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ABSTRACT 

Brunskill, G. J., D. W. Schindler, S. E. M. Elliott, 
and P. Campbell. 1979. The attenuation of 
light in Lake Winnipeg waters. Can. Fish. 
Mar. Servo MS Rep. 1522: v + 79 p. 

Lake Winnipeg water is usually turbid, and 
little light penetrates into the lake. Secchi disc 
visibility varied from 0.1 to 1.0 m in the south 
basin, and 0.5 to 2.6 m in the north basin. Hori­
zontal extinction coefficients calculated from 
transmissometer (beam transmittance) data were 
high (12-46 m- 1 ) in the south basin, and lower 
(0.6-3 m- 1 ) in the central part of the north 
basin. Vertical extinction coefficients were 
calculated from percentages of surface light 
reaching the sensor of the submersible photo-
meter cell, and these values were in the range 
1-5 m- 1 in the south basin and narrows, and 
0.5-1 m- 1 in the center of the north basin. All 
of these estimates of light transmission through 
lake water were highly correlated amongst them­
selves, and with concentrations of suspended 
sediments. Concentrations of algal biomass, 
chlorophyll a, and pheophytin were less strongly 
correlated with light transmission parameters. 
An attempt was made to estimate the relative 
proportion of the extinction of light due to 
scattering by suspended sediments. This was done 
by subtracting the vertical extinction coefficient 
from the horizontal (beam transmittance) extinction 
coeffi ci ent. 

A sixteen channel spectroradiometer allowed 
computation of extinction coefficients for indivi­
dual wavebands. High extinction coefficients were 
found for blue and green light in turbid waters, 
with maximum transmission of yellow and red light. 
Clearer waters of the central north basin had 
relatively uniform extinction coefficients over 
the 4,100 to 10,000 ~ spectrum. 

Key words: beam transmittance; vertical extinction 
coefficients; limnology; suspended 
sediments. 

v 

RESUME 

Brunskill, G. J., D. W. Schindler, S. E. M. Elliott, 
and P. Campbell. 1979. The a ttenua ti on of 
light in Lake Winnipeg waters. Can. Fish. 
Mar. Servo MS Rep. 1522: v + 79 p. 

Les eaux du lac Winnipeg sont habituellement 
troubles, et peu de lumiere y penetre. La visibilite 
mesuree avec un disque de Secchi varie de 0.1 a 1 m 
dans le bassin du sud, et de 0.5 a 2.6 m dans le 
bassin du nord. Les coefficients d'extinction 
horizontale calcules a partir des donnees fournies 
par un transmissometre a faisceaux diriges etaient 
eleves (12-46 m- 1) dans le bassin du sud et plus bas 
(0.6-3 m- 1 ) dans la partie centrale du bassin du 
nord. On a calcule les coefficients d'extinction 
verticale a partir des pourcentages de la lumiere 
superficielle qui atteignent le capteur de la 
cellule photometrique submersible et obtenu des 
chiffres de 1-5 m- 1 dans le bassin et les chenaux 
du sud, et 0.5-1 m- 1 dans le centre du bassin du 
nord. Toutes ces estimations de la transmission 
de la lumiere a travers 1 'eau du lac montraient 
une tres forte correlation entre elles et avec les 
concentrations de sediments en suspension. Les 
concentrations de la biomasse des algues, de la 
chlorophylle a et de la phaeophytine montraient 
une correlation moins forte avec les parametres 
de la transmission de la lumiere. On a tente 
d'estimer la proportion relative de 1 'extinction 
de la lumiere qui est due a la dispersion par les 
sediments en suspension, en soustrayant le 
coefficient d'extinction verticale du coefficient 
d'extinction horizontale (faisceaux diriges). 

Un spectroradiometre a 16 canaux a permis de 
calculer les coefficients d'extinction pour des 
gammes d'ondes precises. Les coefficients se 
sont reveles hauts pour la lumiere bleue et verte 
dans les eaux troubles, la transmission etant 
maximale pour les gammes du jaune et de rouge. 
Les eaux plus claires du bassin central du nord 
presentaient des coefficients d'extinction 
relativement uniformes situes au-dessus du spectre 
4,000-10,000 t 

Mots-cles: faisceaux diriges; absorptivite, 
verticale; limnologie; sediments 
en suspension. 



I NTRODUCTI ON 

Franklin (1823) and Back (1936) noted the 
great turbidity of Lake Winnipeg waters while 
trying to avoid running their canoes onto rocks 
in the shallow water. Bajkov (1930) found that 
less turbid parts of Lake Winnipeg had larger 
abundances of zoobenthos, fish, and plankton. 
Brunskill (1973) and Brunskill, Schindler et al. 
(1979) showed that Lake Winnipeg phytoplankton 
had nutrient supplies in excess of their require­
ments for growth, and that extreme light attenu­
ation by these turbid waters likely limits the 
growth of photosynthetic organisms, especially 
in the south basin of the lake. In this paper, 
we give an analysis of Lake Winnipeg light attenu­
ation data collected in 1969. 

Three factors (suspended inorganic sediments, 
phytoplankton, and dissolved organic matter in the 
water) likely control the depth of penetration of 
light into the lake water. The lake is shallow 
(Z = 12 m) and large in surface area (Ao = 23,750 
km2 ). Strong winds over such a large and shallow 
water body frequently cause seiches, storm surges 
and large waves (Einarsson and Lowe 1968) which 
cause considerable resuspension of sediments. 
The Red River supplies 3-11 x 106 tonnes of sedi­
ments per year to the south basin of the lake 
(Brunskill 1973; Brunskill and Graham 1979). 
During calm weather in summer, dense algal blooms 
of Alphanizomenon flos-aquae and Anabaena spp. occur 
in the upper 0.5-1.0 m of the water column (Bajkov 
1934: Brunskill, Schindler et al. 1979). In many 
bays and river mouths along the east shore of the 
lake, darkly-stained, humic acid-rich waters from 
Precambrian Shield watersheds are found. Water­
shed characteristics, sediment supply, hydrology, 
morphometry, nutrient chemistry and phytoplankton 
biology of Lake Winnipeg are given elsewhere 
(Brunskill, Elliott et al. 1979; Brunskill and 
Graham 1979; Brunskill, Schindler et al. 1979). 

METHODS 

Secchi disc visibility was measured in situ 
or in deck tanks (Fig. 1) with a 25 cm diameter 
secchi disc which was painted in black and white 
quadrants. The estimated precision for visibility 
was ±5 cm in most cases. Visual colour of the disc 
was also recorded at half secchi depth. Percentage 
light transmittance of lake water at selected 
stations was also estimated with a Whitney sub­
mersible photometer Model 8A by setting the 
meter to 100% with the sensor cell above water, 
and then lowering the cell to 10 to 300 cm water 
depth in situ or in deck tank water (Fig. 1). 
Vertical extinction coefficients (Kw) were estim­
ated from the slope of the regression line between 
(Ln % surface light) and water depth, ignoring the 
depth interval 0-10 cm, or were calculated from 
the attenuation of i·n"adiation measured by this 
unit according to the equation of Vollenweider 
(1969): 

Kw = EA = _1_ (Ln il - Ln i z ) (Eq. 1) 
v ZZ-Zl 

where Kw '" EA v light extinction coefficient, 

depth intervals, below 10 cm 
meter depth 
light intensities at depths 
Zl and Zz, respectively 

1 

An estimate of horizontal extinction of light 
(beam transmittance) was obtained from the use of 
a Hydroproducts Model 412 Transmissometer. This 
instrument was calibrated to read 86% transmittance 
in air at 1 meter light path and 98-100% trans­
mittance in a laboratory tank of distilled water. 
The distance between the light source and photocell 
was varied according to the turbidity of the water: 
in the north basin this distance was usually 50 cm, 
and in the south basin, 10 to 25 cm. The percentage 
transmission of light from the light source to the 
photocell (%T) was used to calculate a horizontal 
extinction coefficient (Kw) from the equation: 

Kw 

where d 

Ln 100 d- 1 (Eq. 2) 
%T 

path length in meters. 

Vertical extinction coefficients for light 
of wavelength (Ie) from 4000 A to 10,000 ~, and 
for specific wavebands, were obtained from an Agro­
products Spectroradiometer. The sensor head of 
this apparatus was firmly fixed'lo cm below water 
level in a large tank (1.2 m deep, 0.7 m diameter). 
The residence time of water in this tank was approx­
imately 20 minutes. This tank was mounted in a 
deck table over which a tight fitting lid closed 
(Fig. 1). The lid had a bank of eight fluorescent 
8o-watt tubes, approximately 1 m long, backed with 
aluminum foil, which was used as a constant light 
source for the Spectroradiometer sensor. This 
light source spectrum is compared to solar radiation 
on a cloudy day in Fig. 2. The plastic tank was 
painted black to exclude light from entering from 
the side walls of the tank. Extinction coeffic­
ients for 400 to 1,000 m~, and for individual 
wavebands were calculated according to Eq. 1. 
Calibration of this spectroradiometer against 
a known light source in a dark room gave 87-116% 
of the true value. 

Suspended sediments were separated from water 
samples by vacuum filtration through preweighed 
membrane or glass fibre filters (0.45-1.2 ~m 
nominal pore diameter) on the ship. These filters 
were desiccated, frozen for storage, and in the 
laboratory they were dried to 100 0 C and weighed. 
Chlorophyll methods are reported in Brunskill, 
Schindler et al. (1979). 

As discussed in Brunskill, Elliott et al. 
(1979) and Brunskill and Graham (1979) stations 
were located by radar, gyrocompass, and sonar on 
Canadian Hydrographic Service Charts 6241 and 
6240. Station locations erferred to in the 
following tables are shown in Fig. 3. 

RESULTS 

Table 1 gives the results of our measurements 
of Secchi disc visibility and water color against 
the white disc at half the depth of Secchi visi­
bility. Minimal values of 0.1-0.2 m were recorded 
in the plume of the Red River throughout the open 
water season, and maximal values of 2-3.5 m were 
observed in the central part of the north basin. 
The variation of Secchi disc visibility over the 
open-water season of 1969 is shown in Figs. 4-9. 
Although the secchi rope was marked in 0.1 m 
segments, the measurement of secchi visibility 
in the very turbid waters of the southern part 
of the south basin, and along the north and west 
lake shores of the north bas in, will have greater 



relative error than in less turbid parts of the 
1 ake. Secchi visibil ity in the Red River was 
often <0.1 m, whereas in the Winnipeg and 
Saskatchewan Rivers, Secchi visibility was in 
the range 1-3 m. Visual color at half secchi 
depth was usually yellow-brown in turbid water 
areas of the south basin. Orange-brown colored 
water occurred near tributaries draining 
Precambrian Shield to the east of the lake. 
With the exception of the nearshore or near­
island regions, north basin water was green or 
bl ue-green. 

Table 2 shows results of· our beam trans­
mittance measurements, given as percent trans­
mission per path length (%Ta) and a horizontal 
extinction coefficient (Ka)' High Ka's (ranging 
from 12-46 m- l ) were found in the Red River plume, 
near shores and islands. Lower values of Ka 
occurred in the central part of the north basin, 
and occasionally in the central and northern part 
of the south basin. These lower values ranged 
from 0.6 to 3 m- l . The variation of Ka is also 
shown in Figs. 1O-l3. Replicate measurements, 
varying light path length and water depth at 
Station 35, gave similar results (Table 2). 
From these measurements, we concluded that light 
transmittance should be relatively uniform with 
depth at stations away from shores and river 
pl umes. 

Table 3 gives estimates of vertical extinc­
tion coefficients (Kwl obtained from measurements 
of the percentage of surface radiation reaching 
several water depths. Some of these measurements 
were done in situ from the unshaded si de of the 
ship (Kw(IS)), and other measurements were made 
in lake water-flushed deck tanks (Kw(DT)) (see 
Fig. 1) open to sunlight. Kw(DT) values were 
always greater than Kw(IS), probably because of 
the exclusion of laterally scattered radiation 
by the black-painted walls of the deck tank. 
Throughout this paper, Kw(IS) will be used as 
our best estimate of the vertical extinction 
coefficients. Higher values of Kw(IS) occurred 
in the Red River plume and near shores and islands, 
ranging from 1.5-4.5 m- 1 . Lower values occurred 
in the center of the north basin, where values 
of Kw(IS) were from 0.5 to 1 m- l . Kw(DT) varied 
in a similar manner but was usually 2 to 3 fold 
greater than the value of Kw(IS). 

Table 4 gives results of the measurement 
of percentage transmission of fluorescent light 
(Fig. 1, 2) through 10 cm of Lake Winnipeg waters 
at selected wavelength (%T A), and an extinction 
coefficient for each wave band (KSRA) over Ai = 
405 to 1,000 m~. It is difficult to generally 
discuss this data, as considerable variation 
occurs in spectra for similar water masses. 
Highest KSRA were usually in the region A = 405-
600 m~, and lower values were often in the region 
A = 640-900 m~. During the season when this 
data was collected (September-October), the dis­
charge of the Red River was greatly reduced 
(Brunskill, Elliott et a1. 1979), and the 
difference between the turbidity of the south 
and north basin is not as great as in June, 
July and August (see Figs. 4-6, and compare 
Figs. 7-9). Nevertheless, KSRA for most A were 
much lower in open water north basin stations 
compared to south basin stations (Figs. 14, 15). 
Humic acid colored water from Precambrian Shield 
drainage exhibited high KSRA at A = 430-440 m~ 
(Fig. 16) and decreased to lower values of KSRA 

r, 
'-

above 700 m. Data for KA(IS) (Table 3) and 
KSRA data were not collected simultaneously, 
unfortunately. 

As we shall see in the discussion, most of 
our light transmission data are closely correlated 
with suspended sediment concentrations. We there­
fore give suspended sediment data in Table 5 and 
Figs.· 17-21. Suspended sediment concentrations 
were highest (5-80 g m- 3 ) near the mouth of the 
Red River and near the west and southwest shores 
of the south basin. Lower values (1-20 g m- 3 ) 

are found throughout most of the narrows and north 
basin. The Red River (Station 0 in Table 5) is 
obviously a major source of sediments for the 
south basin of Lake Winnipeg, whereas the 
Saskatchewan (Station 29) and Winnipeg Rivers 
(Station 7) contribute much less, despite their 
larger annual discharges (Brunskill, Elliott et 
al. 1979). The Red River drains a sedimentary 
watershed with agricultural activities and 
relatively large populations of humans and live­
stock, whereas the Winnipeg River drains a Pre­
cambrian Shield watershed which has little 
agriculture and smaller human populations. The 
Saskatchewan River drains a sedimentary watershed, 
but most of its sediment load is deposited in its 
delta (Cedar and Moose Lake area) and recently in 
reservoi rs along its course (Brunskill, Ell i ott 
et a 1. 1979). 

Hourly, daily, and monthly solar radiation 
data is given· in Tables 6 and 7, and Fig. 22a~h, 
for the Winnipeg airport and The Pas, the closest 
weather stations. 

DISCUSS ION 

For purposes of estimating the attenuation 
of photosynthetically useful radiation in Lake 
Winnipeg water, the vertical extinction coeffic­
ients measured in situ with the Whitney submersible 
photometer (Kw(IS)) will be considered the best 
value. The other measurements of light attenu­
ation will now be related to these data (Table 3). 

