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INTRODUCTION

The purpose of the 1983 study was to determine the existing

condition of the lakes located along the course of the

Pelican River and to identify conditions in the watershed

which will regquire corrective measures,

Lake samples were collected June 2, July 14, August 18, and

September 18 from Big Floyd Lake, Little Floyd Lake, Big

Detroit Lake, Little Detroit lLake, Lake Sallie, and Lake

Melissa. Samples were also collected June 3, July 14 and

August 18 from the Pelican River and at several other

potential nutrient source points.

Sediment core samples, 4 feet by 2.5 inches in diameter,

were collected January 24 and 25 from each of the above

mentioned lakes and also from Muskrat Lake and Lake St.

Clair. The purpose of the core sampling was to determine

the rate of sedimentation in each basin, to assess current

nutrient conditions, to relate current data to past

E conditions, and then to extrapolate the data to estimate

future conditions.
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Lake Data Collected

Field data collected

- Secchi disc readings were collected on each of the six
E primary lakes throughout the season by volunteers living

on each of the lakes tested. Secchi disc readings were also

taken by Instrumental Research, Inc. staff during the four

E sample collection pericds.

The purpose of the secchi disc readings was to establish a

relationship for each of the lakes in the system between

secchi disc depth and chlorophyll-a. Assuming that the
turbidity contribution from the watershed does not change
dramatically over future years, this relationship can be
used as'a monitor for both past and future years to look at

how changes in the watershed have affected the lakes.

Each lake has a background turbidity which is not algae

~ related. The standing biomass in each of these lakes must
E be seperated from this background to relate the secchi disc

readings to the standing chlorophyll levels. The method




used to determine ;his background 1eve; involves the
preparation of a graph of the collected secchi disc readings
versus the chlorophyll—-a levels from concurrently collected
samples. The resulting graph is a straight line function.
The point of the Y axis intersect, varies by the turbidity
constant Kw, and slope of the line by the chlorophyll-a
constant times the chlorophyll-a concentration (Kec X C).

The more samples collected, the better the fit, but we have
found that four samples, taken through the open water
season, usually provide sufficient data to do the

calculation.

To determine the background turbidity levels, a least
sﬁuares fit is calculated for each lake and the resulting
line fit checked against the graph. The background
turbidity constant is the point where the least squares line
intersects the Y axis. This relationship holds very well
for lakes which are not impacted by variable turbidity
sources and with sufficient data, the turbidity level can be

determined as a separate variable within the lake.

The chlorophyll-a constant is then deduced from the slope of

the least squares fit. To determine the standing




chlorophyll—-a at any given time during the year, the
constants are set in the equation for the lake and the
measured secchi disc reading used as the independent

variable. The following equation can be used for each lake.

Chl-a = (({(1/(S X .3048))-KW)/KC)

Chl-a = chlorophyll-a in milligrams per cubic meter of water

S = secchi disc reading in feet

KW

background turbidity constant

KC chlorophyll-a constant

The determined turbidity constants and chlorophyll-a

constants are for each lake.

Lake KW KC
Big Floyd Lake . 0596 .0645
Little Floyd Lake .0393 .0430

Big Detroit Lake .1584 .0376




Lake . Kw Ke

Little Detroit Lake .1067 .0492
Lake Sallie .0120 .0325
Lake Melissa .2180 .0268

The temperature profiles were measured in each lake, four

times over the season, to determine the position of the
thermocline in the water column. The waters below the

thermocline do not mix with the upper waters until the lakes

turn over in the spring and fall. Because the lake waters

are completely recharged with oxygen only after complete

mixing, the biological activity below the thermocline has

E the potential of completely depleting the available oxygen.

Several important chemical and biological changes take place

when the oxygen has been depleted in the hypolimnion (volume

of water below the thermocline).

1. The bacteriotype changes dramatically from solublized
oxygen consuming decomposers, to populations which can
derive their oxygen from chemical sources such as nitrate

[N03] and sulfate [804].




This means that the decomposed nitrogen compounds in the
detritus (incompletely decomposed plant, and animal
materials) are converted to ammonia instead of nitrate or
nitrogen gas. The decomposed sulfur compounds are
released toAthe water as sulfides, some as toxic hydrogen

sulfide.

The decomposed hydrocarbon compounds, those containing
carbon, hydrogen, and oxygen, are released as water
H.0, carbon dioxide CO

and methane CH These

2 2! 4’
exist as dissolved gases contained in the hypolimnion.
This allows large populations of bacteria to exist above

the sediment interface and maintains high microbial

activity .all the way up to the thermocline.

c. The free or dissolved phosphorus levels in the

hypolimnion can increase from two to one hundred times
the level found above the thermocline. At the lake turn
over in the fall this phosphorus then mixes with the
rest of the lake water instead of remaining at the
bottom in the sediments. An example of this is the
depleted phosphorus level in the sediments of Lake St.

Clair. Here the released phosphorus is moving
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2. Iron, which exists with a +3 charge in well oxygenated
water, is a major coupling agent for the dissolved
phosphorus. As the oxygen concentration drops, this
shifts to +2 charged iron and releases the phosphorus to
the wéter as soluable phosphate.

3. Sulfate reducing bacteria take in the SO4= ions, strip
off the oxygens, and release free sulfide ions to the
water. A good deal of this sulfide exists as toxic

hydrogen sulfide, observable to us as the smell of rotten

eggs from the water.

