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ABSTRACT

Brunskill, G. J., D. W. Schindler, §. E. M. Elliott,
and P. Campbell., 1979, The attenuation of
1ight in Lake Winnipeg waters. Can. Fish.

Mar. Serv. MS Rep. 15622: 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 Tight transmission through
lake water were highly correlated amongst them-
selves, and with concentrations of suspended
sediments., Concentrations of algal biomass,
chlorophy1l a, and pheophytin were less strongly
correlated with light transmission parameters.

An attempt was made to estimate the relative
proportion of the extinction of Tight due to
scattering by suspended sediments., This was done
by subtracting the vertical extinction coefficient
from the horizontal {beam transmittance) extinction
coefficient.

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.
Ctearer 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
coefficientsy Timnology; suspended
sediments.

RESUME

Brunskill, 6. J., D. W. Schindler, S. E. M. Elliott,
and P. Campbell. 1979. The attenuation of
light in Lake Winnipeg waters. Can, Fish.

Mar. Serv. MS Rep. 1522: v + 79 p.

Les eaux du lac Winnipeg sont habituellement
troubles, et peu de Tumiere y pénetre. La visibilité
mesurée avec un disque de Secchi varie de 0.1 & 1 m
dans le bassin du sud, et de 0.5 3 2.6 m dans le
bassin du nord. Les coefficients d'extinction
horizontale calculés & partir des donndes fournies
par un transmisscmetre & faisceaux dirigés étaient
&levés (12-46 m-!) dans le bassin du sud et plus bas
(0.6-3 m~!} dans la partie centrale du bassin du
nord. On a calculé les coefficients d'extinction
verticate & partir des pourcentages de la lumiére
superficielle qui atteignent le capteur de la
cellule photométrique submersible et obtenu des
chiffres de 1-5 m~! dans le bassin et les chenaux
du sud, et 0.5-1 m~! dans le centre du bassin du
nord. Toutes ces estimations de la transmission
de la Tumigre z travers 1'eau du lac montraient
une trés forte corrélation entre elies et avec les
concentrations de sédiments en suspension. Les
concentrations de Ta biomasse des algues, de la
chlorophylle « et de la phaeophytine montraient
une corrélation moins forte avec les paramétres
de 'a transmission de la lumiére. On a tenté
d'estimer la proportion relative de 1'extincticn
de la lumiére qui est due & la dispersion par Tes
sédiments en suspension, en soustrayant le
coefficient d'extinction verticale du coefficient
d'extinction horizontale {faisceaux dirigés).

Un spectroradicmétre a 16 canaux a permis de
calculer les coefficients d'extinction pour des
gammes d'ondes précises. Les coefficients se
sont révélés hauts pour la lumiére bleue et verte
dans les eaux troubles, la transmission &tant
maximale pour Tes gammes du jaune et de rouge.

Les eaux plus claires du bassin central du nord
présentaient des coefficients d'extinction
relativement unifarmes situés au-dessus du spectre
4,000-10,000 A.

Mots-clés: faisceaux dirigés; absorptivité,
verticale; Timnologie; sédiments
en suspension.




INTRODUCTION

Franklin (1823) and Back (1936} noted the
great turbidity of Lake Winnipeg waters while
trying to avoid running their canoces onto rocks
in the shallow water. Bajkov {1830) found that
1ess turbid parts of Lake Winnipeg had larger
abundances of zoebenthos, 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 Tight 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 Tight attenu-
ation data collected in 1969.

Three factors {suspended inorganic sediments,
phytoplankton, and dissolved organic matter in the
water) Tikely control the depth of penetration of
light into the lake water. The lake is shallow
{Z = 12 m} and large in surface area (A, = 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 10% 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 4dlphanisomenon 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 phyteplankton
biology of Lake Winnipeg are given elsewhere
{Brunskill, Elliott et al. 1979; Brunskill and
Graham 1979; Brunskill, Schindler et al. 1979).

METHCDS

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 alse recorded at half secchi depth. Percentage
Tight transmittance cof Take 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 ©» s<tu or in deck tank water {Fig. 1).
Vertical extinction coefficients {K,) 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 irradiation measured by this
unit according to the equation of Vollenweider
(1969):

) 1 ) .
Ky = €, = 77, (Lm 1 - Ln 4,) (Fq. 1}
where K. = ©) = Tignt extinction coefficient,

Z,, I, = depth intervals, beiow 10 cm
meter depth

Tight intensities at depths
7, and Z,, respectively

n

L1y 1a

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 98-1007 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 c¢m,
and in the south basin, 10 to 25 cm. Tha percentage
transmission of 1ight from the light source to the
photocell {%T) was used to calculate a horizontal
extinction coefficient (K.} from the equation:

K, = Ln %%9 d-1 (Eq. 2)
where d = path length in meters.

Vertical extinction coefficients for light
of wavelength (1) from 4000 & to 10,000 &, and
for specific wavebands, were obtained from an Agro-
products Spectroradiometer. The sensor head of
this apparatus was firmly fixed 10 cm below water
Tevel 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 1id closed
(Fig. 1). The 1id had a bank of eight fluorescent
80-watt tubes, apprcximately 1 m long, backed with
aluminum foil, which was used as a constant Tight
source for the Spectroradiometer sensor. This
Tight scurce spectrum is compared to solar radiation
on a cloudy day in Fig. 2. The plastic tank was
painted black to exciude 1ight from entering from
the side walls of the tank. Extinction coeffic-
jents for 400 to 1,000 my, and for individual
wavebands were calculated according to Eq. 1.
Calibration of this spectroradiometer against
a known 1ight 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 1m
nominal pore diameter) on the ship. These filters
were desiccated, frozen for storage, and in the
laboratory they were dried to 100° € and weighed.
Chlorophyl]l methods are reported in Brunskill,
Schindier et al. (1979).

As discussed in Brunskill, E£11iott 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-
biTity. 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
ohserved 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
Take shores of the north basin, will have greater




relative error than in less turbid parts of the
Take. Secchi visibility 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 Take.
With the exception of the nearshore or near-
island regicns, north basin water was green or
blue-green.

Table 2 shows results of our beam trans-
mittance measurements, given as percent trans-
mission per path length (%T;) and a horizontal
extinction coefficient (K,}. High K;'s (ranging
from 12-46 m~1) were found in the Red River plume,
near shores and islands. Lower values of K4
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 te 3 m~!. The variation of Kg is also
shown in Figs. 10-13. Replicate measurements,
varying light path length and water depth at
Station 35, gave similar results (Table 2}.

From these measurements, we concluded that Tight
transmittance should be relatively uniform with
depth at stations away from shores and river
plumes.

Table 3 gives estimates of vertical extinc-
tion coefficients (K,)obtained from measurements
of the percentage of surface radiation reaching
several water depths. Some of these measurements
were dane in sizu from the unshaded side of the
ship (K,{IS)), and other measurements were made
in lake water-flushed deck tanks (K, {DT}) {see
Fig. 1) open to sunlight. K,(DT) values were
always greater than K, (IS}, probably because of
the exclusion of laterally scattered radiation
by the black-painted walls of the deck tank.
Throughout this paper, K, (IS) will be used as
our best estimate of the vertical extinction
coefficients., Higher values of K (IS} occurred
in the Red River plume and near shores and islands,
ranging from 1.5-4.5 m™l. Lower values occurred
in the center of the north basin, where values
of K,(1S) were from 0.5 to I m~!, K,(DT) varied
in a similar manner but was usuaily 2 to 3 feld
greater than the value of Ky(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,), and an extinction
coefficient for each wave band (Kgp,) over i; =
405 to 1,000 mu. It is difficult teo generally
discuss this data, as considerable variation
gccurs in spectra for similar water masses.
Highest Kgp, were usually in the region x = 405-
600 mu, and lower values were often in the region
% = 640-900 mu. During the season when this
data was collected (September-October), the dis-
charge of the Red River was greatly reduced
{Brunskill, ETliott et al. 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, Kgp; for most X 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 Kgpy at » = 420-440 my
(Fig. 16} and decreased to lower values of Kgpy

above 700 m . Data for Ky{IS) (Table 3} and
Kspy data were not collected simultaneously,
unfortunately.

As we shall see 1in 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™?) near the mouth of the
Red River and near the west and southwest shores
of the south basin. Llower 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
cbvicusly 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 Tittle
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
reservoirs along its course (Brunskill, Elliott
et al. 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.

DISCUSSION

For purposes of estimating the attenuation
of photosynthetically useful radiation in Lake
Winrnipeg water, the vertical extinction coeffic-
jents measured in sitn with the Whitney submersible
photometer (K, {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
refated to K,{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 ceoefficients with the Wnitney sub-
mersibte photometer in the deck tank (K,.(DT},
Table 3) was also highly correlated with K, (15}
{Fig. 24), but with more variation about the
regression line. As previously mentioned, this
larger variation and larger absolute value of
K.(DT) is T1ikely due to the interaction of the
black-painted walls of the deck tank and the
varying angle of the sun, limiting the amount
of lateral and downward scattered radiation. There
was an excellent relationship between horizontal
extinction {beam transmittance from the trans-
missometer, K., Table 2}, and K, (IS) (Fig. 25).
A different slope and intercept was found for the
corvelation between K, {IS) and Ku(A)} measured
on the attenuated circuit of the transmissometer
(Fig. 26} in extremely turbid waters. Statistically

significant correlations were found between K, (IS)
and chlorophyll =, pheophytin, and algal biomass
(Tabie 8), but the confidence Timits of the
regression lines are too great for practical use.
The algal biowass, chlovophyll «, and the




n data used here are taken from Brunskill,

hyti .
ggﬁ?ﬁd{er et al. [1970). Ko (IS} was highly

correlated with suspended sediment concentration

(Fig. 27}.

The equations {Table 8) from the above
correlations (Figs. 23-27] were used to estimate
a vertical extinction coefficient (K.) where

(IS) was not measured. This allowed Fhe
estimation of K. for stations done at night and
during rough weather. These data are given in
Table 9, along with a code to 1nd1§ate Fhe
origin of the estimate. The equations in Table 8
are listed in their order of reliability, such
that K, predicted from algal biomass, chlorophyll
a, and pheophytin are to be Teast trusted. Ky
is shown also in Figs. 28-32,

Tdeally K, (1S) and K_ should estimate the
attenuation of radiation due to absorption and
backscattering by water, dissclved organic matter,
and particulate matter. K, and K,(A) should
estimate the attenuation of radiation due to
absorption and tgtal scattering by water,
dissolved organic matter, and particulate matter.
The transmissometer data (K,) should then be more
sensitive to particulate matter {scattering} in
the water column. This appears to be true for
the values of K., and K_. in our data, as K, varied
from 2 to 35 m~1 in the south basin of Lake
Winnipeg in mid July (Fig. 10}, whereas K, or K,
(IS) was in the range 1 to 4.6 m-! (Fig. 29).

In both cases, however, the variation of Ky and
Ky was 4-16 fold across this gradient of sus-
pended sediments (Fig. 17). K, 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 K, 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 heterogenecus suspended sediment parameter
completely overwhelmed any derived relationships.
A crude and relative estimate of the proportion
of Ky that is due to scattering by suspended

sediments is obtained by subtracting K, (IS) from K.

That (Ky - K (1S)) is well correlated with sus-
pended sediment concentration is no surprise

(Fig. 33), but this computation indicates that a
large fraction of Ky (=50-80%) is related to light
scattering by the water column.

