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ABSTRACT

Canbrian and Ordovician strata provide much of the groundwater supply
for approximately 250 nunicipalities and 150 industries in the northern half
of Illinois. This report represents the cooperative effort of the Illinois
State Water Survey, Illinois State Ceological Survey, and U S. Geol ogical
Survey to provide a current hydrogeol ogic evaluation of this water resource.

The Canbrian and Ordovician aquifers average approximately 1000 feet in
thi ckness. Although nurmerous alternating |ayers of sandstones, |inestone,
and dolonites inpart a heterogeneous character to them these units are
hydraulically interconnected and behave as a single aquifer. Hydraulic
properties within the aquifers are generally affected by local or regional
changes in thickness of the Ancell and Ironton-Galesville aquifers. Recharge
occurs principally by vertical percolation of precipitation in areas where
the Galena-Platteville Unit is the uppernost bedrock. Additional recharge in
heavily punped areas occurs through |eakage across the Maquoketa Confining
Unit.

This report introduces formal hydrostratigraphic nanmes in describing
mej or aquifers as divided into three aquisystens, each of which is subdivided
into aquigroups. The three aquisystens and their aquigroups are: 1) Non-
| ndurat ed Rock Aquisystem consisting of the Prairie Aquigroup - local and

intermediate flow systems in alluvium glacial drift, and Cretaceous and
Tertiary sedinents; 2) Indurated Rock Aquisystem divided into a) Upper

Bedrock Aquigroup - local and internediate flow systems with connection to
the Prairie Aquigroup, b) Mssissippi Valley Bedrock Aquigroup - internediate
and regional flow systems in indurated rock that are always confined by
indurated rock aquitards and whose base is the top of the Miquoketa Shale
Goup, ¢) Mdwest Bedrock Aquigroup - intermediate and regional flow systens
whose top is the top of the Maquoketa Shale Goup or other confining units
and whose bottomis at the top of the Eau Caire Formation or stratigraph-
ically higher, and d) Basal Bedrock Aquigroup - internediate and regional
flow systens bel ow the shale units of the Eau Claire Formation and above the
crystalline basenent rocks; and 3) Crystalline Rock Aquisystem in which

there are no significant aquifers in Illinois. The M dwest Bedrock Aquigroup



is basically the same as the "Canbrian-Ordovician Aquifer" in northeastern
[1linois that has been previously described. It is the chief topic of
concern in this report.

The practical sustained yield of the Mdwest Bedrock Aquigroup was
estimated to be 65 ngd (million gallons per day) in northeastern Illinois.

Punpage has exceeded this amount since about 1958. In north-central and

northwestern Illinois, devel opnent has not exceeded the practical sustained
yield, which is probably at least as great as that for northeastern Illinois.
The practical sustained yield in western Illinois is limted by the anount of

lateral inflow that can be induced and also by poor water quality.

I ndividual wells in the Mdwest Bedrock Aquigroup in northern Illinois
usual 'y exceed 500 gpm (gallons per mnute) in yield, but in western Illinois
typical well yields are smaller. Total withdrawals from deep wells between
1971 and 1980 averaged 278.6 ngd. The largest w thdrawals occur in Cook,
DuPage, Kane, and WII| Counties. Wthdrawal s have caused water |evels to
decline as nuch as 900 feet in parts of Cook, DuPage, and WII| Counties
Dewat eri ng of the upper aquifers in the Mdwest Bedrock Aquigroup has begun
in portions of the above four counties

G oundwater in the "unconfined" area of the M dwest Bedrock Aquigroup is
chemi cal Iy honbgeneous and low in total dissolved solids. However, signifi-
cant vertical and areal changes in the chenical character of groundwater
occur in the confined area. As water noves away fromthe recharge area to

the east and south, it increases in total dissolved solids



| NTRODUCTI ON

Physical Setting
The Canbrian and Ordovician aquifers described in this report underlie

nost of the northern half of Illinois (fig. 1). The land surface configura-
tion of nost of this part of the state is the result of glaciation, and the
physi ographic features shown on figure 2 largely reflect this glaciation.

The study area is essentially a broad prairie plain, with the exception
of the Rock River HIIl Country and the Wsconsin Driftless Section in the
nort hwest corner of the state (fig. 2). The soils are largely deep, black,
and rich in organic content and lime, have good noisture-retaining capa-
bilities, and form part of one of the richest agricultural belts in the
wor | d.

Relief in the study area ranges from a high of 1235 feet above sea |evel
at Charles Muwund in the northwest corner of the state (Jo Daviess County) to
about 580 feet above sea level at Lake Mchigan and about 420 feet above sea
level at the juncture of the Illinois and Mssissippi Rivers near Gafton
(Jersey County). The greatest differences in local relief are near major
vall eys, particularly in the uplands of the northwest.

The climate in northern Illinois is continental, with warm sumers and
cold winters (fig. 3). The nean January tenperatures range from about 20°F
in the northwestern tip of the state (Jo Daviess County) to about 32°F near
the confluence of the Illinois and M ssissippi Rivers. Mean tenperatures in
July range from about 74°F to 80°F for the entire area. The length of the
growi ng season for nost of the area is in the 160- to 180-day range.

Average annual precipitation, like tenperature, generally increases from
north to south (fig. 4). The range of precipitation is fromabout 32 inches
per year near Lake Mchigan to about 38 inches per year in the southern part
of the study area. February is nornally the driest nonth, and June is the
wettest.

A drainage map of Illinois is shown in figure 5. The mgjor drainage
ways are the Mssissippi River and its tributaries along the western border
of the study area, and the Illinois River and its tributaries in mst of the
central and eastern parts of the study area. In northeastern Illinois water
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drains into Lake Mchigan; the drainage divide is only a few niles from the

| ake, so this drainage basin in Illinois is relatively snall.

Pur pose and Scope

Canbrian and Ordovician strata include many of the freshwater-bearing
rocks in northern Illinois, and many cities, villages, industries, and indi-
vidual s are dependent on these aquifers. Protection and managenent of this
i nportant groundwater resource is a major concern of state and local planning
and managenent agencies, as well as water regulatory groups. Managenent
decisions need to be based on a fundanental understanding of the aquifer
system The geol ogic, hydrologic, and chenical characteristics of the system
need to be understood, as do the effects of past, present, and future
punpage.

This report represents the cooperative efforts of the U S. Geol ogical
Survey, I|llinois State Water Survey, and Illinois State Geol ogical Survey to
provide a current hydrogeol ogic evaluation of the Canbrian and Ordovician
units in Illinois. The report presents information on the geol ogy, hydrol-
ogy, and water quality of the Canbrian and Ordovician units, and includes a
hi story of groundwater devel opnent. Basic data are presented as maps,
graphs, and tables to help those who formulate policy on water resource
pl anning and devel opnent.

The investigation began in 1978 and has been conducted concurrently wth
the Northern M dwest Regional Aquifer System Analysis (RASA) study in
Illinois and the nearby states of Wsconsin, Mnnesota, lowa, Mssouri, and
I ndi ana.

Met hodol ogy
The study utilized previously collected and reported data as well as

data collected as a direct result of this investigation. Appendix Ais a
conpilation of geologic, hydrologic, and water quality data for selected or
key wells used during the course of this investigation. A description of the
wel I nunbering and | ocation systemis included. Al though this appendix
summarizes only a small part of the total data used in the study, it does
show representative conditions on a county-by-county basis

Mich of the previously collected data used in this study is in the files
of the Illinois State Geological Survey (I1SGS) or the Illinois State Water
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Survey (ISWS) or is contained in reports by these two agencies. Wll drillers
I ogs and sanple cutting anal yses were obtained fromthe I1SGS files and eval u-
ated by ISGS and U.S. Geological Survey (USGS) personnel. Logs were utilized
to determ ne stratigraphic contacts from which structural contour and isopach
geol ogi ¢ nmaps were prepared or updated. Hydraulic data from|ISWs files were
summari zed and eval uated, and interpretive maps and tabl es were prepared.
Much of the data concerning water quality anal yses, punpage, and water |eve
information also came fromISWs files or from published reports.

Consi derabl e new data were collected during the course of this investi-

gation. The nost notable effort was the drilling, sanpling, and testing of a
3460-foot well extending into Precanbrian bedrock at |llinois Beach State
Park, Lake County, in the extrene northeast corner of Illinois (N cholas et

al., 1984). This test well provided nmuch insight into the geologic, hydro-
logic, and water quality properties of the aquifers, particularly the deeper
Canbrian units, and the depth to and character of the Precanbrian basenent
rock in an area which had not been explored. Select zones in the test
well -- including the Galena-Platteville, St. Peter, Ironton-Glesville, and
M. Sinon units -- were tested (with packers used to seal off the selected
zones) to provide information on hydraulic and water quality properties of
i ndi vidual units. A suite of geophysical borehole logs were run in the well.
Simlar packer-testing and | ogging were conducted at two deep wells in
Rockford and Gal ena. Additionally, several other wells were |ogged to
provide information on well construction design, physical properties of the
rock units, and hydraulic characteristics of the aquifers. The |ogging and
packer-testing are sumarized in appendix B.

A water level and punpage survey for the Canbrian and O dovician
aqui fers was conducted during the fall of 1980 by | SWS personnel. These
data, along with previously collected data, were used in preparing major
sections of the report.

G oundwat er sanples from several wells drawing water froma single
aqui fer were collected and anal yzed. These anal yses, plus those obtained
fromthe packer-testing and from other previously sanpled wells, provided
water quality information sumrarized on the interpretive maps and in the text
of the "Goundwater Quality" section of this report. Representative water
qual ity analyses are shown in appendix C

10



Previous Reports and Related Wrk

The geol ogy and water resources of the Canbrian and Ordovician rocks in
northern Illinois (particularly in the Chicago netropolitan area) have been
studied in some detail, and several reports have been published that have
maj or sections concerning these rocks. A general discussion was presented by
the Illinois Departnent for Business and Econonmic Devel opment (Water for
Illinois, A Plan for Action, 1967). Horberg (1950) reported on the bedrock
topography; stratigraphic features are discussed in detail in the _Handbook
of Illinois Stratigraphy by Wllnman et al. (1975). Buschbach (1964) and

WIlman (1971) discuss the Cambrian and Odovician strata in northeastern

Illinois. Buschbach (1965) al so discusses these strata in western Illinois.
The Galena and Platteville strata have been reported on by Bristol and
Buschbach (1973) and by WIlman and Kol ata (1978). Enrich (1966) reports on
the Ironton and Calesville strata in Illinois and adjacent states.

G oundwater conditions in northeast Illinois are described by Bergstrom
et al. (1955); Suter et al. (1959); Hughes and Kraatz (1966); Schicht and
Moench (1971); 1SWS and Hittman Associates (1973); Schicht and Adams (1977);
and Schicht, Adans, and Stall (1976). Hackett and Bergstrom (1956) and
Brueckmann and Bergstrom (1968) describe groundwater conditions in north-
western Illinois. Wll yields and aquifer conditions are discussed by Walton
(1960) and by Valton and Csallany (1962).

Public water supplies and water quality are described by Hanson (1950,
1958, 1961); by Wller et al. (1973-present); by Larson (1963); and by
Visocky et al. (1978).

VWater use, punpage, and water level conditions have been described by
Walton, Sasman, and Russell (1960); Sasman, Prickett, and Russell (1961);
Sasnman, Baker, and Patzer (1962); Russell (1963); Walton (1964);
(1965); Sasnman and Baker (1966); Sasnman, MDonald, and Randall (1967);
Sasman, Benson, Dzurisin, and Risk (1973, 1974); Sasman et al. (1977, 1982);
and Kirk et al. (1979, 1982).

VWt er managerment studies have been described by the Northeastern
[1linois Planning Conmission (1966, 1974, 1976); Mench and Visocky (1971);
Schicht, Adans, and Stall (1976); Keifer and Associates (1977a,b); Singh and
Adanms (1980); and Visocky (1982).

Sasman
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Steinhilber and Young (1979) presented a plan for a regional study of
the Canbrian and Ordovician units. Kontis and Mandl e (1980) devel oped a data
base for this sane regional study.
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CGEOLOGY

I ntroduction

A set of 15 nmaps of the thickness and surface configuration of the
bedrock units of the northern half of Illinois was prepared. The strati-
graphic correlation was coordinated with the other states which are a part of
the Northern M dwest Regional Aquifer System Analysis. Well records which
provided the data base for the maps were selected on the basis of 1) spacing
of at least one well per township; 2) wells penetrating at |east the Galena
Goup and, if possible, into the Ancell Goup or Cambrian System and
3) wells with sanples or geophysical logs. In areas of dense well control,
key wells were designated by the following criteria:

1) The deepest wells possible

2) Wells with existing sanples of well cuttings or geophysical |ogs

which could be studied

3) The nost recently drilled wells

4) Wells with previous studies of well cuttings
The maps were then conpared to maps from the adjacent states to insure that
transitions were snooth across state lines. Both published and unpublished
maps from lowa, Mssouri, Wsconsin, and Indiana were used to nmake final
adj ustnents along state lines.

Al new data points selected for this study were field checked for
| ocation and el evation and are considered accurate. Points used from pre-
vious studies were checked in the office but were not field verified. Any
seem ngly anomal ous points were double checked.

The maps of the Maquoketa and Gal ena surfaces are considered to be the
nost accurate, since nore data were available for them The accuracy of the
maps dimnishes as the Precanbrian is approached, since fewer and fewer data
points are available for the map preparation.

Precanbrian Surface

The map of the top of the Precanbrian surface (fig. 6) is based on the
21 control points fromwells within Illinois; data fromwells in the border-
ing states of lowa, Indiana, and Wsconsin; and interpretation of known

structural elements present within the state. The new nmap shows consi derabl e
refinement fromthe map by Bell et al. (1964).
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Local relief of about 800 feet on the Precanbrian surface is shown by
conmparison of two granite test wells 8 nmiles apart in Pike County in western
Illinois. One well penetrated 440 feet of Eau Claire Formation and 444 feet
of M. Sinon Sandstone before encountering the basenment at 2488 feet bel ow
nmean sea |level. The second well encountered only 74 feet of Eau Claire and
no M. Sinmon before encountering basenent rocks at 1409 feet bel ow nean sea
| evel . The rugged topography of the top of the Precanbrian is also reveal ed
by outcrops in the St. Francois Muntains of Mssouri. Relief away from
these localities, of course, is uncertain; buried Precanbrian hills may
underlie some of the structural highs in overlying strata

The Precanbrian rocks in Illinois apparently do not have a zone of deep
weat hering. Mst wells encounter fresh-1ooking igneous rock. Also, the
fel dspar grains in the arkose that commonly overlies the Precanbrian have a
fresh appearance. Thus, any weathered material that devel oped on the base-
ment rocks in Illinois was apparently renoved by erosion before deposition of
the Pal eozoic sedinments.

The basenent rocks encountered in borings in and inmmediately adjacent to
Illinois are of granitic or closely related conposition. Granite, encoun-
tered in 17 of the 22 Illinois wells and in the three lowa wells, is by far
the nost common rock type. Granodiorite, the next mpst abundant type, was
encountered in four wells, all in northern Illinois. Rhyolite and granophyre
were encountered in wells in south-central and southern Illinois. Bradbury
and Atherton (1965) describe the petrography of the Precanbrian rocks pene-
trated by wells in Illinois.

Canbrian and Ordovician Systens
The Canbrian and Ordovician rocks can be grouped into seven units that

have hydrogeol ogi ¢ significance. These units are: 1) the M. Sinon Sand-
stone and the El mhurst Sandstone Menber of the Eau Caire Formation

2) Proviso and Lonbard Menbers of the Eau Claire Fornation that forma ngjor
confining unit; 3) the Ironton and Galesville Sandstones; 4) M ddle Confining
Unit, consisting of the units between the top of the Ironton and Galesville
Sandstones and the base of the Ancell Goup (St. Peter Sandstone), which

i ncl ude the Canbrian Franconia Formation, Emi nence Formation, and Potos
Dolomte, and the Ordovician Prairie du Chien Goup; 5) the Ancell Goup;
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6) the Qttawa Linestone Megagroup, consisting of the Galena and Platteville
Groups; and 7) the Maguoketa Shale G oup. A discussion of these units
fol l ows.

El mhurst-M. Sinon Sandstone

The M. Sinpbn Sandstone, although not exposed, underlies all of Illinois
except in local areas where it failed to cover hills on the eroded Pre-
canbrian surface. It ranges in thickness fromless than 500 feet in the
sout hwest part of the study area to over 2600 feet in northeastern Illinois
in Kendall, Gundy, eastern LaSalle, northeastern Livingston, western
Kankakee, and northern Ford and Iroquois Counties (fig. 7). In general, the
M. Sinon consists of fine- to coarse-grained, partly pebbly, friable sand-
stone, nost of which is coarser-grained, nore angular, and nore poorly sorted
t han younger Canbrian and Ordovician sandstones. It is dominantly white, but
can be pink, red, yellow, or light greenish-gray. A basal zone as nuch as
350 feet thick is strongly arkosic, and beds of red and green m caceous shale
occur locally in the upper 300 feet and | ower 600 feet of the formation
(Buschbach, 1975).

In the Rock Island region of western Illinois, the M. Sinmon is fine- to
coarse-grained, poorly sorted, and generally friable, with sone nore conpact
zones which are cemented by silica or hematite. It is essentially non-
dolomitic. The upper half contains interbedded red shale, and the |ower half
is pink and arkosic, with the amount of feldspar increasing downward
(Buschbach, 1965).

In the vicinity of DeKalb County, the M. Sinon contains zones of Wll-
devel oped cross-bedding in the coarser beds. Beds of red, green, and dark
gray shale occur in the upper few hundred feet (Buschbach, 1970).

In the Chicago region, the sandstone is largely medi umgrained, but some
coarse-grai ned beds occur, especially in the upper part of the fornmation
The coarser beds are nore abundant to the north, and granules up to 6 mmin
di aneter are comon. The color may be pink, yellow, or white. Red,

m caceous, hematitic beds al so occur at sone places in the northern counties.
The sands are generally incoherent to friable and nay be arkosic in places
(Buschbach, 1964; Suter et al., 1959).

Near the Wsconsin border, the basal sand includes the basal nenber of

the Eau daire Formation, the El nhurst Sandstone. The El mhurst Sandstone is
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widely distributed in the northern half of Illinois and is 10 to 200 feet
thick. Most of it is fine- to nediumgrained, fossiliferous gray sandstone
that contains various amounts of gray shale. Near the Wsconsin border, the
amount of shale greatly dimnishes and the El mhurst beconmes a fairly dean
sandstone (WIIlman et al., 1975).

The map of the surface configuration of the conbined sandstones (fig. 8)
was conpiled mainly by using projected points fromoverlying units. Only 122
wel |'s which penetrated the top of the sand were available for conpilation of
the map. Therefore, the accuracy of this map is linmted, especially with
regard to the northernnost part of the area, where the overlying confining
unit contains interbedded sandstones

The map of the thickness of the combined units (fig. 7) is based on even
nore limted data; only 38 wells with reliable data were available for this
map. Much of this map was constructed by interpolation between the Pre-
canbrian surface map (fig. 6) and the sandstone surface map (fig. 8). The
sandstone is thickest in the eastern part of the study area and thins to the
west and sout h.

Lonmbard and Proviso Menbers of Eau Claire Fornation
(Basal Sandstone Confining Unit)

The Basal Sandstone Confining Unit consists of dolomite and dolomtic
sandstone, siltstone, and shale of the upper two nenbers (Lonbard and
Proviso) of the Eau Claire Formation. The confining unit overlies the rela-
tively clean M. Sinmon and El mhurst Sandstones, and underlies the clean
Gal esville Sandstone. The different lithol ogies grade laterally fromone to
another within short distances. In northern and western Illinois, the Eau
Claire becomes predominantly a dolomitic, fine- to mediumgrained, gray
sandstone, but it includes shaly siltstone and silty, sandy, glauconitic,
browni sh-gray dolomte. The siltstone is grayish-orange, mcaceous, and
conmpact; and the shale, which is npst abundant near the middle of the forna-
tion, is silty, green to red, mcaceous, and brittle. The Eau Caire
t hi ckens and becomes nore shaly to the southeast.

In central and eastern Illinois the Eau Claire is domnantly dolomtic,
orange to pinkish-gray siltstone and green, gray or red shale; but it also
i ncludes light gray, glauconitic, partly oolitic |limestone and dolonite
(WIllman et al., 1975). In the DeKalb area, the Eau Claire consists of
l'ight-gray, fine-grained sandstone, siltstone, shale, and dolomte. It
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becones sandier to the north, nore shaly to the southeast, and nore dolonmtic
to the southwest (Buschbach, 1970). d auconite is abundant, especially in
the Lombard Menber.

In the Chicago region, the Lombard and Proviso Menbers are dolonitic,
m caceous, fine- to nediumgrained, conpact sandstone with variable anmounts
of green to gray, sandy shale and siltstone and sandy brown dolomite.
Cenment ed sandstone predoninates in the Lombard nenber, and gl auconite is
comon throughout the formation

The thickness of the confining unit varies fromless than 200 feet to
600 feet. The Eau Claire is nuch sandier in extrene northern Illinois, with
finer grained sedinments that are generally thinner; therefore, the basal sand
confining unit is considerably thinner (fig. 9). Throughout the rest of the
study area, the Eau Claire is a fairly uniform 200 to 400 feet thick, except
for small areas in the southeastern and south-central parts of the study
area, where the maxi num thickness is over 600 feet.

The surface of the Eau Claire Formation dips to the southeast at about
11 feet per mile and reflects the general structural trend of the Illinois
Basin and its surrounding positive features (fig. 10). The structurally
hi ghest part of the formation is north of the Plum River Fault Zone on the
sout hern flank of the Wsconsin Arch. The M ssissippi River Arch on the west
is another positive structural elenent. The surface generally becones |ower
to the south and southeast toward the deeper part of the basin. The mmjor
exception to this general trend is the structural high along the LaSalle
Anticlinal Belt. This anticlinal belt is reflected as a structural high,
trendi ng southeastward through LaSalle, Livingston, and Ford Counties. The
asymmetry of the belt is shown by the structural contours on the steep
eastern flank and the nuch gentler western slope

About 210 wells were available for devel opnent of figure 10, the surface
of the Eau Caire Formation (the Basal Sandstone Confining Unit). Additiona
interpretation was possible by projecting down fromthe surface of the
Ironton and Galesville Formations. Possible errors of a few feet up to a few
hundred feet may exist on this map over short distances. The error increases
where a facies change occurs fromshale and dolonite to sandstone in northern
Illinois; however, farther south the accuracy increases. Differentiation
bet ween t he basal sandstone and the confining unit was based on the presence
of significant shale content.
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The thickness of the Basal Sandstone Confining Unit was derived from 116
data points, limting the accuracy of this map. A few areas may exist where
Precambrian hills are present and where units either were never deposited or
were eroded.

Ironton and Galesville Sandstones

The Ironton and Galesville Sandstones are thick and form an inportant
source of groundwater in northern Illinois. The sandstones are separated
mainly on the basis of texture and dolonmite content. The Galesville Sand-
stone (Wllman et al., 1975) is fine-grained, well-sorted sandstone, essen-
tially free from shale and glauconite, whereas the Ironton is medi um grained
generally poorly-sorted, dolonmitic sandstone. The Galesville occurs through-
out the northern half of Illinois but is not exposed. It is commonly 40 to
100 feet thick. At its southern margin, the Galesville grades laterally
through a 50-mle-wide zone from dolonitic sandstone to a non-sandy dolomite
The name Galesville is applied as far south as the sandy zone can be iden-
tified. The Galesville Sandstone consists of white to light buff, clean to
locally silty, fine-grained, noderately well-sorted, friable, and generally
non-dol om ti ¢ sandstone (Buschbach, 1964). Locally, light buff to pink
dolonmite is a cenenting material. The Galesville appears to be confornable
with both the overlying and underlying formations.

The Ironton Sandstone is a relatively coarse-grained sandstone overlying
the finer-grained Galesville Sandstone and underlying the glauconitic, argil-
| aceous sandstone of the Franconia Formation. It occurs throughout the
northern half of Illinois but is not exposed. The Ironton is conmonly 50 to
100 feet thick, but it is thinner in northwestern Illinois. Near the
W sconsin boundary, it is a nediumgrained, poorly sorted, white sandstone
with coarse-grained beds near the top. It generally contains |ight pinkish-
buff dolonmite as cementing material and as pebbles in conglomeratic |ayers.
Farther south it is nmore dolonmitic and at its southern margin it grades into
sandy dolomte

The carbonate content (all dolomite) of the Ironton and Galesville
Formations ranges fromzero to over 80% In northern Illinois, the anount of
dolonmite increases gradually southward to the area of maxi mum thickness. The
increase is primarily in the Ironton, except in the southern part, where the
basal beds of the Galesville are also dolonitic. South of the area of
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maxi num t hi ckness, the dolomte content of both formations increases rapidly
to a maximum at the southern linmt of the formations. In eastern Illinois
and Indiana, the dolonmite content is nuch higher than in western Illinois and
lowa. Dolomite both cenments sandstone and forns discrete beds in north,

east, and east-central Illinois.

