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ABSTRACT 

This report presents isotherm and turbidity isopieth plots along 

with mean vertical temperature and turbidity profiles derived from two years 
of temperature and turbidity profile surveys in Kamioops Lake. The isotherm 

and turbidity isopieth plots and the mean vertical temperature and turbidity 

distribution display a number of interesting features, including the effect
| 

of Thompson River effluent on the spring warming process, formation of 

spring and fall thermal bars, the nature of the autumn cooling and also 

the short period of residence time in early summer.
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RESUME 

Ce rapport présente 1es graphiques des isopléthes 

d'isotherme et de turbiditél de mfime que les profils moyens de 

Ia répartition verticale de la température et de la turbidité, 

constitués 5 partir des études sur les profils de la température 

et de Ia turbidité'effectu€es pendant deux ans au lac Kamloops. 

Ces graphiques et profils renferment plusieurs caractéristiques 

intéressantes, notamment l'influence de l'effluent de Ia riviére 

Thompson sur le réchauffement printanier; la formation de barres 

thermiques au printemps et 5 lfaqtome; la nature de refroidis-
\ r I. I ]|r sement automnal; et la courte periode de SEJOUF au debut de _ 

ete
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'CHAPTER I
‘ 

' 
I. _lNTRODUCTl0N 

During I974/I975, an intensive program of limnological surveys on 

Kamloops Lake, B.C. was carried out by the Canada Centre for Inland Waters, 

Pacific Region and by Ontario Region. A regular series of monitor cruises 

covering the whole lake were made at weekly intervals. The field season ex- 

tended from early May, I974 to late May i975. 

The aim of present report is to document all the temperature and 

turbidity data measured from the 1974/75 monitor cruises. It could be a 

valuable reference for anyone working on these data in future years. This T 

report is divided into two volumes. Volume I gives a description of the in- 

strumentation, field procedures, methods of data reduction and general re?“ 

marks on the results of the temperature and turbidity profile plots. Volume 

II lists the digital temperature, turbidity and Secchi data. 

To familiarize the reader with the morphometry and dimensigns of the 
Kamloops Lake basin, a recently surveyed bathymetric chart, I973, by 

Dr. B. E. St. John, is reproduced in Figure l. Figure l shows that the lake 
basin‘is greatly overdeepened and has steep sides. The shape of 

the lake is narrow and elongated with minor relief on the lake bottom. The 
cross-section of the lake formed a U-shaped profile running from east to we5t_ 
The lake receives inflow from the Thompson River at its east end and drains out 
in the west end. Lakes of this form can be termed as fjord lakes (see ,Hutch~ 

inson, 1957). We also have drawn on past bathymetric data from Ward (l96h). 

Together with the surface area and volume of the lake, determined from Figure 
I, these values are calculated from a digitized lake (Mean-Depth-Grid) method 
(Table l). The size of the grid is 0.20 km. .

'
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Table 1. Morphometry of Kamploops Lake. 

. . 
.. 

Sflrface area (kmz) 
Shoreline length (km) 
Mean Depth (m) 
Maximo Depth (m) 
Maximu Length (km) 
Volume (kma) 

56 
62 
74 

151 
27

fi 

55.2 

. 72 
140 

7 _ . 

13' 3.98 

(1) Data reproduced from Ward (1964) 
(2) These data were obtained from a chart by Dr. E.B. Std John 

"Chief of the_Canada Centre for Inland Waters, Pacific Region 
Inland Water Directorate, Department of the Environment 
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Rather than tabulate our “data bank", we believe it i5 Of QFeateF 
interest to display our data record of temperature and turbidity profiles 
in graphical forms. in pursuing this approach, we plotted isotherms and tur- 
bidity isopleths for each transect across the lake, and we also plotted 
isotherms and turbidity isopleths along the longitudinal axis through the 
lake for each cruise. Details of these procedures will be discussed in Sec- 
tions II and III. 

Operational constraints and instrumental malfunctions prevented 
our personnel from collecting data in the same detail on every cruise that 
was made. In other words, the positioning of each station, from cruise to 
cruise had to be estimated on the basis of its depth to some extent. Due to 
the extreme relief on the sides of the Kamloops Lake Basin, a drift of a few 
meters on the surface of this lake resulted in a change of many metres in depth 
Therefore, the depth of each station will be subject to a few metres variation 
from cruise to cruise apart from the seasonal fluctuations in water depth. 
The depth variation for each station has been shown on the isotherm plots in 
Volume I. There were no turbidity measurement after the cruise of July Z9, l97h 
and before the cruise of September l6, l97#, because of the turbidity sensor 
malfunction.

I 

The monitor station locations are shown in Figure 3. Each station 
has two numbers, one is a consecutive station number, and the other is an 
alphabetic number with a numerical subscription. These numbers are convenient 
for easier reference for our graphical display in VolumeI. and the digital 
listing of the data in Volume II of this report.

A 

The cruise number was arranged by the date designated from May 2, 
I975 as cruise number one in ascending order, to the last cruise of May 2|, 
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1975, as cruise number 48. If Q cruise, happened to require more than 
one day to complete we grouped it as a single cruise. These_grouped single 

cruises are: 

June lS*l7, l974 

Nov. 13-lfi, i97# 

Nov. 25-26, 1971» 

Feb- 7~9, 1975 

Feb. I7-18, 1975 

March l8~|9, I975 

March 25-26, i975 

II. Instrumentation and Procedures

Y 

l. Instruments: Temperature records were measured by means of an electronic 
Bathythermograph (E.B.T.)- Turbidity records were measured by means of a , 

turbidimeter. Both of these instruments are equipped with a depth sensor, 
thus during each measurement, temperature or turbidity values as a function 
of depth can be achieved. The records of these two parameters are traced on 
a scaled X-Y co—ordinate sheet. The unit for temperatures is ¢elsius-and - 

the unit for turbidity is Jackson turbidity unit (J.T.U.). Detailed discussions 
on the performance_and specifications of the above instruments have been given 
by Valdmanis (l97h). 

