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Preliminary Evaluation of Chemical Migration
To Groundwater and the Niagara River
From Selected Waste-Disposal Sites

by

Edward J. Koszalka, James E. Paschal, Jr.,
Todd S. Miller, and Philip B. Duran

ABSTRACT

In 1982, the U.S. Geological Survey, in cooperation with the U.S. Environ-
mental Protection Agency and the New York State Department of Environmental
Conservation, made a preliminary hydrogeologic and chemical evaluation of 138
known toxic waste-disposal sites along the United States side of the Niagara
River from Lake Erie to Lewiston, approximately 20 miles downstream. The pur-

pose of the investigation was to identify sites that are a possible source of
coptamination to the ground-water system,

The 138 sites were grouped into three areas--Buffalo, Tonawanda, and Niagara
Falls. Results from the geologic and hydrologic investigations and chemical
analyses are as follows:

Buffalo area.--25 sites were studied, of which 19 were drilled and sampled, and
6 evaluated through a literature review. Of the 25 sites, 10 were designated as
having a major potential for contaminant migration.

Tonawanda area.--50 sites were studied, of which 29 were drilled and sampled,
and 21 evaluated through a literature review. Of the 50 sites, 20 were
designated as having a major potential for chemical migration.

Niagara Falls area.--63 sites were studied, of which 31 were drilled and
sampled, and 32 evaluated through a literature review. Of the 63 sites, 31
were designated as having a major potential for contaminant migration.

INTRODUCTION

United States and Canadian monitoring of the Niagara River, which flows 37
miles north from Lake Erie to Lake Ontario, has indicated the presence of con-
tamination. A report issued in March 1979 by an Interagency Task Force on
Hazardous Waste, composed of representatives of the New York State Department -
of Environnmental Conservation, the Mew York State Department of Health, and the
U.S8. Environmental Protection Agency, identified 215 hazardous waste-disposal
sites in Erie and Niagara,Counties. Of these and additional sites identified
since 1979, 164 are within a strip 3 miles wide along the east bank of the
Niagara River (fig. 1). The possibility that toxic substances from these sites
could migrate to the ground-water system and from there to the Niagara River and
into Lake Ontario has become of increasing concern in recent years.
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Effective remedial action requires information on the hydrogeology and the
potential for migration of contaminants into the ground water.

Purpose and Scope

In 1982, the [.5. Geological Survey, in cooperation with the U.5. Environ-
mental Protection Agency (USEPA) and the New York State Department of
Environmental Conservation (NYSDEC), began a preliminary hydrogeologic eval-
vation of 138 of the 164 known toxic waste-disposal sites along the Niagara
River from Lake Erie to Lake Ontario, on the United 5tates side of the river.
The main objectives of the investigation were to evaluate the hydrogeology and
potential for chemical migration to ground water at the 138 sites. Test
drilling and core analysis were donme at selected sites to obtain information
on the composition of the overburden, and ground-water and core samples were
collected and analyzed to identify the substances present and their con-
centration, The location and extent of the disposal area at some sites were
unknown; therefore, some wells and test holes may not have been installed at
the most significant locations.

The project was limited to preliminary investigations only and was not
designed to assess the actual effect of ground-water contamination on the

Niagara River nor to establish whether contaminant migration has actually
occurred.

This report presents the hydrologic and chemical data collected during the
investigation, describes the probable ground-water flow patterns as inferred
from the available data, and categorizes each site in terms of its potential
for contaminant migration. It also contains suggestions for future studies to
evaluate the regional effects of contaminant migration on the Wiagara River.
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EVALUATION OF CONTAMINANT MIGRATION

This report evaluates the potential for pground-water contamination from
migration of hazardous wastes in a gqualitative manner only; a quantitative
assessment would require efforts beyond the scope of this preliminary survey.
The following paragraphs give (1) criteria for the qualitative assessment of
contaminant-migration potential, (2) a general method for computing the rate and
quantity of chemical discharges, should sufficient data become available, and
(3) suggestions for future quantitative studies to assess the regional effects
of contaminant migration on the Niagara River,

Qualitative Assessment

All sites are designated as having either a major or indeterminable poten-
tial for contaminant migration in ground water, as described below:

Major potential.--These sites are close to the river or a tributary and (1)
contain hazardous constituents or chemicals and have permeable soils or suf-
ficient ground-water gradients for ground-water movement, as evidenced by site
records, chemical analyses, and water—level or core analyses; and(or) (2) have
evidence that offsite migration of hazardous contaminants has already occurred.

