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EC Pﬁéﬁtyﬂssue: : At the request of DFO and DOE, Pacific and Yukon Region.‘this 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 hydroelectrzc
power generation of the thermal regime of the Arrow Lakes

Current Status: This document Feporis on the temperat’ure’and total dissolved solids distributions and
instrumentation performance on a lakewide survey ndertaken during the
stratified season. These results will form the basis for futire work.

Next Steps: o 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'intérét récent pour la limnologie du réservoir des lacs Arrow a été suscité par une proposition
visant & altérer le régime de décharge de ce réseau. Pour l'instant, on ne dispose que de peu de

‘connaissances sur la limnologie des lacs Arrow. Dans ce rapport, nous décrivons un programme

d'échantillonnage entrepris én 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 le réservoir des lacs Arrow. En plus de
présenter les données collectées dans leur forme finale corrigée, nous examinons certains des
résultats mis en évidence gréce a cet ensemble de données et nous évaluons la performance d'un

Tnouveau profileur et de son instrumentation auxiliaire (un systéme de navigation electromque et

un profondlrnetre)



Abstract . -

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

. water body such as the Arrow Lakes Reservoir feasible, Besides presenting the data collected in final

corrected form we discuss some of the findings in the data set and evalnate the performance of a new
profiler and ancilliary instrumentation, namely the electronic mavigation system and a depth sounder.

Introduction

The Armow Lakes are ultra-eutrophic fjordic lakes sitnated ‘in the Columbia River system
between Revelstoke and Castlegar, ‘British Columbia “As a result of the construction of the Hugh ~
Keenleyside Dam at their outflow in 1968 the water level was raised about 20m to form the present pair
of interconnected lakes. Despite attention to the fishery and contaminant loading of the Columbia River
downstream of the dam, to the authors’ knowledge there has been no study of the limnology of the post-
development Arrow Lakes. The only limnological investigation is that of Davison and Thuesen(1963)
who observed the siummer distributions of temperatnre, conductivity and dissolved oxygen in the
predevelopment lakes, ' 1

- Present interest in the limnology of the Amow Lakes stems from a proposal by the Columbia -
Power Corporation to change the operation of the Kecnieyside dam from storage and flood control to

. include at-site generation of hydroelectric power: Thc_:a!taanm of the outflow structure and the effective
‘withdrawal depmofﬂleomﬂowatthedambgﬂdhavwimpactsonthelimnologyofthelaku

especially the thermal regime. Secondly, on 'd”lofiger term there is concem that the upstream .-
impoundments on the Columbia River may trap incoming mutrients needed to sustain a productive
ecosystem as is the case with Kootenay Lake (Ashley, 1994). Understanding of the limnology of the
AnowLakcswouldbemquimdinordu'toass&thegﬂ‘ecdvmofmd:r&mediaﬁonsuategisas lake
fertilization. o : .

: This report provides an analysis and presentation of observations taken of the baseline
limmology of the Amow Lakes during a one week period in September, 1996. The goal was to obtain
whole lake coverage as rapidly as possibile without sacrificing the possibility of looking at such details as
transverse gradiefits in properties along the thalweg of the lake.

Field and Data Processing Methods o S ,

A 7-m long motor launch capable of steady speeds of S0kmvhr and equipped with a depth
sounder was trailered to various launching sites along the kake. From this survey platform about 30
profiles of temperature and conductivity per day were collected with an Ocean Sensors probe, model OS-
200. With this sampling strategy both the Upper and Lower Lakes were covered in three days which is
considered sufficiently short that conditions do not change significantly. A repeat of the first day for
reasons of data reproducibility was limited to four transects due to equipment failure,

A small lead weight was attached to the case of the profiler in onder to increase its rate of
descent in a free fall. Despite this, it only fell at approximately 0.8mv/s which feant that the time takea

. per cast was much larger than necessary. A 0.25 inch polypropylene line was stored on a rapid take-up

recl but unfortunately it could not be used to haul the profiler in. The most difficult task in the survey was
the hand-over-hand retrieval of the instrument particularly for deeper stations and during windy
conditions.

