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ABSTRACT
GROUND WATER IN IONIA COUNTY, MICHIGAN
By

David Eugene Swanson

The report area has an abundant ground water resource
which is readily available throughout most of the county.
Domestic water supplies are obtained from glacial drift or
bedrock aquifers. Shallow high capacity wells are possible
utilizing recharge through permeable glacial spillway and
outwash deposits which are found adjacent to the channels
of the Maple, Grand, Looking Glass, and Flat Rivers. No
critical supply problems were encountered.

Widespread problems exist with water quality. Typic-
ally, the ground water is hard to very hard and at times
contains objectionable concentrations of sulfate and iron.
Quality problems are often the result of gypsum deposits and
the iron content of some bedrock units.

To assist the non-professional, basic ground water prin-
ciples are discussed and related to the geology and ground
water conditions within the county. Maps depicting geology
and ground water conditions and tables of basic data are

included for reference.
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GLOSSARY

Aquaclude - A formation which transmits water slowly.

Aquifer - Subsurface gone capable of producing water as
from a8 well.

Artesian - Ground water under enough pressure to cause the
water to rise above the aquifer containing it.

Bedrock - Solid consolidated rock.

Capacizyl- Refers to the amount of water an aquifer will
yield.

Clay - Soil consisting of inorganic material, the grains of
which have diameters smaller than .005 millimeters
(very fine grained).

Consolidated - Earth materials which have been preesed or
cemented into a compact mass,

Contour - Line connecting points of equal value. Commonly
used on topographic maps to reflect the undulations of
a surface.

Drift - Term used to collectively refer to all of the
glacial deposits.

Dolomite - A rock which is composed primarily of the min-
eral dolomite. A calcium magnesium carbonate. Looks
like limestone.

Erosion - Processes by which earth materials are loosened
and carried away from its original location. Erosion
by rivers and streams is common in this climatic area.

Formation - A bedrock unit which has features which distin-
quish it from adjoining units.

Geology - The science or study of the earth, the rocks of
which it is composed, and the processes which have
changed and are changing the earth.

Geophysical survey - To apply the methods and instruments
of physics and engineering to geological problems.

vi



Ground water table - Generally a gradational zone or surface
which separates the gone of subsurface saturation from
the overlying unsaturated zone.

Ground water - Subsurface water which is in the zone of
saturation (below the water table).

Gypeum - A mineral formed from the continued evaporation of
sea water., Calcium sulfate (Ca804‘2320). Used in
plaster of paris.

Limestone - A rock formation that consists of calcium car-
bonate.

Mg/l - Milligrams per liter. Measure of concentration
equivalent to one part in one million parts of water.

Permeability - Measurement of the resistance encountered by
water in its attempt to move through a porous material.

Porosity - A measure of the percentage of a porous material
which is open spaces.

Piezometric - The surface to which the water from an aquifer
will rise under its full pressure.

Recharge - Replenishing the ground water with natural pre-
cipitation or through artificially induced infiltra-
tion.

Sandstone - A cemented or otherwise compacted rock which is
predominantly composed of sand sized particles,

Shale - Clay which has been compacted to form & hard lam-
inated rock.

Topography - The relief and contour of the land or other
such surface. The configuration of a surface.

vii



INTRODUCT ION

The objective of this report is to present information
about the ground water in Ionia County and the factors af-
fecting it. An attempt has been made to present this infor-
mation in a manner intelligible to all interested readers
regardless of their background. The broad target audience
plus the desire to present as many of the pertinent ground
water factors as possible has necessitated a generaligzed
treatment for some of the sections in this report.

Ionia County was chosen as the problem area because it
typified what the author believed to be an average Michigan
county from a ground water point of view, because of its
accessibility for field work, and because there has been no
previous detailed study of the county. The ground water
problems within the county are probably not as pressing as
in the more populated regions of the state, but this study
was not undertaken as a primary problem solving study.
Rather, the study was designed to further aguaint the author
with problems associated vith basic data collection, manip-

ulation, and presentation.
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CHAPTER 1
DESCRIPTION OF THE COUNTY

Location and Size

1 j0cated in the

Ionia County is a 575 square mile area
south central portion of Michigan's lower penninsula. It
is approximately 60 miles east of Lake Michigan and about
100 miles north of the Indiana border.

The land surface is predominantely level to gently
rolling except near several deeply incised river channels
where the local relief may exceed 180 feet. The highest
elevation is over 950 feet above mean sea level in the ex-
treme northwest corner of the county and the lowest elev-

ation is 620 feet where the Grand River crosses the western

county line.

Population and Employment
Agriculture and agricultural related industries are
important to the economy of the county. In 1959 over 83 per-
cent of the land (306,679 acres) was farm land, but this

figure has been decreasing slowly during the past decade.2

llichigan Economic Development Department (compiler),
"Ionia County Economic Data Sheet" (Mimeographed, 1961), p.l.

21bid., p.7.
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The important farm products are grains, fruits, and live-

stock. Machinery manufacturing and fabricated metal pro-
ducts are also important employment areas.3
Since 1940, Ionia County has experienced a steady in-

crease in population which is expected to continue into the

future as shown by Figure 2.4 Along with present growth
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Pigure 2. Past and Future Population Trends for
Ionia County :

centers, one can expect the future population distribution
within the county to be affected by the continued growth of
the Lansing and Grand Rapids metrogplitan areas along pres-

ent transportation routes.

“JIbid., p.3.

4lichigan Department of Commerce (compiler),"Ionia
County" Economic Profile Sheet 1-1 and 1-2 (mimeographed, 1966)



Climate

Lake Michigan influences the county's climate although
not as greatly as counties to the west. When westerly winds
occur, the lake tends to moderate the temperature and.to in-
crease the precipitation, but this erfect decreases as one
moves eastward, away from the lake. If winds come from the
south, then the effects of Lake Michigan are lost and the
climate tends to be of the continental type.

