


Hydrology  and  Geochemistry  of  a
Slag-Affected  Aquifer  and
Chemical  Characteristics  of  Slag-Affected
Ground  Water,  Northwestern  Indiana
and  Northeastern  Illinois

By  E. RANDALL BAYLESS,  THEODORE K. GREEMAN,
and  COLIN C. HARVEY

Prepared  in  cooperation  with  the

INDIANA  DEPARTMENT  OF  ENVIRONMENTAL  MANAGEMENT,
OFFICE  OF  SOLID  AND  HAZARDOUS  WASTE

U.S.  GEOLOGICAL  SURVEY

Water-Resources  Investigations  Report  97-4198

Indianapolis, Indiana

1998



U.S. DEPARTMENT OF THE INTERIOR

BRUCE BABBITT, Secretary

U.S. GEOLOGICAL SURVEY

Thomas J. Casadevall, Acting  Director

The use of trade, product, or firm names is for descriptive purposes only and does not imply
endorsement by the U.S. Government.

For additional information, write to: Copies of this report can be purchased from:
District Chief U.S. Geological Survey
U.S. Geological Survey Branch of Information Services
Water Resources Division Box 25286
5957 Lakeside Boulevard Denver, CO  80225-0286
Indianapolis, IN  46278-1996



Contents  iii

CONTENTS

Abstract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

Background  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

Purpose and Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

Acknowledgments  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

Description of the Study Area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

Methods of Investigation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

Well Installation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

Water-Sample Collection and Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

Solid-Phase Sampling and Analysis  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

Mineral-Saturation Calculations  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

Mass-Balance Calculations  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

Statistical-Summary Calculations  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

Hydrology and Geochemistry of a Slag-Affected Aquifer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

Hydrology  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

Ground-Water and Surface-Water Chemistry  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

Solid-Phase Geochemistry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

Mineral-Saturation Simulations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

Mass-Balance Simulations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

Chemical Characteristics of Slag-Affected Ground Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

Supplemental Data  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39



















Methods of Investigation  7



8  Hydrology and Geochemistry of Slag-Affected Aquifer

The Bairstow Landfill was selected for site-
specific study because (1) well drillers’ records
for an on-site observation well indicated that the
stratigraphy was typical of northwestern Indiana;
(2) analytical data for the on-site observation well
indicated that water quality was being affected by
slag drainage; (3) the hydraulic gradient in the
landfill area was known from the USGS records for
the northwestern Indiana data network; (4) surface
material and material at depth on exposed slopes
appeared to be common blast-furnace slag; and
(5) active mineral deposition was occurring along
the southern shoreline of Lake George, apparently
where ground water was discharging from the
landfill. The Bairstow Landfill was selected to
represent slag–aquifer systems that are common
throughout northwestern Indiana; however,
the variability of slag-fill chemistry may make
the results of this study less applicable to other
locations in northwestern Indiana.

Well  Installation

A south-to-north flowline was selected for
instrumentation and sampling at Bairstow Landfill
along the ground-water-flow direction interpreted
from water levels of wells in the USGS network
(see line A-A’  on fig. 3). The flowline began at the
existing well BH-31, ended at Lake George, and
was approximately perpendicular to the southern
shoreline of Lake George.

The observation-well transect included
10 wells at four sites (figs. 3 and 4). Observation
well BH-31 was installed during a previous inves-
tigation near the highest accessible elevation at
the landfill. The 15-ft screened interval crosses the
slag–aquifer interface. Nested observation wells
were installed July 16 and 17, 1996, at sites
BH-32 and BH-33 at about 510 and 800 ft north of
BH-31, respectively. Wells at BH-32 are screened
in slag (BH-32SL), in the aquifer just beneath
the slag (BH-32S), in the middle of the aquifer
(BH-32I), and at the base of the aquifer (BH-32D).
Observation wells at BH-33 are installed in the

slag (BH-33SL), across the slag–aquifer interface
(BH-33S), and in the middle of the aquifer
(BH-33I). The naming convention for these wells
used “SL,” “S,” “I,” and “D” to indicate “slag,”
“shallow,” “intermediate,” and “deep,” respec-
tively. The S, I, and D wells also are collectively
referred to as “aquifer wells” throughout the report.

Wells at BH-32 and BH-33 were installed
using the hollow-stem auger method. Wells
at BH-32 and BH-33 were constructed from
2-in.-inner-diameter polyvinyl chloride (PVC)
flush-joint casing and 5-ft-long PVC screens with
0.010-slot size. Wells were installed with a 6.75-in.
hollow-stem auger. The annular space was back-
filled with sand to 2 ft above the screen, bentonite
to within 3 ft of land surface, and concrete to the
surface.

Two observation wells were installed in
the lakebed immediately north of the southern
shore of Lake George on July 12, 1996. BH-34SS
and BH-34ND are 1,200 ft north of BH-31 and
about 5 and 20 ft north of the mean water line,
respectively. BH-34SS is screened 2 to 3 ft below
the lakebed and at least partially in slag, and
BH-34ND is screened about 4.5 to 6.5 ft below
the lakebed. Wells BH-34SS and BH-34ND were
hand driven with a 36-kg post driver and con-
structed from 2-in.-diameter stainless-steel pipe
with 1-ft stainless-steel screens having 0.010-sized
slots. Lakebed wells are designated “ND” and
“SS” to indicate “north-deep” and “south-shallow,”
respectively.

Water-Sample  Collection  and  Analysis

Ground-water samples were collected
August 13 through 15, 1996, from the 10 Bairstow
Landfill observation wells. An additional sample
was collected from Lake George, 2 ft below water
surface, near well BH-34ND. Two additional sam-
ples were collected from well BH-32S to examine
the reproducibility of sampling methodology and
analytical precision.









Table 1.  Sample-preservation requirements for ground-water samples collected at Bairstow Landfill, Hammond, Ind.,
August 1996

[ml, milliliter; µm, micrometer;°C, degrees centigrade; <, less than; HNO3, nitric acid]

Analytes Sample container, preparation, and preservation

Nitrite plus nitrate, as nitrogen; nitrite, as nitrogen;
ammonia, as nitrogen; ammonia plus organic
nitrogen, as nitrogen; phosphorous; and orthophos-
phate, as phosphorous

One 125-ml brown polyethylene bottle, field rinsed, filtered with a
0.45-µm filter, and maintained at 4°C

Potassium, iron, magnesium, manganese, calcium,
silica, and sodium

One 250-ml polyethylene bottle, acid rinsed, filtered with a 0.45-µm
filter, acidified with HNO3 to pH<2 and maintained at 4°C

Residue on evaporation at 180°C and lab alkalinity One 250-ml polyethylene bottle, field rinsed, unfiltered,
nonacidified, and maintained at 4°C

Chloride, sulfate, and fluoride One 500-ml polyethylene bottle, filtered with a 0.45-µm filter,
nonacidified, and maintained at 4°C

Arsenic, aluminum, antimony, barium, beryllium,
cadmium, chromium, cobalt, copper, lead, manga-
nese, molybdenum, nickel, selenium, silver,
uranium, zinc

One 250-ml polyethylene bottle, acid rinsed, filtered with a 0.45-µm
filter, acidified with HNO3 to pH<2, and maintained at 4°C

Lab pH and lab specific conductance One 250-ml polyethylene bottle, field rinsed, nonacidified,
nonfiltered, and maintained at 4°C
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By comparison, two sediment samples
collected during 1995 from the southeastern corner
of Lake George contained concentrations of anti-
mony, arsenic, chromium, cobalt, iron, lead,
manganese, nickel, vanadium, and zinc more
than three times background levels (Roy F.
Weston, Inc., 1995). Sediment from the south-
western corner of Lake George had no elevated
constituent concentrations relative to background
samples (Roy F. Weston, Inc., 1995). One sediment
sample from the Lost Marsh had concentrations
of arsenic, cadmium, cobalt, copper, iron, lead,
nickel, selenium, thallium, vanadium, and zinc at
concentrations more than three times greater than
background (Roy F. Weston, Inc., 1995).