Dr. E. C. Carmack has kindly furnished the results of his work on 
the relationship between particle concentration and J.T.U§ unit.‘ These 
results are reproduced in Figure 2. 

2. Boats: The boats used for carrying_out the observational pro- 

gram were the Sea-Truck, an1]@ flat bottom vessel, the motorized pontoon- 
craft, and a 6 m runabout boat. Temperature and turbidity measurements

E

I /
,4 
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were usually carried out by the Sea-Truck and the pontoon craft. 

3. Monitor Stations: The monitor stations were set up in three 

stations per transect across the lake, except at either end of the lake, 

Figure l. Observations on monitor stations were repeated on a weekly basis. 

Stations Dl and D3 have only three observations during field program. 
4. Optical measurement: Along with the temperature and turbidity 
measurements optical observations were made by means of a Secchi disc. 

Secchi observations were rather limited. Among the 48 monitor cruises, there 

were only l2 cruises that had Secchi observations. 

5; Drogue Observations: The drogue measurements were made at various 

locations, at different times on Kamloops Lake. Records are listed in 

Volume II.Drogue data have been processed,and a report has been prepared (see 

N9. 1975) ,

A 

III Data and Method 

l. Basic Procedures: The temperature and turbidity data have been 

reduced in various ways. Three of the basic procedures used are: 

(i) Cruise by cruise plots of the isotherms and turbidity iso- 

pleths for each transect across the lake. 

(ii) Cruise by cruise plots of the isotherms and turbidity iso- 

pleths through the longitudinal profile of the lake, 

(iii) Computation of cruise average vertical profiles by taking 

weighted means at the standard depths. Those depths selected are 

0. 5, I0. I5, 20, 25. 30. 35, 1+0, so, so, 7o, 80, I00, no, I20, 

I30, and I40 m. The depth at lhO m was the deepest depth ob- 

served among the monitor cruises. 

Reduction of the E.B.T; and Turbidity profiles: Temperature and turb 
profiles for each station from the monitor cruises was digitized in the form 

-5... 
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of nine point (ten points for turbidity) values from surface to bottom. The 

digital values were punched on a single 80 ¢o|umn [BM ¢omput¢f ¢ard; Ea¢h 

card contains the following information: Station number, geographical lo- 

cation, date and time, temperature and turbidity depth pairs, 

Digitization for EBT and Turbidity profiles was done on a Hewlett 

Packard Calculator Model 9107A, The depth scale of E.B.T. and turbidity 

profiles can be di gitized to the nearest metre, The temperature and tur- 

bidity units can be digitized to the nearest i 0.l°C for temperature and 
i 0.l=0.3 J.T.U. for turbidity. 

3. The isotherm and Turbidity lsopleth Intervals. 

The isotherm intervals chosen for our contouring scheme were 0.25, 
0.5, l.0 and 2.0°C. The selection of one of the above isotherm interval 

plots, depends upon the degree of stratification of the lake. 

The turbidity isopleth intervals chosen were not uniform, because 
of the irregularity of the values occurring in a profile. Therefore, our 
selection of the plotted interval depended upon the density of the isopleths. 
The isopleth intervals chosen here ranged from 0.1 to l0 J.T.U. These inter- 
vals were selected to minimize the isopleths. 

H. The Mean Vertical Temperature and Turbidity Profiles. 
The mean vertical temperature and turbidity profiles were determined, 

for each cruise, by averaging all observations at each level: 

T (Z) - 

Where Wi (Z) and 

i and the observed 

l gW(Z)T(Z) "F1, K 

T; (Z), i = 1» 2, =--N» are the W6l9hting factors, at station 
temperature and turbidity profiles respectively. 
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The horizontal aPea wéightIng”Fécfbrs, Wi (1); were obtainefl by 
using a method given by Boyce (1972).

\
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CHAPTER 2 ‘ l. General Remarks on the Region and Kamloopjs Lake 
Kamloops Lake is located in the southern interior of British Col- 

umbia. It lies within the temperate region, geographically at 50° N and 
l20° 5i‘ W, and is about 28 km long and about 2.5 km wide. The morphometry 
of the lake has been given in Chapter l. The main body of the lake runs 
from east to northwest forming the longitudinal axis. The lake changes its 
orientation from northwest to southwest beginning at Six Mile Point. From 
thereon, at Six Mile Point, the lake basin gradually becomes shallower until 
the outlet at the town of Savona, Figure l. There is only one outlet of the 
lake located at Savona. T 

The total amount of precipitation including snowfall from May, I974 
to April, i975 measured at the Kamloops Airport is 27.5 cm (10.8 in). High - 0 est precipitation occurred in January,’l975 (5.2 cm) and the lowest rainfall 
occurred in September, I974 (0.5 cm). Thompson River is one of the major 
tributaries inflowing into Kamloops Lake. Several small streams, such as 
Tranquille River, Cherry Creek,and Sabiston Creek enter the lake but their 
contfibution is minor. The peak runoff of the Thompson River during 197k/75 
data year was 3500 ms/s which occurred in June i974 while the minimum runoff 
was I20 ma/s which occurred in March, i975. The lake level rose substantial- 
ly during the peak inflow from the Thompson River. The measured maximum and 
minimum water levels fluctuation in response to maximum and minimum inflow 
were 7.5 m and l.l m above datum respectively. 

High runoff season also associated with high turbidity inflow into 
the lake. Turbidities higher than 50 J.T.U. were often observed at the river 

‘ mouth during high runoff periods. The lake is less turbid in winter, while 
the Thompson River runoff is minimum.

