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APPENDIX

SOIL FACTORS THAT AFFECT ON-SITE WASTEWATER DISPOSAL

Evaluation of soil for on-site wastewater disposal requires an understand-
ing of the various components of wastewater and their interaction with soil.
Wastewater treatment involves: removing suspended solids; reducing bacteria
and viruses to an acceptable level; reducing or removing undesirable chemicals;
and disposal of the treated water. For soils to be able to treat wastewater
properly they must have certain characteristics. How well a septic system
works depends largely on the rate at which effluent moves into and through the
soil, that is, on soil permeability. But several other soil characteristics
may also affect performance. Groundwater level, depth of the soil, underlying
material, slope and proximity to streams or lakes are among the other charac-
teristics that need to be considered when determining the location and size
of an on-site wastewater disposal system,

Soil permeability - Soil permeability is that quality of the soil that
enables water and air to move through it. It is influenced by the amount of
gravel, sand, silt and clay in the soil, the kind of clay, and other factors.
Water moves faster through sandy and gravelly soils than through clayey soils.

Some clays expand very little when wet; other kinds are very plastic and
expand so much when wet that the pores of the soil swell shut. This slows
water movement and reduces the capacity of the soil to absorb septic tank
effluent.

Groundwater level ~ In some soils the groundwater level is but a few feet,
perhaps only one foot, below the surface the year around. In other soils the
groundwater level is high only in winter and early in spring. In still others
the water level is high during periods of prolonged rainfall. A sewage absorp-
tion field will not function properly under any of these conditions.

If the groundwater level rises to the subsurface tile or pipe, the satu-
rated soil cannot absorb effluent. The effluent remains near the surface or
rises to the surface, and the absorption field becomes a foul~smelling,
unhealthful bog.

Depth to rock, sand or gravel - At least 4 feet of soil material between
the bottom of the trenches or seepage bed and any rock formations is necessary
for absorption, filtration, and purification of septic tank effluent. In areas
where the water supply comes from wells and the underlying rock is limestone,
more than 4 feet of soil may be needed to prevent unfiltered effluent from
seeping through the cracks and crevices that are common in limestone.

Different kinds of soil - In some places the soil changes within a dis-
tance of a few feet. The presence of different kinds of soil in an absorptiom
field is not significant if the different soils have about the same absorption
capacity, but it may be significant if the soils differ greatly. Where this
is so, serial distribution of effluent is recommended so that each kind of
soil can absorb and filter effluent according to its capability.

Slope - Slopes of less than 15% do not usually create serious problems
in either construction or maintenance of an absorption field provided the
soils are otherwise satisfactory.



On sloping soils the trenches must be dug on the contour so that the
effluent flows slowly through the tile or pipe and disperses properly over the
absorption field. Serial distribution is advised for a trench system on
sloping ground.

On steeper slopes, trench absorption fields are more difficult to lay out
and construct, and seepage beds are not practical. Furthermore, controlling
the downhill flow of the effluent may be a serious problem. Improperly fil-
tered effluent may reach the surface at the base of the slope, and wet,
contaminated seepage spots may result.

If there is a layer of dense clay, rock or other impervious material near
the surface of a steep slope and especially if the soil above the clay or rock
is sandy, the effluent will flow above the impervious layer to the surface and
run unfiltered down the slope.

Proximity to streams or other water bodies - Local regulations generally
do not allow absorption fields within at least 50 feet of a stream, open
ditch, lake, or other watercourse into which unfiltered effluent could escape.

The floodplain of a stream should not be used for an absorption field.
Occasional flooding will impair the efficiency of the absorption field; fre-
quent flooding will destroy its effectiveness.

Soil maps show the location of streams, open ditches, lakes and ponds,
and of alluvial soils that are subject to flooding. Soil surveys usually give
the probability of flooding for alluvial soils.

Soll conditions required for proper on-site wastewater disposal are sum-
marized in the Appendix A-3.

Source: Bender, William H. 1971. Soils and Septic Tanks. Agriculture Infor-
mation Bulletin 349, SCS, USDA.



COMPARISON OF SITE CHARACTERISTICS FOR LAND TREATMENT PROCESSES

Characteristics

Principal processes

Other processes

Slow rate

Rapid infiltration

Overland flow

Wetlands

Subsurface

Slope

Soil permeability

Depth to
groundwater

Climatic
restrictions

Less than 20% on culti-

vated land; less than
40% on noncultivated
land

Moderately slow to
moderately rapid

2 to 3 ft (minimum)

Storage often needed
for cold weather and
precipitation

Not critical; excessive

slopes require much
earthwork

Rapid (sands, loamy
sands)

10 ft (lesser depths
are acceptable where
underdrainage is
provided)

None (possibly modify
operation in cold
weather)

Finish slopes

2 to 8%

Slow (clays,
silts, and
soils with
impermeable
barriers)

Kot critical

Storage often

needed for

cold weather

Usually less Not critical

than 5%

Slow to
moderate

Not critical Not critfical

Storage may None
be needed

for cold

weather

Slow to rapid

1 ft=0.305m

Technology Transfer Program., 1977. Process
Design Manual for Land Treatment of Municipal
Wasteworks. EPA,

¢~V
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APPENDIX

MICHIGAN SURFACE WATER CLASSIFICATIONS

Michigan has established State water quality standards to protect
public health and to preserve quality of the several bodies of water for

their designated uses. Pertinent Michigan surface water classifications
follow.

Classification Use
A=-T Public and Municipal Water Supply
A-IT Industrial Water Supply
B3-I ) Total Body Contact Recreation
B-II Partial Body Contact Recreation
C~I Coldwater Fish (trout, salmon, etc.)
Cc-1I Warmwater Fish (bass, pike, etc.)
D Agriculture

E Navigation



Surface Water

MICHIGAN STATE WATER QUALTTY STANDARDS

Cldssifﬁcationsm~ A-1 A-T1 B-1 B-17 C-1 C-T1 b K

suspeded
sulids

Dissolved
solids

chlorides
pli

Plant
nutrients

Fecal coliform
310

Tewperature

No unnatural turbidity, color, oil films, floatlng solids or deposits in quantities which
are or may become injurious to any designated use

Shall not exceed concentrations which are or may become injurious to any designated use.

125 mg/l

f————56.5 - 8.8 {

Nutrients shall be limited to the extenl necessary to prevent stimulations of growth of
aquatic plants, fungi or bacteria which are or may become injurious to the designated use.
Phosphorus from point sources shall be controlled by utillzing best practicable waste
treatment technology. Goal is 1 mg/l of P

< 1000/100 m1—————4200/100 w} | < 1000/100 wl

5 mg/l but not less than 4 mg/l 6 mg/l ———

S

5 mg/1 but not less than 4 mg/l

Temperature standards are dependent on location and type of surface water and also the
designated use of the surface water.

State of Michigan Water Quality Requirements,
Part 4, undated.

-4
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The University of Michigan Biological Station was 2stablished

in 1909 at Douglas Lake near Pellston, Michigan, as a teaching
and research facility. It occupies a 10,000-acre tract of
semi-wilderness in northern lower Michigan, surrounded by a
remarkable variety of upland and lowland deciduous and coniferous
forests, meadows, marshes, bogs, dunes, lakes and streams. The
three upper Great Lakes - Michigan, Huron and Superior - are
nearby. As the largzst and one of the most distinguished inland
biological stations in the world, it serves as an intellectual
meeting place for biologists and students from the United States
and around the world.

The Biological Station is well-equipped for investigations of
the diverse natural environments around it. In addition to
the moderm, winterized Lakeside Lcboratory, which was funded
by the National Science Foundation, the Station has 140
buildings, inecluding laboratories, classrooms, and living
quarters for up to 300 people. Special facilities include a
library, study collections of plants and animals, a large
tzet of boats, and a full array of modern lcboractory and
ield equipment. The Station offers tranquility and harmony
21 th nature - 1t 18 a place where plants ard animals can be
tudied as they live.

Lb t_h

N

3

4]

Dr. David M. Gates, Director of the Station since 1871, and
Mark W. Paddock, Assistant to the Director, have promoted
new and exciting fields of research, including problem-
oriented research to help cope with emerging environmental
problems.

The Station is currently undertaking specifie investigations
in northern lower Michigan to provide information about the
land, the water, and the people in the area. Results are

made available to community leaders for use in long-term land-

use planning. In addition, many research projects are underway
geared toward a better understanding of the structure and funct%on
of both aquatic and terrestrial ecosystenms.

This publication is one of a series of reports that are issued
periodically to disseminate information on research generated

@t the Biological Station. For further information concernin th
publications in this series or information on the BiOZOQicaZ’g other
Station in general, address inquiries to: The University of

S . . , . . L

ggzﬁzg;?ggzgf?g@cal Station, Pellston, Michigan 49769 (Phone
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by
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INTRODUCTION

The University of Michigan Biclogical Station has been
studying 40 inland lakes in Cheboygan and Emmet Counties,
Michigan, since 1972. This research effort has been designed
to provide ecological and sociological information pertinent
to management of these lakes and their watersheds for the en-
hancement of long-term environmental quality. Preliminary
results of these investigations are available in Gannon and
Paddock (1974). Specific information on geology, hydrology
and groundwater quality was presented in Richardson (1978).
Sociological data on evaluations, behaviors, and expectations
of residents of the study area were reported by Marans and
Wellman (1977). Instances of utilization of information gen-
erated in this project for water quality and wastewater manage-
ment purposes has been documented by Pelz (1977) and Pelz and
Gannon (1978). Furthermore, information written especially
for lake-oriented visitors and residents has been prepared in
the Biological Station's Lakeland Report Series, Lake Profile
Series, and other publicatiocns (Say et al., 1975; Foster, 1976;

0'Neil, 1977).

Crooked and Pickerel Lakes have been investigated since
the beginning of this problem-oriented research effort. The
objective of this report is to provide a summary of salient
limnological features of these two water bodies. Special

emphasis will be given to the current water quality and trophic
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status of Crooked and Pickerel Lakes and to an estimate of
nutrient (phosphorus and nitrogen) sources to these lakes.
Complimentary information on suitability of lakeshore soils
for on-site wastewater disposal is included as Part II of

this report (Gold and Gannon, 1979).

DESCRIPTION OF STUDY AREA

Crooked and Pickerel Lakes are located near Little Traverse
Bay of Lake Michigan in northwestern lower Michigan (Fig. 1).
They lie in Emmet County (T35N, R4W) and are bounded by four
townships (Bear Creek, Little Traverse, Littlefield, and Spring-
vale). Typical of most lakes in this region, they were formed
by melted ice blocks that were left by the retreating glacier
over 10,000 years ago. These lakes are the beginning of the
Inland Water Route, a series of interconnecting lakes and
rivers that eventually empty into Lake Huron through the

Cheboygan River.

Crooked and Pickerel Lakes have plaved an important role
in the human history of northern lower Michigan. Although
native people were primarily oriented towards the shorelines
of Lakes Michigan and Huron, the Inland Water Route was used
for passage from Lake Michigan to Lake Huron by canoe, thus
avoiding the more hazardous journey around Waugoshance Point

and through the Straits of Mackinac. The Inland Water Route
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was also used extensively for transportation by European voy-
agers and settlers. During the logging era around the turn
of the century, millions of board feet of white pine and other
timber were floated down the Inland Water Route to sawmills;
two of these mills were located on Crooked Lake at Oden and

Conway,

At the same time, the railroad was built in this area
and provided an overland transportation link to the south,
Tourism flourished as vacationers came to Crooked and Pickerel
Lakes by rail and stayed in resort hotels on the lakeshores.
Commercial steamers carried vacationers from Crooked and
Pickerel Lakes to Mullett Lake through the Inland Water Route.
Crooked and Pickerel Lakes have continued tc be popular for
water-oriented recreation to the present dav. To facilitate
recreational boating activities, the Crooked River has been
periodically dredged to a depth of 5 ft. since 1956. Water
levels in Crooked and Pickerel Lakes were stabilized by con-
struction of a lock and weir on the Crooked River at Alanson

in 1964.

Crooked Lake was the only inland water body in northern

lower Michigan with a railroad traversing a considerable dis

tance of its shoreline. This allowed for earlier resort devel

opment on Crooked Lake than on other lales of the regi
P S A : 101’1_ In

addition to resort hotels, cottages were built near the railwd
£ ailwal
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along the north shore, especially at Conway and Oden; The
north shore of Crooked Lake was extensively dotted with
seasonal dwellings in the early decades of this century while
the south shore of the lake and all of Pickerel Lake's shores
remained essentially undeveloped. Building of cottages and
homes along all shorelines increased especially after World

War II.

Since the north shore of Crooked Lake was first to be
developed, it also was the first area to experience pollution
problems, Contamination of nearshore water with human sewage
was discovered along the north shore, especially near Oden,
in the late 1960's and early 1970's. To alleviate this problem,
a sanitary sewer was constructed to divert human sewage away
from the north shore and into the Harbor Springs sewage lagoon
and spray irrigation wastewater treatment system. Although
the sewer was completed in Fall of 1975, most lakeshore residences
were not hooked up to the sewer system until 1976. Lakeshore
dwellings on the remainder of Crooked Lake's shoreline and all
of Pickerel Lake continue to be serviced by conventional septic

systems.

Human sewage was not the only source of pollution to
Crooked Lake. A state fish hatchery has existed on the lake
near Oden since 1920. The small stream emanating from the
fish hatchery was the major source of ammonia-nitrogen and
total phosphorus to Crooked Lake in 1975 (Gannon and Mazur,

1976). Further information on the fish hatchery and nutrient



loading to Crooked Lake is preseﬁted in this report.

METHODS

Watershed Characteristics

Immediate watershed area is defined here as the area
bounded by the highest elevation which continually surrounds
a given lake without including other lakes. Total watershed
area is the immediate watershed of a given lake plus the
immediate watersheds of all other lakes that subsequently
drain into the given lake. The watershed areas for Crooked
and Pickerel Lakes were traced from U. S. Geological Survey
quadrangle maps (1:62, 500 scale) onto a blank piece of paper
and cut out with a pair of scissors. The area was determined
by passing the piece of paper delineating the watershed area
through a Hayashi Deuko Automatic Area Meter, Model AAMS.
Land-use types and their areal coverage were determined from

LANDSAT satellite data (Rogers, 1977).

Limnological Characteristics

Morphometric features of Crooked and Pickerel Lakes were
determined from hydrographic maps compiled by the Institute for
Fisheries Research, Michigan Department of Natural Resources.
The methods employed basically followed Welch (1948) and are

discussed in Gannon and Paddock (1874) .



Physiochemical data were obtained on a quarterly basis
from Fall, 1972 through Winter, 1975 from a central deep
station in both lakes (Figs. 2 and 3). Temperature profiles
were recorded at one meter intervals, using a Whitney resistance
thermometer. Light transparency was measured with a standard
Secchi disc. Light penetration measurements were obtained with
a submarine photometer fitted with Weston cells during Summer
and Winter. Percent light transmission was calculated from the
photometer readings. Apparent color of the water was estimated

with a Hach colorimeter (pt-co units).

Water samples were obtained from three to five depth in-
tervals, depending upon temperature profile characteristics,
with a three-liter capacity Kemmerer bottle. Dissolved oxygen
was determined titriometrically with the azide modification of
the Winkler method (APHA, 1971). Alkalinity was measured
titriometrically with an indicator solution of bromocresol-green
and methyl-red (APHA, 1971). Specific conductance was determined
on an Industrial Instruments Model RC-16B2 conductivity bridge
and pH was measured potentiometrically on either a Beckman Model
N or Model H-5 pH meter. All of the above variables were analyzed

within 18 hours of collection.

Samples for remaining variables were filtered and frozen
for later analysis. These samples were quick-thawed in a water
bath to room temperature and chemical analyses were completed by

the following methods. Calcium, magnesium, sodium, and potassium
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were determined on a Perkin-Elmer Model 305 atomic absorption
spectrophotometer (EPA, 1974 a), Total phosphorus, soluble-
reactive phosphorus, nitrate-nitrogen, ammonia-nitrogen, and
silica were determined colorimetrically on a Beckman DB-GT
spectrophotometer. Total phosphorus and soluble-reactive
phosphorus were measured using a hybrid method of Gales et al,
(1966) for digestion and Schmid and Ambuhl (1965) for neutrali-
zation and color development. Nitrate-nitrogen and ammonia-
nitrogen were determined by the methods of Muller and Widemann
(1955) and SoloTazano (1969), respectively. Silica was measure
using the heteropole blue method (APHA,1971). Chloride was
determined on the Beckman Model’H-5 pH meter fitted with a salt

bridge and chloride electrode (K@HA,1971).

In the Fall of 1974, the Biological Station's chemistry
laboratory was automated. A Technicon Autoanalyzer II was
used to analyze September, 1974 and all 1975 samples colori-
metrically (Technicon, 1972-73). Following the quick-thaw pro-
cedure, chemical measurements were performed by the following
methods. Ammonia-nitrogen and nitrate-nitrogen* analyses were
performed immediately. Simultaneously, sample aliquots for
soluble and total phosphorus were poured into test tubes and
placed in a gravity drying oven for several days until the
sample evaported. Then the samples were digested with per-

sulfate (Mentzel and Corwin, 1965), refrigerated overnight and

* Nitrate-nitrogen analysis also includes nitrite-nitrogen.
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analyzed the next day. Silica (reported as Si) and chloride
analyses were performed on thawed samples that sat at raom
temperature for one day. Phosphorus, ammonia-nitrogen and
silica measurements were determined by automated methods
(Technicon Industrial Methods 155-7W, 154-71W, and 186-72W),
similar to the manual methods previously used. Nitrate-nitrogen
was analyzed by a copper-cadmium reduction method (Technicon
Industrial Method 158-7W). Chloride was measured with a mercuric

thiocyanate and ferric ammonium sulfate automated method (EPA, 1974a).

Collection of plankton samples was made on each survey
date from the central station in both lakes. A cylinder-cone
plankton net with No. 20 (76 um) nylon mesh, 0.25-m diameter,
was towed from near bottom to the surface. Samples were ex-
amined qualitatively for species composition and relative

abundance.

An Ekman grab (15 x 15 cm) was used to collect bottom
samples at the central station in both lakes only in Summer,
1973. Samples were sieved with a No. 30 mesh screen and the

invertebrates were identified and enumerated in the laboratory.

Nutrient Loading Determinations
Sources and quantities of phosphorus and nitrogen to
Crooked and Pickerel Lakes were estimated from data collected

from Summer, 1975 through Spring, 1976. Nutrient chemistry
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and other limnological data*, using previously described
methods, were obtained at the central station and selected
near-shore stations in both lakes (Figs. 2 and 3). Inshore
stations were located at the mouths of inflowing streams,

at the heads of outflows, and near concentrations of human
development along the shoreline. Streams were monitored for
discharge using Price and pygmy current meters and total phosphoru
and inorganic nitrogen samples were obtained on a quarterly
basis during the study period. An estimate of total nitrogen
was obtained by doubling the inorganic nitrogen values since
average inorganic and organic fractions were nearly equal in

other nearby waters (EPA, 1975; Tierney et al., 1976).

Data were obtained on total phosphorus and inorganic
nitrogen contributions from precipitation. Organic nitrogen
was considered to be negligible. Precipitation records were
from the nearby Pellston Airport. Chemical analyses were
performed on precipitation samples collected at 10 sites in
Cheboygan and Emmet counties. Total loading from precipitation
of 2.5 kg/kmZ/yr. total phosphorus and 10.6 kg/kmz/yr. total

nitrogen was determined from these analyses.

