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1.0 INTRODUCTION

Groundwater at the Ash Landfill has been impacted by volatile organic compounds (VOCs),
predominantly trichloroethene (TCE) and the breakdown products, including 1,2-dichloroethene
(1,2-DCE) and vinyl chloride (VC). The plume, as it existed in 1994, is shown in Figure 1-1.

The presence of VOCs was first detected in 1979 during an initial installation assessment performed
by the Army Environmental Hygiene Agency (AEHA 1979). Since that time, the plume has been
delineated and monitored by Seneca Army Depot Activity (SEDA). Monitoring has been conducted
as part of a quarterly groundwater sampling program, initiated upon the detection of the plume, in
an effort to track the migration of the plume and protect potential off-site receptors. While there is
some varability in the data, the monitoring results suggest that the plume is stable with no
significant increase in the concentration of VOCs at the wells sampled during the period from 1989
to 1995. This data led to the formulation of the hypothesis that natural degradation subsurface
processes, may be responsible for stabilizing the plume. This modeling effort is intended to

evaluate this hypothesis.

The full extent of the plume was delineated as part of a remedial investigation (RI) at the Ash
Landfill [Parsons Engineering Science, Inc. (Parsons ES), 1994a]. As part of this program,
numerous monitoring wells were strategically located around the plume. This effort was successful
in delineating the plume in all directions. The path of travel of the plume is from the east to the
west. The westernmost tip of the plume is of interest as an increase in concentration in the wells
along this edge would indicate the plume is migrating. Due to the proximity of the plume front to
the depot boundary, several wells, including bedrock wells, were installed along this plume edge at
off-site locations. The data obtained from these off-site wells confirmed that the plume had not
migrated beyond the SEDA boundary. However, when the plume dimensions are mapped the plume
was depicted to exist slightly beyond the SEDA boundary due to extrapolation between the on-site
wells that have detectable amounts and the off-site wells that do not have detectable amounts of
volatile organics. Although the plume has not impacted any active source of drinking water, a
private drinking water well is present at a farmhouse residence located to the west (Figure 1-1).
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Using the historical groundwater monitoring data as the factual basis to understand the plume,
initial fate and transport modeling of the plume was performed using a one-dimensional analytical
model. The results of this effort suggested that the plume dimensions would remain constant. The
hydrogeological mechanisms and transport factors of the model, appeared to explain why the on-site
monitoring wells did not increase and the plume dimensions remained constant. The measurement
of breakdown products in the downgradient wells combined with the stability of the plume
suggested that natural degradation processes are responsible for stabilization of the plume. In other
words, the natural degradation mechanisms, such soil microbiological respiration, operating in the
groundwater/soil matrix were able to remove the dissolved volatile ogranics over the plume area at

a rate equal to the rate that volatile organics were being introduced to the groundwater system as a

result of leaching.

In the fall of 1994, the Army initiated a proactive, non-time critical removal action to eliminate the
source of the groundwater plume. This effort, completed in June of 1995, successfully
decontaminated the soil source area using Low Temperature Thermal Desorption (LTTD) at the
Ash Landfill and eliminated further leaching of volatile organics to the groundwater. As the
chlorinated organic compounds are more dense than water, source soil, including saturated soil, was
completely excavated from the land surface to the top of competent bedrock, treated and returned to
the excavation. In the process, several thousand gallons of groundwater from this area also were

extracted and treated from the till/weathered shale aquifer.

The soil removal action was implemented to eliminate the continued mass input to the groundwater
system with the intention that by eliminating the source of groundwater impacts, the natural
degradation system would continue to degrade the remaining plume, thereby eliminating the need to
implement an engineered remedial action. To provide greater confidence in the ability of the natural
mechanisms to degrade the plume at a sufficient rate, it was determined that more sophisticated
modeling techniques, such as numerical modeling, would be used to evaluate the effectiveness of
this alternative. If the results from this evaluation suggested that the natural degradation process
was capable of preventing expansion of the plume, eventually degrading the on-site concentrations
to acceptable conditions, then institutional controls in combination with continued groundwater

monitoring would be considered as the preferred remedial alternative.

For this study, numerical groundwater flow and transport models were selected as the preferred
approach to evaluate this alternative. Concurrently, geochemical data identifying the presence of
available electron acceptors and electron donors, was obtained to evaluate whether the site

PAGE 1-3
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conditions are favorable to support biodegradation. The presence of anaerobic dechlorination
daughter products at downgradient locations had provided an indication that such a process is
active. The United States Geological Survey (USGS) groundwater flow model (MODFLOW) and
a three dimensional transport model (MT3D) were selected as the tools to predict the future
migration of the plume relative to its current configuration. The transport model was also used to
simulate the anticipated beneficial effect on the future migration of the plume resulting from the
elimination of the VOC source material at the Ash Landfill.

1.1 PURPOSE

The purpose of this study is to predict the migration potential of a plume of VOCs and to evaluate
the added beneficial effect gained eliminating the source of VOCs. The results of the modeling
combined with the supporting field data and the historical groundwater monitoring data will provide
the basis for evaluating the potential for off-site groundwater impacts. Additionally, these results
will be used in the decision making process regarding the need for implementation of an engineered

groundwater recovery and treatment system.
1.2 PREVIOUS MODELING RESULTS

As part of the RI, a one-dimensional analytical model was used to evaluate the future migration of
dissolved materials (i.e., chlorinated organic compounds) in the groundwater. This initial modeling
effort was intended to evaluate the potential for, or if, the plume would reach downgradient off-site

locations.

The model, One Dimensional Analytical Solute Transport (ODAST), considers advection,
dispersion, decay, and adsorption in a porous media and utilizes an analytical solution, presented by
Van Genuchten and Alves (1982), for the one-dimensional groundwater transport of constituents
from the source and is described in Groundwater Transport: Handbook of Mathematical Models
(American Geophysical Union, 1984). This model is an analytical solution to the partial
differential equation describing solute transport in saturated porous media using simplifying
assumptions and appropriate boundary conditions. The model assumes an infinitely long
homogeneous, isotropic porous medium in a steady uniform flow. ODAST includes two function
type subroutines, one calculates the product of the exponmential, exp(A) and the other the
complementary error function, erfc(B). The modeling focused on both TCE and 1,2-DCE, which is
predominately the cis isomer. The ODAST model provided a reasonable, first-cut, analysis of
contaminant transport at the site during the RI. The discussion below is a summary of this

PAGE 14
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modeling effort. The details of the ODAST modeling are provided in the Ash Landfill RI report
(Parsons ES, 1994a).