Indeterminable.--These sites were those for which data were inadequate to
make a realistic assessment of contaminant migration; that is, where either the
geohydrologic data or the chemical data were insufficient to indicate the poten-
tial for offsite migration.

Of the 138 sites evaluated in this study, 61 were judged to have a major
potential for contaminant migration and are listed in table 12, The sites
having a major potential may already be contaminating the river(s). The sites
designated as having indeterminable potential may be reclassified as other data
become available.

Quantitative Assessment

A quantitative assessment of migration rates and amount of contamination was ;
beyond the scope of this study; however, a general procedure for calculating
chemical discharges to the river, based on representative data from this study as
an example, is given below. The methods presented herein should be used with
extreme caution. The values would be, at best, an indication of relative dif-
ferences between sites,.

General Considerations

At some sites, the ground-water or substrate samples may have been obtained
from within the disposal area and therefore could not be used to determine off-
site migration. Many of the soil samples were taken from above a clay or con-
fining unit that was unsaturated; chemical migration in such layers would be
considerably slower than in saturated units.
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BUFFALO AREA

Geology

The Buffalo study area (pl. 1) consists of units of sedimentary bedrock
composed of shale, limestone, and dolomite overlain by unconsolidated deposits
of clay, sand, and till., The bedrock units are of Silurian and Devonian age;
the unconsolidated deposits are primarily of Pleistocene apge. The extent of
the sedimentary bedrock units is shown in figure 3; the distribution of the
unconsolidated units is shown in figure 4,

The bedrock units of concern in this study are: Camillus Shale, Bertie
Limestone, and akron Dolomite (described as one unit); Onondaga Limestone;
Marcellus Shale, and the Skaneateles Formation., The unconsolidated deposits
of interest are of glacial origin and consist of a glaciolacustrine clay-sand
deposit, end-moraine deposits, and an outwash-terrace-delta gravel deposit.

Bedrock Units.--The oldest sedimentary bedrock unit encountered in this
study is the Camillus Shale of Silurian age (fig. 3}, which occurs only in tihe
northern part of the Buffalo area. This unit has been described by LaSala
(19648) as a gray, red, and green thin-bedded shale containing massive
wudstone; the unit also contains beds and lenses of gypsum approaching 5 ft in
thickness. Subsurface information indicates a dolomitic mudrock to be inter-
bedded within the unit also. The Camillus Shale, estimated to be about 400 fc
in tiiickness, dips southward throughout the area at approximately 40U ft/mi,
Information Erom gypsum miners indicates that the dip of the formation is
undulatory within a range of a few feet.

Two other units of Silurian age overlie the Camillus Shale--the Bertie
Limestone and the overlying Akron Dolomite. The Bertie Limestone is a gray
and brown dolomite with some interbedded shale; the Akron Dolomite is a
greenish—-gray and buff Eine—grained dolomite (LaSala, 1968). The Bertie
Limestone, the thicker of the two units, ranges from 50 to 60 ft thick,
whereas the Akron Dolomite is estimated to be B ft thick. Both formations dip
southward, as does the underlying Camillus Shale.

The Onondaga Limestone of middle Devonian age overlies this limestone-
dolomite unit; the two units are separated by an unconformity or an erosional
contact. The Onondaga Limestone consists of three members. The lowest, which
overlies the Akron Dolomite, is a gray, coarse-grained limestone generally a
few feet thick. This member, according to Buehlor and Tesmer (1963), grades
laterally into reef deposits, thereby increasing its thickness. The middle
member consists of a gray limestone and blue chert and reaches a thickness of
40 to 45 ft. The upper member is a dark gray to tan limestone ranging in
thickness from 50 to 60 fr. The overall thickness of the Onondaga Limestone
is approximately 110 ft.

The Marcellus Shale overlies this limestone unit; the formation 1s
described by LaSala (1968) as being black and fissile. The unit ranges in
thickness from 30 to 5% ft and dips generally southward at 40 ft/mi. The
uppermost unit within the study area is the Skaneateles Formation. It is
olive-gray to dark—-gray and black, fissile shale with calcareous beds. The
lower 10 feet of the unit is gray limestone. Total thickness is 60U to 90
feet, This wnit is found in the southernmost part of the study area.
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No additional data on the bedrock units within the Buffalo area were
obtained, The geology of the units is summarized by La Sala (1968) in his
report about ground-water resources of the Erie-Niagara basin.