Another way to illustrate the role of sus-
pended sediments (55} in controlling extinction
coefficients of Lake Winnipeg waters is given in
Fig. 34. This relationship is derived from
equation D in Table 8 where:

K,(1S) = 0.5809 + 0.122755,

and:

" attenuation due to SS = 0.1227 x 100

K.(1S)

This manipulation indicates that scattering and
absorbance explained by $5 accounts for 50-60%

of K,(1S) over the upper range of S5 common in

Lake Winnipeg (Table 5). The composition of 5SS
varied considerably. Most samples of S5 appeared
under the microscope to be Targely inorganic
matter, whereas some samples contained dense phyto-
Plankton blooms. A simiiar manipulation on

equation G in Table 8 allowed the construction of
Fig. 35, which indicates that 10-60. of K,(IS) can
be controlled by the range of chlorophyll .; concen-
trations observed { 1 to 20 mg Chl ; m~3, see
Brunskill, Schindler et al. 1979). Figures 34 and
35 indicate that at the concentrations of chlorophyl]l
.+, 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 attenuaticn of light by wave-
length in Table 4 and Figs. 14-16 indicate the
extreme effect of scattering of Tight by high
suspended sediment concentrations. Attenuation
maxima usually occurred in the viclet, blue and
green wavebands {405-546 my), and lower extinction
coefficients were usually found in the red and
infrared (640-900 my). These spectra are greatly
different frem the "standard distribution" curves
of Yollenweider (1961}. According to Hutchinson
(1957} and Strickland (1958), particulate matter
is very important in scattering and attenuating
light below 500 mu, and Tess effective for wave-
lengths »600 mu. Since there is less energy in
solar radiation at the lake surface above 700 mu
(see Fig. 2), and most of the violet, blue and
green 1ight is strongly attenuated (Figs. 15 and
16), the yellow, orange, and red wavelengths
(546-700 mu) 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 nerth 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 mw {Fig. 14},
and were observed as being green or blue-green
in visual color over the secchi disc. Even the
Tower 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 algai
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
nerth and south basin of the lake, which proved to
be near surface {0-50 cm) accumulations of insect
exuviae. During dense algal bleoms in calm weather
in July and August in the north and south basins,
the surface of the water appeared to be covered
with opaque, Tight green or yellow-green paint.
The algal bloom was in the upper 30 cm of the
water column, and often large ciumps of cells and
filaments floated on the surface.

The spectroradiometer data for waters of the
Red River plume (Stations 05, 59, 59-60, 61, 67
in Table 4} appear to corroborate the Cree name
for the Red River {Mikwakumew sepe = Bloody River)
accerding to La Verendrye in 1735 (see Crouse
1972, p. 42: Hamilton, no date, p. 235), who was
told the river had the coler of vermillion. Wave-
Tengths of maximum transmission for these waters
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 1zke
Ainnipeg.




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 coulid 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. 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.




STaTIUN NO.

T r

wWwwwh RN - — =~ C C O o

CEL EITOOTEZTEXT~N NN~~~ =~FOPTTFUTIPIPTTTEese

il o R T
RPN~ = —CC OoOoC
b3

DATE

2706TR8
3JUNEY
aNOVeSB
SNOVASB
4 JUNGS
JULeS
30cT69
280rT68
Z3APRAY
4 JUNGS
QJUL A9
24JULRY
Z25FP69
300769
17MaRT70
SJLILKY
24 L6
106S=Ps9
30CTk9
SJULAS
Za4JULA9
105EPK9
30CT69
QJULKY
105FP69
30CcT69
310cTe9
4 JUNGY
9JulL 69
25Jul 69
95EPA9
40cTh9
4 JHING S
100LES
26JULE9
YSFEP&9
40CTE9
280 TRB
SJUNEY
10J4ULA9
26.JUL69
9SEPKG
400T69
310¢TkR9
280nTHR8
5JUNES
130J1L69
26JUL 69
9SEPH9
40rT69
3100TR9
10JULe9
26JUL69
40r769
HJUNGS
1L0JULeS
Z6JUL 69
B5FP69
280rTA8
S5JUNGY
10HILA9
270rT69
5JUN69
1041 RY
26JUL A9
BSFPHY

SeEccHI DISC
VISIBILITY (METERS)

0.70
0,28
neHBEE
sHdaue
0.30
0.35
0,50
0,05
BU Y
0.25
0,30
0.30
¢.50
0,20
ey
.25
0,35
0,20
0,10
0,25
0.20
0,70
0,40
0,30
0.25
0,45
0,30
6,20
0,60
0,6U
0,50
0,65
0,32
0,60
0.80
0.80
0,45
0.80
1.00
0.80
0,745
0.50
0,80
1.00
0,15
0,50
0,80
0.85
0,75
0.40
0.90
0.70
0,75
0,20
0,60
0.%0
1,30
0.50
0.30
0.90
1,30
0,5¢
1.%0
1.10
1.00
0.50

COLOUR AT HALF SECCHI DEPTH
(BA=RLACK$BL=RLU: $RR=BRWMIGs GR=GREEN:
GASGRAY IHU=HUMICINTITF=NIGHT sOR=0RANGE 3

RU=RUSTIY, YF=YF LOW)

YF TUC
GYRRTIJ
YHRGTU
YoRTLU
YFRRTU
YFRR

YFAR

RRTU
YFARTU

YFBR
YFRRR
TU

YeRR
AR

Y¥ iR
YFRR

GRYFRR
YFRRGA
YFRK
RR
YFRR
YERR
YFRRTU

YFRR
YFRR
GRYFRR
YFRRTU
(A
YFOR
RRENR
YFRR
YFI_RBRr

YFaR
GRRR
il

217

YFRRTU
GRERRMI!
YEnRR
YF ORER
YFBR
RR
YFap
YFRR
YE#HR
YEFRRTU
YFRR
YFRR
ORRAE
BRRNITUR
YERRTI

YEWRTU
YE R

GRYFRR
ORAR




STATION NO,

25

DATE

3000TRS
1oJuUL69
290rTAB
SJUNGSY
1GJuULe9
26JUL 69
6SEPE9
50cTARY
300CcTR9
6 JUNKS
11J0L69
2T HILA9
35FPAY
50769
280 Te9
6JUNBD
12JLe9
27JULR9
6JUNGYT
11JULAG
27JL69
3SFPRY
TJiINE9
13JULR9
28JULA9
3SFPAYS
TJHINGS
13JULES
28JUL.69
TJUNBS
13JuL6e9
28JHL /G
45¢PARY
110789
7T JINGRG
13JULR9
28 1IL6eY
45FPA9
110cTRY
TJUNELS
TJIUNBY
F3JULeS
2BIULAS
65FEPARS
110cTa9
TJUNAS
TJINES
15JUL69
30JuULe9
6SEPEY
1100 TG
TJUNGKD
TJUNGS
1341169
28JUL 69
45FP69
290cTRI
l4JuL69
29JHILAY
45FP69
90¢TH9
14JUL RS
29JUL AT
QO0r TR
13JuLe9
£BJULAY

SECCHI DISC
VISIBILITY (METFRS)

¢,40
1.15
1.00
1,50
1.00
6,70
0,50
0,35
0,30
1.20
0.60
XX Fe Y
0,05
0.40
0,35
0,70
0.75
1,30
Q.70
0,60
1.10
0,80
0.85
1,00
1,20
1.00
0.90
1,10
1,35
4,95
0,90
1.80
0.60
1.00
1.20
1,30
1,490
1.50
0.90
LT X
ER-2 -3 % R
2.50
1,80
2.0¢0
1,40
1.10
1.30
2.00
1.8u
1.60
1.00
1.90
1.90
2.50
3.00
1,50
1,00
2.50
3,00
1,50
0,40
1,10
1,20
0.25
2.50
2.20

COLOUR AT HALF SECCHI DEPTH
(BA=BELACK$BL=BLUFf $BR=BAWN} Gy GR=GRFEFMN}
GA=GRAY IHU=HUMICINTITE=NTIGHT 1OR=0RANGE 3

RU=RUSTHY YESYFLLOW)

YFaBTH
YFoPRW)
YFARTILI
YF GR
YFRR
YFRR
HR

RRTU
GHRYFAR
YFEaRHI
YFRR
AR
YFRRTU
YERRTL
GYPRRTL

6R
YFARTY
YFAR
GRYF
GR

GRYF
GR

YFRRGR
G®
GFYF
GYRRTU
GR

GR

GF

G

GR TU
Rk
GREFN

GR
GR
GR
GR
GRTU
GRRR
GF

rH

GF
GREEN
GRAR
GR

GHFFN
GR
GHTU
RLGR
GR

GF
HLYE G
RLGR
YEaRTU
GF
YFGRTU
YFRRTU
Bl GR
PLGR




oo]

COLOUR aT HaLF SECCHI DFPRPTH
(BA=BLACKIBL=RBLUF{BR=BRWNIG+GR=GREFN}
GAZGRAY SHU=HUMICINITF=NTGHT $0R=0RANGE §

RU=RUSTIY.YF=YF| Ow)

STATION NO, DATE SECCHY OISC
VISISILITY (METERS)

2k 45FPRY 1,00 Gk

24 290CcTe9 1,30

29 20MaRET susnna AL

24 707Te9 1.50 HLGRR

30 18MARASYS -2 X 2 X 1 YFGRAR

31 9 JHINEY 1,50

31 l4uuLe9 1.50 GR

3l 29JULRY9 1,90 GRTU

31 65FPK9 6,90 GRRR

31 BOrTAY HEGpBE Ty

33 9JUNBS 0,50 GHRTU

33 14JULAKYD 0.30 YFRR

33 29JULR9 0,60 GRTU

35 18MaR69 PRy ol ,
D) IIUNGS 2.20 GRTU :
35 14JuL 69 2.00 GK

3% 29469 2.1 GR

35 65EP69 1.80 GE

35 80CTHY 1,30 GRTU

39 1APR&D By R GHTU

39 15JuL69 2.40 G

39 30UULAY 2,60 GREFN

39 600TH9 1,00

39 2904769 0,85 GR

41 10JuNGS 0.90 GRYFTU

41 15JuL 69 2.00 GH

4] 30JtiL 69 2.40 GREFH

4] TSFPRY 1,90 GRYF

41 60CTHI 0,85 GRTU

43 1 GJUNBS 0.40 GRYFTU

44 15JUL&69 1.80 GR

43 30JULAY9 1,40 GETU

43 &0CTHY 0.45 GR

4% 15JtiLAS 2.30

45 3VJuLeS 2,50 G

45 T5FPA9 1,20 GRYF

45 60rT69 1,10 Gk

48 ZAPRAY LYY e 2 GRTU

44 15J0L 69 0.9U GRYF

48 30JULRY 1.00 YFGRTLU

48 TSFP6A9 1,00 YF KRR

44 1200 TEY 0,85 GRTU

508 11JuL 69 0.%0 YFRR

50R 2TIUL6Y 0.50 YFeRr

Sucg 1141569 0,50 YFRR

SUC 2TIUL6YT 0,60 YF&R

50C 35FPH9 0,50 GRYFRRE

51 300CTs8 1,00 BR QR

5l 11JUNARY 0.6V REN=RR

51 11JUL69 0,90 FHUtRA

5 2TJUL A9 0.8% RE LI

51 35FP&9 0.25 BREA

&1 50cTA9 0.8U RRNR

52 11JUNGS 0.60 RURRTU

Y4 11JULA9 0,60 HUYFRX

5 35FP6&9 0.25

52 50CcTe9 0,30 YFERRTU

S4 11JUNBS 0,80 YFRRGH

54 liJuLe9 0.70 YFAR

54 45FP69 0,45 :
Sy 50cT6Y 0,30 YFRARTU '
54 300cTeY 0,30 YFRRTU i
548 290CT68 0,30 YERRTU

540 280CcTe9 .25 YFRRTL |
55 11JUNGY 0,50 ]
bHe 2907168 0.60 YFaRTU (




STATION NO.

