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INTRODUCTION

Groundwater in lowa is a priceless natural resource. About 75 percent of the
population rely on groundwater. The climate, terrain, and geology of the state
contribute to the storage of immense quantities of water in five major bedrock
aquifers, as well as in porous sand and gravel deposits found along stream valleys, in
buried channels, and within the surficial materials sequence. (figure 1).

The rock formations that make up the lowa groundwater reservoir are primarily
Paleozoic sandstones, dolostones, and limestones, but include younger Cretaceous
sandstones in northwest lowa. From the early Paleozoic, and continuing through the
Pennsylvanian, these strata were deposited in several structural basins. The East-
Central lowa Basin formed during Silurian time, the lowa Basin (central and south-
west lowa) during Devenian, and the Forest City Basin in northwest Missouri and
adjacent parts of lowa, Kansas, and Nebraska during Pennsylvanian time (figure 2).
The Paleozoic rocks have been tilted and broken by earth stresses. Erosion beveled
the surface of the tilted rocks so that the older formations are exposed in the
northeast and northwest parts of the state and the younger rocks in central and
southwestern lowa. Shales and sandstones deposited on the beveled Paleozoic
surface in northwestern lowa during the Cretaceous Period remain essentially flat-
lying. The surface of the Paleozoic and Cretaceous rocks was severely eroded
before glaciers advanced across lowa during the Pleistocene Epoch. A mantle of
glacial drift and loess, generally between 100 and 200 feet thick but ranging up to
600 feet, now covers the bedrock across most of the state.

The five major bedrock aquifer systems are: the Cretaceous (Dakota), Mississip-
pian, Silurian-Devonian, Cambrian-Ordovician (Jordan), and Dresbach (Mt. Simon).
These units comprised of porous, permeable sandstones and fractured carbonate
rocks are productive water-yielding beds. They are usually separated by confining
beds (aquicludes) that retard the movement of water between the aquifers.

lowa's water withdrawals increased at a rate of approximately 4.0 percent per year
between 1975 and 1980, based on estimates issued by the U.S. Water Resources
Council and the U.S. Geological Survey. This is somewhat lower than earlier state
projections which predicted an increase of 4.6 percent through the year 2020
(Barnard and Dent, 1976). Still, the increased water withdrawal of the past five years
was substantial for major categories of use (table 1).

Table 1. Water use in lowa 1975 and1980. Amounts are in millions of gallons per day.

1975 1980
Public Supplies 300 311
Rural 170 185
Irrigation 21 56
Industrial 310 551
Thermoelectric 2700 3104
Total 3501 4207

The cumulative increase equals 20 percent in five years. The largest percentage
gains occurred in irrigation and industrial uses, while the thermoelectric category is
by far the largest user. Energy-associated, industrial, and agricultural uses account-
ed for about 91.4 percent of the total water withdrawals in 1975 compared with 92.6
percent for 1980. Barnard and Dent have projected that these uses willincreaseto as
high as 98 percent of the total withdrawals by the year 2020.

Data from the lowa Department of Water, Air and Waste Management (J. F
Wiegand, personal communication) indicate that the number of water permits
granted for public supply, industrial, and irrigation use more than doubled during the
period 1965-1980, while the number of irrigation permits alone increased by about
200 percent in the last 20 years (a water permit is required in lowa whenever water
use will exceed 25,000 gallons a day). These data imply that both surfacewater and
groundwater use will continue to increase in lowa. Some periods of anomalous
increase or leveling off of water use related to economic factors and conservation
can be expectaed, but overall use will increase. Very large water requirements such
as for power plants and some municipalities will cantinue to be met by direct or
indirect (from wells adjacent to streams) surfacewater withdrawals. However,
groundwater appears to be preferred over surfacewater if available in adequate
quantity and quality without impacting on other users and at comparable overall
cost.

This report on the Silurian-Devonian aguifer system is a continuation of a series of
investigations to define, describe, and evaluate the major regional aquifers of lowa
and follows the general format of preceding reports in the series: Mississippian
Aquifer of lowa (Horick and Steinhilber, 1973) and Jordan (Cambrian-Ordovician)
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Figure 2. DISTRIBUTION OF THE SILURIAN AND DEVONIAN ROCKS AND STRUCTURAL FEATURES

IN THE NORTHERN MIDCONTINENT

The Silurian-Devonian rocks of lowa are part of an extensive sequence
of sedimentary formations covering the upper midwest (figure 3). For the
most part these rocks were deposited in shallow epeiric seas that covered
the midcontinent. Although the interior of the continent was relatively
stable, the seas fluctuated and even withdrew at times. Clastic sediments
were washed from the margins of highland areas to mix with the calcare-

seas returned and thick bodies of marine limestone were deposited in the
lowa, lllincis, and Michigan basins. The maximum sediment accumulation
in lowa took place along the axis of the North Kansas and lowa basins so
that the center of the lowa basin shifted to the central and southwest part of
the state. Evaporite-bearing carbonates as well as normal marine fossilifer-
ous limestones dominate the lowa Middle Devonian. In Late Devonian time
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The term Silurian-Devonian aqguifer was used informally by lowa Geolog-
ical Survey geologists for many years prior to its introduction in the
literature by Steinhilber and Horick (1970) and Hansen (1970). Although
the several carbonate formations that make up the aguifer are distinct
geologic entities, it became common practice to treat them as one
hydrologic unit because of their hydraulic connection. Since the Silurian
usually was the primary source of water for wells, the term Silurian-
Devonian aquifer came into general use.

The Silurian-Devonian aquifer of lowa consists of the thick succession of
carbonate rocks, i.e., limestones and dolostones, of Devonian and Silurian
age which lie between overlying Maple Mill-Sheffield-Lime Creek shales
(Devonian) and the underlying Maguoketa shale and dolostone or Galena
limestone and dolostone (Ordovician). The geologic units comprising the

Cerro Gordo, Hancock, Franklin, Grundy, and Tama counties where the
Juniper Hill Shale in the lower part of the Lime Creek Formation is thick
enough to form a confining layer, the Owen and Cerro Gordo members in
the upper part of the Lime Creek comprise a separate aquifer of local

DEFINITION AND PHYSICAL CHARACTERISTICS OF THE AQUIFER

significance. The lower part of the Wapsipinicon Formation (Kefwood-
Bertram sequence) also comprises a confining layer within the Silurian-
Devonian aquifer in Linn and Benton counties.

Glacial drift, where its permeability is low and it is thick enough, is the
upper confining bed for the Silurian-Devonian aquifer in its outcrop area
(i.e., where it is the uppermost rock unit). Where the aquifer underlies other
rock units (subcrop area), the Devonian Maple Mill-Sheffield-Lime Creek
shales are the principal upper confining beds (figures 3 and 4, sheet 2).
Cretaceous sandstones and shales cover the narrow belt of Devonian
rocks that extend from beneath the Mississippian rocks in northwestern
lowa (figure 1, sheet 2). The Ordovician Maquoketa Shale is the prinicpal
lower confining bed for the aquifer. The Kenwood Shale in the lower part of
the Wapsipinicon Formation is an aquiclude in a few southeastern coun-

state where it is generally 500-600 feet thick, reaching a maximum of 700
feet. Over most of eastern and northern lowa it averages between 200-400
feet in thickness. However, the thickness of the aquifer in the outcrop area
often is less than the average because of surface erosion. The thickness of

the aquifer at any particular point can be estimated from the maps in figure
2, sheet 1, and figure 5, sheet 2, which provide the elevation of the top and
base of the aquifer, or by adding the values on figures 1 and 2, sheet 2.

The depth to the top of the aquifer ranges from 0-400 feet in the outcrop
area, but is usually between 50 and 250 feet. In the subcrop area several
hundred feet of driling may be required before the aquifer is reached.

The Silurian-Devonian aquifer underlies approximately 89 percent of the
state and is the uppermost bedrock over about 21 percent. Dense
limestones and dolostones, with significant secondary porosity (i.e., frac-
tures, joints, bedding planes, and solution cavities) are the principal rock
types. Locally, shales and clays fill large cavities in Silurian carbonates.
These materials originated from overlying shale formations and glacial
drift.

carbonate formations may also be highly broken in places. Both Silurian
and Devonian strata have reef facies that are locally very porous and may
contribute some primary porosity. However, the porosity and permeability
in these rocks is predominantly secondary and related to fracturing and

0SCEDLA

dolomitization (recrystallization and volume reductions of limestone) that
formed pores, small voids (vugs), cavities (fossil molds), and shrinkage
cracks and fissures.

Recent studies (Hallberg and Hoyer, 1982) show that the land surface

above these rocks in the outcrop area is dotted with sinkholes and other
karst features where the drift mantle is absent or thin. Karst development is
most advanced in northeastern lowa in Allamakee, Winneshiek, Howard, SR

Mitchell, Worth, Floyd, Fayette, Clayton, Dubuque, Delaware, Jackson,
and Clinton counties. The drift in these counties is generally less than 50

feet thick and commonly less than 25 feet thick. The location of thousands o i
of sinkholes in a part of the lowa Silurian-Devonian outcrop area is shown

on the sinkhole map on sheet 3 (figure 6).
Karst topography forms over soluble rocks such as limestone, dolos-

Maguoketa Shale (Prior, 1975, and Hansel, 1976). Enlarged fractures near
the margin of the scarp have separated huge blocks of dolostone which
have moved down the Maquoketa Shale slope into valleys.

