

0.535

0.473

0.421

0.376

0.339

0.311

.21649E+00

.29808E+00

40217E+00

.51087E+00

.63414E+00

.77317E+00

.92920E+00

.11034E+01

.12968E+01

.15100E+01

17434E+01

.19970E+01

.22703E+01

.25627E+01

.28731E+01

.32006E+01

.35089E+01

BEGIN MOD152: LIFT OFF/FALL DOWN

Profile definitions:

B = Gaussian 1/e (37%) half-width, normal to trajectory

S = hydrodynamic centerline dilution

C = centerline concentration (includes reaction effects, if any)

TT = Cumulative travel time
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Inflow (attached) and outflow (free) conditions:
X Y Z S C B TT
190 3.26 0.00 7.70.652E-01 0.68 .35089E+01
3.09 393 0.00 7.70.652E-01 0.48 .63898E+01

Cumulative travel time = 6.3898 sec

END OF MOD152: LIFT OFF/FALL DOWN

BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION

Jet/plume transition motion in strong crossflow.

Plume-like motion after lift off/fall down.

The WIDTH PREDICTION B in the first entry below may exhibit some mismatch

(up to a factor of 1.5) relative to the last entry of the previous module.

This is unavoidable due to differences in the width definitions.

The actual physical transition will be smoothed out.

Profile definitions:
B = Gaussian 1/e (37%) half-width, normal to trajectory
S = hydrodynamic centerline dilution
C = centerline concentration (includes reaction effects, if any)

Uc = Local centerline excess velocity (above ambient)

TT = Cumulative travel time

X Y Z S C B Uc TT

3.09 393 000 7.70.652E-01 0.38 0.433 .65618E+01
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6.39 495 0.20 15.10.331E-01 0.71 0.136 .13555E+02

** CMC HAS BEEN FOUND **

The pollutant concentration in the plume falls below CMC value of 0.250E-01

in the current prediction interval.

This is the extent of the TOXIC DILUTION ZONE.

**WATER QUALITY STANDARD OR CCC HAS BEEN FOUND**

The pollutant concentration in the plume falls below water quality standard

or CCC value of 0.250E-01 in the current prediction interval.

This is the spatial extent of concentrations exceeding the water quality

standard or CCC value.

9.81

13.25

16.80

20.24

23.69

27.13

30.69

34.14

37.59

41.04

44.61

48.07

51.52

54.98

58.55

62.01

65.47

68.92

72.50

542 0.61 23.90.209E-01 0.92 0.090

5.71

5.92

6.05

6.16

6.24

6.30

6.35

6.40

6.43

6.46

6.49

6.51

6.53

6.55

6.57

6.58

6.59

6.60

1.09

1.61

212

2.62

3.12

3.62

4.09

4.55

5.00

5.45

5.88

6.30

6.71

7.13

7.53

7.93

8.31

8.70

33.3 0.150E-01

44.0 0.114E-01

55.1 0.908E-02

66.9 0.747E-02

79.4 0.630E-02

92.9 0.538E-02

106.5 0.470E-02

120.5 0.415E-02

135.0 0.370E-02

150.5 0.332E-02

165.8 0.302E-02

181.4 0.276E-02

197.5 0.253E-02

214.4 0.233E-02

231.0 0.216E-02

248.0 0.202E-02

265.2 0.189E-02

282.9 0.177E-02

1.10

1.27

1.43

1.58

1.72

1.87

2.00

2.14

2.26

2.39

2.51

2.63

2.74

2.86

297

3.08

3.19

3.29

0.070

0.058

0.049

0.044

0.039

0.035

0.032

0.030

0.028

0.026

0.025

0.023

0.022

0.021

0.020

0.019

0.019

0.018

.22195E+02

.31488E+02

.41506E+02

.51459E+02

.61606E+02

.71903E+02

.82680E+02

.93195E+02

.10379E+03

.11445E+03

.12554E+03

.13632E+03

.14713E+03

.15799E+03

.16925E+03

.18017E+03

19112E+03

.20209E+03

.21315E+03
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Cumulative travel time = 213.1476 sec

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION

BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH

Control volume inflow:
X Y Z S C B TT

7250 6.60 8.70 282.90.177E-02 3.29 .21315E+03

Profile definitions:
BV = top-hat thickness, measured vertically
BH = top-hat half-width, measured horizontally in Y-direction
ZU = upper plume boundary (Z-coordinate)
ZL = lower plume boundary (Z-coordinate)
S = hydrodynamic average (bulk) dilution
C =average (bulk) concentration (includes reaction effects, if any)

TT = Cumulative travel time

X Y Z S C Bv. BH zZU ZL 1T
69.21 6.60 12.00 282.90.177E-02 0.00 0.00 12.00 12.00.21315E+03
70.20 6.60 12.00 282.90.177E-02 4.10 2.06 12.00 7.90.21315E+03
7119 6.60 12.00 282.90.177E-02 4.86 291 12.00 7.14 .21315E+03
7217 6.60 12.00 282.90.177E-02 535 3.57 12.00 6.65.21315E+03
73.16 6.61 12.00 290.6 0.172E-02 5.71 4.12 12.00 6.29 .21534E+03
7415 6.61 12.00 326.6 0.153E-02 5.98 4.61 12.00 6.02.21864E+03
75.14 6.61 12.00 376.40.133E-02 6.18 5.05 12.00 5.82 .22193E+03

76.12 6.61 12.00 421.80.119E-02 6.33 5.45 12.00 5.67.22522E+03
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77.11 6.61 12.00 453.00.110E-02 6.44 5.83 12.00 5.56 .22851E+03

78.10 6.61 12.00 469.8 0.106E-02 6.50 6.18 12.00 5.50.23181E+03

79.09 6.62 12.00 480.80.104E-02 6.52 6.52 12.00 5.48 .23510E+03

Cumulative travel time = 235.1008 sec

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH

** End of NEAR-FIELD REGION (NFR) **

BEGIN MOD141: BUOYANT AMBIENT SPREADING

Profile definitions:
BV = top-hat thickness, measured vertically
BH = top-hat half-width, measured horizontally in Y-direction
ZU = upper plume boundary (Z-coordinate)
ZL = lower plume boundary (Z-coordinate)
S = hydrodynamic average (bulk) dilution
C =average (bulk) concentration (includes reaction effects, if any)

TT = Cumulative travel time

Plume Stage 1 (not bank attached):

X Y Z S C BV BH ZU ZL TT

79.09 6.62 12.00 480.80.104E-02 6.52 6.52 12.00 5.48.23510E+03
103.57 6.62 12.00 517.6 0.966E-03 5.44 8.41 12.00 6.56 .31669E+03
128.04 6.62 12.00 549.7 0.910E-03 4.80 10.11 12.00 7.20 .39828E+03
152.52 6.62 12.00 580.6 0.861E-03 4.39 11.68 12.00 7.61.47987E+03
176.99 6.62 12.00 611.80.817E-03 4.11 13.15 12.00 7.89 .56145E+03
201.47 6.62 12.00 644.40.776E-03 3.92 1454 12.00 8.08.64304E+03

22595 6.62 12.00 679.20.736E-03 3.78 15.86 12.00 8.22.72463E+03
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250.42

274.90

299.38

323.85

348.33

372.81

397.28

421.76

446.24

470.71

495.19

519.66

544.14

568.62

Cumulative travel time =

6.62

6.62

6.62

6.62

6.62

6.62

6.62

6.62

6.62

6.62

6.62

6.62

6.62

6.62

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

716.6 0.698E-03

757.0 0.661E-03

800.8 0.624E-03

848.2 0.590E-03

899.4 0.556E-03

954.7 0.524E-03

1014.2 0.493E-03

1078.1 0.464E-03

1146.5 0.436E-03

1219.6 0.410E-03

1297.5 0.385E-03

1380.3 0.362E-03

1468.1 0.341E-03

1561.0 0.320E-03

3.69

3.64

3.62

3.62

3.64

3.68

3.74

3.81

3.89

3.98

4.09

4.20

4.33

4.46

1866.8638 sec

17.14

18.36

19.55

20.70

21.82

22.91

23.98

25.02

26.05

27.05

28.03

29.00

29.95

30.89

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

8.31 .80622E+03
8.36 .88781E+03
8.38 .96939E+03
8.38 .10510E+04
8.36 .11326E+04
8.32 .12142E+04
8.26 .12957E+04
8.19 .13773E+04
8.11 .14589E+04
8.02 .15405E+04
7.91 .16221E+04
7.80 .17037E+04
7.67 .17853E+04

7.54 .18669E+04

Plume is ATTACHED to LEFT bank/shore.

Plume width is now determined from LEFT bank/shore.

Plume Stage 2 (bank attached):

X

568.62

588.58

608.55

628.52

648.48

668.45

688.42

Y Z S

37.50

37.50

37.50

37.50

37.50

37.50

37.50

12.00

12.00

12.00

12.00

12.00

12.00

12.00

Cc BV

BH

ZU

ZL

TT

1561.0 0.320E-03 4.46 61.77 12.00 7.54 .18669E+04

1635.1 0.306E-03

1710.9 0.292E-03

1788.6 0.280E-03

1868.2 0.268E-03

1949.6 0.256E-03

2032.8 0.246E-03

4.62

4.78

4,94

5.10

5.26

5.42

62.53

63.28

64.02

64.76

65.50

66.23

12.00

12.00

12.00

12.00

12.00

12.00

7.38 .19334E+04

7.22 .20000E+04

7.06 .20665E+04

6.90 .21331E+04

6.74 .21996E+04

6.58 .22662E+04
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708.38

728.35

748.32

768.28

788.25

808.21

828.18

848.15

868.11

888.08

908.05

928.01

947.98

967.95

Cumulative travel time =

END OF MOD141: BUOYANT AMBIENT SPREADING

37.50

37.50

37.50

37.50

37.50

37.50

37.50

37.50

37.50

37.50

37.50

37.50

37.50

37.50

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

2118.0 0.236E-03

2205.0 0.227E-03

2293.9 0.218E-03

2384.7 0.210E-03

2477.4 0.202E-03

2572.1 0.194E-03

2668.7 0.187E-03

2767.2 0.181E-03

2867.7 0.174E-03

2970.1 0.168E-03

3074.5 0.163E-03

3180.9 0.157E-03

3289.3 0.152E-03

3399.7 0.147E-03

3197.9604 sec

5.59

5.76

5.92

6.09

6.27

6.44

6.62

6.79

6.97

7.15

7.34

7.52

7.70

7.89

66.96

67.69

68.41

69.13

69.84

70.55

71.26

71.96

72.66

73.36

74.05

74.74

75.43

76.11

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

6.41

6.24

6.08

591

5.73

5.56

5.38

5.21

5.03

4.85

4.66

4.48

4.30

411

.23327E+04

.23993E+04

.24659E+04

.25324E+04

.25990E+04

.26655E+04

27321E+04

.27986E+04

.28652E+04

.29317E+04

.29983E+04

.30648E+04

.31314E+04

.31980E+04

BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT

Vertical diffusivity (initial value) =0.358E-01 m"2/s

Horizontal diffusivity (initial value) = 0.484E+00 m"2/s

Profile definitions:

BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically

= or equal to layer depth, if fully mixed

BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width,

measured horizontally in Y-direction
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ZU = upper plume boundary (Z-coordinate)

ZL = lower plume boundary (Z-coordinate)

S = hydrodynamic centerline dilution

C =centerline concentration (includes reaction effects, if any)

TT = Cumulative travel time

Plume Stage 2 (bank attached):

X

Y Z

S

C BV  BH

ZU

ZL

TT

967.95 37.50 12.00 3399.7 0.147E-03 7.89 76.11 12.00 4.11.31980E+04

1069.55

1171.15

1272.75

1374.36

37.50 12.00 3901.8 0.128E-03 8.67 79.52 12.00 3.33.35366E+04

37.50 12.00 4453.6 0.112E-03 9.48 82.97 12.00 2.52 .38753E+04

37.50 12.00 5052.7 0.990E-04 10.32 86.48 12.00 1.68 .42140E+04

37.50 12.00 5696.3 0.878E-04 11.18 90.03 12.00 0.82 .45527E+04

Plume interacts with BOTTOM.

The passive diffusion plume becomes VERTICALLY FULLY MIXED within this

prediction interval.

1475.96

1577.56

1679.16

1780.77

1882.37

1983.97

2085.58

2187.18

2288.78

2390.38

2491.99

2593.59

2695.19

37.50

37.50

37.50

37.50

37.50

37.50

37.50

37.50

37.50

37.50

37.50

37.50

37.50

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

6359.8 0.786E-04

6607.5 0.757E-04

6858.4 0.729E-04

7112.3 0.703E-04

7369.3 0.678E-04

7629.3 0.655E-04

7892.3 0.634E-04

8158.3 0.613E-04

8427.2 0.593E-04

8699.0 0.575E-04

8973.6 0.557E-04

9251.1 0.540E-04

9531.3 0.525E-04

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

93.63 12.00 0.00.48913E+04

97.28 12.00 0.00.52300E+04

100.97

104.71

108.49

112.32

116.19

120.11

124.07

128.07

132.11

136.20

140.32

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

.55687E+04

.59074E+04

.62460E+04

.65847E+04

.69234E+04

.12621E+04

.76007E+04

.79394E+04

.82781E+04

.86168E+04

.89554E+04
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2796.79 37.50 12.00 9814.4 0.509E-04 12.00 144.49 12.00 0.00 .92941E+04
2898.40 37.50 12.00 10100.2 0.495E-04 12.00 148.70 12.00 0.00 .96328E+04
3000.00 37.50 12.00 10388.7 0.481E-04 12.00 152.94 12.00 0.00.99715E+04

Cumulative travel time = 9971.4717 sec

Simulation limit based on maximum specified distance = 3000.00 m.

This is the REGION OF INTEREST limitation.

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT

CORMIX1: Single Port Discharges End of Prediction File

111111111111111111111111111111111111111117111111111111211111117111111117111111111111111

111111111111

111111111111111111111

CORMIX SESSION REPORT:

):9,9,9,9.9,9,9.9,9,9.9,9,0,0,9,0.0.9.0,9.9,0.0.9,0.9.9,0,9.9,9,9.9,9,0.9:9,0.9,.9,0.0,.9,0,0.9,0,9.9,0,9.9,9,0,0,0.¢

) 9.9.90.9.9.9.0.0.9.9.0.0.0.0.0.0.0.0.0.4
CORMIX MIXING ZONE EXPERT SYSTEM
CORMIX Version 6.0GTS

HYDRO1:Version-6.0.0.0 October,2009

SITE NAME/LABEL: AB
DESIGN CASE: 2
FILE NAME: C:\Documents and Settings\eleni\My Documents\AB.prd

Using subsystem CORMIX1:  Single Port Discharges

Start of session: 10/01/2010--19:36:37
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SUMMARY OF INPUT DATA:

AMBIENT PARAMETERS:

Cross-section = unbounded
Average depth HA =12m
Depth at discharge HD =12m
Ambient velocity UA =0.3mls

Darcy-Weisbach friction factor F =0.0198

Calculated from Manning's n =0.024
Wind velocity Uw =2m/s
Stratification Type STRCND =U
Surface temperature =20 degC
Bottom temperature =20 degC

Calculated FRESH-WATER DENSITY values:

Surface density RHOAS =998.2051 kg/m"3

Bottom density RHOAB =998.2051 kg/m"3
DISCHARGE PARAMETERS: Single Port Discharge

Nearest bank = left

Distance to bank DISTB =375m

Port diameter DO =0.15m

Port cross-sectional area A0 =0.0177 m"2

Discharge velocity Uo =3.00m/s
Discharge flowrate Q0 =0.053 m"3/s
Discharge port height HO =04m

Vertical discharge angle THETA =30deg
Horizontal discharge angle  SIGMA =270 deg

Discharge temperature (freshwater) =48 degC
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Corresponding density RHOO =988.9288 kg/m”"3

Density difference DRHO =19.2763 kg/m"3
Buoyant acceleration GPO =0.0911 m/s"2
Discharge concentration C0O =0.5mgl/

Surface heat exchange coeff. KS =0m/s

Coefficient of decay KD =01/s

DISCHARGE/ENVIRONMENT LENGTH SCALES:
LQ =0.13m Lm =133 m Lb =0.18 m

LM =3.62m Lm'=99999 m Lb'=99999 m

NON-DIMENSIONAL PARAMETERS:
Port densimetric Froude number FRO = 25.65

Velocity ratio R =10.00

MIXING ZONE / TOXIC DILUTION ZONE / AREA OF INTEREST PARAMETERS:

Toxic discharge =yes
CMC concentration CMC =0.025 mg/l
CCC concentration CCC =0.025mg/l

Water quality standard specified = given by CCC value
Regulatory mixing zone = yes

Regulatory mixing zone specification = width

Regulatory mixing zone value =230 m (m"2 if area)
Region of interest =3000 m

*hkkkkhhkkhhkhkkhhkkhhkhkkhhkkhkhhkrhkhkhhkrhhkhhkhhhrhhdhhrhhdrhrhhrhhhhrhkhdrhihrhhhhihhihihhihkiikix

HYDRODYNAMIC CLASSIFICATION:

* *

| FLOW CLASS =H1]|

* *
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This flow configuration applies to a layer corresponding to the full water
depth at the discharge site.

Applicable layer depth = water depth = 12 m

*k*k * % *kk * % * %%k *k*k * % *k*k * * %%k *k*k

MIXING ZONE EVALUATION (hydrodynamic and regulatory summary):

X-Y-Z Coordinate system:
Origin is located at the bottom below the port center:
37.5 m from the left bank/shore.

Number of display steps NSTEP = 20 per module.

NEAR-FIELD REGION (NFR) CONDITIONS :

Note: The NFR is the zone of strong initial mixing. It has no regulatory
implication. However, this information may be useful for the discharge
designer because the mixing in the NFR is usually sensitive to the
discharge design conditions.

Pollutant concentration at NFR edge ¢ =0.0014 mg/I

Dilution at edge of NFR $=349.1
NFR Location: X=56.72m
(centerline coordinates) y=-448m
z=12m

NFR plume dimensions: half-width (bh) =5.55 m
thickness (bv) = 5.55 m

Cumulative travel time: 169.9277 sec.

Buoyancy assessment:
The effluent density is less than the surrounding ambient water

density at the discharge level.
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Therefore, the effluent is POSITIVELY BUOYANT and will tend to rise towards

the surface.

FAR-FIELD MIXING SUMMARY':

Plume becomes vertically fully mixed at 1638.95 m downstream.

PLUME BANK CONTACT SUMMARY:

Plume in unbounded section contacts nearest bank at 906.08 m downstream.
FkkFkF kKA A xR ARk xFFE TOXIC DILUTION ZONE SUMMARY  Fskkakdoksdoddokdokdokkdrdorx
Recall: The TDZ corresponds to the three (3) criteria issued in the USEPA

Technical Support Document (TSD) for Water Quality-based Toxics Control,

1991 (EPA/505/2-90-001).

Criterion maximum concentration (CMC) =0.025 mg/I
Corresponding dilution =20
The CMC was encountered at the following plume position:

Plume location: X=4.42m

(centerline coordinates) y=-3.07m
z=257Tm

Plume dimension: half-width (bh) = 0.04 m

thickness (bv) =0.04 m

Computed distance from port opening to CMC location = 5.80 m.
CRITERION 1: This location is within 50 times the discharge length scale of
Lg=0.13m.

+++++ The discharge length scale TEST for the TDZ has been SATISFIED. ++++++

Computed horizontal distance from port opening to CMC location = 5.38 m.
CRITERION 2: This location is within 5 times the ambient water depth of

HD =12 m.
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++++++++++ The ambient depth TEST for the TDZ has been SATISFIED. ++++++++++
CRITERION 3: An RMZ was specified but its boundary was not encountered
within the predicted plume region. Therefore, the Regulatory Mixing

zone test for the TDZ cannot be applied.

The diffuser discharge velocity is equal to 3.00 m/s.

This is below the value of 3.0 m/s recommended in the TSD.

*** All three CMC criteria for the TDZ are SATISFIED for this discharge. ***

FHAFFIAA SRS AA AN K REGULATORY MIXING ZONE SUMMARY

*hkhkhkhkhkhkhkhhkhkhkkikhkhkhkhkhkhkiiik

An RMZ was specified but its boundary was not encountered within the
predicted plume region.

In a subsequent analysis, use an ROI that extends further downstream.

But:

The CCC was encountered at the following plume position:

The CCC for the toxic pollutant was encountered at the following

plume position:

Ccc =0.025 mg/l
Corresponding dilution =20
Plume location: X=4.42m
(centerline coordinates) y=-3.07m
z=257Tm

Plume dimension: half-width (bh) =0.84 m
FrFFAA AR AxRx*A* FEINAL DESIGN ADVICE AND COMMENTS *sdasbdbiadokkdorsx
REMINDER: The user must take note that HYDRODYNAMIC MODELING by any known
technique is NOT AN EXACT SCIENCE.
Extensive comparison with field and laboratory data has shown that the

CORMIX predictions on dilutions and concentrations (with associated
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plume geometries) are reliable for the majority of cases and are accurate

to within about +-50% (standard deviation).

As a further safeguard, CORMIX will not give predictions whenever it judges

the design configuration as highly complex and uncertain for prediction.

CORMIX1 PREDICTION FILE:

11111111111111111111111111111111111171111117111121171117111711111112111711171117111111111111

111111111111
CORMIX MIXING ZONE EXPERT SYSTEM
Subsystem CORMIX1: Single Port Discharges
CORMIX Version 6.0GTS

HYDRO1 Version 6.0.0.0 October 2009

CASE DESCRIPTION

Site name/label: AB

Design case: 2

FILE NAME: C:\Documents and Settings\eleni\My Documents\AB.prd

Time stamp: Fri Oct 1 19:36:37 2010

ENVIRONMENT PARAMETERS (metric units)

Unbounded section

HA = 1200 HD = 12.00
UA = 0300F = 0.020 USTAR =0.1491E-01
uw = 2.000 UWSTAR=0.2198E-02

Uniform density environment

STRCND= U RHOAM = 998.2051

DISCHARGE PARAMETERS (metric units)
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BANK = LEFT DISTB= 37.50

DO = 0.150A0 = 0.018H0 = 0.40 SUBO = 11.60
THETA= 30.00 SIGMA = 270.00

uo = 2999Q0 = 0.0583 =0.5300E-01

RHOO = 988.9288 DRHOO0 =0.9276E+01 GPO =0.9113E-01
CO =0.5000E+00 CUNITS= mg/l

IPOLL= 1 KS =0.0000E+00 KD =0.0000E+00

FLUX VARIABLES (metric units)

Q0 =0.5300E-01 MO =0.1590E+00 JO =0.4830E-02 SIGNJO=
Associated length scales (meters)

LQ = 013LM = 362Lm = 133Lb = 0.18

Lmp = 99999.00 Lbp = 99999.00

NON-DIMENSIONAL PARAMETERS

FRO = 2565 R = 10.00

FLOW CLASSIFICATION
111111111121111111112112112111111211211211111111
1 Flowclass (CORMIX1) = H1 1

1 Applicable layer depthHS = 12.00 1

1111111111111112111111111111111111111111111

MIXING ZONE / TOXIC DILUTION / REGION OF INTEREST PARAMETERS

CO =0.5000E+00 CUNITS= mg/I

NTOX =1 CMC =0.2500E-01 CCC = CSTD

NSTD =1 CSTD =0.2500E-01

REGMZ =1

REGSPC= 2 XREG = 0.00 WREG = 230.00 AREG =

1.0

0.00
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XINT = 3000.00 XMAX = 3000.00

X-Y-Z COORDINATE SYSTEM:
ORIGIN is located at the bottom and below the center of the port:
37.50 m from the LEFT bank/shore.
X-axis points downstream, Y-axis points to left, Z-axis points upward.

NSTEP = 20 display intervals per module

BEGIN MOD101: DISCHARGE MODULE

X Y Z S C B Uc TT

0.00 0.00 0.40 1.00.500E+00 0.08 2.999 .00000E+00

END OF MOD101: DISCHARGE MODULE

BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION

Jet/plume transition motion in strong crossflow.

Zone of flow establishment: THETAE= 29.97 SIGMAE= 272.74

LE = 051 XE = 001YE = -044ZE = 0.5

Profile definitions:
B = Gaussian 1/e (37%) half-width, normal to trajectory
S = hydrodynamic centerline dilution
C = centerline concentration (includes reaction effects, if any)

Uc = Local centerline excess velocity (above ambient)
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TT = Cumulative travel time

X

0.00

0.01

1.33

3.78

Y

0.00

-0.44

-2.25

-2.96

z

0.40

0.65

1.80

2.44

S C B

Uc

TT

1.0 0.500E+00 0.08 2.999 .00000E+00

1.0 0.500E+00 0.09 2.999 .33599E-01

8.30.599E-01 0.50 0.305 .27069E+01

17.80.281E-01 0.78 0.123 .84707E+01

** CMC HAS BEEN FOUND **

The pollutant concentration in the plume falls below CMC value of 0.250E-01

in the current prediction interval.

This is the extent of the TOXIC DILUTION ZONE.

**WATER QUALITY STANDARD OR CCC HAS BEEN FOUND**

The pollutant concentration in the plume falls below water quality standard

or CCC value of 0.250E-01 in the current prediction interval.

This is the spatial extent of concentrations exceeding the water quality

standard or CCC value.

6.35

8.94

11.53

14.26

16.86

19.47

22.09

24.70

27.43

30.05

32.66

35.28

37.90

-3.33

-3.56

-3.73

-3.87

-3.97

-4.05

-4.12

-4.17

-4.22

-4.26

-4.30

-4.33

-4.36

2.94

3.39

3.82

4.25

4.66

5.05

5.43

5.80

6.18

6.54

6.89

7.23

7.57

26.4 0.190E-01 0.97 0.084 .15215E+02

34.80.144E-01 1.12 0.067 .22375E+02

43.3 0.115E-01

52.5 0.952E-02

61.7 0.811E-02

71.10.703E-02

80.8 0.619E-02

90.8 0.550E-02

101.6 0.492E-02

112.2 0.446E-02

123.0 0.407E-02

134.0 0.373E-02

145.3 0.344E-02

1.26

1.39

1.52

1.63

1.74

1.85

1.96

2.06

2.16

2.26

2.35

0.057

0.049

0.044

0.040

0.037

0.034

0.032

0.030

0.028

0.027

0.026

.29781E+02

37701E+02

.45402E+02

.53200E+02

.61075E+02

.69015E+02

T7374E+02

.85417E+02

.93501E+02

.10162E+03

.10977E+03
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40.64 -438 7.91 157.30.318E-02 2.45 0.025 .11832E+03
4326 -4.41 824 169.00.296E-02 2.54 0.024 .12653E+03
45.88 -4.43 8.56 181.00.276E-02 2.63 0.023 .13476E+03
48,50 -4.44 8.87 193.10.259E-02 2.72 0.022 .14301E+03
51.12 -446 9.19 205.30.244E-02 2.80 0.021 .15125E+03

Cumulative travel time = 151.2522 sec

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION

BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH

Control volume inflow:
X Y Z S C B TT

5112 -446 9.19 205.3 0.244E-02 2.80 .15125E+03

Profile definitions:
BV = top-hat thickness, measured vertically
BH = top-hat half-width, measured horizontally in Y-direction
ZU = upper plume boundary (Z-coordinate)
ZL = lower plume boundary (Z-coordinate)
S = hydrodynamic average (bulk) dilution
C =average (bulk) concentration (includes reaction effects, if any)

TT = Cumulative travel time

X Y Z S C BY BH zZUu ZL TT
48.32 -4.45 12.00 205.30.244E-02 0.00 0.00 12.00 12.00 .15125E+03
49.16 -4.45 12.00 205.30.244E-02 3.49 1.76 12.00 8.51.15125E+03

50.00 -4.46 12.00 205.30.244E-02 4.14 2.48 12.00 7.86.15125E+03
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50.84 -4.46 12.00 205.3 0.244E-02 4.56 3.04 12.00 7.44 .15125E+03

51.68 -4.46 12.00 211.00.237E-02 4.86 3.51 12.00 7.14.15312E+03

5252 -446 12.00 237.10.211E-02 5.09 3.93 12.00 6.91.15592E+03

53.36 -4.47 12.00 273.30.183E-02 5.27 4.30 12.00 6.73.15872E+03

5420 -4.47 12.00 306.20.163E-02 5.39 4.65 12.00 6.61.16152E+03

55.04 -4.47 12.00 328.8 0.152E-02 5.48 4.97 12.00 6.52 .16433E+03

55.88 -4.47 12.00 341.10.147E-02 5.54 5.27 12.00 6.46.16713E+03

56.72 -4.48 12.00 349.10.143E-02 5.55 5.55 12.00 6.45.16993E+03

Cumulative travel time = 169.9277 sec

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH

** End of NEAR-FIELD REGION (NFR) **

BEGIN MOD141: BUOYANT AMBIENT SPREADING

Profile definitions:
BV = top-hat thickness, measured vertically
BH = top-hat half-width, measured horizontally in Y-direction
ZU = upper plume boundary (Z-coordinate)
ZL = lower plume boundary (Z-coordinate)
S = hydrodynamic average (bulk) dilution
C =average (bulk) concentration (includes reaction effects, if any)

TT = Cumulative travel time

Plume Stage 1 (not bank attached):
X Y Z S C BV BH ZU ZL TT
56.72 -4.48 12.00 349.10.143E-02 555 555 12.00 6.45.16993E+03

91.23 -448 12.00 392.60.127E-02 4.17 8.33 12.00 7.83.28495E+03
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125.73

160.24

194.75

229.25

263.76

298.26

332.77

367.28

401.78

436.29

470.79

505.30

539.81

574.31

608.82

643.32

677.83

712.34

746.84

Cumulative travel time =

END OF MOD141: BUOYANT AMBIENT SPREADING

-4.48

-4.48

-4.48

-4.48

-4.48

-4.48

-4.48

-4.48

-4.48

-4.48

-4.48

-4.48

-4.48

-4.48

-4.48

-4.48

-4.48

-4.48

-4.48

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

429.6 0.116E-02

467.1 0.107E-02

508.1 0.984E-03

554.3 0.902E-03

606.6 0.824E-03

666.1 0.751E-03

733.2 0.682E-03

808.6 0.618E-03

892.6 0.560E-03

985.7 0.507E-03

1088.2 0.459E-03

1200.5 0.416E-03

1322.9 0.378E-03

1455.6 0.343E-03

1599.0 0.313E-03

1753.2 0.285E-03

1918.4 0.261E-03

2095.1 0.239E-03

2283.2 0.219E-03

2470.3252 sec

3.55

3.22

3.04

2.95

2.92

2.94

3.00

3.08

3.20

3.34

3.50

3.67

3.87

4.08

431

4.55

4.80

5.07

5.35

10.69

12.82

14.78

16.62

18.36

20.02

21.62

23.16

24.65

26.09

27.50

28.87

30.21

31.52

32.80

34.06

35.30

36.51

37.71

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

8.45 .39997E+03

8.78 .51499E+03

8.96 .63001E+03

9.05 .74503E+03

9.08 .86005E+03

9.06 .97507E+03

9.00 .10901E+04

8.92 .12051E+04

8.80 .13201E+04

8.66 .14351E+04

8.50 .15502E+04

8.33 .16652E+04

8.13 .17802E+04

7.92 .18952E+04

7.69 .20102E+04

7.45 .21253E+04

7.20 .22403E+04

6.93 .23553E+04

6.65 .24703E+04

BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT

Vertical diffusivity (initial value) =0.358E-01 m"2/s

Horizontal diffusivity (initial value) = 0.190E+00 m"2/s
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Profile definitions:

BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically

= or equal to layer depth, if fully mixed

BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width,

measured horizontally in Y-direction

ZU = upper plume boundary (Z-coordinate)

ZL = lower plume boundary (Z-coordinate)

S = hydrodynamic centerline dilution

C = centerline concentration (includes reaction effects, if any)

TT = Cumulative travel time

Plume Stage 1 (not bank attached):

X Y Z
746.84 -4.48
754.80 -4.48
762.77 -4.48
770.73 -4.48
778.69 -4.48
786.65 -4.48
794.61 -4.48
802.57 -4.48
810.54 -4.48
818.50 -4.48
826.46 -4.48
834.42 -4.48
842.38 -4.48
850.34 -4.48
858.31 -4.48

866.27 -4.48

S

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

Cc BV BH

2283.2 0.219E-03

2313.8 0.216E-03

2344.8 0.213E-03

2376.1 0.210E-03

2407.9 0.208E-03

2440.1 0.205E-03

2472.6 0.202E-03

2505.6 0.200E-03

2539.0 0.197E-03

2572.8 0.194E-03

2607.1 0.192E-03

2641.7 0.189E-03

2676.8 0.187E-03

2712.3 0.184E-03

2748.3 0.182E-03

2784.7 0.180E-03

5.35

5.39

5.43

5.47

5.52

5.56

5.60

5.65

5.69

5.74

5.78

5.83

5.87

592

5.97

6.01

U ZL 1T

37.71

37.92

38.13

38.34

38.55

38.76

38.97

39.18

39.40

39.61

39.82

40.04

40.25

40.46

40.68

40.89

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

12.00

6.65

6.61

6.57

6.53

6.48

6.44

6.40

6.35

6.31

6.26

6.22

6.17

6.13

6.08

6.03

5.99

.24703E+04

.24969E+04

.25234E+04

.25499E+04

.25765E+04

.26030E+04

.26296E+04

.26561E+04

.26826E+04

.27092E+04

.27357E+04

.27623E+04

.27888E+04

.28153E+04

.28419E+04

.28684E+04
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874.23

882.19

890.15

898.11

906.08

-4.48

-4.48

-4.48

-4.48

-4.48

12.00 2821.50.177E-03

12.00 2858.8 0.175E-03

12.00 2896.50.173E-03

12.00 2934.7 0.170E-03

12.00 2973.3 0.168E-03

6.06

6.11

6.16

6.21

6.26

41.11

41.33

41.54

41.76

41.98

12.00

12.00

12.00

12.00

12.00

Cumulative travel time = 3001.1016 sec

5.94 .28949E+04

5.89 .29215E+04

5.84 .29480E+04

5.79 .29746E+04

5.74 .30011E+04

Plume Stage 2 (bank attached):

X

Y Z

S C Bv BH zZU ZL TT

906.08 37.50 12.00 2973.30.168E-03 6.26 83.95 12.00 5.74 .30011E+04

1010.77

1115.47

1220.16

1324.86

1429.56

1534.25

37.50

37.50

37.50

37.50

37.50

37.50

12.00 3472.7 0.144E-03 7.01

12.00 4038.2 0.124E-03 7.82

12.00 4667.50.107E-03 8.68

12.00 5356.5 0.933E-04 9.58

12.00 6100.2 0.820E-04 10.51

12.00 6893.50.725E-04 11.44

Plume interacts with BOTTOM.

