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Abstract

In the Cambrian-age Mt. Simon Sand-
stone, salinity varies widely from less
than 1,000 mg/L of total dissolved solids
(TDS) in northern Illinois to more than
250,000 mg/L of TDS in southern Illi-
nois. Salinity is an important character-
istic of groundwater and is quantified by
measuring the TDS. With recent interest
in geologic carbon sequestration, new
wells have been completed in the Mt.
Simon and new TDS data have been col-
lected. These new TDS data, along with
other available data from Illinois and
Indiana wells, were compiled and plot-
ted to generate an updated map of salin-
ity in the Mt. Simon Sandstone.

Background

The Mt. Simon Sandstone is the basal
sandstone in the Illinois Basin and is
considered a saline reservoir well suited
for geologic carbon sequestration (U.S.
Department of Energy 2012). For geo-
logic carbon sequestration, salinity is an
important consideration because it pro-
vides an indication of the brine density
and it affects carbon dioxide solubility
in brine (e.g., Pruess and Garcia 2002).
Salinity data are also vital as input data
for simulations that evaluate the poten-
tial effects of geologic carbon sequestra-
tion in the Mt. Simon (e.g., Zhou et al.
2010; Adams 2013; Mehnert et al. 2013).
Thus, Illinois State Geological Survey
(ISGS) researchers sought to improve on
the available salinity maps for the Mt.
Simon and develop a new map incor-
porating data from new wells and over-
looked available data.

Salinity is a measure of the saltiness of
water or soil. For groundwater, salin-

ity is typically quantified by measuring
total dissolved solids (TDS). Several
TDS values are significant. Total dis-
solved solids values for fresh ground-
water are less than 1,000 mg/L, whereas
TDS values for saline groundwater
exceed 1,000 mg/L (Barlow 2003). For
comparison, seawater typically has a
TDS value of 35,000 mg/L (Stumm and
Morgan 1996). The U.S. Environmental
Protection Agency (USEPA) defines an
underground source of drinking water
as any water supply with less than 10,000
mg/L of TDS. Water supplies that exceed
10,000 mg/L of TDS are generally con-
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[ Devonian-Silurian and older rocks
[ ] Cambrian rocks
[ ] Mt. Simon Sandstone

Disposal not feasible or limited
to lower Mt. Simon
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¢ Waste disposal well
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4 Other well
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Figure 1 Map of potential waste disposal reservoirs (from Bergstrom 1968). South
of the Mt. Simon and Galesville lines, these reservoirs were found to contain brine
with total dissolved minerals in excess of 10,000 parts per million, which is equiva-

lent to total dissolved solids of 10,000 mg/L.

sidered unsuitable for a drinking water
source because treatment costs would
be prohibitive. In this report, brine is
used to define groundwater with TDS
values exceeding 10,000 mg/L. Given the
significance of the 10,000 mg/L TDS line
for water supply purposes, this line is
included in the new salinity map.

Meents et al. (1952) published brine data
and produced contour maps of TDS in
several oil-producing formations in the
Illinois Basin. The deepest formation
they studied was the Ordovician St.
Peter Sandstone. Mapping water quality
is also important for water supply and
groundwater protection purposes. In

southern Wisconsin, the Cambrian-age
Mt. Simon is considered a freshwater
aquifer (SEWRPC 2002). While evaluat-
ing the feasibility of industrial waste
disposal, Bergstrom (1968) mapped the
TDS in the Mt. Simon and the Cam-
brian-age Ironton-Galesville Sandstones
(Figure 1). For an assessment of ground-
water resources, Visocky et al. (1985)
mapped TDS in the Elmhurst-Mt. Simon
aquifer in northern Illinois (Figure 2).
The Elmhurst Sandstone is the basal
member of the Cambrian-age Eau
Claire Formation, which overlies the Mt.
Simon. The Elmhurst Sandstone is dif-
ficult to distinguish from the Mt. Simon,
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Figure 2 Salinity in the Elmhurst-Mt. Simon Sandstone in northern lllinois
(from Visocky et al. 1985). This map includes total dissolved solids values
up to 10,000 mg/L.