In the Chicago area and southward, |enses of fine to very finely crys-
talline, dark brown dolomite with mnor amounts of very fine-grained sand-
stone are present at the base of the Galesville Sandstone. These coal esce to
formone continuous unit with a maxi mumthickness of 50 feet in east-centra
[11inois.

Over 250 data points were used to conpile the Ironton-Galesville thick-
ness map (fig. 11). The Ironton-Glesville nmaintains a fairly uniform com
bi ned thickness of 150 to 200 feet over nbst of the study area. It ranges
froma feather edge in the extreme southwest part to over 250 feet southwest
of Chicago in southeastern Gundy County. The formation thins over the
W sconsin Arch, indicating that the arch actively influenced sedi nentation
during deposition of the Ironton and Galesville sands. During lronton tine,
the inland sea over the Illinois Basin reached its farthest northward trans-
gression (Enrich, 1966).

Over 280 wells were available to conpile the map of the surface of the
Ironton Formation (fig. 12). Additional points were also projected down from
the Ancell Goup surface. However, these data points were not sufficient to
establish a 100-foot contour interval. The greatest accuracy exists in the
northern part of the study area.

Knox Megagroup (M ddle Confining Unit)

The dolonmitic part of the Knox Megagroup (Swann and WI I man, 1961)
includes the strata between the base of the St. Peter Sandstone and the top
of the Ironton Sandstone. It underlies all of Illinois except small areas in
northern Illinois where an unconformty cuts entirely through the dolomtic
formations and the St. Peter Sandstone rests on the Franconia Formation or
locally, on the Ironton Sandstone. Although dominantly dolomtic in the
northern part of the state, the megagroup contains some relatively thin
sandst ones--the New Ri chnond and Gunter Sandstones, the Mnence Sandstone
Menber of the Eminence Formation, the Jordan Sandstone, and nunerous thin
beds in the Shakopee Dol omte. The sandstones generally thin southward and
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di sappear near the mddle of the state. The negagroup itself thickens from
300 to 500 feet in nuch of northern Illinois (fig. 13) to over 6000 feet in
extreme southern Illinois. The southward thickening of the Knox in the study
area is related to northward truncation of the upper part of the Shakopee
Dolomte. In addition, the Franconia Formation and the Ironton and Gal es-
ville Sandstones grade southward into dolonite, resulting in repeated | ower-
ing of the base of the Knox until it reaches the top of the M. Sinon
Sandst one.

Over 280 wells were available to conpile the thickness map of the geo-
logic units between the base of the Ancell and the top of the Ironton
(fig. 13). The rock interval between the Ancell and Ironton aquifers is
mainly a confining unit except for a few snall aquifers, such as the Jordan
Sandstone. In nany cases these sandstones are absent; therefore, they are
nore a local than a regional source of water. Many of the wells do not
penetrate the entire thickness of the confining unit, so some of the contours
are estimated from the available data

In northern Illinois the units between the top of the Ironton Sandstone
and the base of the Ancell Goup consist of the Canbrian Franconia Fornmation
Pot osi Dol omte, Em nence Formation, and Jordan Sandstone, and the O dovician
Prairie du Chien G oup.

Franconia Formation. The Franconia Formation consists of glauconitic,

argi |l aceous sandstone and dolonite underlying the Potosi Dolomite. It

underlies all of Illinois and thickens southward from about 50 feet near the
northern border of Illinois to about 500 feet in the southern part of the
state. In extreme northern Illinois, the Franconia consists largely of gray

to pink, glauconitic, silty, argillaceous, fine-grained, dolomtic sandstone
that contains various ambunts of red and green shale. Southward fromthat
area the |lowernost part of the Franconia becones increasingly shaly (Davis
Menber) and the uppernost part grades to silty and sandy dol omite (Derby-
Doerun Menber). In north-central Illinois these two units are separated by a
wedge of fine-grained, dolonmitic sandstone similar to that which conposes the
entire Franconia of extreme northern Illinois. In the central part of the
state, the glauconitic sandstone is absent, and the silty, shaly sandstone of
the Davis is overlain by the relatively pure dolomte of the Derby-Doerun

In Illinois, the Franconia is conformable with overlying formations
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Potosi Dol omite. The Potosi Dolonmite is a relatively pure dolonite

overlying the Franconia Formation and underlying the Enminence Formation. The
Potosi underlies essentially all of Illinois except in parts of northern
Illinois where it is truncated by pre-St. Peter erosion. It consists of
finely crystalline, pure to slightly argillaceous, brown to pinkish-gray
dolomite that is very slightly glauconitic at the top and glauconitic and
sandy at the base. Drusy quartz covers the surfaces of small cavities in
most areas and characterizes the formation in both outcrop and well sanples.
In wide areas of northern Illinois, it is unconformably overlain by the
St. Peter, but it is otherwise conformable with the Franconia below and the
Em nence above.

Enmi nence Formation. The Eminence Formation is a sandy dolomte overly-

ing the Potosi Formation. It underlies nost of Illinois except in the
northern part where it is truncated by the unconformty at the base of the
St. Peter Sandstone. The Eminence is normally 50 to 250 feet thick where it
is overlain by the Qunter Sandstone or Oneota Dolomite of the Prairie
du Chien Goup. It consists of light gray to brown or pink, sandy, fine- to
medi um grai ned dolomte that contains oolitic chert and thin sandstone
strata. The formation is generally conformable with overlying units, and in
extreme northwestern Illinois it grades laterally into the Jordan Sandstone
Jordan Sandstone. The Jordan Sandstone is the uppernost Canbrian forna-

tion in the extreme northwestern part of Illinois. In Jo Daviess and Carrol
Counties it is a fewto 75 feet thick, and in lowa it becomes an inportant
aquifer. The formation is a white to yellow sh-gray, partly iron stained
sandstone that is medium to fine-grained at its base. In sonme places the
upper part is coarse to very coarse-grained. It varies fromthin- to thick-
bedded, and cross-bedding is eommon.

Prairie du Chien Goup. The Prairie du Chien Goup, the youngest unit

of the Knox Megagroup, is present throughout rmuch of Illinois. However, it
is almst entirely absent in the northern two tiers of counties and is
mssing locally in the rest of the northern third of the state. It is also
absent in areas where Canbrian rocks crop out near the Sandwi ch Fault Zone
and structural highs. The group thickens southward, chiefly by the addition
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of younger beds at the top. The group consists of cherty dolomte with sonme
i nt erbedded sandstone. It is subdivided into the Gunter Sandstone (basal),
the Oneota Dolomite, the New Richrmond Sandstone, and the Shakopee Dol omite.

Ancel | G oup

The Ancell Goup (Tenpleton and WIInman, 1963) is a predomnantly
elastic unit consisting of sandstone and argillaceous and sandy |inestone and
dolomite formations. It overlies the Prairie du Chien Goup and ol der rocks
and underlies the Platteville Group in northern Illinois (WIIman et al.,
1975). The Ancell is separated fromthe Platteville Goup by a w despread
unconformty of lowrelief, which is a useful structural horizon and can be
recogni zed easily (Kolata et al., 1978). Ancell strata underlie nost of the
study area in northern Illinois and range in thickness from 100 to about 600
feet (fig. 14). The St. Peter Sandstone is the basal formation in the G oup.
North of a line running diagonally across the center of the state from
Chicago to Quincy, the St. Peter is overlain by nenbers of the d enwood
Formation. The nenbers have a facies relation with the upper part (Starved
Rock Menber) of the St. Peter Sandstone. The Joachim Dolonite has a sinilar
facies relationship to the St. Peter south of the line.

The Ancell Group has a fairly snmooth upper surface, and therefore the
mapping of it is considered quite accurate, except where data are sparse
(fig. 15). Over 515 wells were used to conpile this map; nmobst of the data
points are concentrated in northeastern Illinois. South and west of the
Sandwi ch Fault Zone the available data are nobre sparse, and contours are |ess
accurate. Points were also projected down fromthe Galena surface by sub-
tracting the Galena-Platteville thickness fromthe elevation of the Gal ena
surface.

The Ancel | thickness (fig. 14) is highly variable because the base of
the Ancell rests on an eroded surface. In the northern portion of the state,
the base is extrenely irregular and truncates several formations. The thick-
ness may vary fromjust a few feet to 200 feet over short distances. About
415 wells were used to make the Ancell thickness map.

About 340 wells were available to make the map of the base of the Ancell
Goup (fig. 16). Because of the irregularity of the underlying surface, it
was difficult to determne the topography of the surface, and nmuch of the nap
is interpretative.
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St. Peter Sandstone. The St. Peter Sandstone is restricted to the

relatively pure sandstone present in nost of Illinois belowthe Platteville
G oup carbonates and the d enwood Formation elastics and overlying the car-
bonates of the Knox Megagroup. Because of a mmjor unconformity at its base,
the St. Peter truncates formations as old as the Franconia Formation
(Tenpleton and WIIman, 1963; Buschbach, 1964).

The St. Peter is conposed nainly of quartz sand that is normally pure
and very fine- to coarse-grained. It is chiefly fine- to nedium grained
very well sorted, friable, and thick to very thick-bedded, with cross-beddi ng
comon locally (Tenpleton and WI Il man, 1963; Buschbach, 1964). Its color is
normal |y white, but it may be pink, buff, or reddish brown. Mst sand grains
are well rounded and frosted; the degree of rounding and frosting decreases
with decreasing grain size so that very fine grains are generally angul ar and
clear. The St. Peter commonly contains less than 2% silt and 1 to 3% dis-
semnated clay, but it is locally very silty in western Illinois. Its heavy
mneral suite is limted to the highly resistant mnerals, tourmaline and
zircon.

The St. Peter fills irregularities on a conplex surface which includes
both karst and erosional features. \Were the sandstone is abnormally thick
the underlying carbonates are reciprocally thinned (Buschbach, 1961). The
pattern of variation in thickness suggests deposition in previously eroded
channel s and adjacent uplands (Suter et al., 1959). The St. Peter is 100 to
200 feet thick over nost of northern Illinois except in a band 40 to 50 niles
wi de north of the Sandw ch Fault Zone, where thicknesses of 400 to 600 feet
are encountered. Were abnormal thicknesses are found, the |ower section
(Kress Menmber) may consist of fine- to coarse-grained, pink to reddish-brown
sandstone with varying anounts of shale, chert, and dolonite fragnents (Suter
et al., 1959).

Fromnorth-central Illinois to southeastern Mssouri, the St. Peter
consists of a lower, fine-grained unit, the Tonti Sandstone Menber, and an
upper, nediumgrained unit, the Starved Rock Sandstone Menber. The St. Peter
sands were derived chiefly from erosion of pre-existing sandstones, of which
the Canbrian Galesville Sandstone nay be a chief source. Fromits area of
maxi mum t hi ckness in north-central Illinois, the Starved Rock Menber grades
northward into the @ enwood Formati on and southward into the Joachim
Dol onmite.
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d enwood Formation. The d enwod Fornation, the upper part of the

Ancell Goup, is widely present in northern Illinois, with the same distribu-
tion as the St. Peter Sandstone. It underlies the Platteville Goup, and is
separated fromit by a w despread and sharp unconformty of nminor relief.

The A enwood is absent in some localities, especially near the Wsconsin
state line (WIllman et al., 1975). The fornmation is generally 25 to 50 feet
thick and is characterized by abrupt and irregular variations in thickness.
It is thickest along its southern margin just north of where it grades into
the Starved Rock Menmber of the St. Peter Sandstone. |ts maxi num known thick-
ness is 150 feet at Galesburg in Knox County.

The denwood is conposed primarily of sandstone possessing a distinctive
bi modal texture. Known as the denwod texture, it consists of mediumto
coarse, well-rounded quartz grains of the St. Peter type in a matrix of very
fine sand and coarse silt. The sandstone is comonly dolomtic and has a
high silt and clay content and abundant accessory garnets and other heavy
mnerals. The clay fraction contains illite and authigenic potassium
fel dspar. Fine-grained, inpure dolonite and |ight green shale are found in
the middle and upper portions of the formation. The northern distribution,
variable lithology, and general absence of normal marine fauna suggest that
the d enwood sedinents were derived fromtwo different terrains and deposited
in brackish, nmuddy water of a shallow narine basin (Tenpleton and WII nan,
1963).

Otawa Linestone Megagroup

The Ottawa Linmestone Megagroup (Swann and WI Il man, 1961) consists of the
domi nantly carbonate rocks overlying the St. Peter Sandstone and underlying
the donminantly elastic rocks of the Maquoketa Shale Goup. In northern
[l1linois, it consists largely of the Galena and Platteville Goups, but
locally it includes carbonate menbers of overlying and underlying formations.
The Otawa Megagroup underlies nost of the state and thickens from about 300
feet in northern Illinois to 1300 feet in southern Illinois. In local areas
where the St. Peter Sandstone is absent, the Otawa Megagroup rests on the
Knox Megagr oup.

The Galena and Platteville Goups consist of a nearly continuous
sequence of carbonate rocks that are generally 250 to 450 feet thick in
northern and western Illinois, thickening southward into the Illinois Basin
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(fig. 17). Over 470 data points were used to draw the Galena and Platteville
thi ckness map. The map provides a fairly accurate portrayal of the Gal ena
and Platteville thickness, except in the erosional areas where the thickness
may vary greatly due to the topographic relief. These groups form the bed-
rock surface and are widely exposed in an area of about 2900 square mles
(WIlman and Kolata, 1978). Although largely dolonitic, both groups contain
linestone in parts of the area. The carbonates are relatively pure and
general ly contain less than 10% inpurities, nostly argillaceous material and
chert. The siliceous detrital minerals are finely dissemnated in the |ine-
stone and dolonmite and consist largely of quartz in silt and sand-size grains
and a variety of silicates, mostly clay nminerals, feldspar, and heavy
m neral s.

Platteville Goup. The Platteville Goup (Tenpleton and WIIlman, 1963

W1 I man and Kol ata, 1978) includes the dominantly |inestone formations that
overlie the denwod Formation of the Ancell Goup and underlie the Spechts
Ferry or Quttenberg Formations of the Galena Goup. Across central Illinois
it overlies the St. Peter Sandstone; farther south it overlies the Joachim
Dol onite. The group is only about 30 to 45 feet thick in extreme western and
northwestern Illinois, but it thickens to 135 feet in the Dixon area and
southward to over 600 feet in the extrene southern part of the state (WII man
et al., 1975).

In northern Illinois, the Platteville Goup is largely blue-gray, litho-
graphic, partly dolonmite-nottled |inestone, but in sone areas it is gray,
very fine-grained, cherty dolomte. It is divided into the Plattin Subgroup
(stratigraphically above) which is domnated by the typical |inmestone facies,
and the Pecatonica Fornation, a persistent dolomte in the northern area

Gal ena Goup. The Galena Goup (Tenpleton and W1l man, 1963) consists

of limestone and dolonmite fornmations overlying the Platteville Goup and
underlying the Maquoketa Shale G oup. The Galena Group is present in all of
Il11inois except in the areas where ol der rocks are exposed in central-
northern Illinois, in Cal houn County, and in an area along the crest of the
LaSalle Anticlinal Belt where the Galena strata were eroded before deposition
of Pennsyl vani an sedinments. The Galena Group is 250 to 275 feet thick in the
northern outcrop area, but the upper part is truncated by the Maquoketa Shal e
in central Illinois. The group is divided into two subgroups (WIInman and
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Kol ata, 1978) -- the Decorah at the base is a shaly unit, and the Ki mswi ck
above it is relatively pure linestone and dolonite

A previously published structural contour map of the configuration of
the surface of the Galena Group (Bristol and Buschbach, 1973) was used in
this study. Some minor revisions have been nade, especially near the borders
of Illinois, to better match the maps of adjacent states (fig. 18). The map
of the Galena surface probably is the nobst accurate of any in this report.
It is an easily identified formation and has a uniformsurface, and a large
nunber of control wells were avail able.

Maquoket a Shal e Group

The Maquoketa Shale Goup is present throughout nmost of Illinois, except
south of the Sandw ch Fault Zone and in portions of northern and northwestern
Illinois, where it has been renoved by erosion. Unconformties separate it
fromthe underlying Galena G oup and the overlying Silurian dolonites and
younger rocks. The sub-Silurian unconformity is erosional, and valleys up to
100 feet deep are cut into the top of the Maquoketa. In western Illinois,

t he sub- Kaskaskia unconfornmity at the base of the M ddl e Devonian rocks cuts
through the Silurian System and into the Maguoketa. Farther west the
Maquoketa is conpletely absent (WIlman et al., 1975)

The Maquoketa Shale Group is nornally about 200 feet thick in Illinois
(fig. 19), with a maximum of 250 to 300 feet. The Maquoketa thickness nmap is
quite accurate, with over 610 data points avail able. However, where the
surface is eroded, the surfaces are not accurately portrayed, because the
thickness in these areas nmay vary froma few feet to 200 feet within short
di st ances.

There is an abundance of data for the map of the Maguoketa surface
(fig. 20), with over 685 wells available. To provide the nost nearly
accurate portrayal of the Maguoketa surface in relation to its adjacent
formati ons, additional points were projected by adding the Maquoketa thick-
ness to the Galena-Platteville surface. The Maquoketa surface nmap is quite
accurate except where pre-Silurian, pre-glacial, and nmodern erosion has
occurred

In nost of Illinois, the Maguoketa consists of three formations: 1) the
Scal es Shale, a lower, domnantly shale unit; 2) the Fort Atkinson Linestone,
a mddle dolomte and/or linestone and shale; and 3) the Brainard Shale, an

38



DESPLAINES
DISTURBANCE

a

= ABSENT

CONTOUR INTERVAL 100 FEET

SCALE OF MILES
0 10 20 30 40 §g
%

Figure 18. Elevation (ML) of the top of the Galena G oup

39



L1i%

ABSENT

=U

S. 8. Wickham
R. W. Ringler

H. 0. Minc
I1SGS, 1980

ISGS, 1979

NIT IS AT THE BEDROCK SURFACE, ERODED
UNIT IS ERODED BENEATH THE DEVONIAN, MISSISSIPPIAN,

AND PENNSYLVANIAN STRATA
COUNTOUR INTERVAL 50 FEET
SCALE OF MILES
0

50

40

30

20

Figure 19. Thickness of the Maquoketa Shal e G oup

40



300

g0l DES PLAINES
&Y DIsTURBANCE

,H#%i _'- 4\ e\ oy

FAULT MOVEMENT
ABSENT U=uUp

D = Down
[[///7] = UNIT IS AT THE BEDROCK SURFACE, ERODED
[T = w7 15 ErODED BENEATH THE DEVONIAN’, MISSISSIPPIAN
-~ AND PENNSYLVANIAN STRATA
\".

\ CONTOUR INTERVAL 100 FEET H. 0. Minc
300 @ 1SGS, 1979
3008 { . S. Wick
X S Y SCALE OF MILES s %“gfn;z“

B W,
100 ‘2'5 0 (ég_:zgc’:jgo ISGS, 1980
~
\\9300
%
%

Figure 20. Elevation (MSL) of the top of the Maquoketa Shal e G oup

41



upper dolomtic shale. In northern Illinois, the Neda Formation, a red and
green shale and henatitic oolite, is locally present at the top of the group
(Suter et al., 1959; Wllman et al., 1975).

Scal es Shale. The Scales Shale (Tenpleton and Wl man, 1963), the
| ower most unit of the Maquoketa Shale Group, is present throughout nost of

the state except in north-central and extreme western Illinois, where it has
been removed by post-Ordovician erosion. Throughout the state, the Scal es
Shal e has a range of 50 to 150 feet, but it is generally 75 to 100 feet
thick. It is light olive gray to olive gray, weak to brittle, silty dolo-
mtic shale interbedded with layers of fine-grained, silty dolomte. Locally,
the shale is greenish-gray in its lower 5 to 10 feet (Buschbach, 1964).

Fort Atkinson Linestone. The middle unit of the Maquoketa Shale G oup

the Fort Atkinson Limestone (WIllnman et al., 1975), is widely distributed in

the subsurface of Illinois. It ranges from 15 to 20 feet thick near Rock
Island (Rock Island County) to 5 to 50 feet thick in the Chicago area (Cook
County). Its conposition is highly variable. In northwestern Illinois it is

very shaly and is inseparable fromthe shal es above and bel ow. In other
areas it contains linestone that is laterally equivalent to shal e el sewhere
inthe formation. It changes over short distances from white or pink,
coarse-grained, crinoidal |imestone to brown, fine-grained dolomte or gray,
argillaceous linestone. In sone areas, the upper portion is |inestone and
the lower is dolonmte. The interbedded shale is generally green or brown and
silty, and dolomitic or calcitic. Its anpunt varies greatly.

Brai nard Shale. The Brainard Shale occurs throughout the area of the

Maquoketa Group except where it has been truncated by unconfornities. Were
it has not been affected by post-Ordovician erosion, it is normally about 75
to 100 feet thick (Wllman et al., 1975). It is a silty, dolomtic, weak,
greeni sh-gray shale interbedded with varying anounts of silty, greenish-gray
dolonmte and, less commonly, limestone. In extrene northeastern Illinois it
grades to partly silty dolonmite that is light gray to light greenish-gray in
color, partly black speckled, fine- to coarse-grained, and commonly inter-
bedded with greenish-gray shale. The Brainard Shale is lighter colored and
softer than the Scal es Shale, and is commonly fossiliferous.

Neda Formation. The Neda Formation, the uppernost unit of the Maquoketa

Shale Group, is present locally in northern Illinois, generally occurring
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where the Maquoketa is thicker than 190 feet and the basal Silurian forna-
tions are thin or mssing (Buschbach, 1964; WIlIman et al., 1975). It
consists largely of weak red or green shale that contains flattened, hema-
titic, goethitic or linonitic oolites and interbedded pink or green dolomte.
The Neda has a gradational contact with the underlying Brainard Shale and is
unconformably overlain by the Silurian System and younger rocks

Post - Ordovi ci an  Systens

Post - Ordovi cian deposits are not a detailed part of this study;, they are
described only briefly in the follow ng sections

Silurian System

The Silurian System underlies nost of Illinois and makes up |arge
portions of the bedrock surface in northeastern and northwestern |llinois
(WIllman et al., 1975). It is also exposed in the river bluffs at the con-
fluence of the Illinois and Mssissippi Rivers in western Illinois (fig. 21).

The system has a maxi mum thickness of nearly 1000 feet at some pinnacle reefs
in the area east of East St. Louis; however, the systemis nore comonly 400
to 600 feet thick. The Silurian thins and has been conpletely renoved by
erosion to the north and west. Preglacial erosion has produced deep valleys
in the bedrock surface, and the thickness of the upper unit may change
abruptly over short distances

The Silurian rocks are alnmost entirely dolomite in the northern part of
the state (WIIlnman, 1943, 1973). In the lower third of the system the
frmations maintain distinctive characteristics and lateral continuity over
| ong distances. Were reefs are present in the upper part of the system the
sedi ments have abrupt lateral variations in lithology, and few units can be
widely traced. The northern reefs, in the Racine Formation, are mainly pure
dolonmite. The interreef rocks are generally less pure, varying fromcherty,
silty dolomte to argillaceous dolonmite. However, in northwestern Illinois,
the interreef rocks, except in local areas, are nearly pure dolonmte, sinilar
in lithology to the reef rock.

The Silurian Systemis divided into three series: the A exandrian
Series (Zeizel et al., 1962; WIIlmn, 1973), and the overlying N agaran and
Cayugan Series. Only the Alexandrian and N agaran are present in northern
and western Illinois. The Silurian System unconfornably overlies the
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Maguoketa G oup, generally the eroded surface of the Brainard Shale. Locally
erosion has cut through the shale to the top of the Fort Atkinson Limestone.
There is also a major unconfornmty between the Silurian System and the over-
lying Mddle Devonian System and younger rocks.

Devoni an System

The Devonian System (WIIman et al., 1975) may originally have covered
all of Illinois, but if so, it was eroded fromthe northern part of the
state, largely before Pennsylvanian time. It occurs in parts of the south-
eastern and nost of the western portions of the area covered by this report.
The Devonian is less than 200 feet thick in large parts of central and
western |llinois, but thickens slightly toward the northwest and dramatically
toward the deep part of the basin to nore than 1800 feet.

The Devonian Systemis divided into three series. The Lower Devonian
Series occurs only in southern Illinois and is not present within the area of
this report. The Mddle Devonian Series is largely |limestone and dolonite,
and the Upper Devonian Series is dominantly black, gray, and green shale,
al though snaller amounts of |imestone and siltstone are present.

Car boni ferous Systens

The Carboniferous rocks in Illinois consist of two systems, the M ssis-
si ppian and Pennsyl vani an, separated by a major angular unconformity. The
M ssi ssippian System is dominantly carbonate, consisting of about 55% Iime-
stone and dolonite, 35% shale and siltstone, and about 10% sandstone. The
Pennsyl vani an System is domi nated by shale, containing about 50% shale, 40%
sandstone and siltstone, 5% |inestone, 1 to 2% coal, and m nor amounts of
siderite and chert (Atherton and Pal mer, 1979).

M ssi ssi ppian rocks occur in the subsurface over the southern two-thirds
of the state (WIllman et al., 1975), where they are overlain nostly by
Pennsyl vani an rocks, except in the western part where they are overlain by
glacial till (fig. 21).