57

57
51
57
54
58
S8
58
59
59
59
5%

59
5y
6l
6l
60
&4
60
60
60
6uB
60

644

DATE

3100:TAB
12JUNGRS
100uUL69
25JULeY9
BSEPKS
12JUNRY
10JUL69
25JUL 69
9SFEPHY
310cT48
12 JUNES
SJULE9
25JULé9
IHFPRI
40rTe9
310cTe9
23APREY
12JUNAG
SJuLe9
24 )L69
25FPRAY9
9SEPARY
310cTe9
SJUH. 69
24JUL A9
9SFPR&G
40CTAR9
280¢cT68
24 JUL69
9SEPHY9
18MARTO
12JUNARD
9JULAYT
24 L6
25FPRY
10SEPR9
30cTe9
310cTA9
310nTes8
12JUNAD
FJUL69
24 )L 69
10SFPeY
30¢ThRY
1Z2J0UNR9
174ULK9
LAUGES
10SFEPA9
130CTRY
310cTe9
300cTRE
15JuL69
31JuL 69
TSEPE9
120cT69
120cT69
leJuL6es
3lJuLey
31 LR
ZAPRA9
16JULED
31 ILES
BSFP&9
120TR9
300CTAG
120¢TR9

SECCHI DISC
VISIBILITY (METERS}

0.70
0,60
0.90
0.90
0.50
0,30
0,40
0.40
0.15
0,50
0,50
0,70
0,95
1.00
1.00
0.45
3,50
0,30
0,40
0.90
1,00
0.70
0.55
0,249
0,35
0.45
0,40
0,15
0.25
0.35
L2 2 100
0,20
0,40
0,75
0,90
.90
0,45
0.45
0,12
0,20
0.25
0,50
0.50
0,20
0.10
0,40
0,20
0.20
0,20
0,35
0.50
0.90
0,506
0,50
0,30
- X-2- 2% 3
0.50
0.55
0.70
L2 2 %14
0.5
0,40
0.40
0,35
6,30
222 %33

COLOUR aT HALF SEcCHI DEPTH
(BA=BLACKIBL=PLUF }BR=BR¥WNIG+GR=GREFN}
GA=GRAY SHUSHUMICINITF=NIGHT IOR=0RANGE §

RU=RUSTIY YF=YF L OW}

GYRRTUS
YERR
YFGRAR
GRRR
GYRRTU
YFRR
YFGRRP
.YFRR

GRYFRR
GRYFRR
GRYF
YFAOR
GR TUR
YERGTU

YFARRR

GRAR
YFRR

YEGRHP
GRBR
YFRaR

YFAR
AR

T
Y= apRTY

GRYFRR
Y&aRr
YFrR
YFaR
GR

GRYFRR
YFQR
YFRR

YFaR
YFRRTY
AR
YFRRTU
YERR
YEFRRTLU
GR
YEGRTL)
YERR
YFRRTU
RRPTU
GRYETU
YFGRTU
GRTU
GR
GRYFTY
YaTURR
YFRR
YFEaRTI
YERRTU
YFRRTU




10

STAaTIUN NO, DATE SECCHT DISC COLOUR AT HaLF <frcwHl DEPTH
VISIBILITY (METERS} (BA=BLACK38L=BLUF!HW=BF?WN=GqGP=GRFFN=
GA:GRAY;HU=HUP‘ICGNITV=NIGHT¥0R=DRANGE:

RUSRUSTIY,YF=YF|_{ OW)

69 16JUL69 0.40 BRYF
%] 31JUL6e9 0,50 YERRTY
bY 8SEPAY 0,50 YTRR
69 120c 769 0,25 YFaRTL
69H 280CTRO 0.20 YFRRTU

70 ZOMARRY FEyY e 1] oo




11
|
|
|
;
Tabla 2. Measurements of the parcentage of light (% Tq) transmitted from a battery-powered light
source to a photosensitive cell over a varisble, horizontal path length in the lake water,
and computed horizontal extinction coefficients {Ku) based on this %T, data. All
reasurements wers made in situ at | meter water depth, unless otherwise indicated. The
notation (A) indicates the use of an alternate, amplified circuit of the transmissometer,
which was specified for use in extremely turbid waters.
STATION DATE PATH LENGTH & TRANSMITTANCE Ka
meters AT ,path length~!
( ) (4T .p gth™*} il
1 9 Jul. 69 0.25 2 15.65 )
30 Oct. 5% 0.10 22 15.14 !
2 24 Jul. 69 G.10 24 (A) 14,27
X 2 Sept. 69 t.10 32 11.39
2 Sept. 69 6,10 0 (A) 12.04
3 Oct. 69 0,10 2.5 36,89
3 +9 Jul. 69 0.10 5 29.96
24 Jut. 69 0,10 9.5 (A) 23.54
10 Sept: 69 0.10 14 19.56
3 Det. 69 0.10 1 46.05
icC 24 Jul. 69 0.10 16 (A) 18.33
10 Sept. 69 0.1¢ 44 8.21
3 0ct. 69 0.10 34 10.79
4 9 Jul, 69 0.10 22 (A)- 15.14
24 Jul, €9 0.10 26 (M) 13.47
2 Sept. 69 0.1¢ 48 1.34
10 Sept. 6% 0.19 25 13.86
3 Oct. 69 0,16¢ 25 13.86
31 Oct, &9 0,10 23 14.70
5 9 Jul. 69 0.10 42 (A) 8,68
25 Jul, 69 0.10 LY} 7.4
25 Jul, 69 0.10 46 (A) 7.77
9 Sept. 69 0.10 48 7.34
4 Oct. 69 0,10 49 7.13
[ 10 Jul. 69 0.10 48.5 (A) 7.24
26 Jul, 69 0.10 51 4,94
26 Jul, 69 0.10 58 (A) 5.45
9 Sept. 69 0.10 52 6.54
4 Gct. 69 8.10 35 10.50
30 Dct, 69 0.10 33 11.08
7 10 Jul, 69 G.10 42 (A) 8.68
26 Jul, 69 0.10 S5 5.98
26 Jul. 8% 0.10 S0 (A) 6.93
9 Sept, 69 ¢. 10 47 7.55
4 Dct. 69 0.10 61 4,94
31 Oct. 69 0,10 73 3.158
8 10 Jul. 69 0.i0 60 (A) 5.11
9 Sept. 69 0.10 61 4,94
4 Dct, 69 0.10 15 10,50
31 Oct, 69 .10 64 4,46
9 10 Jul. 69 0.10 55 5,98
10 Jul. 69 0.10 67 (A) 4.00
26 Jul, 69 0.1¢ 48 7.34
26 Jul, 69 0.1¢ 46 {A) 7.1
4 Oct. 69 0.10 3 35.07
3
f
I
!
1y
I
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Table 2. (cont'd)
STATLON DATE PATH LENGTIL % TRANSMITTANCE

(meters) (AT ,path length™) “

¢ -1

{n*)
10 10 Jul, 69 0.10 62 4,78
10 Jul. &% 0.10 72 (A) 3,29
26 Jul. 69 0,10 81 2,11
26 Jul. 69 0.10 81 (A} 2,11
8 Sept. 69 0,10 36 10.22
4 Qet. 69 0.10 27 13.09
30 Oct. 69 0.10 21 15.61
11 10 Jul, 6% 0.1¢ 55 5.98
10 Jul. 69 0.10 73 (A) 313
27 Ocr. 69 0.10 33 11.09
12 10 Jul. 69 0.10 64 4.46
10 Jul. 69 0.10 76 (A] 2.74
26 Jul, 69 0.10 16 2.74

26 Jul, &% 6.10 77 (A) 2,61

8 Sept, 69 0,10 3 11.7
4 Dct, 69 0.10 15 15.97
30 ODet, 69 0.10 14 19,66
13 B 10 Jul. 69 0.1 66 1.1¢
10 Jul. 68 0.10 76 [A) 2.74
td 10 Jul, 69 0.10 54 6.16
10 Jul, 69 g.10 85 (A) 1,63

26 Jul. 69 0.10 58 5.45
26 Jul. 69 0,10 58 (A) 5.45

8 Sept. 69 0.10 38 9,68
5 Oct. 69 0.10 24 14,30

30 Oct. 69 8.10 10 23.03

16 11 Jul. 6% 0.10 3s 10,50
t1 Jul. 69 0.10 42 (A) 8.68

27 Jul, 6% 0.10 32 11.39

21 Jul. 69 0.10 , 28 (A) 12.73

3 Sept. &% 0.10 3 35.07

§ Oct. €5 g.10 21 15,61

28 Qct, 69 0.10 13 24.40

17 27 Jul. &% 0.10 73 3.15
27 Jul. 69 c,10 72 (A 3.29

27 Jul. 69 0.50 20 3.22

27 Jul. 69 0.50 18 (&) 1.43

5 Oct. 6% 0.10 62 4,78
18 il Jul, 69 0.10 50 6.93
11 Jul, 69 0.10 50 (A) 6,53
27 Jul. 69 0.10 73 3.15
77 Jul. 6% 0.10 73 (&) 3,15
3 Sept. 69 6.10 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 (A) 5.45
28 Jul, &9 0.50 19 1,32
28 Jul, 69 0.50 17 (A) 3.54
3 Sept. &Y 0,10 40 9.16
11 Oct. 69 0.10 67 4,00
20 13 Jul, 63 0.10 71 1.28
0.10 72 '(A) 3.29
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Table 2. ({cont'd)
STATION DATE PATH LENGTH § TRANSMITTANCE K
{meters) (l'['u,pat.h length‘l) e
. _ (w1
28 Jul, 69 0.50 25 2.17
28 Jul, 49 0.50 23 (A) 2.94
3 Sept. 69 0.10 78 2,49
11 Oct. 69 0,10 50 6.93
28 Oct, 69 0.10 55 5.98
2t 13 Jul. 69 0.10 70 3,57
13 Jul, 69 0.10 72 (A} 3,29
13 Jul, 69 0.10 68 3.86
13 Jul. 69 0.10 70.5 {A) 3.50
13 Jul, 69 0.10 70 3.587
13 Jul, 69 0.10 72 {A) 3.29
28 Jul, 69 0,50 kL] 2.16 L
28 Jul, 69 0.50 31 (A) 2.3 1
4 Sspt, 69 0,10 68 3.86 ~
11 Oct. &9 0.10 71 3.42
28 Dct. 69 0.10 72 3.29
22 13 Jul. 69 0.19 82 1.98
13 Jul. 69 0.10 82 (A) 1,98
28 Jul. 69 0.50 32 2,28
28 Jul, 69 0.50 30 (A) 2,41
4 Sept. 69 0.10 3l 11.71
11 Oct, 69 0,10 78 2.48
29 Oct, 69 0,10 72 3.2¢9
23 C 13 Jul, 69 ¢.10 93 0.73
13 Jul. 69 0,50 60 1.02
28 Jul, 63 0,50 50 i3
28 Jul, 69 0,50 51 1.35
6 Sept. 69 0,50 36 2.04
11 Oct. 69 0.10 83 1.86
29 Oct. 69 0.1¢ 72 3.29
23 E 15 Jul, 69 0,50 32 2.28
30 Jul, 69 0,50 . 40 1.83
30 Jul, 69 0.50 18 (A) 1.94
6 Sept. 69 0,50 33 2.22
k1 Oct. 6% 0,10 79 2.36
5 13 Jul. 69 0,50 48 1.47
28 Jul. &8 0.50 66 0.83
28 Jul, 69 0,50 66 [A) 0.83
4 Sept, 69 .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, 6% Q.50 62 0.9
29 Jul, 68 0,50 62 (A) 0.96
4 Sept. 69 0.10 77 2,61
9 Oct, 69 ¢.10 14 19,66
27 14 Jul. 69 0.59 9 4.82
29 Jul, 49 Q.50 30 2,41
26 Jul. 69 0.50 28 (A) 2.55
9 Oct. 69 0.10 13 20.40
28 28 Jul, 69 0,50 L1 0.83
28 Jul, 69 0,50 66 (A) 0.83
4 Sept. 6% 0.10 55 5.98
& Oct, 69 0.10 54 &.16
20 Qer. 69 0.10 78 2.36




Table 2 . (cont'd)
STATION DATE % TRANSMITTANCE
(!Ta,path length-1)