In addition to limnological data, inshore stations were
sampled for coliform bacteria in Summer, 1975, Samples
were collected in 100-ml glass containers supplied by a
county sanitarian and promptly sent to the Bureau of
Laboratories of the Michigan Department of Health for
analyses. Although data on both total and fecal coliform

bacteria were obtained, only fecal coliform results are
reported here.



13

A recent study by Omernik (1976), who determined phos-
phorus and nitrogen export values from various land covers,

appears to contain data most pertinent to the watersheds of

B-4

Crooked and Pickerel Lakes. Watershed land cover data (Table 1)

and nutrient export values from the north and northeastern

forest and forage region of the United States (Table A-1) were

employed. Omernik's (1976) '"mostly agriculture' category was
chosen instead of his '"agriculture' category since our
"agriculture/grassland" grouping contains both active and

fallow farmland.

Nichols and Richardson (in Gannom and Paddock, 1874)
made some preliminary calculations on nutrient loading from
septic systems to lakes in Cheboygan and Emmet Counties, in-
cluding Crocked and Pickerel Lakes. Assumptions on numbers
of dwelling units, length of occupancy, and household use of
phosphate-enriched detergents were too high. Furthermore,
assumptions on nutrient movements from septic systems to the
lakes were not based on local soils data. Their nutrieﬁt
loadings from septic systems appear to be over-estimations.
Consequently, considerable effort was focused on refining
estimates of nutrient loading from septic systems in this

investigation.

Loading of phosphorus and nitrogen to Crooked and Pickerel

Lakes was calculated using information on household si:ze,

length of occupancy, household usage of septic systems,
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number of dwelling units on each soil type, and the per-
éentage of nutrients that reach the lake from each soil

type from lakeside septic systems. It was estimated from

the 1970 U. S. census that the average household size in
Emmet County was 3.25 persons per dwelling unit. The number
of households within 300 ft. (92m) of the shoreline was ob-
tained from the Emmet County Equalization Department and
year-round and seasonal occupancy was estimated during Winter
(Gold and Gannon, 1978). From a household survey conducted
on nearby Walloon Lake (Project CLEAR, 1978), it was estimated
that loading of phosphorus to septic systems from dishwater
and laundry wastewater was 0.83 kg/household/yr. Dishwashing
and laundry habits on Crooked and Pickerel Lakes were assumed

to be the same as on Walloon Lake.

Estimations of 0.5 kg/person/yr phosphorus and 5.4 kg/
person/yr mnitrogen (Vollenweider, 1968) were used as the
human waste contribution to the septic system. Including the
phosphorus contribution from detergents, total loadings to the
septic system of 2.46 kg/household/yr. phosphorus and
17.55 kg/household/yr nitrogen were estimated. The number
and type of residences on'specific soil types was used to
calculate the amounts of phosphorus and nitrogen reaching the

lakes. The type of residence was weighted (i.e., 1 0 for

year-round occupancy, 0.5 for possible year -round occupancy

and 0.25 for seasonal occupancy) and multiplied by the number'

of residences on each soil type. The soils were identified
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and trhnscribed from the Emmet County Soil Survey onto the
home location map. From soil characteristics such as natural
drainage, depth to seasonal high groundwater (Alfred et al.,
1973), and phosphorus adsorption capacity (Schneider and

- Erickson, 1972), estimations were made on percentage of phos-
‘phorﬁs{and nitrogen that would reach the lakes through each
soil type from septic systems. Then septic systems nutrient
’ioading was calculated from the number and type of residence
on each soil type, the total nutrient input per household

per year, and percentage of nutrients reaching the lake

(TaBleé A-2 through A-4).
RESULTS AND DISCUSSION

Water quality: Some basic considerations

Although inland lakes are individualistic and exhibit
their own unique characteristics, scientists recognize a
| rélatifely simple system of grouping and classifying lakes
into water quality types. Oligotrophic lakes are nutrient
poor and are low in plant and animal productivity. Eutrophic
lakes are high in nutrient content which stimulates high pro-
duction of plants and animals. Lakes exhibiting intermediate

characteristics are termed mesotrophic.

Lake residents normally equate good water quality with
oligotrophié lakes. These water bodies exhibit clear waters,
low turbidity from algae, low amounts of weed growths, and

firm bottom sediments. Eutrophic lakes are normally con-
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sidered poor in water quality with turbid waters high in algal
content, high amounts of undesirable weeds, and mucky bottom
sediments. Since eutrophic lakes are more productive, they
often contain higher quantities of fish than oligotrophic
lakes. Consequently, fishermen may consider water quality

in eutrophic lakes as good. However, in extreme eutrophic
conditions, desirable fish species such as walleye, yellow
perch, northern pike, and bass are replaced by less desirable
~species such as carp, suckers, and bullheads. In most situations,
water quality in a water body has been determined by its geo-
logical origins and natural features within its watershed.

It is the challenge of the riparian community to understand
the current water quality status of their lake and to mini-
mize adverse changes in quality as they use and develop the

lake and its watershed.

Ideally, current water quality data should be compared
with historical records in order to establish any trends in
water quality changes. Unfortunately, historical water quality
information on Crooked and Pickerel Lakes is extremely scanty.
Temperature, alkalinity, dissolved oxygen and pH measurements
were occasionally collected by the Fish Division of the Michigan
Department of Natural Resources during the past several decades.
An examination of these records did not reveal any changes in

water quality in Crooked or Pickersl Lakes beyond normal yearly

variation. Consequently, current water quality status of these

lakes must be determined by interpreting recent Physicochemical



and biological data and by applying some simple trophic

state models that have been developed in recent years.

Watershed Characteristics

The watershed areas of Crooked and Pickerel Lakes are
relatively large, encompassing parts of three counties (Fig. 4),
and consist primarily of second growth deciduous and mixed
(deciduous and coniferous) forests (Table 1). Agriculture and
grassland comprises allarger fraction of land-use in Crooked
Lake's watershed than in Pickerel Lake's drainage basin (Table 1).
However, most agricultural activity occurs‘in upland areas away
from the shore of both lakes. Marshy and swampy wetlands are
an important feature and lie primarily near the north shore of
Crooked Lake and along the south and east shores of Pickerel

Lake.

Pickerel Lake's watershed is large in comparison to its
lake surface area (Table 1). The lake is fed mostly by
groundwater seepage since its inflowing streams are small.
The outflow of Pickerel Lake is to Crooked Lake through the
Crooked-Pickerel Channel, although reverse flow can sometimes

occur depending on wind and current conditions.

Crooked Lake's immediate watershed (11,190 ha) is smaller
than Pickerel Lake's drainage basin (13,660 ha). However,

Spring, Mud, Round and Pickerel Lakes all flow into Crooked
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TABLE 1. LAND-USE TYPES IN THE CROOKED AND PICKEREL LAKE WATERSHEDS BASED ON LANDSAT
DATA (ROGERS, 1977).

CROOKED LAKE PICKEREL LAKE

Land-Use Type Acres km?2 % Acres kmz %
Coniferous Forest * 1,025.3 4.1 3.5 2,985.0 11.9 8.9
Deciduous Forest 7,579.9 30.3 26.0 13,406.0 53.6 39.9
Mixed Forest 4,347 .4 17.4 15.0 6,724.6 26.9 20.0
Sparce lorest ** 8,045.1 32.2 27.7 6,698.0 26.8 19.9

TOTAL FOREST 20,997.7 84.0 72.2 29,813.6 119.2 88.7
Agriculture/Grassland *** 5,468.1 21.9 18.8 2,880.7 11.5 8.6
Urban/Bare Ground 236.4 1.0 0.9 73.2 0.3 0.2
Uncategorized __330.7 1.3 1.1 160.9 0.6 0.4

TOTAL LAND 27,032.9 108.2 93.0 32,928.4 131.6 97.9
Water 2,060.7 8.2 7.0 951.0 2.8 2.1

GRAND TOTAL t 29,093.6 116.4 100.0 33,879.4 134.4 100.0

* Includes both upland and swamp forests.
*% Includes shrubby uplands and wetlands.
*%% Tncludes grassy uplands and marshy wetlands.

+ Totals from LANDSAT data differ slightly from those determined with an area meter
(see Table 2).

61

V!
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Lake. Consequently, Crooked Lake's total watershed 1s much
larger (25,170 ha), encompassing its immediate watershed
and the drainage areas of these neighboring lakes (Fig. 4).
Although groundwater seepage is undoubtedly a significant
source of Crooked Lake water, inflows from Minnehaha Creek
and other streams are important contributors. The Crooked

River is the only surface outlet for Crooked Lake.

Information is not available on the numbers of people
living in the watersheds of Crooked and Pickerel Lakes. The
region is predominantly rural and sparcely populated. Over.
1,800 year-round residents were reported in adjacent Little-
field and Springvale townships®*in 1970. The number of people
living on or near the lakeshores is of particular interest
for water quality considerations. About 400 dwelling units
are located within 90 m of the Crooked Lake shoreline. Most
of these dwellings are located on the north shore and are
currently serviced by the wastewater sewer line. Only 112
dwelling units are located on Crooked Lake’s south shore and
on Oden Island. Pickerel Lake is more sparcely populated,
with 134 dwelling units reported on or near its

shoreline
(Gold and Gannon, 1979).

* These townships comprise the largest land .
of the two lakes. ° ared in the watersheds
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Limnpldgical Characteristics

Morphome try

;Crooked Lake is about twice as large in surface area as
Pickerel Lake. Crooked Lake is aptly named since its shore-

line 'is so irregular. Its shoreline development factor is

two Fimes higher than Pickerel Lake and its shoreline is

three times longer than Pickerel Lake (Table 2). Consequently,
the potential for over-development is considerably greater on
Crooked Lake than on Pickerel Lake. Both lakes are moderately
deep with maximum depths over 18 m. The average depth of
Pickerel Lake (3.9 m) is slightly greater than Crooked Lake
(3.0 m). Both lakes contain large expanses of shallow areas
suitable for development of weed beds that provide favorable

habitat for fishes (Fig. 2, Fig. 3, Table 2).

The current water quality is generally good in both
Crooked and Pickerel Lakes and the quantity of water flowing
in and out of them is at least partially responsible. Water
residence time is the amount of time water remains in the
lake's basin before being completely replaced by inflowing
water. Calculations of water residence times for these lakes
is somewhat complicated by the hydrology of the Crooked-Pickerel
Channel, since currents alternately flow in and out of the
channel. However, the net flow is from Pickerel to Crooked Lake.
Furthermore, because of the geographical locations of the channel

and Oden Island, it appears that water from the channel is dis-



TABLE 2. MORPHOMETRIC FEATURES OF CROOKED AND PICKEREL LAKES, EMMET COUNTY, MICHIGAN.

DEFINITIONS ARE ACCORDING TO HUTCHINSON (1957).

CROOKED LAKE PICKEREL LAKE
Variable * Metric Fnglish Metric English
Zn 18.6 m 61.0 ft. 21.3 m 69.8 ft.
Z 3.0 m 9.8 ft. 3.9 m 12.8 ft.
1 5.58 km 3.5 mi 4,09 kn 2.5 mi.
by 3.09 km 1.9 mi 1.69 km 1.0 mi
b 1.69 km 1.1 mi 1.09 km 0.7 mi
L 29.63 km 18.4 mi ‘ 10.57 km 6.6 mi
Ay 959.59 ha 2,371 acres 427.06 ha 1,055 acres
Ag 111.9 x 10%ha 27,649 acres  136.6 x 10%ha 33,750 acres
v 29,534.7 x 10°m° 1,040 x 10963 17,176.8 x 103m° 605 x 10%f¢3
Dy 2.7 1.4
D, 0.5 0.5
AglAy 11.7 32.0

* Abbreviations: Zy, maximum depth; Z, meun depth; 1, maximum length; by, maximum width;

A4

b, mean width; L, shoreline length; A,, lake surface area’; Ag, watershed area;

V, volume; D,, shoreline development factor ; D, volume development factor; Ad/Ao, ratio

of watershed area to lake surface area.
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charged primarily through Crooked River and does not signifi-
cantly mix with Crooked Lake water west of the island. Water
from the Crooked-Pickerel Channel comprises about 39% of the
flow of the Crooked River, while the remaining 61% represents
‘fhe outflowing waters of Crooked Lake. The water residence
times for Crooked and Pickerel Lakes have been estimated as
4.2 and 4.7 months, respectively. Although these lakes con-
tain a relatively large volume of water, they both have conm-
pargtively short water residence times and can flush out
pollution inputs rather quickly. In contrast, nearby Walloon
Lake has a water residence time of 3.2 years and, therefore,

is more sensitive to pollution than Crooked and Pickerel Lakes.

Physicdchemistry: Off-shore conditions -

Crooked and Pickerel Lakes are basically similar in most
physicochemical characteristics. Both lakes thermally stratify
during Summer. A uniformly warm layer, the epilimnion, gener-
ally extends from the surface to about 8 m. A :zone of rapid
temperature change, called the thermocline, occurs from 8 m
to 13 m. The deepest portion of the lake from 13 m to the
;bottom is uniformly cold and is known as the hypolimnion.

:Wind generated currents are pfimarily confined to the epilmnion
during Sﬁmmer. Two complete circulation periods occur in
Sﬁring and Fall when the lake is mixed from top to bottom.
Slighf inverse stratification occurs during Winter under ice
cover when temperatures are slightly warmer near bottom than

they are near the surface. The onset and duration of ice cover
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varies from year to year, depending on meteorological con-
ditions. Generally, ice cover remains from mid-December to
early April. Ice disappears from Crooked Lake in Spring
earlier than most other lakes of the region, presumably because

of groundwater seepage especially along the north shore.

Crocked and Pickerel Lakes contain clear, unstained
waters that allow for excellent light penetration. Trans-
parency, as measursed by the Secchi disc, was only slightly
greater in Pickerel Lake than in Crooked Lake (Table 3).
Bofh lakes contain hard water with high concentrations of
alkalinity, specific conductance, and ionic constituents,
especially calcium and magnesium. The waters are alkaline
with pH generally above 8.0 throughout the photic zone.
The inorganic nutrients, phosphorus and nitrogen, average
slightly higher in Crooked Lake than in Pickerel Lake. 1In

contrast, silica concentrations are slightly higher in Pickerel

Lake (Tables 3 and 4).

Phosphorus is considered to be the limiting nutrient for
plant growth in both Crooked and Pickerel Lakes because soluble
and total phosphorus concentrations are extremely low relative
to nitrogen. The low amount of phosphorus in the water is at
least partially controlled by chemical interactions between

the water and bottom sediments. Both lakes contain abundant



TABLE 3. COLOR, LIGHT, AND DISSOLVED OXYGEN (D.0.) CHARACTERISTICS OF CROOKED AND

PICKEREL LAKES, EMMET COUNTY, MICHIGAN. DATA FROM CENTRAL DEEP STATIONS.

o Color Secchi Disc 1% T* Near Bottom D.0. Near Bottom D.O.
Lake (pt-co) Yearly Range(m) Summer(m) Summer (mg/1) Winter (mg/1)
Crooked Lake 10 2.0-5.0 8.8 0 7.3

Pickerel Lake 20 2.5-6.0 8.5 0.1 6.8

* ’Depth of light penetration to 1% of surface illumination

Y4

biat!



TABLE 4. CHEMICAL AND CHLOROPHYLL a FEATURES OF CROOKED AND PICKEREL LAKES
'
_AT DEEP CENTRAL STATIONS DURING SUMMER AND WINTER.*

CROOKED LAKE

PICKEREL LAKE

Variable Summer Winter Summer Winter
T.A. (mg/1) 141.0 158.6 136.4 163.8
Sp. Cond. (umhos/cm) 289.5 " 314.9 285.0 326.1
pH 8.4 8.1 8.4 8.0
S-POy (ug/1) 4.0 7.0 5.9 4.0
T~PO; (ng/1) 11.9 11.3 9.8 18.3
NOz-N (ug/1) 44.2 356.5 62.1 320.0
NHz-N (ug/1) 20.1 40.3 18.0 44.3 .
Si0, (ug/1) 2,578.8 3,475.8 2,665.3 3,686.8
CI (mg/1) 12.5%= 2.5 10.9%x 3.7
Ca (mg/1) 38.7 42.2 38.4 48.9
Mg'(mg/l) 13.9 12.7 13.4 13.1
K (mg/1) 0.8 0.8 0.7 0.9
Na (mg/1) 2.1 2.2 2.2 2.5
Chl. a {ug/l) 3.3%% 2.0 2 8% 0.7

% Data are means for the euphotic zone (> 1% light transmlttance) in Summer, 1973 and 1974

and Winter,1974 and 1975 except where otherwise indicated. T.A. is total alkalinity as

CaCOz and Sp Cond.

is specific conductance corrected te 25C

-4



‘calcium and inorganic carbon, a situation conducive for marl
deposition. Marl is precipitated calcium carbonate (CaCOz)

or lime, and forms the characteristic grayish-white, clay-like
bottom sediments and coatings on rock and other firm substrates.
Phosphorus ions in the water column adsorb on marl particles,

settle into the bottom sediments and become unavailable to

stimulate algae and weed growths.

As long as dissolved oxygen content remains high, co-
precipitation o phosphorus with marl is an important mechanism
in maintaining high water quality in Crooked and Pickerel Lakes.
However, under anaerobic conditions, phosphorus is released from
the sediments and becomes available for plant growth. Currently,
anaerobic conditions are confined to the near bottom waters of

-
the deepest portions of Crooked and Pickerel Lakes during the
Summer stratification period. During the Summers of 1973 and
1974, the bottom 4 m of Crooked Lake and the bottom 2 m of
Pickerel Lake contained less than 1% saturation of dissolved
oxygen. Consequently, dissolved oxygen depletion in the hypo-

limnion is slightly greater in Crooked Lake than in Pickerel

Lake.

Chemistry and bacteria: Near-shore conditiions
Nutrient chemistry and coliform bacteria tests were con-
ducted on near-shore areas and at mouths of inflowing streams

of Crooked and Pickerel Lakes in order to locate any "hot spots"
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f human was.2water contam nat.on,

The highest concentrations of total phosphorus ocgurred
1n the stream emanating from ctne Oden Fish Hatchery on
Crooked Lake during 21l seasons. Phosphorus bzlow the fish
hatchery was 15 times higher than at *ne Crcoked Lake central
station during summer (Fig. 5). < gh conZszntrations in com-
parison with the central ->tiation were also observed near the
village of Oden and off Oden Isiand's west side. Phosphorus
valggs_below a small, pr.vate “15h pond (5:tatidn No. 4C) did
not differ sign.fi.antly from cenzral sta%tido~ valus=ss,

The -treams p=low both the 3tats and privace fist

—

a

culture facilities were zons s+tently high in i1noryanicz nitrogen

-

during all seascns. Values at these respsc:iive locations were
19 and 2o -times higher thaa at the central staction in surmsr
(Frg. 6;. Otner compa-atively "11gh indrganic nitrogen <on-
centrations were nouted near the villages of Conwav and Fon

shewaing and at the mouth of Minnehaha Creek (Fig. 5).

s
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Fig. 5 Comparison of total pbosphorus concentrations (ug/l) between the central
station and selected near-shore locations in Crooked lake during summer, 1975.
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Coliform bacteria data were obtained only in Summer, 1975.
Only the station near Conway was contaminated with fecal coli-
form bacteria (1600 colonies/ml).* Low bacterial counts were

observed elsewhere along the shores of Crooked Lake (Fig. 7).