The average monthly temperature is 48.1 degrees and has
varied from a recorded low of 25 degrees below zero (Feb. 12,
1899) to a high of 103 degrees (Aug. 5, 1947) .2 Typically,
the temperature varies throughout the year as shown in Pig-
ure 3,

The average monthly precipitation varies only two inch-
es between the summer high and the winter low (Figure 4),
but more importantly, from a ground water point of view, it
varies greatly from year to year (Pigure 5). The relation-
ship between precipitation and ground water will be dis-

cussed in a later section.

Water Supply
Presently, all of the county's cities and villages with
populations over 400 have municipal water supplies except

for the village of Lyons. The State reformitory, prison,
50. S.

Weather Bureau, Climatological Summa of Ionia,
ligg;gan. Climatography of the U.5., no. 20-20 i‘aaﬁIﬁE%on:

N, Government Frinting Office, 1962 ), 2pp.
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Pigure 3. Average Monthly Temperature at Ionia

Mean values are based on 1939 - 1964 period at Ionia.1
Winters generallg have nine days in which the temperature
is below gero. emperatures over 100 degrees are experi-
enced in one summer out of four. The coldest month on
record was Pebruary 1901 when the average temperature was
14,60P, The warneet month was July 1901 when temperatures
averaged 77.2°P.2

1U S. Weather Bureau, Annual Climatological Data for
Michigan (Washington: U.S. Government FrI%?EEE O0ffice, 1924

0 present).

20 S. Weather Bureau, Climatological Summa of lonia,

lich}g&n, Climatography of the U.S5., no. 20-20, !'asﬁIEEfon:
overnment Printing Office, 1962), 2pp.
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Pigure 4. Average Monthly Precipitation at Ionia

These mean values are based on the period 1939 - 1964 with
winter values converted to the snow's water equivalent.

The growing season has the greatest amount of precipitations;
the period April-September has 63 percent of the total annu-
al precipitation. The maximum precipitation received in

one month was 8.02 inches in July, 1950, Thg minigum for

a month was 0.0l of an inch in August, 1899.

1U.S. Weather Bureau, Annual Climatological Data for
Mich (Washington: U.S. Bovernment Friﬁfiﬁi Office, 1924
o present).
2

U.S. Weather Bureau, Climatological 8 of Ionia,
lichiéan, Climatography of the U.S., no. 25-55, {Waeﬁiﬁg%on:

5. Government Printing Office, 1962), 2pp.
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Pigure 5. Total Annual Precipitation at Ionia

Precipitation variia greatly from year to year, often as
much as 15 inches.

1y.S. Weather Bureau, Annual Climatological Data for
Michigan (Washington: U.S. Government Pr g ce, 1924
to present).

and hospital also have water systems which service a large
number of people., The fact that all of these water supplies
have been obtained from wells within the organisations prop-
erty limits is a general indication of readily available
ground water.

The majority of the county's population do not receive
the benefits of a municipal water system. In 1960, more
than half the population was rura1.6 Fortunately, very few
areas of the county have been found in which individual
domestic water supplies were impossible. In the future,
however, this statement may be modified because of the in-
creasing number of subdivieions with individual home water
wells.

6iuchigan Economic Development Department, Loc, cit.
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Irrigation systems generally utilize small artificial

ponds or other types of surface water as an inexpensive

water source.

The nearness of the ground water table to

the land surface in many areas of the county make this a

practical proceedure.

Table 1.

Municipal Water Suppliesl

City or Population Annual Industrial use
Village served pumpage
(million gal.)
Belding 5400 750 large - 82% of
total
Ionia 6745 360 moderate
Portland 3100 118 none
Lake Odessa 2000 75 small; previous
years - large
Saranac 1081 129 large - 58% of
total
Muir 650 23 none
Pewamo 460 27 none
Lyons 687 from private wells
Hubbardston 348 " " "
Clarksville 371 " " "

lExcept for the city of Ionia, this data was obtained
from personal interviews with municipal presidents, managers,
and utility foremen. Data for Ionia was obtained from 1960
records at the U. S. Geological Survey, Lansing.



CHAPTER 11
GROUND WATER OCCURRENCE

Ground Water is Related to Geology

At some depth below the ground surface one generally
encounters what is called the ground water table. Below
the water table the voids between the rock particles are
saturated with water while above the water table both air
and water are found in the voids. Rarely is the ground
water table a precise surface which separates saturated
from unsaturated. Usually it is a gradational zone in which
increasing amounts of water are encountered.

The amount of water that can be contained in a saturat-
ed voiume of rock material depends upon the percentage of
the material which is open spaces. This percentage is called
porosity. Thus, a material with a high porosity can hold
a large quantity of water. In general, material which is
composed of small grains tend to have high porosity. For
example, certain clays may have up to 85 per cent porosity
'while a coarse sand may have only 39 per cent. Also, a
material will have high porosity if all of the individual
grains are equal in size as in a uniform sand, but it will
be lower when a number of grain sizes are mixed as in a

sand and gravel combination. Bedrock formations may also
10
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~have what is called secondary porosity which is a result of

fracturing, solution channels, or other such openings.

If water can easily move through the pores in a mater-
ial, the material is said to have good permeability. Perm-
eability then, represents the friction encountered by water
in its attempt to move through a porous media. Sufficient
porosity must be present before there can be high permeabil-
ity, but high porosity does not insure that there will be
high permeability. Most clays, as noted above, have high
porosity, but their permeability is very low due to the very
small openings between the clay particles. Sand or gravel,
on the other hand, have a high permeability. In general,
permeability will be high for material with large grﬁins of
uniform size.,

With the above points in mind, one can see that a re-
gion underlain with clay can potentially absorb and store
a large quantity of water, but the waters movement will be
restricted. A region underlain by sand might not store as
much water, but its movement will be freer.