All elemental concentrations in aquifer sam-
ples from Bairstow Landfill were elevated relative
to the sample of native sand unaffected by slag
drainage. The sample of dune sand, which may
have origins that are similar to the lacustrine
Calumet aquifer sand, probably has undergone
considerable reworking by sedimentary processes
and has been exposed to surficial conditions that
may have altered its geochemistry.

Figure 8 shows the X-ray diffractograms
for five solid-phase samples, stacked according
to depth, at BH-32 and BH-33. The intensities of
the various X-ray peaks were assumed to indicate
changing proportions of the minerals present.
The stacked diffractograms indicate that quartz
(SiO2) is present at most depths but is most abun-
dant in slag and least abundant in the Lake Border
lacustrine sediment. The primary peak for calcite
(CaCO3), 2θ = 29.37°, indicates that quartz is
present at all depths but is most abundant at the
slag–aquifer interface. Dolomite (CaMg(CO3)2),
primary peak at 2θ = 30.94°, is similarly present
at all depths and is most abundant in slag, least
abundant at the slag–aquifer interface, and is
present in substantial quantities in the sand imme-
diately below the slag–aquifer interface.

Cristobalite (low temperature SiO2), barian
celestite (Ba0.25Sr0.75SO4), and minrecordite
(CaZn(CO3)2) are less abundant in all solid-phase
samples than quartz, calcite, and dolomite. The

primary diffractogram peak of low-temperature
cristobalite (2θ = 21.94°) indicates that small
amounts of this mineral are in the slag samples and
that it is less abundant in deeper samples. The
primary and secondary diffractogram peaks for
barian celestite overlap with the primary quartz
and calcite peaks, making barian celestite difficult
to distinguish. The identification of barian celestite
was based on a prominent lower order peak at
slightly more than 2θ = 44.5° but, because other
lower-order peaks for celestite are not in the dif-
fractogram for sample 32A, this identification is
considered tentative.

The primary peak for minrecordite
(CaZn(CO3)2) overlaps the primary dolomite peak
and cannot be identified in the solid-phase samples.
The secondary and tertiary peaks, however, are
clearly identified at about 2θ = 50.75° and 51.25°.
Minrecordite may be present at all depths, but it
is most abundant near the slag–sand interface.

Clay minerals can be an important geochemi-
cal consideration because of their cation-exchange
capabilities. Clay minerals are not present in sig-
nificant quantity in any solid-phase sample from
the study site. Primary diffractogram peaks for
clays generally occur at 2θ < 20°; peak intensities
in this region were subdued. It is possible that
X-ray examination of a finer grain-size fraction
would allow clay minerals to be identified. Clay
minerals are considered to be allochthonous miner-
als and their presence nonindicative of secondary
mineralization processes.

Figure 9 shows stacked diffractograms for a
set of four solid-phase samples taken over approxi-
mately a 3-ft lakebed interval at BH-34SS. This
sequence may be useful in describing geochemical
changes occurring as ground water discharges into
Lake George. Similar to the core samples at BH-32
and BH-33, quartz, dolomite, and calcite are the
most abundant minerals in the lakebed samples.
The stacked X-ray diffractograms may indicate
that quartz abundance increases with depth, but
calcite and dolomite abundances decrease with
depth.
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across the ground-water/surface-water interface is
dilution and dispersion of silica in the more dilute
water of Lake George. Some combination of the
two processes also may explain the observations.

Mass-balance models also were developed
to evaluate the importance of ground-water mixing
relative to concomitant mineral precipitation and
dissolution to explain the observed changes in
ground-water quality along the Bairstow Landfill
flowpath. For example, the water quality at
BH-32S alternately may be produced by mixing
ground water from BH-31 and BH-32SL or by
precipitating or dissolving calcite, dolomite, and
silica.

Concentrations of chloride were used as a
model constraint to determine the mixing propor-
tions. Chloride is recognized as a conservative ion,
and changes in concentration are likely attributable
to ground-water mixing. Besides chloride, all other
constraints (calcium, magnesium, and silica) and
phases (calcite, dolomite, and SiO2) remained the
same as those used in the previously described
non-mixing models.

The results of mixing mass-balance models
are expressed as equations that relate mixing pro-
portions of the two initial well chemistries to
produce the water quality at the final downgradient
well. Ground-water flowpaths determined from
water-level data were used to select four potential
mixing situations at the study site. Results of these
models are presented in table 5.

Mixing model 1 explores the possibility that
ground-water quality at well BH-32S is a result
of combining water from BH-31 and BH-32SL
(table 5). The calculations indicate that approxi-
mately 97 parts BH-31 ground water and 3 parts
BH-32SL water plus calcite precipitation of
4.94 millimoles per kilogram of water and dis-
solution of dolomite and SiO2 at 0.180 and
0.407 millimoles per kilogram of water, respec-
tively, would yield the ground water observed at
well BH-32S. These mass transfers are similar to
the previously calculated two-component flow
system from BH-31 to BH-32S.

Mixing model 2 investigated the possibility
that ground-water quality at well BH-32I is a result
of mixing ground water from BH-31, BH-32S,
and BH-32D; these flowpaths are indicated by
water-level data. Model results indicate the water
quality at BH-32I can be simulated by mixing
about 11 parts of water from BH-31, 38 parts
of water from BH-32S, and 51 parts of water
from BH-32D, with a net dissolution of 0.186
and 0.304 millimoles per kilograms of water of
dolomite and SiO2, respectively.

Mixing model 3 attempted to explain the
ground-water quality at well BH-33S by mixing
water from wells BH-32S, BH-33SL, and BH-33I.
A model could not be calculated based on the
water-quality information measured in these wells.
The high chloride concentration measured in water
from well BH-33S was a limiting factor in calcu-
lating a satisfactory model. None of the initial
ground-water compositions contained sufficient
chloride to define the high chloride concentrations
in BH-33S ground water.

Mixing model 4 derived the water quality
from well BH-33I by mixing water from wells
BH-32S, BH-32I, and BH-33S. Ground-water
levels did not indicate flow from BH-32I to
BH-33I, but horizontal flow of water with proper-
ties similar to BH-32I toward BH-33I may
commonly occur. Results indicated that water
quality at well BH-33I could be simulated by
mixing about 1 part water from BH-32I with 99
parts water from BH-33S, dissolving 0.033 and
0.085 millimoles per kilogram of water of
calcite and SiO2, respectively, and precipitating
0.151 millimoles dolomite per kilogram of water.
Calculations indicate that ground water at BH-33I
did not require a contribution from well BH-32S.
Water-level data did not indicate a significant com-
ponent of flow from BH-33S to BH-33I, but the
mixing model indicates that this may be the most
common situation. Measurements of water levels
were taken only on one occasion and may not rep-
resent all details of the prevalent flow regime.
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Table 5. Geochemical mixing models and mass-transfer estimates along ground-water flowpaths at Bairstow Landfill, Hammond, Ind.
[mmol/kg, millimoles per kilogram of water; SiO2, quartz or cristobalite; --, not used or calculated]

1Negative mass transfer indicates mineral precipitation from the dissolved solids in the mixed waters. Positive mass transfer indicates mineral dissolution contributing dissolved solids to the mixed waters.

