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CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATIONS

Multiply By To Obtain
cubic foot per second (ft3/s) 0.02832 cubic meter per second
foot (ft) 0.3048 meter
foot per day (ft/d) 0.3048 meter per day
foot per foot (ft/ft) 1.000 meter per meter
foot per year (ft/yr) 0.3048 meter per year
gallon (gal) 3.785 liter
inch (in.) 254 millimeter
inch per year (in/yr) 254 millimeter per year
mile (mi) 1.609 kilometer
pound per day (1b/d) 0.4536 kilogram per day
square foot (f%) 0.09290 square meter
square mile (mi?) 2.590 square kilometer

Temperature is given in degrees Celsius (°C) which may be converted to degrees Fahrenheit (°F) as follows:

°F=18x°C+32

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)—a
geodetic datum derived from a general adjustment of the first-order level nets of the United States and Canada,
formerly called Sea Level Datum of 1929.

The following abbreviations are used in this report:

Abbreviation Description

CaCOjy Calcium carbonate

mg/L Milligram per liter

pH Negative log base-10 of the hydrogen ion activity,
in moles per liter

pg/L Microgram per liter

puS/cm Microsiemen per centimelter at 25 degrees Celsius
(formerly micromho per centimeter at 25 degrees Celsius)

ERRIS Emergency Remedial Response Inventory Site

MCL Maximum Contaminant Level

NPL National Priority List

SMCL Secondary Maximum Contaminant Level

USEPA U.S. Environmental Protection Agency

Converslon Factora vll



Geohydrology and Water Quality
of the Calumet Aquifer in the Vicinity of the
Grand Calumet River/Indiana Harbor Canal,

Northwestern Indiana

By Joseph M. Fenelon and Lee R. Watson

ABSTRACT

The water-table configuration of the
Calumet aquifer in the vicinity of the Grand
Calumet River/Indiana Harbor Canal in Lake
County, northwestern Indiana, reflects the
complexity of the shallow ground-water-flow
system. Large depressions in the water table
in sewered areas interrupt broad ground-water
divides between rivers. The aquifer/stream
interactions along the Grand Calumet River/
Indiana Harbor Canal are directly related to
Lake Michigan water levels because of a direct
connection of the Grand Calumet River/Indi-
ana Harbor Canal to the lake. Fluctuations in
lake levels and evapotranspiration result in
reversals in ground-water flow near the river
and canal that last from several hours to
several months.

Most of the water from the Calumet aqui-
fer discharges into sewers, the Grand Calumet
River/Indiana Harbor Canal, Lake Michigan,
and Silurian carbonate bedrock. Model simu-
lations of ground-water flow for the study area
indicate that the Calumet aquifer discharges
about 15 ft3/s (cubic feet per second) of ground
water to sewers, about 10 ft/s to the Grand
Calumet River/Indiana Harbor Canal, and
about 4 ft/s to Lake Michigan along a 25-mile
section of shoreline. Estimates of ground-
water flow from the Calumet aquifer to the
bedrock range from 0 to 10 ft*/s.

Results of analyses of water samples
collected from wells in five land-use types—
steel industry, petrochemical industry,
commercial and light industry, residential,
and parks—were compared. The highest
median concentrations of inorganic ions and
the most detections of organic compounds
generally occurred in water samples from
wells on the steel and petrochemical land-use
areas. Water samples collected from wells on
the commercial and light industrial land-use
areas generally had lower median chemical
concentrations than the samples from the steel
and petrochemical land-use areas and greater
median concentrations than the samples from
the residential and park land-use areas. Seven
of 52 acid-extractable and base/neutral-
extractable organic compounds and 17 of
36 volatile organic compounds analyzed were
detected in a total of 35 wells. Only 4 of the
88 organic analytes—phenols, bis(2-ethyl-
hexyl)phthalate, benzene, and toluene—were
detected in more than 5 of the 35 wells.

A comparison of primarily inorganic-
constituent data from the five land-use
groups to inorganic-constituent data from
sites known to be contaminated shows that
constituent concentrations in ground waters
from wells in the land-use areas generally
are lower than those in ground water from
contaminated areas.
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Likewise, a comparison of inorganic-constitu-
ent data from the land-use groups to inorganic-
constituent data from areas relatively
unaffected by human presence shows that
constituent concentrations in ground water
from wells in the land-use areas generally

are greater than those in ground water from
the unaffected areas.

Some documented but unaccounted for
chemical loads in the Grand Calumet River are
from ground water. Ground water probably
contributes more than 10 percent of the total
chemical load of ammonia, chromium, and
cyanide to the Grand Calumet River. In com-
parison, about 1 to 3 percent of the total
streamflow in the Grand Calumet River is
from ground water. Of the four major ground-
water sinks in the aquifer, the east branch of
the Grand Calumet River and the Indiana
Harbor Canal generally receive the greatest
chemical loads from ground water, whereas
Lake Michigan generally receives the
smallest loads.

INTRODUCTION

The southern shoreline of Lake Michigan, in
northwestern Indiana, is one of the major urban-
industrial centers in the Great Lakes region.
Within the area are the cities of East Chicago,
Gary, Hammond, and Whiting—all in Lake
County (fig. 1). Most of the residential areas are
south of the Grand Calumet River and west of the
Indiana Harbor Canal. Also located in the area
are three large steel mills, a major petrochemical
processing plant, several large petroleum-storage
facilities, forging and foundry facilities, food and
paper industries, and a coal-fired electricity gener-
ating plant.

The International Joint Commission on the
Great Lakes and the U.S. Environmental Protection
Agency (USEPA) have placed the industrial and
urban area around the Grand Calumet River/
Indiana Harbor Canal on a list of 10 major
areas of concern in the Great Lakes Basin
(U.S. Environmental Protection Agency, 1984).

The area includes many potential sources of
contamination located on a thin (0-45 ft thick) sand
aquifer, which is in hydraulic connection with the
river, the canal, and Lake Michigan. Within the
boundary of the aquifer are 4 waste-disposal sites
on the USEPA National Priority List (NPL),
commonly called Superfund sites, and more than
80 sites on the Emergency Remedial Response
Inventory Site (ERRIS) list (Dean Nygard, Indiana
Department of Environmental Management,
written commun., 1986) (fig. 1). Three of the NPL
sites, most of the sites on the ERRIS list, and most
of the area’s industries are within the Grand
Calumet River/Indiana Harbor Canal drainage
basin. In spite of documented contamination,
many of the sites on the ERRIS list have not been
placed on the NPL because the aquifer is seldom
used as a source of drinking water.

Discharge of contaminants from the surficial
sand aquifer into the area’s surface-water bodies is
an important concemn. Recent field studies of the
Grand Calumet River/Indiana Harbor Canal
indicate that chemical loadings cannot be
compleiely explained by known industrial and
municipal discharges to this surface-water system
(Crawford and Wangsness, 1987; HydroQual,
1984). No published studies on the shallow
flow system in the Calumet aquifer evaluate the
potential for discharge of ground-water contami-
nants into the Grand Calumet River/Indiana Harbor
Canal or Lake Michigan.

Concern for this potential contamination
prompted a two-phase study by the U.S. Geo-
logical Survey, in cooperation with the Indiana
Department of Environmental Management. The
study began in 1986, Phase I of the study (Watson
and others, 1989) defined the geohydrologic
system of the surficial aquifer known as the
Calumet aquifer (Hartke and others, 1975) in the
vicinity of the Grand Calumet River/Indiana
Harbor Canal and Lake Michigan. The study area
is within the industrial/residential area in north-
western Lake County, Ind. Only the part of the
aquifer that discharges directly to Lake Michigan
or to the Grand Calumet River/Indiana Harbor
Canal was studied. Phase 11 of the study used the
understanding of the aquifer characteristics and the
flow system determined in Phase I to site suitable
observation wells for a characterization of ground-
water quality in the study area.
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Many of the chemicals produced in a steel mill
come from the production of coke, the fuel source
for blast furnaces. By-products of coke-making
include ammonia, sulfate, napthalene, light oil,
benzene, toluene, Xylenes, phenols, cyanide, and
heavy solvents (Russell and Vaughan, 1976).
Materials used for the production of steel and by-
products of the process include alloy metals, slag,
lime, chloride, sulfate, and oil (Russell and
Vaughan, 1976). Contaminants that reach the
ground water in these areas probably will be
discharged to Lake Michigan and the upper reach
of the Grand Calumet River.

Most of the petrochemical industry areas are
near the Indiana Harbor Canal. The land is
sparsely vegetated; large areas consist of clusters
of oil tanks separated by dikes. Pumpage from a
system of shallow wells is used as a means to
reduce the flow of oil-contaminated ground water
from the oil refinery property. The pumpage
lowers the water table in places beneath and
adjacent to the oil refinery, and the contaminated
water is treated and then discharged into Lake
Michigan.

A wide variety of chemicals, mostly organic in
nature, are used and produced in the refinery area.
These include benzene, toluene and xylenes (found
in gasoline, oil, and tar); lead products; phenols;
aluminum chloride; and acid and caustic sub-
stances (Burdick and Leffler, 1983; Houlihan,
1987). If these chemicals enter the ground-water
system and are not subsequently intercepted by the
shallow-well pumpage, they are likely to be
discharged to the Indiana Harbor Canal, sewers,
and Lake Michigan.

Park or natural arca land use is primarily along
the eastern, southern, and western boundaries of
the study area. The largest park is located on the
eastern edge of the study area and includes the
western end of the Indiana Dunes National Lake-
shore. Other tracts of parkland serve as wildlife
preserves. Ground-water quality is probably mini-
mally affected by human activities in these areas,
although land use upgradient from these parks
could have an effect.