Figure 4. STRATIGRAPHIC UNITS USED TO MAP
THE TOP OF THE SILURIAN-DEVONIAN AQUIFER

In drawing the contours on the top of the Silurian-Devonian aquifer (figure 3, above), the author was
confronted with the problem of defining the extent of the Juniper Hill Shale aquiclude which is in the lower
part of the Lime Creek Formation and extends from Cerro Gordo and Hancock counties in north-central
lowa o Lee and Van Buren counties in the southeastern corner of the state. This unit ranges from 0-150 feet
in thickness, but typically is only 50-75 feet in thickness (see figure 4, sheet 2 and hydrologic cross
sections A-A' and B-B'). To the west, the Juniper Hill Shale “wedges out” and the Lime Creek Formation is
limestone and dolostone and hydraulically connected with the underlying Cedar Valley Formation. For
mapping purposes, the top of the aquifer is defined as the top of the Silurian in eastern lowa, as the top of
the Cedar Valley Formation in central lowa, and as the top of the Lime Creek Formation in western lowa as
shown in figure 4. This results in broken contour lines along the western border of the Juniper Hill Shale
where the aquifer surface shifts from the Cedar Valley carbonate to the Lime Creek carbonate (figure 2 and
cross section A-A). The Shell Rock Formation which has a very limited distribution, mostly in eastern Cerro
Gordo and western Floyd counties, is used as the top of the aquifer in that area.

METRIC CONVERSION TABLE
ft (feet) X 03048 = m (meters)
SILURIAN-DEVONIAN AQUIFER OF IOWA i (i) X S0 =k faomator
mi2 (square mile) X 2590 = km? (square kilometers)
by acre-feet per day X 0504 = ft¥sec (cubic
feet per second)
PAUL J. HORICK gal (gallon) X 3785 = I(iters)
Towa Geological Survey gaggwrlrr\n Egﬁl:;ns X 006309 = Is (liters per second)
(gal/min)/ft (gallons X 0.207 = (I/s)/m (liters per
per minute per foot) séecond per meter)
. gallons per day X 0134 = (ft”/ft=d) cubic feet per
Published by the per foot foot per day
STATE OF IOWA degrees Fahrenheit -32x056 = degrees Celsius (°C)
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Figure 1. DISTRIBUTION AND THICKNESS OF DEVONIAN ROCKS Figure 2. DISTRIBUTION AND THICKNESS OF SILURIAN ROCKS Figure 3. DISTRIBUTION AND THICKNESS OF THE MAPLE MILL-SHEFFIELD SHALE
Devonian rocks underlie approximately 78 percent of the state, excluding several northwestern and Silurian rocks underlie approximately 49 percent of the state in a broad, irregular band extending from This map shows the distribution and thickness of the Maple Mill-Sheffield shale aquiclude. It overlies the
northeastern counties and the Manson Anomaly. They are comprised mainly of shale strata in the upper Clayton and Louisa counties along the Mississippi River to Monona and Fremont counties along the Lime Creek limestone and shale sequence (Owen, Cerro Gordo, and Juniper Hill Members) in central and
part with carbonate strata dominant in the lower part. The shale units, the Maple Mill-Sheffield sequence Missouri River. The several formations are practically all dolostone rocks although pockets of shale are southeastern lowa and Devonian carbonates in western lowa. The Maple Mill-Sheffield shale, together
and the Juniper Hill Member of the Lime Creek Formation, are the upper confining beds for the Silurian- found locally. Except in the outcrop area of east-central lowa, the Silurian rocks are overlain everywhere by with the Lime Creek shale, are the upper confining bads for the Silurian-Devonian aquifer. Note that in
Devonian aquifer. The Cedar Valley-Wapsipinicon carbonate sequence is the major water-bearing portion Devonian rocks. Scattered Pennsylvanian shale and sandstone outliers overlie Silurian rocks in the western lowa this upper confining bed commonly is less than 50 fzet thick and may be only 5-10 feet thick
of the Devonian rock sequence. The Kenwood Shale Member in the lower part of the Wapsipinicon outcrop area in eastern lowa. The Maguoketa Shale underlies the Silurian and comprises a good lower in places. Here the aguifer may be in hydraulic communication with overlying Mississippian rocks.
Formation is a confining bed locally in southeastern lowa where the Silurian rocks and Maquoketa Shale confining layer in the eastern and central parts of the state. In north-central and western lowa, the
are absent. Mississippian-age carbonates overlie the Devonian rocks in the southern, central, and western Maquoketa Formation consists predominantly of carbonate rocks that are in hydraulic connection with the
parts of the state, and Cretaceous shales and sandstones overlie the narrow band of Devonian rocks Silurian-Devanian aquifer

which extend beyond the Mississippian boundary in northwestern lowa. Erosional remnants of Pennsylva-
nian-age shale and sandstone are found resting on Devonian and Silurian rocks in the outcrop area.
Devonian rocks rest on Silurian dolostones in east-central, central, and southwestern lowa, and on the
Ordovician Maguoketa Formation where Silurian rocks are not present, except in southeastern lowa,
where the Devonian overlies the Ordovician Galena dolostone.
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Figure 4. DISTRIBUTION AND THICKNESS OF THE LIME CREEK SHALE Figure 5. BASE OF THE SILURIAN-DEVONIAN AQUIFER Figure 6. THICKNESS OF CONFINING SHALES BELOW THE BASE OF THE
SILURIAN-DEVONIAN AQUIFER
The Lime Creek shale (Juniper Hill Member) is the upper confining bed for the Silurian-Devonian aquifer The base of the Silurian-Devonian aquifer is considered to be the base of the Siiurian rocks or base of the
in a broad belt trending southeast-northwest just west of the outcrop area of the aquifer. In the northern and Devonian rocks where the Silurian is absent. This map was compiled by contouring the top of the units The prinicipal confining beds immediately below the Silurian-Devonian aquifer are the Ordovician
central part of this region, the Juniper Hill Member is easily identifiable and generally thicker. To the south, immediately underlying the Silurian-Devonian aquifer, i.e., the Maguoketa and Galena formations. Maguoketa shales and the Kenwood shale of the Devonian Wapsipinicon Formation. The Kenwood shale
the Juniper Hill is less well defined, but sufficiently thick to comprise a confining unit. In the northern portion However, where thesa formations are mainly carbonates, the Silurian-Devonian aquifer may have no lower is a prominent confining unit only in southeast lowa where the Silurian is absent and the Maguoketa
of the region, chiefly in Cerro Gordo, Hancock, Franklin, and Butler counties, and in Grundy and Tama confining unit, and probably is hydraulically connected with the Maquaoketa and underlying formations. For Formation is thin or absent. The Maquoketa aquiclude has thin carbonate beds in places. For mapping
counties to a lesser extent, the upper members (Owen and Cerro Gordo) of the Lime Creek Formation this reason, the base of the aquifer is poorly defined in northern, western, and southeastern lowa (see purposes the Brainard Member is the main shale unit, but the underlying members are included in the total
which are primarily limestone, are locally important as sources of water supply. figure 6). shale thickness where the Fort Atkinson Limestone is thin or absent and the Clerment and Elgin Members

contain appreciable shale (see stratigraphic chart, sheet 1). The Kenwood shale is recognized as the
lower acuiclude in Des Moines, Henry, Jefferson, Van Buren, and Lee counties. Although the Kenwood
Member and overlying Spring Grove and Davenport Members contain considerable evaporite and may
be a part of the lower confining units, the evaporite beds are not included in the shale thickness. In a few
places the thickness of the Maguoketa and Kenwood shales are combined, for example, as in Keokuk
County.
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HYDROLOGY

ALTITUDE OF POTENTIOMETRIC SURFACE, in feet

Figure 2. HYDROGRAPH OF DEVONIAN WELL AT DAYTON

This graph shows water-level fluctuations in the Dayton city well (1931, NW NE SE NE 14-86N-28W), 1240 feet deep and
completed in the Devonian rocks. For the period shown, the total head loss is about 65 feet. Because the aquifer is confined
there is little correlation between precipitation and the well hydrograph.
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Figure 3. HYDROGRAPH OF SILURIAN WELL AT CEDAR RAPIDS

This graph shows water-level fluctuations in a Silurian well (Floyd Felter, SW SE SW NE 32-83N-7W) 282 feet deep at Cedar
Rapids. The consistent decline in the water level is caused by industrial pumping at Cedar Rapids. The sharp fluctuations are
the result of seasonal pumpage, mostly for air-conditioning use. There is some correlation between the water level and
precipitation, indicating the aquifer receives local recharge.

Groundwater flow in the Silurian-Devonian aquifer of eastern lowa is controlled by
variations in water levels which correspond with the drainage pattern of major streams —
the principal natural discharge areas for the aquifer. At least seven rivers, the Des Moines,
Skunk, lowa, Shell Rock-Winnebago, Cedar, Wapsipinicon, and Maquoketa provide a
dominant influence. These “river-basin/groundwater-flow systems” do not correspond
exactly to each stream basin, but their boundaries are close enough to match ground-
water flow systems and controlling streams. An unnamed flow network occurs along the
eastern border of the Silurian-Devonian aquifer where many small streams drain to the
Mississippi River. The flow systems in this unnamed network are a function of local
topography, drainage, the thickness and composition of the overburden, the elevation
and character of the bedrock, and karst features.

The boundaries of the principal river-basin/groundwater-flow systems are shown in
figure 1 above. The systems are recharged by precipitation and from the water table.
Most of the precipitation runs off directly to streams or is taken up by plants. A smaller
percentage infiltrates and takes a more circuitous route through the unconsolidated
deposits and bedrock before discharging to river valleys. The water maves by gravity
and pressure from areas of recharge to points of discharge into rivers, springs, deeper
aquifers, and wells (Freeze and Cherry, 1979). Movement of groundwater in carbonate
formations occurs through vertical joints, fractures, and solution cavities, and cracks
formed along natural bedding planes. Careful scrutiny of the potentiometric map shows
that the Silurian-Devonian aquifer discharges to the majer rivers along ciagonal flow
paths. Locally near some rivers, groundwater flow is practically at right angles to
streamflow. Munter (1980) discusses the flow system of the Cedar River basin in the
Charles City area in detail. He shows that the river is the discharge point of the flow
system, i.e., the uplands are the recharge areas and the lowlands the discharge areas.
The overall groundwater movement in the Silurian-Devonian aquifer generally follows the
direction of surface flow of the major streams southeasterly across lowa with discharge to
the Mississippi River.