87.58 12.00

91.26 12.00

94.98 12.00

98.76 12.00

102.58 12.00

106.46 12.00

4.99 .33501E+04

4.18 .36991E+04

3.32 .40481E+04

2.42 43971E+04

1.49 .47460E+04

0.56 .50950E+04

The passive diffusion plume becomes VERTICALLY FULLY MIXED within this

prediction interval.

1638.95

1743.65

1848.34

1953.04

2057.73

2162.43

2267.13

2371.82

2476.52

37.50

37.50

37.50

37.50

37.50

37.50

37.50

37.50

37.50

12.00 7497.4 0.667E-04 12.00

12.00 7766.9 0.644E-04 12.00

12.00 8039.6 0.622E-04 12.00

12.00 8315.4 0.601E-04 12.00

12.00 8594.3 0.582E-04 12.00

12.00 8876.2 0.563E-04 12.00

12.00 9161.1 0.546E-04 12.00

12.00 9449.0 0.529E-04 12.00

12.00 9739.9 0.513E-04 12.00

110.38 12.00

114.35 12.00

118.36 12.00

122.42 12.00

126.53 12.00

130.68 12.00

134.87 12.00

139.11 12.00

143.39 12.00

0.00 .54440E+04

0.00 .57930E+04

0.00 .61420E+04

0.00 .64910E+04

0.00 .68400E+04

0.00 .71890E+04

0.00 .75379E+04

0.00 .78869E+04

0.00 .82359E+04
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2581.22 37.50 12.00 10033.7 0.498E-04 12.00 147.72 12.00 0.00 .85849E+04
268591 37.50 12.00 10330.4 0.484E-04 12.00 152.09 12.00 0.00 .89339E+04
2790.61 37.50 12.0010630.00.470E-04 12.00 156.50 12.00 0.00 .92829E+04
2895.30 37.50 12.00 10932.4 0.457E-04 12.00 160.95 12.00 0.00 .96319E+04
3000.00 37.50 12.00 11237.6 0.445E-04 12.00 165.44 12.00 0.00 .99809E+04

Cumulative travel time = 9980.8525 sec

Simulation limit based on maximum specified distance = 3000.00 m.

This is the REGION OF INTEREST limitation.

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT

CORMIX1: Single Port Discharges End of Prediction File

1111111111111111111111111111111111111711111111111111111117111111111111111111

-E©@APMOI'H MN Municipal treatment plant

CORMIX SESSION REPORT:

:9,0.9,.9,9,9,9,0,9.9,9,9,9,9,0.9,9,9,9,9,0.9.9.9,9,0,9,0.9,9,9,9.9,0,0.9,9,9,0,9,0.9.9,9,9,0,0,0.9,9,9,9,9,0,0,.9.¢

) 9.9.90.9.9.9.0.0.9.9.0.0.0.0.0.0.0.0.0.4
CORMIX MIXING ZONE EXPERT SYSTEM
CORMIX Version 6.0GTS

HYDRO1:Version-6.0.0.0 October,2009

SITE NAME/LABEL: MN
DESIGN CASE: Summer Stratified
FILE NAME: C:\Documents and Settings\eleni\My Documents\MN AUGOUST .prd

Using subsystem CORMIX1: Single Port Discharges
Start of session: 10/01/2010--19:30:59

B L S S S 2 2 2 2 e 2 2

SUMMARY OF INPUT DATA:
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AMBIENT PARAMETERS:

Cross-section = unbounded

Average depth HA =2440m

Depth at discharge HD =2440m

Ambient velocity UA =0.25m/s

Darcy-Weisbach friction factor F = 0.0156
Calculated from Manning's n =0.024

Wind velocity UW =2mis

Stratification Type STRCND =C

Surface density RHOAS =1022.6 kg/m"3

Bottom density RHOAB =1024.4000 kg/m”3

Stratification height HINT =12.61 m (pycnocline level)

Density below pycnocline RHOAP =1023.4300 kg/m”3

DISCHARGE PARAMETERS:

Single Port Discharge

Nearest bank = left

Distance to bank DISTB =0.5m

Port diameter DO =05m

Port cross-sectional area A0 =0.1963 m"2
Discharge velocity Uo =3.06m/s
Discharge flowrate Q0 =0.6 m"3/s
Discharge port height HO =04m

Vertical discharge angle THETA =30deg

Horizontal discharge angle ~ SIGMA =0 deg

Discharge density RHOO =1015 kg/m"3
Density difference DRHO =8.9150 kg/m"3
Buoyant acceleration GPO =0.0854 m/s"2
Discharge concentration C0O =0.1mgl
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Surface heat exchange coeff. KS =0m/s

Coefficient of decay KD =01/s

DISCHARGE/ENVIRONMENT LENGTH SCALES:
LQ =044 m Lm =5.42m Lb =3.28m

LM =6.96m Lm'=99999 m Lb'=99999 m

NON-DIMENSIONAL PARAMETERS:
Port densimetric Froude number FRO =14.79

Velocity ratio R =1222

MIXING ZONE / TOXIC DILUTION ZONE / AREA OF INTEREST PARAMETERS:

Toxic discharge =yes
CMC concentration CMC =0.01mg/l
CCC concentration CCC =0.01 mg/l

Water quality standard specified = given by CCC value
Regulatory mixing zone =yes

Regulatory mixing zone specification = width

Regulatory mixing zone value =200 m (m"2 if area)
Region of interest =2000 m

*khkkhkkhkhhkkhhkhkkhhkkhhhkhhkkhkhhkhhkkhkhhkrhhhhkkhhkhkrhkhhhkhhrhhhhhhhrhhhhkhhhirhkhhhirhhhhihkkhihhihkiiixkx

HYDRODYNAMIC CLASSIFICATION:

* *

| FLOW CLASS =H2]|

* *

The specified ambient density stratification is important, the near field
flow is confined to lower layer by ambient density jump at the
pycnocline. The linearly stratified lower layer was represented by a

uniform lower layer with density equal to mean lower layer density layer.
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Applicable layer depth = lower layer depth = 12.61 m

*hkkkhkhhkkhhkhkkhhkhhkhkhhkhhhkhhkhkhhkihkhkhkhkhhkhkihkhhhhhkrhhhhkhhhkrhhhhkhhhhhkkhhhkhhkhhhihkhihihkikiixkx

MIXING ZONE EVALUATION (hydrodynamic and regulatory summary):

X-Y-Z Coordinate system:
Origin is located at the bottom below the port center:
0.5 m from the left bank/shore.

Number of display steps NSTEP = 20 per module.

NEAR-FIELD REGION (NFR) CONDITIONS :

Note: The NFR is the zone of strong initial mixing. It has no regulatory
implication. However, this information may be useful for the discharge
designer because the mixing in the NFR is usually sensitive to the
discharge design conditions.

Pollutant concentration at NFR edge ¢ =0.0029 mg/I

Dilution at edge of NFR §=35.1
NFR Location: X=2741m
(centerline coordinates) y=0m
z=1261m

NFR plume dimensions: half-width (bh) =6.49 m
thickness (bv) =6.49 m

Cumulative travel time: 51.7015 sec.

Buoyancy assessment:
The effluent density is less than the surrounding ambient water
density at the discharge level.
Therefore, the effluent is POSITIVELY BUOYANT and will tend to rise towards

the surface.
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Stratification assessment:
The specified two layer ambient density stratification is dynamically
important. The discharge near field flow will be confined to the lower
layer by the ambient density stratification.
The linearly stratified lower layer will be represented by a uniform lower

layer with density equal to mean lower layer density.

PLUME BANK CONTACT SUMMARY::

Plume in unbounded section contacts nearest bank at 27.41 m downstream.

FRFAASAFAF A A IAIAXAXE TOXIC DILUTION ZONE SUMMARY  Fsasdrsiodsistdokotx ok
Recall: The TDZ corresponds to the three (3) criteria issued in the USEPA

Technical Support Document (TSD) for Water Quality-based Toxics Control,

1991 (EPA/505/2-90-001).

Criterion maximum concentration (CMC) =0.01 mg/l
Corresponding dilution =10
The CMC was encountered at the following plume position:

Plume location: x=12.60 m

(centerline coordinates) y=0m
z=6.52m
Plume dimension: half-width (bh) = 0.11 m

thickness (bv) =0.11 m

Computed distance from port opening to CMC location = 14.01 m.
CRITERION 1: This location is within 50 times the discharge length scale of
Lg=0.44m.

+++++ The discharge length scale TEST for the TDZ has been SATISFIED. ++++++

Computed horizontal distance from port opening to CMC location = 12.60 m.
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CRITERION 2: This location is within 5 times the ambient water depth of
HD =24.40 m.

++++++++++ The ambient depth TEST for the TDZ has been SATISFIED. ++++++++++

Computed distance from port opening to CMC location = 14.01 m.
CRITERION 3: This location is within one tenth the distance of the extent
of the Regulatory Mixing Zone of 1523.52 m in any
spatial direction from the port opening.

+++++ The Regulatory Mixing Zone TEST for the TDZ has been SATISFIED. ++++++

The diffuser discharge velocity is equal to 3.06 m/s.

This exceeds the value of 3.0 m/s recommended in the TSD.

*** All three CMC criteria for the TDZ are SATISFIED for this discharge. ***

A A A AN xk REGULATORY MIXING ZONE SUMMARY

*hkhkhkhkhkhkhkhkhkhkkhkikhkhkhkhkkiiik

The plume conditions at the boundary of the specified RMZ are as follows:

Pollutant concentration ¢ =0.000655 mg/l
Corresponding dilution s=152.8
Plume location: x =1523.47 m
(centerline coordinates) y=05m
z=1261m

Plume dimensions:  half-width (bh) =200 m
thickness (bv) =1.83 m
Cumulative travel time: ~ 6035.9512 sec.
At this position, the plume is CONTACTING the LEFT bank.
Furthermore, the CCC for the toxic pollutant has indeed been met
within the RMZ. In particular:
The CCC was encountered at the following plume position:

The CCC for the toxic pollutant was encountered at the following
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plume position:

Ccc =0.01 mg/l
Corresponding dilution =10
Plume location: x=12.60m
(centerline coordinates) y=0m
z2=652m

Plume dimension: half-width (bh) =1.81 m

*k*% * * k%

FRFAASAFAF KA A I IxxA*X FINAL DESIGN ADVICE AND COMMENTS *#***
REMINDER: The user must take note that HYDRODYNAMIC MODELING by any known
technique is NOT AN EXACT SCIENCE.
Extensive comparison with field and laboratory data has shown that the
CORMIX predictions on dilutions and concentrations (with associated
plume geometries) are reliable for the majority of cases and are accurate
to within about +-50% (standard deviation).
As a further safeguard, CORMIX will not give predictions whenever it judges

the design configuration as highly complex and uncertain for prediction.

CORMIX1 PREDICTION FILE:

111111111111111111111111111111121117111711111111112111711171121711111111117111711111111111111
111111111111

CORMIX MIXING ZONE EXPERT SYSTEM
Subsystem CORMIX1: Single Port Discharges
CORMIX Version 6.0GTS

HYDRO1 Version 6.0.0.0 October 2009

CASE DESCRIPTION
Site name/label: MN

Design case: ~ Summer Stratified
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FILE NAME: C:\...ts and Settings\eleni\My Documents\MN AUGOUST.prd

Time stamp: Fri Oct 1 19:30:59 2010

ENVIRONMENT PARAMETERS (metric units)

Unbounded section

HA = 2440 HD = 2440
UA = 0250F = 0.016 USTAR =0.1104E-01
uw = 2.000 UWSTAR=0.2198E-02

Density stratified environment
STRCND= C RHOAM = 1023.2796
RHOAS = 1022.6000 RHOAB = 1024.4000 RHOAHO=1023.9150 E =0.7364E-03

DRHOJ= 0.8300 HINT = 12.61 ES =0.1366E-02

DISCHARGE PARAMETERS (metric units)

BANK = LEFT DISTB= 050

DO = O0500A0 = 0.J196H0 = 040 SUBO = 24.00
THETA= 30.00 SIGMA= 0.00

Uo = 3056Q0 = 0.600 =0.6000E+00

RHOO =1015.0000 DRHOO0 =0.8915E+01 GPO =0.8538E-01
CO =0.1000E+00 CUNITS= mg/I

IPOLL= 1 KS =0.0000E+00 KD =0.0000E+00

FLUX VARIABLES (metric units)

Q0 =0.6000E+00 MO =0.1833E+01 JO =0.5123E-01 SIGNJO= 1.0
Associated length scales (meters)

LQ = 044 LM = 696 Lm = 5421Lb = 328

Lmp = 99999.00 Lbp = 99999.00

NON-DIMENSIONAL PARAMETERS
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FRO = 1479 R = 1222

FLOW CLASSIFICATION
111111111111111111111111111111111111111111
1 Flowclass (CORMIX1) = H2 1

1 Applicable layer depth HS = 12.61 1

111111111111111111111111111111111111111111

MIXING ZONE / TOXIC DILUTION / REGION OF INTEREST PARAMETERS

CO =0.1000E+00 CUNITS= mg/l

NTOX =1 CMC =0.1000E-01 CCC = CSTD

NSTD =1 CSTD =0.1000E-01

REGMZ =1

REGSPC= 2 XREG = 0.00 WREG = 200.00 AREG = 0.00

XINT = 2000.00 XMAX = 2000.00

X-Y-Z COORDINATE SYSTEM:
ORIGIN is located at the bottom and below the center of the port:
0.50 m from the LEFT bank/shore.
X-axis points downstream, Y -axis points to left, Z-axis points upward.

NSTEP = 20 display intervals per module

BEGIN MOD101: DISCHARGE MODULE

X Y Z S C B Uc TT

0.00 000 040 1.00.100E+00 0.25 2.839 .00000E+00

END OF MOD101: DISCHARGE MODULE
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BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION

Jet-like motion in weak crossflow.

Zone of flow establishment: THETAE= 29.06 SIGMAE=

LE = 217 XE = 18 YE = 000 ZE = 147

Profile definitions:

B = Gaussian 1/e (37%) half-width, normal to trajectory

S = hydrodynamic centerline dilution

C = centerline concentration (includes reaction effects, if any)
Uc = Local centerline excess velocity (above ambient)

TT = Cumulative travel time

X Y Z S C B Uc TT

0.00 0.00 0.40 1.00.100E+00 0.25 2.839 .00000E+00
189 0.00 147 1.00.100E+00 0.26 2.839 .27520E-01
273 000 193 140.732E-01 0.38 2.474 .33669E+00
3.68 000 243 190.515E-01 052 1.781 .81063E+00
464 000 291 260.388E-01 0.66 1.374 .14213E+01
561 0.00 3.39 3.30.305E-01 0.80 1.108 .21666E+01
6.57 0.00 3.85 4.00.247E-01 0.94 0.923 .30432E+01
764 000 435 500.202E-01 1.10 0.775 .41539E+01
8.62 000 4.80 590171E-01 1.24 0.673 .52919E+01
9.60 0.00 524 6.80.147E-01 1.38 0.593 .65467E+01
10.58 0.00 5.67 7.80.128E-01 152 0.529 .79134E+01

1157 0.00 6.09 890.113E-01 1.66 0.476 .93865E+01

0.00
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1256 0.00 6.50 10.00.100E-01 1.80 0.433 .10960E+02
** CMC HAS BEEN FOUND **
The pollutant concentration in the plume falls below CMC value of 0.100E-01
in the current prediction interval.
This is the extent of the TOXIC DILUTION ZONE.
*WATER QUALITY STANDARD OR CCC HAS BEEN FOUND**
The pollutant concentration in the plume falls below water quality standard
or CCC value of 0.100E-01 in the current prediction interval.
This is the spatial extent of concentrations exceeding the water quality
standard or CCC value.
1355 0.00 6.91 11.10.903E-02 1.93 0.396 .12628E+02
1455 0.00 7.30 12.20.818E-02 2.06 0.364 .14387E+02
1555 0.00 7.69 13.40.747E-02 2.19 0.336 .16232E+02
16.56 0.00 8.06 14.60.685E-02 2.31 0.312 .18159E+02
1757 0.00 8.42 1580.633E-02 2.43 0.290 .20166E+02
1859 0.00 8.77 17.00.587E-02 2.55 0.270 .22250E+02
19.61 0.00 9.10 18.30.547E-02 2.67 0.252 .24408E+02
20.63 0.00 9.43 19.50.512E-02 2.78 0.236 .26638E+02
2166 0.00 9.74 20.60.485E-02 2.87 0.222 .28704E+02

Cumulative travel time = 28.7036 sec

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION

BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH

Control volume inflow:

X Y Z S C B TT

21.66 0.00 9.74 20.60.485E-02 2.87.28704E+02
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Profile definitions:

BV = top-hat thickness, measured vertically

BH = top-hat half-width, measured horizontally in Y-direction

ZU = upper plume boundary (Z-coordinate)

ZL = lower plume boundary (Z-coordinate)

S = hydrodynamic average (bulk) dilution

C = average (bulk) concentration (includes reaction effects, if any)

TT = Cumulative travel time

X

18.78

19.65

20.51

21.37

22.23

23.10

23.96

24.82

25.68

26.55

27.41

Cumulative travel time =

Y

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

z

12.61

12.61

12.61

12.61

12.61

12.61

12.61

12.61

12.61

12.61

12.61

C BV

20.6 0.485E-02

20.6 0.485E-02

20.6 0.485E-02

20.6 0.485E-02

21.2 0.472E-02

23.8 0.420E-02

27.50.364E-02

30.8 0.325E-02

33.0 0.303E-02

34.3 0.292E-02

35.1 0.285E-02

BH

0.00

4.08

4.84

5.33

5.68

5.95

6.15

6.30

6.41

6.47

6.49

51.7014 sec

ZU

0.00

2.05

2.90

3.55

4.10

4.59

5.02

5.43

5.80

6.15

6.49

2L TT

12.61 12.61.28704E+02

13.40 9.32 .28704E+02

13.55 8.71.28704E+02

13.64 8.31.28704E+02

13.71 8.03 .31003E+02

13.76 7.81 .34453E+02

13.80 7.65.37903E+02

13.83 7.53 .41352E+02

13.85 7.44 .44802E+02

13.86 7.39 .48252E+02

13.86 7.38 .51701E+02

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH

** End of NEAR-FIELD REGION (NFR) **

In this design case, the discharge is located CLOSE TO BANK/SHORE.
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Some boundary interaction occurs at end of near-field.
This may be related to a design case with a very LOW AMBIENT VELOCITY.
The dilution values in one or more of the preceding zones may be too high.

Carefully evaluate results in near-field and check degree of interaction.

Consider locating outfall further away from bank or shore.
In the next prediction module, the plume centerline will be set

to follow the bank/shore.

BEGIN MOD141: BUOYANT AMBIENT SPREADING

Plume is ATTACHED to LEFT bank/shore.

Plume width is now determined from LEFT bank/shore.

Profile definitions:
BV = top-hat thickness, measured vertically
BH = top-hat half-width, measured horizontally in Y-direction
ZU = upper plume boundary (Z-coordinate)
ZL = lower plume boundary (Z-coordinate)
S = hydrodynamic average (bulk) dilution
C = average (bulk) concentration (includes reaction effects, if any)

TT = Cumulative travel time

Plume Stage 2 (bank attached):

X Y Z S C BV BH zU ZzZL TT

2741 050 12.61 35.10.285E-02 12.05 6.99 14.94 2.89 .51701E+02
126.04 0.50 12.61 52.70.190E-02 3.60 35.06 13.31 9.70.44622E+03
224.67 0.50 12.61 59.20.169E-02 2.63 53.93 13.12 10.48 .84074E+03

323.30 0.50 12.61 64.20.156E-02 2.20 69.86 13.04 10.83.12353E+04
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421.93 0.50

520.56  0.50

619.19 0.50

717.82 0.50

816.44 0.50

915.07 0.50

1013.70 0.50

1112.33 0.50

1210.96  0.50

1309.59 0.50

1408.22 0.50

1506.85 0.50

12.61

12.61

12.61

12.61

12.61

12.61

12.61

12.61

12.61

12.61

12.61

12.61

68.8 0.145E-02 1.96 84.08 12.99 11.03.16298E+04

73.40.136E-02 1.81 97.14 12.96 11.15.20243E+04

78.40.128E-02 1.72 109.34 12.94 11.22 .24188E+04

83.8 0.119E-02 1.66 120.85 12.93 11.27 .28133E+04

89.70.112E-02 1.63 131.81 12.93 11.29 .32078E+04

96.2 0.104E-02 1.62 142.31 12.92 11.30.36024E+04

103.4 0.967E-03 1.63 152.41 12.92

111.30.899E-03 1.65 162.17 12.93

119.9 0.834E-03 1.68 171.63 12.93

129.4 0.773E-03 1.72 180.83 12.94

139.6 0.716E-03 1.77 189.80 12.95

150.8 0.663E-03 1.82 198.55 12.96

** REGULATORY MIXING ZONE BOUNDARY **

11.30

11.28

11.26

11.22

11.19

11.14

In this prediction interval the TOTAL plume width meets or exceeds

the regulatory value = 200.00 m.

This is the extent of the REGULATORY MIXING ZONE.

1605.48 0.50

1704.11 0.50

1802.74  0.50

1901.37 0.50

2000.00 0.50

Cumulative travel time =

12.61

12.61

12.61

12.61

12.61

162.8 0.614E-03 1.89 207.11 12.97

175.7 0.569E-03 1.96 215.50 12.99

189.5 0.528E-03 2.03 223.72 13.00

204.3 0.490E-03 2.12 231.80 13.02

220.0 0.454E-03 2.20 239.74 13.04

7942.0713 sec

11.09

11.03

10.97

10.90

10.83

Simulation limit based on maximum specified distance = 2000.00 m.

This is the REGION OF INTEREST limitation.

END OF MOD141: BUOYANT AMBIENT SPREADING

.39969E+04

43914E+04

47859E+04

.51804E+04

.55750E+04

.59695E+04

.63640E+04

.67585E+04

.71530E+04

.15476E+04

.719421E+04
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CORMIX1: Single Port Discharges End of Prediction File

111111111111111111211111111111111111111111111111111111711171121111111111111111111111111
111111111111

CORMIX SESSION REPORT:

0:9.9,9,9.9,0.9.9,9.9.9.9,0.9,9,0.9.9,0,9,:9,0.9.9,0.9.9,0,9.9,9,9.9,9.0.9:9,0.9,.9,0.9,.9,0,9.9,0,9.9,0,9.9,9,0.9,0.¢
XXX XXX XXX XXX XXX XXKXXX

CORMIX MIXING ZONE EXPERT SYSTEM
CORMIX Version 6.0GTS

HYDRO1:Version-6.0.0.0 October,2009

SITE NAME/LABEL.: MN
DESIGN CASE: march Stratified
FILE NAME: C:\Documents and Settings\eleni\My Documents\MN march.prd

Using subsystem CORMIX1: Single Port Discharges
Start of session: 10/01/2010--19:32:55

B e R S R S R S R R S 2 S S S S S 2 S S S 2 2

SUMMARY OF INPUT DATA:

AMBIENT PARAMETERS:

Cross-section = unbounded
Average depth HA =2440m
Depth at discharge HD =2440m
Ambient velocity UA =0.25m/s

Darcy-Weisbach friction factor F = 0.0156

Calculated from Manning's n =0.024
Wind velocity UW =2mis
Stratification Type STRCND = A
Surface density RHOAS =1025.6000 kg/m”3
Bottom density RHOAB =1025.7 kg/m"3
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DISCHARGE PARAMETERS: Single Port Discharge

Nearest bank = left
Distance to bank DISTB =0.5m
Port diameter DO =05m

Port cross-sectional area A0 =0.1963 m"2

Discharge velocity Uo =3.06m/s
Discharge flowrate Q0 =0.6 m"3/s
Discharge port height HO =04m

Vertical discharge angle THETA =30 deg

Horizontal discharge angle ~ SIGMA =0 deg

Discharge density RHOO0 =1015 kg/m"3
Density difference DRHO =10.6500 kg/m"3
Buoyant acceleration GPO =0.1018 m/s"2
Discharge concentration CO0 =0.1mgll

Surface heat exchange coeff. KS =0m/s

Coefficient of decay KD =01/s

DISCHARGE/ENVIRONMENT LENGTH SCALES:
LQ =044 m Lm =542m Lb =391 m

LM =6.37m Lm'=99999 m Lb'=99999 m

NON-DIMENSIONAL PARAMETERS:
Port densimetric Froude number FRO =13.54

Velocity ratio R =1222

MIXING ZONE / TOXIC DILUTION ZONE / AREA OF INTEREST PARAMETERS:

Toxic discharge =yes
CMC concentration CMC =0.01 mg/l
CCC concentration CCC =0.01mg/l
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Water quality standard specified = given by CCC value
Regulatory mixing zone =yes

Regulatory mixing zone specification = width

Regulatory mixing zone value =200 m (m”2 if area)
Region of interest =2000m

*hkkkkkhkkhhkhkhhkhhkhkkhhkhkhhkhhkhhkhkhhkhkhkhkhkhkhkihkhkhhhhkrhhkhhkhhhkihhkhhkhhhhhkkhhhihkhhhihkiihihkikhixk

HYDRODYNAMIC CLASSIFICATION:

* *

| FLOW CLASS =H1 |

* *

This flow configuration applies to a layer corresponding to the full water
depth at the discharge site. The ambient density stratification at the
discharge site is relatively weak and unimportant so the discharge flow
penetrates to the surface and/or breaks down the existing stratification
through vigorous mixing.

Applicable layer depth = water depth = 24.40 m

*khkkhkkkhkkhhkhkkhhkkhhhkhhkkhkhhkhhkkhkhhkhhkhhhkhhkhkrhkhkhhkhhrhhrhhhhrhhhhkhhhirhkhhhirhhhhrhkkhihhihkiiixkx

MIXING ZONE EVALUATION (hydrodynamic and regulatory summary):

X-Y-Z Coordinate system:
Origin is located at the bottom below the port center:
0.5 m from the left bank/shore.

Number of display steps NSTEP = 20 per module.

NEAR-FIELD REGION (NFR) CONDITIONS :
Note: The NFR is the zone of strong initial mixing. It has no regulatory
implication. However, this information may be useful for the discharge

designer because the mixing in the NFR is usually sensitive to the
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discharge design conditions.

Pollutant concentration at NFR edge ¢ = 0.0009 mg/I

Dilution at edge of NFR s=107.5
NFR Location: x=53.14m
(centerline coordinates) y=0m
2=2440m

NFR plume dimensions: half-width (bh) = 11.36 m
thickness (bv) =11.36 m

Cumulative travel time: 124.4032 sec.

Buoyancy assessment:
The effluent density is less than the surrounding ambient water
density at the discharge level.
Therefore, the effluent is POSITIVELY BUOYANT and will tend to rise towards

the surface.

Stratification assessment:
The specified ambient density stratification is weak relative to the
discharge conditions and is dynamically unimportant. The discharge will

behave as if the ambient were unstratified.

PLUME BANK CONTACT SUMMARY:

Plume in unbounded section contacts nearest bank at 53.14 m downstream.
FFAASR A ARk xAF R TOXIC DILUTION ZONE SUMMARY  #sbkakasbdiokdododdorkrx
Recall: The TDZ corresponds to the three (3) criteria issued in the USEPA

Technical Support Document (TSD) for Water Quality-based Toxics Control,

1991 (EPA/505/2-90-001).

Criterion maximum concentration (CMC) =0.01 mg/l

Corresponding dilution =10
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The CMC was encountered at the following plume position:
Plume location: x=12.09 m
(centerline coordinates) y=0m
z=6.60m
Plume dimension: half-width (bh) = 0.16 m

thickness (bv) =0.16 m

Computed distance from port opening to CMC location = 13.59 m.
CRITERION 1: This location is within 50 times the discharge length scale of
Lg=0.44m.

+++++ The discharge length scale TEST for the TDZ has been SATISFIED. ++++++

Computed horizontal distance from port opening to CMC location = 12.09 m.
CRITERION 2: This location is within 5 times the ambient water depth of
HD =24.40 m.

++++++++++ The ambient depth TEST for the TDZ has been SATISFIED. ++++++++++

Computed distance from port opening to CMC location = 13.59 m.
CRITERION 3: This location is within one tenth the distance of the extent
of the Regulatory Mixing Zone of 1396.52 m in any
spatial direction from the port opening.

+++++ The Regulatory Mixing Zone TEST for the TDZ has been SATISFIED. ++++++

The diffuser discharge velocity is equal to 3.06 m/s.

This exceeds the value of 3.0 m/s recommended in the TSD.

*** All three CMC criteria for the TDZ are SATISFIED for this discharge. ***

FAFAAS A IAAIAIRHIR AR REGULATORY MIXING ZONE SUMMARY

*hhkhkhkhkhkhkhhkhikihkhkhkhkkiiik

The plume conditions at the boundary of the specified RMZ are as follows:
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Pollutant concentration ¢ =0.000367 mg/l

Corresponding dilution §=272.2
Plume location: X =1396.31m
(centerline coordinates) y=0.5m
2=2440m

Plume dimensions:  half-width (bh) =200 m
thickness (bv) = 3.27 m
Cumulative travel time: ~ 5497.0874 sec.
At this position, the plume is CONTACTING the LEFT bank.
Furthermore, the CCC for the toxic pollutant has indeed been met
within the RMZ. In particular:
The CCC was encountered at the following plume position:
The CCC for the toxic pollutant was encountered at the following

plume position:

ccc =0.01 mg/l
Corresponding dilution =10
Plume location: x=12.09m
(centerline coordinates) y=0m
z=6.60m

Plume dimension: half-width (bh) =1.79 m

ielalakialaialakaiakoie **xx% FINAL DESIGN ADVICE AND COMMENTS #saskasbdaiokdoidtrtix
REMINDER: The user must take note that HYDRODYNAMIC MODELING by any known
technique is NOT AN EXACT SCIENCE.
Extensive comparison with field and laboratory data has shown that the
CORMIX predictions on dilutions and concentrations (with associated
plume geometries) are reliable for the majority of cases and are accurate
to within about +-50% (standard deviation).
As a further safeguard, CORMIX will not give predictions whenever it judges

the design configuration as highly complex and uncertain for prediction.
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CORMIX1 PREDICTION FILE:

11111111111111111111111111111112111711111111111112111711171121711111111117111711111111111111
111111111111

CORMIX MIXING ZONE EXPERT SYSTEM
Subsystem CORMIX1: Single Port Discharges
CORMIX Version 6.0GTS

HYDRO1 Version 6.0.0.0 October 2009

CASE DESCRIPTION

Site name/label: MN

Design case: march Stratified

FILE NAME: C:\...ents and Settings\eleni\My Documents\MN march.prd

Time stamp: Fri Oct 1 19:32:55 2010

ENVIRONMENT PARAMETERS (metric units)

Unbounded section

HA = 2440 HD = 2440
UA = 0250F = 0.016 USTAR =0.1104E-01
uw = 2.000 UWSTAR=0.2198E-02

Density stratified environment
STRCND= A RHOAM = 1025.6500

RHOAS = 1025.6000 RHOAB = 1025.7000 RHOAHO0= 1025.6500 E =0.3918E-04

DISCHARGE PARAMETERS (metric units)

BANK = LEFT DISTB= 0.50

DO = 0500A0 = 0196HO0 = 040 SUBO = 24.00
THETA= 30.00 SIGMA=  0.00

Uuo = 3.056Q0 = 0.600 =0.6000E+00
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RHOO =1015.0000 DRHOO0 =0.1065E+02 GP0 =0.1018E+00

CO =0.1000E+00 CUNITS= mg/l

IPOLL= 1 KS =0.0000E+00 KD =0.0000E+00

FLUX VARIABLES (metric units)

Q0 =0.6000E+00 MO =0.1833E+01 JO =0.6110E-01 SIGNJO= 1.0
Associated length scales (meters)
LQ = 044 LM = 637Lm = 5421Lb = 3091

Lmp = 99999.00 Lbp = 99999.00

NON-DIMENSIONAL PARAMETERS

FRO = 1354 R = 1222

FLOW CLASSIFICATION
111711111211112121111117111111121111211111111
1 Flowclass (CORMIX1) = H1 1

1 Applicable layer depth HS = 24.40 1

11111111111111121111111711111111111111111111

MIXING ZONE / TOXIC DILUTION / REGION OF INTEREST PARAMETERS

CO =0.1000E+00 CUNITS= mg/I

NTOX =1 CMC =0.1000E-01 CCC = CSTD

NSTD =1 CSTD =0.1000E-01

REGMZ =1

REGSPC= 2 XREG = 0.00 WREG = 200.00 AREG = 0.00

XINT = 2000.00 XMAX = 2000.00

X-Y-Z COORDINATE SYSTEM:

ORIGIN is located at the bottom and below the center of the port:
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0.50 m from the LEFT bank/shore.