Secchi disc visibility (Table 1) was closely 
related to Kw(IS), as shown in Fig. 23. This is 
a commonly-found relationship in diverse waters 
(Jones and Wills 1956; Tyler 1968; Holmes 1970; 
Schindler 1971). Measurements of vertical 
extinction coefficients with the Whitney sub­
mersible photometer in the deck tank (Kw(DT), 
Table 3) was also highly correlated with Kw(IS) 
(Fig. 24), but with more variation about the 
regression line. As previously mentioned, this 
larger variation and larger absolute value of 
Kw(DT) is likely due to the interaction of the 
black-painted walls of the deck tank and the 
varying angle of the sun, 1 imiting the amount 
of 1 ateral and dO\~nward scattered radiation. There 
was an excellent relationship between horizontal 
extinction (beam transmittance from the trans­
missometer, Ka , Table 2), and Kw (IS) (Fig. 25). 
A different slope and intercept was found for the 
corre 1 ati on between Kw(IS) and Kw (A) measured 
on the attenuated circuit of the transmissometer 
(Fig. 26) in extremely turbid waters. Statistically 
significant correlations were found between Kw(IS) 
and chlorophyll a, pheophytin, and algal biomass 
(Table 8), but the confidence limits of the 
regression lines are too great for practical use. 
The algal biomass, chlorophyll a, and the 



pheophytin data used here 
Schindler et al. (1970). 
correlated with suspended 
(Fig. 27). 

are taken from Brunskill , 
Kw(IS) was highly 
sediment concentration 

The equations (Table 8) from the above 
correlations (Figs. 23-27) were useg to estimate 
a vertical extinction coefficient (Kw) where 
Kw(IS) was not measured. This allowed ~he 
estimation of K", for stations done at mght and 
during rough weather. These data are given in 
Table 9, along with a code to indicate the 
origin of the estimate. The equations in Table 8 
are listed in their order of reliability, such 
that Kw predicted from algal biomass, chlorop[Jyll 
a, and pheophytin are to be least trusted. Kw 
is shown also in Figs. 28-32. 

Ideally Kw(IS) and Kw should estimate the 
attenuation of radiation due to absorption and 
backscattering by water, dissolved organic matter, 
and particulate matter. Ka and Ka(A) should 
estimate the attenuation of radiation due to 
absorption and total scattering by water, 
dissolved organic matter, and particulate matter. 
The transmi ssometer data (Ka) shoul d then be more 
sensitive to particulate matter (scattering) in 
the water column. This appears to be true for 
the values of Ka and Kw in our data, as Ka varied 
from 2 to 35 m- 1 in the south basin of Lake 
Winnipeg in mid July (Fig. 10), whereas Kw or Kw 
(IS) was in the range 1 to 4.6 m-1 (Fig. 29). 
In both cases, however, the variation of Kw and 
Ka was 4-16 fold across this gradient of sus­
pended sediments (Fig. 17). Ka responded to a 
largely inorganic suspended sediment gradient 
in the northern part of the north basin (Fig. 10 
and Table 2, Stations 23C to 33) by a 25 fold 
change (0.8 to 25 m- 1 ), whereas Kw responded with 
a 15 fold change (0.4 to 6.7 m- 1 , see Fig. 29 and 
Table 9). We attempted to partition the components 
contributing to the measured extinction by 
approaches similar to those of Tyler (1975), but 
the heterogeneous suspended sediment parameter 
completely overwhelmed any derived relationships. 
A crude and relative estimate of the proportion 
of Ka that is due to scattering by suspended 
sediments is obtained by subtracting Kw(IS) from Ka. 
That (Ka - Kw(IS)) is well correlated with sus­
pended sediment concentration is no surprise 
(Fig. 33), but this computation indicates that a 
large fraction of Ka (=50-80%) is related to light 
scattering by the water column. 

Another way to illustrate the role of sus­
pended sediments (SS) in controlling extinction 
coefficients of Lake Winnipeg waters is given in 
Fig. 34. This relationship is derived from 
equation D in Table 8 where: 

and: 

Kw(IS) = 0.5809 + 0.1227SS, 

% attenuation due to SS 0.1227 
Kw(IS) 

x 100 

This manipulation indicates that scattering and 
absorbance explained by SS accounts for 50-90% 
of Kw(IS) over the upper range of SS common in 
Lake Winnipeg (Table 5). The composition of SS 
varied considerably. Most samples of SS appeared 
under the microscope to be largely inorganic 
matter, whereas some samples contained dense phyto­
plankton blooms. A similar manipulation on 
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equation.G in Table 8 allowed the cORstruction of 
Fig. 35, which indicates that 10-60;:, of i<'U(IS) can 
be controlled by the range of chlorophyll ,7 concen­
trations observed ( 1 to 20 mg Chl a m- 3 , see 
Brunskill, Schindler et al. 1979). Figures 34 and 
35 indicate that at the concentrations of chlorophyll 
G, phytoplankton biomass, and suspended sediments 
considered here, phytoplankton are more effective 
in attenuating light than are suspended sediments, 
on a per unit weight basis. Ganf (1974) used a 
variation of this approach in his studies on Lake 
George (Uganda). 

The data on attenuation of light by wave­
length in Table 4 and Figs. 14-16 indicate the 
extreme effect of scattering of light by high 
suspended sediment concentrations. Attenuation 
maxima usually occurred in the violet, blue and 
green wavebands (405-546 m~), and lower extinction 
coefficients were usually found in the red and 
infrared (640-900 m~). These spectra are greatly 
different from the "standard distribution" curves 
of Vollenweider (1961). According to Hutchinson 
(1957) and Strickland (1958), particulate matter 
is very important in scattering and attenuating 
light below 500 m~, and less effective for wave­
lengths >600 m~. Since there is less energy in 
solar radiation at the lake surface above 700 m~ 
(see Fig. 2), and most of the violet, blue and 
green light is strongly attenuated (Figs. 15 and 
16), the yellow, orange, and red wavelengths 
(546-700 m~) will have maximum penetration in the 
turbid areas of Lake Winnipeg. As indicated in 
Table 1, lake water color in most of the south 
basin, narrows, and near shore north basin was 
observed as yellow-brown (or orange-brown in 
humic acid-rich waters). Clearer waters of the 
central north basin had relatively flat and lower 
extinction spectra over 405-1,000 m~ (Fig. 14), 
and were observed as being green or blue-green 
in visual color over the secchi disc. Even the 
lower values for vertical extinction coefficients 
given here are quite high compared to other lake 
data (Hutchinson 1957; James and Birge 1938; 
Whitney 1938; Thomson and Jerome 1975; Thomson 
et al. 1974). In some cases in Lake Winnipeg 
(extreme turbidity in the Red River plume or 
near shore, or in the midst of dense algal 
blooms), water color is more likely due to the 
color of suspended matter ("seston color" of 
Hutchinson (1957, p. 417)). We observed large 
(=200 x 400 m) patches of dark water in both the 
north and south basin of the lake, which proved to 
be near surface (0-50 cm) accumulations of insect 
exuviae. During dense algal blooms in calm weather 
in July and August in the north and south basins, 
the surface of the water appeared to be covered 
with opaque, light green or yellow-green paint. 
The algal bloom was in the upper 30 cm of the 
water column, and often large clumps of cells and 
filaments floated on the surface. 

The spectroradiometer data for waters of the 
Red River plume (Stations 05, 59, 59-60, 61, 62 
in Table 4) appear to corroborate the Cree name 
for the Red River (Mikwakumew ~~ = Bloody River) 
according to La Verendrye in 1735 (see Crouse 
1972, p. 42; Hamilton, no date, p. 235), who was 
told the river had the color of vermill iOI1. Wal'e­
lengths of maximum transmission for these w~ters 
are in the red. Seasonal variation in winds, 
river discharge, shore erosion, and algal biomass 
are likely factors controlling the seasonal 
variation in extinction coefficients in Lake 
vlinnipeg. 



Future work on the optical characteristics 
of this turbid lake should investigate many of 
the curious extinction spectra in Table 4. It 
seems possible that more precise relationships 
between suspended inorganic matter, detrital 
organic matter, dissolved organic matter, and 
algal cells could be obtained if these parameters 
could be partitioned and sized (Haffner and Evans 
1974; Burt 1955), including determinations of 
particle surface areas, volume, and indices of 
refraction. 
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Table 1. 
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Secchi disc visibility and visual estimates of color at half 
the depth of Secchi visibility, for stations on Lake Winnipeg 
in 1969. See Fig. 3 for station locations. TU = Turbid. 
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STATIUN NO. DATE SECCHI DISC COLOUR AT HALF c:;ECCHI DEPTH 
VISIBILITY (METERS l (BA=BLACK;BL=RLU~;BR=8RWN;G,GR=GREEN; 

GA=GRAY;HU=HUMIC;NITF=~JGHT;OR=ORANGE; 

RU=RUST;Y,YE=YFLLOWl 

U 270CTli8 0.70 YF TUP 
u 3JUNf,9 0.28 GYRRTU 
UA 5NOV68 ****** Y8RGTU 
U8 5NOV68 ****** yoRTU 
1 4JUN69 0.30 VFRRTU 
1 9JUL6':1 0.35 YF.RR 
1 30CT69 0.50 YEAR 
C 280CT68 0.05 
2 23APRf>9 ***j~** BRTU 
C 4JUN69 0.25 YFARTU 
C 9JIILF>9 0.30 
2 24JULF>9 0.30 
2 2S!,"P69 0.50 YFRR 
2 30cT69 0.20 YF.I~R 

2 17MlIR70 ****** TU 
3 9JUL69 0.25 
3 24JUL69 0.35 YFRR 
3 10S~P69 0.20 BR 
3 30CTf,9 0.10 YERR 
3C 9JUL69 0.25 YFRR 
3C 24JULf,9 0.20 
3C 10SEP69 0.70 GRVFRR 
3C 30CT69 0.40 YERRGII 
4 9JUL69 0.30 YERR 
4 10SF.P69 0.25 SR 
4 30CT69 0.45 VERR 
4 310cT69 0.30 YERR 
~ 4JUN69 0.20 YERRTU 
~ 9JUL69 0.60 
5 25JUL69 0.60 YERR 
5 9SEP69 0.50 YERR 
5 40cT69 0.65 GRYERR 
6 4JiJN69 0.32 Yr:RRTU 
b 10JlJLf,9 0.60 ElF 
6 26JUL69 0.80 YFoR 
6 9SI"P69 0.80 RRnR 
6 40CT69 0.45 YERR 
7 280rTf,8 0.80 YELRRn 
1 5JUN69 1. 00 
7 10JUL69 0.80 VERR 
7 26JUL69 0.75 GRRR 
7 9SEP69 0.50 SR 
7 40cT69 0.80 
7 310(:T69 1. 00 RR 
8 280cT68 0.15 
H 5JUN69 0.50 YF.RRTU 
8 10JUL69 0.80 GRRRHI! 
8 26JUL69 0.85 nRP 
~ 9SEP69 0.75 YEOR8R 
H 40r:T69 0.40 YERR 
8 310cT69 0.90 BR 
<} 10JUL69 0.70 YERR 
':I 26JUL69 0.75 YFRR 
9 40CH>9 0.20 YERR 

lU 5JUN69 0.60 HRRTLJ 
10 10JUL69 0.90 YFRR 
10 26JUL69 1.30 VERR 
lU 8S!,"P69 0.50 ORf"'lR 
lOA 280cTA8 0.30 BROTUR 
11 5JUN69 0.90 Yr:HRTU 
11 10JlIL69 1.30 
11 270r:T69 0.50 HRRTU 
12 5JUN69 1.50 Yr: GR 
12 10JUL69 1.10 
12 26JlIL69 1.00 GRYFRR 
12 8SEP69 0.50 ORRR 
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STATION NO. DATE SECCHI DISC COLOUR AT HALF C::ECCHI DEPTH 
VISI9ILITY (METERS) (BA=BLACK;BL=BLUE;BR=8R~N;G.Gq=GREEN; 

GA=GRAY:HU=HUMIC:NIT~=NIGHT;OR=OR8NGE; 

RU=RUST;Y.YE=YFLLOW) 

12 300CTfi9 0.40 YFRRTU 
138 10JUL69 1.15 YFOP.,IJ 
13C 290CTA8 1. 00 YFRRTlI 
14 5JUN69 1. 50 YF GR 
14 10JUL69 1. 00 YERR 
14 26JUL69 0.70 YFPR 
14 8SEP69 0.50 8R 
14 50CT69 0.35 
14 300cTf>9 0.30 RRTU 
16 6JUN69 1. 20 GRYERR 
16 11 JIJL69 0.60 YF RRHII 
16 27JIJL69 ****** YFRR 
16 3SF:P69 0.05 8R 
16 50CT69 0.40 nRRTU 
16 280(T69 0.35 YF.RRTU 
17 6JUN69 0.70 GYRRTU 
17 12JUL69 0.75 
17 27JUL69 1.30 GR 
It! 6JUN69 0.70 YFRRTU 
It! 11JUu:,9 0.60 nAR 
18 27JUL69 1.10 GRYE 
It! 3SFPI',9 0.80 GR 
19 7JIJN69 0.85 
19 13JULI',9 1.00 GRYF 
19 28JUL69 1.20 GR 
19 3SFP69 1. 00 
20 7JUN69 0.90 YFRRGR 
2U 13JUL69 1.10 GP. 
2U 28JUL69 1.35 GRYE 
21 7JUN69 0.95 GYRRTU 
21 13JUL69 0.90 GR 
21 28JUL69 1. 80 GR 
21 4SFP69 0.60 GP 
21 110cT69 1. 00 GP 
22 7JUf\IA9 1.2u GI~ TlJ 
22 13JULf,9 1. 30 GP 
22 28JUL69 1. 40 GRFFf\1 
22 4SEP69 1.50 
22 11 OcT69 0.90 GR 
238 7JUNA9 ****** GR 
23C 7JUN69 ****** GR 
23C 13JUL69 2.50 GK 
23C 28JUL/:,9 1. 80 GRTU 
23C 6SEP69 2.00 GRRR 
23C 110cT69 1.4U GR 
23D 7JUN69 1. 10 
23E 7JUNf,9 1. 30 GR 
23E 15JUL69 2.00 GP 
23E 3UJlILA9 1.8U GRFFf\1 
23E 6SEP69 1.6U GRRR 
2..:1E 110cT69 1. 00 GR 
24 7JUN69 1. 9U 
25 7JUN69 1. 90 GRI"I"III 
2!'i 13JUL69 2.5U GR 
25 28JUL69 3.00 GRTU 
25 4SFP69 1. 50 BLGR 

·25 290cT69 1. OU GR 
26 14JUL69 2.50 GR 
26 29J 1.lLh9 3.00 HL YEGi-1 
26 4SF:P69 1.50 BLGR 
26 90eTf,9 0.40 YERRTU 
27 14JUL69 1.10 Gf.! 
27 29JULf,9 1. 20 YFr.;RTU 
27 90cT69 0.25 YF.:RRTU 
21:1 13JUL69 2.50 8LGR 
2!:! 28JULI',9 2.20 BLGR 
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STATION NO. DATE SECCHI DISC COLOUR liT HALF SECCHI DEPTH 
VISIBILITY (METERS) (BA=BLACK;BL=BLUF;BR=BRWN;G,GR=GREEN; 

