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INTRODUCTION

The current boom in outdoor activities has elevated the recreation industry
to the second largest in Michigan--one which currently generates over one billion
dollars worth of business annually in the state. Primarily responsible for
Michigan's success at generating and supporting a sustained recreation industry
is its water resource base, amounting to four times as much water-covered area
as any other state.

The Grand Traverse Bay Region has been a focal point of much recent
activity, due to the area's favorable aquatic resources and the introduction of
salmon into Lake Michigan. This recent addition to sport fishing supplements
the excellent trout fishing in the area. In addition, many inland lakes offer
opportunities for boating, swimming and other water-related activities.

Antrim, Benzie, Charlevoix, Grand Traverse, Kalkaska, and Leelanau Counties
make up approximately 4.5 percent of the total land area of the State of Michigan.
U. S. Bureau of the Census data show that in 1964 only 125,070 acres, or about
7.6 percent of the area,in these six counties were used for active agricultural
production; statewide, the average was 18.5 percent. The predominant land uses
are fruit growing and forestry. In these six counties the resident population
is expected to increase 17 percent from 77,821 to 90,893 between 1960 and 1980,
while a 13 percent increase is expected in the total state population for this
period. This larger population, combined with greater recreational usage, will
increase waste loads to the waters in this area. Continued monitoring of these
waters will be necessary to detect any changes in their present high quality.

Most previous water quality control work has been concentrated in probjlem

areas, with resulting Tack of good "background" water quality determinations
in many areas. Such background measurements provide base lines from which water
quality trends can be evaluated. The value of the resources in the rapidly
developing Grand Traverse Region is such that a concentrated study was undertaken
to furnish background water quality information. During the summer of 1968,
Bureau of Water Management personnel conducted a program of sampling and analysis
of selected Takes and streams of the area. This report is the result of that
study. It provides technical data useful to those involved in water quality
management and general information for the interested citizen. The organization
of the lake and river surveys and the resultant data is discussed. Also included
is an explanation of some of the various criteria (parameters) used in evaluating
Yaﬁer quality and a discussion of the unique natural processes occurring in

akes.




WATER QUALITY INDICATORS

Assessment of the overall quality of a water body requires evaluation of
numerous chemical, physical, and biological factors. These factors collectively
determine the potential of that body of water for beneficial uses. Changes in
the values of these parameters from upstream to downstream points, or over
a period of time, often indicate unnatural changes of water quality. There are
many parameters which could be used as indicators of the existing water quality
in the Grand Traverse Region. Limitations were imposed on this study by available
time, manpower, and funds. Consequently, parameters were chosen which would give
a comprehensive, rapid, economical, and easily understood assessment of the quality
of these waters. The following is a discussion of the parameters selected:

Temperature - Water temperature affects all aquatic life directly and
1ndirectiy. An important indirect effect of temperature results from decreases
in the solubility of gases, particularly oxygen and carbon dioxide, at higher
temperatures. The temperature range which various aquatic species can tolerate
varies widely. Temperature also affects the rate at which organisms metabolize,
thereby influencing the rate of decomposition of organic materials present in
the water. Attention has recently been focused on the effect of changing water
temperature on complex aquatic 1ife cycles. However, most long term effects
of temperature increases on aquatic systems are uncertain.

Human activities such as agriculture and industrial development may affect
temperature. Water used for irrigation may be warmed considerably before
returning to the stream. Industrial cooling is a major cause of increased
water temperatures. Increases in water temperature also occur when water is
impounded for water supply or hydroelectric power production.

Dissolved oxygen (DO) - Adequate dissolved oxygen is, perhaps, the most
important single ingredient necessary for a normal aquatic community. Most aquatic
organisms, just as terrestrial organisms, use oxygen in their metabolism.

Efficient decomposition of organic waste substances depends on a favorable
oxygen supply. The unpleasant odors associated with polluted waters are often
products of anaerobic decomposition which occurs in deoxygenated waters.

DO concentration is influenced by many factors such as temperature, turbulence,
respiration of organisms, photosynthesis, salinity, atmospheric pressure, inorganic
chemical reactions, and inflow of tributaries. The three primary sources of oxygen
in streams are: 1) dissolved oxygen added by tributaries and surface runoff;

2) oxygen produced by the photosynthesis of aquatic plants when sufficient light

is present; and 3) oxygen added by atmospheric aeration at the water surface. This
source is dependent on atmospheric pressure, turbulence of the stream, depth of
the stream, and the oxygen content of the water.



energy by bacteria and other organisms. In the process they convert the organic
materials to more stable forms and use oxygen. As a result, downstream from a
discharge of organic materials there is a drop in DO. This is followed by| a
gradual rise in DO as the three sources of oxygen previously described retyrn
oxygen to the water. This phenomenon is often referred to as "self-purification".
A change in the type of biotic community accompanies this change in DO. IF

high quality waters with adequate oxygen, the community generally consists| of
organisms intolerant to low DO with each species represented by a moderate number
of individuals. In waters containing much organic waste material and low DO, the
community is often characterized by large numbers of organisms tolerant to

Tow DO, representing only a few species. A change from the former to the llatter
type of community over a period of time or between two locations often indicates
the presence of pollution. Gradually, as one proceeds downstream from a w&ste
source, or as such a discharge is reduced or terminated, the aquatic community
returns to its original condition.

|

|

|

\

|
Organic materials discharged to a flowing stream are used as a sourcﬁ of

|

(trout, salmon, etc.), a DO of 6 or more milligrams per liter (mg/1) at al
times is required by Michigan's Intrastate Water Quality Standards. However,
for tolerant fish (carp, bullheads, etc.), the Standards permit an average
daily DO as low as 4 mg/1. A1l waters in the Grand Traverse Region are

to be protected for Intolerant Fish, cold-water species.

|

|

|
In waters designated to support fish of the intolerant-coldwater typeh

!

Since the oxygen holding capacity of water varies with the water temperature,
the ratio of actual DO concentration to the saturation concentration givesLa more
meaningful picture of a stream's oxygen condition. A continual concentration
of 90% or more of saturation indicates a healthy oxygen balance. A level much
below this is often the result of oxygen-demanding waste substances. When
abundant plant or algal growth is present, diurnal (24 hours) fluctuationiof
both the actual level and the percent of saturation is often noted. The
photosynthetic production of oxygen during daylight hours may actually cause
super-saturated (greater than 100%) conditions. During darkness, the oxygﬁn-
co?sum}ng {espiration of these same plants may deplete the oxygen concentration to
a low Tlevel. .

Biochemical oxygen demand (BOD) - This is the most basic and direct measure
of organic polTution. BOD indicates the quantity of DO used during biocherical
processes which stabilize or break down the organic matter present. It is not a
measure of the DO required to completely oxidize all organic matter, but rather
the amount used in stabilization by biological activity. The quantity of BOD,
the rate at which it is stabilized, and the rate at which oxygen is restored
affect the concentration of DO in the water. Analysis for BOD involves comparison
of the initial DO concentration of a sample with the concentration remaining after
allowing sufficient time (usually 5 daysg for bacteria to stabilize the orEanic matter
present. ‘

The significance of a BOD value can be assessed only in conjunction w#th
certain other characteristics of the particular body of water. Its effect on
the oxygen resource of a lake or stream depends on other oxygen-influencing factors,
such as atmospheric reaeration, water temperature, plant and animal 1ife, Etc.
Thus, a cold, turbulent stream may be capable of stabilizing a relatively large
amount of BOD without having serious oxygen depletion occur, while a complete lack
of oxygen might occur in a warm, sluggish stream containing lesser quantities of BOD.



Coliform Bacteria - Coliform bacteria are a group of rod-shaped, non spore-
forming bacteria found in soil, water, vegetation, and the intestinal tract of
1iving organisms. The concentration of total coliform bacteria has been used
for many years to indicate the general sanitary conditions in natural bodies
of water and, more importantly, to judge the suitability of water for public
uses.

Their widespread use as indicators reflects the facts that they are detected
with relative ease and originate from the same sources as certain harmful organisms,
rather than any significant sanitary danger they cause themselves.

Concentrations of fecal coliform bacteria are correlated with the amount of
warm blooded animal fecal contamination present. High concentrations of both
total and fecal coliform may indicate human or other animal waste which may contain
human pathogens (disease causing organisms). The presence of coliform organisms
above acceptable levels is thus considered a threat to the health of those who
use this water for domestic water supply and recreational purposes. The level
considered acceptable depends on what use is to be made of the water. For
example, recreational uses involving "total body contact" (swimming, etc.),
where there is a possibility of ingestion of water, require a more stringent
standard than uses involving only "partial body contact" (boating, etc.). The
coliform standards for these uses for Michigan waters are stated on page 14.
A1l waters in the Grand Traverse Region except for Betsie Lake at Frankfort,
Round Lake at Charlevoix, and bacterial clearance zones below sewered communities
are protected for Total Body Contact; the exceptions are protected for Partial
Body Contact.

Nutrients - Nutrients are substances required to promote the growth of algae
and other aquatic plants. The addition of nutrients, especially those that are
present in the environment in limiting quantity, may stimulate excess growth of

plant life. Hutrients measured in this study were nitrate, ammonia, and phosphate.

