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CONVERSION FACTORS AND ABBREVIATIONS

for the convenience of rsaders who may want to usé metric -(International
System) units, the lnch—pound values in this report may be converted by using

the Eollowlﬁg factors:

Multiply inch-pound unit

inch (in.)

foott (ft)

mile (mi)

foot per mile (ft/mi)

'Square:milé fmi 2

gallon {(gal)

cubic foot {E£3)

cubic yﬁrd {yaa)
gallbn.per minute {(gal/min)
gallon per day (gal/d)

gallon per day per foot
[{galsfa)/ft]

million gallons per day (Mgal/d)

pound, avoirdupois (lb)
foot squarad per day (£t2/d)

parts per million (ppm)

.S5ea level: In this report,

By
25.4
0,3048

1.609

0. 1894

"259.0

2.590
3.785
0.02832
© 0,76456
0.06309
0.903?35

0.0124

0.04381
0.4536
0.09299

1.0

"sea lavel"

To obtain metric unit

millimeter (mm)

. meter {m}
. kilometer {(km)

meter pér kilometer (m/km)

hectare (ha)
square kilometer {(km?)

liter {L}
cubic meter (m3)

cubic meter (m3)

-liter per second {L/s)

cubic meter per day (m3/d)

meter squared per day
(m2/d)

cubic meter per second (m3/s)
kilogram (kg)
meter squared per day (m2/d)

milligrams per liter (ing/L)

refers to the Naticnal Geodetic

Vertical Datum of 1929 (NGVD of 1929)--a geodetic datum derived from a general
adjustment of the first-order level nets of both the United States and Canada,

formerly called Sea Levnl jatum of 1929,



CHANGES IN CHLORIDE CONCENTRATION IN WATER FROM MUNICIPAL WELLS

THAT TAP AQUIFERS IN ROCKS OF CAMBRIAN AND ORDOVICIAN AGE

IN NORTHEASTERN ILLINOIS, 1915-84

by G. 0. Balding

ABSTRACT

During the past few decades, several municipalities in northeastern
Illinois have noted increases in the salinity of water from wells that tap
aquifers in rocks of Cambrian and Ordovician age. The municipalities have
discontinued the use of, or sealed-off sections of, those wells. The
aquifers involved include the Ancell, the Ironton-Galesville, and the
Elmhurst-Mt. Simon.

To define the location, magnitude, and posgsible causes for the salinity
increases in the six northeastern counties of Illinois, 17 municipal wells and
1 deep test well were selected on the basis of their proximity to majer pump-
ing centers, the availability of water-guality data, and their documented
maintenance history. Well depths ranged from about 960 to 3,475 feet. One
well was finished in the middle confining unit, 2 wells were finished in the
Ironton-Galesville aquifer, 4 wells were finished in the Bau Claire confining
unit, and 10 wells were finished in the Elmhurst-Mt. Simon aguifer. The deep
test well was finished below the Elmhurst-Mt, Simon agquifer in Precambrian-

age rock.

Chloride concentrations in the municipal wells ranged from less than 5 to
greater than 600 milligrams per liter; in the deep test well, they ranged from
13 to 37,000 milligrams per liter. Some changes in the chloride concentration
in water from the studied municipal wells can be related to physical changes
to the walls, including the partial filling in of a well, bridging within a
well, the cleaning out of a well, or the deepening of a well. Some changes in
chloride concentration are not related to physical changes but may be caused
by increased pumpage; changes in pumping rate, frequency, or duration; cessa-
tion of pumping; improper abandonment of wells; and the upconing of highly
mineralized water. The data base was inadequate for a quantitative study of
the changes in chloride concentration in water from individual aguifers in
rocks of Cambrian and Ordeovician age.



INTRODUCTION

In the late 1970°s, the U.S. Geological Survey {(USGS) initiated the
Regiocnal Aguifer-sSystem Analysis (RASA} to study regional aquifer systems
throughout the United States. The general goals of a RASA investigation are
to evaluate each aquifet's water-supply potential and water quality, and,’
using computer models of the ground-water flow system, to provide a means for

evaluating aquifer response to stresses placed on the flow system.

The Northern Midwest RASA, whi¢h began in October 1978, studied the
aquifers in the Cambrian and Ordovician Systems that lie beneath almost all. of.
Towa and parts of Minnesota, Wisconsin, Indiana, Illinois, and Missouri (fig.
1}. A patt of the Northern Midwest RASA study, as suwmarized by Steinhilber .
and Young (1979), pertains to the regional assessment of water quality and

includes a study of the saline water to define its characteristics, occurrence,
potential movement to fresh-water zones, and historical changes in the water
quality as a result of aquifer development. o

In northern Illinois, the aquifers in rocks of Cambrian and Ordovician

. age (hereafter termed “cambrian and Ordovician Systems") are a major source of
water for municipal, industrial, and agricultural use. Demands are heaviest
in the Chicago -area where development of the aquifers began in 1864. Continhed
development of the aquifers has caused the potentiometric surface to decline
several hundred feet and has enlarged the cone of depression to such 4 degree
that it extends into squtheastern'wisconsin.' Demands on the agquifers are pro~—
jected to increase, resulting in further declines in the potentiometric surface.

During the past ‘few decades, several municipalities in northeastern
Illinois have noted increases in the chloride concentration in water from wells
that tap the aquifers in the Cambrian and ordovician $ystems [concentrations
at some wells exceeded 250 mg/L (milligrams per liter), the State limit for
chloride in public drinking-water supplies (Illinois Pollution Control. Board,
1984a, 1984b)]. As a result, some municipalities have discontinued the use

of, or sealed-off sections of, those wells.

In 1985, the USGS began a study--using only readily available data--to
examine the occurrence and pogsible causes of changes in chloride concentra-
tion in water from wells that tap the aquifers in the Cambrian and Ordovician
Systems in no:thgastern_lllinois.f Available data include information on well
location, well construction and maintenance, water levels, and water guality,
Data were available from State and Federal reports and data hases, including
those of the Illinois State Water Survey {ISWS), the Illinois State Geological
Survey (ISGS), and the USGS. ‘

Purpose and Scope

This report describes the location, magnitude, and causes of the changes
in chloride concentration in the ‘aquifers in the Cambrian and Qrdovician
Systems in a six-tounty area-of northeastern Illinois (fig. 1). The report
includes stratigraphic columng, maps, and graphs that show the geology and
hydrogeology of the study area and the changes in chloride concentration in



-, ] i e —

!

i

2
.

et
m

k |'a.uwato¢. :
_d‘»__{‘? 1& veruiq/‘/

Fas
——

TiwbiAMA |

//W

8
T
LA™

r -

: 7 |
o o
~ EXPLANATION e *,,_J
. 4’—]
| x SANDWICH FAULT ZONE— Cniat }./ S

S ‘U, upthrown side; . ___°_'_9__ !
S R + ¥ downthrown gide : VRN - T\T_jj

: :- S AP ) A
. . | DES PLAINES DISTURBANCE SRS Y A ] }) fx; o !
' 0 B . I0MRES .- . sii%‘ !]gymfn’;ah )J/ ,j/_‘:f s /l / . Ll
e — SRR CR LN G e
0 1. KILOMETERS . e
Bas_erhodifi;:.if_mm. T'sz N"g R KANKAKEE
* LS. Geologicsi Survey : "‘_A‘,‘s'i,_"‘"*?u_"'“

. 111,000,000 11972

Flgure l.—-Locat:_on of the study area in Ill:Lno:Ls w1th1n the Northern o

Midwest Regional. Aqulfer-System Analys:.s study area.



