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At the request ofDFO and DOE, Pacific and Yukon Region this mathematical
’ 

modelling study of the sensitivity of the thermal regime of the Arrow Lakes was 
undertaken to in the assessment of the environinental impact of proposed 
hydroelectric power generation of the diermal of”)? Lakes 

Current Status: This document reports on the temperature. total dissolved solids distributions and 
- exchange flows which the model assumptions as well as the model _ 

results. These results could fofin the basis fiir fiature work should the ecosystem 
of the Columbia River Basin prove critical to the predicted changes. 

Next Steps: fhese results will be aimeminated to the appropriate persons making the 
en_v_ironmental assessment and have been discussed in detail at the Arrow 
Lakes fl1e'rmaI'worlt'shop which was convened by the environmental assessment 

committee for the project; a



.mrespmsetopmposedchmgesinmeqpaafio§meHughKem1eysideDammmeAnow 
LakesResetvoirforhydm-elecuicpowagemaationpmposec, afieldinvestiptionofthebaseline

' 

inmommvuiafimmpropafishhmevafialfiiécdmmdebylmfifyhgmeasnmpflmofvafial 
one-dimmsinnality‘inthsmod,_el_. Second, despite the.rlseof20minWa1e,rleveltofonn‘the‘metvoirthe’

~ 

e,:_u_:hangefiumtheLowertofl1e-Uppe:AnowLakeis:argI1edtobesnflicientlylhni1edfl|atthetwowater 

It_'thetelativ61YlI.Iil1or 

mmmmdmemopqudsdianemmemuimlrgglmofmsmwamwhbksawupmwmu 
qifimlmm:wosyngn‘ofmeColmnbhRhaB”smma1mmmm§Idafiomforammerefindfldd 
observation



Intmdlietilin 
1heAmwLakesmeuma4figouophicflmdichkessiuratedmmeColumbiaRiVasystem 

bawemRwdaokemdCaaleganBrifi§1Comnbia.AsareaIhofmewns&ucflmofmeHugh 
Kemley§deDmnn&drwtflowhl%8flwwata'lwdwasnisedabom20mwfmmmepr$mtpak 
ofintaoomeetedhkes.Desphemudtanatfimmmefid;gymdwmmunamVhadingofflre Columbia 
RNq®wmnamofme¢Im.wthBamhm"shpWledgemaehasbemmmmyofmefimohgyofme 
wfi4wdopmanAnW_Iahes.1heoulyfimmlogimlhvafigaflmkmatofDwidsmmd1hu$m 
(l%3)wmobsavedme&dis&ibufinmoftamamme,oondue&vhymddissoNdoxygmhme 
preimpoundrnentiakes. 

PresanmaestmmefimmbgyofmeAnowLakesstemsfiomapmposaibydreColumbia 
PowaComomflmmdImgeflIe0pflafimoftheKeqrleyfidedamfiomsmmgemdfloodmnmlw' 
mdudeth98€nflaflmQfhY¢oawmcpow&.nefltaafimof&eomflowmdefl'ecfiwwimdmwfl. 
depthsofdreouulowmhedamemndhavepotenualhnpaenontheumnologyofthelakesespedally 
memamlmgimeseconmmmahngatammaeiscmeanflntmelmsueamlmpomdmeumonme 
Colmbhkhamyuaphmmhgmuiamneddmmnmmamomtcflvewosyflmtasismecasewith 
KootenayLake(Ashley, l994).Undastandingofthelimno1ogyofflIeAnowLakeswouldberequlredin 
ordertoaussessthe fiectiveness ofsudt remediation suaregiesaslakefertiiization, 

(1997), henceforth knownasH&M(i997), have reported onaresavoir- 
widesurveyofthewindfieldandtemperahneandtotaldissolvedsolidsdiSu“ibufiomintheAnoWLakfis 
Reservoir during aone week periodsin September, 1996. In this report a furtha analysis and_pi'eseutation

' 

ofthoseobservationstakenoftheirbaselinesurveyofthe limnoloy of'tireArrowI.akestluu.bearoutlte 
question ofthe impact oftheproposed hydroelectricprojectisprovided. As well asthearmlysisofthe 
supportingfieldobservationsawaterquaiity mndelisappliedto thetwowaterbodiesandthesmsitivity 
of the temperature distnbution and outflow water temperatures to the proposed alteration of the lake 
outiiowisexamined. » 

of Field Observations 
at 

Contoured Transects of Temperature and Conductivity 
A simplifying assumptionfor the application of a water quality model which will be employed to 
the impact of proposed changes to the outflow is that the main variation in water properties is in the 
vertical direction. 'H&M (1997) displayed their temperature and conductivity data as vertical profiles. 