GA=GRAY;HU=HUMIC;NIT~=NIGHT;OR=ORANGE; 

RU=RUST;Y.YE=Y~lLOW) 

21:1 4SEPf>9 1.00 GR 
28 290CH9 1.30 
29 20Ml\Rf.9 ****** FlL 
29 70(:T69 1.50 RLGR 
30 18MAR69 ****** Y!="GRRP 
31 9JUN69 1.50 
31 14JUL69 1.50 GR 
31 29JUL69 1.90 GRTU 
31 6SFP69 0.90 GRRR 
31 80r:T69 ****** TU 
33 9JUN69 0.50 GRTU 
33 14JUL69 0.30 YERR 
33 29JUL69 0.60 GRTU 
35 18MAR69 ****** Gfl 
35 9JUN69 2.20 GRTU 
3:' 14JUL69 2.00 GR 
35 29JUL69 2.1U GR 
35 6S~P69 1.80 GR 
35 80CT69 1. 30 GRTU 
3':1 lAPRfi9 ****** GRTU 
39 15JUL69 2.40 GR 
3':1 30JULfi9 2.60 GRFEN 
39 60CT69 1.00 
3'>1 290CT69 0.85 GR 
41 10JUN69 0.90 GRYETU 
41 15JUL69 2.00 GR 
41 30JUL69 2.40 GRFFN 
41 7SfPli9 1. 90 GRYE 
41 60CT69 0.85 GRTU 
43 10JUN69 0.40 GRYFTU 
43 15JUL69 1.80 GR 
43 30JUL69 1.40 GRTU 
43 60CT69 0.45 GR 
45 15JlIL69 2.30 
4:' 30JUL69 2.50 GP 
45 7SFPli9 1.20 GRYE 
45 60(:T69 1.10 GR 
48 2APRfi9 ****** GRTU 
48 15JUL69 0.90 GPYE 
41; 30JULf,9 1. 00 YFGRTU 
4l:l 7SEP69 1.00 YI:RR 
48 120(:T69 0.85 GRTU 
508 IlJUL69 0.5U YERR 
50B 27JUL69 0.50 YFRR 
sue 11JUL69 0.5U YERR 
5UC 27JUL69 0.60 YFRR 
SUC 3SEP69 0.50 GRYFRR 
51 300cT68 1.00 BR OR~ 

51 llJUN69 0.60 RE[)-RR 
51 IlJUL69 0.90 HliRR 
51 27JUL69 0.85 BRHU 
51 3:,EP69 0.25 BRBA 
51 50eT69 0.8U SROR 
52 IlJUN69 0.60 RURRTU· 
!':I 2 llJUL69 0.60 HlIYfRR 
52 3Sf:P69 0.25 
52 50CT69 0.30 YEr4RTU 
54 llJUN69 0.80 YFRRGR 
54 IlJUL69 0.70 YERR 
54 8SFP69 0.45 
54 50cT69 0.30 YfRRTU 
54 300cT69 0.30 YERRTU 
5'~B 290cT68 0.30 YFRRTU 
548 280cT69 0.25 Yfl~RTlJ 

55 IlJUN69 0.50 
56 290r;T68 0.60 YfRRTU 
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STATION NO. DATE SECCHt DISC COLOUR AT HALF C;ECCHI DEPTH 
VISIBILITY (METERS) (BA=BLACK;BL=8LUF;BR=BRWN;G.GR=GREEN; 

GA=GRAY; HU=HllM IC HIITF=NIGHT; OR=ORIINGE; 
RU=HUST,y,Y~=YFLLOW) 

57 310CT68 0.70 
57 12JUN69 0.60 GYRRTU 
57 10JUL69 0.90 VERR 
5' 25JUL69 0.90 VFGRRR 
57 8SEP69 0.50 GRRR 
51::! 12JlIN69 0,30 GYRRTU 
58 10JlIL69 0.40 VfPR 
58 25JlIL69 0.40 VF.GRRP 
58 9SEP69 0.15 VFRR 
59 310CT68 0.50 
59 12JlIN69 0.50 
59 9JUL69 0.70 
59 25JUL69 0.95 GRYERR 
59 9SEP69 1.00 GRVFr~R 

59 40CT69 1.00 GRVE 
5':1 310(T69 0.45 VERR 
60 23APR69 3.50 GR TUR 
60 12JUN69 0.30 YpPRTlJ 
60 9JUL69 0.40 
60 24JUL69 0.90 VFRRRR 
60 2SFP-1i9 1. 00 
60 9SEP69 0.70 GRRR 
60 310(T69 0.55 VERR 
60B 9JUUi9 0.25 
6U8 24JUL69 0.35 VEGRRP 
608 9SFP69 0.45 GRRR 
60B 40CT69 0.40 HRR 
60e 280cT68 0.15 
60e 24JUL69 0.25 VERR 
60e 9SEP69 0.35 BR 
60C 18MAR70 ****** TLI 
61 12JlIN69 0.20 VFI'1RTU 
61 9JlIL69 0.40 
61 24JlIL69 0.75 GRYFRR 
61 2SEPli9 0.90 VFRR 
61 10SEPli9 0.90 YE!~R 

61 30cT69 0.45 YFI~R 

61 310(T69 0.45 GR 
62 310r.T68 0,12 
62 12JUN69 0.20 
62 9JlIL69 0.25 
62 24JUL69 0.50 GRYERR 
62 10SFP69 0.50 HRR 
62 30cT69 0.20 YEI~R 

63 12JUNf,9 0.10 
63 17JUL69 0.40 YERR 
63 1AUGf,9 0,20 VFRRTU 
63 10SEPli9 0.20 RP 
63 130cH 9 0.20 VFRRTU 
63 310cT69 0.35 VERR 

- 64 300cT68 0.50 YERRTLI 
64 15JlIL69 0.90 GR 
64 31JUL69 0.50 YfGRTU 
64 7SEP69 0.50 VI="RR 
64 120cT69 0.30 YERRTLI 
648 120(:T69 ****** RPTU 
65 16JUL69 0.50 GRYF.TU 
65 31JUL69 0.55 YFGRTU 
66B 31JlILA9 0.70 GPTU 
67 2APR69 ****** GR 
6tl 16JUL69 0.50 GRVFTU 
68 31JULf.9 0.40 V(:;TURP 
6!:J 8SEP69 0.40 VFRR 
61:1 120CT69 0.35 YE-qRTlJ 
6tl 300cTli9 0.30 VERRTlJ 
MI8 120(H9 ****** VI="RRTlJ 



STAlIUN NO. DATE 

6':1 16JLJL69 
6~ 31JlIL69 
6':1 8SEP69 
69 120cT69 
69B 280CT('9 
70 20MARh9 

SECCHI DISC 
VISIBILITY (METERS) 

0.40 
0.50 
0.50 
0.25 
0.20 

****** 

10 

COLOUR AT HALF SErCHI DEPTH 
(BA=BLACK;BL=BLU~;BR=BRWN;G.GR=GREfN; 

GA=GRAY;HU=HU"ICINIT~=NIGHT;OR=ORANGE: 
RU=HUSTIY.YE=YFLLOW) 

GRYf: 
Yr-P,RTU 
YERR 
YFRRTLJ 
YFRRTU 
GR 
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Table 2 Measurements of the percentage of light (\ Tal transmitted from a battery-powered light 
source ·to a photosensitive cell OVer a variable, horHontal path length in the lake water, 
and computed horizontal extinction coefficients (Ka l based on this %Ta data. All 
measurements were made in situ at 1 meter water depth, unless otherwise indicated. The 
notation (A) indicates the-u5e of an alternate, amplified circuit of the transmissometer, 
which was specified for use in extremely turbid waters. 

DATE PATH LENGTII \ TRANSMITTANCB K 
(meters) length-I) 

a 
(\Ta,path 

Cm -I) 

STATiON 

9 Jul. 69 0.25 2 15.65 
30 Oct. 69 0.10 22 15.14 

24 Jul. 69 0.10 24 (Al 14.27 
2 Sept. 69 0.10 32 11. 39 
2 Sept. 69 0.10 30 (Al 12.04 
3 Oct. 69 0.10 2.5 36.89 

·9 Jul. 69 0.10 5 29.96 
24 Jul. 69 0.10 9.5. CAl 23.54 
10 Sept: 69· 0.10 14 19.66 
3 Oct. 69 0.10 1 46.05 

3 C 24 Jul. 69 0.10 16 CAl 18.33 
10 Sept. 69 0.10 . 44 8.21 
3 Oct. 69 0.10 34 10.79 

9 Ju1. 69 0.10 22 LA)' 15.14 
24 Jul. 69 0.10 26 LA) 13.47 
2 Sept. 69 0.10 48 7.34 

10 Sept. 69 0.10 25 13.86 
3 Oct. 69 0.10 25 13.86 

31 Oct. 69 0.10 23 14.70 
9 Jul. 69 0.10 42 CAl 8.68 

25 Jul. 69 0.10 48 7.34 
25 Jul. 69 0.10 46 CA} 7.77 
9 Sept. 69 0.10 48 7.34 
4 Oct. 69 0.10 49 7.13 

6 10 Jul. 69 0.10 48.5 CAl 7.24 
26 Jul. 69 0.10 61 4.94 
26 Jul. 69 0.10 58 CA} 5.45 
9 Sept. 69 0.10 52 6.54 
4 Oct. 69 0.10 35 10.50 

30 Oct. 69 0.10 33 11.09 

10 Jul. 69 0.10 42 CAl 8.68 
26 Jul. 69 0.10 55 5.98 
26 Jul. 69 0.10 SO CAl 6.93 
9 Sept. 69 0.10 47 7.55 
4 Oct. 69 0.10 51 4.94 

31 Oct. 69 0.10 73 3.15 

10 Jul. 69 0.10 60 (Al 5.11 
9 Sept. 69 0.10 61 4.94 
4 Oct. 69 0.10 3S 10.50 

31 Oct. 69 0.10 64 4.46 

10 Jul. 69 0.10 55 5.98 
10 Jul. 69 0.10 67 (Al 4.00 
26 Ju1. 69 0.10 48 7.34 
26 Jul. 69 0.10 46 CAl 7.77 
4 Oct. 69 0.10 3 35.07 
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Table 2 . (cont'd) 

STATION DATE PATH LENGTH % TRANSMITTANCE K 
(metersl ('T ,path 1ength- 1l 

a 
a (m- 1) 

10 10 Jul. 69 0.10 62 4.78 
10 Jul. 69 0.10 72 (Al 3.29 
26 Jul. 69 0.10 81 2.11 
26 Jul. 69 0.10 81 CAl 2.11 
8 Sept. 69 0.10 36 10.22 
4 Oct. 69 0.10 27 13.09 . 

3D' Oct. 69 0.10 21 15.61 

11 10 Jul. 69 0.10 55 5.98 
10 Jul. 69 0.10 73 CAl 3.15 

27 Oct. 69 0.10 33 11. 09 

12 10 Ju 1. 69 0.10 64 4.46 

10 Jul. 69 0.10 76 (Al 2.74 

26 Jul. 69 0.10 76 2.74 

26 Jul. 69 0.10 77 (Al 2.61 

8 Sept. b9 0.10 31 11. 71 

4 Oct. 69 0.10 15 18.97 

30 Oct. 69 0.10 14 19.66 

13 10 Jul. 69 0.10 66 4.1b 

10 Jul. 69 0.10 76 CA) 2.74 

14 10 Jul. 69 0.10 54 6.16 

10 Jul. 69 0.10 85 CAl 1. 63 

26 Jul. 69 0.10 58 5.45 

26 Jul. 69 0.10 58 (Al 5.45 

8 Sept. 69 0.10 38 9.68 

5 Oct. 69 0.10 24 14.30 

30 Oct. 69 0.10 10 23.03 

16 11 Jul. 69 0.10 35 10. SO 

11 Jul. 69 0.10 42 CAl 8.68 

27 Jul. 69 0.10 32 11.39 

27 Jul. 69 0.10 28 (Al 12.73 

3 Sept. 69 0.10 3 35.07 

5 Oct. 69 0.10 21 15.61 

28 Oct. 69 0.10 13 24.40 

17 27 Jul. 69 0.10 73 3.15 

27 Jul. 69 0.10 72 CAl 3.29 

27 Jul. 69 0.50 20 3.22 

27 Jul. 69 0.50 18 CAl 3.43 

5 Oct. 69 0.10 62 4.78 

18 11 Jul. 69 0.10 50 6.93 

11 Jul. 69 0.10 50 CAl 6.93 

27 Jul. 69 0.10 73 3.15 

27 Jul. 69 0.10 73 'CAl ' 3.15 

3 Sept. 69 0.10 72 3.29 

5 Oct. 69 0.10 32 11. 39 

19, 13 Jul. 69 0.10 61 4.94 

13 Jul. 69 0.10 58 CAl 5. '15 

28 Jul. 69 0.50 19 3.32 

28 Jul. 69 0.50 17 (Al 3.54 

3 Sept. 69 0.10 40 9.16 

Jl Oct. 69 0.10 67 4.00 

20 13 Jul. 69 0.10 72 3.29 

13 Jul. 69 0.10 72 'CAl 3.29 
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Table 2 • (cant'd) 

STATION DATE PATH LENGTH \ TRANSMITTANCE K 
(meters) (~Ta.path length-I) 

a 

(m- l ) 

28 Jul. 69 0.50 25 2.77 
28 Jul. 69 0.50 23 (A) 2.94 

3 Sept. 69 0.10 78 2.49 
11 Oct. 69 0.10 SO 6.93 
28 Oct. 69 0.10 55 5.98 

21 13 Ju1. 69 0.10 70 3.57 
13 Ju1. 69 0.10 72 (A) 3.29 
13 Jul. 69 0.10 68 3.86 
13 Ju1. 69 0.10 70.5 (A) 3.50 
13 Jul. 69 0.10 70 3.57 
13 Ju1. 69 0.10 72 (A) 3.29 
28 Ju1. 69 0.50 34 2.16 
28 Jul. 69 0.50 31 (A) 2.34 
4 S~pt. 69 0.10 68 3.86 

11 Oct. 69 0.10 71 3.42 
28 Oct. 69 0.10 72 3.29 

22 13 Ju1. 69 0.10 82 1. 98 
13 Jul. 69 0.10 82 (A) 1. 98 
28 Jul. 69 0.50 ~2 2.28 
28 Jul. 69 0.50 30 (A) 2.41 
4 Sept. 69 0.10 31 11. 71 

