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EC Priority/Issue: At the request of DF 0 and DOE, Pacific and Yukon Regionuthis baseline study 
of the limnology of the Arrow Lakes was undertaken in September, 1996'to 
-assist in the assessment of the environmental impact of proposed hydroeleetric 
power generation of the thermal regime of the Arrow Lakes ' 

Current Status: This document reports on the temperatureand total dissolved solids distributions and 
instrumentation performance on a lakewide survey undertaken during the 
stratzfied season. These results will form the basis for fixture work. 

Next Steps: These results will be disseminated to the appropriate persons making the 
environmental assessment and discussed in detail at the Arrow Lakes thermal workshop.



Résumé‘ 

L'inté_rét récent pour la lirnnologie du réservoir des lacs Arrow a été suscité par une proposition 
visant 2‘; altérer le régime de déjcharge de ce réseau. 1_’ourA17instant, on ne dispose que de peu dc 
_connaissances sur la limnologie des lacs Arrow. Dans ce rapport, nous décrivons un programme 
d'échanti1lonnage entrepris en septembre 1996 afin d'obtenir un relevé du champ de vent, du 
régime thermique et de la distribution des matiéres solides dissoutes pendant la saison de- 
,stratification. A cette fin, on utilise des équipements de mesure des profils récents, qui permettent 
de couvrir rapidement une grande étendue d'eau comme 1e réservoir des lacs Arrow. En plus de 
présenter les données collectées dans leur forme finale corrigée, nous exarninons certains des 
résultats mis en évidence grace a cat ensemble de données et nous évaluons ‘la perfonnance d'un 
Vnouveau profileur et de son instrumentation auxi1iair'e(un sy‘st,éI’ne.de. navigation électronique et 
un profondimetre).



Abstract . «

' 

Recent interest in the limnology of the Arrow Lakes Reservoir stems from a to alter the outflow regime of the system. Little prior knowledge of the limnology of the Lakes exists at present. In the 
report we describe _a sampling programme undertaken in September 1996' to survey the wind field, the 
thermal regime and the distribution of dissolved solids during thestratified season. Our observations take 
advantage of recently developed profiling instrumerrtation which makes the rapid coverage of a large 

I water body such as the Arrow Lakes Reservoir feasible. Besides presenting the data collected in final 
eoirectedformwediscusssomeofthefindingsinthedatasetand evalnatetlreperformanceofanew 
profiler and ancilliary instrnrnerrtation, namely the electronic navigation system and a depth sounder.
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Intmducfionvi 
_ 

_‘ 
4. 

.

i 

' The Arrow Lakes are ultra-eutmphic tjordic u‘tna_ted ‘in the Columbia Riva 
__ betwear Revelstoke and Castlegar, ‘British Colurnbia."As”a of the construction of the Hugh 

Keenleyside Damattheiroutflow in 1968 thewaterl_evel_wasraisedabout20mtoform theprmentpair 
of‘ii11e1‘0.onnected lakes. Despite attention to the fishery contaminant of the Columbia River downstream of the dam, to the authors’ knowledge has been no of the lirnnology of the post- development Arrow Lakes. The only limnological is that of Davison and 'I‘lrrrwen(1963) who observed the surnrna distributions of ternpaatnre, amductivity and dissolved QXYEGI in the 
predevelopment lakes. ' 3'"; 7'“ ' 

Present interest in the limrrology ofthe stems fiom a propo’ sal by the Columbia Power Corporation to change the opaation of the ‘dam fiorn storage and flood control to 
~ 

, include at-site generation of hydroelectric pow‘a‘.' of the outflow structure and the efiective 
"withdrawal depthoftireorrtflowatthedamco_trldhrr__v"_'e";'p‘otuaialirnpactsonthelimnologyofthelakes 
especially the thermal regime Secondly," tum there is concern that the upstream .. 

irnpoundments on the Columbia Rivermaytrap toarstain apibductive 
ecosystemasisthecasewithKootenayLake(Ashley, 1994). Undetstarxlingofthe limnologyofthe 
ArrowLakesw'ouldberequiredlnor'dertoassesstheefiectivuressofsudrrernediationstrategiesas lake 
fertiliiation. 

. 