' 

Therefore, to evaluate the suitability of a one-dimensional approach in modelling a long narrow water 
body such as the Arrow Lakes, the data collected by li&.M (i997) are plotted as horizontal both 
along and across the lake axis. In addition, characteristics of lake circulation can often be from 
three-dimensional distributions of conductivity and 

LowerArrowLake,Septemberl3an_dl4,l_996 - 

The lottgitlliflliiil of Figure 1 on the data collected at the mid-lake stations in the Lower 
Lake on September Band 14 shows that the tnainvariatiou inproperties is in the vertical 
However, a warming ofthe epilimnion is observable in the downstream direction. The tlterumcline at a 
depth ofabotll 20th is not very distinct despite the rapid cooling should take place in September. As 
is typical in lakes conductivity is less in the epiliminion likely due to photosynthetic activities there 
Notieeable isaslightdrawingupofthe colderwaterfromthe deeperlayersas the outflow is approached 
asevidcedbythe9°Cand160|-ls/Gincoxitolus. Thisisdttetotherelatively strong currentassociated 
with the outflow and is in with selective theory, Fischer et al. (pl 979), Figures 2 to 
sdemonstrateveryweak cmsslakegradieutsinproperties. Transeets 4, 5 and7 have higherhypoiimnetic 
conductivities on the south western shore suggesting either transverse seiches or a weak hypolimnectic 
circulation Further observation is needed to establish whether these features-are or not,

~
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UpperAnowLake,Septanber‘l4andl5, 1996 -" 

S__iinilar_ly,datafiomSeptetnber l4and15 intheUppeI'I’;.ak'esalsbI,showninl-‘igIn'ela:hibit1mnyofthie 

andpmperties are extmpolatedfiomshnllower depths. However, in conuastto the 
LowerLake,smfaeewatex'tenIpe1aun-esagecolderandhypolinmetic conxfinctivitiamehigher. Beaten 
Axmconductiviflesafe eohsideiablyhigherasseeI1infhepmfilesofAppa1dh:IlIofH&M (1997) butane 
unlgkgiytpbeflaesoureeofflnehigherhypoumneticoomiuaivitiesdnetoasinatadepthpflsm, 
sepaxatingthetwobodies. ColInnbiaRiverwaterente.tsfl1e~UpperLakea_ta_bout ll.5°C which would 
inte:fl6v7vatS1dept!I0ifamI1nd_20m.”n|isisfiom2to3°C Both-the 
tumahmmmdmnduGfiVfiY$1PP0fl8pmmmcdfllfingof&ehw&hymHmhnwithadepradond . 

theisothermsandcondudtivi1yiosbpletbsifithe'norfl!find|d- A§fl5l|.filrfl1el'in\'restigm.ionisneededtp 
establisI1ifthisisape:manemdIam1actaisficoftheUppa'Lilne. 

‘ hkhnuwfingthfitfilanconducfivfiyphnmwdlsmepmfilwprisutedmmeappmdcaof 
Ii&M(l997)tha_tthe'teis1}oevidaIceofahalocllneanfom1dinthehypo1i1mionofKooteuayLakeand 
whichhasbeeasuceem*fi1llyn_1odeiledbyl_’atte:sonet;aL(l984)unlessi1.isprese:nhélbw2§‘lm, the 
mmdnnmd§!thNdfl€ed'bYfi¢N°fi1€-nBiSfiWM£flW¢B&mp€8flWw°m5@°d3flYhflI¢ 

Thishas 
hnpommimpHaflpnshrvmhdngmdmetesmlydmmimmmmephoficmne.Akmggs;sflmme 
u_1_fltewateroohnnnéompletelytnmsovera'tlea_stoncepeI'year.Onaocountoftheexflémedepthofthc 
lakEsfl19¥l!!8Y0IheIwisehavebeeI|expe¢'1edtnbe6ligon1ictic. 