Mixing
model Initial Well 1 Initial Well 2 Initial Well 3 Final Well

Simulated
volume of
water from
initial well 1
in final well

(percent)

Simulated
volume of
water from
initial well 2
in final well

(percent)

Simulated
volume of
water from
initial well 3
in final well

(percent)

Simulated
mass

transfer
of calcite
(mmol/kg)

Simulated
mass

transfer
of dolomite
(mmol/kg)

Simulated
mass transfer

of SiO 2
(mmol/kg)

1 BH-31 BH-32SL -- BH-32S 96.6 3.36 -- -4.941 0.180 0.407

2 BH-31 BH-32S BH-32D BH-32I 11.1 38.0 50.8 .000 .186 .304

3 BH-32S BH-33SL BH-33I BH-33S no models -- -- -- -- --

4 BH-32S BH-32I BH-33S BH-33I 0.000 1.07 98.9 -.033 .151 -.085
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No mixing combination could account for
the chloride concentration in BH-33S because the
value in that well exceeded the concentration in
both wells immediately upgradient. Similarly,
an appropriate mixing model could not be found
by combining ground water at BH-34ND and
BH-34SS to derive the water quality in the sample
from Lake George because the chloride in the
lake is higher than in both ground-water samples.
Lake George likely has a source of chloride, such
as from road-deicer-affected runoff, in addition to
ground-water discharge.

Several situations can lead to inaccuracies
in mass-balance models, including:

1) selection of water-quality data from
observation wells that are not along
the same ground-water flowpath,

2) analytical mass-balance errors,

3) hydrodynamic dispersion in the aquifer,

4) departure from steady-state conditions,

5) significant and unaccounted recharge
(dilution) or evaporation during the
period that the ground water flows from
the initial to final observation well, and

6) unknown or unquantified ion exchange
and mineral impurities.

CHEMICAL  CHARACTERISTICS  OF
SLAG-AFFECTED  GROUND  WATER

The statistical summary of the water-quality
data identified properties and constituents that have
been influenced by ground-water interaction with
slag. Table 6 (back of report) presents calculated
values of the total number of measurements in the
data set, the median (middle) data value, the mini-
mum and maximum values from the data set, and
the first and third quartile (Q1 and Q3) that are the
data values at the 25th and 75th positions of a hier-
archical ordering of the data.

The statistical summary indicates that water-
quality properties that generally are elevated in
water from slag-contact wells include alkalinity,
pH, and specific conductance. Alkalinity generally
is elevated in water from slag-contact wells, rela-
tive to other ground-water settings, but not all
slag-contact wells have high alkalinity values.
Alkalinity values range from 24.9 to 884 mg/L in
water from slag-contact wells, with a median of
279 mg/L. Almost all of the highest alkalinity
values are from slag-contact wells; however,
the highest alkalinity value in the data set was
measured at a hazardous-waste-disposal site.
The most consistently observed effect of slag on
ground water is elevated pH. The pH values ob-
served in water from 21 slag-contact wells ranged
from 6.60 to 12.3, with median of 8.70. Water
from slag-affected wells also has higher pH
values, ranging from 6.9 to 9.90 than values in
background water that ranged from 6.0 to 7.70.
Specific conductance values, a bulk measure of
dissolved solids, also are highest in water from
slag-contact wells.

Numerous chemical elements can be elevated
in slag-contact wells. Major ions with higher
concentrations in water from slag-contact wells
include calcium, potassium, sodium, chloride,
and occasionally magnesium and sulfate. The
median calcium concentration is more than three
times greater in water from slag-contact wells than
from background wells. The median potassium
concentration in water from slag-contact wells
(25.1 mg/L) was more than 20 times greater than
from background wells. Potassium concentrations
in water from slag-contact wells range from 3.12 to
170 mg/L. More than 75 percent of water samples
from background wells contained less potassium
than the lowest measured concentration in all
slag-contact samples. The median sodium concen-
tration in water from slag-contact wells is eight
times greater than in background ground water,
and the median chloride concentration in slag-
contact wells (69 mg/L) is more than five times
that of water from background wells. Magnesium
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concentrations in slag-contact ground water vary
the most, ranging from 0.010 to 211 mg/L, but
the median value is about 5.0 mg/L less than the
median concentration of water from slag-affected
wells (22.8 mg/L). The median sulfate concentra-
tion in slag-contact wells is 190 mg/L, compared to
72 and 27.3 mg/L in slag-affected and background
wells, respectively, but the highest measured value
occurred in a slag-affected well.

Trace elements having higher concentrations
in water from slag-contact wells include aluminum
and barium and less frequently chromium, cobalt,
copper, cyanide, manganese, mercury, nickel, and
vanadium. The median aluminum concentration in
slag-contact ground water is 49.7µg/L compared
to 23.5 and 23.5µg/L for water from slag-affected
and background wells, respectively. The median
barium concentration in slag-contact ground water
is 128µg/L compared to 58.0 and 31.1µg/L for
slag-affected and background ground water,
respectively. Chromium, cobalt, copper, cyanide,
manganese, nickel, and vanadium in slag-contact
ground water have median concentrations that are
about the same as slag-affected and background
ground water. The range of chromium, cobalt,
copper, cyanide, manganese, nickel, and vanadium
concentrations in slag-contact ground water, how-
ever, is more variable than in slag-affected or
background ground water; usually the maximum
concentration is several times higher in water
from slag-contact wells. For example, the median
concentration of cyanide, a trace species, for all
ground water is 10.0µg/L (the minimum reporting
limit) but the maximum concentrations for slag-
contact, slag-affected, and background ground
water are 212, 31.4, and 10.0µg/L, respectively.
Some trace elements or species like cyanide are
not present in solid slag and may indicate possible
disposal with industrial waste.

Total organic carbon (TOC) and suspended-
solids concentrations also are high in slag-contact
ground water relative to slag-affected and
background ground water. Concentrations of
TOC in slag-contact samples range from 3.70 to
209 mg/L, with median value 15.1 mg/L, com-
pared to concentrations of TOC in background

ground water that range from <2.00 to 26.9 mg/L,
with a median of 4.80 mg/L. Most ground water
contains organic compounds in the form of humic
and fulvic acids; however, high TOC concentra-
tions in slag-contact ground water may indicate
disposal of slag and human-affected organic
compounds.

Suspended-solids concentrations in slag-
contact ground water ranged from <3.00 to
5,310 mg/L, with a median value of 54.0 mg/L,
compared to the range of <3.00 to 15.5 mg/L and
the median of 3.0 mg/L in background ground
water. High suspended-solids concentrations also
may represent particulate oxides and hydroxides
of aluminum, iron, and manganese (Hem, 1985,
p. 60).

Although many ions are elevated in the slag-
contact ground water, several chemical elements
are more highly concentrated in slag-affected
ground water. For example, arsenic concentrations
in slag-affected ground water ranged from <1.70
to 55.0µg/L, while maximum values in slag-
contact and background samples were 22.6µg/L
and 12.8µg/L, respectively. The largest silica
concentrations also were from slag-affected
ground water.

Chemical elements not commonly detected
in slag-contact wells include antimony, beryllium,
cadmium, mercury, silver, and thallium. Lead is
detected only randomly in any wells and may be
present from atmospheric deposition. Zinc, also
randomly detected, may represent industrial wastes
deposited with slag. Zinc detections in background
wells correspond to wells cased with galvanized
steel.