The ODAST model calculates the contaminant mass ratio (C/C,) for any given point (x)
downstream from the source of contamination at any given time (t) as a function of average pore
water velocity (v), the dispersion coefficient (D), the retardation factor (R), the decay factor of the
solute (A), and the decay factor of the source (¢t). For the analysis performed in support of the RI,
the TCE source was assumed to be sufficiently large that annual dissolution rates remain constant;
therefore, o , the rate of source decay, was assumed to be zero. The ODAST one-dimensional

analytical solution used to model this system is:

—q (x,1) = v exp [—x(v - U)jl erfc Ii——Rx _ Ut]

C. v+ U 2D 2(DRt )}"?
v x(v + U) Rx + Ut
TTo o [ 2D }erfc [2(1)121 )’”}
v2 1% Rx + vt
" 2DR(G-a) O [5 - a)t} ot [Z(DRt )”2}

where:

U= [V + 4DR(A-a) ]

and the model mput parameters were defined as follows:

C = concentration at a distance, x, and a time, t (ug/L);
C, = concentration at source (ug/L);

v = pore water velocity (m/day);

D = coefficient of dispersion (m*/day);

R = Retardation factor (unitless);

A = decay factor of the solute (day™);

o = decay factor of the source (day'l);

PAGE 1-§
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x = distance from the source (m); and
t = time elapsed since the beginning of the operation (year).

The pore water velocity in the vicinity of the Ash Landfill was estimated to be 18.1 ft/yr or 0.05
ft/day (0.015 nmvday). The velocity calculation incorporated an effective porosity of 0.15, an
average hydraulic gradient of 0.021, and a hydraulic conductivity of 0.35 ft/day. A longitudinal
dispersivity value of 30 feet was used (Meiri et al., 1990) because the geologic conditions of the site
described in this article are similar to the conditions at the Ash Landfill. This value is consistent
with values used in other transport simulations (Anderson, 1979). The product of the dispersivity
(30 ft) and the groundwater velocity (18.1 ft/yr) is the coefficient of dispersion, 543 ft*/year (0.138
m°/day), which was used to this simulation. A retardation factor of 1.5 was used for TCE. This
value is consistent with the value used by Mein et al. (1990) and other literature values for the soil
type at SEDA. For 1,2-DCE a lower retardation factor of 1.21 was used (Looney et al., 1987).

Simulations of up to 200 years were performed to predict the contaminant concentration ratios.

Data from the RI suggested that two adjacent source arcas existed. These source areas were

centered around monitoring wells PT-18 and MW-44.

The TCE concentration at PT-18 was assumed to be the source concentration (C,) for TCE. PT-18
was chosen as the source because PT-18 was the highest concentration for one of the source areas
and was located within the area identified as the source area by soil gas and conformational soil
sampling during the RI. PT-18 was along the centerline of the groundwater plume. Historical
monitoring data has also shown that the concentration of TCE in PT-18 has remained relatively
constant suggesting a constant leaching term. This data was collected prior to the implementation
of he source removal effort that occurred between November, 1994 and June, 1995. The four wells
downgradient of the source that were part of the modeling array and used for calibration were PT-
12, PT-22, MW-29, and MW-56; these wells also occur along the same general groundwater flow
path, i.e. PT-12 is 200 fi. (61 m) directly downgradient from PT-18; PT-22 is 390 ft. (119 m) from
PT-18: MW-29 is 850 fi. (259 m) from PT-18; and MW-56 is 1,165 ft. (355 m) from PT-18. The
same flow path was used to calibrate the model for 1,2-DCE, however, for 1,2-DCE the
concentration at PT-12 | approximately 200 ft. from the TCE source area, was assumed to be the
1,2-DCE source concentration term, (C,). PT-12 was chosen to represent the source term for 1,2-
DCE because this well contained the highest concentration of 1,2-DCE of the wells chosen to

calibrate the model.
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The TCE model was calibrated by adjusting one variable, the decay factor of the solute (A), until
the output, the TCE concentration ratio (C/C,) matched the actual field well data. The decay factor
that produced the expected concentration was estimated at 0.00062 day”'. The final decay factors
used to calibrate the model for TCE were compared to literature data to determine if the decay
factors used in this model were similar to those found at other sites. Nelson et al. (1990) provided a
first-order decay rate for TCE of 0.0006 day’'. This rate was based upon the concentrations
measured prior to implementation of an in-situ groundwater treatment process. This data was
obtained and used by Nelson to compare the treatment effectiveness. This rate compares favorably

to the calibrated decay rate estimated using the ODAST model.

Following calibration, the ODAST model output was run for various times and distances and

compared to actual results for other wells along the flow path.

A similar procedure was used to calibrate the model for 1,2-DCE. The decay factor for 1,2-DCE
was determined to be 0.00069.

To evaluate a second plausible scenario, simulations were performed using the average
concentrations of TCE and 1,2-DCE in MW-44 as C,. With C, as the source concentration and

the known plume geometry, the centerline of the plume does not conform to a straight line,
providing additional uncertainty when comparing site data to model output. However, because this
source area (MW-44) contains the highest concentrations of TCE and 1,2-DCE on the site,

modeling of this scenario was warranted.

This modeling was performed using the concentrations of TCE and 1,2-DCE at MW-44 as the
source concentration terms (C,), while maintaining the same parameters and assumptions used for
the initial modeling scenario including degradation rates. However, new distances from the source
area (MW-44) for the same downgradient wells in the modeling array were obtained.

Results of the model runs for TCE and 1,2-DCE in MW-44 indicate that concentrations in the
downgradient wells are similar to the actual concentrations determined during the RI. For 1,2-
DCE, the results are also similar to actual concentrations, however, 1,2-DCE concentrations
predicted by the model are higher in wells closer to the source area (MW-44) and are lower in the
further downgradient wells; the shift occurs between wells PT-22 and MW-29.

Thus, the results of modeling two contaminant transport scenarios suggested that natural
degradation may be a significant factor that would limit the transport of the TCE/1,2-DCE plume.
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In addition, the model output suggested that the plume may have reached a steady-state condition

where the dimensions of the plume would remain constant.

The ODAST one-dimensional analytical model was able to provide insight into the suspected
behavior of the plume, however, it is a relatively simplistic model with limitations. It was
determined that the more sophisticated numerical flow and transport models, MODFLOW and
MT3D, would be used for this study to more accurately represent the flow and transport systems at
the Ash Landfill and the surrounding area.

1.3 HISTORICAL VOC CONCENTRATIONS IN GROUNDWATER

Historical VOC concentrations in groundwater were evaluated and summarized to identify any
trends in the data. Historical trends for only TCE was plotted because the data for 1,2-DCE was not
complete. Early in the monitoring program only the trans-isomer of DCE was monitored. Without
the cis-isomer the total volatile organic concentration at selected points cannot be ascertained.

Vinyl chloride was not plotted because it was detected in only a few instances and in a limited

number of wells.