A subsurface zone which is below the water table and
has sufficient permeability is called an aquifer. A zone
of low permeability, such as shale or clay, is called an
aquatard if it will transmit only a small amount of water.

In the report area, there are five subsurface strata
that may be aquifers depending upon local conditions. The
bedrock may be separated into four of the units, and the
glacial drift comprises the other potential aquifer. These
units will be described below.
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Table 2. Subsurface Dbeposits and Their General Suit-
ability as Aquifers

Gravel excellent aquifers

Coarse sand (high permeability)
Medium sand

Fine sand ‘

Sandstone

Limestone

Clayey sand very poor aquifers

Shale or clay (low permeability)

Bedrock Geology

In the subsurface of Ionia County there is a layer of
unconsolidated material that ranges in thickness from O to
over 500 feet. These are glacial deposits that lay on top
of the consolidated bedrock formations which were formed
millions of years ago.

The bedrock formations in and around Michigan's lower
penninsula form what is geologically called a sedimentary
basin, The bedrock strata that form this basin have often
been compared to a set of shallow mixing bowls of varing
diameters which are nested together. The smallest, inside
bowl would correspond to the youngest rock formation and as
one progresses away from the center, the increasingly older
rock formations would compare to the increasingly larger
bowls. The rock strata slopes or dips toward the center of
the basin which is located approximately near the center of
the lower penninsula, and thus, the bedrock formations
which are found beneath lonia County dip toward the north-
east (Figure 13, pages 41-42),
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The oldest rock formation underlying Ionia County is

the Mjichigan formation which was deposited in shallow seas
during the Mississippian period. The Michigan formation
consists of grey shale, gypsum, anhydrite, limestone, dol-
omite, and thin lenses of sandstone. The formation varies
in thickness from 80 feet to 200 feet.

The Michigan formation occurs directly beneath the
glacial drift in the south and western parts of the county
(Pigure 14, pages 43-44). It actually can be found at
depth throughout the county, but it is buried by younger
rock formations and is thus unimportant for the purposes
of this report.

The sandstones found in the Michigan formation can
provide an adequate supply of water for domestic purposes.
However, the abundance of gypsum in the formation causes
most of the water in this formation to be highly mineraliged.
Problems associated with gypsum are discussed in more detail
in the water quality section. Saline water is encountered
in this formation also. If the sandstones are near the top
of the bedrock surface, and if they are sufficiently sepa-
rated from the gypsum by shale, then the sandstones may be
a suitable aquifer for low capacity wells.

Lying on top of the Michigan foryation is the younger
Bayport limestone which is also of Mississippian age. The
Bayport is primarily limestone or dolomite, but occasionally
it has thin interbedded sandstone lenses. A period of eros-
ion occurred after the Bayport was deposited which explains

the absence of the formation in places and its variabdle
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thickness. In the report area, it ranges in thickness from

gero to 50 feet,

The Bayport may potentially be used for domestic water
supplies, but its characteristics as an aquifer are largely
unknown. In other areas of the state, the formation yields
water which ranges in quality from good to mineraligzed or
yields no water. However, it is felt that further testing
is needed before this formation can be ruled out as a water
source.

Overlying the Bayport limestone, and at times the Mich-
igan formation, one finde the Saginaw formation which is the
most widespread bedrock unit in Ionia County. The Saginaw
consists of lenticular beds of sandstone, sandy shale, grey
shale, underclay, coal, black shale, and limestone which
were cyclically deposited during the Pemnsylvanian period.
Individual rock strata can seldom be traced far due to the
numerous erosional periods which occurred locally during
deposition. The sandstone beds are particularly variable
in thickness and extent. In places thick sandstone beds and
thick shale beds are found. The formation averages approx-
imately 100 feet in total thickness but is quite variable
because of the erosion that took place before and after dep-
osition.

The Saginaw is an important aquifer for the entire mid-
Michigan area. If thick sandstone beds are encountered,
wells may produce 500 gallons of water per minute (gpm).
Small domestic wells can usually obtain 50 gpm. In general,
the water yielding capacity of the Saginaw is directly re-
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lated to the thickness of the sandstone encountered.

The water found in the Saginaw is hard to very hard,
but in general, it is of better quality than the overlying
drift.1 Mineraligzed water is encountered if wells are deep
or if the formation is tapped at a location where it is
near to the Michigan formation. The quality of the water
is also influenced by the overlying bedrock units which
contain both iron and gypsum.

After a period of erosion, the Grand River formation

was deposited on top of the Saginaw. This formation is pri-
marily a mottled red and white sandstone, but it also con-
tains shale and at times a conglomerate can be found near
the base of the formation. It is often iron stained and

the sand grains are cemented together with iron oxide. The
Ionia sandstone member of this formation is familiar to res-
idents in Ionia County because of its use as a building
stone. The 0ld quarry for this stone is located just south-
east of the city of Ionia. In places, the Grand River for-
mation may attain 100 feet in thickness, but usually it is
much thinner.

The formation is not widely used as an aquifer because
of its low permeability and high iron content. In other
areas of the state, it is successfully used as an aquifer
and thus should not be discounted as a possible water source.,

The youngest bedrock unit found in Michigan is called
the Red Beds. The formation consists of clay, shale, sand,

1Warron W. Wood, "Geochemistry of Ground Water of the
Saginaw Formation in the Upper Grand River Basin, Michigan"
(unp%blishcd Ph.D. dissertation, Mich. State University,
1969).
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and gypsum which are generally red and range from unconsol-

idated to poorly consolidated. The Red Beds do not form a
persistent unit but rather, have a spotty occurrance. It
is interesting to note that the Red Beds generally are
found on bedrock topographic highs within the report area.
This formation is not used as an aquifer in the report
area due to the highly mineralized water it contains, be-
cause of its impermeability, and also because better aquifers
are usually available in the same area. Outside of the
county, some wells have successfully tapped the Red Beds.
Where the Grand River formation or the Red Beds are
thin, better quality water may be obtained by drilling deep-
er into the underlying Saginaw formation.