The sampling interval on the instfument ig varisble up to 100hz but instead of recording
individual samples at this rapid rate averages of thrée channels of data (depth, temperature and
conductivity) were recorded at about 4hz. Depending on the rate of fall at least four samples per metre
were measured. Sampling time was recorded as an auxiliary data channel. Since there was no AC power
on board the data residing on the interial memory of the OS-200 was uploaded to a battery-opefated.
laptop computer (IBM ThinkPad) after in most instances the three profiles comprising a cross lake
masew&clOggedandwhﬂepmwedingmthenmmal_ougthehkc.Whenﬂxein‘temalbaﬂe‘risv
inthelaptopfaﬂedaninvmwasmnd:asedw'hidlwaspowuedﬁnmtheboat's 12V system. When the
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. single transect were stored in a separate directory on the laptop computer.

inverter bléw the transformer on the laptop computer the survey had to be abandoned. Fortimately, this
did not occur until Séptémber 16, the final day planned for the field experiment.
Stanonﬁmsandposmonswmnotedmannallyﬁomahand-held(ﬂ’saswellaswh:dspwd
and direction at a height of approximately 3m above the water surface. The profiler was programmed to
start recording data as soon as the pressure sensor detected immersion. This greatly simplified subsequent
data processing as all data started at the same location in the file. Unfortunately, for some unknown
reason part way through the survey the instrument failed to start recording upon submersion.
Subsequently, the data collection program was re-written to start recording the instant the instrament was
turned on. Periodically, the intemal battery aboard the OS-200 was checked for voltage. Ons battery
sufficed for the four days of field operation. =~ - -
‘ Whenuploadmgthedatambmaryfonnatﬁomtheos-zoointemalmemoxyeachmstgmaated

" two files which first had to be coniverted to ASCIL Next, the ASCII files containing the instrument counts

in each channel were converted to physical units according to the calibrations established in the National
Water Research Institute’s (NWRI) Calibration Laboratory just prior to field deployment As the
manufacturer’s software ignored the sample date and time these had to be merged from another file to
formaﬁlecontainmgallthedaminacalibmtedsmte.Forconvmienoealldataﬁl&soxigmahngﬁoma

'medepﬂmhmelwascalibmtedatNWRlnearsealevdwhneme lakesnﬂ'aoeis431m. Oneof
the files recorded on each cast contained the apparent pressure before immersion. These pressure vahies
were used to correct the depth channel on a profile-by-profile basis for the elevation, barometric changes

_andmmandnﬂudngwdsheamﬁwmmdq)mwnecﬁonwastypimnyabmmm '
' V__‘Tempexanne('l') effects on ¢ v #

T Ammnﬁnelycompmsatedforbyconecﬁngoondnuﬁvity((:ond)
t0 25°C (Condz,)orspec:ﬁccondncmnceaccotdmgthefomnla, , .

Cond,=1.827803125 Cond/(1.4+0.0297175.T-1 5551x10"’l"-7 89x10"'I°).

 L.AswelLthweooneeﬁonswaeperfomedbythe'mdMsoﬁmemany,ﬂletempaznmof
,ﬂ.'maznmnmdcnsityasaﬁmcﬂonofdepthwasmlf. lated..
_ ;»_(}nrmack (1981) as a reference curve for the very ‘deep ‘stations. Corrected temperature and specific

,mrdhgtoﬂxeexprssxonof!’amuand

i pmﬁlﬁmphﬁedf&endwastbasedmthespmddwasoﬂwamh&pendicsnv

GPSposiﬁonmconededformduehselecﬁvemlabﬂitywmusedmphtaaﬂm
hwummmmhme@pmﬂmmmﬁvdymgemmmemponﬁmmwmmﬁom
a close inspection of these maps.