Historical groundwater data are available from a number of monitoring wells at the Ash Landfill
(PT-12, PT-17, PT-18, PT-20, PT-22, PT-23, PT-24, MW-28, and MW-29) and are shown on
Table 1-1. Most of this data was collected as part of a quarterly monitoring program at the Ash
Landfill that was implemented in 1989. Table 1-1 presents the historical information for the
compounds TCE, cis- and trans-1,2-DCE and vinyl chloride.

Historical trends for TCE are presented as bar diagrams for the available years (Figure 1-2). For
most of the wells, TCE concentrations appear to remain stable over time. The monitoring wells near
the “toe” of the plume, PT-24, and PT-28, appear to have had the least fluctuation in
concentrations. For example, the concentration of TCE in monitoring well MW-28 ranged between
21 ug/L and 39 ug/L over a five year monitoring period between January, 1990 and June, 1995.
The concentrations in PT-24 ranged between 2 ug/L and 9 ug/L over this same time period.

Some fluctuation in concentration is noticeable in monitoring wells near the source area, i.e. MW-
12 and PT-18. For example, the concentration of TCE in monitoring well PT-18 ranged from
2,500 ug/L to 23,000 ug/L over a five year monitoring period between January, 1990 and June,
1995. The concentrations of TCE observed in PT-12 ranged from 3,100 ug/L to 58 ug/L over this

same time period.
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Variability in concentration near the former source area could be a function of mixing with
percolating rainfall. Some degree of variability in concentration appears to be related to water table
elevation. While the trend in not always consistent, in general, water levels in PT-18 and PT-12
decrease in the late summer and fall and are generally the highest in the spring. Figure 3-8, located
in Section 3, provides a graphical depiction of the seasonal fluctuations of the water table in these
wells. During the wet period of the year, interactions with clean infiltrating rainwater and TCE
source soil would tend to be the greatest. Figure 1-3 provides a graphical relationship between the
saturated thickness and the concentration at selected wells. Following this interaction a portion of
the TCE sorbed to the source soil would be removed due to dissolution. This newly dissolved
material would then migrate downgradient at the retarded groundwater velocity, estimated to be
approximately 40 fi/yr. At this rate, the travel time to reach PT-12, approximately 175 feet west of
the source area would be approximately 4.4 years. During this time period, new, clean, infiltrating
rainfall would percolate through the soil causing a layer of clean water, i.e. newly infiltrated
precipitation to form over the impacted groundwater. When sampled, this water is mixed, within
the well, causing a reduction in concentration. This effect would not be as significant if the well is
sampled during the period of the year when the water levels are low and this layer of clean
infiltrated water is smaller.

‘While this effect could account for some observed varations in several wells throughout the
historical monitoring period, it cannot account for the notable changes in the concentration and the
ratio of TCE to DCE between wells. This change in the ratio of TCE to DCE is highlighted by
comparing the concentration ratio of TCE to DCE in PT-18, a well near the former source area, and
PT-24, a well near the toe of the plume. At PT-18, the ratio of TCE to DCE ranged from
approximately 42 to 1 to 20 to 1, depending on the measured concentration used to establish the
ratio. This ratio changes at PT-24, where the ratio of TCE to DCE 15 0.07 to | and 0.05to 1. The
actual concentration of TCE in PT-18 ranged from 2,500 ug/L to 23,000 ug/L, whereas the
concentration of TCE in PT-24 ranged from 2.0 ug/L to 9.0 ug/L, a decrease of approximately 3 to
4 orders of magnitude. Further, the actual concentration of DCE at PT-18 ranged from
approximately 44 ug/L to 550 ug/L, whereas the concentration of DCE at PT-24 ranged from 59
ug/L to 100 ug/L, a decrease of approximately one order of magnitude. The change in the rations
of TCE to DCE from the source area to the toe of the plume is strong evidence that degradation of
the initial material is occurring in the aquifer as the plume migrates along the travel path. The
mechanisms of this degradation is considered to occur mainly from biological activity, although
abiotic reactions such as hydrolysis, cannot be completely ruled out. However, it is generally
recognized that hydrolysis is a slower process compared to biological degradation. By far, the
predominant mechanism that has been shown to produce the degradation products measured at the
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site is anaerobic reductive dechlorination. This biochemical process mnvolves the sequential removal
of a chloride atom from TCE and a subsequent transfer of electrons. The transfer of electrons is
utilized by endogenous soil microbes use a source of energy to sustain continued growth. When
conditions are favorable, the halogenated organic compounds act as electron acceptors, becoming
reduced in the process. Natural ogranic carbon is utilized by the microbes to complete the electron
transfer and this material is use to donate electrons, becoming oxidized in the process. This
process is analogous to the normal biological functions we perform by breathing air, electron
acceptors, and ingesting food, electron donors. The soil microbes perform similar functions but

utilize alternative electron acceptors and electron donors.

Sampling performed as part of the FS, identified the presence of an abundant supply of dissolved
organic carbon in the aquifer, ranging in concentration from 1,000 to 2,000 ug/L in every well
sampled. This material is a sufficient source of electron donor material for the soil microbes to
utilize, whereas the chlorinated organic material and other compounds such as the abundant supply
of sulfate measured in many monitoring wells will act a viable source of electron acceptors to
complete the electron transfer. When combined with the existing historical data, that documents the
occurrence of breakdown products, the presence of these electron donors and acceptors provides
ample evidence to suggest that natural biological degradation processes are occurring. The
remaining effort is focused upon determining whether the rate of degradation is sufficient to limit

the continued migration of the plume.

In summary, on the basis of the historical data, no wells show a consistent increase in VOC
concentration over time, which would be indicative of continued movement and expansion of the
VOC plume. Rather, most of the data from the wells indicate that the concentrations are remaining

the same over the 6 to 9 years of monitoring that has been performed.

1.4 TECHNICAL APPROACH TO GROUNDWATER FLOW AND
TRANSPORT MODELING

The technical approach used to accomplish the goals of the study included the use of MODFLOW,

a three-dimensional groundwater flow model and MT3D a three-dimensional transport model.
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The modeling objectives are as follows:

e To use existing geologic and hydrogeologic data gathered for the Rl at the Ash Landfill to
develop a conceptual model for the groundwater flow system.
e To design a groundwater flow model that simulates steady-state flow at the Ash Landfill

e To perform contaminant transport modeling under three scenarios:

Scenario 1: Simulate the migration of the plume from time t = 0, the time of the initial release,
to the present day.

Scenario 2: Simulate the future migration of the existing VOC plume.

Scenario 3: Simulate the beneficial effect that the source removal effort has had on the future
migration of the VOC plume.

