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Water - Level Trends, Pumpage, and Chemical Quality 
in the Cambrian -Ordovician Aquifer in Illinois, 

1971-1980 

by Robert T. Sasman, Curtis R. Benson, 
R. Scott Ludwigs, and Tamara L. Williams 

SUMMARY 

'Th i s r epo r t considers pumpage and w a t e r - l e v e l changes from 1971 
through 1980, and 1980-1981 water q u a l i t y , in deep sandstone wel ls 
p e n e t r a t i n g the Cambrian-Ordovician a q u i f e r , the most h ighly developed 
aquifer for la rge groundwater suppl ies in I l l i n o i s . Data from 43 c o u n t i e s , 
covering 27,000 square miles or 48 pe rcen t of the s t a t e , a re d i scussed , 
with emphasis on the 8-county Chicago region in no r theas t e rn I l l i n o i s . 

The Cambrian-Ordovician aquifer is encountered at depths ranging from 
less than 100 fee t in areas of nor thwestern I l l i n o i s to an average of about 
500 f ee t below land surface at Chicago, and as deep as 900 to 1100 f e e t 
below land surface in the extreme south of the area under cons ide ra t i on . 
It has an average th ickness of 1000 f e e t and is composed ch ie f ly of 
sandstones and dolomites . In the southwestern p a r t of the region, the 
Cambrian-Ordovician aqui fe r is more than 2000 f ee t th ick . 

Product ion from deep wel l s in 20 nor thern count ies of I l l i n o i s 
increased from 200,000 ga l lons per day (gpd) in 1864 to 239.0 mi l l i on 
gal lons per day (mgd) in 1971; approximately 63 percent of the 1971 pumpage 
was from wel ls in the Chicago a rea . As a r e s u l t , p iezometr ic l e v e l s in the 
Cambrian-Ordovician aqui fe r in Chicago have decl ined more than 850 f e e t 
s ince 1864. Production from deep wel ls in the Chicago region is concen­
t r a t e d in northwestern and western Cook County, ea s t e rn DuPage and e a s t e r n 
Kane Count ies , and around J o l i e t in Wi l l County. Large withdrawals from 
deep wel ls ou ts ide the Chicago region occur at Rockford, Belvidere , 
F reepor t , DeKalb-Sycamore, Rochel le , Dixon, and Ottawa-Peru. Numerous 
o ther m u n i c i p a l i t i e s and s e l f - s u p p l i e d i n d u s t r i e s throughout nor thern 
I l l i n o i s pump small to l a r g e q u a n t i t i e s of water from deep wel l s . Ground­
water withdrawals in the southern po r t i on of the study a rea are g e n e r a l l y 
l im i t ed . 

During the period from 1971 through 1980, production from deep wel l s 
in nor thern I l l i n o i s inc reased approximately 12 pe rcen t (28.4 mgd) to 
267.5 mgd. In the Chicago region pumpage increased 22 pe rcen t to 183.7 mgd. 
These i nc rea se s have r e s u l t e d in excess ive wa t e r - l eve l dec l ines in some 
deep we l l s . For the Chicago region, annual r a t e s of wa t e r - l eve l d e c l i n e 
during the 5-year period 1975-1980 ranged from 1 foot per year in Kendall-
County to 14 f e e t per year in Lake County and averaged about 9 f e e t per 
year . Water l e v e l changes in 10 s e l ec t ed observa t ion we l l s outs ide the 
Chicago region ranged from a r i s e of 3.2 f e e t per year to a dec l ine of 4 .4 
f e e t per year during the same per iod. 
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Withdrawals since 1971 within the Chicago region have exceeded the 
practical sustained yield of the Cambrian-Ordovician aquifer, as they have 
each year since 1958. As a result, groundwater users continue to mine 
water that will not be available for future generations. By the end of 
1971, the upper and some of the middle units of the aquifer had already 
been dewatered in many areas, with some pumping levels exceeding 1000 feet. 
In 1975, at least 17 municipal and industrial wells had pumps set at 1000 
feet or deeper. By 1980, there were at least 48 pumps set at a depth of 
1000 feet or more. If the distribution of withdrawals remains the same and 
continues to increase as indicated by recent trends, the principal water-
yielding units of the aquifer will be dewatered in many areas much sooner 
than previously anticipated (Suter et al. , 1959). 

The chemical analyses of samples taken from the Cambrian-Ordovician 
aquifer between October 1980 and May 1981 indicate a general degradation of 
quality away from major aquifer recharge areas. This is based on the 
distributions of the following six constituents: iron, sodium, chloride, 
sulfate, hardness, and total dissolved solids (TDS). The water is of 
relatively good quality in northern Illinois (excluding the Chicago area), 
and becomes more highly mineralized to the south and east. The poorest 
quality waters are in the southwestern portion of the study area and the 
Chicago area. There is some indication of induced upwelling of highly 
mineralized Elmhurst-Mt. Simon water due to overpumping of the Cambrian-
Ordovician wells in the Chicago area. The water quality changes are 
probably due to natural mineral sources, with no apparent degradation from 
surficial contaminants. 

Increasing withdrawals, declining water levels, and objectionable 
chemical constituents of water from the Cambrian-Ordovician aquifer are 
major factors in the acute concern regarding the capability of the aquifer 
to continue to provide a major share of the water supply for northeastern 
Illinois. 

INTRODUCTION 

In May 1959 the State Water Survey and State Geological Survey pub­
lished Cooperative Groundwater Report 1 (Suter et al., 1959), which 
discussed the geology and hydrology of the groundwater resources of the 
Chicago region, the yields of aquifers, and the possible consequences of 
future groundwater development. Special emphasis was placed on the deep 
aquifers which have been most widely used for large groundwater supplies. 
Cooperative Groundwater Report 1 indicated that pumpage from deep wells 
during 1958 approached the amount that could be continuously withdrawn 
without eventually dewatering the lowest and most productive formation of 
the deep aquifer. Future (1958-1980) water-level declines were predicted, 
ranging from 190 feet at Elgin to 300 feet at Chicago and Des Plaines. It 
was recognized that actual water-level declines would vary from the 
predicted declines if future distribution and rates of pumpage deviated 
from extrapolations of past groundwater use. 
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In 1959, as a result of the findings of Cooperative Groundwater 
Report 1, the State Water Survey's program of collecting and reporting 
water-level and pumpage data for deep wells in the Chicago region was 
expanded. The objectives of the program are: 1) to provide long-term 
continuous records of pumpage and water-level fluctuations, 2) to delineate 
problem areas, and 3) to report hydrologic information to facilitate the 
planning and development of the water resources of the Cambrian-Ordovician 
aquifer in the Chicago region. The importance of the program is pointed up 
by the increasing demands for water and the continuing decline of 
groundwater levels. 

Six reports on water levels and pumpage from deep wells have been 
issued by the State Water Survey since the publication of Cooperative 
Groundwater Report 1. These are: Circular 79 (Walton et al., 1960), and 
Circulars 83, 85, 94, 113, and 124 (Sasman et al., 1961, 1962, 1967, 1973, 
and 1977, respectively). These reports summarized data for 1959, 1960, 
1961, 1962-1966, 1966-1971,.and 1971-1975, respectively. In addition, 
Reports of Investigation 50 (Sasman, 1965) and 52 (Sasman and Baker, 1966) 
summarized data on groundwater pumpage in 17 counties of northern Illinois 
through 1962 and 1963, respectively. Report of Investigation 73 (Sasman 
et al., 1974) discussed groundwater pumpage in 20 counties of northern 
Illinois during the period 1960-1970. Report of Investigation 83 (Schicht 
et al., 1976) described the available groundwater and surface water 
resources for the Chicago region, predicted water shortages depending on 
various water use schemes, and offered alternatives for meeting projected 
water supply needs to the year 2010. 

In response to the increasing expansion of urban development, the 
outward migration of deepening water levels, and increasing interest in 
regional water resources development, this report provides a detailed 
discussion of groundwater withdrawals and water-level trends in a 20-county 
area of northern Illinois. Particular emphasis has been given to the 
Chicago region because of the continuing increase in Cambrian-Ordovician 
pumpage and the corresponding decline in water levels in that area. Pumpage 
and water-level trends are presented for an additional 23 counties in the 
southern sector of the aquifer system. The total area covered includes 
essentially all of Illinois where water from deep sandstone wells is used 
for public or industrial water supplies. This report presents the first 
detailed investigation of Cambrian-Ordivician aquifer water levels in the 
23 southern counties. 