CONCLUSIONS

Several conclusions can be drawn from this
study of slag effects on aquifer geochemistry and
ground-water quality:
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(1) Concentrations of calcium, potassium,
sodium, and sulfate were highest in water from
wells screened partially or fully in slag. Potassium
concentrations in ground water ranged from 2.9 to
120 mg/L, were highest in water from slag depos-
its, and decreased with depth. Silica concentrations
were highest in wells screened directly beneath the
slag–aquifer interface, and magnesium concentra-
tions were highest in intermediate and deep aquifer
wells. Silica concentrations in shallow and inter-
mediate aquifer wells ranged from 27 to 41 mg/L
and were about 10 times greater than those in water
from slag deposits. The highest concentrations for
aluminum, barium, molybdenum, nickel, and sele-
nium were in the slag. The highest concentrations
for chromium, lead, and zinc were in ground water
from immediately below the slag–aquifer interface.
Nitrite in ground-water from slag and ammonium
in ground water from below the slag were the most
abundant nutrients.

(2) Concentrations of several major ions
and trace elements in water relate to pH values
and bicarbonate concentrations and their effect on
mineral-water interactions. For example, the sam-
ples with the largest concentrations in water of
calcium, potassium, sodium, sulfate, aluminum,
barium, molybdenum, nickel, and selenium, also
have pH values ranging from 11.9 to 12.3 and are
from slag wells. By comparison, water from wells
with larger concentrations of silica and smaller
concentrations of calcium also have smaller pH
values. Water with the largest concentrations of
chromium, lead, and zinc also generally have
pH values that range from 9.0 to 9.9. Bicarbonate
concentrations, as represented by alkalinity, are
substantially greater in water from slag wells.
Larger alkalinity values favor greater partial pres-
sures of carbon dioxide and the dissolution of
potassium and sodium aluminosilicate minerals
(Stumm and Morgan, 1981, p. 545), possibly
explaining the elevated potassium and sodium
concentrations in slag-affected water.

(3) The concentrations of several chemical
constituents and values of water-quality properties
consistently are elevated in slag-contact ground
water relative to regional background water qual-
ity; however, spuriously high values also can occur
in slag-affected ground water. Consistently ele-
vated water-quality properties in slag-contact wells
included alkalinity, dissolved solids, suspended
solids, total organic carbon, pH, and specific con-
ductance. Major ions that consistently are elevated
in slag-contact wells include calcium, potassium,
sodium, chloride, and occasionally magnesium and
sulfate. Trace elements having high concentrations
in slag-contact wells include aluminum and barium
and occasionally chromium, cobalt, copper, cya-
nide, manganese, mercury, nickel, and vanadium.
Arsenic and silica concentrations generally are
higher in slag-affected ground water than in slag-
contact ground water.

(4) X-ray diffraction analyses of solid-phase
samples indicate that the minerals calcite, dolo-
mite, and quartz are relatively abundant and that
barian celestite, cristobalite, manganese-bearing
calcite, and minrecordite may occur infrequently.

(5) Of the 183 minerals examined with
WATEQFP, 57 are supersaturated in at least
one ground-water sample from Bairstow Landfill.
Eleven minerals consistently were supersaturated,
including calcite and dolomite. Quartz was not
supersaturated in slag-contact wells, despite its
abundance in X-ray diffractograms; both factors
may indicate that quartz dissolution is a kinetically
retarded process. Saturation indices for other min-
erals observed in X-ray diffractograms (barian
celestite, cristobalite, and minrecordite) could not
be calculated because the WATEQFP data base
did not include the necessary thermodynamic
information.

(6) Mass-balance models examined mass
exchanges occurring along a ground-water flow-
path at Bairstow Landfill. Results indicate that
calcite precipitation is the dominant geochemical
reaction where slag drainage enters the aquifer.
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Carbonate-mineral precipitation also may be
occurring where slag drainage discharges to Lake
George. Mass-balance models indicate that silica
is dissolving where high-pH slag drainage enters
the aquifer and continues to be an active process
for some distance downgradient. Silica may be pre-
cipitating, probably as an amorphous form, where
deeper ground water discharges to Lake George or
concentrations of silica may be lowered in the lake
as a result of dilution with lake water. Dolomite is
dissolved in small quantities in all mixing mass-
balance models. The minerals minrecordite, barian
celestine, and cristobalite were not included in the
mass-balance models because their presence in
solid-phase analyses was infrequent.

(7) Many chemical elements present in solid-
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Table 2. Results of analyses of ground water and surface water from Bairstow Landfill, Hammond, Ind., August 1996—Continued

Well name
Date

sampled
Time

sampled

Nitrogen,
ammonia,

total 1

(mg/L as N)
(00610)

Nitrogen,
nitrite,

total 1

(mg/L as N)
(00615)

Nitrogen,
ammonia+
organic,

total
(mg/L as N)

(00625)

Nitrogen,
nitrite

+nitrate,
total

(mg/L as N)
(00630)

Phosphorus,
total

(mg/L as P)
(00665)

Phosphorus,
ortho,

total 1

(mg/L as P)
(70507)

Aluminum,

dissolved 1

(µg/L as Al)
(01106)

Antimony,
dissolved
(µg/L as

Sb)
(01095)

BH-31 08-15-96 1010 1.7 2.9 2.6 3.1 <0.01 <0.01 180 <2

BH-32D 08-13-96 1255 2.6 .01 2.9 <.05 .08 .07 6 <1

BH-32I 08-13-96 1117 2.6 .01 2.7 <.05 .08 .11 8 <1

BH-32S 08-12-96 1645 7.1 .04 13 .07 .63 .52 80 <1

BH-32S 08-13-96 940 7.2 .04 13 .08 .50 .51 110 <1

BH-32S 08-13-96 1010 7.2 .03 13 .06 .54 .57 110 <1

BH-32SL 08-12-96 1516 2.0 1.1 3.4 1.1 .03 .01 820 <2

BH-33I 08-14-96 1510 12 .10 16 .19 .46 .47 30 <1

BH-33S 08-14-96 1345 13 .02 20 .07 .39 .36 160 <1

BH-33SL 08-14-96 1215 1.4 .74 2.6 .77 <.01 <.01 170 <2

BH-34ND 08-15-96 1220 3.4 .02 3.9 .10 .04 .04 20 <1

BH-34SS 08-13-96 1522 2.2 .40 3.4 .46 <.01 <.01 320 <2

Lake George 08-13-96 1620 .27 .04 .9 .10 <.01 <.01 50 11
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Table 2. Results of analyses of ground water and surface water from Bairstow Landfill, Hammond, Ind., August 1996—Continued

Well name
Date

sampled
Time

sampled

Arsenic,
dissolved
(µg/L as

As)
(01000)

Barium,

dissolved 1

(µg/L as
Ba)

(01005)

Beryllium,
dissolved
(µg/L as

Be)
(01010)

Cadmium,

dissolved 1

(µg/L as Cd)
(01025)

Chromium,

dissolved 1

(µg/L as Cr)
(01030)

Cobalt,

dissolved 1

(µg/L as Co)
(01035)

Copper,

dissolved 1

(µg/L as Cu)
(01040)

Iron,

dissolved 1

(µg/L as
Fe)

(01046)