’ 

'

- 

- Thisreponprwidesanmalysismdpresmmfimofobsavafionstakenofthebaselme 
lirnnology of the Arrow duringa one week period in September, 1996. The goal was to obtain 
whole lake coverage as rapidly aspossible without sacrificing the of lookingat such details as 

gladiéfitsinpropertiesalongdteflralwegofthelake. 

Field and Data Pmcessinglflethods ': 
- ’_ ~

. A 7-tn long motor launch mpable of steady speeds equipped with rtdepth 
sounderwastralleredtovarious launehingsltesalong'thelalee.Frorrtthissmveyplatformabout30 
profiles oftemperatnreand were collectedwithanOceanSarsorsprobe, model OS- 
200. WimmismmpHngsuuegybothme‘Uppamd1nw¢Iahswaewvuedhthteedayswhid1is 
considered surecremry short run; conditions do not drange significantly. A repeat offthe first day for 
reasomofdamreprodudbflhywasfimitedmfomuanseasdnemequipmdufafltm, 

Asmnnleadweishtwasatrachedroarecaseofithepnifilerinorderrotnemaseirsxateof 
descerrtinafreefall.Despitethis,itonlyfeuatapproximately0.8rnlswhiclrtneantdratthetin1etaken 

_percastwasmuclrlargerdrannecessary.Aolsindtpolyprupylerrelinewasstoredonarapidtake-up 
reelbutrnrforttmatelyitconldnotbeusedtohaultheprofilet'in.'l'hemostdificulttask’inthesurveywas 
memndova-handrariwdofmehmImmtpmdwladyfordecp€Safi0nsmdd!flin8WindY 
conditions. 

Thevsamplingintavalontheinstfirmaulsvariableupm loohzbutinstmdofrecording 
individual samples at this rapid rate averages of three eharmels of data (depth. temperature and 
conductivity) wae re_cordedatabout4hz Dep,errdingojnthenrteof'fall__at least four sarnplespermetre 
weretneastn'ed. Sampfingfimewasrecordedasananxfliarydamdmmd.SineeflruewasnoACpower 
on board the data on the intairal memory of the_OS-200 was uploaded to a battery-operated. 
laptop computer(IBMThinkPad)after'htmostlnstancestlrctlnee1:gmfiles eornprlslngacrosslake 
traversewcreloggedandwhileprcceedingtnthenexttranseaalongthelake.Whenthelnternalbatrerles. 
inmelaptopfniledaninvutu-wasmnd1ascdwhidrwaspowuedfiemtheboar's Izvsystenr Wheathc
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' " to25°C (Condu)ofqI¢cificé6n1lu:lance_écomdingthefommla, . 

as
‘ 

=<1.981)f La wfi 
" ’ 

inverter blew the on the laptop ooxnputer the smvey had to be abandoned. Fdxfiinatfly. this 
didtnot occur September 16, the final day planned forthe field H 

Station times and positions were noted manually froma GPS as Welles wind speed 
anddirectionataheightofappmximately Bmvabovethewatersurface. 'l_‘h.epmfilerwasprogmmmedto 
stanreoordingdataassoonasthepressmesaasotdetectedimmasion sinzplifiedsubsetlilent 
datapxoeessingasalldatastartedatthe samelocationinthefile. Unfortunately, forsameunknown 
reasonpmwaymmnghthesuweymeinsmmentfafledmsmnmmrdinguponsnbmasion 
Subsequently, theudata collection pmgtam to start recording the instant the instrument was 
tmned on. Periodically, the intemal battery aboard the OS-200 was checked for Voltage, Qne ba_t_tt‘._l'y 
sufliced forthefourdaysoffield operation. 

’ 

. . 

- -. 
‘ 

_.
- 

‘ Whenuploadingthedalainbinaxyfonnatfiomtheos-200 intemalmemoxy 
' twofi1eswh1chfiist'hadtob'eoonv&tedtoASCII.Next,theASCIIfi1escontainingtheinstmmentcounts _‘ 

ineach‘chamelwaewmatdmphydalmisumdingmmealibmfiomumbHshedhflIeN3flmfl 
Water Reseamh Institnte’s (NWRI) Calibtation Labomtory just prior 10 the 
mantiaetmefsmflwueignmedmesatnpledammdfimmsehadwbemagedfiommmmsflem 
formafilecontainingallthedatnin_a'calibratedsIat'e.Fofeonvenienoealldatafileeoxiginatingfmma 
.singleuansectwaestoredinasepamtedirectoryonthelaptopcomputer. 