Figure 1 delineates three areas which are discussed separately in 
various sections of this report. The eight counties of the Chicago region, 
with the abbreviations used in this report, are: 

Cook 
DuPage 
Grundy 
Kane 

COK 
DUP 
GRY 
KNE 

Kendall 
Lake 
McHenry 
Will 

KEN 
LKE 
MCH 
WIL 
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The 12 northern counties outside the Chicago area included in this 
report are: 

Boone 
Carroll 
DeKalb 
Jo Daviess 
Kankakee 
LaSalle 

BNE 
CAR 
DEK 
JDV 
KNK 
LAS 

Lee 
Ogle 
Rock Island 
Stephenson 
Whiteside 
Winnebago 

LEE 
OGL 
RIS 
STE 
WTS 
WIN 

The additional 23 counties in the southern sector of the study area 
are: 

Adams 
Brown 
Bureau 
Ford 
Fulton 
Hancock 
Henderson 
Henry 
Iroquois 
Knox 
Livingston 
McDonough 

ADM 
BRN 
BUR 
FRD 
FUL 
HAN 
HND 
HRY 
IRO 
KNX 
LIV 
MCD 

McLean 
Marshall 
Mercer 
Peoria 
Pike 
Putnam 
Schuyler 
Stark 
Tazewell 
Warren 
Woodford 

MCL 
MRS 
MER 
PEO 
PKE 
PUT 
SCH 
STK 
TAZ 
WAR 
WDF 

Figure 1. Study areas discussed in this report, and locations 
of geologic cross sections shown in figures 2 and 3 
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GEOLOGY AND HYDROLOGY 

Groundwater resources in northern Illinois are developed from four 
aquifer systems: 1) sand and gravel deposits of the glacial drift; 
2) shallow dolomite and limestone aquifers of Mississippian, Devonian, 
Silurian, and Ordovician age; 3) sandstone aquifers of Ordovician and 
Cambrian age, of which the Glenwood-St. Peter and Ironton-Galesville 
sandstones are the most productive formations; and 4) the Elmhurst-
Mt. Simon aquifer, consisting of sandstones of the lower Eau Claire and 
Mt. Simon Formations of Cambrian age. The sequence, structure, and general 
characteristics of these rocks are shown in figures 2 and 3. Figure 4 is a 
geologic map of the bedrock surface of northern Illinois. Only the sand--
stone aquifers are considered in the following descriptions. 

The Glenwood-St. Peter sandstone is present throughout northern 
Illinois, except in an area including portions of southern Ogle and DeKalb 
Counties, eastern Lee County, and northern LaSalle County. In some 
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Figure 2. Cross sections of the structure and stratigraphy of the bedrock 
and piezometric profile of the Cambrian-Ordovician aquifer 

in the Chicago region 
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Figure 3. Cross sections of the structure and stratigraphy of the bedrock 
in northwestern Illinois and the southern sector of the aquifer system 

s e c t i o n s of these same coun t i e s , t h i s sandstone is immediately below the 
g l a c i a l d r i f t . I t exceeds 200 f e e t in th i ckness in some p l a c e s , but i s 
g e n e r a l l y l e s s than 200 fee t th i ck in the southern p a r t of the a rea . In 
some areas of western and n o r t h - c e n t r a l I l l i n o i s , p r imar i ly in DeKalb and 
Stevenson Count ies , the Glenwood-St. Pe te r sandstone y ie lds severa l hundred 
g a l l o n s per minute to wells and is the primary source of groundwater for 
municipal and i n d u s t r i a l s u p p l i e s . 

The I ron ton -Ga le sv i l l e sandstone u n d e r l i e s the Franconia Formation and 
o v e r l i e s the Eau C l a i r e Formation. I t occurs throughout nor thern I l l i n o i s , 
excep t in the extreme southwestern p a r t of the a rea . On a reg iona l b a s i s , 
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Figure 4. Areal geology of bedrock surface in northern Illinois 

i t is the most uniformly permeable and product ive u n i t of the Cambrian-
Ordovician a q u i f e r . Many of the h igh-capac i ty municipal and i n d u s t r i a l 
wel ls in no r the rn I l l i n o i s ob ta in a major p a r t of t h e i r y i e l d s from t h i s 
formation. 

Moderate to high y i e lds a re obtained from wells p e n e t r a t i n g the 
Mt. Simon a q u i f e r , p a r t i c u l a r l y in nor thwestern Cook County and Kane County 
in the Chicago region, and f a r t h e r west in Lee, Ogle, Whiteside, and 
Winnebago Count ies . 

The bedrock formations d ip southward throughout nor thern I l l i n o i s . 
The Cambrian-Ordovician aqu i fe r becomes very deep and ove r l a in by th ick 
s ec t i ons of r e l a t i v e l y low-permeabi l i ty rocks toward the southern p a r t of 
the reg ion . Much of t h i s rock mate r i a l c o n s i s t s of Pennsylvanian shale and 
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dolomite and limestone of the Mississippian, Devonian, Silurian, and 
Ordovician Systems, as shown in figure 4. Pennsylvanian, Mississippian, 
and Devonian rocks are generally absent in the northern part of the area. 
Most of the deep wells in the southwest penetrate only into the Glenwood-
St. Peter sandstone at depths of 1300 to 1700 feet, similar to the depths 
of the Ironton-Galesville sandstone to the north and northeast. 

The primary source of recharge to the sandstone aquifers is precipita-
tion percolating through the glacial deposits where the Galena-Platteville 
dolomite or older rocks are the uppermost bedrock formation. This area is 
defined essentially by the western limits of the Maquoketa Formation of 
Ordivician age and encompasses major portions of north-central and north-
western Illinois. The shale of the Maquoketa Formation is the primary 
overlying confining material in the Chicago region. In extreme north-
western Illinois, primarily in Jo Daviess County, the Maquoketa Formation 
is present only at higher elevations. The control of recharge by this 
formation is evident by the close correlation between the piezometric 
surface contours and the boundary of the formation. 

The principal area of recharge to the Cambrian-Ordovician aquifer of 
the Chicago region is in areas of Boone, DeKalb, Kane, Kendall, and McHenry 
Counties, Illinois, and in extreme southeastern Wisconsin. The continual 
lowering of water levels accompanying the large withdrawals of groundwater 
has established steep hydraulic gradients north, west, and southwest of 
Chicago and Joliet, so that large quantities of water from recharge areas 
in northern Illinois and minor quantities from southeastern Wisconsin are 
being transmitted toward pumping centers. Water derived from storage 
within the aquifer and from vertical leakage through the Maquoketa Forma­
tion also moves toward cones of depression (Walton, 1960). Lesser amounts 
of water are derived from the south in Illinois, from the southeast in 
Indiana, and from the northeast beneath Lake Michigan. 

Natural discharge to rivers from the sandstone aquifer occurs where 
riverbeds are cut into the Galena-Platteville dolomite or older formations, 
and piezometric levels are higher than river levels. Rivers currently 
receiving water from the deep aquifer are the Mississippi north of 
Thompson, the Rock northeast of Sterling (along with its tributary, the 
Pecatonica), short reaches of the Illinois between LaSalle and Ottawa, the 
extreme southern reach of the Fox, and the Apple River. 

PRODUCTION FROM CAMBRIAN-ORDOVICIAN WELLS 

The first deep well in northern Illinois was drilled in Chicago in 
1864 and had an artesian flow at ground surface estimated at 150 gallons 
per minute (gpm), or about 200,000 gpd. There were at least 75 deep wells 
in operation by 1900 and pumpage was estimated at 30-mgd. Production in 
the northern 20 counties of Illinois increased gradually at an average rate 
of 1.5 mgd per year during the first 40 years of this century and was 91.5 
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mgd in 1940, as shown in figure 5. During the next 15 years, the average 
increase rate was 2.7 mgd per year, with 131.7 mgd produced in 1955. 
Pumpage increased at a very rapid rate of 6.7 mgd per year during the next 
16 years and was 239.0 mgd in 1971. 

Chicago region Cambrian-Ordovician groundwater production increased 
rather irregularly from 23.2 mgd in 1900 to 75.6 mgd in 1955, as shown in 
figure 6. During the next 16 years, production nearly doubled, with an 
average increase of 4.7 mgd per year. In 1971, 150.7 mgd were withdrawn. 

Historical production data are incomplete for the water supply systems 
in the southern sector of the study area that have wells finished in the 
Cambrian-Ordovician aquifer. • 

Pumpage in the Northern Sector, 1971-1980 

Withdrawals in each of four counties — Cook, Kane, Will, and 
Winnebago — were more than 28 mgd in 1971 and totaled 146.2 mgd, or 61 
percent of the deep well production in the northern sector. Cook County 
pumpage, the highest pumpage of the 20 counties, was almost double that of 
Winnebago, which had the second highest pumpage. Other counties with high 
pumpage levels were DuPage and LaSalle Counties, in which the 1971 produc­
tion exceeded 12 mgd. Pumpage from deep wells was least in Kankakee 
County, with less than 1.0 mgd in 1971. 

During the 9-year period from 1971 through 1980, groundwater 
withdrawal from sandstone wells in the northern 20 counties of Illinois 
increased 12 percent, from 239.0 mgd to 267.5 mgd, an average increase of 
3.2 mgd per year. Total production reached a record high of 271.6 mgd in 
1979. The greatest annual increase in pumpage was -13.7 mgd in 1976. 
Production decreased from the previous years in 1975, 1977, and 1980; 1980 
pumpage was 4.1 mgd less than 1979 pumpage. The distribution of pumpage 
from deep wells from 1971 through 1980 is shown in table 1. 

Groundwater production increased in 13 counties during the period, 
with increases ranging from less than 0.1 mgd to 12.0 mgd, or from less 
than 1 to 162 percent. DuPage County had the greatest increase, followed 
by Cook County, both of which had increases greater than 10 mgd. Grundy, 
Lake, LaSalle, McHenry, and Ogle Counties had increases of 1.3 to 7.2 mgd. 
Grundy County had the greatest percentage increase in pumpage, 162 percent. 
Increases of 23 to 72 percent occurred in DuPage, Jo Daviess, Kendall, 
Lake, McHenry, and Ogle Counties. 

Groundwater withdrawal in Boone, Stephenson, Will, and Winnebago 
Counties decreased between 1971 and 1980 by amounts ranging from 1.3 mgd in 
Boone County to 5.9 mgd in Winnebago County. The decreases in these four 
counties varied between 14 and 29 percent. 