The lakes in the Pelican River Watershed system which
developed anoxic conditions in 1983 were; Little Floyd Lake,
Big Detroit, Little Detroit, Lake Sallie, Lake Melissa,
Muskrat Lake, and Lake St. Clair. Lake St. Clair may exist
in this condition throughout much of the year, both in the
open water season and certainly throughout the winter
months. The other lakes in the system showed a lack of

oxygen in their hypolimnia only in July and August in 1983,

Conductivity preofiles are used to detect the chemocline in

the lake. The chemocline is a transition -region of chemical



types, such as nitrate to ammonia, sulfate to sulfide, in
the water. This may not occur at the thermocline in
relatively clean lake systems and usually begins at the two
milligram per liter oxygen concentration. Lowered
conductivity readings are also an indication of elevated

chemical-biological activity below the thermocline.

Dissolved oxyvgen profiles also establish the position of

the chemocline or chemical transition region, in the water.
The oxygen depletion begins at the lower side of the
thermocline but may not reach critically low levels until

much lower in the water column.

The lakes in the Pelican River Watershed had eétablished
critically depleted oxygen conditions in the deeper waters
only during the August sampling. Big Detroit Lake had
experienced a serious oxygen depletion just prior to the
August sampling, noted by the kill of whitefish which had

washed up on shore.

Laboratory Analysis

Chlorophyll-a is the one chlorophyll compound found in all




of the groups of phytoplankton or algae. It is one of the
primary pigments iﬁ the algae for the conversion of light to
energy. This converted energy then drives the biomass
production in the lake. The vast majority of higher
biological production, above the bacterial level, in the
lake systems is driven by photochemical processes. The
concentration of chlorophyll-a in the algae can range from
.1% to .3% dry weight. The dry weight is usually in the

range of 2% to 3% of the wet, or live weight.

A concentration of 30 milligrams of chlorophyll-a per cubic
meter, as existed in Lake Sallie this last summer, becomes a
wet weight of about 1.5 grams of algae per cubic meter of
water or 1.5 milligrams per liter as algae. This is the
lower end of an obnoxious bloom condition in a lake system.
Chlorophyll-a is then a very good indicator of a lake's

trophic or aging condition.

'Algae determinations and cell counts point up the source

and type of the nutrients which support the algae
populations. Hetrocystis blue-green algae indicate a very
high level of available phosphorus in the system, because

they are capable of fixing their own biochemical nitrogen
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from the dissolved‘nitrbgen in the water. Other algae
species are indicators of current water guality conditions,
and changing lake conditions. The populations found through
the year are goéd indicators of water guality improvement,

or degredation over time.

The blue-green algae are not usable as a food source by most
E of the animals in the lakes. Therefore these populations

can multiply, virtually unchecked, until the nutrient

sources are depleted. The green algae, and yellow algae are
the food source for the higher organisms in the lake and so

comprise the base of the food chain. -

|

E

E The total suspended solids in the water are comprised of
the composite of algae, bacteria, and suspended dust and

E debris in the water column. The measurement is made by
filtering the water through a .45 micrometer filter, drying

E

the filter, weighing filter and accumulated material, and

then subtracting the filter weight. The suspended dust and

debris comprise the turbidity constant in the equation on

page 3.

Total kjeldahl nitrogen is the sum of ammonia nitrogen and

organic nitrogen compounds. The organic nitrogen can be
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determined by a suﬁtraction of ammonia from the total
kjeldahl nitrogen. A biological balance of organic nitrogen
to organic phosphorus is about fourteen to one. An excess
of phosphorus in a lake usually gives rise to the
hetrocystis blue-green algae which can fix their own
nitrogen. This is the reason for the seperation of the
non-hetrosystis and hetrocystis blue-green algae counts in

the study by Dr. Joe Neel.

Nitrate nitrogen is a measure of the available nitrogen as

a nutrient for bacteria, algae, and higher aquatic plants.
Nitrate nitrogen can move freely through groundwater as well

as by overland sources.

Nitrite nitrogen is an unstable intermediate between
ammonia and nitrate. In high concentrations it is
indicative of high bacterial activity. It is a valid test
in the cooler water season to detect high nutrient input

conditions to a lake.

Ammonia nitrogen is usually the prevalent nitrogen ion

where the waters are or have been in an oxygen poor

condition. It is a good indicator of a high nutrient input
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condition. Ammonia nitrogen is usually the prevailing

nitrogen below the thermocline in a lake.

Ortho phosphorus is the phosphorus which is available for

immediate inclusion in the biomass of a lake. Excess ortho
phosphorus is usually an indication of another limiting
nutrient in the system. In the surface waters of a lake or
stream, the ortho phosphorus is usually below .010
milligrams per liter of water (mg/l) or .0l0 parts per

million (ppm).

Total phosphorus is the sum of available phosphorus;
chemicélly combined phosphorus, and organic phosphorus. All
of the phosphorus in the system can be assumed to be
available as a nutrient for the biomass at some time.

Total alkalinity is the test for HCO.,-, bicarbonate ion,

3

and CO3=, carbonate ion in the water. At times, ammonia
also becomes part of this test as it is conducted by

titration to a standard pH end point.

EDTA hardness is a test which measures the sum of calcium,

magnesium, and iron in the water. Usually the hardness is

very close to the alkalinity. Where there is a significant
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difference, it is ﬁsually because of high biological

activity in the water.

Sediment Core Sampling

Four foot long sediment cores were collected from each of
the six lakes in the water sampling set as well as:one each
from Muskrat Lake and Lake St. Clair. The purpose of the
core sampling is to look at the past history of each lake in
the watershed. Graphing of each of the measured parameters
can be used to estimate the current trends in the lake

system,

Dating of the cores is done for the purpose of determining
the loading rate per year. The dates from the eight cores
collected ranged from forty years to one hundred and sixty

years.