11 Oct. 69 0.10 78 2.48 
29 Oct. 69 0.10 72 3.29 

23 C 13 Jul. 69 0.10 93 0.73 

13 Ju1. 69 0.50 60 1. 02 

280 Jul. 69 0.50 SO 1. 39 

28 Jul. 69 0.50 51 1. 35 

6 Seot. 69 0.50 36 2.04 

11 Oct. 69 O.lD 83 1.86 

29 Oct. 69 0.10 72 3.29 

23 E IS Jul. 69 0.50 32 2.28 

30 Jul. 69 0.50 40 1.8:i 

30 Jul. 69 0.50 38 (A) 1. 94 

6 Sept. 69 0.50 33 2.22 

11 Oct. 69 0.10 79 2.36 

25 13 Jul. 69 0.50 48 1. 47 

28 Jul. 69 0.50 66 0.83 

28 Jul. 69 0.50 66 (A) 0.83 

4 Sept. 69 0.10 50 6.93 

6 Oct. 69 0.50 1 9.21 

29 Oct. 69 0.10 72 3.29 

26 14 Jul. 69 0.50 53 1. 27 

29 Jul. 69 0.50 62 0.96 

29 Jul. 69 O. SO 62 (A) 0.96 

4 Sept. 69 0.10 77 2.61 

9 Oct. 69 0.10 14 19.66 

27 14 Ju1. 69 0.50 9 4.82 

29 Jul. 69 0.50 30 2.41 

29 Jul. 69 0.50 28 (A) 2.55 

9 Oct. 69 0.10 13 20.40 

28 28 Jul. 69 0.50 66 0.83 

28 Jul. 69 0.50 66 (A) 0.83 

4 Sept. 69 0.10 55 5.98 

6 Oct. 69 O.lD 54 6.16 

29 Oct. 69 0.10 79 2.36 
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Table Z • (cont'd) , 

STATION DATE PATH LENGTfI \ TRANSMITTANCE K 
(meters) (n ,path length-I) 

a 
a (m- 1l 

29 7 Oct. 69 0.10 82 1. 98 

31 14 Jul. 69 0.10 39 9.~2 
14 Jul. 69 0.50 3 7.01 
29 Jul. 69 0.50 58 1. 09 
29 Jul. 69 0.50 56 (A) 1.16 

6 Sept. 69 0.50 13 4.08 
8 Oct. 69 0.10 22 15.14 

33 14 Jul. 69 0.10 8 25.26 
29 Jul. 69 0.50 8 5. as 
29 Jul. 69 0.50 6 (A) 5.63 

8 Oct. 69 0.10 6 28.13 

35 14 Jul. 69 0.50 34 2.16 
29 Jul. 69 0.50 46 1. 55 
29 Jul. 69 0.50 46 (A) 1. 55 

6 Sept. 69 0.10 95 0.51 
6 Sept. 69 0.50 36 2.04 
8 Gct. 69 (lm) 0.10 '73 3.15 
8 Oct. 69 (1m) 0.10 80 2.23 
S. Oct. 69 (1m) 0.10 73 3.15 
8 Oct. 69 (1m) 0.10 83 1. 86 
8 Oct. 69 (1m) 0.10 82 1. 98 
8 Oct. 69 (1m) 0.50 22 3.03 
8 Oct. 69 (1m) 0.50 22 3. 03 
8 Oct. 69 (2m) 0.10 78 2.49 
8 Oct. 69 (2m) 0.10 73 3.15 
8 Oct. 69 (3m) 0.10 78 2.48 
8 Oct. 69 (3m) 0.10 73 3.15 
8 Oct. 69 (3m) 0.50 19 3.32 
8 Oct. 69 (3m) 0.50 20 3.22 
8 Oct. 69 (5m) 0.10 74 3. 01 
8 Oct. 69 (5m) 0.10 72 3.29 
8 Oct. 69 (5m) 0.10 78 2.48 
8 Oct. 69 (Sm) 0.10 80 2.23 
8 Oct. 69 (5m) 0.50 18 3.43 

8 Oct. 69 (5m) 0.50 19 3.32 
8 Oct. 69 (7m) 0.10 73 3. IS 
8 Oct. 69 (7m) 0.10 71 3.42 
8 Oct. 69 (7m) 0.50 18 3.43 

8 Oct. 69 (7m) 0.50 18 3.43 

8 Oct. 69 (lOrn) 0.10 70 3.57 

8 Oct. 69 (10m) 0.10 73 3.15 

8 Oct. 69 (10m) 0.10 78 2.48 

8 Oct. 69 (lOrn) 0.10 77 2.61 

8 Oct. 69 (lOrn) 0.50 18 3.43 

8 Oct. 69 (10m) 0.50 18 3.43 
8 Oct. 69 (15m) 0.10 S5 5.98 
8 Oct. 69 (ISm) 0.10 76 2.74 
8 Oct. 69 (15m) 0.50 17 3.54 

39 15 Jul. 69 0.50 53 1. 27 

30 Jul. 69 O. SO 64 0.89 

30 Jul. 69 0.50 63 (A) 0.92 

6 Sept. 69 0.50 IS 3.79 

6 Oct. 69 0.50 9 4.82 

29 Oct. 69 0.10 60 5. Jl 

41 IS Jul. 69 0.50 48 1. 47 
30 JuJ. 69 0.50 64 0.89 

30 Jul. 69 0.50 64 (A) 0.89 
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Table 2 . (cant'd) 

STATION DATE PAW LENG'Ilf % TRANSMITTANCE Ka 
(meters) (\1' ,p'nth length-I) 

a (m- 1 ) 

7 Sept. 69 0.50 39 1. 88 
6 Oct. 69 0.50 8 5.05 

43 IS Jul. 69 0.50 33 2.22 
30 Jul. 69 0.50 16 3.67 
30 Jul'. 69 0.50 14 (A) 3.93 
6 Oct. 69 0.50 I 9.21 

45 IS Jul. 69 0.50 52 1. 31 
30 Jul. 69 0.50 72 0.66 
30 Jul. 69 0.50 72 (Al 0.66 
7 Sept. 69 0.50 18 3.43 
6 Oct, 69 0.10 80 2.23 
6 Oct. 69 0.50 14 3.93 

48 IS Jul. 69 0.50 8 5.05 
30 Jul. 69 0.50 27 2.62 
30 Jul. 69 0.50 27 (A) 2.62 
7 Sept. 69 0.50 12 4.24 

12 ·Oct. 69 0.10 67 4.00 
29 Oct. 69 0.10 18 17.15 

50 B 11 Jul. 69 0.10 27 (A) 13.09 
27 Jul. 69 0.10 42 8.68 

2i Jul. 69 0.10 40 (A) 9.16 

50 C 11 Ju1. 69 0.10 32 11.39 

11 Jul. 69 0.10 38 (M 9.68 

27 Jul. 69 0.10 50 6.93 

27 Jul. 69 0.10 49 CA) 7.13 

3 Sept. 69 0.10 55 5.98 

5 Oct. 69 0.10 18 17.15 

51 11 Jul. 69 0.10 77 2.61 

11 Jul. 69 0.10 72 (A) 3.29 

27 Jul. 69 0.10 64 4.46 

27 Jul. 69 0.10 65 (A) 4.31 

3 Sept. 69 0.10 49 7.13 

5 Oct. 69 0.10 65 4.31 

52 11 Ju1. 69 0.10 42 8.68 

11 Jul. 69 0.10 49 (Al 7.13 

27 Jul. 69 0.10 42 8.68 

27 Jul. 69 0.10 40 (A) 9.16 

3 Sept. 69 0.10 19 16.61 

S Oct. 69 0.10 18 17.15 

54 11 Jul. 69 0.10 30 12.04 

11 Jul. 69 0.10 62 (A) 4.78 

27 Jul. 69 0.10 61 4.94 

27 Jul. 69 0.10 58 (Al 5.45 

8 Sept. 69 0.10 30 12.04 

S Oct. 69 0.10 22 15.14 

30 Oct. 69 O.~O 12 21. 20 

S4 B 28 Oct. 69 0.10 10 23.03 

57 10 Jul. 69 0.10 58 5.45 

10 Jul. 69 0.10 80 (j\) 2.23 

25 Jul. 69 0.10 69 (Al 3.71 
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Table l . (cont I d) 

STATION DATE PATH LENGTH % TRANSMITTANCE K 
(meters) C%To,path lenyth- 1) 

a 

rm- I ) 

8 Sept. 69 0.10 42 8.68 
4 Oct. 69 0.10 34 10.79 

58 10 Jul. 69 0.10 22 15.14 
10 Jul. 69 0.10 22 CAl 15.14 
25 Jul. 69 0.10 25 (Al 13.86 

9 Sept. 69 0.10 8 25.26 
4 Oct. 69 0.10 46.05 

59 9 JuI. 69 0.10 55 5.98 
25 JuI. 69 0.10 80 2.23 
25 Jul. 69 0.10 73 (Al 3.15 

9 Sept. 69 0.10 73 3.15 
4 Oct. 69 0.10 70 3.57 

31 Oct. 69 0.10 29 12.3B 

60 9 Jul. 69 0.10 30.5 II. 87 
24 Jul. 69 0.10 69 (Al 3.71 

2 Sept. 69 0.10 72 3.29 
9 Sept. 69 0.10 69 3.71 
3 Oct. 69 0.10 3B 9.6B 

31.0ct. 69 0.10 . 50 6.93 

60 B 9 Jul. 69 0.10 3 (Al 35.07 
24 JuI. 69 0.10 28 (Al 12.73 

9 Sept. 69 0.10 45 7.B9 
4 Oct. 69 0.10 20 16.09 

60 C 24 Jul. 69 0.10 6.5 (J\) 27.97 
9 Sept. 69 0.10 28 12.73 
3 Oct. 69 0.10 44 B.21 

61 9 JuI. 69 0.10 15.5 (Al IB.64 
24 Jul. 69 0.10 64 (A) 4.46 

2 Sept. 69 0.10 63 4.62 
10 Sept. 69 0.10 58 5.47 

3 Oct. 69 0.10 3B 9.68 

31 Oct. 69 0.10 32 11. 39 

62 9 Jul. 69 0.10 4 (Al 32.19 

24 Jul. 69 0.10 25 (Al 13.B6 

10 Sept. 69 0.10 32 11. 39 

3 Oct. 69 0.10 3 35.07 

63 17 Jul. 69 0.10 41 8.92 

I Aug. 69 0.10 1 46.05 

1 Aug. 69 0.10 1 (Al 46.05 

10 Sept. 69 0.10 16 lB.33 

13 Oct. 69 0.10 2 39.12 

31 Oct. 69 0.10 31 11. 71 

64 15 JuI. 69 0.10 50 6.93 

IS Jul. 69 0.50 7 5.32 

31 Jul. 69 0.10 45 7.99 

31 Jul. 69 0.10 44 (Al 8.21 

31 Jul. 69 0.50 2 7.B2 

31 Jul. 69 0.50 2 CAl 7.82 

7 Sept. 69 0.10 44 B.21 

12 Oct. 69 O~lO 18 17.15 

29 Oct. 69 0.10 24 14.27 
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Table ~ . (cont'd) 

STATION DATE PATH LENGTH % TRANSMITIANCE K 
(meters) (tT ,path length-I) a 

a 
(m- 1) 

65 16 Jul 69 0.10 50 6.93 
31 Jul. 69 0.10 50 6.93 
31 Jul. 69 0.10 49 CA) 7.13 

66 8 31 Jul. 69 0.10 70 3.57 
31 Jul. 69 0.10 ' 68 CAl 3.86 

68 16 Jul. 69 0.10 62 4.78 
31 Ju1. 69 0.10 40 9.16 
31 Jul. 69 0.10 39 CAl 9.42 
8 Sept. 69 0.10 30 12.04 

12 Oct. 69 0.10 14 19.66 
30. Oct. 69 0.10 . 12 21. 20 

69 16 Jul. 69 0.10 49 7.13 
31.Jul. 69 0.10 40 9.16 
31 Jul. 69 0.10 38 CAl 9.68 

8 Sept. 69 0.10 34 10.79 
12 Oct. 69 0.10 10 23.03 

69 B 28 Oct. 69 0.10 8 25.26 
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Table 3. Computed values for vertical extinction coefficients, based on measurements of the 
percentage of surface light reaching several depths in the water column. These measure-
ments were made with a Whitney submersible photometer (Montedoro Corp. model LMT-BAl with 
no filters over the sen~or. Vertical extinction coefficients were obtained a5 the slope 
of regressiens between (In' surface light) and water depth, ignoring the depth interval 
0-10 cm. These estimates of extinction coefficients were 'computed from depth profiles 
of light in lake water-flushed deck tanks [Kw(DTJ') on the ship, and from depth profiles 
of light in the lake [Kw(ISl]. r2 is the correlation coefficient of the regression. 

STATION DATE TIME Kw(DT) 
2 

Kw (IS) 
2 

r r 

mol mol 

00 03Jun69 4.06 0.966 
00 17Ju169 1335 6.69 0.998 

01 09Ju169 7.24 0.996 4.55 0.965 
17Ju169 1145 6.14 0.999 

02 04Jun69 1730 3.42 0.897 
04Jun69 1730 3.14 0.827 
09Ju169 1510 5.99 0.992 

04 09Ju169 1710 5.78 0.989 

06 26J4169 0600 -
07 05Jun69 0830 1.83 0.971 

10Ju169 1002 3.36 0.989 
26Jul69 0800 4.0B 0.992 2.00 0 .. 956 

08 a'lJu169 0910 4.69 0.997 2.06 0.973 

10 05Jun69 1145 2.44 0.B73 
10Ju169 1235 3.53 0.976 1. 88 0.996 
26Ju169 1220 3.25 0.996 1.40 0.956 

13 05Jun69 1545 2.06 0.938 

13B 050ct69 lOIS 6.56 0.997 

14 05Jun69 1930 1. 57 0.917 
26Jul69 1653 3.52 0.997 

15 06,Jun69 1005 2.26 0.965 

16 06Jun69 IllS 1.66 0.971 
llJu169 lOIS 3.40 0.9B8 
27Ju169 1100 3.80 0.996 2.98 0.994 

16B (EOct69 1515 6.14 0.992 

17 12Ju169 0930 9.33 0.883 1.71 0.985 
12Ju169 1317 5.62 0.998 
12Ju169 1400 1.44 0.946 
12Ju169 1500 5.B8 0.999 

18 06Jun69 1420 2.26 0.988 
27Ju169 1900 1. 47 0.996 

20 07Jun69 0815 1.16 0.697 1.64 0.899 

07Jun69 0815 1. 79 0.921 

13Jul69 0830 1. 46 0.982 
13Ju169 1010 2.76 0.971 
28Julp9 0900 1. 23 0.998 
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Table 3 . (cont I d) 

STATION DATE TIME Kw(DT) r2 Kw(IS) r2 

-1 -1 m m 

21 07Jun69 1015 1.50 0.953 
13Ju169 1100 1.31 0.999 
28Ju169 1127 0.822 0.998 
28Ju169 1140 1.48 0.931 

22 13Ju169 1130 2.72 0.959 

23A 13Ju169 1415 1.43 0.971 

23C 28Ju169 1630 0.835 0.999 
28Ju169 1655 2;36 0.992 

230 07Jun69 1430 2.16 0.971 

238 07Jun69 1530 2.39 0.980 0.827 0.996 
30J,I.I169 0825 0.631 0.898 

25 07Jun69 2000 0.595 0.890 
13Ju169 1825 1. 79 0.960 0.656 0.991 
28Ju169 1836 0.591 0.996 

28 08Jun69 1045 1. 35 0.982 

29 08Jun69 1500 1.92 0.901 
070ct69 1045 2.37 0.997 
070ct69 1600 2.98 0.983 

33 09Jun69 1305 1.69 0.987 

35 14Ju169 0905 0.935 0.995 
14Ju169 0905 0.959 0.993 
14Ju169 0905 . 0.924 0.994 
14Ju169 0930 2.84 0.779 
14Ju169 1245 2.50 0.971 
14Ju169 1420 2.60 0.933 0.834 0.999 
26Ju169 0930 2.72 0.919 0.709 0.943 
29Ju169 1540 0.802 0,998 

29Ju169 1550 2.17 0.992 
080ct69 1305 4.35 0.999 
080ct69 1305 1.92 0.997 
080ct69 1405 1.17 0.996 
080ct69 1600 0.938 0,960 

080ct69 1815 3.44 0.991 

39 Is,iu169 0950 3.94 0.952 
30Ju169 1039 0.509 0.937 

41 15Ju169 1140 2.68 0.918 0.640 0.998 

30Ju169 1255 0.534 0.986 

30Ju169 1259 1.72 0.998 
060ct69 1700 3.37 0.993 

43 15Ju169 1420 2.20 0.992 

45 15Ju169 1545 1.90 0.997 
060ct69 1245 2.92 0.970 



Table 4. 