In contrast to Crooked Lake, concentrations of phosphorus
and nitrogen in the near-shore areas of Pickerel Lake were
almost identical with central station values during all seasons
although only Summer data are presented here (Figs. 8 and 9).

A relatively high concentration of inorganic nitrcgen was re-
corded only once at Station No. 15 (Fig. 9). Fecal coliform
bacteria counts in Summer, 1975 were low throughout Pickerel
Lake and did not indicate any sources of human contamination

(Fig. 10).

Biology

Detailed phytoplankton data are not available for Crooked
and Pickerel Lakes. Qualitative observations indicate that
both lakes are in a healthy water quality condition. Although
filamentous blue-green algae are present in both lakes, they

rarely form a predominate component of the algal community.

* The Michigan Department of Health considers waters with
fecal coliform bacteria counts greater than 200/ml to be
polluted and unfit for bodily contact, such as swimming.
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Substantial algal blooms have not been observed in Pickerel
Lake. In contrast, algal blooms, usually consisting of diatopg

and Dinobryon, have been noticeable in Crooked Lake.

Chlorophyll a, a measure of the quantity of algae, was
slightly higher in Crooked Lake than in Pickerel Lake (Tabie4y
Although chlorophyll a averaged near 3.0 ug/l in the photic
zone during Summér for both lakes, the maximum recorded value
was higher for Crooked Lake (8.9 ug/l in Fall, 1974) than for
Pickerel Lake (4.2 ug/l in Spring, 1974). Phytoplankton com-
position and chlorophyll a indicate that the waters of both
Crocked and Pickerel Lakes are oligo-mesotrophic, with Crooked
Lake sllghtly closer to the eutrophic side of the trophic con-

tlnuum

Species éomposition of zooplankton was basically similar
in Crooked and Pickerel Lakes. There was a general absence of
species indicative of extreme oligotrophic or eutrophic waters
in both lakes and, therefore, zooplankton composition was most
characteristic of mesotrophic conditions. The greater relative
abundénée of the cladoceran, Chydorus spkaeiicus, in Crooked
Lake indicates that the waters of Crooked Lake are sllohtly
more eutrophic than Pickerel Lake (Bricker and Gannon, unpublisk
data). <Crooked Lake contained the oligo-mesotrophic indicator
rotlfers, Notholea foliacea, N. michiganensis, and Synchaeta
asymmetrica, as well as the edfrophic indicators, Polyarthra

euryptera and Trichocerca multierinis. Similarly, the oligo-
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mesotrophic indicative rotifers, Conochiloides natans, and
¥. michiganensis, as well as the eutrophic species, P. euryptera

and T,multierinis, occurred in Pickerel Lake (Stemberger, un-

published data).

Similarly, the composition of the benthic organisms in
Crooked and Pickerel Lakes were indicative of water bodies
mesotrophic in charactér. Both lakes contained oligotrophic
indicators such as the burrowing mayfly nymph, Aezdgenia, and
fingernail clams, Sphaeriwm. Likewise, eutrophic indicators such
as the oligochaete worm, Limnodrilus Koffmeisteri, and several
genera of chrionomid midge larvae were observed in both lakes.
The Shannon-Weiner species &ivefsity index was slightly higﬁer
in Pickerel Lake (0.57) than in Crooked Lake (0.43), and is
indicative of slightly more oligotrophic conditions in Pickerel

Lake than in Crooked Lake (Weid, unpublished datd).

An examination of Michigan Depaftment of Natural Resources
records reveals that both Crooked and Pickerel Lakes contain
fish populations indicative of healthy water quality conditioms.
Desirable species, such as northern pike, walleye, black bass,
yellow perch, and bluegill are prevalent in both lakes. Growth
rates of these fishes are near state-wide averages in both

Crooked and Pickerel Lakes.

Trophic State
It is readily apparent from the preceding limnological

inventory that Croocked and Pickerel Lakes are in good water
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quality condition. Physiochemical data and biological indices
of water quality suggest that both lakes border between oligo-
trophy and mesotrophy (i.e., oligo-mesotrophic) on the trophic
continuum of lake types, with Crooked Lake somewhat more meso-
trophic than Pickerel Lake. In other words, Crooked Lake is
only slightly poorer in water quality than Pickerel Lake. Better
definition of the trophic status of these lakes can be obtained

by applying some simple criteria and indices of trophic condition,

Summer average chlorophyll «, total phosphorus, and Secchi
disc transparency have frequently been used to establish the
trophic state of lakes. Although the actual values differenti-
ating trophic levels are somewhat subjective, criteria established
by EPA (1974b)have been widely used in recent years. Using EPA
(1974b)criteria, Crooked and Pickerel Lakes are both oligotrophic
based on chlorophyll a. Crooked Lake is mesotrophic based on
total phosphorus and Secchi disc transparency, and Pickerel Lake
is oligo-mesotrophic using these variables(Fig. 11). Chlorophyll
and total phosphorus are probably better than transparency in
assessing the tréphic condition in these lakes. Transparency
is affected by suspension of marl floc as well as by algal turbid
ity in both lakes. Therefore, Secchi disc readings are not
sufficiently accurate for predicting trophic conditions in such
lakes, Nevertheless, all three variables indicate that Crooked
Lake is slightly closer to the eutrophic end of the trophic

continuum than Pickerel Lake.
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Recognizing the relationships of chlorophyll a, total
phosphorus and Secchi disc transparency to trophic condition,
Carlson (1977) developed a trophic state index (TSI) based
on these variables. Lakes are rated on a scale of 1-100 with
higher numbers representing more eutrophic waters. Carlson's
index can be computed for the three variables independently
or a weighted combination of all three can be employed. Be-
cause Secchi disc readings can be misleading in marl lakes
and because other nutrients besides phosphorus can sometimes
become limiting to algal growth in Summer, I have chosen to use
Carlson's index based on chlorophyll a for Crooked and Pickerel
Lakes. Both lakes are classified as oligotrophic using this
method, although Crooked Lake is closer to mesotrophy than
Pickerel Lake. In comparison with other lakes in Cheboygan
and Emmet Counties, Pickerel and Crooked Lakes rank second and
fifth highest, respectively, in water quality of 39 lakes

investigated (Fig. 12).

The above criteria concerns only the near-surface, off-
shore waters of lakes. Uttermark and Wall (1975) developed
a subjective lake condition index (LCI) that uses easily de-
tectable measures of eutrophication, many of which are observable
from the shoreline, including presence or absence of algal bloom
and excessive weed growths. Lakes are rated on a scale of 0-23,
higher values indicating poorer (more eutrophic) water quality.

Although the LCI is not strictly related to trophic states, &
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reasonable comparison between LCI and trophic classification
was obtained in Wisconsin lakes (Uttermork and Wall, 1975).
Crooked and Pickerel Lakes were determined to have LCI values
of 7 and 5, respectively. Consequently, both lakes are
classified as mesotrophic by this method with Crooked Lake
again being closer to the eutrophic side of the trophic spectrum

than Pickerel Lake (Fig. 12%).

Nutrient loading

It is important to emphasize that nutrient loading determin-
ations are relatively new to science and, therefore, they still
are largely estimations. The values presented here are con-
sidered to be the best estimations with the available data
for Crooked and Pickerel Lakes and information from the liter-
ature on nutrient loading. The greatest uncertainties are in
the nutrient contributions from land C6ver. The amount of
nutrients actually reaching the lakes from forest, agricultural,
and urban. areas is difficult to predict without better know-
ledge of run-off and groundwater flow patterns. Use of soils
data has improved our ability to estimate nutrient contributions
from septic systems. However, important variables such a;,
direction of groundwater flow, slope of land, age and condition
of the septic system, and its distance from the lakeshore, were

not known and, consequently, were not used in the nutrient

loading analysis. However, several of these variables are
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considered on the soil suitability maps (Gold and Gannon, 1979),
Estimates of nutrient loading from lakeside lawn fertilization
were not available for the study area, but this nutrient source
is at least partially included in the coefficient for nutrient

export from urban land cover.

Phosphorus loading was considerably higher to Crooked Lake
than to Pickerel Lake in 1975-76 (Table 5). The discharge of
nutrient-laden water from the Oden Fish Hatchery constituted
the major man-induced source of phosphorus to Crooked Lake,
representing 14.1% of total phosphorus loading. Considering
all inflowing creeks, fhe stream from the fish hatchery con-
tributed 69% of the phosphorus during the year and as high as
80% during Summer. Septic systems were another major human
source of phosphorus, representing 9.4% of total phosphorus
loading. In contrast, septic systems only contributed 4.0% of
total phosphorus loading to Pickerel Lake. Nutrient loading
was highest from forested lands in both lakes since the greatest

portion of land in both watersheds is wooded.

Crooked Lake also received higher quantities of nitrogen
than Pickerel Lake (Table 6). Major sources of nitrogen to
both lakes were from forests and agricultural lands. Fish
Hatchery and Minnehaha Creeks were also important. sources of
nitrogen to Crooked Lake. Because of the higher proportion of

nitrogen loading from land cover, the contribution of nitrogen



TABLE 5. SOURCES AND QUANTITIES OF TOTAL PHOSPHORUS (P) FOR CROOKED AND PICKEREL
LAKES, 1975-1976

CROOKED LAKE ' PICKEREL LAKE
Sources Kg/yr. % Sources Kgl/yr. %
Creeks . Creeks
Round 26.6 1.2 Cedar 47.4 3.1
Conway 7.6 0.4 State Forest 10.8 0.7
Crooked 5.0 0.2
Fish Hatchery 303.8 14.1
Minnehaha 97.8 4.6
Precipitation 321.7 14.9 Precipitation 143.2 9.2
Septic Systems 201.7 9.4 Septic Systems 61.9 4.0
Land Cover Land Cover
Forest 748.2 34,7 Forest 1,063.0 68.4
Agriculture 368.4 17.1 Agriculture 195,06 12.6
Urban 72.9 3.4 Urban 31.7 2.0
TOTAL 2,153.7 100.0 TOTAL 1,553.6 100.0

Sy
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TABLE 6. SOURCES AND QUANTITIES OF TOTAL NITROGEN (N) FOR CROOKED AND PICKEREL
LAKES, 1975-1976

CROOKED LAKE PICKEREL LAKE
Sources Kg./yr. % Sources Kg/yr. %
Creeks Creeks
Round 1,301.6 1.7 Cedar 4,076.0 6.3
Conway 445.4 0.6 State Forest 550.6 0.8
Crooked 2,320.2 3.1
Fish Hatchery’ 5,056.3 6.7
Minnehaha 8,533.0 11.2
Precipitation 7,973.3 10.5 Precipitation 3,548.4 5.5
Septic Systems 2,357.2 3.1 Septic Systems 494.2 0.8
Land Cover Land Cover
Forest 34,539.0 45.5 Forest 49,069.2 76.1
Agriculture 11,865.0 15.6 Agriculture 6,300.0 9.8
Urban 1,538.7 2.0 Urban 468.3 0.7
TOTAL 75,929.7 100.0 TOTAL 64,506.7 100.0

9Y
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to both lakes from septic systems was relatively minor. How-
ever, nitrogen loading from septic systems was five times

higher to Crooked Lake than Pickerel Lake.

Sinc¢e phosphorus is the limiting nutrient for plant growth
in Crooked and Pickerel Lakes, phosphorus loading is the most
critical factor to the present and future water quality of
these lakes. The importance of lake morphometry, i.e. mean
depth and water rééidence time, to the susceptibility of lakes
to phosphorus loading has been developed into a simple model
by Vollenweider (1975). When dafa for Crooked and Pickerel
Lakes are placed on the Vollenweider phosphorus loading plot,
the trophic state and potential rate of eutrophication can be
assessed (Fig. 14). Crooked and Pickerel Lakes are both
classified as oligo-mesotrophic by this method, with Crooked
Lake slightly closer to the eutrophic end of the trophic con-
tinuum. This is in agreement with other methods of trophic
state determinations that were discussed previously. Both
lakes are below the "permissible' loading level as determined
by Volleﬁweider, i.e., water quality of both lakes should not
appreciaﬂly change given the phosphorus loading levels 6f
1975-1976. However, Crooked Lake is nearly exceeding the
"permissible""le&él”énd, therefore, may decline in water

quality at a slightly faster rate than Pickerel Lake (Fig.14 ).

Two events have occurred since 1975-1976 that apparently

have reduced phosphorus loading to Crooked Lake from human
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sources. Dwellings on Crooked Lake's north shore have been
serviced by a sewer and central sewage treatment System since

Fall, 1976. Consequently, nutrients from wastewater that

formerly entered the lake from septic systems have been diverted

out of the watershed. In addition, the Oden Fish Hatchery,
recognizing its pollution problems, changed its fish culture
operation to reduce nutrient loading to Crooked Lakes. The
lowermost raceways were converted to settliing ponds to act

as nutrient traps and a decision was made to shift the hatchery

from fish production to brood stock maintenance.

Unfortunately, comprehensive nutrient budget data for
1977 are not available for Crooked Lake and, therefore, the
impact of these changes on water gquality improvement cannot
be properly assessed. However, limited data on phosphorus
loading from the fish hatchery was obtained in Summer, 1977.
If phosphorus contributions from precipitation, other creeks,
and land cover are assumed to be the same in 1975 and 1977,
then an indication of the amount of phosphorus reducfidn from
elimination of north shore septic systems and changes in fish
hatchery operations can be obtained. The amount of phosphorus
discharged from the fisn hatchery was nearly three times lower
in 1977 than in 1975. Similarly, it was estimated that phos-

phorus from septic systems was reduced by a factor of three

(Table 7).

Another event in 1977 should have had a slight effect in

reducing phosphorus in Crooked and Pickerel Lakes. A ban on



TABLE 7. COMPARISON OF SOURCES AND QUANTITIES OF TOTAL PHOSPHORUS (P) ENTERING
CROOKED LAKE DURING SUMMER, 1975 AND SUMMER, 1977%,

1975 1977

Sources Kg. % Kg. %
Fish Hatchery Creek 87.6 14.9 33.3 6.7
Septic Systems 50.4 8.6 16.2 3.2
Other *#

Precipitation 131.8 22.4 131.8 26.4

Land Cover 297.4 50.6 297.4 59.5

Other Creeks 20.8 3.5 20.8 4.2
TOTAL 588.0 100.0 499.5 100.0

* Summer is a three-month period (June, July and August).

*#* These data were obtained only in 1975, and phosphorus contributions from these
sources were assumed to be the same in 1975 and 1977.
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phosphates in detergents went into effect throughout the State
of Michigan on October 1, 1977. We estimate that the phosphate
ban should reduce phosphorus loading to septic systems by about

34%,
CONCLUSIONS

The present water quality of Crooked and Pickerel Lake
is good. Both lakes are classified as oligo-mesotrophic with
water quality slightly better (more oligotrophic) in Pickerel

Lake than in Crooked Lake.

Phosphorus is the limiting nutrient to plant growth in
both lzkes. Consequently, the rate of change in water quality
can largely be influenced by controlling phosphorus loading rates.
We have lipple or no control over nutrient inputs from natural
sources (i.e., precipitation on the lake surface, runoff and
groundwater inflow from the watershed, aquatic birds, leaves,
pollen, etc.). However, nutrient inputs from cultural sources
(i.e., runoff from residential and agricultural land, lakeshore
lawn fertilization and sewage) can be reduced. Total phosphorus
loading was within theoretical ''permissible" limits for both
lakes in 1975-76. Indications are that a reduction in phosphorus
loading from north shore dwellings and the Oden Fish Hatchery
has occurred on Crooked Lake since 1975-76. The ban on phos-
phates in detergents, that took effect in Fall, 1977,

will also reduce phosphorus loading to both lakes.
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Further reductions in phosphorus loading should be en-
couraged to protect and maintain water quality in these lakes.
Reduction in lakeshore lawn fertilization and construction of
lakeshore greenbelts are recommended. Septic systems located
on soils suitable for on-site wastewater treatment should be
properly maintained. For dwellings located on soils unsuitable
for on-site sewage treatment, the ecological and economic
consequences of any wastewater management alternatives should be

carefully considered.
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SEPTIC SYSTEMS
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TABLE A-1. TOTAL PHOSPHORUS AND TOTAL NITROGEN EXPORT (kg/km2/yr.) FROM LAND COVER.
VALUES ARE MEANS FOR THE NORTH AND NORTHEASTERN UNITED STATES (OMERNIK, 1976), AND
WERLE USED IN THE CROOKED AND PICKLREL LAKES NUTRIENT LOADING CALCULATIONS.

Land Cover Phosphorus Nitrogen
Forest 8.6 397
Agriculture (mostly) 16.3 525
Urban 31,7 669
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TABLE A-2, ESTIMATED PHOSPHORUS (P) AND NITROGEN (N) INPUTS FROM SEPTIC SYSTEMS

TO CROOKED LAKE'S NORTH SHORE. IN 197S5. THIS PORTION OF THE LAKE HAS BEEN
SERVICED BY A SEWER SINCE 1976.

Percent Reaching Lake Number of Dwellings Amt. Reaching Lake

Soil Type P(%) N(%) Y-R PY-R S P(kg/yr) N(kg/yr)
Au Gres

loamy sand (AuB) 35 65 50 1 84 61.6 815.6
Deford fine

loamy sand (Df) 75 S0 2 0 0 3.7 17.5
Carbondale

muck (Ca) 75 50 0 0 2 0.9 4.4
Kalkaska

loamy sand (KaB) 25 65 19 0 16 14.1 262.4
Made land (Ma) 35 50 34 0 20 33.6 342.2
Roscommon

mucky sand (Rc) 75 50 1 0 4 3.7 17.6
Rubicon sand (RuB) 25 65 2 0 4 1.9 34.2
Tawas muck (Ta) 75 50 8 0 3 16.1 76.8
Wet alluvial N

land (Wt) 75 S0 0 0 2 0.9 4.4
TOTAL 116 1 135 136.5 1,575.1

* Y-R is year-round occupancy; PY-R is possible year-round occupancy; S is seasonal
occupancy.
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TABLE A-3. ESTIMATED PHOSPHORUS (P) AND NITROGEN (N) INPUTS FROM SEPTIC SYSTEMS
TO THE SOUTH SHORE OF CROOKED LAKE, INCLUDING ODEN ISLAND, IN 1975. THIS
PORTION OF THE LAKE CONTINUES TO BE SERVICED BY SEPTIC SYSTEMS.

Percent Reaching Lake Number of Dwellings Amt. Reaching Lake

Soil Type P(%) N(%) Y-R PY-R S P(kg/yr) N(kg/yr)
Au Gres

loamy sand (AuB) 35 65 13 0 9 13.1 174.0
Au Gres sand (ArB) 35 65 . 0 0 3 6.7 8.6
Bluc lLake

loamy sand (B1B) 65 65 1 0 1 2.0 14.3
Blue Lake .

loamy sand (B1F) 65 65 0 0 4 1.6 11.4
Brevort mucky :

loamy sand (Br) 55 50 10 0 11 17.3 111.9
Bruce fine

sandy loam (By) 35 50 2 0 0 1.7 17.6
Emmet sandy loam (EmB) 25 65 4 0 0 2.5 45.6
Iosco loamy ‘

fine sand (I1B) 55 65 0 1 1 0.3 2.9
Johnswood

cobbly loam (JoC) 25 85 9 2 9 7.5 182.7
Kalkaska sand (KaB) 25 65 0 1 7 1.4 25.7
Kalkaska sand (KaC) 25 65 3 0 1 2.0 37.1
Continued

6S
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TABLE A-3 Cont.