. 

-8-
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The highest and lowest air temperatures measured at the Kamloops 
airport, during the 1974/75 field Year» were 37°C and '28°c' which °°c"rred 
on August 2 and 3, l97h and January ll, I975» Fe5Pe¢tiVelY- The h79he$t and 
the lowest observed lake surface temperatures among the cruises were 22.5°C and 
0.3°C, which occurred on August 29, 1975 and FebT"eFY 25} 1975 Fe5Peet7VelY- 

Maximum heat content (I9 x l0°J/ma)? 189$ abeut tW° Weeks beh7"d 
maximum water surface temperature which occurred in mid-September. The mini- 
mum heat content (-7 x l0°J/m2)foccurred in late February. As a result of 
this condition, the lake consists of two phases, a heating phase and 8 ¢OOlifl9 
phase. 

- 

y

' 

'
. During the winter of l97#/75 there was no-observed ice cover on the lake 

surface (personal communication, E.C. Carmack).’ _,' -

. 

'Thermally the lake has two periods of stratification, one in the 
summer and one in the winter. During the summer stratification, turbulence 
and incoming water from Thompson River are confined mainly to the surface 

\

. stratum. The epilimnion and the thermocline were not well defined in Kamloops 
Lake except in the fall when surface water was cooling rapidly and sinking, 
thus producing a well defined thermocline. The winter inverse stratification 
began in mid-January and lasted until mid-March. During winter inverse strae 
tification colder and lighter water overlay slightly warmer and denser water. 

Annually the lake has two periods of vertical circulation, one in 
the early spring and another in the fall. The lake surface temperature is , 

above h°C in summer and below 4°C in winter. The lake exhibits stratification 
in summer with large seasonal variations in thermal gradient. Thus the lake 
may be recognized as the dimictic lake according to Hutchinson (1957). 
* The calculations were performed by subtracting b°C from mean temperature. Therefore, these values were responsible for temperatures above 4°C only. 

_ - ¢
. _/'
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In the following sections some remarks will be given on seasonal 
variations of thermal structure and the distribution of physical properties in 

the lake. ' 

For the purpose of the following discussion the cruises will be 

grouped into four seasons of lake ¢|ima¢Q]ogy,‘ which corresponds in time 
roughly to the four calendar seasons. Thompson River plays the_key role in 

dominating the physical behaviour of the lake, thus the following discussions 
will refer to the Thompson River from time to time. 

_ 
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CHAPTER 3 . ‘ 

r SPRING“
_ 

In the lake climatological sense, the heating phase of the lake 

begins by late March (Figure 2&1). Figure 241 shows the lake is close to 
isothermal at the end of March, and from there on, the temperatures at all 

‘selected depths show a warming trend. 

in winter all water cools to a temperature below the temperature 
of maximum density of 4°C. in late March the lake-wide surface and bottom 
temperature showed no essential difference. However, the lake-wide temperature 
is slightly different between the east and west end of the lake by about 
0.2°C to 0.fi°C with the higher temperature found in the east end. Temperature 
at the river mouth showed higher temperature than the inflow water (Fig. 218 

March 25, 1975). Turbidity profiles, both along and across the lake, appeared 
' to have higher concentration occurring in the bottom than at the upper layer. . Apparently, "this may be due to the incoming water mixed with the cooler ambient 

lake water which having gained in density, finally sank to deeper regions of 
the lake basin or to bottom flows known as turbidity currents. 

In early and mid-April the surface temperature started rising.at 
the east and west end and in the shallower, nearshore regions of the lake. 

Temperature at the incoming river mouth rose. much faster than at any other 
location. it is indicative that the lake was directly absorbing heat from solar 
radiation, apart from the mixing of warm incoming water. Again the warm incoming 
water gradually mixeS with the cold lake water and increased in density more 
than its surrounding. Thus it sank to a considerable depth at the east end 
of the lake. Simultaneously, the shallow west end of the lake absorbed heat 
from solar heating and increased in temperature comparable to the east end. 

. _The mid’-lake zone remained colder than the east and west ends by about 0.5"-C. 

Particle concentration distribution can be inferred from Figure lfi9 to I60 of 

_‘|].-
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transect plots and Figures 2l9 to 22l of longitudinal profiles. High par- 
ticle concentration occurred near the bottom layer at the east end of the 
lake. A weak but distinctive river plume can be detected from turbidity pro- 
file of transect B, Figure l57. The plume was not distinct at extended dis- 
tances in the downstream direction. The plume tended to run parallel to the 
north shore of the lake. This. in fact, is due to the lake's morphometry 
and its orientation modified by the deflecting forces of the earth's rotation 
(see Hutchinson, I957 and Sverdrup, l9h2). These forces are commonly called 
Coriolis forces. The forces on particle will accelerate them in the clockwise 
direction in Northern Hemisphere and to the anti-clockwise direction in the 
Southern Hemisphere. 

The lake continued to warm during the month of April. There appear- 
ed to be two parts to the warming process. The first part showed that the

. 

‘east and mid-lake zone warmed from the bottom layer and along the north shore 
line of the lake (Fig. I59, l6l; l62, and 222). This process resulted from 
warm advected water as it entered the lake, mixed with the cold ambient lake 
water, produced a mixture which was closer to the temperature of maximum den- 
sity, #°C, than either parent water mass. This near temperature of maximum 
density water mass was continuously generated, and flowed down the extreme 
sloping lake bed to disperse or accumulate in deeper regions of the eastern 
basin. Therefore the eastern part of the lake appeared to warm from the 
bottom layer. The second part of the warming process showed that the west end 
of the lake warmed directly by solar heating, (Fig. 222), without being influenced by 
the Thompson River. This warming process is believed due mainly to convective 
processes. 