Percent sclids is a method of determining the density of

the sediment. It is also used as the method of equating the
comparison results of the other sediment analysis. Even
though the chemistry for the other tests were performed on
wet weight samples the results can be related to dry weight

material.
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Chemical oxygen demand is a way of estimating the amount

of carbon in the sediment. Much of the sedimented materials
will be as carbohvdrates which contain the main elements of
cérbon, oxygen, and hydrogen in the ratios of C:é:H, 1:1:2.
Upon digestion, the hydrogens and the oxygen couple to form
water, and the carbons combine with the external oxygen
source to form carbon dioxide in the ratio of two oxygens to
one carbon. Dividing the COD (chemical oxygen demand) by
two and multiplying by 12/16, molecular weight ratios, the
result is the carbon locad in the sediments. There are other
materials which are responsible for the chemical oxygen
demand, but the percentage of thése materials are very small
compared to the carbon content, This makes the COD a viable

method of carbon estimation.

Total kijeldahl nitrogen measures the combination of

ammonia and organic nitrogen in the sediments. The ammonia
is discounted here, as it will have departed as a gas, and
the organic nitrogen is taken as the total kjeldahl
nitrogen. The organic nitrogen load deposited by the algae,
plant, and animal material comprises 99+ percent of the
measured content. Changes in the organic nitrogen load over

time provides information relative to the changing nutrient
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loading conditions of the lake. The June, 1981 report,

Impact of Special Phosphorus Removal Procedures, by

Professor Joe K. Neel, of the University of North Dakota,
states that there is a nutrient other than phosphorus,
responsible for the greatly reduced algal populations in
Lake Sallie. Our sediment analysis indicate that Lake
Sallie's sediments developed a very high organic nitrogen
load, which dropped sharply following the change in loading
from the sewage treatment plant procedures. This may be an
effect of changed algae populations rather than a cause, but
it appears that this lake is rapidly returning to its

former, cleaner condition.

Total Phosphorus is again a measure of the changing lake

conditions over time. Phosphorus comprises about two tenths
of one percent of the dry weight load in the plant
materials. A graph of phosphorus loading per killogram of

sediment can show how the lake is aging at the present time.

As the biological populations build up in the water column
with an increased nutrient load, a larger quantity of the
dead material will come to reside in the sediments. With

the increase in degradable materials at the sediment
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interface and in the water column, the size of the bacterial
populations will also increase. As the system accelerates,
more of the available oxygen in the water will be used up to
decompose the dead biological materials. Since this is not
replaceable below the thermocline in the summer months, the
result in a lake with a rapidly growing biological system,

is the total utilization of the available dissolved oxygen.

When the available oxygen is depleted to near zero, and the
lake becomes anoxic, the bacteria begin to strip the
phosphorus, nitrogen, and carbon from the sediments. This
process begins at about two milligrams of dissolved oxygen
per liter of water, which is equivalent to two parts of

oxygen per million parts of water.

Lake St. Clair is an example of a system where much of the
incoming phosphorus to the system has been released again,

to continue its way through the watershed to Lake Sallie and

Lake Melissa.
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MATERIALS & METHODS

The water chemistry and phytoplankton analysis methods are

those listed in Standard Methods, 15th edition, 1981. The

examination of the phosphorus loading in the sediments and
core dating procedures are those developed by Instrumental

Research, Inc. using Practice of Thin Layer Chroma-

tography, 2nd edition, 1%83. Joseph C. Touchstone and

Murrell F. Dobbins. Chromatography, 2nd edition, 1966.

Dr. Erich Heftmann. Practical Chomatographic Techniques,

A, H. Gordonr, J. E. Eastoe.

Sediment phosphorus

1. The sediment sample was composited for each six inches of
the microcores.

2. Dry weights were determined by weighing a wet fraction of
the composite into a crucible, drying at 105 degrees
celsius for three hours, and cooling in a desicator.

3. A wet portion, between 0.3 to 0.5 grams, of the composite
was digested by the Nitric Acid~Sulfuric Acid Digestion
method and brought up to a volume of 100 milliliters.

The acidified sample was then filtered through a glass
fiber filter to remove the residual solids. A 50
milliliter portion of the filterate was then neutralized

and colorized by the Ascorbic Acid method.
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The reason for the filteration prior to neutralization is

that using the normal technigue from Standard Methods,

allows the phosphorus to readsorb to the inorganic
particulate materials in the sample, resulting in a very low
value for the contained phosphorus. This error was greatly

reduced by using the above procedures.

Core Dating

The technique of dating the sediment cores has been
developed by Instrumental Research, Inc. It is based on the
ability of the algae in a lake system to produée and store
an excess of sugars and carbohydrates in the summer months.
There are more than adequate amounts of carbon, available as
carbon dioxide, carbonates and bicarbonates through the open
water season. The energy to drive the photosynthetic system

is available as photosynthetic energy from sunlight.

In the winter, with ice and snow cover on the lakes in our
area, the carbon and sunlight availability is greatly
reduced. Therefore, these sugars are not produced in the

same large quantities,




-19 -

The algal populations are going through a continuous process
of reproducing and dying during the year, and while some of

the dead material is recycled to the upper waters, a certain
amount is deposited continuously in the sediments each year.
Not all of this deposit is decomposed before it is buried in

the sediments.-

During the open water season, there is a larger amount of
dust and dirt which reaches the lake through the flowing

waters of the streams and rivers, and by wind blown dust.