Geologic and hydrogeologic data for the site was assembled from previous studies performed at the
site. These data were used to define hydrostratigraphic units and to define the flow system for the
site. The conceptual model was developed from the geologic setting, hydrogeologic parameters, and
the three-dimensional flow system. A water balance was prepared to determine the infiltration and
evapotranspiration rates for the site. The competent shale was represented as equivalent porous
medium (EPM) for the model because the degree of secondary porosity (i.e., cracks, microcracks
and fracturing) in the shale is believed to form a continuous network of flow. A preliminary water
budget was prepared to help define the vertical extent of the flow system to be modeled in the
competent shale.

A profile groundwater flow model was initially prepared to provide a cursory check to ensure that
the conceptual model and initial parameters values were reasonably accurate. Once the profile
model was calibrated to the observed heads along the section, a three dimensional areal model was
prepared and calibrated. Once calibrated to the current site conditions, sensitivity analyses of the

flow model was performed.

Following calibration of the flow model, the next step was to combine the flow model with the
transport model. The transport model is used to model the migration of the dissolved organic
chemicals of concern. Transport parameter values were assembled from literature and derived from
chemical data collected at the site. The transport model was performed using transport parameter
values and flow data from the calibrated three-dimensional flow model. The transport model was

calibrated and a sensitivity analyses was performed based on the estimated time of the release of
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volatile organics to the groundwater (Scenario 1). Once calibrated, so that the model output
depicted the measured plume, the transport model was used to evaluate the conditions that would
have occurred if the removal of the TCE source area had not been performed (Scenario 2) The
model was then used to evaluate the beneficial effect that the removal of the source area (Scenario

3) has on the future migration of the plume.

The groundwater flow and transport models and pre-and post-processing software used for this
modeling study are as follows. MODFLOW/EM (Version 3.1), the United States Geological
Survey (USGS) three-dimenstonal finite-difference groundwater flow model, was used to simulate
steady-state groundwater flow conditions at the Ash Landfill site and surrounding area. The pre-
processor MFIVEM was used in conjunction with a spreadsheet program to develop the data files
necessary to run MODFLOW. Post-processing of MODFLOW results was performed using
MODPATH/MODPATH-PLOT (Version 3) and HEDSRFEM. MODPATH/MODPATH-PLOT
were used for the pathline analysis in the flow model. HEDSRFEM was used to convert
unformatted head files to xyz data files for use in Geosoft, a mapping and processing program.

The transport model, Modular Three-Dimensional Transport Model (MT3D) (Version 1.85), a
three dimensional transport model for simulation of the affects of advection, dispersion, and
chemical reactions of contaminants in groundwater systems, was used to simulate the movement of
the VOC plume. Post processing program, POSTMT3D, was used to generate plot data files from
the unformatted concentration files and the model grid configuration files both of which are saved
by MT3D. Geosoft was also used to process the plot data files generated by POSTMT3D.
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2.0 DESCRIPTION OF THE ASH LANDFILL AND SURROUNDING AREAS
2.1 ASH LANDFILL

The Ash Landfill site is located in the southwestern section of SEDA. It encompasses
approximately 130-acres and is composed mostly of undeveloped land with a few man-made
features or structures related to past site activities. The site is bounded on the north by Cemetery
Road, on the east by the Seneca Army Depot Railroad line, on the south by open grassland and
brush, and on the west by the boundary of the depot (Figure 1-1). Undeveloped areas are present
mostly in the northern and extreme southwestern portions of the site. The area to the north of the
ash landfill and debris piles consists mostly of low grasses with areas of dense brush and a few
trees. South of West Smith Farm Road dense brush with some small open grassy areas dominate

(Figure 1-1).

From 1941 to 1974, uncontaminated trash was burned in a series of pits near the incinerator
building, Between 1974 and 1979 rubbish and garbage were burned in the incinerator. Ashes from
the incinerator were temporarily stored in an unlined cooling pond that is located immediately north
of the incinerator building (Figure 1-1). When the pond filled, the ashes were buried in the adjacent
Ash Landfill. Large items that could not be burned were disposed of in the Non-Combustible Fill
Landfill.

Major features on the site are the abandoned incinerator building, a cooling pond, the Ash Landfill,
and the Non-Combustible Fill Landfill (Figure 1-1). The abandoned and somewhat dilapidated
incinerator building is situated on a small artificially constructed mound and is accessed via a paved
driveway off of West Smith Farm Road. An approximately 70-foot diameter abandoned cooling
pond is located 10 feet from the northeastern comer of the incinerator building. The Ash Landfill is
located slightly north of this point. The approximately 500 x 300 foot kidney-shaped Ash Landfill
is defined by a 3 to 4 foot rise in topography (Figure 1-1). It is mostly vegetated with low grass,
however, there are areas void of any vegetative cover near the bend in the road. The Non-
Combustible Fill Landfill is located across West Smith Farm Road from the incinerator. This
roughly rectangular, wedge-shaped fill area thickens to the west where it reaches a maximum total
relief of approximately 14 feet.

PAGE 2-1
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2.2 SURROUNDING AREAS

This modeling study incorporated significant areas of land beyond the borders of the Ash Landfill.
Immediately west of the Ash Landfill is farmland as well as undeveloped land that extends to Route
96A (Figure 2-1). Beyond Route 96A lies Sampson State Park and Seneca Lake. The SEDA
airstrip is approximately 3,000 feet southwest of the Ash Landfill. Kendaia Creek is located
approximately 3,800 feet north of the Ash Landfill and flows west toward Seneca Lake. East of the
Ash Landfill are rows of Quonset huts, used for storage, that are in otherwise undeveloped land.
Beyond this area is developed land near Route 96 at the border of the depot. Beyond this, east of
Route 96, lies farmland. In addition to the Ash Landfill, six other sites at SEDA provided
important hydrogeological information that was utilized to supplement the information collected at
the Ash Landfill for the modeling study (Figure 2-1). These are: SEAD-64D, which is immediately
adjacent to the Ash Landfill, SEAD-16, -17, -25, -26, -50, and 64A, all located near Route 96
(Figure 2-1).
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3.0 HYDROGEOLOGIC SETTING

The hydrogeologic setting described in this section is based on information contained in the Ash
Landfill RI (Parsons ES, 1994a) and in the Expanded Site Inspection (ESI) reports including: the
Seven Low Priority Areas of Concern (AOC)s, the Eight Moderately Low Priority AOCs and the
Seven High Priority AOCs (Parsons ES, 1995a, 1995b, 1995¢c). The description below summarizes
only the pertinent information, used to support this modeling study, that was obtained from these

reports.
3.1 TOPOGRAPHY

The SEDA facility lies on the western side of a series of north- to south-trending rock terraces that
separate Cayuga Lake on the east from Seneca Lake on the west. The rock terraces range in
elevation from 490 feet above mean sea level (MSL) in northern Seneca County to as much as
1,600 feet above MSL at the southern end of the lakes. Elevations within the SEDA facility range
from approximately 450 feet above MSL on the western boundary to approximately 760 feet above
MSL in the southeast corner. The Depot's land surface generally slopes to the west and north.