Thede1>tl1channelwasca]ibmted' atuwklnearsealevelwhile me‘ of 
thefilesxeoonledoneadneastqontainedthe 
wereusedto eoneetthedqathchannelonaprofile-by-pmfilebasisfotflxe elevation, bamometric changes

~

~ cond,,=.1.s21ao312s CondI(1.+0.0297l75.'I'-Al .s;s;x19§*1¢;1.s3a_utrf1°). 
__ 

,, 
to. the and 

omeéted
t ~~ ~~~ 

GPS duefto wene used to plot station 
hmfimehhmshomm.theappendices.1he'iehfivdymgemmhmeGP§m§fimsmwmanfiom 
acloseinspeetionofthesemaps. V. 

. 

'- 

AsthemamfadmedidmtmpplyaAoonducdvflysmsotdesig1edforfl1efie§lIwatu 
oonducfivityxangethaewasaque§fionabotnthe,petfonnmeeoftheOS-200lnthevexylow 
oonductivity'wa‘tetsof'theAnowLakes. 
downwardsoondnctivitye§stsinFigme.l suggests‘tlult.flueInaflonsineonductivityofabout5%offl1e 
_.sigua11evamauemsmsornoisoanaoo:fine‘sunounémq;eomauuivnyp:omg.rnorewpmmesme

_ 

down-mstmndncfivflywpmredmbeabomfiouslmmghafimmeup-aamoewmtwcmemme 
ofmismomalouhehmomwumemmmnsistqnofmetwoanveswasusedmthesmseqngn 
analysisanddatapte:uu3tionsinthosecases‘whe:ethe oomoleteup-casrwaéavaflabxe. _ 

. - 

_ 

ThemmlfimIl'a*§Q5edfiaflmoftheiiflg€0fA&e[fleSmcs§Iwtkfiomzuob300mWfich 
wouldhemfidan'foraflhaflomhfl1eAnowLakes..Duflhg&eptefiddcaIihlafionfiwasfoundthat 
theinstrmn¢nteeaserlto:eco:datpressuesinexcessbf250mde1Ith- T1|iSW3Sb°m°°“*ifl‘h°fie'dWi‘h 

. 
nodatavrecondedbdo_'w.247nL 'flms,h1somecases40niofthew,atercolunmwexenotsampled. -

. 

. _ some pxeliminaty "in the evenings daily survey: revealed that 
tempammsudqnmwaedylifieamlyhwammfixewmpummeofmafimumdmfityufiemfiaee 
(3.98°C). Consequently, aspano_eo's-200. p;ofi1ex‘wgs,lashed..totheStandaIt1insuume11tandlowe:'edat_ 

deep was estimatedto be 
several, Diifamce hewom ;t,I=;e.-M.’ demonsuate in Figuie 2 that the deep 
temperature tnnstbe coneetto Wfihin0.0l°Q'theadana¢!¢ffi¢tanpaaune 
the Nat1ona1' Water Resean’:h Inslituws calibxation pxiot to field deployment. 

dqath was typically :,l.3m.
J
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i"m:’thé'os;2oo profi1et'°7“TJ "oo¢atrrtt"aitaaahet' 
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"ll 

ofspecifi" c conductance salts 
:‘ 

A 

The OS.-200 profiler was .to collect 1215 samples before shutting down 
automatically. This number considered to besuficientto capture alllevels at the deepest locations in 
thelakesof290monthe down-castmdinmostttasestheupadastaswell. .

" 

. 
A of digital bathyrnetric data for the Hydrographic Service was contacted 

forthe availabilityofdigital informationonthe_ArrowLak'es. When itwas determinedthatthese data 
‘were unavailable the feasibility of in-house digiuzatiohor the bathyrnetric charts was investigated at 

Unfortunately this proved to be too costly. Attetttaiery, forthe purposes ofdisplaying the station 
positions the bathymetric charts were reduced by photocopying ‘Then, the positions 
reference points and offlle field stations wee plotted to the same 
scale as the "Next, the shoreline corrtour‘_'\_ivas’traced'on the station 'position'map and the 
result digitally scanned following further ‘the digital’ file was then input to a graphic 
routine, SHOWCASE, where the reference and labelled. Unfommaldy. this 

.x laborious procedure provides only an not ‘the 
‘ 

information to the hypsometric needed for mathematical modelling. 
‘to examine the question station for the Arrow Lakes 