In Illinois, the Mssissippian Systemis divided into three series. The
Ki nder hooki an Series at the base consists mainly of normal narine, fine-
grained, elastic, sedinmentary rocks. The relatively thick Val meyeran Series
in the mddle includes biogenic |inestone which outcrops along the outer
edges of the basin in western and northwestern Illinois. The thick,
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Chesterian Series, at the top, is confined to the deeper part of the basin
and does not occur within the study area

Strata of the Pennsylvanian System constitute the bedrock surface in
about two-thirds of Illinois (WIllman et al., 1975). Throughout nost of the
area in which they occur (fig. 21) they are covered by unconsol i dated
Pl ei stocene deposits, but in many areas they have been exposed by stream
erosi on. The maxi mum thi ckness of the Pennsylvanian in Illinois is about
2500 feet in the southeastern part of the state. The formations generally
thicken from northern and western Illinois toward the south and southeast.

In much of the Pennsylvanian area of western and northern Illinois, nost of
the menbers of the three lowest formations are relatively thin or missing,
and in places along the LaSalle Anticlinal Belt, the base of the Carbondal e
Fornmation rests directly on the Ordovician St. Peter Sandstone. However, in
the extreme northwest, in Rock Island and Mercer Counties, the three | owest
formations are all present.

The Pennsyl vanian Systemis characterized by many vertical changes in
l'ithol ogy, commonly abrupt, that produce nore than 500 distinguishable units
of sandstone, siltstone, shale, limestone, coal, and clay (Kosanke et al.
1960). Many of these units are laterally extensive, and even though they
vary lithologically, they can be correlated widely because of their positions
relative to continuous marker units, usually |inmestones, black fissile
shales, or coals. Shale (domnantly gray with snaller anmounts of red, green,
and bl ack) and underclay comonly form 65 to 70% of the sequence

Cretaceous and Tertiary Systemns
The Cretaceous System (WIllman et al., 1975) is restricted to five

counties in extreme southern Illinois, and to areas in Pike and Adams
Counties in western Illinois (fig. 21). The Cretaceous rocks in western
[1linois (Frye et al., 1964) are elastic rocks, largely sand, and as nuch as

100 feet thick. They are the easternnost outliers of Cretaceous sedinents
that formerly covered the region east of the Rocky Muntains and north of the
Qzarks.

The Tertiary System (WIllman et al., 1975) is extensive in extrene
southern Illinois and also occurs in small, widely scattered areas in
western and northern Illinois (fig. 21). Tertiary deposits in northern and
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western Illinois consist of scattered deposits of brown, chert gravel -- the
G over Gavel of Pliocene age (WIIlmn and Frye, 1970).

The existence of these scattered Cretaceous and Tertiary deposits has
little or no influence on groundwater conditions in the northern two-thirds
of Illinois. However, w despread erosion that took place during the |ong
interval between the end of the Pennsylvanian and into and during the
Quaternary has produced a bedrock surface that at least locally influences
groundwat er novenent and recharge to the bedrock aquifers.

Quaternary System

Surficial deposits assigned to the Quaternary System Pleistocene
Series, blanket nearly all of Illinois. The thickness, lithology, and physi-
cal and nmineral ogical properties of these deposits, predonminantly glacial in
origin, may have a significant effect on the chenmistry, rate, and anount of
wat er entering the bedrock aquifers. There is evidence that continental
glaciation caused regional changes in the groundwater flow systens and
altered the chemstry of the groundwater in the bedrock (G |keson et al.
1981).

Extensive studies have been conducted on these deposits; therefore, this
section will only briefly sumarize the nost pertinent aspects which nust be
considered in relationship to the bedrock aquifers. Additional details on
these deposits may be obtained from published reports (e.g., Frye et al.

1962, 1963, 1969; WIllmn et al., 1963; WIIman and Frye, 1970; WII man
1971 ; and Piskin and Bergstrom 1975) and nmany unpublished reports, manu-
scripts, and data sources in the files of |SGS.

The principal Pleistocene surficial deposits are glacial materials
deposited during nunerous ice advances and retreats which occurred over nost

portions of the state. In some areas thick loess or valley fill sand and
gravel are the principal deposits. Only northwestern Illinois (nainly
Carroll and central Jo Daviess Counties), a small area of western Illinois

(Cal houn County and portions of Pike and Adans Counties), and the extrene
southern portion of the state have not been covered by glaciers. The thick-
ness of these deposits (Piskin and Bergstrom 1975) ranges from zero to about
600 feet (fig. 22). Although these deposits, both glacial and interglacial
have been assigned to the Nebraskan, Aftonian, Kansan, Yarnmouthian,
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[llinoian, Sangamonian, Wsconsinan, and Hol ocene Stages, they have also been
included in nunerous formations and nenbers on the basis of their lithologic
characteristics and stratigraphic position.

The topography of the bedrock surface (Horberg, 1950; WIIman and Frye,
1970) is characterized by a nunmber of long, relatively wide and deep valleys,
significant portions of which are now conpletely or partially buried by
Quaternary glacial deposits. It is also characterized by extensive, rela-
tively flat upland surfaces devel oped on the Pennsylvanian rocks of the
central part of the state, and by relatively hilly, irregular topography
devel oped mainly on the ol der Paleozoic rocks in northern and western
[1linois. In these latter two areas, the bedrock valleys have |ocally been
eroded into and through two or nore of the aquifer or nonaquifer systens.
Since the overlying Quaternary sedinments blanket nost of the state, covering
the bedrock uplands and at least partially filling the bedrock valleys, the
rel ati onship between the bedrock topography and the distribution and thick-
ness of Quaternary materials is often both locally and regionally quite
obvious (fig. 22).

The distribution of the principal surficial Pleistocene deposits is
shown on figure 23. Wile pre-Illinoian deposits formthe principal surface
materials in only a small portion of western Illinois (western Hancock,
Adans, and Pi ke Counties), they occur extensively in the subsurface in siz-
able areas of western Illinois (Enion, WIf Creek and Al burnett Formations)
and central and east-central Illinois (Banner Formation). Scattered pre-
I11inoian deposits have al so been reported in the subsurface of parts of
northern and south-central Illinois.

Two of the largest areas of surficial outwash, the Geen River-Lower
Rock River Basin (Leighton, Ekblaw, and Horberg, 1948) and the Havana region
of the Illinois River (Walker et al., 1965), in northern and western
[l1linois, respectively, contain sand and gravel deposits that are locally
continuous from land surface to bedrock; fine-grained Holocene alluvium
(Cahokia Alluvium) is also present along streams. Surficial glacial outwash
sand and gravel (Henry Formation) is present extensively in the form of
outwash plains, valley trains, and kames in MHenry and Kane Counties in
northeastern Illinois (Masters, 1978).
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HYDROGEQL OGY

[ ntroduction

Formal nanmes of hydrostratigraphic units in Illinois are in the process
of change to reduce confusion with rock stratigraphic terninology. The
interimrevised termnology for hydrostratigraphic units will be used in this
report. This terminology (Cartwight, 1983) divides the hydrogeologic units
into three major aquisystens, each of which is subdivided into aquigroups.
The aqui groups, also shown on figure 24, are defined and then described in
more detail in the follow ng sections.

Al aquisystens and aquigroups are present in the northern part of the
state. The Canbrian and O dovician aquifers studied conprise the Basal
Bedrock and M dwest Bedrock Aquigroups, and in some areas are classified as
t he Upper Bedrock Aquigroup. Detailed descriptions of all the geologic units
are given in the "Geology" section of this report.

Aqui systems _and Agqui gr oups

Crystalline Rock Aquisystem
There are no significant aquifers within this aquisystemin Illinois.

I ndurated Rock Aquisystem
Basal Bedrock Aquigroup. The Basal Bedrock Aquigroup is character-

ized by intermediate and regional groundwater flow systenms in indurated rocks
and is always overlain by indurated rock confining units. This aquigroup

i ncl udes productive sandstone aquifers below thick, regionally extensive
shale of the Eau Caire Formation. This aquigroup is basically the same as
the "M. Sinon Aquifer" previously defined in northeastern Illinois (Suter

et al., 1959).

The Basal Bedrock Aquigroup is conprised of the rocks of the M. Sinon
Formation and the El nhurst Sandstone Menber of the Eau Claire Formation. The
sandstones lie on the Precanbrian granite (fig. 6).

The aquigroup is nmore than 2500 feet thick in east-central Illinois and
northward and westward (fig. 7). The aquigroup varies fromfine- to coarse-
grai ned sandstone. Shale beds, a few feet to several tens of feet thick, are
found throughout the aquigroup. The shale probably is lenticular in nature
and not continuous over large areas. Much of the sandstone is noderately
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SERIES AND GROUP AND HYDROSTRATIGRAPHIC UNITS THICKNESS
SYSTEM MEGAGROUP FORMATION Aquigroup aquifer/aquitard {ft) DESCRIPTION
Unconsolidated glacial deposits -
Quaternary Pleistocene if i . 0 ~ 600 pebbly clay (till) silt, and gravel.
Undifferentiated Pleistocene Loess (windblown silt}, and aliu-
Prairie vial silts, sands and gravels.
Tertiary & .
Cretace\:)us Undifferentiated 0 -100 Sand and silt.
Pennsyl- . 5 . .
vanian Undifferentiated Pennsylvanian 0 — 500 Mainly shale with thin sandstone,
2 limestone and coal beds.
<4
2
g St. Louis Ls St. Louis - Salem
3 s Salem Ls aquifer
'g» Valmeyeran Warsaw Ls 0 - 600 Limestone, cherty limestone, green,
‘B Keokuk Ls Keokuk - brown and black shale, silty dolomite.
K] Burlington Ls z Burlington aquifer
3 =
Kinderhookian Unditferentiated s
B
a
> a o
Devonian Undifferentiated § ‘% D 0 - 400 Sh?|e4 calcareous; limestone beds,
. s thin.
B b3
©
Port Byron Fm §
Niagaran Racine Fm 3
Silurian ?:;?i? Ls Silurian dol 0 - 465 Dolomite, silty at base, locally cherty.
aquifer
Alexandrian Kankakee Ls
Edgewood Ls
Cincinnatian Maguoketa Maquoketa 0 - 250 Shale, gray or brown; locally dolomite
Shale Group confining unit and/or limestone, argillaceous.
58 Dolomite and/or limestone, cherty.
o | Galena Group ” A
£ 2| Decorah Subgroup “|Gatena-Plattevilie unit 0-450 | Dolomite, shale partings, speckled,
Mohawkian 2 § Platteville Group Dolomite and/or limestone, cherty,
oS sandy at base.
" & | Glenwood Fm Sandstone, fine- and coarse-grained;
o = Ancell ifer 100 — 650 little dolomite; shale at top.
8 neeil aqui - Sandstone, fine- to medium-grained;
2 g .
Chazyan & St. Peter Ss / locally cherty red shale at base.
€
g a Zr::o:i: Dol ~ Dolomite, sandy, cherty {oolitic), sandstone.
Canadian 32| mondss 8 21 prairie du Chien Sandstone, interbedded with dolomite.
alo 6 3 > Dolomite, white to pink, coarse-grained,
§ = Oneota Dol @ 2 cherty {oaliti¢), sandy at base.
-3 3 Gunter Ss - €
S ¢ = 100 - 1300
= | Jordan Ss 2 8 . _ Dolomite, white, fine-grained, geodic
5| Eminence Fm-— = % Eminence-Potosi quartz, sandy at base.
é Potosi Dolomite |
. = . Dolomite, sandstone, and shale,
Franconia Fm Franconia glauconitic, green to red, micaceous.
fronton Ss Ironton-Galesville 0-270 Sandstone, fine- to medium-g'rgined,
aquifer well sorted, upper part dolomitic.
Cambrian Galesville Ss
St. Croixian
Eau Claire Fm N Eau Claire 0 - 450 Shale and siltstong; dolomite,.g!auconitic;
g sandstone, dolomitic, glauconitic.
3
o
Mt. Simon Fm % Elmhum_vft' Simon 0 — 2600 Sandstone, coarse-grained, white, red in.lower
aquiver half; lenses of shale and siltstone, red, micaceous.
.
T —
\ & R . L
Pre-Cambrian Crystailine \5%’/3",\\6:,\) No aquifers in lllinois
Note: The rock-stratigraphic and hydrostratigraphic-unit classifications follow the usage of the lllinois State Geological Survey

Figure 24.

Stratigraphy and water-yielding properties of the rocks

and character of the groundvater in the study area
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DRILLING AND CASING CONDITIONS

WATER-YIELDING PROPERTIES

CHEMICAL QUALITY OF WATER

WATER TEM-—
PERATURE °F

Boulders, heaving sand locally; sand and grave! wells

Sand and gravel, permeabie. Locally, wells yield as

TDS generally between 400 and 600 mg/L.

usually require screens and development; casing in much as 3000 gpm. Specific capacities vary from Hardness 300-400 mg/L. [ron generally 50 - 64
wells into bedrock. about 0.1 to 5600 gpm/ft. 1-5 mg/L.
ITDS extremely variable regionally and with depth.
Shak " . Extremely variable, Sandstone and limestone units  [North—central Iilinois, 500-1500 mg/L; southern, 53 - 57
ale requires casing. generally yield less than 10 gpm. 500-3000 mg/L. Hardness: 150400 mg/L north;
1501000 mg/L south. lron generally 1-5 mg/L.
In southern two—thirds of state vields generally less | TDS ranges between 400 and 1000 mg/L. 53 - 59
than 25 gpm. Hardness is generally between 200 and 400 mg/L. -
. Iron: 0.3-1.0 mg/L.
X Yields inconsistent. Major aquifer in NE and NW TOS: 350-1000 mg/L; Hardness: 200-400 mg/L
Upper part usually weathered and broken; Wlinois, Yields in fractured zones more than Iron: 0.3-1.0 m /Lg ’ 52 - 54
crevicing varies widely. 1000 gpm : 0. K 9/L.
Shale requires casing. Shales.gener.allv rtot water yielding. (;revu:es in
dolomite units yield smatl local supplies.
Crevicing y where for underlie drift. Where overlain by shales, crevicing and well yields
Top of Galena usually selected for hote reduction and small. Where overlain by drift wells yield moderate
seating of casing. quantities of water.
Lower cherty shales cave and are usually cased. Srr\a!l o modera}e quantities of water. Trans—
Friable sand may slough. mfsslvnv approxlmately 15 percent of that of the
Midwest Bedrock Aquigroup. For Midwest Bedrock Aquigroup as a whole, TDS
ranges from 400 to 1400 mg/L in NW and up to
2000 mg/L in south. Hardness ranges from 175
mg/L in northern recharge areas to 600 mg/L in 62 ~ 73
o . ) E. Cook and S. Fulton Counties. iron generaily
Crevices encountered locally in the dolomite, especially | Crevices in dolomite and sandstone yield small to less than 1.0 mg/L.
in the Eminence~Potosi. Casing not required. modera.te quantities of water. Transmissivity
approximately 35 percent of that of the Midwest
Bedrock Aquigroup.
Most productive unit of the Midwest Bedrock
Amount of cementation variable. Lower part more Aquigroup. Yields over 500 gpm common in
friable. Sometimes stoughs. northern tlinois. Transmlss!wtv approximately
50 percent of that of the Midwest Bedrock
Aquigroup.
Casing not usually necessary. Locally weak shales
may require casing. Shales generally not water yielding.
) 3 Varies northwest to southeast and with depth. 51 — 62
. . Moderate qu-anmies of Yv.ater in upper units. At shallower depths, TDS: 235-4000 mg/L, in the north
Casing not required. Comparable in p bility to the G Hardness: 220-800 mg/L, lron: 0.1-20 mg/L. 80 or more
St. Peter Sandstone. High chloride concentrations with depth. in the south

Fi gure 24.
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wel | cenmented and therefore has a relatively low hydraulic conductivity. The
upper 300 to 600 feet is generally friable, and several friable zones are
found in the unit. The degree of cementation decreases to the north toward
the Wsconsin state line and increases southward toward the Illinois Basin.

The sandy |ower zones of the Eau Claire Formation increase in thickness
inrelation to the total thickness of the formation. The shal es becone
thi nner and probably become lenticular in character. Wen sandstone becones
the predomnant lithology, it yields significant water.

The Basal Bedrock Aquigroup is separated fromthe production zones of
the M dwest Bedrock Aquigroup by the shales of the Eau Caire Formation. The
confining unit is formed by the predom nantly shaly upper part of the Eau
Claire Formation (fig. 9). The Eau Claire Formation gradually becomnes
sandier to the north and west. However, the shale of the Proviso Siltstone
Menmber is quite persistent and forms a barrier between the aquifers of the
Basal Bedrock Aquigroup and the Ironton-Galesville aquifer of the M dwest
Bedrock Aquigroup above.

Wl |ls near the Wsconsin border penetrate increasing anounts of sand-
stone interbedded with the shales. Detailed studies of wells in the northern
tier of counties show that 50 to 60% of the upper Eau Claire is sandstone
Thus, wells which penetrate the confining unit may obtain noderate yields of
water fromthis zone. Nevertheless, the shales are laterally continuous, in
contrast to shales in the El mhurst-M. Sinon aquifer which are lenticular in
character. The sandstones in the Eau Claire confining unit may or may not be
continuous. Thus, despite the sandy character of the Eau C aire Fornation
the shales are persistent throughout the state and form a major aquitard

Less is known about the confining unit in western Illinois. It appears
to becone quite sandy, as in northern Illinois.

M dwest Bedrock Aquigroup. The M dwest Bedrock Aquigroup is character-

ized by intermediate and regi onal groundwater flow systenms in indurated rock
that are overlain by indurated rock confining units. The top of the aqui-
group is defined as the top of the Maquoketa Shale Group or other confining
units where the Maquoketa is absent. The base of the aquigroup is at the top
of the Eau Claire Fornation or stratigraphically higher where the Ironton and
Gal esvill e Sandstones are absent. This aquigroup is basically the sane as
the "Canbri an- Ordovician Aquifer" previously defined in northeastern Illinois
(Suter et al., 1959).
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In northern Illinois the Mdwest Bedrock Aquigroup consists of rock from
the base of the Galesville Sandstone up through the top of the Maquoketa
Shale Group. The Ironton-Calesville and d enwod-St. Peter Sandstones are
the principal water-producing zonea in this region and are of principal
concern in this report. The | ower boundary of the M dwest Bedrock Aquigroup
is at the base of the Galesville Sandstone in northern Illinois. Were the
Ironton-Galesville feathers out, the boundary rises along vertical cutoffs to
either the porous sandstone of the St. Peter or to the |owest productive
aquifer in the Knox Megagroup.

Ironton-Galesville Aquifer. The Ironton-Galesville aquifer is described
in detail in the "CGeol ogy" section. This sandstone (fig. 11) is the noat
uniform and productive zone in the Canbrian and Ordovician Systens in
[l1linois north of the Illinois River.

South of the Illinois River the sandstone becormes finer, gradually
changing to a shale and then dolonmite (in this Same stratigraphic position)
in the deeper parts of the Illinois Basin. This change is also reflected in
the water quality trends in the aquifer.

Mddle Confining Unit. The strata between the top of the Ironton-
Galesville and St. Peter Sandstone (Ancell) are highly variable in thickness
(fig. 13) as a result of the erosion which took place before the deposition
of the St. Peter. This surface has been described both as a karat surface
and as one with deep valleys (Buschbach, 1961). Wiile there is evidence to
support both hypotheses, it is clear that if karat did develop, there is no
remmant of the high perneability which nmust have existed.

The confining unit is mainly dolonmte and shale with some sandstone.

The dol omte and sandstone contribute considerable quantities of water to
wells. Two of the sandstones are nmmjor aquifers in sone regions. The Jordan
Sandstone, which is extensively used in lowa, is present along the western
edge of the state in sufficient thickness to be productive; sone wells in the
Rock Island-Mline area penetrate to the Jordan.

The New Ri chnond Sandstone is tapped by wells in parts of LaSalle and
G undy Counties where it is relatively thick. In nuch of this area the
St. Peter is near the land surface and partly eroded, while the New Ri chnond
is confined and has considerable artesian head.
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Ancel | Aquifer. The St. Peter Sandstone, along with the overlying
G enwood Sandstone when present (see "Geol ogy" section), forms the second
princi pal aquifer of the M dwest Bedrock Aquigroup. This sandstone is w de-
spread in the north-central United States and is present under the entire
state, except where it has been eroded (fig. 15).

The thickness (fig. 14) averages about 200 feet; however, the thickness
varies greatly fromless than 100 feet to over 600 feet. The thickening
reflects the irregular base of the formation; the surface is fairly regular.
The |ower Kress nmenber, which accounts for nuch of the increase in thickness,
frequently adds little to the yield of wells, being a rubble-like deposit in
a clay or shale matrix. Thus, the yield does not increase proportionally to
increases in thickness.

Gal ena-Platteville Unit. The Galena-Platteville Unit is found through-
out most of Illinois. It overlies the Ancell aquifer and sonetinmes forms
part of the confining unit for that aquifer, although it is locally produc-
tive. In northeastern Illinois and south of the Illinois Rver, the Gal ena-
Platteville Unit is overlain by the Maquoketa Shale G oup or younger shales.
Although it yields some water in this situation, the yield generally is only
a small portion of the total water yielded to wells penetrating the deeper
sandstones as part of the M dwest Bedrock Aquigroup. Locally, |arger
supplies are obtained fromthe Galena-Platteville. In northwestern Illinois
the Galena-Platteville Unit inmmediately underlies glacial deposits or is
exposed at the surface (fig. 17). The Muquoketa Shale Group is present above
the Galena-Platteville in small areas. In this region, the Gal ena-
Platteville dolonites become part of the Upper Bedrock Aquigroup.

Maquoketa Confining Unit. The Maquoketa Shale Goup (fig. 19), where
present, forns the principal confining bed for the Mdwest Bedrock Aquigroup
in northern and western Illinois. The Maquoketa Shale Goup is described in
sone detail in the "Ceol ogy" section of this report. Little water, if any,
is obtained fromthe shale. Were the Maquoketa directly underlies the
gl acial deposits, limted amounts of water are obtained fromjoints and
fractures. Sone dissolution has occurred in the Mddle Fort Atkinson
Li mestone, where it is overlain by Silurian and Quaternary deposits, and has
increased yields somewhat.
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M ssissippi Valley Bedrock Aquigroup. The Mssissippi Valley Bedrock

Aqui group is characterized by intermediate and regional groundwater flow
systens in indurated rock that are overlain by indurated rock confining
units. The base of this systemis at the top of the Magquoketa Shale G oup
(this is the only aquigroup boundary which cannot nove stratigraphically).
The aqui group consists of rocks fromthe Pennsylvani an System through the
Silurian System in the southern three-fourths of Illinois; the aquigroup is
not present in northern Illinois

In the southwestern part of the region studied, where M ssissippian and
Pennsyl vani an rock are present, the shales confine several noderately produc-
tive aquifers. The primary water-yielding zones are dolonites of the
Devoni an and Silurian Systens and sandstones and carbonates of the M ssis-
si ppi an System Sonme sandstones are al so present in the Pennsylvanian, but
these generally have very low productivity.

Devoni an and Pennsyl vani an shales are present throughout nost of the
area south of the Illinois River, and formthe principal confining units
within the aquigroup. The upper boundary of the M ssissippi Valley Bedrock
Aqui group rises stratigraphically to include the uppernost aquifer confined
by indurated rocks and all the confining units bel ow the Upper Bedrock
Aqui group.

Upper Bedrock Aquigroup. This aquigroup consists of local and inter-

medi ate flow systens in indurated sedinents with open connection to the

Prairie Aquigroup so that water quality is related to that in the Prairie
Aqui group. This aquigroup is basically the sane as the "Shallow Dolonite
Aquifer" as previously defined in northern Illinois (Suter et al., 1959).

The Galena-Platteville Unit, the Mquoketa Confining Unit, and, |ocally,
the Ancell aquifer becone part of the Upper Bedrock Aquigroup in north-
central Illinois, where they are exposed at the surface or overlain by
gl acial deposits. These aquifers are noderately productive. In this region
di ssol ution of the rock by groundwater has occurred, enlarging the joints and
fractures in the rock and increasing its pernmeability. The degree of joint-
ing and fracturing and dissolution decreases with increasing depth of pene-
tration in the rock. Mst of the water is obtained in the uppernost 100 feet
of rock.

The nost significant and productive aquifer of the aquigroup is the
Silurian Dol omte aquifer, which underlies northeastern Illinois and a snal
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part of northwestern Illinois (fig. 21). In these areas, large yields are
sonetines obtained, reducing the dependence on the Canbrian- and O dovician-
age aquifers.

The only other significant aquifers which nmake up the Upper Bedrock
Aqui group in the region studied are the M ssissippian carbonate rocks in the

sout hwestern part of the region (fig. 21).

