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CONVERSION FACTORS

Inch-pound units used in this report can be converted to International
System (SI) units as follows:

Multiply inch-pound units By To obtain SI units
acre 0.004047 square kilometer (km?)
0.4047 hectare (ha)
foot per second (ft/s) 0.3048 meter per second (m/s)
cubic foot per second (ft’/s) 0.02832 cubic meter per second (m*/s)
28.32 liter per second (L/s)
cubic foot per second per 10.93 liter per second per .
square mile [(ft?/s)/mi?] square kilometer [L/s)/km?]
foot (ft) 0.3048 meter (m)
foot per day (ft/d) 0.3048 meter per day (m/d)
gallon per minute (gal/min) 0.06308 liter per second (L/s)
gallon per minute per foot 0.2070 liter per second per meter
[(gal/min)/ft] [(L/s)/m]
inch (in.) 2.540 centimeter (cm)
mile (mi) 1.609 kilometer (km)
pound (1b) 0.4536 kilogram (kg)
453.6 gram (g)
pound per acre (lb/acre) 1.121 kilogram per hectare (kg/ha)
square foot (ft?) 0.09294 square meter (m?)
square miles (mi?) 2.590 square kilometer (km?)
259.0 hectare (ha)
ton, short 907.2 kilogram (kg)
ton per square mile (ton/mi?) 3.503 kilogram per hectare (kg/ha)

- Temperature

Degrees Fahrenheit (°F) can be converted to degrees Celsius (°C) by the
following formula:

°Cc = (°F - 32)/1.8
Sea Level
In this report, "sea level" refers to the National Geodetic Vertical Datum of
‘1929 (NGVD of 1929)--a geodetic datum derived from a general adjustment of the

first-order level nets of both the United States and Canada, formerly called
"Sea Level Datum of 1929."

viii



HYDROLOGY AND LAND USE IN
GRAND TRAVERSE COUNTY, MICHIGAN
by

T.R. Cummings, J.L. Gillespie, and N.G. Grannemann

ABSTRACT

Glacial deposits are the sole source of ground-water supplies in Grand
Traverse County. These deposits range in thickness from 100 to 900 feet and
congist of till, outwash, and materials of lacustrine and eolian origin. In
some areas, the deposits fill buried valleys that are 500 feet deep.
Sedimentary rocks of Paleozoic age, which underlie the glacial deposits, are
mostly shale and are not used for water supply.

Of the glacial deposits, outwash and lacustrine sand are the most
productive aquifers. Most domestic wells obtain water from sand and gravel at
depths ranging from 50 to 150 feet and yield at least 20 gallons per minute.
Irrigation, municipal, and industrial wells capable of yielding 250 gallons
per minute or more are generally greater than 150 feet deep. At places in the
county where moranial deposits contain large amounts of interbedded silt and
clay, wells are generally deeper and yields are much lower.

Areal variations in the chemical and physical characteristics of ground
and surface water are related to land use and chemical inputs to the
hydrologic system. Information on fertilizer application, septic-tank
discharges, animal wastes, and precipitation indicate that 40 percent of
nitrogen input is from precipitation, 6 percent from septic tanks, 14 percent
from animal wastes, and 40 percent from fertilizers.

Streams and lakes generally have a calcium bicarbonate-type water. The
dissolved-solids concentration of streams ranged from 116 to 380 milligrams
per liter, and that of lakes, from 47 to 170 milligrams per liter. Water of
streams is hard to very hard; water of lakes ranges from soft to hard. The
maximum total nitrogen concentration found in streams was 4.4 milligrams per
liter. Water of lakes have low nitrogen concentrations; the median nitrate
concentration is less than 0.01 milligrams per liter. Pesticides (Parathion
and Simazine) were detected in low concentrations at six stream sites; 2,4-D
was detected in low concentrations in water of two lakes. Relationships
between land use and the yield of dissolved and suspended substances could not
be established for most stream basins.