In the winter months this input is cut off by the ice cover
and so the deposition to the sediments is reduced in the

winter months to a narrow band. This band in the sediments
is usually not obvious to the observer as a color change so

the following method was developed.

By using the four millimeter microcores from the sixty five
millimeter diameter core, and by relying on proven ellution
techniques for the chromatography it is possible to detect
the carbohydrate poor winter band for each year. Two
ellution methods were used to confirm the methodology and

duplicate microcores were run for the dating.
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When the chromatogram has been developed, the excess
carbohydrates, whiéh were produced in the open water season,
show as strong bands which are interrupted by a notch. The
notch in thetbandigg represents the winter months. There
are also periods during the year when certain populations
are able to reach higher numbers. The intervening regions
which result show as less clearly defined bands than the

annual bands.
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LAKE DATA

Much of the data presented here was compiled by Instrumental
Research, Inc. for the Pelican River Watershed District
during the summer of 1983 and the winter of 1983-84.
Information on lake size, volume, and pertinent hydraulic
data was assembled from numerous sources, including
published work by the Minnesota Department of Natural
Resources, Minnesota Pollution Control Agency, United States
Geological Survey, and work done for the watershed by Dr.
Joe K. Neel, Department of Biology, University of North

Dakota. The materials used are public information and were

- made available by the Pelican River Watershed District, the

Minnesota Department of Natural Resources, the Minnesota
Pollution Control Agency, and the Soil and Water

Conservation District.

It was our intent to bring together as much data as possible
to assess the current condition of the lakes in the
watershed district without attempting to duplicate previous

efforts.
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RESULTS AND CONCLUSIONS

BIG FLOYD LAKE

Surface area (acres} 1234.
Volume (acre feet) 12,604.
Littoral area (acres) 864.
Maximum depth (feet) 34,
Mean depth (feet) 13.
Number of inlets 4,
Approximate inflow (acre feet) 800.
Number of outlets 1.

The south bay was the area tested for the inlake parameters.
This portion of the lake is little affected by the Pelican
River and was the cleanest lake in the system during 1983.
The secchil disc readings for the 1983 season averaged 9.8
feet. The average secchi disc reading for the state of

Minnesota is 7 feet.

Of the lakes tested in the watershed, Big Floyd Lake was the
least affected by the heavy summer rains. Chlorophyll-a
levels were slightly over 5 mg/cubic meter for a seasonal

maximum.,
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The lake maintained high dissolved oxygen levels throughout
the summer, assuming that this is a typical condition, the
bottom sediments hold most of the annual phosphorus input.
The temperature and dissolved oxygen gradiehts throughout
the summer were minimal, indicating strong wind mixing

throughout the summer season.

The algae counts through the season were low and were only

dominated by non-hetrocysits blue-greens in August. In

September the populations of green algae were about equal to

the blue-greens,

The sediment core data from Big Floyd Lake dates back one

hundred forty-six years. The sedimentation loading per year

ranges from a high of 15 millimeters per year to a low of

2.5 mellimeters per year. The loading rate has been
E averaging 6 millimeters per year for the last forty-eight

years and is fairly steady at that rate.

The carbon load has changed little in the last one hundred
ten years and may be dropping off at the present time.

The nitrogen loading is increasing very slightly at the
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present time, but has not shown any dramatic changes in the

last one hundred ten years.

The phosphorus loading today is at .400 grams per killogram
and is the same as it was one hundred forty-six years ago.
In both cases, this is the highest loading recorded, while
the low was .280 grams per killogram of sediment, occur-
ring about sixty years ago. The rate of phosphorus loading
is on the increase at the present time at a rate of 3
milligrams per killogram per year. This is not a rate for

concern at this time.

This lake and its watershed are in very good condition at

this time and will require no immediate attention.
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LITTLE FILOYD ELAKE

Surface area (acres) 205,
Littoral area (acres) 89.
Volume (acre feet) 3,520.
Maximum depth (feet) 34.
Average depth (feet) 17.
Number of inlets 1.
Approximate flow (acre feet) 800.
Number of outlets 1.

This lake has a relatively small volume and so responds
rapidly to changes in the river condition and its own
watershed. The secchi disc dropped to 4.5 feet by the end
of August and remained low through September and October.
The average for July, August, and September was 6.56 feet.
This indicates a fairly heavy loading from this lake's
watershed. Unlike Big Floyd Lake, Little Floyd Lake has the
Pelican River flowing thrbugh the entire lake which allows
accumulation of the nutrient load from the river as well as

the watershed.

No attempt was made to locate a heavy nutrient input point
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to Little Floyd Lake. There is a good probability at least
one temporary flowage is contributing regularly to the
nutrient loading of Little Floyd Lake. If runoff from the

golf course is reaching this lake without any intervening

ponding, this would be a likely source.

I The lake was anoxic below twenty fou; feet by mid July this

I year and almost all of the oxygen was depleted below

i eighteen feet in mid August. By the next sampling in mid
September, the lake was completely mixed again, although the

oxygen content was not very high.

The volume of the lake which has 1ittle or no oxygen during

- the summer season cannot be used by the fish populations.
I Since many of the fish species require cover to exist, this

1limits the populations to the shallow waters at the edge of

the lake for living and feeding areas.

although the phosphorus loading was not much higher than Big
Floyd Lake, the nitrogen joad is considerably greater. This

would indicate a major nitrogen loading source from the

immediate watershed.
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The Kw (non-algal background turbidity constant) for Little
Floyd Lake, indica£es the lake is receiving a fair amount of
background turbidity as well. The chlorophyll-a readings in
this lake are more than two times as high as Big Floyd Lake.
There is sufficient phosphorus loading later in the season
to allow the uptake of avalilable nitrogen and carbon to
generate biomass. The result was the observable large algae

population.