Non- I ndur at ed Rock Aqui system
Prairie Aquigroup. This aquigroup consists of local and intermediate

flow systens in nonindurated geologic materials consisting of alluvium
glacial drift, and Cretaceous and Tertiary sediments. The major conponent of
recharge to the systemis local precipitation. The aquigroup is confined
locally by fine-grained nonindurated sedinents (referred to as confining
units or aquitards). In sonme regions the Prairie Aquigroup is 400 to 500
feet thick, while in others it is 0 to 50 feet thick.
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HYDROLOGY

Hydraulic Properties

The principal hydraulic properties which influence well yields and
wat er-l evel response to punpage in the Canbrian and Ordovician aquifers are
transmssivity and storage coefficient. Regionally, the |eakage coefficient
also plays an inportant role in influencing water |evels. The capacity of an
aquifer to transmt groundwater is expressed by the transmissivity, which is
defined as the rate of flow of water through a unit width of the aquifer.
under a unit hydraulic gradient. The storage properties of an aquifer are
expressed by the storage coefficient, which is defined as the volume O water
rel eased from or taken into storage per unit surface area of the aquifer per
unit change in head normal to that surface

For confined (artesian) conditions, in which water levels rise above the
top of the aquifer in wells penetrating the aquifer, water released from or
taken into storage is attributed solely to compressibility properties of the
aqui fer and water. Such coefficients are usually very small. On the other
hand, where unconfined conditions (water table) prevail, in which water
levels in wells represent the top of the saturated thickness of the aquifer,
wat er rel eased fromor taken into storage is attributed al nbst entirely to
gravity drainage or refilling of the zone through which the change of the
wat er table takes place. A snmall portion of the water volune change cones
from the conmpressibility of the aquifer and water, as in the artesian case
but this volume is proportionately nearly insignificant.

Most of the available data on hydraulic properties are fromthe M dwest
Aqui group. The storage coefficients for the confined aquifer are generally
10-5 to 10-3. Water-table storage coefficient data for the M dwest Aquigroup
have never been obtained fromtests, because until recently the aquifers have
remai ned under artesian conditions. Typical values of water-table storage
coefficients in unconsolidated material range from 0.01 to 0.3

The rate of vertical |eakage of groundwater through a confining bed in
response to a given vertical head gradient is dependent upon the vertica
hydraulic conductivity of the confining bed. In cases where the confining
bed is not well defined or is unknown, Hantush (1956) suggested the use of
the term | eakage coefficient, which is the ratio of the vertical hydraulic
conductivity of the confining bed to its thickness. It is defined as the
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quantity of water that crosses a unit area of the interface between an
aquifer and its confining bed divided by the head | oss across the confining
bed.

Aqui fer Tests

The hydraulic properties of aquifers and confining beds nay be deter-
m ned by nmeans of aquifer tests wherein the effect of punmping a well at a
known constant rate is measured in the punped well and in observation wells
penetrating the aquifer. Gaphs of drawdown versus tinme or drawdown versus
di stance fromthe punped well are used to solve fornulas which express the
rel ationship between the hydraulic properties of an aquifer and its confining
bed, if present, and the |owering of water |evels (drawdown) in the vicinity
of a punping well. Gaphical analyses may utilize the |eaky artesian fornula
(Hantush and Jacob, 1955), the nonequilibriumformula (Theis, 1935), or the
nmodi fied nonequilibrium formula (Cooper and Jacob, 1946). Type-curve and
straight-line nmethods for graphical analysis were described by Walton (1962).
Test data collected under water-table conditions nay be anal yzed by nethods
devi sed by Boulton (1963) and described by Prickett (1965). Were geohydro-
| ogi ¢ boundaries are known to exist, their effect on drawdown can be deter-
mned by means of image-well theory, described by Ferris (1959).

Basal Bedrock Aquigroup. Aquifer test data fromthe Basal Bedrock

Aqui group were available fromthree long-termtests at gas storage project
sites (Illinois State Water Survey and Hittman Associates, 1973). The tests
were conducted at punping rates of 80, 45, and 56 gpm for periods of 48, 40,
and 18 days, respectively. At least five observation wells were avail able at
each site; however, because of the partial penetration effects caused by the
great thickness of this aquifer system data fromdistant (greater than 1.5
tinmes the aquifer thickness) observation wells were given preference over
data fromwells closer to the punped well, in order to minimze distortions
caused by partial penetration of wells.

Data fromthe distant observation wells were anal yzed by graphica
t echni ques described in the above references. The results are summarized in
table 1.
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Table 1. Hydraulic Properties in the Basal Bedrock Aquigroup

Aver age Aver age

transmssivity st orage
Cas storage site Ceneral |ocation (gpd/ft) coefficient
Ancona NW LaSal | e Co. 10, 600 1.8 x 1074
Ponti ac Central Livingston Co. 1, 635 1.3 x 10-4
Hudson NW McLean Co. 980 52 x 1074

Table 2. Storage Coefficients of the Mdwest Bedrock Aquigroup

Date of St orage
Location Vel |l owner t est coefficient
Cook County Corn Products Corp., Argo 10/ 43 0. 00016
Kane County Gty of Elgin 4/ 44 0. 00068*
Knox County Gty of Knoxville 3160 0. 00057
WIl County Bl ockson Chenical Co., Joliet 3151 0. 00037
WIIl County Kankakee Ordinance Wrks, Joliet 3143 0. 00018

Aver age 0.00039
*Wel| also open to Basal Bedrock Aquigroup

M dwest Bedrock Aquigroup. Because nmpst wells tapping the M dwest

Bedrock Aquigroup are open to several aquifers as well as to the Mddle
Confining Unit, the aquigroup behaves nmore or less as a single hydraulic
system Hydraulic properties determ ned from aquifer tests, therefore,
represent the conbined properties of all units beneath the Maquoketa Confin-
ing Unit. Punping tests in the M dwest Bedrock Aqui group have been nmade at
approxi mately 220 sites within the study area. Tests involving observation
wells were nade at only five of these sites. The effects of |eakage were
negligible during the tests, and analysis was limted to the use of nonl eaky
or modified nonequilibriumfornulas. The storage coefficient was not deter-
m ned from punped well data, since the effective radius of the well cannot
normal |y be estimated with sufficient accuracy. Storage coefficients deter-
mned at five sites are presented in table 2. Transmissivity values deter-
mned fromthe controlled tests are included in Appendix A and were used to
prepare figure 25.
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.AREA: Regional transmissivity
values generally are between
10,000 and 20,000 gpd/ft

AREA B: Regional transmissivity
values generally are greater than
20,000 gpd/ft.

AREA C: Area of highly variable
transmissivities. Values may be
less than 10,000 to greater than
20,000 gpd/ft.

. AREA D: Limited data.
\V/ Transmissivities tend to be
greater than 20,000 gpd/ft
in areas where Ancell
aquifer thickens, but may
be much less elsewhere.
SCALE OF MILES
0 50
[ = = |

Figure 25. Regional transnissivities in
t he M dwest Bedrock Aquigroup
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Li t hol ogi c changes within the Ancell and Ironton-Galesville aquifers
appear to have an effect on transnmissivities of the Mdwest Bedrock Aqui -
group. The thickness of the Ironton-Galesville aquifer generally increases
from the northwest to the southeast (see fig. 11), while that of the Ancel
aquifer is highly variable locally (fig. 14). Transmissivities are generally
i ncreased by local or regional thickening of these two formations. In
addition, the transmssivity of the M dwest Bedrock Aquigroup increases
significantly where the overlying Muquoketa Confining Unit is absent.

In Area A of figure 25, the aquifers of the Mdwest Bedrock Aquigroup
are overlain by the Maquoketa Confining Unit, and regional values of trans-
mssivity may vary from 10,000 to 20,000 gpd/ft. Locally, however, where the
Ancel | aquifer thickens at the expense of underlying, |ess perneable, car-
bonate rocks, transmissivities may exceed 20,000 gpd/ft. In Areas B and C
wells in the Mdwest Aquigroup are often open to shall ower aquifers which may
affect the transmissivities measured. In the recharge area to the west of
the Maquoketa Confining Unit border (Area B), transmissivities generally
exceed 20,000 gpd/ft. In Area C the Maquoketa and the Galena-Platteville
Unit are highly dissected by streams, and as a result, transmissivities vary
inthis region fromfewer than 10,000 to nore than 20,000 gpd/ft. Another
factor which probably contributes regionally to the |ower transmissivity
values is the thinner Ironton-Galesville section in this area. The higher
val ues of transmissivity are usually accounted for by the locally thicker
Ancel | aquifer, as well as a local absence of the Maquoketa. Area Dis a
region where transmissivity data are sparse and variable. The M dwest
Bedrock Aquigroup is confined under the Maquoketa Confining Unit and other
overlying rocks, as in northeastern Illinois. Transmssivities in this
region are as low as 5,000 gpd/ft, but may exceed 20,000 gpd/ft.

Upper Bedrock Agquigroup. Six aquifer tests were nade at five sites in
DuPage County between 1955 and 1980. At this location the Upper Bedrock
Aqui group is conposed of dolomtes of Silurian age. According to Zeizel

et al. (1962) the Upper Bedrock Aquigroup is highly fractured and in many
places is under |eaky artesian conditions. Transm ssivities and storage
coefficients are highly variable both regionally and anong the various obser-
vation wells in aquifer tests. Values of transmssivity and storage coeffi-
cient ranged from 10,500 to 85,400 gpd/ft and from 9.0 x 10°° to 3.5 x 10- 4,
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respectively. Data fromother areas in Illinois are not available for the

Upper Bedrock Aqui group.

Specific Capacity Analyses

One neans of expressing the yield of a well is by use of the specific
capacity, which is defined as the yield of the well in gallons per nminute per
foot of drawdown for a given punping period and discharge rate. Walton
(1962) showed that the Theis nonequilibriumfornula can be expressed in terns
of the theoretical specific capacity of a well discharging at a constant rate
in a honogeneous, isotropic, areally infinite, nonleaky aquifer.

The theoretical specific capacity of a well varies with the radius of
the well and the punping period. For instance, a 30-inch diameter well has a
specific capacity about 13% greater than that of a 12-inch dianeter well
The theoretical specific capacity decreases with the Iength of the punping
period, since drawdowh continuously increases with tinme.

Head | osses within the well, known as well |osses, nust be accounted for
bef ore drawdown data can be used in the specific capacity formula to estinate
hydraulic properties. Jacob (1947) and Rorabaugh (1953) described graphica
met hods to conpute the well loss coefficient fromdata collected during a
step-drawdown test in which the well punp is operated during several succes-
sive and equal time periods at constant fractions of the final punping rate.

Where applicable, additional corrections nust be made to drawdown data
for the effects of partial penetration and for decreases in saturated thick-
ness under water-table conditions. None of the specific capacity data for
the M dwest Bedrock Aquigroup were affected by water-table conditions. The
effects of partial penetration within the M dwest Bedrock Aquigroup could not
be assessed because of the heterogeneous character of the various hydrogeo-
logic units within the aquigroup. It is believed, however, that the majority
of wells penetrating the M dwest Bedrock Aqui group generally receive ground-
water flow fromthe nost productive units within the systemand that the
effects of partial penetration are not significantly large. Partial penetra-
tion effects, |ikew se, are not considered significant in the Upper Bedrock
Aqui group, since wells in that system generally penetrate its nost productive
upper zones, which are nore creviced than are those at depth. Data fromthe
Basal Bedrock Aquigroup are extrenely linmted. There is evidence that the
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units within this system are stratified, and the effect of such stratifica-
tion in such a thick aquifer system cannot be evaluated at present.

Al specific capacity data were corrected for well |osses and adjusted
to a coomon well radius (0.5 foot) and a common punping period (12 hours) for
pur poses of conparison. From these data, values of aquifer transmssivity
were derived from the relationship between transmssivity and specific
capacity given by the nodified nonequilibriumformla (Walton, 1962). TO
solve this formula the storage coefficient nust be assumed, based upon
whet her aquifer conditions are water table or artesian.

Basal Bedrock Aquigroup. Specific capacity data are available for just

one well open only to the Basal Bedrock Aquigroup. The well, located in
northern Cook County, had an adjusted specific capacity of 0.6 gpmft. The
effects of partial penetration in this well could be large, since the ratio
of vertical to horizontal hydraulic conductivity is believed to be about 0.3
to 0.4 (Illinois State Water Survey and Hittman Associates, 1973) and the

t hi ckness of the aquigroup is approximtely 2000 feet in northern Cook
County.

M dwest Bedrock Aquigroup. Specific capacity data were collected during

wel | production tests at approximately 570 sites. The transmissivity for
each data value was then obtained from the relationship between transm s-
Sivity and specific capacity described above. Transmissivity val ues
obtained from specific capacity were used to help prepare figure 25

Upper Bedrock Aquigroup. Csallany and Walton (1963) ‘studied yields of
wells in the Upper Bedrock Aquigroup in northern Illinois. The massive

amounts of data (approximately 1000 production tests) available, however

yi el ded specific capacity val ues which were extrenely variable and inter-
pretatively intractable. Csallany and Walton solved this problem by treating
the data statistically, whereby adjusted specific capacities were divided by
the depths of penetration of the wells and plotted as frequency graphs. It
had been known that crevicing and depth of well strongly influence well
yields. Csallany and Walton's study, however, also indicated a correlation
between well yields and bedrock upland areas and areas where sand and grave
were present in the glacial drift inmrediately above the bedrock. The 50%
frequency value of wunit specific capacity (yield per foot of penetration) for
bedrock upland areas, for exanple, was 0.24 gpmft/ft, whereas in bedrock
val | eys the 50% frequency value was only 0.065 gpm ft/ft. Were sand and
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gravel in the drift overlaid the bedrock, the 50% value of unit specific
capacity was 0.26 gpmft/ft, whereas if the glacial drift material was till,
the 50% value was 0.06 gpmitt/ft.

Leakage Coefficient

Val ues of the | eakage coefficient of a confining |ayer are normally
deternmined by analysis of long period (24 hours or nore) aquifer tests,

i nvol ving time-drawdown data from one or nore observation wells. Such was
the case with the Upper Bedrock Aquigroup. Wthin the Basal and M dwest
Bedr ock Aqui groups, however, |eakage due to punpage froma single well is too
small to be observed in a typical well test, and a regional analysis nmust be
made using flow net and mass bal ance anal yses.

Basal Bedrock Aquigroup Confining Unit. Schicht, Adams, and Stall
(1976) used flownet analysis of earlier work by Walton (1960) to estimate
the average coefficient of vertical hydraulic conductivity for the confining
unit of the Basal Bedrock Aquigroup as 3.0 x 1072 gpd/ ft2. The | eakage
coefficient for this confining unit can be estimated, therefore, by dividing

the vertical hydraulic conductivity at a given location by the thickness of
the confining unit. Figure 9 shows that the thickness of the confining unit
in the study area varies fromO0O to 600 feet but is generally from 200 to 400
feet thick. The |eakage coefficient, therefore, is estinated to be between
7.5 x 1008 and 1.5 x 10'7gpd/ft3 t hroughout much of the study area.

M dwest Bedrock Aquigroup Confining Unit. The Maquoketa Shale G oup
forms the confining unit of the Mdwest Aquigroup in large parts of north-

eastern Illinois and also in portions of northwestern Illinois. As shown in
figure 19, the Magquoketa Shal e Group has a maxi mnumt hi ckness of about 200
feet in the Chicago area and thins to the north and west. The changes in
artesian pressure produced by punping in the M dwest Aquigroup have been
pronounced and wi despread and have caused large differentials in head above
and bel ow the Maquoketa. As a result, appreciable quantities of water have
moved downward through the Maguoketa as | eakage, as will be discussed in the
section, "Recharge and Mvenent of Goundwater."

Wal ton (1960) made a regional flow net analysis of the Chicago area and
deternmined a |eakage coefficient for the confining unit of 2.5 x 10- 7
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gpd/ft 3, which is conparable to that of the Basal Bedrock Aquigroup confining
unit.

Piezonmetric Surface of M dwest Bedrock Aquigroup

The piezonetric surface of an aquifer is an imaginary surface which
marks the height to which water will rise in artesian wells penetrating the
aquifer. If the water level elevations in such wells are plotted on a nap
and contoured, it is called a piezonetric surface map. The piezonetric
surface map is actually a map of the hydraulic head in the aquifer. The
water table is a particular piezonetric surface for unconfined aquifers.
Under isotropic conditions (aquifer hydraulic properties independent of
direction) groundwater travels downgradient at right angles to the water
| evel contours (isopiestic lines), and, therefore, a piezonetric surface map
is useful in indicating directions of groundwater flow The literature also
often refers to these maps as potentionetric surface maps whose contours are
called isopotential lines. Under anisotropic conditions (aquifer Properties
dependent upon direction) orthogonality is not maintained, and other proce-
dures are required to draw flow nets (Freeze and Cherry, 1979).

It is to be understood that water levels in wells penetrating individual
units of the Mdwest Bedrock Aquigroup represent the piezometric levels for
those units, whereas water levels in multi-unit wells represent conposite
levels for the aquigroup as a collective unit. In constructing the piezo-
metric maps shown in figures 26-29, these linmtations were recogni zed and
taken into consideration. In northeastern Illinois, for exanple, the piezo-
metric surface map is a conposite, whereas in western Illinois the predom -
nance of data was from wells tapping the Calena-Platteville Unit and Ancel
aqui fer only. Elsewhere in the study area, the data were from both single-
and nulti-unit wells.

The exact configuration of the piezonetric surface of the M dwest
Bedrock Aquigroup at the time of initial devel opment is not known. Suter
et al. (1959) interpreted water |evel data presented by Anderson (1919) and
W edman and Schultz (1915) in northeastern Illinois (see fig. 26). According
to Suter et al., a groundwater ridge existed in parts of MHenry, Kane, and
DeKal b Counties, and groundwater noved southeastward toward Chicago. West-
ward flow fromthe ridge noved toward the Rock River. Water |evel contours
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al so indicate that groundwater noved toward discharge along the Illinois
River in Gundy and LaSalle Counties

Water level nmeasurenents on file at the State Water Survey for the
nort hwestern, western, and southwestern portions of the study area in
[1linois (taken prior to any significant effects of deep groundwater devel op-
ment) were used, along with geologic information, to construct water |eve
contours in those areas and, in effect, extend Suter’'s piezonetric surface
map (with minor nodification) over the entire study area (fig. 26). The
contours indicate a groundwater ridge in portions of Jo Daviess, Stephenson
Carroll, and Ogle Counties in northwestern Illinois, an area which topo-
graphically is the highest in the state. Stream incisenment, which is pro-
nounced in the area, has exposed the M dwest Bedrock Aquigroup. G oundwater
movenent toward the M ssissippi and Pecatonica Rivers can be inferred from
the contours. Flow toward the other incised streams, such as the Galena and
Appl e Rivers, cannot be inferred fromthe historical data. It is evident in
the 1980 data, however, and it is assumed to have occurred prior to signifi-
cant punpage.

Water level data fromwestern Illinois and eastern Iowa (Norton, 1897)
indicate that water flowed southeastward from lowa under the M ssissippi and
Illinois Rivers toward the Illinois Basin. There is some evidence of a |ow,
di sconti nuous groundwater ridge between the Mssissippi and Illinois Rivers;
hydrol ogi ¢ and stratigraphic information suggest that no discharge to these
rivers occurs in western Illinois, except in the extreme southern portion of
the Illinois River in Calhoun and Jersey Counties. Here, erosion has brought
the aquifer close to the surface, and discharge takes place.

Suter et al. (1959) reported that hundreds of deep wells were drilled in
Chicago and Joliet after 1864, and, as a result of heavy punpage, consider-
abl e changes in the piezonetric surface were noted as early as 1895. The
700-foot isopiestic line had migrated in a northwesterly direction about 22
mles since 1864, while the 550-foot contour had nmoved northwestward from

northern Indiana and south of Kankakee, Illinois, to a position west of the
Chi cago centers of punpage. No such early data are avail able el sewhere, but
it is reported that the first high-capacity deep well in northwestern
[1linois was drilled in 1875 (Sasman and Baker, 1966). The rate of growth in
punpage was not as rapid in northwestern Illinois, however, as in north-
eastern Illinois.
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Al though several piezometric surface maps were prepared for northeastern
[1linois (Suter et al., 1959; Sasman et al., 1961, 1962, and 1967), it was
not until 1971 that a conprehensive study was nade of water levels in deep
aqui fers across northern Illinois. Sasman et al. (1973) sunmarized deep
punpage and prepared a 1971 piezonetric surface map for a 20-county area
(fig. 27). The general pattern of groundwater flow in 1971 was toward the
deep cones of depression, primarily centered at Des Plaines, Elnhurst,
Bel | wood, and Joliet. O her large punping centers west of the Chicago
region, at Belvidere, Rockford, Rochelle, and DeKalb, were also diverting
flow. In the Chicago region the average water |evel decline since 1864 was
about 800 feet.

In the fall of 1980 water levels were neasured in approxi mately 800
wel | s tapping the M dwest Bedrock Aquigroup. The area covered was northern
[1linois and western Illinois south to Cal houn County. This is the |argest
area ever covered by a set of water level neasurenents in Illinois. Sasman
et al. (1982) prepared a piezonetric surface map fromthe data points
(figs. 28 and 29). In the northeastern portion of the study area the cones
of depression had deepened and grown considerably since 1971, as can be
observed from a conparison of figures 27 and 29. Major growth of punping
centers can be observed in eastern DuPage County, west-central and northern
Cook County, the Joliet area of WII County, and the Fox River valley centers
in eastern Kane County. Declines of water |evels since 1971 were as nuch as
183 feet in the Joliet area, 220 feet in the upper Cook County suburbs, 200
feet in eastern DuPage County, and 190 feet in the Fox Valley. As a result
of the rapid growmh and deepening of the major punping cones, |arge areas of
dewat eri ng have occurred in the upper perneable units of the M dwest Bedrock
Aqui group. The 1980 map was conpared with the elevation of the tops of the
Galena-Platteville Unit and the Ancell aquifer (from Suter et al., 1959) at
several selected punping centers to determ ne the amount of dewatering. The
results are shown in table 3. For the nost part, the groundwater divide for
northeastern Illinois remained nuch the same as in 1971, noving slightly
westward in Boone county and nearly out of Gundy County into LaSalle
County.
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Table 3. Units of M dwest Bedrock Aquigroup
Dewat ered in Major Punping Centers, Fall 1980

Pumpi ng  Center Units Dewatered

Aur or a More than 2/3 of the Galena-Platteville

El gin More than 2/3 of the Galena-Platteville

E. DuPage-W Cook Co. Al of Galena-Platteville and less thah 1/4
of Ancell

Jol i et All of Galena-Platteville and nearly 1/4
of Ancell

N. Cook Co. All of Galena-Platteville and nore than 1/3
of Ancel |

Recharge and Movenent of G oundwat er

The predonmi nant feature of the 1980 piezonetric surface map of the
M dwest Bedrock Aquigroup is the major punping cones in the Chicago area. A
second area of interest, however, is the recharge area of north-central and
northwestern Illinois. Sasman et al. (1982) superposed on the 1980 piezo-
netric surface map the mpjor streans as well as the outline of the Maquoketa
and Pennsyl vani an shal es which rimthe recharge area and act as confining
beds to the Mdwest and M ssissippi Valley Aquigroups. In the west, the
M ssi ssippi Valley Aquigroup overlies the Mdwest Bedrock Aquigroup. A
groundwater ridge along the mgjor flow divide in north-central Illinois
roughly marks the center of the recharge area of the M dwest Bedrock Aqui -
group, with flow moving fromthe ridge principally to the east and south and,
to a lesser extent to the west, toward the Rock River.

Flow froma smaller groundwater high in Stephenson and Jo Daviess
Counties divides into a southwesterly direction toward the M ssissippi River
and an east-southeasterly direction toward the Rock River. Water |evel
contours also indicate flow toward the Fox, Apple, Galena, and Pecatonica
Rivers. In areas where these najor streanms are underlain by drift and shal e,
the streams are not incised into the productive units of the M dwest Bedrock
Aqui group. Where the shales are mssing, however, streams have cut into the
upper perneable units (Galena-Platteville Unit or Ancell aquifer), and in
these reaches of the streanms groundwater discharge takes place.

In the southwestern part of the study area, the M dwest Bedrock Aqui -
group is buried beneath the Mssissippi Valley Aquigroup. Because it is not
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exposed at the surface, except in the extreme southern portion of the
[llinois River Valley, no discharge to streans can be inferred from the nmap
contours. Hydraulic gradients are quite low, and flow is sluggish. Slight
rermants of a low groundwater ridge apparently are still present between the
Illinois and Mssissippi Rivers. In this area, the regional flow is gener-
ally southeastward toward the Illinois Basin.

Using flownet analysis of the piezometric surface map for 1864, Walton
(1960) determined that the recharge rate through the Muquoketa Confining Unit
to the aquifers of the Mdwest Bedrock Aquigroup in northeastern Illinois was
about 1330 gpd/sg mi. He also calculated that by 1958 this recharge rate had
increased to about 2100 gpd/sq m under the influence of large head differ-
entials created by punpage. In a 1964 report, Walton estimated that the
mexi mum anmount of | eakage that coul d take place through the Maguoketa woul d
be about 12 ngd. Based on the area through which such |eakage could occur
(4000 sgq nmi), the maximum rate of |eakage through the Maquoketa is about 3000
gpd/sq m. There is also evidence that head differentials across the Basal
Bedrock Aquitard have been produced by punmping in the Mdwest Bedrock Aqui-
group and that upward |eakage of water from below the aquitard has resulted.
Wl ton estimated that the maxi mum amount of upward | eakage to the M dwest
Aqui group from the Basal Bedrock Aquigroup would be about 3 ngd.

