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ABSTRACT OF THESIS

GROUNDWATER FLOW AND CONTAMINANT TRANSPORT ANALYSIS
OF THE
KITZVILLE DUMP, ST. LOUIS COUNTY, MINNESOTA

by Scott L. Turner

The Kitzville Dump was used as a municipal and indus-
trial solid waste disposal site for approximately 35 years.
After the site was closed and capped in 1981, chemical
analyses of monitoring wells installed at the site indicated
leachate was entering the groundwater.

Two confined glacial out sh aquifers overlie Precam-
brian bedrock at the site. Hydrogeologic characteristics
determined at the site indicate the general groundwater flow
direction to be from the northwest to the southeast at an
average rate of 20 ft/yr.

A three-layer groundwater flow model provided the basis
for analysis of solute transport at the site. The solute
transport model was initially calibrated to chloride.
Additional contaminants analyzed were benzene, toluene,
cadmium, and lead. Retardation factors were determined for
each of these chemical species.

Results of the solute transport model indicate that the
contaminant plume is moving in the general direction of '
groundwater flow. The migration rate varies among the
chemical species analyzed, with chloride having the highest
and cadmium the lowest rate.

The extent of the contaminant plume does not pose a
threat to any existing water supplies; however, future
development in the area would necessitate further testing to
ensure that health standards are maintained.
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culture, and industry requires an increased awareness of
possible sources of contamination and their potential ef-
fects on the environment. The Kitzville Dump is one such
source and this paper will examine the environmental impact
of leachate from this site. Even though the Kitzville Dump
is unique in some respects, the basic assumptions and esti-
mates used in this study may be applied to other solid waste

disposal sites in similar hydrogeological environments.

SITE LOCATION

The Kitzville Dump is approximately one mile east of
Highway 169 between Hibbing and Chisholm in St. Louis County
(Figure 1). The site, which covers about 40 acres, is in
the SW 1/4, NW 1/4, Section 3, T. 57 N., R. 20 W. on the
United States Geological Survey’s Buhl 7 1/2’ topographic

gquadrangle.

OBJECTIVES OF RESEARCH

This site study has four primary objectives: (1) to
ascertain the characteristics of the regional and site
geology/hydrogeology necessary for analysis of groundwater
flow and solute transport at the study site; (2) to deter-
mine the direction and rate of groundwater flow at the site
through application of a mathematical groundwater flow
model; (3) to determine the movement and retardation values

of selected contaminants at the site through application of
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a mathematical solute transport model utilizing flow parame-
ters obtained from the groundwater flow model : ~ other pro-
cesses affecting transport; and (4) to utilize these models
to evaluate the present and future environmental impact of

leachate from this site.

RESEARCH METHODS

Groundwater modeling has become one of the foremost
methods used in analyzing groundwater systems. Groundwater
models have proven to be effective in increasing our under-
standing of groundwater systems in a variety of hydrogeo-
logical environments (Mercer and Faust, 1981). In view of
this proven effectiveness, the primary instrument of this
site analysis is the mathematical groundwater model. There-
fore, the analyses and conclusions put forth in this paper
fely predominantly on results obtained from the groundwater
flow and solute transport models.

Sections II and III of this report, the regional and
site geology/hydrogeology, are based on published papers and
field work., The field work consisted of a seismic survey to
better delineate the extent of the solid waste; in situ
permeameter tests to determine hydraulic conductivity values
of surficial materials; aquifer tests to determine hydraulic
conductivity values of aquifer materials; and an apparent
resistivity survey to define the present extent of the

contaminant plume.




Section IV encompasses the application of the numerical
groundwater flow model to the study site. A brief intro-
duction to mathematical groundwater flow modeling is pre-
sented, followed by a description of the parameters, methods
and basic assumptions utilized in this study. Fundamental
equations used by the flow model are also explained. This
section closes with an analysis of groundwater flow rates
and gradients based on the groundwater flow model’s computed
results.

Section V covers the regional and site groundwater
quality and discusses the water quality standards as they
apply to the examined chemical species. Application of the
solute transport model to the study site is covered in
Section VI. This section presents a brief introduction to
solute transport modeling, followed by a description of the
parameters, selected contaminants, methods, and assumptions
utilized in the transport model. The equations used to
arrive at the final computed concentrations are also exam-
ined. The predictive capabilities of the model are then
utilized to examine the future extent of the contaminant
plume.

Section VII provides a summary of the site study and
contains concluding remarks concerning the results of the
groundwater flow and transport models. This section closes
with a discussion of the environmental impact of the contam-

inant plume as identified in this study.




PREVIOUS WORK

The Kitzville Dump was used as a municipal and indus-
trial solid waste disposal site by the city of Hibbing
beginning in about 1946. In 1981 the dump was closed and
capped with a layer of silty sand. Preliminary hydrogeolo-
gic and water quality data were submitted to the St. Louis
County Health Department and the Minnesota Pollution Control
Agency (MPCA) in June, 1982 by RREM, Inc. of Duluth, MN.
RREM, Inc had been contracted by St. Louis County to perform
this investigation in preparation for the site closing.