Calcium and bicarbonate are the principal dissolved substances in ground
water. Digsolved-solids concentrations ranged from 70 to 700 milligrams per
liter; the countywide mean concentration is 230 milligrams per liter. The
mean nitrate concentration is 1.3 milligrams per literj about 1.6 percent of
the county's ground water has nitrate concentrations that exceed the U.S.
Environmental Protection Agency's maximum drinking water level of
10 milligrams per liter. An effect of fertilizer applications on ground-water
quality is evident in some parts of the county.
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INTRODUCTION

An increased demand for water by irrigators, municipalities, and
industries is affecting development throughout the country. Long-term
effects, however, can rarely be predicted without detailed geologic and
hydrologic information. Along with climate, geologic conditions control the
natural chemical characteristics of water. Concern over the changes in the
natural quality of both ground and surface waters has prompted examination of
how land use modifies the suitability of water for its varied uses. Such
changes are usually subtle, and not easily measured in a short period of time.

This study is one of a series of three county studies that attempt to
relate hydrology to land use in Michigan. Other studies have been conducted
in Van Buren and Kalamazoo Counties. Grand Traverse County was selected
because agricultural development, although intense at places, was not as
prevalent countywide as in the areas previously studied, and because general
environmental conditions are different in the northern part of Michigan's
Lower Peninsula.

The study was done in cooperation with Grand Traverse County and the
Geological Survey Division of the Michigan Department of Natural Resources.
The compilation of land-use data, information of fertilizer use, animal
populations, and septic-tank installations were the responsibility of the
Grand Traverse County Extension Service. Collection and analysis of geologic,
hydrologic, and water-quality data were the responsibility of the U.S.
Geological Survey.

Purpose and Scope

This report describes the results of a study of the chemical and physical
characteristics of ground and surface water in Grand Traverse County and to
relate these characteristics to land use. The investigation required an
assessment of the chemical inputs to the hydrologic system, including those of
precipitation, animal wastes, septic tanks, and fertilizers. Data on geology
and hydrology, which provide the necessary basis for interpretations, were
also collected and evaluated. Readily available land-use data were compiled
for use.

Ceneral Description of Study Area

Grand Traverse County is in the northwestern part of Michigan's Lower
Peninsula (fig. 1). On the north it is bounded by the East and West Arms of
Grand Traverse Bay, a part of Lake Michigan. The Boardman River, which drains
the central part of the county, flows to the Bay. The land surface is flat to
rolling and ranges in elevation from about 580 ft (feet) above sea level at
Lake Michigan to about 1,180 ft in the southeastern part of the county (fig. 2).
The county has about 240 lakes and ponds.

The county comprises about 485 mi? (square miles) and is composed
principally of cropland, orchards, and forests. Its population is about
55,000 (U.S. Bureau of Census, 1982). The largest community is Traverse City,
which has a population of about 15,000 (fig. 3).
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Average annual precipitation for Grand Traverse County is about 31 in.
(inches). It ranges from 30 in. at Grand Traverse Bay to 32 in. inland.
Average snowfall, measured from July to June, ranges from 87 in. at Traverse
City to 106 in. at the Village of Fife Lake in the southeastern part of the
County (Fred Nurnberger, Michigan Weather Service, oral commun., 1990). Mean
monthly temperatures range from 16 °F (Fahrenheit) to 65 °F.

Farming is an important part of the county's economy. Fruits,
vegetables, and field crops can be raised satisfactorily with rainfall}
however, irrigation increases yields and provides greater profits. About
2,000 acres are irrigated (R.L. Van Til, Michigan Department of Natural
Resources, written commun., 1985). From 1970 to 1977, the amount of water
used for irrigation increased 324 percent. Tourism is also important to the
economy. In summer, the mild climate, the bay, and the many lakes make the
county a popular recreational area. In winter, abundant snow and ice-covered
lakes provide excellent conditions for winter sports. O0il and gas exploration
and development are expanding in the southeastern part of the county.

Of the 55,000 residents of Grand Traverse County, about 40,000 depend on
ground water for domestic supplies. The remaining residents obtain water from
the Traverse City municipal systems, which pumps water from the East Arm of
Grand Traverse Bay.