Wal ton (1962) computed a recharge rate of 21,000 gpd/sg m to the
M dwest Bedrock Aquigroup in 1958 in an area west of the border of the
Maquoketa Confining Unit. Hoover and Schicht (1967) calcul ated an average
recharge rate in LaSalle County of 10,800 gpd/sq mi. As part of this study a
flow net analysis was made in the area west of the Maquoketa Confining Unit
in north-central Illinois. Using the 1971 piezonetric surface map (fig. 30),
five flow channel s were investigated. These flow channels were sel ected
because they were not believed to be significantly influenced by groundwater
punpage. Recharge rates for each flow channel were determ ned by sol ving
Darcy’s Law for the flow through each channel cross section and dividing this
anount by the area within the flow channel. An average transmissivity of
20,000 gpd/ft was assumed in calculating flow through sections 1, 2, 3,
and 5. Based on local data, a value of 17,000 gpd/ft was assuned for
section 4. The results are summarized in table 4. An average recharge rate

in 1971 for the area west of the Miquoketa boundary was 20,400 gpd/sq m,
close to the value Walton had determined earlier. In 1964 Wal ton esti mated
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that the maxinum rate of recharge in the area west of the Maquoketa would be
about 42,000 gpd/sq m.

Table 4. Recharge Rates in North-Central Illinois in 1971

Fl ow Channel Recharge Rate (gpd/sqg m)

22,000
22,400
19, 000
11, 300
27,400
Aver age 20, 400

o A W N PP

Attenpts at conputing recharge rates in northwestern Illinois using the
1971 piezonetric surface maps have been unsuccessful. Water |evel declines
there have resulted in storage changes which are difficult to account for in
a flow channel analysis due to the uncertainty in estimating a regiona
storage coefficient. Flow analysis on the piezonetric map for the time of
initial developnent (fig. 31) was reasonably successful, however. Three flow
channels in portions of Stevenson, Carroll, Ogle, and Witeside Counties were
anal yzed. Transmissivity values of 12,000, 10,000, and 12,000 gpd/ft were
assuned for channels A B, and C, respectively. Recharge rates for channels
A B, and Cin figure 31 were calculated to be 16,900, 16,500, and 18, 200
gpd/sq m, respectively. The average rate was 17,200 gpd/sq m, about 16%

| ower than the 1971 rate for north-central Illinois but nearly 13 times as
large as the pre-devel opnment rate for northeastern Illinois.
Hydraulic gradients in western Illinois are very small and result in

uncertainties in flownet analysis. Recharge rates are probably extrenely

| ow, however, because of the thick sequence of strata overlying the M dwest
Bedrock Aquigroup (the Maquoketa Confining Unit as well as the M ssissipp
Val l ey Aquigroup). On the basis of pre-devel opnent water |evel and transm s-
sivity maps presented by Horick and Steinhilber (1978), recharge rates to the
Jordan Aquifer in eastern lowa were estimated. The results indicate that
recharge to the Jordan is of the same order of magnitude as determ ned by
Walton (1960) for the Chicago area (1330 gpd/sq m)

77



@ JO DAVIESS
)00 0

<9
\ "\o

STEPHENSON

8007

)

WINNEBAGO

BOONE

D
P/
CARROLL
SCALE OF MILES
WHITESIDE
LA SALLE
/HENRY \ lBUREAu \
ROCK ISLAND ? 1\ L

——— 700 Elevation of piezometric surface (MSL)

ﬂmﬂ Flow hannl
g

Figure 31. Flow net analysis using piezonetric surface map
for the tine of initial devel opnent

78



Hi storical Punpage

Table 5 shows average groundwater punpage from the M dwest Bedrock
Aqui group by county for 10-year periods beginning in 1861 and ending with
1980. Figure 32 shows the average punpage for the entire area for the sane
10-year periods. It also presents three regional punpage-tine distributions,
aggregated fromthe data in table 5. Al of the recorded punpage from 1861
through 1880 was in Cook County. From 1881 through 1940 the 10-year average
punpage increased 1.57 mllion gallons per day (mgd) per year. Average
punpage continued to increase, at a rate of 2.90 ngd per year, from 1941
through 1960. The largest increase in punpage was during 1961 through 1980
when average punpage increased 6.15 ngd/yr. Total withdrawals from Canbrian
and Ordovician aquifers averaged 278.6 ngd between 1971 and 1980. By 1980,
however, the total had declined to 258.4 ngd, of which the |argest
wi t hdrawal s--67.2 nmgd, 28.4 mgd, 27.7 ngd, and 23.7 ngd--occurred in Cook,
DuPage, Kane, and WII Counties, respectively.

It should be noted that in the past, and to a |esser extent at present,
punpage fromdeep wells in northern (especially northeastern) Illinois has
i ncl uded punpage fromwells known to be open to both the M dwest Bedrock
Aqui group and the Basal Bedrock Aquigroup (Schicht et al., 1976). Some wells
were al so known to be open to both the Upper Bedrock Aquigroup and the
M dwest Bedrock Aquigroup. In addition, many deep wells were inproperly
cased through the Upper Bedrock Aquigroup, and | eakage down the well bore nay
have been significant. Suter et al. (1959) estinmated the contributions to
deep punpage fromthese outside sources in northeastern Illinois to be as
nmuch as 43% of the total in 1958. There is evidence to indicate that this
contribution declined to about 14% of the total in northeastern Illinois by
1975 (Visocky, 1982).

Most of the punpage occurs in the northeast region, consisting of Cook
DuPage, G undy, Kane, Kendall, Lake, MHenry, and WII| Counties. Average
punpage has increased from0.381 ngd during 1861 through 1870 to 165 ngyd
during 1971 through 1980. Punpage in the northeast region has averaged 59%
O the total groundwater punped fromthe M dwest Bedrock Aquigroup since
1881.

The data used in table 5 and figure 32 were conpiled from severa
sources. Suter et al. (1959) presented a detailed discussion of the areal
distribution of punpage within the northeast region from 1864 through 1957
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Tabl e 5. Average Punpage formthe Canbrian and Ordovician aquifers from 1861 through 1980 in ngd

Punpi ng i nterval

1861- 1871- 1881- 1891- 1901- 1911- 1921- 1931- 1941- 1951- 1961- 1971-

Regi on County 1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980
Nor t heast Cook . 381 3.301 7.539 15. 40 21.33 28.19 32.20 29. 25 30.70 41.59 51. 13 62. 883
Du Page 0. 000 0. 000 0. 000 . 193 . 218 . 856 1.175 2.679 6. 653 6. 156 12.01 21. 669
Grundy . 000 . 000 . 126 . 259 . 386 . 404 . 481 1.921 2.1583 2.786 3. 450 9. 763
Kane . 000 . 000 . 218 1.958 4.203 7.555 9. 158 12. 45 16. 43 21.12 25.42 28. 851
Kendal | . 000 . 000 .072 .072 . 081 . 081 . 089 . 123 . 319 . 764 1. 493 2.102
Lake . 000 . 000 . 024 . 054 . 106 . 130 . 162 1.186 1.777 1. 945 3.770 8. 483
McHenry . 000 . 000 . 018 . 018 . 018 . 018 . 018 . 484 . 543 1. 357 3. 080 3. 845
W . 000 . 000 . 376 1. 040 1.791 4.517 7.544 7.170 9.172 14.90 25. 38 27.430
Subt ot al . 381 3.301 8. 373 18. 994 28. 133 41.751 50. 827 55. 263 67.747 90.618 125.733 165.026
Nor t hwest Boone 0. 000 0. 000 0. 030 0. 259 0.577 0.792 0.916 1.163 2.061 1.918 4.193 5. 004
Carrol | . 000 . 000 . 253 . 397 . 595 . 686 1. 486 1.978 1.635 1.905 3. 456 3. 396
De Kalb . 000 . 000 . 349 . 449 . 889 1. 605 2.478 3. 058 3. 557 4.448 7.078 9. 180
Jo Davi ess . 000 . 000 4.282 3.716 3.677 3. 630 3. 558 3. 498 3. 456 3. 458 4.936 6.878
La Salle . 000 . 000 . 000 . 000 1.034 1. 336 2.446 3.704 5. 840 8. 147 9. 560 12. 902
Lee . 000 . 000 . 468 . 798 . 935 1.398 1.702 2.026 3.334 3.626 4.142 5.419
gl e . 000 . 000 . 465 .672 1. 160 1.748 2.330 2.794 3.944 4.361 8. 205 9. 478
Rock 1sl and . 000 . 000 . 000 . 004 . 014 . 061 . 112 . 179 . 250 . 410 4.588 5. 545
St ephenson . 000 . 000 . 465 . 608 . 724 . 815 2. 466 3.581 4.630 3. 424 10. 11 10. 612
Whi t esi de . 000 . 000 . 800 . 804 1.804 2. 356 2.320 2.048 2.602 3. 106 5.185 5.264
W nnebago . 000 . 000 . 986 2.766 5. 402 8.101 12.18 13.72 22.10 20. 99 26. 06 29. 564
Subt ot al . 000 . 000 8. 098 10. 509 16. 847 22.523 31. 994 37.749 53.409 55.793 87.513 103. 242
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Tabl e 5. Concl uded

Punpi ng interva

1861-  1871- 1881- 1891- 1901- 1911- 1921- 1931- 1941- 1951- 1961- 1971-

Regi on County 1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980
Central Bur eau 0.000 0.000 0. 000 0. 000 0. 000 0. 000 0.028 0.108 . 235 . 359 417 0.624
Ful ton . 000 . 000 . 000 . 000 . 000 . 008 . 112 . 267 .412 . 551 . 656 0.712

Hender son . 000 . 000 . 000 . 000 . 000 . 000 . 000 . 000 . 000 . 000 . 001 0. 010

Henry . 000 . 000 . 000 . 000 . 000 . 007 . 032 . 090 . 649 1. 287 1.693 3.011

Kankakee . 000 . 000 . 000 . 000 . 000 . 000 . 000 . 000 . 000 . 002 . 002 0. 004

Knox . 000 . 000 . 000 . 047 . 553 1. 200 1.851 2.502 3. 167 3.790 . 699 0. 840

Li vi ngst on . 000 . 000 . 000 . 000 . 012 . 018 . 030 . 043 . 055 . 067 . 079 0. 097

Mar shal | . 000 . 000 . 000 . 000 . 000 . 000 . 000 . 000 . 054 . 203 . 251 0.304

McDonough . 000 . 000 . 000 . 000 . 000 . 000 . 092 . 153 . 214 . 292 . 385 0. 402

McLean . 000 . 000 . 000 . 000 . 000 . 002 . 007 . 012 . 022 . 044 . 075 0.113

Mer cer . 000 . 000 . 000 . 000 . 000 . 002 . 033 . 116 .211 . 273 . 314 0. 358

Peori a . 000 . 000 . 000 . 014 . 032 . 059 . 091 . 162 . 296 . 488 . 683 0.882

Put nam . 000 . 000 . 000 . 000 . 000 . 016 . 052 . 066 . 107 117 . 127 0. 144

St ar k . 000 . 000 . 000 . 003 . 015 . 025 . 040 . 053 . 122 .191 . 205 0. 287

Warren . 000 . 000 .014 . 156 . 334 . 464 . 532 . 590 . 672 1.053 1.696 2.353

Woodf or d . 000 . 000 . 000 . 006 . 027 . 049 . 071 . 093 . 114 . 128 . 138 0.164

Subt ot al . 000 . 000 . 014 . 226 . 973 1.850 2.971 4. 255 6. 330 8. 845 7.421 10. 305
Total 0.381 3.301 16.485 29.729 45.953 66.124 85.792 97.267 127.486 155.256 220.667 278.573
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Figure 32. Punpage growth in the M dwest Bedrock Aquigroup
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They also classified pumpage in 1957 according to usage categories (public,
industrial, rural, and irrigation). Sasman (1965) also summarized historica
punpages through 1962 for public, industrial, and domestic water supplies.
Annual punpage data for 1960 through 1975 were summarized by Sasman et al
(1967, 1973, 1974, 1977) and Schicht et al. (1976). The data are presented
on an areal basis and by water use. Punpage data for 1978 and 1980 were

estimated fromresults of the Illinois Water Use Inventory presented by Kirk
et al. (1979 and 1982).
The first deep well in northern Illinois was drilled in Chicago in 1864

The wel | was probably finished in the Galena and Platteville G oups (Suter
et al., 1959) and had an artesian flow estimated at 0.2 ngd. Cook County
punpage was nore than 60% of the total punpage in the northeast region for
the period 1861 through 1930. Since 1930, the Cook County portion has
declined to 38% or 62.88 ngd during 1971 through 1980

Punpage in DuPage, Kane and WII Counties has increased at a consider-
able rate since 1891. The conbi ned three-county punpage averaged 3.19 ngd or
17% of the regional total from 1891 through 1900. During 1971 through 1980
the punpage in this same area totaled 77.95 ngd or 47% of the northeast
region's total

Boone, Carroll, DeKalb, Jo Daviess, La Salle, Lee, Qgle, Rock Island,

St ephenson, Witeside, and Wnnebago Counties conpose the northwest region.
As shown in table 5, average punpage has increased from 8.10 ngd during 1881
through 1890 to 103 ngd during 1971 through 1980. Punpage in the northwest
regi on has averaged 37% of the total punpage fromthe M dwest Bedrock

Aqui group since 1881. Historic punpage from 1881 through 1971 has been
categorized on a county basis by water use in publications by Sasman and
Baker (1966) and Sasman et al. (1973 and 1974). Mre detailed historical
punpage data for Wnnebago and La Sall e Counties have been published by Smth
and Larson (1948) and Hoover and Schicht (1967), respectively.

Pummpage in Wnnebago County is concentrated in the Rockford area and has
been greater than twice the punpage for any other county in the region except
Jo Daviess County since 1891. During 1931 through 1950, W nnebago County
accounted for nmore than 40% of the total regional punpage. During the period
1971 through 1980, however, this anount decreased to 29% of the total

Hi storically, punpage has been distributed uniformy anmong the other
counties except Wnnebago and Jo Daviess Counties. In Jo Daviess County,
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nore than 50% of the pre-1960 punpage was for dewatering |ead and zinc
mnes in the Galena and Platteville G oups

The total punpage in the 16 counties that conprise the central region
(table 5) has averaged 3% of the total punpage fromthe Canbrian and
Ordovician aquifers since 1881. Total punpage in the central region has
increased uniformy from0.014 ngd during 1881 through 1890 to 10.3 ngd
during 1971 through 1980. Historical punpages were estinated from data
presented by Hanson (1950, 1958, and 1961) and Visocky et al. (1978). Addi -
tional information was obtained from publications by Willer et al. (1973 to
date).

Prior to 1961, nore than 68% of the central region punpage was concen-
trated in Henry, Knox, and Warren Counties. Al counties except Knox County
have increased punpages from the aquifers. Since 1961, Knox County has
i ncreased punpage from sand and gravel sources (the Prairie Aquigroup) and
decreased punpage from the bedrock aquifers

Potential Devel opment of M dwest Bedrock Aqui group

Practical Sustained Yield

Recharge to the M dwest Bedrock Aquigroup in northeastern I|llinois,
while due in part to downward | eakage through the Maguoketa Confining Unit
and upward | eakage fromthe Basal Bedrock Aquigroup, cones prinarily from
lateral flow eastward fromthe major recharge area toward |arge punping
centers in Cook, DuPage, and WII| Counties. Walton (1964) estimated that the
maxi mum amount of water which could be safely punped fromthe aquifers in
northeastern Illinois (the practical sustained yield) consisted of three
elements: 1) the rate at which groundwater could be induced to nove |ater-
al Iy under nmaxi num head gradients (estimated to be 50 ngd); 2) downward
| eakage from the Upper Bedrock Aquigroup (12 ngd); and 3) upward | eakage
fromthe Basal Bedrock Aquigroup (3 ngd). Maxinum hydraulic gradients would
occur when punping |evels reached the top of the Ironton-Galesville aquifer
The practical sustained yield could reach a maxi numof 65 ngd if the nunber
of pumping centers were increased, punping centers were shifted westward, and
wel s were spaced at greater distances to mninize interference.

The practical sustained yield in north-central and northwestern Illinois
is not as dependent on the establishnment of large hydraulic gradients as is
the case in the Chicago area where vertical recharge is limted. Thus, even
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if existing or new punping centers in these areas were unable to devel op
hydraulic gradients as large as those suggested by Walton (1964) for the

Chi cago area, the substantially higher recharge rates west of the Maguoketa
Confining Unit border should allow punpage of conparably large quantities of
water from the aquifers.

The practical sustained yield in western Illinois is linted by the sane
constraints as in the Chicago area, i.e., by the anpunt of lateral ground-
water flow that can be induced toward punping centers. Also, the Ironton-
Galesville is thinner or absent in western Illinois. Currently there are no
mej or punping centers. In order to nmaximze the sustained yield in this
area, controlled devel opment will be necessary, including judicious placenent
of punping centers in proxinmty to the recharge areas to the north and

spacing of wells to mnimze interference

Well Yields

Yields of wells developed in the Mdwest Bedrock Aquigroup vary consid-
erably throughout the study area and depend upon the units penetrated as wel |
as the geographic location. Several hundred deep wells in northern Illinois
tap several units within the aquigroup. Walton (1962) concluded that the
yields of the Ancell aquifer; the Prairie du Chien, Em nence-Potosi, and
Franconia Formations; and the lronton-Galesville aquifer constitute about 15,
35, and 50% respectively, of the total yield of the Mdwest Bedrock
Aqui group. The Ironton-Galesville aquifer is the principal source of ground-
wat er for many nunicipal and industrial supplies because of its consistently
high yield. Figure 33 shows observed well yields for the M dwest Bedrock
Aquigroup in northern and western Illinois. Yields in northern Illinois
usual Iy exceed 500 gpm and, depending on the depth of penetration, may exceed
1000 gpm In western Illinois, typical well yields are snaller, because
wells in that area generally avoid the nore mineralized units of the aqui-
group and produce mainly from the Ancell aquifer.
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CROUNDWATER QUALI TY

I ntroduction

The water quality of the Canbrian and Ordovician aquifers was eval uated
relative to the groundwater flow and geologic units. Geologic and well
construction information for about 400 wells was obtained from I SGS and USGS
files. Water quality analyses for about 300 wells were obtained from
[1l1inois Environmental Protection Agency (IEPA) and I SW5 files and from
publ i shed reports. USGS additionally collected about 25 single-aquifer-unit
wat er sanples from individual wells or packer tests during the study. Four
geol ogi cal cross sections were constructed and water quality data were over-
laid. (Cross sections are not necessarily oriented along present or past
flow paths.) Concentrations of chenical constituents in water fromwells on
the cross sections were converted frommnilligrams per liter (ng/L) to percent
mlliequivalents per liter (% neq/L) and then plotted on trilinear diagrans
(Hem 1970) to show water types and changes (fig. 34).

It had becone apparent during the study that groundwater quality within
the aquifers of the Canbrian and Ordovician Systems had both sinilarities and
differences that were related to regional flow systems. Therefore, the
intent of this portion of the study was to characterize the water quality of
i ndividual aquifers (rather than of aquigroups) where possible. This
approach would al so provide data that is essential to the regional nodeling
of the Northern M dwest RASA, which is being carried out by the US
CGeol ogi cal Survey as part of its overall RASA report. As a result, it was
deci ded that the nost efficaceous manner of summarizing groundwater quality
was to divide the study area into two general subareas: 1) the portion of
north-central and northwestern Illinois in which the upper bedrock aquifers
(within the Canbrian and Ordovician Systens) are not confined by shales and
in which they becone part of the Upper Bedrock Aquigroup (the stippled area
of figure 28), which will be designated the "unconfined" area; and 2) the
portions of northern and western Illinois that are confined by rocks of the
Maguoketa Shal e G oup and/or rocks of Pennsylvanian or Devonian age. In
these areas the upper aquifers of the Ordovician Systemare part of the
M dwest Bedrock Aquigroup. These areas will collectively be called the
confined area for purposes of this discussion.

87



EXPLANATION

D Recharge Area

Unconfined/Confined Margin

~ % \ / \ FS) -
2 caLcium’ Q Confined Area
o% SULFATE %2
@ XAND © £33 Confined Area-Basin
% SODIUM ®
SULFATE

J. R. Nichdlas
USGS, 1982

AN
AVAVA 7). Y \VAVAN

l NN
x , (X NN\
NN/ NI e XINONONN\/
VNNV NN NN

TAVIAWIZAY / """"
BICARBONATE_

- 20 a0 > 6o 80
80 6o = 40 20 _ ol »
CATIONS PERCENTAGE REACTING VALUES ANIONS

Figure 34. General changes in water type
with increasing length of groundwater flow path

88



Water Quality of the "Unconfined" Area
The "unconfined" area of the Canbrian and Ordovician aquifers includes a

large area of northern Illinois and represents a part of the recharge area of
both shallow and deep flow systens (fig. 34). Local confining conditions,
caused by fine-grained glacial deposits or dense strata of the @l ena-
Platteville Unit, are present in the regional "unconfined" area. Principal
upper bedrock units are the Galena-Platteville Unit and the Ancell aquifer,
with sone ol der Canbrian rocks occurring locally in uplifted areas such as
the Sandw ch Fault Zone. The quality of groundwater in the "unconfined" area
is influenced by local, internmediate, and regional flow systens; strong
vertical gradients; and relatively rapid novement of groundwater. Faster
moverment of groundwater reduces the contact time between rocks and water and
results in water with generally low concentrations of dissolved solids
i ndicating that only noderate changes in water quality occur from points of
recharge. Flow systenms contain water which is well-mxed vertically because
of the strong vertical conponents of flow. G oundwater from individual rock
Units in nost of the "unconfined" area cannot be differentiated on the basis
of major ion chemstry. A relatively hombgeneous chemical system domi nated
by calcium nmagnesium and bicarbonate ions, is present from the Basa
Bedrock Aquigroup up through the Galena-Platteville Unit. An exanple of this
vertical honogeneity in major ion chemstry is provided by a suite of
anal yses from packer tests in a deep well in Glena, Illinois (table 6)
This well is a flowing well, situated in or near a discharge zone for a deep,
intermediate, or regional flow system

In the "unconfined" area, concentrations of dissolved solids usually
range from 250 to 400 ng/L. The water is a cal ciunf magnesi um bi carbonate
type (fig. 34 and Creston sanple, appendix C). Calciumis the dom nant
cation, representing greater than 50% meqg/L (mlliequivalents per liter)
Magnesi um represents 30-50% nmeq/L and sodium represents less than 5% neqg/L.
Bi carbonate is the dom nant anion, representing 90% neq/L. Sulfate is gener-
ally less than 10% meq/L, and chloride represents |ess than 2% neq/L. The
hori zontal and vertical variations in water types are depicted on four cross
sections (figs. 35 to 38).
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Table 6. Water-Quality Data from the Packer Tests in
Li mback Well in Galena, Illinois

JDV 28N1W 24. 2b
El ev. 600" above nsl
Total depth 1489 feet

Fl owi ng wel |
Sanpled unit*
Concentrations GPAN PEPF EMS
(mg/ L) 81- 346" 412-587' 691- 882" 981- 1489’
Cal ci um 59 55 49 50
Magnesi um 30 29 27 26
Sodi um 1.8 1.7 1.3 1.3
Pot assi um 2.3 2.7 2.5 2.8
Chl ori de 1.8 1.3 3.2 1.3
Sul fate 21 8.4 8.7 5.9
Al kalinity 280 270 240 230
(as CaC3B)
TDS 294 269 245 235

*GPAN - Gal ena-Platteville/Ancel |
PEPF - Prairie du Chien/ Em nence-Potosi/Franconi a
IG- lronton-Galesville
EMS - E nhurst/M. Sinon

Al though there is little vertical or areal variation in the water
qual ity of the "unconfined" area, there are two exceptions. The first occurs
along the eastern and southern edges of the "unconfined" area on sections
B-B and CGC (figs. 36 and 37). This area contains water with | ow concen-
trations of dissolved solids, usually Iess than 300 ng/L (appendix C).
Cal ciumis the dominant cation, ranging between 33 and 49% meqg/L, but sodium
increases to about 33% neg/L as shown in figure 34. Bicarbonate is the
domi nant ani on and represents greater than 90% meg/L. Mst significant is a
reduction in the concentration of sulfate. This anion does not exceed 2%
meg/L, with frequent zero values reported. On section B-B' (fig. 36) this
area in Ogle and DeKalb Counties corresponds to a |local reducing zone. The
second exception to the general vertical and areal honogeneity of the "uncon-
fined" area is found along the southern edge of the "unconfined" area as
shown on section CC (fig. 37). Here, concentrations of dissolved solids
increase from younger to older units. The Ironton-Galesville and El mhurst-
M. Simon aquifers contain water of higher dissolved solids concentrations
than do the waters of the younger aquifers. Faults which appear on cross
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sections B-B, CGC, and DD (Pigs. 36-38, respectively) are not of major
extent but are included for accuracy and conpl eteness.