so the two units are considered a single
hydrogeologic unit or aquifer. Visocky
etal. (1985) noted that shale interbeds
separated water higher in TDS in the
deeper Mt. Simon from the lower TDS
groundwater in the shallower Elmhurst-
Mt. Simon. Brower et al. (1989) reviewed
TDS in several formations, including the
Elmhurst-Mt. Simon, and produced a
statewide map showing the 10,000 mg/L
TDS line in several formations (Figure

3). For northern Illinois, Morse and
Leetaru (2005) published a map of the
salinity in the Mt. Simon (Figure 4). The
Midwest Geologic Sequestration Con-
sortium (MGSC) published a map with
an expanded geographic range showing
the groundwater salinity within the Mt.
Simon Sandstone in and near the Illi-
nois Basin (Figure 5). Unlike most other
maps, this map did not include a 10,000
mg/L contour.

Compilation of Salinity

Data

Published salinity maps of the Mt.
Simon Sandstone were developed with
relatively few data points. For his state-
wide map of the Mt. Simon, Bergstrom
(1968) plotted 14 TDS values, whereas
Visocky et al. (1985) apparently devel-
oped their map of northern Illinois using
fewer than 10 TDS samples. Brower et al.

2 Circular 582
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Figure 3 Map showing the 10,000 mg/L total dissolved solids (TDS)

line in several formations, including the Elmhurst-Mt. Simon Sandstone
(dashed line; from Brower et al. 1989). Base map shows the thickness
(isopach) of the Eau Claire Formation.

(1989) did not document their TDS data.
The MGSC (2005) map was developed
using 57 TDS values from Illinois wells.
For this study, 329 TDS values have been
compiled from new and existing wells

in [linois and Indiana (Appendix Table
Al). The TDS values are reported in units
of milligrams per liter and are located
using the Universal Transverse Merca-
tor (UTM) coordinate system. The UTM
coordinates were calculated using an
ArcGIS algorithm based on well loca-

tions in the Public Land Survey System
(section, township, range). Surfer ver-
sion 11 (http://www.GoldenSoftware.
com) was used to generate the grids and
the contour maps.

Wells that penetrate the Mt. Simon,
although rare in Illinois and Indiana,
are drilled for structural tests, ground-
water supply, natural gas storage, and
liquid waste disposal. The majority of
the compiled data were collected from

wells in Illinois (302 values), with Indi-
ana data accounting for the remaining
27 entries (Table 1). The Illinois data
come from 31 different counties and
159 different wells, whereas the Indiana
data come from 7 counties and 10 wells.
Multiple data points, with different TDS
values, were obtained from 45 Illinois
wells and 6 Indiana wells. Most of the
entries (Table 2) were compiled from
water samples collected by natural gas
storage companies (e.g., Nicor, Ameren,

Illinois State Geological Survey
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Figure 4 Salinity map for brine within the Mt. Simon Sandstone in northern lllinois (from Morse and Leetaru 2005), which
includes total dissolved solids (TDS) contours marking 10,000, 35,000, 60,000, and 85,000 mg/L of TDS.

and Panhandle Eastern Pipe Line Co.)
and industries using Class I injection
wells (Allied Chemical and steel com-
panies). Illinois and Indiana state insti-
tutions (ISGS, Illinois Environmental
Protection Agency, Illinois State Water
Survey, and Indiana Geological Survey)
also accounted for a large portion of the
TDS samples.

Developing a contour map is a two-step
process—gridding and contouring. For
the gridding process, TDS data from
each well must be represented as a
single data point. For our TDS data, most
wells had a single TDS sample, but some
wells had multiple samples. Multiple
TDS data arose most commonly from
samples being collected from the same

well at different times, but some wells
had samples collected from multiple
depths. For these wells with multiple
TDS values, the well was represented
using the median value. The median,
rather than the mean, was selected to
be the representative value because
extreme values have less effect on the
median, especially for small samples.