BH-31 08-15-96 1010 <1 180 <2 <2 <2 <2 <2 290

BH-32D 08-13-96 1255 55 200 <1 <1 <1 <1 <1 2,600

BH-32I 08-13-96 1117 7 180 <1 <1 4 1 <1 2,500

BH-32S 08-12-96 1645 15 40 <1 <1 5 <1 <1 240

BH-32S 08-13-96 940 19 44 <1 <1 4 <1 3 360

BH-32S 08-13-96 1010 18 45 <1 <1 2 <1 2 230

BH-32SL 08-12-96 1516 <1 410 <2 <2 <2 <2 <2 12

BH-33I 08-14-96 1510 19 41 <1 <1 2 <1 3 510

BH-33S 08-14-96 1345 43 24 <1 <1 3 <1 1 870

BH-33SL 08-14-96 1215 <1 220 <2 <2 <2 <2 3 91

BH-34ND 08-15-96 1220 8 24 <1 <1 <1 <1 <1 34

BH-34SS 08-13-96 1522 1 320 <2 <2 <2 <2 <2 160

Lake George 08-13-96 1620 3 41 <1 <1 <1 <1 2 74
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Table 2. Results of analyses of ground water and surface water from Bairstow Landfill, Hammond, Ind., August 1996—Continued

Well name
Date

sampled
Time

sampled

Lead,

dissolved 1

(µg/L as
Pb)

(01049)

Manganese,

dissolved 1

(µg/L as
Mn)

(01056)

Molybdenum,

dissolved 1

(µg/L as Mo)
(01060)

Nickel,

dissolved 1

(µg/L as Ni)
(01065)

Selenium,

dissolved 1

(µg/L as Se)
(01145)

Silver,

dissolved 1

(µg/L as Ag)
(01075)

Uranium,

dissolved 1

(µg/L as U)
(22703)

Zinc,

dissolved 1

(µg/L as Zn)
(01090)

BH-31 08-15-96 1010 <2 <2 58 9 4 <2 <2 2

BH-32D 08-13-96 1255 <1 97 2 3 <1 <1 <1 3

BH-32I 08-13-96 1117 <1 130 9 4 <1 <1 <1 3

BH-32S 08-12-96 1645 5 25 35 3 <1 -- <1 8

BH-32S 08-13-96 940 10 45 34 4 <1 <1 <1 14

BH-32S 08-13-96 1010 3 48 35 5 <1 <1 <1 14

BH-32SL 08-12-96 1516 <2 <2 170 9 2 <2 <2 2

BH-33I 08-14-96 1510 12 48 120 4 2 <1 <1 11

BH-33S 08-14-96 1345 15 23 80 6 <1 <1 <1 28

BH-33SL 08-14-96 1215 <2 <2 160 13 4 <2 <2 3

BH-34ND 08-15-96 1220 <1 2 160 2 2 <1 <1 5

BH-34SS 08-13-96 1522 <2 <2 200 13 3 -- <2 2

Lake George 08-13-96 1620 2 5 120 2 <1 <1 <1 3
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Table 2. Results of analyses of ground water and surface water from Bairstow Landfill, Hammond, Ind., August 1996—Continued

1Denotes water-quality property used in WATEQFP mineral-saturation calculations.
2Redox-potential value reported relative to the calomel electrode.

Well name
Date

sampled
Time

sampled

Hardness,
total

(mg/L as
CaCO3)
(00900)

Solids,
residue at

180οC, total 1

(mg/L)
(70300)

Solids,
sum of

constituents,
dissolved

(mg/L)
(70301)

Analytical
charge

imbalance
(percent)

BH-31 08-15-96 1010 -- 848 -- +4.97

BH-32D 08-13-96 1255 390 527 519 -2.88

BH-32I 08-13-96 1117 320 506 500 -1.82

BH-32S 08-12-96 1645 65 634 555 --

BH-32S 08-13-96 940 71 588 565 -1.41

BH-32S 08-13-96 1010 68 624 560 --

BH-32SL 08-12-96 1516 600 1,240 1,270 -15.9

BH-33I 08-14-96 1510 56 680 629 -5.75

BH-33S 08-14-96 1345 28 864 785 -3.66

BH-33SL 08-14-96 1215 -- 1,230 -- -10.4

BH-34ND 08-15-96 1220 47 581 551 -6.50

BH-34SS 08-13-96 1522 -- 1,060 -- -15.4

Lake George 08-13-96 1620 87 433 423 -4.31



Table 3.  Geochemical analyses of solid-phase samples from Bairstow Landfill, Hammond, Ind.
[percent, percent of total sample mass; ppm, parts per million; <, less than;µm, micrometers]

Sample
identifier

Lithology
Aluminum
(percent)

Antimony
(ppm)

Arsenic
(ppm)

Barium
(ppm)

Beryllium
(ppm)

Bismuth
(ppm)

Cadmium
(ppm)

32A Calumet aquifer 4.22 <5 5 267 2 <5 <0.4

32B Calumet aquifer 4.66 <5 <5 291 2 <5 <.4

33D Calumet aquifer 5.25 <5 6 302 2 <5 <.4

33C Slag-Calumet
aquifer
interface

4.20 <5 8 317 2 <5 .7

33A Slag 2.47 <5 <5 324 3 <5 1.9

33B Slag 2.56 <5 <5 265 2 <5 .9

32C <2µm Lake Border
sequence
lacustrine
sediment

9.99 <5 <5 451 3 <5 <.4

32C 2–5µm Lake Border
sequence
lacustrine
sediment

8.22 7 <5 513 2 <5 <.4

32C 5–20µm Lake Border
sequence
lacustrine
sediment

7.19 <5 <5 463 2 <5 <.4

34A Lakebed
sediment

1.46 13 5 135 1 <5 3.3

34B Lakebed
sediment

2.53 7 <5 261 <1 <5 <.4

34C Lakebed
sediment

2.16 17 12 269 2 <5 3.8

34D Lakebed
sediment

3.81 <5 <5 260 1 <5 <.4

34E Lakebed
sediment

4.87 <5 <5 274 2 <5 <.4

34E replicate Lakebed
sediment

4.64 <5 <5 264 1 <5 <.4

Dune sand Dune sand 1.94 <5 <5 325 <1 <5 <.4





Table 3.  Geochemical analyses of solid-phase samples from Bairstow Landfill, Hammond, Ind.—Continued

Sample
identifier

Lithology
Lead
(ppm)

Manganese
(ppm)

Molybdenum
(ppm)

Nickel
(ppm)

Niobium
(ppm)

Phosphorous
(percent)

32A Calumet aquifer 58 5,121 13 467 6 0.133

32B Calumet aquifer 57 4,319 12 335 6 .084

33D Calumet aquifer 55 3,643 15 531 6 .053

33C Slag-Calumet
aquifer
interface

133 6,919 12 208 8 .096

33A Slag 116 25,109 20 295 18 .294

33B Slag 117 23,754 11 165 18 .212

32C <2µm Lake Border
sequence
lacustrine
sediment

26 492 3 56 4 .051

32C 2–5µm Lake Border
sequence
lacustrine
sediment

35 808 3 51 9 .048

32C 5–20µm Lake Border
sequence
lacustrine
sediment

33 465 3 42 7 .031

34A Lakebed
sediment

402 4,990 12 87 4 .059

34B Lakebed
sediment

16 597 3 77 2 .023

34C Lakebed
sediment

587 10,042 31 250 6 .083

34D Lakebed
sediment

147 2,147 19 562 4 .035

34E Lakebed
sediment

68 771 8 128 4 .033

34E replicate Lakebed
sediment

67 731 7 125 4 .032

Dune sand Dune sand 8 193 <2 12 2 .0107



Geochemical Analyses of Solid-Phase Samples  49

Table 3.  Geochemical analyses of solid-phase samples from Bairstow Landfill, Hammond, Ind.—Continued

Sample
identifier

Lithology
Potassium
(percent)

Scandium
(ppm)

Silver
(ppm)