Iftheflowi‘:omtheLowerLaketofl1eUppeI-Iakeislhnitedthenthsfllfilmalnxodelcanbeappliedto 
ead1wmdb¢dYSfiIflI1flY.—gI'afly§1npfifyhg&enMankhgFmmamfl%hfiewanmmmfimn 
mmafidauyauwmmgmwukafikesamalmumesummepmusafflowwmwwwm 
tansponanddispasefafiflza'fibmthe§o1noemaIfiunstothBbOdY°f3|=hk¢3- 

Davidsonam1mesm(l963)tqmtedthmthe“fiveqn:mfflnoughmepxdfimomdmm1 
hkaisconfinedmmlyt9thesnfacewmaaHowwa,dnceH&M(1997)fmmdmmmeCdmbh 
Riverwaternowintelflows,itis,ln:elythatthe‘:1va'anren1”ismnxeunifonnlydlsuributedoverthe 
mmwqsguoa4ecdm.ToadmmemeapprmdmmmyfimdeofmisamuLasnIfiethimemmm 
Immkwmlydkuibmedwanms-waion.Aqpiml¢oss-saaimmmehwalake,fwemnmlg 
-TlansectSl3u4(seeFigme5)lnsanmmofappm:d1mtely456xl0’m’.BasedonatypicalIhnuflnfiow 
dmhgmeamdmamlpaiudofléoomfléthems-deuiomnywdagedannantmumbemly 
'3.smm/slntlteflppetlakenamaeaslsus (seeFngn:e1,1)hmanareaof6.s8x1o’m’andanavaage 
flowof’2.4lhmI&ThiS00nnasB.howev&;whhthcfiowmmeNan0W8!B8i0n(Figmel5)forexample 
ItinsectSl4tI75(seeFigInel6),whid1lnsana1aofl.6xI0‘in’andW!IidIyiel¢kadetectableflowof 
9.4cm/s. FonhismsonIhefoflowingmalysBofmnanwmbefod8edonumseusl4u5.hthe 
mfiowmgmpfiaflonamahndofhffilipgficdiafibufimdmnanfiufifiatfldagsitykdaaibw 
whichishmedmflmedyIn?micalmefl|odofckmi:a1oc¢anogIaphy(Fomin. I964). _’ 

mmcahsenceofwhdfadngandfiiéfiomldragfllesadyflowkgwundbyabahnoeof 
gmampficmdmesmwfimswmdnmyheteprsanedhafiglnmnddw-udinmesyaanudm 
mex-mdspo§fivefi9masmweamdy,meumunmmesnmhhmedownsu'::mdi:eaion 

pJv=j°,-E 
’ 

<i_>' 

__flP_%
' 

" ‘ 32 
‘z’ 

1or‘s',pmeamj;y,gmeacae1aanmorgavityamzme 
vafimlmordhma‘Eqmflom(l)am(2).mybemnmheduflamemmlBou§msqapmo:dmafimm 
findtheunran¢Iisu'ibI!ti°I|.V(X.Z)»0venheunss-section.
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v(x.z)=—§—Efl;.’ifl¢-+c t 

<3) 

1nemnsamofmyauonmequuma)isdemmmdbymereqmmman£ormen¢wwermeans- 
sectiontomatchfl;esteadyflImshflow._1heflnou3h.flowus14n5wmsummdmbemedkchmgem 
theDa1'nofI590m’/satthetimeoffl1euanseetlessfl1edrawdownoffiteLowerLakeof0.04mId 
amotmlingto‘appr'oxinmely29m’Is. Figure l6inIpliesthatflteduIsi.tySfl1l¢tIlleistil1edwithfltenligh1er 
wuammefiglnhandfidewhidimppmmmeasmmpfionoffiegwshnpmebalmeeasamedh 
Eqmflm(l).1heobsavdtanpaamemdwmuefivitywaemedmalmmemedm§tyfiomme- 