The warming processes of the Kamloops Lake can also be evident by 
A‘ 

the turbidity profiles (Fig. I58 to l62 and 222). These plots show high 
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0 particle concentration nearnthe bottom layer and low particle concentration 

at the intermediate depth. This implies that turbid incoming water is dis- 

persed around the deeper regions of the eastern basin of the lake. 

The duration of the two parts of the warming stage probably lasted 
about one to two weeks. It warms until the east and west ends of the lake 
attain the temperature of maximum density. A transition zone is developed. 

This transition zone, separating warmer east and west end waters, and uni- 

form cold mid-lake waters, is called the thermal bar (Tikhomirov 1963, and 
Rodgers I965). This is a convergent zone, extending from surface to 
bottom (Fig. 223) and it is characterized by strong horizontal temperature 

gradients at the lake surface (Fig. 224). Because of the narrow shape and 
steep slope of the shoreline the thermal bar appeared to move towards the mid-lake 
from both ends of the lake. Rodgers (I965) concluded that thermal bar 

movement will depend on depth, bottom slope; and temperature gradients on 
the cold side of the thermal bar. At east and west ends of the lake, be- 

hind the thermal bar a thermocline developed. The thermal bar disappeared 
in mid-May. Inside the thermal bar zone vertical mixing extended from sur- 
face to bottom, but outside the thermal bar zone it is restricted to within 
the epilimnion because of the development of the thermocline. It appeared 
that onset of the thermal bar began in late April and the disappearance 
occurred in early May. The duration of the thermal bar period for the spring 
of 3975 was about two weeks. It is interesting to note that after the emer- 
gence of the thermal bar, the incoming water changes from interflow to over- 
flow (FTQQ 225). This is simply because a thermocline has been developed 
separating warm epilimnion water at the surface and cold hypolimnion at be- . low. The Thompson River runoff increased rapidly beginning from May in 

both years, (I975, i975), estimated about I500 m3/5, 

- I3 ' 
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CHAPTER h ‘T ' 
SUMMER 

l. Residence Time 

The beginning of the summer season in Kamloops Lake can be defined 
after the disappearance of the thermal bar in mid—May by the combined effects 
pf continued heating and advection of the Thompson River water. The most con- 
spicuous phenomenon in early summer is the effect on the lake of high inflow 
from Thompson River. The peak runoff of Thompson River in summer, l97h was 
3500 mi/s. It occurred in late June (water Survey of Canada, l97h), An es- 
timation made on the residence time by using Ward's (l96§) method, showed that 
only l0% of the peak inflowing water was retained in the lake. This lO% re- 

‘ 

tention of inflowing water caused a rise in lake level approximately 7.3m. 

' By applying the peak runoff value, the residence time for this period is close 
to I5 days, neglecting the stratification effect (Boyce, l973; Ng, i973). 

If we use a simplified lake model developed by Rainey (I967), the 
effect of a stepwise reduction in the input of a conservative parameter on 
its concentration in the lake may be predicted. Rainey's (1967) simplified 
equation is 

v<u-=1-e"“ <2) 

where Y (t) is the reduction factor in percentage 
T is the ratio of the outflow to lake volume 
t is the time needed for a reduction of conservative material, and 
e = 2.7128 ,.. base of natural logarithms. ' The application of equation (2) depends upon three assumptions: 

_]l|_

u

z 

-_-..v...,v 

..

§ 

-¢-p“.-.-.-“--



-P-=---.-_.__%_ 

(F) precipitation on the lake equals the evaporation, (ii) concentration 
of conservative parameters in the streams or river entering the lake is con S 

stant and (iii) all conservative parameters are distributed uniformly through- 
out the lake. Rainey's lake model does not take the stratification effect into " 

account. Therefore, if we are applying the residence time, l5 days, as cal- 
culated before, the percentage of reduction of the conservative material 
over a period of l5 days, with T = 2.7h -x lO8m3 / 4.01 x 109m’ = 0.07 is 

Y (t) = 1 ' 8-°'°’ *1‘ = 65% (3) 

This implies that if a conservative pollutant (which neither dis- 
integrates nor participates in bio-geochemical processes) is injected into 
the lake, a period of l5 days would be required to reduce 65% of conservative 
material from the lake. ' 

2.i Stratification and Surface Temperature 
' Stratification began in late spring as mentioned in Chapter 3- 

The lake-wide mean vertical temperature (Figures Z28 and 229) profiles showed 
that thermocline and epilimnion were not well defined in Kamloops Lake through- 
out the summer season. » 

I 
The surface temperature varies between l6.0°C to 22.5°C.|n June, i97h, 

ithe surface temperature distribution was somewhat complicated. The mid-lake surface 
temperature was about h°C higher than the temperature of the west end and was 
about 6°C higher than the river mouth in the east. The mean surface tempera- 
ture dropped by 3°C from mid-June to late July, l97h. This probably wouifi 
have been the consequence of mixing of cooler river water. ~ 

Surface temperature has been fairly steady and uniform over the en- 

..|5-
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tire lake during the months of July and August, I975 (Fi9"Fe5 3° t° 57)- 

Surface temperature continued to rise from late July until 
early September 

(Figure #8).
‘ 

3, -Epilimnion 

A5 pointed out before,the epilimnion and thermocline of Kamloops 

Lake, during the summer stratified period, were not well 
definéd- Therefore. 

it is very difficult to establish the separation between epilimnion 
and the 

thermocline. However, in order to facilitate our description of the . 

stratified layers, the separation is defined in terms of the depth of iso- 

therms, since the depth of isotherm appears to be less dependent on transient 

effects. Thus, we consider somewhat arbitrarily the epilimnion depth as the 

depth of the l2°G isotherm for June and July, 1974, and in August the epilimnion 

depth was considered as the depth of the lb°C isotherm, because temperatures at 

l2°C and l#°C are slightly higher than or close to the temperature of the incom- 

ing water (Figures I87 to I92), and the surface temperatures vary only 2°C to 

5°C higher than the designated depths of isotherms. Local characteristics 

of the epilimnion and thermocline are, to a large extent,_influenced by the 

magnitude of Thompson River inflow. 