29 7 Oce. 69 a2

31 14 Jul, 69 39
14 Jul, 6% 3
29 Jul, 5% S8
29 Jul. 6% 56
6 Sept. 69 13
8 Oct, 69 22

33 14 Jul, 69 8
29 Jul, 69 8
29 Jul, 69 [
& Oct, 69 6

35 14 Jul. &9 0.50 34
29 Jul. 69 0.50 46
29 Jul. 69 0.50 46
& Sept, 69 0.10 85
6 Sept. 69 0.50 36
B Oct. 69 (lm) 0.10 73
8§ Dct. 69 (lm) 0.10 B9
8 Oct. 69 (1m) 0,10 73
§ Oct, 69 (lm) 0.10 &3
8 Qct. 69 (Im) 0,10 82
8 Dcr, 69 (lm) 0.50 h¥3
8 Oce, 69 {lm) 0,50 22
8 Qct. 69 {(2m) 0.10 78
B Oct. 69 (2m) 0.10 73
8 Oct, 69 (3m) 0.10 78
B oce. 69 (3m} 0,10 73
§ Oct. 69 (3m) 0.5¢ 19
8 Cct. 69 (3w} 0,50 20
8 Oct. 69 (Sm) 0,10 74
B Oct. 69 (5m) 0,i0 72
8 Oct. 69 (5m) 0.10 78
8 Oct. 69 (5m) 0.10 80
8 Oct, 69 (5m) 0.50 18
8 Oct. 69 (5m) 0.50 19
8 Qer. 69 (7m) 0,10 73
8 Oct, 69 (7m) 0.i¢ 71
8 Oct. 69 (Tm) 0.50 18
8 Qct, 69 (7m) 0.50 18
8 Oct. 69 {10m} 0.10 70
8 Oct, 69 (10m) 0.10 73
8 Cet, 69 (10m) 0.10 78
8 Ocr, 69 {10m) 0,10 77
8 Oct., 69 (10m) 0,50 18
8 Oct. 69 (10m} 0.50 18
8 Qct, 69 (15m) 0.10 £g
8 Oct, 69 (15m) 2,10 76
B Oct, 69 {15m) 4,50 17

38 15 Jul, 69 0.50 53
30 Jul, 69 64
30 Jul, 69 63
6 Sept. 69 15
6 Oct. &% 9
29 Qer, 69 60

41 15 Jul, 69 48
30 Jul, 69 £4
30 Jul. 6% 64 [A)
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Table 2. [cont'd)
STATION DATE PATH LENGTH % TRANSMITTANCE X
[meters) (¥T_,path langth'l) ¢
o
‘ (n-1)
7 Sept. 69 0.50 39 .88
6 Oct, 69 0.50 8 5,05
43 15 Jul. 69 0.50 33 2.2
30 Jul. 69 0,50 16 3.67
30 Jul, 69 0.50 14 (&) 3.93
& Oct. 69 0.50 1 9,21
45 15 Jul. 69 0,50 52 1,31
33 Jul. 69 0.50 72 0,66
30 Jul. 69 0.50 72 (A} 0.66
7 Sept. 69 0.50 18 3,43
6 Oct, 69 0.10 80 2,23
6 Det, 69 0.50 14 3.93
48 15 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. &9 0.50 12 4.24
12 Oct. 69 0,10 67 4.00
29 Oce. 69 0.10 18 17.15
50 B 11 Jul, 69 0.1¢ 27 (A) 13.0%
27 Jul. 69 0,10 42 8.68
27 Jul, &9 0.10 40 (A) 9.16
50 € 11 Jul, 69 0.10 32 11.39
11 Jul. &9 0,10 38 (A) 9.68
27 Jul. &9 0.10 50 6.93
27 Jul, 69 0.1¢ 49 (A} 7.13
1 Sept, 69 0.10 35 5.98
S Oct. 6% 0.10 18 17,18
51 11 Jul, 6% 0.10 77 2,61
11 Jul, 69 0.10 72 (A) 3,29
27 Jul, 69 0,10 64 4,46
27 Jul, &9 0.10 65 (A) 4,31
3 Sept. 65 D.10 49 7.13
5 Oct. 69 0.1 65 4.31
52 11 Jul. 69 .10 42 8.68
11 Jul, 68 6,10 49 {A) 7.13
27 Jul, 69 0.10 a2 8.68
27 Jul. 69 0.10 40 {A) 9,16
3 Sept, 65 0.10 19 16,61
§ Oct. 69 0,10 18 17.15
54 11 Jul, 69 ¢.10 30 12,04
11 Jul. 69 .10 62 (&) 4.78
27 Jul. 69 0,10 61 4,94
27 Jul. 6% 0.10 58 (A) 5,45
8 Sept. 69 0.18 30 12,04
5 Oct. 69 ¢.10 22 15.14
30 Oct. 6% 0,10 12 21.20
54 B 28 Qet, 69 0.10 i0 23.03
57 10 Jul, 69 0.10 58 5.45
10 Jul, 69 0.10 B0 (A) 2,23
25 Jul, 69 0.10 69 (A) 3.7
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Table 2. {cont'd)
STATION DATE PATH LENGTH % TRANSMITTANCE K
(metsrs) (¥T ,path lenpth-1) a
° {m-1)
8 Sept. 69 0.10 42 8.68
4 Oct. 69 0.10 34 10.79
S8 10 Jul. 69 0.10 22 15.14
10 Jul. 69 2.10 22 (A) 15,14
25 jul. 69 ¢.10 25 [A) 13,86
9 Sept. 68 0.10 8 25.26
4 Oct, 69 0,30 1 46.05
59 9 Jul, 69 D.10 55 5,98
25 Jul, 69 0.10 80 2.23
25 Jul. 69 ¢.10 73 (A) 3.15
g Sept, 69 ¢.10 73 3.15
4 Oct. 69 0.10 70 3,57
31 Oct. 69 0,10 2% 12.38
60 9 Jul, 69 0.10 30.5 11.87
24 Jul, 69 0.10 69 (A) 3N
2 Sept. 69 0.10 72 3.29
9 Sept. 69 0.10 €9 3.7
3 Oct. 69 0.10 34 9.68
31 0ct. 69 0.10 - 50 6.93
60 B 9 Jul, 69 g.10 3 [A) 35.407
24 Jul. &9 0,10 28 (A) 12.73
9 Sept. 69 0.1¢ 45 7.89
4 Oct, 69 0.10 20 16.09
60 C 24 Jul, 69 0,10 6.5 (A) 27.97
9 Sept, 69 0.10 28 12,73
3 Oct, 69 0.10 44 8.2
61 9 Jul. 69 0.10 15.5 (A) 18.64
24 Jul. 6% 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 9.10 18 5,68
31 Oct. 6% 0.10 12 11.39
62 9 Jul, 69 0.10 4 (&) 32,19
24 Jul. 69 0.10 25 (A) 13.86
10 Sept. &9 0.10 32 11,39
3 Oct. 69 0.10 3 35,07
63 17 Jul. 69 0.10 41 §.92
1 Aug. 6% 0,10 1 46,05
1 Aug. 69 0.10 1 (A) 46.05
10 Sept. 69 0.10 16 18,33
13 Oct, 69 0,10 2 39.12
31 Qet, 69 0,10 31 11,7}
64 15 Jul, 69 0,10 50 6.53
15 Jul, 69 0,50 7 5.32
31 Jul, &9 0,10 45 7.99
11 Jul, 69 0.10 44 (A) 8,21
31 Jul. 69 0,50 2 7.82
31 Jul, &5 0.50 2 (A) 7.82
7 Sept, 69 0.10 44 8.21
i2 Oct, 69 0,10 18 17.15
29 Det. 69 0.190 24 14,27
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Table 2. [(cont'd)

STATION DATE PATH LENGTH % TRANSMITTANCE X

(moters) (%Tu,path length™) o

(m-}}

65 16 Jul 69 0.10 50 6.93
31 Juk. 69 .10 . 50 6.93

31 Jul. 69 0.10 49 (A) 7.13

66 B 31 Jul. 69 0.10 70 3.57
31 Jul, 69 ’ 0.10 68 (A) 3.86

68 16 Jul. 69 0.10 62 4.78
31 Jul. 69 0.10 40 9.16

31 Jul, 69 0.10 39 {A) 9.42

8 Sept. 69 0,10 30 12.04

12 Qct, 69 0.0 14 19,66

30.0ct. 69 0.10 “12 21,20

69 16 Jul, 69 0.10 49 1.13
3F Jul, 69 0.10 49 9.16

31 Jul. 69 0.10 38 (A) 9.68

8 Sept. 69 0.10 34 10.79

12 Oct. &9 0.10 10 23.03

69 B 28 Oct. 69 0.10 8 25.26
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Table 3. Computed valuss for vertical extinction coefficients, based on measurements of the
percentage of surface light resching several depths in the water column, These measurs-
ments were made with a Whitney submersible photometsr (Montedoro Corp. model [MT-84) with
no filters over the sensor. Vertical extinction coefficients were obtained as the slope
of regressisns between (In & surface light) and water depth, ignoring the depth interval
D-lOlcn. These estimates of extinction coafficients were computed from depth profiles
of light in lake water-flushed dagk tanks [K,(DT)] on the ship, and from depth profiles
of light in the lake [K,(IS)]. r° is the correlation coefficient of the regression.

STATION DATE TIME K'(D’I‘] rz KV[IS) r2

n! wl
00 03Juné?d - 4,06 0.966
00 17Jul69 1115 6,69 0.998
13} 05Julsd - 7.24 0,996 4.55 0.965
17Jul69 1145 6.14 0,999
02 04.Junb9 1730 3,42 0.897
04Jun69 1730 3.14 0.827
09Jul69® 1514 5.99 0.992
04 09Jul69 1710 5.78 0.959
06 26Jyl69 0600 - -
o7 05Jundd 0830 1.83 4.971
10Jules 1002 3.3 0,988
26Julé8 0830 4,08 $.992 2,00 0.956
08 2Jul69 2810 4,69 0.997 .06 0.873
10 05Juné9 1145 2.4 0.873
10Jul6y 1235 1.53 0,976 1.88 0.996
26Jul6d 1220 3.2% 0,996 1,40 0.956
13 05Juné9 1545 Z2.06 0.938
138 050ct69 1415 6.56 0.997
14 05Junb9 1930 1,57 0,317
26Julbg 1653 3.52 0.997
15 06Junéy 1005 2,26 0.965
16 06Juné9 1115 1,66 0.971
11Julb9 1015 3.40 0.988
27Jul6d 1100 3.80 0,996 2.98 0.994
168 BOcts9 151§ 6.14 0.992
17 12Jul69 0930 9.33 0.883 1.71 0,985
12Jul69 1317 5.62 0,998
12Julé9 1400 L.44 0,946
12Julé9 1500 5.88 0.98%
18 06Juns® 1420 2,26 0,988
27Jul69 1800 1.47 0,996
20 07Juné9 0815 1,16 0.697 1.64 G.899
07Juné9 0815 1.79 0.921
13Juls’ 0830 1.46 0.982
13Juléd 1010 2.76 0.971
28Julpo 0900 1.23 0,998
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Table 3. (cont'd)
STATION DATE TIME X, (0T rz K, (15) 2
llﬁl . n‘l
21 073unés 1018 1.50 0.953
13Jul69 1100 . 1.31 0.999
28Jul6 1127 0.622 0,998
28Jui68 1140 1.48 0,931
22 13Jul6§ 1130 2,72 0.959
23A BJul6d 1415 1.43 0.977
23¢ 28Ju162 1630 0.835 0,999 ,
28Jul6s 1655 2,36 0.992 ;
23D 07Junés 1430 2,16 0.971 ?
23E 07Jun69 ‘ 1530 2,39 0.980 0.827 0.996
30Ju169 0825 0.631 0,898
25 07Jun69 2000 0.595 0.890
13Jul69 1825 1.79 0.960 0.656 0.991
281ul69 1836 0.581 0.996
28 08Jun69 - 1045 1,35 0.982
29 08Junt9 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 14Jui69 0905 0.935 0.995
14Jul69 0905 0.959 0.993
14Ju169 0905 0.924 0.994
14Ju169 0930 2.84 0.779
14Jul69 1245 2.50 0.971
14Ju169 1420 .60 0.933 0.834 0.949
26Juléd 0930 2.72 0.919 0.709 0.943
29Juled 1540 ’ 0,802 0,998
25Jul6% 1550 2.17 0.992
080ct49 1305 4.35 0.999
080Ct69 1308 1.92 0.997
080ct69 1405 1.17 0.996
080ct69 1600 0.938 0.960
CB0CtEY 1815 3.44 0.991
39 15Jul6d 050 3.94 0,952
30Julés 1039 0,509 0.937
m 18Juléd 1140 2.68 0.918 0.640 0,598
30Julé9 1255 0.534 0,986
30Ju169 1259 1.72 0.998
060ct69 1700 3.37 0,993
43 15Jul69 1420 2,20 0,992
45 15Jul69 1545 1,90 0,997
060ct69 1245 2,92 0.970
I
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Tahie 4, Percentage transmission (%Ty) of light (from a bunk of fluorescent tubes) at various

wavelengths (Ai)through a 0.1 meter water column, vertical extinctioen coefficients

