




































































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 dolomite aquifer and all the aquifers in the
Cambrian and Ordovician Systems.

Stable Chloride Concentrations

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, Elmhurst No. 1,
Bensenville No. 2, Des Plaines No. 1, Bellwood No. 1, Wilmington No. 2, and
Thornton No. 4 (fig. 12).

Joliet (Washington St.) No. 1 (map No. 17) was completed in 1937 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-Galesville aquifers.

Geneva No. 2 (map No. 5) was initially drilled to a depth of 1,156 ft--
96 ft into the Ironton and Galesville Sandstones--in 1924 (Woller and
Sanderson, 1978, p. 51). 1In 1928, it was deepened to 2,217 ft--587 ft into
the Mt. Simon Pormation--and cased from land surface to 4 ft below the
Maquoketa confining unit and left open to all the aquifers in the Cambrian
and Ordovician 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
casing record for the well is unknown; which aquifers the well is open to also
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-Platteville unit and the
Ironton-Galesville and Elmhurst-Mt. Simon aquifers.

Batavia No. 2 (map No. 6) was completed in 1915 to a depth of 2,000 ft--
340 ft 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. Simon Formation--partly cased, and left

open to all the aquifers in the Cambrian and Ordovician Systems.

Elmhurst No. 1 (map No. 9) was initially drilled in 1915 to a depth of
958 ft--73 ft into the Prairie du Chien Group (Woller and others, 1986, p.
102). It was partly cased and left open to the Silurian dolomite and Ancell
aquifers. It was deepened in 1940 to 1,480 ft--35 ft into the Eau Claire
Formation--partly cased, and left open to the Ancell and Ironton-Galesville
aquifers.

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

ft--17 £t into the Eau Claire Formation (Woller and others, 1986, p. 42). The
well was left open to the Ancell and Ironton-Galesville aquifers.
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Figure 12.--Change in chloride concentration at wells where chloride
concentration remained relatively stable after the start
of pumping. (Numbers in parentheses refer to map number
in figure 7.)
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Figure 12.-~Continued.

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-Galesville, and Elmhurst-
Mt. Simon aquifers.

Bellwood No. 1 (map No. 13) was initially drilled in 1913 to a depth of
1,538 ft--43 ft into the Eau Claire Formation--partly cased, and left open to
the Silurian dolomite, Ancell, and Ironton-Galesville aquifers (Hanson, 1950).

It was deepened in 1935 to 1,956 ft--156 ft into the Mt. Simon Formation; no
casing record was noted after the well was deepened.

Wilmington No. 2 (map No. 18) was completed in 1936 to a depth of 1,566
ft--166 ft into the Ironton and Galesville Sandstones (Woller and Sanderson,
1983, p. 126). The well was cased from land surface to 70 ft into the Galena

and Platteville Groups and left open to the Ancell and Ironton-Galesville
aquifers.

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

ft--25 ft into the Eau Claire Formation (Hanson, 1961). The well was cased
from land surface to 45 ft below the Maquoketa confining unit 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 cleaning out of a well, inten-
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 Elmhurst-Mt. Simon aquifer where the water contains elevated concen-
trations of chloride.

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-
centration decreased from about 180 to about 140 mg/L in 1938 and was about
140 mg/L 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.

The chloride concentration in water from Villa Park No. 2 was increasing
until 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 Elmhurst-
Mt. Simon aquifer and decreased the chloride concentration from about 130 to
about 15 mg/L for the period 1973-82.

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,
creating 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 character-
istics, the quality of water yielded by the well would depend on the location
of the pump in relation to the bridge.

Bridging has resulted in a decrease in chloride concentrations in water
from Bellwood No. 1, which taps the Elmhurst-Mt. Simon aquifer. A bridge
formed at a depth of 1,649 ft--154 ft into the Eau Claire confining unit--
sometime between 1935 and 1944. Chloride concentration in the water yielded
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, Geneva No. 2, and Joliet Wo. 1) appearad to have little, if any,
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effect on the chloride concentrations in water from those wells, even though
Elgin No. 1 and Geneva No. 2 penetrate from about 300 to about 590 ft into the
Elmhurst-Mt. Simon aquifer. Their proximity to the margin of the Magquoketa
confining unit to the west (the recharge area for the aquifers in the Cambrian
and Ordovician Systems); the relative shallowness of the Elmhurst-Mt. Simon
aquifer; and the lack of development of a major pumping center in the area
that possibly could induce water of reduced quality into the wells, probably
accounts for the stability 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
performed 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 Elmhurst-Mt. Simon aquifer into the open well. The 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 periodic cleaning of the well; however, record of any such activity could
not be found.