Reservoir houriy wind speed and direction were for the daytime 
Unfortunately similar data werenot available Dam where a monitoring ‘station 

wasfortnerlylocated. 
' 

g 

" Vat’ ”-‘ 

ff" 
‘ 

4. ~~

~ tnt_he’analysis 
_ __ 

Evaluationofthe petronnan“ 
” 

ceoffield equipment’ f

" 

~~~ 
...WiIh.I.=SP°¢tt0thela1mchonedi£fi<=¥_1t7 getter~ ~ ~ 

. I. ‘V t h ....-“.1-“’° 

closelyexaminetrévveteeotatheaatheiteeoradditionativeisht'ahdatan'aaro:motetapiddeoeut-ahaan 
_e_lectrically op;¢a.te.d calmflllforrecovery.

"

~ 
data; 

~

~ 
. 

H _.,No, samples were 
‘ 

collectedduring 
‘ 

for or_‘taa1og ionic 
However, and ‘igrrition 

and solids eonoetttrationtor eight water ‘on their results thebest fitfactor-for salt 
concentration in mgll is 0.52 times the 25°C. ' ’ " ” 

Wind comparisons ' A‘ 1 iii‘ 5' 
. 

V 

.. .. .. ’.'.4‘.‘-’.$.;i‘;‘ '-:7: 
. 

'2‘ -1‘ ' ' 

‘ 

It is of lnterat whether the Airport measures representative for the 
Ax§0wLakes.Emuekmnupondmcemar’mesedamcofldbemefflhmamflmdemngsmfies. 
While ‘hourly wind is recorded onlytdnring daylight honrsvat eoncrnrent and 
directions were obtained for the measurement period. at were into components 
along a north-south axis with northerly oliserved on the. 
lake drningtheanveywete consideredpofitiveifdiewirrdflewfiomannttllernornortlrwesteriy 

~~ ~ 
‘direction "Winds at Castlegar were lineariy‘irrterf1_iolated:to"tlre"tinres of the The most: likely 

would occur for the Lower I-a|=e’as."t.t‘Is ttfthe airport components are 
in the Lower Lake" for sepjtentber rahhtt’ 15, in Figures 5 and 6;‘ ‘Both’ iridicate’-that 

the winds on the lake surface are more vatiahleftlian Due to the absence 
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predominance compared to I:1»strers.In:'s.i't;es.t_;(v.-.e_; Slsmjnake 

. ofma:dnnnndensity.Abovet!Iisdepththetmalstxnctureisnot 

of any agreement evident in these scatter plots 1iei!i1€!' eonelation coeficients further Vattempts to 
examinepossibleqonespondeneeintheUpperLakewasattempted. 

mm.-....
' 

isbeingpIacedq:an‘anaIysisofimpacIsassociatedwiththed1ange 
to the discharge structure associated with the. proposed Keenleyside Powetplant Pmject (KPP), some 
pattems are-faitlyappatentinflledepthnmfiles. Pxofilesfivomthe two sbineesfeedhgimntheupper 
basinshowinAppa1dbcmfllmboththeColIm1biaRiVamamstemmdthcBeatonAmhavedisfind 
temperatures andeonductivities. Mainstexncolnmbhkiverwater, with tempexatnresandoonductivities 
of 11.2 °C and 151 |.I.S_Icm respectively, i§ apparentin liver stations 2 and 4 (Sl5R2 and SISR4). By 
stationsl5R6fl1eefi'eetdfBeatonAmmrfacewatg-canbeseadatmemnfneewhaetahpaames 
exceed l4°Candcondnctivily'is 130 ‘us/an. - 

. 

' 

: 
‘ 

A 

_ 

29;‘-;"«' v ' 

The greaterflow downthe ColumbiaRiVeI'mainste1nw'oi1'ld suggestfllatthe conhibntionfiom 
tl1eCoIumbia.Riv¢fia¢tionis.greater.1heinfli1a:cedfthesetwo watetsonrcestanbeuaeedmndtof 
ythewaydowntheupp=l'lIaS.inaSfaI'asstationS15tx6,asap%ofal1'°GinteIflowundedying l3.5°C 
aufaeewatexs. 'I1Iedownst:eamdeuvaseinfl1el1°Ci_ntrnsionofColu;nbiaRivet ' 

water suggests mixing with theabove lgwer theunal. 
stmchneacxossflxexesetvoirindicatethatflle1_1°CVinflowmavesasadiscreteunit. Itisfoundprhnatily 
alongthewesternshotelineatstations Sl5tr3 to‘S15tr5; then, asthe.thalweg'shifts«tofl1ewest. his 

in nmfilesfleil as S”14tt9;»ini¢i1."tiand.diVeést.‘h?:nt the. of 

I 

,_._present along the ooastlinemagnistations S‘15h6a,nd S1.5t1f7._}Re1nn_ant§ may be ,
- 

this layer and in .3

v At the downstream-"end ofthe deep cooler 
~~ ~~ 

’ 

narruwsandimo thelowcbasindneto at 
stations’ 814118 Sl4tr4‘ate 10_ ‘G This of wanna‘ he 

of the (S14tr4) 
anfaee water.vgez_e located--;w_ithiIf;the'lowe;: likely 