One large parkland around Wolf Lake has been
modified by human development and is a potential
source of ground-water contamination. Original

marshland was filled and Wolf Lake sand was
mined to provide material for construction of the
Indiana Toll Road. Most of the fill on the site is
slag; however, other rubbish also may be buried
there (Rosenshein, 1961, p. 200-207).

Land use adjacent to the Little Calumet River
and immediately southeast of the study area is
agricultural. Pesticides and nutrients are the most
likely contaminants to reach the water table in the
area, and the Little Calumet River is the most
likely surface-water body to be affected.

Comparisons of Water-Quality Data

Results of the water-quality measurements are
discussed by comparing them (1) to USEPA
Drinking-Water Regulations, (2) by depth (shallow
compared to deep), and (3) between different data
sets, including five land-use groups (commercial,
steel, petrochemical, residential, and park), and a
“natural” and “contaminated” data set. The water
quality data from the 35 wells in the sampling
network (tables 27 through 31, in the “Supple-
mental Data” section in the back of the report)
were grouped by the primary land use that
surrounds them. The land-use data sets discussed
in the following sections are compared with two
other data sets: a “contaminated” data set and a
“natural” data set. The “contaminated” data set
consists of data published by private consulting
firms and includes data from 16 wells throughout
the study area at which some type of contamina-
tion was known or suspected. The “natural” data
set consists of U.S. Geological Survey data from
18 wells in the Calumet aquifer east of the study
area in which the quality of the ground water
is thought to be minimally affected by human
activity. Primary and secondary drinking-water
regulations for many water-quality constituents
have been established by the USEPA (1986)
(table 32). Primary drinking-water regulations,
termed Maximum Contaminant Levels (MCL’s)
are health-related and legally enforceable.
Secondary drinking-water regulations, termed
Secondary Maximum Contaminant Levels
(SMCL’s) apply to esthetic qualities and are
recommended guidelines for drinking water.

Compariaons of Water-Quality Data 41



Table 32. Maximum Contaminant Levels and Secondary
Maximum Contaminant Levels set by the U.S. Environ-
mental Protection Agency for selected constituents

[mg/L, milligram per liter; --, no established regulation; contaminant
levels are from U.S. Environmental Protection Agency (1986)]

Primary Secondary
Maximum Maximum
Contaminant Contaminant
Levei Level
Conatituent (mg/L) (mg/L)
Arsenic 0.05 -
Barium 1.0 --
Cadmium 010 ~-
Chloride -- 250
Chromium .05 -
Copper -- 1
Fluoride 4.0 2.0
Iron -- 0.3
Lead .05 --
Manganese -- .05
Mercury 002 --
Nitrate 10.0 --
Suifate - 250
Total dissolved solids -- 500
Zinc - 5
Vclatile organic
compounds
Benzene 005 -
Carbontetrachloride .005 --
1,1-Dichloroethylene 007 -
1,2-Dichloroethane 005 --
Para-dichlorobenzene 075 --
1,1,1-Trichloroethane 2 --
Trichloroethylene 005 --
Vinyl chloride .002 -

Field-Measured Properties and Constituents

A statistical summary of specific conductance,
alkalinity, pH, temperature, and dissolved oxygen
concentration within the sampling network is
presented in table 33.

Specific Conductance and Alkalinity

Water from wells in “natural” areas has a
median specific conductance that is 1.5 to 5 times
less than the median specific conductances of the
land-use data sets and the “contaminated” data set
(fig. 19). The highest median specific conductance
of the land-use data sets was from wells on steel-
industry property. Specific conductances of water
from the wells sampled during summer 1987
included seven extreme values, which ranged
from 2,310 to 5,460 uS/cm. Three of these
samples were from wells screened in fresh slag,
and two were from wells contaminated by petro-
leum products.

If a conservative estimate of 0.5 mg/L were
used as the constant of proportionality between
specific conductance and total dissolved solids
concentration (Hem, 1985), 20 of the 35 water
samples would exceed the SMCL of 500 mg/L
of total dissolved solids set by the USEPA
(1986). Of these 20 samples, 8 would be
considered “slightly saline” (Hem, 1985) or
“brackish” (Freeze and Cherry, 1979). If total
dissolved solids were calculated by summing the
concentrations reported for the dissolved inorganic
constituents (Hem, 1985), 23 of the 35 water
samples would exceed the SMCL and 10 would be
considered “slightly saline” or “brackish.”

In the group of wells sampled in 1987, the
median values for both specific conductance and
alkalinity in the ground water from the 19 shallow
wells were lower than those in water from the
16 deep wells. Eight of the 10 lowest values for
alkalinity and specific conductance were found in
water from wells that were screened at the top of
the aquifer. Some of the apparent differences
between samples from shallow and deep wells may
be related to differences in land use rather than the
depth of the aquifer from which the samples were
collected. Among samples from the seven sets of
paired wells, medians of alkalinity and specific
conductance in water from the seven shallow
wells were lower than those for water from the
seven deep wells, regardless of land use. Litho-
logic factors, length of flow paths, dilution in
shallow wells, density plumes, or upward flow of
ground water from the clay unit could increase
mineralization of water with depth.
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Table 33. Statistical summary of the water-quality characteristics measured in the field
{uS/cm, microsiemen per centimeter at 25° Celsius; mg/L, milligram per liter; °C, degree Celsius; <, less than}

Period Number
of of First Third

Characteristic analysis samples Median quartile quartile Minimum  Maximum

Specific conductance Summer 1987 34 1,270 595 1,802 241 5,460

(uS/cm) Spring 1988 33 1,200 758 1,820 275 4,960

Summer 1988 31 1,200 850 2,070 234 4,390

Alkalinity Summer 1987 33 288 191 410 28 975

(mg/L as CaCO,)

pH Summer 1987 35 13 70 1.7 6.7 11.8
Spring 1988 34 7.3 6.9 1.7 56 11.8
Summer 1988 31 7.1 6.9 7.4 6.5 11.9
Temperature, °C, Summer 1987 19 18.9 16.5 19.7 12.5 20.0
in samples from Spring 1988 19 10.5 10.0 114 8.7 159
shallow wells Summer 1988 16 19.1 172 20.6 16.7 22.0
Temperature, °C, Summer 1987 15 14.7 133 16.3 121 19.0
in samples from Spring 1988 13 123 115 13.0 93 15.1
deep wells Summer 1988 15 15.6 13.6 174 13.1 19.5
Oxygen (mg/L) Summer 1987 34 0.7 03 2.1 <0.1 8.0
Spring 1988 33 S 4 1.4 2 7.1

pH

The median pH in the 35 well samples was
about 7.3; however, four extreme values of pH
(three above 11.0 and one at 9.7) were measured
in samples from wells screened in slag. Because
slag is dominantly alkaline-earth-silicate glass,
an elevated pH of water in contact with it is not
unexpected.

Temperature

Comparison of temperature values for all three
sampling periods (fig. 20) showed differences
between the water from shallow wells and water
from deep wells. In summer 1987, the median-
ground-water temperature from shallow wells was
18.9°C (66°F), about 4°C warmer than the water
from deep wells. By spring 1988, the median tem-
perature of the water from shallow wells dropped

about 8.5°C to 10.4°C (50.7°F), whereas the water
from deep wells dropped only about 2.5°C. This
resulted in a reversal in temperature in which the
deep water was warmer than the shallow water. By
the summer of 1988, the ground-water tempera-
tures reversed again and median values were
similar to the previous summer. These reversals
are the result of the shallow ground-water being
affected by the temperature of seasonal
atmospheric recharge; water tapped by the deep
wells is isolated from this effect.

Disaolved Oxygen

Dissolved oxygen was detected in most of the
ground-water samples collected from the Calumet
aquifer. Dissolved oxygen concentrations were
higher in the shallow ground water than in the deep
ground water. Of the seven groups of paired wells,
the ground water from the shallow wells contained

Compariaons of Water-Quality Data 43
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more dissolved oxygen than that from the deep
wells during summer 1987 and spring 1988
samplings. The median dissolved-oxygen concen-
tration in the 35 samples was 0.3 mg/L in summer
1987, dissolved oxygen was not detected in water
from five wells. Four of the five wells in which
dissolved oxygen was not detectable were deep
wells, whereas the six highest concentrations of
dissolved oxygen (all greater than 3 mg/L) were
measured in water from shallow wells. Higher
concentrations of dissolved oxygen in the shallow
wells are not unexpected because the aquifer is
primarily a well-sorted sand in which oxygenated
recharge waters can quickly reach the shallow
water table.

Inorganic Constituents

A statistical summary of inorganic constitu-
ents in the 35 wells that were sampled in 1987 is
listed in table 34. These constituents consist of
3 common anions, 4 common cations, 3 nutrients,
10 metals, and arsenic, bromide, boron, cyanide,
and silica.

Selected lons and Hardness

Sample medians from the 19 shallow and the
16 deep wells for seven major ions—calcium,
magnesium, potassium, sodium, chloride, fluoride,
and sulfate—were compared. The median concen-
trations in water from the shallow wells were lower
than those in water from the deep wells for all ions
except fluoride. Some of the difference can be
attributed to the use of the land in which the wells
are located rather than the depth of the screenin the
aquifer. A comparison of the concentrations of the
major ions in the seven groups of paired wells was
done to determine how depth alone might affect
water quality. In five of the seven pairs, concentra-
tions of magnesium, chloride, and sulfate were
higher in the deep wells; in four of seven pairs,
concentrations of calcium and sodium were higher
in the deep wells. Potassium concentrations were
higher in three of the deep wells, and fluoride was
higher in only one of the seven deep wells.