Nitrate (NO3) is the most highly oxidized and available form of nitrogen.
Nitrate compounds generally occur as the end product of the aerobic stabilization
of nitrogenous substances, and thus indicate polluted waters that have undergone
natural self-purification or aerobic treatment processes. Ammonia (NH3), a less
completely oxidized form of nitrogen, is a product of the biochemical break-
down of complex organic nitrogen compounds. Being an initial product of
nitrification, it is sometimes accepted as chemical evidence of the recent presence
of sewage or other wastes. Phosphate, an oxidized form of phosphorus, is often
the most 1imiting nutrient in natural aquatic systems. It is added to such
systems by man's activities. Soluble orthophosphate (SOP0g) is the dissolved
form which is directly available for incorporation by plant growth processes.
However, this form is rapidly taken up by plants and a low value may not indicate
a lack of phosphorus. An accompanying determination is often made of the
total phosphate (TPOg) level, which includes insoluble phosphate and phosphate
tied up in plant and animal cells, in addition to the soluble-ortho form.

The nutrients are normally present in water in trace amounts and contribute
to a well balanced aquatic community. When they are introduced into the stream
in wastes, the higher levels of available nutrients can lead to increased growth
of higher plants and algae, which is undesirable both aesthetically and biologically.



Solids - Total solids (TS) concentration includes all organic and ino
dissoTved (TDS) and suspended solids (SS). The suspended portion is separ
suspended volatile solids (SVS) and suspended nonvolatile solids, providin
means of determining the relative percentages of organic (SVS) and inorgan
present. Solids can be contributed to a stream by industrial and domestic
as a product of erosion and land runoff, by plankton and other microscopic
organisms, and from dissolving rocks and minerals. Certain solids are toxi
various organisms, including humans. Turbidity, caused by solids, can red

level of DO by impeding the light penetration necessary for photosynthesis|.

concentrations of both dissolved and suspended solids can cause physiologi
injury to fish and other aquatic animals. Solids can settle to the bottom
form sludge deposits, which can create physical and aesthetic obstructions
water use. These deposits may also smother fish eggs and bottom vegetatio
may cause a concentrated demand on the oxygen resources of the overlying w

Imposing Timits on acceptable solids concentrations is difficult, sin
characteristics of the individual substances comprising this parameter are
to be of greater significance to water quality than the physical effect of
combined presence. For example, a minute concentration of some highly tox
anion (e.g. cyanide) may seriously injure aquatic 1ife without contributin
appreciably to the solids content of the water. Generally, total solids i
natural freshwaters range from less than 50 mg/1 to several thousand mg/1,
depending on geologic, topographic, climatic, and other characteristics of
environment. The relative concentrations of dissolved and suspended solid
vary from place to place and, for a single location, from time to time. F
example, when groundwater contributes a large portion of a stream's
high Tevel of dissolved solids is likely, due to the length of contact of
with subsurface rock material. However, when surface runoff contributes h
to streamflow, suspended solids, accumulated during the overland movement
water, usually increase.

Other Indicators - The concentration of the hydrogen ion is expressed
The pH scale extends from zero (very acidic) to fourteen (very alkali

pH.
with the middle value of seven being neutral.
and are valuable for detecting unusual situations. The normal range of pH
values in Michigan's lower peninsula rivers is 6.5 to 8.8.

Alkalinity and hardness are not specific polluting substances, but ra
the combined effects of several substances and conditions. Alkalinity is
measure of the capacity of a solution for neutralizing hydrogen ions. It

primarily by the presence of carbonates, bicarbonates and hydroxides, and i

expressed in terms of an equivalent amount of calcium carbonate. Rather t
being injurious to water quality, high alkalinity merely raises a question
its origin and accompanying conditions. A moderate alkalinity concentrati
actually serves as a buffer, helping to prevent potentially harmful pH cha
Hardness refers to the soap-neutralizing power of waters, and is attributa
mainly to calcium and magnesium ions. These substances form an insoluble
precipitate with soaps, reducing their cleaning power and causing related
difficulties. Most Michigan waters have a relatively high hardness level
ranging as high as 400 or more mg/1 (very hard). Hardness is also express
equivalent calcium carbonate. Hard waters are generally more biologically
productive than soft waters.
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Chloride (C1), iron (Fe), calcium (Ca), magnesium (Mg), sodium (Na),
potassium (K), sulfate (S0O4), and carbonate (C03? are usually found in natural
streams. Excessive pollution may cause a large increase in concentration of
one or more of these constituents, leading to an imbalance in the aquatic
community.

RIVER AND STREAM SURVEYS

Organization of the River and Stream Surveys

During the 1968 survey, water samples were collected at 49 stations on 13
different rivers and streams in the Grand Traverse Region. These locations
are shown in Figure 1 and 1isted in Table 1. River mile points given in Table 1
were scaled from Department of Natural Resources maps.

Samples were collected at approximately three-hour intervals over a 24-hour
period, resulting in a series of eight samples from each station. Dissolved
oxygen analyses were made on each of these grab samples. For samples collected
at the locations shown as circles in Figure 1, composite samples were also
prepared from aliquot portions of the eight grab samples. Chemical and BOD
determinations were performed on the composite samples. Analyses for DO and
BOD were performed by survey personnel using facilities at the Traverse City Water
Filtration Plant. Samples were relayed at periodic intervals to the Water
Resources Commission's Lansing laboratory for the remainder of the chemical
analyses. A1l analytical results were obtained using laboratory techniques
outlined in Standard Methods for the Examination of Water and Wastewater, 12th
edition. Morning and afternoon samples Wwere collected at most stations for the
determination of coliform bacterial densities. These analyses were performed
at the Michigan Department of Public Health, Lansing laboratory. This laboratory
employs the membrane filter procedure, in which colonies are grown under standard
conditions and then counted, giving the density of colonies per 100 milliliters
(ml) of water.

Water Quality of the Rivers and Streams Surveyed

The time and Tocation of each grab sample collected, water temperatures,
bacterial densities (total and fecal coliform), and dissolved oxygen concentrations
are listed in Table 1A of Appendix A. The 5-day biochemical oxygen demand
concentrations, along with those of other constituents measured in the composite
samples are listed in Table 2A of this appendix. Table 3A of the appendix
summarizes the average temperatures, dissolved oxygen concentrations, and percents
of dissolved oxygen saturation found at each of the river sampling station locations.

Figures 1-A through 20-A are graphical presentations of the data collected
from most of the rivers sampled. In half of these figures (odd numbers) the
concentrations of various chemical constituents and bacterial densities are
plotted versus the distance from the river mouth, thus showing fluctuations in
water quality along the length of each river. The other half of the figures
(even numbers) are graphical presentations of the diurnal fluctuation of dissolved
oxygen concentrations at a number of the sampling stations on each of the rivers.

6
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TABLE 1

GRAND TRAVERSE REGION

RIVER SAMPLING LOCATIONS AND MILE POINTS

Mitchell Creek

River County
Betsie Grand Traverse
Betsie Benzie
Betsie Benzie
Betsie Manistee
Betsie Benzie
Betsie Benzie
Betsie Benzie
Betsie Benzie
Betsie Benzie
Platte Benzie
Platte Benzie
Platte Benzie
Platte Benzie
Platte Benzie
Platte Benzie
Platte Benzie
Boardman Kalkaska
Boardman Kalkaska
Boardman Grand Traverse
Boardman Grand Traverse
Boardman Grand Traverse
Boardman Grand Traverse
Boardman Grand Traverse
Mitchell Creek Grand Traverse
Grand Traverse

Localion

Betsie River Road Bridge

Wallin Road Bridge

Thompsonville Road Bridge

M-115 Bridge Southwest

of Thompsonville

M-115 Bridge, 3 miles east
of M-115 and U.S. 31
junction

U.S. 31 bridge south of
Benzonia

River Road Bridge south-
west of Benzonia

M-22 Bridge between
Frankfort and Elberta

Off pier at Frankfort
Coast Guard Station

Sanford Lake Road Bridge by
Lake Ann

County Road 669 Bridge
above fish hatchery north
of Honor

U.S. 31 Bridge east of Honor

N. Pioneer Road Bridge south
east of Honor

Indian Hill Road Bridge,
north west of Honor

M-22 Bridge

Lake Township Park at mouth
of river

County Road 612 Bridge,
Northeast of Kalkaska
U.S. 131 Bridge west of -
Kalkaska
Supply Road Bridge south
of Kalkaska
Garfield Road Bridge
Beitner Road Bridge
South Airport Road Bridge
8th Street Bridge

South Airport Road Bridge
U. S. 131 Bridge
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Table 1 cont'd.