Percent Reaching Lake " Number of Dwellings Amt. Reaching Lake

Soil Type _ P(%) N(%) Y-R  PY-% S P(kg/yr) N(kg/yr)
Made land (Ma) 35 50 2 0 0 1.7 17.5
Roscommon

mucky sand (Rc) 75 50 2 0 1 4.2 19.7
Sandy lake

beaches (Sb) , 35 65 5 1 0 4.7 62.7
Thomas loam (ToA) 35 50 3 1 9 4.5 50.4
TOTAL 54 5 56 65.2 782.1
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TABLE A-4. ESTIMATED PHOSPHORUS (P) AND NITROGEN (N) INPUTS FROM SEPTIC SYSTEMS

TO PICKEREL LAKE IN 1975.

Percent Reaching Lake

Number of Dwellings

Amt. Reaching Lake

Soil Type P(%) N(%) Y-R PY-R S P(kg/yr) N(kg/yr)
Au Gres

loamy sand (ArB) 35 65 0 0 7 1.5 20.0
Carbondale

muck (Ca) 75 50 ! 0 0 4 1.8 8.8
East Lake

loamy sand (EaB) 25 65 1 0 4 1.2 22.8
Kalkaska '

loamy sand (KaB) 25 65 7 0 20 7.4 135.9
Roscommon

mucky sand (Rc) 75 50 5 0 20 18.4 87.8
Saugatuck sand (ScB) 35 50 3 0 18 6.5 65.8
Tawas muck (Ta) 75 50 1 0 12 7.4 35.1
Thomas mucky

loam (Tm) 35 50 0 0 4 0.9 8.8
Thomas loam (ToA) 35 65 0 0 16 3.4 45.6
Warners mucky

loam (Wm) 75 50 4 2 9 13.4 63.6
TOTAL 21 2 114 61.9 494.2
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BACKGROUND

Septic systems rely on the soil to purify domestic waste-
water. However, soil types vary considerably in their capacity
to effectively treat wastewater. Septic systems operating in
ill-suited soils can be a threat to public health and can
have adverse effects on water quality of nearby lakes and
streams. Soil suitability for wastewater disposal is primarily
determined by slope, permeability, depth to seasonal high
groundwater level, and phospherus adsorption capacity. Depth
to bedrock can also be a factor where overlying soils are ex-
tremely shallow. One of these variables, or more likely the
integrating influence of a combination of them, may restrict
the use of on-site waste disposal by septic systems.

Septic systems, if properly designed and carefully installed,
may function adequately on sites with slopes up to 12% (Warshall,
1976). Slopes up to 15% grade present moderate limitations
for wastewater disposal if engineering modifications of the
drain field such as serial distribution are employed. Systems
on severe slopes may experience problems with prematurely
failing drain fields or ponding effluent. Installation of
septic systems on steep slopes will require additional expense
and attention to eliminate the potential for accelerated
erosion and sedimentation.

Permeability is the rate at which water moves through the
soil, and is a major consideration in on-site inspection for

septic system permits. Permeability usually changes with



each soil horizon and various on-site disposal systems use
different horizons for wastewater treatment. Drain field
trenches are generally placed two feet below the surface,
which diminishes the importance of soil permeability above
that level. Mounds and raised drain fields developed in
Wisconsin rely on the permeability of the surface soil layers
(Converse et al., 1976).

Depth to seasonal high groundwater is a primary con-
sideration in on-site analysis for septic tank permits. The
hichest levels of purification are achieved when the waste-
water passes through unsaturated soils. Effluent moves
through spaces between soil particles, increasing the contact
of the effluent with the so0il and increasing the time before
the liquid reaches groundwater (Baker and Bouma, 1975). This
enhances the potential of the soil for phosphorus adsorption
and for the physical screening of bacteria (McCoy and Ziebell,
1975). VUnder saturated conditions, wastewater flows through
the largest soil spaces, minimizing contact between the effluent
and soil particles.

Phosphorus adsorption capacity differs with soil types
and is a major factor in the ability of a soil to purify
wastes. Limnological data indicates that phosphorus is the
limiting nutrient for aquatic proéuctivity in Crooked and
Pickerel Lakes (See Part I of this report). Septic systems
are one source of phosphorus loading to the lakes.

A series of overlay maps have been prepared to provide
guidelines for future wastewater management planning on the

shorelines of Crooked and Pickerel Lakes, Emmet County,
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Michigan. The maps integrate information on soil suitability
and illustrate the capacity of the land near these lakes to
purify septic system effluent. An overlay map depicting
depth to bedrock was not constructed since bedrock is not
found close to the surface in the study area. When presently
existing septic systems need replacing, new septic systems or
other on-site wastewater management alternatives should be
designed to compensate for any site specific soil limitations.
Of course, the use of the overlay maps should not preclude

on-site inspection for suitability of wastewater disposal.

METHODS

Overlay maps for slope, permeability, depth to seasopal
high groundwater, and phosphorus adsorption capacity were
prepared, based on development capability criteria established
by the U. S. Soil Ccnservation Service (1966) and Schneider
and Erickson (1972). The classification and distribution
of soil types in the watersheds of Crooked and Pickerel Lakes
were obtained from Alfred et al. (1973).

Location of dwelling units in the study area was acquired
from Williams and Works (1976)*%. On 20 February 1978 we
visually surveyed the dwellings within 300 feet of the lake-
shore to estimate the number of permanent and seasonal residences.
Over three feet of snow existed on the ground at the time of

the survey. Criteria used to determine year-round occupancy

* At least eight additional dwellings were built since 1976
and were included on the map.



included recently plowed drives, fresh tire tracks, trash

containers, and chimney smoke. Indications of occasional

occupancy were recorded as possible seasonal use in winter.
The phosphorus adsorption capacities depicted on the over-

lay map are as follows (Schneider and Erickson, 1972):

Rate Class Pounds per acre in upper three
rfeet ot so1il
High ‘ >1,600
Medium 1,300 to 1,600
Low <1,300

Phosphorus adsorption data were unavailable for four soil types
in the study area. The following estimates were provided

by Forrest (personal communication®):

Phosphorus
Soil Series Adsorption Capacity
Dighton Series, fine subsoil variant High
Saugatuck Series High
Johnswood Series High
Blue Lake Series Low

The following characteristics of slope, depth to seasonal
high groundwater, and permeability are depicted for each
respective soil property (Alfred, et al. 1973):

-

Depth to Seasonal

Slope High Groundwater Permeability
(Percent) ) (feet) (inches per hour)
0-6 >4 6.3 - 20.0
6-12 2-4 2.0 - 6.3
12-18 <4 0.63 - 2.0
>18 <0.63

Forest, Michael, Soil Scientist, U.S. Soil Conservation
Service, Gaylord, MI 49735.
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permeability values represent the lowest rate that occurs in
the upper five to six feet of soil.

Each variable is depicted on a separate transparency that
lies on two base maps, one showing location of total dwelling
units and the other indicating year-round residences. Increasing
degrees of shading are employed to indicate greater restriction
imposed by each variable on development and on-site wastewater
disposal. When all four transparencies are viewed together,
greater restrictions for wastewater disposal are indicated
by the darkest areas.®

A limited number of booklets (23" X 17') containing the
transparent overlays and base maps were prepared and deposited
at Emmet County governmental offices and at the University of
Michigan Biological Station. Prints of the overlays on the

base map of year-round residences appear in Appendix A.

RESULTS AND DISCUSSION

Dwelling Units

Based on our visual survey and data from Williams and Works
(1976), we estimate that 112 dwelling units are located within
300 feet of the shore on the south side of Crooked Lake and
on Oden Island and 134 on Pickerel Lake. Approximately 55
of these dwellings on Crooked Lake indicated year-round occupancy.

In contrast, 21% of the residences on Pickerel Lake appeared

*‘“-—-——-—
Those so0ils exhibiting high groundwater and rapid permeability
may be more limited in their capacity to treat wastewater
than these overlays actually depict.



to be year-round. Frequency of year-round dwellings was especially
low (10%) along the north shore and at Botsford Landing.
Slope

Emmet County's Health Code does not specifically restrict on-
site disposal systems based on slope cnaractecristics (Michigan
District Health Department No. 3, 1968). However, county sanitariap
consider slope 1n their inspection ot suitability of a site for
septic treatment.

Gently sloping terrain characterizes most of the shoreline of
Crooked and Pickerel Lakes and does not limit the functicning of
septic systems in most of the study area. The only exception is
the eastern side of Graham Point on Crooked Lake where slopes
greater than 12% are located.

Permeability

Permeability of less than 1.0 inch per hour is considered too
slow to allow for adequate treatment (Goldstein and Moberg, 1973).
The Emmet County Sanitary Code requires a permeability rate greater
than 2.0 inches per hour by the percolation test {(Michigan District
Health Department No. 3, 1968). No restriction is imposed on soils
with extremely rapid permeability (i.e., greater than 10 inches
per hour). However, coarse soils with very rapid permeability
can introduce contaminants to groundwater.

Approximately one-half of the dwelling units on the south
shore of Crooked Lake are situated on Au Gres sands and Thomas
loamy sands (Alfred et al., 1973) which have permeability too
slow for adequate septic treatment. Ninetsen residences southeast

of Graham Point are located on Johnswood cobbly loam.
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The moderately slow permeability of this soil type should be
recognized when considering on-site disposal alternatives.

Sixty homes bordering Pickerel Lake are underlain by
soils with permeability below all acceptable standards for
septic treatment (Goldstein and Moberg, 1973). Approximately
one-half of these homes, located on Ellsworth Point, are
situated on Saugatuck sands which have extremely slow per-
meability in the upper horizons. Kalkaska sands on the south-
east shore of Pickerel Lake exhibit permeability adequate for
septic treatment.

Depth to Seasonal High Groundwater

Sites with high groundwater levels (permanent or seascnal)
are not suitable for septic system use. The groundwater level
during the wettest season should be at least four feet below
the bottom of the trenches in a subsurface tile absorption
field and four feet below the pit floor in a field using seepage
pits (Goldstein and Moberg, 1973). Emmet County requires that
finish grade be at least six feet above the known high ground-
water level (District Health Department No. 3, 1968). The
county allows some filling to obtain this distance.¥*

Mounds may be used for safe and effective disposal of
septic tank effluent where depth to seasonal high groundwater
level is greater than two feet from the surface (Converse et

al., 1976). Areas with seascnal high groundwater levels less

’r“‘"——— 3
The soils of Emmet County have been interpreted to a depth
of five feet (Alfred, et al., 1973). However, the depth to
seasonal high groundwater was not recorded if the water
table was more than four feet from the surface. Knoyledge
of soil types and depth of groundwater to at least sSiX feet
below the surface would be useful for cn-site wastewater
management decisions.



than two feet from the surface are severely limited for on-
site disposal (Goldstein and Moberg, 1973).

Seasonal high groundwater levels occur within two feet
of the surface in most of the lakeside soils of Crooked and
Pickerel Lakes. Consequently, adequacy of septic treatment
is severely limited during periods of high groundwater for the
majority of riparian dwelling units. Notable exceptions are
the Emmet sandy loams on Oden Island and the Kalkaska sands
underlying some of the dwelling units on Pickerel Lake's
Ellsworth Point and Botsford Landing.

Phosphorus Adsorption Capacity

The phosphorus adsorption capacity of most soils arcund
Crooked Lake is adequate for septic treatment. However, Blue
Lake loamy sand and Roscommon muck, underlying a few residences
on the south shore, and Emmet sands, under most dwellings on
Oden Island, have low phosphorus adsorption capacities.

Approximately 30% of the dwellings on Pickerel Lake
are on Warners mucky loam, Tawas muck, or Roscommon mucky
sands which exhibit low phosphorus adsorption capacities.
However, adjacent inland soils near the south shore consist

of Kalkaska sands with higher phosphorus adsorption capacities.

CONCLUSIONS
Most of the dwelling units on the south shore of Crooked
Lake are located on soils with characteristics severely
limiting their capacity to treat wastewater from conventional

septic systems. High seasonal groundwater levels are the
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major cons;raint along most of the shoreline. In addition,
soils with low permeability rates underly approximately one-
half of the existing dwellings. Residences on Oden Island

are situated on soils with some limitations but on-site waste
treatment such as mounds or other innovations could be
instituted. More than 30% of the dwellings on the south shore
of Crooked Lake and on Oden Island are year-round. This factor
should be considered when reviewing wastewater management
alternatives.

Much of the development surrounding Pickerel Lake is on
soils not capable of effectively treating septic system wastes.
Seasonal high groundwater levels are again the major constraint,
although low permeability and phosphorus adsorption problems
also exist. Therefore, alternative on-site methods of waste-
water disposal should be considered. For example;‘a large
tract of Kalkaska sands located south of developments at
Botsford Landing and Ellsworth Point are highly suitgble for
on-site wastewater treatment., This method may not be feasible
on the north side since only small, scattered parcels of suit-
able soils are available there. Holding tanks for pump-out
disposal offer a possible on-site alternative. OCnly 21% of
the dwellings around Pickerel Lake are year-round residences.
This factor may influence the choice of wastewater management
methods,

The Crooked-Pickerel Channel area is one of the largest
and most important wetlands in the watershed of Crooked and

Pickerel Lakes. Soils in this area consist largely of Tawas

and Carbondale muck which exhibit serious limitations to
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development and on-site wastewater disposal. The wetland
functions as an important breeding and nursery ground for
game fish and other aquatic organisms, provides habitat for
game birds and animals, and protects the quality of surface
and groundwater resources. Retainment of the soils and
vegetation of the Crooked-Pickerel Channel area in their
natural condition is ecologically sound and worthy of con-

sideration.
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APPENDIX A

Maps of the Crooked and Pickerel Lakes area, depicting
variables that influence adequacy of soils for on-site
wastewater disposal.
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SIMPLIFIED ANALYSIS OF LAKE EUTROPHICATION

Introduction

Two basic approaches to the analysis of lake eutrophication have
evolved:

1) A complex lake/reservoir model which simulates the
interactions occurring within ecological systems; and

2) the more simplistic nutrient loading model which relates the
loading or concentration of phosphorus in a body of water to
its physical properties.

From a scientific standpoint, the better approach is the complex
model; with adequate data such models can be used to accurately
represent complex interactions of aquatic organisms and water quality
constituents. Practically speaking, however, the ability to represent
these complex interactions is limited because some interactions have not
been identified and some that are known cannot be readily measured.
EPAECO is an example of a complex reservoir model currently in use. A
detailed description of this model has been given by Water Resources
Engineers (1975).

In contrast to the complex reservoir models, the empirical nutrient
budget models for phosphorus can be simply derived and can be used with
a minimum of field measurement. Nutrient budget models, first derived
by Vollenweider (1968) and later expanded upon by him (1975), by Dillon
(1975a and 1975b) and by Larsen - Mercier (1975 and 1976), are based
upon the total phosphorus mass balance. There has been a proliferation
of simplistic models in eutrophication literature in recent years
(Bachmann and Jones, 1974; Reckhow, 1978). The Dillon model has been
demonstrated to work reasonably well for a broad range of lakes with
easily obtainable data. The validity of the model has been demonstrated
by comparing results with data from the National Eutrophication Survey
(1975). The models developed by Dillon and by Larsen and Mercier fit
the data developed by the NES for 23 lakes located in the northeastern
and northcentral United States (Gakstatter et al 1975) and for 66 bodies
of water in the southeastern US (Gakstatter and Allum 1975). The Dillon
model (1975b) has been selected for estimation of eutrophication
potential for Crystal Lake and Betsie Lake in this study.

Historical Development

Vollenweider (1968) made one of the earliest efforts to relate
external nutrient loads,to eutrophication. He plotted annual total
phosphorus loadings (g/m“/yr) against lake mean depth and empirically
determined the transition between oligotrophic, mesotrophic and
eutrophic loadings. Vollenweider later modified his simple loading mean
depth relationship to include the mean residence time of the water so
that unusually high or low flushing rates could be taken into account.



Dillon (1975) further modified the model to relate mean depth. to a
factor that incorporates the effect of hydraulic retention time on
nutrient retention.

The resulting equation, used to develop the model for trophic
status, relates hydraulic flushing time, the phosphorus loading, the
phosphorus retention ratio, the mean depth and the phosphorus
concentration of the water body as follows:

L (1-R) = zP
p

phosphorus loading (gm/mz/yr.)
fraction of phosphorus retained
hydraulic flushing rate (per yr.)
mean depth (m)

phosphorus concentration (mg/1)

where:

[ T T I I

L
R
p
z
P

The graphical solution, shown in Figure E-4-a, is presented as a
log-log plot of L (1-R) versus z.
P

The Larsen-Mercier relationship incorporates the same variables as
the Dillon relationship.

In relating phosphorus loadings to the lake trophic condition,
Vollenweider (1968), Dillon and Rigler (1975) and Larsen and Mercier
(1975, 1976) examined many lakes in the United States, Canada and
Europe. They established tolerance limits of 20/ug/l phosphorus above
which a lake is considered eutrophic and 10 mg/l phosphorus above which
a lake is considered mesotrophic.

Assumptions and Limitations

The Vollenweider-Dillon model assumes a steady state, completely
mixed system, implying that the rate of supply of phosphorus and the
flushing rate are constant with respect to time. These assumptions are
not totally true for all lakes. Some lakes are stratified in the summer
so that the water column is not mixed during that time. Complete steady
state conditions are rarely realized in lakes. Nutrient inputs are
likely to be quite different during periods when stream flow is minimal
or when non-point source runoff is minimal. In addition, incomplete

mixing of the water may result in localized eutrophication problems in
the vicinity of a discharge.

Another problem in the Vollenweider-Dillon model is the inherent
uncertainty when extrapolating a knowledge of present retention
coefficients to the study of future loading effects. That is to say,
due to chemical and biological interactions, the retention coefficient
may itself be dependent on the nutrient loading.

The Vollenweider/Dillon model or simplified plots of loading rate
versus lake geometry and flushing rates can be very useful in describing
the general trends of eutrophication in lakes during the preliminary

B-5
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planning process. However, if a significant expenditure of monies for
nutrient control is at stake, a detailed analysis to calculate the

expected phytoplankton biomass must be performed to provide a firmer
basis for decision making.



NON-POINT SOURCE MODELING - OMERNIK'S MODEL

Because so little data was available on non-point source runoff in
the Study Area, which is largely rural, empirical models or statistical
methods have been used to derive nutrient loadings from non-point
sources. A review of the literature led to the selection of the model
proposed by Omernik (1977). Omernik's regression model provides a quick
method of determining nitrogen and phosphorus concentrations and loading
based on use of the land. The relationship between land use and
nutrient load was developed from data collected during the National
Eutrophication Survey on a set of 928 non-point source watersheds.

Omernik's data indicated that the extent of agricultural and
residential/urban land vs. forested land was the most significant
parameter affecting the influx of nutrient from non-point sources. - In
the US, little or no correlation was found between nutrient levels and
the percentage of land in wetlands, or range or cleared unproductive
land. This is probably due to the masking effects of agricultural and
forested land.

Use of a model which relates urban/residential and agricultural
land use to nutrient levels seems appropriate where agricultural and/or
forest make up the main land-use types.

The regression models for the eastern region of the US are as
follows:

Log P = 1.8364 + 0.00971A + op Log 1.85 @))
Log N = 0.08557 + 0.00716A - 0.00227B + Ox Lot 1.51 (2)
where:
P = Total phosphorus concentration - mg/l as P
N = Total nitrogen concentration - mg/l as N
A = Percent of watershed with agricultural plus urban land use
B = Percent of watershed with forest land use
op = Total phosphorus residuals expressed in standard deviation
units from the log mean residials of Equation (1). Determined
from Omernik (1977), Figure 25.
oy = Total nitrogen residuals expressed in standard deviation units
from the log mean residuals of Equation (2). Determined from
Omernik (1977), Figure 27.
1.85 = f, multiplicative standard error for Equation 1.
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1.51 = £, multiplicative standard error for Equation (2).