The distribution of pumpage subdivided into use categories is shown 
for 1900-1980 in figures 5 and 6 and for 1971-1980 in table 1. Production 
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Figure 5. Production from the Cambrian-Ordovician aquifer 
in 20 northern Illinois counties, 1900-1980, subdivided by use 

Figure 6. Production from the Cambrian-Ordovician aquifer 
in the Chicago region, 1900-1980, subdivided by use 
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Table 1. D i s t r i b u t i o n of Pumpage from Cambrian-Ordovician Wells 
in the Northern Sec to r , 1971-1980, Subdivided by Use 

(Pumpage in mi l l i ons of ga l lons per day) 
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Table 1. Concluded 
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for public supplies increased 29.6 mgd or 18 percent during the period 
1971-1980 and was 197.9 mgd in 1980. This represents 74 percent of the 
total deep well production in the northern 20 counties. Self-supplied 
industry produced 20 percent, and rural supplies 6 percent, of the total 
deep well pumpage. Industrial groundwater use decreased 9.0 mgd or 14.5 
percent during the 9-year period to 53.1 mgd in 1980. 

Between 1971 and 1980 there were 248 new deep wells drilled in the 
northern 20 counties of Illinois. Of these wells, 116 were drilled to 
augment existing municipal water-supply systems, 50 were for other public 
supplies, and 82 were for self-supplied industrial and commercial purposes; 
159 of these new wells were located in the Chicago region. Most of the 
existing deep wells and pumps were rehabilitated to meet increased demands. 
Seven public supply systems and 37 industries discontinued withdrawing 
water from the deep sandstone during the period. 

Figures 7, 8, and 9 show the pumpage for 1971, 1975, and 1980, 
respectively, for each of the 134 full or partial townships in the Chicago 
region. Records indicate that 1980 deep well production of more than 
10,000 gpd occurred in 89 townships, and production of more than 1.0 mgd 
occurred in 42 townships. Eleven townships had pumpage of more than 5.0 
mgd, and 2 had more than 10.0 mgd. Groundwater production continues to be 
concentrated in northwestern and western Cook Counties, eastern DuPage and 
Kane Counties, and the Joliet area of Will County. 

In the 42 townships with more than 1.0 mgd pumpage in 1980 (7 more 
than in 1971), pumpage increased in 28 and decreased in 14 after 1971. 
Increases occurred in 9 of the 11 townships that pumped more than 5.0 mgd 
in 1980. Pumpage increases of 2.0 to 6.6 mgd occurred in 6 townships: 
COK 41N10E, COK 41N11E, COK 42N10E, DUP 38N11E, DUP 40N11E, and GRY 34N8E. 
Decreases of 2.6 and 2.5 mgd occurred in WIL 34N9E and WIL 35N10E, respec­
tively. The major decreases in pumpage are primarily the result of 
decreases in industrial pumpage. 

Public Pumpage 

Public pumpage in the northern sector in 1980 was 197.9 mgd, an 
increase of 18 percent over that of 1971. Record high production of 
206.8 mgd occurred in 1979. The annual rate of increase during 1971-1980 
averaged 3.3 mgd. The greatest increases from 1971 to 1980 occurred in 
Cook and DuPage County, with 14.4 and 12.5 mgd, respectively. Increases of 
between 1.1 and 4.2 mgd occurred in Kane, Lake, LaSalle, McHenry, and Will 
Counties, while increases of 0.1 to 0.5 mgd occurred in 8 other counties. 
Public pumpage from deep wells decreased 6.7 mgd between 1971 and 1980 in 
Winnebago County as Rockford increased withdrawal from wells finished in 
sand and gravel aquifers. Pumpage in Boone, Carroll, Kankakee, and 
Stephenson Counties decreased from 0.1 to 1.5 mgd during the same period. 

Public use includes use by municipalities, subdivisions, and institu­
tions. No attempt has been made to determine the final use of water within 
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Figure 7. Distribution of pumpage from the Cambrian-Ordoviaian aquifer 
in the Chicago region, 1971 

15 



Figure 8. Distribution of pumpage from the Cambrian-Ordoviaian aquifer 
in the Chicago region, 1975 
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Figure 9. Distribution of pumpage from the Cambrian-Ordovioian aquifer 
in the Chicago region, 1980 
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these categories. Available records indicate that 177 municipalities and 
166 subdivisions and institutions in the northern 20 counties of Illinois 
obtained water from deep wells in 1980. Forty-four percent of these public 
supply systems are located in Cook, LaSalle, Will, and Winnebago Counties. 
Fifty percent of the systems are located in the 8-county Chicago region. 

Fifty-one public supply systems pumped more than 1.0 mgd from their 
deep wells during 1980 and had a combined production of 156.7 mgd. The 
pumpage for these 51 systems increased 17 percent after 1971. The 1980 
production of these 51 systems accounted for 79 percent of the total deep 
well production for all public water supplies. Thirty-nine of these 
systems are located in the Chicago region. 

The greatest increases in pumpage for public supplies since 1971 were 
for Elgin, Elk Grove, Lombard, Naperville, Oak Brook, Palatine, and 
Schaumburg, where increases of 1.7 to 3.6 mgd were recorded for the 9-year 
period. Pumpage at Elgin, Palatine, and Schaumburg increased more than 
2.2 mgd. Seven other public supplies had increases of more than 1.0 mgd. 

Of the 51 public supplies that pumped more than 1.0 mgd in 1980, 
production for 11 systems decreased by less than 0.1 to 8.9 mgd, with the 
largest decreases at Belvidere (1.5 mgd) and Rockford (8.9 mgd).. 

Most of the public water supply systems, including most of those with 
large changes in pumpage, obtain water from both shallow and deep wells. 
Changes in the relative use of shallow and deep wells account for some of 
the indicated changes in deep well production. 

Self-Supplied Industrial Pumpage 

Cambrian-Ordovician groundwater withdrawal for self-supplied indus­
trial use in the northern sector was 5 3.1 mgd in 1980, a decrease of 14.5 
percent since 1971. The highest annual pumpage since 1971 was 67.3 mgd in 
1973. The all-time high industrial pumpage from deep wells was 70.7 mgd in 
1968. The 1980 pumpage was the lowest since 1966. 

Between 1971 and 1980, pumpage increased in eight counties, seven of 
which had increases ranging from less than 0.1 to 0.8 mgd. Production in 
Grundy County increased 6.5 mgd. In six counties, pumpage decreased in 
amounts ranging from less than 0.1 mgd to 0.9 mgd. Production in Cook, 
Kane, Stephenson, and Will Counties decreased by 1.7 to 5.5 mgd. The 
greatest decreases were 5.5 mgd in Cook County and 5.3 mgd in Will County. 

Twelve industries reported production greater than 1.0 mgd. This is 
one more industry than in 1971. The 12 industries pumped 24.4 mgd in 1980, 
which represented 45 percent of the total industrial pumpage from deep 
wells. Two of the 12 pumped more than 3.0 mgd. Of these 12 major indus­
tries, seven decreased their pumpage from 1971 to 1980 in amounts ranging 
from 0.1 to 2.3 mgd. Four industries increased pumpage by 0.2 to 1.8 mgd. 
One industry was under construction in 1971 ; its production has increased 

18 



to more than 3.0 mgd. Seven of the largest water-using industries are 
located in the Chicago region and their combined pumpage was 15.9 mgd in 
1980. 

Some of the decrease in self-supplied industrial pumpage was due to 
the abandonment of inefficient wells or those with poor quality water. 
Many industries have reduced their demand by more efficient operations and 
various methods of water recirculation within the plant. Some of the 
decrease in pumpage for self-supplied industries has been offset by an 
increase in the purchase of water from municipalities. Part of the 
reported decrease in industrial pumpage is due to the shift of irrigation 
data to the rural category in 1980. Prior to 1980, irrigation use was 
included in the industrial-use category. 

In the Chicago region, industrial pumpage increased from 40.8 mgd in 
1971 to 48.2 mgd in 1973. Since then it has decreased, although 
irregularly, to a 15-year low of 34.0 mgd in 1980. Production declined in 
Cook, DuPage, Kane, and Will Counties, and increased only in Grundy County. 
Industrial pumpage in Kendall, Lake, and McHenry Counties remained about 
constant. 

Rural Pumpage 

In 1980 rural Cambrian-Ordovician wells produced 16.4 mgd, about 6 
percent of the total production in the northern sector. This includes 
water for farms, individual residences remote from public water supplies, 
livestock, and irrigation systems. Irrigation systems include farm 
irrigation and other sprinkling systems, such as those for country clubs 
and golf courses, nurseries, and lawn watering at cemeteries. Residential 
pumpage was estimated from 1970 and 1980 U.S. Bureau of Census population 
data and the reported populations served by public water supplies. Live­
stock populations are reported by the Illinois Cooperative Crop Reporting 
Service. Irrigation pumpage was based on reported and estimated acres 
irrigated, known sizes of some irrigation systems, and average amounts of 
moisture needed for optimum plant growth. Cambrian-Ordovician pumpage for 
irrigation was about 5.8 mgd in 1980. Consideration was given to the 
relative withdrawal from sandstone aquifers as compared to other aquifers 
throughout northern Illinois. 