X-axis points downstream, Y-axis points to left, Z-axis points upward.

NSTEP = 20 display intervals per module

BEGIN MOD101: DISCHARGE MODULE

X Y Z S C B Uc TT

0.00 0.00 0.40 1.00.100E+00 0.25 2.839 .00000E+00

END OF MOD101: DISCHARGE MODULE

BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION

Jet/plume transition motion in strong crossflow.

Zone of flow establishment: THETAE= 29.06 SIGMAE=

LE = 216 XE = 18 YE = 000 ZE = 147

Profile definitions:

B = Gaussian 1/e (37%) half-width, normal to trajectory

S = hydrodynamic centerline dilution

C = centerline concentration (includes reaction effects, if any)
Uc = Local centerline excess velocity (above ambient)

TT = Cumulative travel time

X Y Z S C B Uc TT

0.00 0.00 040 1.00.100E+00 0.25 2.839 .00000E+00

0.00
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1.88

3.64

5.61

7.59

9.58

11.57

0.00

0.00

0.00

0.00

0.00

1.47

241

3.42

4.41

5.38

1.0 0.100E+00 0.28

2.0 0.504E-01 0.53

3.4 0.294E-01 0.82

5.10.195E-01 1.12

7.1 0.140E-01 1.42

2.839

1.755

1.090

0.775

0.597

.59730E-01

.85868E+00

.22924E+01

A42732E+01

.67569E+01

0.00 635 9.40.107E-01 1.71 0.489 .96794E+01

** CMC HAS BEEN FOUND **

The pollutant concentration in the plume falls below CMC value of 0.100E-01

in the current prediction interval.

This is the extent of the TOXIC DILUTION ZONE.

**WATER QUALITY STANDARD OR CCC HAS BEEN FOUND**

The pollutant concentration in the plume falls below water quality standard

or CCC value of 0.100E-01 in the current prediction interval.

This is the spatial extent of concentrations exceeding the water quality

standard or CCC value.

13.57

15.57

17.59

19.60

21.83

23.87

25.91

27.95

30.01

32.07

34.14

36.21

38.29

40.38

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

7.30

8.24

9.16

10.07

11.05

11.93

12.79

13.63

14.46

15.26

16.06

16.83

17.59

18.33

11.80.846E-02 1.99 0.415 .12977E+02

14.50.691E-02 2.26 0.363 .16599E+02

17.30.577E-02 2.53 0.322 .20506E+02

20.4 0.491E-02

23.9 0.418E-02

27.3 0.366E-02

30.9 0.324E-02

34.6 0.289E-02

38.4 0.260E-02

42.4 0.236E-02

46.4 0.215E-02

50.6 0.198E-02

54.9 0.182E-02

59.2 0.169E-02

2.79

3.07

3.32

3.56

3.80

4.04

4.27

4.49

4.72

4.94

5.15

0.291

0.263

0.242

0.224

0.209

0.195

0.184

0.173

0.164

0.155

0.148

.24665E+02

.29500E+02

.34108E+02

.38898E+02

.43855E+02

.48965E+02

.54216E+02

.59599E+02

.65104E+02

.10724E+02

.716451E+02
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4247 0.00 19.06 63.20.158E-02 5.34 0.141 .81693E+02

Cumulative travel time = 81.6931 sec

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION

BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH

Control volume inflow:
X Y Z S C B TT

4247 0.00 19.06 63.20.158E-02 5.34 .81693E+02

Profile definitions:
BV = top-hat thickness, measured vertically
BH = top-hat half-width, measured horizontally in Y-direction
ZU = upper plume boundary (Z-coordinate)
ZL = lower plume boundary (Z-coordinate)
S = hydrodynamic average (bulk) dilution
C =average (bulk) concentration (includes reaction effects, if any)

TT = Cumulative travel time

X Y Z S C BvY BH zZUu zZL TT
37.13 0.00 24.40 63.20.158E-02 0.00 0.00 24.40 24.40 .81693E+02
38.73 0.00 2440 63.20.158E-02 7.14 3.59 24.40 17.26 .81693E+02
40.33 0.00 2440 63.20.158E-02 8.47 5.08 24.40 15.93 .81693E+02
4193 0.00 2440 63.20.158E-02 9.32 6.22 24.40 15.08 .81693E+02
4353 0.00 24.40 65.00.154E-02 9.95 7.18 24.40 14.45.85964E+02
4514 0.00 24.40 73.00.137E-02 10.42 8.03 24.40 13.98 .92371E+02

46.74 0.00 2440 84.20.119E-02 10.77 8.80 24.40 13.63.98777E+02
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48.34 0.00 24.40 94.30.106E-02 11.04 9.50 24.40 13.36 .10518E+03

49.94 0.00 24.40 101.30.987E-03 11.22 10.16 24.40 13.18 .11159E+03

5154 0.00 24.40 105.00.952E-03 11.32 10.78 24.40 13.08 .11800E+03

53.14 0.00 24.40 107.50.930E-03 11.36 11.36 24.40 13.04 .12440E+03

Cumulative travel time = 124.4032 sec

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH

** End of NEAR-FIELD REGION (NFR) **

In this design case, the discharge is located CLOSE TO BANK/SHORE.

Some boundary interaction occurs at end of near-field.
This may be related to a design case with a very LOW AMBIENT VELOCITY.
The dilution values in one or more of the preceding zones may be too high.

Carefully evaluate results in near-field and check degree of interaction.

Consider locating outfall further away from bank or shore.
In the next prediction module, the plume centerline will be set

to follow the bank/shore.

BEGIN MOD141: BUOYANT AMBIENT SPREADING

Plume is ATTACHED to LEFT bank/shore.

Plume width is now determined from LEFT bank/shore.

Profile definitions:
BV = top-hat thickness, measured vertically
BH = top-hat half-width, measured horizontally in Y-direction

ZU = upper plume boundary (Z-coordinate)
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ZL = lower plume boundary (Z-coordinate)
S = hydrodynamic average (bulk) dilution
C =average (bulk) concentration (includes reaction effects, if any)

TT = Cumulative travel time

Plume Stage 2 (bank attached):

X Y y4 S C BV BH ZU ZL TT

53.14 050 24.40 107.50.930E-03 21.76 11.86 24.40 2.64 .12440E+03
150.49 0.50 24.40 145.1 0.689E-03 8.90 39.14 24.40 15.50.51377E+03
24783 050 24.40 161.10.621E-03 6.60 58.60 24.40 17.80.90315E+03
345.17 0.50 24.40 172.40.580E-03 5.50 75.19 24.40 18.90 .12925E+04
44251 0.50 24.40 181.9 0.550E-03 4.84 90.09 24.40 19.56 .16819E+04
539.86 0.50 24.40 190.4 0.525E-03 4.40 103.82 24.40 20.00.20713E+04
637.20 0.50 24.40 198.7 0.503E-03 4.09 116.67 24.40 20.31.24606E+04
734.54 0.50 24.40 206.9 0.483E-03 3.85 128.83 24.40 20.55 .28500E+04
831.89 0.50 24.40 215.2 0.465E-03 3.68 140.43 24.40 20.72 .32394E+04
929.23 0.50 24.40 223.9 0.447E-03 3.55 151.54 24.40 20.85 .36287E+04
1026.57 0.50 24.40 232.9 0.429E-03 3.45 162.25 24.40 20.95.40181E+04
1123.91 0.50 24.40 242.40.412E-03 3.37 172.60 24.40 21.03.44075E+04
122126 0.50 24.40 252.50.396E-03 3.32 182.64 24.40 21.08 .47969E+04
1318.60 0.50 24.40 263.2 0.380E-03 3.28 192.39 24.40 21.12 .51862E+04
** REGULATORY MIXING ZONE BOUNDARY **
In this prediction interval the TOTAL plume width meets or exceeds
the regulatory value = 200.00 m.
This is the extent of the REGULATORY MIXING ZONE.

141594 0.50 24.40 274.50.364E-03 3.26 201.90 24.40 21.14 .55756E+04
1513.29 0.50 24.40 286.6 0.349E-03 3.26 211.18 24.40 21.14 .59650E+04
1610.63 0.50 24.40 299.4 0.334E-03 3.26 220.25 24.40 21.14 .63543E+04

1707.97 0.50 24.40 312.90.320E-03 3.28 229.13 24.40 21.12 .67437E+04
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1805.31 0.50 24.40 327.2 0.306E-03 3.30 237.83 24.40 21.10.71331E+04
1902.66 0.50 24.40 342.40.292E-03 3.34 246.37 24.40 21.06.75225E+04
2000.00 0.50 24.40 358.40.279E-03 3.38 254.76 24.40 21.02 .79118E+04

Cumulative travel time = 7911.8286 sec

Simulation limit based on maximum specified distance = 2000.00 m.

This is the REGION OF INTEREST limitation.

END OF MOD141: BUOYANT AMBIENT SPREADING

CORMIX1: Single Port Discharges End of Prediction File

111111111111111111111111111111111111711111211111117117111111111111111111111111111111111

111111111111

-EOAPMOTH PQ Power Company

CORMIX SESSION REPORT:

):9,0.9.9,9,9,9.0.9.9,9,9,9,9,0.9,9,9,9,9,0.9.9.9,9,0,9,0.9,9,9,9.9,0.0.9,9,9,0,9,0.9.9,9.0,0.0.9.9,:9,9,0,9.0.0.9.¢

) 9.9.90.90.9.9.9.9.9.9.9.9.90.90.0.0.9.0.0.4
CORMIX MIXING ZONE EXPERT SYSTEM
CORMIX Version 6.0GTS

HYDRO1:Version-6.0.0.0 October,2009

SITE NAME/LABEL: PQ
DESIGN CASE: LOW current
FILE NAME: C:\Documents and Settings\eleni\My Documents\pq.prd
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Using subsystem CORMIX1:  Single Port Discharges

Start of session: 10/01/2010--15:59:49

*k*k * % *kk * % * %% *k*k ** *k*k * * %%k

SUMMARY OF INPUT DATA:

AMBIENT PARAMETERS:

Cross-section = unbounded
Average depth HA =50m
Depth at discharge HD =5m
Ambient velocity UA =0.2m/s

Darcy-Weisbach friction factor F =0.0264

Calculated from Manning's n =0.024
Wind velocity UW =2mis
Stratification Type STRCND = A
Surface temperature =18 degC
Bottom temperature =15degC

Calculated FRESH-WATER DENSITY values:

Surface density RHOAS =998.5967 kg/m"3

Bottom density RHOAB =999.1011 kg/m"3
DISCHARGE PARAMETERS: Single Port Discharge

Nearest bank = right

Distance to bank DISTB =300m

Port diameter DO =1m

Port cross-sectional area A0 =0.7854 m"2

Discharge velocity Uo =3.82m/s
Discharge flowrate Q0 =3m"3/s
Discharge port height HO =05m

Vertical discharge angle THETA =0deg

*
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Horizontal discharge angle ~ SIGMA =90 deg

Discharge temperature (freshwater) =16 degC

Corresponding density RHOO0 =998.9443 kg/m”3
Density difference DRHO =-0.0955 kg/m"3
Buoyant acceleration GPO =-0.0009 m/s"2

Discharge concentration CO0 =30deg.C
Surface heat exchange coeff. KS =0m/s

Coefficient of decay KD =01/s

DISCHARGE/ENVIRONMENT LENGTH SCALES:
LQ =0.89m Lm =16.93 m Lb =0.35m

LM =117.45m Lm'=99999 m Lb'=99999 m

NON-DIMENSIONAL PARAMETERS:
Port densimetric Froude number FRO =124.76

Velocity ratio R =19.10

MIXING ZONE / TOXIC DILUTION ZONE / AREA OF INTEREST PARAMETERS:

Toxic discharge =no

Water quality standard specified =no

Regulatory mixing zone =no

Region of interest = 1000 m downstream

B e S S S 2 2 2 2 o s 2 2 2

HYDRODYNAMIC CLASSIFICATION:

* *

| FLOW CLASS = NH5 |

* *

This flow configuration applies to a layer corresponding to the full water

depth at the discharge site. The ambient density stratification at the
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discharge site is relatively weak and unimportant so the discharge flow
penetrates to the surface and/or breaks down the existing stratification
through vigorous mixing.

Applicable layer depth = water depth =5 m

*hkkkkkhkkhhkhkkhhkhhkhkkhhkkhhkhhkhkhkhkihkhkhkhkhhkhkihkhhhhhkrhhkhhkhhhkrhhkhhkihhhhkkihhkhhkhhhihkhihhihkikiixkx

MIXING ZONE EVALUATION (hydrodynamic and regulatory summary):

X-Y-Z Coordinate system:
Origin is located at the bottom below the port center:
300 m from the right bank/shore.

Number of display steps NSTEP = 20 per module.

NEAR-FIELD REGION (NFR) CONDITIONS :

Note: The NFR is the zone of strong initial mixing. It has no regulatory
implication. However, this information may be useful for the discharge
designer because the mixing in the NFR is usually sensitive to the
discharge design conditions.

Pollutant concentration at NFR edge ¢ = 3.154 deg.C

Dilution at edge of NFR s=95
NFR Location: x=1232m
(centerline coordinates) y=34.58m
z=0m

NFR plume dimensions: half-width (bh) =3.51 m
thickness (bv) =5 m

Cumulative travel time: 41.9800 sec.

Buoyancy assessment:

The effluent density is less than the surrounding ambient water
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density at the discharge level.
Therefore, the effluent is POSITIVELY BUOYANT and will tend to rise towards

the surface.

Stratification assessment:
The specified ambient density stratification is weak relative to the
discharge conditions and is dynamically unimportant. The discharge will

behave as if the ambient were unstratified.

Near-field instability behavior:
The discharge flow will experience instabilities with full vertical mixing
in the near-field.

There may be benthic impact of high pollutant concentrations.

FAR-FIELD MIXING SUMMARY:
Plume becomes vertically fully mixed ALREADY IN NEAR-FIELD at0 m

downstream and continues as vertically mixed into the far-field.

PLUME BANK CONTACT SUMMARY:

Plume in unbounded section does not contact bank in this simulation.
*hhkkhkhkkhkhkkkhkhkkhhkhhhhhihhihk TOXIC DILUTION ZONE SUMMARY *hhkhhkkkhkhkkhkhkhkkhhhhhkihkhkhhiikx
No TDZ was specified for this simulation.

falalaiakaialaialoialalaialosialokaiakaialolad REGULATORY MIXING ZONE SUMMARY

*hhkhkhkhkhkhkhkhkhhkihkhkhkhkkhiik

No RMZ and no ambient water quality standard have been specified.

FrFFAA AR AxRx*A* FEINAL DESIGN ADVICE AND COMMENTS *sdasbdbiadokkdorsx

REMINDER: The user must take note that HYDRODYNAMIC MODELING by any known
technique is NOT AN EXACT SCIENCE.

Extensive comparison with field and laboratory data has shown that the

CORMIX predictions on dilutions and concentrations (with associated
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plume geometries) are reliable for the majority of cases and are accurate
to within about +-50% (standard deviation).
As a further safeguard, CORMIX will not give predictions whenever it judges

the design configuration as highly complex and uncertain for prediction.

CORMIX1 PREDICTION FILE:

111111111111111111111111111111111211711111171111211171117111711111112111711171117111111111111
111111111111

CORMIX MIXING ZONE EXPERT SYSTEM
Subsystem CORMIX1: Single Port Discharges
CORMIX Version 6.0GTS

HYDRO1 Version 6.0.0.0 October 2009

CASE DESCRIPTION

Site name/label: PQ

Design case: LOW current

FILE NAME: C:\Documents and Settings\eleni\My Documents\pg.prd

Time stamp: Fri Oct 1 15:59:49 2010

ENVIRONMENT PARAMETERS (metric units)

Unbounded section

HA = 500 HD = 5.00
UA = 0200F = 0.026 USTAR =0.1150E-01
uw = 2.000 UWSTAR=0.2198E-02

Density stratified environment
STRCND= A RHOAM = 998.8489

RHOAS = 998.5967 RHOAB = 999.1011 RHOAHO= 998.8489 E =0.9901E-03
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DISCHARGE PARAMETERS (metric units)

BANK = RIGHT DISTB= 300.00

DO = 1000A0 = 0.785HO0 = 050 SUBO = 450
THETA= 0.00 SIGMA = 90.00

Uob = 3820Q0 = 3.000 =0.3000E+01

RHOO = 998.9443 DRHOO =-.9546E-01 GPO =-.9372E-03

CO =0.3000E+02 CUNITS= deg.C

IPOLL= 1 KS =0.0000E+00 KD =0.0000E+00

FLUX VARIABLES (metric units)

Q0 =0.3000E+01 MO =0.1146E+02 JO =-.2812E-02 SIGNJO= -1.0
Associated length scales (meters)

LQ = 089 LM = 11745 Lm = 1693 Lb = 0.35

Lmp = 99999.00 Lbp = 99999.00

NON-DIMENSIONAL PARAMETERS

FRO = 12476 R = 19.10

FLOW CLASSIFICATION
11171111121111211211712112112111111121711111111111
1 Flowclass (CORMIX1) = NH5 1

1 Applicable layer depth HS= 5.00 1

1111111111111112111111111111111111111111111

MIXING ZONE / TOXIC DILUTION / REGION OF INTEREST PARAMETERS

CO =0.3000E+02 CUNITS= deg.C

NTOX =0
NSTD =0
REGMZ = 0
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XINT = 1000.00 XMAX = 1000.00

X-Y-Z COORDINATE SYSTEM:
ORIGIN is located at the bottom and below the center of the port:
300.00 m from the RIGHT bank/shore.
X-axis points downstream, Y-axis points to left, Z-axis points upward.

NSTEP = 20 display intervals per module

BEGIN MOD101: DISCHARGE MODULE

COANDA ATTACHMENT immediately following the discharge.

X Y Z S C B Uc TT

0.00 0.00 0.00 1.00.300E+02 0.71 3.820 .00000E+00

END OF MOD101: DISCHARGE MODULE

BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION

Bottom-attached jet motion.
UNSTABLE NEAR-FIELD: Jet/plume will mix over full layer depth.

Following MOD133 will include recirculation into jet region.

Profile definitions:
B = Gaussian 1/e (37%) half-width, normal to trajectory
Half wall jet, attached to bottom.

S = hydrodynamic centerline dilution
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C = centerline concentration (includes reaction effects, if any)

Uc = Local centerline excess velocity (above ambient)

TT = Cumulative travel time

X

0.00

0.02

0.07

0.16

0.30

0.47

0.69

0.95

1.27

1.63

2.04

2.52

3.03

3.62

4.26

4.94

5.70

6.52

7.37

8.30

9.25

Cumulative travel time =

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION

Y

0.00

1.60

3.25

4.85

6.49

8.13

9.72

11.34

12.96

14.52

16.12

17.70

19.22

20.76

22.28

23.73

25.19

26.62

27.98

29.34

30.62

z

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

S

cC B

1.0 0.300E+02

1.0 0.300E+02

1.0 0.293E+02

1.2 0.243E+02

1.5 0.205E+02

1.7 0.177E+02

1.9 0.156E+02

2.2 0.138E+02

2.4 0.124E+02

2.7 0.112E+02

3.0 0.101E+02

3.30.922E+01

3.6 0.843E+01

3.90.772E+01

4.2 0.708E+01

4.6 0.652E+01

5.0 0.601E+01

5.4 0.554E+01

5.8 0.513E+01

6.3 0.475E+01

6.8 0.442E+01

Uc

0.51

0.68

0.87

1.04

1.23

1.42

1.61

1.81

2.02

2.22

2.44

2.66

2.89

3.13

3.38

3.63

3.89

4.16

4.44

4.72

5.00

22.7130 sec

TT

3.820

3.820

3.820

3.632

3.067

2.643

2.320

2.050

1.826

1.643

1.479

1.337

1.215

1.103

1.003

0.915

0.833

0.759

0.694

0.633

0.580

.66171E-02

.25653E+00

.59223E+00

.99426E+00

.14890E+01

.20668E+01

.27083E+01

.34562E+01

42945E+01

.51972E+01

.62243E+01

.713537E+01

.85509E+01

.98960E+01

.11359E+02

.12895E+02

.14607E+02

.16454E+02

.18380E+02

.20509E+02

.22713E+02
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BEGIN MOD133: LAYER BOUNDARY IMPINGEMENT/FULL VERTICAL MIXING

Control volume inflow:

X

Y

z

S C B

TT

9.25 30.62 0.00 6.80.442E+01 5.00 .22713E+02

Profile definitions:

BV = layer depth (vertically mixed)

BH = top-hat half-width, in horizontal plane normal to trajectory

ZU = upper plume boundary (Z-coordinate)

ZL = lower plume boundary (Z-coordinate)

S = hydrodynamic average (bulk) dilution

C = average (bulk) concentration (includes reaction effects, if any)

TT = Cumulative travel time

X

4.25

5.06

5.87

6.67

7.48

8.29

9.09

9.90

10.70 3458 0.00 8.40.357E+01 500 3.14 5.00 0.00.31835E+02

1151 3458 0.00 9.20.326E+01 5.00 3.33 5.00 0.00.36908E+02

12.32 3458 0.00 9.50.315E+01 5.00 3.51 5.00 0.00.41980E+02

Y

34.58

34.58

34.58

34.58

34.58

34.58

34.58

34.58

4

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

S C BV

6.8 0.442E+01

6.8 0.442E+01

6.8 0.442E+01

6.8 0.442E+01

6.8 0.442E+01

6.8 0.442E+01

6.8 0.442E+01

7.2 0.415E+01

BH

0.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

ZU

0.00

111

1.57

1.92

2.22

2.48

2.72

2.94

ZL

0.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

TT

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

.22713E+02

22713E+02

22713E+02

.22713E+02

.22713E+02

22713E+02

22713E+02

.26763E+02
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Cumulative travel time = 41.9800 sec

END OF MOD133: LAYER BOUNDARY IMPINGEMENT/FULL VERTICAL MIXING

BEGIN MOD154: VERTICALLY MIXED PLUME IN WEAK CROSS-FLOW

Phase 1: Vertically mixed, Phase 2: Re-stratified

Phase 1: The plume is VERTICALLY FULLY MIXED over the entire layer depth.

This flow region is INSIGNIFICANT in spatial extent and will be by-passed.

Phase 2: The flow has RESTRATIFIED at the beginning of this zone.

This flow region is INSIGNIFICANT in spatial extent and will be by-passed.

END OF MOD154: VERTICALLY MIXED PLUME IN WEAK CROSS-FLOW

** End of NEAR-FIELD REGION (NFR) **

The initial plume WIDTH values in the next far-field module will be

CORRECTED by a factor 4.07 to conserve the mass flux in the far-field!

The correction factor is quite large because of the small ambient velocity
relative to the strong mixing characteristics of the discharge!
This indicates localized RECIRCULATION REGIONS and internal hydraulic JUMPS.
Width predictions show discontinuities, dilution values should be acceptable.

Flow appears highly UNSTEADY and prediction results are UNRELIABLE!

SIMULATION STOPS!
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CORMIX1: Single Port Discharges End of Prediction File

11111111111111111111121111111111111111711171111111111111211711171121711111711171111111111111

111111111111

CORMIX SESSION REPORT:

0:9.9,9,9.9,9.9.9,9.9.9.9,0.9,:9,0.9.9,0,9.9,0.9.9,0.9.9,0,9.9,9,0.9,9.0.9:9,0.9,.9,0.0.9,0.9.9.0,9.9,0,0.9,9,0.9,0.¢

) 9.9.90.90.9.90.90.0.9.9.9.9.90.0.0.0.0.0.0 4
CORMIX MIXING ZONE EXPERT SYSTEM
CORMIX Version 6.0GTS

HYDRO1:Version-6.0.0.0 October,2009

SITE NAME/LABEL: PQ
DESIGN CASE: HIGH current
FILE NAME: C:\Documents and Settings\eleni\My Documents\pq.prd

Using subsystem CORMIX1: Single Port Discharges
Start of session: 10/01/2010--16:11:09

B R S R S R S R R S 2 S S S S 2 2 2 S S S 2 2

SUMMARY OF INPUT DATA:

AMBIENT PARAMETERS:

Cross-section = unbounded
Average depth HA =5m
Depth at discharge HD =5m
Ambient velocity UA =0.8m/s

Darcy-Weisbach friction factor F = 0.0264

Calculated from Manning's n =0.024
Wind velocity UW =2mis
Stratification Type STRCND = A
Surface temperature =18 degC
Bottom temperature =15degC
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Calculated FRESH-WATER DENSITY values:

Surface density RHOAS =998.5967 kg/m"3

Bottom density RHOAB =999.1011 kg/m”3
DISCHARGE PARAMETERS: Single Port Discharge

Nearest bank = right

Distance to bank DISTB =300 m

Port diameter DO =1m

Port cross-sectional area A0 =0.7854 m"2

Discharge velocity Uo =3.82m/s
Discharge flowrate Q0 =3m"3/s
Discharge port height HO =05m

Vertical discharge angle THETA =0deg
Horizontal discharge angle ~ SIGMA =90 deg

Discharge temperature (freshwater) =16 degC

Corresponding density RHOO =998.9443 kg/m"3
Density difference DRHO =-0.0955 kg/m"3
Buoyant acceleration GPO =-0.0009 m/s"2

Discharge concentration CO0 =30deg.C
Surface heat exchange coeff. KS =0m/s

Coefficient of decay KD =01/s

DISCHARGE/ENVIRONMENT LENGTH SCALES:
LQ =0.89m Lm =423 m Lb =0.01m

LM =117.45m Lm'=99999 m Lb'=99999 m

NON-DIMENSIONAL PARAMETERS:
Port densimetric Froude number FRO =124.76

Velocity ratio R =477
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MIXING ZONE / TOXIC DILUTION ZONE / AREA OF INTEREST PARAMETERS:

Toxic discharge =no

Water quality standard specified  =no

Regulatory mixing zone =no

Region of interest = 1000 m downstream

*k*k * % *kk * % * %% *k*k * % *kk * * %%k *k*k

HYDRODYNAMIC CLASSIFICATION:

* *

| FLOW CLASS = NH5 |

* *

This flow configuration applies to a layer corresponding to the full water
depth at the discharge site. The ambient density stratification at the
discharge site is relatively weak and unimportant so the discharge flow
penetrates to the surface and/or breaks down the existing stratification
through vigorous mixing.

Applicable layer depth = water depth=5m

R R S S L R R R b S S S S e 2 2 2 2 2 2 2

MIXING ZONE EVALUATION (hydrodynamic and regulatory summary):

X-Y-Z Coordinate system:
Origin is located at the bottom below the port center:
300 m from the right bank/shore.

Number of display steps NSTEP = 20 per module.

NEAR-FIELD REGION (NFR) CONDITIONS :
Note: The NFR is the zone of strong initial mixing. It has no regulatory

implication. However, this information may be useful for the discharge
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designer because the mixing in the NFR is usually sensitive to the
discharge design conditions.

Pollutant concentration at NFR edge ¢ =1.3572 deg.C

Dilution at edge of NFR s=22.1
NFR Location: x=57.14m
(centerline coordinates) y=18.41m
z=0m

NFR plume dimensions: half-width (bh) =2.67 m
thickness (bv) =5m

Cumulative travel time: 61.5335 sec.

Buoyancy assessment:
The effluent density is less than the surrounding ambient water
density at the discharge level.
Therefore, the effluent is POSITIVELY BUOYANT and will tend to rise towards

the surface.

Stratification assessment:
The specified ambient density stratification is weak relative to the
discharge conditions and is dynamically unimportant. The discharge will

behave as if the ambient were unstratified.

Near-field instability behavior:
The discharge flow will experience instabilities with full vertical mixing
in the near-field.

There may be benthic impact of high pollutant concentrations.

FAR-FIELD MIXING SUMMARY':

Plume becomes vertically fully mixed ALREADY IN NEAR-FIELD at 57.14 m
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downstream and continues as vertically mixed into the far-field.

PLUME BANK CONTACT SUMMARY:
Plume in unbounded section does not contact bank in this simulation.
*hhkkhkkkhkhkkhkhkhhkhhkhkhhhhhkiikk TOXIC DILUTION ZONE SUMMARY *hhkkhhkkkhkkkhhkhhhkhhhkhhkhhkkhikkx

No TDZ was specified for this simulation.

rxE AN REGULATORY MIXING ZONE SUMMARY

*k*k * % *kk *

No RMZ and no ambient water quality standard have been specified.
FrkFdAFA xR KK AxF**A* FEINAL DESIGN ADVICE AND COMMENTS *saksdorskddkakdokddkdrdx
REMINDER: The user must take note that HYDRODYNAMIC MODELING by any known
technique is NOT AN EXACT SCIENCE.
Extensive comparison with field and laboratory data has shown that the
CORMIX predictions on dilutions and concentrations (with associated
plume geometries) are reliable for the majority of cases and are accurate
to within about +-50% (standard deviation).
As a further safeguard, CORMIX will not give predictions whenever it judges

the design configuration as highly complex and uncertain for prediction.

CORMIX1 PREDICTION FILE:

11111111111111111111111111111111111111171117111121111117111711111112111711171117111111111111
111111111111

CORMIX MIXING ZONE EXPERT SYSTEM
Subsystem CORMIX1: Single Port Discharges
CORMIX Version 6.0GTS

HYDRO1 Version 6.0.0.0 October 2009

CASE DESCRIPTION

Site name/label: PQ
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Design case: HIGH current
FILE NAME: C:\Documents and Settings\eleni\My Documents\pg.prd

Time stamp: Fri Oct 1 16:11:09 2010

ENVIRONMENT PARAMETERS (metric units)

Unbounded section

HA = 500 HD = 5.00
UA = 0800F = 0.026 USTAR =0.4599E-01
UW = 2.000 UWSTAR=0.2198E-02

Density stratified environment
STRCND= A RHOAM = 998.8489

RHOAS = 998.5967 RHOAB = 999.1011 RHOAHO= 998.8489 E =0.9901E-03

DISCHARGE PARAMETERS (metric units)

BANK = RIGHT DISTB= 300.00

DO = 1000A0 = 0.785H0 = 0.50 SUBO = 4.50
THETA= 0.00 SIGMA = 90.00

Uo = 3820Q0 = 3.000 =0.3000E+01

RHOO = 998.9443 DRHOO =-.9546E-01 GPO =-.9372E-03

CO =0.3000E+02 CUNITS= deg.C

IPOLL= 1 KS =0.0000E+00 KD =0.0000E+00

FLUX VARIABLES (metric units)

Q0 =0.3000E+01 MO =0.1146E+02 JO =-.2812E-02 SIGNJO= -1.0
Associated length scales (meters)

LQ = 089 LM = 11745 Lm = 423 Lb = 0.01

Lmp = 99999.00 Lbp = 99999.00

NON-DIMENSIONAL PARAMETERS
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FRO = 12476 R = 477

FLOW CLASSIFICATION
111111111111111111111111111111111111111111
1 Flowclass (CORMIX1) = NH5 1

1 Applicable layer depth HS= 5.00 1

111111111111111111111111111111111111111111

MIXING ZONE / TOXIC DILUTION / REGION OF INTEREST PARAMETERS

CO =0.3000E+02 CUNITS= deg.C

NTOX =0
NSTD =0
REGMZ = 0

XINT = 1000.00 XMAX = 1000.00

X-Y-Z COORDINATE SYSTEM:
ORIGIN is located at the bottom and below the center of the port:
300.00 m from the RIGHT bank/shore.
X-axis points downstream, Y-axis points to left, Z-axis points upward.