Three of the Silurian-Devonian river-basin/groundwater-flow systems are recharged

GROUNDWATER FLOW SYSTEMS, BASE FLOW, AND AQUIFER STORAGE

entirely within the state. These are the Skunk, lowa, and Maquoketa flow systems. Small
amounts of recharge are received by the Shell Rock-Winnebago, Cedar, Wapsipinicon,
and unnamed flow systems from southern Minnesaota. Here, most groundwater recharge
probably discharges to the rivers before reaching lowa. Minor quantities of water may
enter the Devonian rocks in the upper Des Moines River flow system from the overlying
Dakota aquifer in Palo Alto and Emmet counties, and perhaps from lateral inflow from
Martin and Jackson counties, Minnesota, north of the study area in lowa.

In addition to the evidence of the potentiometric map, the idea of river-basin/
groundwater-flow systems is supported by stream base-flow data collected by the U.S.
Geological Survey. A careful observer will note that the streams of northeast lowa keep
flowing even during prolonged dry periods. The explanation is that groundwater flow
contributes significantly to the total discharge. Base flow may be synonymous to low flow
of the stream in some places. In other places, especially in carbonate rock terrains where
the overburden is thin, base flow may comprise more than two-thirds of the stream flow.
Numerous continuous-record gaging stations around the state have supplied a large
amount of stream-flow data dating back half a century and more. From these records
surface-runoff hydrographs have been constructed. The hydrographs reflect two types
of contribution from the river-basin flow systems — direct runoff (overland flow) delivered
to the stream rapidly, and base flow (groundwater flow) delivered to the stream more
slowly in response to long-term discharges to the system (figure 4). Various methods for
separating the two components have been developed, all of which are relatively arbitrary.
A base-flow index map of lowa, compiled by Oscar G. Lara of the U.S. Geological Survey,
indicates that the groundwater component of the streams of the Silurian-Devonian
outcrop area has a range of about 40-75 percent. Although these figures may seem
rather high, it is significant that a very large percentage of total stream discharge is from
groundwater discharge.

The water in the aquifer is generally artesian (confined), but locally, where the drift
mantle is thin and/or permeable, the aquifer may be unconfined and under water-table
conditions. A schematic representation of groundwater flow in Silurian-Devonian carbo-

nate rocks is shown in figure 5 above. In the diagram the geology has been simplified to
more clearly portray the patterns of flow in the aquifer. The system is shown with a
confining unit at the base. This corresponds to the Maquoketa shale in eastern lowa. The
uplands are shown as recharge areas and the adjacent lowlands as areas of discharge.
Water is shown moving downward in recharge areas and then laterally and upward in
areas of discharge, i.e., in the stream valleys. The symmetry of the system is such that
vertical groundwater divides form along upland ridges and in valley troughs where no
cross-flow occurs. Local and intermediate flow systems are shown super-imposed on the
regional flow system.

In western, southwestern, and south-central lowa, data are not available to make a
reliable head map of the Silurian-Devonian aquifer. Additionally, the aquifer is relatively
unconfined between the overlying Mississippian carbonates and underlying Ordovician
carbonates. In this region thick Pennsylvanian shales which overlie the Mississippian
rocks form the upper confining unit for the entire sequence. By inference from the deeper-
lying Jordan aquifer, groundwater flow in the Silurian-Devonian aquifer and other rocks
that are in hydraulic communication with it in western and southern lowa, probably is
toward the south and southeast. It possibly divides in northern Missouri with components
flowing to the Forest City basin and the Mississippi River or lllinacis basin.

Travel distances and times for groundwater in local and intermediate flow systems are
relatively short as water moves from the upland recharge areas to the nearest receiving
streams, usually no more than a few miles away. Furthermore, groundwater generally
moves fairly rapidly through creviced and cavernous limestones and dolostones.

The quantity of water stored in the Silurian-Devonian rocks in lowa is difficult to predict
accurately because of the variable size of the openings in the carbonate strata. The total
storage is estimated to be at least 30 million acre feet and may be as much as 60 million
acre feet. Of this sum, about one-third or 20 million acre feet is developable as good-
quality water under present standards. Practically all of the good-quality water is in the
outcrop area in the northeast part of the state.

DEPARTMENT OF THE INTERIOR WITHDRAWALS FROM THE AQUIFER
OLOGICAL SURVEY IOWA
The guantity of water withdrawn from the Silurian-Devonian aquifer of lowa  hours a day, 275 days a year, these wells can reasonably be predicted to
B ey ——e S S T | is estimated at 27.75 billion gallcns a year and categorized as follows: withdraw about 13,000,000 gallons a day and about 3.5 billion gallons a year.
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. ¥ E L,. SR {-- o e a.uf T e 4 [ e . e uantity (gallons per year) obtained from the lowa Department of Water, Air and Waste Management. A
LRIV J“_ﬁ | il ;i‘ Gy e el ,J Municipal 12,250,000,000 total of 8000 acres are authorized to be irrigated by 50 wells completed in the
R /Mg'“‘““"*'_“ f’;?jyf e ‘ A SN Industrial 3,500,000,000 Silurian-Deveonian aquifer. Assuming that the wells are pumped only 4-5
J , 2 . % | E g ) 5-; ; Irrigation 2,000.000,000 months during the growing season each year and 8000 acres are irrigated
ESTTR Domestic (rural) 10,000,000,000 with & to 12 inches of water, the total annual withdrawal would range between
y | LN 1.74 bilion and 2.61 billion gallons per year. A conservative withdrawal
i w1l s CONS Data obtained from the lowa Department of Water, Air and Waste Manage-  estimate of 2 billion gallons was assumed for this use.
7 "\‘ | _ ment and the lowa Geological Survey indicate 178 municipal systems are Total annual withdrawals for domestic wells pumping from the Silurian-
-*—"—/—:\- J Ty ‘ supplied totally or in part by Silurian-Devonian wells which serve approxi-  Devonian aquifer are estimated to be 10 billion gallons. This is based on 1970
- - ]H, K, B ——_—— mately 310,000 people (see figure 1 and table 1). These systems withdraw ~ census data which list the rural population of each county and the average
! ' about 12.25 billion gallons annually or about 33,550,000 gallons of water a  number of people per rural household. It is estimated that 60 percent of the
— day (gpd), a bit more than 108 gpd per capita. Municipal withdrawals arethe  rural homes in the outcrop areas of the Silurian and Devonian rocks use this
- _ most reliable data available because they are based on metered records. aquifer and that the average withdrawal from each well is 450-500 gpd. This
o — + : || The industrial, irrigation, and domestic withdrawals are estimates basedon  totals approximately 26-28 million gpd and about 9.5-10 billion gallons
T P F{fbﬁ ¥ St e Eur |‘ i) 1‘ ) more limited well data. Commercial, institutional, and recreational wells are  annually. Only minor domestic withdrawals are expected in the subcrop area.
,7 |_ e B y /B UE NM\VQ STJ‘* ) Boung_fllfy_ 0 b an Aduif included under the industrial heading. There are about 250 wells in this  The per capita rural use is about 135 gpd, which includes livestock use. The
X WARE g An L I [g* i \ 3 Qg2 an-evonian Aquiter category, and about 185 including at least 15 creameries and dairies for  Silurian-Devenian aguifer supplies water for about 200,000 rural residents.
T jf —tn ""F; _lf \ ' which yield data are available. The average yield from these 185 wells is 195 Approximetely 17.5 percent of the municipal and rural population of the
‘ B9z ] il g m|». et lﬁgnson" Nawr gpm, but because some may no longer be in use, the average output is  state are supplied by wells tapping the Silurian-Devonian aguifer. This does
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m: W g Table 1. QUANTITIES OF WATER WITHDRAWN FOR MUNICIPAL USE BY COUNTIES
; 9 IN MILLIONS OF GALLONS PER YEAR (1980-82 data)
| Quantity Pumped Quantity Pumped
- County (M galiyr) County (M galfyr)
; Benton 113,880,000 Jackson 9,902,000
Black Hawk 5,361,485,000 Johnson 163,938,000
Bremer 356,056,000 Jones 280,138,000
o— Buchanan 492,494,000 Keokuk 69,350,000
Butler 351,152,000 Kossuth 100,010,000
Cedar 302,481,000 Linn 424,459,000
Cerro Gordo 97,090,000 Mitchell 216,664,000
Chickasaw 80,629,000 Muscatine 135,050,000
Clay 5,840,000 Scott 384,710,000
Clayton 100,375,000 Story 25,185,000
AT =N Clinton 86,870,000 Tama 18,250,000
‘/pmﬁﬂ I's ,<6‘ N Delaware 329,595,000 Washington 14,965,000
- 4 I Dubuque 252,580,000 Winnebago 414,531,000
Fayette 456,615,000 Worth 162,060,000
- Floyd 829,645,000 Webster 82,216,000
m }T" ,L : Franklin 24,638,000 Total municipal withdrawal
T Lo & pe mnaﬁs\mf Grundy 227,359,000 12,250,000,000 gal/yr
. Hancock 160,965,000 + 310,000 population =
Howard 62,050,000 39,500 + gallyricap =
lowa 35,680,000
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! MAJOR PUMPING CENTERS FOR THE SILURIAN-DEVONIAN AQUIFER
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= i Quantity Pumped Quantity Pumped
o R . EXPLANATION City (M gal/yr) City (M galiyr)
: q w__;n-_;(.;_. 1 Waterloo-Cedar Falls 5,110,000,000 Lake Mills 166,710,000°
» | " +/Jj( : Charles City 686,200,000 Monticello 164,250,000
i g -~ . o | _ _ o ‘ Independence 319,740,000 Osage 152,935,000°
| gy e E‘%gf w E:t‘%:;eﬂ?qggg Surtace of the Silurian-Devonian Oelwein 243,090,000 Mt. Vernon 136,875,000
o e | | u
4 m;@ - urington . '’ . Manchester 240,900,000 Evansdale 127,750,000
| . ‘iq-i Ayl | NF , » Interval is 50 feet. Datum is mean sea level. | Forest City 214,985,000 Tipton 125,580,000
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WATER LEVELS Recharge
Groundwater levels in the Silurian-Devonian aquifer are re- thick, overlying confining beds. In contrast, the Charles City STREAMFLOW
lated to the availability and rate of recharge, the permeability of municipal wells pumping about 1,880,000 gallons a day have HYDROGRAPH Min
the aquifer, the guantity of withdrawals, and whether the aquifer not created a significant drawdown cone because the permea- ,ribuf;r,
is confined ar unconfined. Thus the potentiometric (water bility of the Devonian rocks is very high and the aquifer is \_ Stream
pressure) surface of the Silurian-Devonian aquifer (figure 1 rapidly recharged from the water table and by underflow.
above) fluctuates by locality and with time. Large variations are Similarly, at Cedar Rapids, several industrial wells pumping
most noticeable in areas of large pumpage where the permea- large quantities of water from the Silurian-Devonian source - Major
bility of the aquifer is low. For example, the deep well at Dayton have lowered the potentiometric surface only 27-30 feet since o - tributary
(Webster County) withdraws only about 75,000 gallons a day 1940 (figure 3). Although the Silurian-Devonian aquifer is = Direct i
from Devonian rocks but has experienced a long-term drop in treated as one hydrologic unit in this report, there are head @ runoff i “
. ) . - . : o component P
static water level of 61 feet (figure 2). In this area the permeabili- differences between the upper and lower parts of the system in 5 i/ o ;
ty of the aquifer is low. Little or no recharge is received from some localities, as shown by studies in Linn, Johnson, and g b L ~ L - L - vé 14 Major river
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One cannot discuss carbonate hydrology without consideration of the effects of
karst terrains and sinkholes on the aquifer and on well yields and water quality. This
subject was briefly mentioned on sheet 1. The areas of major sinkhole concentration
in northeast lowa are shown in figure 6. The map in figure 6 was compiled from aerial
photos, soil and topographic maps, and by field work as part of an on-going lowa
Geological Survey study of the karst region and water-quality problems.