A statistical summary of the four common
cations, three common anions, and boron, bromide,
silica, and cyanide, grouped by land use, is shown

in table 35. The constituents at the highest concen-
trations are generally from the “contaminated”
group and the constituents at the lowest concentra-
tions are generally from the “natural” group.
Among median concentrations for the seven major
ions, the highest median concentrations of four of
the constituents (calcium, magnesium, sodium,
potassium) are from the “contaminated” data set.
The steel land-use data set had the highest median
concentration for chloride and sulfate and shared
the highest median concentration of fluoride with
the petrochemical 1and-use data set. The “contami-
nated” data set had the maximum concentration for
all of the constituents except sulfate, which was
highest in the steel land-use data set., The “natural”
data set had the lowest median concentrations of
six of the seven major ions, whereas the park land-
use data set had the lowest median concentration
for magnesium.

If the five land-use data sets are compared
without the “natural” or “contaminated” data sets,
10 of the 11 highest median concentrations for
the constituents are from the steel or petrochemical
land-use data sets. The individual maximum
concentration for each constituent was in either
the steel or the commercial land-use data sets,
however.

Hardness

Water from all but two of the 35 wells
sampled generally is considered very hard; that
is, hardness? is greater than 180 mg/L.. The median
hardness for the petrochemical, steel, commercial,
and residential data sets ranges from about 400 to
500 mg/L, whereas the median hardness for the
park data set is 250 mg/L (fig. 21). Only the steel
land-use data set had values of hardness greater
than 800 mg/L, possibly due to the effects of slag.
The “natural” data set had a median concentration
that was much lower than most of the data sets
(200 mg/L), although this concentration also is
representative of very hard water. The median
hardness for the “contaminated’ data set was about
800 mg/L.

3All hardnesses are given as equivalents of CaCO;.
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Table 35. Statistical summary of cations and anions for seven data sets

[Samples for the residential, commercial, steel, petrochemical, and park data sets were collected in 1987, and samples for the natural and
contaminated data sets were collected from 1980 through 1988; pug/l., microgram per liter; mg/L, milligram per liter; <, less than; <, less than
or equal; ?, detection limit unknown; leaders (--), constituent not sampled}

Number Number

of above Detection
Constituent Data aets samplea detection limit Median Minimum Maximum
Calcium (mg/L) Residential 4 4 0.10 130 57 220
Commercial 15 15 10 130 36 240
Steel 7 7 10 140 66 610
Petrochemical 6 6 .10 150 77 250
Park 3 3 .10 92 59 95
Natural 18 18 .10 48 13 120
Contaminated 11 11 ? 155 0.72 042
Magnesium (mg/L.)  Residential 4 4 .10 19 16 26
Commercial 15 15 .10 22 6.0 94
Steel 7 4 .10 18 <.10 50
Petrochemical 6 6 .10 38 12 68
Park 3 3 .10 8.0 33 48
Natural 18 18 10 15 3.0 37
Contaminated i1 11 ? 53 i 310
Sodium (mg/L) Residential 4 4 .10 78 93 150
Commercial 15 15 10 62 19 860
Steel 7 7 10 100 3.1 170
Petrochemical 6 6 .10 66 84 360
Park 3 3 .10 21 15 58
Natural 18 18 10 8.2 .60 70
Contaminated 16 16 ? 415 12 13,600
Potassium (mg/L) Residential 4 4 .10 4.2 1.5 34
Commercial 15 15 .10 5.5 1.0 12
Steel 7 7 .10 41 1.7 220
Petrochemical 6 6 .10 10 1.5 27
Park 3 3 .10 32 1.6 48
Natural 18 18 .10 1.3 30 6.1
Contaminated 11 11 ? 107 4.6 15,600
Sulfate (mg/L) Residential 4 4 1 53 13 540
Commercial 15 15 1 93 19 1,100
Steel 7 7 1 370 52 1,200
Petrochemical 6 6 1 30 7.2 210
Park 3 3 1 71 60 190
Natural 18 18 i 30 33 120
Contaminated 8 8 ? 185 21 690
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Table 35. Statistical summary of cations and anions for seven data sets--Continued
Number Number

of above Detection
Constituent Dsta sets samples detection fimit Medisn Minimum Msximum
Chloride (mg/L) Residential 4 4 0.10 98 40 250
Commercial 15 15 10 110 1.8 420
Steel 7 7 10 290 4.6 1,200
Petrochemical 6 6 .10 114 11 840
Park 3 3 10 11 10 52
Natural 18 18 .10 8.4 1.0 120
Contaminated 8 8 ? 93 22 1,300
Fluoride (mg/L) Residential 4 4 10 1.0 0.50 1.3
Commercial 15 15 10 0.80 10 3.2
Steel 7 7 10 1.3 70 10
Petrochemical 6 6 10 1.3 50 2.7
Park 3 3 10 .80 40 1.8
Natural 10 9 .05-.10 .10 <.05 0.30
Contaminated 12 10 .10 1.0 <.l 62
Silica (mg/L) Residential 4 4 10 16 8.3 22
Commercial 15 15 10 19 7.4 55
Steel 7 7 10 16 8.5 49
Petrochemical 6 6 10 29 19 38
Park 3 3 10 17 13 26
Natural 8 8 10 15 6.2 21
Contaminated -- -- -- -- -- --
Boron (ug/L) Residential 4 4 10 130 90 590
Commercial 14 14 10 290 50 1,900
Steel 7 7 10 340 20 510
Petrochemical 3 3 10 580 190 590
Park 3 3 10 460 190 1,200
Natural 8 8 10 150 30 890
Contaminated -- -- - -- -- -
Bromide (mg/L) Residential 4 4 01 .05 02 a1
Commercial 14 9 01 .03 <. 4.4
Steel 7 3 01 <.01 <.01 33
Petrochemical 3 2 01 03 <.0t 06
Park 3 2 01 08 < 01 10
Natural -- -- - -- -- --
Contaminated - - - - - --
Cyanide (mg/L) Residential 4 0 01 <.01 <.01 <.01
Commercial 14 3 01 <.01 <.01 8.2
Steel 6 5 01 25 <.01 8.3
Petrochemical 6 1 01 <.01 < .01 04
Park 3 1 01 <.01 <.01 01
Natural - -- - -- - --
Contaminated 10 7 01 30 <.01 41
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Chioride

The Secondary Maximum Contaminant Level
(SMCL) for chloride of 250 mg/L (U.S. Environ-
mental Protection Agency, 1986) was exceeded
in 7 of the 35 study samples (fig. 22). Of these
seven samples, four were from the steel land-use
data set, two were from the petrochemical land-
use data set, and one was from the commercial
land-use data set. Median chloride concentrations
ranged from 11 mg/L in the park land-use data set
t0 300 mg/L in the steel land-use data set. A
potential source of some of the high chloride
concentrations in the steel land-use data set could
be pickling liquors (hydrochloric and sulfuric
acids) that are used to process strips of steel. The
median chloride concentrations of the five land-use
data sets are much greater than those of the
“natural” group in which the median concentration
was about 8 mg/L.. Although the median chloride
concentration for the “contaminated” data set was
also well below the SMCL, three of the eight
“contaminated” samples had chloride concentra-
tions that exceeded the SMCL. The “contami-
nated” data set also included two of the four
highest concentrations among all the groups.

Sulfate

The SMCL for sulfate, 250 mg/L (U.S. Envi-
ronmental Protection Agency, 1986), was
exceeded in 8 of the 35 samples from the
sampling network. Four of the samples were from
the steel land-use data set, three were from the
commercial land-use data set, and one was from
the residential land-use data set (fig. 23). As with
chloride, only the median concentration from the
steel land-use data set exceeded the SMCL.
Median concentrations of the samples from the
land-use data sets ranged from 30 mg/L for the
petrochemical 1and-use data set to 370 mg/L for the
steel land-use data set. This relation of sulfate
concentrations to land use is not surprising; the
petrochemical industry produces mostly organic
compounds, whereas the steel industry uses sulfate
in steel production. The “natural” data set had a
sample distribution similar to the petrochemical
land-use data set and a median concentration of
30 mg/L. Sulfate concentrations in four of the

eight samples from the “contaminated” data set
exceeded the SMCL, yet the median concentration,
185 mg/L., was below the SMCL.

Fluoride

The Maximum Contaminant Level (MCL) for
fluoride is 4 mg/L and the SMCL is 2 mg/L.. The
SMCL was exceeded in 5 of the 35 samples from
the sampling network. Two of the samples were
from the petrochemical land-use data set, two were
from the commercial land-use data set, and one
was from the steel land-use data set. The highest
fluoride concentration in the steel 1and-use data set,
10 mg/L, was the only concentration to exceed the
MCL. Four of the 12 samples from the “contami-
nated” data set exceeded the SMCL.

Nutriente

Analyses for three nutrients—nitrate plus
nitrite, ammonia, and orthophosphate—were done
and results were compared for differences in
concentrations between the shallow and the deep
wells. Median concentrations of ammonia and
orthophosphate were lower in water samples from
the shallow wells than in samples from the deep
wells, and 9 of the 10 lowest ammonia concentra-
tions recorded were in the samples from the
shallow wells. The median concentration of nitrate
plus nitrite in water samples from the shallow wells
was higher than those in samples from the deep
wells. Samples from the shallow wells had 8 of
the 10 highest nitrate plus nitrite concentrations.
Among the four paired wells that were sampled for
nutrients, water samples from three shallow wells
had lower ammonia concentrations and higher
nitrate plus nitrite concentrations than did samples
from the paired deep well.