Glacial Geology

After the Red Beds were formed, there was an extended
period during which the land remained relatively unaltered.
The last geologic event of major proportions began some 1 to 2
million years ago during the Pleistocene period and is re-
ferred to as the Ice Age or glacial period.

Ionia County was invaded on four different occasions
by continental glaciers, the last of which was called the
Wisconsin Glacier. After this last glacier disappeared,
the land surface looked similar to todays landscape. The
glaciers which came from the north before the Wisconsin
Glacier are known to exist from their deposits in states
south and west of Michigan; but in the report area, they

have left no known traces.
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In Ionia County, the glacial deposits are a result pri-

marily of a lobe of the Wisconsin Glacier which spread south-
westward in fan-like fashion from the Saginaw Bay region.
Appropriately, this ice lobe was named the Saginaw lobe,
Counties to the west of Ionia were affected by a lobe of

ice moving southward and spreading outward from the Lake
Michigan basin. )

Except for the small rock quarry mentioned previously,
the report area is completely covered by unconsolidated
sands, gravels, clays, and boulders which were deposited
by the glacier. Collectively, this unconsolidated material
.is called glacial drift. The thickness and character of the
drift varies greatly, and only test drilling can accurately
establish what'material will be encountered at a particular
location. In the absence of geologic test borings, & gen-
eral idea of the composition of the drift can be obtained
by a careful examination of the surface topography, soil
types, and water well logs.

Glacial drift is deposited either by the direct action
of the ice or by water which results from the melting ice.
The former deposits are termed glacial till and are a jumb-
led combination of clay, silt, sand, stones, and boulders
in varying mixtures. Deposits resulting from the melted
water are called glaciofluvial and generally are more
‘"pure", that is, they generally consist of rock particles
that have been sorted as to size. Glaciofluvial sediments
may range from clay to boulders, also, but most commonly

are sand or gravel.
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Variations in the climatic conditions cause the

glacial front tq advance, retreat, remain stationary, or
to stagnate. The drift composition and resulting landforms
will vary accordingly. 1Ideally, moraines are formed when
the leading edge of the ice remains relatively stationary.
This results in an elongated series of hills which are com-
posed primarily of till. If the ice front maintains a
rather steady retreat or advance, then a gently rolling till
plain results. Glaciofluvial materials can be deposited at
any time but are most commonly formed as the glacier re-
treats. It is important to note that many advances, re-
treats and stagnations occurred while the Saginaw lobe
occupied Ionia County, and thus a variety of glacial depos-
its can be found buried beneath the present land surface.
The last events of the glacial period in the report
area were associated with the large volume of water which
formed from the retreating glacier. Blocked by the glacier
to the northeast, the meltwater flowed westward carving
several deep channels, the largest of which are now ococu-
pied by the Grand, Maple, and Looking Glass Rivers. After
the initial erosion, the ancient rivers began to deposit
the material they were carrying so that today, numerous
sand, gravel, and clay deposits are found in these channels.
With the type of data presently available, it is almost
impossible to estimate the thickness of each glacial fea-
ture shown on the glacial geologic map (Figure 15, pages 45
-46). The glacial spillway, which has been extensively ex-

plored over small areas, appears to vary in maximum thick-
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ness from 20 to 60 feet but may be considerably thicker.

The entire drift sheet varies considerably in thickness
(Pigure 16, pages 47-48) from zero to possibly more than
500 feet.

The glacial deposits in the county as elsewhere in
the state are an important source of good quality ground
water, Unfortunately, the highly complex nature of the
drift makes it extremely difficult to predict with cer-
tainty where good aquifers will be found unless geologic
test drilling programs or geophysical surveys are con-
ducted.

The most obvious regions that may contain high capac-
ity shallow drift aquifers are those areas mapped as outwash
channels and spillways on the glacial geologic map (Pigure
15, pages 45-46). Most of these water-lain surface depos-
its are adjacent to rivers and, thus, present several prob-
lems. Pirst, even though a certain amount of purification
takes place by water filtrating through earth materials, the
quality of the water reaching a well near a river will be
influenced by the quality of the river water. High capac-
ity wells will actually be drawing a portion of its water
from the river, which is desirable, but adequate isolation
from the river should be assured to prevent contamination
of the aquifer. Secondly, flooding may contaminate improp-
erly constructed wells located within the flood plain,

Moraines and till plains are somewhat more difficult
to analyze. Typically, these landforms are thought of as
being composed of till, but as pointed out earlier, sand
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and gravel deposits are often found buried beneath till

deposits. The majority of the domestic wells within the

county are located on either moraines or till plains and

tap buried outwash deposits. In general, the possibility
of encountering a dburied outwash deposit are increased as
the thickness of the drift increases.

The quality of ground water in the drift is rather
variable but generally is quite hard and often has object-
ionable amounts of iron and other minerals. The quality of
drift water will be influenced by the type of bedrock the
glacier passes over before depositing the debris. Thus,
the drift will generally have the same quality problems as
water in the underlying bedrock.

In the areas where the Saginaw formation is known to
be a good aquifer, the drift is commonly bypassed as a
water source., Commonly, the Saginaw is of better quality,
generally has a more predictable yield, and wells are
usually easier to develop and maintain than in a drift

aquifer.