" water from’ wells that tap the aqulfers in the Cambrian and 0rdov1c1an Systems.
The geologic and hydrogeologic naenclature used in this report i&"that used
by’ VlSocky and others {1935) and does not necessarlly follow the usage of the

- USGS.

Descrintion'of'study.arean
" Geology -

.. The geology of the area, as described by Visocky and others (1985), con-
51sts of consolrdated and unconsolidated. stratrgraphlc units ranging in. age
from Precambrlan to Quaternary (flg. 2). The Cambrian System,,ln northeastern
Illlnors, contalns, in ascendlng order,_the Mt. Simon Formation, the Ean Claire
Formatlon, the” Galesv1lle Sandstone, the Ironton Sandstone, and part of the
Knox Megagroup 1ncludlng the Franconla Formation, the Potosi Dolom;te, the-

'_Emlnence Formatxon, and the Jordan Sandstone; the rest of the Knox. Megagroup

. (the Prairie du Chien Group) is in the Ordovician System.. The Ordovician .

' System above the Knox Megagroup contains the Ancell Group, the - Ottawa Limestone
Megagroup (PlatteVLlle Group and Galena Group), and the Maquoketa Shale Group.
The Srlurlan through Quaternary. rocks overlie the Maquoketa Shale Group. ..

The structural geology of the area is relatlvely Smele._ The rocks dip
eastward at a gradient of 10 to 15 feet per mile. and exhibit. minor - east-west
trending structural features (Hughes and others, 1966, p. 5). Two major
structural features are present in the area--the Sandwich Fault Zene in south-
western. W111 County and the Des Plaines Dlsturbance in northern Cook County’
{fig. 1).. The Sandwich Fault. Zone is. descrlbed in detail by Suter and others
{1959, p; 36). Faultlng is complex and a. maximum upward. displacement of more
than 125 fr (feet} has been 1dent1f1ed.___ : : -

. The Des Plalnes Dlsturbance, also an area of complex faultlng, has been
described in’ detail by ‘Emrich and’ Bergstrom {1962).  Many high- angle normal
faults, a graben, and a central uplifted core comprise the complex structure.
Relative movement within the structure 1is malnly upward and amounts to a maxi-

raum dlsplacement of at least 900 ft. : : o

Hydrogeology

The sandstone aqulfers in the Cambrian and Ordov1c1an Systems dlrectly
underlié the dolomite bedrock aquifers of the Silurian System (fig. 2).  The
Maquoketa Shale Group forms the Magquoketa confining unit, the upper hydrogeo—
logic boundary of the aqulfers in the Ordovician System in most of the area.
The Maquoketa, together with the Galena and Plattev1lle Groups that comprlse
the Galena—Plattev1lle unit, acts as a 1eaky barrier between the-overlying .
_Sllurlan dolomlte aqulfer and the underlylng Ancell aquifer. The Ancell
aquifer consists of the Glenwood Formation and the St. Peter Sandstone .of :the
Ancell Gkoup and lies above the’ middle confining unit. Walton (1960, p.-25)
calculated that 8.4 Mgal/d (million gallohs per day}, or 11 percent of the -
water pumped from the Cambrian and Ordovician Systems in 1958, leaked from the
overlying Silurian dolomite aquifer through the Maguoketa confining unit to
the Ancell aguifer.



...« _The mlddle conflnlng unit spans both the Lower Ordovician System and the
l.Upper Cambrlan System, con51sts of . the Knox Megagroup, and overlles the

; Ironton-Galesville aguifer, one of two sandstone aqulfers in the Cambrian -
System, The Ironton-Galesville aquifer consists of the Ironton and Galesville
Sandstones. The second sandstone aquifer in the Cambrian System is the
Elmhurst-Mt. Simon aquifer. It is separated from the Ironton-Galesville
aquifer by the confining, 'vet leaky, BEau Clairé Formation., ALl but the
Elmhurst Sandstone Member of the Eau Claire Formation make up the Fau Claire
confining unit. The Elmhurst Sandstone Member is part of the Elmhurst-

Mt. Simon aguifer.

Transm1331v1t1es differ throughout the study area. Wells that’ tap the
Tronton-Galesville aqulfer are usually open to' the Ancell aqulfer and the,

middle confining unit,  Calculated hydraullc propertles as a result of aquifer

'tests, therefore, ‘represent the comblned hydraullc pronerttes of all three
unitg. Visocky and others (1985, p. 63) state that tranem1551v1t1es range
£rom 10,000 to 20,000 (gal/d)/ft (galléns per ddy per foot)f or about 1,340 to
“2; 670 ftz/d {feet sguared per day),llocally, where the Ancell’ aqulfer thlckens

and the middle confining unit thins, transmissivities exceed 20,000 {gal/d)/ft
--42,670 ££2/4). Visocky and others {1985, p. 53} also atate that, of the total

““combined transmissivities of the three major hydrogeologic units' (Ancell’

agquifer, middle confining unit, and Ironton-Galesville aqulfer} above thé
Elmhurst-Mt. $imon aquifer, transmissivities in the aAncell aquifer represent
©15 percenty in the middle conflnlng unlt, 35 percent, and 1n the Tronton* )
?Galesvllle aqulfer, 50 percent. :

Aqulfer tests at the Zion Test Well (Nicholas and others, 1987, p. 17)
indicate transmissivities ranged from 250 ££2/4 a, 870 (gal/d}/ft} in the -
- Ancell - aqulfer to 1,100 ££2/4 (8,230 (gal/d]/ft) in the’ Ironton—Galesv1lle
- ‘aquifer. ‘Water levels at the Zion Test Well alse indicate that ‘the: potenu
tiometric head in the Ironton-Galesville aquifer i lower than in the other
agquifers in the Cambrian and OrdOV1C1an Systems; as a result, ground water can
‘move downward from the overlylng Ancell aqulfer and upward Erom the underlylng
Elmhurst-Mt Slmon aqulfer (Nlcholas and others, 1987, P 18) '

- " The transm1331v1ty of the Elmhurst-Mt. Slmon aqulfer at the - Zlon Test

Well was 840 ft2/4 (6,280 (gal/d)/£t). Calculated transmissivities from three
long-term aquifer tests at gas-storage facilities southwest of the study area,
however, ranged from 980 to 10,600 {gal/d)/ft (130 to 1,420 ft2/d) (Illinois
State Water Survey and Hittman Associates, 1973, p. 23}.  Well-driller reports
indicate that water levels in 1960, in the Elmhurst-Mt. Simon aqulfer along the
Fox River, were more than 50 £t higher than in the other overlylng aqulfers in
the Cambrlan and 0rdov1cian Bystems {Walton and Csallany, 1962, p. 8} .