Asthemannfadmedidmtmpplyamnducﬂvﬂysensordeﬁgxedforﬂxe&edxwatu
oonducﬁvitymngethmwasaqusﬁonabommepetformmceoﬁheos-zoolnthevexylow
mmmmdmmmmh&ammmmmmmm
downwudswndneﬁvﬁymsshﬁgmelmggmﬁmﬂumaﬁmshmndmumyofabms%ofme

. signal level are due to sensor noise and not fine structure in the conductivity profile. In a few profiles the

down-cast conductivity appeared to be about 50jtS/cm higher than the up-cast trace. Whatever the cause
of this anomalous behaviour was the more consistent of the two curves was used in the subsequent
analysis and data presentations in those cases where the complete up-cast was available.
Themamfaema’sspedﬁcaﬂmofmemgeofthemmcsmsorisﬁommmemwmch
would be sufficient for all Iocations in the Arrow Lakes. During the prefield calibration it was found that
the instrament ceased to record at pressures in excess of 250m depth. This was bome out in the field with

" no data recorded below 247m. Thus, in some cases 40m of the water column were not sampled. -

Somepxdimmmydﬂapmcssmghﬁewmingsbﬁweendaﬂymeysmaledm‘

| mmaMWmMMthammmewmpmofmaﬁmdmamm

(3.98°C). Comequaﬂy,aq:mos-zoomﬁlawashshedmthesmdmdinmmmdhwaedat_
.swualdeepmﬁmmmmmlsepmmbawemmemmmwmmmsﬁmmdmbe
maﬂemﬁmmnmmbuwmmemomm&monMemszmmedeep
temperature must be correct to within 0.01°C, the accuracy of the temperature calibration peformed at
the National Water Research Institute’s calibration laboratory prior to field deployment.



'Buu_lt’s

. page of Appendices I-IV. Corrected profiles of |
Appendix V-archival information is presented

. With respect to the launch one difficulty was the depth sounder which performed poor
. Reliable AC power is desirable. The use of inverters with Eofispiters is not recommended. T
I the 05-200 profiler could dccur in'a mumber fessun : i

. Conversion of specific conductance to dissolved salts &

‘ The OS-200 profiler was programmed to collect 1215 samples before shutting down
automatically. This number was considered to be sufficient to capture all levels at the deepest locations in
the lakes of 290m on the down-cast and in most cases the up-castaswell. =~ =~ -~

. A distributor of digital bathymetric data for the Canadian Hydrographic Service was contacted
for the availability of digital information on the Arrow Lakes. Whei it was determined that these data
were unavailable the feasibility of in-house digitization of the bathymetric charts was investigated at
NWRL Unfortunately this proved to be too costly. Altematély, for the purposes of displaying the station
positions the bathymetric charts were reduced by several photocopying stages. Then, the positions
reference points and of the field stations acconding to thieit GPS ¢o-ondinates were plotted to the same
scale as the reduced charts. Next, the shoreline contour was traced on the station position map and the
result digitally scanned following further photoreduction. The digital file was then ifput to a graphic
routine, SHOWCASE, where the reference poiiits and station locations were Iabelled. Unfortunately, this

I

Iaborious procedure provides only an approximate location and not ‘the additional bathymetric

 information required to establish the hypsometric information needed for mathematical n

- To examine the question of represcatativeness of a Stationary wind station for the Arrow Lakes
Reservoir hourly wind speed and direction were obtained from thie Castlegar Airport for the daytime
hours. Unfortunately similar data were not available for the Keenleyside Dam where a monitoring station
was formerly located. T 3 T IO

Al ;'

Charts showing transect and station locations for cach of

in the analysis. | o
Evaluation of the performance of field equipment

58

290m de range.

L the OS-200 pr cur in @ sumber of areas, The pressure and conductivity ranges ghould be
closely examined*We recommend the use of additional weight and a tail fin for more rapid déceat and an

electrically operated capstan for recovery. The electronic fiavigation system based on GPS shiould be used
~in conjunction with a ground reference station or somé“ othi fonnofpost processing of the navigation

data.