(19/]7anrl l;986)forL1kewata'inget1eIaL1'heappHé{nionoftheir 
mlafionasmes&afieinniewmw@nofme.AnwLak$doesmtdifiaapmedablyfiummmmd 
lakewaterhtnfltisassumptiontexuahnmbetestedbyfirrfllerinvesflyfiom V*q'ticalprofilesin_0.5depth 
huemmmofmufldmfityyafiamwaesfimmednfidwaybawemthefllreemficnheafiomauos 
meumsed;Dw§w'wsaflnmedmmmdamdq)fisfiomlharimapolmimfiomanmmdh8d°Pth& 
Dlsdmseaaosamo.smdqzamtava1—wmmegmedbyHneueiuapohummamaponumom 
vebmponauofamunhaweu1memommwayhuflonSBymmmaflmoffiemuuibufiomfiomach 
0.5rnsegmenthwasfomidflntmwshadmheaddedmflleuuiernsmbalancethemeameddlsehmge. 
tConmumofcunaubnsedmmeabwemlmlaflmsmggestmfigmel7mmmma'flnnamifmm 
dlsuibtnionofflowwer'theseetionthatflieefi‘eetof'thesuaflfieafionismooncentrntetheflowintoa 
middepthjetwhiehisslgtewedtothewestexnporflonoftheaossseaionThemagnitndecofthecunent 
aresufiicietitlylargemattheyoughttoakceedfltediresholdofmamusficdopp1erpmfiler.An 
explanationisfiinorderwhySl4u5wasehosentodemonsuatetheappficationofthegebsImi)hicmethod 
among'the»otherpossibletransectsintheNa_rrowsregion.FrornthelocationchartoftheNa1mwsregion 
infigutel5itisevident'thatthe1earetlueedIarp90°bendsalongtiteel1annel.Atabendtotheleftin 
theAdownsu'eamdirejctionthereisatendency’toaugrnenttheansschanneltlltoftheisopyuralsduetothe 
addition ofeentrliirgal forces to Coriolis forces while arlght tum opposes the tilt due to conservation of 
vorticity.ItissupposedthattheflawhasadjustedtothelfihandturnatSl4u6hythet1meitreat:hes 
Sl4trS. .

A 

Once the flow in the Nanows region has been for the Sqatember 1996 survey, the 
questionarisesofwhetherthedownstreamflowcanhereversedatothettimesleadingtoeatchangeof 
propa'tiesfiomtheLowerLaketotheUpperLake.AstrongwiudblowinguptlI¢LoW€|'Lakefi'om 
southeasttonorthwastresultinginawindstressofl0"Pashouldcausethewaterlevelinthenanowsto 
tisebyabomzemaeeordhgmasimplebalanceofpresmremdwindfiiedonfomes.Astheheadloss 
throughtlienatlvvvstesionwotlldbelesstltanaeerntimeueasdeducedflumailapplicationofthe 

l?55).asutingso1nherlywir1dougltttoreversetheflowintiienanows. 
I-Ioweve.’r,theexchangedepe'ndsonthe Sinee_theNarmwsregionis 
relatively longtheexcursionlengthtnayonlyrarely exoeedthe connecting length comequently, 
leadingtosrnallexelumgesingeneral. 

Largevaficaldispheemmmofthemamflshudmebyhtumlwavaknownasimanflhores 
orsurges haveheenobservedinBrit_ish Ooluntbianlakesby Wiegandandcarmack (l986)andFarmer 
(l978).Anoti1eraspectofthe exchangeisthepropagationofSurgesefromtheLowerLaketothe 
Upper Lake. Since Figure 16 demonstrates a.fah'1y rate of snatificafion the 
3PP1°P!i3t¢P3°P‘9‘i0nSpeedoftheimanalsmgeisgivenbyd1epmdua.ofthestabilityfiequencyof 
thew“atereolurnntimestl1eavetagedepth.givingaq:eedof 14cm/sduringthe expe:imentalpetiod.'l‘his 
is somewhat geaterthan the avaage downstreammeed of 9.4érn/s so that it Should be possible for some 
interml dismrbanoesintheLowerLake'to entertheUpperLakebutlikelywithgtea‘tly reduced energy. p 

sinoeaswillbeshownbelowthedischarzepeaksanmtallyatabvlltthefimecfthesurvey.it 
may be supposed that tlnough the.Nanows is weaker at other times of the Yea; Compensating 
forthefomfoldvariationintheammaldisdtnrgeisaeorrespondingchangeinthewaterlevelwhich 
resnltsinaredueedcross-seetionalarenThiselfectisillustmtedforthecross-sectionofmininnimareaat 
thecablefeuycrossinginFigure l8.Monthlyaverngedwaterlevel§werensedtoestimatethe<:oss- 
sectionalateaandwhichtwasthetidividedintothemonthlyinflowvalues.Itisevidelltthatthehighest 
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amenmmeearlyintheyearandmeyvafyonlybyabomafacmroftwowa-flneyear. 
qnngmigwidanlymlafivelyhighwamesnafifiedpaioddmingthemmmumonms. 