Three geohydrologlc boundaries exlst in the study area (Suter and others
‘1959, 'p. 5t=-52). ‘A recharge boundary is located about 47 i {mlles} west of
Chicago, -and two barrier boundaries are 1ocated about 37 mi east and 60! ml,
south of Chlcago. "The Sandwich Fault Zone, 1ocated about 10 mi southwest of
Joliet, acts as a barrier boundary locally but doces not seem to have any
‘effect on a regional secale; the same 13 true Eor the Des Plalnes Dlsturbance
in northern Cook County. '
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EL I

THICKNESS

" DESCRIPTION

WATER-YIELOING PROPERTIES?

.red, micaceous.

{feoat]
. E vnoonsalidated glacial depos;ts—-pebaly clay
o (till), silt, -and gravel. . . .
- =1d min,
6-500 . Loess {windblown silt} and alluvial silts. Wells yield as mich as_3.000 gal/min
sands, .and gravels.
Ce0-100 Sand and silt,
“'-04555' Mainly shale with thin sandstone, limestone, Walls generally yield less than
ST and coal beds, . 16 gal/min.
L 0-800 Liizsiggzﬁ c:if;{ :;TiStg:fémE::en' brown Wells generally yleld less than
. _ . shaé: Y : 25 gal/min in the southern
two-thirds of Illinois.
'd.—4i)ﬂ"" shale, calcarsoua; limestone beds, thin.
. X Well yields can be greater than
Q=465 pelemite, silty at base, locally <hervy. 1,000 gal/min.
Tl . Shale, gray or brown; loéally-dolomite ' - ;
Q=250 and({or) limestone, argillaceous, Generally_not water ylelding.
. Dalaaite and{ox) limestone, cherty.-
i Dolomite, shale partings, speckled. :
0-430. Dolamite andior) limestone, cherty, Well yields are small to moderate.
sandy at base.
. Sandstone, fine- and course-grained; ) )
17 . litele dolomite; shale at top. ;
1?0-550 Sandstane, fine- to medium-grained: < Well yields are small to moderate.
locally cherty red shale at baae.
Dolomite, sandy, cherty {oolitic},’ sandstone.
sandstone, interbedded with dolomite.
polemite, white te pink, course-grained,
) cherty {oolitic), sandy at base.
100-1,300 ; .
i Dolamite, white, flne-grained, geadic %ell yields are small to modérate.
guartz, sandy at base.
Dolomite, sandstone, and shale, glauconitic;
grecn ko red, micacsous.
0-270 sandstone, fina~ to medimm-grained, well wWell yields of over 500 gal/min are
. ) sorted, upper part dqlcmitic. COMmMonN .
s Shale and siltstone; dolomite, glauconitic: :
9 4502' sandatone, dolomitic, galucenitie. G?ngrally not water ylelding.
. ' Sandstone, coarse—grained, white, red in
O=2,600 lewer half; lenses of shale and siltstone, Wall yields are modarate.

Yo siqnificaht aquifers in Illineis.

represéntative of the six northeastern counties in Tllinois.
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Ground-water flow in 1864, prior to extensive ground-water development in
the area, generally was from northwest Lo southeast (fig. 3). Ground-water
pumpage in the Chicago region gradually increased from 200,000 gal/d {(gallons
per day} in 1864 to mors than 78 Mgal/d in 1958 (Walton and cothers, 1%60, p.
8). As more and more deep wells were developed, a pattern began to emerge in
1958 that eventually defined the major pumping centers in Will County near
Joliet, in Cook County southwest of Chicago and at Des Plaines, and in Du Page
County near Elmhurst (fig. 4).

As the development of the ground-water resources increased in northeastern
Illinois, water lavels continued to decline. By 1973, the cone of depression
had enlarged and cccupied about 440 square miles in southeastern Wisconsin
{Fetter, 1981, p. 207}. In 1985, public and industrial pumpage totaled almost
147 Mgal/d, and the potentiometric surface in the Chicago area was more than
850 ft below its criginal level (fig., 5) (Sasman and others, 1986, p. 13 and
19)., Figure 6 illustrates the annual and accumulated pumpage from the Ancell
and Irontori-Galesville aquifers for public and industrial water usage in each
of the six countles for the period 1957-86. :

Data Availability and Limitations

Published reports on ground water in the area, in addition to the reports
already cited, are numerous. The ISWS has reported on the chemical and bio-
logical characteristics of the waters (Habermeyer, 1925; Illinois State Water
Survey, 1938, 1940; Hanson, 1950, 1958, 1961) and on ground-water resources of
individual counties {Zeizel and others, 1962; Woller and Gibh, 1976; Woller
and Sandexson, 1976, 1978, 1983; Woller and others, 1986) and areas (Gerber
and others, 1941; Hanson and others, 1943; Hanson and Larson, 1945), 'The ISGS
alsc has studied ground water in the State (Bartow and others, 1909; Andexson,
$1919; Bergstrom and others, 1955).

Published reports on agquifer yields and agquifer characteristics are
available for the area (Walton and Csallany, 1962; Csallany and Walton, 1963;
Walten, 1965; Hughes and others, 1966; Bond, 1972). Published reports on
ground-water~level trends and pumpage also are available (Sasman, 19653; Sasman
and cthers, 1961, 1962, 1967, 1973, 1974, 1977, 1982, and 1986).

Ground-water quality has bheen addressed, to a degree, in mest of the
reports. The main sources of water-quality data used in the study reported
here include Hanson (1950, 1958, 1961), Woller and dibb (1976), Woller and
Sandevson (1976, 1978, 1983), Woller and others (1986}, and water-quality
analyses obtained from the 18WS.