.. No water samples were collected during the field e:p&imaz,t"'for analysls of majorionic
constituents, However, Davison and Thuesen(1963) measured conductivity, ash remaining dfter ignition
and total solids concentration for eight water samples. Based on their results the best fit factor for salt

prnmn ..*??,:. R it

concentration in /5 0.5 timesthe conducivty nuSlcm i 25°C, "

Wind comparisons S ey ﬁw e e e et b e

- Itis of interest whether the Castlegar Airport wind station measures representative winds for the
Arrow Lakes. If there is correspondence, then these data could be uscful in thermal modelling studies.
While hourly wind is reconded only during daylight Bours at Castlegar concurrent wind speed and
directions were obtained for the measurement period. Winds at Castlegar were resolved into components
along a north-south axis with northerly components taken s positive, Similarly, winds observed on the.
lake during the survey were considered positive if the wind blew from a northem or northwesterly

direction. Winds at Castlegar were linearly interpolated to the tiimes of the Iake stations, The most likely
.agreement would occur for the Lower Lake as it is closest to'thie airport station. Thus; components are

compared in the Lower Lake for Septémber 13 and 16, 1996 tn Figures S and 6. Both days indicate that
the winds on the lake surface are more variablé than at the Castlegar airport station. Due to the absence

‘ By P . ot 3 . NS . . : .
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of any agreement evident in these scatter plots neuher correlation coemcients nor further attempts to

examine possible comondenoe intheUpperLakewasattempted.
mscussmn - ' '

Al&oughg%aemphmsmbmgphcedmanﬂymsoﬁmpac&assodﬂedwnhmcdmge
to the discharge structure associated with the proposed Keenleyside Powerplant Project (KPP), some
pattems are fairly apparenit in the depth profiles. Profiles from the two sources feeding into the upper
basin show in Appendix III that both the Columbia River mainstem and the Beaton Arm have distinct
temperatures and conductivities. Mainstem Columbia River water, with temperatures and conductivities
of 11.2 °C and 151 puS/cm respectively, i5 apparent in river stations 2 and 4 (S15R2 and S15R4). By
stauonSlSRGﬂleeﬁ'ectomeonArmmrfaoewatucanbesematthesmfneewhetetempemm
exceed 14 °C and conductivity is 130 uS/cm. -

The greater flow down the CohnnbiaRwa'mamstemwould suggestthatthe comﬁbntionﬁom

the Columbia River fraction is greater. The influence of these two water sources can be traced much of
‘the way down the upper basin as far as station S15tr6, as a pattem of a 11 °C interflow underlying 13.5 °C

surface waters. The downstream decrease in the conductivity of the 11 °C intrusion of Columbia River

water suggests mixing with the above lower conductivity water. Lateral differences in the thermal
structure across the reservoir indicate that the 11 °C inflow moves as a discrete unit. It is found primarily
along the western shoreline at stations S15tr3 to S15trS, then, as the thalweg shifts to the west, it is

.’.'_-ipresentalongﬂleenstancoasﬂineﬁomslanons S15tr6 and S15t7. Remnamsoftlﬁsfeatmemaybe
,pmentinpmﬁlesmdxassmwmidudeast,wﬂlewmertempmmof layer%andits,:
‘ pzedominaneecomparedtoupsuumsita(e.g. Slsuc)makemislmmtam. RN

At the downstream end of the upper basin limited deep eoolerm,cnsdmga'dnongh'me

' nanowsandnnomelowu'basindnetomemmaeddepthoﬂhewastegim Water temperatures at

stations S14tr8 through S14tr4 are generally greater than 10 °C. This influx of warmer water may be
telatedtomegenuanywma'snd‘aceminthehwabasin, however,- some of the coldest (S14trd)
and warmest (S13tr5) surface water were located -within' the lower basin which indicates. the Iikely

- hnpomneeofoﬁaﬁcbmmdzuwhddnvmﬂudmﬁon&ﬁmpmbdowmwmmtobmed

until deeper stations beginning at station S14tr3, and more so downstream of station S14trl. _
: memﬁmsnusdownmmmsnkzﬂmeisagmmlpauanofwmpm_ 30 m
depthofabom9’C.Belowthisdqmlwateshowsamdnal cooling trend approaching the temperature

. of maximum density. Above this depth thermal structure is not strong and temperatures decrease at a rate

of about 0.23°C/m from a surface temperature of about 16 °C. Depths and temperatures at the dam.
mggstMvayﬁﬂeof&edeqmwateispmeddomﬂmm.mdmmfmmstofﬂwomﬂow

. through the lower basin is drawn from the upper 30 m of the water column.