Pumpage in the Southern Sector 

Twenty-three counties in the southern sector of the study area have 
one or more water supply systems with wells finished in the Cambrian-
Ordovician aquifer. Some of the wells are also open to shallower aquifers. 
Historical production data are incomplete for these systems. Available 
records indicate that during 1980 deep wells were pumped in only 15 of 
these 23 counties. 
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Table 2. D i s t r i b u t i o n of Pumpage from Cambrian-Ordovician Wells in the 
Southern Sec to r , 1980, Subdivided by Use 

(Pumpage in mi l l i ons of gal lons per day) 

County 

ADM 
BRN 
BUR 
FRD 
FUL 
HAN 
HND 
HRY 
IRO 
KNX 
LIV 
HCD 
MCL 
MRS 
MER 
PDO 
PKE 
PUT 
SCH 
STK 
TAZ 
WAR 
WDF 

TOTAL 

Public 

0 
0 
1.58 
0 
0.5 3 
0 
0.06 
2.41 
0 
0.81 
0. 14 
0.42 
0. 14 
0.25 
0.38 
0.87 
0 
0. 18 
0 
0.47 
0 
3.00 
0. 19 

11.43 

Industrial 

0 
0 
0.02 
0 
0 
0 
0 
0.02 
0 
0 
0 
0 
0 
0 
0 
0.36 
0 
0 
0 
0 
0 
0 
0 

0.40 

Total 

0 
0 
1.60 
0 
0.53 
0 
0.06 
2.43 
0 
0.81 
0. 14 
0.42 
0. 14 
0.25 
0.38 
1.23 
0 
0. 18 
0 
0.47 
0 
3.00 
0. 19 

11.83 

The 1980 total withdrawal from deep wells in the 15 counties was 
approximately 11.8 mgd, as shown in table 2. Ninety-six percent was for 
public water supplies and 4 percent for non-public supplies. Pumpage for 
rural water supplies from deep wells is extremely limited. Total pumpage 
has probably not changed significantly since at least 1970. 

Fifty-four public water supplies and three non-public supplies 
obtained water from deep wells in 1980. At least 10 systems have dis­
continued use of their deep wells. Much of the water from the Cambrian-
Ordovician aquifer throughout this region is highly mineralized, which has 
led to some major efforts to obtain water from alternate sources. 

Four counties — Bureau, Henry, Peoria, and Warren — produced 1.2 to 
3.0 mgd in 1980. Pumpage in the other 11 counties ranged from less than 
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0.1 to 0.8 mgd. Only two systems, Kewanee in Henry County and Spring 
Valley in Bureau County, pumped more than 1.0 mgd in 1980. 

Pumpage Related to the Practical Sustained Yield 

In Cooperative Groundwater Report 1 (Suter et al., 1959), it was 
estimated that the practical sustained yield of the Cambrian-Ordovician 
aquifer in the Chicago region (46 mgd) would be developed when the total 
pumpage from deep wells was about 81 mgd. Vertical leakage from shallow 
aquifers and the Mt. Simon aquifer would contribute the other 35 mgd of 
water for deep well production. The practical sustained yield of the 
aquifer is the maximum amount of water that can be withdrawn without 
eventually dewatering the most productive water-yielding formation, the 
Ironton-Galesville sandstone. It is largely limited by the rate at which 
water can move from recharge areas eastward through the aquifer to pumping 
centers. 

Estimates in Cooperative Groundwater Report 1, based on records of 
production and water levels, indicated that the practical sustained yield 
would be exceeded by 1965. However, pumpage from deep wells in every year 
since 1958 actually has exceeded the withdrawal rate anticipated for 1965. 
Thus, the estimated practical sustained yield of the aquifer has been 
exceeded each year since 1958. Sustained withdrawals at these excessive 
rates have already resulted in the dewatering of parts of the St. Peter 
sandstone in a considerable area of the Chicago region. They also have 
resulted in water levels approaching the Ironton-Galesville sandstone much 
sooner than anticipated in many areas. Revised predictions of the time 
when pumping levels will reach the top of the Ironton-Galesville sandstone 
were made by Schicht et al (1976). According to this report, by 1995 
pumping levels will be at the top of the Ironton-Galesville sandstone in 
four townships: COK 41N10E, COK 41N11E, DUP 40N11E, and KNE 41N8E. De-
watering the Ironton-Galesville sandstone is not recommended because this 
will result in significant reductions in well yields. 

WATER LEVELS IN CAMBRIAN-ORDOVICIAN WELLS 

In 1864 the artesian pressure in the Cambrian-Ordovician aquifer was 
sufficient to cause wells to flow above the ground surface in many parts 
of the Chicago region. Numerous deep wells throughout north-central and 
northwestern Illinois had water levels above the ground surface during the 
late 1800's and early 1900's. There are a few wells that still flow in 
Bureau, Carroll, Fulton, Jo Daviess, La Salle, Peoria, and Stephenson 
Counties. 

The original average elevation of water levels in deep wells at 
Chicago and Joliet was about 700 feet above mean sea level (msl). As a 
result of continued heavy pumpage, the non-pumping water levels in deep 
wells had declined by 1971 to elevations of 75 feet above msl to more than 
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100 f e e t below sea leve l at Bellwood, Elmhurst , and J o l i e t . From 1864 to 
1971, the p iezometr ic l e v e l at Chicago dec l ined more than 850 f e e t . 

Wate r - l eve l measurements in deep wel l s a r e obtained by a v a r i e t y of 
methods and under a wide range of opera t ing condi t ions and r e l i a b i l i t y . A 
few wells a re open holes and can be measured very accu ra t e ly . However, 
most wells are equipped wi th pumps t h a t l i m i t or prevent access for measur­
ing water l e v e l s . Water l e v e l s are a f f ec t ed by pumpage of the well to be 
measured or by pumpage of adjacent we l l s . The r e l i a b i l i t y of the wate r -
l eve l measuring equipment and the exper ience of the person taking the 
measurement are a l s o important c o n s i d e r a t i o n s . 

Water-Level Changes 

Water l eve l s in 809 deep wells in no r the rn I l l i n o i s were measured 
dur ing October and November 1980. Data for t he se wells a re given in 
Appendix A. Water l e v e l s for 460 of the w e l l s , inc luding 270 in the 
Chicago reg ion , had been measured dur ing the same period in 1971. Water 
l e v e l s for 529 of the 809 w e l l s , i nc lud ing 349 in the Chicago reg ion , had 
been measured during the same per iod in 1975. 

Examples of changes in non-pumping water l eve l s in s e l ec t ed wel ls in 
nor thern I l l i n o i s for the per iod 1971 through 1980 are shown in f igure 10. 
Figure 11 shows the l oca t i ons of the wel l s for which hydrographs are shown 
in f igure 10. Hydrographs of s e l e c t e d wel l s r e f l e c t seasonal and long- term 
pumping t r e n d s . Steady d e c l i n e s of water l e v e l s gene ra l ly i n d i c a t e 
i n c r e a s i n g r a t e s of l oca l and r eg iona l pumping. 

Chicago Region 

Table 3 shows average w a t e r - l e v e l changes in 11 observa t ion wel ls in 
t h e Chicago region for pe r iods of 3 to 14 years p r i o r to 1971 and for the 
pe r iods 1971-1975 and 1975-1980. P r i o r to 1971, average changes in t he se 
wel l s ranged from a r i s e of 3.7 f e e t per year south of J o l i e t to a d e c l i n e 
of 10.6 f e e t per year at Des P l a i n e s . Nine of the eleven wells showed 
average dec l i ne s for the per iods p r i o r to 1971. 

Water - leve l measurements recorded for both 1961 and 1971 a re a v a i l a b l e 
for 153 i n d i v i d u a l wells in the Chicago r eg ion . All but 4 of these 
decl ined during the pe r iod , with d e c l i n e s ranging from l e s s than 50 f e e t 
for 14 wel l s in Cook, Grundy, Kane, Lake, McHenry, and Wi l l Counties to 
more than 200 f e e t for 6 wel l s in Cook, Lake, and Will Count ies . Water 
l e v e l s in 78 wells in a l l count ies except McHenry dec l ined between 100 and 
200 f ee t during t h i s pe r iod . Water l e v e l s in 65 wells decl ined between 3 
and 99 f e e t . 

For the period 1971 to 1975, average changes in the 11 obse rva t ion 
wel ls ranged from a r i s e of 10.5 f e e t per year at Geneva to a dec l ine of 
15.0 f e e t per year on the nor th s ide of J o l i e t . In add i t ion to the r i s e in 
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Figure 10. Water levels in selected wells in northern Illinois, 1971-1980 
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Figure 10. Continued 
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Figure 10. Concluded 
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Figure 11. Locations of wells for which hydrographs are shown 
in figure 10 

Table 3. Changes in Non-Pumping Water Levels in Selected 
Cambrian-Ordovician Observation Wells in the Chicago Region 

Ave rage change 
( f t / y r ) 

Prior to 1971- 1975-
Well number and locat ion 

37N14E-27.5e1 (Chicago) 

1971 1975 

- 7 . 3 

1980 

COK 

number and locat ion 

37N14E-27.5e1 (Chicago) - 5.3 

1975 

- 7 . 3 - 4.4 

COK 38N13E-11.1h (Chicago) - 2.8 - 6.5 - 2.8 

COK 39N12E-11.7f (Maywood) - 7.9 - 6.7 - 6 . 2 

COK 41N11E-25.2h (DesPlaines) -10.6 + 0.7 - 4.4 

KNE 39N8E-11.7e4 (Geneva) + 0.8 + 10.5 + 1.8 

KNE 41N8E-12.3e (Elgin) - 6.0 - 3.5 - 5 .2 
LKE 44N12E-21.8f2 (Lake Bluff) - 8.2 - 6 . 3 - 7.6 

LKE 46N12E-21.1b1 (Zion) - 8.4 -10 .0 - 9 .4 

WIL 33N9E-1.5e1 ( J o l i e t ) + 3.7 - 3.5 + 2.2 

WIL 35N10E-16.2h ( J o l i e t ) - 9.5 -11 .7 -11 .6 

WIL 36N10E-33.6h ( J o l i e t ) - 9.0 -15 .0 - 6.0 
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water l e v e l s in the well at Geneva, the water l eve l s in the observa t ion 
wel l at Des Plaines showed a r i s e . 