(K‘R\) for each wave length over the 0.1 meter water column, and computed vertical
ex?lhction coefficients (Kg.? and percent transmission {%T) for & = 400 to 1000 mu
through a 1.0 meter water tolumn, These data were determined with a 16 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. Sce Fig. 1
and metheds.

e ————

Station 05 12 138 16
Datce 025ep69 025ep69 N50ct6Y 35ep6h9
Time 1300 1740 1030 1145
_ 5T K 5T K 5T, Ko,
yave Length {Ai] a[h KSRR b SRA X SR b SR}
(i) w. wl) mh 1wy h w1y w1 why ok

405 24.7 14.0 54.2 6,12 63.4 4.506 19.4 7,05

436 18.0 17.1 6.59 27.2 36.1 10,2 .76 23.5

460 39.8 9,20 38,2 9.62 51.2 £, 70 3.l 1200

480 3z2.4 11.3 30.6 11.9 50.6 6.82 44 .4 3,11

500 31.7 11.5 33.3 11.0 50.4 6. 86 30.8 11.8

520 47.2 7.51 16.4 7.68 53.1 6.33 56.0 10,2

546 60.3 5.06 61.0 4.95 53.9 6.17 45.4 7.80

577 52.5 6.44 52.0 6.54 57.1 5.60 45.8 782

600 49,8 6.97 46.3 7.70 55.6 5.88 37.9 9.7

640 50.0 6.93 50.0 6.93 59.7 5.16 46,4 T 6Y

660 53.3 6.29 53.3 6.28 60.5 5.02 53.3 6,20

691 56.8 5.65 56.8 5.65 67.4 3.95 50,0 $.93

730 55.0 5.98 58.0 5.45 66.4 4,08 50.0 .93

300 50.0 6,93 50.0 6.83 75.0 2.88 2.9 847

ang 50.0 6.93 - - 8§2.7 1.90 -

1000 n.n - 0.0 - 52.0 1.69 0.0 -

oF 0,043 L 0,034 q ! n.188 oL 0008 !

KSR 7.74 7.99 6.27 9,13
Sration a8 500-51 51 TTEs
Date 07S5ep69 03Sephd 0500169 DAL ep6d
Time 1530 1700 1845 AR
wWave Length (Xi)_ olA RSRA uTA RSRA all KSRA %WA
_11}) (.1 m'lj (m‘lJ (u.1 w-1) (m'l) (0.1 m- 1y {m-1} (0.1 m_l)

405 38.6 9.53 34,9 10.5 59,2 5.24 1503

436 42.4 8.57 4.39 31.3 30.7 11.8 11,06

464 59.4 1.12 23.6 14.4 16,9 7.58 175

180 85,2 1.60 41,7 3,76 46.4 7.68 14.7

S04 55.8 5.83 25.8 13.5 46.3 7.70 4501

520 61.6 4.85 32.8 11.1 51.5 663 39.1

546 74.0 3.02 46.0 7.76 52.9 6,36 48,0

577 68.8 2.75 43.8 8.27 56.3 5.75 50,5 R,

600 48.1 7.33 36.8 9,99 58.9 5.29 41.9 RINGH

640 60.0 5.11 43.6 8.29 64,8 4,341 55.01 R

660 68.3 3.81 51.7 6,60 67,7 3.490 S58.9 Tt

691 86,4 1.47 47.7 7.40 75.0 2.88 T8 |

730 0.0 - 47,0 7.55 71.5 3.35 -

800 - - 39.3 9. 34 31.0 1.75 5.8 1 .onn

900 - - - - B 1.05 -

1000 B0 12.5 0.0 - B8.0 1.28 -
5T Voot 0,004 m No182 0032 5!
Ko 4.11 10,1 .31 N
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Table 4. {cont'd)
Station 35 35 35 45
Date 065ep69 080ctad 080ct69 060ct69
Time 1200 1300 1825 1315
Wave Length (1)) al, Kepy 3T, Keny 3T, Ksps L Keps
[y} (0.1 m'l) Uﬂ‘l” (0.1 m'lJ (m~1) (0.1 m'lj (m-1) (v.1 m'lj (m-1)
405 26.5 13.3 78.3 2,45 84.9 1.63 TS5 3.08
136 65.6 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 2,10 79.1 2,54 82.0 1.99 73.5 3.08
500 54,2 5.13 77.3 2,57 80.5 2.17 73,0 315
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
601) 39.6 9,25 78.1 2.48 80.0 7.23 741 2,96
640 45,5 7.89 82.0 1.99 84.1 1.74 76.9 2.62
660 48.3 7.2 80.2 2.21 83.5 1.81 75,7 2.79
691 59,1 5,26 83.0 1.87 86.0 1.51 783 2.45
730 27.0 13.1 75,5 2.81 83.5 1.80 750 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 80,0 2,12
1000 7.62 25.7 86.9 1.41 87.2 1.37 886 1.21
4T 0,278 - B.73 m 12.t ! 4T
Kep 5.89 2,44 2.1 3.04
Station 16 17 230 T g
Date 050ct69 03Sep6d 06Sepoy D48epod
Time 1530 1230 1750 1640
Wage Length ()\l) %TA KSRJ\ -“6’1')\ KSRA %TA KSRA %1 KSRA
tm) (0.1 m b @l OB B C R N OIS S i N s N
105 £3.8 4.50 8.6 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 0.7
160 52.9 6.37 27.6 12.9 69.9 3.58 52,0 §.53
480 53.3 6.29 41.7 8.76 76,9 2,63 63,0 4,03
500 50,0 6.93 28.3 12.6 51.7 6.60 133 8.36
520 54,3 6.11 36.0 10.2 52.4 4.72 45.6 7.85
546 54,2 6.13 46,0 7.76 73.7 3.06 53,5 4.5
577 55,2 5.95 43.8 8,27 66.3 4.12 56.3% 5
600 55,7 5.85 38.6 9.52 43,2 8,40 50,4 6.76
640 58.5 5.37 16.4 7.69 56.4 5.73 4.3 6. 00
660 61,2 4,91 55.8 5.83 61.7 4,83 601 5.1
691 66.5 4,07 51.4 6.66 72.7 3.19 50 5.
730 71.4 3,37 52.0 6.54 17,0 17.7 [T 5,08
800 80.9 2.13 45.7 7.83 53.6 6.24 67 5.t
900 87.5 1.34 - - 83.3 1.87 - -
1000 87.1 1.38 0.0 - 14,3 19.5 oo -
.F 0.217 n"* 0.006 m 0.608n" 1 SRR
K 6.14 9.76 5.1 6.5

Sk




fable 4. (cont'd)
Station 59 59-60 voo T —Eo
Pate N9Sep69 025ephH 9 0400t H9 Na0ctay
| Time (045 1340 0940 1850
: Wave Length (%) w1, Kapy w1y Koy L Ly G LT
! Lt (u.1 ol (m-1} (¢.1 w1 {1 lju__(_L_) doaely g Ly ol _m'lj il
] 405 37.7 §.75 24,9 10.5 55.4 HLatl IR JLa)
4306 22.7 14.8 17.0 17.4 37.3 .85 LN 9, 1t
H 460 55.3 5,92 12.3 3.0l 49.7 7.00 53.4 6. 08
. 480 54.5 G¢.06 35.2 1n.4 48.6 722 51.1 (1. 6o
i 500 53.9 6,18 34.2 10.7 49.2 7,10 58,2 5.l
520 52.7 6,40 50.8 6.77 51.4 H.65 54,8 [SRNIAN
540 63.3 4.57 63,7 1.52 52.2 6.5N0 54.2 G.13
577 63.0 4.063 56.3 5,75 54.8 6.02 37.8 5,18
600 53.9 6.18 51.9 6,55 53.3 6,29 56,0 5,04
[SE20] 65,0 4.31 53.6 6.23 58.5 5.306 59.8 5014
660 67.9 3.88 55.0 5.98 59.4 5.21 63.0 1.62
691 75.8 2,77 58.2 5.42 65.8 3.18 TOon 3.57
730 - - 56.0 5,80 64.0 4,46 q0. 2 9,12
800 71.7 3.32 48,2 7.30 79,1 2.35 B1.58 2.
900 40,0 9.16 55.0 5,98 83.2 1.84 01,7 0,860
1000 [URY] 5.11 0.0 - 52.8 1.89 s0.U R
e - e -1 -1 a1
T 0.292 w 0.078 1 0.146 m 0. 25,
RSR 5.84 7.16 £.53 5.94
Station B 6l i ) 62 - T T (38—i774_‘74.__ o
late 105ep69 045ep6Y N8=epbh9
Time 0920 1007 Halsle
Wave length (Ai) %’T)\ KSR D(ET)‘ KSR). % B K’SRa ”‘I'.l 1\.‘.‘“}
(Mil) (0.1 m_l] e fo lm Ty m 1) w.l 1.1’7& _Lh_’lj_ ‘__\g:j;l_]l:__j poped
405 10.6 .01 60,2 5.07 30,7 2014 ns.7 5074
430 0.0 - 73,2 3.12 31.2 11.6 J18 8,
460 6l.8 4.81 81.3 2.07 87.0 1.3% SN Al
480 60.2 5,08 - - 80,6 216 58.0 SLn
s00 60.6 5.01 75.0 2,88 56.7 H.08 ST O S
520 Hh3,1 4,60 80,4 2.23 51.2 Hh,6Y 56002
546 67.7 3.90 85.9 1.18 (2.5 4.69 50,4 L
77 70.3 3.53 87.5 1.34 59.5 5.19 ah,n 010
500 64,5 4.38 84,2 1,72 44.2 53.160 50,0 Lo
640 4.5 2.94 81.8 2.01 61,8 4.81 5.5 bt
660 75.9 2,76 Q0.0 1.05 .0 3,57 BhL O [
691 $1.5 2.03 81.8 2.0l 8§2.7 1.90 T s
730 - - 80.0 2.23 .o - L0 R
800 70,0 3.57 64.3 1.42 60.7 1.849 78,0 o5
Q00 76.7 2.0606 - - 83.3 1,82 §7.2 1.
1000 55.5 5.88 0.0 - 19.0 16,6 Ba 0
oF 0,894 5 17.1m 7} .34yt 082y
RSR 4,72 1.77 5.67
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Table 5. Suspended sediment (SS) total dissolved solids (TDS}, and total
solids (TS} for Lake Winnipeg and Red River stationms.
locations can be found in Fig. 3.