Water Quality of the Confined Area
In contrast to the "unconfined" area, significant vertical and areal

changes in the chenical character of groundwater occur wthin the confined
area of the Canmbrian and Ordovician aquifers. Prior to heavy punmpage in
northeastern Illinois, groundwater in the confined area traveled relatively
| onger flow paths at slower travel rates. The resultant |onger time of
contact between groundwater and rock units increased the dissolved solids
concentration and nore directly affected water types.

There are several water types between the cal ci um magnesi um bicarbonate
water of the recharge area and the sodium chloride brines of the deep basin
(Pig. 34). The cation evolution is from cal ci um magnesiumto calciumto
sodium with mxed waters occurring between dom nant types. Anion evolution
is from bicarbonate to sulfate to chloride, with mxed waters occurring
bet ween doni nant types.

The pattern of evolution of water type from cal ci um magnesi um bi car bon-
ate to sodiumchloride may be nodified by geologic structures. Changes of
wat er type across relatively short horizontal distances are associated with
the steeply dipping bedrock near La Salle/Peru (fig. 37). Dissolved solids,
sodium and chloride increase significantly; however, there is no sulfate-
dom nant water type.

Wthin certain limtations, the general water quality and hydrol ogy of
the four units within the confined area of the Cambrian and O dovician
aquifers can be differentiated and di scussed separately (fig. 39). The four
units are the 1) Maquoketa Confining Unit (not shown in fig. 39), 2) @Glena-
Platteville and Ancell aquifers, 3) Ironton-Galesville aquifer, and 4) Basal
Bedrock Aquigroup (El mhurst-M. Sinon aquifer). The limtations that affect
area-wi de characterization of units are:

1. Water-type changes occur down-dip within aquifer units.

2. Vertical conponents of flow cause mixing to occur between

aquifer units.
3. Composite wells produce water fromtwo or nmore aquifer units.
Data are non-uniformy distributed areally and vertically.
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Unl ess otherw se noted, the follow ng discussion is based on data fromwells
used in the preparation of cross sections A-A" and B-B (figs. 35 and 36)
where data are npst abundant.

Maquoketa Confining Unit

The Maquoketa Confining Unit is the mgjor confining unit of the M dwest
Bedrock Aquigroup in northern Illinois but nmay yield snall to noderate
supplies of water where the unit is at the bedrock surface (fig. 19). Wter
fromthe few available single unit Maguoketa wells generally contains concen-
trations of dissolved solids of |ess than 500 ng/L. Cal cium and magnesium are
usual ly less than 10% meqg/L, and chloride and sulfate are usually insignifi-
cant (figs. 34 and 35 and appendi x C). Sodi um and bi carbonate are both
usual Iy greater than 90% neq/L. Hi gher chloride and sulfate concentrations
in sone sanples are caused by mixing with groundwater from overlying strata
such as the glacial drift or Silurian dolonite.

Gal ena-Platteville and Ancell Aquifers

In the northeastern part of the confined area, water in the Gal ena-
Platteville and Ancell (GP-AN) aquifers has a relatively | ow concentration of
di ssol ved solids as shown in the Illinois Beach State Park test well
(appendi x C). Southeastward from the "unconfined" area there is a gradua
increase in the concentration of dissolved solids (figs. 40 and 41), which is
acconpani ed by a progression from cal ci um and nagnesi umto sodi um as the
domi nant cation, and a progression froma bicarbonate to sulfate as the
domi nant anion

South of the unconfined area, changes in the water quality occur rapidly
over a short distance as the strata dip steeply toward the Illinois basin
In La Salle County, dissolved solids concentrations increase from500 to 1500
ng/L in fewer than 20 mles (figs. 40 and 41). As shown on cross section
CC (fig. 37) the water type across a similar distance changes froma
cal ci um magnesi um bi carbonate type to a sodiumchloride type with no evidence
of an internediate sulfate type

In western Illinois, no significant changes in water quality occur where
the GP-AN aquifers are confined by only the Maquoketa Confining Unit
However, when the GP-AN aquifers are confined by the Pennsyl vani an-age rocks
as well, the water type changes froma cal ci um nagnesi um bi carbonate to a
sodi um sul fate (cross section DD, fig. 38). Associated with the water-type
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Figure 40. Generalized concentrations of dissolved solids
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Figure 41. Generalized concentrations of dissolved solids
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change is an increase in the dissolved solids concentrations. North of the
Pennsyl vani an outcrop, concentrations are |ess than 400 ng/L; under the
Pennsyl vani an concentrations exceed 1000 ng/L.

Ironton-Galesville Aquifer

In northeastern Illinois, the Ironton-Galesville aquifer is regionally
the nost perneabl e and nost heavily punped aquifer. High transmssivity
reduces the travel time of water in this aquifer relative to travel times in
aqui fers above and below. In general, water in the Ironton-Galesville has
the | owest concentrations of dissolved solids (fig. 42) in the Canbrian and
Ordovician aquifers in northeastern Illinois. This may be seen by conparing
figs. 40 to 43; it is also shown on cross section B-B (fig. 36) and in the
wat er analysis for city well no. 8 in Bloomi ngdale (appendix C). The water
type is cal cium bi carbonate, with cal ci um exceeding 50% neq/L and bi carbonate
exceedi ng 90% neqg/ L. Changes in water quality of the Ironton-Galesville
occur in the easternnost portion of northeastern Illinois, as the bedrock
units dip into the Mchigan Basin (cross section B-B'; fig. 36). As water
noves into the basin fromthe recharge area, the water type changes from
cal ci um bi carbonate to sodium bicarbonate to sodium sulfate.

Very little water quality data is available to describe the Ironton-
Galesville in central and west-central Illinois, although changes in water
quality are probably similar to those in the other aquifers in the M dwest
Bedrock Aquigroup in central Illinois.

Basal Bedrock Aquigroup

The water quality of the Basal Bedrock Aquigroup (El nhurst-M. Sinon
aquifer) is highly variable; all water types present in the Canbrian and
Ordovician aquifers are also present in this single aquifer. Water quality
changes from a cal ci um magnesi um bi carbonate to a sodiumchloride type. The
change in water type is associated with increasing depth of penetration into
the El nmhurst-M. Sinon and with southward and eastward nmoverment fromthe
unconfined area. Sanples of water fromthe USGS test well near Zion, which
penetrates the entire M. Sinmon, show that water quality changes with depth
from sodiumsulfate to sodium chloride type (appendices A B, and C).

H gh concentrations of dissolved solids and sodium chl oride at depth
restrict the use of water from the Basal Bedrock Aquigroup (figs. 43 and 44)
for such uses as public and industrial water supplies. Concentrations of
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Figure 42. Generalized concentrations of dissolved solids
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|

o
\ l *
——‘\6?@
s

N4

T L

EXPLANATION

"@"‘ Dissolved Solids
- - Isocon (mg/L)

. Control Point

M.G. ’S\errill
J.R. Nicholas
USGS, 1982
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chloride bel ow an el evation of approximtely -1600 feet MSL increase at a
rate of about 1000 ng/L per 25 feet of penetration (fig. 44). Dissolved
solids increase about 1400 ng/L per 25 feet of penetration (fig. 44).
Tenperature al so increases with depth. Tenperature |ogs from the Common-
weal th Edison test well in Stephenson County (STE 28N6E-7.4d) and the U. S
CGeol ogi cal Survey test well in Lake County (LKE 46N12E-14.6g) (appendix A),
both of which fully penetrate the El mhurst-M. Sinmon, show an increase from
0.7 to 1.68 degrees Fahrenheit per 100 feet of penetration (fig. 45).

In the upper part of the M. Sinon Sandstone, shale is interbedded wth
sandstone. These shal e beds are inmportant in confining highly nineralized
water to the |ower part of the M. Sinon. At the USGS test well, chloride
concentrations are two orders of magnitude higher beneath the shales than
above them
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SUMMARY AND CONCLUSI ONS

The Cambrian and Ordovician rocks include major aquifers throughout all
of northern Illinois and are also tapped by wells as far south and west as
Ful ton and MDonough Counties. In northern Illinois approximtely 250
muni cipalities as well as 150 industries derive at |least a portion of their
water requirenments from these sources. This report incorporates both previ-
ously collected and reported data as well as data collected during the study.
The updated infornmation was used in the preparation of fifteen maps show ng
the thickness and surface configuration of geologic units. The report
reflects the current state of understanding of the geologic, hydrol ogic, and
water quality character of the aquifers. The scope of this understanding can
be summarized by the followi ng key conclusions:

1. Storage coefficients of the Mdwest Bedrock Aquigroup under artesian
conditions range from 1.6x10"4 to 6.8x10"4 and average 3.9x10-4.

Storage coefficients have not been eval uated where the systemis now

dewat ered by punpage. Storage coefficients in the Basal Bedrock

Aqui group range from 1.3x10-4 to 5.2x10° 4.

2. Transmissivities in the Mdwest Bedrock Aquigroup range from 10,000 to
20,000 gpd/ft in northeastern Illinois and are generally increased by
| ocal or regional thickening of the Ancell and Ironton-Galesville
aquifers. In north-central Illinois, where the Maquoketa Confining Unit
is absent, the Galena-Platteville Unit contributes significantly to the
transm ssivity, and regional values generally exceed 20,000 gpd/ft.
Transmi ssivities in the Basal Bedrock Aquigroup range from 980 to 10, 600
gpd/ft.

3. Total withdrawals fromwells finished in Canbrian and Ordovician rocks
averaged 278.6 ngd between 1971 and 1980 but declined to 258.4 ngd in
1980. The largest withdrawals occur in Cook, DuPage, Kane, and WII
Counties, where 1980 deep punpages averaged 67.2 ngd, 28.4 nyd,

27.7 mgd, and 23.7 ngd, respectively.

4. Water |evel data suggest that, prior to devel opnent of the M dwest Aqui-
group, a groundwater ridge existed in parts of MHenry, Kane, and DeKal b
Counties, and groundwater noved sout heastward toward Chicago and west-
ward toward the Rock River. A second groundwater ridge existed in
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portions of Jo Daviess, Stephenson, Carroll, and Ogle Counties. G ound-
wat er discharge is believed to have occurred along portions of the Rock
River; along the Illinois River in Gundy, LaSalle, Calhoun, and Jersey
Counties; along the Mssissippi River above Clinton, |owa; and al ong the
Pecatoni ca, Galena, -and Apple Rivers.

G oundwat er wi thdrawal s have caused water levels to decline as nuch as
900 feet in parts of Cook, DuPage, and Wl Counties. Dewatering of the
Galena-Platteville Unit is occurring at Aurora and Elgin, while at

punpi ng centers at Joliet and in northern Cook County and eastern
DuPage-western Cook Counties, all of the Galena-Platteville Unit and the
upper part of the Ancell aquifer have been dewatered.

Maxi mum recharge rates, through the Maquoketa Confining Unit in north-
eastern Illinois and outside the area where the Maquoketa is present,
have been estimated to be 3060 gpd/sq m and 42,000 gpd/sq m, respec-
tively. Maxi mumrecharge has probably- been reached in areas of heavy
punpage in the northeast, while in areas to the west of the Maquoketa,
recharge is at about half of the maxi num estimted rate.

The practical sustained yield of the Mdwest Aquigroup, estinated by
Walton (1964) to be 65 ngd for the eight-county northeastern Illinois
areas, has been exceeded every year since about 1958. In north-central
and northwestern Illinois, devel opment has not exceeded the practical
sustained yield, which is probably at |least as great as that for north-
eastern Illinois. The potential for groundwater devel opment in western
[1linois is limted by the amount of lateral inflow which can be induced
and al so by poor water quality.

Vells in northern Illinois usually exceed 500 gpmin yield and may
exceed 1000 gpm In western Illinois, typical well yields are smaller
because wells generally do not penetrate the nore mneralized deeper
units and tap only the Ancell aquifer.

G oundwater in the "unconfined" area of the Canbrian and O dovician
aquifers is chenically honbgeneous and low in total dissolved solids.
Concentrations of dissolved solids are generally between 250 and 400
milligrans per liter (ng/L). Water is a cal ci um nagnesi um bi carbonate
type, with calcium greater than 50% nilliequivalents per liter (neqg/L),
magnesi um between 30 and 50% neq/L, and bicarbonate about 90% neq/L.
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In contrast to the "unconfined" area, significant vertical and area
changes in the chem cal character of groundwater occur in the confined
area of the Canbrian and Ordovician aquifers. These changes are related
to the longer Plow paths and travel times in the confined area. Cation
evolution is Prom cal ci umnmagnesiumto calciumto sodium and anion
evolution is from bicarbonate to sulfate to chloride

Hydraul i ¢ stress inposed by heavy punpage of an aquifer nodifies the
pattern of chem cal change evol ution. For exanple, increased concentra-
tions of sodiumand chloride in the Ironton-Galesville aquifer are due
at least in part to increasing head differences between this aquifer and
the underlying, nore saline, El nhurst-M. Sinmon aquifer.

In northeastern Illinois the Ironton-Gal esville aquifer generally has
the | owest dissolved solids concentrations in the confined part of the
Canbrian and Ordovician aquifers. The better quality of water fromthe
Ironton-CGalesville is probably attributable to its greater perneability
and | arger production, which result in reduced travel time for water
moving from the recharge area

In northeastern Illinois water fromthe upper 300 or 400 feet of the
Basal Bedrock Aquigroup is nornally of sufficient quality to be used for
public or industrial supplies. Below an elevation of about -1600 feet
MSL, concentrations of chlorides increase about 1000 ng/L per 25 feet of
penetration. Concentrations of dissolved solids simlarly increase
about 1400 ng/L per 25 feet of penetration.

Temperature of groundwater also increases with depth in the Basal Aqui-
group. Tenperature logs fromtw wells fully penetrating this aquifer
show i ncreases of 0.7 and 1.68 degrees Fahrenheit per 100 feet of pene-
tration.
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APPENDI X A

DATA FROM KEY WELLS

VWells listed below are key or essential wells used in preparing various
parts of the text and/or illustrations or wells which are representative of
the counties in which they are located. The well listing is by no neans
conprehensive and represents only a snall portion of the Canbrian and
Ordovician wells in the study area.

The wel | -numbering system used in the appendix is based on the |ocation
of the well, and uses the county, township, range, and section for identifi-
cation. The well nunber consists of five parts: a three-letter county
abbreviation, township, range, section, and coordinates within the section
Sections are divided into rows of one-eighth nmile squares. Each one-eighth
mle square contains 10 acres and corresponds to a quarter of a quarter of a
quarter section. A nornal section of one square mile contains eight rows of
one-eighth-mle squares; an odd-size section contains nmore or fewer rows.
Rows are nunbered from east to west and lettered from south to north as shown
bel ow. Where there is nore than one well in a 10-acre square, they are
identified by arabic nunbers after the |ower case letter in the well nunber.

T T

T
h

MSARARaL |
r+r+r+1+1, Will County

T T T T
.+_.+._.+__+_g TSSN, R10E

1T+, Section 5
b4 4+

1 { i 1L JQ

87654321

The number of the well shown is WIL 35N10E-5.4c
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County abbreviations used are:

ADM
BNE
BRN
BUR
CAL
CAR
X
DEK
DuUP
FRD
FUL
GRY
HAN
HND
HRY

O her

Adans RO = Iroquois och
Boone JDV = Jo Daviess PEO
Br own KNE = Kane PKE
Bur eau KNK = Kankakee PUT
Cal houn KEN = Kendal | RIS
Carroll KNX = Knox SCH
Cook LKE = Lake STK
DeKal b LAS = LaSalle STE
DuPage LEE = Lee TAZ
Ford LIV = Livingston VER
Ful ton MCD = McDonough WAR
G undy MCH = MHenry WS
Hancock MCL = McLean WL
Hender son MRS = Marshal | W N
Henry MER = Mercer \DF
WI'S

abbreviations used in the report are
Public Supply PEPF =

I ndustrial Supply

Rural (non-irrigation)

Suppl G =
Abaﬁgo)rlled EC =
Test Wl | M5 =
Pl ei stocene (Quaternary) PC =
Pennsl vani an DL =
M ssi ssi ppi an SS =
Devoni an
Silurian GPD FT =
Maguoket a MIL =
Canbri an- Ordovi ci an CTY VELL =
(M dwest Bedrock Aqui group)

Gal ena-Platteville W=
Ancel | (denwood-St. Peter)

Prairie du Chien E =
Em nence- Pot osi

Franconi a U=

120

gl e

Peori a

Pi ke

Put nam
Rock |sl and
Schuyl er

St ar k

St ephenson
Tazewel |
Verm | ion
War r en

Whi t esi de
W |

W nnebago
Woodf or d
Whi t esi de

= Prairie du Chien,

Em nence- Pot osi ,
Franconi a
Ironton-Gal esville
Eau Caire

M. Sinon
Precanbri an
Driller's Log
State Geol ogical
Sanpl e Set Nunber
Gal | ons per day per foot
MIligrans per liter
SGS desi gnated county
wel | nunber

State Water Survey,
water quality analysis
[1linois EPA, water
quality analysis

U S. Geol ogical Survey,
water quality analysis

Survey,
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LOCATI ON

ADM 256W 19- 1c
ADM 1S9W 16. 4e
ADM 1N6W 34. 3f

BNE
BNE

BNE
BNE
BNE

BNE
BNE
BNE

BRN
BRN

BUR
BUR
BUR
BUR
BUR
CAL
CAL
CAL
CAR

CAR
CAR

CAR
CAR

X
o
(609
(60,9
(609
(609

X
(609

(60
(609

43N3E- 9. 3h
43N3R- 25. 4d

44N3E- 25. 4d
44N3E- 25. 7¢
44N3E- 25. 8b

45N4E-11. 7h
45N4E- 22. 8h
46N3E- 33. 7f

1S2W 33. 1h
1S4W 22. 6e

15N6E- 10. 8b
15N6E- 34. 4c
15N6E- 34. 6¢
16N11E- 10. 8e
16N11R- 34. 6h
1282w 9. 5d
10S3W 1. 5¢
8S4W 6. 3b
23N5E- 2. 5f

24N3E- 10. 2e
24NAE-12.7h3

24NGE- 5. 5e
25N3E- 27. 8b1
25N7E-19.6f 1
35N13E-1. 1d
35N14R-10. 1g
37N12E- 2. 8h2
37N14E-22. 1b
37N14E- 27. 69
39N13E- 21. 69

37N14E- 22. 5a
40N12E- 31. 4d

41N9E- 36. 3f
41N10E- 15. 4h

CTYy

VEELL

256
235
21166
271
296

343
292

334
336

44
302

164
165
646
173
21181

15
42

88
118
2

166

2461
958
466
458
891

2845

3202
114

406
264

OWNER

Bertha Phillips
Hubbard, S. A
Canp Poi nt

Carlton #1
Eli zabet h
Tayl or #1
Keene Bel vid
Canni ng #2
Bel vi dere #2
Bel evi dere #3

Capron #1
Geral d Seaver
Krupke #1

G Cox #1

Neponset #3
Berry #1

Buda #5
Joanna Western
Mlls #1
Spring Valley
#11

August Franke
Cettle #1
Fi enup #1

Chadwi ck #2
Savanna #4
M. Carroll #3

Lanark #3

M ss.

Pal i sades

Shannon #1

St. Pk

Fl ossnoor #2a
G enwood #5
Ochard Hil'l
Subd. #2

Sherwi n
Wllians Co #1
Chicago Sanit.
Dist. DH1
Kropp Forge Co

Chi cago
Automatic Elec.
Hanover Park #1

Hof f man Ests.
44 C

USE

Y ) —= =207

=70

TTUDT

YEAR SURF

DRILL ELEV
(FT)

1941 750
1922 465
1962 697
1931 817
1942 780
1951 763
1908 755
1900 912
1966 882
1950 925
600

1964 705
1955 820
1957 800
1968 770
1960 630
1976 620
1933 580
1969 535
1954 448
1945 800
1935 610
1955 740
1956 880
1951 655
1945 945
1973 674
1969 627
1962 680
1962 590
1968 591
1955 610
1935 596
1956 655
1961 820
1959 775

DEPTH

(FT)

1,570
891
1,150
110

2,998
550

1,861
1,803

880
404
1,555

938
1,045

1, 640
2,701
1,601
1,643
2,723

1,764
1,785
1,610
1,648
1,696
1,635

2,000
1,470

1,339
1,380

DEEP-

EST
FM

PDC
AN
PDC

FP

PC
AN

&2

B8

AN

AN
PDC

1G

EC
EC

EC
EC

5

CASING  CASI NG
Dl AM
(N

DEPTH
(FT)

935

110
55

50
55

90
390

495
1,070
140
1,115
1,170
1,158

55
310

115

318
730

340
265

630
1,153
1,123

615

1,810
73

1,019

20
10

12
15

10
18

0~

15
16

12
10

16.

20

30
10
12

PRI NC
AQUI P

PEPG, | G
EC

co

EIG
AN

TYPE RECORD

nwm
nn

(X))
nn

RR PR B PRP

28
7

DL; SS
DL; SS

DL; SS
DL; SS

DL; SS
DL; SS
DL; Ss

DL; SS

DL; SS
DL; SS

DL; SS
DL; SS

7053
280

1100
8451

52916
312

48780
25955
27725

36332
60599

S 1300

56406
24666

12117
1613

S 26039

27454
1310

58917
56581
42346

43826

1691
27117

39878
33351

WATER  YEAR TRANS-
LEVEL  MEAS- M SSIVITY
(FT URED (GPD FT)
BELOW
LAND)
33 1931 17, 500
17 1942 19, 900
16 1951 41,170
26 1951 11, 000
(CO- MB)
42, 560( CO)
7 1971
30 1966
302 1956 17, 000
240 1968 5, 650
1,720
155 1976
175 1964 3,000
0 1935
120 1955 17,248 (CO)
175 1957 15,000
51 1951 1,175
58 1957 7,300
15, 351
5, 700
7,200
234
10, 350
23,223
428 1961 18,640
423 1959 22,000

YEAR
OF
TEST

1931
1942

1951
1946

1951
1946

1956

1968
1960

1950
1935
1955

1957
1940
1957
1973
1969
1962
1962

1966

1957
1961
1959

M NERAL
ANALYSES
NUMBER

U- 251196

E- 02973

E- 029701

E- 00856
U- 248085

W 153664

U- 246125

E- 113906
E- B00142
E- B49157

E- B50658
E- B48681
E- 01062

W 149556

YEAR
OF
TEST

1980
1971
1971

1971
1979

1960

1980

1978
1976
1978

1976
1978
1971

1959

TOTAL

REMARKS

DI SSOLVED

SOLI bS

(MFL)

439

684

738

360
375

793

1,220

353
297
376

294
288
420

354

Dry and Aband.

Single unit GP

No geol ogi cal data
Single unit AN

Dry and Aband. 1964

Dry and Aband.

Pl ugged 1957, borehol e
Logged

Single Unit AN

Dry and Aband.

Single Unit GP

Single Unit

Det ai | ed
Report filed.



act

LOCATI ON

COK 41N11E-13. 4a
COK 41N13E- 8. 6d2

COK 42N10E-9. 4b

OOK 42N11E-5. 1g
OOK 42N11E-27. 1h
OOK 42N11E- 34. 8f

DEK 3723W22. 1g
DEK 38NSE- 15. 2d

DEK 39M4E- 32. 7f
DEK 40N3E- 23. 6e
DEK 40N4E- 21. 3f

DEK 41N5E-32. 79
DEK 42N3E- 26. 3h
DEK 42N4E- 22. 7a

DEK 42N5E- 20. 7a
DUO 38N10E- 30. 4d2
DUP 38N11E- 23. 5e2
DUP 39N9E- 9. 2a

DUP 39N11E-10. 1H
DUP 39N11E-10.3g2

DUP 39N11E- 27. 69
DUP 40N9E-11.