The Ash Landfill site is located on gently sloping terrain along the western boundary of SEDA,
immediately west of the munitions storage area. The majority of the site slopes to the west-
southwest and is vegetated with grasses and occasional brush thickets. Elevations range from
approximately 680 feet above MSL near the intersection of the, on-depot, railroad tracks and West
Smith Farm Road to 630 to 635 feet along the fenced boundary line (Figure 1-1).

3.2 CLIMATE

The nearest source of climatological data is the Aurora Research Farm in Aurora, New York which
is approximately ten miles east of SEDA on the eastern side of Cayuga Lake. This research farm is
administered by the Northeast Regional Climate Center located at Comnell University in Ithaca, New
York. Only precipitation and temperature measurements are available at this location.

A cool climate exists at SEDA with average temperatures ranging from 23°F in January to 69°F in
July. Marked temperature differences are found between daytime highs and nighttime lows during
the summer and portions of spring and autumn. Precipitation is unusually well-distributed,
averaging approximately 3 inches per month. Daily precipitation data measured at the Aurora
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Research Farm in Aurora, New York for the period (1958-1991) were obtained from the Northeast
Regional Climate Center (Figure 3-1). The average monthly precipitation during this 35-year
period of record is summarized in Figure 3-1. The maximum 24-hour precipitation measured at this
station during this period was 3.9 inches on September 26, 1975.

The precipitation in this area is derived principally from cyclonic storms that pass from the interior
of the country through the St. Lawrence Valley. Lakes Seneca, Cayuga, and Ontario provide a
significant amount of the winter precipitation and moderate the local climate. The annual average
snowfall is approximately 100 inches. Wind velocities are moderate, but during the winter months,
there are numerous days with sufficient winds to cause blowing and drifting snow. The most
frequently occurring wind directions are westerly and west-southwesterly.

Values of 35 inches mean annual pan evaporation and 28 inches for annual lake evaporation are
cited for this region in the Climate Atlas of United States (U.S. Dept. of Commerce, 1983). An
independent value of 27 inches for mean annual evaporation from open water surfaces was
estimated from an isoplethed figure in "Water Atlas of the United States" (Water Information
Center, 1973).

3.3 SURFACE WATER

Regionally, surface water flow at SEDA is controlled by the network of small drainage ditches that
parallel the access roads on the Depot. These ditches are believed to receive overland flow during
heavy rain events and meltwater during the late winter and spring months. However, they are dry
for most of the year, based on observations made during the investigations at SEDA. West of
SEDA there are no such controls on surface water flow.

Intermittent stream drainage patterns and topography shown on United States Geological Survey
(USGS) 7 1/2 minute topographic maps of the Ovid and Dresden quadrangles indicate that surface
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water flows generally to the west on the Depot. However, east of Route 96 flow is to the east,
suggesting that there is a regional surface water divide located near Route 96. This divide is not
near the Ash Landfill and does not affect he surface water flow patterns of the site.

All of the surface water at the Ash Landfill is suspected to drain into several small wetland areas
on-site (Figure 1-1). Based on topographic expression, several of these wetland areas (W-B, W-D,
W-E, and W-F) drain primarily into two small, but well developed, drainage swales south of the
Ash Landfill and incinerator building (Figure 1-1). Farther north, less well developed swales drain
areas in an near wetlands W-B and W-E. These ditches direct surface water flow westward into a
drainage ditch along West Patrol Road. Surface water, when present, drains to the north on both
sides of West Patrol Road. Wetland W-F also drains west along West Smith Farm Road to the
ditch along West Patrol Road. Drainage along West Patrol Road (between West Smith Farm Road
and Cemetery Road) is to the northwest, based on topography. Drainage on both sides of West
Smith Farm Road and Cemetery Road is to the west. North and east of the Ash Landfill site is
Kendaia Creek which drains upland areas east of the Ash Landfill site. Kendaia Creek passes
approximately 3,800 feet north of the Ash Landfill and eventually drains into Seneca Lake.

Precipitation data indicates that, historically, June has the greatest amount of rainfall, 3.9 inches,
and the winter months (January and February) generally have had the least amount of rainfall
(Figure 3-1).

Suspected spring locations within a one mile radius of the Ash Landfill were examined in the field
as part of the Ash Landfill RI. Field observations made at potential seeps within wetlands in
proximity to and downgradient of the Ash Landfill site found no evidence of springs within these
wetlands. It appeared that low spots with poorly drained soils enabled surface run-off to collect and
form hydric conditions that are conducive to wetland formation. No evidence of springs was
observed within a one-mile radius of the Ash Landfill during the RI field work.

34 SITE GEOLOGY
3.4.1 Introduction

The site geology is characterized by a mantle of Pleistocene till overlying gray Devonian shale. At
the top of the shale unit is a thin weathered zone where it contacts the overlying mantle of
Pleistocene till. This stratigraphy is consistent over the entire Ash Landfill site and the six other
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nearby sites that have been investigated (SEAD-16, -17, -25, -26, -50, and -64D) at SEDA. The
information obtained from these site investigations suggests that the geology at throughout the
facility is consistent and is applicable to areas outside the immediate vicinity of the Ash Landfill

(i.e., the modeled area).
3.4.2 Till/Weathered Shale '

The predominant surficial geologic unit present at the site is dense glacial till. The till is distributed
across the entire region and ranges from in thickness from less than 4 to approximately 18 feet
although it is generally only 6 to 8 feet thick. The till generally consists of brown to gray-brown
silt, clay and fine sand with few fine to coarse gravel-sized inclusions of weathered shale. Larger
diameter weathered shale clasts (as large as 6 inches in diameter) are more prevalent in basal
portions of the till and are probably ripped-up clasts removed from the shale by the once active
glacier. The general Unified Soil Classification System description of the till on-site is as follows:

Clay-silt, brown, slightly plastic, small percentage of fine to medium sand, small percentage of fine
to coarse gravel-sized gray shale clasts, dense and mostly dry in place, till, (ML). Grain size
analyses performed by Metcalf & Eddy (1989) on glacial till samples collected during the
installation of monitoring wells on another portion of SEDA show a wide distribution of sediments
sizes, charateristic of unsorted glacial till. These tills have a high percentage of silt and clay with
trace amounts of fine gravel. The porosities of five gray-brown silty clay (i.e., till) samples ranged
from 34.0 percent to 44.2 percent with an average of 37.3 percent (USAEHA, 1984). No
fracturing or other evidence of physical disturbance were observed in the till.

At the Ash Landfill site and surrounding area, Darian silt-loam soils, 0 to 18 inches thick, are
developed over the till on-site, however, in some locations, till is exposed at the surface. The
surficial soils are somewhat poorly drained and have a silt clay loam and clay subsoil.