Station
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STATION NO. pATE SAMPLING DEPTH (GRAMS  PER  CURIC MFTER)
(METERS) NS 5% TS
0 270CT68 1.0 145.00 wHRpnRen LA LA L R
0 IMAREY 1,0 440,00 110,00 550.00
1] 18MaAREY 1,0 425,00 ad.0n 515,00
4] 31MAR69 1.0 400,00 11.00 411,00
0 15APREY 1.0 240,00 1900,00 7la0,00
0 2BAPRKY 1.0 250,00 2r5,00 535,00
Y 12MAYES 1.0 320,00 159,00 479,00
0 26MAYBS 1.0 530.00 200,00 i, 00
1} 9JLINGS 1.0 490,00 201,00 661.00
0 23JUNBY 1,0 530,00 S0.00 5a0.00
0 TJULG69 1.0 615.00 TS.00 660,00
0 21JuUL69 1.0 605.00 54,00 659.00
1] S5AUGH9 1.0 470,00 2R.00 508,00
0 18ALGEY 1.0 450,00 43,00 493,00
0 2SFP69 1.0 530.00 25400 555,00
] 155FPEY 1.0 455,00 15,00 470,00
0 29SFPE9 1.0 450,00 42.00 492,00
0 1400769 1.0 470,00 P3.00 493,00
0 270CcT69 1,0 4RQ,00 Q.00 489,00
0 1ONOVED 1,0 470,00 20.00 490,00
0 24NQVED 1,0 540,00 20,00 560,00
0 BDECEYT 1,0 620.00 10,00 A30,.00
0 29DECE9 1.0 560.00 10.00 570,00
0 19J4NT0 1.0 450,00 < 10.60 wpnotaes
[V} 3FERTO 1.0 560.00 10.00 570,00
¢ 16FERTO 1.0 540,00 GRS gu St LA AL LS
0 2MART O 1.0 480,00 < 10.00 G
0 30MARTO 1.0 540,00 10.00 50,00
0 13aPRT0O 1.0 480,00 44,00 524,00
0 Z21APRTO 1,0 280,00 TRO,.0D 106G,00
0 2TAPRTO 1.0 2R0,00 2%1.00 531.00
0 11MAYTO 1.0 400,00 723,00 423,00
0 25MAYTO 1.0 420,00 174,00 594,00
0 9JUNTO 1,0 340400 21K.00 SRB. N0
0 2ISUNTO 1,0 420.00 132.00 62,00
0 6JULTO 1,0 600.00 1os,00 795,00
0 20JULT0 1.0 500.00 124,00 634,00
0 5AUGTO 1.0 600,00 33.00 £33.00
0 17AUGTO 1.0 630,00 30.00 ae0,.00
0 3SEPTO 1.0 670,00 70,00 600,00
0 14SEPTO 1.0 570,00 10.00 580,00
0 28SFPT0 1.0 492.00 16,00 508,00
0 130CT70 1,0 550,00 27.00 BT7.00
0 260CT70 1.0 S07.00 11.00 518,00
0 SNOVTO 1.0 578,00 a6.00 6l4.00
0 24NOVTO 1,0 580,00 23.00 603,00
0 TDECTO 1.0 708,00 17.00 725,00
0 1FERT1 1.0 124,00 5.00 1529.00
0 15FFRT1 1,0 573.00 F.ON sRrl.00
0 1MARTL 1,0 943,00 21.00 64,00
0 15MART1 1.0 564,00 21,00 595,00
0A 3IMARES 1.0 355,00 205,00 560.00
0A 18MARGEY 1.0 360.00 105.00 465,00
0A 31MAREY 1.0 375.00 13.00 88,00
0A 1SAPRES 1.0 235.00 1300,00 1615,.00
OA 28APRE9 1,0 345,00 Is0.00 545,00
0Aa 12M8Y69 1.0 425,00 110.00 535,00
OA 26MAYEY 1.0 490.00 195,00 6R5,00
A GJUNBET 1.0 450,00 134,00 5R4,00
0A 23JUNGI i.0 450,00 110,00 560.00
OA TJULED 1.0 575.00 lag, 00 770.00
OA 2luuLe9 1,0 490,00 T8.00 568,00
0A SAUGHEY 1.0 350,00 275,00 575,00
oA 1BAUGRED 1.0 380,00 48.00 428,00
iy 25FP69 1.0 415.00 1R,L00 433,00
DA 15SFP69 1.0 335.00 PT.00 362.00
DA 29SEPE9 1,0 395,00 28,00 423,00
0a 140CT69 1.0 415,00 25.00 440,00
0Aa 2T0CTES 1.0 57000 16.00 SR6.00
0A 1GNDVES 1.0 400,00 20,00 420,00
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STATION NO. DATE SAMPLING DEPTH (GRAMS PER CUBTC MFTFR) 1
: {METERS) ™ns $8 s l
+F 24NOVE9 1.0 420,00 20,00 440,00
0A BDECEY 1.0 470,00 10,00 480,00
0A 29NFC69 1,90 440,00 < 10.00 taunenty
0A 19JANTO 1.0 400,00 10.00 410,00
0a IFERTO 1,0 380,00 10.00 360,00
0n l6FFRTO 1.0 350,00 LA AR AR L1 X XX
0a ZMARTO 1.0 3-0,00 2n.0n 370,00
0A 30MARTO 1.0 390,00 10,00 400,00
0A 13APRTO 1,0 400,00 ~T.00 4RT,00
0A 2TAPRTO 1,0 280.00 258,00 S78.00
0a 11M4AYT0Q 1.0 390,00 12,00 402,00
0a 25MAYTO 1.0 410,00 135.00 545,00
0A SUUNTO 1.0 290,00 1ga,00 486,00
0aA 23JUNTO 1.0 3306.00 129,00 4859,0n
0A 6JULTO 1,0 4RO, 00 1eg, 00 ARB8.00
DA 20JULT0 1,0 380,00 2Aa3.,00 ARIL00 ;
0A 5AUGTO 1.0 470,00 50,00 520,00 %
0A 17AUGTU 1.0 470,00 30.00 500,00
0A 3SFPTO 1.0 470,00 20.00 490,00
OA 14SFPTO 1,0 400,00 70,00 420,00
0a 28SFPT0 1.0 469,010 29,00 498,00
OA 130CcT70 1.0 440.00 ?9.00 469,00
DA 260CT70 1.0 IRF. G0 16.00 405.00
0A INOVTO 1.0 433,00 32,00 465,00
0A 24NOVTO 1.0 500,00 Ph.ON 526,00
oA TOECTO 1.0 492,00 15,00 507.00
A 1FFBT1 1,0 444,00 6400 450,00
0a 15FFBT71 1.0 355,00 9,00 364,00
0aA 1MART1 1.0 583.00 7.00 530,00
0A 15MARTL 1,0 460,00 o7.00 S87.00
0B IMARGY 1,0 820.00 40,00 8r0,.00
0B 18MARGY 1.0 165,00 70.00 A35,.00
08 IlMaREY 1.0 730,00 2.00 732.00
0B 15APRE9 1.0 320.00 450,00 770,00
0B 2BAPRESG 1.0 20,00 250,00 51¢.00
0g 12MAaY69 1.0 310,00 276400 536,00
oB 26MAYHS 1.0 5SRO, 00 205,00 785,00
1] 9JUNGY 1.0 570,00 145,00 715,00
0B 23JUN69 1,0 615,00 120,00 745,00
08 TJIulL69 1.0 720,00 170,00 500,00
L] 210UL69 1.0 T05.00 2P3.00 928,00
08 5AUG6Y 1.0 710,00 360,00 1n70,00
o8 18AUGHY 1.0 565,00 360.00 Q25,00
0B 2SEP69 1,0 595.00 145,00 740,00
cB 15SFEP&Y 1.0 630,00 SH.00 688,00
1321 POSEPRY 1,0 6©30.00 SR 00 6BE,00
0B 140CTeY 1.0 710.00 75400 735,00
(i1] 270CT69 1.0 T40.00 14.00 754,00 I
od 10NOVEY 1,0 790,00 20,00 alo,o00
17:) 24NDVHY 1.0 440,00 20.00 460,00
0B BDECEY 1,0 §20,00 20.00 940,00
08 29DECE9 1,0 930,00 10,00 640,00
oB 194anNT0 1.0 Ra0.00 10.00 AG0,00
08 IFERTO i.0 890,00 10,00 500,00
08 16FERTD 1.0 900,00 thbpaitog Buaahasso
0B 2MARTO 1,0 830.00 10,00 R4f,00
0B 30MARTO 1.0 31650.00 ?0.00 670,00
0B 13APRTO 1.0 G20,.,00 33,00 953,00
uB 27APRTO 1.0 30,00 343,00 703.00
0B 11MaYT70 1.0 450,00 61.00 51l.00
0B 25MaYT0 1.0 440,00 leg.nn 629.00
08 9JUNTO 1,0 510,00 113.00p &23.00
o8 23JUNTO 1,0 630,00 Gha 0N 726,00
0H 6JULTO 1,0 T40,.00 lr3.on 903,00
o8 200UL70 1.0 676,00 ans,00 975,00
0B S5aUGTO i,0 710,00 263,00 979,00
0B 174UGTO 1.0 790,00 200.00 290,00
0B 3S5FPTO 1.0 B20,00 220.00 1040,00
11.) 145EPTO 1.0 T790.u0 70.00 860,00
R 2BSERTO 1.0 150,040 59,00 A9, 01
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STATTON NO. DATE SAMPLING DEPTH (GRAMS PER CURTIC MFTFR)

(ME 1ERS) TDS S TS
08 130€TT0 1.0 650.00 29,00 &R9,00
0B 260CT70 1.0 553.00 79.00 632,00
0B 9NOVTO 1,0 766,00 €6.00 p22.o0
[H].] 24NOVTO 1.0 865.00 49,00 914,00
oH TDECTO 1.0 9A0.,00 41,00 1021.00
! 0B 1FERTL 1.0 935,00 1z.0¢C 947,00
OB 15FER71 1,0 913,00 24,00 937.00
o8 1MaRTL 1.0 402,00 T.00 409,00
; 0B 15MARTL 1.0 214,00 .00 Phbd 00
1 1 270768 1.0 95.00 HnBapaYs L LA AR
¢ 1 9JuLE9 1.0 422.00 30.64 452 .64
1 2SEPES 1.0 ausuBone 27.90 anpubuny
1 2T0CTE9 1.0 Satateas T4 .20 LER-L 5L R 20
2 280CTe8 1.9 205,00 L Y A venmsess
2 23APRE9 3.0 235,00 13,00 388.00
2 SJuULEY 1.0 250,00 2741 277,41
2 24 JUL69 1.0 S ?1.50 Ho iy
2 Z5FP69 1.0 eadad e 22.30 beantaay
2 30cTeY 1.0 260,00 44,04 104,04
2 270CTE9 1.0 apdndang 20.50 dupataps
Z 17TMARTO 1.0 296.00 2.29 298,29
2 17MaARTO 5,0 256.00 l1.6R Z25T.68
3 SJUL 69 1.0 394.00 9l.44 485,44
3 30CcT69 1.0 280.00 138.73 418,73
3c QUILEY 1.0 BopseEy 29,87 HapeReRs
3C 30cT69 1,0 140.00 19.8R 159.RA
3C 17MARTO 1.0 299.00 1.97 300,97
3C 17MARTO 4,0 285,00 0.87 285,87
4 9JuL 69 1,0 26l1.00 16,72 297.72
4 24469 1.0 eI 13.9R vpnRhaen
4 Z25FPKR9 1.0 33 B gh i S 4 21.19 Spatdses
4 00T6e9 1.0 180.00 75.83 205,83
&4 3100769 1.0 aatidnas 27.07 -T2 -2 2]
4 18MaRT0 1.0 23%.00 1,38 236,3R
4 18MaARTO 6,0 265.00 1.3% 266,35
5 YJULBY .0 Y R ] 10.40 4F 3 4 4S04
6 10JUL6E9 1.0 95.00 R,00 103,400
& 10JUL69 10,0 Y yY-X-2-1.4 12.h4 enapdas
&6 300CTAS 1.0 LT R 16430 BB EE S
7 10JUL69 1.0 T77.00 11.22 B8.2?
1 9SFPA9 1.0 YT Y223 14,42 BT TR X 2
7 40CT6Y 1.0 65.00 11.85 76,85
7T 310cT69 1,0 aniatéds ReBT ER-R-2 L X5 1)
8 104UL69 1.0 83.0n T b7 90,47
8 26 JU1L.69 i.0 Sntatais 9,133 T .25 1
8 9SEP6? 1,0 P 22T B3k B pu e
8 40CT6S 1.0 45.00 17.38 he, 36
8 310CTE9 1.0 272 2-2- 2224 ALER e 4t b S A3
9 10JUL69 1.0 g G 9.98 S RHNL
ig 10JUL69 1.0 106,00 fa 3% 112.39
10 10JULBYT 11.0 L2223 5.2 L.23 Y- 22213
i0 BSFP6E9 1.0 $unanBeo 10.1a Stprdadd
10 40CcTE9 1.0 140,00 ?0.13 160,13
10 00CTES 1.0 HpepBER 23.62 LA LA A
11 10JUL69 1.0 HopRRRR S.41 vanptone
11 2T0CTE9 1,0 LYY 23 L 48 15.23 Tapdtans
i2 10JUL69 1.0 LA LA b g 5,39 LR L
12 B8SFP&9 1.0 LR L A 11,32 poaitang
12 40CT&Y 1.0 L2232 3 44 5,56 4 4 4 8 S A B S
12 300CT6Y 1.0 LT 20 g a cR.40 EXE R R R A
13C 290CTES 1.0 135,00 sudpanny Hanedaiy
14 104UL69 1.0 85.00 T.66 92 .hk
14 26 JUL69 1.0 patgponn 11.62 wpanfeas
l4 BSFP6&9 1.0 LT R 2 L) 14,90 Xb g g4 F S
la 50CTE9 1.0 135,00 7l.08 156,0R
14 300CcT69 1.0 L LA AR PhaT3 HRupBETS
15 31 JUL6Y 0,0 X-2-2-2- 12 2 47,13 s tan
15 31JUL69 1.0 LE R L .32 dHapdELs
16 11J4UL69 1.0 Tl.00 8.76 79.76
16 2T JULAY 1,0 LT F-1 L Lok 12.58 el b GO