The mean thickness of epilimnion during the summer (June to August), 

F975 W85 25m by "$l"9 the l2°C and l#°C depth of isotherm definition. The 

mean temperature for the epilimnion layer, calculated at 5m intervals was 

lh.9°C. Volume of epilimnion was estimated approximately 1.2 x l09m3, which 

represents about 292 of the total volume of the lake. Vertical mixing is 

confined to the epilimnion. The mixing is also influenced by the Thompson 

River. The turbidity transect plots and the turbidity longitudinal_profiles
' 

(Figures 22 to hi, Figures l86 to 190, and Figures 23g and 235(JUne to AU9u5t)) 

demonstrated that the lake is horizontally mixed but is strongly influenced by 

_ |5 -
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the Thompson River throughout the summer, The effluent of Thompson River 

when it enters Kamioops Lake, developed a conspicuous river plume. The 

river plume is characterized by its strong, distinctively horizontal particle 

concentration distribution patterns at a depth between l0m to 25m. The river 

plume spreads horizontally in both iateral and longitudinal directions through 

the lake at the intermediate depth (l0m - 25m). Details of the river plume 

as observed by turbidity concentration will be discussed further in section 6. 

h. Thermocline 

The depth of thermocline is dependent on various factors, such as 

convective downward mixing, wind induced turbulence and internal waves. The 

separation of thermocline region from epilimnion in Kamloops Lake is rather 

difficult as mentioned in Section 3. Again, for our descriptive purpose, and 

because the thermocline is a layer separating epilimnion and hypolimnion, the 

thickness of thermocline layer may be extracted from the bottom depth of 

epilimnion and the depth at top of hypolimnion. According to the schemes used 

in section 3 for separation of epilimnion and in section S (following section) 

for hypolimnion, the mean thickness of thermocline in summer, l97# was de- 

termined equal to 3lm. Mean temperatures of the top and bottom of the thermo- 

cline were l3.0°C and 6°C respectively. This gives the vertical gradient of 

0.24°C/m. The volume of the thermocline layer is estimated about 1.22 x l0°m3, 

which represents 30% of the total lake's volume. Surprisingly, this volume 

is almost equal to the same amount of epilimnion as outlined in Section 3. 

The most conspicuous feature of the thermocline region is the hori- 

zontal distribution of high particle concentration (Figure 22 to 39). It is 

evident that the particle concentration is carried into the lake by the Thomp- 

son River, The phenomena of high particle concentration in the thermocline 

region may be explained in terms of the buoyancy effects of the effluent 
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‘ water. As shown in Figures. 186 to 192, temperature of the Thompson River l 

water is close to the ambient temperature of the thermocline region of the 

lake. Temperature of the Thompson River water was relatively colder than the 

temperature of the epilimnion, but warmer than the hypolimnion water. The 

river temperature ranged from l0.7°C in mid-June to l6.7°C in September 

(l974'Summer). 

The intensity of the thermocline in summer may be more convenient- 

ly described in terms of a parameter "static stability“, because the zone of 

maximum stability in a lake is found in the thermocline region. The static 
. . . . 3 3 - 

' 

. .. stabnluty as defined as %-§%- where §§- is the change in water densnty per 

unit depth, Z and g is the acceleration of gravity. For this region we have 
' calculated the maximum observed stability during the summer months (June to 

August, I974) (Table 2). The mean maximum stability from the three months was ‘ 2.1 >< 10*“/5’ 

Table 2. Times and Values of the Maximum 
Observed Stability in Kamloops Lake, l97h 

Date Stability (xl0'“/s?) 

June I7 l.h3' 
June 20 l.37 
July l3 1.29 
July 22 1.53 ' 

July 29’ 1.78 
August l6 2.95 
August 22 3.05 
August 29 3.21 

5. Hypolimnion ' 

. H 

A stable and well established hypolimnion has formed by late spring. 
The depth of hypolimnion has steadily decreased throughout the sumer. This 

C suggests that vertical circulation is restricted to the upper layer. The 
average temperature of hypolimnion in Kamloops lake was less than 6°C. Thus 
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the volume below 6°C may be taken as representative of the volume of hypor 

limnion. The volume of hypolimnion below 6°C was estimated about 1.6 x l09m3, 

which represents #12 of the lake's total volume in the summer season. Bottom 

temperature in mid-lake zone remains slightly above 4°C (h¢l°C to fi.7°C). 

The cold hypolimnien water appeared to be acting as a floor for; mixing with , 

warm Thompson River water during the early summer freshet period.
A 

The hypolimnion warming rate for Kamloops Lake was 0.05°C/day (June 

to August) and continued warming throughout the summer. - 

6. Thompson River and the River_Plume 

The Thompson River runoff increased abruptly in the early sumer. 

The change of runoff from spring minimum of 2O0m3/s to early summer maximum 

of 3500m3/s. Thompson River runoff gradually_ Fedfleefi Until lete $ePtembeF- 

Effluent remained at approximately #00 ma/s by late September, l97h. High 

runoff of Thompson River is associated with high particle concentration during 

summer season. Typical particle concentration can be seen from the turbidity 

plots of longitudinal profiles, near the river mouth (Figures l86 to 190). 

Daily temperature of Thompson River water measured at the river mouth varied 

considerably between minimum of 8.5°C and maximum of l6.7°G. At all times 

in the sumer, river temperatures were lower than the lake surface temperature. 