During October, 1982 soil borings were taken and six
monitoring wells were installed by Braun Engineering Testing
to determine the geologic and hydrogeologic characteristics
at the site (Braun, 1982). Sampling for general water
quality parameters was completed on November 9, 1982. A
second round of sampling was performed in January, 1983,
after additional well development. The results of these
analyses,; which indicated the presence of a contaminant
plume, were included in a groundwater study submitted by
RREM, Inc. to the St. Louis County Health Department and
MPCA in April, 1983 (RREM, 1983).

Beginning in mid-1983, St. Louis County and the MPCA
instituted routine groundwater quality sampling procedures,
which entail sampling each of the six monitoring wells three
times a year for various inorganics, chemical oxygen demand,

temperature, pH, and conductivity (MPCA, 1984). These







SECTION II

REGIONAL AND SITE GEOLOGY

A site analysis of groundwater flow and contaminant
transport must begin with a thorough understanding of the
local and regional geology. The geology in the region of
the Kitzville Dump is complex both in structure and litholo-
gy. Glacial drift units rest on bedrock of Lower Proterozo-
ic age. These glacial drift units range up to 300 feet in
thickness and are the result of various phases of glaciation
which occurred during the Pleistocene Epoch (Winter, Cotter,

and Young, 1973).

BEDROCK GEOLOGY

Bedrock in the vicinity of the study site is composed
of the Pokegama Quartzite, Biwabik Iron Formation, and the
Virginia Formation. These units, also known as the Animikie
Group, are bordered on the north by the Giants Range Gran-
ite, a long, linear, Archean granitic complex (Morey, 1976).

The most prominent bedrock feature in this region is
the Biwabik Iron Formation which crops out for approximately
120 miles in an east-northeasterly direction, comprising the
Mesabi Range, to the north of the study area. The Biwabik
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Iron Formation is underlain by the Pokegama Quartzite and
overlain by the Virginia Formation. The overall structure
of the Mesabi Range is a southeasterly dipping homocline
with an east-northeast strike (Morey, 1972).

The Virginia Formation, which underlies the study area,
is composed of interbedded argillite, argillaceous silt-
stone, and graywacke (Morey, 1976). There are no known
natural exposures of this formation in the vicinity of the
study area.

Within this region there is also evidence of lenses of
Cretaceous ¢ ale overlying the Animikie Group, but its
presence in the study area has not been confirmed (Wright,
1972).

Winter (1973) has described two bedrock valleys in the
vicinity of the study area. The Hibbing bedrock valley,
approximately five miles to the southwest of the Kitzville
Dump, is narrow, steep sided, and has relief of 100-150
feet. This valley extends south from Hibbing. The Virginia
bedrock valley, 35 miles to the east of the study area,
extends southwest from Virginia, is broad and less than 100
feet deep. The thickness of overlying surficial deposits is

greatest in these bedrock-valley areas.

GEOLOGY OF GLACIAL SEDIMENTS
Glacial sediments overlie the Animikie Group throughout

the study area and most of the surrounding region. These




sediments are highly variable in thickness and lithology.
This is due primarily to the various advances and retreats
of glacier ice during the Pleistocene (Wright, 1972).

The glacial sediments throughout northeastern Minnesota
were deposited by various glacial lobes which were control-
ied primarily by the preglacial bedrock topography. These
lobes were all part of the Wisconsin glaciation which was
the last major advance of glacier ice into the region. The
geomorphology and surficial deposits for most of the state
are primarily the result of this last glaciation (Wright,
1972).

There are three primary till units present in the study
area: a lower till, middle till and an upper or surficial
till. Various glacial outwash deposits are also intermin-
gled with these till units. The following descriptive
summaries of these units are based primarily on published
reports by Winter and others (1973) of field investigations
and six soil boring logs completed by Braun Engineering
Testing at the study site (Appendix A). At the study site,
glacial sediments, approximately 170 feet in thickness, rest
on a bedrock surface estimated to be 1280 feet above MSL
(Figure 2). The deepest soil boring at the site extends to
a depth of only 87 feet below the surface; consequently,
information below this level is inferred from regional
data.

The lower till unit is believed to have been deposited
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by glacier ice moving from the west-northwest during the
middle or early Wisconsin (Wright, 1972). The thickness of
this till unit varies between 50 and 100 feet, but increases
in thickness to well over 100 feet east of Hibbing. This
till is calcareous,; dark gray to dark greenish and brownish
gray, with a sandy to gravelly texture. Cobbles and some
boulders are also scattered throughout the till (Winter and
others, 1973). The soil boring data provide no additional
information concerning this till in the study area.