1henansvasedisuibufionsoftanpaammmmeUppafmIdLowerIakesdomtad1flmm . 

Figureszto l4fl1gpmnnmcedfilth;gsemhflIemmws~mgim.Apasiamtlensofwmmaandfiglner 
waterinthemiddlefiumtnjnsectsbsistzs 
northernlnlfoftheUppetLakc. Infl1esoi1tha1lP0!fi0nofth6UPP¢|‘1.akefl1isfeatiIIBgiv@swayto 
lightetiwaten-'alongfl1eo;aste1nshorelineatthes(&cefi\$h:smionsS15u6mSl5tr8.Whetherthisisa 
pasistentAfeahn'e‘oramanifest,ationofawinddr1va1imeunlseldiewillhavetobercsolvedbyfurthet 

pminflowfiommemgxmxmcflvflydmehypolmmimofheatmkmlfisfameappammfifiuse 
awaybyfl1etime—tl1esquthemln,:lfofthelakeisteached. 
flglnenaranfacewuaamidehkeisweaha'hmmmeuinsec8mggs;flfis11fi;.maybem 
mdimfimofhnaidfiedofflowm:memtflowdmgmemrmaaunshmelinaAgah,wnmIcdVfiy 

known. ~ 

'hmmmry.happemfimthedymmicmeflmdof'dm§mlooamgIaphyislimit¢dtothe 
nmmwsmnewhaewnfinananofmeflowresnlmhqaeedsassumgawindgmaatdflowsmd 
fmthamommmgseummmwhaemedlamdmvmuekmtmohgafilsewhagdemitethe 
thequantitativeapplica1io'ndfthisAme1hiod. 'Ihe_analysesinthissectionaresupponiveo_fthesnbsequent 
,mdemngsumegy,flIahkwfldmmoddtheUPP¢L!kehdepmdamyofmeLowaIakemdm 
spedfyd1eomflowt9theLowaLakebased6nfl|eoiiq:mfiomfl::UppaLakemodd. 

Modelling 

mmuavmassessmeimpactqfpxopqsedanaafionmtheomflowteglmeondleflmmal 
mucunadymmicwmaqnaIhy§iifilafimmnddWasqmfldmehdo(meUppfli1!lLowaAmw 
Lakes.0nacwmofmewidememmmemddDYRESMhnsemhhkes.for€nmplgKmta33y 
Lake(Pattéts6netaLl984),Il1¢:firstlaketowhid1itw:aappl1gd,DYRESMwasselected.1he 
mdalymgp1mdplemwhidImcmddishsedBmrqnesanmedominm!PhYS1ulpmcess§A 
schemaficdiagam(fignel9)kuhmfiomfishaaaL(1979)wmwwfleagomdesdipfimofme 
modelandit's;physics:_BwellasFisd1cr(l98l). Figure l9showsthepmeesseso'finflo_w,outnow,a'nd 
vafialmfidngbywhdninhgmnveaiwwofingmdhnmnlsddmwhichmindmedmmemdd. 
hmybemtdfiflmcmdfilwagndgimflydevdopdfnrappfidfimmmsawhswhiwnnnflymve 
avafimlwaflnme6htflqw.WIfibPmqmnaaL(l984)adaptdflwmddmhkeappfimfimumey 
didnmmdifymemmwmmhamdhwfmdmlinsmpofllvhynearflnmmowasthkefienmmd 
bebgyonglthpscopeofamne-dimausimhilnmdel. Apartfiomafewdlangestothevenicalmixing 
schemphmghypolhnfim~amtablemdfiaflmmflnamdfl!1hkennddfumHdeq>hkesismm 