Station 
Date 
Time 

Wave Length 

(IiI)l) 

405 
436 
460 
480 
500 
520 
546 
577 
600 
640 
660 
691 
730 
800 
900 

1000 

~oT 

-
KSR 

Stati.on 
Date 
'1'jmc 

Wave Length 

(III,.) 

405 
436 
460 

" 80 
SOD 
520 
546 
577 
600 
640 
660 
691 
730 
800 
900 

1000 

~/f~ 

KSR 

20 

Percentage transmission (%T;» of light (from a bank of fluorescent tubes) at various 
wavelengths (Ai) through a 0.1 meter water column, vertical extinction coefficients 
(KSRI>.) for each wave leng!h over the 0.1 meter water coll1~n, and computed vertical 
extInction coefficients (~SR) and percent transmission (%1') for I>. = 400 to 1000 m~ 
through a 1.0 meter water column. These data were determined with a Hi channel sub­
mersible spectroradiometer, with the sensor held just above, and 10 cm below the water 
surface in a large deck tank flushed with lake water. A relatively constant light source 
was provided by fluorescent tubes affixed to a lid over the deck tank. See Fig. 1 
and methods. 

05 12 13B 16 
02Sep69 02Sep69 050ct69 li3Sep69 

1300 1740 1030 1145 

(\) ~6TI>. KSRI>. 
%1'1>. KSRI>. %T A KSRI>. %T), KSRI>. 

(0.1 m- l ) (m- l ) (0.1 rn- l ) (rn- l ) (0.1 m- l ) (m -1) (0.1 m- 1) (m- 1) 

24.7 14.0 54'.2 6.12 63.4 4.56 49.4 7.05 
18.0 17.1 6.59 27.2 36.1 10.2 9.76 23.3 
39.8 9.20 38.2 9.62 51.2 6.70 30.1 12.0 
32.4 11. 3 30.6 11. 9 50.6 6.82 44.4 8.11 
31. 7 11.5 33.3 11.0 50.4 6.86 30.8 1l.8 
47.2 7.51 46.4 7.68 53.1 6.33 36.0 10.2 
60.3 5.06 61. 0 4.95 53.9 6.17 45.4 7.90 
52.5 6.44 52.0 6.54 57.1 5.60 45.8 7.82 
49.8 6.97 46.3 7.70 55.6 5.88 37.9 9.70 
50.0 6.93 50.0 6.93 59.7 5.16 46.4 7.69 
53.3 6.29 53.3 6.29 60.5 5.02 53.3 6.29 
56.8 5.65 56.8 5.65 67.4 3.95 50.0 6.93 
55.0 5.98 58.0 5.45 66.4 4.09 50.0 6.93 
50.0 6.93 50.0 6.93 75.0 2.88 42.9 8.47 
50.0 6.93 82.7 1. 90 

0.0 0.0 82.0 1. 99 0.0 

0.043 m -1 0.034 -1 m 0.188 -1 0.008 m -1 m 

7.74 7.99 6.27 9.43 

48 SOC-51 51 58 
07Sep69 03Sep69 050ct69 09Sel'69 

1530 1700 1845 0845 

(A. ) ~6T A KSRA %1'1>. KSRI>. %T).. KSRI>. 961'1>. KSRA 1 . 

(U.11l1- 1) (m- l ) (0.1 111- 1) (111- 1) (0.1 111- 1) (m- 1 ) (0.1 IiI-I) (m- 1 ) 

38.6 9.53 34.9 10.5 59.2 5.24 45.3 7.92 
42.4 8.57 4.39 31. 3 30.7 11.8 11. 6 21. 5 
89. " 1.12 23.6 14.4 46.9 7.58 47.5 7.44 
85.2 1. 60 41. 7 8.76 46.4 7.68 44.7 8.05 
55.8 5.83 25.8 13.5 46.3 7.70 43.1 8.41 
61.6 4.85 32.8 n.l 51. 5 6.63 39.1 9.39 
74.0 3.02 46.0 7.76 52.9 6.36 48.0 7.34 
68.8 3.75 43.8 8.27 56.3 5.75 50.5 6.82 
48.1 7.33 36.8 9.99 58.9 5.29 41. 9 8.69 
60.0 5.11 43.6 8.29 64.8 4.34 55.0 5.98 
68.3 3.81 51. 7 6.60 67.7 3.90 58.9 5.29 
86.4 1. 47 47.7 7.40 75.0 2.88 70.8 3.45 

D.O 47.0 7.55 71.5 3.35 
39.3 9.34 84.0 1. 75 84.8 1.65 

90.0 1. 05 
28.6 12.5 0.0 88.0 1. 28 

1.64 m -1 0.004 -1 0.182 111 
-1 0.032 1Il -1 m 

4.11 10.1 6.31 8.0C, 



21 

Table 4. (cont'd) 

Station 35 35 35 45 
Date 06Sep69 080ct69 080ct69 ()60ct69 
Time 1200 1300 1825 1315 

Wave Length (Ai) 96TA KS1U 
96TA KSRA %T A KSRA %T A KSRA 

(Ill)J) (U .1 rn- l j (m- l ) .(0.1111- 1) (m- l ) (U.lm- l ) (m- l ) (U .1 m- l ) (m- l ) 

405 26.5 13.3 78.3 2.45 84.9 1. 63 73.5 3.08 
436 65.9 4.18 69.5 3.63 71.2 3.40 61.9 4.79 
460 66.7 4.06 80.4 2.19 80.6 2.15 74.1 3.00 
480 78.7 2.40 79.1 2.34 82.0 1. 99 73.5 3.08 
500 54.2 6.13 77.3 2.57 80.5 2.17 73.0 3.15 
520 62.4 4.72 77.1 2.60 83.6 1. 80 75.9 2.75 
546 57.1 5.60 81. 3 2.08 82.4 1. 94 75.7 2.79 
577 57.0 5.62 78.9 2.36 83.3 1. 82 76.8 2.63 
600 39.6 9.25 78.1 2.48 80.0 2.23 74.4 2.96 
640 45.5 7.89 82.0 1. 99 84.1 1. 74 76.9 2.62 
660 48.3 7.27 80.2 2.21 83.5 1. 81 75.7 2.79 
691 59.1 5.26 83.0 1. 87 86.0 1. 51 78.3 2.45 
730 27.0 13.1 75.5 2.Rl 83.5 1. 80 75.0 2.88 
800 86.6 1. 44 86.4 1. 47 81.5 2.05 
900 75.0 2.88 87.9 1. 29 85.0 1. 63 80.9 2.12 

1000 7.62 25.7 86.9 1. 41 87.2 1. 37 88.6 1. 21 

!?oT 0.278 fll -1 8.73 m -1 12.1 m -1 4.76 III 
-1 

KSR 5.89 2.44 2.11 3.04 

Station 16 17 23C 25 
Date 050ct69 03Sep69 06Sep69 04Sep69 
Time 1530 1230 1750 1600 

Ivagc Length (\) 96TA KSRA 96T A KSRA %T A KSRI. ~hT 
A KSRA 

(llllJ) 
(0.1 -1 m ) (m- l ) (0.1 m- l ) (m- l ) (0.1 m- l ) (m -1) (0.1 -1 

III ) (m- l ) 

405 63.8 4.50 38.6 9.53 37.3 9.85 54.2 6.12 
<136 40.0 9.16 4.39 31.3 54.6 6.05 34.1 10.7 
460 52.9 6.37 27.6 12.9 69.9 3.58 52.0 6.53 
,180 53.3 6.29 41.7 8.76 76.9 2.63 63,0 4.63 
SOD 50.0 6.93 28.3 12.6 51.7 6.60 43.3 8.36 
520 54.3 6.11 36.0 10.2 62.4 4.72 45.6 7.85 
546 54.2 6.13 46.0 7.76 73.7 3.06 63.5 4.54 
577 55.2 5.95 43.8 8.27 66.3 4.12 56.3 5.75 
600 55.7 5.85 38.6 9.52 43.2 8.40 50.9 6.76 
640 58.5 5.37 46.4 7.69 56.4 5.73 54.5 6. ()(i 
660 61.2 4.91 55.8 5.83 ' 61. 7 4.83 60.0 5.11 
691 66.5 4.07 51.4 6.66 72.7 3.19 59.1 5.26 
730 71.4 3.37 52.0 6.54 17.0 17.7 55. U 5. ;)8 
800 80.9 2.13 45.7 7.83 53.6 6.24 57.1 5.(,1) 
900 87.5 1. 34 83.3 1. 82 

1000 87.1 1. 38 0.0 14.3 19.5 1I.U 

~ot 0.217 -1 0.006 -1 0.608m- 1 0.179 III 
-1 

m III 

KSR 6.14 9.76 5. 1lJ 6.32 
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Table 4. (cont'd) 

Station 59 59-60 59 59 
Date 09Sep69 02Sep69 040ct69 040ct69 
Time 0945 1340 0940 1850 

Wave Length C\) ~6TA KSRA ~"T A KSRA %T;\. KSRA ~6T A KSRA 
(IIl~J (u.1m- l ) (m-l) (0.1 Ill-I) (m- 1 ) (U.111\-1) (m-l) lO.l m- 1) (1ll-1 J 

405 37.7 9.75 34.9 10.5 55.4 5.91 64.9 4.32 
436 22.7 14.8 17.6 17.4 37.3 9.85 40.0 9.16 
460 55.3 5.92 42.3 8.61 49.7 7.00 53.4 6.28 
480 54.5 6.06 35.2 10.4 48.6 7.22 51.4 6.65 
500 53.9 6.18 34.2 10.7 49.2 7.10 5S.2 5.41 
520 52.7 6.40 50.S 6.77 51.4 6.65 54.8 6.01 
546 63.3 4.57 63.7 4.52 52.2 6.5f) 54.2 6.13 
577 63.0 4.63 56.3 5.75 54.S 6.02 57.8 5.48 
600 53.9 6.18 51. 9 6.55 53.3 6.29 56.9 5.64 
640 65.0 4.31 53.6 6.23 58.5 5.36 59.S 5.14 
660 67.9 3.88 55.0 5.98 59.4 5.21 63.0 4.62 
691 75.8 2.77 5S.2 S.42 65.8 4.18 70.0 3.57 
730 5n.0 5.80 64.0 4.46 40.2 9.12 
800 71.7 3.32 48.2 7.30 79.1 2.35 81. 8 2.01 
900 40.0 9.16 55.0 5.98 83.2 1. 84 91. 7 0.866 

1000 60.0 5.11 0.0 82.8 1. 89 80.0 2.23 

%1' 0.292 ra -1 0.078 III 
-1 0.146 -1 0.254m -1 m 

KSR 5.84 7.16 6.53 5.98 

Station 61 62 68 68 
Date 10Sep69 04Sep69 08Sep69 120ct69 
Time 0920 1007 0700 1440 

Wave Length (Ai) 96T 
KSR_\ %TA KSRA ~6T A KSRA ~hT A KSRA A -1 

lm\l) (U.1 III ) (m ) (U.1 m- 1) (m- 1 ) (0.1 m- l ) (m- 1 ) (O.lm- l ) (rn - 1 ) 

405 40.6 9.01 60.2 5.07 SO.7 2.14 68.7 3.75 
436 0.0 73.2 3.12 31.2 11. 6 44.9 8.01 
460 61. 8 4.81 S1.3 2.07 87.0 1. 39 60.0 5.11 
480 60.2 5.08 80.6 2.16 58.0 5.45 
500 60.6 5.01 75.0 2.88 56.7 5.68 56.7 5.68 
520 63.1 4.60 80.0 2.23 51.2 6.69 56.2 5.77 
546 67.7 3.90 8S.9 1.18 62.5 4.69 59.4 5.21 
577 70.3 3.53 87.5 1. 34 59.5 5.19 60.0 5.11 
600 64.5 4.38 84.2 1.72 44.2 8.16 56.6 5.69 
640 74.5 2.94 81. 8 2.01 61. 8 4.81 65.5 4.24 
660 75.9 2.76 90.0 1.05 70.0 3.57 65.6 4.21 
691 81.6 2.03 81.8 2.01 82.7 1. 90 70.9 3.43 
730 80.0 2.23 0.0 70.6 3.49 
800 70.0 3.57 64.3 4.42 60.7 4.99 78.9 2. :;7 
900 76.7 2.66 83.3 1. 82 87.2 1. 37 

1000 55.5 5.88 0.0 19.0 16.6 80.0 2.23 

PoT 0.894 TIl 
-1 17.1 m -1 0.344 rn- 1 0.452 m -1 

KSR 4.72 1.77 5.67 S.LlIJ 

------



Table 5. 
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Suspended sediment (SS) total dissolved solids (TDS), and total 
solids (TS) for Lake Winnipeg and Red River stations. Station 
locations can be found in Fig. 3. 
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S! AlION NO. DATE SAMPLING DEPTH (GRAMS PEl{ CURIC MFTER) 
(MEIERS) TDS 55 T5 