DUP 40N10E- 20. 4g
DUP 40N10E- 32. 1c
DUP 40N11E- 13. 8e
DUP 40N11E- 26. 3hl

FRD 23N7E- 36. 5a
FRD 23N110E- 36. 8h

FRD 24N7E- 19. 4c
FRD 26N9E- 33. 5a

FUL 4N2E- 6. 6b
FUL 6N3E- 20. 6f

FUL 7NAE- 34
FUL 8NLE- 19, 4d

CTY
WELL

413

3512
24744

139

3845

14
708
719

730
633

723
792
569
913
1294
23733
1013

1563
1529

25210
24149

24146
1945

74
17

10
1286

1577

OMNER

Des Pl ai nes #5
d envi ew
Country C ub
Pal ati ne #9

Buffal o Grove
#2

M. Prospect
#17

M. Prospect
#5

Structure Test
P-2
Hi nckl ey

N. W Mitual Ins
Mal ta #2
DeKal b #10

Sycanore #6
Ki rkl and #1
Ki ngston #3

Genoa #4

Naperville #16
W I | owbr ook #3
Am Pot. & Chem
Waste Dept. #1
El mhur st #4

Wander Co. #11

Gak Brook #7
Bartlett Vill.
Bl oomi ngdal e #8
Carol Stream
Bensenville #2
Bensenville #6

Hel mi ck, WI.#1
Wor kman #1

Erp, J #1
Fecht, W J. #1

| pava
Cuba #4

Cant on #3
Avon

USE

T

T7o

T TVUT

—7T —H7TU

T TVUTTUT O

TT T

YEAR
DRI LL

1959
1958

1974

1957
1977
1954

1958
1913-

1914
1940
1952
1966

1970
1950
1947

1970
1967
1974
1967

1928
1927

1977
1975
1980
1975
1929
1980

1940
1957

1940
1943

1915
1951

1924
1929

SURF
ELEV
(FT)

651
650

778

685
663
676

730
740
900

915
880

845
775
825

741

665
690

710
785
770
790
676
684

725
737

840
741

650
683

630

DEPTH
(FT)

1, 800
2,050

1, 960

1,342
1, 950
1,820

397
708
400

1,254
1,316

1,214
636
311

770
1,245
1,620
4,043

2,205
1,970

1,522
1,985
1, 400
1,963
1, 442
1, 900

1,631
1, 449

4,250
2,237

1,324
1,380

1,170

DEEP-
EST
FM

Ms
PC
Ms

EC

PEPF

55

5 BFod

82

EC

2z 92

DEPTH
(FT)

1, 030
1,290

1,018

500
1,030
442

90
120

530
640

506
152
80

1,704
294

1, 044

1,074
1, 300

1,271

1, 400

1, 500

481

829

CASI NG CASI NG

DI AM
(N

18
10

16

14
20
16

16
13. 4

14
16

18
16

18
20

20

oo

PRI NC
AQUI P

CO, M5

PEPF
I'G EC
Y3

I G M
1 G M

5 5. -3 88
5 850 oF 53

2z 82

TYPE RECORD

DL; SS 34497
DL; SS 628

DL; SS 59318

DL; 30723
DL

DL; SS 25168

DL; SS 32513
DL
DL; SS 5252

DL; SS2867
DL; SS 53204

DL; SS 57376
DL; SS 20714
DL

57383

e
8

59050

o0
n

610
722

[N

n

61139

59814

59834
55956

nn

' Core 225

PR B PPRP R PR RRER
wnwm % 0w nun

DL; SS 4717
DL: SS 10569
(Core #1196)

DL
DL; SS 22868

DL
DL; SS 833

; SS 302414

WATER
LEVEL
(FT
BELOW
LAND)
397
338

508

292
681
300

16

760
147

185
35

165

675

520
73

304
536

120

160

YEAR
MEAS-
URED

1958

1958

1955

1959

1940
1952

1970
1950
1947

1970

1974

1975
1980

1944
1980

1948

TRANS-
M SSI VI TY
(GPDI FT)

13, 500
21, 000

9, 600

11, 250

12, 830

19, 250

15, 050
23, 020

19, 860
17,318
15, 600

18,174
9, 700

27,000
23, 300
24,000
28, 500

23, 000
21, 600

3950
4500
7900
5300

YEAR
OF
TEST

1959

1958
1974

1957

1957

1913

1952
1966

1970
1950
1958

1970

1970
1974

1953
1946
1956
1977

1934
1950

1948
1951
1952
1924

M NERAL
ANALYSES
NUMBER

W 148334

W 146788

W 112097

WL30237

W 112251

U- 177081

W 110209

W 113373

YEAR
TEST

1958

1958

1947

1952

1947

1980

1947

1948

TOTAL
DI SSOLVED
SOLI DS
(ML)

449

453

325

245

417

512

378

2953

REMARKS

Bor ehol e | ogged 1980

Pl ugged 1958

Core Study,
Bor ehol e | ogged
Bor ehol e | ogged

Single unit 1G

Bor ehol e | ogged 1980

Bor ehol e | ogged

Bor ehol e | ogged

Dry and Aband.
Pl ugged 1957
Bor ehol e | ogged
Dry and Aband.
Dry and Aband.

Single Unit AN

Single Uni G
Single Unit AN

Pl ugged



ect

LOCATI ON

FUL 8N3E-2. 1f
FUL 8N3E-33.5d
FUL 8MAE-11.1g

GRY 31N8E-4.2b
GRY 31N6E-20. 3¢

GRY 32N6E- 29. 4e
GRY 33N7E-4. 4c

GRY 33N7E-9. 3h
GRY 33N8E- 34. 1d
GRY 33N8E- 1. 3e
GRY 34N8E- 35. 1e
HAN 3N7W 17. 7e
HAN 4N5E- 28. 69

HAN 5N8W 6. 8h
HAN 6NOW 2. 1h

HAN &N8W 2. 2¢
HND 8N6W 2. 5¢
HND 9N5w- 25. 1e
HND 10N5W 34. 2f
HND 11NSW 22. 8b
HRY 14N1E-21. 1f
HRY 14NAE-27.8b
HRY 15N3E- 7. 3f
HRY 15N5E- 33. 5h4

HRY 15N5E- 33. 69

HRY 16N1E- 30. 8a
HRY 17N1E-5. 6d

HRY 17N3E-1.52a
HRY 17N3E-35. 1le
I RO 27N13W 31. 8e
I RO 26N13W 11. 1h

CTY

WELL
703
947
948

698
1558

1053
1080

1095
22366
22239

907
157

200

46
81
28

21
196

301
497
622
521

515

360

587

265
918
46

OMNER

M dl and El ec.
Coal
Fairvi ew #1

Far m ngt on #2

Gar dner
Babson Far ns

E.|. DuPont #3
Morris #5

Morris #4

Coal City #5

M nooka #4
Dresden Nucl ear
#2

MD. Lafferty

Joe Rice

Canp Eastnman
Nauvoo M|k
Prod.

Chi cago Bridge
& lron #1
Evans

Stronghurst #1
Dal e McChesney
G C. Richnond #1
Al pha #2

Gal va #4

Canbri dge #2
Kewanee #2

Kewanee #3

E. A South
Silvis #6
Patten

M dl and El ec.
Coal Corp. #2
Har roun #1

V. Taden #1

USE

TTVO Y

V7o

T

YEAR
DRI LL
1933
1951
1956

1925
1947

1940
1954

1938
1978
1973
1957
1944
1941

1958
1945

1966
1964
1925
1950
1942
1950
1933
1913
1927
1939

1961
1976
1940
1956
1970
1960

SURF

ELEV

(FT)
700
740
710

588
655

520
505

518
565
613
530
645

614

645

533

675
520

770
845
800
848

820

803
690
612
700
653
653

DEPTH
(FT)

2,777
1, 605
1,743

973
535

1, 545
1, 462

1,501
1,785

725
1,500
3,025

2,085

811
745
802

675
900

1,209
1, 687
1,377
2,430
2,484

3,863
1,371
1,137
1, 300
4,005
3,475

DEEP-
EST
FM

1G

EC
EC

EC

z

z

EC
1G

5 5 22 2

CASI NG
DEPTH
(FT)
1,704
1, 605
1, 280

800
450

306
800

915
200

233
744

65
30
176

675

1,209
1, 040

955

312
820
548
4, 000
3, 466

CASING PRINC
Dl AM AQUI P
(N
8
6 AN
12
8 AN
6
16 o
16 G
16 o
21 o
8 AN
26 o
10.8
4.8
4 AN
8
10 o
8
8 AN
5.4 AN
16 o
20 AN
8 AN
14 o
10 AN
o
o
o
12 Sil,
8
16
5.5
5.5

TYPE RECORD

DL; SS
DL; SS

1329
12872

DL; SS27476

DL; SS
DL

DL; SS
DL; SS

DL; SS

DL; SS
DL; SS
DL; SS
DL; SS

435
4374
24398
2920
61510
58845
29050
11030

5672

53716
49972

2713
8791
20014

613

41427

4505

28041
56798
35648

WATER
LEVEL

BELOW
LAND)
225
291
63
175
46
59

230
223

20

165

256

304

304

273

206

95

YEAR  TRANS-
MEAS- M SSIVITY
URED (GPD FT)
1952 8, 600
1952 1, 900
1928 91
1947
14, 500
1958 17, 000
21, 500
1955 10, 500
5, 300
1973 5, 900
2,830
2,080
1966 2, 840
2,080
1950
1950 4,112
1945 10, 000
13, 000
5, 058
14, 200
1945 20, 750
2,080
1944 2,250
22,000
36, 000
23, 000
1980
1956

YEAR
OF
TEST

1951
1921
1951

1943
1958
1954
1947
1978
1973
1957

1957

1966

1925

1950
1934
1934
1970
1944
1927

1939
1939
1939
1939

M NERAL
ANALYSES
NUMBER

W 127314
W 146687
W 61868

W 147974
W 112558

W 120516
W 112718

W 109415
W 108625

W 8624

YEAR

TEST

1952
1958
1928

1958
1947

1950
1947

1946
1938

1939

TOTAL
DI SSOLVED
SOLI DS
(ML)

1584
1965
980

419
411

754
898

640
1700

1600

REMARKS

Single Unit AN
Single Unit AN

Single Unit

Bor ehol e | ogged

Single Unit AN

Dry and Aband.
Bor ehol e | ogged
Pl ugged back

To 260 ft.
Single Unit AN

Dry and Aband.
Left open for
Water well.

Dry and Aband.

Single Unit

Single Unit

Cbsrv. Vel

Pl ugged 1972
Bor ehol e | ogged
1980

Dry and Aband.
Pl ugged

Bor ehol e | ogged

Bor ehol e | ogged



vt

LOCATI ON

I RO

Jbv
JDV
JDV
Jbv

Jbv

JDV
Jbv

Jbv

KNE
KNE
KNE
KNE
KNE
KNE
KNE
KNE

KNE
KNE
KNE
KNE
KNE

KNE
KNK

KNK
KNK
KNK
KNK

KNK
KNK

KNK

KEN
KEN
KEN
KEN

KEN

26N12W 18. 3a

26N2E- 9. 4b
26N2E-18. 1h
27N2E- 24. 2¢
27N2E-11. 2d

28N1W 24. 2b

28N1W 13. 79
28N3E- 15. 1h

29N2W 20. 8a

38N7E- 24. 6h
38NBE- 3. 6g
38NBE- 8. 3e
38NBE- 15. 3h
38NBE- 3. 8g
38NBE- 22. 3¢
40N7E- 32. 8b
40NBE- 34. 6e

41N6E-9. 1g
41NBE- 11. 3f
41NSE- 14. 8b
41NBE- 23. 6b
42N6E- 21. 4b

42N8E- 27. 1e
29N10E- 4. 8h

30N9E- 6. 8a
30N10E- 29. 2d
30N13W 8.
31N9E- 29. 8h

31N12E- 29. 6f
31N13E- 24. 8d

32N12E-15. 7b

35N6E- 5. 5b
35N6E-32. 7h
35N8E- 16. 7f
36N6E- 5. 8e

37N6E- 4. 4d

CTY
VELL

914

60
280

242

699
413

106
540

412
489

400

224
238
188
692

OWNER

NI G
(Owing's Farm

Hanover #1

St anl ey Coad
El i zabeth #2
Stockton #4

Li mback
(Gal ena)

Gal ena #5
Brani ger Lake
Properties #2
East Dubuque
#1

Aurora #21

N. Aurora #5
Aurora #25
Aurora #12a
Geneva #3
Batavi a #3

El burn #3

St. Charles #6

Burli ngton #2
El gin #5

El gi n- Schul er
St. well
Elgin State
Hosp. #2
Hanpshire #3

West Dundee #1
Natural Gas

Pi peline Co
Reddi ck

Her scher
State

| nsane Hosp
Natural Gas

Pi pel i ne Co.
Br adl ey
Hughes- Pari sh
#1

Mant eno

N |'s,
Paul

Ni | son
DelLuci a

W sc-Mch
Pi pel i ne
Chi cago YWCA

TUT 7T

U 47U 4 ©WUU 4TV U UV TVUU TWUUUUTUUDO

o)

YEAR
DRI LL

1970

1922
1948
1900
1938

1941

1963
1970

1937

1972
1978
1974
1935
1941
1941
1971
1956

1960
1949
1931
1947
1943

1957
1966

1954
1945
1908
1965

1934
1930

1934

1941
1950
1965
1949

1934

SURF
ELEV

(FT)

655

638
930
790
1, 000

610

840
915

615

670

695
670
758
667
900
766

930
725
821
760
905

760
704

615
600

622

670
655
585
648

675

DEPTH
(FT)

4,088

1,090
245
317

1,277

1,491

1, 600
1,825

1,502

1, 447

2,249
1,105
1, 940
2,000

514

1,239
2, 640

1,090
2,450

5, 050

225
920
411
630

425

DEEP-
EST
FM

Ms

EC

EC

2 &5

% 582 5 5520

Vs

DEPTH
(FT)

4,081

500

200
7

80

370

723

656
231
667

320
1,606
352
1,172
343
129
1,463
1,010
455

596
2,621

2, 445

218
152

CASING CASI NG
DI AM
(N

5.5

12

20
14

[

ooO®m N ©

5.
10

10

PRI NC
AQUI P

WATER

TYPE RECORD LEVEL
(FT
BELOW
LAND)
DL; SS 56797
DL; SS 1900 0
DL; SS 17900 95
DL 130
DL; SS 2343 143
Fl ow
ing
DL; SS 43568
DL; SS 2390 16
DL; SS 58157 243
DL; SS 61817 491
DL; SS 59813 227
DL; SS 1690 172
DL; SS 970 256
DL 250
DL; SS 57638 362
DL; SS 25360 420
DL; SS 35440 269
DL; SS 20946 307
DL; SS 1098 180
DL; SS 21248 314
DL 61
DL; SS 27887 405
DL; SS 54391
DL
DL
DL
DL SS 52149
DL
DL; SS 997
DL
DL; SS 6870 88
DL; SS 20192 21
DL; SS 51501
; SS 19443

YEAR
MEAS-
URED

1937
1948
1937
1946

1980

1946

1972
1978
1974
1949
1954
1975
1971
1975

1960
1960
1946
1964
1958

1972

1941
1949

TRANS-
M SSIVITY
(GPD FT)

19, 200

5,100

2,300
12, 800
6, 000
43, 200
32, 968

35, 500

16, 203
13, 253

20, 000
11, 250

23, 500

18, 501

495
1,725
8, 800

1,350

6, 000

3, 950

YEAR
OF
TEST

1937
1946
1957
1938
1938
1980
1980
1980
1980
1963
1970

1938

1972
1978

1936
1941
1941
1971
1955

1960

1951

1970

1954

1945
1934

1934

1934

1934

M NERAL
ANALYSES
NUMBER

W 108631

W 108630
W 108628

U- 299088

U-299081
U- 299085
U- 299087

W 108575

E- C006208

E- 0006210
E- 03720
E- C003809
W 199253
W 186387
W 200023

W B32682
E- B20294
W 69718

E- A15004
W 148811

E- B32680

YEAR
OoF
TEST

1946

1946
1946

1980

1980
1980
1980

1946

1977

1977
1972
1973
1975
1971
1975

1976
1976
1931
1976
1958

1976

TOTAL

DI SSOLVED
SCLI bS

(ML)

263

361
305

294

269
245
235

272

344

376
780
334
459
311
367

304
347
395
280
315

329

REVARKS

Bor ehol e | ogged

Single Unit

Packed 81’ - 346’
Bor ehol e | ogged
Packed 412’ -587’
Packed 691’ - 882’
Packed 981’ - 1489’

Pl ugged to 150
ft in 1974

Bor ehol e | ogged USG
1980

Bor ehol e | ogged

Single Unit AN
Bor ehol e | ogged



Gct

LOCATI ON

KEN
KEN
KEN
KEN

KNX
KNX

KNX
KNX

KNX
KNX

KNX
LKE

LKE
LKE

LKE
LKE
LKE

LKE
LKE

LKE

LAS
LAS
LAS
LAS

LAS
LAS

LAS
LAS

LAS
LAS
LAS

LEE
LEE
LEE
LEE
LEE
LEE
LEE

37N7R- 28.
37N7R- 35.
37N8E-5. 8
37N8E- 20.

10NLE- 33.
11N1E- 14.

11N1E- 16.
11N2E- 28.

12N1E- 14.
12N3E- 36.

43N10E- 14.
43N10E- 21.

43N12E- 30.
44NO9E- 24.

44N10E-12.
44N12E- 20.
45N10E- 15.

45N11E- 14
46N12E- 14

46N12E- 8.

31N3E- 22.
33N1E-8. 2
33N3E-1.7
33N3E-3.3

33N5E- 24.
35N1E- 32.

35N3E-11.
36N1E- 33.

36N3E- 18.
36N4E-1. 2
36N5E- 1. 4

19N11E-9.
20N8E- 14.
20N10E- 22
20N10E- 22
20N10E- 35
219E-5. ba
22N11E- 27

8b
4g
e

8h

5b2
7e

la
5d

6¢c
4d

7d
5e

7e
5d

8a
1f
Te

-5a
. 6f

1d

8h
f
a
c

8¢
3a

5b
3h

4d
f
e

la
1d
.29
.39
.29

.5C

CTY
VELL

21328

12

152

585

577
203

610
248
3070
3455

2396

2872
2372
3522

241

2997

1416
22533

1037

2111
901

926
300
1026

28

180
277
25

OMNER

Yorkville #4

Farm Col ony
Sub #1
Caterpillar
Tractor
Oswego #3

Abi ngdon #2
Gal esburg

Gal esburg #5
Knoxvil | e #2

Hender son #1
Little John
Coal Co. #2

Kenper |nsur.
Lake Zurich #7

Ri ver woods
auconda #4

Mundel ei n #9
Lake Bl uff #3

Round Lake
Beach #6
Gurnee #1

I L Beach Pk.
Test USGS

W nt hr op Har bor
#6

Kangl ey #1

Peru #8

Qtawa #1
Qtawa #8

(Am Hoechst Co)
Seneca #2

P. Mat hesi us

Hardi ng #1
Mendot a #3

Earlville
R W Lawi nger
Swanson #1

Sublette #2
Har non
Anboy #3
Anboy #1

H Carr

Di xon #7
Ashton #1

USE

-7 U © W VU T~ —7T VT TV T T UV T T

VUUU T

0T

VU TVTUTTUO

YEAR
DRI LL

1976
1978
1957
1957

1927
1944

1950
1934

1966
1941

1970
1971

1962
1973

1969
1956
1972

1959
1981

1969

1958
1974
1932

1958

1939
1944

1959
1957
1957

1961
1916
1958
1928
1949
1961
1915

SURF
ELEV
(FT)

628

665
640

740
785

780
780

800
756
760
850

675
792

828
685
790
663
585
689
635

643
489

511
677

740

679
681
659

925

750
714
812
740
810

DEPTH
(FT)

1,393

1,380
1,378

2,583
2,450

2,750
2, 400

705
1, 490
1, 400
1,333

1,370
1,264

1, 380
1,828
1, 287
1,517
3, 460
1, 500

542

2,764
1,180

704
3, 356

1,380

650
3, 659
3,725

771

1,105
3,772
3,653
1, 865

545

DEEP-
EST
FM

EC

1G
EC

1G
EC

PDC
EC
EC

EC
EC

EC

EC
EC
PC
EC

EC

PC
PC

CASING CASING PRINC

DEPTH DI AM
(F) (1IN
476 22
547 16
520 20
1, 441 10
1, 260 12
2,637 24
1,485 10
447 8
978 10
1,086 8
525 22
1,220 10
537 14
600 18
1,693 20
1,067 16
1,143 10
600 10
644 16
351 10
1,191 16
272 16
275
135
1,570 8.
100 6
12
12
457 10
5
235 16
16
180 12

AQUI P

AN, 1 G
PEPF
AN

co
co

1G
PEPF

1G
PEPF. EC
PEPF

AN
AB

TYPE RECORD

DL; SS

DL; SS
DL; SS

DL; SS
DL; SS

DL; SS
DL; SS

DL; SS
DL; SS

DL; SS
DL

DL; SS
DL; SS

DL; SS
DL; SS
DL; SS

DL; SS
DL; SS

DL; SS

DL; SS

DL; SS

DL; SS
DL; SS
DL; SS
DL; SS

60068

27627

30474

703
90

1487

6740

57491

57779

41801

56252

27858

35007

56948

34249
59534

13054

30734

42128

30888
3772

17942
38500

WATER
LEVEL

BELOW
LAND)

245

212

231
190

578
525

497
6, 000

500
570

335
398

210
387
320
218
214
163
208

147
179

30

18

237
a4

39

YEAR
MEAS-
URED

1976
1980

1957

1927
1943

1966
1941

1970
1971

1962
1973

1969
1956
1972
1975
1981
1970
1958

1974
1932

1959

1961
1958

1948

TRANS-
M SSIVITY
(GPDI FT)

8, 000

13, 820
19, 175
5, 884

1, 900
17, 500
32, 000

2,700
5, 300
9, 219
1, 800

YEAR
OF
TEST

1976

1957
1957

1958
1944
1950
1934
1934

1944
1966

1971
1962

1969
1956
1972
1972

1958
1974
1959

1973
1945
1952
1959

1961
1916
1958

1961
1941

M NERAL
ANALYSES
NUMBER

U- 246027

E- 00817

W 187004

E- 03583
E- Q006451

E- 02852
W 148037
E-B110116
W 197919
U- 246077
U- 351038
U- 19041
E- B108570
W 148369

W 102916
U- 246028

U- 246029

W 153626

WL13129

YEAR

OF

TEST

1980

1971

1971

1972
1976

1971
1958
1973
1975
1951
1973
1958

1945
1980

1980

1960

1948

TOTAL

DI SSOLVED  REMARKS

SOLI bS

(MFL)

387

472

361

438
345

356
510
376
443
507
2,570
55, 800
575

1, 401

537
387

522

389

470

Single Unit AN

wal | Packer
At 2380
Brook St. Well

Pl ugged back
o

AN-Single Unit
Co

Single Unit IG

896- 1, 040
1,775-1, 932
3,120

Single Unit AN

Single Unit AN
Single Unit AN
Dry and abandoned
gas input well
Single Unit AN

AN, CO

Single Unit AN



ot

LOCATI ON

LEE

LEE

LIV

LIV

LIV

LIV
LIV

MCD

MCD

588283

3388 3 R P A B

MER
MER
MER

MER
MER

37NLE-8. 7e

37N2E- 10.

2b

27NAE- 2. 59

28NGE- 33.

28N6E-10. 7f 2

30N3E- 27.

8a

30N6E- 1. 1a

6NBW 5. 39

7N1W 33. 4e3

43N8E- 5. 4g

43N8E- 6. 4a

43N3E- 3. 4b

44N5E- 35.

45N8E- 15.

46NSE- 33.

24N2E- 15.

24NAE- 10.

26N2E-19.

39
8h
8b

1b
8h

5e

26N4E- 2. 2¢

12N9E- 27.

13N10E- 16. 3b

30N1W 28.

5a

2d

29NLE- 5. 5a

30NLE- 24.

13N1W 26.

13NAW 19.
14N2W 15.
14N3W 17.

14N3W 17.
15N1W 24.

2f

8g

3d
d4a

d4a
59

23N8E- 9. 4c1

CTY
VELL

182

1113

739

272
36

20815

440

782
340

23460
890

545

616
974
535

110
125
112

15

172
224
84

173

684

OWNER

West Brooklyn
#3
Paw Paw

Northern I11.
Gas Co.
Fei nhol d #1

Cdel | #3

Fehr #1

St. Reforna-
Tory for wonen
#2

Cntrl 111,
Power
Bushnel | #3
Crystal Lake
Cty #2
Crystal Lake
Cty #6

Al gonqui n #4

Marengo City
#3

Mbdi ne Mg. Co.

Dean M1k

Northern I11.
Gas Co.
Northern I11.
Gas Co.
Northern I11.

Gas Co.
Chenoa City
Hopewel |
Estates #5
Henry Gty
Varna Gty #1

Toluca City #2
Wenona City #3

North Hender -
son #1

Fullerton #1
Viola Vill. #1
Aledo Gty #1

Aledo Gty #2

Swedona Vill.
#1

Polo City #1

o

TWTVUTO o o = = = T7o o o

T7o TUT

YEAR
DRI LL

1948

1895

1972

1965

1951

1962
1948

1975

1945

1930

1963

1977
1953

1968

1946

1968
1972
1967
1911
1977
1886
1949

1951
1937

1957

1958
1915
1894

1925
1957

1891

SURF
ELEV
(FT)

945
928
670
730

665
649

752
651

915
892

817

870

843
975
764
722
654
460
660

695
695

775

578
790
736

736
715

830

DEPTH
(FT)

650
1,018
2,975

2,485

2,890
1,201

2,806

1,510

2,000
1,294

955
1,028

1,783

4,277
3,990
3,988
2,035
1,773
1,355
1,870

1,874
1, 865

710

3,716
1,281
3,113

1,131
534

2100

DEEP-
EST
FM

AN
EC

PCC

AN
EC

EP

PDC
AN

AN

MAQ

PC
PC

CASING CASING PRINC

DEPTH DI AM
(F) (N
492 10
454 10
329 16

8
2,897 5.
510 10
2,804 5.
909 12
964 20
1,023 16
425 16
538 12
12

292 16
4,277 5.
3,041 8.
3,987 5.
478 8
1,309 10
654 8
1,358 12
1, 343 8
343 8
8.