The 67% confidence interval around the estimated phosphorus or
nitrogen consideration can be calculated as shown below:

Log P

H

L Log P + Log 1.85 (3)

Log Ny = Log N * Log 1.51 (4)

where:

PL = Upper and lower values of the 67% phosphorus confidence limit -
mg/l as P

The 67% confidence 1limit around the estimated phosphorus or
nitrogen concentrations indicates that the model should be used for
purposes of gross estimations only. The model does not account for any
macro-watershed* features peculiar to the Study Area.
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INTRODUCTION

Sestic Leachate Fluzmes - Types and Characteristics
In porous £oils, groundwater inflows freguently convey

wa%ers froo nearshere septic units through bottom sediments
3-Z in%o lake waters, czusing ettached algzs growth and algal
nlsozs. The laks shoreline is a particularly sensitive area
2: 1) the groundwater depth is shallow, encouraging soil

2y saturation and anzerobic conditions; 2) septic units and

lezching fields sre freguently locatsd close to the water's
eize, allowing only a short distance for bacterial degradation
znd so0il azdsorption of potential contszinznis; and 3) the
rzcrzational attractiveness of the lzkesshore often induces

tezporary overcrowding of homes leading to hydraulicelly

¥
]

passive release from

W

overloaded septic units. Rather than

lazeskore bottoms, groundwater plumes from nearby on-site
treztoent units actively emerge along shorelines, raising

sediment nutrient levels and creating local elevated concen-

trations of nutrients (¥erfoot and Brainard, 1978). The

]

contribution of nutrients fromn subsurface discharges of shoreline

Sertic units has been estimated at 30 to €0 percent of the total

LRPC, 1977).
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2stevater effluent contains a wixture of near UV fluorescent
actants and natural

“virzdatisn products which are persistent under the combined
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Excessive Loading of Septic Systems on Porous
Soils Causes the Development of Plumes of
Poorly-treated £ffluent Which Move Laterally

with Groundwater Flow and May Discharge Near
the Shoreline of Nearby Lakes.
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~~-2itizns of low oXygzn and limited zicrotiel azctivity. '

¢

Tase sewzgzge treatzent plant. Ore was analyzed

'3

ediacely and the other after havirg sat in a darkened bottle

sov pix months at 209C. Note that little chanze in fluorescznce
=3 zscerent, althouzh during the azing process some narrowing
-5 -rez flucrescaat rezgieon did cccur. The aged effluent
verzolating through sandy leam soil under enazerobic conditions

=25 a stable ratio bstween the orcarnic content and chlorides
re highly nobile anions. The stable ratio (cojoint

~al) batween fluorsescence and conductivity allows ready

dutectnicn of leachste plumes by their ceonssrvative tracsrs as

Trne Septic Lezachate Detector (ENDZCO Type 2100 "Ssptic

nzoper”) consists of the subsurface probe, the water intake
system, the anzlyzer control unit, and the graphic recorder

(Fizure %). Initially the unit is calibrated against stepwiss

increasss ¢f wastewater effluent, of trhe type to be detected,
z22ed to the beckground lake water. The probe of the unit is

aced in the laxe water along the shoreline. Groundwater
cegning tharouch *he naralip=z botton is draw int th N
£2ing Tarough The shoralins botvon is crawn into the subd
ntake of the rrobe and travels upwards to the analyzer
ucit. As it pzsses through the analyzer, separate conductivity

ific fiucrescence signals are generated and sent to

rate signals on a
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RELATIVE FLUORESCINCE
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~art recorder as the boat moves forward. The analyzed

sTtrit ca
wa-ew is continuously cischarged froz the unit back into the
rzceliving wzter.

Tre capillz-ry-like structure of sandy porous soils and

tepr movement induces a fairly narrow plune
zioning szeptic units. The point of discharze along

n through a small area of lake bottonm,
ozmonly forming en oval-shaped area ssveral meters wide when

the sentiec unit is close to the shoreline, In denser subdivisions

al overloaded units the discharges may overlap,
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Tnree different types of groundvwater-related wastewater
piuzes are cozmmonly encountered during a septic leacnate survey:
4) eructing plumes, B) passive plumes, and C) stream source

piumes. As the so0ll bscowmes saturated with disszclved solids

by inorganic peretration (prinecipslly chlorides, sodium, and
ctner salts). The active emerging of tha combined organic and
anic residuszs into the shoreline lake water describes ean
erupting plume. In sezsonal dwellings where wastewater loeads
vary in time, a plume may be apparent during late suzmer. when
ghoreline cottazes sustain heavy use, but retreat during winter

ng low flow conditions. Residusl orzanics from the waste-



vizinisy of the previous erupling oluze, slowly releasing into

P
+nz sno-eline waters., This dormant plume indicates a previous
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tment of the plume exists
u-ie- current conditions so that no inorganic discharge is

acparznt. Streznm source plumes relfer to either groundwater

-
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leackings of nsarsiream septic leaching fields or direct pipe

digcharzes into streams whicih then exzpty into ths lake.
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2.0 METHCDOLOGY - SAMPLING AND ANALYSIS

Water sampling for nutrient concsntrations along the
mo-sline are coordinated with the septic leachate profiling

-arly identify the source of effluent. The shoreline of

ot
o
(3
(r~
o

Crockei/Pickerel Lake consists predominantly of sandy loam soils.

emergent plumes was obtained by

-

H

zrofile of the shoreline fo

a‘o

~

zznually towing the septic leachate detector along the lee side

O

4

of the shoreline in a 5 meter fiberglass rowboat. As water was
h

v

~ . L o \ -
drawn throug

the probe and through the detector, it was scanned

for specific organics and inorganics common to septage leachate.
Wrenever elevated concentrations of leachate were indicated

¢ the continual chart recorder, a search wzs made of the area

9 pinpoint th2 location of maximum concentration. At that time

ample was taken from the discharge of the

[ ct
pwy
AW
U‘
Ha
w
Q
¢v)
£
10
-'.
W
3

detector for later nutrient analysis, 2) an interstitial
r2undwvater sarple was taken with a hand-driven well-point

sezpler to a depth of .3 meter and 3) finally a surface water

=1ily the source of effluent. If the encountered plume
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rutrients would be considerably eleveted in the well-point

gample.  If the source were surface effluent runoff, a low

nutrient groundwater content would exist with an elevated
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viaterial content. If & stream source occurred, an isolated

[V

ct

sinzle nlume would not be found during search, but instead a

i3
uq

brosdezing plume traced back to a surface water inlet. Ground-
r camples taken in the vicinity of the surface outflow would

3t show as high a nutrient content s the surface water

s samo>les taken in the vicinity of the peak of plumes

were arzlyzed by EPA Standard Methods for the following chemical

Conductivity (cond.)

Armonia-nitrogen (NH,~N)

Nitrate- rltﬂoben (V -N)

Total phosphorus (TPﬁ

Orthophosphate phosphorus (PO -P)
£ tot=2) of 29 watzsr samples were obtained at locations of selected
pluzes for analysis. The samples were placed in polyethylene
ainers, chilled, and frozen for transport and storage.
Conductivity was datermined by a Beckman (Model RC-19) conductiv-
ity bridge, ammonium-nitrogen by phenolate method, nitrate-

nitrogen by the trucine sulfate procedure, and orthophosphate-

ptosptorus and totzl phosphorus by the single reagent procedures

(

fellowing standard methods (EPA, 1975)

water samples for bacterial analysis were placed in steri-
lized 157 nl glass containers obtainesd froz the Emmet County
Z2aitn Department and mailed to the Michigan Department of
fubliic Eezlth, Bureau of Laboratories at Grand Rapids for

ensiysls. Analyses were performed for total coliform bacteria

and feczl coliforz by the membrane filter method.
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2.0 FPLUME IOCATIONS

O

Crooked and Pickerel Lakes are shallow recreational lakes

ip of Michigan near Little Traverse Bay on

Lzxe Michigan. Crooked Lake averages 3.05 m in depth and
Pickerel Lzke maintains a greater mean de2pth of 3.96 m. The
k

slzvatison of both lzkes is controlled by the locks of the inland

0

waterway system. Prior to the period of the survey, November 18
to 23, the elevation of the lakes was lowered approximately one
zeter te lessen shoreline winter ice damage. ©Poorly drained,

7el organic and sandy soils dominate the shoreline

3
[
W]
+
H
A
',.l
(¥

areas of the two lakes. WwWith the low relief of the shore, it
was not unusual to encounter only one meter depths at distances
ovar 50 maters cut frowm shore.

4 total of 51 plumes were observed along the accessible

soutbern shere of Crooked Lzke and the Pickerel Lzke shoreline

are dormant plumes, and solid squares represent stream source

e is drawn from each syzbol to the location along

the shoreline whare thne plume was encountered. The highest

Diuze concenbration per shorelina length was observed in Pickerel

2<¢ in the vicinity of Fllsworth Point and Botsford Landing.
llsworth Foint region,

2ls may represent composites of leachate from

nezrdy Iields sand not entirely individual socurces. Many were
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s-~-able by the distance from shore at which they could still

n individusl plume was

8]

r> datected. Near Botsford Landing,
tzblz 50 p from the shoreline. ccassionz2lly doublet
plumss wers observed which may evidence double drainage fields

ted parallel to the groundwater flow towards the lake. One

noticeable peak occurred on the zpproach to Botsford

Cnly 7 dormznt plumes (organic sigaal only), often indicative
1 loazding, wsre found. Mos%t of these (5) were found
on the north shore of Pickerel ILzke.

charge of bog leachate wzs emitted from an ex-

28
o
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(8]
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tensive region of hardwood forest on Cezroondale muck soils into

cassional

¢}

Pickerel Lzke (Figure 4). Tha outflow of water had o
suflicient upflow throuzh the bottom sediments to fluidize the
sandy loam end create "soft" spots into wkich a leg could easily
sink. Although fluorescent, the orgzric discharge was easily
cozracterized by its different spectral emission, its reduced
conductance of 150 pmhos, and low nutrient content.

nning with the Ellsworth Point region and continuing

[y

along tre remaining expanse of shorelire, particularly cn the
scuthern and eastern shores, a high ratio of plumes tc housing

utiTs was apparent. Sanitery surveys of the southern shore of

Crcoae? Lakz and periphery of FPickerel Lzke have described
sevire zo0il and groundwater limitsciorn:s for septic tank disposal

fields within 100 meters of the shoreline, Depth to seasonal

pizh grounivater is O - 2 feet for a2ll lots on Crooked Lake



tke survey arez east of ssgment 19 (Figure 5). Only 19
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with depth to seasonal

USDa, 1973).
4 low density of plumes was observed around the periphery
ite the unsuitable soils condition. As an
izland, the area nay zave very low rates of groundwater flow
sizce recharze would be restricteld to rainfzall received by the

islznd arez., The reduction of grourndwater dr
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ra23uce the treakthrough of plumes from the leaching fields.
tain shorelines were not included in the continuous
transects due to heavy ice formation during the latter days of

es placed from 3 to 6 meters
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from shoreline alorg the Henry-Channel reg
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quantitiez of effluent in the lakswater under the ice (Figure 7).
inalysis of the nutrient content of all sazmples showed a
siznificant correlation tetwezen pluxme strength and soluble

phcsphorus, clearly indicating that plume emergence is affecting
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Figure 4. Plume locations on Crooked Lake and Pickerel Lake.
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4,0 NUTRISNT ANALYSZES

Completed analyses of the chemical content of 28 samples
~3xen along the Croo%ed/Pickerel Lakes shoreline are presented

in Ts=%le 1. The sample letters refer to the

[
o
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]
ct
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wn

og
H
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s
fde
o]

vre 4. The symbol "S" refers to surface water é mple and

the symbol "G" to groundwater sample. Freezing temperatures
limited the groundwater samples to only four. Air temperatures
£ 209-259F would freeze the samples in the stainless steel
well-point before the sample could be transferrsd to a receiving

f

=
V]
“A

SX.
The conductivity of the water sazples as conductance
(pnhos/cm) is given in the second column. The nutrient analyses
for orthophosphorus.(PO4—P), total prosphorus (TP), ammonium-
citrogen (NH4~N), and nitrate-nitrogen (NOB—N) are presented in
tre next four columns in parts-per-million (ppm - mg/l).
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Table 1. Annlysia of surface water {(8) ond groundwater (G) samplea taken in the vieinity
~

ot waatewaver leachate plumces cbserved on the Crooked/Pickerel Lake shoreline.

Brealtthrough

Suamole Concentration (ppm -~ mg/l) Ratio Efficiency
Number Cond. PO, -P TP NHQ-N N05-N C P N P N
A S 410 .009 .012 024 .080
B S 560 . 002 . 005 014 162
C G 400 .010 .028 .209 . 008 00 e e e e e e e - e e e - e - -
D algae and sediment core
i S 350 . 005 .007 . 023 .062
F G 465 029 .031 224 - . 006 65 .03 .22 2% 7%
G S 350 .003 . 007 .020 041
H G 513 133 215 806 ., .008 . 113 .210 .80 10% 14%
I S (lost in transit - cracked)
d G 500 .179 567 1.646 .016 100 567 1.6 28% 32%
K S 310 .001 .008 025 254
L* S 150 .C003% .005 023 .053%
it S 392 .002 .003% .013 « 547
N 5 270 .001 . 004 .218 270
O S 290 .001 .010 057 .210
7 5 295 .002 . 006 021 « 504
Q no sample
Rn S 285 .001 .016 .021 113
S S 300 .001 .007 .0%0 J415
T 5] 288 .002 .007 035 .095
U ) %00 .002 . 006 042 254
W S 245 .002 .O04 014 .115
X S

420 - .607 . 287 -

(continued next page)
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Table 1. (contuinued)

Breakthrough

Sample Concentration (ppm - mg/l) Ratio Bfficiency
Number Cond. PO, -P TP NI, -N ROz~N C p N p N
b4 S 4.05 . 002 .005 LO14 . 162
52 S 469 007 . 009 021 115
34 5 411 « 004 .005 .018 124
35 5 435 002 004 019 154
Background concentration (G)
400 004 LOL4 .010
Bffluent (lagoon)** .
167 121 1.93%0 4,148 . 267
Iocal effluent +400 +8 +20
Surface water influence NH4~N + NO,-N
Corr. coeff. (r) 2
cond. as X . 64 23 .05 -el3 20
z value at 3o, .758%.75
significance sig. insig. insig. insig. insig.
bog
L

apparently diluted by rainfall

o

o}
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erninsd., 7Th2 concectration of nutrients fournd in ths plume

is than compared to the background and to wastewater effluent

viume zre corrected to the assumed undiluted concentration

in standard sand-filtered effluent and then divided

7 She nutrient content of raw effluent. Conputational formulae

L, o ™ ATPi total phosphorus
TE, - TH, = &N, total ritrogen (here sum of
: NO,-N end SH,-N)
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~185-
for s-tenuation during soil passzage:
<h pi>‘A" = % breakthrough of phospkorus
AT, LP
~Yi ef
G i X .
(é”eE\ ANi = % breaxtarough of nitrogen
Aui) ON, ,
wnaersa C, » conductance of background groundwater (um hos/cn)
Ci = conductance of obtserved plume groundwater
(pzhos/cm)
AC_, = conductance of sand-filtered effluent minus
- the background conductznce of municipal
source water (pmkos/cm)
TPO = total phosphkorus in background groundwater
(ppm - mg/1)
TPi = total phosphorus of observed plume ground-
water (ppm - mg/l)
ot = total nitrogen content of background ground-
water, here calculzted as LOB—h + NH,-N
(ppz - mg/1)

Tﬂi = total nitrogen content of observed plume
roundwater, here calculzated as NO5—N + NH4—N
ppz - mg/l)

5.1 Assumed Wastsaswater Chzracteristics

Local semples of effluent obtainsd at the Benzonia County
end Ezmet County sewage treatment plants exhibited a vonductance:
tczzal ohosphorus : total nitrogen ratio of 700:8:20; subtracting
tre btackzround lake water concen ticn of 300 nmhos/cm gives a
~CHOTP:OTN ratic of 400:8:20 rerr-esenting the chanze in concen-

glon. Of note, thz addition of

AC) tends to be hig

socurce water by household use in the Crooked/Pickerel

total dissolved solids

than soft water regions
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which often show ‘2 AC:ATP:ATN ratio of 200:8:20 (Kerfoot and
Srainard, 1978; Kerfoot, et. &l., 1978). The common use of
water softeners in the hard water areas may be a partisal

contribvuting factor.

5.2 Assuzad Background Ievels

Little information exists on background groundwater con-
centrations in the Crooked/Pickerel Lake area. Generally, the
interstitial lake bottom groundwater tended to be slightly higher
in dissolved so0lids and therefore conductance, than the raw lake
water. Sample W which was taken away from plume regions exhibited
a conductance of 345 umhos/cm compared to 300 pmhos/cm for
norzal lake water in the Pickerel Lake region. Surface water
samples taken near ice or under ice irn Crooked Lake showed a
conductance over 400 pmhos/cm. All ssmples exhibited elevated
amronia nitrogen levels, presumably due to water-logged soils
with organic content which promotes reducing conditions. The

Qal.-

total phosphorus content of sample W was lew at .004 mg/l, although
plume

311 groundwater,samples taken had elevated phosphorus levels,

~gain indicative of lessened binding under the more acid soil

substrate and chemically reducing conditions. Nitrate-nitrogen

values were gquite variable and the average background for

groundwater samples was found to be about .0l0O ppm.

et

Table 2, Background groundwater levels for chemical constituents
in interstitial water of Crooked/Pickerel Lake sediments.

Cond. Nutrient Conc. (mg/1)
Constituent (pmhos/cm) TP NE,-N NOz-N
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5.3 pttenuation of Nitro=zen Compounds

On the basis of observed ratios of total nitrogen found in
the limited sampled groundwater plumes, breakthrough of nitrogeﬁ
content ranged from a high of 32% to a low of 7% of that expected
from the typical effluent (Table l); A mean of 18% penetration
was observed based upon the three samples with sufficiently high
conductance for meaningful analysis. The dominant nitrogen
species was NE,-N, consistent with water-logged, saturated soils,

4
5.4 Attenuation of Phosphorus Compounds

Similarly, analysis of the observed ratios of total phos-
phorus found in groundwater plumes indicated a high of 28% and
a low of 2% breakthrough of phosphorus content. A mean penetration
of 13% was calculated from the observed groundwater samples.
£ regression anelysis was performed to indicate if eny positive
correlation existed between the strength of plumes, as indicated
by absolute conductance, and the presence aof nutrient species.
Correlation coefficients (r) calculated for conductance and
orthophosphorus, total phosphorus, NHA-N, NOB-N and combined
NH, -N and NOB—N were, respectively, .64, .23, .05, -.13, and
.20. A noticeable correlation between soluble orthophosphorus
(inorganic P) and plume strength, significant at the 362 level,
indicated that plume emergence was having a detectable effect

on laks surface water phosphorus concentrations.
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6.0 COLIFORM LEVaLS IN SURFACE WATERS

4 series of water samples wszre analysed for total and fecal
t

coliform content {Tadble 3) to deternm he contribution of

i

septic leachate vplumes to bacterial content. Crooked/Fickerel

classified for total body contact recreztion. The lichigan
water Resources Commission has stated that fecal coliforms shall
rot excead 200 organisms per 100 ml ir five or more consecutive

szmples. Although source is indicated, 2ll are surface water samples.