For this study, water-quality data for about 190 commercial, industrial,
and municipal wells that tap the aguifers in the Cambrian and Ordovician
Svetams were tabulated from existing reports to get an idea of the areal and
temporal coverage in the study area. As a result, it was evident that water-
guality data for the commercial and industrial wells were sparse and could not
be used to develop any trends. The study effort was, therefore, centered on
about 90 municipal wells in the area that tapped the aguifers in the Cambrian
and Ordovician Systems, the public-water-supply source. Long-term water-
quality data that could be used to indicate possible trends in chloride con-
centration were available for only 17 of the 90 municipal wells (fig. 7).
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The wells shown in .figure 7 were selected on the basis of their proximity
to the historic major pumping centers, the availability of water-quality data,
and their documented maintenance history. Three of the wells-—<rystal Take
No. 2, Zion Test Well, and Wilmington Wo. 2--are representative of a part of
the study area rather than of a major pumping center.. Of the 17 municipal

wells shown in figure 7, T penetrates 73 ft of the middle confining unit,

2 penetrate 166 ft of the Ironton-Galesville aquifer, 4 penetrate From 17 to
61 ft of the Rau Claire confining unit, and 10 penetrate from more than €0 to
more than 560 ft. into the Elmhurst-Mt. Simon aquifer., The Zion Test Well
penetrates the entire Elrhurst-Mt. Gimon aquifer and. 40 ft of the Precambrian
crystalllne rocks.

The data complled durlng the . study were of limited value, For example,
water-quallty samples. had not been collected at the menicipal wells on a regu-
lar basis; as a result, the changes in chloride concentration were not well
documented as to when those changes occurred, Physical changes to a well that
could: change the c¢hloride concentratLon in water from the well were not con-
sistently documented in the llteratute Physical changes could include such
things ‘as the lnfxlling or bridging of the well bore with material that had
caved from abcve, oL intentlonally plugging, cleaning, or deepening the well
bore. -For some wells, a record of :casing installation (or noninstallation)}
was not- avallable. Chlorlde concentratlons in water from the munlclpal wells,
along with some characteristics of :the wells, pumping rate and duration prior
to sampling for water quality, and laboratory-analysis’ number, are llsted in
table 1 at the back of thls repcrt

'--CHANGE'S': IN' CHLORIDE CONCENTRATION -

Chlorlde concentratlons in water from wells in the study area differ:.
depending on the location of the well, the depth of the well, ahd the aqulfers
open to the well., The chloride :concentrations in the water from the municipal
wells ranged from less than 5 mg/L in McHenry and Lake Counties to, greate 5
than 600 mg/L in Du Page and Kane Counties. Water from the Ancell aquifsr bad
a higher chlorlde concentration than water from the deeper Ironton-Galesville
agquifer; water ‘from the Ironton-Galesville aquifer was relatively uniform in
chloride_concentratlcn in the western part of the study area but increased to
the east and southeast as the Ironton-Galesville aquifer increased in depth
{Suter and others, 1959, p. ?5] (fig. 8). "Visocky and others (1985, p. 97)
indicate that, along with the gradual increase in the concentration from
northwest to southeast, the water changes from a caleium bicarbonate type to
a sodium sulfate_ type.

The Flmhurst-Mt. Qimon aqulfer characterlstlcally ylelds water that
increases in chloride concentration with increasing depth within the aquifer.
The wells that yield water with chloride concentrations exceeding 600 mg/L are
Aurora No. 122 and Elmhurst No. 4, bhoth of which penetrated more than 520 ft
of the Elmhurst-Mt. Simon aguiifer. Figure 9 shows the relative change in chlo-
ride concentrations with depth at the Zion Test Well in Lake County {(Nicholas

and others, 1987, p. 21) and the chloride-to~depth relation developed by Suter
and others (1959, p. 77). A marked difference in the chloride concentration-

to-depth relation between the two figures 1s attributable to the geographic
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location of each well. ~The zlon ‘Test WE11 is- rn northeaatern Lake County,
whereas the well used by Suter and others is in Kahkakee County, 85 mi or more
to the south.,  Water from the Zlon Test Wbll had.. thorlde concentratlons of 13
to 37,000 mg/L (Nlcholas and others, 1987, p.: 29) -

Chlorlde concentrations in water from any ‘one well may dlffer at one time
or another during the history of the" well ‘the 17 muﬂxcipal wells have been
sorted into three groups on the basis of trends in, chlorlde concentratxons in
the water pumped during each well's 1n1t;a1 years - ‘of aperatlon.' The three
groups include wells that yield water ‘indicative of an initial increase in
chloride concentration, wells yielding water: indicative ‘of an initial decrease
in chloride concentratlon, and wells. yleldlng water 1ndicat1ve of an initlally

stable chlorlde concentraticn,

' Inereeses in Chléride.ConeentrationsI".]

0
4

Wells that yield water in wh:l.ch the chloride concentratlon mltlally
increased ‘during the f:.rst few years of operation include St. Charles No. 3,
villa Park No. 2, and Elmhurst No. 4 {fig, 10). St.. Charleé No. 3 (map No. 4
‘in fig., 7) was completed in 1919 to a depth of 2,198 £t--360 ft into the
Mt. Simon Pormation (Woller and Sanderson, 1978, p. 82). . The well was partly
cased and left open to all the aguifers in the Cambrian a.nd Ordovician Systems.

m_?00'_""l""l";‘l_." |"."_.|-- L I ; l :l "ii'l T ]
&5 600 F @ —®. St Cherles No.3 (4) ]
@ - . A=s-A Vilfa Park No, 27 (10} ;
g s00 | s ST i
g 1 . Pl EimhurstNo. 4 (if} 1 ]
iz 300 [ ? L .
g o0 A ]
% 200 | | AT | :
A S S S o RE AT
w [ - ’ Lo .; / o :.-.-:---_---..__- :
% 100 [ o e e '_"T"" ' : .
f . :- — -‘ ’.: :-....-

e .-I‘ el !IAU“"i‘. !

o LB el

1918 1925 T 1935 ’ 1945’V 1955 '”1965“ 1976 1985
E'igure 10.--Cha.nge in chloride concentrat:.on at wells where
;**~ . S - chloride concentration” 1n1t1a11y increased after.
S the gtiart of pump:.ng’;-' (Numbe¥s: in parentheses
refer to map number i flg‘ure ’? ) S
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villa Park No. 2 (map No. 10) was completed in-1931 to a depth of 2,125
'-ft~—about 310. £t .into the Mt. Simon Formation (Woller and others, -1986, p.--
213). "-The well was partly cased and left: open to all the aqulfers in the
Cambrian and Ordovician Systems. : : e _ o e

Elmhurst No. 4 (map No. 11} was completed in 1927 to a depth of 2,219 ft-—-
520 ft into the Mt. Simon Pormation (Woller and others, 1986, p. 106). The
well was partly cased and left open to all the aquifers in tha Cambrlan and
Ordovician Systems. C S : - . _

;Decreases in Chloride Concentrations

Wells that yield water in which chloride concentration initially 7
decreased during the first few years of operation 1nc1ude Rurora No. 123,
Riverside No. 3, and Lyons No. 2 (flg. 11). o '
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Flgure ll --Change ln chlorlde concentratlon at wells wheren_
’ ‘chloride concentration 1n1t1ally decreased after
the start of, pumplng . {Numbers in parentheses
refer to map number in flgnre 7.} '

. Aurora No. 12A (map No. 7) was completed 1n 1935 to a denth of 2 251 ft—-
521. ft dinto the Mt. Simon: Formatlon (Woller and Sanderson, 1976, p..14J. The

well was partly caged and left open to all aqulfers in the Cambrian and
Ordovician Systems.