Sinkholes are funnel-shaped, closed depressions that dot the land surface in
northeast lowa. They formed by groundwater solution of near-surface limestone and
dolostone formations along joints and fractures, cavern development in the rock, and
subsequent collapse of cavern roofs. Hallberg and Hoyer, 1982, indicated the
sinkholes of northeast lowa vary in size, shape, and depth from shallow depressions
a few feet in diameter to a few hundred feet long and several tens of feet deep.
Generally, they are slightly elongate. The mean diameter of sinkholes in the Silurian
karst area is about 69 feet (21 meters) and the mean depth 12 feet (3.7 meters). In the
Devonian karst area of Floyd County, sinkholes show a mean diameter of 59 feet (18
meters) and a mean depth of 8 feet (2.4 meters). Sinkholes are most abundant where
the soil and glacial drift over carbonate formations are less than 25 feet thick. Most
sinks and caves are believed to have developed at the top of the zone of saturation,
i.e., at the water table, along joints and fractures down-gradient from upland
recharge areas. Sink and cave formation may be unrelated to bedding planes,
however.

Groundwater recharge and discharge in the karst area is of two main types: 1) by
slow infiltration through porous rock and base-flow seepage to streams, and 2) by
surfacewater entry through depressions and sinkholes and rapid open-channel flow
through caverns and tunnels to springs or other discharge points in valleys. As might
be expected, the surfacewater component greatly increases the sediment, bacteria,
and potentially the agriculture chemical content of the water in the aguifers.
Investigations in Clayton County indicate that sinkholes may tap extensive networks
of underground caves and tunnels. Groundwater may flow in these open channels
for long distances without natural filtration which normally exerts a pronounced
cleansing effect on the water.

A zone of high porosity and permeability about 50-75 feet above the base of the
Hopkinton Formation called the Cyclocrinites Beds by Johnson (1975) and Witzke
(1978) appears to be conducive to cave development. This zone may be a major
water-yielding interval in some places, notably in Linn County, and in Benton,
Delaware, Dubuque, Jackson, Jones, and probably Johnson counties (Wahl and
Bunker, 1982).

WELL YIELDS AND AQUIFER CHARACTERISTICS

The yield of a well is the quantity of water it will produce when pumped. It is usually
expressed in gallons per minute (gpm). Gordon and others (1978) constructed a
generalized potential-yield map for the Silurian-Devonian aquifer However, this map
has limited value because the aquifer has such great variation in yield capability in
short distances both laterally and with depth.

In carbonate aquifer systems, well yields are related to whether the wells are
situated on or near fracture traces, or intersect large solution openings or caverns or
zones of broken rock. The location of a well in the flow system also has an important
bearing on the yield. Fracture traces are natural linear features or zones of fracture
concentration in consolidated rock formations. They may be 5 to 50 feet wide and
several thousand feet to more than a mile in length (Office of Water Research and
Technology, 1978). Wells that encounter dense carbonate rock with few openings
usually yield only small quantities of water.

Because of the higher density of fractures and solution cavities nearer the surface
and consequently the greater hydraulic conductivity, the highest yields from the
Silurian-Devonian aquifer are obtained from wells in the outcrop area in the northeast
part of the state. Recharge is rapid in this area because the mantle of soil and glacial
debris is less than 25-50 feet thick in many places and highly porous. The pollution-
hazard map on sheet 4, figure 2, indicates where the surficial materials are less than
50 feet thick in northeast lowa. The highest-capacity wells usually are found in or near
river valleys because dissolution of the limestone and dolostone has progressed
farther there than in upland areas, i.e., the transmissivity and storativity of the
bedrock are higher in the valleys. The valleys are also discharge zones for the flow
systems in these rocks. In some places the valleys appear to be fracture-controlled
and are underlain by creviced and broken rocks that have a very high transmissivity.
In contrast, the transmissivity and storativity of the bedrock beneath the uplands
usually is low, and the water is moving away from these areas toward the nearest
controlling stream of the system.

Yields of 100-500 gpm are possible from wells penetrating 100-300 feet of Silurian-
Devaonian rocks. However, near boundaries where the aquifer is truncated or where it
may be discharging to numerous seeps and springs yields may be less. Very large
yields have been achieved in wells located in the Cedar River valley at Waterloo-
Cedar Falls and farther upstream. The Cedar River and several other northeast lowa
streams appear to run in parallel structurally-controlled valleys. The upper part of the
Cedar Valley Limestone commonly is found to be severely broken. Some of the
Waterloo city wells and a few irrigation wells between Cedar Falls and Janesville and
near St. Ansgar and Orchard have tested as high as 2000-4000 gpm with only a few
feet of drawdown. Specific capacities of these wells range from a few hundred to
1000 gpmv/ft. of drawdown. (Specific capacity is defined as the ratio of the pumping
rate and the drawcown of a production well in gallons per minute per foot of lowering
of the water level). The average specific capacity for Silurian-Devenian wells in the
upland areas is only 1.0-2.0 gpm/ft. of drawdown.

Controlled pumping tests on wells provide basic information on local aquifer

performance. Aquifer performance can be measured by two hydraulic parameters
— transmissivity (T) and storativity (S). Transmissivity indicates the rate at which
water will move through the formation. It is the flow through a vertical strip of the
aquifer one foot wide under a unit hydraulic gradient. The rate of flow is expressed in
gallons per day per foot (gpd/ft) or square feet per day (ft?/day). Storativity expresses
the storage capacity of an aquifer. It indicates how much water can be removed from
storage in the aquifer for each foot of head loss. This is also called specific yield,
especially in unconfined aquifers. It is expressed as the ratio of the volume of water
released and the volume of the saturated rock. Most unconfined aquifers have a
storativity of 0.01 to 0.3, while in most confined aquifers the storativity ranges from
0.0005 to 0.003. Values for transmissivity and storativity for the Silurian-Devonian
aquifer obtained from numerous aquifer tests have ranged up to T=2,700,000 gpd/ft
and 5=0.03 where wells are located in zones of fractured ar broken rock with high
rates of recharge. Examples of wells in this range are the George Hormel & Co wellin
the NW 1/4 sec. 21, T92N, R14W, Bremer County and the Fiva-S Farms well in the NW
1/4 sec. 19, T9ON, R13W, Blackhawk County.

Although fracture traces are widespread and may follow systematic patterns, they
are difficult to locate because of the mantle of glacial till. Studies by M. J. Bounk
(personal communication) of the Silurian rocks of eastern lowa indicate no one joint
trend is prominent throughout the area, although there seem to be significant trends
over smaller areas. The major trends recognized are: 1) N80-90°E and N80-90°W
present over much of the area, 2) N30-40°E varying to N20-30°E in Jones and parts of
Dubuque, Jackson, and Delaware counties, and 3) N20-30°W in parts of Linn, Jones,
and Jackson counties. Where fracture trace-mapping methods have been adopted
with a degree of success in some other states, consistently higher yields have been
obtained from carbonate aquifers (Lattman and Parizek, 1964; Office of Water
Research and Technology, 1978). However, there may be some limitations to the
fracture-trace method of developing wells because of troublesome drilling cave-ins,
excess mud, and flowing sand and gravel that occupy the fissures. Such conditions
will reduce the local transmissivity and storativity of the aquifer

Values for T and S as low as T= 1500 gpd/ft. and S=0.0001 have been observed
where rock openings are minimal or where thick shales overlie the aquifer limiting
recharge. These shales and deposits of the minerals calcite and dolomite may have
partly filled the secondary openings in the Silurian-Devonian rocks and lowered the
aquifer permeability. In the subcrop area of the Silurian-Devonian rocks where
younger formations overlie the aquifer, the Lime Creek (Juniper Hill) shale, Maple
Mill-Sheffield shale, and thick Pennsylvanian-age shales, recharge occurs at a much
slower rate than in eastern lowa. Recharge in the subcrop area probably is mostly by
deep percolation (underflow) from the northwestern part of the state. The average
values for transmissivity and storativity for the aquifer are approximately T=5000-
15000 gpd/ft. and S=0.0003. However, these numbers have limited regional
applicability and there will be a great range of T and S values for the aquifer
depending on local hydrology.