GEOLOGY

Grand Traverse County is underlain by sedimentary rocks of Paleozoic age
that consist mostly of shale, limestone, and sandstone. Glacial deposits, the
result of continental glaciation during the Pleistocene Epoch, consist of
gravel, sand, silt, and clay. These unconsolidated deposits completely cover
the bedrock surface and are as much as 900 ft thick at places.

Bedrock

Bedrock directly underlying the glacial deposits is divided into six
geologic units (fig. 4). These geologic units are, in ascending order, the
Antrim, Ellsworth, Sunbury, and Coldwater Shales, and the Marshall and
Michigan Formations. The four shale units underlie all of the county except
for the southeastern part which is underlain by the Marshall and Michigan
Formations. The Marshall Formation is primarily a sandstone; the Michigan
Formation is primarily a limestone.

Structurally, bedrock underlying the county is part of the Michigan
basin, a bowl-shape feature with a center that roughly coincides with the
geographical center of Michigan's Lower Peninsula (fig. 1). GCeologic units
dip toward the center of the basin where the youngest rocks subcrop.
Therefore, the bedrock units in Grand Traverse County dip southeastward.

Elevation of the bedrock surface ranges from about 200 ft below sea level
in the western part of the county to about 700 ft above sea level in the
southeastern part of the county. Weathering and erosion throughout geologic
time have created this variable relief. During periods of glaciation, erosion
deepened pre-existing bedrock valleys and filled them with unconsolidated
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glacial deposits. One major buried valley, 500 ft below the elevation of the
surrounding bedrock surface, trends north-south in the southwestern part of
the county; two other major buried valleys trend east-west (fig. 5).

Scant data are available to determine the elevation of bedrock in the
northwestern part of the county and on Old Mission Peninsula (pl. 1). At
present, there are no wells that penetrate bedrock in these areas. Analysis
of data from the few wells that do exist indicate that bedrock is at least
300 ft below land surface.

Glacial Deposits

Continental glaciation ended about 10,000 years ago in the northwestern
Lower Peninsula of Michigan. As the glaciers melted, they left behind
extensive deposits of gravel, sand, silt, and clay. The thickness of these
deposits ranges from about 100 to about 900 ft. The lithology of the upper
part of these deposits is indicated by the logs of 36 wells (table 1, at back
of report) installed by the U.S. Geological Survey. At some locations the
glacial deposits have been reworked, eroded by wind and streams, or eroded by
wave action in the ancestral Great Lakes, whose water levels fluctuated as
much as 200 ft after deglaciation (Hough, 1958).

Glacial deposits found in Grand Traverse County include till,
glaciofluvial, and lacustrine deposits. Alluvial deposits of more recent
origin occur near stream channels; eolian deposits occur near shorelines. The
different types of glacial deposits are associated with landforms, such as
till plains, outwash plains, moraines, and lake plains. The composition of
these deposits, however, ranges from coarse gravel to clay.

Till is a mixture of gravel, sand, silt, and clay. In Grand Traverse
County, till can be either coarse or fine grained. At some locations,
boulders and cobbles also are present. Surficially, moraines in the county
are composed of till that is primarily sand, gravel, and silt; moraines
contain a relatively small amout of clay (Farrand, 1982). The moraines, which
trend east-west, were formed when sediments were deposited as the glacier
retreated. The Manistee moraine crosses the northern part of the county; the
Port Huron moraine crosses the southern part (fig. 6).

Relief in areas of moraines is variable and is referred to as hummocky
topography. Hummocky topography developed when differential melting of the
glacier caused sediment to accumulate in low areas on the ice surface, which
prevented the ice from melting rapidly. Depressions or kettle lakes on the
land surface are places where ice blocks covered by sediment melted.