.

« 

s1§t,r3..andmméso Slim. .‘ 

; _ 
.._-,_l-‘mm station.Sl3tn$.dowush'eam..to,-_s;3tr2 the 30 In

. 

deP¢h.°f8b0IIt.9’C-3e1°WWSd¢l!fll’W3t¢|f$lI0W8-89341131 
. 

dSh0nshndte1IP°l.81m3d‘°F"?9°‘*“m“ 
of about 0.23°Cln_1 lion :1 Qfaboglt-16 ;°C..Depths lenlperatmes at the clam. 
suggest.tlIat.ve¢y little ofthe is and theteforemost ofthe outflow 

,fl1mughthelowgrbasinisdmynfiomfl1e_IIpper30mdfthewatel'.column. . .- ~ 
. .Anhuehsehmetqnpaaufledifi'au1ceaansmem:modme;wuwihq:t.atumsea§i3ul 

whaewaterabove lsmwasabout l6°'C~,at'IdbelowIl|isthexewas-anabrupt3‘Cd:np. ’l'hisf_eatm'eis 
- likdyduete_theseleuive'wflh&awflofmtwflnoughmembsn£awporl$81th¢¢hn . 

ConIpa1'isonafsltessampledot1 16 dmws-at elalcoolingoftlxe thermal 
. shucunesemonSq:tembu'13th.1he1ateofsuatifi¢'ationpxesa1tatSl3fltlwaédlrninishedathnnsect 
S16u'4,aflhoughityIasstilleiridan.Thewat&‘oolumnwassti1lsomewhatisoflIennal(nearl3.5°C)fox 
thetop 101lla.tIta.nsectSl6l:'l(atthe1'loatingguidewallofti1edam). Sudxchangesaxelikelyrelatedto 
dnangesmmedisehmgenghnefiomduiwmdpommpogtsomgmdmsamnddeaasshthe 
niaximnmairtempexamrebetweenSeptemberl3a‘ndl6(R,I&L.I997). 1 

- ‘ 
' 

.. 

.’ 

'rhequestionofwhetherthe;esultinehangesto_the thermal oftheresavoir 
ordownstream ofthe dams addressed in athe'i'iq:o1t.s..Howevjer, Kldhn.-cxippm, Integ.(l996) identified ’ 

thefadthnthep:es:u»fl1umaltB£im¢bdowfl1edam._ismmmhat.difi’uemmatitwaspriorto live!’ 
No clea1'expIanationhasbeenfutvva1dedfii1'this,observed.shi_fi,- andthexefoxe amnnherof 

ideas generatedbythis snveydesflvemetnim.



oftho re'sexvoir'dyna:nicsa:m ’
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ntaylslted 
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'1? 
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-' me the‘? OS«200"‘_pt'ofiler snouxoabe tmpmv" 

‘ 

ed time 
-1. 

‘ 

the qiedfimny for An‘ adjust tliiilffircssme sensor 
V. to exploit itsfull many,‘ a an fin and shoutdbe--aaoea‘:o~ure 

- « 
» ‘pxofilingspeed.’-A'n electric 

= 

- 

' 

A’hand-held cars is not sulficiéntly-aecmate’ due to 

The survey °dnfi1medthatboth.t'esexvoh!basinsIfiveasII:faceinflow-sIn'faoe outflow type of mucnnB.Whid1wonldbesimflarmmeoflginflAfiowIakcspfiwminq)omdman.Almmgh 
tentpemnnedamforthecohmbianiverupstréamofttxexesezvoiraue-smmyforuteperiodpriorto 
impoifinllmemthey indicate tha_t.summa't}e‘nIperauneswerewannerprioroonsuuclion oftheMica=_II1d 
Rwelsmkenamgbothofwmdnhavedeepwmu-onuaswhidlwouldresmtmlowwhflow 
texnperaturestotheA1_rowLakes. Sincetherelafionbetwea,__uesu_voit'inflow-andoutflowtctnpaatmesis 
1nee1y:obegene:anypos1tive.iusaum‘o:edimcu1ttoéoneeivenoweoonogorinflowwateewoumlead

_ towalminsofomflowwata. Furthermore, flzesizieoffltoresawfirissufidanfortanpaatmedtmges 
mooanwflhmmetesawiawwmeteomlogimlfieagnshownbymoabwemmfiopofloootmg 

. between September 13 and 16, and observations in1gL&t,a997)_._ 
' 

3" zr . 

dlanges in the ’dtse1mg'e_suuemre mun lake in me 'st:ue:mes4'o1;2t'14:e 

Keottleysidebamalso s_eemanunliko1y¢auseof'w;a:1:_ningtZofsid1magni1nde. Ihonaunallakeontflow canbe described as an overflow whereas stn:lhoe.ovetflow orsnbsolfaoe 
outflow.Inoompmisonmnaunalomflowthembmfiwepmtsmmdseetnmostlikelytoloaoma' 
40593” ihd°W"$‘1“m‘°“'P€'3.“.“.~ 

A. 
» Apossible explanafloncmlldbeflte 

Atrow Lakes would have eonmfbtned a cool the beginning 
cyqle. It would also likely have decreased thereby for 

due to ineteoxblogiml 
togreaterxesideneetime, combined ,With’anincreased" 

" ' 

outage" aroaduetb impoundment. 

' ” " 
might

~ 
I 

' 

therefore be responsible for the observed‘ in 
as well. Unfotttlnatcly to 

‘thoroughly this ~hypoth‘esi&‘H6ww'9r. ‘ 

. _, x-».L.'.f_' ,. - 