waterparcelsate 
wmpmedhmevufialdiwainnhmdfitodfitfiminevmeaabflfiyofthewmamhmn-Duemths 
@|§S!i0n0fmcfieadme—dmaflngbathymmynarmeoml§,metmummmndSéptmbal6, 
l996a‘ieplottediI.1I‘78|Ire20.'l'lIis secIinndeinonsl!ate.StI|e.d'eaoftheconeennation.of 
flowmmekom&Im.SmfihdymF;gmel¢oq1q'wmaisupwdldnarflIeomflow.Theappmd1 

themflaremicmwhmnwalfiommedeepahyagiynmthisdfeamumlmdmammavafive
" 

mvegmehkehyfiobgyinthcfomofmflawsmdmdrpropafismdonmowsmmfacewmalwd



menmhnmfiIrdnAnwuksbmwmbemmpmedmoB<5$'h!t9P°8flPhYisavaflablemaud, 
esdnmaofthemrfnoemeawaeobuhredfiomBCHydromrdmmdnmmdqrflisfiommeCHS 
halfiymadcdnmfinadihasinmdwaensedmsmlememnrfimmfiomlhypsogaphicanwof 
ltmtumyukeltewndhnalfiomlma-dq:momvefuKmtunyhkeismmpmedmflneeoma 
Bfldflicomnbimmflfimmfiud-fikehkshFrgne21.KmtmayLakeaMKmhopsuheflhsume 
aU-shapd&mimfimwHdr.isupialdgladmedhkeboshs.nBammdflIatmeAnwuksme 
mndmflmmmistypeofhkednnmehvatedU-dIapedanvesmfBabhemflLab¢veLakes. 
PaawnmdWifilq(1965)Mw1unmkdmmedeqHiddshotdhsof&emeinmomflmatAnw 
Lakes.Onoeth¢muunw=ksmledhanbehnymedYafi@flymfieMmewmmaficdiafibnflm ' 

Basedmmesflnmedwlumsforadnbadnflisofintaesmmlmlamememstdmcefimea 

idenfimLTablelprwldesmmdmmmdndmmmresidaroedmebasedmmemflowammaVwea 
. fiwyarmaage(seefiyn22)Reddaoedmesfinflwmmesymmanbeobmmedbyadfingme 

The daily inflow ofthe Columbia Rlverbased on a five yearavernge fiom 1990 to 1995 
prep'ared_asmodelinptrtalongwiththeassociatedwatetlevelattheliauquierptige.Bothseriesare 
depietedinFigure22»anrlshowabimodaldisuibutionofinflowmoretypicalofreservoirsthannatmal 
syaunsAsweuasmewnaqmndty,hfmmaflmmmflowtenmaammmdmndncflvity.kmqmmd 
Watatempaammwasesdmawdbyfimngawdneanwmspmtmmammerudingmkenbdowme 
RevelstolseDam over a number of years. Accordingly, inflow temperatmes variedfmrn 11°C on August 1 

to2°Cat:heendofJamnry.Theuinknownoonductivity‘wasassi:medtobeconsrantandwasspecifled 
finmth¢0bS€:IVeKlValueofH8LM(l997)o_fl.30P-5/¢nl-'1'h¢infl0W!°lh9D°W¢I‘Lflk¢andi!S 
tetiipetatlireandcttndtiotivitywerespecifieflfiomthesinmlaIedoIn11owoftheUppa'Lakewidehis 
basedonthewate’tbalnnoeoftheUpperLakeandflreseleotivewithdrawalroutineinthemodel(Fisclrer 
etaL,.l979).

‘ 

H&M(l997)haveesmbHshedthmflielmd-basedwindsmtheCastleg3fAhp0nmemt 
representative of.theover'lakewind_field.'l'hus,forthepmposes ofthe theunal 
f°8im¢oftheLowerArmwLakeReservoirtoaitemtionoftheoutl1owit-isnssurnedthatthe 
meteorological data‘ observed at-buoys on Lake is sufliciently representative. Patterson et 
al.(l984) have displayedmostof the daily meteorology employed intheir model of the water quality of 
KomenayhkeandmmB§mflafionfimny,midalvafimlpmmsdtempaaunemfioonm1efifity 
were specified fortwobasinsbasedfipproximatelyonthe $1rveyofH&M (1997) and-the 
coefficient of extinetionapproptlatefornltra-oligotrophiclakesof 0.5 m" 