River County Locatian
Torch Antrim Torch River Bridge
Rapid Kalkaska U.S. 131 Bridge
Rapid Kalkaska Kellogg Road Bridge
Rapid Kalkaska Arwood Road Bridge
Crystal Leelanau Fisher Lake Road Bridge
Crystal Leelanau Footbridge by Leelanau for
Boys School
Clam Antrim Mouth of River
Cedar Antrim Stover Road bridge
Cedar Antrim Derenzy Road| Bridge
Intermediate Antrim 0ld State Rogd Bridge in
Echo Township
Intermediate Antrim Pleasant Hil] Road Bridge
Intermediate Antrim Unnamed Road| Bridge south
of Benway Lake
Intermediate Antrim 01d State Road Bridge in
. Central Lake
Intermediate Antrim M-88 Bridge west of Hanley
Lake }
|
|
Jordan Antrim Cascade Road%Bridge
Jordan Antrim Chestonia Roﬁd Bridge
Jordan Charlevoix Rogers Road Bridge
Jordan Charlevoix

Deer Creek

Boyne
Boyne
Boyne
Boyne
Boyne

Charlevoix

Charlevoix
Charlevoix
Charlevoix
Charlevoix
Charlevoix

County Road 626 Bridge

M-32 Bridge

Cherry Hill Road Bridge
M=-75 Bridge
U.S. 131 Bridge
Dam Road Bridge
Lake Street Bridge




The following paragraphs briefly describe the water quality of the
rivers sampled:

Betsie River - The Betsie River originates in western Grand Traverse County,
flows southwest into Benzie and then Manistee Counties, turns northwest back into
Benzie County, and discharges into Lake Michigan at Frankfort. Moderate to high
DO concentrations (6.0 to 10.2 mg/1) were present throughout the length of this
river. A diurnal DO fluctuation of 1 to 3 mg/1 was observed at all stations,
except Station 9 at Frankfort. The low (less than 0.5 mg/1) fluctuation at this
station may have been due to the sparse population of plants and algae in the
Frankfort area or to dilution of the river water by Lake Michigan water. The
largest diurnal fluctuations occurred at Stations 2, 4, 7 and 8. Such pronounced
fluctuations indicate heavy plant growths at those locations. Nutrients, (nitrate
and phosphate) total dissolved solids, and most other constituents were fairly
constant at moderate levels throughout the length of the river. The concentration
of iron increased along the length of the river. The 0.3 mg/1 concentration at
Station 9 is equal to the recommended 1imit for domestic water set by the 1962
Drinking Water Standards of the United States Public Health Service (USPHS). Total
coliform densities varied between 100 and 9,200 organisms/100 m1, while fecal
coliform densities fluctuated from less than 10 to 660 organisms/100 ml. The
coliform density was lower at Station 9, in Frankfort, probably due to the dilution
of the river as it enters Lake Michigan. BOD concentrations at all stations were
very low (0.4 to 1.1 mg/1), indicating a Tow concentration of organic materials.

Platte River - The Platte River has its headwaters in northwestern Grand
Traverse County, flows generally to the west through Benzie County, and discharges
to Lake Michigan. River DO concentrations were high (7.6 to 10.2 mg/1) at all
stations at all times. Diurnal fluctuations were slight with only one station
recording a variation of as much as 2 mg/1. BOD concentrations were very
Tow (0.4 to 1.1 mg/1) at all stations. Coliform densities were also low, ranging
from 100 to 4,500 total coliform organisms/100 ml and from less than 10 to 340
fecal coliform organisms/100 ml. These coliform values were fairly constant at
all stations. A considerable increase in nitrates was noted, from 0.00 mg/1 at
Station 1 to 0.40 mg/1 at Station 5 (below Honor). Downstream from Station 5 a
decrease to 0.10 mg/1 at the mouth occurred. Hardness, alkalinity, and dissolved
solids also followed this pattern. Reduction in nutrient levels downstream from
Honor was attributed to utilization of these constituents in the growth processes
of algae and aquatic plants. Values of the other parameters measured did not
signify any serious deviation from expected natural water quality.

Boardman River - From its origin in the center of Kalkaska County, the
Boardman River flows west-southwest into Grand Traverse County and then north,
discharging into the West Arm of the Grand Traverse Bay at Traverse City.
Dissolved oxygen data was obtained from two different 24-hour sampling surveys,
approximately two weeks apart. Most of the analyses showed both actual DO
levels and percents of saturation to be high. Only one station (number 2, below
Kalkaska) recorded values less than 8 mg/1 during both sampling periods. BOD's
were low (averaging 1 mg/1 or less) at all stations except Station 7, in Traverse
City, where the average BOD was 3.4 mg/1. This did not appear to have a significant
effect on the river's oxygen resource. It does indicate an increase in organic
matter at this station which, along with increases in ammonia and phosphate
concentrations and coliform bacterial densities, seems to reflect the presence
of domestic sewage effluent.
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In general, the concentrations of nitrogen compounds were greater than in
most of the other streams studied. Nitrate concentrations showed a gradual
decrease along the length of the river, most likely due to uptake by p]ants and
algae. Several impoundments along the length of the river deserve mention as
present or potential factors affecting water quality. While a more in- depth study
would be requ1red to fully assess the impact of each of these deve]opments, the
increase in temperature noted from the upper to the Tower reaches of the r1ver,
is one water quality change that may be due to these impoundments.

Mitchell Creek - Mitchell Creek is located entirely within Grand Traverse
County. It flows north and discharges into the East Arm of Grand Traverse Bay.
Mitchell Creek was sampled twice at each of two stations. Al1 DO concentrations
ranged between 7.2 and 8 mg/1. BOD concentrations of 1.0 mg/1 to 2.4 mg/1.
indicated that moderate amounts of organic matter were present. Coliform values,
both total and fecal, were high in this stream, with total coliform densities
rang1ng from 18,000 to 26,000 organ1sms per 100 ml and fecal coliform densities
ranging from 850 to 10, 000 organisms per 100 ml. Suspended solids (54 mg/1)
were much higher in th1s stream than in any other river investigated. This high
value may have been caused by surface runoff from a rain that preceeded the sampling
period. Further studies of the water quality of Mitchell Creek may be needed
to determine, for instance, if water quality improves during dry weather cond1t1ons

Torch River - The Torch River is a short river connecting Torch Lake and
Round Lake. It flows south and forms part of the border between Antrim and
Kalkaska Counties. Only one sample was taken from the river, since the two
lakes which it connects were included in the lake studies. The values for most
of the parameters examined reflected high water quality, unaffected to any great
extent by unnatural influences.

Rapid River - The Rapid River is a tr1butany to the Torch River, 1y1ng
entirely within Kalkaska County. This river had very high DO concentrations ranging
from 8.9 to 10.8 mg/1 but this m1ght be expected since the water temperatures
were some of the Towest recorded in any of the rivers sampled. Only minor
diurnal fluctuation of DO concentrations occurred, suggesting a 1imited plant
and algae population. BOD concentrations were low, ranging from 0.8 mg/1 to
1.7 mg/1. A1l other chemical parameters were fairly constant at all three sampling
stations and well within the range of values expected for a high quality stream
Bacterial densities were also low, with total coliforms ranging from less than
100 to 300 per 100 ml and fecal coliforms from less than 10 to 40 per 100 ml

Crystal River - The Crystal River is a short river in Leelanau County ‘which
flows northwest from Glen Lake to Lake Michigan. There were two sampling $tat1ons
on this river, each of which was sampled twice. DO concentrations were high
(above 7.8 mg/1) at each station. At the upstream station, both samples showed
DO to be at the 100% saturation level. At the downstream station, however, a
morn1ng samp]e yielded an 85% DO saturation, and an afternoon sample showed the
level jumping to 111% (super-saturated). This appears to be caused by plant
growth at the latter station. BOD values were low (averaging 1 mg/1 or less) at
both stations and no unusual values were noted for chemical parameters (analyzed
in the upstream sample only). Glen Lake, from which the river flows, was a]so
surveyed in conjunction with the lake port1on of the study.
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Clam River - The Clam River, in Antrim County, is a short connecting
channel between Clam Lake and Torch Lake. The single sample collected in this
river had a DO concentration of 8.4 mg/1 and a BOD concentration of 1.0 mg/1;
chemical parameters analyzed were likewise at favorable levels. The fairly high
hardness level (165 mg/1) is about average for the waters of the region.

Cedar River - This River, also completely within Antrim County, flows west,
joining the Intermediate River at Bellaire. Two stations were sampled on this river
on a round-the-clock basis. The river had high DO concentrations at both stations
(al1 values above 9.8 mg/1). Water temperatures were some of the lowest encountered
during the river sampling, averaging 10.30C at Station 1 and 14.50C at Station 2.

DO was near saturation at all times. Interestingly, supersaturated DO conditions
were found at both stations in the early morning hours when DO would be expected
to be at its Towest level. Supersaturated conditions also occurred in the mid-
afternoon hours when they might be expected because of plant photosynthesis.
Variation in actual DO concentrations was only 1.6 mg/1 at Station 1, and 0.4
mg/1 at Station 2. The BOD concentrations were both less than 1 mg/1, and other
chemical parameters measured indicated good water quality, except for the

high nitrate concentration of 0.75 mg/1 found at Station 2.