NSTEP = 20 display intervals per module

BEGIN MOD101: DISCHARGE MODULE

COANDA ATTACHMENT immediately following the discharge.

X Y Z S C B Uc TT

0.00 0.00 0.00 1.00.300E+02 0.71 3.820 .00000E+00
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END OF MOD101: DISCHARGE MODULE

BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION

Bottom-attached jet motion.
UNSTABLE NEAR-FIELD: Jet/plume will mix over full layer depth.

Following MOD133 will include recirculation into jet region.

Profile definitions:
B = Gaussian 1/e (37%) half-width, normal to trajectory
Half wall jet, attached to bottom.
S = hydrodynamic centerline dilution
C = centerline concentration (includes reaction effects, if any)
Uc = Local centerline excess velocity (above ambient)

TT = Cumulative travel time

X Y Z S C B Uc TT
0.00 0.00 0.00 1.00.300E+02 0.51 3.820 .66196E-02
0.35 292 0.00 1.10.283E+02 0.87 3.820 .54404E+00
152 561 0.00 1.80.167E+02 1.35 2.102 .14618E+01
349 779 000 290.105E+02 1.89 1.093 .29098E+01
595 942 0.00 4.10.740E+01 2.35 0.650 .48787E+01
8.63 10.66 0.00 5.20.578E+01 2.72 0.447 .72199E+01
1141 11.64 0.00 6.20.482E+01 3.02 0.341 .98034E+01
1424 12.46 0.00 7.20418E+01 3.28 0.277 .12549E+02
17.11 13.15 0.00 8.10.372E+01 3.49 0.235 .15408E+02
19.99 13.77 0.00 8.90.338E+01 3.68 0.206 .18351E+02

22.89 1431 0.00 9.70.311E+01 3.85 0.184 .21359E+02
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2580 14.81 0.00 10.40.289E+01 4.01 0.167 .24419E+02

28.72 1526 0.00 11.10.271E+01 4.15 0.154 .27522E+02

31.64 15.67 0.00 11.70.255E+01 4.28 0.143 .30659E+02

3456 16.06 0.00 12.40.242E+01 4.40 0.134 .33827E+02

3749 16.42 0.00 13.00.231E+01 4.51 0.126 .37020E+02

4042 16.76 0.00 13.60.221E+01 4.62 0.119 .40236E+02

4335 17.08 0.00 14.20.212E+01 4.72 0.114 .43472E+02

46.29 17.39 0.00 14.70.204E+01 4.82 0.108 .46726E+02

49.22 17.68 0.00 15.30.197E+01 4.91 0.104 .49995E+02

5216 1795 0.00 15.80.190E+01 5.00 0.100 .53243E+02

Terminal level in stratified ambient has been reached.

Cumulative travel time = 53.2427 sec

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION

BEGIN MOD133: LAYER BOUNDARY IMPINGEMENT/FULL VERTICAL MIXING

Control volume inflow:
X Y Z S C B TT

52.16 1795 0.00 15.80.190E+01 5.00 .53243E+02

Profile definitions:
BV = layer depth (vertically mixed)
BH = top-hat half-width, in horizontal plane normal to trajectory
ZU = upper plume boundary (Z-coordinate)
ZL = lower plume boundary (Z-coordinate)
S = hydrodynamic average (bulk) dilution

C =average (bulk) concentration (includes reaction effects, if any)
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TT = Cumulative travel time

X

47.16

48.16

49.15

50.15

51.15

52.15

53.15

54.14

55.14

56.14

57.14

Cumulative travel time =

END OF MOD133: LAYER BOUNDARY IMPINGEMENT/FULL VERTICAL MIXING

Y

18.41

18.41

18.41

18.41

18.41

18.41

18.41

18.41

18.41

18.41

18.41

z

S

CcC BV

0.00 15.8 0.190E+01

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

15.8 0.190E+01

15.8 0.190E+01

15.8 0.190E+01

15.8 0.190E+01

15.8 0.190E+01

16.7 0.180E+01

18.8 0.160E+01

20.6 0.146E+01

21.6 0.139E+01

22.1 0.136E+01

61.5335 sec

BH

0.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

ZU

0.00

0.84

1.19

1.46

1.69

1.89

2.07

2.23

2.39

2.53

2.67

ZL

0.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

TT

0.00 .53243E+02

0.00 .53243E+02

0.00 .53243E+02

0.00 .53243E+02

0.00 .53243E+02

0.00 .53243E+02

0.00 .54887E+02

0.00 .56549E+02

0.00 .58210E+02

0.00 .59872E+02

0.00 .61533E+02

BEGIN MOD154: VERTICALLY MIXED PLUME IN WEAK CROSS-FLOW

Phase 1: Vertically mixed, Phase 2: Re-stratified

Phase 1: The plume is VERTICALLY FULLY MIXED over the entire layer depth.

This flow region is INSIGNIFICANT in spatial extent and will be by-passed.

Phase 2: The flow has RESTRATIFIED at the beginning of this zone.
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This flow region is INSIGNIFICANT in spatial extent and will be by-passed.

END OF MOD154: VERTICALLY MIXED PLUME IN WEAK CROSS-FLOW

** End of NEAR-FIELD REGION (NFR) **

The initial plume WIDTH values in the next far-field module will be
CORRECTED by a factor 3.11 to conserve the mass flux in the far-field!
The correction factor is quite large because of the small ambient velocity
relative to the strong mixing characteristics of the discharge!
This indicates localized RECIRCULATION REGIONS and internal hydraulic JUMPS.

Width predictions show discontinuities, dilution values should be acceptable.

BEGIN MOD141: BUOYANT AMBIENT SPREADING

Discharge is non-buoyant or weakly buoyant.

Therefore BUOYANT SPREADING REGIME is ABSENT.

END OF MOD141: BUOYANT AMBIENT SPREADING

BEGIN MOD162: PASSIVE AMBIENT MIXING IN STRATIFIED AMBIENT

Vertical diffusivity (initial value) = 0.237E-02 m"2/s

Horizontal diffusivity (initial value) = 0.252E-01 m~2/s

The passive diffusion plume is VERTICALLY FULLY MIXED at beginning of region.

Profile definitions:
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BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically

= or equal to layer depth, if fully mixed

BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width,

measured horizontally in Y-direction

ZU = upper plume boundary (Z-coordinate)

ZL = lower plume boundary (Z-coordinate)

S = hydrodynamic centerline dilution

C = centerline concentration (includes reaction effects, if any)

TT = Cumulative travel time

Plume Stage 1 (not bank attached):

X

Y

z

S

CcC BV

BH

ZU

ZL

TT

57.14 1841 0.00 22.10.136E+01 5.00 8.29 5.00 0.00.61533E+02

104.28

151.42

198.57

245.71

292.85

340.00

387.14

434.28

481.43

528.57

575.71

622.85

670.00

717.14

764.28

811.43

18.41

18.41

18.41

18.41

18.41

18.41

18.41

18.41

18.41

18.41

18.41

18.41

18.41

18.41

18.41

18.41

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

22.9 0.131E+01

23.6 0.127E+01

24.4 0.123E+01

25.2 0.119E+01

26.0 0.116E+01

26.7 0.112E+01

27.6 0.109E+01

28.4 0.106E+01

29.2 0.103E+01

30.0 0.100E+01

30.8 0.973E+00

31.7 0.947E+00

32.5 0.922E+00

33.4 0.899E+00

34.2 0.876E+00

35.1 0.854E+00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

8.57

8.86

9.15

9.44

9.73

10.03

10.33

10.64

10.94

11.25

11.56

11.88

12.20

12.52

12.84

13.17

5.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

0.00 .12046E+03
0.00 .17939E+03
0.00 .23832E+03
0.00 .29725E+03
0.00 .35618E+03
0.00 .41511E+03
0.00 .47404E+03
0.00 .53296E+03
0.00 .59189E+03
0.00 .65082E+03
0.00 .70975E+03
0.00 .76868E+03
0.00 .82761E+03
0.00 .88654E+03
0.00 .94547E+03

0.00 .10044E+04
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858.57 18.41 0.00 36.00.833E+00 5.00 13.50 5.00 0.00.10633E+04
905.71 18.41 0.00 36.90.813E+00 5.00 13.83 5.00 0.00.11223E+04
95286 1841 0.00 37.80.794E+00 5.00 14.17 5.00 0.00.11812E+04
1000.00 18.41 0.00 38.70.776E+00 5.00 14.50 5.00 0.00.12401E+04

Cumulative travel time = 1240.1122 sec

Simulation limit based on maximum specified distance = 1000.00 m.

This is the REGION OF INTEREST limitation.

END OF MOD162: PASSIVE AMBIENT MIXING IN STRATIFIED AMBIENT

CORMIX1: Single Port Discharges End of Prediction File

111111111111111111111111111111111111111112111111171171111111711111111111111111111111111
111111111111

Apyeia tpocopoioong CORMIX2

-EOAPMOTI'H ALASKA PORT VALDEZ
CORMIX SESSION REPORT:

,9,0.9,.9,9,9,9,0.9.9,9,9,9,9,0.9,9,9,9,9,0.9.9.9,9,0,0,0.9,9,9,9.9,0,0.9,9,9,0,9,0.9.9,9,9,0,0.0.9,.9,9,0,9,0,0,9.¢
XXXAXX XXX XXX XXX XXXXXX

CORMIX MIXING ZONE EXPERT SYSTEM
CORMIX Version 6.0GTS

HYDRO2:Version-6.0.0.0 October,2009

SITE NAME/LABEL.: port valdez
DESIGN CASE: november
FILE NAME: C:\Program Files\CORMIX 6.0\Sample Files\Sample2.prd

Using subsystem CORMIX2:  Multiport Diffuser Discharges

Start of session: 10/01/2010--15:28:27

B e L e e S b o 2 e e e 2 2
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SUMMARY OF INPUT DATA:

AMBIENT PARAMETERS:

Cross-section
Average depth
Depth at discharge

Ambient velocity

= unbounded
HA =57m
HD =57m

UA =0.035m/s

Darcy-Weisbach friction factor F  =0.024

Wind velocity
Stratification Type
Surface density

Bottom density

UW =2m/s
STRCND = A
RHOAS =1022.6 kg/m"3

RHOAB =1024.2 kg/m"3

DISCHARGE PARAMETERS:

Diffuser type
Diffuser length
Nearest bank
Diffuser endpoints
Number of openings
Number of Risers

Ports/Nozzles per Riser

Submerged Multiport Diffuser Discharge

DITYPE = alternating perpendicular

LD =5791m

=right

YB1 =2000m; YB2=2057.91m

NOPEN =20
NRISER =20
NPPERR =1

Spacing between risers/openings SPAC =3.05m

Port/Nozzle diameter
with contraction ratio
Equivalent slot width
Total area of openings
Discharge velocity
Total discharge flowrate

Discharge port height

DO =0.115m
=1
BO =0.0036 m
TAO =0.2077 m"2
U0 =5.10m/s
Q0 =1.06 m"3/s

HO =2m
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Nozzle arrangement BETYPE = alternating with fanning
Diffuser alignment angle GAMMA =90 deg

Vertical discharge angle THETA =90 deg

Actual Vertical discharge angle THEAC =90 deg

Horizontal discharge angle ~ SIGMA =0 deg

Relative orientation angle BETA =90 deg

Discharge density RHOO =1020.7 kg/m"3
Density difference DRHO =3.4439 kg/m"3
Buoyant acceleration GPO =0.033 m/s"2

Discharge concentration C0 =100%
Surface heat exchange coeff. KS =0m/s

Coefficient of decay KD =0/s

FLUX VARIABLES PER UNIT DIFFUSER LENGTH:
Discharge (volume flux) g0 =0.018304 m"2/s
Momentum flux m0 =0.093399 m"3/s"2

Buoyancy flux j0  =0.000604 m"3/s"3

DISCHARGE/ENVIRONMENT LENGTH SCALES:
LQ =0.00m Lm =76.24 m LM =13.04m
Im'=7.03m Lb'=5.16 m La =2.13m

(These refer to the actual discharge/environment length scales.)

NON-DIMENSIONAL PARAMETERS:
Slot Froude number FRO =469.14
Port/nozzle Froude number FRDO =82.86

Velocity ratio R =14579

MIXING ZONE / TOXIC DILUTION ZONE / AREA OF INTEREST PARAMETERS:
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Toxic discharge =no

Water quality standard specified  =no
Regulatory mixing zone =no
Region of interest = 5700 m downstream

*hkkhkhhkkhkhkhkhhkhhkhkkhhkkkhhkhhkhkhhkihkhkkhhkhhkhkihkhkhhkhhhhhkkhhhhhkhhkhihkhkhhkihkhkhhkkihhkhhhhikihkkihiiixk

HYDRODYNAMIC CLASSIFICATION:

* *

| FLOW CLASS =MS3|

* *

This flow configuration applies to a layer corresponding to the linearly
stratified density layer at the discharge site.
Applicable layer depth = water depth =57 m

R R R S R R S R S R R 3 2 S S S S S S S S S S S

MIXING ZONE EVALUATION (hydrodynamic and regulatory summary):

X-Y-Z Coordinate system:
Origin is located at the bottom below the port center:
2028.95 m from the right bank/shore.

Number of display steps NSTEP = 20 per module.

NEAR-FIELD REGION (NFR) CONDITIONS :

Note: The NFR is the zone of strong initial mixing. It has no regulatory
implication. However, this information may be useful for the discharge
designer because the mixing in the NFR is usually sensitive to the
discharge design conditions.

Pollutant concentration at NFR edge ¢ = 0.8463 %
Dilution at edge of NFR §=118.2

NFR Location: X =328.65m
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(centerline coordinates) y=0m
z=779m
NFR plume dimensions: half-width (bh) =537.27 m
thickness (bv) = 3.33 m

Cumulative travel time: 8040.5317 sec.

Buoyancy assessment:
The effluent density is less than the surrounding ambient water
density at the discharge level.
Therefore, the effluent is POSITIVELY BUOYANT and will tend to rise towards

the surface.

Stratification assessment:
The specified ambient density stratification is dynamically important.
The discharge near field flow is trapped within the linearly stratified

ambient density layer.

UPSTREAM INTRUSION SUMMARY::
Plume exhibits upstream intrusion due to low ambient velocity or strong

discharge buoyancy.

Intrusion length = 271.98 m
Intrusion stagnation point = -211.96 m
Intrusion thickness =512m

Intrusion half width at impingement = 537.27 m

Intrusion half thickness at impingement = 3.33 m

PLUME BANK CONTACT SUMMARY:

Plume in unbounded section contacts nearest bank at 3625.94 m downstream.

*hkkhkkkhhkkhhkhkkhhkkhkhkhkkihkkhkhhkikkik TOXI C DI LUT I ON ZON E SU M MARY *kkhhkkkhkkhhkhkhhkkhkhhkihkhkhkkikkik

206



No TDZ was specified for this simulation.

*hkkkkkhkkihkhkkhhkhkhkhkkihkkikhhkik REG U LATORY M I XI NG ZON E

*hkkhkhkkhhkhkkhhkhkhkhkkihkkikihkikkx

No RMZ and no ambient water quality standard have been specified.

SUMMARY

ioiale FxAxAAdxRx*F FINAL DESIGN ADVICE AND COMMENTS AN AR
CORMIX2 uses the TWO-DIMENSIONAL SLOT DIFFUSER CONCEPT to represent
the actual three-dimensional diffuser geometry. Thus, it approximates
the details of the merging process of the individual jets from each
port/nozzle.
In the present design, the spacing between adjacent ports/nozzles
(or riser assemblies) is of the order of, or less than, the local

water depth so that the slot diffuser approximation holds well.

Nevertheless, if this is a final design, the user is advised to use a
final CORMIX1 (single port discharge) analysis, with discharge data
for an individual diffuser jet/plume, in order to compare to

the present near-field prediction.

DIFFUSER DESIGN DETAILS: Because of the alternating arrangement
of the opposing nozzles/ports, the AVERAGE VERTICAL ANGLE (THETA)
has been set to 90 deg. This represents a ZERO NET HORIZONTAL

MOMENTUM FLUX for the entire diffuser.

REMINDER: The user must take note that HYDRODYNAMIC MODELING by any known

technique is NOT AN EXACT SCIENCE.

Extensive comparison with field and laboratory data has shown that the
CORMIX predictions on dilutions and concentrations (with associated
plume geometries) are reliable for the majority of cases and are accurate
to within about +-50% (standard deviation).

As a further safeguard, CORMIX will not give predictions whenever it judges
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the design configuration as highly complex and uncertain for prediction.

CORMIX2 PREDICTION FILE:

22222222222222222222222222222222222222222222222222222222222222222222222222222222222
222222222222

CORMIX MIXING ZONE EXPERT SYSTEM
Subsystem CORMIX2: Multiport Diffuser Discharges
CORMIX Version 6.0GTS

HYDRO2 Version 6.0.0.0 October 2009

CASE DESCRIPTION

Site name/label: port valdez

Design case:  november

FILE NAME: C:\Program Files\CORMIX 6.0\Sample Files\Sample2.prd

Time stamp: Fri Oct 1 15:28:27 2010

ENVIRONMENT PARAMETERS (metric units)

Unbounded section

HA = ©57.00 HD = 57.00
UA = 0.035F = 0.024 USTAR =0.1917E-02
uw = 2.000 UWSTAR=0.2198E-02

Density stratified environment
STRCND= A RHOAM = 1023.4000

RHOAS = 1022.6000 RHOAB = 1024.2000 RHOAHO=1024.1438 E =0.2688E-03
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DIFFUSER DISCHARGE PARAMETERS (metric units)

Diffuser type: DITYPE= alternating_perpendicular

BANK = RIGHT DISTB= 2028.95 YB1 = 2000.00 YB2 = 2057.91

LD

57.91 NOPEN= 20 SPAC = 3.05

DO 0.115A0 = 0.010H0O = 200 SUBO = 55.00

Nozzle/port arrangement; alternating_with_fanning

GAMMA = 90.00 THETA= 90.00 SIGMA= 0.00 BETA = 90.00

U0 = 5103Q0 = 1060 =0.1060E+01
RHOO =1020.7000 DRHOO =0.3444E+01 GPO =0.3298E-01
CO =0.1000E+03 CUNITS= %

IPOLL= 1 KS =0.0000E+00 KD =0.0000E+00

FLUX VARIABLES - PER UNIT DIFFUSER LENGTH (metric units)

g0 =0.1830E-01 mO =0.9340E-01 j0 =0.6036E-03 SIGNJO= 1.0
Associated 2-d length scales (meters)

IQ=B = 0.004IM = 13.04 Im = 76.24

Imp = 7031Ibp = 5161la = 213

FLUX VARIABLES - ENTIRE DIFFUSER (metric units)

Q0 =0.1060E+01 MO =0.5409E+01 JO =0.3495E-01
Associated 3-d length scales (meters)

LQ = 010LM = 1897 Lm = 6645 Lb = 815.28

Lmp = 11.91 Lbp = 9.44

NON-DIMENSIONAL PARAMETERS
FRO = 469.14 FRDO = 8286 R = 14579 PL = 2331

(slot) (port/nozzle)
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RECOMPUTED SOURCE CONDITIONS FOR ALTERNATING JETS OR RISER GROUPS:

Momentum fluxes: mO =0.9340E-01 MO =0.5409E+01

13.04 Im = 76.24 Imp =

IQ=B = 0.004 IM

LQ = 0456LM = 1897 Lm = 6645 Lmp =

Properties of riser group with 1 ports/nozzles each:

Uo = 5103D0 = 0115A0 = 0.010 THETA=
FRO = 469.14 FRDO = 8286 R = 145.79
(slot) (riser group)

FLOW CLASSIFICATION

222222222222222222222222222222222222222222

2 Flowclass (CORMIX2) = MS3 2

2 Applicable layer depth HS = 57.00 2

222222222222222222222222222222222222222222

7.03

11.91

90.00

MIXING ZONE / TOXIC DILUTION / REGION OF INTEREST PARAMETERS

CO0 =0.1000E+03 CUNITS= %

NTOX =0
NSTD =0
REGMZ = 0

XINT = 5700.00 XMAX = 5700.00

X-Y-Z COORDINATE SYSTEM:

ORIGIN is located at the bottom and the diffuser mid-point:

2028.95 m from the RIGHT bank/shore.

X-axis points downstream, Y-axis points to left, Z-axis points upward.

NSTEP = 20 display intervals per module
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BEGIN MOD101: DISCHARGE MODULE (SINGLE PORT AT DIFFUSER CENTER)

X Y Z S C Bv BH Uc TT

0.00 0.00 200 100.100E+03 0.06 0.06 5.103 .00000E+00

END OF MOD101: DISCHARGE MODULE (SINGLE PORT AT DIFFUSER CENTER)

BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION

Jet-like motion in linear stratification with weak crossflow.

Zone of flow establishment: THETAE= 89.84 SIGMAE= 0.00

LE = 05 XE = 000YE = 000ZE = 256

Profile definitions:

BV = Gaussian 1/e (37%) half-width, in vertical plane normal to trajectory

BH = before merging: Gaussian 1/e (37%) half-width in horizontal plane
normal to trajectory

after merging: top-hat half-width in horizontal plane

parallel to diffuser line

S = hydrodynamic centerline dilution

C = centerline concentration (includes reaction effects, if any)

Uc = Local centerline excess velocity (above ambient)

TT = Cumulative travel time

X Y Z S C BV BH Uc TT
Individual jet/plumes before merging:

0.00 0.00 256 1.00.100E+03 0.06 0.06 5.103 .00000E+00
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0.00

1.10

413

7.23

0.00

0.00

0.00

0.00

2.56

5.28

5.91

6.10

1.0 0.100E+03 0.06 0.06 5.103 .50053E-03

6.2 0.161E+02 0.41

0.41

0.962 .17509E+01

11.80.849E+01 0.75 0.75 0.515 .61802E+01

17.2 0.580E+01 1.06

10.33 0.00 6.27 22.80.438E+01 1.35

1.06 0.357 .12986E+02

1.35

0.273

Merging of individual jet/plumes to form plane jet/plume:

12.24

16.53

19.63

22.74

25.84

28.95

32.05

35.16

38.27

41.37

44.48

47.59

50.69

53.80

56.91

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

6.37

6.56

6.69

6.82

6.95

7.08

7.20

7.31

741

7.50

7.59

7.66

7.71

7.75

7.78

34.3 0.292E+01

39.2 0.255E+01

42.50.235E+01

45.7 0.219E+01

48.6 0.206E+01

51.4 0.194E+01

54.1 0.185E+01

56.7 0.176E+01

59.2 0.169E+01

61.50.163E+01

63.7 0.157E+01

65.9 0.152E+01

67.9 0.147E+01

69.9 0.143E+01

71.8 0.139E+01

Maximum jet height has been reached.

60.02

191

2.40

2.75

3.10

3.43

3.77

4.09

442

4.73

5.04

5.34

5.63

5.92

6.19

6.46

30.87

31.36

31.71

32.05

32.39

32.72

33.05

33.37

33.69

33.99

34.29

34.59

34.87

35.15

35.42

0.00 7.79 7350.136E+01 6.72 35.68

Terminal level in stratified ambient has been reached.

Cumulative travel time =

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION

365.2972 sec

0.169

0.149

0.138

0.129

0.122

0.116

0.110

0.106

0.101

0.098

0.094

0.091

0.089

0.086

0.084

0.082

.22005E+02

.28622E+02

.50907E+02

.68341E+02

.86800E+02

.10618E+03

.12641E+03

.14745E+03

.16921E+03

.19168E+03

.21479E+03

.23851E+03

.26284E+03

.28770E+03

.31310E+03

.33897E+03

.36530E+03
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BEGIN MOD236: TERMINAL LAYER IMPINGEMENT/UPSTREAM SPREADING

Vertical angle of layer/boundary impingement =  0.00 deg

Horizontal angle of layer/boundary impingement =  0.00 deg

UPSTREAM INTRUSION PROPERTIES:

Maximum elevation of jet/plume rise = 10.90m
Layer thickness in impingement region = 5.12m
Upstream intrusion length = 271.98m

X-position of upstream stagnation point = -211.96 m
Thickness in intrusion region = 512m
Half-width at downstream end = b537.27m

3.33m

Thickness at downstream end

Control volume inflow:
X Y Z S C BV BH TT

60.02 0.00 7.79 73.50.136E+01 6.72 35.68 .36530E+03

Profile definitions:
BV = top-hat thickness, measured vertically
BH = top-hat half-width, measured horizontally in y-direction
ZU = upper plume boundary (Z-coordinate)
ZL = lower plume boundary (Z-coordinate)
S =hydrodynamic average (bulk) dilution
C =average (bulk) concentration (includes reaction effects, if any)

TT = Cumulative travel time

X Y Z S C Bv. BH zZU ZL 71T

-211.96 0.00 7.79 9999.9 0.000E+00 0.00 0.00 7.79 7.79 .80405E+04
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-201.15

-148.17

-95.19

-42.21

10.77

63.75

116.73

169.71

222.69

275.67

328.65

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

7.79

7.79

7.79

7.79

7.79

7.79

7.79

7.79

7.79

7.79

7.79

2944 0.340E+00 1.28 7598 8.43 7.15 .36530E+03
122.6 0.816E+00 3.07 184.56 9.32 6.25 .36530E+03
93.10.107E+01 4.05 249.70 9.81 5.76 .36530E+03
80.7 0.124E+01 4.67 301.06 10.12 5.45 .36530E+03
75.10.133E+01 5.02 344.86 10.30 5.28 .36530E+03
73.6 0.136E+01 5.12 492.62 10.35 5.23 .47199E+03
80.8 0.124E+01 4.83 502.86 10.20 5.37 .19857E+04
95.30.105E+01 4.25 51231 9.91 5.66 .34994E+04
107.9 0.927E+00 3.74 521.13 9.66 5.91 .50131E+04
114.8 0.871E+00 3.47 529.42 9.52 6.05 .65268E+04

118.2 0.846E+00 3.33 537.27 9.45 6.12 .80405E+04

Cumulative travel time = 8040.5308 sec

END OF MOD236: TERMINAL LAYER IMPINGEMENT/UPSTREAM SPREADING

** End of NEAR-FIELD REGION (NFR) **

BEGIN MOD242: BUOYANT TERMINAL LAYER SPREADING

Profile definitions:

BV = top-hat thickness, measured vertically

BH = top-hat half-width, measured horizontally in y-direction

ZU = upper plume boundary (Z-coordinate)

ZL = lower plume boundary (Z-coordinate)

S = hydrodynamic average (bulk) dilution

C =average (bulk) concentration (includes reaction effects, if any)

TT = Cumulative travel time

Plume Stage 1 (not bank attached):
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X

328.65

493.51

658.38

823.24

988.11

1152.97

1317.83

1482.70

1647.56

1812.43

1977.29

2142.16

2307.02

2471.89

2636.75

2801.61

2966.48

3131.34

3296.21

3461.07

3625.94

Cumulative travel time =

Y

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

z

S

cC BV

BH

7.79 118.2 0.846E+00 3.33

7.79

7.79

7.79

7.79

7.79

7.79

7.79

7.79

7.79

7.79

7.79

7.79

7.79

7.79

7.79

7.79

7.79

7.79

7.79

7.79

126.3 0.792E+00

132.4 0.755E+00

137.5 0.727E+00

142.0 0.704E+00

146.3 0.683E+00

150.5 0.665E+00

154.5 0.647E+00

158.6 0.630E+00

162.7 0.615E+00

166.9 0.599E+00

171.2 0.584E+00

175.5 0.570E+00

180.0 0.556E+00

184.5 0.542E+00

189.2 0.529E+00

193.9 0.516E+00

198.8 0.503E+00

203.7 0.491E+00

208.7 0.479E+00

213.9 0.468E+00

2.78

2.47

2.27
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2.01

1.93

1.86

1.81

1.76

1.73

1.70

1.68

1.66

1.64

1.63

1.62

1.61

1.60

1.60

1.60

102248.7344 sec

U ZL

537.27

687.76

811.47

918.60

9.45

9.18

9.02

8.92

TT

6.12

6.40

6.55

6.65

.80405E+04

12751E+05

17461E+05

.22172E+05

1014.26 8.85 6.73 .26882E+05

1101.49

1182.24

1257.87

1329.37

1397.49

1462.79

1525.72

1586.66

1645.90

1703.67

1760.19

1815.62

1870.11

1923.77

1976.71

2029.02

8.79

8.75

8.72

8.69

8.67

8.65

8.64

8.62

8.61

8.61

8.60

8.60

8.59

8.59

8.59

8.58

6.78

6.82

6.86

6.88

6.90

6.92

6.94

6.95

6.96

6.97

6.97

6.98

6.98

6.98

6.99

6.99

.31593E+05

.36303E+05

.41013E+05

A45724E+05

.50434E+05

.55145E+05

.59855E+05

.64565E+05

.69276E+05

.73986E+05

.718697E+05

.83407E+05

.88117E+05

.92828E+05

.97538E+05

.10225E+06

Plume is ATTACHED to RIGHT bank/shore.

Plume width is now determined from RIGHT bank/shore.

Plume Stage 2 (bank attached):
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X Y Z S € BvYv BH 2ZU ZL TT
3625.94 -2028.95 7.79 213.90.468E+00 1.60 4057.91 8.58 6.99 .10225E+06
3729.64 -2028.95 7.79 216.6 0.462E+00 1.61 4083.24 8.59 6.98 .10521E+06
3833.34 -2028.95 7.79 219.20.456E+00 1.62 4108.73 8.59 6.98 .10817E+06
3937.04 -2028.95 7.79 221.9 0.451E+00 1.63 4134.37 8.60 6.97 .11114E+06
4040.75-2028.95 7.79 224.6 0.445E+00 1.63 4160.16 8.60 6.97 .11410E+06
414445 -2028.95 7.79 227.3 0.440E+00 1.64 4186.09 8.61 6.96 .11706E+06
4248.15 -2028.95 7.79 229.9 0.435E+00 1.65 4212.15 8.61 6.96 .12003E+06
4351.86-2028.95 7.79 232.6 0.430E+00 1.66 4238.34 8.62 6.96 .12299E+06
445556 -2028.95 7.79 235.2 0.425E+00 1.67 4264.66 8.62 6.95 .12595E+06
4559.26 -2028.95 7.79 237.8 0.420E+00 1.68 4291.09 8.63 6.95 .12892E+06
4662.97 -2028.95 7.79 240.50.416E+00 1.69 4317.65 8.63 6.94 .13188E+06
4766.67 -2028.95 7.79 243.1 0.411E+00 1.69 4344.31 8.63 6.94 .13484E+06
4870.37 -2028.95 7.79 245.7 0.407E+00 1.70 4371.08 8.64 6.94 .13780E+06
4974.08 -2028.95 7.79 248.3 0.403E+00 1.71 4397.96 8.64 6.93 .14077E+06
5077.78 -2028.95 7.79 251.00.398E+00 1.72 442494 8.65 6.93 .14373E+06
5181.48 -2028.95 7.79 253.6 0.394E+00 1.72 4452.01 8.65 6.92 .14669E+06
5285.19 -2028.95 7.79 256.2 0.390E+00 1.73 4479.18 8.65 6.92 .14966E+06
5388.89 -2028.95 7.79 258.8 0.386E+00 1.74 4506.44 8.66 6.92 .15262E+06
5492.59 -2028.95 7.79 261.40.383E+00 1.75 4533.79 8.66 6.91 .15558E+06
5596.29 -2028.95 7.79 264.00.379E+00 1.75 4561.22 8.66 6.91 .15854E+06
5700.00 -2028.95 7.79 266.6 0.375E+00 1.76 4588.73 8.67 6.91 .16151E+06

Cumulative travel time =  161507.7188 sec

Simulation limit based on maximum specified distance = 5700.00 m.

This is the REGION OF INTEREST limitation.