Water - leve l measurements for both 1971 and 1975 a re ava i l ab le for 290 
i n d i v i d u a l wells in the Chicago reg ion . Water l eve l s in 262 wells 
dec l ined , levels in 28 ro se , and l e v e l s in 4 showed no change. Declines of 
50 to 162 feet occurred in 109 we l l s . Rises of 84 to 122 fee t occurred in 
t h ree wel l s in Cook County, and r i s e s of 10 to 45 f e e t occurred in 13 wel ls 
in Cook, Kane, Lake, and Wil l Count ies . 

Since 1975, average w a t e r - l e v e l changes in the 11 observat ion wel l s 
have ranged from a r i s e of 2.2 fee t per year south of J o l i e t to a dec l i ne 
of 11.6 f e e t per year in the center of J o l i e t . The water l eve l at Geneva 
continued to r i s e . 

Water levels in 8 of these 11 observa t ion wel ls have shown continuous 
average dec l ines s ince p r i o r to 1971. Only the well at Geneva has shown a 
continuous r i s e s ince 1971. The fac t t h a t pumpage from th i s well decreased 
s t e a d i l y s ince 1970 and ended in e a r l y 1978 probably accounts for t h i s 
r i s e . 

A t o t a l of 349 wells were measured in the Chicago region in both 1975 
and 1980. In 306 wel ls water l eve l s dec l ined , in 40 they rose , and in 3 
they showed no change. Declines of 50 to 149 f ee t were recorded in 148 
we l l s . Water l eve l r i s e s of 52 to 80 fee t occurred in four wells in Cook, 
Kane, and Will Count ies . Rises of 10 to 47 fee t occurred in 22 w e l l s . 

In 1980, near ly 80 percen t of the deep wells in western Cook and 
e a s t e r n DuPage Counties and 90 percen t within the c i t y of J o l i e t had w a t e r -
l eve l e l eva t ions below mean sea l e v e l . More than 50 percen t of the wel ls 
in these areas had w a t e r - l e v e l e l e v a t i o n s lower than 50 feet below mean sea 
l e v e l . 

Other i nd i ca t ions of r eg iona l t r ends in the Chicago area are given by 
the average wa te r - l eve l measurements for the i n d i v i d u a l coun t i e s . Table 4 
shows computed average w a t e r - l e v e l dec l i ne s for each of the 8 coun t i e s for 
s eve ra l per iods of time between 1961 and 1980. 

P r i o r to 1971, water l eve l s dec l ined an average of 11 f e e t per year 
and ranged from 2 f e e t per year in McHenry County to 15 fee t per year in 
Lake County. During the per iod 1971-1975, dec l ines averaged 12 f e e t per 
year and ranged from 6 f ee t per year in McHenry County to 16 fee t per year 
in Grundy County. Since 1975, dec l i ne s have averaged 9 fee t per year and 
ranged from 1 foot per year in Kendall County to 14 f e e t per year in Lake 
County. Average dec l ines have been at l e a s t 10 f e e t per year s ince 1961 in 
Cook, DuPage, and Lake Count ies . 

North Central and Northwestern Region 

Regional w a t e r - l e v e l changes in a reas of nor thern I l l i n o i s ou t s ide the 
Chicago region show l e s s f l u c t u a t i o n . In these a reas there a re fewer and 
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Table 4. Average County Declines in Non-Pumping Water Levels in 
Cambrian-Ordovician Wells in the Chicago Region 

Ave rage d e c l i n e ( f t / y r ) 
County 1961-1971 1971-1975 1975-1980 

Cook 11 11 10 

DuPage 12 13 12 

Grundy 3 16 5 

Kane 9 9 7 

Kendall 11 12 1 

Lake 15 10 14 

McHenry 2 6 8 

w i l l 11 14 6 

Ave rage 11 12 9 

genera l ly more widely-spaced we l l s . County or reg iona l pumpage, and 
usua l ly l o c a l pumpage, i s cons iderably l e s s . In a d d i t i o n , the d i f fe rence 
in the geologic p r o f i l e over much of the n o r t h - c e n t r a l and northwestern 
p a r t s of the a rea , as descr ibed e a r l i e r , permi ts more rap id recharge to the 
sandstone a q u i f e r s . 

P r io r to 1971, average w a t e r - l e v e l changes for a per iod of 8 to 19 
years in 10 se l ec t ed observat ion wel ls ou t s i de the Chicago region ranged 
from no change to a dec l ine of 9.2 f e e t per year as shown in t a b l e 5. 
During the per iod 1971-1975, changes in these 10 wells ranged from a r i s e 
of 3.5 f e e t per year at S t e r l i n g to a dec l i ne of 3.3 f e e t per year at 
Rochel le . Since 1975, changes have ranged from a r i s e of 3.2 f e e t per year 
at Eas t Moline to a dec l ine of 5.4 f e e t per year at DeKalb. Water l e v e l s 
at DeKalb and Peru have shown continuous average dec l ines since at l e a s t 
1960. 

In 40 wel l s located in 9 c o u n t i e s , water l eve ls recorded in 1961 and 
1971 showed changes ranging from a r i s e of 36 fee t in DeKalb County to a 
dec l i ne of 79 f e e t in Winnebago County. Five of these 40 wells showed a 
r i s e of water l e v e l and four showed no change of water l e v e l . 

Water l eve l s in 150 wel l s in 12 coun t i e s were recorded in both 1971 
and 1975. During t h i s pe r iod , changes ranged from r i s e s of more than 25 
f e e t in 11 wel l s to dec l ines of more than 25 f e e t in 8 w e l l s . Maximum 
recorded r i s e s were 52 and 53 fee t in two wel ls in LaSal le County. Maximum 
dec l ines of 59 to 90 fee t were recorded in four wells in DeKalb, Kankakee, 
LaSal le , and Lee Count ies . Sixty-two wel l s showed a r i s e of water l e v e l , 
76 showed a d e c l i n e , and 12 showed no change. 

In 1975 and 1980 water l eve ls were measured in 168 wel ls in the same 
12 c o u n t i e s . During t h i s pe r iod , r i s e s of water l eve l s were recorded in 59 
w e l l s , inc lud ing r i s e s of more than 25 f e e t in 6 we l l s . The maximum r i s e 
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Table 5. Changes in Non-Pumping Water Levels in Selected Cambrian-
Ordovician Observations Wells outs ide the Chicago Region 

Average change 
( f t / y r ) 

P r i o r t o 1971- 1975-
Well number and loca t ion 1971 1975 

+0.8 

1980 

BNE 44N3E-25.8b2 (Belv idere) - 1 . 2 

1975 

+0.8 +2.8 

DEK 40N4E-22.3e1 (DeKalb) - 3 . 7 -1 .7 - 5 . 4 

LAS 33N1E-16.8a3 (Peru) - 1 . 4 - 0 . 7 . - 0 . 6 

LAS 33N3E-2.4b (Ottawa) - 1 . 8 - 0 . 5 +0.6 

LEE 22N9E-21.4a1 (Dixon) - 0 . 9 +0.5 - 0 . 8 

OGL 40N1E-25.3f (Rochelle) - 2 . 7 - 3 . 3 +2.6 

RIS 18N1E-19.2d (E. Moline) - 9 . 2 +1.3 +3.2 

STE 27N8E-30.7b (Freeport) - 0 . 5 0 +0.6 

WTS 21N7E-22. 1e3 ( S t e r l i n g ) - 2 . 7 +3.5 - 2 . 0 

WIN 44N1E-23.6d2 (Rockford) 0 - 1 . 0 +0.8 

was 48 f e e t in one w e l l in L a S a l l e County . D e c l i n e s were r e c o r d e d in 101 
w e l l s , i n c l u d i n g d e c l i n e s o f more t h a n 25 f e e t in 22 w e l l s . Maximum 
d e c l i n e s of 122 and 140 f e e t were r e c o r d e d in two w e l l s in L a S a l l e and 
W h i t e s i d e C o u n t i e s . E i g h t of t he 168 w e l l s measured in 1975 and 1980 
showed no w a t e r - l e v e l change . 

Super imposed on t h e l o n g - t e r m t r e n d o f w a t e r - l e v e l changes in deep 
w e l l s a r e s e a s o n a l f l u c t u a t i o n s c a u s e d c h i e f l y b y changes i n r a t e s o f 
pumping from w e l l s and w e l l f i e l d s . Water l e v e l s i n deep w e l l s g e n e r a l l y 
d r o p d u r i n g the summer and e a r l y f a l l when pumpage i s g r e a t e s t . Water 
l e v e l s may s t a r t t o r e c o v e r d u r i n g l a t e f a l l when pumpage i s r e d u c e d . 
Minimum groundwate r l e v e l s a r e u s u a l l y r e c o r d e d d u r i n g September and 
O c t o b e r ; maximum a n n u a l w a t e r l e v e l s u s u a l l y o c c u r d u r i n g t h e l a t e w i n t e r 
and e a r l y s p r i n g months . S h o r t - t e r m f l u c t u a t i o n s r e f l e c t i n t e r m i t t e n t 
pumping, d a y - t o - d a y v a r i a t i o n s i n l o c a l pumping, o r changes i n a t m o s p h e r i c 
p r e s s u r e . 