A statistical summary by land-use for the three
nutrients is given in table 36. Data for the
“contaminated” and “natural” sites were available
for ammonia and nitrate plus nitrite only. In
general, nutrient concentrations in all the land-use
data sets were low. The petrochemical and steel
land-use data sets had the highest median concen-
trations for ammonia and orthophosphate and the
lowest median concentrations for nitrate plus
nitrite, respectively.
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Although concentrations of all three nutrients
were generally low, extreme concentrations were
found for ammonia and nitrate plus nitrite. The
maximum concentration of ammonia, 640 mg/L.,
was found in the steel land-use data set. The
median concentrations of nitrate plus nitrite for all
data sets were low, ranging from about 1 to less
than 0.01 mg/L.. The highest concentration of
nitrate plus nitrite in any of the land-use data sets
was about one-half the MCL for nitrate (10 mg/L,
as N). Nitrate plus nitrite was detected in all
8 samples from the “natural™ data set but, overall,
was detected in less than half of the 28 samples
analyzed for this study. Although the “contami-
nated” data set also had a low median concen-
tration of nitrate plus nitrite, it was the only data
set to have concentrations that exceeded the MCL
for nitrate.

Seiected Metais and Arsenic

Concentrations of 10 metals and arsenic were
statistically summarized by land-use, “contami-
nated,” and “natural” data sets (table 37). Within
the five land-use data sets, the steel land-use data
set tended to have the highest median concentra-
tions for the metals. The residential and park land-
use data sets contained most of the lowest median
concentrations.

The “contaminated’ group had higher maxi-
mum concentrations than any of the land-use data
sets for 9 of the 11 elements listed in table 37; lead
and mercury were the exceptions. Among the
land-use data sets, the commercial, petrochemical,
steel, and residential land-use data sets had 4, 3, 2,
and 1 of the maximum concentrations, respec-
tively, of the elements listed in table 37 (excluding

Table 36. Statistical summary of three nutrients for seven data sets
[Samples for the residential, commercial, steel, petrochemical, and park data sets were collected in 1987, and samples for the natural and contami-

nated data sets were collected from 1980 through 1988; mg/L, milligram per liter; <, less than; leaders (--), constituent not sampled]

Number Number
of above Detection
Constituent Data set samples  detection limit(s) Median Minimum Maximum
Ammonia, Residential 3 0.01 0.09 0.05 4.5
as nitrogen Commercial 12 01 78 01 6.8
(mg/L) Steel 7 7 01 2.3 18 640
Petrochemical 3 3 01 85 87 13
Park 2 2 01 .05 0.20
Natural 8 8 .01 25 .04 .89
Contaminated 7 3 2 <2 <2 173
Nitrate plus Residential 3 2 01 1.2 <.01 5.5
nitrite, Commercial 12 6 01 16 <.01 2.0
as nitrogen Steel 7 3 01 <.01 <.01 2.6
(mg/L) Petrochemical 3 0 01 <.01 <.01 <01
Park 3 1 .01 <.01 <01 .02
Natural 8 8 .01 .06 02 96
Contaminated 12 0 .02,0.1 12 <.02 240
Orthophosphate, Residential 3 1 01 <.01 <.01 01
as phosphorus Commercial 13 3 01 <.01 <.01 .14
(mg/L) Steel 6 4 01 .05 <.01 15
Petrochemical 3 2 01 12 <.01 .26
Park 2 1 01 <01 01
Natural 8 2 .01 <.01 <.01 .08
Contaminated - - - -- - --
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Tabie 37. Statistical summary of selected metals and arsenic for seven data sets

[Samples for the residential, commercial, steel, petrochemical, and park data sets were collected in 1987, and samples for the natural and
contaminaled data sets were collecied from 1980 through 1988; ug/L, microgram per hter; <, less than; <, less than or equal; ?, detection limit
unknown; leaders (--), constituent not sampled]

Number Number

of ahove Detection
Conatltuent Data set samplea  detection limit Median Minimum Maximum
Aluminum (pg/L) Residential 4 0 10 <10 <10 <10
Commercial 15 8 10 10 <10 1,100
Steel 7 4 10 20 <10 620
Petrochemical 6 2 10 <10 <10 40
Park 3 1 10 <10 <10 20
Natural -- -- -- - -- --
Contaminated 10 7 1170-360 <360 <170 7,400
Arsenic (ug/L) Residential 4 1 1 <1 <1 4
Commercial 15 11 1 2 <1 55
Steel 7 5 1 6 <1 17
Petrochemical 6 6 1 3 3 76
Park 3 3 1 1 1 3
Natural -- -~ -- -- -- -
Contaminated 15 7 15-20 <10 <5 178
Barium (pg/L) Residential 4 4 5 51 8 180
Commercial 14 13 5-100 100 <7 600
Steel 7 6 5-100 100 <19 1,000
Petrochemical 3 2 5-100 <100 <34 100
Park 3 3 5 60 38 100
Natural -- - -- -- - --
Contaminated 13 7 150-500 <500 <50 1,300
Cadmium (ug/L) Residential 4 0 1 <1 <1 <1
Commercial 15 0 1-10 <1 <1 <10
Steel 7 1 1 <1 <1 1
Petrochemical 6 0 14 <1 <1 <4
Park 3 1 1 <1 <1 2
Natural -- -- - -- -- --
Contaminated 14 3 13_50 <20 <3 125
Chromium (ug/L) Residential 4 1 10 <10 <10 10
Commercial 15 3 10 <10 <10 40
Steel 7 4 10 10 <10 100
Petrochemical 6 4 10 15 <10 20
Park 3 0 10 <10 <10 <10
Natural -- -- -- - -- --
Contaminated 15 4 16-100 <60 <6 120
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Tabie 37.--Statistical summary of selected metals and arsenic for seven data sets--Continued

Number Number
of above Detection
Constituent Dsta set samples  detection limit Medisn Minimum Maximum
Copper (ug/L) Residential 4 3 1 2 <1 3
Commercial 15 7 1 <1 <1 70
Steel 7 3 1 <1 <1 64
Petrochemical 6 0 1 <1 <1 <1
Park 3 0 1 <1 <1 <1
Natural - -- -- -- - --
Contaminated 10 4 15200 <40 <5 1,300
Iron (ug/L) Residential 4 3 3 10 <3 5,700
Commercial 13 12 3 2,700 <3 24,000
Steel 7 5 3-10 50 <3 9,300
Petrochemical 3 3 3 2,800 1,600 66,000
Park 3 3 3 81 8 420
Natural 8 8 3 840 20 8,200
Contaminated 16 15 30 830 <30 87,000
Lead (ug/L) Residential 4 1 5 <5 <5 6
Commercial 15 2 5 <5 <5 200
Steel 7 0 5 <5 <5 <5
Petrochemical 6 1 5 <5 <5 6
Park 3 0 5 <5 <5 <5
Natural -- -- -- -- -- --
Contaminated 16 8 14-100 <40 <4 65
Manganese (ug/L) Residential 4 3 1 62 <1 2,100
Commercial 14 11 1 135 <1 910
Steel 7 6 10 250 <10 1,100
Petrochemical 3 3 1 690 250 1,700
Park 3 3 1 120 110 430
Natural 8 8 1 170 20 350
Contaminated 15 14 50 335 <50 4,500
Mercury (ug/L) Residential 4 4 1 35 2 A4
Commercial 15 12 N 2 <.l S
Steel 7 5 1 2 <.l N/
Petrochemical 6 5 1 15 <.l 39
Park 3 3 1 2 2 2
Natural -- - -- -- - --
Contaminated 14 3 12-5 <2 <2 99
Zinc (ug/L) Residential 4 2 3 4 <3 15
Commercial 15 13 3-10 9 <3 130
Steel 7 6 3-10 10 <4 20
Petrochemical 6 5 3 8 <3 23
Park 3 3 3 9 5 11
Natural - -- -- -- - --
Contaminated 11 11 ? 110 30 10,100

The range in detection limiis in the “contaminated” data set reflects analysis by different water-quality laboratories.
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cadmium). The park land-use data set had or
shared the lowest concentration for all constituents
but cadmium. Aluminum, cadmium, chromium,
copper, and lead were detected in fewer than half
of the samples collected for the study.

Median concentrations of arsenic, barium,
iron, and manganese were generally higher in the
samples from the deep wells than from the shallow
wells in the sampling network. Of the five sets of
paired wells in which both were sampled for iron,
samples from the deeper of the two wells had
iron concentrations that were 30 to more than
1,000 times greater than those from the shallow
well. Of the seven paired wells that were sampled
for copper, five of the seven samples from the
shallow wells were higher. Most of the other
metals differed little in concentration between the
shallow and deep paired wells.

Concentrations of copper and zinc did not
exceed the SMCL’s in any of the land-use data set
samples, whereas SMCL’s for copper and zinc
were each exceeded once in the “contaminated”
data set. The SMCL for manganese was exceeded
in 21 of the 30 samples collected for this study,

14 of the 15 samples in the “contaminated” data
set, and 6 of the 8 samples in the “natural” data set.
The SMCL for iron was exceeded in 16 of the

30 samples collected for this study, 13 of the

16 samples in the “contaminated” data set, and 6 of
the 8 samples in the “natural” data set (fig. 24).

The MCL’s for the metals and arsenic were
rarely exceeded. Within the land-use data sets,
mercury concentrations exceeded the MCL
(0.002 mg/L) in one water sample from the petro-
chemical land-use data set, lead concentrations
exceeded the MCL (0.05 mg/L) in one sample
from the commercial land-use data set, and
chromium concentrations exceeded the MCL
(0.05 mg/L) in two water samples from the steel
land-use data set. The MCL for arsenic
(0.05 mg/L) was exceeded in two samples, one
from the petrochemical land-use data set and the
other from the same commercial land-use water
sample that exceeded the MCL for lead. In the
“contaminated” data set, the MCL's for arsenic and
chromium were exceeded twice, and the MCL for

lead was exceeded once. The MCL for cadmium
(0.01 mg/L) was exceeded twice, and the MCL for
barium (1.0 mg/L) was exceeded three times only
in the “contaminated” data set.