WELL DEVELOPMENT

Well development is a technigue of improving well efficiency. It is essential to
proper completion of a water well, whether it is a newly constructed well or an old well
in need of rehabilitation. The purposes for developing a well are to break down the
drilling muds and rock cuttings which have coated the surface of the bore hole or that
have migrated into adjacent rock openings. Other purposes are to dissolve calcium-
carbonate precipitants that have deposited in the well bore and in the formation
openings caused by the reduction of pressure during pumping and the consequent
release of carbon dioxide. The removal of these clogging materials increases the
permeability of the formation in the vicinity of the well. Interviews with lowa water-well
drilling contractors indicate that several mechanical methods and chemical treat-
ments are used in developing wells in carbonate aquifers. The principal methods are
pumping, surging, bailing, overpumping, shooting, acidizing, shock chlorinating,
and treatment with polyphosphate.

The techniques and chemicals used in development work vary depending on the
training and experience of the drillers, the type of well being constructed or
rehabilitated, the local geology, and the availability of equipment and chemicals.
Pumping, surging, and acid treatment probably are the three most frequently used
methods for developing Silurian-Devonian wells in lowa.

Surging the water in the well and surrounding formation is accomplished by
turning the pump on and off, using compressed air, or a surge block. The surging
action helps to free any fine material in the voids in the rock in the well bore so it can
be drawn into the well. On completion the well is cleaned by bailing to the bottom.

Muriatic (hydrochloric acid) is the most frequently used acidizing agent. Some
drillers use 15% inhibited muriatic treating acid, while others use 18" or 20° Baume
(27.92 and 31.45 percent) hydrochloric acid. A predetermined guantity of acid
generally is pumped through a conductor pipe to the bottom of the well to displace
the water in the hole below the casing or opposite the production zone. The acid
usually has an inhibitor (an additive to slow the corrosive action of the acid) in it when
purchased, but some drillers mix an inhibitor such as diethylthiourea or Knox gelatin
in the acid tanker before pumping the acid down the hole. Pressure acidizing is a
method of forcing the acid down the well and into the formation. It usually is
accomplished either by pouring a large volume of water on top of the acid or by
forcing the acid down with compressed air. For pressure acidizing to be successful,

the formation to be treated must be sealed-off from overlying formations. The well
must also be sealed, usually by cementing the annular space between the casing
and hole. The well is then capped to allow gas pressure to build up and further push
the acid out into crevices. A pressure gauge is used to monitor pressure and a relief
valve is used to help control the amount of pressure. The acid may be left in a well for
as long as 24 hours before being pumped out. After the initial chemical reaction has
slowed, the well may be surged several times to agitate and cissolve broken rock in
the bottom of the hole. Sometimes improved results occur if a well is acidized in two
stages. The acid should be pumped out before it is completely spent to prevent
clogging by iron precipitating from the acid-water solution. The improvement of the
well yield or specific capacity can vary considerably and may range as high as 300
percent or more. Acid development is complex and is generally a major operation
that can be both costly and dangerous. It should be performed by professionals
experienced in this work.

Polyphosphate treatment accompanied by surging is used by some drillers if the
formation crevices are filled with clay. The polyphosphate breaks down the clay so
that it can be pumped out.

Shooting or blasting a well with a string of high explosives such as primacord is a
technique used to stimulate new wells or clean older wells that have become
plugged with fine materials or precipitates. Blasting or dynamiting apparently is not
used extensively to develop new limestone wells in lowa, although shooting lighter
primacord shots in older wells that have experienced a loss of capacity is fairly
comman. The explosion shakas loose the scale and corrosion from the walls of the
well and casing, and from openings in the procucing formation.

Overpumping is a practice of pumping a well at a higher rate than the designed
capacity. This type of development is generally used on larger capacity wells.

Some drillers use shock chlorination to clean wells that have become contami-
nated and plugged by the growth of iron bacteria.

In summary, a combination of mechanical and chemical treatment may be
necessary to obtain the best yield results in wells completed in the Silurian-Devonian
aquifer. The wark generally is worth the additional cost and is commonly written into
well-drilling contracts.
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aquifer has concentrations of 5 1o 30 mg/L. 20 | Steamboat Rock™ :x""‘u Nw"t:ac,zrr,saﬁ..maw. 1048 WWWH';W: 10048 | 750| 12 | 2003 06 342 | 107 €2 0 |203 1148 | 20 [02 | o | 1205 240 | 1086 |7.6 | 2118 — i1 _a:‘_-:l
=y o oy . Py . o —— 21 | Cedar Falls No. 7 :?;EH:\:kgﬂ:%eeN.,m o, 1967 &z::;;:z‘r" s1179 | 170 |10 | 272 04| 01| 65| 20| 14 | 41| 0 |2r8| 21 | 20 |05 | o1 255 28| 27|77 | 470| — - (J‘l
e pH expresses the negative logarithm of the hydrogen-ion concentration and indicates LaPorte City | Biack Hewk County Godar Valey = ) - oon - i
H NA whether water is acid or alkaline. A pH of 7.0 indicates a neutral solution, less than 7.0is acid, #|No.2 NEicor SW sec 25, TO7NA12W. | "% ropimonaianang| *1580 | 25 S60| se| 02| %0] 3| 08 | M |0 3] 60 | 20 |12 <01 I M| 6|75 | 62 e g
P more than 7.0 is alkaline. Most supplies from the Silurian-Devonian aquifer have pH values 2 wg.agendence ::"';:;"::;“‘!’.:_“’m_ﬁm‘ 1969 ";:::::;" 72578 | 285 |12 | 276 o8| 02| 67| 18| 17 | e6| 0 |259| 25 |8 |02 | oz| 266 22| 3e|76 | 470| — oo
ranging between 7.1 and 7.9 and, therefore, are slightly alkaline. The chemical-quality data presented on this sheet are based on numerous analyses of water from wells that tap the Silurian- 24 | Manchester No, 5| Delaware Coumy - 19e3| HoPKINON | o ozs | 63|10 | 271 03(<.01| 61| 22| 09 | 27| 0 |226| 40 | 90 |02 | 21 | 243 185 | 58|76 | 460 —
-q y p . ] . . . i SW SW SW sec.29,T 89N, R.5W. Blanding
" Specific conductance refers to the ability of the water to conduct an electric current and Devonian aquifer. The lowa Geological Survey has more than 1200 chemical analyses of water on file obtained from Silurian- 25 | Dyersville No. 2 [s):u;\?\:‘?q\?vu:gaz.'r.mn.ﬁzw. 1970 r;::;'z" 11576 | 198 — | 405 o08|<o1| 77| 47| 08 | eo| 0 (33| 3 |27 |01 | 30 | 392 278 114|7.3 | 690 — o - <7 1
Specific generally increases in a direct proportion to the presence of ionic species in solution. There Devonian wells over the past 50 years. Selected analyses of water from the aquifer in the main areas of use in the north-central, Dubugue Gounty T Hopkinton —
d t . . . p ' p p . . p s e 26 | Cascade NE NW SW $6c.37.T B7N.A.IW 1958 | Blanding 11877 200 | 11 366 05| .01 85 36 1.4 58| 0 350 a 8.5 02 5.1 360 287 T3 |7.2 640 —
SONGHG ﬁn;e NA ki consf:stentr?ng#gh relgtlonshlp bet“.’fef‘ thﬁ dissolved SOI'?E antrj] SE‘?C'“‘I: cgndt;gtance northeast, and eastern parts of the state are shown in figure 1 and in the adjacent table 1. These analyses are representative of i i = . e
=] . o " . . 27 | McCallsbi 1951 Cedar Valle, 2-26-81 | 1130 | — 383 11 02 73 38 55 13 0 381 31 10 4 0.1 - — 75 50| —
(micromhos/om. of water from the Silurian-Devonian aquifer in the outcrop area that the dissolved solids can the quality of the water from the aquifer where itis used the most. Note that the quality deteriorates along the southwest fringe of TIOWE | ne w e soc.22.1.85. A 22W. ' &) S f?
at25° C, 77° F) be estimated by multiplying the specific conductance by 0.58. This does not apply where X i ) ) ) 28 | Melbourne No. 1 | Marshall Couty 1930 LaPorte Oty | 4570 |1340| — |4310] 34 | 04| 40| 110] 15 |es0 | o |257 |2500 hso | 15 | 02| 1830|211 | 10|72 | s00| a2 o 2. /\
the water has an unusual composition, e.g., where it is high in sulfate. the outcrop where the aquifer dips beneath younger rocks and where evaporite deposits occur in the Cedar Valley- -1 | SW SW NE sac6.T.82N.R 19W. 41 - : | ] sl 0 \ al r/\
Wapsipinicon Formations. 29 | Lincoln No. 2 ;"E'";Ec:‘e‘"i 15TESN AW, | 1950 CedarValley | 447t | s28| — |1670  82|<.05| 305 [101| 50 | 13 | 0 |27 | @40 | 2 |24 | 04| 1180| 222 856 (7.1 | 1900 — haow aiow ow ™ Riaw i waw ww e mw wiow o new o ew [ \?