, mmhmemmdﬁauxmmmmdmméﬁdmammsnm
where water above 15 m was about 16 °C, and below this there was an abrupt 3°C drop. This feature is

-~ likely due to the selective withdrawal of water through the subsurface ports at the dam.

CompmsonnfdtessampledeqstembaBmledmwsagenmlcoolhgofﬁemumal

: stmcmremonSeptembu'Bth. The rate of stratification present at S13tr]1 was diminished at transect

S16tr4, although it was still evident. The water column was still somewhat isothermal (near 13.5 °C) for
the top 10 m at transect S16trl (at the floating guide wall of the dam). Such changes are likely related to
dmgwhmedischmgemgimeﬁomslmmdpommpomamy.mdmmmldmwmme
ma:dmnmairtempexaun'ebetweenSeptemberISanle(Rm 1997). s .

'Downstreamtempuannedmng

nequwﬂonofwhmmeKPPwmmulthdmgammemamalmmofmemk
or downstream of the dam is addressed in othes reports. However, Klolin Crippen Integ (1996) identified
the fact that the present thermal regime below the dam is somewhat different that it was prior to river
regulation. No clear explanation has been forwarded for this observed shift, and therefore a number of
ideas generated by this smvey deserve mention.

P .



- numerical model of the reservoir dynaniics and the

- C°"°""i°""ﬂdRecommendaﬂon,

- ate the 0S-200"profiler should b inproved for use: i the

* ' namrowing the range specifically for freshwater. An attempt should be made to adjust tié pressure sensor
- to exploit its full ringe. Fitially, a tail fin and more Weight should be-added to the

- profiling'speed. An electric capstan would greatly Eicilitate thie field operition. - i
7 A hand-held GPS is not sufficiently ' with erors of Hundreds of metres perhas de to

The survey confirmed that both reservoir basins have a surface inflow-surface outflow type of
structure, which would be similar to the original Amow Lakes prior to impoundment. Although
temperature data for the Columbia River upstream of the reservoir are scanty for the period prior to
impoundment they indicate that summer temperatures were warmer prior construction of the Mica and
RwdsmkeDamgbothofwhichhavedeepwmonﬂaswhidlwoﬂdmukhmhﬂow
temperatures to the Arrow Lakes. Since the relation between reservoir inflow and outflow temperatures is

likely to be generally positive, it is therefore difficult to conceive how cooling of inflow water would lead _

to warming of outflow water. Furthermore, the size of the reservoir is sofficient for temperature changes
mommmmmwmlowMSMWM'W@@g

‘between September 13 and 16, and observations in R, L&L (1997). - 34 i+ S ¥

Changes in the discharge structure from thie natural lake to the discharge structures of the

Keenleyside Dam also seem an unlikely canse of warming of sich magnitnde. The natural lake outflow
can be described as an overflow whereas the present dam has elther surface overflow or subsirface

outﬂow.Incompmisontonaunaloutﬂowthembmﬁwepmwomdseqnmostlﬂ;dytnl@ma '

decrease in downstream temperature. st ol T St
Arrow Lakes would have eonm‘bmedalargevolmneof

:  of faidy cool water at thie beginning of the heating
cycle. It would also likely have decreased epilimnetic residence time, and thereby decreasing the time for

heating due to meteorological contributions. Under a regilated scenario tlic lower summer flow leading ;
to greater residence time, combined with an increased reservoir surface area due to impoundment might

 therefore be responsible for the observed increase in ‘cutflow temperatures in summer, and probably

surface water temperatures as well. Unfortunately the Jack of pre-impoundment data make it difficult to
thoroughly examine this hypothesis. However, such; hypoheses could be- evaluated by a-call
o SRR A S g nnls‘