Organic Compounds

Water samples collected for this study were
analyzed for 88 organic compounds. These
compounds, which are on the USEPA 1list of
organic “priority pollutants,” include acid-
extractable, base/neutral-extractable, and volatile
organic compounds but exclude pesticides and
polychlorinated biphenyls (PCB’s).

Acid-Extractable and Base/Neutrali-Extractable
Organic Compounds

The 52 acid-extractable and base/neutral-
extractable organic compounds that were
sampled for this study are listed in table 4. Of
those, 45 were not found in concentrations that
exceeded their detection limits in any of the study
samples. Four compounds, bis(2-ethylhexyl)-
phthalate, di-n-butyl phthalate, phenol, and total
phenols, were detected in three or more water
samples. A statistical summary of the seven
compounds detected is given in table 38.

Acid-extractable and base/neutral-extractable
organic compounds were detected in so few
water samples that few comparisons can be made
between those compounds that were found in
shallow wells and those found in deep wells. In
the 7 sets of paired wells, there were 12 detections
of the compounds in the shallow wells and
11 detections in the deep wells. Most of the detec-
tions were of total phenols, which were found in
higher concentrations in water samples from
shallow wells than in samples from deep wells at
five of the seven paired-well sites.

Five of the seven compounds that were detected
in the study sample group (table 38) were found
in three water samples or fewer. Acenaphthene
and 2-4-dimethylphenol were detected in only one
sample, from the steel land-use data set. Naph-
thalene was detected in the same steel land-use
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Table 38. Statistical summary of acid-extractable and base/neutral-extractable compounds detected in July 1987

[Numbers are concentrations in micrograms per liter]

Number
Number of above Datectlon
Chemical ssmpiles detection fimit Median Minimum Maximum
Acenaphthene 35 I 5 <5 <5 33
Bis(2-ethylhexyl)phthalate 35 20 5 8 <5 100
2-4-Dimethylphenol 35 1 5-6 <5 <5 86
Di-n-butyl phthalate 35 3 5 <5 <5 220
Naphthalene 35 1 5 <5 <5 16
Phenol 35 3 5 <5 <5 73
Phenols, total 35 35 1 3 1 310

water sample and in a sample from the petrochem-
ical land-use data set. Both of these water samples
and a sample from the commercial 1and-use

data set contained detectable phenol. Di-n-butyl
phthalate was detected in three water samples from
the commercial 1and-use data set.

Of the seven compounds that were detected in
the study sample group, only two were not found in
at least one of the “contaminated” water samples.
One was di-n-octyl phthalate; the other was
phenol, for which water samples were not collected
in the “contaminated” data set. Six other
compounds—bis(2-chloroethyl) ether;
bis(2-chloroisopropyl) ether; diethyl phthalate;
phenanthrene; 2,4-dinitrotoluene; and 4-nitro-
phenol—also were detected in the “contaminated”
data set, but not more than twice.

Detections and concentrations of phenols
and bis(2-ethylhexyl)phthalate are statistically
summarized by the land-use, “natural,” and
“contaminated” data sets in table 39. Although the
USEPA has not established a regulation for
phenols, Canada has set a maximum acceptable
concentration of phenols at 2 ug/L. (Sayre, 1988).
Of the 35 samples analyzed, 71 percent or
25 samples contained phenols in concentrations
that exceeded 2 pg/L, and three contained greater
than 20 pg/L. Samples from all 13 wells in the
steel and petrochemical land-use data sets
exceeded the Canadian guideline, and they include
the four highest phenol concentrations detected.
Slightly more than one-half of the water samples

in the commercial, residential, and park land-use
data sets exceeded the Canadian guideline. The
significance of phenols in the “contaminated”
data-set samples is less clear; although phenols
were detected in only three samples (exceeding the
Canadian guideline in each sample), the detection
limit was 10 pg/L—five times the Canadian
guideline.

Of the 35 samples, 20 contained detectable
concentrations of bis(2-ethylhexyl)phthalate.
Phthalate esters, of which bis(2-ethylhexyl)-
phthalate is one of the most common, are widely
used as plasticizers to produce plastics for home
construction, automobiles, furnishings, tubing,
food containers, and plastic bags. They also are
used in pesticides, oils, and insect repellant (Smith
and others, 1987). Although bis(2-ethyl-
hexyl)phthalate was detected in water samples
from wells in all five land-use groups, it was
detected most often in samples from residential,
park, and steel land-use data sets. Only 1 of the
15 water samples from the “contaminated” data set
contained more than 10 pug/L of bis(2-ethyl-
hexyl)phthalate, whereas 15 of the 35 study
samples had concentrations greater than 10 ug/L.

Because bis(2-ethylhexyl)phthalate is used so
extensively in production of common materials,
water samples can easily be contaminated with
bis(2-ethylhexyl)phthalate from sampling
equipment (Smith and others, 1987). Sample water
from this study may have been contaminated with
bis(2-ethylhexyl)phthlate while in contact with the
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Table 39. Statistical summary of bis(2-ethylhexyl)phthalate and total phenols for seven data sets

[Samples for the residential, commercial, steel, petrochemical, and park data sets were collected in 1987, and samples for the natural and
contaminated data sets were collected from 1980 through 1988; ug/l., microgram per liter; <, less than; <, less than or equal; leaders (--),

constituent not sampled]

Number
Number of abova Detection
Constituent Data set aamples detaction limit Median Minimum Maximum

Bis(2-ethylhexyl)- Residential 4 4 5 10 8 25
phthalate (ug/L) Commercial 15 7 5 <5 <5 100
Steel 6 5 5 13 <3 19

Petrochemical 6 2 5 <5 <5 11

Park 3 2 5 14 <5 19

Natural -- - -- -- -- --

Contaminated 11 1 1310 <10 <10 <3

Phenols (pg/L) Residential 4 4 1 2.5 1 4
Commercial 15 15 1 3 1 14

Steel 7 1 6 3 190

Petrochemical 1 9 3 310

Park 1 3 2 5

Natural - -- -- -- -- --

Contaminated 15 3 13-10 <10 <3 110

1The range in detection limits in the “contaminated” data set reflects analysis by different water-quality laboratories.

Tygon intake tube and the silicon rubber tubing
in the peristaltic pump. Low concentrations of
bis(2-ethylhexyl)phthalate (less than 20 pug/L) are
generally not considered indications of environ-
mental contamination but rather are accepted as
artifacts of the sampling procedure (Karyl
Schmidt, Indiana Department of Environmental
Management, oral commun., 1988; Mark Hardy,
U.S. Geological Survey, oral commun., 1988).
Four samples had concentrations greater than

20 pg/lL—three in the commercial and one in the
residential land-use data sets.

Volatiie Organic Compounds

Of the 36 volatile organic compounds that
were analyzed for in water samples, a total of
17 different compounds were detected—13 in
1987 and 14 in 1988 (table 5). The statistical
summary for nine volatile organic compounds that
were detected in at least three samples during one
of the sampling periods is given in table 40. These
nine compounds include benzene, chloroform,

dichlorodifluoromethane, ethylbenzene, tetrachlo-
roethylene, trichloroethylene, trichlorofluo-
romethane, toluene, and xylenes.

There is little evidence 10 suggest a relation of
volatile organic compound concentration to
depth. The number of occurrences of volatile
organic compounds with higher concentrations in a
sample from a shallow well as compared to a
sample from the corresponding deep well was
examined for each paired-well site. In 1987, there
were 10 occurrences in which the concentrations
were higher in the shallow wells and 9 in which
concentrations were lower,; in 1988, there were
9 occurrences in which the concentrations were
higher in the shallow wells and 6 in which concen-
trations were lower.

MCL’s have been established for only eight
volatile organic compounds (table 32). Of these
eight, carbontetrachloride, 1,2-dichloroethane,
1,1,1-trichloroethane, and para-1,4-dichlo-
robenzene were not detected in water samples
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Table 40. Statistical summary of volatile organic compounds that were detected three or more times

Concentration,
Year Number of Number above in micrograma per liter
Chemical sampled samples detection limit Detection limit Maximum
Benzene 1987 31 18 0.2 1,900
1988 34 23 2 1,400
Chloroform 1987 31 5 2 12
Dichlorodifiuoromethane 1988 34 4 2 5.0
Ethylbenzene 1987 31 4 2 19
Tetrachloroethylene 1988 34 4 2 11
Trichloroethylene 1988 34 5 2 0.4
Trichlorofluoromethane 1988 34 4 2 22
Toluene 1987 31 11 2 1.5
1988 34 3 2 )
Xylenes 1987 31 5 2 19
1988 34 5 2 1.9

collected in 1987 or in 1988. Trichloroethylene
and 1,1-dichlorocthylene were detected at concen-
trations less than their MCL’s. Only benzene and
vinyl chloride were detected at concentrations
exceeding their MCL’s. Vinyl chloride was
detected in only one water sample in 1988, and the
concentration exceeded the MCL of 2 ug/L.
Benzene concentrations in two water samples
collected in 1987 and 5 samples collected in 1988
exceeded the MCL of 5 pg/L (fig. 25). The two
samples collected in 1987 contained benzene in
concentrations of 1,000 ug/L or greater. All
samples that contained benzene concentrations that
exceeded the MCL were from wells in the petro-
chemical or steel land-use areas.

Detections and concentrations of benzene,
toluene, and xylenes are statistically summarized
by the land-use, “natural,” and “contaminated”
data sets in table 41. Benzene was detected in
18 of the 31 samples in 1987, and 23 of the 34
samples in 1988. Benzene was detected in
samples from all five land-use groups; however,
it was most common in the steel, petrochemical,
and commercial land-use data sets. Although
benzene was detected most frequently in
samples from the steel land-use area, samples
from the petrochemical land-use area tended to
have the highest concentrations. In figure 25,

the “contaminated” data set is difficult to compare
with other data sets because the detection limit was
25 times greater (5 pg/L) for the “contaminated”
data set than for the other data sets. The *“‘contami-
nated” data set did, however, include some extreme
concentrations; 3 samples exceeded the MCL by a
factor of 10.