STATION NO.

NATE

ISFPE9
S50cTe9
2BOrTA9
50CTHY
114169
27169
ZTHILES
3SFPAY
500 T69
2800 Th9
28 HIL69
eaJUILES
3SFPRY
3S5FP6S
110cTHSG
280CT6S
134UL69
35FP&9
110CTH9
280CT&9
280CTe9
2BOCTHS
28JUL 69
4SFPAY
11arTeY
28067169
4SFPR&Y
1100769
Z290TEY
2B JULLE9
1340169
2BUULBY9
65FPE9
110CT69
2ONCTRY
2900TeY
1SJUL6Y
I0JULKS
110CcT69
2EJULBY
4SFPeY
60CTHY
29NrTeg
13JuL 69
60CTe%
290CTH9
20MAKGY
cBUULAG
4SFPEY
70cT69
290CThY
18MARGY
l1RMARES
1RMARSEY
18MARGY
18MaKKI
144U 69
29 HIL69
65FEP6&Y
65FP6&Y
80cT69
B0OCTe9
1APRGY
1APR&9
1APRES
3001, 69
hSFR69
600 THY
60rTES
230CTHS

SAMPLING DEPTH

-
LI O B I I |
OO C OO OO0

—
* & =

P e = P e et b e b S b b b e b b b S e e e e b e e (R = LT b= b = = (Y b e e = e
cCoQ

— —
“« ¢ 2 * % = & 2 s s ® B8

Do OO oOoOoOCcC OO

R I L R T R T

—

L I T R SO,
CoOO 000000000 Ct DoOC O0O0o OO0

[

-

—
O o= = o o N e ML e b S e —
- - » . .

Lo —
Lol ¥ o R il oY)
- u

- s 3

—
CoOoOoT oo CcCoOoC oo S ocoooc oco

(GRAMS

™ns

Ty

AUL0D
AuHpRies

135.60

107.00
L
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GHunEE i
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Eabaid
Gabahans

185,010
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139,00
['E-X-F-X 8- 203
1R80.00
LE-X-3--3-F-%-3
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X3 X 2-X-X-%-]
65,00
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170.00
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148,00
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R EN-X- 3
EX-2-R-L 2% X3
LE- 2 K- 22
LR 2-X-2 12211
LE-R-E R-2 -5 R

163,92
EX-F.X-5: 208
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R X 2
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P TR R T
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LR X R TS
1RO 20
tapHogs
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STATION NO.

DaTE

290CTHY
15JUL69
I0JULAKS
30JULE9
60CTEY
15JUL69
600T69
Z2APRKY
2APR6E9
2APRES
15JULKS
30JUL69
TSEPBY
TSFP6Y
1200769
120C769
290CT69
290CTe%
S0CTRY
114169
3ASFPEY
50CT6S
506TH9
11JUL6Y9
2TJUL6S
85FPHY
500769
300CT69
280CT69
300CTe8
31 JUL6ES
290CTe8
3100Te8
23APREY
23APRAY9
23AFRE6Y
10JUL69
25JULB9
40cTe9
270C0Te9
loJuLe9
310¢T68
QIULEY
9JULHS
25JULeYS
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ASFP6Y9
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40CT69
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310CT69
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9SEP69
300TEY
30CcTe9
310CTe9
FJULEY
40CT6I
1BMPRTO
g IULE9I
GJULED
24 JUL69D
10SFP6Y
10SFP&S
30CT69

[

o e = O P e b b B = T

—
a =

——

-

-

—
s e s 8 & & » w =

% s % s & 2 3 B 4 @

—

—
. .

-

= & &+ & 8 & &« » 3

-
. .

e
— O e b O b b b e e D b e b e o R O S e O e e e D e e b b b b b OO [ e b = D = b b e b b b e e e = T — " e

s & ® & & 3 B ¥ ® & = @&

N - e o R o e - - - o - - - - - - -~ - R - R - R R e

(GRAMS

Tns

L X3 8- 121
laB.0D
EX-R-F-2-2-2-3 3
53 4 b de A T 40
1g0.00
167.00
19%.00
210,00
?20.00
216,00
120.00
L EY-F.2-2-2-%-3
LR -2 X0 X )
L R-X-2:2-3-R-2-
155,060
135,00

- R-F-X-2-3-3-]
LE-X-3-%-2-X-3-1
0,00
39,00
[IX-3.F-%-R-F-1:3
70.00
~0.00
56,00
LX-2-1-%:8-8:2-
X X-F-B-5-3-2-4
los.00
XX X -RIE-X-X-3
-2 F-5-X-F- 3+
135,006
XXX - %-X-J
190.00
165,00
Q0,00
150.00

330.00
X 2- 2. 2-2-8-3-1

LT Y3
355,00
spsaRpae
LS. -0 F- ¥ 368
135,00
145,00
LR 2. X-5-2 X1
EET- T LT
EET 2 X -2
LR R - R
ot
170,00
1&0,00
GG pHEG
SoRLREEs
145,00
155,00
1rt.00
224,00
Gaoaddeo
TR
260,00
2R0,00
EX L s
W R EEE
2ad,0n
2REL.0G

200,00
LT

odndnee
Gptotdas
e ey

235,00

RER  CURTC

5

21.70
Pabl
lega
4 .4F

10,57
2.5F
.69
7.00
A NN
T.00
RL.R3
ek
&3
1,490
Q.le
G,.30

22437

724373

LR R F-E-2-E R}
4o Th
4,3k
5,87

20.23
.10
a,7a
1l.64

23.2%

P

7ARLLD

LE-EIE-. - - E ]
E i

= -E-EN-R-F- -

DR Rk -X-
1.00
2. 00
l.0n
7.41
Fe2F

17,30
1300

la,ln

L R - Rk S
T.H4
H.37
4,17

34,37
S5.7T4
S.26
TabD
9.00

13.24

17.40

L0000
4,00
7.00

13.56
AL
545#8

10,2%

19.38

10,19

13,64

7Y AR
3,46

?l.60

19,6~
o34
Fe BR
6,75

Flaa?

METFR)
LS

LR R
150.61
LR TR X )
FURR-X YRR
200,57
169,GR
203,69
217,400
reb,nn
217,00
125,83
EpE e L
EFEY-X- X5 5
EE -
164,16
144,30
EX-EX 22 2 21
L322 5.2
fandREEe
43,7k
papUBOLD
75.87
R0,23

A4 10

R -2-%:- 34
EET L2222+
128,25
R L ST E-)
ERE R R )
PEEE T
2R
X R 5- R XX 8
EFEE-2-3- 1
gl,00
1s2.00
%00
LR X R UR.
Hnspdhesy
372,30
Wb AR e
LR TN
EF Xy
152,84
Y. -3 200
T
EE R R
EE -2
EE-XE A -Er )
177.60
169,.0N
bR SR U 4
ERF-EX-21-2H
177.00
159,00
167.00
?37.56
X2 X8 ]
LN R- RN Y
279,75
299,3A8

R TR )
EXTE-
NG, KB
P2HY, a8
230,60

FpeBOBST
P T TR
P )
P ErT Y

2hB. nr




29 %

|

il

STATION NO. DATE  SAMPLING DEPTH (GRAMS  PER  CUHIC MFTFR)
(METERS) s 55 T8

61 3l0cTes la0 dutpdny 16,640 oot
61 1BMARTO i.0 253.00 4,72 257,.7¢
6l 1BMARTO 7.0 387,00 16,06 403,0nR
62 310CTeS 1.0 150,00 EE Y SapEBape
62 9JiiL69 1.0 LR LY T 27.70 Y LY
62 30C0ThS 1,0 310,00 25,490 195,90
63 l1aUG69 1.0 Rty 84,47 X T L LT
63 105FP8&Y 1.0 sHBEEEnS Wb BN PR
63 1300769 1.0 FRBERR L9667 spaBOEDH
63 31071769 1,0 tnupeso 23,17 Bpnatan s
64 300cT68 0,0 115,00 cHbpann sapeRnEs
64 15JUL 69 1.0 193.00 LT PR PN BpaERenY

64 310069 1,0 HHREBR ey 11.8¢ TR !
f4 TSFP&S 1.0 GH4BRBREY QA PRIy -yt
64 1200769 1,0 135,00 la,74 149,74
64 2900769 1.0 wokpddas 18.36 CE LY
65 16 UL 69 1,0 207,00 9.83 216,83
65 31JuLes 1.0 watneisa R,59 HoeosRvHan
65 3l1JuLe9 7.0 pHGHERES 10.05% P
.11} 314i1Le9 1.0 FHEHEEDD T.TR SanaEs LY
66C I1LJULE9 1.0 St e 15,0R EF -2 2 2
&7 ZAPRG9 1.0 1440.00 Fa00 1466,.00
68 EPNIVIN-S i.0 LR LR R 16457 Bouieaue
68 120CTe9 1.0 LA L #TRA GanaRaLY
68 300CcThe 1,0 BHBGEREG FE . BE EETE Y
69 16JULBY 1.0 70,00 Fala Te.04
69 31 HiLAS 1.0 #atptdan 12.00 CEEE-E
69 1200769 1.0 R 18,20 RS ey
698 ZBOCTHY 1.0 LR L iN,55 LEE R R
70 FOMARRY 1.0 10,00 .00 S W L
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Table 6. Daily solar radiation at Winnipeg and The Pas for days of our
research on Lake Winnipeg. The weather station at The Pas began
recording radiation 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 The Pas Winnipeg
Date g cal em ? day ! ¢ cal cm ? day ! g cal cm ° day !
(1973-74) (1973-74)