Table 3. Bacterial content of plumes.

Location Type of Plume Coliforz Content (#/100 ml)
Total Fecal
K Groundwater 1006 <10
I Groundwater <100 <10
K Groundwater €020 <10
L Groundwater Sd0 <10
M Groundwater 100 <10
N Groundwabter 200 <10
0 Groundwater 200 <10
P Surface water 200 <10
(Berry Creek)
Q Groundwater 1100 <10
5 Surface water <100 <10
(Minne Creek)
T Groundwater <100 Q0
U Groundwaber <100 <10
v Fackground 100 <10
No semples were found in éxcess of the State standards for

recreational water use. Previous water testing has consistently
shown no apparent venetration of bzcteria from plumes passing

through medium sandy soil (¥erfoot and Erainard, 1878)-
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7.0 RELATIONSHIP OF ATTACHEED PLANT
GROWTH TO PLUMES

4 Crookxed/Pickerel Lakes sanitary survey conducted by
the University of Michigan Biological Station (UMBS, 1978)
included a visual observation of the shoreline area for Clado-
phora, a microscopic, bright green filamentous algae which often
forms dense patches of growth in the presence of high nutrients.
The Cladophora study revealed a high correlation between
Cladophora growth and residents who use water excessively,
residents who feed waterfowl and residents who do not maintain
their septic systems by cleaning them at least every eight years.

On-site inspections and questions about performance and
history of the sewage treatment systems established that 38% of
those on Pickerel Lake had a history of problems such as ponding
of effluent, backing up, odor, etc. (UMBS, 1978). Approximately
5t% of the residences on Crooked/FPickerel Lakes which had

suitable Cladoohora substfates in the beach shoreline area

had algae growth. On Pickerel Lake, 52% of lots which have
Cladophora growth zre closer than the existing 50-fool separation
of distance in the Michigan State Sanitary Code. No significant

correlation existed between Cladechora growth and whether the

-Tesidence was year-round or seascnal.
The reletionship bztween the nutrient loeding per sheoreline

y estimated from plume emergence, ar.d that of Cladovhora

o
Qe T

(
m

occurrence is presented in Table 4. The plume frequency is
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divided into different segments along the shoreline shown in
Figure 6. Plumes were observed associated with a mean of 29%
(1/3) of the shoreline housing units, a;rathef high percentage.
Tre nutrient loading per segment was computed using the mean
observed frequency of breaxthrough of N and P observed for the
average plume times a per-swelling loading of 9.1 kg/yr N and
3.6 kg/yr P. In segments % through 6, 10 through 12, 14, and
16 where the projected phosphorus loading exceeded 2.4 kg/yr/mi,

a2 substantial number of lots experienced Cladoohora growth. The

Cladophora patches approached carpet-like thickness in segment

16, indicative of a high rate of nutrient input. The limited
groundwater samples taken in the area showed substantially
elevated phosphorus levels with mean concentrations of .088
soluble cthosphorus (PO4~P) and .210 total phosphorus (1P).
In addition, a significant correlatiorn existed between plume
strengzgth indicated by conductance recorded by the septic leachate
detector and soluble phosphorus in the overlying surface water.
The poor soil conditions, asided by (a) excessive water use
which increases flow rate and reduces residence time in the soil
column and (b) the closeness of drainage fields to the shoreline
area, results in the groundwater transport via subsurface plumes
from individual septic units of sufficient nutrient loads to

sustain Cledovhora growths along the shoreline where suitable

substrate exists.

B-6



Table 4. Calculated phosphorus loading per shoreline length based upon observed
frequency of plunmes and % bt(ﬂkthrouph of nutrients.

Nutyient P Loading/ Recorded
Loading Approx. Shoreline =~ Lots with
Housing  # of Major Frequency (kp/yr3 Shoreline  ILength Cladophora
Segment Units (R) Plumes 2?) ?A) P N Length (mi) (kg/yr/ml) (JMEEQ 1@7’)

1 3 0 0 0 1.6 .5 0] 1?

2 3 2 67 .9 3.3 1.0 9 o}

5 10 p) 30 1.4 4,9 o3 4.7

&4 10 3 30 1.4 4.9 1.1 105} 14

G 28 + ? - - .9 4

5 18 1 6 .5 1.6 1.0 a5 >

7 4 - - - - .7 -

8 5 - hael - bt 04 - -

9 0] 0 - 0 0 n7 0 - f'\)
1 15 3 20 l.4 4.9 .6 2.3 i
1l 14 4 29 1.9 6.6 .8 2.4} 6
12 16 4 25 1.9 6.6 N 2.2
13 14 2 14 .9 3.3 .5 1.8 -

14 Al 9 26 4,2 15.8 5 B4 4

15 5 5 100 1.4 4.9 6 2.3 -

16 61 11+ 18 52 18.0 .9 5,7 13
17 5 l 35 ‘EJ 106 105 .4 O
18 4 1 25 5 1.6 o5 1.0 17
l() 57 5 lq' 2.4‘ 8-2 08 5.0 -

*some may be composite scans

9-d
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w STREAM SOURCE PLUME
NICE COVER

! POG DISCHARGE

Figure 5. Segmentation of Crooked Lske and Pickerel Lake shorelines for
nutrient loading. :

'
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4 septic leachate survey was conducted along the south shore
of Crocked Lake exnd the entire shoreline of Pickerel Lake during
November, 1878. The following observations were obtained from
the shoreline prefiles, anzlyses of groundwater and surface water
szmples, evaluetion of grcundwater flow patterns, and comparison
of attached alzgae growth with plume location:

1. Over 51 groundwater plumss of wastewater origin were
observed along the accessible southern shore of Crooked Lake and
the Pickerel Lake shoreline.

2. A high mzen frequency of 29% of the residential units
surveyad exhitited shoreline plumes. The highest density of
plumes per shoreliné length were found in the regions of Ellsworth
Point, Botsford Landing and Henry-Channel Roads.

3. A high correlation existed between the location of
emergence of plumes and attached algae growth, varticulerly

Cladophora. Groundwaters obtained near veak concentrations of

the observed plumes convalned sufficient nutrients

f th
to susport attached algee and acguatic weed growth.
4. Poor removal of phosphorus and nitrogen in the waste-

oils. An

0n

water occurs during passage through the shoreline

horus was 13% and nitrogen,

»
™
ct
&
H
&)
o
16,¢]
o g
Q
)..',
'd
j=2
(@]
n
|‘-J

observed mean breal
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5. A noticeable correletion betwesn soluble orthophosphorus
(inorganic P) and rlume strength, significant at the 30 level,
indiczted that plume emergence was having a detectable effect

or lzke surface water phosphorus cecncentrations.

€. No bacterizl samples were found in excess of State

ot

standards for recreaticnel use, indicating no apparent surface

overflows of shorsline septic uni
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Figure 6. Sampling tracks.
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Track B
Segments 9, 10, 11, 12, 13, 14, 15
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Track C
Segments 5 and 17
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Track D
Segmenta 1, 2, 3, 4, 18, 19
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Introduction

A project to obtain site-specific qualitative and quantitative in-
formation by an approximately 300 home wastewater treatment systems
was conducted in and near Crooked and Pickerel Lakes, Emmet County,
northern lower Michigan. This rural wastewater planning area of
Springvale and Littlefield townships is being considered for on-site
technology as an alternative approéch wastewater treatment--provided
suitable soil and ground water conditions exists. This project

also tested and evaluated the adequacy of surveys in obtaining and
recording information on sewage disposal adequacy in planning areas.
The sanitary survey compliles area wide data for on-site facility
characterists and identifies individual systems that may be creating
public health and environmental problems through malfunctioning and
that require improvement,

The actual survey took place during the period August 29-September
8, 1978 by Samuel Ehlers, Kevin Hughes, Sharon Mills and Joan Schu-
maker of the Biological Staion. Mr. Ehlers was manager of the sur-

vey teams. The project was directed by Mark Paddock.



I. The Household Survey B-7

A. Survey Form:

The sanitary survey form used in the Crooked/Pickerel Lakes
planning area is modeled after the "Sanitary Survey for Construction
Grants Application” follwing the procedures and methods set forth by
Wapora, Inc. The survey form also includes parts used in other on-
site wastewater evaluations. These surveys are the Marshall-Farns-
worth Septic Tank Survey of Bolinas, California and the Wastewater
Management Questionnaire used on Walloon Lakes, Emmet County by the
University of Michigan Biological Station project CLEAR in 1977.
The survey form covers six main topics:

1. Location and description of property

2. Resident occupancy. Size of household, duration of

occupancy, intended use and additions.

3. Sewage disposal system descrition

4, Service history of the systems

5. Use and description of water facilities

6. Site characteristics

7. Sketch of property and facility
A copy of the survey form is included in Appendix A.

B. Survey Process :

‘The location of the dwellings in the survey area were acquired
from Williams and Works' Little Traverse Bay Area-Charlevoix and
Emmet Counties-planning maps (1976). A news release announcing the
survey work was submitted to Petoskey newspapers and local radio
stations. A "Flier", designed to leave on a front door when a
resident was absent. +this flier explained who the surveyor was,

the purpose of the survey and that further attempts would be made to
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contact the resident. A sample flier is found in Appendix D.
Between August 20th and September 3rd surveyors conducted
resident interviews and facility inspections at dwellings on Crooked/

Pickerel Lake. Contact was attempted with each owner or resident
three times. After the first unsuccessful visit, neighbors were con-
tacted to obtain information about the absent resident. Often
neighbors would know plans of seasonal residents or could tell the
surveyor when to expect the person at home. Names were taken from
mail boxes and telephone calls were placed in the evening to schedule
v%sits.

Surveyors gave brief introductions similar to those written in
the "flier' (appendix B) and requested to speak with the person most
familiar with the dwelling and facility. Interviews averaged 20 to
30 minutes in length. Additional times was required to make the
on-site inspection and travel between residences. A surveyor could
expect to complete from 10-12 surveys per day.

If the residents could not answer questions (this was especially
true about septic system construction and history) surveyor recorded
this response as D.K. (don't know). Or information was sought from
other sources--an absent member of the household, relatives, neigh-
bors, former owners, caretakers, or professional people such as
septic system cleaners, installers, building contractors, and county
personnel. When the residents could not be contacted and no other
source was available to obtain information, it was recorded as N.A.
(not available).

The survey area encompassed approximately 50 miles of road. A
team of two surveyors per vehicle covered a given section of road,

but only one surveyor per resident was needed so the team split up
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once the area was reached. Four clusters of dwellings were identified.

1. Crooked Lake, south and east shore: Hency Road, Core and
Driftwood Drive, Oden Island, Oden Island Drive, Sunset
Drive, Channel Road, Stanley Court and Oden Island Drive
(mainland section)

2, Crooked Lake, northeast shore: Burley Road

3. Pickerel Lake, south shore: Ellsworth Point, Artesian Lane,
Trails End, Ellsworth Road and Rupp Road. Botsford Landing,
Botsford Road and Lane, Camp Petosega and Camp Petosega
Road.

4, Pickerel Lake, north shore: Mission Road, Felder Road, Lake-

view Road, }cCarthy Road.

Two hundred and thirty four dwellings were located within the
planning area. The locztion and lot number of each dwelling 1is
mapped and the names of the owners is kept on file cards with the
University of Michigan 3iological Station (See Appendix C).

Investigations of dwelling sites were conducted following the
residential interview. The purpose of the inspection is to identify
existing or potential public health problems related to sewage dis-
posal. Both the physical layout of the lot, with distances noted
between water sources, the dwelling, sewage disposal system, adja-
cent lots, and natural environmental features such as vegetation,
toppgraphy, and drainage were mapped.

The Crooked/Pickerel Lakes sanitary survey also included
visual observation of the shoreline beach or breakwater area for
locating a microscopic, bright-green, filamentous algae called
Cladophora. This algae zrows only in presence of high nutrients or

as patches near artesian well overflows, it grows only on a suitable
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rock, concrete, decayed wood or metal substrates in the "wash'"
area of the shereline. A study conducted by Tom Weaver, Northwest
Michigan Regional Planning and Development Commission (Traverse
City) indicated a high correlation between "poorly maintained" or
malfunctioning sewage disposal systems, lawn fertilizatiom, or
wildfowl feeding, and algae blooms. We incorporated a '"Cladophora

Survey' into this study to determine if such correlation occurred

~

also on Crooked/Pickerel Lakes.

Data was later removed frOm'the original survey forms and
placed on tables (appendix F). Information most peftinent to the
analysis of on-site wastewater treatment is presented in the
Results section or as tables in Appendix E.

II. Results
A. Dwelling Units :

It was determined that 234 dwellings exist within 300 feet of
Crooked/Pickerel Lakes in the survey area. Of these, 172 or 73.5%
were sampled only 62 or 26.5% were not available. Table 1. Dwelling
Occupancy:

Seasonal occupancy (SEA) if a dwelling occurs when the residents

are away continuously for a period longer than two months., Year-

round occupancy (Y.R.) is considered when the dwelling is

occupied for a period longer than ten months.
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Table 1 7
Dwelling Occupancy
Crooked Lake Seasonal . Year-round Not Available Total
Number 26 42 10 78
) 35.5 53.8 12.9 100
Pickerel Lake
Number 88 - 15 52 155
% 56.8 9.7 33.5 100
Total Both Lakes
Number 114 57 62 344

% 48 24 27 100

As may be assumed, summer is the preferred period for seasonal |
residents. Most of these homes were occupied for a full three or
four months, but about 23% of the pepulation stayed on from spring
through fall, (See Tables 2 and 3 Appendix F,)

A sizeable portion or 15.3% of the seasonal residents indicated
an interest in becomiag perranent residents (See Table 4 Appendix E).
Also, 25% of the seasonal residents are considering fundamental
changes in their dwelling such as additional bedrooms and bathrooms.
These changes also would effect use of waste water systems in the
future,

B. Sewage Disposal Systems :

Sewage disposal systems on Crooked Lake are genérally older than
those on Pickerel Laks: 63.2% of the systems on Crooked Lake are
over 10 years old compared to 48.5% on Pickerel Lake. (Table 6
Appendix E.) On both lakes about 16.5% of the systems are older

than 20 years of age.
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There is a significant difference between sewage dispbsal
system design on Crooked and Pickerel Lakes: nearly 87% of the
systems on Crooked Lake are gravity—fed, dosed or pumped into
adsorption fields; compared to 69% of the systems on Pickerel Lake
which are similarly designed. This means that nearly one-third of
the systems on Pickérel Lake compared to one-tenth on Crooked Lake
are either dry wells, combined septic tank and dry well, or pit
privy. (See Table 7, Appendix F.) Detailed information on éewage
disposal designs is given in Table 3, Appendix E.

From the inception of the Emmet County Sanitary Code in the
spring of 1968, all construction of dwelling requires by law a
permit issued by the County Sanitarian that approves the design
and construction of a sewage disposal system. Construction standards
for sewage disposal systems are as follows:

Minimum Capacities for Septic Tanks

Number of Bedrooms Minimum Liquid Capacity (gals.)
2 or less 750
3 0or 4 1000

Each Additional

bedroom beyond 4,

additional 250
Note: the capacities in this table provide for a single family
residence including an automatic diswasher, mechanical garbage

grinder and dishwasher.

Minimum Distance in Feet

Septic Tank Tile Field Seepage Pit
Well 50 50 S0
Lake or Stream 50 50 50

Sewage disposal systems which were installed prior to this
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sanitary Code are exempt. Therefore, some older systems are
undersized and improperly situated. About 9% of the Crooked Lake
systems and 28% of the Pickerel Lake systems are undersized when
compared to the code (Table 8, Appendix F). Based on the codes'
minimum separation distances, 26% on Crooked Lake and 43% on
Pickerel Lake do not comply.

The on-site inspections and questions about performance and
history of the sewage disposal systems established that 38% of those
on Pickerel Lake had a history of problems such as ponding of efflu-
ent, backing up, odors, etc. (Table 9, Appendix E.)

O0f the 26 dwellings on Crooked Lake that were identified with
problems, 4 clearly had effluent ponding, 13 had histories of
ponding, 4 had a history of backups, and 4 more had a history of
odors. 14 dwellings on Pickerel Lake were identified with problems:
5 had a history of ponding, 6 a history of backups, and 2 a history
of odors.

There are five basic reasons for septic system problems: old
age, excessive water use, septic tank undersizing, poorly maintained
systems, and inadequate soil and groundwater characteristics.

(Table 9, Appendix E). On Crooked Lake, low permeability rates
(€0.68 in./hr.) contributed to problems of 15 out of 16 problen
systems on Hency-Channel Roads; 3 others were identified on Burley
Road, Thirteen residences on Crooked Lake exhibited excessive

water use®, two residences had septic systems aged 30 and 25 years,
and 3 residences had never cleaned their septic tanks despite the

* existence of 2 out of 3 excessive water using devices such as

washing machine, diswasher, or garbage disposal
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fact that their systems were older than ten years.

On Pickerel Lake six residences in the Ellsworth Point area
had "problem" sewage disposal systems due to low soil permeability
rates. Only 2 residences, on Mission-McCarthy Roads, exhibited
heavy water use and four sewage disposal systems were found under-
sized. None of the systems on Pickerel Lake were poorly maintained,

C. Environmental Features:

1. Cladophora Study

The Cladophora study reveals a very strong correlation between
cladophers growth and residents who use water excessively, residents
who feed waterfowl and residents who do not maintain their septic
systems by cleaning them at least every eight years. (Recommended
cleaning of septic tanks is every 1-3 years depending on the type
of household, amount of water use, number of residents, .etc.)

There does not appear to be any significant correlation between
cladophera growth and whether it is a year-round or seasonal dwel-
ling. Approximately 54% of the residences on Crooked/Pickerel

Lakes which had suitable cladophora substrates in the beach/shoreline
area, had algae growth. On Crooked Lake, the algae growth appears
due to excessive water use and waterfowl feeding. On Pickerel Lake,
the algae appears to be caused by waterfowl feeding and poorly main-
tained systems. Other factors which might cause gladophora growth
are septic systems sited too close to the lake or one undersized.
Pickerel Lake has a high percentage of systems which don't comply
with minimum separation distances. On Pickerel Lake, 52% of the
lots which have Cladophera growth are closer than the existing 50
foot separation distance in the code, and only 13% are not too close

to the lake. (Table 10, Appendix E.)
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2. Soil Conditions

According to Gold and Gannon overlay maps (1978) and the

Soil Survey of Emmet County, Michigan there are severe soil and -

ground water limitations for septic tank disposal fields within
300 feet of the Crooked/Pickerel Lakes. Depth to seasonal high
ground water is 0-2 feet for all lots on Crooked Lake within the
survey area. Only 19 lots in Pickerel lake were identified with
depth to high seasonal ground water greater than 4 feet. These
were found on Ellsworth Point. (Lots 111-120) and on Botsford
Landing (Lots 144-149, 165, 166-171).

Criteria for Emmet County Sanitary Code approval specify that
construction of sewage disposal will not be approved 'where the
maximum ground water level (or seasonal high ground water) is less
than 6 feet from the ground surface, or in the case of property
adjoining lakes, lagoons, rivers, or similar bodies of water, the
finish grade is less than 6 fest above the known high water mark",
All the lots within the Crooxed/Pickerel Lakes survey area have a
slope of 0-6%. This means taat 100 feet in a horizontal direction
will have a 6 foot rise vertically. Consequently, many of the 18
dwellings on Crooked Lake and 44 on Pickerel Lake that don't comply
with the minimum separation distance between sewage disposal systems
and the lakes, including others which are between 50' and 100' of
the lake may not have legal depth to high ground water installations.