Little is known about the glacial outwash sediments
underlying the lowest till. The only known occurrences of
continuous stratified drift underlying the lower till occur
near Grand Rapids and Hibbing. Near Hibbing, the lower
stratified drift ranges from 6 to 122 feet thick, with the
bulk of this being clay and silt. The thickness of sand
within the glacial outwash section is generally not more
than 30 feet. 1In general, indications are that glacial
outwash sediments underlying the lower till in the Mesabi
Iron Range area are not extensive and that most of these
sediments are clay and silt (Winter, 1973).

Stratified glacial drift above the lower till and
underlying the middle till unit appears to be continuous in
the western and central parts of the Mesabi Iron Range.
Generally, the glacial outwash deposits at this stratigraph-
ic interval are less than 50 feet thick. Near Hibbing

however, this stratified drift is greater than 100 feet
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thick. Variation in grain size of these deposits is wide,
but the deposits consist largely of sand or sand and gravel
(Winter and others, 1973)., At the study site, soil boring
ST-1A penetrated 10 feet into this drift which proved to be
a slightly silty sand with some fine gravel.

The middle till unit, sometimes referred to as the
bouldery till, has an approximate age of 20,000 to 16,000
years B.P. This till was deposited as the Rainy Lobe moved
from the northeast to the southwest across the Giants Range
and is relatively continuous across the entire area (Wright,
1972; Goebel and Walton, 1979). The till is absent in the
general area of the Virginia bedrock valley and in scattered
areas throughout the Iron Range. Thickness of the till is
generally less than 50 feet thick, and in much of the area
it is less than 25 feet (Winter, 1973). Soil boring ST-1A,
at the study site, shows a thickness of 42 feet for this
middle till unit.

The middle till is a noncalcareous, gray to yellow, red
orange or brown, and is characterized by abundant cobbles
and boulders in a sandy, silty matrix. Lenses of stratified
glacial outwash deposits are common regionally in the middle
till, but none were detected at the study site. The grain
size ar = "~ :gree of sorting of the stratified drift is highly
variable, but most lenses are local and consist of fine sand
and silt (Winter and others, 1973).

The glacial outwash deposits between the middle till
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and the upper till are the thickest and most continuous of
the stratified drift units. Thickness of these sediments is
commonly greater than 50 feet. In some areas along the
Mesabi Iron Range, the thickness can exceed 100 feet (Win-
ter, 1973). At the study site these deposits range from 10
to 24 feet in thickness. The horiiontal variation in grain
size is great in this stratigraphic unit. The thicker,
coarse—-grained bodies of stratified drift are associated
with linear bedrock depressions in the Giants Range. These
outwash sediments were deposited when the Rainy Lobe ice
retreated north of the Giants Range, and sediment-laden
meltwaters poured southward through the depressions (Winter
and others, 1973).

The upper till was deposited by the St. Louis Sublobe
between 14,000 and 12,000 years B.P. The St. Louis Sublobe,
part of the larger Des Moines Lobe, moved from the northwest
to the southeast across much of northern Minnesota (Wright,
1972). The upper till in the Mesabi Iron ange area is
thin, generally less than 25 feet thick, but continuous,
Immediately west of both Hibbing and Eveleth, the till is
greater than 50 feet thick (Winter and others, 1973). Soil
penetrations at the study site indicate a local thic ness
range of from 4 to 25 feet.

The upper till consists of two subunits (Winter, 1973)
distinguished largely by color and to a lesser degree,; by

grain size of the matrix. In the eastern part of the range,
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the till is red and clayey and is characterized by a red to
reddish-brown clayey, silty, and calcareous matrix. In the
western part of the range, the upper till is brown and silty
and is characterized by a light to medium-brown sandy,
silty, and calcareous matrix (Winter and others, 1973). The
difference in these tills is attributed to the variation in
sediment picked up by the St. Louis Sublobe as it moved
across the region. The red clayey till is believed to have
resulted from the red lake clgys of Glacial Lake Upham I
(Baker, 1964; Wright and Ruhe, 1965).

Glacial outwash and glaciolacustrine sediments cover
much of the land surface in the Mesabi Iron Range area.
Most of the sediments are associated with glacial lakes
Aitkin II and Upham II (Wright, 1972). This stratified
drift is generally less than 25 feet thick (Kanivetsky,

1979).

GEOMORPHOLOGY

The study site and surrounding area are characterized
by landforms consisting of glacial drift overlying Precam-
brian bedrock. The glacial drift is bordered on the north
by a long linear ridge of hills of Archean rocks that rise
200-400 feet higher than the area to the i =diate south.
This ridge is known as the Giants Range (Morey, 1976).
Common in the areas of till are hummocky topography of

morainal and ice-contact landforms that have relief up to 50
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feet (Wright, 1972).