18 Mar 69 361 155 191
19 Mar 69 325 212 175
20 Mar 69 457 346 263

1 Apr 69 452 260 466

2 Apr 69 408 436 501
23 Apr 69 596 299 509

24 Apr 69 596 - 378

4 Jun 69 630 358 -

5 Jun &9 622 462 492

6 Jun 69 287 338 653

7 Jun 69 ) 693 212 485

8 Jun 69 742 - 465

9 Jun 69 - 110 528

10 Jun 69 - 399 527
11 Jun 69 580 615 705
12 Jun 69 514 603 745

9 Jul 69 608 20 724

10 Jul 69 471 663 639

11 Jul 69 671 590 443
12 Jul 69 660 309 676

13 Jul 69 597 384 520

14 Jul 69 326 623 642
15 Jul 69 383 439 673

16 Jul 69 664 590 626 |

17 Jul 69 645 403 421

i
|
|
i
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Table 6. (cont')
Date Winnipeg The P%s Winnipeg
e S e L A 7 %, 1%
24 Jul 69 645 211 382
25 Jul 69 644 287 350
26 Jul 69 107 285 290
27 Jul 69 483 573 437
28 Jul 69 637 355 560
29 Jul 69 607 355 498
30 Jul 69 268 620 317
31 Jul 69 661 581 606
1 Aug 69 628 476 626
2 Sep 69 302 468 163
3 Sep 69 369 le4 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 21
10 Sep 69 365 441 499
3 Oct 69 41 198 110
4 Oct 69 172 226 337
5 Oct 69 111 209 323
6 Oct 69 113 273 336
7 Oct 69 158 120 108
& Oct 69 333 237 111
9 Oct 69 155 274 63
10 Oct 69 - 195 224
11 Oct 69 - 266 165
12 Gct 69 - 144 99
13 Oct 69 - 113 293
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Tahle 0. (cont')

Winnipeg The Pas Winnipeg
Date “2dav-1 “24.,-1 -2 -1

g cal cm~<day g cal cm™“day g cal cm “day

; (1873-74) (1973-74)
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 sclar radiation expressed as g cal cm_2 at Winnipeg and The Pas for 1969 to 1975.
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov  Dec
WINNIPEG
1969 | 3565 5656 11377 14010 16399 14760 15314 14136 9060 4619 3030 2635
1970 1 3689 5992 11873 11070 13113 15990 16213 15624 9150 5952 2790 2976
1971 | 4278 5600 9176 12G00 16771 14820 - 14477 9570 5084 3540 2728
1972 | 4030 6583 9672 12390 15996 18870 16461 14322 8850 6851 3300 3286
1973 ) 4061 5684 8680 12570 16399 15810 16895 14477 9870 5890 3210 2697
1974 1 3999 6328 10757 13080 12462 19080 18166 13330 9150 6355 2970 2635
1975 | 3348 6132 10137 10500 16213 14850 17701 13020 9450 5852 3840 2790
THE PAS
1973 | 2511 4676 8866 12090 16895 12510 14973 13609 9090 4309 2040 2449
1974 } 2759 4816 9331 14340 13020 15750 15283 12090 7620 5146 2400 1581
1975 [ 2170 4788 10261 12630 13733 13920 15748 11470 7410 5084 2610 2821

£
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i | Table 8. Regression equations relating turbidity related parameters to in situ
y vertical extinction coefficients [K (I8)] for solar radiation in Lake

o Winnipeg waters. Kg is a horizontal extinction coefficient derived

L 1 from transhmissometer measurements, and Ky (A) is fr?m the same trans-
missometer on the attenuated scale, in units of m™°. 5§ is concentration

of suspended sediments, in g m~3. K,(LT) is a measurement of vertical

! extinction coefficient in a deck tank of Lake Winnipeg water, utilizing

L the Whitney submersible photometer, in units of m-i. Chl-a is a flue-

4 rometric measurement of chlorophyll a2 from extracts of seston on a filter

! paper. F, degrees of freedom, and correlation coefficients are given for

W each relationship. The letter codes refer to estimated vertical extinction

coefficients given in Table 9.

Code Predicted K w Predictors Significance

(A) K,(18) = 0.3970 + 0.9632 In K (A Fi 5o = 303 1= 0.9

(B) k 05) = 0.4576 + 0.2472 Ky B 45 = #3851 ° 0.95

(€ K 8) = 0.3412 - 0.8549 1n Secchi {m) Fy sg = 307 1 =0.94

(D) K, (18} = 0.5800 + 0.1227 S8 (g/m3) I

(E) K, (15) = _0.2228+ 0.5158 K, (DT) Fl2g 7 58.5 1 = 0.82

(F} K, (88 = 0.9820 + 2.2497x10°% Algal Biomass (mg/m3) Fy 19 = 12.2 v = U.02
() K (18) = 1.2239 + 0.5950 In Chl-a (mg/m®) Fp 4 = 8.05 T = 0.50

() K, (15) = 1.3631 + 0.5608 In Phacophyton (mg/m>} Fy o4 = 5:45 1 = .

P ——



35

Table g . Measured and estimated values for vertical extinction coefficients LKLJ
of the transmission of incident light inte 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 [K,{I$) in previous tables].

The estimated values (with code notation suffix] are derived from
regression equations given in Table , utilizing the parameters
Secchi visibility, suspended sediments, algal biomass, chlorophyll a,
phacophyton, horizontal extinction coefficients (¥,), and vertical
extinction coefficients measured in deck tanks of lake water [Km(UF)].
CRUISE o
Station d-12 June 1909 9-17 July 24 July - 1 Aug. 2-10 Sept. 3-13 Uct.
1 - 4.55 3.45(C) 4.00(D) 2.54(0)
2 4.60(0) 3.94(C) 2.90(A) 2.79(A) 9.53(B)
3 - 7.86(8) 3.44(A) 5.32(B) i1.84(B)
3B - 1.61(G} - - -
30 - 4.60(L) 3.20(A) 2.49(B) 3.12(B)
4 - 3.01(A) 2.90(A) 3.08(1) 3.88(B)
5 5.57(C) 2.48{A) 2.37(A) 2.27(B) 2.2 (B)
5B - 2.47(G) - - -
6 3.73(0) 2.30(4/) 2.03(A) 2.07(8) 3.05 (B)
7 1.41(C) 2.48(A) 2.00 2.32(B) 1.62 (B}
8 2.54(C) 1.97(A) 2.006 1.68(B} 3.05(B)
9 - 1.73(A) 2.37(A) - Y. 13(R)
10 2.18(0) 1.88 1.40 2.98(B) 3.09(B)
11 1.54(C) 1.50(A) - - -
12 0.995(C} 1.37(A) 1.32(A) 3.35(B) 5.0 (1)
13 0.840(E) - - 1.59(H) 1.69(H)
138 - 1.37(A) 1.28(6) 1.81(G) 3.10(L)
14 0.995(0) 0.8068(A) 2.03(A) 2.85(8) 3.99(B)
15 0.943(L) 1.42(G) 5.75(D) 1.38{G) -
158 - - - - 1.50{6)
16 1.20(C) 2.48(A) 2.98 9.13(B) 4.32(B)
17 1.91(C} 1.58 1.56(A) 1.42(G) -
18 1.91{U) 2.20(A} 1.47 1.27(B) 3.27(8)
19 1.62(C) 1.68(B) 1.28(B) 2.72(B) 1.45(8)
20 1.72 1.46 1.23 1.07(B) 2.17(8)
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Table 9 . (cont'd) |
j _ CRUISE
l . Station 4-12 June 1Yo¥ Y-17 July 24 July-1 Aug. 2-10 Sept. 3-135 Uet.
20B - - - - 1.50(06)
21 1.47(C) 1.31 0.822 1.41(8) 1.30(B)
22 1.20(C) 1.05(4A) 1.24(A) 3.35(B) 1.07(8)
23A - 0.515(E) 1.16() - -
23B - - - 2.12(G) -
23C - 0.416(A) 0.835 0.962(B) U.217(B)
23b 1.30(C) - 1.54(G) - -
23k 0.3827 1.02(8) 0.631 1.01(B) 1.04(8)
24 0.813(C) - - - -
25 0.813(C) 0.656 0.591 2.17(B) 2.73(8)
206 - 0.643(C) 0.550(C}) 0.995{C) 3,080
27 - 1.65(B) 1.36(A) - 5.50(8)
28 0.474(E) 0.643(0C) 0.218(A) 1.94(B) 1.98(8)
29 0.768(E) - 1.02(D) 1.G8{D) 0.947(12)
31 0.995(C) 2.49(B) 0.540(A) 1.47{B) 4.20(L,
33 2.54(C) 6.70(B) 2,06(A) - 7.41(B}
34 - - - - 2.05{G)
35 0.717(C) 0.913 0.736 0.774(8) 0.938
39 1.65(F) G.772(B) 0.509 1.39(B) 1.e5(l)
41 1.54(C) 0.640 0.534 0.922(B) 1.71(8)
43 3.08(0) 1.01(B) 1.36(8) - 2.7}
45 - 0.781() - 1.31(8) 1200w
47 - - - 2.61{0) 2025000
48 1.45(F) 1.71(B) 1.32(A) 1.51(B) L5
50 - 1.93(E) - 2. 33(1)
5B - 2.99 2.53(A)
50¢ - 2.58({A) 2.29(A) 1.94(83 4,70
50U - - - 2.30 (1)
51 - 1.54(A) 1.80(A) 2.22(8) 1,520
52 2.18{0) 2.29(A) 2.53(A) 4.5018) d.700R
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Table ¢, (cont'd)

CRUTSE
Station  4-12 June 1969  9-17 July 24 July-1 Aug.  2-10 Sept. 313 Oct.
53 - 1.42(C) ; - .
54 1.70(¢) 1.90(A) 1.72 3.43(8) 4.20(8)
548 - - . - 1.38(0)
55 2.54(C) 1.38(C) 1.64 () 1.28(C) -
558 - - 1.37(D) - -
56 _ 1.69(6) 1.54(C) 1.54(6) ;
57 2. 18(C) 1.17(A) 1.66(A) 2.60(8) 5.12(8)
578 _ - - 1.67(C} -
58 3.94(C) 3.01(A) 2.93(A) 6. 70(B) LiL808)
59 2.54(C) 1.94(B) 1.82 1.24(8) 1.55 ;
60 3.94(C) 3.39(8) 1.66(A) 1.32(8) 2.85(B)
60B _ 3.82(A) 2,85 (A) 2.41(8) 4. 44(8)
e - ) 3.61(A) 3.60 (B) C2.49(B)
6l 5.57(C) 5.49 1.84(A) 1.71(8) .85 (B)
02 5.57(C) 5.74(A) 2.93(A) 5.27(8) 9. 13(B)
628 § 1.72(6) - :
63 10.1(C) 2.27 4.09(A) 4.99(8) 10.1(8)
o4 - 1.97(8) 2.36 2.49(B) 4.70(8)
4B - 1.52(k) 1.47(6) _ 1.54(G)
65 ; 1.73 2.15 -
058 - - 1.36 (1) :
05U - ; 1.63(H) ; .
06A . - 1.42(0) ;
oo : . 1.40 -
660 § _ 2.43(D) _
08 ; 1.64(8) 2.81 3.43(B) 5.32(8)
688 . § 1.54(k) 1.61(G) 1. s100 !
09 - 2.22(8) 2.96 3.12(B) €15 (B)
9B . - 1.61(G) ;
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Fig. 14. Spectral extinction of radiation
g+ _ at 10 cm water depth in the
fluorescent-lighted deck tank
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center of the north basin of
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(Fig. 3} on 9 September 1969,

25

&2 :

B
=9
R




28+

T

T

| B

rd
t

K¢SRr, LAMBDA)
o

STATION 5t » & OCT B8
|B4S HRS.

Fig. 16. Spectral extinction of radiation
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