Changes in chloride concentration also can result from the intentional
plugging of a well with cement to seal off sources of excessive chloride con-
‘centration. This was done to Elmhurst No. 4 and St. Charles No. 3. Elmhurst
No. 4 was originally drilled more than 520 ft into the Elmhurst-Mt. Simon
aquifer. The well was plugged twice in the Elmhurst-Mt. Simon aquifer and
once in the Eau Claire confining unit. The plugs in the Elmhurst-Mt. Simon
aquifer had little, if any, affect on the water quality. The plug in the
Eau Claire confining unit resulted in a decrease in chloride concentration
from about 640 mg/L to about 110 mg/L. A fourth plug, located at the base of
the Ironton-Galesville aquifer, resulted in an eventual decrease in chloride
concentration to about 20 to 30 mg/L.

St. Charles No. 3 was originally drilled more than 560 ft into the
Elmhurst-Mt. Simon aquifer in 1919. The chloride concentration increased from
about 20 mg/L in 1919 to about 450 mg/L in 1969. The well was plugged up to
the lower Ironton-Galesville aquifer in 1971, thus restricting the flow of
water to the Ancell and Ironton-Galesville aquifers; the chloride concentra-
tion decreased to about 10 mg/L.

Changes in chloride concentration also can result from the deepening of a
well. The deepening of Bellwood No. 1 resulted in an increase in the chloride
concentration in the water yielded by the well. The well was originally
drilled 43 ft into the Eau Claire confining unit but was deepened to more than
150 ft into the Elmhurst-Mt. Simon aquifer. This resulted in an increase in
the chloride concentration from less than 10 to about 75 mg/L. In contrast,
however, the deepening of Geneva No. 2 to more than 587 ft into the Elmhurst-
Mt. Simon aquifer, Batavia No. 2 to more than 540 ft into the Elmhurst-

Mt. Simon aquifer, and Elmhurst No. 1 to 35 ft into the Eau Claire confining
unit did not have any immediate affect on the low (less than 30 mg/L) chloride
goncentrations in the water yielded by those wells.
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The increased chloride concentration in water from Aurora No. 12A can be
attributed to the deepening of the well. Water samples collected at different
depths while the well was being drilled provide insight as to the chloride
concentrations that were encountered. It is not known if these samples repre-
sent water quality in a single agquifer or composite water quality 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
equivalent to a depth at the mid- to lower-Galena-Platteville unit and had
chloride concentrations of 12 mg/L. The third sample was collected at a depth
equivalent 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 equivalent to the depth of the upper Eau 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 Elmhurst-
Mt. Simon aquifer, had a chloride concentration of 287 mg/L, and may or may
not have represented a composite sample of water from all the aquifers in the
Cambrian and Ordovician Systems.

The chloride concentration-to-depth relation between two neighboring
wells can be significantly different 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 £t farther into the Elmhurst-
Mt. Simon aquifer and, in 1936, water from 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 aquifer(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 No. 1, Geneva No. 2, Batavia No. 2, and Crystal Lake No. 2. All
these wells are located near the western edge of the study area and are the
closest, of the wells studied, to the margin of the Maquoketa 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 yielded 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-Mt. Simon aquifer; they yield
water having a chloride concentration as much as 200 times greater (Elmhurst
No. 4) than those wells closer to the recharge area.

Other wells that yield water with relatively consistent chloride concen-
trations include Joliet No. 1, Elmhurst No. 1, Thornton No. 4, and Wilmington
No. 2. Both Joliet No. 1 and Elmhurst No. 1 penetrate the Eau Claire confin-
ing unit and both have had problems with caving and filling up to, and within,
the Ironton-Galesville aquifer. The consistently low (less than 40 ng/L)
chloride concentrations in the water from these two wells 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
Eau Claire confining unit, but the depth of penetration is less than that of
the other two wells, yet the chloride concentration in the water from this
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well is about 10 to 30 times that of the other two wells. Even though penetra-
tion of the Eau Claire confining unit by Thornton No. 4 is about 35 ft less

than that of Joliet No. 1 and about S5 £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
Ironton-Galesville aquifers, yet yields water with chloride concentrations of
260 to 320 mg/L--concentrations far greater than would be expected from those
aquifers 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 1970 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 chloride concentration in
water from Wilmington No. 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 No. 1, about 14 mi north of Wilmington
No. 2, has a comparable depth and is open to the same aquifers, 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 concentrations in water from wells
Villa Park No. 2, St. Charles No. 3, Aurora No. 123, and Des Plaines No. 1 are
probably attributable to the fact that they penetrate about 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
Elmhurst and Des Plaines (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.