0 270CT68 1.0 145.00 ******** ******** 
0 3M/lR69 1.0 440.00 110.00 550.00 
0 18MAR69 1.0 425.00 00.00 515.00 
0 31MAR69 1.0 400.00 11.00 411.00 
0 15APR69 1.0 240.00 1900.00 2140.00 
0 2BAPR69 1.0 250.00 2R5.00 535.00 
0 12MAY69 1.0 320.00 159.00 479.00 
0 26M/lY69 1.0 530.00 200.00 730.00 
0 9JUN69 1.0 490.00 ~01.00 691.00 
0 23JUN69 1.0 530.00 50.00 5AO.00 
0 7JUL69 i.o 615.00 75.00 690.00 
0 21JUL69 1.0 605.00 54.00 659.00 
0 5AUG69 1.0 470.00 3B.00 50B.oo 
0 IBAUG69 1.0 450.00 43.00 493.00 
0 2SEP69 1.0 530.00 ?5.00 555.00 
0 15SEP69 1.0 455.00 15.00 470 •. 00 
0 29SEP69 1.0 450.00 42.00 492.00 
0 140CT69 1.0 470.00 23.00 493.00 
0 270CT69 1.0 4AO.OO 9.00 4B9 .. 00 
0 10NOV69 1.0 470.00 20.00 490.00 
0 24NOV69 1.0 540.00 20.00 560.00 
0 8DEC69 1.0 620.00 10.00 1'>30.00 
P 29DEC69 1.0 560.00 10.00 570.00 
0 19JAN70 1.0 550.00 < 10.00 ******** 
0 3FEB70 1.0 560.00 10.00 570.00 
0 16FEB70 1.0 540.00 ******** ******** 
0 2MAR70 1.0 480.00 < 10.00 ******** 
0 30MAR70 1.0 540.00 10.00 550.00 
0 13APR70 i.o 480.00 44.00 524.00 
0 2lAPR70 1.0 2BO.00 780.00 1060.00 
0 27APR70 1.0 2AO.00 2t;1.00 531.00 
0 llM/lY70 1.0 400.00 23.00 423.00 
0 25M/lY70 1.0 420.00 174.00 594.00 
0 9JUN70 1.0 340.00 cIA. 00 c;t;B.OO 
0 23JUN70 i.o 420.00 132.00 <;c:;2.00 
0 6JUL70 1.0 600.00 lQ5.00 795.00 
0 20JUL70 1.0 500.00 1'\4.00 634.00 
0 5AUG70 1.0 600.00 33.00 1',33.00 
0 17/lUG70 1.0 630.00 30.00 1'>60.00 
0 3SEP70 1.0 670~OO 20.00 1'>90.00 
0 14SEP70 1.0 570.00 10.00 580.00 
0 28SEP70 1.0 492.00 16.00 508.00 
0 130CT70 1.0 550.00 ?7.00 577.00 
0 260CT70 1.0 507.00 11.00 518.00 
0 9NOV70 1.0 528.00 i16.00 614.00 
0 24NOV70 i.o 580.00 ?3.00 603.00 
0 7DEC70 1.0 70B.00 17.00 725.00 
0 1FEB7l 1.0 1524.00 5.00 1529.00 
0 15FER7l 1.0 573.00 A.on 581.00 
0 IM/lR7l 1.0 943.00 21.00 964.00 
0 15M/lR71 1.0 564.00 31.00 595.00 
OA 3MAR69 1.0 355.00 205.00 560.00 
OA IB~lAR69 1.0 360.00 105.00 465.00 
OA 31MAR69 1.0 375.00 13.00 38B.oo 
OA 15APR69 1.0 235.00 13»0.00 1615.00 
OA 28APR69 i.o 395.00 150.00 545.00 
OA 12MAY69 1.0 425.00 110.00 535.00 
OA 26MAY69 1.0 490.00 195.00 685.00 
OA 9JUN69 1.0 450.00 134.00 584. no 
OA 23JUN69 1.0 450.00 110.00 560.00 
OA 7JUL69 1.0 575.00 195.00 770.00 
OA 21JUL69 1.0 490.00 78.00 568.00 
OA 5AUG69 1.0 350.00 2::>5.00 575.00 
OA IB/lUG69 1.0 380.00 4A.on , 428.00 
OA 2SEP69 1.0 415.00 IR.OO 433.00 
OA 15SfP69 1.0 335.00 27.00 3(.2.00 
OA 29SEP69 1.0 395.00 ?A.OO 423.00 
OA 140CT69 i • 0 415.00 25.00 440.00 
OA 270CT69 1.0 570.00 16.00 '586.00 
OA 10NOV69 1.0 400.00 20.00 420.00 
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STATION NO. DATE SAMPLING OEPTH (GRIIMS PEH CUBIC '~FH:R) 
(METERS) TOS 55 TS 

OA 24NOV69 1.0 420.00 ?O.OO 440.00 
OA 8DfC69 1.0 470.00 10.00 480.00 
Oil 29DEC69 1.0 440.00 < 10.00 ******** 
OA 19JAf\!70 1.0 400.00 )0.00 410.00 
OA 3FEB70 1 .0 3AG.00 10.00 390.00 
OA 16FfB70 1.0 350.00 ******** ******** 
Oil 2MAR70 1.0 350.00 ?O.OO 370.00 
OA 30MAR70 1.0 390.00 10.00 400.00 
OA 13APR70 1.0 400.00 1-7.00 467.00 
OA 27APR70 1.0 2AO.00 298.00 578.00 
OA llMA Y70 1.0 390.00 12.00 402.00 
OA 25MA Y70 1.0 410.00 1.5.00 545.01) 
OA 9JUN70 1.0 290.00 19A.OO 486.00 
OA 23JUN70 1.0 330.00 1?9.00 459.00 
OA 6JUL70 1.0 4AO.00 IP8.00 1i6S.00 
OA 20JUL70 1.0 380.00 2H3.00 AA3.00 
OA 5AUG70 1.0 470.00 <;0.00 520.00 
OA 17AUG70 1.0 470.00 ~O.OO 500.00 
OA 3SEP70 1 .0 470.00 ?O.OO 490.00 
OA 14SFP70 1.0 400.00 20.00 4?0.00 
OA 28SEP70 1.0 469.00 ?9.00 498.00 
OA l30CT70 1.0 440.00 ?9.00 469.00 
OA 260CT70 1 .0 389.00 16.00 405.00 
OA 9NOV70 1.0 433.00 "12.00 465.00 
OA 24NOV70 1.0 500.00 ?6.00 526.00 
OA 7DEC70 1.0 492.00 15.00 507. 00 
OA IFEB71 1.0 444.00 6.00 450.00 
OA 15FEB71 1.0 355.00 9.00 3A4.00 
OA IMAR71 1.0 583.00 7.00 590.00 
OA 15MAR71 1.0 460.00 07.00 <;<;7.00 
OB 3MIIR69 1.0 8?0.00 40.00 8(;0.00 
OB 18MAR69 1.0 765.00 70.00 835.00 
OB 31MAR69 1.0 130.00 2.00 732.00 
OB 15APR69 1.0 320.00 450.00 710.00 
OB 28APR69 1.0 260.00 2<;0.00 510.00 
08 12"'1AY69 1.0 310.00 2?6.00 536.00 
08 26MAY69 1.0 5AO. 00 20,.00 785.00 
OB 9JUN69 1.0 570.00 145.00 715.00 
OB 23JUN69 1.0 615.00 liO.OO 745.00 
08 1JUL69 1.0 730.00 170.00 900.00 
OB 21JUL69 1 .0 705.00 2?3.00 928.00 
OB 5AUG69 1.0 710.00 3(;0.00 1070.00 
OB 18AUG69 1.0 565.00 360.00 Q25.00 
08 2SEP69 1.0 595.00 145.00 740.00 
08 15SEP69 1.0 6::\0.00 58.00 688.00 
OB ?9SEPA9 1.0 630.00 51'1.0(1 688.00 
OB 140CTb9 1.0 710.00 2'3.00 735.00 
08 270CT69 1.0 740.00 14.00 754.00 
OB 10NOV69 1.0 790.00 ?0.00 810.00 
DB 24NOV69 1.0 440.00 20.00 460.00 
OB 8DEC69 1.0 920.00 20.00 940.00 
OB 29DEC69 1.0 9:10.00 10.00 '140.00 
OB 19JA~'70 1.0 1380.00 10.00 A90.00 
OB 3FER70 1.0 890.00 10.00 900.00 
08 16FfA70 1.0 900.00 ******** ***jH~*l~* 

08 2MAR70 1.0 830.00 10.00 840.00 
OB 30MAR70 1.0 3650.00 20.00 3(;10.00 
OB 13APR70 1.0 920.00 33.00 953.00 
OB 21APR70 1.0 3hO.00 343.00 703.00 
OB 11MA.Y70 1.0 450.00 61.00 511.00 
OB 25MAY70 1.0 440.00 1 0 9.00 629.00 
OB 9JUN70 1.0 510.00 113.00 fJ23.00 
08 23JUN70 1.0 630.00 Q6.00 726.00 
08 6JUL70 1.0 740.00 1h3.00 903.00 
08 20JUL10 1.0 670.00 305.00 975.00 
DB 5AUG70 1.0 110.00 2!'-9.00 979.00 
DB 11/1UG70 1.0 790.00 200.00 990.00 
OB 3SEP70 1.0 8;>0.00 2?0.00 1040.00 
08 14SEP10 i.o 190.00 70.00 860.00 
08 28SEP70 Lo 750.00 0;9.00 A09.00 
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STATION NO. DATE SAMPLING DEPTH (GRAMS PER CUBIC t-1FTER) 
(METERS) TD5 55 TS 

08 130CT70 1.0 650.00 "'<9.00 689.00 
08 260CT70 1.0 553.00 7Cl.00 632.00 
DB 9NOV70 1.0 766.00 <:;6.00 822.00 
08 24NOV70 1.0 865.00 49.00 914.00 
08 7DEC70 1.0 9RO.00 41.00 1021.00 
08 IFEFl71 1.0 935.00 1£1.00 947.00 
DB 15FfB71 .L.O 913.00 ?4.00 937.00 
DB IMAR71 1.0 402.00 7.00 409.00 
DB 15MAR71 1.0 214.00 30.00 244.00 
1 270CT68 1.0 95.00 ******** ******** 
1 9JUL69 1.0 422.00 30.64 452.64 
1 2SEP69 i.o ******** ;:>7.90 ******** 
1 270CT69 1.0 ******** 74.20 ******** 
2 280CT68 1.0 205.00 ******** ******** 
2 23APR69 3.0 235.00 1'13.00 388.00 
2 9JUL69 1.0 250.00 27.41 277.41 
2 24JUL69 1.0 ******** 21.50 ******** 
2 2SEP69 1.0 ******** 22.30 i,******* 
2 30CT69 1.0 260.00 44.04 304.04 
2 270CT69 1.0 ******** .0.50 ******** 
2 17MAR70 1.0 296.00 2.29 298.29 
2 17MAR70 :'.0 2.,6.00 1.61'1 257.68 
3 9JUL69 1.0 394.00 91.44 485.44 
3 30CT69 1.0 280.00 138.73 418.73 
3C 9JIJL69 1.0 ******** 29.87 ******** 
3C 30CT69 1.0 140.00 19.8R 159.88 
3C 17MAR70 1.0 299.00 1.97 300.97 
3C 17MAR70 4.0 285.00 0.87 285.87 
4 9JIIL69 1.0 c81.00 1('.72 297.72 
4 24JUL69 1.0 ******** 13.98 ******** 
4 2SFP69 1.0 ******** 21.1C) ******** 
4 30r.T69 1.0 180.00 25.83 205.83 
4 310CT69 1.0 ******** 22.07 ******** 
4 18MAR70 1.0 23:'.00 1.31< 236.31< 
4 18MAR70 6.0 c65.00 1.35 266.35 
:. 9JUL69 1.0 ******** 10.40 ******** 
6 10JUL69 1.0 Cl5.00 8.00 103.00 
6 10JUL69 10.0 ******** 12.64 *******-1', 
6 300CT69 1.0 ******** 11'>.30 ******** 
7 10JUL69 1.0 77.00 11.22 88.22 
7 9SFP69 1.0 ******** 14.42 i,******* 
7 40CT69 1.0 65.00 11.85 76.85 
7 310CT69 1.0 ******** 6.67 ******** 
8 10JUL69 1.0 83.00 7.42 90.42 
8 26JUL69 1.0 ******** 9.33 ******iH} 
8 9SEP69 1.0 ******** 8.3" ******** 
8 40CT69 1.0 45.00 17.38 62.38 
8 310CT69 1.0 i.******* 6.68 *******i' 
9 10JtJL69 1.0 ******** 9.98 ******** 

10 10JUL69 1.0 106.00 6.39 112.39 
10 10JUL69 11.0 ******** "1.23 *******iI 
10 8SfP69 1.0 ******** 10.14 ******** 
10 40CT69 1.0 140.00 20.13 160.13 
10 300CT69 1.0 **-u:***** 23.62 {,******* 
11 10JUL69 1.0 ******** 5.41 **-****** 
11 270CT69 1.0 ******** 1'3.23 *******u 
12 10JUL69 1.0 ******** 5.39 ******** 
12 85EP69 1.0 ******** 11.32 ******** 
12 40CT69 1.0 ******** ?5.56 ******** 
12 300CT69 i.o ******** 2/-1.40 ******** 
13C 290CT68 1.0 135.00 ******** ******** 
14 10JUL69 1.0 85.00 7.61'> 92.6f. 
14 26JUL69 1.0 ******** 11.62 if**if**** 
14 8SI:P69 1.0 ******** 14.q() ******** 
14 50CT69 1.0 135.00 ?1.0H 156.08 
14 300CT69 1.0 ******** 2h.73 ******** 
15 31JUL69 0.0 ******** 42.13 if***if*** 
15 31JUL69 1.0 if******i' 6.32 *******if 
16 llJUL69 1.0 71. on 8.76 79.76 
16 27JUL69 1.0 ******** 12.58 ******** 
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STATION NO. [lATE SAMPLING J)EPTH ( GRr,"'lS PER CURTC "-1FTFR) 
rME1ERS) Tns ss Ts 

16 3SFP69 1.0 ******** t, Q.1 'i *-tr*'U"U'*** 
16 50c:T69 1.0 80.00 n.b3 102.63 
16 280rI69 1.0 ******** 1R.6tl *J.}{$-***** 
17 ':>OCT6 4 1.0 135.00 **Ui:·***i.'- {r****i:-*U 

18 11JUL69 1.0 107.00 q.17 116.17 
18 27JIJL69 1.0 ****l}*** 4.70 {~ il-***-n** 
18 27JIJL69 15.0 ******** 4.6'i ~.;*.frir***ir 

18 3SFP69 1.0 ******** 7.5 ... ~r*.fr***** 

HI 50CT69 1.0 85.flO D.54 98.54 
18 280(Tb9 1.0 ***l}**** 12.07 {r,:!foUir**** 

19 2HJUL69 1.0 ******** 4.07 ';t***~*** 

19 28JIJL69 15.0 ******** 11.91' **i1-****'U' 
19 3SFfJ69 1.0 ******** H.64 *******il-
19 3SFP69 16.U ******** 4.94 ***i:-**** 
19 110c:T69 1.0 155.00 8.92 163.92 
19 280CT69 1.0 ******** 18.60 o)l-**irir·n** 

20 13JUL69 1.0 119.00 6.3::1 145.:'13 
20 3SFP69 1.0 {r******* "'.91 ******'Ui} 
20 110CT69 1.0 lAO.OO 13.0i' lQ3.0? 
20 280cT69 1.0 l}**l}*l}** In.1<' {}*ir*i}*** 

20 280C169 1.0 ******** 11.2"- **iSo***** 
20 280cT69 14.0 ******** 14.21 i}******* 
21 28JUL69 1.0 ir******* 3.11 *****i}** 
21 4SEP69 1.0 ****-tr*** <.;.97 {;.*·n***** 
21 110r.T69 1.0 165.00 7.10 172.10 
21 280CT69 1.0 ******** 1'>.7R ir*i:-****U 
22 4SFP69 1.0 ******** 4.30 l}******* 
22 110CT69 1.0 175.00 4.6] 179.63 
22 290(;T69 1.0 ir******* 7.7r:; ~t******* 

23A 2flJlJL69 0.0 l}******* 4.70 .t.}******* 
23C 13JUL69 1.0 lA8.00 2.17 19U.17 
23C 28JUL69 1.0 ******** 3.22 -t~*ir**{}** 

23C 6SFP69 1.0 ******** 2.87 ·U*-rr****<\';' 
23C 110CT69 1.0 170.00 10.5? 180.t:;2 
23C 290('T69 1.0 ***il-**** 7.6fl *****·U*{.1. 
23C 290CT69 16.0 *il-****** 9.6:1 ******** 
23E 15JUL69 1.0 141:1.00 3.1:3':> 151.R5 
23E. 30JUL69 1.0 *******{.1. 2.1R *{}*****u 
23E 110CT69 1.0 170.00 10.20 180.20 
25 28JUL69 1.0 ******** 2.40 ""******i~ 
25 4SFP69 1.0 ******** 6.61+ .. ~******{} 
25 60cT69 1.0 190.00 10.20 200.20 
2':> 290CT69 1.0 ******** 11.40 {fo*{~****{J. 