Ihemnpmofflnemodelhasbeenpresentedmmefmmofeonwmsofteinpesamrcand 
asa furictiori ofdepthand tiriredveraone year simulation period inFigure 23. Sinoethe 

vfluesofmmomsdomtrqreatmmemdofthealmlndommemaimedmjfialmmifiommemtm 
with the specified and hydrology. However, this is a common situation in any 

systmpwimmmaumwmimmmitdoamtmfimammmewarlmmmmmmmfionumm 
mme3;7Cisoflramwhich.ismnsidaedtoaocniatelyrfi1resenttheWhnfi'paiodItpersisteneebeyond 
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theovex1nmpeiiodinAprilindicates cnnectu-eaun:mofv::tica1mi:dnginthepraseucé'of'adensity 
gxuremumandis’supportedbyfl1etempeninmepmfilesofH&M(199‘7), 

Atpresunfl1eLowa'Anow1.akewithdiawsataneleVati01!0fl0mbelowCHS clmtxmnm 
whichmngesfiomlml4mbelowthesurfacedependingmtheflmeof'year.A1flme8.Wata'kq)ined 
wamedambmmugmhcewimdxawflsmeiymredmmemamalfimmafiohmmmxepgesanme 
mstamemecase.1hesimnlafionsofmeamunmumdmgimeofme.LowaIakebasedmme 

meteomlogytotheUppa'Lake, 

ofH&M(l997)-AswdLfl1etempaaimepmfi1esafl1emofthesi1mIafionuedoserminifialpl0files 
whichlikely~“indicata' tlnttlIeinfiualee‘oftheunlm0wn_ Inflow’ jisless. 
apparentintheLawer.Lake.

_ 

adopfingaworstcasezappmfich.itiSmu1nedthatamflowinthealteredcaseis_takenfiomfl1e¢:estleve1 

d:angesofonmowkdmwnhfigum25asmediflamoesbaweamemoases.Atmost,mdaee 
W8§fl'tflnP§ahn$uewmmdeaasebyabom2°Cmrabfid‘paid&nhgmer$uafifimfimpaiM 
hJmeduemmeflw0!tofwamangarmfacewmawameae§offl1edamFigure26pl9umc 
wediaedomflowmmpqamefiomfie1nwg:Lakem1dmnmmaflmmeahdedwgime,againby 
mmgndsfingwndiflmstanpmafilyhlmebmmaofmedmeklfllmofcfiumthemesemsum. 
1hevafiabifiW0f&emtflm‘mnmammekmtewmmy.Vafialfl$lmm1mnofmebomamsmnsd 
byimemusdchesa:emttakmmmacmummmemdeLn«etoxe,_mevuhbiHtyofmemtflow 
wmpaamnmsxefleameflucmaflomlpmetatesofhaflngmdwofingaammspastmwghme 
uea.Tmm,a.padonofflIeva:iabflityoftheoInflowten;paatwesobsuvedbyRL.&L.(l997)dufins 
d1esInnInerof1996eouldbeatnibutedmheafing-andcooflngoftheqmimniom 

conclusions and 

Thedevelopmentofnew electronic facilitatedthefield measurement 
ofphysical inhlkesandpermittedrapid oftwolarge 
mtucomeaedhhbmhsflhersnflmoflhkfiflveyhwbemmflywdmjmfiymeappmafllmkmme 
modeflmgofmeinmadof§mpmedwmmdms30nIhemumflmgimofmeLowaAnoWLake- 
Reservoir. The nminvaxiationofphysicalptopeniesisvaficalwith-aseoondaryuendto waxmawater 
tempetauneclqsatotlgeomlet.La1eralvariationsdonotappeartbbepersistentexceptixnheNannws 
regionwhereméyindicateaeoncmngmonofmenowfmmonebasinmamther. 
haeinwggstfimtde:dmgeofmemwaukewimmeUppaLake.1hk§mpflfiesmemddflngas 

meassmmanofmempaaofpmposeddnngesmthcoutflowoflowalakehasbéaa 
mmperedby.theIackofneldda_ta,£orexample, hmhymetricinfomationwhichiscgrraxuymtavailable . 

indigitalfonnasisthecasefo,1'1nai1yothernnjorBChkes.Dnetotheladxofdalaaniltheassumption 

‘Amisrepmbewnfidaedmbepmfimixmymmmemdmatifmefindingswwundmmnddabdm 
be aifi¢almmeCohnnbh.Rivaewsyaanflmmmetefimdnmddflngbemdankmmmnjmaion 
withfimhaobsegvadonsofflnetausafivefactorsandvdithfingchm. 