END OF MOD242: BUOYANT TERMINAL LAYER SPREADING
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CORMIX2: Multiport Diffuser Discharges ~ End of Prediction File

22222222222222222222222222222222222222222222222222222222222222222222222222222222222
222222222222

CORMIX SESSION REPORT:

):9.9,9,9.9,0.9.9,9,9.9,9,0.9,.9,0.9.9,0,9:9,0.9.9,0.9.9,0,9.9,9,0.9,9.0.9:9,0.9.9,0.0.9,0,9.9,0,9.9,0,0.9,9,.0.9,0.¢
XXX XXX XXX XXX XXX XXKXXX

CORMIX MIXING ZONE EXPERT SYSTEM
CORMIX Version 6.0GTS

HYDRO2:Version-6.0.0.0 October,2009

SITE NAME/LABEL.: port valdez
DESIGN CASE: APRIL
FILE NAME: C:\Program Files\CORMIX 6.0\Sample Files\Sample2.prd

Using subsystem CORMIX2:  Multiport Diffuser Discharges
Start of session: 10/01/2010--15:39:25

B e R S R S R S R R S 2 S S S S S 2 S S S 2 2

SUMMARY OF INPUT DATA:

AMBIENT PARAMETERS:

Cross-section = unbounded
Average depth HA =57m
Depth at discharge HD =57m
Ambient velocity UA =0.035m/s

Darcy-Weisbach friction factor F = 0.024

Wind velocity UW =2mls
Stratification Type STRCND = A
Surface density RHOAS =1024.3 kg/m”3
Bottom density RHOAB =1025.3 kg/m"3
DISCHARGE PARAMETERS: Submerged Multiport Diffuser Discharge
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Diffuser type
Diffuser length
Nearest bank
Diffuser endpoints
Number of openings
Number of Risers

Ports/Nozzles per Riser

DITYPE = alternating perpendicular
LD =5791m
= right

YB1 =2000m; YB2=2057.91m

NOPEN =20
NRISER = 20
NPPERR =1

Spacing between risers/openings SPAC =3.05m

Port/Nozzle diameter
with contraction ratio
Equivalent slot width
Total area of openings
Discharge velocity
Total discharge flowrate
Discharge port height
Nozzle arrangement
Diffuser alignment angle

Vertical discharge angle

DO =0.115m
=1
BO =0.0036 m
TAO =0.2077 m"2
U0 =5.10m/s
Q0 =1.06m"3/s
HO =2m
BETYPE = alternating with fanning
GAMMA =190 deg

THETA =90 deg

Actual Vertical discharge angle THEAC =90 deg

Horizontal discharge angle  SIGMA =0 deg

Relative orientation angle  BETA =90 deg

Discharge density
Density difference
Buoyant acceleration

Discharge concentration

RHOO =1020.7 kg/m”3
DRHO = 4.5649 kg/m"3
GPO = 0.0437 m/s"2

CO0 =100%

Surface heat exchange coeff. KS =0m/s

Coefficient of decay

KD =0/s

FLUX VARIABLES PER UNIT DIFFUSER LENGTH:
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Discharge (volume flux) g0 =0.018304 m"2/s
Momentum flux mO0 = 0.093399 m"3/s"2

Buoyancy flux j0  =0.000799 m"3/s"3

DISCHARGE/ENVIRONMENT LENGTH SCALES:
LQ =0.00 m Lm =76.24 m LM =10.82m
Im'=8.22m Lb'=7.17m La =2.70 m

(These refer to the actual discharge/environment length scales.)

NON-DIMENSIONAL PARAMETERS:
Slot Froude number FRO =407.71
Port/nozzle Froude number FRDO =72.01

Velocity ratio R =14579

MIXING ZONE / TOXIC DILUTION ZONE / AREA OF INTEREST PARAMETERS:

Toxic discharge =no

Water quality standard specified =no

Regulatory mixing zone =no

Region of interest = 5700 m downstream

Fhkkhkkhkhhkkhhkkkhhkkhhkhkhhkkhkhhhhkkhkhhkihkkhhhkkhhkkhrhkkhhhhhrhhhhhhhrkhihhhhhhhrhhihrhhihihhihikiix

HYDRODYNAMIC CLASSIFICATION:

* *

| FLOW CLASS =MS3|

* *

This flow configuration applies to a layer corresponding to the linearly
stratified density layer at the discharge site.
Applicable layer depth = water depth =57 m

*hkkkhkhhkkhhkhkkhhkhhkhkhhkkhkhhkrhkhkhhkihkhkhhkrhkhihrkhhrhrhhrhhkhhrhhdhkrhhrhrhhrhhhhihkiirhihiiixkx

MIXING ZONE EVALUATION (hydrodynamic and regulatory summary):
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X-Y-Z Coordinate system:
Origin is located at the bottom below the port center:
2028.95 m from the right bank/shore.

Number of display steps NSTEP = 20 per module.

NEAR-FIELD REGION (NFR) CONDITIONS :

Note: The NFR is the zone of strong initial mixing. It has no regulatory
implication. However, this information may be useful for the discharge
designer because the mixing in the NFR is usually sensitive to the
discharge design conditions.

Pollutant concentration at NFR edge ¢ = 0.7137 %

Dilution at edge of NFR s=140.1
NFR Location: Xx=32451m
(centerline coordinates) y=0m
z=941m

NFR plume dimensions: half-width (bh) = 496.66 m
thickness (bv) =4.27 m

Cumulative travel time: 7593.8179 sec.

Buoyancy assessment:
The effluent density is less than the surrounding ambient water
density at the discharge level.
Therefore, the effluent is POSITIVELY BUOYANT and will tend to rise towards

the surface.

Stratification assessment:

The specified ambient density stratification is dynamically important.
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The discharge near field flow is trapped within the linearly stratified

ambient density layer.

UPSTREAM INTRUSION SUMMARY:
Plume exhibits upstream intrusion due to low ambient velocity or strong

discharge buoyancy.

Intrusion length = 243.13m
Intrusion stagnation point = -166.94 m
Intrusion thickness = 6.48m

Intrusion half width at impingement = 496.66 m

Intrusion half thickness at impingement = 4.27 m

PLUME BANK CONTACT SUMMARY::
Plume in unbounded section contacts nearest bank at 3677.10 m downstream.
*hkhkkhkhkkhkhkkhhkhkkhkhkhhhhhihhihkx TOXIC DILUTION ZONE SUMMARY *hhkkkhkkkhhkhkhkhkhkhhkhhhihikhhkiik

No TDZ was specified for this simulation.

et e e REGULATORY MIXING ZONE SUMMARY

No RMZ and no ambient water quality standard have been specified.
FrFFkF AR R F AR A xxx*F* FINAL DESIGN ADVICE AND COMMENTS *Hskokdorkdkddkdokddkdrsx
CORMIX2 uses the TWO-DIMENSIONAL SLOT DIFFUSER CONCEPT to represent
the actual three-dimensional diffuser geometry. Thus, it approximates
the details of the merging process of the individual jets from each
port/nozzle.
In the present design, the spacing between adjacent ports/nozzles
(or riser assemblies) is of the order of, or less than, the local

water depth so that the slot diffuser approximation holds well.

Nevertheless, if this is a final design, the user is advised to use a

final CORMIX1 (single port discharge) analysis, with discharge data
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for an individual diffuser jet/plume, in order to compare to

the present near-field prediction.

DIFFUSER DESIGN DETAILS: Because of the alternating arrangement
of the opposing nozzles/ports, the AVERAGE VERTICAL ANGLE (THETA)
has been set to 90 deg. This represents a ZERO NET HORIZONTAL

MOMENTUM FLUX for the entire diffuser.

REMINDER: The user must take note that HYDRODYNAMIC MODELING by any known
technique is NOT AN EXACT SCIENCE.
Extensive comparison with field and laboratory data has shown that the
CORMIX predictions on dilutions and concentrations (with associated
plume geometries) are reliable for the majority of cases and are accurate
to within about +-50% (standard deviation).
As a further safeguard, CORMIX will not give predictions whenever it judges

the design configuration as highly complex and uncertain for prediction.

CORMIX2 PREDICTION FILE:

22222222222222222222222222222222222222222222222222222222222222222222222222222222222
222222222222

CORMIX MIXING ZONE EXPERT SYSTEM
Subsystem CORMIX2: Multiport Diffuser Discharges
CORMIX Version 6.0GTS

HYDRO2 Version 6.0.0.0 October 2009

CASE DESCRIPTION

Site name/label: port valdez
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Design case:  APRIL
FILE NAME: C:\Program Files\CORMIX 6.0\Sample Files\Sample2.prd

Time stamp: Fri Oct 1 15:39:25 2010

ENVIRONMENT PARAMETERS (metric units)

Unbounded section

HA = ©57.00 HD = 57.00
UA = 0.035F = 0.024 USTAR =0.1917E-02
UW = 2.000 UWSTAR=0.2198E-02

Density stratified environment
STRCND= A RHOAM = 1024.8000

RHOAS =1024.3000 RHOAB = 1025.3000 RHOAHO0=1025.2649 E =0.1678E-03

DIFFUSER DISCHARGE PARAMETERS (metric units)
Diffuser type: DITYPE= alternating_perpendicular

BANK = RIGHT DISTB= 2028.95 YB1 = 2000.00 YB2 = 2057.91

LD 57.91 NOPEN= 20 SPAC = 3.05

DO 0.115A0 = 0.010H0O = 200 SUBO = 55.00

Nozzle/port arrangement: alternating_with_fanning

GAMMA = 90.00 THETA= 90.00 SIGMA= 0.00 BETA = 90.00
Uo = 5103Q0 = 1.060 =0.1060E+01

RHOO =1020.7000 DRHOO0 =0.4565E+01 GPO =0.4366E-01

CO =0.1000E+03 CUNITS= %

IPOLL= 1 KS =0.0000E+00 KD =0.0000E+0Q0

FLUX VARIABLES - PER UNIT DIFFUSER LENGTH (metric units)
g0 =0.1830E-01 m0 =0.9340E-01 j0 =0.7992E-03 SIGNJO= 1.0
Associated 2-d length scales (meters)

IQ=B = 0.004IM = 1082 Im = 76.24
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Imp = 8221Ibp = 7171a = 270

FLUX VARIABLES - ENTIRE DIFFUSER (metric units)

Q0 =0.1060E+01 MO =0.5409E+01 JO =0.4628E-01
Associated 3-d length scales (meters)

LQ = 010LM = 1649 Lm = 6645 Lb = 1079.49

Lmp = 1340 Lbp = 12.08

NON-DIMENSIONAL PARAMETERS
FRO = 407.71 FRDO = 7201 R = 14579 PL = 25.60

(slot) (port/nozzle)

RECOMPUTED SOURCE CONDITIONS FOR ALTERNATING JETS OR RISER GROUPS:

Momentum fluxes: mO =0.9340E-01 MO =0.5409E+01

IQ=B = 0.004 IM 1082 Im = 76.24 Imp = 8.22

LQ = 0456LM

1649 Lm = 66.45 Lmp = 13.40

Properties of riser group with 1 ports/nozzles each:

Uo = 5103D0 = 0115A0 = 0.010THETA= 90.00
FRO = 407.71 FRDO = 7201 R = 145.79
(slot) (riser group)

FLOW CLASSIFICATION
222222222222222222222222222222222222222222
2 Flow class (CORMIX2) = MS3 2

2 Applicable layer depth HS = 57.00 2

222222222222222222222222222222222222222222

MIXING ZONE / TOXIC DILUTION / REGION OF INTEREST PARAMETERS

CO0 =0.1000E+03 CUNITS= %
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NTOX =0
0

NSTD

REGMZ = 0
XINT = 5700.00 XMAX = 5700.00

X-Y-Z COORDINATE SYSTEM:

ORIGIN is located at the bottom and the diffuser mid-point:

2028.95 m from the RIGHT bank/shore.

X-axis points downstream, Y-axis points to left, Z-axis points upward.

NSTEP = 20 display intervals per module

BEGIN MOD101: DISCHARGE MODULE (SINGLE PORT AT DIFFUSER CENTER)

X Y Z S C BV BH Uc TT

0.00 0.00 200 100.100E+03 0.06 0.06 5.103 .00000E+00

END OF MOD101: DISCHARGE MODULE (SINGLE PORT AT DIFFUSER CENTER)

BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION

Jet-like motion in linear stratification with weak crossflow.

Zone of flow establishment: THETAE= 89.84 SIGMAE= 0.00

LE = 05 XE = 000 YE = 000ZE = 256

Profile definitions:

BV = Gaussian 1/e (37%) half-width, in vertical plane normal to trajectory
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BH = before merging: Gaussian 1/e (37%) half-width in horizontal plane

normal to trajectory

after merging: top-hat half-width in horizontal plane

parallel to diffuser line

S = hydrodynamic centerline dilution

C = centerline concentration (includes reaction effects, if any)

Uc = Local centerline excess velocity (above ambient)

TT = Cumulative travel time

X

Y

4

S C BV

Individual jet/plumes before merging:

0.00 0.00 2.56

0.00 0.00 2.56

185 0.00 5.59

574 0.00 6.05

9.64 0.00 6.31

BH

1.0 0.100E+03 0.06

1.0 0.100E+03 0.06

7.8 0.129E+02 0.51

Uc

0.06

0.06

0.51

1480.678E+01 091 0091

21.9 0.457E+01 1.29

1.29

TT

5.103

5.103

0.780

0.420

0.289

Merging of individual jet/plumes to form plane jet/plume:

12.11

17.47

21.38

25.29

29.20

33.11

37.02

40.94

44.85

48.77

52.68

56.60

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

6.47

6.77

6.99

7.21

7.44

7.66

7.88

8.09

8.29

8.48

8.67

8.84

34.6 0.289E+01

41.0 0.244E+01

45.3 0.221E+01

49.3 0.203E+01

53.0 0.189E+01

56.6 0.177E+01

60.1 0.166E+01

63.4 0.158E+01

66.6 0.150E+01

69.7 0.144E+01

72.6 0.138E+01

75.50.132E+01

191

2.54

2.98

341

3.83

4.24

4.65

5.05

5.45

5.85

6.24

6.62

30.87

31.49

31.93

32.36

32.78

33.20

33.61

34.01

34.41

34.80

35.19

35.58

0.171

0.147

0.135

0.126

0.118

0.112

0.107

0.102

0.098

0.094

0.091

0.088

.00000E+00

.50053E-03

.26540E+01

.94101E+01

19779E+02

.28080E+02

.55906E+02

.18234E+02

.10199E+03

.12700E+03

.15316E+03

.18038E+03

.20854E+03

.23764E+03

.26761E+03

.29837E+03

.32996E+03
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60.51 0.00 899 78.20.128E+01 7.00 35.96

6443 0.00 9.12 80.90.124E+01 7.38 36.33

68.35 0.00 9.24 83.40.120E+01 7.74 36.70

7227 0.00 9.34 85.80.117E+01 8.09 37.05

76.18 0.00 9.41 88.00.114E+01 8.43 37.39

Terminal level in stratified ambient has been reached.

Cumulative travel time = 498.6501 sec

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION

0.085

0.082

0.080

0.078

0.076

.36228E+03

.39536E+03

42912E+03

46359E+03

.49865E+03

BEGIN MOD236: TERMINAL LAYER IMPINGEMENT/UPSTREAM SPREADING

Vertical angle of layer/boundary impingement = 0.8

Horizontal angle of layer/boundary impingement = 0.00 deg

UPSTREAM INTRUSION PROPERTIES:

Maximum elevation of jet/plume rise = 13.40m
Layer thickness in impingement region = 6.48 m
Upstream intrusion length = 243.13m

X-position of upstream stagnation point = -166.94 m

Thickness in intrusion region = 648m
Half-width at downstream end = 496.66 m
Thickness at downstream end = 427m

Control volume inflow:

X Y Z S C BV BH TT

8 deg

76.18 0.00 941 88.00.114E+01 8.43 37.39 .49865E+03
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Profile definitions:
BV = top-hat thickness, measured vertically
BH = top-hat half-width, measured horizontally in y-direction
ZU = upper plume boundary (Z-coordinate)
ZL = lower plume boundary (Z-coordinate)
S = hydrodynamic average (bulk) dilution
C =average (bulk) concentration (includes reaction effects, if any)

TT = Cumulative travel time

X Y Z S C BY BH zZUu ZL TT
-166.94 0.00 9.41 9999.9 0.000E+00 0.00 0.00 9.41 9.41 .75938E+04
-157.12  0.00 9.41 34950.286E+00 1.63 70.24 10.22 8.59 .49865E+03
-108.95 0.00 9.41 14550.687E+00 3.92 170.61 11.37 7.45 .49865E+03
-60.79 0.00 9.41 110.6 0.904E+00 5.16 230.83 11.99 6.83 .49865E+03
-12.63 0.00 9.41 96.10.104E+01 5.94 278.31 12.38 6.44 .49865E+03
3554 0.00 941 89.60.112E+01 6.37 318.79 12.59 6.22 .49865E+03
83.70 0.00 9.41 88.20.113E+01 6.48 45455 12.65 6.17 .71341E+03
131.86 0.00 9.41 97.50.103E+01 6.08 464.21 12.45 6.37 .20895E+04
180.02 0.00 9.41 1142 0.875E+00 5.37 473.12 12.09 6.72 .34656E+04
228.19 0.00 9.41 128.50.778E+00 4.77 481.44 11.79 7.02 .48417E+04
276.35 0.00 9.41 136.20.734E+00 4.44 489.26 11.63 7.19 .62177E+04
32451 0.00 9.41 140.10.714E+00 4.27 496.66 11.54 7.27 .75938E+04

Cumulative travel time = 7593.8188 sec

END OF MOD236: TERMINAL LAYER IMPINGEMENT/UPSTREAM SPREADING

** End of NEAR-FIELD REGION (NFR) **

BEGIN MOD242: BUOYANT TERMINAL LAYER SPREADING
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Profile definitions:

BV = top-hat thickness, measured vertically

BH = top-hat half-width, measured horizontally in y-direction

ZU = upper plume boundary (Z-coordinate)

ZL = lower plume boundary (Z-coordinate)

S = hydrodynamic average (bulk) dilution

C = average (bulk) concentration (includes reaction effects, if any)

TT = Cumulative travel time

Plume Stage 1 (not bank attached):

X Y Z
32451 0.00
492.14 0.00
659.77 0.00
827.40 0.00
995.03 0.00
1162.66  0.00
1330.29 0.00
1497.92 0.00
1665.55 0.00
1833.18 0.00
2000.81 0.00
2168.44 0.00
2336.07 0.00
2503.70 0.00
2671.32 0.00
2838.95 0.00

3006.58 0.00

S

C BV

9.41 140.10.714E+00

9.41 150.8 0.663E+00

9.41 158.50.631E+00

9.41 164.8 0.607E+00

9.41 170.4 0.587E+00

9.41

9.41

9.41

9.41

9.41

9.41

9.41

9.41

9.41

9.41

9.41

9.41

175.5 0.570E+00

180.5 0.554E+00

185.3 0.540E+00

190.1 0.526E+00

194.9 0.513E+00

199.8 0.500E+00

204.8 0.488E+00

209.9 0.476E+00

215.0 0.465E+00

220.3 0.454E+00

225.7 0.443E+00

231.3 0.432E+00

BH

4.27

3.49

3.06

2.79

2.60

2.45

2.34

2.26

2.19

2.13

2.08

2.04

2.01

1.99

1.96

1.95

1.93

ZU

496.66

654.99

783.71

894.60

993.34

1083.17

1166.18

1243.82

1317.11

1386.83

1453.60

1517.86

1580.02

1640.37

1699.18

1756.65

1812.96

ZL

TT

1154 7.27

11.15 7.67

10.94 7.88

10.80 8.01

10.71 8.11

10.64

10.58

10.54

10.50

10.47

10.45

10.43

10.41

10.40

10.39

10.38

10.37

8.18

8.24

8.28

8.32

8.34

8.37

8.39

8.40

8.42

8.43

8.43

8.44

.75938E+04

.12383E+05

A7173E+05

.21962E+05

.26751E+05

.31541E+05

.36330E+05

41120E+05

.45909E+05

.50699E+05

.55488E+05

.60277E+05

.65067E+05

.69856E+05

.74646E+05

.79435E+05

.84224E+05
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3174.21

0.00 9.41 236.90.422E+00 1.92 1868.26 10.37

3341.84 0.00 9.41 242.70.412E+00 1.91 1922.68 10.36

3509.47 0.00 9.41 248.50.402E+00 1.90 1976.34 10.36

3677.10 0.00 9.41 25450.393E+00 1.90 2029.31 10.36

Cumulative travel time =

103382.0234 sec

8.45

8.45

8.46

8.46

.89014E+05

.93803E+05

.98593E+05

.10338E+06

Plume is ATTACHED to RIGHT bank/shore.

Plume width is now determined from RIGHT bank/shore.

Plume Stage 2 (bank attached):

X Y Z

3677.10 -2028.95

3778.25 -2028.95

3879.39 -2028.95

3980.54 -2028.95

4081.68 -2028.95

4182.83 -2028.95

4283.97 -2028.95

4385.12 -2028.95

4486.26 -2028.95

4587.41 -2028.95

4688.55 -2028.95

4789.70 -2028.95

4890.84 -2028.95

4991.99 -2028.95

5093.13 -2028.95

5194.28 -2028.95

5295.42 -2028.95

S

9.41

9.41

9.41

9.41

9.41

941

941

9.41

9.41

9.41

9.41

9.41

9.41

9.41

9.41

9.41

941

C BV

254.5 0.393E+00

257.5 0.388E+00

260.5 0.384E+00

263.5 0.380E+00

266.5 0.375E+00

269.4 0.371E+00

272.4 0.367E+00

275.4 0.363E+00

278.3 0.359E+00

281.3 0.356E+00

284.2 0.352E+00

287.2 0.348E+00

290.1 0.345E+00

293.1 0.341E+00

296.0 0.338E+00

298.9 0.335E+00

301.9 0.331E+00

BH

ZU

1.90

191

1.92

1.93

1.94

1.95

1.96

1.97

1.98

1.99

2.00

2.00

2.01

2.02

2.03

2.04

2.05

ZL

4057.91

4082.79

4107.81

4132.95

4158.21

4183.59

4209.09

4234.69

4260.41

4286.22

4312.14

4338.15

4364.25

4390.44

4416.72

4443.09

4469.53

TT

10.36

10.36

10.37

10.37

10.38

10.38

10.39

10.39

10.40

10.40

10.41

10.41

10.41

10.42

10.42

10.43

10.43

8.46

8.45

8.45

8.44

8.44

8.43

8.43

8.42

8.42

8.41

8.41

8.41

8.40

8.40

8.39

8.39

8.39

.10338E+06

.10627E+06

.10916E+06

.11205E+06

.11494E+06

.11783E+06

.12072E+06

.12361E+06

.12650E+06

.12939E+06

.13228E+06

.13517E+06

.13806E+06

.14095E+06

.14384E+06

.14673E+06

.14962E+06
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5396.57 -2028.95 9.41 304.8 0.328E+00 2.05 4496.05 10.43 8.38 .15251E+06
5497.71 -2028.95 9.41 307.7 0.325E+00 2.06 4522.65 10.44 8.38 .15540E+06
5598.86 -2028.95 9.41 310.7 0.322E+00 2.07 4549.32 10.44 8.37 .15829E+06
5700.00 -2028.95 9.41 313.6 0.319E+00 2.08 4576.07 10.45 8.37 .16118E+06

Cumulative travel time = 161179.1562 sec

Simulation limit based on maximum specified distance = 5700.00 m.

This is the REGION OF INTEREST limitation.

END OF MOD242: BUOYANT TERMINAL LAYER SPREADING

CORMIX2: Multiport Diffuser Discharges ~ End of Prediction File

22222222222222222222222222222222222222222222222222222222222222222222222222222222222
222222222222

-EOAPMOI'H AAA Municipal Treatment Plant
CORMIX SESSION REPORT:

,9,0.9.9,9,9,9,0,9.9,9,9,9,9,0.9,.9,9,9,9,0.9.9,9,9,0,9,0.9,9,9,9.9,0,0.9,9,9,0,9,0.9.9,9,9,0,0.0.9,9,9,9,9,0,0,9.¢
XXXAXX XXX XXX XXX XXXXXX

CORMIX MIXING ZONE EXPERT SYSTEM
CORMIX Version 6.0GTS

HYDRO2:Version-6.0.0.0 October,2009

SITE NAME/LABEL.: AAA
DESIGN CASE: WINTER
FILE NAME: C:\Program Files\CORMIX 6.0\Sample Files\Sample2.prd

Using subsystem CORMIX2:  Multiport Diffuser Discharges

Start of session: 10/01/2010--17:45:20

B e L e e e S e S S S S 2 2 S 2 e 2 2

SUMMARY OF INPUT DATA:
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AMBIENT PARAMETERS:

Cross-section
Average depth
Depth at discharge

Ambient velocity

Darcy-Weisbach friction factor F

Wind velocity
Stratification Type
Surface density

Bottom density

= unbounded
HA =2420m
HD =2420m
UA =0.009 m/s
=0.025
UW =3mis
STRCND = A

RHOAS =1026 kg/m"3

RHOAB =1027.1000 kg/m~3

DISCHARGE PARAMETERS:

Diffuser type
Diffuser length
Nearest bank
Diffuser endpoints
Number of openings
Number of Risers

Ports/Nozzles per Riser

LD

Submerged Multiport Diffuser Discharge

DITYPE = unidirectional perpendicular

=100 m
=right
YB1 =8333m; YB2=183.33m

NOPEN =41
NRISER =41

NPPERR =1

Spacing between risers/openings SPAC =2.5m

Port/Nozzle diameter
with contraction ratio
Equivalent slot width
Total area of openings
Discharge velocity
Total discharge flowrate
Discharge port height

Nozzle arrangement

DO =03m
=1
BO =0.0290m
TAO =2.8981 m"2
U0 =1.04m/s
Q0 =3m"3/s
HO =03m

BETYPE = unidirectional without fanning



Diffuser alignment angle GAMMA =90 deg
Vertical discharge angle THETA =0deg
Actual Vertical discharge angle THEAC =0 deg
Horizontal discharge angle ~ SIGMA =0 deg

Relative orientation angle BETA =90 deg

Discharge density RHOO =994 kg/m"3
Density difference DRHO =33.0864 kg/m"3
Buoyant acceleration GP0 =0.3159 m/s"2

Discharge concentration CO0 =100 mg/l
Surface heat exchange coeff. KS =0m/s

Coefficient of decay KD =01/s

FLUX VARIABLES PER UNIT DIFFUSER LENGTH:
Discharge (volume flux) g0 =0.03m"2/s
Momentum flux m0  =0.031055 m"3/s"2

Buoyancy flux j0 =0.009477 m"3/s"3

DISCHARGE/ENVIRONMENT LENGTH SCALES:
LQ =0.03m Lm =383.39m LM =0.69m
Im'=4.15m Lb'=10.16 m La =0.43m

(These refer to the actual discharge/environment length scales.)

NON-DIMENSIONAL PARAMETERS:
Slot Froude number FRO =10.82
Port/nozzle Froude number FRDO =3.36

Velocity ratio R =115.02

MIXING ZONE / TOXIC DILUTION ZONE / AREA OF INTEREST PARAMETERS:

Toxic discharge =yes
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CMC concentration CMC =5mgl/l

CCC concentration CCC =0mg/l

Water quality standard specified = given by CCC value
Regulatory mixing zone = yes

Regulatory mixing zone specification = width

Regulatory mixing zone value =400 m (m"2 if area)

Region of interest =3000m

HYDRODYNAMIC CLASSIFICATION:

* *

| FLOW CLASS =MS8|

* *

This flow configuration applies to a layer corresponding to the linearly
stratified density layer at the discharge site.
Applicable layer depth = water depth = 24.20 m

*hkkhkkkhkkhhkhkkhhkkhhkhkhhkkhhhkhhkkhkhhkrhkhhhkkhhkkhkrhkhkhhkhhrhhrhhhhrhhhhkhhhirhrhhirhhhhrhkhihhihkiiixkx

MIXING ZONE EVALUATION (hydrodynamic and regulatory summary):

X-Y-Z Coordinate system:
Origin is located at the bottom below the port center:
133.33 m from the right bank/shore.

Number of display steps NSTEP = 20 per module.

NEAR-FIELD REGION (NFR) CONDITIONS :

Note: The NFR is the zone of strong initial mixing. It has no regulatory
implication. However, this information may be useful for the discharge
designer because the mixing in the NFR is usually sensitive to the

discharge design conditions.
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Pollutant concentration at NFR edge ¢ = 1.4342 mg/l

Dilution at edge of NFR $=69.7
NFR Location: x =5204.35 m
(centerline coordinates) y=0m
z=18.30m

NFR plume dimensions: half-width (bh) = 19374.29 m
thickness (bv) = 1.23 m

Cumulative travel time: 101.6131 sec.

Buoyancy assessment:
The effluent density is less than the surrounding ambient water

density at the discharge level.

Therefore, the effluent is POSITIVELY BUOYANT and will tend to rise towards

the surface.

Stratification assessment:
The specified ambient density stratification is dynamically important.
The discharge near field flow is trapped within the linearly stratified

ambient density layer.

Weak contact/interaction of the discharge plume with one bank/shore occurs

within the NFR.

UPSTREAM INTRUSION SUMMARY:
Plume exhibits upstream intrusion due to low ambient velocity or strong

discharge buoyancy.

Intrusion length = 13987.66 m
Intrusion stagnation point =0m
Intrusion thickness =0m
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Intrusion half width at impingement = Om

Intrusion half thickness at impingement = 0 m

The REGION OF INTEREST (ROI) specification occurs before the near-field
mixing (NFR) regime has been completed. Specification of ROl is highly

restrictive.

PLUME BANK CONTACT SUMMARY:

Plume in unbounded section contacts nearest bank at 0 m downstream.

*hkhkhkhkhkhkhkhhhkhkkihkhkhkhkhkhkhhiik TOXIC DILUTION ZONE SUMMARY *hhkhkhkhkhkhkhhhkhkkhkhkhkhkhkhkhhhiik

Recall: The TDZ corresponds to the three (3) criteria issued in the USEPA
Technical Support Document (TSD) for Water Quality-based Toxics Control,
1991 (EPA/505/2-90-001).

Criterion maximum concentration (CMC) =5 mg/I

Corresponding dilution =20

The CMC was encountered at the following plume position:
Plume location: X=7.93m

(centerline coordinates) y=0m
z=6.17Tm
Plume dimension: half-width (bh) = 4.93 m

thickness (bv) = 1.27 m

Computed distance from port opening to CMC location = 9.87 m.
CRITERION 1: This location is within 50 times the discharge length scale of
Lg=0.27 m.

+++++ The discharge length scale TEST for the TDZ has been SATISFIED. ++++++

Computed horizontal distance from port opening to CMC location = 7.93 m.

CRITERION 2: This location is within 5 times the ambient water depth of
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HD =24.20 m.

++++++++++ The ambient depth TEST for the TDZ has been SATISFIED. ++++++++++

Computed distance from port opening to CMC location = 9.87 m.
CRITERION 3: This location is within one tenth the distance of the extent
of the Regulatory Mixing Zone of 3681.90 m in any
spatial direction from the port opening.

+++++ The Regulatory Mixing Zone TEST for the TDZ has been SATISFIED. ++++++

The diffuser discharge velocity is equal to 1.04 m/s.

This is below the value of 3.0 m/s recommended in the TSD.

*** All three CMC criteria for the TDZ are SATISFIED for this discharge. ***

FFAAS AT I A IAFIFFIRHAF REGULATORY MIXING ZONE SUMMARY

*hkhkhkhkhkhkhkhhkhkkhkkikhkhkhkhkhkhkhiik

The plume conditions at the boundary of the specified RMZ are as follows:

Pollutant concentration ¢ =1.436802 mg/l
Corresponding dilution $=69.6
Plume location: X =-3681.85m
(centerline coordinates) y=0m
z=18.30m

Plume dimensions:  half-width (bh) = 200 m
thickness (bv) = 109.27 m
Cumulative travel time < 101.6131 sec. (RMZ is within NFR)
At this position, the plume is CONTACTING the RIGHT bank.
However, the CCC for the toxic pollutant was not encountered within the

predicted plume region.

Regulatory Mixing Zone Analysis:

The RMZ specification occurs before the near-field mixing regime (NFR) has
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been completed. The specification of the RMZ is highly restrictive.
FrkFAF A AR AR AxFx xR EINAL DESIGN ADVICE AND COMMENTS *sakdasbddhadokdhdrsx
CORMIX2 uses the TWO-DIMENSIONAL SLOT DIFFUSER CONCEPT to represent

the actual three-dimensional diffuser geometry. Thus, it approximates

the details of the merging process of the individual jets from each

port/nozzle.
In the present design, the spacing between adjacent ports/nozzles

(or riser assemblies) is of the order of, or less than, the local

water depth so that the slot diffuser approximation holds well.

Nevertheless, if this is a final design, the user is advised to use a
final CORMIX1 (single port discharge) analysis, with discharge data
for an individual diffuser jet/plume, in order to compare to

the present near-field prediction.