Till plains are present on Old Mission Peninsula and in the extreme
northeastern part of the county. Topography at these locations consists of
rolling plains and drumlins. Drumlins are smooth, glacially formed hills,
elongated and aligned parallel to the direction of glacier movement. Drumlins
are commonly found in fields; similar forms are found grouped together. The

drumlins were probably caused by a readvance of glacial ice for a relatively
short period of time.
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Outwash plains, which are stratified sand and gravel deposits, are formed
by glacial meltwater as multiple braided stream systems coalesce at or near
ice margins. An extensive outwash plain trends east-west across the middle of
the county between the Manistee and Port Huron moraines. It was created by
sediment-laden meltwater that flowed from glacial ice when the Manistee
moraine was formed (fig. 6). Outwash in the southeastern and southwestern
parts of the county is similarly associated with the Port Huron moraine.
Drainage of the outwash plains was to the west-southwest.

Relief of the outwash plains changes from level to gently steepening in
the direction of ancestral drainage. The area of greatest relief on the
outwash plains occurs where the Boardman River has downcut into the plain to
flow to Lake Michigan. Relief in this area is as great as 150 ft.

Lacustrine deposits range from sand to clay, depending on the
depositional environment. High-energy environments, such as beaches, are
composed mostly of sand; low-energy environments, such as distal parts of
lakes, are predominantly clay. In Grand Traverse County, lacustrine deposits
such as beach sands, deltaic sands, and lakebed clays, are found at the
surface and in the subsurface. Beach sands are found along Old Mission
Peninsula. From Traverse City east to Acme, the area is a sandy lake plain.
Deltaic sand deposits are found where the ancestral Boardman River downcut
through the Manistee moraine and flowed into ancestral Grand Traverse Bay.
The relief of lacustrine deposits is usually flat except where old beach
ridges are found.

Eolian deposits are found at the tip of Old Mission Peninsula and consist
mostly of well-sorted sand. These deposits are topographic highs, and are
dune shaped. They were formed by northeasterly winds from Lake Michigan.
Other eolian deposits are found on the eastern shore of the East Arm of Grand
Traverse Bay. Alluvial deposits are found mostly along the Boardman River,
whose flood plain is as much as 4,000 ft wide.

s HYDROLOGY
In Grand Traverse County, about 16 in. of the annual average precipitation
(31 in.) are evaporated or transpired by plants. Of the remaining 15 in.,
about 4 in., become streamflow; about 11 in. percolate to the water table and
recharge ground-water reservoirs.

Surface Water

Grand Traverse County is drained largely by the Boardman River in the
northern and central part, by the Betsie River and its tributaries in the
western part, and by tributaries of the Manistee River in the southern part.
The county has about 240 lakes and ponds which comprise about 28 mi? or 6
percent of the county (Humphrys and Green, 1962).

Streams
A daily discharge record on the Boardman River near Mayfield (U.S.

Geological Survey surface-water station 04127000) has been obtained since
1952. Average discharge for the period of record is 196 ft?/s (cubic feet per
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second). The maximum discharge, 1,220 ft’/s, occurred in September 1961; the
minimum, 30 ft’/s, occurred in January 1965. Figure 7 shows hydrographs for
this station from October 1983 through September 1986.

During this investigation, measurements of discharge were made
periodically at 24 sites at the time water-quality samples were collected.
The locations of these sites are shown on plate 1; maximum and minimum
discharges at each site are given in table 2. Twenty-four drainage areas,
lettered A to X, have been defined based on the locations of these sites.
Figure 8 shows the boundaries of these areas. Based on the data shown in
table 2, runoff at high flow ranged from 0.77 (ft®/s)/mi? (cubic feet per
second per square mile) at Anderson Creek near Buckley to 5.7 (ft’/s)/mi? at
Hospital Creek at Traverse City. Runoff at low flow ranged from 0.056 .
(£t®/s)/mi? at Tobeco Creek near Elk Rapids to 1.5 (ft*/s)/mi? at Williamsburg
Creek near Williamsburg.

Lakes and Ponds

The lakes in Grand Traverse County range from 0.1 to 2,860 acres in sizej}
a depth as great as 102 ft has been measured. Long Lake is the largest in the
county; Green Lake is the deepest. The location of principal lakes is shown
on plate 1. About 71 percent of the lakes have neither inlet nor outlet,
about 20 percent have inlets and outlets, about 8 percent have outlets only,
and less than 1 percent have inlets only. With the exception of Peninsula
Township, lakes and ponds are well distributed throughout the county.