Lake-wide mean vertical turbidity distributbns”for each cruise for 

the summer, l97h,are presented in Figures 23b and 235. Each profile showed that 

the peak particle concentration occurred approximately at 25m. These mean 

vertical turbidity distributions are similar to the mean vertical current 

velocity distributions observed by drogue experiments (Ng, l975). This sug-
» 

9e5t$ that the effluent Ofthe Thompson River, as it enters Kamloops lake, has 

the simple form ofia plume; The effluent, as soon as it enters the lake, sub- 

_]9.. '
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merges into intermediate flow near the thermocline region. However, the plume 

is diverted along the north shore of the lake((FiguréS‘22 to 4]) at all tur_ 
bidity transects) and travels predominately along the north shoreward flow 

through the lake. Again, it is apparent that this is due to the deflection 

of the earth's rotation as discussed earlier ln ChaPter 3-
Q

1 

Figures 22 to #1 showed that all transects B had high turbidity con- 

centration. Turbidity concentration became weaker as distance increased 

from the river mouth. The plume had considerable lateral extent toward the 

south shore. The lateral spreading of the river plume was confined to the 

upper HO m of depth. 
V 

i

' 

The longitudinal travel of the river plume appeared to be faster 

than the lateral spreading. Because of the deflection effect of the earth's 

rotation, the centre of mass of the plume is believed to be always located 

near the north side of the lake. This becomes evident from the lateral 

spreading of the plume extended from north to south. Consequently, there is 

a horizontal gradient of river plume distribution which exists between north 

and south sides of the lake. ,Longitudinal spreading of the plume is becom- 

ing weaker with increasing distance from the effluent point. Therefore, the 

plume gradually loses its distinctive appearance due to mixing with ambient 
lake water and lateral spreading. ' 
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FALL 

l. Early Fall ' 

_ A 

The onset of fall may be defined in terms of mean surface tempera- 
ture after it gains its maximum value. "Cruise number l6 of September l6, 

l97h (Figures I93 and 229) indicates the maximum surface temperature was 
l°C to 3.6°C colder than the previous two cruises (Cruise number lb and l5, 

August 29 and September 5, I970). 

The onset of fall is characterized by a rapid cooling of surface 
water temperature and a turbulent downward mixing of the thermocline. The 
resulting convective downward mixing of the cooled surface waters produce a 
well defined thermocline. By late September a well defined epilimnion was 
formed (Figures 229 and 230). Within a two week period, the average surface 
temperature dropped by almost 5°C to l2.9°C (Figure 230, October l5, I974) 
from l7.l°C and the intensity of the mean vertical temperature gradient in 
the thermocline region decreased from 0.37°C/m to 0.26°C/m. Thermocline 
depth ranged over an interval of more than 50 metres. Volumes of both epilim- 
nion and the hypolimnion increased considerably because of the sharpened thermo- 
cline. With the two week period (September 30 to October l5, l97h), volume 
of epilimnion increased from l.56 x l09m3 to l.82 x l09m3 and the hypolimnion 
increased from 2.2 x l09m3. to 2.30 x l09m3. The rate of increase of epilim- 
nion volume was 0.017 x l09m3/day and the rate of increase hypolimnion volume 
was 0.0093 x l09m3/day. It shows that the rate of increase hypolimnion 
volume is much slower than the epilimnion. Thompson River tempefature drop-

% 
-

E ped by about 3°C, which was less than mean lake surface temperature. Thompson i 

.-,-¢.v.<v- Rivéf runoff maintained a Steédylinflow into the lake of 250-300m’/s. The , 

river plume became weaker but was identifiable from transect B to’ - = 

& i 
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'¢beyond transect Z (Figures 58 to 68). Particle concentration of the ‘ inflow water decreased substantially below the sumner period. The maximum 
observed turbidity value was 6.5 J.T.U. Comparably high suspended matter was 
mostly found in proximity to river mouth. (Figures l95 to 197). 

Mud a
l 

- Continuing convective downward mixing of the cooled surface waters 
caused an increase in the rate of descent of thermocline and a decrease in 
the intensity of the maximum vertical temperature gradient of the therocline. 
Thus, the mid-fall period can be considered from mid October to mid November _ 

. .
L 

for Kamloops Lake since the thermocline is continually eroding; The mean surface 
temperature dropped steadily and the bottom temperature warmed slowlyf "'“ 
The cooling and subsequent sinking of the.surface water, combined with the ero- 
sion of the thermocline, contributed to the warming of bottom temperature. Typi- 
cal vertical temperature distributions, both for transverse and longitudinal are 
shown in figures 70 to 85 and l98 to 201. Transverse profiles showed that the 
horizontal distribution of temperature was slightly warmer in the north side than 
the south side of the lake, during the second half of October. The thermocline 
depth descended to 60 m in the deeper part of the lake with a mean maximum 
gradient of 0.2l°C/m. 

. 

'

_ 

Particle concentration distribution at the eastern part of the lake 
showed fairly high suspended matter along the north shore, more than it was in. 
the south shore. The river plume is characterized by its high turbidity as compared 
to the ambient lake water. River temperature cooled gradually from 9.l°C in Oc- i

1 tober l5 to #.3°€ in November lh, l97h. The temperature in the thermocline region 
of the lake appeared to be relatively close to river temperature, therefore it is 
apparent that the river water as it enters the lake, will sink immediately into the 
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thermocline region (Figures I97 to 200). The river water tended to sink to 

greater depth once it had cooled to temperature of maximum density. it may 

be worthwhile to point out that a point of turbidity minimum always occurred 

in the eastern end at a depth between 70 to 90 m after the onset of the fall 

season (Figures 19h to 200). We have no clear evidence for the~existence' 

of the turbidity minimum in this particular event. 