Intermediate River - From its headwaters in north-central Antrim County,
the Intermediate River flows north-northwest, through the southwest corner of
Charlevoix County, and back into Antrim County to Ellsworth. At Ellsworth it
doubles back and flows south, giving its course somewhat of an elongated horseshoe
shape. It finally discharges to Lake Bellaire, its waters ultimately becoming
part of the ETk River system. The river contains a series of impoundments, causing
it to assume some of the same characteristics as a long lake. Intermediate Lake,
the largest of these impoundments, and Lake Bellaire, which receives the flow of
the river, were both involved in the lake studies.

The water had a high DO concentration, with average values of at least
8.4 mg/1 at all of the five stations sampled. A moderate diurnal fluctuation in
DO was observed at all stations, although concentrations never dropped below
7.4 mg/1. At Station 5, the fluctuation was more pronounced than at the other four
stations, with DO reaching 122% of the saturation value. This would indicate
the presence of aquatic plants. Due to the impounding of this water, it was
expected that there might be a warming of the water, a reduction of DO, and possibly
an increase in BOD downstream from the headwaters. There was an increase in
temperature of 6.59C (11.70F) from Stations 1 to 4. Station 5 (M-88 bridge
west of Hanley Lake) showed a drop in temperature, probably due to the cooling
influence of the Cedar River which entered the Intermediate a short distance
upstream from Station 5. The DO concentrations stayed relatively stable at all
stations, and even increased slightly from Station 4 to Station 5. Possibly
this was due to the higher DO solubility at the lower temperature, or
to the photosynthetic production of DO. BOD increased from 0.6 mg/1 at
Station 1 to 1.8 mg/1 at Station 4 but then dropped to 1.1 mg/1 at Station 5.
Hardness and total dissolved solids decreased from upstream to downstream reaches.
An iron concentration of 0.3 mg/1 was found at Station 1 at 01d State Road.

Total and fecal coliform densities were moderate, ranging from 100 to 1,800
total coliform organisms per 100 m1, and from less than 10 to 80 fecal coliform
organisms per 100 ml, except at Station 5 (in Bellaire) where values obtained for
both total and fecal coliforms were higher. At this station total coliform
densities ranged from 9,000 to 33,000 organisms per 100 ml, and fecal coliform
densities ranged from 330 to 11,000 organisms per 100 ml.
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Jordan River - The Jordan River which has its headwaters in the center of
Antrim County, fTows north into Charlevoix County, where it discharges into the
South Arm of Lake Charlevoix at East Jordan. Four stations were sampled oh this
river,which has a large number (19 named streams) of tributary streams. High
DO's were observed at all stations at all times of the day (DO concentrations
were never less than 7.8 mg/1). Pronounced diurnal fluctuations of DO concentrations
occurred, and the river was supersaturated at all stations during the afternoon,
indicating algal or aquatic plant photosynthesis. BOD concentrations were low
at all stations (never more than 1.0 mg/1). The water was very hard (175 to
180 mg/1) and had moderate concentrations of total dissolved solids. Nutrients
and chemical parameters observed were all within the range of values to be expected
for this type stream, except for nitrate concentrations of 0.50 to 0.80 mg/1
(as nitrogen), which were higher then concentrations found in the other rivers
sampled. Coliform densities were all low, except for one sample at Station 4,
in East Jordan, which yielded 11,000 total coliform and 280 fecal coliform per
100 ml.

Deer Creek - Deer Creek in Charlevoix County flows west into the Jordan
River, just south of East Jordan. One station was sampled on a round-the-clock
basis on Deer Creek. A high DO concentration was observed at all times and the
level of DO was always below saturation. A slight peak in DO was observed at
6 pm. A1l coliform values and BOD concentrations were very low at this station,
indicating excellent water quality.

Boyne River - The South Branch of the Boyne River begins in northwestern
Otsego %ounty, flows northwest through the northeast corner of Antrim County, and

joins the North Branch in Charlevoix County. The river then flows into Lake
Charlevoix at Boyne City. This river was sampled at five stations. High DO
concentrations ranging from 7.8 mg/1 to 17.3 mg/1 were found at all stations at
all times. Diurnal fluctuations were observed at all stations except Station 3
(the U.S. 131 bridge). At Station 2, in Boyne Falls, the high supersaturated
values of DO (up to 188% of saturation) suggested the presence of algae and/or
higher plants. High rates of atmospheric aeration of the water occurred because
of the turbulence of this reach of the river, and this may account for the water
being saturated with DO even during darkness. A drop in nitrates from 0.50 mg/1
at Station 1 to 0.15 mg/1 at Station 3 occurred and was probably due to uptake by
aquatic vegetation. Total and fecal coliforms were low at all stations with the
highest total coliform density only 200 organisms per 100 ml and the highest fecal
coliform density only 30 organisms per 100 m1. BOD concentrations were also

Tow at all stations, ranging from 0.2 mg/1 to 1.2 mg/1. Unusual values were not
found for the other chemical parameters measured. :

Summary of River Water Quality

For the most part, the streams studied exhibited low temperature , high
DO concentrations, low BOD concentrations, slight to moderate plant and algae
populations that did not cause great diurnal fluctuations in DO concentrations, Tow
nutrient levels, high hardness and alkalinity, and Tow chloride concentrations. These
characteristics generally indicate high water quality which is favorable to domestic,
recreational, and other categories of beneficial water uses. Populations of
intolerant, cold water fish (e.g. trout and salmon) in most of the streams
provided further evidence of good water quality.
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However, some deviations from these favorable values were found, pointing
out situations which should be watched carefully in the future. For example,
coliform bacterial densities were high in the Intermediate River at Bellaire,
the Jordan River at East Jordan, the Boardman River at Traverse City, and Mitchell
Creek near Traverse City. Water Quality Standards adopted by the Michigan Water
Resources Commission for different water uses state that to protect the use of
a water for partial body contact, the coliform bacteria should be limited so
that:

"The geometric average of any series of 10 consecutive samples

shall not exceed 5,000 nor shall 20% of the samples examined
exceed 10,000. The fecal coliform geometric average for the
same 10 consecutive samples shall not exceed 1,000."

~ Although fewer than 10 samples were collected, the results obtained from the
streams near these cities and villages exceeded the values established for partial
body contact. The limits to protect a water for total body contact are even more
stringent, stating that the coliform bacteria should be Timited so that:

"The geometric average of any series of 10 consecutive samples
shall not exceed 1,000 nor shall 20% of the samples examined
exceed 5,000, The fecal coliform geometric average for the
same 10 consecutive samples shall not exceed 100."

The rivers and streams of the Grand Traverse Region are protected for
total body contact, except for mixing zones downstream from communities. These
mixing zones are to be protected for partial body contact.

Other examples of deviation from good water quality are the wide diurnal
fluctuations in DO concentrations observed in portions of the Betsie, Intermediate,
Jordan, and Boyne Rivers. These fluctuations occurred as the result of the
- photosynthetic activity of algae and aquatic plants. During periods of overcast
weather, the respiration of these algae and plants could cause DO concentrations to
drop to lower levels. The relatively high concentration of nitrogen compounds
in the Boardman River, Mitchell Creek, the Cedar Rivers and the Jordan River may
contribute to the growth of more vegetation.

Most of the streams studied face the prospect of increased commercial and
urban development in their watersheds in the years ahead. None appears to carry
the volume of flow necessary to successfully assimilate large quantities of waste
materials, and their future as high quality recreational waters may very well rest
on the adequacy of the waste control measures which accompany this development.

14



LAKE SURVEYS

Natural Processes in Lakes

Lakes represent much more stable systems than rivers, as measured by most
water quality parameters. They are obviously less dynamic with respect to movement
and mixing of the water. Their shorelines and bottoms are also more stable than
those of streams, and lake waters are generally less turbid. There is considerable
opportunity for interchange between land and the water in streams. Also, a stream
may exhibit a great variety of physical, chemical, and biological conditions as
it crosses different soil types and climatic zones. A lake, on the other hand
is usually exposed to more constant environmental cond1t1ons Because of these
differences in characteristics, espec1a]1y that of land-water 1nterchange a
stream is said to be an open ecosystem in contrast to a lake, which is sa1d to

‘be a closed ecosystem. |

Thermal Stratification - Perhaps the major difference between closed water
bodies and flowing water involves the annual temperature cycle in lakes. During
winter in northern climates, ice at near 00C (320F) covers lake surfaces. Note
that, as shown in Figure 2, the re]at1onsh1p between water temperature and density
is an unusual one. Water reaches its maximum density at a temperature of about
40C (39.20F); at temperatures above and below this point, the density decreases.