Ground Water

In Grand Traverse County, most ground water is contained and flows in the
glacial deposits that overlie bedrock. It generally flows toward Grand Traverse
Bay or to streams that are tributary to the bay, except in the southern part of
the county where it flows to the south, southeast, and southwest out of the
county. The occurrence and distribution of water in bedrock has not been
thoroughly investigated, and little is known of its movement.

Aquifers

The nature and size of pore spaces and other openings in rocks are the
primary factors controlling the movement and storage of ground water in
aquifers. The major aquifers in the county are the outwash sand and gravel
and lacustrine sand deposits. These deposits, which have large interconnected
pore spaces, readily transmit water and are the most common sources of water.
Till, lacustrine silts and clays, and other fine-grained deposits have
relatively low porosity which restricts the flow of water; they yield only
small amounts of water to wells.

Within the glacial deposits, layers of till or till and clay are present
in much of the county. Figure 9 is a geologic section from Bellen Lake
through Long, Bass, and Silver Lakes that shows an increase in fine-grained
units from west to east. These units divide the glacial deposits into many
water-bearing units. In the lower units, ground water is partly confined by
till and clay; in areas where outwash or lacustrine sand deposits are at land
surface, however, ground water is unconfined.
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Table 2.--Maximum and minimum discharges at periodically measured
sites 1n Grand Traverse County, 1984~86

[ft®/s, cubic feet per second]

Naxisum Minimum

8ite Number of discharge discharge
number Station number and name measurements (£t?/s) (£e3/8)

1 04123706 Fife Lake Outlet 7 22 9.2
near Fife Lake

2 04123910 Anderson Creek 22 25 6.4
near Buckley

3 04126525 Mason Creek near Grawn 7 17 7.6

4 04126532 Duck Lake Outlet 7 52 22

near Interlochen

5 04126546 Green Lake Inlet 20 132 16
near Interlochen

6 04126550 Betsie River 7 93 42
near Karlin

7 04126958 North Branch Boardman 7 91 43
River near South Boardman

8 04126950 South Branch Boardman 8 70 38
River near South Boardman

9 04126970 Boardman River at 23 338 99
Brown Bridge Road near Mayfield

10 04126995 Jackson Creek 6 11 4.5
near Kinglsey

11 04126997 East Creek 22 115 16
near Mayfield

12 04126991 Boardman River below 21 393 106
Brown Bridge Pond near Mayfield

13 04127008 Swalnston Creek 22 19 11
at Mayfield

14 04127019 West Branch Jaxon 7 1,2 .11
Creek near Mayfield

15 04127250 Boardman River 22 539 217
, near Traverse City

16 04127490 Boardman River 22 577 192
at Traverse City

17 04127498 Hospital Creek 22 44 8.5
at Traverse City

18 04127520 Mitchell Creek 23 28 4.7
at Traverse City

19 04127528 Acme Creek at Acme 22 22 13

20 04127535 Yuba Creek near Acme 22 22 5.0

21 04127550 Tobeco Creek 22 19 .61

near Elk Rapids

22 04127600 Battle Creek 22 19 9.4
near Williamsburg

23 04127620 Williamsburg 22 28 12
Creek near Williamsburg

24 04126845 Cedar Run near Cedar 3 10 8.3

14
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The Marshall Formation, a sandstone, underlies about 14 mi? of the
southeastern part of Grand Traverse County. It is a well known and productive
aquifer in other parts of Michigan. Few wells have penetrated the formation
in the county, however, and little is known about its hydraulic properties.
Other bedrock in the county is not likely to yield significant water at most
places.

Water Table and Ground-Water Flow

The elevation of the water table, directions of horizontal ground-water
flow, and ground-water divides are shown on plate 2. The map was prepared by
determining depth-to-water from well-drillers' records and subtracting the
depth from the land-surface elevation shown on U.S. Geological Survey
topographic quadrangles. These values were hand contoured to show lines of
equal elevation. Where well-record coverage in the county was sparse, the
elevation of streams and lakes were used to estimate the elevation of the
water table.