PIEZOMETRIC SURFACE OF THE CAMBRIAN-ORDOVICIAN AQUIFER 

The p i e z o m e t r i c s u r f a c e i s a n i m a g i n a r y s u r f a c e t o which w a t e r w i l l 
r i s e i n a r t e s i a n w e l l s . Pumpage from i n d i v i d u a l w e l l s and major pumping 
c e n t e r s i s a n i m p o r t a n t f a c t o r i n f l u e n c i n g t h e s u r f a c e c o n f i g u r a t i o n . T h i s 
i s e s p e c i a l l y s i g n i f i c a n t i n t h e C h i c a g o r e g i o n . O t h e r c o n t r i b u t i n g 
f a c t o r s i n c l u d e n a t u r a l r e c h a r g e and d i s c h a r g e a r e a s and the g e o l o g i c and 
h y d r o l o g i c c h a r a c t e r i s t i c s o f the a q u i f e r and t h e o v e r l y i n g m a t e r i a l . 
Changes i n pumpage have been d e s c r i b e d i n a n e a r l i e r s e c t i o n , a s h a s t h e 
g e o l o g y and h y d r o l o g y of t h e a q u i f e r . 
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Several piezometric surface maps of areas of the Cambrian-Ordovician 
aquifer in northern Illinois have been published in previous reports. Maps 
of 1950 (Foley and Smith, 1954) and 1971 (Sasman et al., 1973) cover all of 
the northern part of the state. Other maps have generally been limited to 
northeastern Illinois. Previously published maps of 1971 and 1975 (Sasman 
et al., 1973 and 1977), modified with recent interpretations, are included 
in this report for comparison with the 1980 map. 

Piezometric Surface, 1971 

Figure 12 shows the piezometric surface of the Cambrian-Ordovician 
aquifer in October 1971. Data on water levels, presented in Appendix A, 
were used to prepare the map. The general features of the 1971 piezometric 
surface map for the Chicago region differ very little from those of the 
piezometric surface map for 1966 published in Circular 94 (Sasman et al., 
1967). 

The deepest cone of depression in the Chicago region in 1971 was in 
the vicinity of Bellwood where the lowest level was 149 feet below mean sea 
level. Pronounced cones of depression were apparent at Joliet, Elmhurst, 
Des Plaines, Aurora, and Elgin. The area of low water level (50 feet msl) 
included most of western Cook, eastern DuPage, and northwestern Will 
Counties, as well as a large area in north-central Cook County. Zero-foot 

Figure 12. Elevation (in feet msl) of the piezometric surface 
  of the Cambrian-Ordovician aquifer, October 1971 
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(msl) contours enclosed large areas of western Cook, northeastern DuPage, 
and western Will Counties. More than half of the deep wells within the 
city of Joliet and in western Cook County had water-level elevations below 
mean sea level. Other depressions in the piezometric surface in the 
Chicago region are also apparent in southern and northern Cook County, and 
at Geneva and Batavia. The piezometric surface was well below the top of 
the Galena-Platteville dolomite in large areas of the Chicago region, even 
as far west as eastern Kane County, and below the top of the St. Peter 
sandstone in the deepest cones of depression near Bellwood and Joliet. 

The areas of highest piezometric levels in 1971 were in Boone, DeKalb, 
and Ogle Counties in north-central Illinois and in Stephenson and 
Jo Daviess Counties in northwestern Illinois. A significant depression in 
the piezometric surface is apparent at Rockford, with other depressions at 
Belvidere, Freeport, Rochelle, DeKalb-Sycamore, Ottawa, and LaSalle-Peru. 

The general pattern of flow of water in the deep sandstone wells in 
1971 was from all directions toward the deep cones of depression, primarily 
centered at Des Plaines, Elmhurst, Bellwood, and Joliet. Some of the water 
flowing toward these areas is intercepted by cones of depression at Elgin 
and Aurora. In addition, water from the recharge areas west of the Chicago 
region was being diverted into enlarging cones of depression at Belvidere, 
Rockford, Rochelle, and DeKalb. 

Piezometric Surface, 1975 

Figure 13 shows the piezometric surface of the Cambrian-Ordovician 
aquifer in October 1975. Water level data in Appendix A were used to 
prepare the map. The general features of the map for the Chicago region 
differ little from those of the piezometric surface map for 1971. 

The deepest cones of depression in the Chicago region in 1975 were in 
the vicinities of Bellwood and Joliet, where levels were more than 150 feet 
below mean sea level. Pronounced cones of depression were apparent at 
Elmhurst, Mt. Prospect-Arlington Heights, Aurora, and Elgin. The area 
within the 50-foot piezometric surface contour included all of western 
Cook, most of eastern DuPage, and northwestern Will Counties, and a large 
area in north-central Cook County. Contours of -50 feet msl enclosed large 
areas of western Cook and eastern DuPage Counties, northeast DuPage and 
north-central Cook Counties, and the Joliet area in Will County. Other 
depressions in the piezometric surface in the Chicago region were apparent 
in southern and northern Cook County, in southeastern McHenry County, and 
at Naperville and Libertyville-Mundelein. The area of less than 400 feet 
msl included about three-fourths of Grundy County. The piezometric surface 
was below the middle of the Galena-Platteville dolomite in large areas of 
the Chicago region, as far west as eastern Kane County, and below the top 
of the St. Peter sandstone in the deepest cones of depression near Bell-
wood, Elmhurst, and Joliet. More than half of the Galena-Platteville 
dolomite has been dewatered in most of Cook and DuPage Counties, and in 
eastern Kane and northern Will Counties. 
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Figure 13. Elevation (in feet msl) of the piezometric surface 
of the Cambr-Lan-Ordovioian aquifer, October 1975 
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The 1975 piezometric surface map shows the areas of highest elevation 
in Boone, DeKalb, and Ogle Counties in north-central Illinois. Significant 
depressions in the piezometric surface were present at Rockford, Rochelle, 
DeKalb-Sycamore, Ottawa, and LaSalle-Peru. A new depression was evident in 
northwest LaSalle County. 

The general pattern of flow of water in the deep sandstone wells in 
1975 was from all directions toward the deep cones of depression, primarily 
centered at Mt. Prospect-Arlington Heights, Elmhurst, Bellwood, and Joliet. 
Some of the water flowing toward these areas was intercepted by enlarging 
cones of depression at Elgin, Aurora, Naperville, Libertyville-Mundelein, 
and other pumping centers. In addition, water from the recharge area west 
of the Chicago region was being diverted into expanding cones of depression 
at Rockford, Rochelle, DeKalb, Mendota, LaSalle-Peru, and Ottawa. 

Piezometric Surface, 1980 

Figure 14 shows the piezometric surface of the Cambrian-Ordovician 
aquifer in October 1980. Water level data in Appendix A were used to 
prepare the map. The general features of the 1980 piezometric surface map 
differ very little from those of the piezometric surface maps for 1971 and 
1975. The piezometric surface map of the area between the Mississippi and 
Illinois Rivers is the first to be prepared for that area. 

The deepest cones of depression in the Chicago region in 1980 were in 
the vicinity of Elk Grove, Elmhurst, and Joliet, where some levels were 
more than 200 feet below mean sea level (see Appendix A). Pronounced cones 
of depression were apparent at Arlington Heights, Mt. Prospect, Bensen-
ville, Bellwood, Oakbrook, and Elgin (see figure 15). The zero-foot msl 
piezometric surface areas, centered around Joliet and Elmhurst, included 
almost all of western Cook, most of eastern DuPage, and a large area of 
northwestern Will Counties. Contours of -100 feet msl enclosed several 
square miles in northern Cook County, western Cook and eastern DuPage 
Counties, and the Joliet area in Will County. Other depressions in the 
piezometric surface in the Chicago region are also apparent in southern and 
northern Cook County, and at Libertyville-Mundelein and Minooka. The 
piezometric surface was below the middle of the Galena-Platteville dolomite 
in large areas of the Chicago region, as far west as central Kane County. 
The piezometric surface was below the top of the St. Peter sandstone in 
large areas of northern Cook and eastern DuPage Counties and in the Joliet 
area. 

For the entire area of northern Illinois, the 1980 piezometric surface 
map shows the areas of highest elevation in Boone and DeKalb Counties in 
north-central Illinois and in Stephenson and Jo Daviess Counties in north-
western Illinois. A major depression in the piezometric surface is apparent 
at Rockford, with other depressions at Rochelle, DeKalb-Sycamore, LaSalle-
Peru, Mendota, and Rock Island-Moline. In the southern part of the area, 
relatively few available water levels provide limited control for deter­
mination of the piezometric surface. The elevation of the piezometric 
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Figure 14. Elevation (in feet msl) of the piezometric surface 
of the Cambrian-Ordovician aquifer, October 1980 

34 



Figure 15 Elevation (in feet msl) of the piezometric surface 
of the Cambrian-Ordovician aquifer in the Chicago region, 

October 1980 
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surface genera l ly s lopes downward toward the south and southwest. A l a r g e 
shallow depress ion is p r e s e n t in much of Fulton and e a s t e r n McDonough 
Count ies . A smal ler shallow depress ion is p resen t in the Peoria a r ea . 