During the summer when Little Floyd is anoxi&, the bottom
sediments are releasing a considerable amount of phosphorus
to the free water. The éediment banding in this lake has
been on the incfease over the last thirty years. The yearly
excursions ffoﬁ the mean are approximately the same, but the
mean loading per year is increasing. The current annual
loading rate is still less than the measured high of about
sixty years ago, but the rate had decreased considerably
until thirty years ago. This suggests that the present
condition is better than it was sixty years ago, but that at
its present rate of increase, will surpass its former

condition in ten to twenty vears.

The algae population of this lake was dominated by blue-

green algae through most of the season. The September
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analysis contained more than three times the algae

populations found in Lake Sallie for the same time of year.

The sediment density has dropped from a high of 22 percent
solids about twenty years ago to a current 15 percent,
indicating a condsiderable amount of outgassing from
bacterial activity. Most of this is probably occurring

during the period of anoxia in the summer months.

The percent carbon in the sediments is also on the increase
and the rate of carbon build up has been on the increase
over the past thirty years. The source of the organic
carbon loading is primarily from partially decayed plant and
algae materials. The build up is a result of an ineffi-
ciency in the bacterial population, probably caused by a
dominance of anaorbic or bacteria which operate in a

deoxygenated condition,

At its current deposition rate the percent carbon in the
sediment will exceed its past high in about fifteen to
twenty years. This will mean longer periods of anoxic
conditions in the summer months and poorer water quality at
the surface. The carbon load is presently approaching that

of Lake Sallie.
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The nitrogen loading in this lake has been cycling up and
down over the past eighty years. The cycle period appears
to be shortning at this time and the current trend is toward

an increased load per year.

The present phosphorus load in the sediments is currently
decreasing. The phosphorus load is cycling similar to the
carbon and nitrogen, but the trend is an inverse curve.

When the nitrogen and carbon are dn the increase, indicating
higher biomass deposition, the phosphorus loading is on the

decrease, indicating bacterial stripping.

Considering the position of Little Floyd Lake in the
watershed, and its potential for flushing its accumulated
load to the downstream lakes, it is important to locate the
external loading sources, and clean up the offending

condition.
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BIG DETROIT LAKE

Surface area (acres) 2160.
Littoral area (acres) 975.
Volume (acre feet) 34,500,
Maximum depth (feet) 82.
Mean Depth le.
Number of inlets 3.
Volume flow per year (acre feet) 17,561.
Number of ouﬁlets 1.

Despite the size and volume of Big Detroit Lake, it is
sensitive to changing conditions in the watershed,
particularly in the case of the input from the Pelican
River. The Kw (background turbidity constant) which was
used to calculate the chlorophyll-a from the secchi disc
readings, changed by a factor of three from early June to
mid July and then held through August and September. This
"constant®™ is in fact another variable, but since the only
poor data fit was in the early June data, the Kw which
resulted from the July, August, and September data was used.

This is valid since the June chlorophyll -a levels were

]
W
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extremely low and so. the added biomass for the year does

not appreciably affect the total annual loading.

During the 1983 sampling, Big Detroit Lake did develop a
thermocline at fifteen feet, which came up to nine feet

during August and September. However, this lake is mixed

well enough by the wind throughout the year to maintain a

high dissolved oxygen concentration through most of £he
season. At the time of the first major river discharge from
the heavy summexr storms, the lake developed an anoxic (;7
condition. Evidence for this was the whitefish kill

observed during the August sampling.

At the August sampling the dissolved oxygen concentrations
were at 5 milligrams per liter below the thermocline. This
concentration is not sufficient to cause a fish kill,
inidicating that the lake is capable of recovering rapidly
from an anoxic condition. There is also the possibility of
a bacterially induced f£ish kill, but these usually take
place earlier in the season and are caused by the stress

induced by late winter conditions.

The nitrogen and phosphorus levels are balanced in this lake
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throughout the season and so the algae populations were not
severely limited. The observed chlorophyll-a levels in Big
Detroit Lake are to be expected considering the level of
nutrient input. This is not to say that the observed 20
milligram per cubic meter levels of chlorophyll-a are

desirable for an August condition.

This last year was unusual in that the rains were heavy and
prolonged. 1In theory another storm condition like this may
not occur again for a very long time. It is still our
belief that the number three priority for the watershed
should be to modify the marshlands between Little Floyd Lake
and Big Detroit Lake to allow the marsh to contain a greater
amount of its accumulated nutrients and to hold more of

these in the event of another severe storm loading.

The secchi disk readings collected during the summer of 1983
are not appreciably different from those collected from

past years. The lake appears to respond to the influent
from the Pelican River. This year that input was low until
the second week in July. For the remainder of the season

the algae responded to the new nutrient load until the
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middle of September. With the depletion of the nutrients,
the algae died off, and the lake returned to its earlier

condition.

The algae populations in this lake were not as large as
those in Little Floyd Lake, but were dominated by blue-green
algae through most of the season. During August the lake
was covered with a population of Gleotrichia, a colonial
blue-green algae. The bloom was diminishing at the time,
but the decay of this population was probably responsible
for the fish kill which had taken place prior to the

August sampling.

The core collected from Big Detroit Lake dated back one

7
hundred thirty-two years. Until one hundred years ago the éf
sediment load to the lake was steady and low. The mean )& o~ pFoc

input level then doubled for the next twenty years, followed =
f@g} e PTHED
1740 - /912
more years of very high input, and again the loading settled 19)2 <1942

|90 Ty

by a ten year respite. Seventy years ago there were two

down for the next thirty years. 'About thirty-five years ago
the lake took another heavy load for about five years. This
TR A e

same thing happened about twenty-five years ago and then the

loading rate dropped steadily until four years ago.