2!:! 13JUL69 1.0 199.00 4.15 ?03.It:; 
28 60CT69 1.0 230.00 l}*"'**l}** *{}****** 
28 290eT69 1.0 *l}"'***** 'J.95 *******J,} 
29 20MAR69 0.0 105.00 2.00 307.00 
29 28JUL69 1.0 ******** 3.t:;'i *****,}** 
29 4SFP69 1.0 *******,} 4.06 i;******* 
29 70CT69 1.0 230.00 7. "7 237.67 
29 290cT69 1.0 ******** 3.11 ·~*ifo{}{rir*-t:· 

30 18MIIR69 2.0 200.00 'i.on ?05.00 
30 lRMIIR69 5.0 200.00 4.00 204.00 
30 lfH1AR69 11.0 cOO.OO 4.00 ?04.00 
35 18~1AR69 2.0 200.00 3.00 203.00 
35 18MAR69 15.0 1QO.00 "3.00 lQ3.00 
35 14JUL69 1.0 148.00 2.75 150.75 
35 29JIJL69 1.0 *****u** 4.7':> **i}u*ni}.(} 
35 6SEP69 1.0 ifo******-tl- 3.5D -l}*****{}{} 

35 6SFP69 15.0 *u****** 3.07 **il-i:'**** 
35 80cTb9 1.0 1R5.00 ".93 191.9] 
35 80eT69 16.0 luO.OO 15.54 ?05.54 
39 1APR69 2.0 1'11).00 2.00 1'17,00 
39 1APR69 !:l.0 195.00 ?Oo 1'17.00 
39 lAPR69 17.0 195.00 ('.0[1 1',;7 • 0 [1 
39 30JUL69 1.0 l}**l}"'*** 6.00:., {$o{}{.I.****{j. 

39 6SFP69 1.0 *******'} 7.90 {r******-!} 
3',1 60r.T69 1.0 170.00 9.00 17':!.on 
39 60eT69 15.0 175.00 10.8e.; 185.R5 
39 290cT69 1.0 **{}***** 1i.9P, *i}{}{ri}U-*-C' 
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STATION NO. DATE ~)AMPL ING DEPTH (GRAMS PEH CURIC ~FTfR ) 
(MElERS) TOS 55 T5 

39 290CT69 1~.0 ******** ;:>1.70 ******~f.·U 

41 15JUL69 1.0 148.00 ?61 1<=;0.61 
41 30JUL69 1.0 ******** 1.24 ******** 
41 30JUL69 14.0 ******** 4.4(', ~}{~***{}** 

41 60CT6Y 1.0 190.00 10.57 ?00.57 

45 15JUL69 1.0 167.00 2.58 169.<;8 
4~ 60CT69 1.0 195.110 8.69 203.69 
41:l 2APR69 2.0 210.00 7.no 217.00 
4!l 2APR69 10.0 no.oo h.on ??6.on 
48 2APR69 16.0 210.00 7.00 217.00 
48 15JUL69 1.0 120.00 <'.83 125.83 
48 30JIJL69 1.0 ******** 2.41' *******if. 
48 7SEP69 1.0 ******** <..31 {1-******'U' 
48 7SEP69 15.0 ******** 3.90 .;i-*.fi-* * **-il-

4!l 120(T69 1.0 155.00 9.1f> 164.16 
48 120CT69 16.0 115.00 9.30 144.30 
48 290CT69 1.0 ******** 22.33 ******** 
48 290CT69 15.0 ******** 22.33 {f.******* 
50C 50CT69 1.0 1'>0.00 ******** *il-****** 
51 11JIJL69 1.0 3'i.OO 4.71'> 43.711 

51 3SFP69 1.0 ******** 4.31' *******iI 
51 50CT69 1.0 70.00 ').87 75.87 
52 50CT69 1.0 hO.OO 20.23 RO.23 

54 I1JUL69 1.0 '56.00 R.I0 /',4.10 
54 27JlJL69 1.0 ****i,*** R.7Q "ii-****il-*ii-

54 BSEP69 1.0 ******** 11.6t. ******** 
54 50069 1.0 105.00 23.2'1 121-1.2<; 
54 300CT69 1.0 ******** ?F,.2t! i,******* 
548 2BOCT69 1.0 ******** ?R.lll *if.*****';(-

55 300(T68 0.0 135.00 **ir***** ******** 
558 31JUL69 1.0 ******** F.44 .~******* 

56 290CT68 1.0 no.oo *******·n olt*i}***** 
57 310068 1.0 165.00 ***';1-**** -;,.***{}.u.** 

57 23APR69 C.O 90.00 1.00 91. 00 
57 23APR69 6.0 1':iO.OO 2.00 1')2.00 
~7 23APR69 lU.O 33U.00 1.0n 111 . nn 
57 10JUL69 1.0 ***if**** 1.41 {~****~ -lH~ 

57 25JUL69 1.0 i,******* f..2h *******·n· 
57 40cT69 1.0 355.00 17 .3n 372.30 
57 270CT69 1.0 ******** 13. on -:~*-l~**·n*·n 

58 10JlJL69 1.0 ******** 19.10 ******,,'H:~' 

59 310C168 1.0 1-~5.00 *******-I} ':}i~***-t~** 

59 9JUL69 1.0 145.0(1 7.84 152.A4 
59 9JUL69 10.0 **'"'****"'Jo 8.32 {fo**{~*{}*i.~ 

59 25JUL69 1.0 'f******* 4.17 ******{}{i-
59 2SFP69 1.0 ******** 34.33 {~******v 

':>9 9SfP69 1.0 ******** 5.74 *,UJ.}***** 
59 9SfP69 10.0 ******** 5.2t. {r*****'U'* 
59 40(T69 l.0 170.00 7.60 177.60 
59 40cT69 10.0 1,:,0.00 9.00 169.00 
59 310CT69 1.0 ******** ]3.24 ·:I-{fo;~{~.u.*i~* 

59 310CT69 10.0 ******** 17.40 {fo{~***'U** 

60 23APR69 1.0 145.00 32.00 177.00 
60 23APR69 4.0 15':>.00 4.00 Ei9.00 
60 23APR69 9.0 If-O.OO 7.0n 167.00 
60 9JUL69 1.0 224.00 13.56 237.5(, 
60 24JUL69 1.0 ******** f..20 **i,***** 
60 9SEP69 1.0 ******** ':>.5A {~******* 

60 30rT69 1.0 260.00 19.2') 279.2<; 
60 30CT69 9.0 2AO.OO 19.3R 299.3R 
60 310CT69 1.0 ******** 10.10 "f*i,***·:;* 
60H 9JUL69 1.0 i$-**it-**ih1- '33.64 u******* 
608 40CT69 1.0 2RO.OO ?9.8'1 309.B':; 
60e 181·1fR70 1.0 2A6.00 3.46 21-19.46 
61 9JUL69 1.0 209.00 ?1.60 230.60 
61 9JLJL69 8.0 i,******* 19.6<; ;$-******* 
61 24JUL69 1.0 ***~"'{}**,,'} h.34 *{.Lil-***-i,.{} 

61 10SEP69 1.0 ******** h.AR * * i} * * {,HH~' 
61 lOSfP69 8.0 ******** 4.75 ·:t**-/;}*":}*i, 

61 30CT69 1.0 235.00 20.42 25~.'>2 
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STATION NO. DATE SAMPLING fJEPTH (GRAMS PER CURIC MFTtR) 
(MEIERS) TOS SC; TS 

61 310r.T6Y 1. U ******** 1"'.4(1 ******** 
61 18MAR70 1.0 253.00 4.72 257.72 
61 18MIIR70 7.0 387.00 If;.06 403.06 
62 310(T68 1.0 150.00 ;f**-r,***~f *****if*if 
62 9JUL69 1.0 ***~f**** 27 .10 ~f*if*iI-*** 

62 30(T69 1 .0 :.310.00 ~5.90 :~95. 90 
63 I1JUL69 1.0 251.00 17.7b <'74.1(-, 
63 1AUG69 1.0 if*iI-***il-if 84.47 ·;f'flfif***~f 

63 10SFP69 1.0 ***~f**** {,6. 60 If***if*** 
63 130CT69 1.0 *******if F-,g.61 ******** 
63 310rT69 1.0 ******** 23.17 ****-tJ.**-t.'t. 
64 300CT68 0.0 115.no *****un{~ ******** 
64 15JUL6g 1.0 h3.00 ***",}***{} ******i}{} 
64 31JUUi9 1.0 ******** 11.8f, ***f'<'-t~*** 

64 7SFP69 1.0 ******** Y.82 "*,Hf***,f 
64 120cT69 1.0 135.00 14.74 149.7tt 
64 290CTti9 1.0 if******* lR.34 {}***uu** 
65 16JUL69 1 .0 207.00 9.83 21b.R3 
65 31JUL69 1.0 if*****~f* R.59 if******* 
65 31JUL69 7.0 ***,f**** 10.0C:; ,f******lf 
661:! 31JIJL69 1.0 ******** 7.7R lHfi.'***** 
66C 31JUL69 1.0 ***if**** 1'5.05 ir******* 
67 2APR69 1.0 1440.00 6.00 1446.00 
68 31JUL69 1.0 ******** 10.92 *******if 
68 120CT69 1.0 *******~f ?7.88 *i~**i:}u*·n 

68 300CT69 1.0 ******** 26.80:; *****,f** 
69 16JUL69 1.0 70.00 6.04 76.0lf 
69 31JULf,9 1.0 ******** 12.00 i}******* 
69 12nCT69 1.0 if**if**** 38.20 **iri}{,i}** 

698 280CT69 1.0 ~f*,f***if* ·,0.55 {},u .. *{}{.({}-:~* 

70 20MAR69 1.0 210.00 2.00 212ofJO 
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Table 6. Daily solar radiation at Winnipeg and The Pas for days of our 

Date 

18 Mar 69 

19 Mar 69 

20 Mar 69 

1 Apr 69 

2 Apr 69 

23 Apr 69 

24 Apr 69 

4 Jun 69 

5 Jun 69 

6 Jun 69 

7 Jun 69 

8 Jun 69 

9 Jun 69 

10 Jun 69 

11 Jun 69 

12 Jun 69 

9 Jul 69 

10 Jul 69 

11 Jul 69 

12 Jul 69 

13 Jul 69 

14 Jul 69 

15 Jul 69 

16 Jul 69 

17 Jul 69 

research on Lake Winnipeg. The weather station at The Pas began 
recording rad~ation data in 1973, and we include this data, compared 
to 1973 Winnipeg data, to illustrate differences in solar radiation 
over the north and south basin of Lake Winnipeg. This data is derived 
from Canada Dept. of Transport, Met. Branch, Monthly Radiation Summary, 
1969, 1970, 1973, and 1974. 

Winnipeg 
g cal_cm-2 day-l 

The Pas 
g cal cm-2 day-l 

Winnipeg 
g cal cm-2 day-l 

(1973-74) (1973-74) 

361 155 191 

325 212 175 

457 346 263 

452 260 466 

408 436 501 

596 299 509 

596 378 

630 358 

622 462 492 

287 338 653 

693 212 485 

742 465 

110 528 

399 527 

580 615 705 

514 603 745 

608 20 724 

471 663 639 

671 590 443 

660 309 676 

597 384 520 

326 623 642 

383 439 673 

664 590 626 

645 403 421 
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Table 6. (cant' ) 

Date Winnipeg The Pas Winnipeg 
g cal cm- 2day-1 g cal cm- 2day-1 g cal cm- 2day-1 

(1973-74) (1973-74) 

24 Ju1 69 645 211 382 

25 Ju1 69 644 287 350 

26 Ju1 69 107 285 290 

27 Ju1 69 483 573 437 

28 Ju1 69 637 355 560 

29 Ju1 69 607 355 498 

30 Ju1 69 268 620 317 

31 Ju1 69 661 581 606 

1 Aug 69 628 476 626 

2 Sep 69 302 468 163 

3 Sep 69 369 164 81 

4 Sep 69 282 305 258 

5 Sep 69 346 209 357 

6 Sep 69 465 472 405 

7 Sep 69 291 461 482 

8 Sep 69 212 311 407 

9 Sep 69 445 225 321 

10 Sep 69 365 441 499 

3 Oct 69 41 198 llO 

4 Oct 69 172 226 337 

5 Oct 69 III 209 323 

6 Oct 69 ll3 273 336 

7 Oct 69 158 120 108 

8 Oct 69 333 237 III 

9 Oct 69 155 274 63 

10 Oct 69 195 224 

II Oct 69 266 165 

12 Oct 69 144 99 

13 Oct 69 ll3 293 
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Table 6. (cont') 

Winnipeg The Pas Winnipeg 
Date g cal crn- 2day-1 g cal crn- 2day-1 g cal crn- 2day-1 

________________________________ ~(1=9~7~3-~7~4~) ________ ~(_19_7_3_-_74~)~ __ 

26 Oct 69 152 66 33 

27 Oct 69 177 60 95 

28 Oct 69 232 155 211 
29 Oct 69 66 44 105 

30 ct 69 79 86 110 

31 Oct 69 81 32 185 

17 Mar 70 428 174 282 

18 Mar 70 430 444 



Table 7. Total monthly solar radiation expressed as g cal cm-
2 

at Winnipeg and The Pas for 1969 to 1975. 