The genera l p a t t e r n of flow of water in the deep sandstone wel ls in 
1980 was from high e l e v a t i o n s in n o r t h - c e n t r a l and nor thwes tern I l l i n o i s 
towards the sou theas t , south , and southwest . Locally flow is toward the 
deep cones of depress ion , p r imar i ly centered in Ar l ington Heights -
Elk Grove-Mt. Prospect , Bensenvi l le -Elmhurs t , Bellwood, and J o l i e t . Some 
of the water flowing toward these a reas is i n t e r c e p t e d by en la rg ing pumping 
cen t e r s a t E lg in , Geneva-St. Char les , Aurora, L iber tyv i l l e -Munde le in , Lake 
Zurich, Minooka, and o the r l o c a t i o n s . In add i t i on , water from the recharge 
a rea west of the Chicago region is being d ive r t ed i n t o cones of depress ion 
at Rockford, Rochelle, . DeKalb-Sycamore, Mendota, and LaSal le -Peru . The 
approximate l i m i t s of d i v e r s i o n for the Cambrian-Ordovician aqui fe r west of 
the Chicago region are shown by the groundwater d iv ide in f igu res 14 and 
15. 

Change in Piezometric Surface , 1971-1980 

The p iezometr ic sur face maps for 1971 and 1980 and the computed 
changes for groundwater l e v e l s measured in those two yea r s were used to 
prepare a p iezometr ic sur face change map ( see f igure 16) . 

The changes vary cons ide rab ly , even wi th in areas of heavy pumpage. In 
the Chicago region the p iezomet r ic sur face decl ined more than 50 f e e t in 
nea r ly a l l of Cook, DuPage, and Lake Coun t i e s , as wel l as in most of 
Grundy, e a s t e r n Kane, n o r t h e a s t e r n Kendal l , ea s t e rn McHenry, and Wil l 
Count ies . In most of Lake County and in l a rge areas of DuPage, nor thern 

Figure 16. Decline Lin feet) in piezometric surface of the 
Cambrian-Ordovician aquifer in northern Illinois, 1971-1980 
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Cook, and northwestern Wi l l Count ies , the surface dec l ined more than 
100 f ee t . Declines of more than 150 fee t occurred in s eve ra l a reas of 
Lake, nor thern Cook and DuPage, e a s t e rn Kane, and western Wil l Count ies . 

A comparison of the 1971 and 1980 w a t e r - l e v e l measurements for the 
area outs ide the Chicago region shows large areas of e s s e n t i a l l y no change 
and some areas of change up to 50 f e e t . In eas te rn LaSal le County the re is 
an extension of the 50-foot dec l ine westward from Grundy and Wil l Count ies . 
Small areas of 50-foot dec l ine a l so occur in eas te rn Jo Daviess and western 
Stephenson Counties and around the boundaries of C a r r o l l , Ogle, Whites ide , 
and Lee Count ies . A gene ra l dec l ine of 50 f e e t appears to extend over most 
of the southwest pa r t of the reg ion . A small area of 100-foot dec l ine 
appears to be p resen t in the q u a d - c i t i e s a rea of Rock I s l and County. 

Change in Piezometr ic Surface, 1975-1980 

The piezometr ic surface maps for 1975 and 1980 and the computed 
changes for water l eve ls measured in those two years were used to prepare 
the change map shown as f igu re 17. This map covers only no r theas t e rn 
I l l i n o i s , s ince no major e f f o r t was made in 1975 to ob ta in deep well water 
l e v e l s in the r e s t of nor thern I l l i n o i s . The computed average changes in 
non-pumping water l eve ls from October 1975 to October 1980 for each county 
of the Chicago region are given in t a b l e 4. Water- level e l eva t i ons a re 
t abu l a t ed in Appendix A. 

Figure 17. Decline (in feet) in piezometric surface of the 
Cambrian-Ordovician aquifer in northeastern Illinois, 1975-1980 
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As with the 1971-1980 change map, the change in piezometric surface 
from 1975-1980 varies considerably throughout the region. Declines of more 
than 100 feet occurred in areas of Lake and northern Cook Counties. 
Declines of 50 to 100 feet occurred in large areas of Lake, northern Cook, 
northern DuPage, northern Kane, and southern McHenry Counties, as well as 
in several other areas. Declines of less than 50 feet occurred in much of 
central and southern Cook, southern DuPage, northern McHenry, and central 
Kane Counties, and in Kendall, Grundy, and Will Counties. 

WATER QUALITY 

Between October 1980 and May 1981, the Illinois State Geological 
Survey sampled about 95 public and self-supplied industrial water supply 
wells in northern Illinois open to the Cambrian-Ordovician aquifer. Each 
sample was analyzed for the major dissolved inorganic chemical constituents 
by either the Illinois State Water Survey or the Illinois Environmental 
Protection Agency. For this study, data for total dissolved solids (TDS), 
hardness (as CaCO3), sulfate, chloride, sodium, and iron were plotted and 
hand contoured. These data are tabulated in Appendix B. 

There are many factors which can affect the chemical composition of a 
water sample collected from a particular well. Individual aquifer units 
and areas within the Cambrian-Ordovician aquifer have natural variations in 
quality. Samples collected from high capacity wells, such as most public 
and industrial water supply wells, represent an areally integrated quality 
of water, since the cone of influence may be quite large. Similarly, 
vertical integration of water quality occurs when a well is open to two or 
more water-yielding units containing water of different quality. It is 
important to understand, therefore, that although analytical data are 
treated as point values, they actually represent average concentrations for 
the volume of aquifer pumped. This volume depends primarily on the units 
tapped, the hydraulic conductivities of the units, and the rate and 
duration of pumping. When data from many wells are compared, an unknown 
amount of variability is introduced because of the different portions of 
the aquifer actually sampled. Despite this variability and uncertainty, 
the analytical data provide a valuable picture of the general areal 
variations in groundwater quality that currently exist. 

Regional changes in groundwater quality in the Cambrian-Ordovician 
aquifer appear to be influenced primarily by proximity to the recharge 
source(s) and by residence time in the groundwater system. Wells in and 
near the major recharge area in northern Illinois where the Maquoketa shale 
is absent (figure 15) generally yield less mineralized water. Samples from 
wells downgradient from the recharge area show increasingly more minerali­
zation with distance, as the water has had a longer time to dissolve 
minerals from the aquifer materials. The southern limit of the use of the 
Cambrian-Ordovician aquifer is primarily governed by water quality. 
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Overpumping of the Cambrian-Ordovician aquifer also can degrade the 
water quality of the aquifer by inducing upward migration of highly 
mineralized water from the underlying Elmhurst-Mt. Simon aquifer. There is 
some evidence of this in the Chicago area, where a deep cone has been 
created in the piezometric surface of the Cambrian-Ordovician aquifer. 
The piezometric surface has dropped below that of the Elmhurst-Mt. Simon, 
causing upwelling of the poorer quality water into the Cambrian-Ordovician 
aquifer. Water below an elevation of about 1300 feet below sea level is 
generally too salty for municipal or industrial use. Numerous wells in 
Cook, DuPage, and Kane Counties, originally drilled into the Mt. Simon 
aquifer, have been plugged above that formation to obtain water of better 
quality. Additional study is necessary to determine recommended depth 
limits, yield characteristics, and plugging methods for wells penetrating 
this formation. 

The U.S. Geological Survey, Illinois State Geological Survey, and 
Illinois State Water Survey are preparing a report on the Cambrian and 
Ordovician aquifers in Illinois (Illinois State Geological Survey et al. , 
1982). Their study indicates that the groundwater in the recharge area is 
chemically homogeneous and is a calcium-magnesium-bicarbonate type. 
Vertical and areal changes in the water quality occur as the groundwater 
. moves away from the recharge area. The study concludes that in the 
Cambrian-Ordovician aquifer, cation evolution, due to a decrease in redox 
potential, is from calcium-magnesium to calcium to sodium, and anion 
evolution is from bicarbonate to sulfate to chloride, with increasing 
distance and depth from the recharge area. 

In addition to the influence of present hydraulic conditions on the 
water quality in the aquifer, water quality variations may still reflect 
the effects of glacial loading. In the western portion of the study area, 
it has been postulated that recharge from glacial sources may account for 
some of the anomalies in water quality distribution (Gilkeson et al., 
1981 ). 

In northern Illinois, the groundwater quality of the Cambrian-
Ordovician aquifer generally is not influenced by surficial pollutant 
sources. However, if a well is not properly constructed, it can serve as a 
conduit for downward pollutant migration. This can result in both well and 
aquifer contamination. The quality changes discussed in this report are 
believed to be due to natural mineral sources, though pumping may be 
aggravating quality degradation in some areas. 

The following subsections describe the variation and significance of 
the individual water quality parameters evaluated for this study. 

Total Dissolved Solids 

The total dissolved solids (TDS) in samples collected for this study 
ranged from 250 milligrams per liter (mg/L) in the north to 2930 mg/L in 
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the southwest. The northern half of the area has TDS values less than 
400 mg/L, with dramatic increases to the southwest and east, away from the 
recharge area (see figure 18). As described above, this may be partially 
due to the increase in mineralization with residence time in the aquifer. 
In the southwestern part of the area, beneath the Pennsylvanian rocks, 
recharge during glacial loading may have contributed to the current high 
TDS concentrations. In the Chicago area, upwelling of Elmhurst-Mt. Simon 
water may be partially responsible for the TDS increase. 

The U.S. Environmental Protection Agency has suggested that TDS 
concentrations exceeding 500 mg/L may have undesirable effects on the 
aesthetic qualities of drinking water (USEPA, 1979). In the southwestern 
and eastern portions of the study area, groundwater in the Cambrian-
Ordovician aquifer exceeds that level (see figure 18). 