Elevations within the study area range from just over
1490 feet (454 m) to just under 1440 feet (439 m). Due to
the presence of the solid waste, the topography increases in

elevation toward the center of the dump area giving the site

KITZVILLE )UMP

(Feet)

0 150 300
b = . VE: 1.85

Figure 3 Morphology of Kitzville Dump.

its mounded appearance (Figures 2 and 3). The major topo-
graphical features in this area consist of eskers or cre-
vasse fillings, one approximately 1/4 mile (0.4 km) to the
north, with two more located approximately one mile (1.6 km)
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to the south of the site. Each of these eskers is approxi-
mately 1/2 mile (0.8 km) in length and trend in a northeast-
southwest direction.

Swamps almost completely encircle the site with the
largest of these to the south-southeast of the site. The
swamps are poorly drained areas which are one of the charac-
teristics of glacial stagnation terrains (Sugden and John,
1976).

In the 10,000 or more years since glacier ice left the
area, erosion and deposition have modified the landscape.
Deposition of eroded material has been largely confined to
lakes and other depressions. Continued deposition of sedi-
ment and organic material into the lakes caused many of them
to become shallow enough around the margins so vegetation
could spread toward the centers, ultimately converting many
of the lakes to bogs. Presently, there are more bogs than

lakes in northern Minnesota (Wright, 1972).
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SECTION IIX

REGIONAL AND SITE HYDROGEOLOGY

As previously indicated, glacial sediments within the
study area are highly variable both in thickness and extent.
The major sand and gravel deposits, which are primarily
glaciofluvial in origin, constitute the aquifers and occur
between the till units (Figure 4). The basal, bouldery and
surficial tills, discussed in the previous section, are also
termed confining beds in that they inhibit the flow of
groundwater from and to the aquifers, These till units
generally have hydraulic conductivity (K) values two to
three orders of magnitude less than aquifer K values.

There are two principal aquifers located within the
study area: a relatively shallow agquifer and a deep aquifer.
Both aquifers are confined. The upper, or shallow aquifer
is the primary focus of this study because chemical analyses
have indicated the presence of a contaminant plume (Appendix
E). Chemical analyses performed on well MW-1A, which has
its screened interval in the lower aquifer, indicate no
contamination has occurred at that level. The thickness of
the shallow aquifer ranges from eight feet to more than 23
feet within the study area.
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SECTION IV

NUMERICAL MODEL OF SITE GROUNDWATER FLOW

INTRODUCTION

Models of real hydrogeologic systems are useful in
understanding why a flow system is behaving in a particular
observed manner and to predict how a flow system will behave
in the future. The first step in creating a groundwater
flow model is to develop a conceptual model of the fiow
system (Prickett, 1979). The Kitzville Dump can be de-
scribed as a grouhdwater system being contajned in deposits
of glacial outwash, confined by glacial til11 units, overly-
ing a nearly level, impermeable bedrock surface. This
conceptual model 1is less complex than the real system but is
necessary in understanding the behavior of the flow system.
Conceptual models are static; however, they describe the
present condition of a system. 1In order to make predictions
of future behavior, it is necessary to have some sort of
dynamic model that is capable of manipulation (Mercer and
Faust, 1981).

A mathematical model is a type of dynamic model that is
simply a set of eguations, which, subject to certain assump-
tions, describes the physical processes active in the aqui-
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concentration of a chemical in the groundwater.

Retardation is also entered at this point in the pro-
gram. For initial calibration a retardation factor of one
was entered to represent chloride.

Following entry of the basic transport parameters, a
rectangular cube particle source must be specified to repre-
sent the contaminant source. Two options are available at
this point: a slug source or continuous source. A slug
source is simply a one-time injection of a contaminant into
a system. An example would be a petroleum truck or pipeline
spill. A continuous source is a constant injection source,
such as at the study site where there is an on-going process
of percolation through the solid waste. A rectangular
source area was defined approximately coincident with the
margins of the solid waste. The next step is to define a
source strength in pounds per day. This parameter was one
of the primary values varied during calibration and will be

more fully explained when that procedure 1is discussed.

CONTAMINANT SELECTION CRITERIA

The basis for selecting the chemical species to be
examined in this study was the availability of analytical
results and the characteristics of the particular species.
The predominant chemical species used to calibrate the
solute transport model was chloride. This solute was se-

lected because of 1its conservative nature making it ideal
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the first simulation phase (Appendix E). The values of
chloride at MW-1 and MW-2 from this first round of sampling
are approximately double the values found in the following
vyears. This could be explained by the significantly higher
amount of leachate generated just prior to capping. The
HELP model values of percolation or leachate generation show
that there is approximately a 60 percent decrease after the
site was capped (Tables 3 and 4).

An initial starting value of 10 1bs./day was specified
as the contaminant source strength, but resulted in concen-
tration levels much lower than observed values. This value
and the mass per particle were varied until the concentra-
tion levels were comparable with observed values. The final
mass per particle value was 200 1bs. and the final contami-
nant source strength was 40 1bs./day. A chloride concentra-
tion contour map is shown for this first simulation phase in
Figure 13.