REMINDER: The user must take note that HYDRODYNAMIC MODELING by any known
technique is NOT AN EXACT SCIENCE.
Extensive comparison with field and laboratory data has shown that the
CORMIX predictions on dilutions and concentrations (with associated
plume geometries) are reliable for the majority of cases and are accurate
to within about +-50% (standard deviation).
As a further safeguard, CORMIX will not give predictions whenever it judges
the design configuration as highly complex and uncertain for prediction.
CORMIX2 PREDICTION FILE:

22222222222222222222222222222222222222222222222222222222222222222222222222222222222
222222222222

CORMIX MIXING ZONE EXPERT SYSTEM
Subsystem CORMIX2: Multiport Diffuser Discharges
CORMIX Version 6.0GTS
HYDRO?2 Version 6.0.0.0 October 2009
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CASE DESCRIPTION

Site name/label: AAA

Design case: ~ WINTER

FILE NAME: C:\Program Files\CORMIX 6.0\Sample Files\Sample2.prd

Time stamp: Fri Oct 1 17:45:20 2010

ENVIRONMENT PARAMETERS (metric units)

Unbounded section

HA = 2420 HD = 24.20
UA = 0.009F = 0.025USTAR =0.5031E-03
UW = 3.000 UWSTAR=0.3377E-02

Density stratified environment

STRCND= A RHOAM = 1026.5500

RHOAS =1026.0000 RHOAB =1027.1000 RHOAHO0=1027.0863 E =0.4340E-03

DIFFUSER DISCHARGE PARAMETERS (metric units)
Diffuser type:  DITYPE= unidirectional_perpendicular
BANK = RIGHT DISTB= 133.33 YB1 = 83.33 YB2 = 183.33

LD 100.00 NOPEN = 41  SPAC = 250

DO 0.300A0 = 0.071HO = 0.30 SUBO = 23.90

Nozzle/port arrangement: unidirectional_without_fanning

GAMMA = 90.00 THETA= 0.00 SIGMA= 0.00 BETA = 90.00
Uo = 1.035Q0 = 3.000 =0.3000E+01

RHOO = 994.0000 DRHOO0 =0.3309E+02 GPO =0.3159E+00

CO =0.1000E+03 CUNITS= mg/I

IPOLL= 1 KS =0.0000E+00 KD =0.0000E+0Q0
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FLUX VARIABLES - PER UNIT DIFFUSER LENGTH (metric units)

g0 =0.3000E-01 mO0 =0.3105E-01 j0 =0.9477E-02 SIGNJO= 1.0

Associated 2-d length scales (meters)

IQ=B = 0.029IM = 069 Im = 383.39

Imp = 415 1bp = 1016 1la = 043

FLUX VARIABLES - ENTIRE DIFFUSER (metric units)

Q0 =0.3000E+01 MO =0.3105E+01 JO =0.9477E+00
Associated 3-d length scales (meters)

LQ = 027 LM = 240 Lm = 19580 Lb = 99999.00

Lmp = 9.20 Lbp = 17.99

NON-DIMENSIONAL PARAMETERS
FRO = 1082 FRDO = 336 R = 11502 PL = 19.75

(slot) (port/nozzle)

RECOMPUTED SOURCE CONDITIONS FOR RISER GROUPS:

Properties of riser group with 1 ports/nozzles each:

Uo = 1035D0 = 0300A0 = 0.071THETA= 0.00
FRO = 10.82 FRDO = 336 R = 115.02
(slot) (riser group)

FLOW CLASSIFICATION

222222222222222222222222222222222222222222

2 Flow class (CORMIX2) = MS8 2
2 Applicable layer depth HS = 24.20 2

222222222222222222222222222222222222222222

MIXING ZONE / TOXIC DILUTION / REGION OF INTEREST PARAMETERS
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CO =0.1000E+03 CUNITS= mg/l

NTOX =1 CMC =0.5000E+01 CCC = CSTD
NSTD =1 CSTD =0.0000E+00

REGMZ =1

REGSPC= 2 XREG = 0.00 WREG

400.00 AREG = 0.00

XINT = 3000.00 XMAX = 3000.00

X-Y-Z COORDINATE SYSTEM:
ORIGIN is located at the bottom and the diffuser mid-point:
133.33 m from the RIGHT bank/shore.
X-axis points downstream, Y-axis points to left, Z-axis points upward.

NSTEP = 20 display intervals per module

BEGIN MOD101: DISCHARGE MODULE (SINGLE PORT AT DIFFUSER CENTER)

X Y Z S C BV BH Uc TT

0.00 000 030 100.100E+03 0.15 0.15 1.026 .00000E+00

END OF MOD101: DISCHARGE MODULE (SINGLE PORT AT DIFFUSER CENTER)

BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION

Plume-like motion in linear stratification with weak crossflow.

Zone of flow establishment: THETAE= 0.00 SIGMAE= 0.00

LE = 149 XE = 149 YE = 000ZE = 0.30
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Profile definitions:

BV = Gaussian 1/e (37%) half-width, in vertical plane normal to trajectory

BH = before merging: Gaussian 1/e (37%) half-width in horizontal plane
normal to trajectory

after merging: top-hat half-width in horizontal plane

parallel to diffuser line

S = hydrodynamic centerline dilution

C = centerline concentration (includes reaction effects, if any)

Uc = Local centerline excess velocity (above ambient)

TT = Cumulative travel time

X Y 4 S C BV BH Uc TT
Individual jet/plumes before merging:
149 0.00 030 1.00.100E+03 0.15 0.15 1.026 .00000E+00
149 0.00 030 1.00.100E+03 0.15 0.15 1.026 .47918E-02
3.08 0.00 113 270.371E+02 0.37 0.37 0.768 .19475E+01
430 0.00 252 6.00.167E+02 0.60 0.60 0.641 .45897E+01
554 0.00 3.89 10.30.973E+01 0.83 0.83 0.567 .76413E+01
6.86 0.00 5.20 15.30.653E+01 1.07 1.07 0.513 .11057E+02
Merging of individual jet/plumes to form plane jet/plume:
** CMC HAS BEEN FOUND **
The pollutant concentration in the plume falls below CMC value of 0.500E+01
in the current prediction interval.
This is the extent of the TOXIC DILUTION ZONE.
794 0.00 6.18 26.30.381E+01 1.57 51.57 0.339 .13951E+02
9.73 0.00 754 30.30.330E+01 1.73 51.73 0.354 .20289E+02
11.29 0.00 855 33.80.296E+01 1.92 5192 0.356 .25412E+02
12.87 0.00 951 37.20.269E+01 2.12 52.12 0.353 .30528E+02

1448 0.00 10.44 40.50.247E+01 2.35 52.35 0.348 .35700E+02

242



16.11

17.74

19.39

21.06

22.75

24.44

26.17

27.90

Level of buoyancy reversal in stratified ambient.

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

11.34

12.20

13.04

13.86

14.63

15.37

16.07

16.72

43.9 0.228E+01 2.59

47.20.212E+01 2.84

50.4 0.198E+01 3.11

53.6 0.187E+01 3.40

56.6 0.177E+01 3.68

59.30.169E+01 3.97

61.8 0.162E+01 4.25

64.1 0.156E+01 4.53

29.66 0.00 17.31 66.20.151E+01 4.81

3144 0.00 17.84 68.00.147E+01 5.08

33.23 0.00 18.30 69.70.143E+01 5.35

Cumulative travel time =

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION

101.6131 sec

52.59

52.84

53.11

53.40

53.68

53.97

54.25

54.53

54.81

55.08

55.35

0.341

0.334

0.325

0.316

0.308

0.299

0.290

0.282

0.274

0.266

0.258

40976E+02

46337E+02

.51823E+02

S57474E+02

.63258E+02

.69203E+02

.75337E+02

.81623E+02

.88115E+02

94770E+02

.10161E+03

BEGIN MOD236: TERMINAL LAYER IMPINGEMENT/UPSTREAM SPREADING

Vertical angle of layer/boundary impingement

= 13.15deg

Horizontal angle of layer/boundary impingement =

Because of VERY SMALL ambient velocity, BUOYANT SPREADING REGION becomes

0.00 deg

EXCESSIVELY LARGE, greatly exceeding the region of interest.

NO STEADY-STATE BEHAVIOR likely for this case.

END OF MOD236: TERMINAL LAYER IMPINGEMENT/UPSTREAM SPREADING

PROGRAM STOPS!

** End of NEAR-FIELD REGION (NFR) **
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At the end of the NFR, the plume POSITION EXCEEDS SPECIFIED LIMITS
for the regulatory mixing zone (RMZ) and/or the region of interest (ROI).
Specifications may be overly restrictive.
Use larger ROI values in subsequent iteration!

SIMULATION ENDS.

In this design case, the diffuser is located CLOSE TO BANK/SHORE.

Some boundary interaction occurs at end of near-field.
This may be related to a design case with a VERY LOW AMBIENT VELOCITY.
The dilution values in one or more of the preceding zones may be too high.

Carefully evaluate results in near-field and check degree of interaction.

Consider locating outfall further away from bank or shore.

** REGULATORY MIXING ZONE BOUNDARY is within the Near-Field Region **
In this prediction interval the TOTAL plume width meets or exceeds

the regulatory value = 400.00 m.

This is the extent of the REGULATORY MIXING ZONE.

CORMIX2: Multiport Diffuser Discharges End of Prediction File

22222222222222222222222222222222222222222222222222222222222222222222222222222222222
222222222222

CORMIX SESSION REPORT:

0:9.9,9,9.9,0,9.9,9,0.9,9,0.9,9,0.9.9,0,9.9,0.9:9,0.9.9,0,9.9,9,9.9,9.0.9:9,0.9,.9,0.0,.9,0,0:9.0,9.9,0,9.9,9,0.9,0,¢
XXX XXX XXX XXX XXX XXX XX

CORMIX MIXING ZONE EXPERT SYSTEM
CORMIX Version 6.0GTS
HYDRO2:Version-6.0.0.0 October,2009

SITE NAME/LABEL: AAA
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DESIGN CASE:

FILE NAME:

SUMMER

C:\Program Files\CORMIX 6.0\Sample Files\Sample2.prd

Using subsystem CORMIX2:  Multiport Diffuser Discharges

Start of session:

*hkkkkkhkkhhkhkkhhkhhkhkhhkkhkhhkhhkhkhhkrhkhkhkhkhhkhirhkkhhkhkhhkihkhkkhhkhhhihhkhhkihhkhhhhihkkhkhhkihkhkhhkihkhkihkix

10/01/2010--17:59:46

SUMMARY OF INPUT DATA:

AMBIENT PARAMETERS:

Cross-section
Average depth
Depth at discharge

Ambient velocity

= unbounded
HA =2420m
HD =2420m

UA =0.009 m/s

Darcy-Weisbach friction factor F =0.025

Wind velocity
Stratification Type
Surface density
Bottom density

Stratification height

UW =3mis

STRCND =B

RHOAS =1022.7 kg/m"3
RHOAB =1024.9000 kg/m”3

HINT =12.5m (pycnocline level)

Density below pycnocline RHOAP =1024.9000 kg/m”3

DISCHARGE PARAMETERS: Submerged Multiport Diffuser Discharge

Diffuser type
Diffuser length
Nearest bank

Diffuser endpoints

Number of openings

Number of Risers

DITYPE = unidirectional perpendicular
LD =100m
= right
YB1 =83.33m; YB2=183.33m
NOPEN =41

NRISER =41

Ports/Nozzles per Riser NPPERR =1

Spacing between risers/openings SPAC =2.5m
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Port/Nozzle diameter DO =03m

with contraction ratio =1
Equivalent slot width BO =0.0290 m
Total area of openings TAO =2.8981 m"2
Discharge velocity U0 =1.04m/s
Total discharge flowrate Q0 =3m"3/s

Discharge port height HO =03m

Nozzle arrangement BETYPE = unidirectional without fanning

Diffuser alignment angle GAMMA =90 deg
Vertical discharge angle THETA =0deg
Actual Vertical discharge angle THEAC =0 deg
Horizontal discharge angle ~ SIGMA =0 deg

Relative orientation angle BETA =090 deg

Discharge density RHOO =994 kg/m"3
Density difference DRHO =30.9000 kg/m"3
Buoyant acceleration GP0 =0.2957 m/s"2
Discharge concentration CO0 =100 mg/l

Surface heat exchange coeff. KS =0m/s

Coefficient of decay KD =01/s

FLUX VARIABLES PER UNIT DIFFUSER LENGTH:

Discharge (volume flux) g0 =0.03m"2/s
Momentum flux mO0 = 0.031055 m~3/s"2

Buoyancy flux jo =0.008870 m"3/s"3

DISCHARGE/ENVIRONMENT LENGTH SCALES:
LQ =0.03m Lm =383.39m LM =0.72m

Im'=99999 m Lb'=99999 m La =99999 m

(These refer to the actual discharge/environment length scales.)
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NON-DIMENSIONAL PARAMETERS:
Slot Froude number FRO =11.18
Port/nozzle Froude number FRDO =3.48

Velocity ratio R =115.02

MIXING ZONE / TOXIC DILUTION ZONE / AREA OF INTEREST PARAMETERS:

Toxic discharge =yes
CMC concentration CMC =5mgl/l
CCC concentration CCC =0mg/l

Water quality standard specified = given by CCC value
Regulatory mixing zone =yes

Regulatory mixing zone specification = width

Regulatory mixing zone value =400 m (m"2 if area)
Region of interest =3000 m

Fhkkhkkhkhhkkhhkkkhhkkhhkhkhhkkhkhhhhkkhkhhkihkkhhhkkrhkhkkhhhhhrhkhdhhhhhhhhhhhhrhhihkrhhirhihhirhhhhiikiixk

HYDRODYNAMIC CLASSIFICATION:

* *

| FLOW CLASS =MULV |

* *

This flow configuration applies to a layer corresponding to lower stratified
density layer at the discharge site. The density jump at the pycnocline
confines the flow to the lower layer.

Applicable layer depth = lower layer depth = 12.5m

*hkkkkhhkkhhkhkhhkkhhkhkhhkkhkhhihkhhhkihkhhhkrhkhrhhkhhrhrhhrhhhhrhhdhrhhrhrhhrhhhhihkiirhihkiiixkx

MIXING ZONE EVALUATION (hydrodynamic and regulatory summary):

X-Y-Z Coordinate system:
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Origin is located at the bottom below the port center:
133.33 m from the right bank/shore.

Number of display steps NSTEP = 20 per module.

NEAR-FIELD REGION (NFR) CONDITIONS :

Note: The NFR is the zone of strong initial mixing. It has no regulatory
implication. However, this information may be useful for the discharge
designer because the mixing in the NFR is usually sensitive to the
discharge design conditions.

Pollutant concentration at NFR edge ¢ =2.5503 mg/I

Dilution at edge of NFR §=39.2
NFR Location: X =5377.79 m
(centerline coordinates) y=0m
z=10.18m

NFR plume dimensions: half-width (bh) = 27249.41 m
thickness (bv) =0.49 m

Cumulative travel time: 33.1155 sec.

Buoyancy assessment:
The effluent density is less than the surrounding ambient water
density at the discharge level.
Therefore, the effluent is POSITIVELY BUOYANT and will tend to rise towards

the surface.

Stratification assessment:
The specified two layer ambient density stratification is dynamically
important. The discharge near field flow will be confined to the lower
layer by the ambient density stratification.

Furthermore, it is trapped at the pycnocline by the ambient density
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jump.

Weak contact/interaction of the discharge plume with one bank/shore occurs

within the NFR.

UPSTREAM INTRUSION SUMMARY:
Plume exhibits upstream intrusion due to low ambient velocity or strong

discharge buoyancy.

Intrusion length = 37999.62 m
Intrusion stagnation point =0m
Intrusion thickness =0m
Intrusion half width at impingement = 0m

Intrusion half thickness at impingement = 0 m

The REGION OF INTEREST (ROI) specification occurs before the near-field
mixing (NFR) regime has been completed. Specification of ROI is highly

restrictive.

PLUME BANK CONTACT SUMMARY:

Plume in unbounded section contacts nearest bank at 0 m downstream.
FFFAASAF A A IAKARAF R TOXIC DILUTION ZONE SUMMARY  #sbkaisbdoiokdosdodorkrx
Recall: The TDZ corresponds to the three (3) criteria issued in the USEPA

Technical Support Document (TSD) for Water Quality-based Toxics Control,

1991 (EPA/505/2-90-001).

Criterion maximum concentration (CMC) =5 mg/I
Corresponding dilution =20
The CMC was encountered at the following plume position:

Plume location: x=814m

(centerline coordinates) y=0m
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2=6.23m
Plume dimension: half-width (bh) = 4.16 m

thickness (bv) = 1.27 m

Computed distance from port opening to CMC location = 10.07 m.
CRITERION 1: This location is within 50 times the discharge length scale of
Lg=0.27 m.

+++++ The discharge length scale TEST for the TDZ has been SATISFIED. ++++++

Computed horizontal distance from port opening to CMC location = 8.14 m.
CRITERION 2: This location is within 5 times the ambient water depth of
HD =24.20 m.

++++++++++ The ambient depth TEST for the TDZ has been SATISFIED. ++++++++++

Computed distance from port opening to CMC location = 10.07 m.
CRITERION 3: This location is within one tenth the distance of the extent
of the Regulatory Mixing Zone of 2623.30 m in any
spatial direction from the port opening.

+++++ The Regulatory Mixing Zone TEST for the TDZ has been SATISFIED. ++++++

The diffuser discharge velocity is equal to 1.04 m/s.

This is below the value of 3.0 m/s recommended in the TSD.

*** All three CMC criteria for the TDZ are SATISFIED for this discharge. ***

FAFAAS ARSI RHIx AR REGULATORY MIXING ZONE SUMMARY

*khkkhkkhkhhkkhkhkkhhkkhkhkhkkikkikhhkikk

The plume conditions at the boundary of the specified RMZ are as follows:

Pollutant concentration ¢ =2.562744 mg/l
Corresponding dilution $=39.0
Plume location: X =-2623.28 m
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(centerline coordinates) y=0m
z=10.18 m
Plume dimensions:  half-width (bh) =200 m
thickness (bv) = 35.16 m
Cumulative travel time < 33.1155 sec. (RMZ is within NFR)
At this position, the plume is CONTACTING the RIGHT bank.
However, the CCC for the toxic pollutant was not encountered within the

predicted plume region.

Regulatory Mixing Zone Analysis:
The RMZ specification occurs before the near-field mixing regime (NFR) has
been completed. The specification of the RMZ is highly restrictive.
FkkFdAFAF IR K AxFx*A* FEINAL DESIGN ADVICE AND COMMENTS *sarkorskddkakdokddkdrix
CORMIX2 uses the TWO-DIMENSIONAL SLOT DIFFUSER CONCEPT to represent
the actual three-dimensional diffuser geometry. Thus, it approximates
the details of the merging process of the individual jets from each
port/nozzle.
In the present design, the spacing between adjacent ports/nozzles
(or riser assemblies) is of the order of, or less than, the local

water depth so that the slot diffuser approximation holds well.

Nevertheless, if this is a final design, the user is advised to use a
final CORMIX1 (single port discharge) analysis, with discharge data
for an individual diffuser jet/plume, in order to compare to

the present near-field prediction.

REMINDER: The user must take note that HYDRODYNAMIC MODELING by any known
technique is NOT AN EXACT SCIENCE.

Extensive comparison with field and laboratory data has shown that the
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CORMIX predictions on dilutions and concentrations (with associated
plume geometries) are reliable for the majority of cases and are accurate
to within about +-50% (standard deviation).
As a further safeguard, CORMIX will not give predictions whenever it judges
the design configuration as highly complex and uncertain for prediction.
CORMIX2 PREDICTION FILE:

22222222222222222222222222222222222222222222222222222222222222222222222222222222222
222222222222

CORMIX MIXING ZONE EXPERT SYSTEM
Subsystem CORMIX2: Multiport Diffuser Discharges
CORMIX Version 6.0GTS

HYDRO2 Version 6.0.0.0 October 2009

CASE DESCRIPTION

Site name/label: AAA

Design case: SUMMER

FILE NAME: C:\Program Files\CORMIX 6.0\Sample Files\Sample2.prd

Time stamp: Fri Oct 1 17:59:46 2010

ENVIRONMENT PARAMETERS (metric units)

Unbounded section

HA = 2420 HD = 2420
UA = 0.009F = 0.025USTAR =0.5031E-03
uw = 3.000 UWSTAR=0.3377E-02

Density stratified environment
STRCND= B RHOAM = 1023.8364
RHOAS =1022.7000 RHOAB = 1024.9000 RHOAHO0=1024.9000 E =0.0000E+00

DRHOJ= 22000 HINT = 1250 ES =0.1684E-02
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DIFFUSER DISCHARGE PARAMETERS (metric units)

Diffuser type:  DITYPE= unidirectional_perpendicular

BANK = RIGHT DISTB= 133.33 YB1 = 83.33 YB2 = 183.33

LD = 100.00 NOPEN= 41 SPAC = 250
DO = 0300A0 = 0.071HO0 = 0.30 SUBO = 23.90

Nozzle/port arrangement: unidirectional_without_fanning

GAMMA = 90.00 THETA= 0.00 SIGMA= 0.00 BETA = 90.00

Uuo = 1.035Q0 = 3.000 =0.3000E+01
RHOO = 994.0000 DRHOO =0.3090E+02 GPO =0.2957E+00
CO =0.1000E+03 CUNITS= mg/l

IPOLL= 1 KS =0.0000E+00 KD =0.0000E+00

FLUX VARIABLES - PER UNIT DIFFUSER LENGTH (metric units)

q0 =0.3000E-01 mO =0.3105E-01 j0 =0.8870E-02 SIGNJO= 1.0
Associated 2-d length scales (meters)

IQ=B = 0.029IM = 072 Im = 383.39

Imp = 99999.00 lbp = 99999.00 la = 99999.00

FLUX VARIABLES - ENTIRE DIFFUSER (metric units)

Q0 =0.3000E+01 MO =0.3105E+01 JO =0.8870E+00
Associated 3-d length scales (meters)

LQ = 027 LM = 248 Lm = 19580 Lb = 99999.00

Lmp = 99999.00 Lbp = 99999.00

NON-DIMENSIONAL PARAMETERS

FRO = 1118 FRDO = 348 R = 11502 PL = 19.32

(slot) (port/nozzle)

RECOMPUTED SOURCE CONDITIONS FOR RISER GROUPS:

253



Properties of riser group with 1 ports/nozzles each:

Uo = 1035D0 = 0.300A0 = 0.0721THETA= 0.00
FRO = 11.18 FRDO = 348 R = 115.02
(slot) (riser group)

FLOW CLASSIFICATION
222222222222222222222222222222222222222222
2 Flowclass (CORMIX2) = MU1V 2

2 Applicable layer depth HS = 12.50 2

222222222222222222222222222222222222222222

MIXING ZONE / TOXIC DILUTION / REGION OF INTEREST PARAMETERS
CO =0.1000E+03 CUNITS= mg/l

NTOX =1 CMC =0.5000E+01 CCC = CSTD
NSTD =1 CSTD =0.0000E+00

REGMZ =1

REGSPC= 2 XREG = 0.00 WREG = 400.00 AREG = 0.00

XINT = 3000.00 XMAX = 3000.00

X-Y-Z COORDINATE SYSTEM:
ORIGIN is located at the bottom and the diffuser mid-point:
133.33 m from the RIGHT bank/shore.

X-axis points downstream, Y-axis points to left, Z-axis points upward.

NSTEP = 20 display intervals per module

BEGIN MOD101: DISCHARGE MODULE (SINGLE PORT AT DIFFUSER CENTER)
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0.00 000 030 100.100E+03 0.15 0.15 1.026 .00000E+00

END OF MOD101: DISCHARGE MODULE (SINGLE PORT AT DIFFUSER CENTER)

BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION

Jet/plume transition motion in weak crossflow.

Zone of flow establishment: THETAE= 0.00 SIGMAE= 0.00

LE = 149 XE = 149 YE = 000ZE = 0.30

Profile definitions:

BV = Gaussian 1/e (37%) half-width, in vertical plane normal to trajectory

BH = before merging: Gaussian 1/e (37%) half-width in horizontal plane
normal to trajectory

after merging: top-hat half-width in horizontal plane

parallel to diffuser line

S = hydrodynamic centerline dilution

C = centerline concentration (includes reaction effects, if any)

Uc = Local centerline excess velocity (above ambient)

TT = Cumulative travel time

X Y Z S C BV BH Uc TT

Individual jet/plumes before merging:
149 000 030 1.00.100E+03 0.15 0.15 1.026 .00000E+00
149 000 030 1.00.100E+03 0.15 0.15 1.026 .50090E-02
226 0.00 0.47 1.40.705E+02 0.24 0.24 0.951 .70510E+00

291 0.00 092 230436E+02 0.34 0.34 0.786 .16327E+01
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3.47

4.01

454

5.08

5.63

6.19

6.77

7.35

7.94

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

1.49

2.08

2.68

3.27

3.85

4.42

4.98

5.52

6.05

3.50.289E+02 0.44

4.9 0.206E+02 0.54

6.5 0.155E+02 0.64

8.20.122E+02 0.74

10.1 0.989E+01 0.83

12.1 0.824E+01 0.93

14.30.700E+01 1.03

16.50.605E+01 1.12

18.9 0.529E+01 1.22

0.44

0.54

0.64

0.74

0.83

0.93

1.03

1.12

1.22

0.707

0.655

0.615

0.583

0.558

0.536

0.517

0.500

0.485

Merging of individual jet/plumes to form plane jet/plume:

** CMC HAS BEEN FOUND **

The pollutant concentration in the plume falls below CMC value of 0.500E+01

in the current prediction interval.

This is the extent of the TOXIC DILUTION ZONE.

.26984E+01

.38627E+01

.51209E+01

.64404E+01

.718245E+01

.92677E+01

.10780E+02

12329E+02

.13927E+02

8.15 0.00 6.24 26.40.379E+01 1.57 5157 0.340 .14496E+02

9.18 0.00 7.07 28.70.348E+01 1.63 51.63 0.355 .18227E+02

9.82 0.00 754 30.20.331E+01 1.69 51.69 0.361 .20408E+02

10.48

11.14

11.80

12.48

13.15

13.82

Cumulative travel time =

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION

0.00

0.00

0.00

0.00

0.00

0.00

8.00

8.44

8.89

9.32

9.76

10.18 39.20.255E+01 2.12 52.12 0.374 .33116E+02

31.7 0.316E+01

33.2 0.302E+01

34.7 0.288E+01

36.2 0.276E+01

37.7 0.265E+01

1.75

1.82

1.89

1.97

2.04

33.1155 sec

51.75

51.82

51.89

51.97

52.04

0.365

0.368

0.370

0.372

0.373

.22560E+02

.24691E+02

.26808E+02

.28933E+02

.31031E+02

BEGIN MOD232: LAYER BOUNDARY IMPINGEMENT/UPSTREAM SPREADING
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Vertical angle of layer/boundary impingement =  32.44 deg

Horizontal angle of layer/boundary impingement =  0.00 deg

Because of VERY SMALL ambient velocity, BUOYANT SPREADING REGION becomes

EXCESSIVELY LARGE, greatly exceeding the region of interest.

NO STEADY-STATE BEHAVIOR likely for this case. PROGRAM STOPS!

END OF MOD232: LAYER BOUNDARY IMPINGEMENT/UPSTREAM SPREADING

** End of NEAR-FIELD REGION (NFR) **

At the end of the NFR, the plume POSITION EXCEEDS SPECIFIED LIMITS
for the regulatory mixing zone (RMZ) and/or the region of interest (ROI).
Specifications may be overly restrictive.
Use larger ROI values in subsequent iteration!

SIMULATION ENDS.

In this design case, the diffuser is located CLOSE TO BANK/SHORE.

Some boundary interaction occurs at end of near-field.
This may be related to a design case with a VERY LOW AMBIENT VELOCITY.
The dilution values in one or more of the preceding zones may be too high.

Carefully evaluate results in near-field and check degree of interaction.

Consider locating outfall further away from bank or shore.

** REGULATORY MIXING ZONE BOUNDARY is within the Near-Field Region **
In this prediction interval the TOTAL plume width meets or exceeds

the regulatory value = 400.00 m.

This is the extent of the REGULATORY MIXING ZONE.
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CORMIX2: Multiport Diffuser Discharges ~ End of Prediction File

22222222222222222222222222222222222222222222222222222222222222222222222222222222222

222222222222

CORMIX SESSION REPORT:

0:9.9,9,9.9,9.9.9,9.0.9.9,0.9,9,0.9.9.0,9:9,0.9.9,0.9.9,0,9.9,9,9.9,9.0.9:9,0.9,.9,0.9,.9,0,9.9,0,9.9,0,0.9,.9,0.9,0.¢

) 9.9.90.0.90.9.0.0.9.9.9.9.90.0.0.0.0.0.0 4
CORMIX MIXING ZONE EXPERT SYSTEM
CORMIX Version 6.0GTS

HYDRO2:Version-6.0.0.0 October,2009

SITE NAME/LABEL: PPP
DESIGN CASE: 03
FILE NAME: C:\Program Files\CORMIX 6.0\Sample Files\Sample2.prd

Using subsystem CORMIX2:  Multiport Diffuser Discharges
Start of session: 10/11/2010--17:46:04

B e R S R S R S R R S 2 S S S S 2 S 2 S S 2 2 2

SUMMARY OF INPUT DATA:

AMBIENT PARAMETERS:

Cross-section = bounded
Width BS =2500m
Channel regularity ICHREG =2
Ambient flowrate QA =750 m"3/s
Average depth HA =10m
Depth at discharge HD =10m
Ambient velocity UA =0.03mis

Darcy-Weisbach friction factor F = 0.025
Wind velocity UW =3mis

Stratification Type STRCND =U
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Surface temperature

Bottom temperature

=15degC

=15degC

Calculated FRESH-WATER DENSITY values:

Surface density

Bottom density

RHOAS =999.1011 kg/m"3

RHOAB =999.1011 kg/m"3

DISCHARGE PARAMETERS:

Diffuser type
Diffuser length
Nearest bank
Diffuser endpoints
Number of openings
Number of Risers

Ports/Nozzles per Riser

Submerged Multiport Diffuser Discharge

DITYPE = staged perpendicular

LD =300m

= right

YB1 =1000m; YB2=1300m

NOPEN =31
NRISER =31
NPPERR =1

Spacing between risers/openings SPAC =10 m

Port/Nozzle diameter
with contraction ratio
Equivalent slot width
Total area of openings
Discharge velocity
Total discharge flowrate
Discharge port height
Nozzle arrangement
Diffuser alignment angle

Vertical discharge angle

DO =09m

=1

BO =0.0657m

TAO =19.7213 m"2

uUo =1.52m/s
Q0 =30 m"3/s
HO =0.5m

BETYPE = staged
GAMMA =90 deg

THETA =0 deg

Actual Vertical discharge angle THEAC =0 deg

Horizontal discharge angle

Relative orientation angle

SIGMA =90 deg

BETA =0deg

Discharge temperature (freshwater) =35 degC
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Corresponding density RHOO0 =994.0294 kg/m"3
Density difference DRHO =5.0716 kg/m"3
Buoyant acceleration GPO =0.0498 m/s"2
Discharge concentration C0 =20deg.C

Surface heat exchange coeff. KS =0m/s

Coefficient of decay KD =01/s

FLUX VARIABLES PER UNIT DIFFUSER LENGTH:

Discharge (volume flux) g0 =0.1m"2/s
Momentum flux mO0  =0.152119 m~3/s"2
Buoyancy flux j0 =0.004978 m"3/s"3

DISCHARGE/ENVIRONMENT LENGTH SCALES:
LQ =0.07m Lm =169.02 m LM =521m
Im'=99999 m Lb'=99999 m La =99999 m

(These refer to the actual discharge/environment length scales.)

NON-DIMENSIONAL PARAMETERS:
Slot Froude number FRO =26.59
Port/nozzle Froude number FRDO =7.19

Velocity ratio R =50.71

MIXING ZONE / TOXIC DILUTION ZONE / AREA OF INTEREST PARAMETERS:

Toxic discharge =no
Water quality standard specified  =no
Regulatory mixing zone =yes

Regulatory mixing zone specification = width
Regulatory mixing zone value =12.5m (m"2 if area)

Region of interest = 25000 m
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*hkkhkhhkkhhkhkhhkhhkhkkhhkkkhhkhhkhkhhkihkhkkhhkhhkhkrhkhkhhkihhkhhkhhhkhhkhhkhihkkhkhhkihkhkhhkkihhkhhkihkkhihkihkikhixk

HYDRODYNAMIC CLASSIFICATION:

* *

| FLOW CLASS =MUS5 |

* *

This flow configuration applies to a layer corresponding to the full water

depth at the discharge site.

Applicable layer depth = water depth =10 m

R R S R R R S R S R S 2 S S S S S S S e

MIXING ZONE EVALUATION (hydrodynamic and regulatory summary):

X-Y-Z Coordinate system:
Origin is located at the bottom below the port center:
1150 m from the right bank/shore.

Number of display steps NSTEP = 20 per module.

NEAR-FIELD REGION (NFR) CONDITIONS :

Note: The NFR is the zone of strong initial mixing. It has no regulatory
implication. However, this information may be useful for the discharge
designer because the mixing in the NFR is usually sensitive to the
discharge design conditions.

Pollutant concentration at NFR edge ¢ =1.722 deg.C

Dilution at edge of NFR s=116
NFR Location: X =556.56 m
(centerline coordinates) y =1080 m
z=10m

NFR plume dimensions: half-width (bh) = 646.10 m

thickness (bv) = 1.80 m
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Cumulative travel time: 23721.6875 sec.

Buoyancy assessment:
The effluent density is less than the surrounding ambient water
density at the discharge level.
Therefore, the effluent is POSITIVELY BUOYANT and will tend to rise towards

the surface.

Near-field instability behavior:
The diffuser flow will experience instabilities with full vertical mixing
in the near-field.

There may be benthic impact of high pollutant concentrations.