Significant fluctuations in chloride concentrations occurred in water

from wells Lyons No. 2, Riverside No. 3, Batavia No. 2, and Bensenville No. 2.
The cause of these fluctuations is uncertain, but one possibility is a change
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in the operation of the well--namely the pumping 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
could affect 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. This trend is
even 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 the well were continually pumped.

Other probable causes for changes in chloride concentration include
improper abandonment of water-supply wells or injection wells that could con-
tribute to the degradation of the water quality in the freshwater aquifers.
Such wells can provide a conduit for water of poor quality from an aquifer
to mix with and(or) replace water of better quality in another aguifer,
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 con-
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 No. 1, and the probable lack of
seals in the railroad wells, could allow surface-derived chlorides and chlo-
rides at depth to enter the wells and the aquifers and eventually be detected
at Bensenville No. 2. Gibb and O'Hearn also state that, because of over-
pumping of the Ancell and Ironton-Galesville aquifers, the water levels have
declined; this decline probably resulted in the upward migration of water from
the Elmhurst-Mt. Simon aquifer, which contains water with a higher chloride
concentration than that in the Ancell and Ironton-Galesville aquifers. This
possibility is supported by the fluctuations in chloride concentrations in
Bensenville No. 2. Wwhen the well was pumped infrequently, the chloride con-
centrations were less than concentrations when the well was pumped.

Increased pumping demands on the aguifers in the Cambrian and Ordovician
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 Elmhurst-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 aquifer.
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SUMMARY AND CONCLUSIONS

Ground-water development of the agquifers in the Cambrian and Ordovician
Systems in the Chicago area began about 1864. Ground-water pumpage increased
from about 200,000 gal/d in 1864 to about 147 Mgal/d by 1985. As a result,
the potentiometric surface in the Chicago area was greater than 850 ft below
the level in 1985.

Several municipalities in northeastern Illinois have experienced, over
time, increases in chloride in water from wells that tap the aguifers in the
Cambrian and Ordovician Systems. To define the causes for the chloride
increases in the aguifers, historic data on municipal wells, including their
location; history of construction, development, and maintenance; and the
quality of water pumped from them were compiled.

Water-quality data were available for about 90 municipal wells that tap
the aquifers in the Cambrian and Ordovician Systems in the study area; data
were available for only 17 of those wells in sufficient quantity to indicate
trends in chloride concentration. Of the 17 municipal 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 Elmhurst-Mt. Simon aquifer. An additional deep test well
was finished below the Elmhurst-Mt. Simon aquifer in the Precambrian System.

Chloride concentrations in the municipal wells ranged from less than 5 to
greater than 600 mg/L; in the deep test well, they ranged fram 13 to 37,000
mg/L. Known causes for changes in chloride concentration in the water yielded
by the municipal 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 base was inadequate to quantify the changes in chloride concen-
tration in water from the agquifers in the Cambrian and Ordovician Systems.
Compounding the problem is the fact that most, if not all, municipal wells that
penetrate the aquifers in the Cambrian and Ordovician Systems in the study area
derive water from more than one aquifer; attempts to evaluate chloride concen-
trations in water from a single aquifer were impossible. The apparent random-
ness with which water-quality samples were collected for analysis and the lack
of well inspection and(or) maintenance data provide insufficient information
on the causes, and especially the quantification of certain changes in chloride
concentration in wells in the study area.
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Appendix A

Chloride concentration and static ground-water levels as a function of

time, and well-completion and well-history data for selected wells in

northeastern Illinois.

ABBREVIATIONS
ft feet
Fm Formation
Ss Sandstone
Grp Group
Ave Avenue
St Street
Sys System
BLSD below land surface datum
Ls Limestone
hr hour
WL water level
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CHLORIDE CONCENTRATION, IN MILLIGRAMS PER LITER
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CHLORIDE CONCENTRATION, IN MILLIGRAMS PER LITER
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CHLORIDE CONCENTRATION, IN MILLIGRAMS PER LITER
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CHLORIDE CONCENTRATION, IN MILLIGRAMS PER LITER
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CHLORIDE CONCENTRATION,
IN MILLIGRAMS PER LITER
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