P
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The 1983 season was as high a soil loading_aﬁ_ihg_liﬁghﬁiﬁ5_%

seen over the last one hundred thirty years, although this
last summer a statistically rare storm event occurred, the
lake has experienced these in past years as well. If the
marshlands upstream are the major point of nutrient release
to Big Detroit Lake, then the channel through this area and
the area itself should be managed for nutrient removal. In
future years the upper watershed will become more heavily
developed with the result that the marshlands will
accumulate heavier nutrient loads. When these accumulated
loadings are released by heavy storm events, the effect will

be to slug load the lake again.

The sediment density was lower one hundred years ago than it
is today, which indicates that there was a higher carbohy-
drate load to the sediments at that time. This is verified
by the higher carbon, nitrogen, and phosphorus contained in
those sediments. Since about sixty years ago the ratio of
organic to inorganic loading has remained about the same,
even though the total quantity of material which reached the

lake varies considerably from year to year.
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LITTLE DETROIT LAKE

Surface area {(acres) 920.
Littoral area (acres) 920.
Volume (acre feet) 11,000.
Maximum depth (feet) 22
Mean depth (feet) iz.
Number of inlets 1.
Volume flow per year (acre feet) 17,500.
Number. of outlets 1.

This lake, although shallow throughout, is buffered from the
river nutrient load by the volume of Big Detroit Lake.

There is an offset of a month before the algae load found in
Big Detroit reaches Little Detroit. The lake is reported to
have received a heavy nutrient load in past years from
;stormwater runoff in its own_watershed and in low water
years from Lake St. Clair. This year the flowage was down
the river through the entire season and so the source of

ﬁUtrients was almost entirely from Big Detroit Lake.

The Kw for this lake is about sixty percent of that found in
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Big’Detroit Lake and again reflects this as a source. The
chlorophyll-a constant (Kc) is higher for Little Detroit
because of a very high nutrient build up in its own sedi~-
ments. The dissolved oxygeﬁ levels for July and August of
1983 fell off rapidly near the sediment interface at the
bottom, which is indicative of a large amount of decaying

vegetation.

This lake supports a heavy concentration of large aquatic
vegetation across the bottom throughout the summer season.
Because the large vegetation is utilizing much of the nu-
trients from the sediments in the first half of the season,
the algal load in the waters is relatively low. From the
second week in August, through the first of September, the
algal population produced secchi disc readings of four to
five feet. The resulting chlorophyll-a levels then

'stabilized at about 15 milligrams per cubic meter of water.

Little Detroit Lake follows Big Detroit as the only.recip-
ient of flow from the larger body. The algal population was

minated By blue-green algae through July, August, and




...69 -

September. The high counts in September were from
Oscillatoria which is a non-hetrocystis blue-green algae.
This is typical of a lake which is getting a large part of
its nutrient load from recycled bottom sediment, or rotting

vegetation.

The core collected from Little Detroit Lake goes back only
fifty years, as a result of the heavy sedimentation rate in
recent years, Fifty years ago the band width or annual load
appears to be on the increase, and was sustained until about
twenty years ago. For the next twelve years the input was
small and fairly constant, until eight years ago. The
loading rate increased sharply at this time, along with a
sharp rise in the percentage of carbon, nitrogen, and
phosphorus. = Since the phosphorus load has not shown any
decrease in these years, the effect appears to be from a

_very high nutrient load, possibly Lake St. Clair.

'he ratio of carbon to inorganic sediment has risen about
>ight times over the past thirty-five years. If this trend
ntinues, this lake will soon reach the point, if it has
t already, where it begins stripping nutrients and could

come a larger source of nutrients to the downstream




.-
lakes than either Lake St. Clair or Muskrat Lake.

If Lake St. Clair is the major nutrient source in low flow
years, then a barrier should be installed at the Pelican
Rivér to prevent the river flowing back into Detroit Lake.
If the output from St. Clair is cleaned up in the near

future, then this will not be necessary.
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LAKE SALLIE

Surface area f{acres) 1211.
Littoral area (acres) . 520.
Volume {(acre feet) 20,689,
Maximum depth (feet) 55.
Mean depth (feet) 17.
Number of inlets 5.

Volume flow per year (acre feet) 22,000,

Number of outlets 1.

Lake Sallie is a clear water lake which has taken a very
high nutrient load for about the last fiftf vears. The
hydrologic reports assign seventy percent of the hydraulic
load to the Pelican River, and thirty percent to ground-
water sources. Presumably the other four inlets are

elivering insignificant quantities of water to the lake.

he present nutrient load to the lake is still primarily
ming from Lake St. Clair, picking up accumulated nutrients
om Muskrat Lake, and possibly taking released nutrients

om Little Detroit's sediments.
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The secchi disc readings’ for Lake Sallie were as good as the

other lakes in the watershed through mid-July and then began
to drop off, so that by the end of August the lake was
carrying a heavy algal load. By late August the chlorophyll
-a level was at 30 milligrams per cubic meter. This is 1.5
times the concentration of Big Detroit Lake and twice the
concentration of Lake Melissa. This diminished through late
September and October, but much of the nutrient load from

the algae will be recycled during the next season.