CHAPTER II1I

GROUND WATER MOVEMENT AND WATER LEVELS

Water Cycle in Ilonia County
Ground water is continuously being removed from the
ground by man, vegetation, evaporation, and its natural
discharge to lakes and rivers. This local segment of the
water cycle is illustrated in figure 6 with approximate

;_‘:“N
Evapo-transpiration éz;~f 53/
75% of precipitation e -:ff ’r?

(I ) N
| Precipitation 30.62 in.
REER

( l’))” 1]

Ground Water
Discharge

Surface Runoff
25% of precipitation

Figure 6. The Water Cycle in Ionia County

Percentage figures are approximate only, and will vary con-
siderably with time and area.
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values for the various components. Mans consumption of

water is a very small portion of what is cycled through the

county annually.

Precipitation and Ground Water Levels

Precipitation is the major source of ground water re-
charge. Even though only a small percentage of the annual
precipitation reaches the ground water, its effects are
easily demonstrated. The relationship is illustrated by
Pigure 7. ,

The seasonal variation in the water table elevation is
rarely of the same degree throughout an area. In the regions
where the ground water is discharging (near most lakes and
rivers) the water table will vary only slightly during pre-
cipitation deficient years. At higher elevations away from
discharge areas, the depth of the water table may vary
greatly in response to precipitation variations. In Figure
8, note the possible variation in water levels beneath the
hill as compared to near the lake.

The lakes in Ionia County are water table lakes like
the one shown in Pigure 8. The "water table" is actually
above the surface in such cases. Because of this relation-
ship, the lake level will vary with the ground water table
in response to precipitation. The opposite of a water
table lake is a perched lake whose level is above the sur-
rounding water table. A perched lake must rely upon pre-
cipitation entirely to maintain its level since it does not
receive ground water discharge. The levels of such lakes

will vary radically.
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Pigure 7. Rainfall Influences Ground Water Levels

The bottom portion of this figure was obtained by algebra-
ically adding the annual precipitation departures_from the
long term mean and plotting each yearly subtotal.l Where
the graph increases (1965 to 1968 for example), there was
reater than normal precipitation and where it decreases
?1960 to 1964), there was less than normal. The top graph
is the rocgrded ground water levels for a nearby observa-
tion well. During the years in which the precipitation was
less than normal, the water table was also generally lower,
especially so during the early sixties drought.

1U.S. Weather Bureau, Annual Climatological Data f
Michigan (Washington: U.S. Bovernment F?IE%?E% %TTIOO. %524
to present).

2Water level information obtained from the U.S. Geo-
logical Survey, Lansing.
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Pigure 8. Normal and Drought Water Tables
With normal conditions, the water table will generally oon-
form to the land topography, and ground water will flow
toward the lake. With drought conditions (illustrated in

ite extreme here), water will flow from the lake into the
ground as shown by the arrows.

Water Table and Artesian Wells

Water levels in a well are dependent upon the hydro-
logic characteristics of the aquifer being tapped. In some
cases, the water level in the well will be of the same ele-
vation as the water table. Such wells are said to be under
water table conditions., Artesian wells result when the
aquifer being tapped has water under pressure, a condition
which may exist either in the drift or in the bedrock. An
artesian well does not necessarily mean it is a flowing
well as commonly believed, in fact, most must be pumped.

The artesian situation is often pictured as shown in
Figure 9 in which both water table and confined situations
exist. In this figure, ground water enters the sandstone
at some recharge point "up-hill" and is contained in the
sandstone by a less permeable shale bed. Hydrostatic prese-
ure develops due to the weight of the water. If there were

no friction, the water in the sandstone when tapped would
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actual piezometric

Pigure 9. The Artesian Situation

rise to a level (theoretical piezometric level) equal to the
water level at the recharge point. But friction is present,
and thus the pressure is reduced resulting in an actual
piegzometric level which is somewhat lower than the theoret-
ical. Where the actual piezometric level is above the ground,
a flowing well results when the aquifer is tapped such as
Well C. Well B is finished in the drift where the water is
not under pressure and thus is é water table well. Well A
is an artesian well similar to C, but it does not flow be-
cause there is not sufficient pressure to 1ift the water
above the land surféce. A number of flowing wells in an
area which are allowed to flow freely may reduce the press-
ure within the aquifer to such a degree that the wells will
have to be pumped.

Most of the flowing wells found in Ionia County are in
the flood plains of the larger rivers or on the banks lead-
ing to the flood plains. There are both drift wells and
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wells from the Saginaw formation in this situation., A few

flowing wells are found inland. In the report area, the
Saginaw formation is often artesian, but the piezometric

levels are generally comparable to the regular water table.

Ground Water Recharge

The character of the surface soils influence to a
great degree the rate of precipitation infiltration. Sandy
soils absord a large portion of the precipitation whereas
clay soils cause a larger surface runoff to lakes and
streams. Level land, as found in many parts of Ionia
County, assists precipitation infiltration also by reducing
rapid overland runoff during rain storms.

Ground water levels are maintained in several areas of
the country where heavy pumpage takes place by a method
called artificial recharge. The two common procedures used
to accomplish this are recharge wells and seepage pits. Re-
charge wells simply pump water of a specified quality from
a surface water source into the aquifer which is being used
for the water supply. In some cases, regular production
wells are used for supply and recharge on an alternating
basis with other similar wells. Artificial recharge with
wells ocan be an expensive operation if the water used for
recharge requires extra treatment to prevent clogging of
the well screen and contamination of the aquifer.,

Seepage pits are more widely used than recharge wells.
The pits are usually located near a surface water source

from which water can be taken when desired. The bottoms of
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the pits are generally lined with sand or gravel to facil-

itate seepage downward. This bottom liner may have to be
replaced periodically if it becomes clogged with silt.