_ RlverSLGe No. 3 (map No. 14) was completed in 1923 to a depth of 2, 047
"ft--67 ft into the Mt Slmon Formatlon {Hanson, 1950} The well was partly
cased and left open to thé Silurian dolomite aquifer and all the aquifers in
the Cambrian and Ordovician Systems.
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. Lyons No. 2 (map No. 15). was completed .in 1929 to a depth of 2,020 ft--

60.. ft ‘into the Mt., Simon Formation (Hanson, 1958). - The.well was partly cased
and.left open to the Silurian dolomitas aqulfer and all the aqulfers in the -
Cambrian and Ordovician Systems. . P o :

T

Stable cniofiae.Cohoentiationst_if

Wells that yield water in which chloride concentration initially remained
relatively stable during the first few years of operation include Joliet No. 1,
Geneva No. 2, Elgin No.- 1, Crystal Lake No. 2, Batavia-No. 2, Blmhurst No. 1,
Bensenville No. 2, Des Plaines No, 1, Bellwood Wo. !, Wilmington No. 2, and
Thornton-ﬂo..4 {fig. 12). o . o

Jollet (Washlngton 5t,) No. 1 {map No. A7) was. completed in 193? to a
depth of 1,608 ft-—-61 ft into the Eau Claire Formation (Woller and sanderson,
1983, p. 57). The well was partly cased and left open to the Ancell and
Ironton—GaleSVLlle agquifers.

Geneva Ne. 2 {(map No. 5) was initially drllled to.a-depth of 1,156 ft--

95 ft into the Ironton and Galesville Sandstones—-ln 1924 {Woller and
Sanderson, 1978, p. 51). 1In 1928, it was deepénéd to 2,217 ft~-587 .ft into
the Mt. Simon PFormation=-—-and cased from land surface to 4 ft below the
Maguoketa confining unit and left open to all the agquifers in the Cambrian
and Ordoviecian Systems ' >

Elgin No. 1 (map No. 3} was completed in 1901 to a depth of 2, 000 ft=--
370 ft into, the Mt. Simon Formation (Woller and Sanderson, 1978, p. 34}. The
cas:.ng record for the well is unknown; which aqulfers the well J.S open to alse
is unknown. : : : : :

Crystal Lake No, 2 (map No. 1)} was completed in 1930 to a depth of 2,000
ft--225 ft into the Mt. Simon Formation (Woller and Sanderson, 1976, p. 12).
The well was partly cased and left open to the Galena—Plattev1lle unit and the
Ironton"Galesv1lle and Elmhurst-Mt. Simon aquifers,

Batavia No. 2. (map No. 6) was completed in 1915 to a depth of 2,000 fr--
340 £t into the Mt. Simon Formation (Woller and Sanderson, 1978, p. 24). No
casing record is available for the original well. The well was deepened in
1945 to 2,200 ft--540 ft into the Mt, Slmon Formation--partly cased, and left
open to all the aquifers in the Cembrlan and Ordovician Systems.

Elmhirst No. 1 (map No.“9) was 1n1tlally drllled in 1915 to a depth of
958 ft--73 ft into the Prairie du Chien ‘Grodp (Woller and others, 1986, p.
102). It was partly cased and left open to the Silurian dolomite and Ancell

"“aqulfers. "It was deepened in 1940 to-1, 480 ft--35 fr into the ‘Fau Claire

E”Formatlon—-partly cased, and left open to the Ancell and Ironton-Galesv;lle
agquifers., - ’

Bensenville No. 2 (map No. 8) was completed in 1929 to a depth of 1,442

"?_ft into the Bau Claire Fbrmatlon (Woller and others, 1986, P» 42) . The
'as left open to the Ancell and Ironton—Galesv111e aqulfere -

£Eoly
well
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- Des Plaines No. 1 (map No. 12) was completed in 1927 to a depth of 1,735
ft--205 ft into the Mt. Simon Formation (Hanson, 1950). The well was partly
cased and:left open to the Ancell, upper Ironton—Gale5v1lle, and Elmhurst-
Mt. Slmon aquifers.

mBellWood No. 1 (map No. 13) was 1n1tlally drllled in 1913 to a depth of
1,538 ft--43 ft into the Eau Claire Formation--partly cased, and left open to
the 511ur1@n dolomite, Ancell, and Ironton-Galesville aquifers (Hanson, 1950).
It was deepened in 1935 to 1,856 ft--156 ft intc the Mt. Simon Formation; no
ca51ng record was noted after the well was deepened.

Wllmlngton No. 2 (map No. 18) was completed in 1936 to'a depth of 1 566
ft--166 £t 1nto the Ironton and Galesville Sandstones (Woller and Sanderson,
19831r p.-126} . The well was cased from land surface to 70 ft into the Galena

and Plattev;lle Groups and left open to the Ancell and IrontonﬂGalesville
aqu;fers. ' . .