4 Circular 582
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Figure 5 Midwest Geologic Sequestration Consortium (MGSC) map of total dissolved solids (TDS, mg/L)
in the groundwater from the Mt. Simon Sandstone (from MGSC 2005). The locations of the 57 TDS data

points are shown by black dots.

The median TDS value was computed
using a spreadsheet because the Surfer
algorithm for computing medians was
incorrect for an even number of data
points. For developing the new contour
map, we had 169 TDS values.

Histograms show the distributions of

all brine data (329 samples), the data
used to create the final contour map
(169 samples), and the MGSC (2005) map
data (Figure 6). The histograms show
that the data do not have a normal dis-

tribution and are better described by a
log-normal or even multimodal distribu-
tion. The histograms also show a wider
range of TDS values for the data used in
this report than for the 2005 data, but
they also display the limited amount

of data in the higher TDS ranges, with
limited samples between 140,000 and
180,000 mg/L. The histograms also show
a tendency for lower TDS values in the
2005 data than in the data used in this
report, which is also reflected in the
medians. The median TDS value for the

2005 data was 18,978 mg/L, whereas the
median was 34,549 mg/L for all brine
data and 38,002 mg/L for the brine data
used for the contour map.

The TDS samples described in this
report were not collected from a single
sampling event. They are samples that
were collected over a long span of time.
Most samples were collected when the
well was drilled, but the sampling dates
in our database are incomplete. The ear-
liest sample was collected in 1911, and

Illinois State Geological Survey
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Table 1 Distribution of the 329 compiled brine samples

by location

State lllinois Indiana  Total
TDS' samples 302 27 329
Counties 31 7 38
Wells with multiple samples 45 6 51
Total wells 159 10 169

'TDS, total dissolved solids

Table 2 Sources for brine samples by contributing institution

Institution Number
Government sources
lllinois State Geological Survey 94
lllinois State Water Survey/lllinois State Geological Survey 33
lllinois State Water Survey 1
lllinois Environmental Protection Agency 2
Indiana Geological Survey 17
U.S. Geological Survey 1
Subtotal 148
Industrial sources
Allied Chemical 2
Ameren/CIPS 71
FutureGen Industrial Alliance 2
Natural Gas Pipeline Co. 5
Nicor 51
Panhandle Eastern Pipe Line Co. 42
People’s Gas 4
Steel companies 4
Subtotal 181
Total 329

the most recent sample was collected in
2011. The majority of samples were col-
lected during drilling for the natural gas
storage fields, which occurred in the late
1950s through the early 1970s.

Contour Map Development

In developing a contour map, many
choices regarding gridding and contour-
ing methods must be made. We wanted
to develop contour maps using the
same gridding and contouring options
for the MGSC (2005) and the new data
sets, but the details of the MGSC (2005)
map were unknown. For this study, all
contour maps were developed using
point kriging with no search radius (i.e.,
all data used), a 250-m grid spacing,
and the UTM16N/NADI1983 coordinate
system. Figure 7a shows the TDS map
using the new data, whereas Figure

7b shows the TDS map based on the

MGSC (2005) data. For both data sets,
the kriging method produced negative
contours in the northwest portion of the
grid, which are physically unrealistic.
These negative contours were removed
using Surfer’s Grid Math function by
resetting negative values to zeros. There
are significant differences between the
MGSC (2005) contour map (Figure 5)
and our map developed with the same
data (Figure 7b). The MGSC (2005) con-
tour map shows higher maximum TDS
values, and the contour lines in the
eastern half of that map trend in a north-
west-southeast direction. The higher
TDS values in Figure 5 do not appear to
be supported by the data points used in
that study.