FIGURE 2
THE EFFECT OF TEMPERATURE
ON THE DENSITY OF WATER
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Ice floats because its density is less than that of the underlying water. Below
the ice, the temperature to the bottom is uniform and the water is thoroughly
mixed (mixing having occurred in the fall before the ice formed). Because of

the Tow angle of incidence of the sun's rays and the shading of the water by

the snow and ice cover, photosynthesis is inhibited. This, together with
respiration of organisms and lack of oxygen replenishment from the atmosphere,

may result in low oxygen content in the water beneath the ice. Often, by late
March, oxygen is depleted toward the bottom of a lake and, if the condition becomes
severe enough, it can lead to mass die off or "winter kill" of the lake's fish
population. ’

In the spring, the ice cover melts and as the water near the surface warms
up to 40C it becomes more dense, causing a slight, temporary stratification which
sets up convection currents. These currents, aided by wind, serve to mix lake water
throughout, until it is uniformly at 40C, its maximum density. This process,
which mixes the water and replenishes the DO at all depths, is termed the "spring
overturn". '

As summer approaches, the weather warms and the brisk winds subside. Under
these conditions the surface waters warm rapidly, expand, and become less dense
than the Tower waters. Although the wind may continue to blow, its contribution
to mixing of lake waters diminishes, for now the thermal density gradient opposes
the energy of the wind. As the summer progresses, resistance to the mixing
of the two layers of different water density increases until this resistence
becomes greater than the mixing force of the winds. This condition is called
"thermal stratification". The temperature curve under conditions of thermal
stratification resembles that in Figure 3.

FIGURE 3
SUMMER TEMPERATURE CONDITIONS
IN A STRATIFIED LAKE
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The uppermost region of warm homothermal water is termed the "epilimnion".
Below the epilimnion there is a zone of rapid drop in temperature with depth.
This zone is the "thermocline". The zone below the thermocline is designated
the "hypolimnion", 1In organically enriched, productive 1lakes the hypolimnion
may become devoid of dissolved oxygen and high in carbon dioxide during a portion
of the summer. :

With the approach of autumn, the angle of incident light decreases, day
length shortens, and cooling begins. Wind-generated currents, carrying cooler,
oxygenated waters, reach more deeply into the lake. The thermocline erodes
rapidly and then disappears. This results in "autumnal circulation" or "fall
overturn". ‘

Oxygen Distribution - It has already been noted that the characteristics of
a lake's oxygen resource are related in part to its thermal characteristcs. The
oxygen profile is also interrelated with the lake's productivity. Highly
productive Takes, termed "eutrophic", typically exhibit a hypolimetic Tack of
oxygen, the DO concentration dropping sharply through the thermocline. Such
an oxygen profile is described as "clinograde". Figure 4a represents a clinograde
oxygen distribution in a eutrophic lake. :

FIGURE 4a FIGURE 4b
A CLINOGRADE OXYGEN AN ORTHOGRADE OXYGEN
PROFILE PROFILE
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Figure 4b represents conditions found in relatively deep, unproductive,
"oligotrophic" lakes. Such lakes are usually clear for considerable depths and,
since Tight is transmitted to greater depths in clear waters, photosynthesis also
occurs at greater depths. As a result of Tow productivity per unit volume, there
is little organic matter to be oxidized in the hypolimnion. The oxygen curve
may actually show an increase through the thermocline and a higher concentration in
the hypolimnion than in the epilimnion. This type of oxygen profile is termed
"orthograde". Between these two extremes in oxygen profiles are a vast range
of intermediate and intergrading patterns, exhibiting various complications|in
oxygen conditions and productivity.
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Eutrophication - Michigan is a geologically immature area that has many
natural Takes. Most of these lakes were formed by glacial action and have been
aging ever since. They range from geologically young, rocky bottomed, low in
organic matter, clear lakes (oligotrophic) to old, mud-bottomed, shallow,
turbid lakes (eutrophic) and still further to extinct lakes now being used
as muck farms.

Although the ultimate fate of all lakes is extinction, the rate of natural
aging or "eutrophication" is normally slow. In the process of aging, a lake
will undergo years of heavy plankton blooms and weed growths. Upon death and
decomposition, these plants contribute to the nutrients in the lake and to
the material that slowly fills the lake. Once critical plant nutrient levels
have been reached naturally, the rate of aging increases and the natural sequence
becomes self-perpetuating. Nutrients are recycled on the death of the plants and
animals and their subsequent decay. Nutrients also enter the lake through rainfall,
runoff, excretia of ducks and fish, and fixation of nutrients by bacteria and
algae. Eutrophication is a gradually accelerating process as the Take
changes from an oligotrophic to a eutrophic condition.

When man-released sources of nutrients become a significant part of the
total nutrient contribution to a lake, the rate of eutrophication is further
accelerated, whether the lake is young or near extinction. Therefore, to limit
acceleration of the eutrophication process, it becomes necessary to keep the
level of artifically introduced nutrients as low as possible.

Organization of Lake Surveys

Samples were collected at 39 stations on 18 different 1lakes in the Grand
Traverse Region. The location and numbers of these stations are shown in Figure 5
and listed in Table 2.

At the locations where a thermocline was found, samples were collected from
about one foot beneath the surface of the lake, from the middle of the thermocline,
and from five feet above the bottom of the lake. Additional samples, analyzed
only for DO concentrations, were collected from the top and bottom of the
thermocline. Where water quality at more than one station on a particular lake
was felt to be similar, the samples collected at the same depth were composited
and analyses were made on the resultant composite samples. At other stations,
samples were taken from the surface and from five feet above the bottom. Chemical
constituents, BOD, hardness, alkalinity, pH, solids, and DO determinations were
made on the samples collected at each depth. Total and fecal coliform examinations
were performed only on the surface water samples from each station. Temperatures
were recorded at five foot depth intervals at each of the sampling locations.

The same details of laboratory analyses described earlier for the river surveys
likewise apply to the lake surveys.

Water Quality of the Lakes Surveyed

Table 1-B of Appendix B lists the results of analyses of samples collected
from the lakes. This table includes analyses of both grab and composite samples.
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FIGURE 5
LAKE SAMPLING STATIONS . N

GRAND TRAVERSE REGION - 6

WATER RESOURCES COMMISSION \‘\ \

MICHIGAN DEPARTMENT OF CONSERVATION G

2 1.0 % g (<] 8 M

MILES

GRAND  TRAVERSE
8sar

S oname_taavenss g0

3

NS S W

W - N
{ ; r:“,
I tane, o / v
Y/ P L S ﬁ" |
f ) N 1 “ ) |
iy N 7
3 ‘. A K !
D 4 e 7 S
: EA B 7l
s BN B L
P ) : \
-~ / J
= Y -
’ o veeen aesed o - tmhuxn{\
K o . e BT e £ L TRackasxa )
: T e N A A
L sw AR ar=,
= puee sogmoian . 5 y H /S
/ s AV
- s = v "
- : ® e ’:,-u
N oncu smosc 4 N
1
A ] A\
) \
’ |
S -
e 1] i
\ /
g H] i ‘ /
~ oF . . ] .
. 1 N S
n - = - -
e NP U Sood i TR - j?’l. T T~ —
{ ~ _I/ ~ H T e mcuw‘n “ar
K \\ N i b
& - .
A and A
N~



Surface Water

" Lake Ann

Arbutus Lake -
ArbuLus Lake

Lake Bellaire
Lake Bellaire
Lake Charlevoix
Lake Charlevoix

Lake Charlevoix
Lake Charlevoix

Crystal Lake
Crystal Lake
Crystal Lake

Duck Lake
Duck Lake

Elk Lake
Elk Lake

Big Glen Lake
Big Glen Lake

Little Glen Lake

Green Lake
Green Lake

Intermediate Lake
Intermediate Lake

Lake Leelanau
Lake Leelanau

Lake Leelanau
Lake Leelanau

Lime Lake

TABLE 2

GRAND TRAVERSE REGION
LAKE SAMPL ING LOCATIONS

Station

Number County
1 Benzie_
] Grand Traverse
2 Grand Traverse
1 Antrim
2 Antrim
1 Charlevoix
2 Charlevoix
3 Charlevoix
L Charlevoix
1 Benzie
2 Benzie
3 Benzie
1 Grand Traverse
2 Grand Traverse
1 Antrim
2 Antrim
1 Leelanau
2 Leelanau
3 Leelanau
1 Grand Traverse
2 Grand Traverse
1 Antrim
2 Antrim
1 Leelanau
2 Leelanau
3 Leelanau
L Leelanau
1 Leelanau

20

Sampling Station Location
Center of Lake

Center of Arbutus /b
Center of Arbutus //2

North End, 200 yds. from public
access
South End, Center of Lake

Center of West End

Center of Lake

Center of East End

Center, N. End of S. Arm,
300 yds. S. of Pine Is.

East -End of Lake
Center of Lake
West End of Lake

North End, Center of Lake
South End, Center of Lake

South End, Center of Lake
North End, Center of Lake

Center of Lake
South End of Lake

Center of Lake

North End, Center of Lake
South End, Center of Lake

. Center of Lake, straight out from

public access on W. side
South End, Center of Lake

North End, Center of Lake
North End, West Arm, 400 yds.
from outlet -
1/2 Mile South of Narrows
South End, straight out
from Solon Twp. Park

Center of Lake



Table 2 contd.