The configuration of the water table is similar to the land-surface
topography, except that the variation of the elevation of the water table is
subdued. For example, the water table is about 40 ft higher on Old Mission
Peninsula than it is at Grand Traverse Bay; variation in land surface
elevation is as much as 200 ft between the two areas. Most ground water in
the county flows toward the bay.

A major influence on the configuration of the water table and direction
of ground-water flow is the Boardman River. Ground water flowing northward
discharges to the river, which has cut a deep valley in the glacial deposits.
Cround water on either side of the valley flows to the river, which eventually
discharges to Grand Traverse Bay. Some ground water beneath confining units
probably flows under the river.

In the northwestern part of the county near Bass Lake, a major ground-
water divide extends north to south for about 10 mi, and then eastward to the
southeastern edge of the county near Fife Lake. North and east of the divide,
ground water discharges toward the Boardman River or Grand Traverse Bay.

South and west of the divide, ground water flows toward adjacent counties.

The water table fluctuates throughout the year. Water levels usually
rise during the winter and spring when evapotranspiration is lowj; they decline
during summer when evapotranspiration is high. Ground-water levels in 20
observation wells were measured during 1985-86 (table 3, at back of report).
Measurements of water levels in an observation well near Fife Lake from 1976-88
indicate that the water table responds to changes in rainfall and/or snowmelt
(fig. 10). Seasonal and long-term responses to recharge are evident. For
example, a rise of 1 to 2 ft in the water level occurs each spring. Long-term
responses are less dramatic and are related to annual precipitation. Figure
10 shows precipitation for and the departure from normal precipitation at
Traverse City Airport during 1976-88. During a period of reduced
precipitation, such as during 1980-82, water levels were low. When
precipitation was normal or above, as during 1983-86, water levels increased.
Snowmelt usually occurs in late March. At about this time, ground-water
levels begin to rise for 2 or 3 months, depending on the amount and time of

!

17



WATER LEVEL, IN FEET BELOW LAND SURFACE
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rainfall. Seasonal water-level peaks usually occur between late May and early
July. Occasionally, a second peak occurs in late autumn when rainfall
increases and evapotranspiration decreases.

Depth and Yield of Water-Bearing Deposits

Plate 3 is a map showing generalized depth to water-bearing deposits in
Grand Traverse County. The map indicates the depth to which a well must be
drilled within the glacial deposits to obtain a domestic water supply of 10
gal/min (gallons per minute). If the hydraulic properties of the glacial
deposits near the water table are unsatisfactory, depth of drilling may need
to be increased to find a water-bearing zone. These zones are usually coarse-
grained sand and gravel deposits.

In general, outwash and lacustrine deposits are coarse-grained. Wells
installed in these deposits are usually shallow because the water table is
close to the land surface. Where outwash or lacustrine deposits are present,
most wells are less than 100 ft deep. Confining units are usually not present
in these areas at shallow depths.

Fine-grained materials, associated with till and distal lacustrine
deposits, are found in parts of the county where moraines are present. Wells
in these areas range from 100 to 300 ft deep and generally have low yields.
At least one confining unit usually is present, but the deepest wells will
penetrate through multiple confining units to reach a productive zone.

Depth to water is related to type of glacial deposit in the county. The
highest land-surface elevations and greatest topographic relief are associated
with morainal deposits; the depth to water in these areas is greater than in
areas of outwash deposits. Even though some of the deposits are coarse
grained and could yield water to wells, they are above the water table.
Outwash and lacustrine deposits are associated with low topographic relief and
low land-surface elevations. Depth to water is less in these areas than in
moranial areas. In a few areas where the water table is only a few feet below
land surface, coarse-grained deposits sufficient to store water are not
present.