Hardness (as CaCO3) 

Hardness values in the Cambrian-Ordovician aqu i fe r range from 94 to 
1064 mg/L. The d i s t r i b u t i o n of hardness concen t ra t ions is somewhat d i f f e r ­
e n t from t h a t of the o ther c o n s t i t u e n t s , with r e l a t i v e l y low hardness in 
the e a s t - c e n t r a l and w e s t - c e n t r a l a reas (see f igure 19). This is probably 
due to the v a r i a t i o n s in hardness of the d i f f e r e n t aqui fer u n i t s within the 
Cambrian-Ordovician system and the u n i t s l e f t open on a l o c a l sca le , as 
wel l as the o v e r a l l change in water q u a l i t y with i nc rea se in residence time 
in the aqu i f e r . 

There is no primary s tandard for hardness in d r ink ing water . However, 
var ious problems such as s c a l i n g and d e p o s i t s on f i x t u r e s r e s u l t from h igh 
l e v e l s of hardness . 

Su l f a t e 

Sulfate concentrations in the samples ranged from 2 mg/L in the north 
to 1562 mg/L in the southwestern part of the study area. The general dis­
tribution pattern is the same as that of TDS, with values increasing away 
from the major recharge areas (see figure 20). 

A secondary drinking water standard for sulfate of 250 mg/L has been 
set by the USEPA, based on undesirable aesthetic effects above that level 
(USEPA, 1979). About one-third of the wells sampled had sulfate exceeding 
that limit. As shown in figure 20, those high sulfate levels are in the 
southwestern and southeastern parts of the study area. -

Chloride 

The concentrations of chloride in samples from the Cambrian-Ordovician 
aquifer ranged from 1 mg/L in several samples in the northern sector to 
874 mg/L at the southern tip. Chloride distribution is similar to that of 
TDS, with a large area of low chloride in the northern part of the state, 
increasing to the south and east (figure 21). Again, recharge areas and 
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Figure 18. Generalized total dissolved solids concentrations (mg/L) 
in the Cambrian-Ordovician aquifer, 1980-1981 

Figure 19. Generalized hardness concentrations (mg/L) 
in the Cambrian-Ordovician aquifer, 1980-1981 
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Figure 20. Generalized sulfate concentrations (mg/L) 
in the Carnbrian-Ordovician aquifer, 1980-1981 

Figure 21. Generalized chloride concentrations (mg/L) 
' in the Carnbrian-Ordovician aquifer, 1980-1981 
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flow patterns are probably responsible for most of the regional chloride 
changes. The small area of elevated chlorides in the Chicago region 
probably results from induced recharge from the underlying Elmhurst-
Mt. Simon aquifer. 

The USEPA has suggested that chloride in excess of 250 mg/L is 
aesthetically undesirable in drinking water (USEPA, 1979). This secondary 
drinking water standard is exceeded in the southern tip and two small areas 
in the west-central part of the study area, and in the vicinity of Chicago. 

Sodium 

Sodium concen t ra t ions in the Cambrian-Ordovician aquifer ranged from 
2 mg/L in the northwestern corner of the s t a t e to 860 mg/L at the sou th ­
western t i p of the southern sec to r (see f igure 22). The increase in sodium 
conten t to the eas t and south r e f l e c t s the increase in minera l i za t ion away 
from the recharge a r ea s . There is a small l oca l high in sodium con ten t in 
the Chicago region, which may be due to upwell ing of poor q u a l i t y Elmhurst-
Mt. Simon w a t e r - i n t o the Cambrian-Ordovician aqu i fe r . 

P r e s e n t l y , there is no s tandard for sodium in dr inking water . However, 
people on sod ium- res t r i c t ed d i e t s should be aware of the sodium inges t ed 
d a i l y v ia t h e i r water supply. 

Iron 

The concentrations of iron in the samples collected from the Cambrian-
Ordovician aquifer ranges from <0.005 to 3.1 mg/L. Most of the samples 
were in the range of 0.1 to 1.0 mg/L total iron. 

Figure 23 shows the distribution of iron in the samples taken from the 
Cambrian-Ordovician aquifer. The highest concentrations were found in 
Fulton County. High iron values also were found in Henderson, McDonough, 
Bureau, and Lee Counties. The fact that these areas are away from the 
major aquifer recharge areas may account for the increase in iron minerali­
zation. However, it is important to note that the iron concentrations are 
affected by many chemical and physical variations within an aquifer and by 
the iron content of local aquifer material, resulting in a large range in 
the measured concentrations of iron in groundwater samples. 

The maximum allowable concentration of total iron in treated samples 
from public water suppli es in Illinois is 1.0 mg/L (Illinois Pollution 
Control Board, 1979). Concentrations exceeding 0.3 mg/L may have an 
undesirable effect on the aesthetic qualities of drinking water (USEPA, 
1979). Areas where the Cambrian-Ordovician water exceeds those limits are 
shown in figure 23. 
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Figure 22. Generalized sodium concentrations (mg/L) 
in the Cambrian-Ordovician aquifer, 1980-1981 

Figure 23. Generalized iron concentrations (mg/L) 
in the Cambrian-Ordovician aquifer, 1980-1981 
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Other Constituents 

In addition to the six constituents described above, the barium and 
radium concentrations found in the samples deserve some discussion. 
Elevated levels of barium were noted in some samples from DeKalb, Boone, 
and McHenry Counties. Five of the samples analyzed showed barium concen­
trations exceeding the drinking water standard of 1.0 mg/L (USEPA, 1975). 
The occurrence of barium in Cambrian-Ordovician groundwater in northeastern 
Illinois has been studied by the Illinois State Geological Survey (Gilkeson 
et al., 1981). Because of the low solubility of barium sulfate, high barium 
concentrations normally are limited to areas where the dissolved sulfate 
concentration is low. In areas of high dissolved sulfate, barium in 
solution is quickly precipitated, taking available barium from solution. 

The health effects of barium have not been identified, but the 
drinking water standard must be met by treatment or blending of low barium 
water. Regardless of health effects, precipitation of barium sulfate on 
pumping equipment in some wells has resulted in a drastic loss of pump 
operating efficiency and major maintenance problems. 

Although not analyzed in the samples for this study, radium has been 
shown to exceed the USEPA limit of 5 picocuries/liter (pCi/L) in many wells 
in the Cambrian-Ordovician aquifer in northern Illinois (USEPA, 1975; 
Gilkeson et al., 1978). The source of radium and other radioisotopes in 
this area has not been identified, but high concentrations are possibly 
related to the aquifer rock, the groundwater chemistry (especially concen­
trations of sulfate and barium) and hydraulic stress on the aquifer, which 
may bring water with high levels of radiation out of fine-grained strata in 
the aquifer. 
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APPENDICES 

The we11-numbering system used in this report is based on the location 
of the well, and uses the township, range, and section for identification. 
The well number consists of five parts: county abbreviation, township, 
range, section, and coordinates within the section. Sections are divided 
into rows of 1/8-mile squares. Each 1/8-mile square contains 10 acres and 
corresponds to a quarter of a quarter of a quarter section. A normal 
section of 1 square mile contains eight rows of 1/8-mile squares; an odd-
sized section contains more or fewer rows. Rows are numbered from east to 
west and lettered from south to north as shown below. 

The number of the well shown in 
sec. 25 at the right is as follows: 

COK 41N11E-25.2h 

Cook County 
T41N, R11E 
sec. 25 

In the appendices, the well numbers given are those by which the wells 
are generally known, except in the case of 3- and 4-digit numbers, which 
were assigned for computer purposes. In those cases, the owners' numbers 
are identified in parentheses. 

Appendix A presents water-level data for the following counties (in 
alphabetical order): 

Adams 
Boone 
Bureau 
Carroll 
Cook 
DeKalb 
DuPage 
Fulton 
Grundy 
Hancock 
Henderson 
Henry 
Iroquois 
Jo Daviess 

ADM 
BNE 
BUR 
CAR 
COK 
DEK 
DUP 
FUL 
GRY 
HAN 
HND 
HRY 
IRO 
JDV 

001 
004 
006 
008 
016 
019 
022 
029 
032 
034 
036 
037 
038 
043 

Kane 
Kankakee 
Kendall 
Knox 
Lake 
LaSalle 
Lee 
Livingston 
McDonough 
McHenry 
McLean 
Marshall 
Mercer 

KNE 
KNK 
KEN 
KNX 
LKE 
LAS 
LEE 
LIV 
MCD 
MCH 
MCL 
MRS 
MER 

045 
046 
047 
048 
049 
050 
052 
053 
055 
056 
057 
062 
066 

Ogle 
Peoria 
Pike 
Putnam 
Rock Island 
Schuyler 
Stark 
Stephenson 
Warren 
Whiteside 
Will 
Winnebago 
Woodford 

OGL 
PEO 
PKE 
PUT 
RIS 
SCH 
STK 
STE 
WAR 
WTS 
WIL 
WIN 
WDF 

071 
072 
075 
078 
081 
085 
088 
089 
094 
098 
099 
101 
102 

Appendix B presents water quality data for most of these counties. 

49 



Appendix A - Water-Level Elevations of the Cambrian-Ordovician Aquifer in Northern Illinois,1971-1980 
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Appendix A - Continued 
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Appendix A - Continued 
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Appendix A - Continued 
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Appendix A - Continued 
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Appendix A - Continued 

57 



Appendix A - Continued 

58 



Appendix A - Continued 
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Appendix A - Continued 

60 



Appendix A - Continued 
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Appendix A - Concluded 
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Appendix B - Water Quality Data, Cambrian-Ordovician Aquifer in Northern Illinois, 1980-1981 
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Appendix B - Concluded 
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