FAR-FIELD MIXING SUMMARY:
Plume becomes vertically fully mixed WITHIN NEAR-FIELD at0 m
downstream, but RE-STRATIFIES LATER and is not mixed in the far-field.
Plume becomes laterally fully mixed at 822.28 m

downstream.

PLUME BANK CONTACT SUMMARY:

Plume in bounded section contacts nearest bank at 556.56 m downstream.

Plume contacts second bank at 822.28 m downstream.
FkkFAFFFFIF K I I FIFAXFXE TOXIC DILUTION ZONE SUMMARY  FxFksdskkdokkodkddkdokdokdkkkor®
No TDZ was specified for this simulation.

FAFAAS ARSI RHIx AR REGULATORY MIXING ZONE SUMMARY

*khkkhkkhkhhkkhkhkkhhkkhkhkhkkikkikhhkikk

The plume conditions at the boundary of the specified RMZ are as follows:

Pollutant concentration € =4.643524 deg.C
Corresponding dilution s=4.3
Plume location: Xx=0m
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(centerline coordinates) y=-105m
z=118m
Plume dimensions:  half-width (bh) =6.25 m
thickness (bv) = 8.33 m

Cumulative travel time < 23721.6875 sec. (RMZ is within NFR)

Regulatory Mixing Zone Analysis:
The RMZ specification occurs before the near-field mixing regime (NFR) has

been completed. The specification of the RMZ is highly restrictive.

*hkhkhkhkhkhkhkhkhkhhkhkkhkkhkhkhkhkikikx FINAL DESIGN ADVICE AND COMMENTS *hkhkhkhkhhhkhkkhkkhkhkhkhkhkhkhiiikik

CORMIX2 uses the TWO-DIMENSIONAL SLOT DIFFUSER CONCEPT to represent
the actual three-dimensional diffuser geometry. Thus, it approximates
the details of the merging process of the individual jets from each
port/nozzle.
In the present design, the spacing between adjacent ports/nozzles
(or riser assemblies) is of the order of, or less than, the local

water depth so that the slot diffuser approximation holds well.

Nevertheless, if this is a final design, the user is advised to use a
final CORMIX1 (single port discharge) analysis, with discharge data
for an individual diffuser jet/plume, in order to compare to

the present near-field prediction.

REMINDER: The user must take note that HYDRODYNAMIC MODELING by any known
technique is NOT AN EXACT SCIENCE.

Extensive comparison with field and laboratory data has shown that the
CORMIX predictions on dilutions and concentrations (with associated
plume geometries) are reliable for the majority of cases and are accurate

to within about +-50% (standard deviation).
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As a further safeguard, CORMIX will not give predictions whenever it judges
the design configuration as highly complex and uncertain for prediction.

CORMIX2 PREDICTION FILE:

22222222222222222222222222222222222222222222222222222222222222222222222222222222222
222222222222

CORMIX MIXING ZONE EXPERT SYSTEM
Subsystem CORMIX2: Multiport Diffuser Discharges

CORMIX Version 6.0GTS

HYDRO2 Version 6.0.0.0 October 2009

CASE DESCRIPTION
Site name/label: PPP
Design case: 03

FILE NAME: C:\Program Files\CORMIX 6.0\Sample Files\Sample2.prd

Time stamp: Mon Oct 11 17:46:05 2010

ENVIRONMENT PARAMETERS (metric units)

Bounded section

BS = 2500.00 AS = 25000.00 QA = 750.00 ICHREG=2

HA = 10.00 HD = 10.00
UA = 0.030F = 0.025USTAR =0.1677E-02
UW = 3.000 UWSTAR=0.3377E-02

Uniform density environment

STRCND= U RHOAM = 999.1011

DIFFUSER DISCHARGE PARAMETERS (metric units)

Diffuser type: DITYPE= staged_perpendicular

BANK = RIGHT DISTB= 1150.00 YB1 = 1000.00 YB2 = 1300.00
LD = 300.00 NOPEN= 31 SPAC = 10.00
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DO = 0900A0 = 0636H0 = 050 SUBO = 9.50

Nozzle/port arrangement: staged

GAMMA = 90.00 THETA= 0.00 SIGMA= 90.00 BETA =

Uuo = 1521Q0 = 30.000 =0.3000E+02
RHOO = 994.0294 DRHOO0 =0.5072E+01 GPO =0.4978E-01
CO =0.2000E+02 CUNITS= deg.C

IPOLL= 1 KS =0.0000E+00 KD =0.0000E+00

FLUX VARIABLES - PER UNIT DIFFUSER LENGTH (metric units)

g0 =0.1000E+00 m0 =0.1521E+00 j0 =0.4978E-02 SIGNJO=
Associated 2-d length scales (meters)
IQ=B = 0.066IM = 521 Im = 169.02

Imp = 99999.00 Ibp = 99999.00 la = 99999.00

FLUX VARIABLES - ENTIRE DIFFUSER (metric units)

Q0 =0.3000E+02 MO =0.4564E+02 JO =0.1493E+01
Associated 3-d length scales (meters)

LQ = 080 LM = 1437 Lm = 22518 Lb = 55311.47

Lmp = 99999.00 Lbp = 99999.00

NON-DIMENSIONAL PARAMETERS
FRO = 2659 FRDO = 719 R = 5071 PL = 17.93

(slot) (port/nozzle)

FLOW CLASSIFICATION
22222222222222222222222222222222222222222?2
2 Flowclass (CORMIX2) = MU5 2

2 Applicable layer depth HS = 10.00 2

0.00

1.0
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222222222222222222222222222222222222222222

MIXING ZONE / TOXIC DILUTION / REGION OF INTEREST PARAMETERS

CO =0.2000E+02 CUNITS= deg.C

NTOX =0
NSTD =0
REGMZ =1

REGSPC= 2 XREG = 0.00 WREG = 1250 AREG = 0.00

XINT = 25000.00 XMAX = 25000.00

X-Y-Z COORDINATE SYSTEM:
ORIGIN is located at the bottom and the diffuser mid-point:

1150.00 m from the RIGHT bank/shore.

X-axis points downstream, Y-axis points to left, Z-axis points upward.

NSTEP = 20 display intervals per module

BEGIN MOD202: DISCHARGE MODULE (STAGED DIFFUSER)

Due to complex near-field motions: EQUIVALENT SLOT DIFFUSER (2-D) GEOMETRY

Profile definitions:
BV = Gaussian 1/e (37%) half-width, in vertical plane normal to trajectory
BH = Gaussian 1/e (37%) half-width in horizontal plane normal to trajectory
S = hydrodynamic centerline dilution
C = centerline concentration (includes reaction effects, if any)
Uc = Local centerline excess velocity (above ambient)

TT = Cumulative travel time
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X Y Z S C Bv BH Uc TT

0.00 -150.00 0.50 1.00.200E+02 0.45 045 1.521 .00000E+00

END OF MOD202: DISCHARGE MODULE (STAGED DIFFUSER)

BEGIN MOD274: ACCELERATION ZONE OF STAGED DIFFUSER

In this laterally contracting zone the diffuser plume becomes VERTICALLY FULLY
MIXED over the entire layer depth (HS = 10.00m).
Full mixing is achieved after a plume distance of about five

layer depths from the diffuser.

Profile definitions:
BV = layer depth (vertically mixed)
BH = Gaussian 1/e (37%) half-width in horizontal plane normal to trajectory
ZU = upper plume boundary (Z-coordinate)
ZL = lower plume boundary (Z-coordinate)
S = hydrodynamic centerline dilution
C = centerline concentration (includes reaction effects, if any)

TT = Cumulative travel time

X Y z S C BV BH TT

0.00 -150.00 0.50 1.00.200E+02 0.00 0.00 .00000E+00

0.00 -135.00 0.73 3.00.666E+01 3.00 2.25.72971E+02

0.00 -120.00 0.95 3.80.522E+01 6.00 4.50 .14594E+03
** REGULATORY MIXING ZONE BOUNDARY is within the Near-Field Region **
In this prediction interval the TOTAL plume width meets or exceeds

the regulatory value = 12.50 m.
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This is the extent of the REGULATORY MIXING ZONE.

0.00 -105.00 1.17 4.50.448E+01 9.00 6.75.21891E+03

0.00

0.00

0.00

0.00

0.00

0.00

-0.00

-0.00

-0.00

-0.00

-0.00

-0.00

-0.00

-0.00

-0.00

-0.00

-0.00

Cumulative travel time =

-90.00

-75.00

-60.00

-45.00

-30.00

-15.00

-0.00

15.00

30.00

45.00

60.00

75.00

90.00

105.00

120.00

135.00

150.00

1.40

1.62

1.85

2.08

2.30

2.53

2.75

2.97

3.20

3.42

3.65

3.88

4.10

4.32

4.55

4,78

5.00

5.0 0.400E+01 10.00

5.5 0.365E+01 10.00

5.9 0.339E+01 10.00

6.2 0.324E+01 10.00

6.2 0.324E+01 10.00

6.2 0.324E+01 10.00

6.2 0.324E+01 10.00

6.2 0.324E+01 10.00

6.2 0.324E+01 10.00

6.2 0.324E+01 10.00

6.2 0.324E+01 10.00

6.2 0.324E+01 10.00

6.2 0.324E+01 10.00

6.2 0.324E+01 10.00

6.2 0.324E+01 10.00

6.2 0.324E+01 10.00

6.2 0.324E+01 10.00

1459.4196 sec

9.00 .29188E+03

11.25 .36485E+03

13.50 .43783E+03

15.75 .51080E+03

18.00 .58377E+03

20.25 .65674E+03

22.50 .72971E+03

24.75 .80268E+03

27.00 .87565E+03

29.25 .94862E+03

31.50 .10216E+04

33.75 .10946E+04

36.00 .11675E+04

38.25 .12405E+04

40.50 .13135E+04

42.75 .13864E+04

45.00 .14594E+04

Plume centerline may exhibit slight discontinuities in transition

to subsequent far-field module.

END OF MOD274: ACCELERATION ZONE OF STAGED DIFFUSER

BEGIN MOD252: DIFFUSER INDUCED PLUME IN WEAK CROSS-FLOW

Phase 1: Vertically mixed, Phase 2: Re-stratified
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Phase 1: The diffuser plume is VERTICALLY FULLY MIXED over the

entire layer depth.

This flow region is INSIGNIFICANT in spatial extent and will be by-passed.

Phase 2: The flow has RESTRATIFIED at the beginning of this zone.

Profile definitions:

BV = top-hat thickness, measured vertically

BH = Gaussian 1/e (37%) half-width in horizontal plane normal to trajectory

ZU = upper plume boundary (Z-coordinate)

ZL = lower plume boundary (Z-coordinate)

S = hydrodynamic centerline dilution

C = centerline concentration (includes reaction effects, if any)

TT = Cumulative travel time

X

-0.00

19.30

39.72

61.21

83.72

107.19

131.59

156.90

183.07

210.08

237.90

266.51

Y Z

150.00

196.50

243.00

289.50

336.00

382.50

429.00

475.50

522.00

568.50

615.00

661.50

S

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

Cc BV BH
6.2 0.324E+01 10.00
6.5 0.305E+01 4.47
6.9 0.290E+01 3.54
7.2 0.276E+01 3.08

7.6 0.264E+01 2.80

7.90.253E+01 2.61

8.2 0.244E+01 2.47
8.50.236E+01 2.36
8.8 0.228E+01 2.27
9.00.221E+01 2.20
9.30.215E+01 2.14

9.6 0.209E+01 2.09

TT

35.78 .14594E+04

89.59 .22314E+04

125.24 .30484E+04

157.50 .39079E+04

188.16 .48080E+04

217.92 .57470E+04

247.13 .67232E+04

275.98 .77353E+04

304.61 .87821E+04

333.10 .98625E+04

361.50 .10975E+05

389.85 .12120E+05
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295.89 708.00 10.00 9.80.204E+01 2.04 418.19 .13295E+05

326.03 754.50 10.00 10.00.199E+01 2.00 446.54 .14500E+05
356.89 801.00 10.00 10.30.194E+01 1.96 474.90.15735E+05
388.47 847.50 10.00 10.50.190E+01 1.93 503.30.16998E+05
420.75 894.00 10.00 10.7 0.186E+01 1.90 531.75 .18289E+05
453.71 940.50 10.00 11.00.182E+01 1.87 560.25 .19608E+05
487.34 987.00 10.00 11.20.179E+01 1.85 588.80.20953E+05
521.62 1033.50 10.00 11.40.175E+01 1.82 617.42 .22324E+05
556.56 1080.00 10.00 11.60.172E+01 1.80 646.10 .23722E+05

Cumulative travel time = 23721.6875 sec

END OF MOD252: DIFFUSER INDUCED PLUME IN WEAK CROSS-FLOW

** End of NEAR-FIELD REGION (NFR) **

Bank nearest to plume centerline has changed.

Nearest bank is now on LEFT.

The initial plume WIDTH values in the next far-field module will be
CORRECTED by a factor 2.19 to conserve the mass flux in the far-field!
The correction factor is quite large because of the small ambient velocity
relative to the strong mixing characteristics of the discharge!
This indicates localized RECIRCULATION REGIONS and internal hydraulic JUMPS.

Width predictions show discontinuities, dilution values should be acceptable.

In this design case, the diffuser is located CLOSE TO BANK/SHORE.
Some boundary interaction occurs at end of near-field.
This may be related to a design case with a VERY LOW AMBIENT VELOCITY.

The dilution values in one or more of the preceding zones may be too high.
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Carefully evaluate results in near-field and check degree of interaction.

Consider locating outfall further away from bank or shore.
In the next prediction module, the plume centerline will be set

to follow the bank/shore.

BEGIN MOD241: BUOYANT AMBIENT SPREADING

Plume is ATTACHED to LEFT bank/shore.

Plume width is now determined from LEFT bank/shore.

Profile definitions:
BV = top-hat thickness, measured vertically
BH = top-hat half-width, measured horizontally in y-direction
ZU = upper plume boundary (Z-coordinate)
ZL = lower plume boundary (Z-coordinate)

S = hydrodynamic average (bulk) dilution

C =average (bulk) concentration (includes reaction effects, if any)

TT = Cumulative travel time

Plume Stage 2 (bank attached):

X Y Z S C BY BH ZU ZL

556.56

569.84

583.13

596.42

609.70

622.99

636.28

1350.00

1350.00

1350.00

1350.00

1350.00

1350.00

1350.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

11.6 0.172E+01

11.7 0.171E+01

11.8 0.170E+01

11.9 0.169E+01

11.9 0.168E+01

12.0 0.167E+01

12.1 0.166E+01

6.63

6.49

6.37

6.25

6.14

6.04

5.94

1685.45

1731.98

1777.72

1822.73

1867.04

1910.67

1953.67

10.00

10.00

10.00

10.00

10.00

10.00

10.00

3.37

3.51

3.63

3.75

3.86

3.96

4.06

.23722E+05

.24148E+05

.24573E+05

.24999E+05

.25425E+05

.25851E+05

.26277E+05
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649.56

662.85

676.13

689.42

702.71

715.99

729.28

742.57

755.85

769.14

782.43

795.71

809.00

822.29

1350.00

1350.00

1350.00

1350.00

1350.00

1350.00

1350.00

1350.00

1350.00

1350.00

1350.00

1350.00

1350.00

1350.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

Cumulative travel time =

12.1 0.165E+01

12.2 0.164E+01

12.3 0.163E+01

12.3 0.162E+01

12.4 0.161E+01

12.5 0.160E+01

12.50.160E+01

12.6 0.159E+01

12.6 0.158E+01

12.7 0.158E+01

12.7 0.157E+01

12.8 0.156E+01

12.9 0.156E+01

12.9 0.155E+01

32238.6172 sec

5.85

5.76

5.68

5.60

5.52

5.45

5.38

5.31

5.25

5.19

5.13

5.07

5.01

4.96

1996.06

2037.86

2079.09

2119.79

2159.96

2199.64

2238.83

2277.55

2315.82

2353.66

2391.08

2428.09

2464.70

2500.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

4.15

4.24

4.32

4.40

4.48

4.55

4.62

4.69

4.75

481

4.87

4.93

4.99

5.04

.26703E+05

.27128E+05

.27554E+05

.27980E+05

.28406E+05

.28832E+05

.29258E+05

.29684E+05

.30109E+05

.30535E+05

.30961E+05

.31387E+05

.31813E+05

.32239E+05

Plume is LATERALLY FULLY MIXED at the end of the buoyant spreading regime.

END OF MOD241: BUOYANT AMBIENT SPREADING

BEGIN MOD261: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT

Vertical diffusivity (initial value) =0.702E-02 m"2/s

Horizontal diffusivity (initial value) = 0.176E-01 m"2/s

Profile definitions:

BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically

= or equal to layer depth, if fully mixed

BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width,
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measured horizontally in Y-direction

ZU = upper plume boundary (Z-coordinate)

ZL = lower plume boundary (Z-coordinate)

S = hydrodynamic centerline dilution

C = centerline concentration (includes reaction effects, if any)

TT = Cumulative travel time

Plume Stage 2 (bank attached):

X Y Z

S

Cc BV BH

U ZL

822.28 1350.00 10.00 12.9 0.155E+01 4.96 2500.00

2031.17 1350.00

3240.06 1350.00

4448.94 1350.00

5657.83 1350.00

6866.71 1350.00

8075.60 1350.00

9284.49 1350.00

10493.37 1350.00

11702.26 1350.00

12911.14 1350.00

14120.03 1350.00

15328.91 1350.00

16537.80 1350.00

17746.69 1350.00

18955.57 1350.00

20164.46 1350.00

21373.35 1350.00

22582.23 1350.00

23791.12 1350.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

12.9 0.155E+01

12.9 0.155E+01

12.9 0.155E+01

12.9 0.155E+01

12.9 0.155E+01

12.9 0.155E+01

12.9 0.155E+01

12.9 0.155E+01

12.9 0.155E+01

12.9 0.155E+01

12.9 0.155E+01

12.9 0.155E+01

12.9 0.155E+01

12.9 0.155E+01

12.9 0.155E+01

12.9 0.155E+01

12.9 0.155E+01

12.9 0.155E+01

12.9 0.155E+01

4.96

4.96

4.96

4.96

4.96

4.96

4.96

4.96

4.96

4.96

4.97

4.97

4.97

4.97

4.97

4.97

4.97

4.97

4.97

2500.00

2500.00

2500.00

2500.00

2500.00

2500.00

2500.00

2500.00

2500.00

2500.00

2500.00

2500.00

2500.00

2500.00

2500.00

2500.00

2500.00

2500.00

2500.00

TT

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

5.04

5.04

5.04

5.04

5.04

5.04

5.04

5.04

5.04

5.04

5.04

5.03

5.03

5.03

5.03

5.03

5.03

5.03

5.03

5.03

.32239E+05

.70985E+05

.10973E+06

.14848E+06

.18722E+06

.22597E+06

.26472E+06

.30346E+06

.34221E+06

.38096E+06

.41970E+06

.45845E+06

49719E+06

.53594E+06

57469E+06

.61343E+06

.65218E+06

.69093E+06

.712967E+06

.716842E+06
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25000.01 1350.00 10.00 12.9 0.155E+01 4.97 2500.00 10.00 5.03 .80717E+06

Cumulative travel time =  807165.3750 sec

Simulation limit based on maximum specified distance = 25000.00 m.

This is the REGION OF INTEREST limitation.

END OF MOD261: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT

CORMIX2: Multiport Diffuser Discharges ~ End of Prediction File

22222222222222222222222222222222222222222222222222222222222222222222222222222222222
222222222222

CORMIX SESSION REPORT:

):9,9,9,9,9.9,9,0.9.0.9.9,9,9.9,0,9.9,9,9.9,9,0.9,9.9.9,9,9.9.9,9.9.9,0,.0.9,0.9.9,0,0.9,0,0.9,0,9.9,0,9.9,9,0,9,0.¢
KXXX XXX XXX XXX XXKXXXKXX

CORMIX MIXING ZONE EXPERT SYSTEM
CORMIX Version 6.0GTS

HYDRO2:Version-6.0.0.0 October,2009

SITE NAME/LABEL: PPP
DESIGN CASE: 001
FILE NAME: C:\Program Files\CORMIX 6.0\Sample Files\Sample2.prd

Using subsystem CORMIX2:  Multiport Diffuser Discharges
Start of session: 10/11/2010--17:56:18

*hkkkkhhkkhhkhkkhhkhhkhkhhkkhkhhrhkhhhkrhkhhhkrhkhrhrkhhrhrhhrhhhhrhhdhkrhhirhrhhirhhhhihiirhihkiiixkt

SUMMARY OF INPUT DATA:

AMBIENT PARAMETERS:

Cross-section = bounded
Width BS =2500m
Channel regularity ICHREG =2
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Ambient flowrate
Average depth
Depth at discharge

Ambient velocity

QA =375m"3/s

HA =10m

HD =10m

UA =0.015m/s

Darcy-Weisbach friction factor F =0.025

Wind velocity
Stratification Type
Surface temperature

Bottom temperature

UW =3mis

STRCND =U
=15 degC
=15degC

Calculated FRESH-WATER DENSITY values:

Surface density RHOAS =999.1011 kg/m”3
Bottom density RHOAB =999.1011 kg/m"3
DISCHARGE PARAMETERS: Submerged Multiport Diffuser Discharge
Diffuser type DITYPE = staged perpendicular
Diffuser length LD =300m
Nearest bank =right
Diffuser endpoints YB1 =1000m; YB2=1300m
Number of openings NOPEN =31
Number of Risers NRISER = 31

Ports/Nozzles per Riser NPPERR =1

Spacing between risers/openings SPAC =10m

Port/Nozzle diameter DO =09m
with contraction ratio =1
Equivalent slot width BO =0.0657 m

Total area of openings TAO =19.7213 m"2
Discharge velocity Uo =152m/s
Total discharge flowrate Q0 =30 m"3/s

Discharge port height HO =05m
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Nozzle arrangement BETYPE = staged
Diffuser alignment angle GAMMA =90 deg
Vertical discharge angle THETA =0deg
Actual Vertical discharge angle THEAC =0 deg
Horizontal discharge angle  SIGMA =90 deg
Relative orientation angle BETA =0 deg

Discharge temperature (freshwater) = 35 degC

Corresponding density RHOO0 =994.0294 kg/m"3
Density difference DRHO =5.0716 kg/m"3
Buoyant acceleration GPO =0.0498 m/s"2

Discharge concentration C0 =20deg.C
Surface heat exchange coeff. KS =0m/s

Coefficient of decay KD =01/s

FLUX VARIABLES PER UNIT DIFFUSER LENGTH:

Discharge (volume flux) g0 =0.1m"2/s
Momentum flux m0 =0.152119 m"3/s"2
Buoyancy flux jo  =0.004978 m"3/s"3

DISCHARGE/ENVIRONMENT LENGTH SCALES:
LQ =0.07m Lm =676.09 m LM =521m

Im'=99999 m Lb'=99999 m La =99999 m

(These refer to the actual discharge/environment length scales.)

NON-DIMENSIONAL PARAMETERS:
Slot Froude number FRO =126.59
Port/nozzle Froude number FRDO =7.19

Velocity ratio R =10141
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MIXING ZONE / TOXIC DILUTION ZONE / AREA OF INTEREST PARAMETERS:

Toxic discharge =no
Water quality standard specified  =no
Regulatory mixing zone = yes

Regulatory mixing zone specification = width
Regulatory mixing zone value =12.5m (m"2 if area)

Region of interest = 25000 m

HYDRODYNAMIC CLASSIFICATION:

* *

| FLOW CLASS =MUS |

* *

This flow configuration applies to a layer corresponding to the full water
depth at the discharge site.
Applicable layer depth = water depth =10 m

Fhkkhkkhkhhkkhhkkkhhkkhhkhhhkkhkhhhhkkhkhhkhrhkkhhhkhhkkhrhkhhhkhhkrhhhhhhhrhhdhhhhihhhhhihkkhkhhihkhhhihkikhikix

MIXING ZONE EVALUATION (hydrodynamic and regulatory summary):

X-Y-Z Coordinate system:
Origin is located at the bottom below the port center:
1150 m from the right bank/shore.

Number of display steps NSTEP = 20 per module.

NEAR-FIELD REGION (NFR) CONDITIONS :

Note: The NFR is the zone of strong initial mixing. It has no regulatory
implication. However, this information may be useful for the discharge
designer because the mixing in the NFR is usually sensitive to the

discharge design conditions.
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Pollutant concentration at NFR edge ¢ =1.722 deg.C

Dilution at edge of NFR s=11.6
NFR Location: X =278.28m
(centerline coordinates) y =1080 m
z=10m

NFR plume dimensions: half-width (bh) = 657.44 m
thickness (bv) = 1.94 m

Cumulative travel time: 23721.6875 sec.

Buoyancy assessment:

The effluent density is less than the surrounding ambient water

density at the discharge level.

Therefore, the effluent is POSITIVELY BUOYANT and will tend to rise towards

the surface.

Near-field instability behavior:

The diffuser flow will experience instabilities with full vertical mixing

in the near-field.

There may be benthic impact of high pollutant concentrations.

FAR-FIELD MIXING SUMMARY':

Plume becomes vertically fully mixed WITHIN NEAR-FIELD at 0 m

downstream, but RE-STRATIFIES LATER and is not mixed in the far-field.

Plume becomes laterally fully mixed at 318.55 m

downstream.

PLUME BANK CONTACT SUMMARY:

Plume in bounded section contacts nearest bank at 278.28 m downstream.

Plume contacts second bank at 318.55 m downstream.
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*hkkkkkhkkhhkhkkhhkhkhkhkkhhkkikhhkikkik TOXIC DILUTION ZONE SUMMARY *kkhhkhkkhkkkhhkhkkihkkikhhkkihkhkkhkhkkikik

No TDZ was specified for this simulation.

rxE AN REGULATORY MIXING ZONE SUMMARY

*k*k * % *kk *

The plume conditions at the boundary of the specified RMZ are as follows:

Pollutant concentration € =4.643524 deg.C
Corresponding dilution s=43
Plume location: x=0m
(centerline coordinates) y=-105m
z=118m

Plume dimensions:  half-width (bh) = 6.25 m
thickness (bv) =8.33 m

Cumulative travel time < 23721.6875 sec. (RMZ is within NFR)

Regulatory Mixing Zone Analysis:
The RMZ specification occurs before the near-field mixing regime (NFR) has

been completed. The specification of the RMZ is highly restrictive.

ielakaialaiakaialalaiale **xx% FINAL DESIGN ADVICE AND COMMENTS #saskasidaiokioiddrtix
CORMIX2 uses the TWO-DIMENSIONAL SLOT DIFFUSER CONCEPT to represent

the actual three-dimensional diffuser geometry. Thus, it approximates

the details of the merging process of the individual jets from each

port/nozzle.
In the present design, the spacing between adjacent ports/nozzles

(or riser assemblies) is of the order of, or less than, the local

water depth so that the slot diffuser approximation holds well.

Nevertheless, if this is a final design, the user is advised to use a
final CORMIX1 (single port discharge) analysis, with discharge data
for an individual diffuser jet/plume, in order to compare to
the present near-field prediction.
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REMINDER: The user must take note that HYDRODYNAMIC MODELING by any known
technique is NOT AN EXACT SCIENCE.
Extensive comparison with field and laboratory data has shown that the
CORMIX predictions on dilutions and concentrations (with associated
plume geometries) are reliable for the majority of cases and are accurate
to within about +-50% (standard deviation).
As a further safeguard, CORMIX will not give predictions whenever it judges

the design configuration as highly complex and uncertain for prediction.

CORMIX2 PREDICTION FILE:

22222222222222222222222222222222222222222222222222222222222222222222222222222222222
222222222222

CORMIX MIXING ZONE EXPERT SYSTEM
Subsystem CORMIX2: Multiport Diffuser Discharges
CORMIX Version 6.0GTS

HYDRO2 Version 6.0.0.0 October 2009

CASE DESCRIPTION

Site name/label: PPP

Design case: 001

FILE NAME: C:\Program Files\CORMIX 6.0\Sample Files\Sample2.prd

Time stamp: Mon Oct 11 17:56:18 2010

ENVIRONMENT PARAMETERS (metric units)
Bounded section

BS = 2500.00 AS

25000.00 QA = 375.00 ICHREG=2

HA

10.00 HD 10.00

UA

0.015F = 0.025 USTAR =0.8385E-03
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UW = 3.000 UWSTAR=0.3377E-02
Uniform density environment

STRCND= U RHOAM = 999.1011

DIFFUSER DISCHARGE PARAMETERS (metric units)

Diffuser type: DITYPE= staged_perpendicular

BANK = RIGHT DISTB= 1150.00 YB1 = 1000.00 YB2 = 1300.00

LD = 300.00 NOPEN= 31 SPAC = 10.00

DO 0900A0 = 0.636HO0 = 0.50 SUBO = 9.50

Nozzle/port arrangement: staged

GAMMA = 90.00 THETA= 0.00 SIGMA= 90.00 BETA = 0.00

Uuo = 1521Q0 = 30.000 =0.3000E+02
RHOO = 994.0294 DRHOO =0.5072E+01 GPO =0.4978E-01
CO =0.2000E+02 CUNITS= deg.C

IPOLL= 1 KS =0.0000E+00 KD =0.0000E+00

FLUX VARIABLES - PER UNIT DIFFUSER LENGTH (metric units)

g0 =0.1000E+00 m0 =0.1521E+00 j0 =0.4978E-02 SIGNJO= 1.0
Associated 2-d length scales (meters)

IQ=B = 0.066IM = 521 Im = 676.09

Imp = 99999.00 lbp = 99999.00 la = 99999.00

FLUX VARIABLES - ENTIRE DIFFUSER (metric units)

Q0 =0.3000E+02 MO =0.4564E+02 JO =0.1493E+01
Associated 3-d length scales (meters)

LQ = 080 LM = 1437 Lm = 450.36 Lb = 99999.00

Lmp = 99999.00 Lbp = 99999.00

NON-DIMENSIONAL PARAMETERS
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FRO = 2659 FRDO = 7.19 R = 10141 PL = 17.93

(slot) (port/nozzle)

FLOW CLASSIFICATION

222222222222222222222222222222222222222222

2 Flowclass (CORMIX2) = MU5 2

2 Applicable layer depth HS = 10.00 2

222222222222222222222222222222222222222222

MIXING ZONE / TOXIC DILUTION / REGION OF INTEREST PARAMETERS

CO =0.2000E+02 CUNITS= deg.C

NTOX =0
NSTD =0
REGMZ =1

REGSPC= 2 XREG = 0.00 WREG = 1250 AREG = 0.00

XINT = 25000.00 XMAX = 25000.00

X-Y-Z COORDINATE SYSTEM:
ORIGIN is located at the bottom and the diffuser mid-point:
1150.00 m from the RIGHT bank/shore.
X-axis points downstream, Y-axis points to left, Z-axis points upward.

NSTEP = 20 display intervals per module

BEGIN MOD202: DISCHARGE MODULE (STAGED DIFFUSER)

Due to complex near-field motions: EQUIVALENT SLOT DIFFUSER (2-D) GEOMETRY

282



Profile definitions:
BV = Gaussian 1/e (37%) half-width, in vertical plane normal to trajectory
BH = Gaussian 1/e (37%) half-width in horizontal plane normal to trajectory
S = hydrodynamic centerline dilution
C = centerline concentration (includes reaction effects, if any)
Uc = Local centerline excess velocity (above ambient)

TT = Cumulative travel time

X Y Z S C BV BH Uc TT

0.00 -150.00 0.50 1.00.200E+02 0.45 0.45 1.521 .00000E+00

END OF MOD202: DISCHARGE MODULE (STAGED DIFFUSER)

BEGIN MOD274: ACCELERATION ZONE OF STAGED DIFFUSER

In this laterally contracting zone the diffuser plume becomes VERTICALLY FULLY

MIXED over the entire layer depth (HS = 10.00m).
Full mixing is achieved after a plume distance of about five

layer depths from the diffuser.

Profile definitions:
BV = layer depth (vertically mixed)
BH = Gaussian 1/e (37%) half-width in horizontal plane normal to trajectory
ZU = upper plume boundary (Z-coordinate)
ZL = lower plume boundary (Z-coordinate)
S = hydrodynamic centerline dilution
C = centerline concentration (includes reaction effects, if any)

TT = Cumulative travel time
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X Y Z

0.00 -150.00 0.50

0.00 -135.00 0.73

S C Bv BH

1.0 0.200E+02 0.00

3.00.666E+01 3.00

TT

0.00 .00000E+00

2.25 .72971E+02

0.00 -120.00 0.95 3.80.522E+01 6.00 4.50.14594E+03

** REGULATORY MIXING ZONE BOUNDARY is within the Near-Field Region **

In this prediction interval the TOTAL plume width meets or exceeds

the regulatory value =

12.50 m.

This is the extent of the REGULATORY MIXING ZONE.