The large aguatic vegetation in Lake Sallie is growing on
the accumulated nutrients in waters more than twenty feet

~ deep and supplying these waters with a large amount of
oxygen. It is only later in the season when the turbidity
prevents photosynthesis by the large aguatic plants, that
there is a significant increase in released nutrients from
the sediments. The lake had a high dissclved oxygen content
hrough June and into mid-July, to a depth of twenty-four
eet of water. In mid-August the dissolved oxygen was still
igh in twenty-one feet of water; By the sampling in mid-

ptember the lake was oxygenated to twenty-four feet again.
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The low background turbidity in Lake Sallie allows the
macrophyte population to grow rapidly, producing the high

dissolved oxygen condition observed in 1983. This is

preventing the rapid release of nutrients from the sediments

and is the current reason for the usability of this lake

through much of the summer season.

The algae populations take all of their nutrients from the

free water. The four sources are; the waters from the

Pelican River, input from the watershed, the nutrients

released to the free water as macrophytes decay., and |

recycled nutrients from the sediments.

The existing aggressive harvesting and cleanup program
should be continued. control of aguatic vegetation by
herbicide application is not recomended. This harvesting

should not be expected to dramatically deplete the

phosphorus and nitrogen load, but will prevent the decay and

icycling of the large volume of hydrocarbon compounds present
in the vegetation harvested. This becomes a part of the

management program for Lake Melissa, as it will prevent

ﬁuture build up of large algal populations in Lake Melissa. ;
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The input of nutrients from the upper watershed should be
reduced as much as possible in the near future. This means
reducing the input from Lake St. Clair, removing the
nutrient load from Muskrat Lake, and maintaining and

improving the water guality coming from Little Detroit Lake.

These management improvements will extend the clear water
period further into the summer months, maintaining the high
dissolved oxygen concentrations, and further prevent the

annual recycling of nutrients.

The blue-green algae dominated the population in Lake Sallie
from August through September and probably through October
as well. Microcystis and Oscillatoria, both non-hetrocystis
blue—-green algae, dominated the population in August and
September. The September population was about one-quarter
of what it was in 1979. The population of hetrocystis
blue~-green algae was down to one-third of the total
population in September. This sharp drop in the algal
POpulation is most likely due to the reduced nutrient
loading and the resulting extended growth period of

acrophytes in the lake.
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If the harvesting and the new beach cleanup program
continues for a long enough period of time, the
sedimentation of a low nutrient cap will naturally prevent
the high quantities of macrophytes from occurring. In
future years the system will establish a new balance. There
is already a noticeable reduction of the phosphorus
concentration in the upper sediments and the annual

nitrogen load has been cut in half.

The core analysis indicates the carbon load is still on the
increase, but it will fall off in future years as the algae
and macrophyte populations are depleted. The sediment
density is currently still decreasing, but the curve is
leveling off. It is expected that the density will begin to
increase in the next few years as the ratio of hydrocarbons

to soil input drops.
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LAKE MELISSA

Surface Area (acres) 1831.
Littoral area (acres) 935.
Volume estimated {acre feet) 22,000.
Maximum depth (feet) 43,
Mean depth estimated (feet) 12.
Number of inlets 2.
Volume flow per year (acre feet) 25,000.
Number of outlets 1,

Lake Melissa has a background turbidity which appears to
come from Lake Sallie. The early season secchi disc

readings are close to those of the rest of the lakes in the

system. This fell off rapidly through July and stablized in

August. Since the chlorophyli-a levels do not correspond to

the secchi disc reading in the early season, but do
correspond to the levels found in Lake Sallie, the input
materials are more than likely due to dead biological

materials coming from the outlet on Lake Sallie.

There is a significant nutrient input attributable to Lake

Melissa's own watershed as evidenced by the sharp rise in
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chlorophyll-a following the storm in August. The level of
chlorophyll—-a did not peak until early September and then
fell off rapidly through October. The chlorophyll-a levels
are about one-half of those found in Lake Sallie at the
present time, but can only be maintained if a vigorous

cleanup program is continued in the upper watershed.

The lake developed a thermocline by July 14 at twenty-one
feet. By August 18 this had come up to-twelve feet, but the
lake was mixed again by mid September. The free water
phosphorus levels climbed steadily throughout the summer
season, as did the nitrogen concentrations. The mixing of
the lake in September is probably responsible for turning up

the nutrients from the hypolimnion to the upper waters.

Since the lake mixing began sometime in late August, the
algae were able to use up the available nutrients by the end
of September. This indicates that at the present time there

is a limited availability of nutrients in the surface of the

sediments.

The algae populations attained about three-fifths of the

concentration found in Lake Sallie at the same time.
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Non-hetrocystis blue-green algae dominated the population of
blue~greens through ﬁhe summer. The algae found here again
reflect a lake which is operating on a secondary nutrient
source, much of it recycled from Lake Sallie's sediments.
This will continue for a number of years even though the
natrient input to the lakes upstream is reduced. The water
guality will not degrade beyond its present condition and

will improve as Lake Sallie improves.

The sediment core dated back to one hundred twenty years on
Lake Melissa and the annual excursions do not vary
considerably. Over the past fifty years, the mean
deposition of materials to the sediments has been on the
increase and is currently rising. The sediment density has
been dropping for about the same amount of time and is

currently at about twenty percent solids.

The carbon load to the sediment of this lake has been
building up at an increasing rate, as have the nitrogen and
phosphorus. The rate of nitrogen deposition is currently on
the increase, but the rate of phosphorus accumulation is
presently steady and should level off or decline in future

years with upstream management of the watershed.
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The lag time for the nutrient build up between Lake Sallie

and Lake Melissa is about fifteen years. The rate of

nutrient acquision is considerably less than that of Lake
Sallie. Assuming there will be no dramatic adverse change
in the watershedfithe rate should not increase, but should

rather decrease in future years.