With either method, frequent checks must be made on the
quality of the water being recharged. This is because art-
ificially recharged water generally reaches the water sup-
Ply gzone more rapidly than does natural recharge and thus
bypasses much of the natural filtering normal ground water
receives. Usually, temperature, turbidity (very fine sus-
pended particles), and bacteria are examined periodically,
but it is felt that a complete chemical analysis should be
made frequently to prevent chemical contamination of the
water supply.

Wells in a river flood plain operate in a manner sim-
ilar to seepage pits in that the pumping well induces re-
charge from the river through the permeable flood plain
deposits. The water supplies for Belding, Ionia State
Hospital, and Fortland utilize this principle to varing de-

grees,

Direction of Ground Water Movement
The direction of ground water movement can be deter-
mined by examining a topographic map of the water table
(Pigure 18, pages 51-52). The water will move from higher
elevations to lower elevations and thus move perpendicular
to the contours shown on the map. Generally, the topography
of the water table roughly corresponds to the topography of

the land surface.
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In cross section, the vertical movement is somewhat

more complex. Each water particle follows a smooth curved
line from point of recharge to discharge area as shown in

Figure 10.

unsaturated zone

Pumping well and
cone of depression

Figure 10. Ground Water Movement in the Subsurface
The water will move vertically downward until the water

table is encountered, and then, will move as indicated by
the arrows.

A pumping well will locally alter the direction of
water movement by causing the ground water for some distance
surrounding the well to move toward the well rather than the
normal discharge area. The water removed by pumping creates
a cone of depression in the water table as shown in Fig-
ure 10,

Some water during its travel from recharge to discharge
point will encounter the bedrock surface. If permeable bed-

rock formations are encountered, the water will enter the
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bedrock and continue its normal flow pattern. If shale or

other impermeable rock is encountered, the direction of

flow will be influenced by the topography of the bedrock
surface in a manner similar to surface drainage (that is,
from topographic highs to topographic lows). Lenses of

clay in the drift will have the same effects but to a lesser
degree. With these points in mind, Figure 17 (pages 49-50)

may be of assistance in exploring for large water supplies.



CHAPTER 1V

WATER QUALITY

Rain water has often been coveted by some people be-
cause of its softness and hence its ability to form a lather
with soap., This attribute of rain water is due to a low
percentage of solids which are dissolved in the water, a
property which is soon lost as the rain water percolates
downward into the ground.

Water has often been referred to as a universal sol-
vent, that is, it is able to dissolve and carry in solu-
tion many different types of solids and liquids. Thus,
us water percolates through the soil and rocks, it dis-
solves many of the minerals which formerly were part of
the rock or soil, Some minerals are easily dissolved
such as rock salt, others such as silica are quite diff-
icult to dissolve. The quantity of each of these dissolved
constituents can be determined by means of a chemical anal-
ysis and sometimes, less accurately, by taste, smell, or
appearance. At times a chemical analysis will give an
indication of the type of rock material the ground water
has been associated with, but the relationship is quite
complex. Table 3 is a listing of the chemical character-
istice most commonly investigated and their significance

30
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Water Quality Parameters and Their Signif-

Constituent or physical
propeny

Source or cause

Significance

Silica (3102)

Iron (Pe)

Manganese (Mn)

Calcium (Ca) and
Magnesium (Mg)

Sodium ('.2 and
Potassiua (K)

Biosrbonate (uco,) and

Carbonate (CO,)

Sulfate (80,)

Chloride (C1)

Pluoride (P)

Nitrate (NOy)

Phosphate (PO,)
Dissolved solids

Hardness as c.co,

Dissolved from practically
all rocks and eoils, usually
in small smounte—1-30 mg/l

Dissolved from practiocally
all rocks and soils. May
aleso be derived from iron
pipes, puaps, and other
equipaent.

Dissclved from some rocke
and soils. Not so common
as iron. lLarge quantities
often associated with high
iron content and with acid
waters,

Dissolved from practically
all eoils and rooks but es-
pecially from limestone,
dolomite, and gypsum.
Calciua and magnesius are
found in large quantities
in eome brines.

Dissolved from practically
all rocks amd soils. Pound
also im anoient brines, some

induetrial brines, and sewage.

Action of oarbom dioxide in
water on carbonate rooks such
as limestone and dolomite.

Dissolved froam rocks and soils

oonta. gypsum, iroa sul-

fides, and other sulfur com-

pounds. Usually preseat in
some industrial -nu.

Dissolved froa rocks and soils.
Present in sewage and found in

large amounte im ancient
brines and industrial brines.

Dissolved in small to minute
quantities from most rocks
and soils.

Decaying organioc matter, sew-
age, nitrates in soil
chemical fertilisers.

Dissolved from rooks and fer-

tilisers. Detergents, treated
waters, and wastes in domestio

and industrial service efflu-
ents.

Chiefly simersl constitueats

dissolved from rocks and soile.
Includes all material in water

that ie in solution.

In r:on waters nearly all the

esium. All the metallio
ations other than the alkali
metals also cause hardness.

ss 1s due to ocalcium and

Poras hard scale in pipes and boilers. Oarried
over in steam of high pressure boilers to fors
deposits on blades of mteam turbines. Inhibits
deterioration of geolite-type water softeners.

On exposure to air, irom in ground water oxi-
dises to reddish-brown sediment. HNore than
about 0.3 mg/1 stains laundry and utensils
reddish brown, Objectionsdle for food pro-
ceseing, beverages, dyeing, bleaching, ice
manufacture, brewing and other proceseses. Irom
and manganese together should not exceed 0.3 mg/1
Larger quantities cause umpleasant taste and
favor growth of iron bacteria but does mot em-
danger health.