There are few exceptions to the generally severe soil limita-
tions, The soils are commonly poorly or somewhat poorly drained
with a high seasonal high ground water table, rapid moderate and

moderately slow permeability (Table 11, Appendix E). The poorly
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drained soils, with moderately slow permeability are associated with

slope and ground water factors:

Slope Depth to Seasonal Permeability
% High Ground Water (inches/hr)
0-6 0-2 < 0.63

2-4 0.63-2.0
s 4 2.0-6.3,
6.3-20.0

The "severe' limitations of the soils are either due to too
rapid permeability, or too slow permeability when combined with
high water tables. This includes the sands (AcB, KaB, ScB),
loamy sands (AuB, BIB, EaB) and mucky sands (Br,Rc), the loams
(Tm) and mucky and sandy loams (By, EuB, EmB, ToA, Wr), and the
mucks (Ta). Table 11, Appendix E). The soils listed with "slight"
limitations are BIB, EmB, EaB, and KaB, because the soil classifica-
tion doesn't acknowledge that these have high ground water tables.
However, the sands have rapid permeability and thus BIB, EaB, and
KaB may cause '"possible continuation of shallow water supplies'.
IIT. Discussion

A. The Survey Process:

In order to facilitate such surveys and make them more efficient
we suggest the following routine:

1) Use township, county or engineer's planning maps to record
the dwelling locations within the survey area and use road maps to
plan out the survey team's field approach.

2) Work quickly through the area initially and attempt to make
contact at every dwelling in the survey area.

3) If contact is not made initially, leave a flier expressing

the interest of the survey and some indication of how the surveyor

will try to make contact within the survey time period.
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4) Seek information from neighbors as to the name, whereabouts
and plans of the absent owner. If possible, obtain a phone number
of the residence and call to set up an appointment.

5) Second and third attempts to make contact with the residence
should involve tactics such as surveying during weekends and weekday
evenings.

A technique recomuended by Robert Marans, ISR, Ann Arbor, is
for the survey team to operate in pairs or groups for the first day.
One member conducts the intsrview and the others observe. This
technique encourages standardized approach, language, and recording
of information.

B.* The Survey Area:

The small size of the Crooked/Pickerel Lakes area and the
clusters of dwellings reducsd the survey time. It was therefore
possible to visit dwelling four to five times without serious ineffi-
ciencies. In these clusters of homes, lots were only 50-75 feet
wide making door to cdoor surveying quite rapid.

The resort communities were established in the 1940's and '50's..
Neighbors often knew each othere well enough to provide information
about an absent neighbor, including, at times, enough information to
actually complete the surver and lead the on-site inspection to
their neighbor's lot.

C. Responses:

Responses to the surver questions by residents were reliable
because they knew their properties, they understood the intent of
the survey, and they wers cooperative., In general, it seemed resi-
dents either built their own dwelling or had lived in it more than
ten years'and knew its history. Most residents were cooperative

and the majority of these were somewhat familiar with local waste.
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water facility planning and water quality management-primarily
due to earlier studies on the lakes by The University of Michigan
Biological Station. We believe this awareness increases the sur-
vey's reliability.

We found that professional resources such as septic tank
clearners, installers, building contractors, county personnel were
not as informative or useful as we had earlier believed. Educated
guesses were normal, records were either incomple or non-existent.

For example, information obtained from District Health Depart-
ment No. 3 files for dwellings constructed after April 30, 1968
(the effective date, Emmet County Sanitary Code) was incomplete.
The issuance of permits didn't take full effect until the arrival
of a county sanitarian in 1970 or 1971; the records for the first
2 years are few and in the years following 1970 or 1971 a few con-
structed dwellings were '"bootlegged-in'" according to William Henne,
Emmet County Sanitarian. Furthermore, the permits that are
issued specify minimum septic tank and adsorption field sizes for
the planned dwelling. For small additional cost, many owners
installed larger septic tanks (not drainfields).

These changes do not show on the records. Also, permits give
inadequate descriptions of lot locations especially lacking street
addresses,

D. On-Site Inspections:

Relief of the land, soil, water, and regetative characteristics
were mapped during the on-site investigation in an attempt to identify
improper sewage treatment or public nuisances (sewage-odors). Such
problems were invariably due to insufficient protective distances

between water sources and sewage disposal systems, or undersized
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Systems.

Unnaturally lush vegetation, called "selective fertility",
may signify that the area over or near an adsorption field re-
ceives higher nutrients froz some source such as a malfunctioning
sewage disposal system. Lowever, this symptom may be caused by
more reasons than sewage cisposal problems and therefore, wasn't
reliable. For instance, cld adsorption fields may develop an
inpermeable mat from scun and suds cdeposits and cause the effluent
to be pocketed in the upper soil lavers, thus promoting greener
growth. Heavy soils which have a high capacity for adsorbing
nutrients and exchanging them as plant food, may be causing more
lush vegetation. The true condition can be determined by inspec-
ting the so0il and the store in the adsorption field. A closer in-
spection on questionablie problem sites is advisable.

Inspections for Cladephora, a bright green filamentous algae
which grows at the shoreline in the presence of high nutrients, is
being proposed as fairly reliable indicator of environmental con-
ditions. The process neesds only short additional recordings such
as the presence of a suitable substrate, existence of artificially
fed waterfowl or indication of the owners' use of lawn fertilizer.

Sewage disposal systems which are not in compliance with sani-
tary codes need replacement. However, the sanitary code is only
enforced for new and recently constructed dwellings. Hence, the use
of this information is lirited by the restricted powers of the code.

Often respondents dicdn't know the location of their septic
system. Careful observation of the dwelling may reveal septic tank
"venting' in the roof above a ground floor bathroom, exposed access

covers at ground level, "breezers", lush vegetation and local
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settling or grading of the area where the adsorption field is found,

Natural vegetation on'the lot or adjacent land is an indicator
of the local soil and soil moisture or ground water qualities of
the site. Without training and a practiced eye for identifying
woody or herbaceous species that typify soil conditions, the mapping
is not thorough. '"Wet-loving" species such as black ash, red énd
silver maple, weeping willow, white cedar, alder and ninebark indi-
cate medium to poorly drained, wet, organic or "heavy' soils.

Well drined, dry sites of sand or loamy sand and coarse textured
soil may have natural stands of red oak, red maple, red pine, stag-
horn sumac, serviceberry and bracken fern. They survey team did
not follow standard procedures for noting vegetation, so the results
are not a reliable source of data for Crooked/Pickerel Lakes,

E. Recommendations for Future Surveys:

It is recommended that a standardized survey form be established
and that methods for running the sanitary survey and ways of evalua-
ting the data be explicit and well established. The survey team
should be knowledgeable regarding the EPA's approach and position
for planning and design of rural waste water systems for the area
being surveyed. The addition of an introductory note on the survey
form explaining the procedures of the US-EPA, plus a straightforward
survey which can be answered without the aid of the surveyor, is
recommended., The survey or should expect to field questions regar-
ding current EPA policies and procedures or provide new information,
mailing addresses or forms, dates of public hearings, etc. This is
a very effective way to solicit public participation.

On-site inspections of sewage disposal is critical to the total

sanitary system evaluation and standardized training with established
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methods are needed. The on-site inspection is not as thorough
enough with only observation of drainage, topography, and location
of facilities and vegetation. We recommend that the survey also
includes removal of sod from the adsorption field to check for
"matting' due to detergents and scum and actual septic tank in-
spection from access covers to check sludge and water levels, scum
or suds buildup, general condition and size of septic tanks. Soil
auguring to determine local soil and ground water characteristics
would also be valuable. Natural vegetation can alsoc be very help-
ful in determining soil and ground water conditions.
IV. Summary of Survey Results

A. Crooked Lake:

1. 53.8% of the Crooked Lake dwellings were used year-round vs.

- 33.3% which are seasonal.

2. 8.8% of the seasonzl residents plan to make their cottages
into year-round .dwellings.

3. 65% of all sewage disposal systems on the Lake are older than
10 years.

4. 35% of the sewage disposal systems on Crooked Lake do not
meet the Emmet County Sanitary Code.

5. Problems were found on 38.2% of the septic systems.

6. Problems were caused by: excessive water use, poor mainte-
nance, unsuitable site conditions, old systems or the fact
that the systems were too small.

7. Half of the dwellings had suitable substrate for growth of
Cladophora and of these, 57% had Cladophora present. Ex-

cessive water use and/or feeding of water fowl appeared to
be the principal causes for Cladophora growth in front of

dwellings.
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B. Pickerel Lake:

Only 9.7% of the dwellings were used year-round.

15.5% of the seasonal residents expect to live permanently
on the lake in the future.

3. 48.5% of the sewage disposal systems are older than 10
years of age.

4. 71% of the septic systems do not meet existing sanitary
codes.

5. Only 15.6% of the dwellingsexhibited problems.

6. Of the lots with substrates suitable for Cladophora growth
(44.6%) only 23% showed presence of the algae. The causes
appeared to be feeding of water fowl and poor maintenance
of septic systems.

7. Pickerel Lake had 19 lots with good depth to seasonal high
water table characteristics, i.e., greater than four feet.

V. Suggestions for Specific Areas
A. Crooked Lake:
Henry Road Area:

These 3 residences, 2 of them year-round, do not show.general
sewage disposal problems: only one-has a history of problems. How-
ever, they are 1océted on unsuitable soils (a mucky sand).and a high
water table. Together with the 3 residences on Cove Road and Drift-
wood Drive, Henry Road residences should be hooked to a cluster
system and pumped to higher elevation and coarser sands to the south
east.

Cove Drive and Driftwood Lane:
Three year-round residences with well maintained fifteen year

"old systems, that show no problems, are situated on moderately per-



-18-
B-7

meable soils. One system is too close to the lake and not in com-
pliance with sanitary codes. These residences do not need to up -
grade their existing sewage dispo;al systems. However, it is recon-
mended that the one in non-compliance be moved and tha a mound be
used for the adsorption field. An alternative to upgrading existing
on-site systems would be to hook into a cluster system on Henry or
Channel Road.

Stanley Court, Channel Road, and Oden Island Road (mainland

section):

This part of south Crooked Lake should be hooked on to a main
collector sewer system with a pressure or gravity main and the sew-
age transported to a treatment plant. The area has poor soils and
a history of problems with existing on-site sewage systems. The soil
permeability K0.63 in/hr) is extremély low, depth to high seasonal
ground water listed is 0-2 feet, and the soils are mucky loams and
sands. Seasonal residents comprise only half the number of year-
round residents. It is Kpnown that numerous seasonal residents as
well as the permanent residents commute to nearby Petoskey and
Harbor Springs for jobs and many seasonal residents had winter
homes in either of those two cities and will spend summers or week-
ends on Crooked Lake. There, the sewage disposal systems are used
heavily. Not surprisingly, there is high proportion of problem
systems and four of these show "ponding" of effluent. ' There are four
old pit privies which may be a serious problem in the high ground
water. Systems are generally older than elsewhere, many don't comply
with sanitary codes, some are poorly maintained and Fhe density of
dwellings is the highest for Crooked Lake area.

However, a central sewer system could pose a threat to some

adjacent undeveloped areas. For instance, the east side of Channel



B-7

Road is currently undeveloped. Much of this land is in hardwood
and cedar swamp including the sensitive and ecoiogically valuable
Minnehaha Creek wetlands. These wetlands are currently undeveloped
primarily due to the high water table and associated problems with
on-sitz waste water disposal. A large collector system may eliminate
the waste water system restrictions and encourage development.

Oden Island:

wellings on Oden Island are half seasonal and half year-round.
Four of the six systems which showed problems were used year-round,
sc excessive water use could be the biggest factor. Lake frontages
average 190 feet, the average age of the dwellings and their sewage
disposal systems is 12 years. Most of the systems were septic tank
and adsorption field type and all complied with Emmet County Sani-
tary Codes. The only sign of problems was (ladophora growth on
five lots. Oden Island property owners have an active Association
and good septic system maintenance récords. We recommend that these
systems be upgraded on site, perhaps with adsorption fields mounded,
or a cluster system using the interior of the sandy island.

Burley Road:

Four of the five dwellings have problems with their septic sys-
tems which are created by the high ground water and wet loam. So
suitable site appears to be available for a cluster system disposal
arza. Therefore, we recommend an upgrading of the existing systems.
Ae ¢o not recommend extending a centralized sewer line from the
scuatheast shore of Crocked Lake across the Crooked Lake channel to
3urley Road. The adjacent lands on each side of the channel are
very sensitive with Carbondale and Warner's mucké which have severe

suilding limitations.
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B. Pickerel Lake: B-7

Ellsworth Point, Artesian Lane, Trails End and Ellsworth Road:

Good soils for parts of Ellsworth Point were identified and no
sewage disposal system exhibited problems nor was there Cladophora
growth in this area of Kalkaska sand. The only problem sewage
disposal systems were 6 that appeared to be caused by low permeabi-
lity soils. There were however, a large number of sewage disposal
systems which don't comply with existing Emmet County Sanitary
Codes for minimum septic system size (11 systems) and separation
distance from the lake (26 systems). This may be due to the fact
that a number of them were septic tank-drywell combinations (16).
Cladophora growth is due to waterfowl feeding and poorly maintained
systems found here.

Because of the close grouping of houses on the Ellsworth Point
area the average age of sewage systems (15 years old), the poor
record of maintenance among that group of dwellings, and the change
in local soil conditions, it is recommended that the dwellings in
the western half and along Ellsworth Road be connected to a cluster
systems. The density of the Trails End and Artesian Lane area is
high with the average lake frontage of 88 feet per dwelling. There
is not enough lot size remaining for upgrading existing on-site
systems. Suitable soils for an adsorption field may be found near
Pickerel Lake Road in sands at higher elevation, to the east and
west of Ellsworth Road and south of Pickerel Lake Road.

Ellsworth and Rupp Roads:

Of the 4 dwellings on Rupp Road, east of Ellsworth Road, 2

are seasonal and are coupled together with a private cluster system.

One of the sewage disposal systems show problems and only one

shows excessive water use.
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Although ground water is quite high and there is low permeabili-
ty, on-site sewage system should remain as exists on Rupp Road. The
soils in this area are Warnerts muck and are poor for home construc-
tion. Extension of a cluster system from Ellsworth Point or creation
of cluster system for Rupp aoad is not recommended.

Botsford Landing:

Botsford Landing is approximately 30 years old. Because of the
age of the systems about half of them comply with Emmet County
Sanitary Codes. Only two systems exhibited "problems', and there are
less severe site limitations. Several lots are located on Kalkaska
sand with depth to high seasonal ground water of more than four feet.
These soils have moderate permeability. The only indication 6f en-
vironmental problems is that 4 out of 5 dwellings had growth of Clad-
ophora. These were located to the east of the Landing on lots with
muck soils.

Recommendations for the Botsford Landing area are to improve
existing on-site systems or to create a cluster system and pump
effluent to the sandy soils to the south of the Landing nearer the
Pickerel Lake Road. Because the small average lot size 1is approxi-
mately 100 feet wide, improvements of existing on-site systems de-
pends on whether residents will be able to place adsorption fields
on back lots south of Botsford Lane (currently, 14 back lots have
been built on).

Camp Petosego:

-The owners at the time of the survey had plans for a cluster
system for the 14 vacant buildings in the camp area. The adsorption
field for this was planned for suitable soils east of the camp. The

12 dwellings existing for the camp owner had a recently rebuilt

system. No improvements are required.
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Mission, Lakeview, Feldman and McCarthy Roads:

There are 6 reported '"problem" systems on the north shore of
Pickerél Lake, due to excessive water use and low soil permeabilities.
The éoil types are loam and muck. The average age of sewage dispo-
sal syétems is about 15 years and more than two thirds of the systems
don't comply with code. There is only 1 year-round resident.

Because of the small number of year-round residents, it is
recommended that the most cost effective alternative be considered.
Clustering of systems on Felder Road and of the camp-resort commun-
ity to the west of Lakeview Road with disposal on suitable soils
(sands) at a higher elevation is recommended. These lots have on the
average 80-100 feetof lake érontage. The McCarthy Road lots have

an average lake frontage of 260 feet and thus improvement of exis-

ting systems is recomrmended.
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OPTIONAL

Resident's Name

Owner's Name

Mailing Address of Property:

Street Address of Property:

Phone Number:

A1
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CROOKED-PICKEREL LAKES SEPTIC SYSTEM SURVEY

B-7
. ) Unanswered
Residence Number: Questions

Survey or date:

Township: Littlefield/Springvale; Lake: Crooked/Pickerel

Lot Location: Graham Rd./Channel Rd./0Oden Island
Ellsworth Pt./Botsford Landing/Lakeview Rd.
County Rd./Sadler's Landing/Other

Lake frontage: vyes/no
Lot size: acres (1 acre = 200x200 sq. feet)

Was additional soil used to fill your site when your home was constructed?

I. Resident/Occupancy

1. Who is the owner of this property?

(If occupant is not owner)
Can vou give the name of the owner and how that person can be

located?

Can you provide any information regarding the use of this house
and the condition of the septic system? yes/no
2. Are vou a year-round resident or a seasonal resident?
year-round (10 mos. or more)
seasonal (less than 10 mos.)

If year-round:
a. How many residents live here year-round?

b. Does this number change during the year? yes/no
c. At what time of year? spring/summer/fall/winter

d. For how long? 4-10 months/3-4 months/4-8 weeks/2-4 weeks/
1 week/1 weekend

e. What is the peak number of residents at any one time?

# o1



II.
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If seasonal:

a. What time of year do vou reside hzre? spring/summer/fall/winter

b. For how long? 4-10 months/3-4 months/4-8 weeks/2-4 weeks/1l wsek/

weekends

c. What is the average number of residents residing here during

this time?

d. What is the peak number of residents at any one time?

e. Do you have plans to move here permanently? yes/no

If yes, when? 1 vear/3-5 years/5-10 years/more than 10 vears

How many bedrooms does this house have?

Do you/owner expect to add on or moldify your home to:
a. increase its capacity by adding on bedrooms or bathrooms? yes/no
b. extend its yearly use? yes/no (winterization)

Describe System

What is the age of your house? 0-5 yrs/5-10 yrs/10+ yrs
What is the age of your present septic system? 0-5 yrs/5-10 yrs/10+ yr
What type of system do you now have?

septic tank + drainfield/dry well/round/octher /Don't know

a. If "don't know", who would know?

b. If it is a septic tank and drainfield or mound, what type of
drainfield is it?
pumped (to drainfield)/gravity-fed (no pumping of wastewater/
dosing (different time periods)/ distributian box (different
sides of drainfield)/ alternate drainfields
(CIRCLE ALL APPLICABLE)

c. What is the size of your septic tank or dry well? gallons

d. What is the size of your drainfield(s)? square feet

e. Do you have access covers or risers to the septic tank/drywell?
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4. Do you have plans to enlarge/improve your system in the next
5 years? yes/no Describe:

1II. Service History

1. Has the septic system ever been inspected? yes/no/don't know
I1f yes, when? (give dates)

2. Has the tank/dry well ever been pumped? yes/no/don't know
If yes, a) how long ago: this year/1-2 years/3-5 years/more than 5 yrs

b) how often is tank pumped: every year/1-2 years/every 3-4 year:
other

If "don't know" for 1.) and 2.), who would know more?