~~~~~~~ 
V4 ,.., 

~~

~ 
’ - ‘‘ 

cs'inlakes.AHo1vi:=véi';'while' 
'

f ~~ ~~ V

I ~~ ~ 
ths

~ 

‘interferences from the towaing shorelines of the data sllonldiie along 
_with~the dam to to Reliable’ depth 
-'Soundifl8«b6y0nd!§0mdq:thswonl_dbemos't_usefol; 
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- 
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- ‘ ‘1:.~,_- . _:”?:_,_, V 

_ 
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-".-.-':—_..{‘.':_.‘- ;."‘_'. ":""’.' ‘ 

Infunhex stndis oftheAnowLakmetooro on"the"lake 
surface in w_ell'e;_tposed locations with atleast one on labs. Meteorological «hm axuapolatedfiom 
distantsiteswonldappeartohavelimitedusgfi:lness;' »
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Station Lau'tude(N) Longitnde(W), ’I‘imeUC‘1‘, Wind tn/s, Direction along thalweg 
s10tr1_1 49 2034.0 117 49 49. 17:40 8. West ‘

. 

S10tl'1_2 49 20 18.0 117 49 49. 
sl3dam_1 49 20 24.23 117462653 l_-9:l7,Cal.m 

0

_ 

sl3dam_2 49 20 16.06 117 46 38. 19:49 4.0 
s13d_am_3 49 20 28.51 117 39 27. 20:02 4.0 1' » 

sl3lrl_2 49 20 29.35 117 53 19.34 20:20 5.0 _ _ _ 

sl3n-1»_4 49 20 38.3 117 53 19.94 20:27 7.0 West. 
s13t12_6 49 23 5.42 11759 9.14 8.0 West 
s13tr2_2 49 25 20.84 118 5_ 9.21 2.1:-52 5.0 southeast 
sl3tr2_4 49 25 28.19 118 45499 21:55 5.0 
s13tr2_6 49 2539.81 118 436.39 2159 6.0 “ . 

sl3tr3_2 49 29 5.51118 7 2.11 22:20 7.0ASoutheast 
s13tr3__4 49 29 14.11 118 6 47.26 22:35 8.0 Southeast 
sl,3tr3;6 49 29 14.45 118 6 46.77 7.0“ -