The water quality of Lake Melissa is dependent on the

management programs for Lake Sallie and the upper watershed.
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Lake St. Clair

Surface area (acres) 140.
Littoral area (acres) 140,
Volume (acre feet) 598.
Maximum depth (feet) -~ 7.5
Mean depth (feet) 4.
Number of inlets 4.
Volume flow per year (acre feet) 5,000.
Number of outlets 1.

The sediment core sample collected from this lake in the
winter of 1983, dated back forty-five years. The annual
band width ranged from about 5 millimeters, forty-five years
ago to a maximum of 50 millimeters ten years ago. The
sediment density is very low, five to eight percent, which
is due to the high percentage of carbon, the amount of gas
in the detritus, and possibly a high inflow of groundwater

at the collection site.

At the present time we believe that the sediments in Lake

St. Clair are biologically active to the depth penetrated by
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the four foot core tube. These sediments are releasing much
of their accumulatéd nutrient load to the free water in the
winter months and possibly in the summer season as well.
Water samples were not collected from this lake in the 1983
season, but the anoxic condition of the lake this winter and
the strong hydrogen sulfide odor from the lake through the

summer months make this a high probability.

The nitrogen and phosphorus loads, per killogram of
sediment, are not excessive at the present time, when
compared to other lakes in the system. However, this is due
to a continuous discharge of both of these nutrients to the
lakes downstream. The phosphorus contained in the top four
feet of sediment throughout the lake amounts to a potential
discharge over the next few years of 19,000 killograms. The
current nitrogen load in the top four feet of sediment is
about 532,000 killograms. These numbers assume zero input,

which we know is not the case.

This discharge can be stopped in a number of ways, but there
may still be a significant groundwater source of nutrients

to this lake. This presents a long term treatment problem.
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We believe that thg&present nutrient load in Lake St. Clair
can be controlled in place. The prospect of removing this
nutrient load from the watershed by dredging is possible,
but at the current seven percent solids load, would be a
pumping operation. Dewatering this sediment would require
an impoundment above the water table which needs to be
prepared for sufficent water percolation prior to loading.
The prospect of pumping and containing 182 million gallons
of detritus to remove 1.7 million cubic feet of sediment
material is probably not cost effective. We suspect that
the actual volume is considerably greater than this since
the density of the sediment did not change appreciably in

the four foot core sample.:

The following is a possible approach to contain the present

load on site:

1. Reduce the hydraulic loading of clean water to lLake St.
Clair. This means routing the flow from Long Lake around
St. Clair and possibly adding additional clean inputs to
this discharge. Channel this flow directly to the
Pelican River.

2. Rerate the lake to augment the decompositiocn of the

detritus and add ferric iron to the waters to precipitate
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the phosphorus. Some of the aeration heads should be
maintained throughout the winter months to prevent the

lake from becoming anoxic.

The present nutrient loading to Lake St. Clair needs to
be determined. The stormwater discharge channel which
comes into Lake St. Clair should be routed to the
existing waste treatment facility and pumped to the spray

irrigation fields for treatment.

Assess the nutrient loading to the lake via groundwater
at the lake site. This could be accomplished by driving
pipes into the sediment in selected locations in the lake
bottom, pumping out the loose detritus and then pump the
sampling pipes at one month intervals through the year
and analyze the water for total nitrogen and phosphorus.

This data can be compared to existing lake conditions.
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Surface area (acres)
Littoral area {(acres)
Volume (acre feet)
Maximum depth (feet)
Mean depth (feet)

Number of inlets
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MUSKRAT LAKE

Volume flow per year (acre feet)

Number of outlets

67.
64.
341.

18.

The sediment core collected from Muskrat Lake dates back

seventy-two years.

During the period from seventy years ago

to thirty years ago the mean annual sediment load increased

steadily.

steadily declined.

Over the last twenty-two years the locad has

The 1983 band is high because of the

mass of partially decomposed vegetation from this last year.

The sediment density is decreasing at the present time and

is below ten percent for the last ten years. The deposition

from the last twenty years is likely biologically active and

contains a high percentage of organic carbon.
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The nitrogen loading ingreased dramatically in the period
from sixty-five years ago to about fifty years ago. From
that point the load has been decreasing, either due to
reduced loading or more probably to.microbiological

stripping. Over the last fifteen years the load has been

cut in half. This corresponds to the drop in nitrogen in

the sediments of Lake Sallie.

The phosphoxus load went from a 1ow fifty years ago through

an oscillation to its present high of 0.9 of a gram per
killogram of sediment. It is significant that the present
phosphorus load in these sediments is more than twice the

dry weight load in Lake St. clair, and that the density of

these sediments are more than two rimes that of lake 5t.

Clair.
The phosphorus contained in the sediments of Muskrat Lake in
the top four feet of sediment amounts to about 26,500

killograms and the nitrogen content is 107,000 killograms in

400,000 cubic yards of wet sediment. The dry sediment
amounts to 56,000 cubic yards. ‘This system could be
bypassed with a temporary channel to circunvent the existing

locks, and the lake bed then dried and scraped with
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conventional earth moving equipment for removal to a safe

disposal site.

An alternative to dredging, or possibly a future nutrient
trap in the watershed after dredging, would involve the
installation of a duckweed growth and harvesting system.
This would be used to remove the existing nutrients and trap
the incoming load before it could reach Lake Sallie. The
harvested material has a high potential sales value as a
processed animal feed. We are currently working on a
liscense agreement with a feed formulator for the rights to

the process.
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