Sodium
(percent)

Strontium
(ppm)

Thorium
(ppm)

Tin
(ppm)

32A Calumet aquifer 1.90 9 0.6 0.29 107 6 6

32B Calumet aquifer 2.03 9 <.5 .42 119 6 5

33D Calumet aquifer 2.17 10 .5 .38 111 7 12

33C Slag-Calumet
aquifer
interface

1.63 9 1.2 .39 176 6 26

33A Slag .21 6 1.3 .10 151 6 13

33B Slag .33 6 .8 .14 180 5 11

32C <2µm Lake Border
sequence
lacustrine
sediment

3.63 18 1.0 .72 210 14 4

32C 2–5µm Lake Border
sequence
lacustrine
sediment

3.30 14 1.1 .49 168 11 19

32C 5–20µm Lake Border
sequence
lacustrine
sediment

3.01 12 <.5 .47 136 6 14

34A Lakebed
sediment

.41 3 .5 .21 663 2 34

34B Lakebed
sediment

1.33 4 <.5 .63 123 2 <2

34C Lakebed
sediment

.63 5 .8 .20 356 4 42

34D Lakebed
sediment

1.92 8 <.5 .38 108 5 15

34E Lakebed
sediment

2.51 9 .6 .45 204 7 14

34E replicate Lakebed
sediment

2.43 9 <.5 .44 197 6 13

Dune sand Dune sand 1.26 3 <5 .50 89 <2 <2



Table 3.  Geochemical analyses of solid-phase samples from Bairstow Landfill, Hammond, Ind.—Continued

Sample
identifier

Lithology
Titanium
(percent)

Tungsten
(ppm)

Uranium
(ppm)

Vanadium
(ppm)

Yttrium
(ppm)

Zinc
(ppm)

Zirconium
(ppm)

32A Calumet aquifer 0.24 7 <10 158 18 152 47

32B Calumet aquifer .26 16 10 142 18 148 52

33D Calumet aquifer .26 6 <10 119 21 170 53

33C Slag-Calumet
aquifer
interface

.24 32 <10 166 21 266 44

33A Slag .25 17 <10 336 25 526 38

33B Slag .30 13 <10 304 21 486 48

32C <2µm Lake Border
sequence
lacustrine
sediment

.34 8 19 163 26 101 83

32C 2–5µm Lake Border
sequence
lacustrine
sediment

.45 4 18 129 23 95 64

32C 5–20µm Lake Border
sequence
lacustrine
sediment

.36 <4 <10 103 17 78 55

34A Lakebed
sediment

.10 8 <10 79 11 889 23

34B Lakebed
sediment

.11 <4 15 30 9 52 22

34C Lakebed
sediment

.15 12 <10 129 16 1,046 31

34D Lakebed
sediment

.21 <4 <10 84 17 231 48

34E Lakebed
sediment

.24 <4 <10 84 18 149 55

34E replicate Lakebed
sediment

.23 <4 <10 80 17 147 51

Dune sand Dune sand .11 <4 <10 20 7 11 30
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Table 4.  Mineral-saturation indices calculated for water samples from Bairstow Landfill, Hammond, Ind.—Continued

Ba3(AsO4)2 -- -- 13.8 14.8 10.8 -- 12.1 10.9 11.4 -- 8.36

Barite
BaSO4

.58 .74 -.99 -.31 .59 .59 -.91 -.26 -.41 -.28 -.02

Beidellite
(Ca, Na)0.3Al2
(OH)2-(Al, Si)4

O10
.(H2O)4

-14.4 -13.3 2.21 4.60 3.13 -14.2 .72 1.62 -14.2 -1.29 -2.20

Bixbyite

γ-AlO.OH

-- -- -13.6 -18.0 -18.2 -- -13.1 -13.7 -- -9.08 -4.52

Boehmite
γ-AlO(OH)

-2.96 -2.43 -.37 .47 .23 -2.91 -.79 -.597 -2.81 -1.94 -.31

Brucite
Mg(OH)2

-- -.37 -2.83 -5.92 -5.53 -- -3.48 -3.53 -- -1.56 -3.37

Bunsenite
NiO

-2.18 -2.34 -5.56 -4.15 -7.14 -1.74 -5.21 -5.75 -1.55 -4.59 -5.24

Calcite
CaCO3

2.62 2.95 1.55 .33 .43 2.99 1.51 1.17 2.95 1.50 .64

Cerrusite
PbCO3

-- -- -1.83 -- -- -- -2.14 -1.56 -- -1.54 -2.23

CaSeO3 -4.73 -5.59 -- -- -- -5.16 -- -6.00 -5.28 -6.13 --

Chalcedony
SiO2

-2.84 -2.93 .24 .51 .25 -2.77 .08 .26 -2.84 .31 -.82

Well Name

Mineral name
BH-31 BH-32SL BH-32S BH-32I BH-32D BH33-SL BH-33S BH-33I BH-34SS BH-34ND Lake George
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Table 4.  Mineral-saturation indices calculated for water samples from Bairstow Landfill, Hammond, Ind.—Continued

Cuprous Ferrite
CuFeO2

-- -- 16.6 -- -- 11.5 16.5 16.4 -- -- 10.7

Diaspore
α-AlO(OH)

-1.16 -.63 1.42 2.27 2.02 -1.16 .98 1.18 -1.07 -.22 1.36

Diopside
Ca(Mg,Fe)
[Si2O6]

-- 4.52 2.21 -3.54 -3.44 -- 1.76 .77 -- 4.71 -1.53

Dioptase
Cu6(SiO18)
.6H2O

-- -- -3.87 -- -- -6.66 -4.42  -3.84 -- -- -4.63

Dolomite (d)
CaMg(CO3)2

-- 1.16 2.10 -.21 .15 -- .84 1.41 -- 2.08 .63

Dolomite (c)
CaMg(CO3)2

-- 1.76 2.69 .37 .74 -- 1.43 2.00 -- 2.64 1.16

Epsomite

MgSO4
.7H2O

-- -8.36 -6.23 -5.32 -4.24 -- -7.48 -5.46 -- -5.41 -4.79

FCO3 Apatite

Ca9.49Na.36Mg.14

(PO4)4.8(CO3)1.2

F2.48

--  21.9 22.7 12.2 12.7 -- 19.4 20.0 -- 15.9 --

Fe3(OH)8 -2.75 -6.79 6.24 .05 .35 -4.94 6.98 6.00 -5.36 -.96 -1.70

Fe(OH)2.7Cl0.3 3.34 1.88 6.43 4.96 4.95 2.80 6.61 6.68 2.74 4.71 5.99

Well Name

Mineral name
BH-31 BH-32SL BH-32S BH-32I BH-32D BH33-SL BH-33S BH-33I BH-34SS BH-34ND Lake George
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Table 4.  Mineral-saturation indices calculated for water samples from Bairstow Landfill, Hammond, Ind.—Continued

Malachite
Cu2(OH)2CO3

-- -- -4.62 -- -- -8.45 -5.95 -4.20 -- -- -3.80

Manganite

MnO.OH

-- -- -6.08 -8.27 -8.39 -- -5.98 -6.25 -- -4.55 -2.68

MnHPO4 -- -- -.52 .27 .10 -- -1.40 -.14 -- -3.29 --

Montmorillonite BF

Al2Si4O10(OH)2
.

xH2O

-- -9.90 5.00 4.97 3.64 -- 4.05 4.60 -- 3.63 1.28

Montmorillonite AB

Al2Si4O10(OH)2
.