StweMcAdamofBCEnvimnmanismmkedfwhkbackymndsIpponmmispmjeamdhdpfin 
zefamcemtaiaLC.HeismmkdmrhisasdsmwhmepqmadmofmnyofmbfisInesandR 

suggeaionlntheedifingofthetan.
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List of captions 

l)lnnginmlmltempaameumsem(uppalefipand)mdeonm1efivfiyofLowaAnowLake September 
13 to 14, l996basedon1ni1ilalceproflles. Note tempaature contonrsa1l6, 14,12, 9, 7, 5 and4°C.a'nd 
oonduetivi,ty_(lowerlet’1panel)at,140, 150, 160, and 170118/c1n.Positionsofthetzansvetseuaasectsare 
indicaterL'merishthandpanelsa:erortheUppaAnpwLake. septembe 14m 15, 1996. Note 
uexnpemtureeontomsat 13,12,1o,s,6,4and3.6‘Candoonductivitycontomsat140.1.50.l60.l70and 
174118/e1n.1'hex-a§dsisthedistaneefiomtheHughKeenleysideD"am. *

' 

‘2)Tempaatme(upper)andeonductivity(lower) witl1same1mitsasF'1g|1relfort111ns'vt‘fiSietlansectl'.. 
September 13, 1996. 
3)SameasFigute2b11tfortl‘ansve,ISeetranse.C!2. 
4).Same*as 2 but 3. 
5)_Sa1i1easFig'I1ie2butforuansve1setransect4. 
6)Sa1neasFigme2bntfort1amvaset1-anseets. 
7)SameasF'1gm'e2butfiortransvaseuansee_t6, 
8)'SameasFig111e2but‘fort1ansverset;anse'ct7. 
9) SameasFigure 2 but)fort1'a’nsvetseuansect3, 15, "1996. 
l0)Sa'11‘1eas‘Flgure9butfort1'ansve:set1-anseet4. 
ll)SameasFignre.9butfo1'tza1isvetsetnlnS.€¢t5. 
12) SameasFiswe9b1ufor1:ansve:seuans,ect6_. 
13) San1easFigIne9btI_tforuanSV¢!S.¢l1ansect7. 
14) Samea'sFig‘1ne9b1itfort!ansverseuansect8. 
15) Location of stationsln the Narrows region.

_ 

16) Same as Figure 9 but for the Nan'ow_s region, Septemba 14, I995, transect Sl5tr5. Temperature 
contours 13.5 to 9.7 0Onto1_nsl38.9to 145.3 p.S/cm. . 

17) $an1easFigure lébmisoplethsoffloweonnponemintopageandtowanlstheouttlow inthelower 
panel. 

'

. 

l8)Estimatedmonthlycm'1entfiomtheUppertoLowa'AnowLakesbasedonfive-yearavaage 
lnflowsandwaterlevels. 

19) Schematic of many of the physical processes taken into in vertically ‘me-dimensional 
wate1'quality1nodel.DYRESM,aflerFischeretal.(l979). 

A M 
20) Longitudinal tempelatnre transect on Sqnember I6, 1996. The x-axis is the distance from the Hugh 

Keenleysidebam, = 

21) Nondimensiomlareavetsus depth c1irves'forfourlong, deep _i_n;the 

_ » » _ 

« 
" ' 

22) Daily to the Upper Arrow Lake (solid ei1'r'v'e_) water level at Fauquler (dashed 
auve). :

_ 

23) Modeueddq)mmdflmefisummomoftanpdmme(uppa)mdwnduaivnyama)formeUppa 
AnowLakeReservoir V 

24) as Figure 23 butfor Anew Lake Reservoir. _ 

25)Diffe're11cu lnpfopatieswithdepthandtlmeforthe I.owe1'An'uifvLake Reselvoirbetweell the 
msanmdptoposedontflowaseslopwimmawdisamunpmcfieewhflemeaeamflmmwdis 
thcpmposedase 

‘

- 

26) (lowerpanel) from the l..owerAmoW 
Lake.Rwuvok(mfidlme)mddashedlmemediEamee(moposdmimsmesanopamion).
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