The new TDS map (Figure 8) shows the
TDS contours based on 169 TDS data
points displayed on a base map with
state and county boundaries. This map is
similar to the MGSC (2005) map (Figure

5), but some differences still remain. The
trend of the contour lines in the eastern
portion of the maps is still different—
predominantly southwest-northeast in
Figure 8 versus northwest-southeast in
Figure 5. In addition, the maximum con-
centrations in Figure 8 are higher and
are supported with data points. Both
maps would benefit from more data in
Indiana and southern Illinois. Unlike
the previous maps, our contour map
contains several bull’s-eyes in northern
Illinois and Indiana. These bull’s-eyes
reflect the variability of the TDS values
observed in our larger data set. A com-
parison of the 10,000 mg/L TDS lines on
the various TDS maps (Figure 9) shows
that our line has a shape similar to the
line drawn by Brower et al. (1989) but

is aminimum of 10 miles farther north
in central Illinois and a maximum of 50
miles north in western Illinois. The line
by Morse and Leetaru (2005) is consis-
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Figure 7 (a) Contour map of the updated data set using point kriging with no
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from the Midwest Geologic Sequestration Consortium (2005) salinity map using
point kriging with no search radius and a grid spacing of 250 m.
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Figure 8 Filled contour map of 169 data points (orange circles) for groundwater salinity in the Mt. Simon
Sandstone, where salinity is quantified by total dissolved solids. The extent of the contours has been limited
by the vertical and horizontal extents of lllinois and Indiana. The vertical and horizontal ranges are 4,100,000
to 4,750,000 m and 100,000 to 690,000 m, respectively.

tently the northernmost line, whereas
the line by Visocky et al. (1985) is gener-
ally the southernmost line. Three lines
(Bergstrom 1968; Visocky et al. 1985;
Morse and Leetaru 2005) do not trend
southwest-northeast in western Illinois.
In western Illinois, the Mt. Simon occurs
at shallower depths, which is reflected in
the groundwater salinity and is shown
by Brower et al. (1989) and in Figure 8.
In summary, the new TDS map has the
greatest complexity, but this complex-
ity is supported by the largest set of TDS
values available to date.

As an alternative to a contour map, the
TDS data can also be displayed using a
bubble chart. The bubble chart does not
project TDS values beyond the physical

extent of each sample. Extrapolation
and interpolation are part of the contour
mapping process and are inherently
subject to error because they estimate
values for areas without samples. In
addition, a bubble chart does not require
selecting a single value to represent
awell, as required when developing

a contour map. The bubble chart was
developed using all 329 TDS data points
(Figure 10) and shows the variability of
TDS data. The variability seems to have
two primary sources—temporal and
vertical variability of the TDS samples.
The TDS samples in this study were col-
lected over a 100-year time span. Thus,
hydrogeologic conditions may have
changed over that time, particularly in
northeastern Illinois, which has expe-

rienced significant groundwater with-
drawals. The vertical variability arises
from the fact that samples have been
collected at different depths, sometimes
from the same well. Limited data indi-
cate that TDS in the Mt. Simon increases
with depth at a given location. This vari-
ability can be seen in Figure 10 by the
overlapping symbols in northeastern
Illinois, northwestern Indiana, and cen-
tral Illinois.

In summary, a map showing the distri-
bution of salinity within the Mt. Simon
in Illinois and Indiana has been updated
using a much larger data set. The distri-
bution of TDS within the Mt. Simon is
more complex than previously mapped.
The map shows the data used to develop

Illinois State Geological Survey
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Figure 10 Bubble chart of the groundwater salinity in the Mt. Simon Sandstone based on 329 total dissolved
solids (TDS) data points. Unlike the contour map, this chart demonstrates the range of TDS values at a
given location. It also shows some locations with greatly varying TDS magnitudes, especially in northwest-
ern Indiana, where values range from 10,000 to 150,000 mg/L. Note that the symbol size increases with the

magnitude of TDS.

the TDS contours. The data density is
highest in northern Illinois and declines
toward the south and east. Hidden in the
TDS data is some of its variability. Tem-
poral and vertical variability in when
and where the groundwater samples
were collected are thought to be the
major factors controlling this variability.
Users of this TDS map should appreciate
this variability.
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V. Panno, and Donald A. Keefer, ISGS,
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reviewed this report and provided com-
ments to improve it. This research was
partially supported with funds from the
USEPA, Office of Research and Develop-
ment, National Center for Environmen-
tal Research, through USEPA Funding
Opportunity EPA-G2008-STAR-H1 (EPA
RD-83438201). Barbara Klieforth and
Angela D. Page served as project officers
for the USEPA.
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