The zone of gray weathered shale has a variable thickness and was encountered below the till in
almost all locations drilled at SEDA. The thickness of the weathered shale varies at the Depot,
however, it is generally only 2 to 4 feet thick. Differential weathering through geologic time is
likely responsible for the variable thicknesses.

3.4.3 Competent Shale
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The bedrock underlying the Ash Landfill and the surrounding region is composed of the Ludlowville
Formation of the Devonian age Hamilton Group. The Ludlowville Formation is a gray-black,
calcareous shale that is fissile and exhibits parting (or separation) along bedding planes; it is
approximately 140 feet thick in Seneca County (Mozola, 1951). Three predominant joint directions,
N60°E, N30°W, and N20°E are present within this unit (Mozola, 1951). These joints are primarily
vertical. Merin (1992) also cites three prominent vertical joint directions of northeast, north-
northwest, and east-northeast in outcrops of the Genesse Formation 30 miles southeast of the Ash
Landfill site near Ithaca, New York.

Data from boring logs indicates that the surface of the competent shale slopes consistently to the
west. The bedrock topographic gradient (as well as the land surface topography) is steeper in the
eastern portion of the Ash Landfill site than in the southwestern portion of the site. Available data
suggests that the competent shale surface flattens out under a cultivated field west of the Conrail

railroad tracks.

The characteristics of the competent shale were observed in a total of 236 feet of core collected
during packer testing and monitoring well installation performed at the Ash Landfill. Major
characteristics of the bedrock cores include bedding-plane fractures, breccia zones, tectonic joints,
fossil beds, and minor deposits of iron sulfides. Bedding-plane fractures were present throughout
the competent shale although they were more well developed and more closely spaced near the top
of the competent shale, where their spacing was approximately 0.5 inches. Bedding-plane fractures
also tended to be filled with silt and clay near the top of the shale. Well-defined bedding-plane
fractures were also noted by Merin (1992) in cores from well cemented, gray, thin-bedded siltstones
of the Genessee Formation near Ithaca, New York. Generally, the fracture frequency decreased
with depth as evidenced by the increase in Rock Quality Designations (RQDs). RQDs are the total
length of recovered core sections over 4 inches in length expressed as a percentage of the interval
cored. RQDs are a geological term used to determine the integrity of the bedrock. High RQDs
indicate competant, unfractured bedrock. Such rock would not be expected to yield significant
amounts of water as the pathways for water to travel, i.e. the fractures, are limited. The core
recoveries are influenced by the number of bedding-plane fractures and tectonic fractures in the
shale. Merin (1992) also noted that bedding-plane fracture frequency decreased with depth in
Devontan siltstones near Ithaca, New York.

Breccia zones are present in several of the cores at varying depths. Breccia is a geoloical term that
refers to fragmental rock whose components are angular. Breccia rock are not considered to be

PAGE 3-6
June, 1996 KASENECA\GROUND.MOD\SECTION.3



SENECA ARMY DEPOT ACTIVITY ASH LANDFILL FINAL GROUNDWATER MODELING REPORT

affected by erosion due to interactions with water. These zones range from 3 to 12 inches thick and
are composed of angular shale fragments in a fine silt and clay matrix. The upper and low contacts
of these zones are generally sharp. The breccia is believed to have been formed during small
tectonic movements along preexisting bedding plane fractures. No breccia zones were observed
along any other type of fracture (e.g., vertical fracture or low angle fracture) except for bedding
plane fractures. Brecciated zones were identified in cores for monitoring wells MW-49D (4-inch-
thick zone at 24 feet), MW-50D (12-inch-thick zone at 41 feet), MW-52D (3-inch-thick zone at 40
feet), MW-54D (8-inch-thick zone at 30 feet), MW-55D (3-inch-thick zone at 50 feet), and MW-
55D (3-inch-thick zone at 20 feet).

Joints were very common in the competent shale. They were observed in most cores at a variety of
angles (between 5° and 90°) although most tended to be between 30° and 60°. Below the top of the
competent shale fractures were less than a millimeter thick. They were generally free of silt or clay
except in the upper few feet of the shale where they were filled with silt and clay. In some
instances, the fractures were filled with a secondary calcium carbonate mineral. The spacing
between the joints was usually 4-5 inches in the upper 20 feet of the competent shale; joints
spacings below 20 feet were variable but were generally greater than 4-5 inches. The orientation of
the joints in space could not be determined because the drilling program did not require the

collection of oriented cores.

Thin fossil beds were present at many locations in the shale. The beds ranged in thickness from less
than 1 inch to 3 inches. Occasionally only a single fossil was seen in the shale and not associated
with an accumulation bed. The fossil beds provide planes of weakness in the shale and were almost

always associated with bedding plane fractures.

Iron sulfides were present throughout the cores; however, they were more abundant below 80 feet.
Evidence for this is available only from the core for MW-52. This corehole penetrated to 100 feet
below the land surface.

3.4.4 Site Stratigraphy

A geologic cross-section was constructed for the Ash Landfill site. The location of the section is
shown in Figure 3-2. The east-west cross-section A-A’ shows the consistent till, weathered shale,
competent shale stratigraphy beneath the site based on data from borings and monitoring wells
(Figure 3-3). The Ash Landfill, which is up to 4 feet thick, is also shown on the section A-A”. The
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section was drawn to provide a somewhat detailed view of the subsurface stratigraphy by
intersecting as many data points (i.e., soil borings or monitoring wells) as possible while
maintaining a uniform direction for the cross-section. The scale of the sections did not permit

identification of a soil horizon.

3.5 HYDROGEOLOGIC SETTING
3.5.1 Introduction

The hydrogeologic properties of the till/weathered shale and competent shale aquifers were derived
from investigations performed at the Ash Landfill. Specifically, this section addresses topics such
as groundwater flow directions, hydraulic conductivities, groundwater velocity, vertical gradients,
and vertical connection tests between the shallow and deep aquifers. This information was used as
the basis for the conceptual model that describes the expected aquifer characteristics and behavior.
The conceptual model is presented at the end of the section.

3.5.2 Groundwater Flow Directions

A groundwater contour map was constructed for the Ash Landfill and SEAD-64D, an adjacent site,
using depth to groundwater measurements in the till/weathered shale aquifer. The groundwater
contour map was constructed on the basis of depth to water measurements made on June 14, 1993
(Figure 3-4). The flow direction determined during this effort is consistent with the data obtained
from the several quarterly groundwater monitoring events performed at the site. The map indicates
that the general direction of groundwater flow in the shallow aquifer was to the west toward Seneca
Lake, generally following the surface topography. The aquifer surface elevations were
approximately 655 feet above MSL in the eastern portion of the site and 630 feet above MSL in the
western portion of the site. Generally, groundwater flow contours indicate that there is a consistent
gradient over the entire area. The groundwater gradient between wells PT-18 and PT-17 was
calculated to be 0.021. The site-wide hydraulic gradient (between wells MW-40 and MW-56) was
calculated to be 0.020 fi/ft.