Benzene, toluene, and xylenes were the only
volatile organic compounds detected three or more
times in both 1987 and 1988. In 1988, every water
sample in which either toluene or xylenes were
detected also contained benzene. This is not sur-
prising because benzene is commonly associated
with toluene and xylenes. Toluene was most often
detected in the petrochemical, residential, and steel
land-use groups, where it was in 4 of the 12, 2 of
the 6, and 3 of the 13 water samples, respectively
(table 41). Toluene was also in 3 of the 11 water
samples (at a higher detection limit) in the
“contaminated” data set, in which the maximum
concentration was 3,300 ug/L.. Xylenes were most
commonly detected in the petrochemical and steel
land-use groups, where they were found in 4 of the
12 and 3 of the 13 water samples (table 41). As
with toluene, xylenes were detected in 3 of the
11 “contaminated” data set samples (at a higher
detection limit); maximum concentration was

0,300 ug/L.

Comparisons of Water-Quality Data 61



[9A@7 JUBLIWEIUOD
wnuxey Alepuodeg
AousbBy uoiioejold

[EIUSLUUOIIAUT ‘S'(] enmm=

abues ejiuenbisiui oy}
SOWJ) G} SNUIW SiIa)SIYM
Jomon "ebuel o) jpenbisiul
sy1sawy g1 snid ajpienb
Jaddn ey 0} |lenbe Jo uey)
ssojjulod ejep1sebie| ay)
Se pauijop s1Jeysiymieddn

X0q ey} wol) sebuel
suenbioui € > pue g i<
SEe pauljap §1 6n|eA 8pisino uy

(xoq ey} puoheq)
sbuel a|iienbialul sy} sowy
£ uey) te}ealb s jey) enjeae

S peuijep S 9N[eA PaydeIep vV |

¢ HIDISIHM H3IMO

('jo1d yora jo doj sy} je umoys Si Sjuawainseaw Jo Jaquinu ay] )
"S}9S ejep uaaas Buowe SuoijelUBdU0D BUdZUSq jO Ssjojd xog *gZ einbiy

0 20
O\ C)e) QXX 0
N o\ v W W
0@/@ /@%// /7«@& /@///w@@ /@O&vy /@&/n;u /@/wa/vv
18} 480 sweiboso1w g0 S! hwi) uoijoaleq
pd

------- G-...-.-.-.-.- B L LT T crerae e woevavesesvducvcanaboavavsocosvaunun
....... >-<SUNSUEUSSSRUURUURSURRY RN CUUSRISS! (SO SO |
e S=JSRURRRRANSRRRRRRARRRN IUURRRN SURRTRRRRY URRNNRY NESRAARRN AR SUURUURURY NS SNURRR
e SNty CUSiStLon iSSPt ot Iy iR
e .
Joyl Jed swelboJoj  TTTT T e n e e U RN T NN ” ................ N
TR T [TRTo T ToT-1 T 'g I TR SN NP IS m. ................ ]
e e o e e e e e e e e e e e e o e ) e e e e e e e e e e B i

FUINIOHId HiSe

NYIG3W

ININIOHId HISL

HINSIHM HIddN
,3NTYA3AISINO >

,INTYAGIHOVLIG o)
NOILVNV1dX3

1’0

0l

001

0001

0000

H311M H3d SWYHDOHDIW NI ‘NOLLYHLINIONOD INIZN3g

62 Geohydrology and Water Quality of the Calumet Aquifer, Northwestern indiana



Quallty Assurance-Quaiity Control the water samples. Three of the nine compounds
In August 1988, three blanks of deionized water were not detected in any of the August 1988 samples,

were submitted to the USGS National Water- and three were detected only once. The only
Quality Laboratory for analyses of volatile organic ~ compounds whose concentrations exceeded or were
compounds. No detectable compounds were found ~ €qual to 1 ug/L in the blanks were chloroform and

in one blank, four were detected in the second dichlorobromomethane. These compounds are
blank, and five were detected in the third blank common in chlorinated drinking water, which was
(table 31, in the “Supplemental Data” sectionatthe  used as the source of the deionized water used for the
back of the report). The nine compounds found blanks (Thomas Imbrigiotta, U.S. Geological Survey,
were all different. written commun., 1991). Because of this and because
Most of the volatile organic compounds the compounds detected in the blanks were generally

detected in the blanks were not commonly foundin ~ not detected in the water samples, it is probable that

Tabie 41. Statistical summary of three volatile organic compounds for seven data sets

[Samples for the residential, commercial, steel, petrochemical, and park data sets were collected in 1987, and samples for the natural and contami-
nated data sets were collected from 1980 through 1988; pg/L., microgram per liter; <, less than; <, less than or equal; leaders (--), constituent not
sampled]

Number
Number of above
Constituent Dsts set ssmpies detection Detection limit Medisn Minimum Maximum
Benzene (ug/L) Residential 6 3 0.2 03 <0.2 1.7
Commercial 28 17 2 2 <2 2.7
Steel 13 11 2 S5 <2 1,400
Petrochemical 12 8 2 3 <2 1,900
Park 6 2 2 <2 <2 v
Natural -- -- -- -- -- --
Contaminated 11 3 15-10 <5 <5 460
Toluene (ug/L) Residential 6 2 2 <2 <2
Commercial 28 4 2 <2 <2
Steel 13 3 2-10 <2 <2 .
Petrochemical 12 4 2 <2 <2 1.5
Park 6 1 2 <2 <2 2
Natural -- - -- -- - --
Contaminated 8! 3 11-10 <5 <1 3,300
Xylenes (ug/L) Residential 6 0 2 <2 <2 <.2
Commercial 28 2 2 <2 <2 22
Steel 13 3 2-10 <2 <2 3.2
Petrochemical 12 4 2 <2 <2 19
Park 6 1 2 <2 <2 3
Natural -- -- -- -- -- --
Contaminated 11 3 15-10 <5 <S5 6,300

The range in detection limits in the “contaminated” data set reflects analysis by different water-quality laboratories.
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the deionized water used for the blanks was
contaminated.? It is also possible that contami-
nation occurred during sampling or laboratory
analyses.

Five sample duplicates were collected in
August 1988 for analyses of volatile organic
compounds (table 31, in the “Supplemental Data”
section at the back of the report). A volatile
organic compound was detected in a water sample
and not in the duplicate in only nine instances. In
eight of these instances, the concentrations were
less than or equal to 0.8 pg/L.

Of the wells that were sampled for volatile
organic compounds in 1987 and 1988, a total of
103 volatile compounds were detected (50 in 1987
and 53 in 1988). Of the 50 compounds detected in
1987, 25 were not detected in the same well in
1988. Of the 53 compounds detected in 1988,

28 were not detected in the same well in 1987.
Changes in detection of the compounds between
years may indicate changes in the ground-water
quality caused by changes in flow paths; however,
many of the differences (especially at concentra-
tions near the detection limit) could be caused by
problems with repeatability of results because

of differences in sampling and(or) laboratory
procedures.

Five blanks were submitted for cyanide analysis
in May 1988. Four of the five blanks contained no
detectable cyanide, whereas one water sample had
a concentration that was just above the detection
limit (table 30, in the “Supplemental Data” section
at the back of the report). Four duplicate water
samples were collected for cyanide analysis.
Concentrations for all four samples were the same
as the concentrations for the sample they were
duplicating (table 30, in the “Supplemental Data”
section at the back of the report).

4 A water sample taken directly from the same water-
purifying system used to make the deionized water for this
study was analyzed for volatile organic compounds in
1992. Eight compounds (not present in a sample of the
office tap water) were found in the deionized water sample
at concentrations from 0.2 to 1.5 pg/L. The compounds
were unintentionally introduced into the deionized water
by the water-purifying system.

Chemlcal Loads in Discharge
from the Calumet Aqulfer

Several investigators have monitored the
chemical mass discharges (loads) in the Grand
Calumet River (Crawford and Wangsness, 1987,
HydroQual, Inc., 1984) and have found that chemical
loads measured in effluent from industrial and
municipal discharges did not account for all instream
chemical loads. HydroQual, Inc. (1984) determined
that instream loads of chloride, ammonia, iron, lead,
mercury, and sulfate could not be accounted for by
the known sources to the river. Crawford and
Wangsness (1987) determined that known sources
could not account for all the chloride, ammonia, iron,
lead, sulfate, dissolved solids, chromium, zinc,
nitrate, and copper in the river. In both studies, the
unaccounted for chemical loads were attributed to
several possible sources, including measurement
error and unmeasured chemical loads from sources
such as combined and separate sewers, wastewater
lagoons, landfills, nonpermitted outfalls, and ground
water. An estimate of the loads contributed by
ground water is described in the following sections.

Ground-water chemical loads to the Grand
Calumet River were calculated by use of the
following equation:

Chemical load=concentration x discharge x 5.395, (1)
where chemical load is in pound per day,
concentration is in milligram per liter,
discharge is in cubic foot per second,
and 5.395 is the factor that converts
milligram per liter multi-

plied by cubic foot per
second to pound per day.