Thornton No. 4 (map No, 16) was completed in’ 1954 to a depth of 1,785

ft——25 ft into the Eau Clalre ‘Formation (Hanson, 1961), The well was cased
from ‘land surface to 45 ft below the ‘Magucoketa confining uwnit and was left

open to the Ancell and Ironton-Galesville aquifers.
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_ KNOWN CAUSES FOR CHANGES IN CHLORIDE CONCENTRATION

Changes -in chloride concentration in water from the municipal wells .
studied can be attributed to several known causes, including the partial fill-
ing in of 'a well,: bridging within a well,. the ¢leaning out of a well, inten—A
tional plugging of a.well, and the deepening of a well. The determination of
these causes is based on the known changes in chloride concentration in the .
water yielded by the wells as related to known changes in the physical charac-
teristics of the wells themselves or activities associated with them. The
relations are graphically presented in appendix A. :

Changes in chloride concentration caused by the partial filling in of . a .
well has occurred in Lyons No. 2 and Villa Park No. 2. .The fill material, -
which caved in from the stratigraphic units penetrated by the wells, acts as a
plug that decreases the amount of water entering the open wells~-in this case,
from the Blmhurst-Mt, Simon aquifer where the water contains elevated concen-
trations of chloride. = o

The chloride concentration in water from Lyons No. 2 was less after the
well was reported as being partly filled in up to and within the Eau Claire .
confining -unit than it was- before it was partly filled in, The chloride con-
contration decreased from about 180 to about 140 mg/L Lln 1938 and was about
140 mg/I: in 1957. 1In 1963, however, the chloride concentration increased to
290 mg/L; decreased to 165 mg/L 1 month later, decreased to 130 mg/L in 1972,
increased to 220 mg/L in 1974, and fluctuated between 160 and 190 mg/L there-
after. ' No changes in.physical activities at the well were recorded that would
explain ‘these fluctuations. - - ' s ”

.. The chloride concentration in water from Villa Park No. 2 was increaéiﬁq
antil 1973 when the well was reported to be only open about 180 ft in the: .-
Eau Claire, Formation (originally open 310 ft in the Mt. Simon Formation).

The filling in of the well plugged off water entering from the Elwhurst-

Mt, .Simon aquifer and decreased the chloride concentration: from about 130 td_
about 15 mg/L for the period 1%73-82, :

Changes in chloride. concentrations also have occurred as a result of

“bridging. in .wells :in the area. Bridging can occur when large pieces'of con-:
solidated materials become :lodged in-a well, or a part of the casing collapses,
oreating an obstruction that traps material caving in from above. The accumu-
lation .of material -above the bridge. can eventually form a plug and isolate .the
water column below the plug from the water column above the plug. If the: two
isolated columns of water contain different chemical and physical charactex-
istics, the quality of water yielded by the well would depend on the -iocation
-of the pump in relation to the bridge. o : A

ry .Bridging has resulted in a deecrease in chloride concentrations in watey™
from Bellwood No. 1, which.taps the Elwhurst-Mt. Simon aquifer. A bridge .::
formed at a depth of 1,649 £t--154 ft into the -Eau Claire confining wunik-—.-:
sometime between 1935 and 1944.  Chloride concentration in the water yvielded.:
by the well before the bridge formed was 75 mg/L; after bridging it was:25 to
30 mg/L.. . Bridging may have :occurred again between. 1952 and 1958, as indicated
by a-decrease in the chloride .concentration-in 1958, Bridging in other:wells
{Elgin No. 1, Geneéva No. 2, and Joliet WNo. 1) appeared to have little, if:any,
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effect on the chloride concentrations in water from those wells, even though
Elgin No. ! and Geneva No, 2 penetrate from about 300 to about 590 £t into the
lehuret-Mt Glmon aquifer. ’ Thelr proximity to the margin of the Magquoketa
conflnlng ‘anit to the west (the reécharge area for the aquifers in the Cambrian
and ‘Ordovician Systems); the relative shallawness of the Elmhurst-Mt. Simon
agquifer;’ and the lack of ‘development of a major pumping center in the area
thét:pcssibly could induc¢e water of reduced guality into the wells, probably
accounts fcr the stabillty of the chloride concentrations in these two wells,

The chloride concentration in water from Riverside No, 3 had decreased
from 220 mg/L in 1926 to 85 mg/L in 1931. Repairs of an unknown nature were
pérformed in 1932; after that,-the chloride concentration increased to near
the original concentration of about 220 mg/L. On the basis of known causes
“and effects in the other wells studied, Riverside No. 3 probably had become
partly filled in or bridged--either condition could have decreased the inflow
of ‘water from the Blmhurst-Mt. Simon aquifer into the open well. ‘e repairs
probably entailed a cleaning out of the well that allowed water from the
Elmhurst-Mt, Simon aquifer to enter the well and increase the chloride concen-
tration in the water 'yielded by the well.: Chloride concentrations fluctuated
between about ‘135 and 225 mg/L during the period 1935-83, possibly as a result
of- perlcdlc cleanlng of the well however, - record of any such actlvity could
nct be fcund :
Changes in chloride‘concentration also can result from the intentional
plugglng of a well with cement to seal off sources of excessive chloride con-
"eentration. This was done to Elmharst No. 4 and St. Charles No. 3. Elmhurst
No. 4 was originally drilled more than 520 £t into the Elmhurst-Mt. Simon
aqu1fer. The well was plugged twice in the Elmhurst-Mt., Simon aguifer and
once ‘in ‘the Eau Claire confining unit. The plugs in the Elmhurst-Mt. Simon
aquifer had little, lf any, affect on the water quallty.- The plug in the
Bau Clalre confining ‘unit resulted in a decrease in’ chloride concentration
from about 640 mg/Lito about 110 mg/L. A fourth plug, located at the base of
thé Trontoh-Galesville aquifer, resulted ‘in an eventual decrease in chloride
concentration to about 20 to 30 mg/L. :

"8t Charles Yo, 3 was originally drilled more than 560 ft into the
Aimmirst-Mt, Simon aquifer in 1919. . The chloride ceoncentration increased from
Jaboat - 20 mg/L in 1919 to about 450 mg/L in: 1969. The well was plugged up to
“the lower Tronton-Galesville agunifer . in 1971, thus restricting the flow of -
iwaterato the Ancell and” Ircnton-Galesv1lle aqulfers, the chlcrlde concentra—
tion. decreased to abcut 0. mg/L :

-vmﬂ~Ghanges in chloride ccncentraticn also ‘can rasult from the deepening of a
well, The deepening of Bellwood NWo. 1 resulted in an increase in the chloride
¢oncentration in the water yielded by the well. The well was originally
deglTed: 43 ft intd the Rau Claire confinifig unit but was deepened to more than
150 f£ into’ the Elmhurst-Mt, Simon aguifer.’ This resulted in an_increase in
the chloride: cohncéntration from léss than 10-to about 75 mg/L. In contrast,
hbwever; the’ deepenlng of - Geneva No. 2 te-mare than ' 58? ft -into the Flmhurst~
ME. ¢ Simon aqulfer, Batav1a No. 2°to more than 540 ft into the Elmhurst- " =
iME.Simon’ aquifer, - -and- ‘Elmhirst- Ne.- 1 to 35 'ft into the Eau Clalre confining -
@nitvdid not'have: any - 1mmealate ‘Affact of ‘the- Low tleee ‘than 30 mg/L) chloride
-ghfcdntraticons inthe watdriyielded by those wells. '
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' The increased chloride concentration in water from Aurora No. 122 can be
attrlbuted to the deepening of the well., Water samples collected at different
depths whilé the well was being drllled provide insight as to the chloride -
concentrations that were encountered. It is not known if these samples repre~
sent water guality in a single aquifer or composite water guality in multiple
aquifers, but they do give an indication of the relative chloride concentra-
tions at the sampling depths. The first two samples were collected at depths
pqulvalent to a depth at the mid- to lower-Galena-Platteville unit and had .
chloride concentratlons of 12 mg/L. The third sample was collected at a depth
equlvalent to a depth at or below the bottom of the Ancell aquifer and con-.
tained a chloride concentration of 59 mg/L. ‘The fourth sample was collected
at a depth equlvalent to the depth of the upper Fau Claire confining unit and
had a. chloride concentration of 612 mg/L. The fifth and last sample was
collected at a depth equivalent to a depth of about 530 ft in the Flmhurst—'
Mt. Simon aqulfer, had a chloride concentration of 287 met,/Ta, and may or may
not have represented a composite sample of water from all the aqulfers in the
. Cambrian and OrdOVlClan Systems.