10

8

325 8
281 6
43 10

AQUI P

AN

PEPF

AN, PDC
EP

AN

8
8z 5§§

_E
ES

(ki

DEV, SI L
MAQ

AN

TYPE RECORD

DL; SS
DL; SS
DL; SS

DL; SS
DL; SS

DL; SS

DL; SS
DL; SS

DL; SS
DL; SS

DL; SS

DL; SS
DL; SS

DL; SS

DL; SS

DL; SS
DL; SS
DL; SS
DL; SS

| 2
7

pR Pep
8

58251
50590
CA636

42596
18231

12057

902

46792

61589
21477

14396

55761

58258

54982

61026
195
19287

21633
2074

30473

535

VWATER YEAR
LEVEL MEAS-
(FT URED
BELOW
LAND)
229 1948
202 1938
1900 1948
123 1945
388 1961
332 1963
145 1976
186 1945
167 1977
187 1951
257 1957
197 1925
130 1924
243 1980
184 1957
114 1931

TRANS-

YEAR

MSSIVITY OF

(GPDI FT)

6, 000

19, 750

61, 000

3, 200

15, 300

4,924

5, 850
9, 400

11,151

11, 389

6, 200

1,720

TEST

1948
1938

1951

1948

1957

1963

1977
1951

1968

1957

1915

1931

M NERAL
ANALYSES
NUMBER

W 113672
W 113131

W 115872

W 113769

W 188639

E- C001054

W 201080

W 105205

W 153666

W 145801

W 108243
W 71846

W 108244
W 144064

W 112657

YEAR
OF
TEST

1948
1948

1948

1948

1972
1975

1976

1946

1960

1957

1946
1932

1946
1957

1947

TOTAL

DI SSOLVED REMARKS
SCLI bS

(MFL)

295

238

1278

1874

280

274

373

1314

1550

77

1104
1673

1158
462

337

Single Unit AN

Single Unit 1G

Single Unit AN

Dry and Aband.
Single Unit
Backfilled to
1450’

Bor ehol e | ogged



LCT

LOCATI ON

fgg B 8 B8

el

EO
PEO
PEO

PEO

PKE
PKE
PKE

PUT
PUT

PUT

RIS

SCH
SCH

SCH

STK

STK
STK

STE

23N10E- 3. 69

24N10E- 24. 2h
24N11E-1.7b
25N8E- 33. 4e

25N11E- 32. 6g
40N1E- 36. 2h

7N6E- 22. 8d
8N6E- 10. 1f
9INSE- 7. 6d
10N7E-11.7b
11N6E- 13. 1a2
4S5W 15. 7h
5S84W 21. 5h
5S4W 24.

32N1W 11. le

32N1WO9. 1e

32N2W 3. 7a

17N2W 36. 6h
18NLE-32. 7g
19NLE- 25. 5e

20N2E-18. 1h

151W 7. 5a
2N1W 30. 1e

3N2W 9. 4f

12N6E- 1. 7h

13N5E-11. 1c
14N7E- 23. 1a

26N6E-9. 8f 2

CTYy
VELL

759

27143

290

1640
704
833

1286
375
189
205
324

20224

75

104

54

341

474

358
113

147

60

225
32

38

OMNNER

Oegon City #2

Conmonweal t h
Edi son
Stillman

Val | ey
Forreston #2
Byron City #3
Rochelle City
#10

Qdasford Vill

Hanna City

Vill. #1

El mwod City

#3

Dunlap Vill #1
Princeville
Vill. #2

Byron A. Canpbel |
Munf or d

Pittsfield
Gty

Standard Vill.
Ganville Vill.
#2

Jones & Laughlin

Ml an #5
Silvis City #3
Port Byron
Gty
Conmonweal t h
Edi son

TR Mlls
Rushville City

Appl egat e

Woning Cty
#1
Wtte #1

Bradford City
#2

Dean M|k Co.
#2

USE YEAR

TTUT o

T o o o

T

TTUT

DRI LL

1948

1974
1938
1952

1969
1966

1971
1952
1951
1964
1938
1944
1948
1922

1976

1948

1966

1970
1956
1943

1968

1966
1902

1940

1902

1971
1936

1937

SURF
ELEV
(FT)

707

860
725
920
783

610
722

640

745

716
810

683
680

527

580
584

608

433
650

682

758
800

820

DEPTH
(FT)

853
300

920

1,848
1,572

1,691
1,342

w

207

N

, 226
835

1,802
1,793

, 675
, 597

PP

2,765
1,510

981

1,557

2,822
2,052

1,036

DEEP-
EST
FM

FR
AN
EC

AN

PDC

PC
PC
AN

PDC

AN

PC

EP

EP

EC

FM

PDC
AN

AN

PDC

EC

CASING CASING PRINC TYPE RECORD
DEPTH DIAM  AQU P
(FT) (IN
358 14 FRIG DL;SS 17940
FR1G
VB
20 co DL; SS 60074
161 8 AN DL
254 12 COEC DL
16 AN, 1 G
203 20 o DL; SS 52614
1385 10 DL; SS 57655
1340 8 AN DL; SS 21553
1121 10 DL; SS 21073
800 8 MAQ AN DL
1091 12 &P DL; SS 3001
10.8 DL; SS 10940
DL; SS 27228
1765  10.8 DL; SS 17625
DL
1304 6 DL; SS 60215
1298 8 AN DL; SS 18902
2703 9.8
14 o
672 18 co DL; SS 26286
1077 8 AN, PDC  DL; SS 8649
EP
495 26 DL
1530 5.5 DL; SS 52657
DL
DL; SS 5213
1197 10 AN DL
2808 5.5 DL; SS C 2940
1439 12 MAQ QN DL
PDC
112 10 0 DL; SS 2144

WATER
LEVEL
(FT
BELOW
LAND)

31

24,500
30

103

+3
200
115

225
190

213
170

118
43

158

268

54

YEAR TRANS-  YEAR

MEAS- M SSIVITY OF

URED (GPD/FT) TEST

1948 5, 500

1948 1,000

1974

1938 7,200 1938

1952 62,000 1952
24,288 1969

1980 26,030 1966

1971

1952 3,180 1952

1951

1964

1947 5,100 1943

1976

1948 4,700 1948
86,013 1970

1957 5,461 1956

1947 25,100 1953

1943

1952

1937 50,000 1937

M NERAL
ANALYSES
NUMBER

W 115403

W 112797
W 153353

W 127945
W 125277

W 109020

E-B0024119

W 149561
W 112242

W 10421

E-B110824

E- 01626

YEAR

OF

TEST

1948

1947
1960

1952
1951

1947

1972

1959
1947

1902

1973

1971

TOTAL

DI SSOLVED
SOLI DS
(MFL)

320

310

1,543
1,513

1,604

1,014

1, 456
2,410

4,285

1,193

1,512

REMARKS

Prod. Test made
When drilling

St opped at depth
O 962

Single Unit

Bor ehol e | ogged-
USGS, 1980

Pl ugged back to
1618

Single Unit GP

Dry and Aband.
Pl ugged 1959
Dry and Aband.
Pl ugged 1948

Single Unit
Single Unit

Aband. Due to
Hi gh mineral
Content in 1916
Dry and Aband.

Cbservation wel |
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WATER YEAR TRANS- YEAR M NERAL YEAR  TOTAL

LOCATI ON CrY OMNER USE YEAR SURF DEPTH DEEP- CASING CASING PRI NC TYPE RECORD LEVEL MEAS- M SSIVITY OF ANALYSES OF DI SSOLVED REMARKS
VELL DRI LL ELEV (FT) EST DEPTH DI AM AQUI F (FT URED (GPD/FT) TEST  NUMBER TEST SOLIDS
(FT) FM (Fm) (IN BELOW (M L)
LAND)
STE 26N7E- 30. 29 Donal d Johnson 550 AN 469 AN ) U 246123 1980 327 Single Unit AN
#1
STE 26N9E-1. 1b Dorn Mel dor f 150 GP GP U- 239001 1980 531 Single Unit GP
STE 26N9E-32.8g 20917 German Val | ey P 1971 900 560 382 10 AN DL; SS 59533 170 1971 11, 160 1971 E-B15548 1975 322 Single Unit AN
Vill., #1
STE 27N8E- 30. 6b 336 Freeport City P 1921 764 502 TR 150 16 AN, TR DL; SS 225 20 1921 39, 000 1921 W 185658 1971 508
#3 32,300 1934
43, 000 1949
STE 28NGE-7. 4d UAH#3 Commonweal t h T 1980 995 5,272 PC 2,177 3.4 DL; SS No core from 30
Edi son to PC, borehol e | ogged
STE 28N6E- 33. 8e 489 Lena Gty #2 P 1931 965 998 1G 107 12.5 co DL; SS 1099 175 1975 21,500 1931 E-B111090 1973 454
3,750 1947
STE 28N7E- 8. 3f MeConnel P AN 85 AN U 246124 1980 293 Single Unit AN
Met hodi st
STE 28N8E- 36. 5h 4 Dakota Vill #1 P 1957 940 516 AN 249 10 AN DL; SS 30259 138 1957 5,492 1957 E-B16842 1975 279
TAZ 23N6w 8. 2b 261 Central I11. A 1939 498 1, 602 AN 134 10 DL; SS 34951 Dry and Aband.
Li ght Co.
TAZ 25N3W 24. 8C 7 Mat hi s 1943 785 2,235 AN DL; SS 8243
TAZ 26N3W 29. 3d 197 V. Zuercher A 1954 788 1, 825 AN 566 5 DL; SS 24691
Dry and Aband.
pl ugged 1954
VER 19N11W 12. 7e 1814 Allied Chem T 1972 662 6, 684 Ms 5, 252 DL; SS 58118
Cor p
WAR 10N3W 8. 5h Ki rkwood Vill. P 1948 740 1, 069 GP 945 5.2 GP DL 219 1952 W 115995 1948 2,201 Single Unit GP
WAR- 11N2W 19. 1a 117 Monmouth City P 1965 758 2,448 814 20 co DL; SS 52394 264 1974 12,029 1965 E-B117078 1974 1, 283
#7
WAR 12N3W 20. 3a Little York P 1969 623 872 GP 223 8 DEV, SI L DL 107 1969 3, 540 1969 E-B118039 1974 1, 387
Vill. #3 GP
WIS 19N4E- 22. 6h 23 Hanni s #1 1952 607 1, 548 EP DL; SS 22342
WIS 19N7E- 28. 2h 30 Carl e Shedon 1941 647 1, 500 1,188 6.6 DL; SS 5952
Dry and Aband.
Pl ugged 1941
WIS 21N5E-18. 8cl 2 Morrison West P 1957 629 2,020 EC 7 CO, M8 DL; SS 30099 14,710 1957
Vel #2
WIS 21N5E- 22. 1le Nothern Il P 1947 650 1,725 Ms 128 12 CO, M5 DL 95 1980
Water Co Bor ehol e | ogged
(Sterling #2) USGs
WIS 21N7E- 28. 2h 95 Lawr ence Bros. 1947 640 1, 588 EC 8 AN DL; SS 7583 5,900 1947 Single Unit
Mg.
WIS 22N3E- 28. 5d 103 Ful ton #3 P 1931 600 1,943 Ms 357 16 DL; SS 179 45 1947 W 83702 1938 333
WL 32N10E- 36. 2c 1230 Kankakee St. P 1962 587 751 AN 278 8 AN DL; SS 43822 182 1962 1, 730 1962 Single Unit
Boys Canp #2 3,000 1970
WL 33N9E-12-1g 680 Kankakee Ordnance 1942 575 1, 644 EC 15 co DL; SS 7995 25,700 1942
Wor ks
WL 33N14E-157a 600 D. D. VanVoorh 1933 682 1,625 EP 1, 238 6.6 DL; SS 1314
WL 35N9E- 20. 6g 1303 Me Coy 1963 625 4,300 PC 595 20 DL; SS 45073
WL 35N10E- 14. 6h 694 Joliet Gty P 1937 560 1, 608 EC 67 18 DL 420 1957 17, 100 1937
Washing. St.
WL 35N10E-30.1e 1259 Bl ockson Chem | 1941 545 1,510 EC 527 12 1G DL; SS 6133 6, 800 1941
Co. #2
WL 35N12E-25.3e 1270 J. R Md asham 1934 738 2,700 NS DL; SS 6133
WL 36N9E- 10. 8d 249 Plainfield P 615 1, 481 1G DL; SS 26207
Gty
WL 36N10E-21.4a 1334 Stateville P 1966 642 1,611 EC 446 16 co DL; SS 52350 528 1966 2,650 1966

Pen. #6
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LOCATI ON

WL
WN
WN
W N
W N
W N
W N
WN

W N
WN

WN

W N
WN

W N

W N

36N11E-31.8b
26N11E-9.
27N10E-29. 1d
27N11E-27. 1f
28N10E- 10. 4b
28N10E- 2.
43N1E- 33.
42N2E- 20.

43N2E- 25.
44N1E- 21.

44N1E- 34.

44N2E- 24.
44N2E- 31.

46N1E- 24.

79

5f
8h
1h

3d
le

6h

8g
7f

8a

46N2E-5. 7d

26N1E- 31.

4d

28N2E- 7. 5¢

(o104
VEELL

1299
877
28

23431

1445

640
304

646
367

1056

60
184

OWNER

Joliet Gty #3

W nnebago
Village #3
Pecat oni ca
Village #2
Marvi n Johnson
Durand Gty #3
Tom Koch

C. W Condon #1
Cherry Vall ey
Fire Dist #1

Bl acknere #1
Rockford City
#15

Rockford Unit
well #4

Seel e #1
Rockford Unit
Wl #6
Rockton Vill
#5

S. Beloit Gty
#3

Mor el and

Mnonk Gty

DDOVLTVTO o T o

T

Y Y o

YEAR
DRI LL

1950
1968
1946

1975

1970

1959
1948

1962

1969

1937

1940
1922

SURF
ELEV

(FT)
642

885

783

770

850

755
730

872
790

840
745

740
758

DEPTH

(FT)

1, 659
835
750
320
585
150
145
635

300
1,355

1,219

3,385
1,376

728

1,200

2,175
2,005

DEEP-
EST
FM

EC
1G
EC
AN
EC
AN
GP
EP

AN
Ms

Vs

PC

1G

PDC
PDC

CASI NG CASI NG

DEPTH DI AM
(FN) (N
577 20
313 16
145 12.5
60 18
139
80 8
284
260 20
193 20
186 20
200
230 18
832 8
526 12

co

PRI NC
AQUI P

DL; SS 19943 449 1950

1G

AN
AN

AN

@, AN
PEPF
PEPF

EC- M5
VB

TYPE RECORD

DL; SS 57008
DL; SS 14395

DL; SS 59623
DL; SS 57016

DL; SS 34995
DL; SS 18130

DL; SS 20109
DL

DL; SS 5001

VATER
LEVEL
(FT
BELOW
LAND)
10, 500

160
34

100

325

YEAR  TRANS- YEAR
MEAS- M SSIVITY OF
URED (GPD/ FT) TEST
1950
1968 14,900 1968
1946 11,700 1946
5,800 1956
1975 18,390 1975
1980
1970 7,940 1970
1959 40,000 1959
1980 23,600 1980
--- 13,000 1980
1980 13,000 1980
1980 15,000 1980
1980 11,300 1980
1980 1,500 1980
69,800 1941
1969 19,000 1969
1937 34,500 1937
1947

M NERAL

ANALYSES

NUMBER

U- 248084

U- 248087
U- 251193

U- 251199

U- 251197
U- 251198
U- 251194
U- 251195
U- 256090
U- 256089

W 112321

W 109530

YEAR

oF

TEST

1979

1979
1980

1980

1980
1980
1980
1980
1980
1980

1947

1947

TOTAL

DI SSOLVED REMARKS

SQLI bS

(MF L)

282

395
253

261

646
658
665
706
624
695

311

1,703

Single

Single
Single

Single

Packed
Packed
Packed
Packed
Packed
Packed

Dry and
Pl ugged

Unit AN

Unit AN
Unit GP

Unit An

193’ - 420°
420’ - 567’
435’ - 582’
572’ -719’
820’ - 1219’
1136’ - 1219’

Aband.



APPENDI X B

DRI LLING AND TESTI NG

New data collected for this report include data fromthe drilling of a
deep test well to Precanbrian bedrock in Lake County, select packer tests in
this test well plus two other deep wells, and borehole |ogging of the three
packed wells plus several other representative Canbrian and O dovician
wel | s.

[l11inois Beach Park Test Well (LKE 46N12E- 14. 6f)

This is a 10-inch well, located in the Camp Logan part of I|llinois Beach
State Park, and was drilled to a depth of 3460 feet into Precanbrian bedrock
as a part of this study (Nicholas et al., 1984). The Ancell, Ironton-
Galesville, and Elnmhurst-M. Sinon aquifers were packed off, tested, and
sanpled during the period Decenber 1980 to Septenber 1981 (see appendix A).
The foll owing borehole logs were run in this well: spontaneous potential,
resistivity, natural gamm, caliper, fluid conductivity, tenperature,
density, and porosity. Upon conpletion, piezoneters were installed in the
| ower and upper El nhurst-M. Sinon and Ironton-Galesville aquifers, with
open-hole conpletion into the Galena-Platteville unit and Ancell aquifer.

See appendices A and C for additional information on this well.

City of Rockford Unit Well #4 (WN 44NLE- 34. 6h)
This 20-inch dianmeter, 1219-foot deep well is part of Rockford's
muni ci pal water supply systemand was tested during a down period in
Sept enber, 1980. Six packer tests in five different zones were conducted and
wat er sanples were taken (appendix A). Natural gamma, spontaneous potential,

resistivity, caliper, and fluid conductivity borehole |ogs were run.
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Li mback Well in the Cty of Galena (JDV 28N W 13.78)

This is a privately-owned, 12-inch dianeter, flowing well, 1491 feet
deep. Four zones were packed and tested (appendices A and C). Several
geophysi cal borehole |logs were also run: natural ganmm, spontaneous poten-
tial, resistivity, caliper, fluid conductivity, temperature, and flow neter
tests.

Addi tional Borehole Geophysical Logging
The foll owi ng Canbri an-Ordovician wells were borehol e 1 ogged during this
i nvestigati on:

Aledo Gty Well #2 (MER 14N3W17.4a): ganmma, spontaneous potential,
resistivity

Bensenville City Wll #6 (DUP 40Nl1lE-26.3h1l): gamra, spontaneous poten-
tial, resistivity, caliper, fluid conductivity, tenperature

Carol Stream City Well #4 (DUP 40N1OE-32.1c): ganmma, spontaneous poten-
tial, resistivity, caliper, fluid conductivity, tenperature

El gi n-Schuler St. Well (KNE 41N8E-14.8b): ganmm, spontaneous potential,
resistivity, caliper, fluid conductivity, tenperature, flow neter

M. Prospect Gty Well #17 (COK 42N11E-27.1h): gamm, spontaneous poten-
tial, caliper, tenperature

Rochel le Gty Well #10 (OGL 40NlE- 36.2h): gamma, spontaneous potential,
resistivity, caliper, fluid conductivity, tenperature

Sterling Gty Well #2 (WS 21IN5E-22. 1e): ganmmm, spontaneous potential,
resistivity, caliper, fluid conductivity

Silvis Cty, Wll #6 (RIS 17NlE-5.6d1): gamma, spontaneous potential,
resistivity, caliper, fluid conductivity, tenperature, flow neter
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APPENDI X C

SELECTED CHEM CAL ANALYSES

Seven anal yses are shown. Five of these are representative of water
from single aquifer units and two are representative of a mixture of water
fromthe aquifer units. The Maquoketa Shal e G oup, although generally considered
an aquitard rather than an aquifer, does yield small supplies, so a typical
sample fromthis unit is included.

"Unconfined" Area - Elnhurst-M. Sinon Aquifer
An El mhurst-M. Sinmon aquifer water sanple was collected from the

Li mback well in the Village of Galena in Jo Daviess County (JDV 28NLW 24.2b).
This is a 1491-foot flowing well. The well was packer-tested and sanpled in
four zones with this analysis representing the El nmhurst-M Sinon aquifer
between 981 feet and the bottom of the hole. This analysis is generally rep-
resentative of the recharge area and, as such, is sinmlar to the analyses for
overlying aquifers.

USGS Lab Number 299087

my/ L me/ L
Cal ci um Ca 50. 2.50
Magnesi um My 26. 2.14
Sodi um Na 1.3 0. 006
Pot assi um K 2.8 0. 007
Chl ori de c 1.3 0. 004
Sul fate SOy 5.9 0.12
Al kalinity ALK 230. 4.60

Total Dissolved Solids 235.

Reducing Zone - Galena-Platteville and Ancell Aquifers
A water sanple was collected froma well in the Village of Creston in
Ogle County (OGL4ON2E-23.1f). This is a 585-foot well cased to 417 feet and
open to the Galena-Platteville and Ancell aquifers. The sanple is typical of
the reducing zone nentioned in the water quality section.
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| EPA Lab No. B0019553

my/ L me/ L

Cal ci um Ca 39. 1.95

Magnesi um My 27. 2.22

Sodi um Na 34. 1.48

Pot assi um K 1.6 0. 004

Chl ori de d 0.0 0.00

Sul fate SOy 0.0 0.00

Alkalinity ALK 280. 5.83

Total Dissolved Solids 292.
Maquoketa "Aquifer”

A water sanple was collected froma well in the Turnberry Subdivision
about 1-1/2 mles south of Lakewood in MHenry County (MCH 43N7E-11.4f).
This is a 12-inch well, 395 feet deep with a surface elevation of 920 feet.
The well is cased to the dolonitic part of the Maquoketa. The well is

located in the outer edge of the confined area where the Maquoketa vyiel ds

smal | supplies of water.

| SW6 Lab No. 195667

my/ L me/ L
Cal ci um Ca 2.7 0.13
Magnesi um My 1.2 0.10
Sodi um Na 169. 7.35
Pot assi um K 2.5 0. 06
Chl ori de d 6.0 0.17
Sul fate SOy 1.2 0.02
Al kalinity ALK (as CaCOg3) 366. 7.32

Total Dissolved Solids 432.

Di scharge Area - Ancell Aquifer
A water sanple was collected fromthe Ancell aquifer in the USGS test

well in Illinois Beach State Park (Canp Logan Canpground) in northeastern
Lake County (LKE 46N2E-14.6g). This is a 3460-foot deep test well penetrat-
i ng Precanbrian bedrock. The land surface is 586 feet and the well is cased
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with 600 feet of steel casing down to the top of the Calena Goup. This well
was packer-tested and sanpled in several zones. This analysis is fromthe
Ancel | aquifer between 896 feet and 1046 feet in depth.

USGS Lab No. 246077

ng/ L me/ L
Cal ci um Ca 94. 4.69
Magnesi um My 23. 1.89
Sodi um Na 41. 1.78
Pot assi um K 11. 0.28
Chl ori de c 13. 0. 37
Sul fate SOy 150. 3.12
Al kalinity ALK 260. 5.20

Total Dissolved Solids 507
Di scharge Area - Ironton-Galesville Aquifer

A water sanple was collected fromthe Ironton-Galesville aquifer from
Bl oomi ngdal e Wll No. 8 in DuPage County (DUP 40NLOE-20.4gl). This is a
1,400-foot well drilled to the top of the Eau Claire confining unit. It is
cased with 16-inch steel casing to 1174 feet down to the Franconia Formation.
For practical purposes the well can be considered to be single-unit Ironton-

CGal esville.
| EPA Lab No. B42608

ng/ L me/ L
Cal ci um Ca 65.0 3.24
Magnesi um My 18. 1.48
Sodi um Na 20. 0. 87
Pot assi um K 13. 0.33
Chloride d 3.5 0.10
Sul fate SO4 16. 0. 33
Alkalinity ALK 271. 5.41

Total Dissolved Solids 298.
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Di scharge Area - Elnmhurst - Upper M. Sinon Aquifer
This water sanple is from a packer test in the upper M. Simon aquifer
from 1355 feet to 1920 feet in the USGS test well (LKE 46NL2E- 14. 6Q)
descri bed above.

USGS Lab No. 351038

nmy/ L me/ L
Cal ci um Ca 230. 11. 48
Magnesi um My 29. 2.39
Sodi um Na 190. 8. 27
Pot assi um K 22. 0.56
Chl ori de a 140. 3.95
Sul fate SO4 840. 17. 49
Alkalinity ALK 210.
Total Dissolved Solids 1600.

Discharge Area - Lower M. Sinmon Aquifer
This is a point sanple fromthe lower M. Sinon aquifer at a depth of
3120 feet in the USGS test well (LKE 46N12E-14.6g) described above.

USGS Lab No. 19041

ng/ L me/ L
Cal ci um Ca 1000. 49. 90
Magnesi um My 930. 76.50
Sodi um Na 15000. 652. 50
Pot assi um K 270. 6.90
Chl ori de a 37000. 1043. 77
Sul fate S04 1400. 29.15
Al kalinity ALK 120. 2.40

Total Dissolved Solids 55800.
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