Concentrations used in the equation were deter-
mined from the average constituent concentrations in
water samples from wells that were intercepting
ground water that was expected to be discharging to
the Grand Calumet River. Water samples with
constituent concentrations below the detection limit
were assigned a concentration of one-half the
detection limit. The wells used are shown in
table 42. The average concentration of a constituent
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Table 42. Wells used to characterize ground-water
quality for calculations of chemical loads to major

ground-water sinks
[See figure 4 for well locations]

Well names

A3, A4, B3, B7, B8, B10, C10,
C12, C18, C20, D66, D67, D68,
E10

A3, A4, B3, B7, B8, B10, C10,
C1i2, C18, C20, D20, D21, D30,

Dischsrge sres

Grand Calumet
River

East branch of
Grand Calumet

River, and D31, D40, D60, D66, D67, D68,
Indiana E6, E7
Harbor Canal
Lake Michigan A2, A6, B2, C1, C2, C3, C4, D10,
D11, E2
Bedrock A2, A4, B2, B3, B8, C2, C3, C12,
C18, D11, D21, D31, D66, D68,
E3, E6
Sewers A20, B10, C20, D21, D40, E20

among these wells was then assigned to the
ground-water discharge for the entire river reach
by use of equation 1. Discharges are based on an
estimate of ground-water discharge calculated
from the ground-water-flow model that incorpo-
rated a horizontal hydraulic conductivity of

50 ft/d for the aquifer.

The estimates of chemical loads to the
discharge areas may be in error by large amounts
(which are not estimated) because of the uncer-
tainty of the concentration and discharge values
used in equation 1. The average concentration of a
constituent in the wells listed in table 42 was
assumed to represent the quality of the water
flowing to a particular discharge arca. This
average concentration is based on a limited number
of wells which only approximates the true
constituent concentration of the discharge water.
The discharge values were obtained from the
uncalibrated model and, as such, are only the best
estimate of ground-water discharge, given the
uncertainty of many of the modeling parameters
(see “Model Evaluation and Limitations”
section). Because of the uncertainty of the concen-
tration and discharge values, the calculated
chemical loads are considered to be a first approxi-
mation of chemical loads to the discharge arcas.

Chemical Loads to the Grand Calumet Rlver

Calculated ground-water chemical loads from
data collectcd in this study, estimates of the
municipal and industrial chemical loads (Crawford
and Wangsness, 1987), and unaccounted for or
unknown chemical loads to the Grand Calumet
River in 1984 (Crawford and Wangsness, 1987)
are summarized in table 43. The unaccounted for
or unknown chemical loads were calculated by
subtracting synchronous measurements of the

municipal and industrial chemical loads from the

total chemical loads measured in the Grand
Calumet River. The reach of the Grand Calumet
River included in all chemical-load measurements
shown in table 43 extends from the headwaters of
the river in Gary to about 1 mi west of the Indiana-
Ilinois State line and includes the southern 0.2 mi
of the Indiana Harbor Canal—a total distance of
14.4 river miles.

Chemical loads in ground water that discharged
to the Grand Calumet River in 1987 could be
somewhat less than loads in 1984 because ground-
water discharge decreased in response to high Lake
Michigan levels in 1987 that raised the level of the
Grand Calumet River near the Indiana Harbor
Canal. The increased river level reduced the
ground-water gradient to the river and, thus,
reduced ground-water discharge. Given the
change in gradient and the amount of river
affected, however, the change in discharge to the
Grand Calumet River is probably less than
10 percent. For study purposes, this decrease in
ground-water discharge was considered insignif-
icant, and comparisons were made between the
unknown 1984 chemical loads and the calculated
1987 ground-water chemical loads.

Ground water could be a contributing source of
some of the unaccounted for chemical loads deter-
mined by Crawford and Wangsness (1987).
Estimated ground-water loads of ammonia could
account for the entire unaccounted for load,
sulfate and dissolved solids could account for 25 to
50 percent of the unaccounted for load; chloride,
chromium, copper, iron and lead could account for
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Tabie 43. Estimates of chemical loads! of selected
constituents to and within the Grand Calumet River
(lb/d, pound per day; --, load is not statistically significant]

Direct
industrisi and Csicuisted
municipsi Unsccounted ground-water

losd to Grand for or unknown losd to Grsnd

Csiumet load to Grsnd Caiumet
River,21984 CsiumetRiver,2 River, 1987
Constituent (ib/d) 1984 (ib/d) (ib/d)
Dissolved 870,000 91,000 36,000
solids
Chloride 180,000 39,000 5,200
Sulfate 160,000 22,000 9,400
Fluoride 2,100 - 62
Hardness, 420,000 -- 14,000
as CaCO,
Ammonia, 2,200 1,500 2,500
as
nitrogen
Nitrate plus 4700 1,400 24
nitrite, as
nitrogen
Chromium 2.8 4 0.74
Copper 5.8 42 A2
Iron 1,800 1,800 200
Lead 7.1 14 73
Mercury 2.1 - 01
Zinc 96 56 .68
Phenols 74 -- 63
Cyanide 110 - 25

11 oads are estimated over a 14.4 mile reach of the Grand
Calumet River within the study area.
2] ocadings from Crawford and Wangsness (1987).

about 5 to 20 percent of their unaccounted for
loads; and nitrate plus nitrite and zinc could
account for only 1 to 2 percent of the unaccounted
for loads.

If ground water is a major contributor of many
of these constituents to the Grand Calumet River,
the constituents probably enter the river in one or
more localized discharges of highly contaminated
ground water, For example, ammonia and cyanide
data show that a relatively small area of highly
contaminated water has the potential to add a large
chemical load to the river. About 800 Ib/d of

unaccounted for ammonia loading and 12 1b/d

of unaccounted for cyanide entered the upper reach
of the Grand Calumet River (Crawford and
Wangsness, 1987) near a steel mill coke plant.
Water from a nearby monitoring well contained the
highest ammonia and cyanide concentrations

(640 mg/L and 8.4 mg/L, respectively) detected in
any of the wells sampled in this study (table 30, in
the “Supplemental Data” section at the back of the
report). Calculation of ammonia and cyanide loads
in the upper reach of the Grand Calumet River with
equation 1 required an estimate of ground-water
discharge. The model-generated discharge of
ground water to a 2,000-ft-long river cell on the
upper reach of the Grand Calumet River is about
0.5 fi’/s. If one-half of the flow comes from

each side of the river, the discharge rate along the
2,000-ft reach of river on the north side of the Grand
Calumet River would be about 0.25 ft%/s. Itis
reasonable to assume that shallow ground water
adjacent to this 2,000-ft reach of river could have
concentrations of ammonia and cyanide similar to
those found at the monitoring well. Therefore, on
the basis of these values and use of equation 1, the
estimated loads of ammonia (800 1b/d) and cyanide,
(12 1b/d) to this 2,000-ft river reach from shallow
ground-water discharge are shown to be possible.

Calculated chemical loads from ground-water are
probably conservative because the calculations were
based on the ground-water quality in wells from the
sampling network (fig. 4), which may be biased
toward noncontaminated areas. Because the wells
were sited so as not to duplicate studies at hazardous-
waste sites and because they were intentionally
placed outside known coniaminated areas, the calcu-
lated chemical loads may not reflect some of the
localized chemical loading from hazardous-waste
sites near the river. Previous sections of this report
have shown that some of the hazardous-waste sites
overlie ground water that is more contaminated than
any sampled from the network.

In terms of ground-water contributions to the
total chemical load in the Grand Calumet River,
probably less than 1 percent of the total load in the
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Grand Calumet River of nitrate plus nitrite,
mercury, phenols, and zinc is from ground water;
howeyver, ground water probably contributes

2 to 6 percent of the total load to the Grand
Calumet River of dissolved solids, chloride,
sulfate, fluoride, hardness, copper, iron, and lead,
and more than 10 percent of the ammonia,
chromium, and cyanide. In comparison, 1 to

3 percent of the average flow of 550 ft*/s of the
Grand Calumet River (as measured for the east and
west branches by Crawford and Wangsness, 1987)
comes from ground-water flow.

Chemical Loads to
Four Major Ground-Water Sinks

Chemical loads in ground water were calculated
for four major ground-water sinks by use of
equation 1. The sinks are the east branch of the
Grand Calumet River including the Indiana Harbor
Canal, Lake Michigan, the carbonate bedrock
beneath the Calumet aquifer, and municipal sewers
(table 44). Discharge values calculated by the
ground-water-flow model, assuming a horizontal
hydraulic conductivity of 50 ft/d (table 26), were
used to calculate the loads. Concentrations of
constituents in ground water that discharged to
each of the four sinks also were calculated to
compute the loads. This was done with the
simulated water-table map to determine the likely
direction of ground-water flow near each well. In
some cases, ground water near a well was
considered to have more than one potential sink.
Once discharge areas were determined, an average
constituent concentration in the ground water
flowing to a sink was calculated by averaging
constituent concentrations from all sampled wells
that intercepted water flowing toward the sink.
Water samples with constituent concentrations
below the detection limit were assigned a concen-
tration of one-half the detection limit. Wells used
for calculations of constituent concentrations for
each sink are shown in table 42. It was assumed
that the water samples from these wells represented
the quality of the water flowing to a particular
discharge area.

East Brsnch of the Grand Calumet River and
the Indlana Harbor Canal

A ground-water chemical 1oad was calculated
for the east branch of the Grand Calumet River and
the Indiana Harbor Canal. In addition, the estimate
of chemical loading accounted for ground water
that discharges to the Grand Calumet River one-
half mile west of the Indiana Harbor Canal, ditches
that discharge to the east branch of the Grand
Calumet River, the Lake George Canal, and ditches
that discharge to the Lake George Canal.