Same objectionadle festures as iroa. Oauses dark
brown or black stain. Iron and manganese te-
gether should not exceed 0.3 mg/l for taste amd
asthetio reasons.

Oause most of the hardness and .ulo—tonuL"
properties of water; soa. oolml.l‘. (8o
ness.) Waters low ia oius end ium
desired in electroplatiag, tamming, 801:3, and
textile manufacturing.

Large amounts give & salty taste whem comdined

with chloride. Moderate gquantities have uﬂlo
effeot ‘on the usefulmess eof -tor for most
gun. Sodiua salts may cause £ tl l
oilers and a high sodius ratio may 1

use of water for irrigatioa.

Bicarbonate and oarbonate zu‘un .lhlmty.
Bicarbonates of oaloiuam and sagnesium deo

pose in eteam boilers and het-water tunauu
to form scale and release corrosive oarbon
dioxide gas.

Sulfate in water oonuhn‘ ulot- tor- bhard
scale in steam doilers. urt v Sul-
fate in combination with other iems ¢1wo ‘vitter
taste to water. Concentrations abeve 250 mg/l
may have a laxative effeot, but 500 mg/l is cen-
sidered safe.

Chloride salts in excess of 100 -«1 give ..&x
taste to water. Whea comdined with oaloium
magnesium may inorease the corresive activity ef
water. It is recommended that ohleride oomteat
ehould not exceed 250 mg/l.

Pluoride in drinking water reduces the inoidemoce
of tooth decay whem the water is consumed

the period of enamel oalcification. However, 1
may ocause mottli of the teeth depending on the
concentration of uoride, the age of tho ohnd.
the amount of drinking water consumed
susceptibility of the individual. oos-178 u/x
ie oconsidered opt depeadi upon the air
teaperature. 1.5 1 is consldered the maximum
allowadle.

Concentrations much greater tham the local
average may suggest pollution. B ooncea=-
trations are goncmly e charecteristic of
individual wells and not of whole aquifers.
Nitrate has shown to be helpful in nduM’
terorystalline oracking of bonor steel. t en-
courages growth of algae andi other organisas
which produce undesirable tastes and odors.
There is evidence that more than abeut 45 1
BAy cause a type of nthono;loumu in ants,
sometimes fatal.

Inhibits scale formation in imdustrial processes
and cooling waters. Bucourages bdacterial grewth.

Dissolved solids should not exoeed 500 mg/1l bmt
amounts up to 1000 are oonsidered acoeptadle
for drinking water if mo other supply is avail-
able. Amounts over 1000 1 are unacceptadle
for most uses.

Hard water consumes socap before a lather will
form; deposits soap on bathtube; forss scale
in boilers, water heaters, aad pipes. Hardness
equivalent to the bicarbonate and carbonate is
called ocarbonate hardness. Any hardness in exe
8ess of this is called moncarbonate hardness.
Waters of hardness as mmch as 60 1 are comsid-
ered soft; 61 t0 120 mg/l moderately hard; 121 te
200 mg/1 hard; and more thaa 200 mg/l very hard.
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Table 3 (continued).

L tConutituent or physicanl

J Source or cuuse Significance

o ‘propcrly
Siecific conductance Mineral content of the water. bpecific conductance is a measure of the capacity
(micromhos per centimeter of the water to conduct an electrical current.
at 259¢,.) Varies with concentration and degree of ionitza-

tion of the constituents. Varies with tempera-
ture; reported at 250C.

Hydrogen-ion concentra- Acides, acid-generuting salts, A pH of 7.0 indicates neutrality of a soiution.
tion (gH) und free carbon dioxide lower Values higher than 7.0 denote increasing alkalin-
the piH. Carbonates, bicar- ity; values lower than 7.0 indicate increasing

bonates, hydroxides and phos- acidity. pH ie & measure of the activity of the

phates, silicates, and borates hydrogen ions. Corrosiveness of water generslly

raise the pH. increases with decreasing pH. However, excess-
ively alkaline watere may slso attack metals.

Hyarogen sulfide (H2S) Natural decomposition of or- Causes objectionable odor when in concentrations
#unlc material and from the above 1 mg/l and taste when in excess of .05 mg/l.
reduction of sulfates. Presence may limit waters usefulness in the food

and beverage industry.

8Phe data in this table was obtained from a combina-
tion of three sources:

U.S. Public Health Service, The Public Health Service
Drink Water Standards -- 1962, U.S. ¢ Hea er-
vice, %ﬁs. no. 956 (Washington: U.S. Government Printing
Office, 1962).

Jo. E. McKee, and H. W. Wolf, Water Qualit* Criteria,
The State Agency of California, State Water Quality Boar
(California State Printing Office, 1963), 548pp.

Jd. D. Hem, Study and Interpretation of the Chemical
Characteristics of Natural Water, U.S. Geological Survey
Water Supply Paper 1473 !Wasﬁﬂngton: U.S. Government Print-
ing Office, 1959), 269pp.

in regard to water use.

The most plentiful minerals in the ground water of
Ionia County are calcium, magnesium, bicarbonate, sulfate,
and chloride (Table 5, in Appendix). Iron is commonly
found in amounts which are considered objectionable, but
it does not constitute a large percentage of the total dis-
solved constituents.,

Most of the analysis within the county reveal that
the water is characteristically very hard (greater than
200 mg/1). This is due to large amounts of calcium and

magnesium which are major constituents in many rocks,
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especially limestone, dolomite, and gypsum. Fortunately,

this undesirable characteristic can be reduced to accept-
able levels by the use of a water conditioner.

Gypsum, which is very soluable and is found in many
places in the county, is the outstanding contributor to the
high sulfate content and also the hardness of the ground
water. Several analyses near the city of Ionia which ex-
ibit the effects of gypsum are shown by analysis numbers
52, 55, 64, and 65 in Table 5 (in Appendix).