3. Late Fall < 

The depth to which convection is effective increased 

with rapidly increasing depth of the thermocline and reaches the bottom when s 

the surface temperature drops near the temperature of maximum density. By 

late November, the mean vertical temperature profiles »(Figure’23l,. 

November l8-I9, 25-26, l97h) showed that the erosion of thermocline was 

close to an end. Vertical maximum temperature gradient was ngt defineablew 
Mean surface temperature for November I8-I9 and November 25—26, l97h was 8.206 

9 - » . .
_ and 7-Z C Fe5Pe°t'V°7Y- Accordnngly, the bottom temperature of the aforesaid cruises 

W85 “-705 and 5-0°C Fe5Pe¢t7VelY--This-suggests that the vertical circulation had 
effectively reached the lake bottom. The river temperatures-fot_cruise number 2b 

(November l8-l9) and cruise number 25 (November Z5-Zblwere 3.906 and 3.l°C 

respectively. There are indications that cooling processes (overturn) of the lake 

are due to the combined effects of cooling from surface and mixing with cold in- 

coming water (Figures 202 and 203). Figure 202 indicates that the temperature 

of the eastern half is lower than the western half of the lake. Horizontal ' 

distribution of suspended material appeared to be uniform along the longitudinal 

axis of the lake for both cruises with a minimum value (l.2 J.T.U.) observed 

near the surface and the maximum value (2.5 J.T;U;) near the bottom layer. 

The disappearance of the thermocline occurred in early December 
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(Figure 231). Mean surface temperature was 5.9°C and the mean bottom temp- 

erature was 5.2°C. The configuration of l.6 J. T. U; turbidity isopleths 

(Figure 206) indicates a change of flow of incoming water ffdm sinking in- 

to overflow. The temperature of the incoming water was 3.0°C Whi¢h 75 be‘ 

low the temperature of maximum density. On the same figures, the 5.25°C 

(Figure 206) and h.5°C (Figure 207) isotherms which are nearly vertical, moved 

slowly away from the cold incoming water (near the river outh). Within one week 

(between December l0 and December l7, l97#) the 5L25°C isotherm had moved 5 km. 

from the effluent, These features were caused by a continuous sinking of dense 

water which was generated by the mixing of cold discharge water at temperatures ~ 

of less than 5°C with warm lake water at temperatures above h°C. The resulting 

mixture therefore produced a density greater than either the density of the ef- 

fluent or the density of the ambient lake water. This process began during the 

November cruise, dated November l8Pl9, l97h, The result of the above process 

leads to the formation of tbe;fall thermal bar in the east end-of the lake. In 

contrast, the formation of the fall thermal bar in the west end of the lake 

is due to its shallowness. These waters cooled faster than*those:in the midlake basin 
and ‘eventually Fit 

_ 

cooled to below the temperature of maximum density 

and the mid-lake waters had remained relat.ively warm. The thermal bar has develdped 

near the river mouth (Figure 206 and 207). Figures 206 and 207 of turbidity 

profiles showed that the turbidity isopleths tended to run parallel to the 

direction of isotherms but with high isopleth values running from east to west 
of the lake.“ The actual onset of the fall thermal bar took place in late 

December, l97# and early January I975. The thermal bar developed from both 

east and west ends of the lake and moved longitudinally toward mid-lake direc- - 

tion (Figures 208 and 209). The thermal bar showed less intensity in the west- 

ern than in the eastern end of the lake. There appeared no indication that the 
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thermal bar deyeloped laterally along either north or south shore region of 

the lake. Unfortunately,we have no nearshore temperature data to support this 
fact. The fall thermal bar has a much weaker gradient than the spring thermal 
bar. The fall thermal bar lasts for approximately two weeks after forming. 

Inside the thermal bar, there is a common feature of minimum (l.h 
J.T.U.) turbidity distribution. 

Transect C and transect G of cruise number 33, January lb, l975, 
(Figure llfi and I15) showed exceptionally high turbidity concentration near 
the bottom. There is no clear evidence to the cause of this turbidity peak. 
Explanation of this phenomenon is still the subject of speculation. 
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CHAPTER 6 

_ WINTER 

The onset of winter can be defined, in a lake climatological sense, 

by the cooling of all surface water to a temperature below fi°C. This period 
is reached by mid-January. By this time, all the surface temperatures had 
fallen to well below fi°C. By the cruise of January lb, i975, 3.5°C isotherm is 

nearly vertically both in the eastern half and the western end of the lake. Iso- 

therms in the mid-western end remained slightly (0.2-0.4°C) higher than at 

either end of the lake. " 

The cruise of January lb, I975 (Figures llh (turbidity transects 

C and G) and Figure 2lO (turbidity along the central axis)) showed a conspicu- 

ous turbidity peak confined to the deeper region at the eastern basin of the 
lake. Again there is no clear evidence to explain this phenomenon. ,There is 

no reason to believe that this is a ease which is due to the effect of in- 

coming water, since temperature of the incoming water was -0.l°C which is well 
below the temperature (3.5°C) of the ambient lake. Therefore, ambient lake 
water is denser than the incoming water, and the river water will tend to over- 
flow. There were two cells of turbidity minimum (1.6 J.T.U.) which were bounded 
within the 3.5°C isotherm (Figure 210), indicating a decreased temperature as 
well as a decrease in particle concentration. 

Evidently the lake appeared to be isothermal for less than two weeks 
(Figure 2l0 and Zll) in the l97#/75 winter. The onset of winter stratification 
began in late Janaury, l975 for the l97h/75 field year. However, the onset of 

winter stratification relies on several factors, such as wind conditions and 
the air temperature. These factors may have advanced the time of onset of winter 
stratification. Winter thermal stratification is characterized by a weak ver- 
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tical temperature gradient. Evidently, winter stratification periods for 
Kamloops Lake during the l97b/75 field year were established between late 
January to late March, i975. The temperature difference between the surface 
and the bottom of the lake varies slightly. 