o The'chloride concentration-to-depth relation between two neighboring
wells can be szgnlElcantly Aifferent as well. Villa Park No. 2 and Elmhurst
No. 4 are about 1 mile apart and within about 100 £t of having the same depth.
Elmhurst No. 4, however, penetrates about 220 ft farther into the Elmhurst-
Mt. Simon aqulfer and, in 1936, water Erom the well had 30 times the chloride
concentration of Villa Park No. 2. :

The initial”stablility of chloride concentration in water from some wells,
after the start of pumping, can be attributed to the location of the well or
the aguifer(s) to which the wells are open. Wells that tap the Elmhurst-

Mt. Simon aquifer and yield water having chloride concentrations consistently
lower than would be expected (all less than 30 mg/L; most 10 mg/L or less)
include Elgin ¥o. .1, Geneva No. 2, Batavia No, 2, and Crystal Lake No. 2., All
these wells are located near the western edge of the study areca and are the
closest, of the wells studied, to the margin of the Maguoketa confining unit--
the recharge area for the aquifers in the Cambrian and Ordovician Systems.

The relation of well location and the shallowness of the Elmhurst-Mt. Simon
aquifer penetrated by these wells contribute to the consistently low chloride
concentrations in the water vielded by them. This is in sharp contrast to the
wells farther to the east and southeast that are about 200 ft deeper and pene~
trate a comparable distance into the Elmhurst-Mi. Simon aguifer; they yield
water having a chloride concentration as much .as 200 times greater (Eilmhurst
No. 4) than those wells closer to the racharge area._ '

Other wells that yield water with relatively consistent chlorlde congen—
‘trations. include Joliet No. 1, Elmhurst No. 1, Thornton No. -4, and Wilmington
No. 2. “Both Joliet No. 1 and Elrmhurst No, 1 penetrate the Eau Claire confin-
ing unit and both have had problems with caving and £illing up to, and within,
the Tronton-Galesville aquifer. The consistently low (less than 40 mg/L)
chloride concentrations in the water from these two welle can be attributed

to the shallow penetration of the wells in the Eau Claire confining unit and
" the periodic filling in of the wells. Thornton No. 4 also penetrates the
'Bau ‘Claire confining unit, ‘but the depth of penetration is less .than that of
the other two wells, yet the chloride concentration in the water fram this
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well is about. 10 to 30 times that of the other two wells. Fven though penetra-—
tion of the Eau Claire confining unit by Thornton Wo. 4 is about 35 ft less
than that.of Joliet No. 1 and about 5 £t less than that of Elmhurst No, 1, the
depth of Thornton No. 4 is 200 and 300 ft deeper, respectively, than the other
two wells because it is down dip from them. '

 Wilmington No. 2 is somewhat unique in that it is open to the Ancell and
fronton-Galesville aquifers, .yet yields water with chloride concentrations of
260 to 320 mg/L--concentrations far greater than would be expected from those
agquifers on the basis of chloride concentrations at the previously discussed
wells. The chloride concentration increased from about 280 to 320 mg/L by
1962 and apparently remained at about that concentration until 1870 or 1971,
after which the concentration eventually decreased to 260 mg/L. The only
recorded change to the well (filled in about 30 ft) was reported in 1954,
Factors that could account for the initially high chleride concentration in
water from Wilmingtoa Wo. 2 include the relative depth of the aquifers at this
well and(or) the fact the well is in close proximity (1.5 to 2,0 mi) to the
margin of the overlying shales and sandstones of Pennsylvanian age (Hughes and
others, 1966, p. 6 and pl. 1B). visocky and others {1985, p. 97) indicate that
where the Ancell aquifer is confined by Pennsylvanian-aged shales rather than

'by the Maquoketa. shales of ordovician age, the water is a sodium sulfate type

rather than a calcium magnesium bicarbonate type, and the dissolved solids
concentration is greater than 1,000 mg/L rather than less than 400 mg/L.
Chemical analyses of water from Wilmington No. 2 indicate that the water is of
a sodium sulfate chloride type, with a dissolved solids concentration greater
than 1,000 mg/L. In comparison, Joliet WNo. 1, about 14 mi north . of Wilmington
Na. 2, has a comparable depth and is open to the same aguifers, but yields
water that is a calcium sodium bicarbonate type with a dissolved solids con-
centration of about 500 to 550 mg/L.

PROBABLE CAUSES OF CHANGES IN CHLORIDE CONCENTRATION

Changes in chloride concentrations occurring in about half of the wells
studied cannot be associated with any physical changes in the well, such as
filling in, plugging, or deepening, Some wells, for instance, have yielded
water in which large increases or erratic fluctuations in chloride concentra-
tions occurred. The increases in chloride concentraticns in water from wells
Villa Park No. 2, St. Charles No, 3, Aurcra No. 12A, and Deg Plaines No. 1 are
probably attributable to the fact that they penetrate abouat 200 to 500 ft of
the Elmhurst-Mt. Simon aquifer and, except for St. Charles No. 3, are located
in a major pumping center. The increased pumpage demands in the area between
Plmhurst and Des Plaines f(fig. 5) probably increased induced inflow from the
Elmhurst-Mt. Simon aquifer, coupled with a commensurate decline in the static
water level, that contributed an increased percentage of the water to the
wells from the Elmhurst-Mt. Simon aquifer and, thus, increased the chloride
concentrations. = o . - :

_ Significant fluctuations in chloride concentrations occurred in water
from wells Lyons No. 2, Riverside Wo. 3, Batavia No. 2, and Bensenville No. 2.