xH2O

--  -9.42 4.93 4.06 2.84 -- 3.93 4.41 -- 3.59 .91

Montmorillonite CA

Al2Si4O10(OH)2
.

xH2O

-14.4 -13.5 1.89 4.33 2.84 -14.2 .36 1.29 -14.3 -1.56 -2.43

Muscovite
K2Al4
[Si6Al2O20]

(OH,F)4

-5.28 -3.70 8.35 8.96 7.44 -5.30 7.70 7.38 -5.25 4.70 4.40

Nahcolite
NaHCO3

-6.78 -5.65 -3.69 -4.23 -4.41 -5.57 -3.62 -3.61 -5.92 -4.45 -4.53

Nantokite
CuCl

-- -- -4.78 -- -- -9.58 -5.34 -4.39 -- -- -9.12

Well Name

Mineral name
BH-31 BH-32SL BH-32S BH-32I BH-32D BH33-SL BH-33S BH-33I BH-34SS BH-34ND Lake George
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Table 4.  Mineral-saturation indices calculated for water samples from Bairstow Landfill, Hammond, Ind.—Continued

Natron

Na2CO3
.10H2O

-6.61 -4.94 -5.82 -8.89 -9.15 -5.48 -5.20 -6.13 -5.95 -6.51 -8.14

Nesquehonite

MgCO3.3H2O

-- -4.13 -1.79 -2.89 -2.63 -- -3.03 -2.12 -- -1.85 -2.47

Ni(OH)2 .92 .75 -2.46 -1.04 -4.10 .58 -2.39 -2.86 .50 -2.74 -4.05

Ni2SiO4 -.14 -.55 -3.81 -.72 -6.96 .67 -3.31 -4.20 .93 -2.03 -4.59

Pb(OH)2 (c) -- -1.62 -- -- -- -1.36 -1.74 -.06 -1.97

PbSiO3 -- -4.10 -- -- -- -3.99  -4.20 -2.47 -5.52

Phillipsite
(0.5Ca,Na,K)3

[Al 3Si5O16]
.6H2O

-7.63  -6.97 1.36 .39 -.62 -7.05 1.49 .99 -7.06 1.34 -1.64

Portlandite
Ca(OH)2

-2.05 -2.31 -8.51 -11.7 -11.47 -2.56 -7.91 -9.22 -2.21 -7.05 -9.01

Prehnite
Ca2Al[AlSi 3O10]

(OH)2

.70 .98 2.22 -1.69 -2.49 -.41 1.95 .30 .11 1.53 -2.91

Pyrochroite
Mn(OH)2

-- -- -4.21 -6.46 -6.41 -- -4.00 -4.66 -- -4.72 -5.95

Pyrolusite
MnO2

-- -- -15.6 -17.7 -17.9 -- -15.2 -15.2 -- -10.5 -4.75

Well Name

Mineral name
BH-31 BH-32SL BH-32S BH-32I BH-32D BH33-SL BH-33S BH-33I BH-34SS BH-34ND Lake George
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Table 4.  Mineral-saturation indices calculated for water samples from Bairstow Landfill, Hammond, Ind.—Continued

Strengite

Fe3+(PO4)
.2H2O

-- -16.8 -3.40 -2.39 -2.55 -- -4.22 -2.52 -- -7.18 --

Talc
Mg6[Si8O20]

(OH)4

-- 2.49 7.80 -.38 -.25 -- 5.15 5.72 -- 11.5 1.35

Tenorite
CuO

-- -- -1.72 -- -- -1.48 -2.10 -1.71 -- -- -1.36

Tremolite
Ca2Mg5Si8O22

(OH)4

-- 16.5 17.2 -2.48 -2.16 -- 13.6 12.2 -- 25.6 2.77

Vivianite

Fe3(PO4)2
.8H2O

-- -37.3 -1.30 -1.52 -1.34 -- -2.58 -.48 -- -17.3 --

Wairakite
CaAl2Si4O12
.2H2O

-11.9 -11.5 -.89 -1.32 -2.61 -12.2 -1.81 -1.99 -11.9 -2.51 -5.89

Willemite
ZnSiO4

-5.85 -6.26 -2.32 -5.67 -5.59 -4.33 -1.80 -2.65 -4.74 -1.00 -2.77

Witherite
BaCO3

-.64 .17 -1.36 -2.69 -2.60 -.20 -1.28 -1.74 -.93 -1.60 -2.62

Zincite (c)
ZnO

-3.28 -3.44 -3.05 -4.86 -4.69 -2.51 -2.70 -3.22 -2.67 -2.36 -2.65

Zn(OH)2 (e) -3.05 -3.21 -2.83 -4.64 -4.50 -2.60 -2.59 -3.08 -2.86 -2.64 -3.19

Zn(OH)2 (c) -3.75  -3.91 -3.53 -5.34 -5.20 -3.30 -3.29 -3.78 -3.56 -3.34 -3.89

Well Name

Mineral name
BH-31 BH-32SL BH-32S BH-32I BH-32D BH33-SL BH-33S BH-33I BH-34SS BH-34ND Lake George
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Table 4.  Mineral-saturation indices calculated for water samples from Bairstow Landfill, Hammond, Ind.—Continued

Zn(OH)2 (g) -3.26 -3.42 -3.04 -4.85 -4.71 -2.81 -2.80 -3.29 -3.07 -2.85 -3.40

Zn(OH)2 (b) -3.30 -3.46 -3.08 -4.89 -4.75 -2.85 -2.84 -3.33 -3.11 -2.89 -3.44

Zn(OH)2 (a) -4.00 -4.16 -3.78 -5.59 -5.45 -3.55 -3.54 -4.03 -3.81 -3.59 -4.14

ZnCO3
.H2O -8.68 -8.25 -3.06 -2.88 -2.84 -6.92 -3.31 -2.85 -7.43 -3.71 -2.81

ZnO (a) -2.86 -3.02 -2.64 -4.45 -4.31 -2.41 -2.40 -2.89 -2.67 -2.45 -3.00

ZnSiO3 -1.49 -1.74 1.81 .27 .18 -.64 2.01 1.67 -.86 2.59 1.19

Well Name

Mineral name
BH-31 BH-32SL BH-32S BH-32I BH-32D BH33-SL BH-33S BH-33I BH-34SS BH-34ND Lake George
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Table 6. Statistical summary of ground-water-quality data from Bairstow Landfill and from the Grand Calumet aquifer,
Hammond, Ind.
οC, degrees Celsius; mv, millivolts; mg/L, milligrams per liter;µS/cm, microsiemens per centimeter at 25 degrees Celsius; CaCO3, computed as calcium carbonate;

µg/L, micrograms per liter, <, less than]

Water-quality property Well type

Number
of

samples
Minimum

value
1st

quartile Median
3rd

quartile
Maximum

value

Temperature (οC) Slag-contact 21 11.9 14.1 15.0 16.4 22.0

Slag-affected 25 11.6 12.8 14.5 16.0 23.5

Background 11 10.3 11.2 12.0 14.0 14.8

pH (standard units) Slag-contact 21 6.60 7.50 8.70 11.5 12.3

Slag-affected 19 6.90 7.30 7.50 8.00 9.90

Background 11 6.00 6.80 7.30 7.40 7.70

Redox potential (mv) Slag-contact 21 -446 -195 -64.0 84.5 134

Slag-affected 25 -183 -134 -100 -1.00 136

Background 11 -198 -163 -78.0 5.00 52.0

Dissolved oxygen (mg/L) Slag-contact 19 .10 .30 .60 1.40 4.20

Slag-affected 22 <.10 .10 .20 1.45 6.30

Background 11 <.10 .10 .20 .30 6.10

Specific conductance (µS/cm) Slag-contact 21 192 930 1,880 3,820 5,720

Slag-affected 26 186 469 847 1,300 3,480

Background 11 164 239 445 900 1,190

Alkalinity (mg/L as CaCO3) Slag-contact 20 24.9 153 279 661 884

Slag-affected 25 74.6 177 207 399 532

Background 11 41.8 95.5 163 216 279
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Table 6. Statistical summary of ground-water-quality data from Bairstow Landfill and from the Grand Calumet aquifer,
Hammond, Ind.—Continued