' 

s13u'4_2 49 31.33 118 '9 8.11 23:00 4.0 
s13tr4_4 49 33 24.1 118 829.12 23:104.0 " A

' 

§13tr4_6' 49 33 38.93 118 839.54 23224 5.5 -- 

S13tl'5_2 49 38 42.38 118 1012.47 23:47 3.0 Northwest ‘ 

. s13tr5;_4 49 38 40.46118 931.35 23:55 2.0 ". 

s1_3tt5_6 49 38 40.86 118 8 35.49 00:03 4.5 ' 
sl3tx6'__2 49 43 37.47 118 8 36.39 00:20 calm

0 

s13tI6_4 49 43 35.41 118 751.86 00:30 “ .. 

s13tr6__6 49 43 32.91 118 7 10.86 00:37 “ » 

s13t_1f7;2 49 48 00.00 118 6 30.00 00:55 5.5 Noah 
- sl3t1‘7_4 49 4800.00 118 542-.000l:05 5.0 North 
S13tf7__6 49 48 00.00 118 5 00.00 01: 10 -3.0 Not“!
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.
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1 

Station Longimde<v10.11meUcr.w_nazn/s, §10n81halw‘eg 
s141r1_2 49 48 25.72 118 6 2205 19:28 9.0 Southeast 
sl4trl__4 49 482118118 6 2.13 19:35 7.0 Southeast . 

sl4tr1_6 49 48 14.3 118 _5 26.77 19:38 7.5 '* 

s14h2_2 49 52 5.28 118 537.36 19:55 10. South 
s14u2_._i4 49 52 3.39 118 532.14 20:00 10.5 “

_ 

s14t;2’_6 49 52 3.3 118 525.5 20:05 11. "1 

s14tr3_2 49 56 15.06 118 1 56,65 20:20 8.5 Soufli 
sI4tr3_4 49 56 1.58118 126;4120:28 8.0 “ 
sl4tr3_6 49 .55 45.85 118 1 2.02 20:34 7.5'somh 
sl4tr4_2 49 58 23.62 117' 56 27.00 20:50 13.0 South . 

s14t;4_f4 49 5810.82II75.626.82;20:5311.0 “ 
s_14tt4_6 49 57 50.62 117 56 22.32 21:02 9.5 $011111 
sl41r$_2- 50 1 59.49 117 5437.91 _2_1_-:18 3.0 Sdnth 
sl4tr5_4 50 1 8.451175415.6_3 21:22 4.5 9 
sl4tr5_6 50 115.00 117 54 5.19 21:27 7.0 “ 
;141:_6;2 50 429.00 11756 9.67 21:40.1; N0_1_1h 
s14u6_4 50 4 24.75 117 55 54.15 21:47 2.0 Noflh 
s14u6_6 50 4 25.90 117 55 46.52 21:50 2.0 Noun 
s14n7__2 50 6139.54 117 53 30.41 22:01 5.0 Noun 
s14tr7_4 50 63034117 53 2537 22:05 6.0 “ 
s14t_r7;6 50 6 22.76 117 53 17.4 22:10 5.0 F. 

' 

5l4tr8_2. 50 7 15.36 117 50 38.14 22:35 6.0 North 
sl4tr8_4 50 .7 9.75 117 5026.02 22:42 5.0 '3‘ 

sl4tr8_6’ 50 7 6.12 11750 4.34 22:45 4.5 West 
s14t19_.;2 50 13.68 117 49 32.47 237.00 5.;_5 
s14tr9_4 50 11 14.67 117 48 39.5 232.10 7.0 N01111 

» ~sl4t19__6 50 11 12.97 117 4731.6 23:15 6.5 “ 
sl4trl0_2 50 14 48,3 117 51 30.82 23:40 5.5 North 
s14tr10._‘4 so 15 00.96 117 50 42.29 -23:50 1.0 
s14tr10;‘6‘ 50 15 9.06 117 49 39.36 -23:58 7.0 Ndrth 
s14t1‘1l_‘2‘50 17 35.26 117 53 31.27 01:10 4.0 Noun 
sl4trl 1_4 50 18 00.03 117 5241.93 0120 3.0 “V 

s14trll_6 50 17 59.86 117 5237.8 01:30 2.0 “ 
s1411'l 1__8 50 18 37.11 117 51' 58.58 01:38 20 -

“
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