Jan Feb Mar Apr May Jun Ju1 Aug Sep Oct Nov Dec 

WINNIPEG 

1969 3565 5656 11377 14010 16399 14760 15314 14136 9060 4619 3030 2635 

1970 3689 5992 11873 11070 13113 15990 16213 15624 9150 5952 2790 2976 

1971 4278 5600 9176 12000 16771 14820 14477 9570 5084 3540 2728 

1972 4030 6583 9672 12390 15996 18870 16461 14322 8850 6851 3300 3286 

1973 I 4061 5684 8680 12570 16399 ' 15810 16895 14477 9870 5890 3210 2697 

1974 I 3999 6328 10757 13080 12462 19080 18166 13330 9150 6355 2970 2635 
w 
w 

1975 I 3348 6132 10137 10500 16213 14850 17701 13020 9450 5952 3840 2790 

THE PAS 

1973 I 2511 4676 8866 12090 16895 12510 14973 13609 9090 4309 2040 2449 

1974 I 2759 4816 9331 14340 13020 15750 15283 12090 7620 5146 2400 1581 

1975 12170 4788 10261 12630 13733 13920 15748 11470 7410 5084 2610 2821 



Table 8 . 

Code 

(A) 

(13) 

(C) In 

(D) 

(E) 

(F) 

(G) 

(H) 

34 

Regression equations re lating turbidi ty re lated parameters to in situ 
vertical extinction coefficients [K (IS)] for solar radiation in Lake 
Winnipeg waters. Ka. is a horizontaf extinction coefficient derived 
from transmissometer measurements, and Ka.(A) is fr~m the same trans­
missometer on the attenuated scale, in units of m-. SS is concentration 
of suspended sediments, in g m- 3. Kw(DT) is a measurement of vertical 
extinction coefficient in a deck tank of Lake Winnipeg water, utilizing 
the Whitney submersible photometer, in units of m-l. Chl-a is a fluo­
rometric measurement of chlorophyll a from extracts of seston on a filter 
paper. F, degrees of freedom, and correlation coefficients are given for 
each relationship. The letter codes refer to estimated vertical extinction 
coefficients given in Table 9. 

~ 

Predicted K w Predictors Significance 

K (IS) w 0.3970 + 0.9632 In Ka. (A) Fl 30 303 r = 0.95 , 
K (IS) w 0.4576 + 0.2472 K a. Fl 45 435 r = 0.95 , 
K (IS) w 0.3412 0.8549 In Secchi (m) Fl 38 307 r = 0.94 , 
K (IS) 0.5809 + 0.1227 SS (g/m3) Fl 28 = 108 r = 0.89 w , 
K (IS) - 0.2228+ 0.5158 Kw(DT) Fl 29 58.5 r = 0.82 w , 
K (IS) w 0.9820 + 2.2497xlO- 4 Algal Biomass (mg/m3) Fl,19 = 12.2 r 

K (IS) w 1. 2239 + 0.5950 In Chl-a (mg/m3) Fl,24 = 8.05 r = 0.50 

0.62 

K (IS) w 1. 3631 + 0.5608 In Phaeophyton (mg/m3) Fl ,30 = 5.45 r = 0.39 
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Table 9. Measured antl estimated values for vertical extinction coefficients (h
lU

) 

of the transmission of incident light into Lake Winnipeg waters at 
selected stations. The measured values (without code notation) are 
derived from in situ % of incident light measurements in lake water 
using a Whitney submersible photometer [Kw(IS) in previous tables].' 
The estimated values (with code notation suffix) are derived from 

Station 

1 

2 

3 

38 

3C 

4 

5 

58 

6 

7 

8 

9 

10 

11 

12 

13 

1313 

14 

15 

1513 

16 

17 

18 

19 

20 

regression equations given in Table ,utilizing the parameters 
Secchi visibility, suspended sediments, algal biomass, chlorophyll a, 
phaeophyton, horizontal extinction coefficients (Ka) , and vertical -
extinction coefficients measured in deck tanks of lake water [hw(DT)]. 

4-12 Jl.U1e 1969 

4. 6U (C) 

5.57(C) 

3.73(C) 

1.4l(C) 

2.54 (C) 

2.l8(C) 

1. 54 (C) 

0.995(C) 

U. 840 (E) 

0.995(C) 

0.943(E) 

1. 20 (C) 

1.9l(C) 

1. 91 (C) 

1.62 (C) 

1.72 

9-17 July 

4.55 

3.94(C) 

7.86 (B) 

1. 61 (G) 

4.60(C) 

3.01 (A) 

2.48 (A) 

2.47(G) 

2.30 (A) 

2.48(A) 

1. 97 (A) 

1. 73(A) 

1. 88 

1. 50 (A) 

1. 37 (A) 

1. 37 (A) 

0.868 (A) 

1. 42 (G) 

2.48(A) 

1. 58 

2.26(A) 

1.68(13) 

1. 46 

CRUISE 

24 July - 1 Aug. 2-10 Sept. 

3.45 (C) 4.00 (D) 

2.96 (A) 2.79 (A) 

3.44(A) 

3.20 (A) 

2.90(A) 

2.37 (A) 

2.03 (A) 

2.00 

2.06 

2.37(A) 

1. 40 

1. 32 (A) 

1. 28(G) 

2.03(A) 

5.75 (D) 

2.98 

1. 56 (A) 

1. 47 

1. 28(B) 

1. 23 

5.32(13) 

2.49 (B) 

3.08(B) 

2.27(13) 

2.07(13) 

2.32(13) 

1.68(B) 

2.98(13) 

3.35(8) 

1.59 (li) 

1. 81 (G) 

2.85(B) 

1. 38 (G) 

9.13(13) 

1. 42 (G) 

1.27(8) 

2.72(13) 

1. 07(B) 

3-13 Oct. 

2.54(C) 

9.58(13) 

11. 84(13) 

3.12(13) 

3.88(13) 

2.22(B) 

3.05 (B) 

1. 62 (B) 

3.05(8) 

9.13(13) 

3.69 (B) 

5.15(8) 

1. 69 (li) 

3.l6(E) 

3.99 (8) 

1. 50 (G) 

4.32(B) 

3.27(B) 

1.45(13) 

2.17(13) 
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Table ~ . (cont'd) 

CRUISE 

Station 4-12 JWle 1969 9-17 July 24 July-l Aug. 2-10 Sept. 3-13 Oct. 

20B 1. 50 (G) 

21 1. 47(C) 1. 31 0.822 1. 41 (B) 1. 30 (B) 

22 1. 20 (C) 1. 05 (A) 1.24(A) 3.35 (B) 1.07(B) 

23A 0.515(E) 1.16 (D) 

23B 2.12(G) 

23C 0.416(A) 0.835 0.962(B) 0.917(B) 

23lJ 1. 30 (C) 1.54(G) 

23E 0.~27 1. 02 (B) 0.631 1.01(B) 1. 04 (B) 

24 0.813(C) 

25 0.813(C) 0.656 0.591 2.17(B) 2.73(B) 

26 0.643(C) 0.550(C) 0.995(C) 3.08(C) 

27 1. 65 (B) 1. 30 (A) 5.50(13) 

28 0.474(E) 0.643(C) 0.218(A) 1.94(B) 1.98(B) 

29 O.768(E) 1. 02 (D) 1.08(D) 0.947(B) 

31 0.995(C) 2.49(13) 0.540 (A) 1.47(8) 4.20(8) 

33 2.54(C) 6.70 (B) 2.06(A) 7.41(13) 

34 2.05(G) 

35 0.717(C) 0.913 0.736 0.774(B) 0.938 

39 1. 65 (F) 0.772 (8) 0.509 1. 39 (8) 1.65(13) 

41 1.54(C) 0.640 0.534 0.922(8) 1. 71 (B) 

43 3.08(C) 1.01(13) 1. 36 (B) 2.73(B) 

45 0.781(13) 1. 31 (8) 1. 22 (B) 

47 2.61(G) 2.25(G) 

48 1. 45 (F) 1. 71 (B) 1. 32 (A) 1.51(13) 1. 45 (B) 

50 1.93(E) 2.33(H) 

SOB 2.99 2.53(A) 

SOC 2.58(A) 2.29(A) 1.94(13) 4.70(13) 

50lJ 2.30 (H) 

51 1.54(A) 1. 80 (A) 2.22(13) 1.52(B) 

52 2.18(C) 2.29 (A) 2.53(A) 4.56(13) 4.70(B) 
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Table ~. (cont'd) 

CRUISE 

Station 4-12 June 1969 9-17. July 24 July-l Aug. 2-10 Sept. 3-13 Oct. 

53 1. 42 (G) 

54 1. 70 (C) 1.90 (A) 1.72 3.43(13) 4.20(13) 

5413 1. 38 (G) 

55 2.54(C) 1. 38 (G) 1.64(G) 1.28(G) 

5513 1.37(D) 

56 1. 69 (G) 1.54(G) 1.54(G) 

57 2.18(C) 1.17 (A) 1. 66 (A) 2.60 (B) 3.12(13) 

5713 1.67(G) 

58 3.94(C) 3.01(A) 2.93(A) 6.70(13) 11. 8(13) 

59 2.54(C) 1. 94 (B) 1. 82 1. 24 (13) 1. 55 

60 3.94(C) 3.39(13) 1.66 (A) 1. 32 (B) .2.85(13) 

6013 3.82 (A) 2.85 (A) 2.41(13) 4.44(13) 

(joe 3.61(A) 3.60(13) , 2.49(13) 

61 5.57(C) 3.49 1.84(A) 1. 71(13) 2.85(13) 

62 5.57 (C) 3.74(A) 2.93(A) 3.27(13) 9.13(B) 

6213 1. 72 (G) 

63 10.1(C) 2.27 4.09(A) 4.99(!3) 10.1(B) 

64 1. 97 (B) 2.36 2.49 (B) 4.70(13) 

64B 1. 52 (E) 1.47(G) 1.54(G) 

65 1. 73 2.15 

6513 1. 36 (H) 

65C 1. 63 (11) 

66A 1. 42 (G) 

6613 1. 40 

66C 2.43 (D) 

68 1. 64 (B) 2.81 3.43(13) 5.32(13) 

6813 1.54(E) 1.61 (G) 1.81(H) 

69 2.22(13) 2.96 3.12(B) 6.15(B) 

69B 1. 61 (G) 
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Fig. 3. Location of stations where radiation 
measurements were made on Lake Winnipeg. 
See also Brunskill and Graham (1979) for 
longitude and latitude of these stations. 
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Fig. 4. Isopleths of the depths (meters) of 
secchi disc visibility in Lake 
Winnipeg during 4-12 June 1969. 
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Fig. 5. Isopleths of the depths (meters) of 
secchi disc visibility in Lake 
Winnipeg during 9-17 July 1969. 
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Fig. 6. Isopleths of the depths (meters) 
of secchi disc visibility in 
Lake Winnipeg during 24 July -
1 August 1969. 
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Fig. 7. Isopleths of the depths (meters) 
of secchi disc visibility in 
Lake Winnipeg during 2-10 
September 1969. 
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Fig. 8. Isopleths of the depths (meters) 
of secchi disc visibility in 
Lake Winnipeg during 3-13 
October 1969. 
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Fig. 9. Isopleths of the depths (meters) 
of secchi disc visibility in 
Lake Winnipeg during 26-31 \ 
October 1969. 
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Fig. 10. Isopleths of horizontal (beam 
transmittance) extinction 
coefficients (Ra, in m- I ) for 
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Lake Winnipeg during 9-17 July 1969. 
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Fig. 11. Isopleths of horizontal (beam 
transmittance) extinction 
coefficients (Ka , in m- I ) 

for Lake Winnipeg during 
24 July - 1 August 1969. 
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Fig. 12. Isopleths of horizontal (beam transmittance) 
extinction coefficients (Ka • in m- I ) for 
Lake Winnipeg during 2-10 September 

j\sslNleolt-lE RIVER 

1969. 
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Fig. 13. Isopleths of horizontal (beam transmittance 
extinction coefficients (Ka , in m- I ) 
for Lake Winnipeg during 3-13 ,SSINI801NE RIVER 

October 1969. 
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Fig. 14. Spectral extinction of radiation 
at 10 cm water depth in the 
fluorescent-lighted deck tank 
(Fig. 1) at Station 35 in the 
center of the north basin of 
Lake Winnipeg (Fig. 3) on 8 
October 1969. 
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Fig. 15. Spectral extinction of radiation 
at 10 cm water depth in the 
fluorescent-lighted deck tank 
(Fig. 1) at Station 58 in the 
northern part of the south basin 
(Fig. 3) on 9 September 1969. 
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Fig. 16. Spectral extinction of radiation 
at 10 cm water depth in the 
fluorescent-lighted deck tank 
(Fig. 1) at Station 51 in the 
mouth of Berens River (Fig. 3) 
on October 1969. 
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Fig. 17. 
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Isopleths of concentrations of 
suspended sediments (g m- 3) in 
Lake Winnipeg during 9-17 July 
1969. 
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Isopleths of concentrations of 
suspended sediments (g m- ) in 
Lake Winnipeg during 24 July -
1 August 1969. 

CITY OF 
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Fig. 19. Isopleths of cOhcentrations of 
suspended sediments (g m- 3) in 
Lake Winnipeg during 2-10 
September 1969. 
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Isopleths of concentrations of 
suspended sediments (g m- 3 ) in 
Lake Winnipeg during 3-13 
October 1969. WINNIPEG 
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Fig. 21. Isopleths of concentrations of 
suspended sediments (g m- 3) in 
Lake Winnipeg during 26-31 
October 1969. 
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Fig. 22a. Distribution of daily 
radiation during the 
days of our research 
on Lake Winnipeg in 
1969 and winter 1970. 
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Fig. 22b. 
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Distribution of daily 
radiation during the 
days of our research 
on Lake Winnipeg in 
1969 and winter 1970. 
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Fig. 22c. Distribution of daily 
radiation during the 
days of our research 
on Lake Winnipeg in 
1969 and winter 1970. 
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Fig. 22e. Distribution of daily 
radiation during the 
days of our research 
on Lake Winnipeg in 
1969 and winter 1970. 
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Fig. 22g. Distribution of daily 
radiation during the 
days of our research 
on Lake Winnipeg in 
1969 and winter 1970. 
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Fig. 24. The relationship between vertical 
extinction coeffici~nts measured 
in the deck tank (Fig. 1) open to 
solar radiation (Kw(DT)) and an 
in situ measurement of vertical 
extinction coefficients (Kw(IS) 
in Lake Winnipeg waters in 1969. 
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Fig. 25. The relationship between 
horizontal (beam trans­
mittance) extinction 
coefficients (Ka) and Kw 
(IS) in Lake Winnipeg 
waters in 1969. 
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Fig. 26. The relationship between 
horizontal (beam trans­
mittance) extinction 
coefficient (with the 
transmissometer on an 
attenuated circuit) (Ka 
(A» and Kw (IS) in Lake 
Winnipeg waters in 1969. 
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Fig. 28. Isopleths of ~redicted vertical extinction 
coefficient (K , in m- 1) in Lake 
Winnipeg durin~ 4-12 June 1969. CITY OF 

WINNIPEG 
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Fig. 30. Isopleths of predicted vertical extinction 
coefficient (Kw, in m-I) in Lake 
Winnipeg during 24 July -
1 August 1969. 
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Fig. 31. Isopleths of predicted vertical extinction 
coefficient (Kw, in m- 1) in Lake 
Winnipeg during 2-10 September 
1969. 
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Fig. 32., Isopleths of predicted vertical extinction 
coeff~cient (~s in m- 1) in Lake 

-Winnipeg during 3-13 October 
1969. 
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