Groundwater topography maps were prepared for high, medium and low water table conditions to
determine if the direction of the groundwater flow and/or the hydrolic gradient were different
(Figures 3-5, 3-6 and 3-7). Analysis of these maps indicates that the groundwater flow directions
and horizontal gradients are approximately the same. The flow direction is to the west-southwest
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SENECA ARMY DEPOT ACTIVITY ASH LANDFILL FINAL GROUNDWATER MODELING REPORT

and the horizontal gradient between wells PT-18 and PT-17 is 0.02 ft/ft for all three aquifer

conditions.

The groundwater flow direction in the competent shale aquifer at the Ash Landfill is to the west-
southwest, based on data collected from the 5 deep bedrock wells. The gradient between the
bedrock wells PT-10 and MW-35D was calculated to be 0.025.

The physical characteristics of the competent shale aquifer that affect the flow of groundwater were
investigated by reviewing a report prepared by Mozola (1951) and reviewing the core data collected
during the monitoring well installation. Mozola (1951) described two distinct sets of joints in the
area. The main set, termed dip joints, appear to be in the form of two conjugate shear planes that
intersect to form acute angles ranging from 10° to 30°. The mean direction of the dip joints ranges
from North 15° to 30° East to North 30° to 45° West. Strike joints at right angles to the dip joints
trend from North 50° East to North 70° East and are spaced from 1 inch to 4 feet apart. The dip of
the joint planes ranges from 46° to nearly vertical; dip directions range as noted above. In addition,
Mozola (1951) found that, most of the joints in the beds of the shale are filled with clay or fine silt
which may inhibit groundwater flow.

The flow of groundwater in the competent shale is believed to be influenced primarily by the joints
and bedding plane fractures that were observed in the bedrock core samples collected during the RI.
No other flow pathways were observed in the core samples. This view was suggested by Mozola
(1951) for rocks of the Hamilton Group and more recently by Merin (1992) for Devonian siltstones
near Ithaca, New York. Brecciated zones in the shale may have once transported significantly
greater amounts of water than the unbrecciated shale, however, today they are not believed to be
major transport pathways because they are filled with a fine silt and clay matrix. In Merin's (1992)
conceptual model of groundwater flow in a siltstone aquifer near Ithaca, New York, flow is through
a network of horizontal and vertical bedding plane fractures and joints that exists in the subsurface.
Limited amounts of groundwater is expected to migrate through vertical and horizontal planes of
secondary porosity (i.e., fractures), each of which is a fraction of a millimeter thick and extends
several inches to tens of feet in length. Based on the physical characteristics of the competent shale
observed in this investigation, this model is believed to apply to the shale at the Ash Landfill site.
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353 Hydraulic Conductivities

Horizontal hydraulic conductivities were determined for 22 wells at the Ash Landfill site, 8 of
which are screened in the till/weathered shale and 14 are screened in the competent shale.
Hydraulic conductivities of these wells ranged from 1.8 x 10” to 1.9 x 10”7 cm/sec with one
anomalous value of 5.8 x 10" cm/sec. Hydraulic conductivity values for the shallow till/weathered
shale aquifer ranged from 3.9 x 10° cm/sec to 1.8 x 10* cm/sec. Hydraulic conductivity values for
the competent shale aquifer (as determined by slug testing) ranged from 1.9 x 107 t0 1.2 x 10*
cm/sec. In most instances the conductivity values for the till/weathered shale aquifer are greater
than for the competent shale aquifer. Within the competent shale aquifer, conductivity values
generally decrease with depth, a phenomenon which can be attributed to an increase in mechanical
stresses causing fractures to close (deMarsily, 1986). Merin (1992) noted a similar trend in
fractured Devonian siltstones near Ithaca, New York and attributed it to the fact that shallower
wells intercepted more highly fractured rock than the deeper wells did.

354 Groundwater Velocity

The average linear darcy velocity of groundwater in the till/weathered shale was calculated using
the following parameters: 1) an average hydraulic conductivity of 4.5 x 10* cm/sec (1.28 ft/day),
2) an estimated effective porosity of 15% (0.15) to 20% (0.20), and 3) a groundwater gradient of
1.95 x 10 fi/ft (Parsons ES, 1994a). The average linear velocity was calculated to 0.166 ft/day or
60.7 feet/year at 15% effective porosity and 0.125 fi/day or 45.5 fi/yr at 20% effective porosity.
The actual velocity on-site may be locally influenced by more permeable zones possibly associated
with differences in the actual porosity of the till/weathered shale.

The average linear darcy velocity of groundwater in the competent shale was calculated using the
following parameters : 1) an average hydraulic conductivity of 3.73 x 10 cm/sec (0.106 fi/day), 2)
an estimated effective porosity of 6.75% (0.0675), and 3) a groundwater gradient of 2.5 x 107 fi/ft.
An average linear velocity of 3.9 x 107 ft/day or 14.3 ft/yr was calculated for the shale.

3.5.5 Vertical Hydraulic Heads and Gradients

The potential for vertical flow from the till to the shale bedrock was investigated by measuring the
piezometeric head in the overburden wells and adjacent bedrock wells and calculating the vertical
gradients in two paired wells. The potenital for vertical flow would be indicated by the magnitude
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of the head differences over the vertical distance that the measurements were made. Negative
values is an indication that the direction of vertical flow would be downward, into the shale
bedrock. Vertical hydraulic head profiles for the two well pairs (PT-16/MW-38D and MW-
36/MW-35D) and four well clusters (MW-46/MW-49D/MW-50D, MW-47/MW-51D/MW-52D,
MW-53/MW-54D/MW-55D, and MW-56/MW-57D/MW-58D) were determined (Parsons ES,
1994a). These data do not suggest any significant vertical groundwater moverment. Some of the
vertical hydraulic head profiles at the Ash Landfill site indicate slight downward flow, whereas
other areas of the site show slight upward flow. There is no consistent distribution of head over the
site suggesting there are no clear trends in upward or downward flow. Each well pair/cluster

location tends to have individual flow characteristics.

3.5.6 Vertical Connection Between Till/Weathered Shale and Competent Shale
Aquifers

Vertical connection tests were performed to observe the influence that would occur by removing
water from one well and measuring the change in piezometeric head in a paired well. These tests
were performed to determine the degree of connection between the till/weathered shale and
competent shale aquifers. Specifically, the tests were performed to determine whether the
connection between the till/weathered shale and competent shale were small enough that the
competent bedrock could be considered as a lower impermeable boundary for the shallow
groundwater flow systems at the Ash Landfill. Such an impermeable boundary would prove to be
an important limitation on the possible spread of volatiles and other constituents.