Station ;

Surface Water Number County Sampling Station Location
Long Lake 1 Grand Traverse North End of Lake

Long Lake 2 Grand Traverse Middle of Lake

Long Lake 3 Grand Traverse South End of Lake

Platte Lake 1 Benzie East End, Center of Lake
Platte Lake 2 Benzie . West End, Center of Lake
Round Lake 1 Antrim North End of Lake

Silver Lake 1 Grand Traverse North End of Lake

Silver Lake 2 Grand Traverse South End of Lake

Torch Lake | Antrim North End of Lake

Torch Lake 2 Antrim Middle of Lake

Torch Lake 3 Antrim South End of Lake
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Figures 1-B through 18-B of this appendix are graphical representations of
the dissolved oxygen concentration and temperature distribution versus depth
at each of the lake sampling stations.

Figures 11-B through 20-B of the appendix graphically present the concentrations
of various other constituents for which analyses were run. With the exception of
Lake Charlevoix and Platte Lake, the values represented are averages of the results
obtained from all sampling stations on each lake. Due to the greater variation
in water quality from station to station, the results from each station on the
two lakes mentioned are presented on separate graphs. These graphs show the
difference in water quality of samples collected from about one foot below the
surface, from the middle of the thermocline,and from about five feet above the
bottom of each lake.

Figures 21-B through 30-B of the appendix present graphical comparisons of
some of the constituents measured at each of the lakes sampled. For each Take,
these values are an average of the values measured at all of the sampling stations.

The following descriptive paragraphs summarize the water quality of the
individual Tlakes sampled:

Lake Ann, Benzie County - Lake Ann is located in the northeastern part of
Benzie County and is a part of the Platte River drainage system. Definite thermal
stratification was present in the lake, the thermocline being between 15 and
37 feet at the time of sampling. There was a marked drop in DO with depth;

DO changed from 9 mg/1 at the surface to near zero at 65 feet. This is an extreme
clinograde condition. This lake was the only one sampled in which the DO
concentrations were zero at the bottom. BOD values were very low, indicating

that only small amounts of organic matter were present. Slight increases in

total solids, total dissolved solids, hardness, alkalinity, calcium, and magnesium,
and a larger increase in iron with increased depth were noted. Concentrations

of all other constituents were approximately equal at all depths. Coliform
bacterial densities were very low in the lake.

Arbutus Lake, Grand Traverse County - Arbutus Lake, located in the center
of Grand Traverse County, is actually a chain of five connected lakes. Thermal
stratification was observed at both stations sampled. DO concentrations near
the bottom dropped below 3 mg/1 at both stations, resulting in the clinograde
“oxygen profile of a eutrophic lake. BOD concentrations were low. The value at

the bottom was actually negative, possibly due to algal photosynthesis producing
more oxygen than was used by bacteria in stabilizing the organic matter present.
Of the constituents examined, total solids and total dissolved solids showed

"a slight increase in concentration near the bottom. Values for most other
parameters, including coliform densities, were very low at both stations.

Lake Bellaire, Antrim County - Lake Bellaire, located in the south-central
part of Antrim County, is a part of the Intermediate River - Clam River drainage
system. A thermocline between 20 and 50 feet had developed at both stations at
the time of sampling. Oxygen profiles were of the clinograde type, with the
less extreme condition being present at Station 1 (north end of lake). DO
concentrations dropped to approximately 4 mg/1 near the bottom at Station 2
(south end of 1ake§.. BOD concentrations were very low at all three sampling depths.
Total solids, total dissolved solids, hardness, alkalinity, and nitrates
increased slightly with depth; pH decreased slightly with depth; and the other
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constituents examined remained constant with depth. The highest coliform
bacteria count found in any of the lakes sampled (2000 organisms/100 ml for total
coliform) was found at Station 2 (south end of lake). However, even this

value is well within the standard for total body contact.

Lake Charlevoix, Charlevoix County - Lake Charlevoix is a large lake located
in the western half of Charlevoix County. Four stations were sampled on this
lake, three on the main arm and one on the south arm. Stations 1 and 2 (north
end and center of the main arm, respectively) were quite similar in water quality.
A thermocline developed between 30 and 60 feet and DO profiles were of the
clinograde type, with DO concentrations dropping from an average of 9.0 mg/1
at the surface to an average of 6.5 mg/1 near the bottom. There was a small
increase in total solids, dissolved solids, and alkalinity, and a somewhat
greater increase in nitrate concentrations, from surface to bottom. - BOD values
throughout the lake were lTow (less than 1 mg/1). Other parameters remained
fairly constant with depth and did not indicate abnormal conditions.

At Station 3 (off Boyne City) the water was thermally stratified and showed
more extreme clinograde conditions than at the first two stations. However,
JO concentrations remained high even at the bottom (dropping from 9.0 mg/1
to 6.8 mg/1). There was a large increase at the bottom in concentrations of
total solids, iron, and especially suspended solids. A strong wind from the
west prior to and during the time of sampling at Station 3 may have been responsible
for a reverse current near the bottom which would carry silt from the shoreline.
Total dissolved solids, alkalinity, and nitrates also increased with depth,
although less markedly. Chlorides, present at all four stations examined in
this lake, were only found in one other lake (Crystal Lake).

The DO profile at Station 4, in the south arm, showed the most extreme
clinograde conditions of all four stations, with the Towest DO (5.2 mg/1)
occurring near the bottom at the 35 foot depth. The coliform counts were low
at all four stations on this lake.

Crystal Lake, Benzie County - Crystal Lake is located in the west-central
portion of Benzie County. At the deep station (Station 3) thermal stratification
was very evident. The DO concentrations here exhibited an orthograde type curve
indicating an oligotrophic lake, DO being very high (greater than 9 mg/1) at all
depths. There appeared to be a very slight increase in DO near the bottom at
Stations 1 and 2, the two shallow stations. This can happen in lakes containing
few respiring organisms and 1ittle oxygen demanding organic material. When this
is_the case, oxygen concentrations in the water are determined by the higher
solubility at the Tower temperature, rather than by the oxygen consumers.

Total solids, suspended solids, total dissolved solids, and chlorides were
slightly lower near the bottom in this lake, while other constituents remained
fairly constant with depth and did not exceed levels commonly found in high
quality natural waters. Coliform counts were also low.

Duck Lake, Grand Traverse County - Duck Lake, located in southwestern Grand
Traverse County, is part of the headwaters of the Betsie River. Thermal
stratification had developed at both of the stations sampled. The DO profile
was of the clinograde type at Station 2 and intermediate at Station 1 (the shallowest
station), with the DO concentration dropping to 4 mg/1 at the bottom at Station 2

(south end of Take). A BOD concentration of 2.1 mg/1 indicated a slight |
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increase of organic matter near the surface but dropped below 1 mg/1 at the
bottom. Increases in total solids, suspended solids, total dissolved solids, total
phosphates, nitrates, and iron were also noted at the bottom. Concentrations

of other parameters were constant with depth, and not high enough to indicate

the presence of unnatural pollutants. Coliform densities were minimal.

E1k Lake, Antrim and Grand Traverse Counties - Elk Lake, lying partially in
Antrim County and partially in Grand Traverse County, receives the flow of
several rivers by way of Torch and Round Lakes. A very strong thermal
stratification and an increase in DO with depth, an orthograde condition, were
observed at both stations sampled. Total solids, suspended solids, dissolved
solids, nitrates, iron, and potassium were gréater at the bottom than at the
surface. BOD's were low, with the highest concentration (1.6 mg/1) found near
the bottom. A1l other constituents were constant with depth and present in
low concentrations. Coliform counts were also low.

Glen Lake, Leelanau County - Glen Lake, in western Leelanau County,
actuaTly consists of a smaller, shallower portion (Little Glen) connected to
a larger, deeper portion (Big Glen). A thermocline developed at the deeper
stations (below 40 feet) but no large drop in DO with depth was observed. DO
concentrations were high (none less than 8 mg/1) and Station 1 (the deepest station)
tended toward an orthograde condition. BOD concentrations were all low. The
two stations on Big Glen Lake showed a very stight drop in DO near the bottom.
Station 3 (Little Glen Lake) had a Tow BOD and a high DO concentration, similar
to those of the larger lake. There was no increase in any of the constituents
near the bottom. Concentrations of most parameters analyzed were either zero
or very low, indicating a very clean or pure lake, low in organic matter and
nutrients. As was the case in nearly every lake examined, the coliform counts
were also Tow.

Green Lake, Grand Traverse County - Green Lake, located in the southwestern
part of Grand Traverse County, is part of the headwaters of the Betsie River.
Green Lake was thermally stratified with a thermocline forming between
25 and 55 feet. On the bottom, the DO dropped to a concentration of about
4 mg/1. At Station 2 (the deeper station) there was a definite clinograde
pattern. A large buildup in total and suspended solids and iron concentrations
at the bottom was measured. Total phosphates, nitrates, and potassium also
increased near the bottom. The concentrations of total solids, calcium, and
iron at the bottom were higher than values found in any of the other lakes
sampled. BOD concentrations were low at both stations and constant with depth.
High values for suspended solids indicated the addition of material to the
lake either through runoff or waste discharge. Coliform densities were very
low on the surface of this lake.