The cause of these fluctuations is uncertain, but cone possibiiity is a change
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in the operation of the well-<namely the pumpiﬁg“frequency and duration. Some
of these wells could have been put on standby or idled periodically while
another well was being pumped, -or a nearby well was put on standby or idled
while: the well in question was being pumped, = Either way, such a situation . .
couldraffect the chloride concentration in the water yielded and on the. static
water-level in the well. The erratic fluctuations in these four wells suggest
that either could be the case. Chloride~concentration data for the first .
three wells appears most erratic, whereas data for Bensenville No. 2 appears
to have a generally upward trend in chloride concentration. Thisg trend is
eéven: more obvious if the three lowest concentrations after 1970 are ignored, .
in which case the data reflect the chloride concentration in water from the. ..
well if thefweli.were~continually pumped.

Othernprobablé causes for changes in chloride'concentrationlinclude' vf'1
improper abandonment of water-supply wells or injection wells that could con--
tribute to the degradation of the water gquality in the freshwater aquifers.
Such wells can provide a conduit for water of poor quality from an aguifer . .
to mix with and(ox) replace water of better quality in another aquifer, o
Improperly. abandoned wells in the study area could contribute to the general -
degradation of the aquifers in the Cambrian and Ordovician Systems. :

.. Gibb and O'Hearn (1980, p. 55) note an interesting trend in the chloride,
concentrations in water from the Bensenville municipal .wells. Beginning . about
1965, the chloride concentrations began to increase and fluctuate over a wide
range.of values, and the water-quality analyses suggested several possible

sources. for the chlorides and an explanation for the fluctuation in the cons |
centrations. Bensenville No. 1 is about 75 Ft from Bensenville No. 2 and has..
been abandoned,and;reportedly'sealed at the surface. Several nearby wells
owned by.a railroad company have  been abandoned and probably were not sealed, -
A poor or-deteriorating seal in Bensenville Wo. 1, and the probable. lack of ..
seals in the railroad wells, could allow surface-derived chlorides and chlow. -
rides at.depth to enter the wells and the aquifers and eventually be detected.
at Bensenville No. 2. Gibb and Q'Hearn also state that, because of over-
pumping . of the Ancell. and Ironton-Galesville aquifers, the water levels have
declined;,this;dgclinewprobably resulted in the upward migration of water from
“the ElmhurstﬂwtggSimon-aquiﬁer, which contains water with a higher chloride.. .-
;eoncentration than that . 'in.the Ancell .ang Ironton-Galesville aquifers. -This. ..
possibility is supported by -the fluctvations in chloride coucentrations in.- -~
Bepsepville-ﬂo,_Z,ﬁ'When_the well was pumped infrequently, the chloride con-. .
centrations were less than concentrations when the wall was pumped..

o+ - Increased pumping. demands on the aguifers in the Cambrian-and Ordevician:.
Systems in the study area, excluding the Elmhurst-Mt.. Simon aquifer, has .- ..-
lowered the static water level and probably contributed to the degradation of
water quality in the aquifers by inducing the inflow (upconing) of poor qual-
ity water from the ®lmhurst-Mt. Simon aquifer into wells. Model simulations .
by the Illinois State Water Survey and Hittman Associates (1973, p. 40) indi-
cate that total dissolved solids concentration in water pumped from the
Elmhurst-Mt, Simon aquifer would increase as a function of time. Barnes
(1987} concluded that both local and regional upconing are apparent in the
Elmhurst-Mt, Simon aguifer, '
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SUMMARY. AND CONCLUSIONS .

' Ground-water development of theaquifers in:the Cambrian and Ordovician
Systems” in‘the Chicago area began about 1864, - Ground-water pumpage: in¢reased:
Fiom about 200,000 gal/d in 1864 to about® 147 Mgal/d by 1985, - As a result;
thei potentiometric surface in-the Chicago area was greater than 850 £+ below

"Several municipalities in northeastern Illinois have experienced, over
time, increases in chloride- in water from wells that tap the aquifers in the -
Cambrian and Ordovician Systemié, To define the causes for the chloride’ =
increases in the aquifers, historic data on manicipal wells, including their
location; history of construction, devalopment, and maintenance; and the
guality of water pumped from them were compiled, - - S

Water-guality data were available for about 90 municipal wells that tap
the aguifers in the Cambrian and Ordovician Systems in the study areaj data
were available for only 17 of those wells in sufficient quantity to indicate ~
trernds in chloride concentration. Of the 17 minicipal wells selected; 1 'was’
finished in the middle confining unit, 2 were finished in the Ironton~- '~ *
Galesville aquifer, 4 were finished in the Eau Claire confining unit, and 10
were ‘finished in the Rlmhurst-ME. Simon aguifer. An additional deep test well
was Finighed below the Elmhurst-Mt, Simon aguifer in the Precambrian: System. -

‘Chloride concentrations in' the manicipal wells -ranged from less than 5-to
grédter than- 600 mg/L; in the deep test well, they ranged* from 13 to 37,000
mg/L. - Known causes for changes in chloride concentration in‘ the water yielded
by the munieipal wells studied include the partial filling in of-a well, -
bridging within ‘a well, cleaning out of a well, intentional-plugging of a-”
well, and{or) deepening of a well. Probable causes include’ increased pumpage
demands; change in pumping rate, frequency, or duration; cessation’ of pumping:
improper -abandonment of wells; and upconing of highly mineralized water. :

" The data basveaS'inaGEquatertb quantify-the-chahgesfin:chlofide-cbn&énwV
tration in water from the aguifers in the Cambrian and Ordovician Systems: *
Compounding the problem-is the fact that most, if not -all, municipal-wells that
pefietrate the aquifers if the Cambrian and Ordovician Systems in the study area
derive water from more than'One'aquifer;=attémpts’to-evaluate’chloride-concen*
trafions in water from & ‘singlé aquifer were impossible. 'The apparént - randomn-
ness with which water-quality samples were céllected for analysis and the lack
of well inspection and{or) maintenance data provide insufficient information
ofiitHe caises, and especially the quantification of certain dhanges’in chloride
concentration in wells in the study area. R
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_ Appendix A

Chlorlde concentratlon and statlc ground—water levels as a functlon of

time, and well-completlon and well-histeory data for selected wells 1n-'

northéastern Illinois. -

ABBREVIATIONS
ft feet
Fm | Formation
.Ss : ‘Sandstone
Grp . Group
Ave | Avenue
St :ﬁ étﬁeét
Sys System
BLSD below_land surface &atum
Ls Limestone
ﬁr hbur.

WL water level
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IN MILLIGRAMS PER LITER -

~ CHLORIDE CONCENTRATION
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CHLORIDE CONCENTRATION, IN MILLIGRAMS PER LITER
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" CHLORIDE CONCENTRATION, IN MILLIGRAMS PER LITER
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