The second simulation phase involved reducing the
contaminant source strength to correspond with the reduction
in leachate generation. The initial simulation run for this
phase utilized a contaminant source strength approximately
40 percent of that used in the first simulation phase. This
is the amount of leachate reduction that resulted from the
addition of the capping material. The results for this
initial run resulted in concentration levels slightly lower

than observed values. The source strength was then in-
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for a given daily source load is to change the number of
particles generated by the model. Varying of the source
strength, as expected, would cause a corresponding increase
or decrease in the concentration levels throughout the
system.

Longitudinal and transverse dispersivity were varied in
relation to one another to determine the effects on the
plume. The values were varied within the typical field
range of 33 to 328 feet (Anderson, 1979). The effect of
increasing the longitudinal dispersivity with respect to
transverse dispersivity was a lengthening of the plume with
a corresponding thinning in the transverse direction. By
increasing the transverse dispersivity with respect to the
longitudinal dispersivity, the plume became less cigar-
shaped and took on a greater roundness. Based on this
analysis, it may be concluded that the dispersivity values
used in the actual simulation are representative of the type

of glacial sediments at the site.

ORGANICS

As mentioned previously, groundwater samples collected
in September 1983 were analyzed for various organics (Appen-
dix E). Two of the species ahalyzed; benzene and toluene,
exceeded detection 1imits at MW-1. These chemical species
were analyzed in the calibrated model to determine the

extent of their respective solute fronts.
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Figure 15 Concentration contour map of benzene at the
Kitzviile Dump (1990). The contour interval is 3 ug/1.

this plume is also in the general direction of groundwater
flow.

TOLUENE. The K, value for toluene, which is 242,
results in a retardation factor (R) of 44. An initial
toluene source strength of 23 ug/1 was used (RREM, 1989;

Evavold, 1980). Figure 16 shows the concentration contour
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Figure 16 Concentration contour map of toluene at the
Kitzville Dump (1990). The contour interval 1is 1 ug/1.

map of toluene for the simulation phase up to 1990.

METALS

Two metals, cadmium and lead, exceeded detection limits
in the November 1982 analysis at MW-2 (Appendix E). This

was the only well sampled during this round. The process
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Figure 18 Concentration contour map of cadmium for the
Kitzville Dump (1980). The contour interval is 0.5 ug/1.

this point was not possible for chloride due to the model
Timitation of 3000 particles. The mass per particle would
have to be increased to simulate for longer time periods.
Figure 19 is a concentration contour map representing
the predicted values of chloride at the site in the year

2000, The map clearly shows that the movement of the plume
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Figure 21 Concentration contour map of predicted toluene
values at the Kitzville Dump (2010). The contour interval
is 1 ug/1.
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Figure 22 Concentration contour map of predicted lead
values at the Kitzville Dump (2010). The contour interval
is 1 ug/1l.
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Figure 23 Concentration contour map of predicted cadmium
values at the Kitzville Dump (2010). The contour interval
is 0.5 ug/1.
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SECTION VII

SUMMARY AND CONCLUSIONS

The Kitzville Dump was utilized as an industrial and
municipal solid waste disposal site for approximately 35
years. In 1981 the site was capped and six monitoring Qe11s
were installed. Chemical analysis of groundwater samples
taken from two of these wells indicated that leachate from
the site had entered the groundwater.

The site has approximately 170 feet of glacial sedi-
ments overlying a bedrock surface of Precambrian argillite.
Contained within these sediments are two confined glacial
outwash aquifers; one shallow agquifer and a deep aquifer.
The shallow aquifer, containing the contaminant plume, has a
mean hydraulic conductivity of 8.81 X 1074 cm\sec. The
general groundwater flow direction is from the northwest to
the southeast at an average rate of 20 feet per year.

Groundwater flow modeling of the site was accomplished
using the Intersat numerical flow model. A three-layer
system was modeled, where the top and bottom layers were
confining units for the shallow aquifer between. A vari-
able, rectangular grid system, covering approximately 174
acres, was used to discretize the study region. Constant
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head boundaries, oriented in the general direction of re-
gional groundwater flow, set the initial hydraulic gradient.

The Hydrologic Evaluation of Landfill Performance
(HELP) Model provided estimated leachate production values
for both the uncapped and capped site configurations. These
values indicate that the amount of leachate production was
reduced by an estimated 59 percent when the site was capped
in 1981.

Steady-state conditions were simulated, with the prima-
ry calibration variable being site recharge. The calibra-
tion procedure involved numerous simulation runs to reach a
reasonable match with observed head data.

Parameter uncertainty exists in the form of either
measurement errors or intrinsic uncertainty of physical
properties or natural processes. S8Sensitivity analyses
revealed that the estimated parameters used in the groundwa-
ter flow model represented realistic field values.