S e

hysical characterisics In lakes, However, while poteitis

freivhu

body to increase the

interferences from the towering shoreines of the lake.” GPS data should be recorded coritiimously along

_with the necessary auxiliary data to post process positions to aboit 10m accuracy. Reliable depth
- sounding beyond 80m depths would be most useful. Clean AC power aboard the motor launch would be

helpful. . S R AR5 - oA S e TR I LN S O I
In further studies of the Arrow Lakes meteorological stations should be established on'the lake

surface in well exposed locations with at Ieast one on cach lake. Meteorological data extrapolated from

distantsitswonlda‘ppmtohavelimnedusgﬁm&' T B

B T

o

Acknowledgements ) e 'PE} el v omen o o

Bemi Claus, Environment Canada, Pacific and. Yukon Region and Herb Klassen, DFO are thanked for
their arrangement of financial support to this project. J. Bull and C. He are thanked for their assistance in
the operation of the CTD profiler. In addition, C.He

References - e Themiggel e e
Ashley, K.I 1994. Overview of the Kootenay Lake fertilization experiment Proc. Canada/United States

+ “Technical workshop on the Uppér-Columbia River Basin: An Intemational Dialogue State of Wash.

greatly assisited in the presentation of the field data.

. ) . . ‘



|

[ Tl
——
«

&

i

B A LT BT T ST USRS S S

Davidson,F.A. and C.J.Thuesen, 1963 Thermal, oxygen and ionic stratification in the Amow Lakes,
British Columbia. Unpb. Report, Public Utility District No. 2 of Grant County

Fatmer, D.M. and E.Carmack, 1981. W‘mdmimgandrmaﬂﬁcaﬁonmalakeuwthetempmn'e of
maximum density. J. Phys Ocgr. 11:1516-1533 .
Klohn Crippen Integ. 1996. Keenleyside Powexplant Pm_)ect. Water temperamre study. Prepared for

" B.C. Hydro. Report No. KCI-259.
- RL&L. Environmental Services Ltd. 1977. Hugh L. Keenleyside Dam watertempemmre monitoxmg <

1996. Data report prepared for Columbia Power
Corporation. R.L. & L. Report No. 517F: 17pp. + 3 app..




List of Fignre captions ‘
1)Comparison of up-cast and down-cast tempuanme and oonductmty traces for station Slsui 2.

2)Comparison of temperature between two OS-200 profilers at the same location,. ~ -

3) Comparison of the north-south component of wind at Oustlegarwnh the along axis oomponent of wind
on Lower Amrow Lake, September 13, 1996. fakgl

4) Same as Figure 3 but for September 16, 1996. ' .
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" Comparison of Wind Speeds, Sept. 16
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- Appendix I'Data collected on September 13, 1996
Lower Ammow Lake
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Station Laumde(N) Longitnde(W) TimeUCT, Wind m/s, Duecuon along thalweg

siotri_1 49 2034.0 1174949. 17:40 8. West
slotrl_2 49 20 18.0 117 4949.

slSdam 1 49 2024.23 117 46 26,53 19:17 Calm
s13dam_2 49 20 16.06 117 46 38. 19:49 4.0 Southeast
s13dam_3 49 2028.51 11739 27.20:024.0%
s13trl_2 49 2029.35 117 53 19.34 20:20 5.0 West
s13trl_4 49 2038.3 117 5319.94 20:27 7.0 West
313112_6 49 23 54211759 9.14 8.0 West
s13tr2_2 49 2520.84 118 5 9.21 21:52 5.0 southeast
s13tr2_4 49 2528.19 118 4 54.99 21:55 5.0 «
s13tr2_6 49 2539.81 118 436.3921:59 6.0 “
sI3tr3_2 49 29 5.51118 7 2.11 22:20 7.0 Southeast
sl3tr3__4 49 29 14.11 118 6 47.26 22:35 8.0 Southeast
s13tr3_6 49 29 14.45118 646.7722:407.0% -
s13tr4 2 49 33 31.33 118 ‘9 8.11 23:00 4.0 Southeasr
s13trd_4 49 3324.1 118 829.1223:104.0 = -
s13trd_6 49 33 38.93 118 839.5423:2455 “. -