Gypsum, as noted in the geology section, is found
in the Michigan formation and in the Red Beds. Water wells
drilled where the Michigan formation underlies the drift
may produce fresh water, but if sulfate water is encount-
ered, then, a drift well is the only solution. Sulfate
problems associated with the Red Beds might be solved by
drilling deeper into the underlying Saginaw formation
and adequately casing the well past the contaminating
interval.

Hydrogen sulfide which may locally be a problem is
often found to exist in the same areas in which high
sulfates are found. The "rotten egg" gas is usually a
result of sulfate reduction by bacterial action.

Iron is a problem throughout the county but appears
to be especially troublesome where the Red Beds-Grand
River formation is found. Both of these rock units are
high in iron content as exibited by their red color. Num-
erous drift wells yield water high in iron also. The di-

rection of the glaciers movement and the fact that the
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above two rock units are within the county suggest that

the glacial drift throughout the report area will contain
a large amount of Grand River-Red Bed material., Iron con-
tent may be reduced by means of a special water conditioner,

Wood, in his study,t

noted that the Saginaw formation
in the upper Grand River basin (up stream from Ionia) had
water of better quality than the drift. Specifically iron,
calcium, sulfate, and chlorides were found in higher con-
centrations in drift wells than in wells tapping the Sag-
inaw formation. It appears that this situation may also be
true for the parts of Ionia County in which the Grand River
formation and the Red Beds are absent, but a more detailed
study is needed.

Chemical analysis for several rivers within the county
are included in Table 5 (in Appendix). It can be seen that
they compare favorably with the general ground water qual-
ity. However, it should be noted that the quality of a sur-
face water source is likely to vary considerably from time
to time and is much more susceptable to contamination by
dangerous chemicals and microscopic organisms not found in
the ground water. Water wells near rivers which utiligze
the rivers for induced recharge may also be contaminated

by foreign chemical.

1Wood, 0p, cit.



CHAPTER V

GROUND WATER AVAILABILITY

Except for a few isolated areas, the glacial drift is
capable of supplying domestic water wells throughout Ionia
County. The drift is also capable of yielding large amounts
of water as shown by numerous municipal wells (Table 4, in
Appendix). Further exploration will undoubtably find high
yield drift aquifers outside of the favorably located munic-
ipal regions.

With present data, it appears that the largest area
with poor drift aquifers is located at the village of
Lyons. Unfortunately, the Saginaw formation has water of
inferior quality there also. Exploration of the drift to
the east of this village might be advisable if a municipal
supply is desired.

In most parts of the county, the bedrock aquifers are
good to potentially good for domestic wells, Some of the
county's bedrock aquifers are poor due to their great depth
or to their poor quality water. Pigure 19 (pages 53-54)
can be used as a rough guide to the potential for domestic
bedrock wells,

Table 4 (in Appendix) may be of assistance for infor-

mation on a particular area. This table is a 1listing of

35
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the important characteristics of most of the well records

that were used during this study. Unfortunately, the data
is not evenly distributed throughout the county. A limited
amount of additional information for each well listed can
be obtained from the Michigan Geological Survey whose office
is in Lansing.

Large water withdrawals from small areas (single high
capacity wells or subdivisions with individual domestic
wells) present special problems which would be difficult
to analyze in a report such as this, It is suggested that
& professional hydrologist be consulted when such with-
drawals are anticipated. OUften test drilling and pumping
tests are required to adequately define the aquifers'
capabilities.

Introduction to Figures 12 Thru 19

The preparation of geologic maps such as those which
follow is dependent almost entirely upon a source of sub-
surface information. The most useful source of information
is in the form of well logs which are a listing of the sub-
surface materials penetrated and information as to the
physical characteristics of the well. Fortunately, the
Michigan Legislature recently passed an Act which, in add-
ition to other things, requires water well drillers to sub-
mit & well log to the well owner, the county health agency,
and the State Geological Survey.l Since 1965, water well
drillers in the county have been providing information

Iliohigan Legislature, Act 294, Public Act 1965.
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which is very valuable to workers in the geological sciences.

Previous to this, a few water well drillers voluntarily pro-
vided the state with such information. 0il well drillers
have been required to submit logs for their wells for some
time now. During the course of this investigation, over

500 logs in Ionia County and surrounding townships were ex-
amined. Many of these wells are shown in Table 4 (in Appen-
dix).

Maps such as those in Figures 16, 17, and 18 cannot
be prepared unless the elevation of the wells can be ac-
curately determined. Most of the state has been topograph-
ically mapped from aerial photographs by the United States
Geological Survey (U.S.G.S.). Such maps are available for
Ionia County except for the northwestern section (north of
the city of Ionia and west of Palo). Consequently, the
three above mentioned figures are somewhat inaccurate in
this region.

It is important to recognize that the following geologic
maps are assumed to be accurate only for a limited time.
This is due to the fact that no matter how carefully a map
is constructed, new information may invalidate certain as-
sumptions made when the map was originally constructed.
Often such maps are constructed in pencil in anticipation
of future changes. The portions of the following maps which
are most likely to need revision in the future have been
drawn with dashed lines.

The base map for Figures 14 through 19 was redrafted
with slight modifications from a Michigan Department of
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Natural Resources base map. Figures 13, 14, 16, 17, 18,

and 19 are the authors original work. The data used was
obtained from well logs on file at the Michigan Geological
Survey and from other sources as noted in each individual

figure.
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Figure 12. Base Map

This map, in a slightly larger size, is obtainable
from the Michigan Department of Natural Resources in lLan-

sing.
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Figure 13. Generalized Cross Section

0il well logs, several deep water well logs, and the
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