The quality of groundwater at the site is monitored on
a routine basis and indicates that leachate from the site
has entered the shallow aquifer. Values of chloride at
monitoring wells MW-1 and MW-2 show a nine year history of
elevated values, indicating that leachate is entering the
aquifer on a continuing basis.

Water quality standards set by state and federal agen-
cies represent contaminant levels that can cause adverse

affects to varying degrees. Regionally, the quality of
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groundwater from the glacial outwash aquifers is ranked
among the best in the state. Leachate from solid waste
sites can contain very high concentrations of both organic
and inorganic compounds. The chloride levels at monitoring
well MW-1 exceed the Recommended Allowable Limit of 250 mg/1
set by the state of Minnesota. Chemical analyses also show
elevated values for other chemical species at the site.

Solute transport modeling of the contaminant plume at
the site was accomplished with the Intertrans solute trans-
port model. This companion program to the Intersat ground-
water flow model, simulates three-dimensional hydrodynamic
dispersion. Advective parameters and model dimensions are
defined by the groundwater flow model and imported into the
solute transport model. Various equations are used to
represent the processes inhvolved with solute transport and
its corresponding representation in the numerical transport
model. The processes involved in the solute transport
simulation include advection, diffusion, dispersion, and
retardation.

An electrical resistivity survey was performed at the
site to try to identify the present extent of the contami-
nant plume. The results of this survey in comparison with
the mc 27ed extent of the contaminant plume indicate only
marginal success. The results of the resistivity survey to
the south of the site appear to define a flank of the con-

taminant plume. This l1imited success 1is due, in part, to
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the unsuitability of testing of much of the region of inter-
est.

Seismic analyses were also performed to delineate the
extent and thickness of the solid waste in poorly defined
areas. The extreme heterogeneity of the solid waste in
these regions severely limited the value of this data.

Various transport parameters were entered into the
solute transport model to represent field conditions at the
site. These values included dispersivity, retardation and a
defined continuous contaminant source. Chloride was used as
the primary calibrative parameter for the solute transport
model.

Two simulation phases were used to represent solute
transport at the site. The first phase represented the 34
years of operation when the site was uncapped and leachate
generation was at its highest level. The second phase
covered the nine years since the site was capped and leach-
ate generation was significantly less. In both phases the
model was calibrated to sampled chloride concentrations.
Sensitivity analyses of various transport parameters, in-
cluding longitudinal and transverse dispersivity, indicate
that the values used in the model are representative of
field values. Table 7 provides a summary of the various
flow and transport parameters as optimized in this study.

A 10-year predictive simulation of chiloride

concentrations at the site indicate the general movement of
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TABLE 7

SUMMARY TABLE OF FLOW AND TRANSPORT PARAMETERS AS
OPTIMIZED IN THIS STUDY.

Geology Glacial Till1l and Outwash
Classification of Si1ty Sand- (SM)
Aguifer Materials-:
Hydraulic Conductivity g8.81 x 107 cm/sec
(Mean)
Average Ground Water 20 ft/yr
Velocity
Dispersivity
Longitudinal 50 feet
Transverse 5 feet

Retardation Factors

Benzene 17
Toluene 44
Lead 186
Cadmium 248

the plume is toward the southeast. This corresponds with
the general groundwater flow direction. This predictive
simulation also shows that the concentration levels of
chloride at the site do not change substantially from pres-
ent values. This agrees with data from the past nine years,
which shows that the concentration levels at the site have
remained relatively stable.

Analysis of organics and metals at the site show that
the general direction of migrating solute fronts corresponds
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with the general direction of groundwater flow. The higher
retardation values for these chemical species severely
restrict their movement in relation to chloride.

Even though the chloride levels at the site are above
recommended levels (RALs), the predicted extent of the con-
taminant plume poses no threat to any existing water sup-
plies. The organics and metals at the site, while having
sighificantly lower MCL values, also do not pose an immedi-
ate threat to any existing water supplies. However, should
future development of property occur near the site, further
analysis of the groundwater would be essential to ensuring
adequate health standards are maintained.

Future research at this site might include analysis of
the weight fraction of organic carbon in the soil. This
would provide greater accuracy in the determination of
retardation factors for organic contaminants. Also another
round of sampling at wells MW-1 and MW-2 for organics and
metals would be beneficial to any future research at this

site.
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Static Water Level

Feet above MSL: 1438.55
Feet below TOC: 7.75
Depth of Well (ft): 16.04
Ho (ft): 4,29
Elapsed Time Water Depth s’

(Minutes) [Reet) (Feet) H/Ho
0.00 12.04 4.29 1.00
0.37 11.08 3.33 0.78
0.58 10.77 3.02 0.70
0.82 10.42 2.67 0.62
0.97 10.21 2.46 0.57
1.15 10.00 2.25 0.52
1.40 9.71 1.96 0.46
1.57 9.54 1.79 0.42
1.80 9.35 1.60 ! 0.37
2.00 9.12 1.37 0.32
2.17 9.04 1.29 I 0.30
2.33 8.93 1.18 0.28
2.68 8.73 0.98 0.23
2.97 8.54 0.79 0.18
3.25 8.42 0.67 0.16
3.50 8.29 0.54 0.13
3.75 8.19 0.44 n,10

Head Ratio vs. Time
M 7-3
o8-
0.6_]
0.7_
0.6
0.5 —
0.4
] !/I{o 0.37

0.3

ime t (minutes)
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To = 1.80 min. = 108 sec.