© s13tr5_2 49 38 42.38 118 10 12.47 23:47 3.0 Northwest -
. S13tr5_4 49 3840.46 118 931.3523:552.0

s13tr5_6 49 38 40.86 118 835.49 00:034.5
s13tr6_2 49 43 37.47 118 8 36.39 00:20 calm
sI3tr6_4 49 433541118 751.8600:30 “ .
s13tr6_6 49 43 32.91 118 710.86 00:37 * -
s13tr7_2 49 48 00.00 118 6 30.00 00:55 5.5 North

- §13tr7_4 49 48 00.00 118 542.00 01:05 5.0 North

s13tr7_6 49 4800.00 118 500.00 01: 10 3.0 North

. v
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Appendix 1T Data collected on September 14, 1996
Lower Airow Lake, The Narrows Region and Upper Arrow Lake

.....



Station Latitude(N) Longitnde(W), TimeUCT, Wind m/s, Direction along thalweg
s14trl_2 49 4825.72 118 6 22.05 19:28 9.0 Southeast
sl4trl__4 49 4323.13 118 6 2.13 19:35 7.0 Southeast .
sldtrl 6 49 4814.3 118 526.7719:3875
sl4tr2_2 49 52 5.28 118 537.36 19:55 10. South
sl4112 4 49 52 3.39 118 532.14 20:00 10.5 “ _
s14tr2_6 49 52 3.3 118 525.520:0511. =

s14tr3_2 49 56 15.06 118 1 56.65 20:20 8.5 South
sl4tr3_4 49 56 1.58 118 126.41 20:28 8.0
s14tr3_6 49 5545.85 118 1 2.02 20:34 7.5 South
sldtr4_2 49 5823.62 117 56 27.00 20:50 13.0 South
sl4trd_4 49 58 10.82 117 56 26.82 20:53 11.0 *
sl4trd_6 49 5750.62 117 56 22.32 21:02 9.5 South
s14tr5_2 50 159.49 117 5437.91 21:18 3.0 South
sl4tr5 4 50 1 8451175415.6321:2245 =
s14tr5_6 50 115.00 117 54 5.19 21:277.0“

s14tr6_2 50 429.00 117 56 9.67 21:40 1.5 North
s14tr6_4 50 424.75 117 55 54.15 21:47 2.0 North
s14tr6_6 50 4 25.90 117 55 46.52 21:50 2.0 North
sl4tr7 2 50 6.39.54 117 53 30.41 22:01 5.0 North
s14s7_4 50 630.34 117 53 25.3722:056.0 =
s14r7_6 50 622.76 117 53 17.422:105.0 “

- 514tr8 250 715.36 117 50 38.14 22:35 6.0 North
s14t8_4 50 .7 9.75 117 5026.02 22:42 5.0 “
sl4tr8_ 6 50 7 6.12 117 50 4.34 22:45 4.5 West
s14tr9_2 50 1113.68 117 49 32.47 23;00 5.5 North
s14tr9_4 50 1114.67 117 48 39.5 23:10 7.0 North
sl4tr9 6 50 1112.971174731.623:156.5 «
s14tr10_2 50 14 48.3 117 51 30.82 23:40 5.5 North
s14tr10_4 50 1500.96 117 50 42.29 23:50 7.0 North
s14r10_6 50 15 9.06 117 49 39.3623:58 7.0 Narth
s14trl12 50 1735.26 117 53 31.27 01:10 4.0 North
sl4trll_4 50 1800.03 117 5241.93 01:203.0 *
sl4trll_6 50 1759.86 117 5237.801:302.0 «
sl4trll_8 50 1837.11 117 51 58.58 01:382.0 -«

l ‘ ' : . ] "
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Appendix ITI Data collected on _Seétember 15, 1996 '
Upper Ammow Lake, Beaton Arm and Columbia River
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