Intermediate Lake, Antrim County - Intermediate Lake, a long, narrow Tlake

located in west-central Antrim County, is part of the Intermediate River
drainage system. Thermal stratification occurred at Station 1 (60 feet deep)
but not at Station 2 (20 feet deep). DO concentrations decreased with depth
at Station 1, resulting in a clinograde curve. DO concentrations were not
analyzed at the shallow station (Station 2) because it was felt that at this
station the lake would be very similar to the Intermediate River. BOD concentrations
were very low (0.2 to 0.6 mg/1) and decreased slightly with depth. Other
parameters (total solids, total dissolved solids, hardness, alkalinity, nitrates,
and sulfates) increased slightly with depth, but did not reach concentrations
that would be cause for concern. Coliform densities, measured only at Station 1,
were Tow. )
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Lake Leelanau, Leelanau County - Lake Leelanau, also a long, narrow lake,
is located in Leelanau County. Of the four stations sampled, a thermocline
developed at Stations 1 and 3, and DO decreased steadily with depth at all
stations. DO curves tended to be of the clinograde type; however, DO didn't
drop below 5.8 mg/1 at any station or depth. BOD values were low and decreased
slightly with depth. Total solids, total dissolved solids, hardness, and sulfate
increased at the bottom. The composite sample made up of the deepest samples
collected at Stations 1, 2 and 4 showed unusually high concentrations of sulfates,
dissolved solids and hardness. Further chemical tests showed the presence of
manganese. Suspended solids and pH were in the range of expected values;
nowever, no chlorides, carbonates, total or soluble phosphates, ammonia, or
nitrates were found. The coliform densities found were low at all stations.

Lime Lake, Leelanau County - Lime Lake is a small lake located in the
center of Leelanau County. On July 18, when this lake was sampled, a thermocline
had not developed, but the temperatures decreased steadily with depth. A
thermocline had developed on July 26, between 25 and 45 feet of depth. Dissolved
oxygen, on both days, decreased steadily with depth, (a clinograde condition)
but was never below 6 mg/1. 0Uther constituents and coliform densities were
all zero or well within the normal range expected for unpolluted natural
waters.

Long Lake, Grand Traverse County - Long Lake, Tocated in northwestern Grand
Traverse County, is part of the headwaters of the Platte River. This lake had
become thermally stratified at Stations 1 and 2 (deeper stations) while
Station 3 (shallowest station) showed only a slight drop in temperature with
depth. Moderate clinograde DO profiles were found at all three stations with
the DO concentration dropping to a low level of 3.2 mg/1 at the 50 foot depth
at Station 1. Total solids, dissolved solids, hardness, and nitrates in this lake
were the Towest of all the lakes sampled. BOD concentrations were also very
Tow (0.1 to 0.5 mg/1). Coliform counts and the remaining parameters investigated
were either zero or well within the range of favorable values.

Platte Lake, Benzie County - Platte Lake, part of the drainage system of the
Platte River, is located in the west-central part of Benzie County. Station 1,
on the east end of the lake, had water of quite different quality from Station 2,
on the west end. Thermal stratification was beginning at both stations. At
Station 1, DO was at a high level at all depths, while at Station 2, the DO
concentration dropped to 3 mg/1 at the 50 foot depth and then increased to 7.2
mg/1 at the 65 foot depth. This may have been due to sampling technique. Total
solids, suspended solids, BOD, hardness, alkalinity, and sodium decreased slightly
with depth at Station 1 and increased slightly with depth at Station 2. At
Station 2, iron was present and there was an increase in nitrates on the bottom,
neither of which occurred at Station 1. There was also a high BOD concentration
(5.4 mg/1) near the bottom at Station 2. The above parameters indicate that the
water quality of Station 1 (the inlet end of the lake) is somewhat higher than
at Station 2 (the outlet end of the lake). Bacterial determinations were
only made at Station 2, where they were minimal.
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Round or Skegemog Lake, Antrim, Grand Traverse, and Kalkaska Counties -
Round Lake, Ties between Torch Lake and Elk Lake, where Antrim, Grand Traverse,
and Kalkaska Counties meet. Thermal stratification was not found at the one station
sampled on this Tlake, and the DO concentration did not change with depth. Total
solids and total dissolved solids increased slightly with depth while nitrates
decreased with depth. The remaining constituents remained constant with depth
and were all at normal levels for a natural unpolluted lake. Bacterial
determinations were not made in this lake, but Elk Lake, which is directly
connected to Round Lake, had extremely low coliform densities.

Silver Lake, Grand Traverse County ~ Silver Lake is Tocated in the northwestern
portion of Grand Traverse County. Thermal stratification was present at both
stations sampled. DO concentrations decreased slightly near the bottom at
both stations (DO did not drop below 6 mg/1). This is a clinograde condition.
Suspended solids and BOD increased near the bottom, indicating an increase in
organic matter. There was, however, a decrease in total dissolved solids and hardness
near the bottom. Other constituents measured were either absent or present
at Tow levels and were constant with depth. Bacterial densities were low.

Torch Lake, Antrim County - Torch Lake is a large, long lake located in
western Antrim County. Station 1 (the shallowest station) was not thermally
stratified, but the other two stations sampled did show the development of a
thermocline. A1l three stations had an increase in DO with depth, an orthograde
condition characteristic of oligotrophic lakes, and a high level of DO at
all depths. The increase in DO with depth was due to the increase in solubility
of oxygen with the decrease in temperature. The warmer water in the epilimnion
results in the lower DO in this zone. Slight increases in alkalinity, BOD, nitrates,
iron, and potassium, and decreases in total solids and dissolved solids, were
found with increased depth. Concentrations of nutrients and other substances
as well as coliform densities indicated high water quality.
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Summary of Lake Water Quality

In general, the data collected on lakes in the Grand Traverse Region
indicate high water quality. An orthograde pattern of dissolved oxygen, such
as observed in Crystal, Elk, Glen, Round, and Torch Lakes is a prime characteristic
of an oligotrophic lake. Concentrations of other water quality parameters also
indicated high quality waters in most of the lakes surveyed. No instances of gross
pollution were discovered.

Jespite this evidence of high water quality, certain conditions were noted in
several of the lakes which signify more eutrophic conditions. Of significance
were the clinograde DO patterns discovered in Arbutus, Duck, Green, Intermediate,
Ann, Bellaire, and Long Lakes and in the west end of Platte Lake. Lake Ann
exhibited the most severe oxygen depletion,with no dissolved oxygen near the
bottom. Other examples of declining water quality included: a total coliform
density of 2,000 organisms per 100 ml in the south end of Lake Bellaire; a BOD
level of 5.4 mg/1 near the bottom in the west end of Platte Lake; increases in

“the concentrations of suspended solids, iron, and other parameters near the bottom
- of Green Lake; and an increase in sulfate near the bottom of Lake Leelanau.

While none of the values mentioned are extreme, they may reflect the beginnings

of conditions which could adversely affect the value of these lakes for recreational
and other uses.
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TABLE [I-A
RIVER SAMPLING DATA
GRAB SAMPLES
GRAND TRAVERSE REGION, MICHIGAN