K = 8.02 x 10_4 cm/sec

MW-4

Static Water Level
Feet above MSL: 1440.00
Feet below TOC: 30.50

Depth of Well (ft): 39.50

Ho (ft): 4,12
Elapsed Time Water Depth s

| {Minutes) (Feet) [ Tont ) H/Ho
0.00 26.38 4.12 1.00
0.43 26.75 3.75 0.91
0.78 27.08 3.42 0.83
1.12 27.117 : 3.33 0.81
1.40 27.42 3.08 0.75
1.58 27.67 2.83 0.69
2.33 27.92 2.58 0.63
2.73 28.08 2.42 0.59
3.00 28.25 2.25 0.55
3.22 28.33 2.17 0.
3.65 28.54 1.96 0.
3.97 28.67 1.83 0.
4.37 28.83 1.67 0.
4,92 29.00 1.50 0.
5.17 29.06 1.44 0.
5.40 29.13 1.37 0.
5.80 29.21 1.29 0.
6.28 29.33 1.17 0.
6.62 29.40 1.10 0.
7.07 29.52 0.98 0.
7.62 29.67 0.83 0.
7.95 29.69 0.81 0.
8.43 29.75 0.75 0.
9.22 29.88 0.62 0.
9.77 29.92 0.58 0.14
10.42 29.96 0.54 0.13
11.45 30.08 0.42 0.10
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Head Ratio vs. Ti ne
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K= 2.95 x 107 cm/sec
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MW-5
Static Water Level
Feet above MSL: 1435.58
Feet below TOC: 23.52

Depth of Well (ft): 39.50

Ho (ft): 4.12
Elapsed Time Water Depth s
(Mirntes) (Feet) (Feet? H/Ho
0.00 22.29 1.23 1.00
0.21 22.44 1.08 0.88
0.43 22.67 0.85 0.69
0.58 22.84 0.68 0.55
0.94 23.02 0.50 0.41
1.07 23.11 0.41 0.33
1.38 23.30 0.22 0.25
1.71 23.36 0.16 0.18
2.08 23.35 0.15 0.12
2.35 23.34 0.14 0.11

Head latio vs. Time
MW-5

3.0

Time t (minu es)

To = 1.00 min. = 60 sec.

K = 1.44 x 1073 cm/sec
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Location:

APPENDIX C

Geulph Permeameter Field Data and Calculations

Depth: 26 cm

North of site,

Height of water in well: 5 cm

near MW-3

Reservoir Water Rate of
Time Water Level Water Level
Time Interval Level Change Change
min) (min) (cm) {cm) (cm/min)
0 - 2.2 - -
10 10 2.2 0.0 0.00
20 10 2.2 0.0 0.00
25 5 2.5 0.7 0.14
30 5 2.5 0.0 0.00
40 10 3.0 0.5 0.05
50 10 3.2 0.2 0.02
60 10 3.6 0.4 0.04
70 10 4.3 0.7 0.07
75 5 4.6 0.3 0.06
80 5 4.9 0.3 0.06
85 5 5.2 0.3 0.06
Height of water in well: 10 cm
Reservoir Water Rate of
Time Water Level Water Level
Time Interval Level Change Change
(min) (min) (cm) (cm) (cm/min)
0 - 50.5 - -
2 2 50.9 0.4 0.2
4 2 51.3 0.4 0.2
6 2 51.7 0.4 0.2
8 2 52.1 0.4 0.2

0.06 cm/min =
0.2 cm/min =

0.001 cm/sec
0.0033 cm/sec
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K = [(Shape Factorz)(Reservoir Constant)(R,)] -
[ (Shape Factorl)(Reservoir Constant%(Rl)]

Inner Reservoir Constant = 2.19 cm2

Shape Factorl = 0.0054

Shape Factor; = 0.0041

K [(0.0041)(2.19)(0.0033)] - [(0.0054)(2.19)(0.001)]

1.81 x 107 cm/sec

Location: North of site, near MW-3
Depth: 51 cm

Height of water in well: 5 cm

Reservoir Water Rate of
Time Water Level Water Level
Time Interval Level Change Change
{min) (min) (cm) (cm) (cm/min)
0 - 0.8 - -
15 15 0.8 0.0 0.00
30 15 0.8 0.0 0.00
60 30 1.2 0.4 0.01
90 30 1.7 0.5 0.02
100 10 1.9 0.2 0.02
110 10 2.2 0.3 0.03
120 10 2.5 0.3 0.03
130 10 2.8 0.3 0.03