(installer-pumper/caretaker/neighbor/former owner/other)

What time When did it

3. Any history of: How often? of year? last happen?

Back-ups

Surfacing
effluent

Odors

Other

4. Have you repaired your system in the last 1-2 years/3-5 years/

5-10 years/10 or more years?

Describe:
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IV. Use

1. Number of water using fixtures: (note w.c. if designed to consep

showers bathtubs
toilets garbage disposal
sinks dishwasher

clothes washing machine
softener

2. Do you fertilize your lawn: yes/no

Type of fertilizer?

(optional)
How many times/year?

3. How often do you water your lawn? 3 or more times/week
1-2 times/week
less than once/week

|

4. Drainage facilities:

a. basement sump yes/no/don't know
b. footing drains yes/no/don't know
c. roof drains yes/no/don't know
d. driveway runoff yes/no/don't know
5. Water supply source: community/shared well

on-lot well
other (describe)

don't Xnow
a. well depth feet total/don't know
feet to drainfield/don't know
b. If "don't know" for any of the above, who would know more?

e o e s am e e e o - e e e e e e e e e e e v W W M M e v e e e M e e W M e e e M e o e e o e e o

Additional Comments:
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survey continued

v.

VIi:

ADDITIONAL SITE CHARACTERISTICS

Slope: Trestricted/acceptable

Depth to seasonal high ground water:

Pnosphorus retention: Poor
Moderate
Good

Permeability: Too slow
Adequate

Is home located in high density area:

PROPERTY AND FACILITY SKETCH

Include: Surface Water

- B~7

less than 2 feet
2-6 feet
greater than 6 feet

yes/no

Signs of selective fertility

Vegetation present

Distance of tank and drainfield
from house and lake (feet)

CLADOPHERA SURVEY

Suitable substrate present: yes/no

Cladopnéra present: Yyes/no

Describe abundance and location:

Do residents feed ducks: yes/no
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We are a group of four researchers from the University of
Michigan Biological Station, on Douglas Lake, in Pellston,
Michigan. You may have heard of us before, because we all
worked under a National Science Foundation grant this
sunmer, calling ourselves Project CLEAR. Now that the
Project work has ended, four of us are continuing work in
your area with funds from the Environmental Protection
Agency.

As you may already know, the EPA is in the process of
preparing an Environmental Impact Statement (EIS) which

will evaluate the environmental, social, and ecomomic effects
of alternatives for sewage collectioa and/or treatment in
Springvale and Littlefield Townshi:ss in the Crooked and
Pickerel Lake planning area.

An information and participation mzeting to describe the
alternatives, costs, and other infcrmation was §chedu1ed
for Thursday, August 24, 1978 at the Petoskey High School.

Our work in the next 3 weeks is to survey all the homesites

in the Crooked and Pickerel plannirg area so that an
assessment of the overall on-site wastewater treatment .
systems (ie. septic systems) can be nade. We would appreciate
your help in completing this survey.

Since we have missed you today, we'll try to return a call
or visit and schedule an appointmezt time before September
10th. Or, please call us in the evening at:

UM Bio-Station, Pellstor, MU, (G06)539-8406
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THE UNIVERSITY OF MICHIGAN B-7
BIOLOGICAL STATION
ANN ARBOR. MICHIGAN 48109
(313) 763.4461

DAVID M. GATES, DIRECTOR ADDRESS, JUNE 15 TO SEPTEWSER
PELLSTON. MICHIGAN 49769

August 23, 1978

FOR IMMEDIATE RELEASE FOR FURTHER INFORMATION
CONTACT: SAM EHLERS

616-539-8406 or
616-539-8408

SEPTIC SYSTEM SURVEY
BEGINS ON CROOKED-PICKEREL LAKES

(Pellston, MI) Beginning August 21st, researchers from the
University of Michigan Biological Station will be conducting a
door-to-door survey on Crooked-Pickerel Lakes.

The information gathered will be used by the Environmental
Protection Agency in the preparation of an Environmental Impact
Statement for Crooked-Pickerel Lakes. The EIS will evaluate the
environmental, social and sconomic effects of alternatives for
sewage collection and/or treatment in Springvale and Littlefield
Townships.

Descriptions of these alternatives, costs and other information
will be presented at a public hearing on Thursday, August 24th,

7:30 p.m. in the Cafeteria of Petoskey Senior High School on
E. Mitchell Road.

Residents' cooperation is requested to facilitate the completion

of the survey. For further information, contact the Biological

Station, Pellston, MI 49769 (616) 539-8406.



We are a group of four researchers from the University of
Michigan Biological Station, on Douglas Lake, in Pellston,
Michigan. You may have heard of us before, because we all
worked under a National Science Foundation grant this
summer, calling ourselves Project CLEAR. Now that the
Project work has ended, four of us are continuing work in
your area with funds from the Environmental Protection
Agency.

As you may already know, the EPA is in the process of
"preparing an Environmental Impact Statement (EIS) which

will evaluate the environmental, social, and ecomomic effects
of alternatives for sewage collection and/or treatment in
Springvale and Littlefield Townships in the Crooked and
Pickerel Lake planning area.

An information and participation meeting to describe the
alternatives, costs, and other information was scheduled
for Thursday, August 24, 1978 at the Petoskey High School.

Our work in the next 3 weeks is to survey all the homesites

in the Crooked and Pickerel planning area so that an
assessment of the overall on-site wastewater treatment

systems (ie. septic systems) can be made. We would appreciate
your - help in completing this survey.

Since we have missed you today, we'll try to return a call

or visit and schedule an appointment time before September
10th. Or, please call us in the evening at:

UR Bio-Station, Pelllsten, b1, (6155398406
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TABLE 2

Seasonal Preferences By Part-Time Residents

Summer Only Two Seasons Three Seasons
rooked Lake 12 - 8
'ickerel Lake 47 7 19
TOTAL NUMBER 59 7 27

o\
N
=N
oo

ercent of Total 52% 6

B-7

All Seasons
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Table 3

Duration of Occupancy Among Part-Time Residents

Weekends 2~4 wks. 4-8 wks. 3-4 mos. 4-10 mos.

Crooked Lake 9 - 2 7 7
Pickerel Lake 7 S 27 25 17

TOTAL NUMBER 16 S 29 32 24
Percent of Total 14% 8% 25% 28% 21%

= |

Jen

4
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TABLE 4

B-7

Future Plans of Permanent Occupancy By Part-Time Residents

Crooked Lake
Pickerel Lake
TOTAL NUMBER

Percent of Total

Yes

6
16

22
19%

N.A.
2
___5_ )
7

6

o



Projected Additions To Dwellings By Permanent and Seasonal

A L0

TABLE 5

B-7

Residents

Crooked Lake
Pickerel Lake
TOTAL NUMBER

Percent of Total

N.A.

18



Crooked Lake
Hency-Chanel
O0den Island
Burley Road
T0TAL NUMBER

Percent of Total

Pickerel Lake
Ellswvorth Point
Botsford-Petosego
Mission-Lakeview
TOTAL NUMBER

Percent of Total

TOTAL BOTH LAKES

Percent of Total

TABLE 6

Age of Sewage Disposal Systems

0-5 vrs,

o

6

5-10 yrs.

10

10

-
o [

29
18%

B-7
>10 vyrs. 220 VIS.
25 6
16 -
2 1
43 7
63% 10%
20 11
14 1
16 s
50 17
49% 16%
93 24
54% 14%

O ()
o

oo lN [

oo
NS

14

[#9)
o



TABLE

Design of Sewage Disposal Systems

Arca Septic Tank or Alternatives Drain TFicld or Alternatives
‘\‘
. al a2 a3 b ¢ d e f gl g2 g3 h i j k 1 m
' ] |1 o j
Crooked Lake ; | i
i : { . ‘
Hency-Channel | 34{ 4 |i |1 |1 4 |1 |2 32 |3 j12,1,0: 9 27,3,1 4 2,1,0 11
Oden 16 14 2 | 12 | 3 1
(3) (3) 3
Burley 3 3 : 3 |
) | | A )
| |
! ! I
S Pickerel Lake i
‘ ,
< (3) {(4) (3) (3) (3)
LEllsworth 23 5 11 1 16 1 34 511
Botslord- iyt
Petoscga 19 1,1,0 4 21 110 1 2 | 15,1,0 2 3 4
Mission- ho, 2 o
Lakevicw 20 111 4,1]0 1 21 110 3 3 22,1,1 2 3
LEGEND
al = Single Septic Tank gl = Single Drain Field
a2 = pouble Septic Tank g2 = Double Drain Field
a3 = Triple Septic Tank pd = Triple Drain Iield (3) Two Dwellings lHaving
b = Drywcll or Greasc Trap ) h = Mounded System ‘ Separate Septic Tanks
¢ = Combination Drywell and Septic Tank i = Without Adsorption Field But Common Ticld.
d = Pit Privy - J = Gravity Fed Adsorption Field
¢ = Pit Privy and Drywell k = Dosed Lffluent to Field (4) A Dwelling IHad 5
f = Not Available 1 = Pumped Effluent to Field Drywells.
) m = Not Available
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TABLE 8

Sewage Disposal System Compliance With Emmet County Sanitary Code

Based on Sewage Based on Minimum
Area System Size Alone ' Separation Distances
Crooked Lake Yes No N.A. Yes No N.A.

Hency-

Channel 20 6 21 27 16 5

Oden-

Burley 11 0 10 14 2 4
TOTAL NUMBER 31 6 31 41 18 9
Percent of

Total 45% 9% 45% 60% 26% 14%
Pickerel Lake

Ellsworth 17 11 20 19 26 3

Botsford-

Petosaga 10 10 4 12 7 5

Mission-

Lakeview 9 _8 13 18 11 1
TOTAL NUMBER 36 29 37 49 44 9
Percent of

Total 35% 29% 36% 48% 43% 9%
TOTAL BOTH

LAKES 67 35 63 Ge 62 18

Percent of
Total 39% 20%  40% 535% 36% 11%



Lot No.

Crooked
Lake:
Hency-
Channel
3
12

15

10
18
21
22
28

32

[#3]
(2]

TABLE 9

a

Problem Sewage Dispésal'Systems and

Possible Causes for Poor Performance

d

(<]

t

g

h

i

N

j

)

4

TS
oo

P
Py

s
ém

fiey,
§..X

57 3-2 0

X

<0.63

$o10 |2 |9 x  |<0.63 x('77)
(never) ' ) i
X <0.63 X _ X

<0.63

x('78)

px sl x

<0.063

¢0.63

;;SO' 6:‘?

<t,063

20.63

1€0.63

¢U.63,

x('78)

—' x('77) h h o ;}}?7{“ x('77)

E xem ers ||
x('66) Cx(PT76)x(176) Ix('74) N
x('74) X . x('74)

__|(ev.yr.)

(ev.yr.)

X

X

BHE

160.63

12}

140.63

—

o

Rt T Ll T SREe! SOVEPRTROPRRIRS I

x(176)

X (wet)

X("67)

x(103)

X
(ev.yr

X('706)

x('%b)

x(176)

: ] [

x('74) | | s

LoD v

<& =
0 L 6

o
{]
H

'D"i \mj. = ;«’;—'

~

X

.03

(cv.yr.)

(ev.yr.)
X
\



Problem Sewage Disposal Systems and

Possible Causes ftor Poor Performance

Lot No. b c d ¢ £ g h i j 1 m n o
prooked Lake r | ?
(continued): ?
Oden Island
61 <10 | x X x('76)
62 X X <10 | x X x x('76)
64 | x [¢10 | x X 0.63-2.0 X x('77) | x
68 ¢10 | x X 0.65-2.0 x('73) x('73)|x('78)
70 X <10 X X 2.0-0.3 X X - A(~'76) I
73 X ¢10 X 6.3-20.0 x('73) x('73) X
SR R I T i § S o . . RTINS IO S
Buricy f})
231 25 X ¢0.63 X X x('08)|x('73) i\
, - | Jlevesp.) | ] 1o
232] x €10 X ¢0.63 X X x("r3y T
233] tev.sp.) || o
234 X <10 X ¢0.63 X X
(negver) (ev.sp.)
Pickercl Lakel
Ellsworth Pt.
85 X 15 X <0.63 X X X('75) X &
i ('74,75) ~
86 L \ 14 X (0.63 X('73)x('78) X
106 | x <10 <0.63 X
124 % < i X {0.63 X | x('76)




TABLE 9 (continued)

Problem Sewage Disposal Systems and '
'ossible Causces for Poor Performance

Lot No. i b C d ¢ i g h i J k 1 m n 0
Pickerel Lake
(continued):
Ellsworth Pt.
(continued) !
127 1ox ! ¢0,63 X x | x
i = SRt SRR RS
128 x | 5-10] x p'e £0.63 X X X x('77) X
Botsford. , o L e . U
Petosego
159 X <10 X 6,.3-20.,0 x('73) x('73) -dx
171 L x| <10 |- X 6.3-20.0 X L (176) | x |
- : PP SR U e e e s - - ®
Mission- | \
Lakevicw
200 X 0-5" X 20.63 X X x
i 1 " (ev.yr.) (ev.yT,) x('78) «x
212 b 10 X X 6.3-20.0 x('760} x X X x('78)
(ev.yr,)(Sv.yr.)('73)
218 X. 15 X| x| x 6.3-20.0 X xSy
225]) T o B -
226} X <10 X $0.63 X x | x('78)! x
227 x | <10 X 00.63 X('76) x 1x('78)] x
- - ('76) ¥
~N
z ! 5




Suitable
Solid
Substrates

Presence of

Cladophora

on Lots with

TABLE 10

Cladophora Study

Dwellings with
Excessive Water-
Using Devices

Ratio of

Year-Round to

Seasonal

Residents of
Those with

No. of Residences
which Feed Water-
Fowl at the Lake

No. of Residences
Whose Septic Tanks
were Poorly Main-
tained, i.e., not
Pumped in the lLast

No.of Residencef
with Cladophera
which Don't
Comply with
Emmet County
Sanitary Code
Min, Size § Sep

(No.of Lots) Suitable Substrates + Ratio Y.R./Season Cladophora Shore 8-10 Years Don't Comp/N.A.

Crooked Lake:

Hency-Channel 27 14 (5 extensive) 12 (10/2) 12/2 10 1 1 5

Oden 7 5 2 (1/1) 2/3 1 0 1 0

Burley 1 1 _1 /0 _1/0 1 1 0 0

TOTAL NUMBER 35 20 15 15/5 12 5 —; S

Percent of Total  100% 57% 75% 75%/25% 60% 25% 10% 25% Nf
Pickerel Lake: E?

Ellsworth 25 13 1 (1/0 3/10 8 9 5 6 (

Botsford Petosego 5 4 0 0/4 2 0 3 0’

Mission-Lakeview 16 6 1 0/6 3 5 4 "

TOTAL NUMBER 46 23 2 3/20 13 14 12 8

Percent of Total  100% 50% 9% 13%/87% 57% 61% 52% 35%
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TABLE 11

Soil Classifications For Lots Within Crooked/Pickerel Survey Area

Crooked

Arb
AuB

Br

B1B
By
EmB
Rc
Sb
Tm
TOA

Soil Classification

1

Lake
Au Gres Sand
Au Gres Loamy Sand

Brevort Mucky Loamy Sand

Blue Lake Loamy Sand

Bruce Fine Sandy Loam

Emmet Sandy Loam

Roscommon Mucky Sand

Sandy Lake Beaches

Thomas Loam, Medium Wet Variant

Thomas Mucky Loam

Pickerel Lake

ArB
EaB
KaB
Rc

SuB
Ta
Tm
TOA

Wr

Au Gres Sand
East Lake Loam Sand
Kalkaska Sand

Roscommon Mucky Sand

Saugatuck Sand

Tawas Muck

Thomas Loam, Medium Wet Variant
Thomas Mucky Loam

Warner's Mucky Loam

Lot Numbers

70-72
23,24,27-40

7-12,15-17,21,22,25,26,
40-43

68,69

4-6
13,14,63-67
1-3

56-62

18-20
43,45,230-235

173-187,206-209
209-215
110-118,140-155,160-167

135-140,158,159, 155-172,
215-219

74-110

204,205

188-195
196-200,220-229
118-132,200-203
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APPENDIX B-§

EMMET COUNTY SANITARY CODE ~ DESIGN STANDARDS

SECTION V
CONSTRUCTION STANDARDS for SEWAGE DISPOSAL SYSTEMS

The following specifications as shown in the tables shall be
the minimum design criteriu and apply in delermining the min-
imum size of the sewage disposal systems required for houses.
In the case of larger houses, public and semi-public buildings
such as apartments, motels, gas stations, restaurants, ete.: plans
and specitications shall be submitted to the Health Officer. U
in his judgment the plans are adequate, a permit will be issued.

k4

ITEM | SEPTIC TANKS

Design. and construction methods shall be approved
by the Health Officer prior to construction or installa.
tion. In general design specifications found in the
"Manual of Septic-Tank Practice”, U.S. Public Health
Service Publication No. 526, as amernded will apply
as a guide.

TABLE I
MINIMUM CAPACITIES FOR SEPTIC TANKS

Number of Bedrooms Minimum Liquid Capacity (gals.)

2 or less 750
Jor 4 1,600
Fach additional bedrcom

beyond 4, add 250

Note: The capacities in this table provide for the plumbing
fixtures and appliances used in a single family residence
including an automatic washer, mechanical garhage
grinder and dishwasher.

TABLE 1l
MINIMUM DISTANCE I[N FEET

Al distances measured horizontally from any vertical point
below grade.

FROM TO
SEWERS
Absorption Cast [ron Sephic Tile Seepage
Bed Soil Pipe Oth. Tank Field Pit

Wells or suction lines 50 10 50 50 50 SO
Water Pressure Lines (buried) 10 10 10 10 10 10

Property Line 10 2 2 10 10 10
Foundation Wall 10 S 5 10 20
Drop-olt 20 5 10 110 15 25
Lake or stream 50 10 S50 50 50 50

* See Michigan Department of Haalth "Ragulations for Certain
Water Supplies” regarding suction lines (Section 4.3

TABLE It
FIZT AND MINIMUM SPACING FOR TILE FIELD TRENCHES
W:2'h of Trench at Bottom  Minimum Spacing of Trenches Center

{inches) to Center (foet)

18 10 24 8.5

24 10 30 70

30 10 36 7.5ve
TABLE 1V

MINDMUM REQUIRED TRENCH BOTTOM AREA PER BEDROOM
FOR TILE FIELDS

Perczlation Rate Typs of Soil Absorption Area
Less than § minutes Coarse sand & gravel 115 square fee!
S5 1o 10 miny'es Fine sand & sandy clay }65 square leat
10 to 15 minutes Sandy clay 190 square feet
1S o 30 minutes Clay 250 square feet

Over 30 minutes - unsuitable

TABLE V
TILE FIELD CONSTRUCTION DETAILS
ftems Maximum Minimum
N.xmber of Lateral Trenches 2
th of Trenches 100 f. .. ... .
Width of Trenches 36 in. 18 in.
Dep:h of Tile Lines {(bottom)
below finish grade 30 in. 18 in
Sizpe of Tile Lines 6 in./100 ft. 2 in./100 ft.
Depth of Aggregate
Under tile 6 in.
Over tile 2 in.
Under tile located within
rcot area of trees L 12 in.
Siza of Aggreqate® 1% in. % in.
De:th of traw or Hay Cover ... 3 in.

*Siandard 10 A. Stone Spec. Acceptable

TABLE V1
MINIMUM REQUIRED BOTTOM AREA PER BEDROOM FOR
ABSORPTION BEDS

Percolation Rate “Type of So