0.00 -105.00 1.17 4.50.448E+01 9.00 6.75.21891E+03

0.00 -90.00 1.40

0.00 -75.00 1.62

0.00 -60.00 1.85

0.00 -45.00 2.08

0.00 -30.00 2.30

0.00 -15.00 2.53

-0.00 -0.00 2.75

-0.00 15.00 2.97

-0.00 30.00 3.20

-0.00 45.00 3.42

-0.00 60.00 3.65

-0.00 75.00 3.88

-0.00 90.00 4.10

-0.00 105.00 4.32

-0.00 120.00 4.55

-0.00 135.00 4.78

-0.00 150.00 5.00

5.0 0.400E+01 10.00

5.5 0.365E+01 10.00

5.9 0.339E+01 10.00

6.2 0.324E+01 10.00

6.2 0.324E+01 10.00

6.2 0.324E+01 10.00

6.2 0.324E+01 10.00

6.2 0.324E+01 10.00

6.2 0.324E+01 10.00

6.2 0.324E+01 10.00

6.2 0.324E+01 10.00

6.2 0.324E+01 10.00

6.2 0.324E+01 10.00

6.2 0.324E+01 10.00

6.2 0.324E+01 10.00

6.2 0.324E+01 10.00

6.2 0.324E+01 10.00

Cumulative travel time = 1459.4196 sec

9.00 .29188E+03

11.25 .36485E+03

13.50 .43783E+03

15.75 .51080E+03

18.00 .58377E+03

20.25 .65674E+03

22.50 .72971E+03

24.75 .80268E+03

27.00 .87565E+03

29.25 .94862E+03

31.50 .10216E+04

33.75 .10946E+04

36.00 .11675E+04

38.25 .12405E+04

40.50 .13135E+04

42.75 .13864E+04

45.00 .14594E+04

Plume centerline may exhibit slight discontinuities in transition
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to subsequent far-field module.

END OF MOD274: ACCELERATION ZONE OF STAGED DIFFUSER

BEGIN MOD252: DIFFUSER INDUCED PLUME IN WEAK CROSS-FLOW

Phase 1: Vertically mixed, Phase 2: Re-stratified

Phase 1: The diffuser plume is VERTICALLY FULLY MIXED over the

entire layer depth.

This flow region is INSIGNIFICANT in spatial extent and will be by-passed.

Phase 2: The flow has RESTRATIFIED at the beginning of this zone.

Profile definitions:

BV = top-hat thickness, measured vertically

BH = Gaussian 1/e (37%) half-width in horizontal plane normal to trajectory
ZU = upper plume boundary (Z-coordinate)

ZL = lower plume boundary (Z-coordinate)

S = hydrodynamic centerline dilution

C = centerline concentration (includes reaction effects, if any)

TT = Cumulative travel time

X Y Z S C BV  BH TT
-0.00 150.00 10.00 6.2 0.324E+01 10.00 37.72 .14594E+04
9.65 196.50 10.00 6.50.305E+01 4.61 91.89.22314E+04
19.86 243.00 10.00 6.90.290E+01 3.68 127.92 .30484E+04

30.61 289.50 10.00 7.20.276E+01 3.22 160.57 .39079E+04
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41.86 336.00 10.00 7.60.264E+01 2.93 191.63 .48080E+04

53.59 382,50 10.00 7.90.253E+01 2.74 221.81 .57470E+04

65.80 429.00 10.00 8.20.244E+01 2.60 251.45.67232E+04

78.45 47550 10.00 8.50.236E+01 2.49 280.74 .77353E+04

91.53 522.00 10.00 8.80.228E+01 2.40 309.83 .87821E+04

105.04 568.50 10.00 9.00.221E+01 2.33 338.78 .98625E+04

118.95 615.00 10.00 9.30.215E+01 2.27 367.65 .10975E+05

133.26 661.50 10.00 9.6 0.209E+01 2.22 396.49 .12120E+05

147.95 708.00 10.00 9.80.204E+01 2.17 425.32 .13295E+05

163.01 754.50 10.00 10.00.199E+01 2.13 454.16 .14500E+05

178.44 801.00 10.00 10.30.194E+01 2.10 483.03.15735E+05

194.23 847.50 10.00 10.50.190E+01 2.07 511.95.16998E+05

210.37 894.00 10.00 10.7 0.186E+01 2.04 540.92 .18289E+05

226.85 940.50 10.00 11.00.182E+01 2.01 569.95 .19608E+05

243.67 987.00 10.00 11.20.179E+01 1.99 599.04 .20953E+05

260.81 1033.50 10.00 11.40.175E+01 1.96 628.20.22324E+05

278.28 1080.00 10.00 11.60.172E+01 1.94 657.44 .23722E+05

Cumulative travel time = 23721.6875 sec

END OF MOD252: DIFFUSER INDUCED PLUME IN WEAK CROSS-FLOW

** End of NEAR-FIELD REGION (NFR) **

Bank nearest to plume centerline has changed.

Nearest bank is now on LEFT.

The initial plume WIDTH values in the next far-field module will be
CORRECTED by a factor 2.90 to conserve the mass flux in the far-field!

The correction factor is quite large because of the small ambient velocity
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relative to the strong mixing characteristics of the discharge!

This indicates localized RECIRCULATION REGIONS and internal hydraulic JUMPS.

Width predictions show discontinuities, dilution values should be acceptable.

In this design case, the diffuser is located CLOSE TO BANK/SHORE.

Some boundary interaction occurs at end of near-field.

This may be related to a design case with a VERY LOW AMBIENT VELOCITY.
The dilution values in one or more of the preceding zones may be too high.

Carefully evaluate results in near-field and check degree of interaction.

Consider locating outfall further away from bank or shore.
In the next prediction module, the plume centerline will be set

to follow the bank/shore.

BEGIN MOD241: BUOYANT AMBIENT SPREADING

Plume is ATTACHED to LEFT bank/shore.

Plume width is now determined from LEFT bank/shore.

Profile definitions:
BV = top-hat thickness, measured vertically
BH = top-hat half-width, measured horizontally in y-direction
ZU = upper plume boundary (Z-coordinate)
ZL = lower plume boundary (Z-coordinate)

S = hydrodynamic average (bulk) dilution

C =average (bulk) concentration (includes reaction effects, if any)

TT = Cumulative travel time

Plume Stage 2 (bank attached):
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X

278.28

280.29

282.31

284.32

286.33

288.35

290.36

292.37

294.39

296.40

298.41

300.43

302.44

304.45

306.47

308.48

310.50

312,51

314.52

316.54

318.55

Y Z

1350.00

1350.00

1350.00

1350.00

1350.00

1350.00

1350.00

1350.00

1350.00

1350.00

1350.00

1350.00

1350.00

1350.00

1350.00

1350.00

1350.00

1350.00

1350.00

1350.00

1350.00

S

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

Cumulative travel time =

c Bv BH

11.6 0.172E+01

11.6 0.172E+01

11.7 0.172E+01

11.7 0.171E+01

11.7 0.171E+01

11.7 0.171E+01

11.8 0.170E+01

11.8 0.170E+01

11.8 0.170E+01

11.8 0.169E+01

11.8 0.169E+01

11.9 0.169E+01

11.9 0.168E+01

11.9 0.168E+01

11.9 0.168E+01

11.90.167E+01

12.0 0.167E+01

12.0 0.167E+01

12.0 0.167E+01

12.0 0.166E+01

12.0 0.166E+01

26207.5918 sec

9.88

9.82

9.76

9.71

9.66

9.60

9.55

9.50

9.45

9.40

9.36

9.31

9.26

9.22

9.17

9.13

9.08

9.04

9.00

8.96

8.92

U ZL

2178.01

2194.86

2211.62

2228.31

224492

2261.45

2277.91

2294.30

2310.62

2326.86

2343.03

2359.14

2375.17

2391.14

2407.04

2422.88

2438.65

2454.35

2469.99

2485.57

2500.00

TT

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

0.12

0.18

0.24

0.29

0.34

0.40

0.45

0.50

0.55

0.60

0.64

0.69

0.74

0.78

0.83

0.87

0.92

0.96

1.00

1.04

1.08

.23722E+05

.23846E+05

.23970E+05

.24095E+05

.24219E+05

.24343E+05

24467E+05

.24592E+05

.24716E+05

.24840E+05

.24965E+05

.25089E+05

.25213E+05

.25338E+05

.25462E+05

.25586E+05

.25710E+05

.25835E+05

.25959E+05

.26083E+05

.26208E+05

Plume is LATERALLY FULLY MIXED at the end of the buoyant spreading regime.

END OF MOD241: BUOYANT AMBIENT SPREADING

BEGIN MOD261: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT
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Vertical diffusivity (initial value) =0.679E-02 m"2/s

Horizontal diffusivity (initial value) = 0.170E-01 m"2/s

Profile definitions:

BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically

= or equal to layer depth, if fully mixed

BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width,

measured horizontally in Y-direction

ZU = upper plume boundary (Z-coordinate)

ZL = lower plume boundary (Z-coordinate)

S = hydrodynamic centerline dilution

C = centerline concentration (includes reaction effects, if any)

TT = Cumulative travel time

Plume Stage 2 (bank attached):

X Y Z S

318.55 1350.00 10.00 12.00.166E+01 8.92 2500.00

1552.62 1350.00 10.00

2786.69 1350.00 10.00

4020.77 1350.00 10.00

5254.84 1350.00 10.00

6488.91 1350.00 10.00

7722.98 1350.00 10.00

8957.06 1350.00 10.00

10191.13 1350.00 10.00

11425.20 1350.00 10.00

12659.27 1350.00 10.00

13893.35 1350.00 10.00

Cc Bv. BH ZU ZL 1T

12.0 0.166E+01 8.92 2500.00 10.00

12.0 0.166E+01 8.92 2500.00 10.00

12.0 0.166E+01 8.92 2500.00 10.00

12.0 0.166E+01 8.92 2500.00 10.00

12.0 0.166E+01 8.92 2500.00 10.00

12.1 0.166E+01 8.92 2500.00 10.00

12.1 0.166E+01 8.92 2500.00 10.00

12.1 0.166E+01 8.92 2500.00 10.00

12.1 0.166E+01 8.93 2500.00 10.00

12.10.166E+01 8.93 2500.00 10.00

12.1 0.166E+01 8.93 2500.00 10.00

1.08

1.08

1.08

1.08

1.08

1.08

1.08

1.08

1.07

1.07

1.07

10.00 1.08 .26208E+05

.10238E+06

.17856E+06

.25474E+06

.33092E+06

.40709E+06

48327E+06

.55945E+06

.63563E+06

.71180E+06

.718798E+06

.86416E+06

289



15127.42 1350.00

16361.49 1350.00

17595.56 1350.00

18829.63 1350.00

20063.71 1350.00

21297.78 1350.00

22531.85 1350.00

23765.92 1350.00

25000.00 1350.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

Cumulative travel time =

Simulation limit based on maximum specified distance = 25000.00 m.

12.1 0.166E+01

12.1 0.166E+01

12.1 0.166E+01

12.1 0.166E+01

12.1 0.166E+01

12.1 0.166E+01

12.1 0.166E+01

12.1 0.166E+01

12.1 0.166E+01

1549753.8750 sec

8.93 2500.00

8.93 2500.00

8.93 2500.00

8.93 2500.00

8.93 2500.00

8.93 2500.00

8.93 2500.00

8.93 2500.00

8.94 2500.00

This is the REGION OF INTEREST limitation.

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

1.07

1.07

1.07

1.07

1.07

1.07

1.07

1.07

1.06

.94034E+06

.10165E+07

.10927E+07

.11689E+07

.12450E+07

13212E+07

13974E+07

.14736E+07

.15498E+07

END OF MOD261: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT

CORMIX2: Multiport Diffuser Discharges

End of Prediction File

22222222222222222222222222222222222222222222222222222222222222222222222222222222222

222222222222

CORMIX SESSION REPORT:

$:9,9.9.9.9,9,9,9,9.0.9.9,9,9,9,9,9.0.9,9,9,9,9,9.0.0.9,.9,.9,9,9,9,0.9.9.9,9,9,9,0.0.9.9.9,9,0.¢
1:9,9.9.9,9,9,9,9.0.9.9,9,9,9,9,9,0.9.9,9,9,9,9,0.0.0.9,9,9.¢

CORMIX MIXING ZONE EXPERT SYSTEM

CORMIX Version 6.0GTS

HYDRO2:Version-6.0.0.0 October,2009

SITE NAME/LABEL:

york
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DESIGN CASE: july 23
FILE NAME: C:\Program Files\CORMIX 6.0\Sample Files\Sample2.prd
Using subsystem CORMIX2:  Multiport Diffuser Discharges

Start of session: 10/01/2010--19:19:13

R R R R R R R R R R R R R R R R R R R R R R R AR R AR R R R R R R R R R R R R R R R R R R R R AR R R R R AR R R R R R R R e e e

*khkkkkikkkikk

SUMMARY OF INPUT DATA:

AMBIENT PARAMETERS:

Cross-section = unbounded
Average depth HA =11m
Depth at discharge HD =11m
Ambient velocity UA =0.051m/s

Darcy-Weisbach friction factor F = 0.025

Wind velocity UW =2m/s
Stratification Type STRCND =U
Surface temperature = 8.80 degC
Bottom temperature =8.80 degC

Calculated FRESH-WATER DENSITY values:

Surface density RHOAS =999.7979 kg/m"3
Bottom density RHOAB =999.7979 kg/m”3
DISCHARGE PARAMETERS: Submerged Multiport Diffuser Discharge
Diffuser type DITYPE = unidirectional perpendicular
Diffuser length LD =42m
Nearest bank =right
Diffuser endpoints YBl1 =35m; YB2=77m
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Number of openings NOPEN =15
Number of Risers NRISER = 15
Ports/Nozzles per Riser NPPERR =1

Spacing between risers/openings SPAC =3 m

Port/Nozzle diameter DO =0.305m
with contraction ratio =1
Equivalent slot width BO =0.0261m

Total area of openings TAO =1.0959 m"2

Discharge velocity Uuo =131m/s

Total discharge flowrate Q0 =1.44m"3/s

Discharge port height HO =31m

Nozzle arrangement BETYPE = unidirectional without fanning
Diffuser alignment angle GAMMA =90 deg

Vertical discharge angle THETA =0 deg

Actual Vertical discharge angle THEAC =0 deg

Horizontal discharge angle  SIGMA =0 deg

Relative orientation angle  BETA =90 deg

Discharge temperature (freshwater) = 13.80 degC

Corresponding density RHOO0 =999.2736 kg/m”3
Density difference DRHO =0.5244 kg/m"3
Buoyant acceleration GPO =0.0051 m/s"2
Discharge concentration CO0 =100%

Surface heat exchange coeff. KS =0m/s

Coefficient of decay KD =0/s

FLUX VARIABLES PER UNIT DIFFUSER LENGTH:
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Discharge (volume flux) g0 =0.034286 m"2/s
Momentum flux m0  =0.045050 m"3/s"2

Buoyancy flux j0O =0.000176 m"3/s"3

DISCHARGE/ENVIRONMENT LENGTH SCALES:
LQ =0.03m Lm =17.32m LM =1429m
Im'=99999 m Lb'=99999 m La =99999 m

(These refer to the actual discharge/environment length scales.)

NON-DIMENSIONAL PARAMETERS:
Slot Froude number FRO =113.42
Port/nozzle Froude number FRDO =33.18

Velocity ratio R =25.76

MIXING ZONE / TOXIC DILUTION ZONE / AREA OF INTEREST
PARAMETERS:

Toxic discharge =no
Water quality standard specified  =no
Regulatory mixing zone =yes

Regulatory mixing zone specification = width
Regulatory mixing zone value =47 m (m"2 if area)

Region of interest =1000 m

*hkhkkkhkhkkkhhkhkkhhkhkkhhkhkhhhkhhhkhihhkhhhkhhhkhhhkhkhhkhkhhhkhhkhkhhhkhhhkhhhhihhhihhkihkhiikiiikkx

*khkkkkikkkk

HYDRODYNAMIC CLASSIFICATION:

| FLOW CLASS =MU2|
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This flow configuration applies to a layer corresponding to the full water
depth at the discharge site.

Applicable layer depth = water depth =11 m

R R R R R R R R R R R AR R R R R R R R A R R R R R R R R R R R R R R R R R R R R AR A R R R R R R R R R R R R e e e

*khkkkkikkkikk

MIXING ZONE EVALUATION (hydrodynamic and regulatory summary):

X-Y-Z Coordinate system:
Origin is located at the bottom below the port center:
56 m from the right bank/shore.

Number of display steps NSTEP = 20 per module.

NEAR-FIELD REGION (NFR) CONDITIONS :

Note: The NFR is the zone of strong initial mixing. It has no regulatory
implication. However, this information may be useful for the discharge
designer because the mixing in the NFR is usually sensitive to the
discharge design conditions.

Pollutant concentration at NFR edge ¢ = 4.0248 %

Dilution at edge of NFR s=24.8
NFR Location: X=21m
(centerline coordinates) y=0m
z=11m

NFR plume dimensions: half-width (bh) = 15.67 m
thickness (bv) =11 m

Cumulative travel time: 202.1483 sec.

294



Buoyancy assessment:
The effluent density is less than the surrounding ambient water
density at the discharge level.
Therefore, the effluent is POSITIVELY BUOYANT and will tend to rise towards

the surface.

Near-field instability behavior:
The diffuser flow will experience instabilities with full vertical mixing
in the near-field.

There may be benthic impact of high pollutant concentrations.

FAR-FIELD MIXING SUMMARY::
Plume becomes vertically fully mixed WITHIN NEAR-FIELD at 0 m

downstream, but RE-STRATIFIES LATER and is not mixed in the far-field.

PLUME BANK CONTACT SUMMARY:
Plume in unbounded section contacts nearest bank at 63.77 m downstream.

sk TOXIC DILUTION  ZONE  SUMMARY

*hkkkkhkhkkkhkkhkkkhkkhkkhkhkkhhikkikiikkik

No TDZ was specified for this simulation.

FRIFIAFAFATAFIIFXAxAXA* - REGULATORY MIXING ZONE SUMMARY

*hhhhkhkkkkkhkhiihhhkhkkkkhkiikx

The plume conditions at the boundary of the specified RMZ are as follows:

Pollutant concentration c=4.024794 %
Corresponding dilution s=24.8
Plume location: Xx=21m
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(centerline coordinates) y=0m
z=11m
Plume dimensions:  half-width (bh) =23.5m
thickness (bv) =11 m
Cumulative travel time < 202.1483 sec. (RMZ is within NFR)

FHRIFIAIATATAIAIxAxA**A FINAL - DESIGN  ADVICE AND COMMENTS

*hkhhkhkkkhkhkhkhkirhikhkhkkhiikx

CORMIX2 uses the TWO-DIMENSIONAL SLOT DIFFUSER CONCEPT to
represent

the actual three-dimensional diffuser geometry. Thus, it approximates
the details of the merging process of the individual jets from each
port/nozzle.

In the present design, the spacing between adjacent ports/nozzles
(or riser assemblies) is of the order of, or less than, the local

water depth so that the slot diffuser approximation holds well.

Nevertheless, if this is a final design, the user is advised to use a
final CORMIX1 (single port discharge) analysis, with discharge data
for an individual diffuser jet/plume, in order to compare to

the present near-field prediction.

REMINDER: The user must take note that HYDRODYNAMIC MODELING by any
known

technique is NOT AN EXACT SCIENCE.

Extensive comparison with field and laboratory data has shown that the
CORMIX predictions on dilutions and concentrations (with associated
plume geometries) are reliable for the majority of cases and are accurate

to within about +-50% (standard deviation).
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As a further safeguard, CORMIX will not give predictions whenever it judges
the design configuration as highly complex and uncertain for prediction.

CORMIX2 PREDICTION FILE:

222222222222222222222222222222222222222222222222222222222222222222222

22222222222222222222222222
CORMIX MIXING ZONE EXPERT SYSTEM
Subsystem CORMIX2: Multiport Diffuser Discharges
CORMIX Version 6.0GTS

HYDRO?2 Version 6.0.0.0 October 2009

CASE DESCRIPTION

Site name/label: york

Design case:  july 23

FILE NAME: C:\Program Files\CORMIX 6.0\Sample Files\Sample2.prd

Time stamp: Fri Oct 119:19:14 2010

ENVIRONMENT PARAMETERS (metric units)

Unbounded section

HA = 11.00 HD = 11.00
UA = 0051F = 0.025USTAR =0.2851E-02
Uw = 2.000 UWSTAR=0.2198E-02

Uniform density environment

STRCND= U RHOAM = 999.7979

DIFFUSER DISCHARGE PARAMETERS (metric units)

Diffuser type:  DITYPE= unidirectional_perpendicular
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BANK = RIGHT DISTB= 56.00 YB1 = 35.00 YB2 = 77.00
LD = 4200 NOPEN= 15 SPAC = 3.00
DO = 0305A0 = 0073HO0 = 3.10 SUBO = 7.90

Nozzle/port arrangement: unidirectional_without_fanning

GAMMA = 90.00 THETA= 0.00 SIGMA= 0.00 BETA = 90.00

Uuo = 1314Q0 = 1.440 =0.1440E+01
RHOO0 = 999.2736 DRHOO0 =0.5244E+00 GPO =0.5143E-02
CO =0.1000E+03 CUNITS= %

IPOLL =1 KS =0.0000E+00 KD =0.0000E+00

FLUX VARIABLES - PER UNIT DIFFUSER LENGTH (metric units)

q0 =0.3429E-01 m0 =0.4505E-01 j0 =0.1763E-03 SIGNJO= 1.0
Associated 2-d length scales (meters)

IQ=B = 0.026IM = 1429 Im = 17.32

Imp = 99999.00 Ibp = 99999.00 la = 99999.00

FLUX VARIABLES - ENTIRE DIFFUSER (metric units)

Q0 =0.1440E+01 MO =0.1892E+01 JO =0.7406E-02
Associated 3-d length scales (meters)

LQ = 027 LM = 1875 Lm = 2697 Lb = 55.83

Lmp = 99999.00 Lbp = 99999.00

NON-DIMENSIONAL PARAMETERS
FRO = 11342 FRDO = 3318 R = 2576 PL = 9.98

(slot) (port/nozzle)
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RECOMPUTED SOURCE CONDITIONS FOR RISER GROUPS:

Properties of riser group with 1 ports/nozzles each:

Uuo = 1314D0 = 0305A0 = 0.073THETA= 0.00
FRO = 11342 FRDO = 3318 R = 25.76
(slot) (riser group)

FLOW CLASSIFICATION
222222222222222222222222222222222222222222
2 Flowclass (CORMIX2) = MU2 2

2 Applicable layer depth HS = 11.00 2

22222222222222222222222222222222222222222?2

MIXING ZONE / TOXIC DILUTION / REGION OF INTEREST PARAMETERS

CO =0.1000E+03 CUNITS= %

NTOX = 0
NSTD =0
REGMZ =1

REGSPC= 2 XREG = 0.00 WREG = 47.00 AREG =

XINT = 1000.00 XMAX = 1000.00

X-Y-Z COORDINATE SYSTEM:
ORIGIN is located at the bottom and the diffuser mid-point:

56.00 m from the RIGHT bank/shore.

X-axis points downstream, Y-axis points to left, Z-axis points upward.

NSTEP = 20 display intervals per module
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BEGIN MOD201: DIFFUSER DISCHARGE MODULE

Due to complex near-field motions: EQUIVALENT SLOT DIFFUSER (2-D)
GEOMETRY

Profile definitions:
BV = Gaussian 1/e (37%) half-width, in vertical plane normal to trajectory
BH = top-hat half-width, in horizontal plane normal to trajectory
S = hydrodynamic centerline dilution
C = centerline concentration (includes reaction effects, if any)
Uc = Local centerline excess velocity (above ambient)

TT = Cumulative travel time

X Y <Z S C BV  BH Uc TT

0.00 0.00 3.10 1.00.100E+03 0.02 21.00 1.263 .00000E+00

END OF MOD201: DIFFUSER DISCHARGE MODULE

BEGIN MOD271: ACCELERATION ZONE OF UNIDIRECTIONAL CO-
FLOWING DIFFUSER

In this laterally contracting zone the diffuser plume becomes VERTICALLY FULLY
MIXED over the entire layer depth (HS = 11.00m).
Full mixing is achieved after a plume distance of about five

layer depths from the diffuser.
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Profile definitions:
BV = layer depth (vertically mixed)
BH = top-hat half-width, in horizontal plane normal to trajectory
S = hydrodynamic average (bulk) dilution
C = average (bulk) concentration (includes reaction effects, if any)

TT = Cumulative travel time

X Y Z S C BV  BH TT

0.00 0.00 3.10 1.00.100E+03 0.02 21.00.00000E+00

1.05 0.00 3.15 6.30.158E+02 0.55 20.26 .40618E+01

210 0.00 3.19 850.117E+02 1.10 19.61.10252E+02

3.15 0.00 3.24 10.20.977E+01 1.65 19.06.17561E+02
420 0.00 3.28 11.70.857E+01 2.20 18.57 .25665E+02
525 0.00 3.33 12.90.774E+01 2.75 18.15.34387E+02
6.30 0.00 3.37 14.10.711E+01 3.30 17.78.43615E+02
735 0.00 3.42 1510.662E+01 3.85 17.44 .53271E+02
8.40 0.00 3.47 16.10.622E+01 4.40 17.15.63298E+02
945 0.00 3.51 17.00.588E+01 4.95 16.88.73651E+02
10.50 0.00 3.56 17.90.560E+01 5.50 16.64 .84295E+02
11.55 0.00 3.60 18.70.535E+01 6.05 16.43.95201E+02
1260 0.00 3.65 19.50.514E+01 6.60 16.25.10634E+03
13.65 0.00 3.70 20.20.494E+01 7.15 16.10.11771E+03
1470 0.00 3.74 21.00.477E+01 7.70 15.97 .12927E+03
15.75 0.00 3.79 21.70.462E+01 8.25 15.87.14102E+03

16.80 0.00 3.83 22.30.448E+01 8.80 15.80.15294E+03
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17.85 0.00 3.88 23.00.435E+01 9.35 15.74 .16502E+03
1890 0.00 3.92 23.60.423E+01 9.90 15.70.17726E+03
19.95 0.00 3.97 24.20.413E+01 10.45 15.68 .18964E+03
21.00 0.00 4.02 24.80.402E+01 11.00 15.67 .20215E+03
Cumulative travel time = 202.1483 sec
Plume centerline may exhibit slight discontinuities in transition

to subsequent far-field module.

END OF MOD271: ACCELERATION ZONE OF UNIDIRECTIONAL CO-
FLOWING DIFFUSER

BEGIN MOD251: DIFFUSER PLUME IN CO-FLOW

Phase 1: Vertically mixed, Phase 2: Re-stratified

Phase 2: The flow has RESTRATIFIED at the beginning of this zone.

This flow region is INSIGNIFICANT in spatial extent and will be by-passed.

END OF MOD251: DIFFUSER PLUME IN CO-FLOW

** End of NEAR-FIELD REGION (NFR) **

The initial plume WIDTH values in the next far-field module will be

CORRECTED by a factor 2.04 to conserve the mass flux in the far-field!
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The correction factor is quite large because of the small ambient velocity
relative to the strong mixing characteristics of the discharge!

This indicates localized RECIRCULATION REGIONS and internal hydraulic
JUMPS.

Width predictions show discontinuities, dilution values should be acceptable.

** REGULATORY MIXING ZONE BOUNDARY is within the Near-Field Region

**

In this prediction interval the TOTAL plume width meets or exceeds
the regulatory value = 47.00 m.

This is the extent of the REGULATORY MIXING ZONE.

BEGIN MOD241: BUOYANT AMBIENT SPREADING

Profile definitions:
BV = top-hat thickness, measured vertically
BH = top-hat half-width, measured horizontally in y-direction
ZU = upper plume boundary (Z-coordinate)
ZL = lower plume boundary (Z-coordinate)
S = hydrodynamic average (bulk) dilution
C = average (bulk) concentration (includes reaction effects, if any)

TT = Cumulative travel time

Plume Stage 1 (not bank attached):
X Y Z S C BV BH 2zZU ZL TT
21.00 0.00 11.00 24.80.402E+01 11.00 31.89 11.00 0.00 .20215E+03
23.14 0.00 11.00 25.10.398E+01 10.65 33.29 11.00 0.35 .24408E+03

2528 0.00 11.00 25.40.394E+01 10.33 34.66 11.00 0.67 .28601E+03
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27.42
29.55
31.69
33.83
35.97
38.11
40.25
42.38
4452
46.66
48.80
50.94
53.08
55.21
57.35
59.49
61.63

63.77

Cumulative travel time =

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

11.00
11.00
11.00
11.00
11.00
11.00
11.00
11.00
11.00
11.00
11.00
11.00
11.00
11.00
11.00
11.00
11.00

11.00

25.6 0.390E+01 10.04 36.00 11.00 0.96 .32794E+03

25.8 0.387E+01
26.1 0.384E+01
26.3 0.381E+01
26.5 0.378E+01
26.7 0.375E+01
26.9 0.372E+01
27.1 0.370E+01
27.2 0.367E+01
27.4 0.365E+01
27.6 0.363E+01
27.7 0.361E+01
27.9 0.359E+01
28.0 0.357E+01
28.2 0.355E+01
28.3 0.353E+01
28.5 0.351E+01

28.6 0.349E+01

9.78 37.32
9.53 38.61
9.30 39.88
9.09 41.14
8.89 42.37
8.70 43.59
8.53 44.79
8.36 45.97
8.21 47.14
8.06 48.30
7.92 49.44
7.79 50.56
7.66 51.68
7.54 52.78
7.43 53.87
7.32 54.95

7.21 56.02

1040.7444 sec

11.00
11.00
11.00
11.00
11.00
11.00
11.00
11.00
11.00
11.00
11.00
11.00
11.00
11.00
11.00
11.00

11.00

Plume is ATTACHED to RIGHT bank/shore.

Plume width is now determined from RIGHT bank/shore.

Plume Stage 2 (bank attached):

X

Y

V4

S

C BV

BH ZU

ZL

1.22
1.47
1.70
1.91
211
2.30
2.47
2.64
2.79
2.94
3.08
3.21
3.34
3.46
3.57
3.68

3.79

TT

.36987E+03
.41180E+03
A45373E+03
.49566E+03
.53759E+03
.57952E+03
.62145E+03
.66338E+03
.70531E+03
T4724E+03
.78917E+03
.83110E+03
.87303E+03
.91496E+03
.95688E+03
.99881E+03

.10407E+04
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63.77
.10407E+04

-56.00

110.58
.19586E+04

-56.00

157.39
.28765E+04

-56.00

204.20
37944E+04

-56.00

251.01
AT122E+04

-56.00

297.83
.56301E+04

-56.00

344.64
.65480E+04

-56.00

391.45
.T4659E+04

-56.00

438.26
.83837E+04

-56.00

485.07
.93016E+04

-56.00

531.88
.10219E+05

-56.00

578.70
11137E+05

-56.00

625.51
.12055E+05

-56.00

672.32
.12973E+05

-56.00

719.13
.13891E+05

-56.00

765.94
.14809E+05

-56.00

11.00

11.00

11.00

11.00

11.00

11.00

11.00

11.00

11.00

11.00

11.00

11.00

11.00

11.00

11.00

11.00

28.6

30.0

31.1

321

32.9

33.7

345

35.2

35.8

36.5

37.1

37.7

38.3

38.9

395

40.1

0.349E+01

0.334E+01

0.322E+01

0.312E+01

0.304E+01

0.296E+01

0.290E+01

0.284E+01

0.279E+01

0.274E+01

0.270E+01

0.265E+01

0.261E+01

0.257E+01

0.253E+01

0.250E+01

7.21

6.31

5.68

5.21

4.85

4.56

4.32

411

3.94

3.79

3.66

3.55

3.44

3.35

3.27

3.20

112.00

134.16

154.58

173.69

191.77

209.00

225.51

241.40

256.76

271.63

286.09

300.15

313.87

327.27

340.37

353.20

11.00

11.00

11.00

11.00

11.00

11.00

11.00

11.00

11.00

11.00

11.00

11.00

11.00

11.00

11.00

11.00

3.79

4.69

5.32

5.79

6.15

6.44

6.68

6.89

7.06

7.21

7.34

7.45

7.56

7.65

7.73

7.80
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812.75 -56.00 11.00 40.7 0.246E+01 3.14 365.77 11.00 7.86
15727E+05

859.57 -56.00 11.00 41.2 0.242E+01 3.08 378.11 11.00 7.92
.16645E+05

906.38 -56.00 11.00 41.8 0.239E+01 3.03 390.23 11.00 7.97
.17562E+05

953.19 -56.00 11.00 424 0.236E+01 298 402.14 11.00 8.02
.18480E+05

1000.00 -56.00 11.00  43.0 0.232E+01 294 413.86 11.00 8.06
.19398E+05

Cumulative travel time = 19398.2266 sec

Simulation limit based on maximum specified distance = 1000.00 m.

This is the REGION OF INTEREST limitation.

END OF MOD241: BUOYANT AMBIENT SPREADING

CORMIX2: Multiport Diffuser Discharges ~ End of Prediction File

222222222222222222222222222222222222222222222222222222222222222222222
2222222222222222222222222?2
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