Height of water in well: 10 cm

Reservoir Water Rate of
Time Water Level Water Level

Time Interval Level Change Change
(min) {(min) {cm) {cm) (cm/min)
0 - 48.0 - -

2 2 48.3 0.3 0.15

4 2 48 .4 0.1 0.05

6 2 48.6 0.2 0.10

16 10 48.9 0.3 0.03

26 10 49,3 0.4 0.04

36 10 49.7 0.4 0.04
46 10 50.1 0.4 0.04
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Rl = 0,03 cm/min = 0.0005 cm/sec
R, = 0.04 cm/min = 0.00067 cm/sec
K = [(0.0041)(2.19)(0.00067)] - [(0.0054)(2.19)(0.0005)]

1.03 x 107" cm/sec

Location: North end of cover material.
Depth: 17 cm

Height of water in well: 5 cm

Reservoir Water Rate of
Time Water Level Water Level
Time Interval Level Change Change
{(min) (min) (cm) (cm) {cm/min)
0 - 1.5 - -
5 5 2.1 0.6 0.12
15 10 2.7 0.6 0.06
25 10 3.3 0.6 0.06
35 10 3.4 0.1 0.01
45 10 3.8 0.4 0.04
55 10 4.2 0.4 0.04
65 10 4.6 0.4 0.04
75 10 5.0 0.4 0.04

Height of water in well: 10 cm

Reservoir Water Rate of
Time Water Level Water Level

Time Interval Level Change Change
(min) (min) (cm) (cm) (cm/min)

0 - 55.7 - -

2 2 56.6 0.9 0.45

4 2 57.1 0.5 0.25

6 2 57.5 0.4 0.20

8 2 57.9 0.4 0.20

10 2 58.2 0.3 0.15

12 2 58.5 0.3 0.15

14 2 58.8 0.3 0.15

0.04 cm/min 0.00067 cm/sec

D
non

fhn

R2 0.15 cm/min 0.0025 cm/sec
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=
]

1.45 x 107 cm/sec

Location: North end of cover material.
Depth: 41 cm

Height of water in well: 5 cm

[(0.0041)(2.19)(0.0025)] - [(0.0054)(2.19)(0.00067)]

Reservoir Water Rate of
Time Water Level Water Level

Time Interval Level Change Change
(min) {min) {cm) {cm) {cm/min)

0 - 3.3 - -

2 2 4.8 1.5 0.75

4 2 6.3 1.5 0.75

6 2 7.8 1.5 0.75

8 2 9.3 1.5 0.75

10 2 10.8 1.5 0.75
Height of water in well: 10 cm

Reservoir Water Rate of
Time Water Level Water Level

Time Interval Level Change Change
(min) (min) (cm) {cm) (cm/min)
0 - 16.0 - -

1 1 18.2 2.2 2.2

2 1 19.8 1.6 1.6

3 1 21.6 1.8 1.8

4 1 23.4 1.8 1.8

5 1 25.2 1.8 1.8

6 1 27.0 1.8 1.8

7 1 28.8 1.8 1.8
Out - Reservoir Constant = 35.11 cm2
R1= 0.75 cm/min = 0.0125 cm/sec
R2= 1.80 cm/min = 0.03 cm/sec
K [(0.0041)(35.11)(0.03)] - [(0.0054)(35.11)(0.0125)]1]

1.59 x 10 cm/sec
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Location: South end of cover material.
Depth: 24 cm :

Height of water in well: 5 cm
Reservoir Water Rate of
Time Water Level Water Level
Time Interval Level Change Change
(min) (min) {cm) {cm) {cm/min)
0 - 1.2 - -
5 5 1.7 0.5 0.10
15 10 2.2 0.5 0.10
25 10 2.6 0.4 0.04
35 10 2.8 0.2 0.02
45 10 3.2 0.4 0.04
55 10 3.5 0.3 0.03
65 10 3.8 0.3 0.03
75 10 4.1 0.3 0.03
Height of water in well: 10 cm
Reservoir Water Rate of
Time Water Level Water Level
Time Interval Level Change Change
(min) (min) (cm) (cm) (cm/min)
0 - 51.4 - -
2 2 52.2 0.8 0.40
4 2 52.9 0.7 0.35
6 2 53.6 0.7 0.35
8 2 54.2 0.6 0.30
10 2 54,7 0.5 0.25
12 2 55.2 0.5 0.25
14 2 55.7 0.5 0.25
Iﬁ = 0.083 cm/min = 0.0005 cm/sec
RZ= 0.25 cm/min = 0.0042 cm/sec
K = [(0.0041)(2.19)(0.0042)] - [(0.0054)(2.19)(0.0005)]1]

[}

3.18 x 10'5 cm/sec
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