Domestic wells in most of the county obtain sufficient supplies from
wells 50 to 150 ft deep. These wells usually have a 4-in.-inside diameter
casing, a screened interval of 4 ft, and yield at least 20 gal/min. Irrigation,
municipal, and industrial wells are usually 150 to 450 ft deep and are capable
of yielding 250 gal/min or more. These wells have at least a 6-in.-inside
diameter casing and have a much greater screened interval in the water-bearing
zone than do domestic wells.

Hydraulic Properties of Aquifers

The only bedrock units in the county that may have potential for
providing usable supplies of water are the sandstones of the Marshall
Formation. Because of the depth at which the Marshall Formation lies and
because the formation is not tapped for water supplies, no hydrogeologic data
regarding the formation were collected during this study. Other bedrock units
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that underlie the glacial deposits are thought to be as poor aquifers in Grand
Traverse County as they are in other parts of the State because they consist
principally of shales.

The hydraulic properties of the glacial deposits depend on the type of
deposit. Aquifer tests were conducted at two locations during this study to
determine the horizontal hydraulic conductivity and specific yield of
glaciofluvial deposits. The tests were conducted north of Fife Lake (well FL)
and south of Karlin (well GP1) (plate 1). The transmissivity of deposits at
well FL was 4,300 ft?/d (feet squared per day); the specific yield was 0.30.
The transmissivity of deposits at well GPl was 2,500 ft®/d; the specific yield
was 0.25. Hydraulic conductivities were 80 and 50 ft/d (feet per day) for
wells FL and GPl, respectively. Aquifer-test data from previous .
investigations are available at the Village of Kingsley and at the U.S. Coast
Guard Air Station, Traverse City. Analysis of the aquifer test conducted at
the Village of Kingsley for a public-supply well indicates transmissivity
ranges from about 3,000 to 3,800 ft?/d for the leaky confined sand and gravel
aquifer. Hydraulic conductivities determined for the aquifer range from 55 to
70 ft/d. Analysis of the aquifer test made at the U.S. Coast Guard Air
Station indicates that transmissivity ranges from 1,800 to 2,600 ft?/d for the
unconfined sand and gravel aquifer. Horizontal hydraulic conductivity
calculated from the transmissivity ranges from 100 to 150 ft/d. No aquifer
tests have been conducted in fine-grained deposits such as till or lacustrine
clay.

The velocity of horizontal ground-water flow depends on the hydraulic
gradient, the hydraulic conductivity, and the effective porosity of the
aquifer. Near well FL, the velocity of ground water is about 1 ft/d. At the
U.S. Coast Guard Air Station, velocities ranged from 3 to 6 ft/d because of
comparatively steep gradients, high hydraulic conductivities, and low
effective porosities.

WATER QUALITY AND LAND USE

In Grand Traverse County, as in other parts of Michigan and the country,
the relation of land use to the chemical and physical characteristics of water
is not always evident. To investigate possible relations in Grand Traverse
County, current information on the chemical inputs to the hydrologic system,
particularly the nitrogen input, was considered essential. Data on fertilizer
applications, animal wastes, septic-tank discharges, and chemical composition
of precipitation were compiled as the first step in evaluating water quality.

Inventory of Land Use

The Michigan Department of Natural Resources' Division of Land Resource
Programs is responsible for implementing the Michigan Resource Inventory
Act of 1979. One requirement of the act is that a current-use inventory of
each county be maintained. Land use or land cover is classified using 46
catagories, which are designed to identify existing use of every 2.5- to 5.0-
acre area of land in the State. Land use or cover exceeding 4 percent of the
total area of Grand Traverse County include: northern hardwood forest land,
24,73 percent; cropland, 16.14 percent; mixed pine forest land, 14.63 percent;
herbaceous openland, 10.68 percent; orchards, 5.19 percent; single-family
duplex, 4.56 percent; and lowland hardwoods, 4.15 percent (Michigan Department
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of Natural Resources, written commun., March 27, 1985). Table 4 lists land-
use data for Grand Traverse County by township. Although data tabulated in
table 4 are accurate indications of land classification, the actual area in a
township devoted to a given use may be substantially less than that falling
within a clagsifi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>