Unconsolidated Deposits.——The unconsolidated units (fig. 4) consist of
glacial material deposited during the latter part of the Pleistocene epoch.
The main unconsolidated unit in the Buffalo area is a glaciolacustrine clay-
sand deposit consisting of silt, fine to medium sand, and clay and containing
laminae of alternating sand and clay,

Two other unconsolidated deposits of lesser extent are present in the area--
an end-moraine deposit and a small area of outwash, terrace, and delta gravel,
The end-moraine material, which consists of ablation and lodgment tills or
poorly sorted gravel that contain more than 20 percent carbonate and
crystalline clasts, was deposited at the edge of an ice sheet by meltwater
either at the end of an advance or during a stillstand of glacial retreat.

The outwash, terrace, and delta gravels, which consist of well-sorted pebbles
and cobbles with sand, contain more than 30 percent carbonate and crystalline
clasts. The material was deposited by meltwater streams forming coalescent
aprons near the ice sheet or as stream terraces or terrace remnants.

Three test holes were drilled to bedrock in the Buffalo area to help
define the subsurface geology; their locations are shown in plate 1. The
geologic descriptions are as follows:

Boring no. Depth (ft) Description
SA-9 0 - 1.5 Topsoil
1,5 - 6.5 Sand, brown
6.5 = 11,5 Clay, sandy, with gravel, dark brown
Llg5 =:25,5 Clay, sand with clay, gray, wet at 11.5 ft
25.5 Bedrock
5A-10 0 = 1.5 Topsoil
1.5 = 6.5 Clay, sandy, red
6.5 - 11,0 Clay, some gravel, red
11.0 Bedrock, material was dry throughout
S4-11 0 - 16.5 Fill, black, ground water at 10 ft
16.5 - 21.5 Clay, silty, green
21.5 - 36.5 Clay, silty, gray-green
36.5 - 60,0 Clay, silty, pinkish-gray
60.0 Bedrock

The geologic information from these test holes, combined with the data from
the waste-disposal sites, enables a general characterization of the area.

The unconsolidated deposits, primarily the glaciolacustrine clay, tend to
decrease in thickness toward the east and north, where bedrock rises to less
than 5 ft below land surface, Also, the clay unit is generally less than 2 ft
below land surface except where it has been removed by landfilling and waste-
disposal operations or urbanization.
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Aquifer Lithology and Water-Bearing Characteristics

The ground=water system within the Buffalo area consists of a fractured
bedrock aquifer and an overlying aquifer of unconsolidated deposits.

Bedrock aquifer.--The bedrock aquifer consists of all the bedrock units
discussed previously. The main sources of water are the fractures and solu-
tion cavities. The specific-capacity and transmissivity values of selected
bedrock aquifer units are shown below.

Specific capacity” Transmissivity<

Bedrock unit! (gal/min)/ft (gal/d)/ft
Min Max Min Max
Akron Dolomite 2 13 §,000 25,000
Camillus Shale 4 83 7,000 70,000

F Position of units is shown in figure 3.
¢ Data from LaSala (1968)

The specific capacity of a well is the rate of discharge oi water from the
well divided by the drawdown of the water level within the well. If the spe-
cific capacity is constant except for the time wariationm, it is roughly pro-
portional to the transmissivity of the aquifer. Transmissivity is the rate at
which water is transmitted through a unit width of the aquifer under a unit
hydraulic gradient.

The data above indicate that these two properties differ considerably within
and among the units, This variation reflects the amount and size of the frac-
tures and solution cavities.

Unconsolidated aquifer.--The unconsolidated aquifer conmsists of a glacio-
lacustrine clay and sand and gravel deposits. The thicker unit is the glacio-
lacustrine clay. The test drilling during the summer of 1982 encountered the
water table at various depths within the clay, and saturated sand stringers up
to 3 inches thick were common. These stringers were not large, however, and
generally thinned out within a few feer.

A seasonal water table above the clay unit was observed during wet periods
but not during the summer. This water table is formed by the ponding of
infiltrated precipitation above the relatively impermeable clay. As the water
mounds upward, gradients toward natural or manmade topographic lows develop
and eventually discharge to nearby surface-water bodies. As the season becomes
drier and warmer, vegetation increases and takes up the remaining ground water
through transpiration.

The hydrologic properties of the unconsolidated aquifer within the Buffalo
area are also described in consultants' reports for Buffalo Color Corporation
(sites 120-122), Bethlehem Steel Corporation (site 118), and the Alltift

Landfill (site 162).

The general range of hydraulic conductivity was 0.0328 to 155.8 fr/d. The
larger value can be attributed to slag fill material, which would have a con-
siderably greater permeability than the glaciolacustrine clay. A permeability
test was performed on a clay sample from the Alltift landfill; the permeability
ranged from 1.6 x 107 to 1.8 x 107" ft/d.
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