; Dissolved solids indicate the concentration of dissolved minerals in the water and is a 20 | Etberon Tama County sy Suren || ses| — |1es0  78|c.o1| 130| s2| 17 |a0 | o |a1s | es0 |17 | 24 | 14| 530|268 | 272 |7.4 | 2300 | — i A :
Diseoived measure of the water's suitability for many uses. Concentrations of over 2,000 mg/L, which in _ = i‘:;:‘f”‘m““mw' Devonien o 0 e e ‘-\g)rv;g’v T /v
solids 500 ma/L lowa implies a high concentration of sulfate, may have a detectable taste and a laxative 31 | Atkine No. 2 | g W SE sectaTan pow. |98 Hopkinton | 21378 | 48| 9| 405 07| <01 62 26| 82 | 58 | 0 (4% 2 | 20 |04 | <01 270|270 | 0|75 | 80 44 - e = e
(Total residue my effect on people not acclimated to the water. Many water supplies, particularly in western a2 | Alburnett No, 2 | -inn Gounty 1964 SMfaN | oz0 | 400 | 11 | 204  22|<.01| 66| 25| 24 | 90| o |o28| 99/<os |05 | 01| 268|268 0|77 | s00|z0

0 f i f . H NW NE sec.26,T.85N ,R.7W. Devonian I R | o
103° C) and southern lowa, contain more than 1,000 mg/L dissolved solids; these supplies are used = i i
1 H H H 33 . Vernon No. 1967 i3 417-78 350 11 321 .28 01 70 32 3] 5.1 X . i | K -—
with no obvious ill effects (figure 3). Mt. Vernan No. 4| o N e 10,7 aen. n.5w. Blanding 0 |34 2 | S0 |04 02| N7|2m4| 3374 | 670) — |
TE ] ] } ] 34 | Anamasa No. 2 ;??E?Er::c,a:rmru Aaw. 1955 HB"I::::;" 51480 | 405 | — | 396 11| 13| 81| 37| 25 | 14 |0 (370| %6 | 80 |02 | 07| 355 303| 52|75 | 680| —
Alkalinity Alkalinity is a measure of the concentration of bicarbonate and carbonate ions in water and | viyoming o, 1| enes Coumy oo Fopemon | ol a2 | sel o lam | e | os Loa | arl o w0 avira | el Figure 2. POLLUTION-HAZARD AREAS FOR THE SILURIAN-DEVONIAN AQUIFER OF NORTHEAST IOWA
NA refers to the water’s ability to neutralize acid. In moderate amounts alkalinity does not affect WATER TREATMENT " | NW NW NW 56,30 T.84N. RL1W. Blanding il : : B B :
(as CaCOy) most uses of water. Its significance is usually dependent on the nature of the cations (Ca, 3| Androw No, 1 [Jecteonoumy o Luess OO [ oay | g0l vy sz 0n| 01| 18| se|<or | er| o s w |18 |0z | a1 | s | er|ie | 0| -
Mg, Na, K) associated with it. v
o ) The most frequently used methods of treatment of community water supplies developed from the Silurian-Devonian aquifer a7 | Russell Halloran | LN 0NN con,p gy, | 1989 Cedsr valley | 12557 | s6a| — |1ad0 19 |<Cos| 1ea | 82 |20 |0 20 780 | 70 | 45| 02) 60| 238) 36276 | 1800 —
Hardnes? is caused almost entirely by Compoun;js of calciumdand mggnesliurr? afhd lg are: disinfection by gas chlorination or hypo-chlorination, and iron and manganese removal by aeration and filtration through a8 |Conroy No. 1 | walesny 1671 Cedar Valley |1012.78| 65112 (2450 1.1 | 04| 340|150 13 | 100 | 0 | 218 (1500 | 80 |09 | 02| 1470|179 | 1291 (7.3 | 2500| 3.3 drock
[ i ired t ather. _ . ) . At — — , . : T , , N N .
commonly recognized by the increased quantity of soap required to produce lather. Har sand and anthracite media by pressure or gravity. More than half or 93 (about 52 percent) of these water systems disinfect the | Tiflen No.2 | Johnson County wosol Sian | o T Tl a7 o] el 7012 lse | 0 ot | 720 | 6o | o8 | oal sss|ass | 42|23 | 1700| 28 Where the unconsolidated materials overlying the Silurian-Devonian nitrate concentrations in excess of 45 mg‘Llln areas where the bedroc .iS
Hardness water is also objectionable because it causes the formation of scale in boilers, water NE SW SE sec 28 T.60N. R 7W Devonian oy : . ; Iv 0-50 f low the surf h I here the depth t K
: . : ; i S quifer and older bedrock in northeast lowa are less than 25-50 feet thick, only 0-50 feet below the surface than in locations where the depth to rack is
NA heaters, radiator d Total hard be expr d rbon nd noncar- water prior to use, and 67 (about 37.5 percent) use aeralors and filters to remove iron. West Branch | Cedar County Silurian B B : ;
(as CaCoO ) eaters, radiators, an pipes. lotal haraness can be expressed as C_a cnate a onca P 0 Ne a NV EE SE bk 6.7 TON. RLAW, 1968 onian 4-28-77 | 448 456 B3| 21| 100 33| 20 | 15 0 (434 | M |14 0.8 07| 305 |35 | 39|73 | 750 . f sinkhol dwat b than 50 feet. D d th tent the aquifer is lluted locall
3 bonate hardness. Carbonate hardness is equivalent to the concentration of bicarbonate - P _ and where concentrations of sinkholes occur, groundwater may esevers.a- mare than ol 1eet. ep-en Ing on the ex -CI . po ! Y,
called the non-carbonate hardness (figure 7). o . N . ' 5 | Clinton Gounty Hopinion N e ‘ ' o o _ ‘ _ o ) . . L . . 4
paso Bpese-thours 7) communities have alkali feed for pH adjustment. Fluoride is added to the water in 28 communities to bring the level to 42 | Calamus No- 2 | sujoor NE sec.17Te1N.R2E | " Sy 1eRdo | e M| T e re | Te| OB TS| 1002 04) ERIER) 07T | 0 these areas is highly susceptible to pallution from farmland_dralnage or by engineering consulhant_s S;Eould corwsnde%rh these”ptmzts wTen_iocishng and
. . . s s . . Clinton Goun opkinton infi 1 I 1\ 3
Sodium (Na) Sodium and potassium in moderate quantities have little affect on the usefulness of the approximately 1.0 mg/L. Relatively few supplies are softened, but where they are it is usually done by the zeolite ion base 49| LowMoor Ne. 2 |G o oo Toinnse. | ™®| Bending | *2577 | 32|12 | 403 18| 05| 85| 36| 10| 74| 0 || 40 |80 |02 |<oi| d4|36| 4872 | 60| — |nf||tr.atlon from point sources of pollution such SSHIARENS piles, barmyards, designing ne\.\ff wells In these areas el ZO fo‘e dwa er ':'I‘ e up%er
and NAZ water. Wate{ that contains more than 100 mg/L of sodium and potassium COF’\?iI"Ied may exchange method. About 42 communities use no form of treatment. 44 | Atalissa Ne. 1 :::,:?";:::?1 creNRaw. |19 :;:":r'::n 21980 | 205 | — | 373 08| 05| 67| 36| 18 | 14 | 0 |43 13 | 20 |03 | 22| 366|366 | 0|72 | 7O — seplic tanks, and refuse dumps. Recent studies (Hallberg and HOV?; C&;b(;nf’:lts. aquiers muzt :)E.' CaTEdt ?:d lSE&e o .lfn eep wells to provide
e : . . > * . - . i r ifers.
potassium (K) gguas?ofxasrgggg;g;'%%ufjégg)Concemfailms of sodium may be objectionable for people o Woot s [smeom e | wrem | mo| = | s 13| 1| 1| s2| o1 | as o |me| 2 | a0 |08 |<ar| se|o| va|ra | em| - 1982) indicate there is a higher percentage of well-water analyses wit safe drinking water and to protect the lower aquifers
: Quantitative information on treatment of domestic water supplies developed from the Silurian-Devonian aquifer isn't readily 46 | LaClaire No. 2 | Se01 County sso] Pomanion [T | s <or| 07| sal 3| 07 | 68| o |am| 3 |1a |oz | 18 | ez|ssi| e1lez | zm| —
» . . . . . . ) M M E o 3 . . . " " . NE NE NE sec.3,7.78N.,R 5E. Blanding [
Calcium (Ca) Calcium and magnesium in addition to being the main causes of hardness in water are available, but softening by ion exchange, iron removal by filtering, and disinfection by periodic shock chlorination are common Washington & | Washington County Gedar Valley
ac::rr]l; 5 NA responsible for the formation of boiler scale and deposits in hot water heaters and pipes. methods of treatment *7 | County Home | SE NW sec.12T75M.R.oW. 19| Wapspinicon | FEHA0 | BT | 1T |66 09 | O 92| W0 W12 | ¢ |32 |8 g0 (42 0 (e jEER WOl C
. They reduce the lathering or sudsing ability of soaps. They combine with soap to form scum ' a8 | Peter Friis ;&"ssivcg;"" 12T 7sn msw, | 1984| Cedarvatey | 620467 | 17a| — | 58| 21 |Cos| 83| aa| 37| 97 | 0 |30 | 70 |es |05 | 18| 39|30 29|77 |1000| —
magnesium (Mg) deposits sc 12, T 75N REW.
i . * Well abandoned and plugged
. . . & Well not i
Manganese (Mn) 0.05 ma/l. Manganese in concentrations as low as 0.01-0.02 mg/L causes dark brown or black stains el notin use
9 : 9 on fabrics and porcelains and impairs the taste of coffee, tea, and other beverages.
Nitrate Serious and occasionally fatal toxicity has occurred when water high in nitrate has been
(as NOs) 45 mg/L used by infants. It is the cause of methemoglobinemia, or cyancsis, a sickness that gives a
(as N) 3 10 mgL* baby's skin a bluish tinge. Nitrate concentrations greater than 5 mg/L as NOg may indicate :
surface contamination. | . I
g ) o ) :‘ Cimeon  Tewmer T T T R TR LT FOWg0I S winc s« [ALLAMAREE. T T Tetene T T T wiwzeage TwomTR T WITGHELL | WowWA: STWRRESHER  [ALLAMAKEE [ Tosceola T OIGKINSON | Fuier | vopamTR L ) WNEBAE FANESHEK (AW
1.8 mg/L® Fluoride is desirable in water supplies in concentrations that range from 0.9 to 1.1 mg/L, e osckoca 3 bk " S o R b L ! P fi‘:"’[? i e R : e /m‘ \
Fluoride (F) (southern lowa) because it reduces tooth decay. However, mottling of tooth enamel of growing children in ’ k L | A ‘. | — : !
2.2 mg/lL lowa may occur when fluoride concentrations exceed 2 mg/L. The recommended fluoride siova e ey sioux emen T FATG ALRE VA (« I s orien vy PALG /w/ ; l
(northern lowa) level is one-half the maximum (figure 6). ot mm\w:m - L : 3....m°"{,“. - ), —
Chloride concentrations less than 150 mg/L generally are satisfactory for most purposes. T st e Pivwoute 1 oEmoRee - f.,;:g-,— ABOLST— WA FRRNKCNTBaTCER  [o CHEReRCe :Q VB = 3
Chioride (CI) 250 mgiL More than 250 mg/L generally is objectionable for public supplies because chloride may -~ e P /’ ] _Bohaary o / ; sobanya
combine with other ions to give a noticeable taste. Large amaunts of chloride in water high in G Sirge-Gurvion At AN e Rl |
calcium and magnesium increases water’'s corrosiveness. SACK AR [euckaNAN N v [,
- L - -r . ' —— 50, ——
WOODEURY Tioa 'l SAC WeoDBURY D sac [ANILTON FARDIN Lloa sac |~ 4l
Sulfate may cause detectable taste at concentrations of 300-400 mg/L and may have a ! 1 L! ] ' i 'l |
laxative effect when the concentration is above 600 mg/L, particularly when combined with | | | ] Jl I | moo-..L | .
magnesium or sodium. This laxative effect is commonly noted by new anc casual users of | i 1 A L) | A SR, e —— -—.--—;—T-:’J", — N T )
Suffate (SOa) 250 mg/L the water but scme become acclimated to it in a short time. The effect is noticeable in almost | et R ko | - l (
all persons when concentrations exceed 750 mg/L. Sulfate combined with calcium forms a | | [ R N NG I P e D N S I |
hard scale in boilers and water heaters (figure 5). ' | i 1 |