Of the four ground-water sinks analyzed, the
east branch of the Grand Calumet River and the
Indiana Harbor Canal contained the largest calcu-
lated chemical loads from ground-water for about
one-half of the analyzed constituents because of
two factors. First, rates of ground-water discharge
to the east branch of the Grand Calumet River and
the Indiana Harbor Canal were fairly high—only
the rate of ground-water discharge to the sewers
was greater. Second, the highest average constitu-
ent concentrations in ground water for two-thirds
of the analyzed constituents were in ground water
that discharges to the east branch of the Grand
Calumet River and the Indiana Harbor Canal.
Loads of ammonia, arsenic, benzene, bromide,
cyanide, iron, and phenols to the east branch of the
Grand Calumet River and the Indiana Harbor
Canal were more than twice the loads to any of the
other three discharge areas shown in table 44.
Estimated loads of some constituents, such as
benzene, cyanide, and ammonia, were affected by
extremely high chemical concentrations in one or
two wells; thus, resultant calculated loads may be
slightly high for the entire discharge area. The
estimated mercury load was the only chemical load
that was lower to the east branch of the Grand
Calumet River and the Indiana Harbor Canal than
it was to the other three sinks.

Lake Michigan

Chemical loads to Lake Michigan from the
discharge of ground water in the study area were
determined from water samples from 10 wells
near the Lake Michigan shoreline (table 42).
Three-quarters of the chemical loads to Lake
Michigan were the lowest for any of the four

Chemical Losds in Diacharge from the Calumet Aquifer 67



Table 44. Estimates of chemical loads to four major ground-water sinks in 1987
[Chemical loads are in pounds per day])

East Branch of the
Grand Calumet
lnRt:::;:;.lirtg:r
Constituent Canal! Lake Michigan Silurian bedrock Municipal sewers

Alkalinity, as CaCO4 18,000 7,200 11,000 21,000
Aluminum 6.2 24 4.7 94
Ammonia, as nitrogen 2,200 27 110 230
Arsenic .60 094 .29 24
Barium 6.3 4.7 7.9 54
Benzene 6.1 017 15 1.6
Boron 16 6.1 16 18
Bromide 25 .88 12 44
Cadmium .086 022 057 A3
Calcium 7,300 3,900 5,600 8,200
Chloride 7,800 6,200 7,100 6,000
Chromium .88 45 .61 .80
Copper 41 026 30 11
Cyanide 50 2.0 14 91
Dissolved solids 55,000 15,000 33,000 41,000
Fluoride 81 23 33 84
Hardness 24,000 12,000 17,000 27,000
Iron 410 19 180 140
Lead a7 11 .56 42
Magnesium 1,500 540 840 1,700
Manganese 22 1.6 10 47
Mercury 011 014 017 018
Nitrate plus nitrite, as nitrogen 25 14 8.3 89
Orthophosphate, as phosphorus 2.7 1 1.8 6.6
Phenols 1.5 25 .16 28
Potassium 520 990 960 380
Silica 1,300 420 760 1,600
Sodium 6,400 2,100 4,500 3,800
Sulfate 15,000 3,800 8,300 6,000
Zinc .66 22 .60 79

Includes chemical loads to ditches that discharge to the Grand Calumet River and Indiana Harbor Canal
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ground-water sinks (table 44). Loads were
generally low because the amount of ground water
that discharges to Lake Michigan is less than that
which discharges to the three other areas, and the
average concentrations of constituents near the
lake were relatively low. Loads of ammonia,
benzene, bromide, copper, iron, and manganese to
Lake Michigan were less than one-quarter of the
lpad to any of the other ground-water sinks,
whereas the potassium load was the only chemical
load to Lake Michigan that was higher than the
potassium load to the other three sinks.

Bedrock

The average concentrations of ground-water
constituents in all wells screened in the middle or
bottom of the aquifer were used to calculate loads
through the clay into the underlying bedrock
(table 42). With the exception of barium, the
chemical loads to the bedrock were lower than
chemical loads to the east branch of the Grand
Calumet River and the Indiana Harbor Canal and,
with the exception of nitrate plus nitrite, phenols,
and potassium, chemical loads to the bedrock were
higher than chemical loads to Lake Michigan.

Sewers

Six wells that were adjacent to or within
sewered areas were used to calculate chemical
loads to the sewers. Although the rate of ground-
water discharge to the sewers was the highest of
the four ground-water sinks, chemical loads to
the sewers were higher than loads to any of the
sinks for only about one-half of the constituents
(table 44). Chemical loads of four constituents to
sewers—aluminum, chloride, cyanide, and
potassium—were lower than loads to the other
three sinks.

SUMMARY AND CONCLUSIONS

The geohydrology of and water quality in
the Calumet aquifer in the vicinity of the
Grand Calumet River/Indiana Harbor Canal in
Lake County, Ind., was characterized. This study
included an assessment of the potential for ground-
water contaminants to migrate t0 Lake Michigan
and to the Grand Calumet River/Indiana
Harbor Canal.

The water-table configuration reflects the
complexity of the aquifer system. This complexity
is exemplified in the sewered areas by large
depressions in the water table that interrupt the
broad ground-water divides between rivers.
Aquifer/stream interactions on the Grand Calumet
River/Indiana Harbor Canal are directly related to
Lake Michigan water levels because of the direct
hydraulic connection of the Grand Calumet River/
Indiana Harbor Canal to the lake. Fluctuations in
lake levels, evapotranspiration, and precipitation
cause local reversals in ground-water gradients
near the stream that can last from several minutes
to several months. The reversals in ground-water
gradients extend farther from the stream and last
longer during periods of high water levels in Lake
Michigan than during periods when the lake level
is low or near normal.

A finite-difference mathematical-numerical
model was used to examine the ground-water
system in the study area and to estimate the amount
of ground water that discharges to the four major
ground-water sinks. Model simulations indicate
that the sewers are the largest ground-water sink;
the approximate ground-water discharge rate is
15 ft3/s. The Grand Calumet River/Indiana Harbor
Canal receives about 10 ft3/s of ground water, and
the northern side of the Little Calumet River
receives about 8 ft¥/s. The rest of the discharged
ground water flows into Lake Michigan and the
underlying bedrock. The lake receives only about
4 ft3/s along a 25-mile section of shoreline. The
bedrock probably receives about 6 ft*/s, but this
amount could range from 0 to 10 ft*/s depending on
the actual head distribution in the bedrock and the
distribution of vertical hydraulic conductivity of
the overlying clay unit.

Water-quality data were compared by depth in
the aquifer and by land use in the vicinity of the
well site. Water-quality data from wells in five
land-use types—steel industry, petrochemical
industry, commercial and light industry, resi-
dential, and parks—were compared. Water from
wells in the steel and petrochemical land-use areas
generally had the highest median concentrations of
the inorganic ions and the most detections of the
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organic compounds. Water from wells in the
commercial and light industrial land-use areas
generally had median chemical concentrations that
were lower than those in water from wells in the
steel and petrochemical land-use areas and greater
than those in water from wells in the residential
and park land-use areas. Concentrations of organic
compounds were generally low; 7 of 52 acid-
extractable and base/neutral-extractable organic
compounds and 17 of 36 volatile organic com-
pounds were detected in at least 1 sample.

Four of the 88 organic compounds—phenols,
bis(2-ethylhexyl)phthalate, benzene, and toluene—
were detected in more than 5 samples from the

35 wells.

A comparison of data from wells in the land-use
groups to data from “contaminated” sites and
data from “natural’” areas showed that, for most
constituents and chemicals, water from the land-
use groups had higher median concentrations
than water from the ‘“natural’’ area but lower
median concentrations than water from the
“contaminated” sites.

Some of the documented but unaccounted for
chemical loads in the Grand Calumet River are
from ground-water discharge. Ground water may
contribute more than 10 percent of the total
chemical load of ammonia, chromium, and
cyanide; 2 to 6 percent of the dissolved solids,
chloride, sulfate, fluoride, hardness, copper, iron,
and lead; and less than 1 percent of the nitrate plus
nitrite, mercury, phenols, and zinc in the Grand
Calumet River. In comparison, the Grand Calumet
River receives about 1 to 3 percent of its water
from ground-water discharge. Ground-water loads
may actually be higher than those calculated for
this study because of the discharge of 1ocalized but
highly contaminated ground water to the Grand
Calumet River that was not sampled. Of the four
major ground-water sinks in the aquifer, the east
branch of the Grand Calumet River and the Indiana
Harbor Canal generally receive the greatest chemi-
cal loads from ground water, Lake Michigan
generally received the smallest loads, and the
sewers and the carbonate bedrock generally
received intermediate loads.
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GLOSSARY OF SELECTED
MODELING TERMS

Constant-head node. A node that is set at a specified
head and remains constant throughout a simulation.

Drain node. A head-dependent sink in which the flow
of water from a cell into a drain is dependent on the
average head difference between the cell node and
the elevation of the drain and the conductance of the
drain. If the head in the node is equal to or less than
the head in the drain, no water will flow into the
drain; that is, drains are one-way conduits—ground
water can seep into them and thus be removed from
the model.

General-head boundary. A head-dependent flow
boundary in which the flow of water between a cell
and a known head outside the model is based on the
conductance of the material and the difference in
heads between the cell node and the outside head.

Hydraulic conductance. The ability of a material to
transmit water. Conductance is dependent on the
hydraulic conductivity of the material, the area
through which water is transmitted, and the distance
the water is moved.

Recharge boundary. A constant-flow boundary in
which a specified volume of water per unit time is
added per unit area.

River boundary. A head-dependent boundary in which
the flow of water between a river and a cell
containing the river (river node) is dependent on the
head difference between the river level and the cell
node and on the conductance of the riverbed material.
If the head in the node falis below the riverbed
bottom, the elevation of the riverbed bottom is used
instead of the head in the node to calculate seepage
from the river. Ground water can flow into a river
node (as ground-water discharge) or out of the river
node (as recharge to the underlying aquifer).
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Characteriatica of Obaervation Wella Completed in the Calumet Aquifer
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