Mean temperature of surface and bottom water for the cruises for 
mid-January to late March l975 are presented below: 

Table 3 

Date (I975) Mean Surface Mean Bottom 
I T 

p Temperature (°C) Temperature (°C) 

January lh 
A 

3.3 3.5 

January 27 2.5 3.3 
February 2 l.5' 2-5 

February l7 0.7 2.h 

February 25 0.9 2.2 
March h 1.3 "2.2 

March ll l.# 2.l 

March I8 l.7 2.0 
March 25 l.8 l.9 

Table 3 indicates that_winter reverse stratification is established. The 
density of the upper layers becomes lighter and the winter stratification is 

formed. During this period the incoming water temperature is colder than the 
lake temperature. As an example, temperature of the incoming water observed in 

the cruise of March l8, i975 was l.2°C, which is about 0.7 - 0.8°C lower than 
the ambient lake temperature. The increase in turbidity at the lake bottom at 
these periods is startling, particularly at the eastern part of the lake (Figures 
Z10» 214 t° 2'8 °f t"'bldlFY PF°file5)- The cause of the high turbidity in the 
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eastern part of the lake was not known. Examining the turbidity transects 

during the winter periods (cruises of January lb, February 8, February I7, 

February 25, March h, March ll, March l8 and March 25, 1975) showed consist- 

antly low turbidity distribution, mostly occurring at the intermediate depth 

(20 to 60m). Mean vertical turbidity profiles (Figures 238 and 239) demonstrate 

relatively high turbidity at the bottom layer of the water column. Temperature 

transects (Figures l2l to I23) of February 8, I975, the l.5°C and 2.0°C isor 

therms dipped downward on south side of the sections. By February l7, i975, 

(Figures l25 to 128), the l.0°C and l.5°C isotherms dipped downward on the north 

side of the sections. This presumably is generated by the storm effect. Based 

on Kaml0OpS airport data (Monthly Meteorological Summary, Atmospheric Environ- 

ment Service, Department of the Environment) two storms occurred. One from 

January 31, l97h through February 4, T979, with mean wind speed of 7.1 m/s, 

prevailing direction from north west and the other began from February 9 to 

February 13 with mean wind speed of 5.lm/s prevailing direction from south 

west. These storms produced wind mixing Qf ¢°]d surfage water ta depth and 
depressed mixed water to the windward side of the lake. By late March and 

early April, the lake entered its isothermal condition (Figure 218 and 219). 

It suggests that the heating season has begun. 
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“CHAPTER 7 

HIGHLIGHTS 

l. The most conspicuous physical characteristics of Kamloops Lake was 
the high ratio of inflow to lake volume during late spring and early summer 
periods. The large inflow of water is associated with high turbidity. 
2.‘ An outstanding river plume was developed during the spring, summer 
and early fall.- The river plume can be located by using turbidity isopleth 
plots. The plume deflected to the north shore of the lake due to the effects of the 
lake's morphometry and its orientation modified by the deflection of the earth's 
rotation. 
3. The lake had two periods of vertical circulation one in the spring 
and the other in autumn. The spring circulation was unusual. Incoming water 
became warmer and mixed with cold ambient lake water. The resulting mixture was 
therefore at a density greater than either the density of the inflowing water 
or the density of the ambient lake water and the mixture sank. As a consequence, 
the lake appeared to be warmed from below the surface until the lake attained . 

a temperature of maximum density. Eventually, the incoming warm water which 
is above temperature of maximum density will seal off the underlying water. 
The sealing process may be termed spring thermal bar 
4. 

M 
Thermal bars formed at both ends of the lake, during spring and fall 

overturns. The spring thermal bar is characterized by its stronger gradient 
than the one formed in the fall. Both the spring and fall thermal bars, at 
either end of the lake, showed similar tendency of movement. It moved along 
the longitudinal direction toward the mid—lake zone, until it eventually disa- 
ppeared. The spring thermal bar had warm temperatures behind the bar as com- 
pared with cold temperatures behind the bar formed in the fall. The thermal bar 
W85 "Of likelY férmed at either the north or the south shores, because of the 
steep slope shorelines of the lake. '
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5. Large inflow from Thompson River during the spring and summer season 
influences the thermal structure. Temperature of the incoming water 
during the summer was relatively colder than the lake surface. Because the 
outlet of the lake was not capable of discharging large volume of incoming 
water from Thompson River simultaneously, part of the inflowing water is stored

_ 

in the lake basin. Consequently, the stored water produced two effects; which 
are (a) rise of water level and (b) wind produced mixing of surface water with 
this cool newly advected water causing additional surface cooling. 
6. 

_ 

The well established hypolimnion at or close to the temperature of 
maximum density caused the inflow during summer and fall to be restricted to 
waters above hypolimnion. 'Therefore, discharge from the lake was drawn from the 
uPPer stratum of the lake. Thus, in the calculation of flushing rates it would 
not be necessary to take into account the volume of hypolimnion, since exchange 
was restricted to the surface strata. 

7. The feature of the incoming river water was its high turbidity 
(particle concentration). Seasonally and physically, the turbidity provided 
information on the distinction and characterization 6f¥the'inflow patterns, but it 
might also have acted to limited other characteristics in Kamloops lake such as the 
standing crop of plankton (Ward, I964). 

8. There appeared to be three types of flow regimes of Thompson River 
through the lake. These flow regimes might be grouped as: 

(8) overflow in late spring and summer 

(b) interflow in early spring and late fall, and 

(c) overflow in winter stratified period.

/ 
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