] ] ] i . . HARRISON l ]’ﬂmw -—L i SHELBY ;mm HARRISON i SHELBY AU ll suwm ’mm . EXPLANATION
Bicarbonate Bicarbonate and carbonate contribute to alkalinity of water. Bicarbonate is formed when ‘ EXPLANATION ! ! i /: : L 50—
(HCO3) carbon dioxide in water reacts with carbonate rocks such as limestone and dolomite. Small L L L, L /., 5 2000~ ! : wrai

3 et [ el : e et : 3 i H e l [t N ey i Line of equal sulfate concentration
and NA amounts of carbon dioxide are present in rainwater; more is picked up by water percolating —— i R e — e P s 3 e Intervals are 50, 400, 500, and 1000 mg/L
through decaying organic matter. Bicarbonate is the principal anion in much of the earth’s it e T o s i : ol di i | \
Carbonate p ’ e Line of equal concentration cf total dissolved solids !
0 natural fresh water and ranges from about 150 to 550 mg/L in supplies from the Silurian- Intervals are 100, 500. anc 1000 mal. | EXPLANATION B
(COs) Devonian aquifer. Carbonate is seldom present in natural fresh water. /‘ i . ) 5 Sulfate concentration is less than the maximum
MiLLS TwoNTeoMERY | ADAMS UNION. CLARKE Luces MONROE WAPELLO JEFFERSON MILLS fuonToowery | AvaMs 7] umion WAPELLD ~—=100~— ML o | - level recommended for community water supplies.
Trace Metals | I ) | W ‘ ‘ ES
: H H | Total dissolved solids are less than the maximum e Line of equal sodium concentration I
Arsgmc (As) 0.05 mg/L Extremely small amounts of trace (_alerner!ts occur in water. Some of these trace metals are L [_____ \ ) level recommandisd for communily waler aUpplics, et 4 R Intervals are 50, 400, and 500 mg/l méa_;_,,;?_ :. A, A0 T su at l:lr R he e
Barium (Ba) 1.0 mgl toxic to man. Others are essential to life, but in high concentrations can be toxic or FRéwonT | e i RNGEOLD | ECATUR | WAvNE APPANDOSE | DAV'S AN BN FrEwoNT | Pack TavLon AT DAVIS \\ ulfate concentration is more the e |'
Cadmium (Cd) .010 mg/L esthetically unpleasing. The full significance of these minor elements in human metabolism |l |' 'r A I:] | \\__/’—“‘“—————{ 12 igxfll éegmrr;rgsgg;% :grig?%rggn:ggs er supplies
Chromlum (Cr) 05 mg/L !Sﬂ t ynqerstood in Splte, Of much researCh' Regu'atlms Of the E}mouﬂts Ihat can be present _____i j o e — L Total dissolved solids are more than the maximum ___,_,Il____ ____j__________ ] Chloride concentration in the water from the 1 ___8 J__ & _{._C-_ - —"J'—'\'
Lead (Pb) 05 mg/L n dr}nkmg Wa[_er supphes have been set by the EP_A' 'A,‘S of this writing th? water fomthe T SRS - level recommended for community water supglies, Silurian-Devonian aquifer exceeds 250 mg/L and
Mercury (Hg) 002 mg/L Silurian-Devonian aquifer does not seem to have objectionable concentrations of any trace but are acceptable for most users. will impart a noticeably salty taste. Sulfate concentration is high enough to give 2
Selenium (Se) 01 mg/L metals, except in one or two questionable instances. o w e deteclable laste and also to have a laxative effect.
S”Ver (Ag) 05 mg/l_ 0 10 20  30miles l:; \%:02%0 miles DEI’:‘E miles ]
| —— ] N
Copper (Cu) 1.0 mg/L Total dissolved solids are excessive and the water )
Zinc (Zn) 5.0 mg/L is objectionable for many uses. § Evaporite depaosits occur in the Devonian rocks.
. . : : P Figure 3. TOTAL DISSOLVED Figure 4. SODIUM CONCENTRATION Figure 5. SULFATE CONCENTRATION
The effect and significance of low concentrations of radium in public water supplies isn't fully 9 S50 SOLIDS 9
known. However, the EPA takes the position that any dose of ionizing radiation has a . A . - o ) o . ) ) ) ) ‘ o
potential to produce deleterious eﬂe%ts on human ¥1ealth and that ?he effect will be The concentration of total dissolved solids in the water from the Silurian-Devonian aquifer meets the federal secondary Sodium concentration in the water from the Silurian-Devonian aquifer in the outcrop area of north-central, northeast, and ‘ Since sulfate " a secondgry standard of fid quality according to the US Environmental Protection Agency, it is not
propartional to the dose received. Therefore, the maximum contaminant levels established drinking-water standards (less than 500 mg/L) only in the outcrop area of the formations in the north-central, northeast, and east-central lowa is almost always less than 50 mg/L and will have little effect on the usefulness of the water. In southwest, viewed as a major concern in lowa water regulations at present. However, widespread distribution of evaporites (gypsum-
RS foﬁ[ radium concentgs\tularrw1 arr:d %ross glpha atc):trvny 'Q pUE!IChwalc?l' supph%sés base? O”Ttge east-central parts of lowa. South and west of the outcrop area where the aquifer underlies younger strata, dissolved solids southern, and southeast lowa, concentrations of 250 mg/L to as high as 2000 mg/L occur and could have potential health anhydrite) in the Devonian Cedar Valley-Wapsipinicon carbonate sequence in the central, southern, and southeast parts of the
- ity 16 effects on human heakh that have been obeerved et higher doess and doso rates. The generally range between 2000-5000 mg/L and indicate poor-quality water for human consumption. significance to people on low-sodium diets. It will also cause foaming in boilers. Where both sodium and chloride state has a pronounced effect on the chemical quality of the water in these formations. Wells open to the Silurian-Devonian
Radium 5 pCill’ monitoring of radioactivity in public water supplies is a screening process: in localities where S POCGuEY P ) . e - . L . i . ) i , )
(radium-226 and radium-228 may be present in drinking water, radium-226 or radium-228 analyses are concentrations are high the water will have a noticeably salty taste. Existing data do not support the establishment of maximum aquifer in this area generally yield water with such high concentrations of sulfate as to be unsuitable for public water supplies.
radium-228 required when the gross alpha activity exceeds 2 pCilLl. When the gross alpha activity contaminant levels for sodium for either primary or secondary drinking-water standards according to the U.S. Environmental Undesirable features of high-sulfate water are poor taste, laxative effects on transient users, and formation of hard scale in
combined) exceeds 5 pCi/L, the same or equivalent sample shall be analyzed for radium-226. If the ; it i bailers and heat exchangers. The laxative effects are seldom noted in regular users of the water.
f : . . Protection Agency. Additional data are being gathered.
Gross alpha concentration of radium-226 exceeds 3 pCi/L the same or eguivalent sample shall be
L ; analyzed for radium-228. The combined radium-226 and radium-228 concentration should
g 15 pCik not exceed 5 pCi/L, while the gross alpha activity (including radium-226, but excluding
radon and uranium) should not exceed 15 pCi/lL. A few communities with water supplies | ' B
obtained from the Silurian-Devonian aquifer have concentrations above these limits, but by S S =t FENS o A o o Yo L — TR T T — - —_—— i - TSt iy rrir L;a.‘_"'—“mc'a'o:--ﬂru—&‘;‘a-- o R L Lo T v L T o e
zeolite, reverse osmosis, or lime-soda ash softening treaiment the radicactivity is readily e R, e T |?""'\ R - ot s b . T g R R 177 N e i \;L ;
removed - as much as 90 percent removal is possible (Schliekelman, 1976). g, | ‘H —_ ) . o—1 g
—— e SI0UX Samen - /- Sioux O'BRIEN CLAY PALG ALTD HANCOCK cERRO GQADO
1oux O'BRIEN GLAY PALO A HANCDCK !Ee'rmo GORDO ‘r_.wﬁ—-—-'—-m—-—ﬁ LAY HANCOCK | | - \j’
N . . . . . . . . e il = i our 1 1' \ ‘_n_v_r,
Temperature NA Egngj:ggfsree Sjs{f?gzngo?r)con&deratlon in use of water for industrial cooling and air condition- m“::&,%#mm ]_L.“m e i &) | e . u?.:.""vél.{,?‘m... | C.J____n»\\ \/jg CLavToN
f & = A A
BLyMoLTH T aiteotee ; :I;l:_:%'rr—;’ FUCAHONTAS | HUMBOLOT WRIGHT kLN Rduties . Ie Q z h‘r‘-:\“-k ™ : CHEROKEE - —‘;" VISTE | POCAHO . RIGHT o A ﬁ;“ eI amncpce BUENA VT ch:wnur “IGHh T :E“\K
Corrosivity is a complex characteristic of water related to pH, alkalinity, dissolved axygen, 3 : ) M iy o ; 9 - ey o | -\__j“_”' G rgh Devonian Acter
total dissolved solids, and other factors. It has esthetic, health, and economic significance. ! - 7\ i & . O ' m\w o= 2