Silica (mg/L) Slag-contact 20 3.10 10.0 17.0 28.7 35.3

Slag-affected 25 9.60 17.5 25.3 32.6 74.0

Background 11 10.5 12.2 12.6 13.4 29.7

Ammonia (mg/L) Slag-contact 20 .10 1.02 2.40 8.80 44.3

Slag-affected 24 .10 .10 1.30 3.38 90.3

Background 11 .10 .30 .32 .90 2.60

Aluminum (µg/L) Slag-contact 21 20.9 23.5 49.7 251 820

Slag-affected 25 6.00 20.9 23.5 36.7 160

Background 11 20.9 20.9 23.5 74.9 383

Antimony (µg/L) Slag-contact 21 <2.00 <15.7 <15.7 <17.9 <17.9

Slag-affected 25 <1.00 <8.35 <15.7 <17.9 <17.9

Background 11 <15.7 <15.7 <17.9 <17.9 <17.9

Arsenic (µg/L) Slag-contact 21 <1.00 <1.70 2.70 5.00 22.6

Slag-affected 25 <1.70 <1.70 3.60 18.8 55.0

Background 11 <1.70 <1.70 1.90 3.30 12.8

Barium (µg/L) Slag-contact 21 30.2 56.3 128 284 690

Slag-affected 25 10.7 25.0 58.0 134 410

Background 11 14.7 16.5 31.1 83.0 229

Water-quality property Well type

Number
of

samples
Minimum

value
1st

quartile Median
3rd

quartile
Maximum

value



S
tatistical S

um
m

ary of G
round-W

ater-Q
uality D

ata  65

Table 6. Statistical summary of ground-water-quality data from Bairstow Landfill and from the Grand Calumet aquifer,
Hammond, Ind.—Continued

Beryllium (µg/L) Slag-contact 21 <.50 <.50 <1.20 <1.20 2.00

Slag-affected 25 <.50 <.50 <1.00 <1.20 <1.20

Background 11 <.50 <.50 <.50 <1.20 <1.20

Cadmium (µg/L) Slag-contact 21 <1.50 <1.50 <1.50 <1.70 2.00

Slag-affected 25 <1.00 <1.25 <1.50 <1.70 <1.70

Background 11 <1.50 <1.50 <1.70 <1.70 <1.70

Chromium (µg/L) Slag-contact 21 <2.00 <5.10 <5.10 <5.80 9.20

Slag-affected 25 <1.00 4.55 <5.10 <5.80 <5.80

Background 11 <5.10 <5.10 <5.80 <5.80 <5.80

Cobalt (µg/L) Slag-contact 21 <2.00 <2.50 <2.50 <3.70 19.7

Slag-affected 25 <1.00 1.75 <2.50 <3.70 6.10

Background 11 <2.50 <2.50 <3.70 <3.70 <3.70

Copper (µg/L) Slag-contact 21 <2.00 <4.00 <4.00 <4.20 1,660

Slag-affected 25 <1.00 3.50 <4.20 <4.20 11.5

Background 11 <4.00 <4.00 <4.20 <4.20 7.50

Iron (µg/L) Slag-contact 21 12.0 37.0 160 1,190 58,400

Slag-affected 25 18.0 214 1,430 3,690 52,200

Background 11 24.0 72.0 1,980 5,260 29,600

Water-quality property Well type

Number
of

samples
Minimum

value
1st

quartile Median
3rd

quartile
Maximum

value
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Table 6. Statistical summary of ground-water-quality data from Bairstow Landfill and from the Grand Calumet aquifer,
Hammond, Ind.—Continued

Lead (µg/L) Slag-contact 21 <1.10 <1.10 1.90 2.10 10.8

Slag-affected 25 <1.00 <1.10 <1.10 2.30 15.0

Background 11 <1.10 <1.10 1.60 3.20 4.60

Manganese (µg/L) Slag-contact 21 <2.00 <2.00 44.0 309 2,460

Slag-affected 25 <1.80 19.8 99.0 473 1,540

Background 11 <2.00 82.0 197 383 1,230

Mercury (µg/L) Slag-contact 18 <.10 <.10 .17 .32 1.1

Slag-affected 19 <.10 <.10 .11 .15 .18

Background 11 <.10 <.10 .11 .14 .16

Nickel (µg/L) Slag-contact 21 <4.70 <4.70 <6.10 11.0 148

Slag-affected 25 2.00 <4.70 <6.10 <6.10 38.0

Background 11 <4.70 <4.70 <6.10 <6.10 27.5

Selenium (µg/L) Slag-contact 21 <2.00 <2.30 3.00 3.85 14.3

Slag-affected 25 <1.00 2.15 <2.30 <2.30 17.2

Background 11 <2.30 <2.30 <2.30 2.90 3.70

Silver (µg/L) Slag-contact 21 <2.00 <3.80 <5.00 <5.00 5.00

Slag-affected 25 <1.00 2.40 <3.80 <5.00 5.00

Background 11 <3.80 <3.80 <3.80 <5.00 5.00

Water-quality property Well type

Number
of

samples
Minimum

value
1st

quartile Median
3rd

quartile
Maximum

value
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Table 6. Statistical summary of ground-water-quality data from Bairstow Landfill and from the Grand Calumet aquifer,
Hammond, Ind.—Continued

Thallium (µg/L) Slag-contact 16 <1.10 <1.10 1.85 3.60 7.00

Slag-affected 19 <1.10 1.30 1.90 2.30 2.80

Background 10 <1.10 1.35 1.75 2.92 3.80

Vanadium (µg/L) Slag-contact 18 <2.60 <2.60 3.35 8.15 52.7

Slag-affected 19 <2.60 <2.60 <3.30 <3.30 9.10

Background 11 <2.60 <2.60 <3.30 <3.30 5.00

Zinc (µg/L) Slag-contact 21 2.00 <3.40 <3.70 4.40 531

Slag-affected 25 3.00 <3.40 <3.70 5.70 28.0

Background 11 <3.40 <3.70 4.10 411 1,090

Dissolved solids (mg/L) Slag-contact 18 270 401 742 1,890 5,030

Slag-affected 26 172 372 624 1,060 2,150

Background 11 95.0 158 262 622 5,080

Suspended solids (mg/L) Slag-contact 17 3.00 29.0 54.0 231 5,310

Slag-affected 20 3.00 4.10 14.0 43.1 214

Background 11 3.00 3.00 3.00 8.50 15.5

Total organic carbon (mg/L) Slag-contact 17 3.7 6.80 15.1 48.5 209

Slag-affected 20 2.00 4.17 5.60 13.4 24.7

Background 11 2.00 2.90 4.80 11.6 26.9

Cyanide (µg/L) Slag-contact 18 <10.0 <10.0 <10.0 16.6 212

Slag-affected 19 <10.0 <10.0 <10.0 <10.0 31.4

Background 11 <10.0 <10.0 <10.0 <10.0 <10.0

Water-quality property Well type

Number
of

samples
Minimum

value
1st

quartile Median
3rd

quartile
Maximum

value