JULY, 1968
Total Fecal
Station ) Temp. D.0. i Coliform Coliform
Number Surface Witer County Station Location Date Time Weather oc 100% Actual % sat counts/100 ml. counts/100 ml,
-+
1 Betsie River G. Traverse Betzie River Rd. 7/22 1249 ——- 23° 8.7 9.0 103% —— ———
’ 7/22 1550 Clear 26 8.2 9.2 2% <100 <io
7/22 2140 - 22 8.8 8.4 95% ——- —
7/22 2200 —— 22 8.8 8.6 97% -——- ——
7/23 0215 - 22 8.8 8.6 97% - -——
7/23 0615 - 21 9.0 8.0 8 --= -—-
7/23 0700 Clear 20 9.2 8.2 89% 500 10
. 7/23 1045 —-—— 21 ‘9.0 8.8 97% —-= -—-
2 Betsie River Benzie - Wallin Rd. 7/22 1318 -— 24 8.5 9.0 105% -— ——-
7/22 1630 Clear 26 8.2 9.6 17% Loo Lo
7/22 2208 - 20 9.2 7.0  76% - -
7/22 2230 -—— 23 8.7 6.8 78% - -—-
7/23 0240 . 21 9.0 6.4 7% - —--
7/23 0640 --- 20 9.2 6.0  65% -- -
7/23 0720 Clear 18 9.5 6.2 65% 8,700 20
7/23 1105 - 20 9.2 8.4 91% ——- -——
3 : Betsie River Benzie Thompsenville Rd. 7/22 1325 - 220 8.8 9.0 102% ——- -
. 7/22 1640 Clear 24 8.5 8.8 103% 300 70
7/22 2220 -— 21 9.0 7.2 80% --- -
7/22 2245 —— 22 8.8 7.2 81% -— -—
7/23 0255 -— 20 9.2 7.2 78% —-— -—--
7/23 0645 -—- 18 9.5 7.2 75% -— -—-
7/23 0730 Clear 15° 10.2 7.4 72% 4,100 <10
7/23 1115 ——- 21 9.0 8.7 96% - ---
I Betsie River Manistee M=115, S. W. of 7/22 1338 -— 210 9.0 9.6 106% -— ——
B Thompsonville 7/22 1705 Clear 22 8.8 9.8 111% 200 20
7/22 2235 --- 20 9.2 7.0 76% - -
7/22 2300 - 20 9.2 6.8  73% — -
7/23 0310 —— 19 9.4 6.6  70% - ---
7/23 0700 ——- 18 9.5 6.8 71% — —
7/23 o740 Clear 17 9.7 6.8 n% 1,600 60
7/23 1130 —— 20 9.2 8.9 96% -—- -—-
5 Betsie River Benzie M=115, 3 miles E. of 7/22 1348 ——— 200 9.2 8.8 95% -— ———
M=115 & U. S. 31 7/22 1720 Clear 21 9.0 9.2 102% 300 10
junction 7/22 2245 - 20 9.2 8.2 897 — _—
7/22 2315 -—— 20 9.2 8.2 89% -— —
7/23 0320 - 18 9.5 7.8 82% - ---
7/23 0705 == 17 9.7 7.8 80% -— ———
7/23 07k5 Clear 17 9.7 7.8 80% 2,500 30
7/23 1140 e 20 9.2 8.4 91% -— -—-
6
Betsie River Benzie U.§. 31 S. of 7/22 1400 ——— 220 8.8 9.0 102% -— -
Benzonia 7/22 1731 Clear 21 9.0 8.6 95% 100 <io
7/22 2255 ——— 20 9.2 7.8 84% -—- ———
7/22 2325 -— 20 9.2 7.8 849, -—- -
7/23 0335 Ll 20 9.2 8.2 89% -— -—-
7/23 0715 --- 20 9.2 7.8 84y ——- ---
7/23 0800 Clear 19 9.4 8.1 86% 900 <10
7/23 1150 -—- 20 9.2 8.6 93% _ -— ——-
7 Betsie River Benzie River Road S. W. of 7/22 1408 -—-- 23° 8.7 9.4 108% -—= ---
Benzonia 7/22 1800 Clear 23 8.7 10.4 119% 3,800 600
7/22 2310 -— 20 9.2 7.8 8y - —
7/22 2335 - 21 9.0 7.8 86% .- -
7/23. 0350 - 19 9.4 7.2 76% -— -—-
7/23 0730 — 18 9.5 7.2 75% - ---
7/23 0815 Clear 19 9.4 — - 2,300 310
7/23 1205 - 20 9.2 8.6 93% - -
k] Betsie River Benzie M=22 Between Elberta 7/22 1415 - 220 8.8 8.8 100% ——— —
. & Frankfort 7/22 1815 Clear 24 8.5 9.8 115% 200 Lo
7/22 2320 - 21 9.0 8.0 88% — —
7/22 2350 — 22 8.8 7.6 86% --- ——
7/23 0400 - 21 9.0 7.h  82% -—- —
7/23 0735 —-— 18 9.5 7.0 73% —— -
7/23 0825 Clear 20 9.2 6.4 69% 9,200 660
7/23 1215 - 21 9.0 7.9 87% - -
L) Betsie River Benzie Off Pier At Coast Guard 7/22 1435 —— 22° 8.8 7.8 88% — ———
: Station in Frankfort 7/22 1840 Clear 22 8.8 8.0 90%, 200 <o
7/22 2335 - 21 9.0 7.6 84, - -
7/23 0005 - 22 8.8 8.2 93 e -—-
7/23  ohle - 21 9.0 8.2 91% ——- ---
7/23 0745 - 20 9.2 7.8 8Ly, - -—-
7/23 0835 Clear 20 9.2 7.8 84y 100 20
9.0 8.1 90% —— ——

7/23 1220 ——- 21



Table 1-A

Continued
' Total Fecal
Station Temp. D. 0. coliform Coliform
Number Surface Water County Station Description Date Time Weather °c 100% Actual % Sat. counts/100 ml. counts/100 m
1 Platte River Benzie Sanford Lake Rd. 7/22 1625 — 250 8.4 8.2 97% - —
by Lake Ann 7/22 2100 Clear 22 8,8 8.0 90% 100 10
7/23 0145 --- 22 8.8 8.0 90% o= ---
7/23 o5 ——- 21 9.0 7.6 8Ly, ——- -—
7/23 0805 ——— 21 9.0 7.8 86% |- ——
7/23 1015 Clear 17 9.7 8.0 82% 1,800 20
7/23 1400 — 18 9.5 8.2 86% -— -—
2 Platte River Benzie Co. Rd. 669 above Fish 7/22 1551 ——— 220 8.8 8.8 100% [R—— ——
Hatchery, N. of 7/22 2035 Clear 21 9.0 7.8 86% ' 600 60
Honor —— - —-—— — — —~—— ——— -— ——
7/23 0125 — 18 9.5 7.8 82% e -
7/23 0420 -—- 22 8.8 7.8 887 | m——— -
7/23 0815 - 20 9.2 8.6 93% - ==
7/23 0955 Clear 16 10.0 8.8 88% 1,900 <lo
7/23 1345 —— 16 10.0 9.7 97% Lo -
3 Platte River Benzie U.s. 31, E. of 7/22 1545 — 21° 9.0 9.0 100% _ - _—-
Honor 7/22 2027 Clear 19 9.4 8.2 87% 3,300 70
7/23 0110 --- 17 9.7 8.4 86% - ———
7/23 0435 — 15 10.2 8.8 86% [ ——— ——
7/23 0825 —— 15 10.2 9.2 90% [ m— -—
7/23 0950 Clear 16 10.0 9.3 93% 4,500 100
7/23 1335 — 16 10.0 8.3 83% ——- e
L Platte River Benzie N. Pioneer Road., 7/22 1538 —— 20° 9.2 9.6 104% - -—
S. E. of Honor 7/22 2015 Clear 19 9.4 8.0 85% 500 50
7/23 0100 -— 18 9.5 8.0 8L, -— —
7/23 okks —— 15 10.2 8.2 9Ly, —-= ==
7/23 0835 — 14 10.4 9.0 86% —-—- -—-
7/23 09ko Clear 17 9.7 9.5 97% 1,800 10
7/23 1330 -— 15 10.2 9.6 947, - -—-
5 Platte River Benzie Indian Hill Rd., 7/22 1530 - 20° 9.2 9.6 104% | ——— —-—-
N. W. of Honor 7/22 2000 Clear 20 9.2 8.8 95% | 800 140
7/23 0045 ——- 17 9.7 8.2 8L --- -—
7/23 o450 ——- 16 10.0 8.6 86% —-— —
7/23 0845 —-—- 15 10,2 9.2 90% - —-—-
7/23 0930 Clear 18 9.5 9.6 101% 2,300 <lo
7/23 1315 -—— 16 10.0 10.2 1029 --- —-—--
6 Platte River Benzie M-22 in Edge water 7/22 1515 — 24° 8.5 8.8 103% -— —-—
7/22 1925 Clear 22 8.8 8.8 100% 100 <lo
7/23 0030 —— ——— e 8,2 e — -
7/23 0505 - 18 9.5 8.0 8L, -—— —
7/23 0850 — 18 9.5 8.2 86% - —
7/23 0910 Clear 20 9.2 8.2 89% 1,800 120
7/23 1305 -— 21 9.0 8.6 95% -—- —
7 Platte River Benzie Lake Twp. Park, West 7/22 1505 -— 250 8.4 9.2 109% -— —
of Edgewater, (mouth 7/22 1935 Clear 24 8.5 8.8 103% 1100 20
of river) —— ——— —— — — _— _— - —
7/23 o5 — S I - —
7/23 0520 - 22 8.8 7.6 86% jmmm —
7/23 0810 — 21 9.0 7.6 8Ly, —— —
7/23 0900  cClear 20 9.2 7.6 8% 1,800 <io
7/23 1300 -—- 21 9.0 8.8 97% (- —
] Boardman River Kalkaska Co. Rd, 612, N. E. 7/18 o740 -— 15°  10.2 8.4 82% -— ——
of Kalkaska 7/18 1120 Cloudy 17 9.7 8.8 90% 500 90
7/18 1350 P. Cloudy 16 10.0 9.8 98% 1,400 300
7/18 1710 Cloudy 18 9.5 9.2 96% 900 190
718 1935 --- 17 9.7 8.6 889 lome -
2 Boardman River Kalkaska U.S. 131, W. of 718 0730 -— 220 8.8 6.0 68% —— -—
Kalkaska 7/18 1100 Cloudy 17 9.7 6.4 65% 1,100 <lio
7/18 1340 P. Cloudy 24 8.5 5.6 65% 1,600 180
7/18 1650 Rain 22 8.8 6.8 77% 900 340
7/18 1922 -— 22 8.8 6.8 77% [ —
3 Boardman River Gr. Traverse Supply Rd. S, W. 718 0710 —-— 18° 9.5 8.2 86% —— -—
of Kalkaska 7/18 1045 Cloudy 14 10.4 8.8 847, 800 290
7/18 1320 Rain 17 9.7 9.0 92% 800 100
7/18 1630 Rain 18 9.5 9.0 9, 300 90
718 1905 -— 18 9.5 8.8 92% - -—-
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