Corrosivity Non-carrosive® | At present there is no simple, generally accepted measure of the corrosivity of water. _L | [erack gk euckana o - - N  [ouhck e Crotonanay C s e lmc_nmy E - —-— —
Corrosivity is controlled by pH adjustment, chemical stabilizers, or other means. It is a minor T & 11 ,‘]“ “'”""500 300 & L 7 1 q'\"i"“ HaN /“/
problem in Silurian-Devonian water supplies. ' 1000 | ' | o] | | | . 3
’ !.,.l‘ - s T - _jl_ I@ - e 1 @ul .IONEE‘:\L%% e ! i i | J._ \ sackson
| | o+ — — e L - - >
The usage of contaminant level in this atlas follows the U.S. Environmental “The maximum contaminant level for nitrate applies also to non-community “ CRAWFORD | |CARROLL : | 300 k NONONA —| CRAwEoRD O [ U B WA HAL?K:} N N
Protection Agency’s (EPA) usage in the National Interim Primary Drinking public water supplies. H m"ﬁ' I o - _,___.gg&t | | | ! | o)
Water Regulations (Federal Register, v. 40, no. 248 and v. 41, no. 133) and 5The maximum contaminant level of fluoride, which is based on average | T ! e = H ‘ , =T , | .L = .
in the Proposed Secondary Drinking Water Regulations (Federal Register, maximum deaily air temperatures, is 2 mg/L for about 95 percent of the ot AW 5 % e e e oy TS | e Y e b Aoy T SiEEY R TeiRe o Tra Kgashia_ |POWESHER | oW \\?; _
v. 42, no. 62). state. It is 1.8 mg/L for a few communities in extreme southeastern and oy [ o oS ~ o ] I | ! | /\ é%) W
2NA — Not applicable. southwestern lowa, and is 2.2 mg/L for a few communities in northeastern l EXPLANATION /,L’ S l '_ L_l p L L | | l] I ra L =y &
3Sodium and corrosivity are currently under study by the EPA to determine lowa. \ : wuscaTNE | 1.” - ' — | . i" ¢ i I B l ! i e\ i:b ' )
whether they should be included in the interim standards. This study ®The state may require annual monitoring of supplies that exceed 3 pCi/L T Sy im?a Veron y | R cht&; 4?( T ..AT WAHASKA i w FOTTAWATTANIE Chss o iuamsml | Vs WARION VawisKa | KEOKUK i “\___ -
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the Silurian-Devonian aquifer. In fact, in most places it is practically the well on account of poor construction or corroded casing. 20 : Fluoride is less than 1.0 mg/L and fluoridation may ' - ‘ . Line of equal hardness | ‘ | | Line (‘)f tequa;!'tengamre
mandatory to install equipment for iron removal or to stabilize the water to CHLORIDE concentration in water from the Silurian-Devonian aquifer N e ! be considered to increase the concentration to . ] - e , Intervals are 100 and 500 mg/L o e — e i e — ,P,;,WS-E——D;‘-.S—-—RA—N'W' o nterval is
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hold iron in solution. The concentration of iron can vary considerably both ranges from about 0.5 to <100 mg/L in the northern half of the state and = : | | l] || | juee
areally and temporally and can be affected by several factors, some of from about 100 to 1000+ mg/L in the southern half. The dividing lines run \ \ ! J Sog ! j _____ ' . 50 5 0 15 ®
which tend to raise the concentration and some which tend to lower it. For roughly from Louisa to Polk to Pottawattamie counties. The area where B R ] o Fluoride concantration 1 lees than the maximum S i ] I I EE S S T R . § IR c_ -5 5 10 18 20
example, iron may be added to groundwater from contact with well casing, chloride concentration exceeds the secondary standard of 250 mg/L is level recommendad. ¥ 20 3 40 50 60 70
pump parts, piping, storage tanks, and other iron objects which may be in shown on the sodium distribution map. Temperature conversion scale
contact with the water. Micro-organisms may dissolve and precipitate iron RADIOACTIVITY concentration (Ra226) in the water from the Silurian- £ e : o o 20 somies o 1o 20 3omies
from water. Naturally-occurring iron may oxidize and precipitate when the Devonian aquifer shows a median value of 2.65 pCi/L. Of the 47 observa- Fluoride concentration is greater than the max- Ee=t—1— =
water comes in contact with air. Iron concentration is readily removed or tions reporting radium, only six had a value greater than 5.0 pCi/L. Without imum level recommended.
reduced by treatment. The available analyses indicate the iron concentra- exception, these high concentrations occur in the subcrop area of the ]
tion ranges from 0.0 to 31.0 mg/L, with a mean value of 1.54 mg/L and a aquifer. _ Figure 6. FLUORIDE CONCENTRATION Figure 7. HARDNESS Figure 8. TEMPERATURE
median value of 0.6 mg/L. About 60 percent of the analyses exceeded the TASTE AND ODOR problems occur in the water from the Silurian-
inking- . i ifer i ions. i f iron ri . e _ . : . S . : ; ; - i Slurian- i i ;
prﬁ:ﬁleéj}\ileé:ggdg Oryn fe:'_'?gt}gn‘:art;g gséaf?g;rg gftg‘g g] r%/é‘ L wiihi & mean ?Ci\é?uro];?w?ixagglliliegn (|=,-r|1l asir;; Olt%c:iiglﬁ_'n:y gca?: gg{:g:gg?s s?w allo?tv Wﬁgtaeng Fluaride concentration in the water from the Silurian-Devonian aquifer ranges from about 0.1 to 5.0 mg/L. Itis acceptable for Hardness as a drinking-water quality parameter was considered, but not included, in the federal secondary regulations for The temperature Pf the water obtalnecli from the Silurian-Devonian aquifer depends on the location and depth of wells. It
value of 0.9 mg/L and a median of 0.4 mg/L. The proposed secondary develop Iafge colonies in the well and water system and cause rusty or public water supplies across most of north-central, northeast, and east-central lowa. An exception is the northwestern half of public wgtgr suppliesl. The health aspects of hard water versus soft water is subject to considerable debate. Some scientists ranges from approximately 8.9° C (48 F) in northern arld northecast |OW;‘3 to oabout 22°C (72°F) in southwest lowa. Across most
standard of 0.05 mg/L is exceeded in 38 percent of the water supplies. “red-water” in water supplies. The bacteria will build a slime or sludge in Franklin County and southern Cerro Gordo County where fluoride concentration appears to exceed 2.0 mg/L. Excess fluoride and physicians have-discouraged the practice of softening drinking water on the assumption that a correlation exists between of the outcrop belt the temperature varies between 8° and 14° C (48°-57° F).
Aeration and filtration treatment will reduce the concentration to about 0.05 water tanks, pipelines, and pumps. The sludge may break loose and flow occurs in most of the southwest, southern, and southeast parts of the state. heart disease and softness of water. However, high levels of hardness have significant esthetic and economic effects, and
moi. Iug fivo caamtution Syateen to clog, EABIRg RRES And weler-using softening can be considered beneficial from a non-health standpoint. The hardness of the water from the Silurian-Devonian
NITRATE concentration in water from the Silurian-Devonian aquifer appliances. These micro-organisms may cause disagreeable tastes and ok POIrK.
exceeds the MCL in many places in the northeast part of the state where odors, and create problems in food processing and in making beverages. aquifer ranges from 200-2000 + mg/L. In the outcrop area of the aquifer in north-central, northeast, and east-central lowa, the
the aquifer is close to the surface and poorly protected from contamination There are scattered reports of hydrogen sulfide gas in Silurian-Devonian hardness generally ranges between 300-400 mg/L.
caused by surfacewater infiliration. The concentration of NO3 ranges from water supplies. This gas which is soluble in water has an obnoxious rotten-
0.0 to 300 mg/L. with a mean value of 6.6 mg/L and a median of 0.9 mg/L. egg ador that will also make water undrinkable and useless for preparation
Wells less than 50 feet deep show the most contamination, but wells of food and beverages. It is flammable and poisonous in high concentra-
located in the karst region or where the overburden is thin will show hign tions. Most people can detect it if the concentration is 0.05-1.0 mg/L. It also
nitrate concentrations as deep as 150 feet. If high nitrates are found in tarnishes silverware and fixtures and may be highly corrosive.
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