Vertical connection test data are available for two paired wells (PT-16 and MW-38D, MW-36 and
MW-35D), and four well clusters [(MW-46, MW-49D, and MW-50D), (MW-47, MW-51D, and
MW-52D), (MW-53, MW-54D, and MW-55D), and (MW-56, MW-57D, and MW-58D)]
(Parsons ES, 1994a). In all of the vertical connection tests at the well clusters, the degree of
displacement in the till/weathered shale wells (up to 0.3 feet) was greater during purging of the
shallow shale wells than the deep shale wells. These greater displacements can be attributed to the
close proximity of the shallow shale wells to the till/weathered shale wells. The degree of vertical
connection within the competent shale aquifer is comparatively greater than the connection observed
between the till/weathered shale and competent shale aquifers. The results indicate that although
there is a connection between the till/weathered shale aquifer the connection is not significant with
the competent shale aquifer below it. This could be due to filling of bedding plane fractures and
joints (noted earlier) by silt and clay in the upper portions of the shale aquifer. Flow into the
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competent shale is likely controlled by vertical gradients. Vertical connections between wells
screened within the competent shale aquifer are greater, most likely due to the presence of clean
vertical sub-millimeter scale bedding plane joints that exist in the shale aquifer. One exception is the
relatively poor vertical connection between competent shale wells MW-51D and MW-52D.

3.5.7 Summary of Aquifer Characteristics and Behavior

3.5.7.1 Introduction

An analysis of the tests performed for this investigation, and the 3 years of available historical
quarterly monitoring data provided the informational basis for the development of the conceptual
model of the overall behavior of the till/weathered shale and competent shale aquifers. The
historical depth to ground water data was collected for the years 1990 through 1993 during
quarterly sampling events at the Ash Landfill site. No long term historical data was available from
the wells installed during the Ash Landfill RI (Parsons ES, 1994a) and the ESI investigations
(Parsons ES, 1995a, 1995b, 1995c¢) so the data discussed below represents wells the were installed
prior to the RI fieldwork, conducted in 1992.

3.5.7.2 Till/Weathered Shale Aquifer

One of the ost striking aspects of hte historical data is the consistent and dramatic chang observed
in water levels over the year. These data indicates a clear relationship between seasonal changes
and the water table elevation. The highest groundwater levels are consistently measured in the
spring, whereas the lowest levels are observed in the later portions of the year. For the relatively
thin till/weathered shale aquifer, historical measurements of annual water table elevations indicate
fluctuations as great as 8.72 feet occur in well PT-26, which is located approximately 2,300 feet
off-site, near the SEDA airfield. The maximum water table fluctuation at the Ash Landfill site was
measured in well PT-25, where the water levels have fluctuated up to 8.21 feet (Figure 3-8). The
maximum thickness of the till/weathered shale aquifer was determined to be at the off-site borehole,
PT-26, and was approximately 11.6 feet. On-site, the maximum thickness was determined to be
approximately 8.6 feet and was observed in the borehole for PT-25. This would mean that during
the spring, the water table will reach within several inches of the ground surface. Alternatively, at
certain times of the year, the saturated interval becomes quite thin ,approximately 1 to 3 feet thick,
and even dries up in some locations, i.e. PT-29 and PT-30.
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Based on the historical data, the wells at the Ash Landfill site exhibit rhythmic, seasonal water table
and saturated thickness fluctuations (Figure 3-8). The saturated interval is at its thinnest (generally
between 1 and 3 feet thick) in the month of September and is the thickest (generally between 6 and
8.5 feet thick) between the months of December and March. Although portions of the graphs that
depict this change are not available, i.e. September and December 1992, it is likely that the water
table would behave in a similar way as in the past, exhibiting a seasonal low. The saturated
thickness of the till/weathered shale aquifer for high and low water table conditions during the years
1990 through 1992 are also shown on Table 3-1. This table depicts the change in the water table
(in feet) from low water table conditions to high water table conditions for two seasonal cycles. The
average change in the water table for these two seasonal cycles was approximately 5.4 feet.

Mozola (1951) states that groundwater in Seneca County (including the Ash Landfill site) is derived
almost entirely from precipitation within the County. To investigate historical precipitation events
and the likely relationship between fluctuations in the water table of the till/weathered shale aquifer
and these precipitation events, monthly precipitation data for the years 1990 through most of 1993
were obtained from the Aurora Research Farm located 10 miles east of the site. Precipitation is
relatively constant from month to month, although slightly higher amounts of precipitation occurs
in the spring (March and April) and fall (September) and relatively lower amounts in the summer
(with the exception of the month of July 1992) and winter (January and February). These data
alone do not explain the fluctuations observed on the saturated thickness plots (Figure 3-8).

The rhythmic behavior of the aquifer does not appear to be controlled by precipitation events, rather
it is more lkely affected by a combination of precipitation amounts and increased

evapotranspiration rates.

Evapotranspiration is affected by temperature, exposure to the intensity of the sun, velocity of the
wind, and the amount of vegetation and appears to be the most significant factor in explaining the
occurrance of groundwater fluctuations. The fluctuations cannot be fully explained as a result of
horizontal groundwater flow. Discharging groundwater from the till/weathered shale unit, that has
a relatively low hydraulic conductivity, i.e. an average of 3.65 X 10* cm/sec, cannot account for the
amount of groundwater that must be removed from the site over the time required. While vertical
connection tests indicate that low degrees of downward movement are possible from the
till/weathered shale aquifer to the competent shale aquifer, no strong downward vertical gradients
were not observed on-site and, therefore, downward flow is also believed to be minimal compared to

evaporative losses.
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Table 3-1

Saturated Thicknesses of the Till/Weathered Shale Aquifer
at Selected Well Locations

Ash Landfill Groundwater Model
Seneca Army Depot Activity

H:eng\seneca\ashmodel\report\tables\SATCHG. WK4

Saturated Saturated Saturated Saturated
Thickness Thickness Thickness Thickness Average
Monitoring Fall Winter/Spring Change Fall Spring/Summer Change Change
Well 1990 1991 1990-1991 1991 1992 1991-1992
(feet) (feet) (feet) (feet) (feet) (feet) (feet)
PT-12 3.88 8.32 44 3.08 8.36 5.3 4.9
PT-17 3.05 7.57 4.5 1.15 7.65 6.5 5.5
PT-18 2.50 6.69 42 1.83 6.68 4.9 4.5
PT-20 2.60 7.54 4.9 0.63 7.18 6.6 5.7
PT-22 1.41 6.94 5.5 1.04 7.04 6.0 5.8
PT-23 4.13 7.81 3.7 3.10 8.06 5.0 43
PT-24 4.88 7.46 2.6 3.38 7.59 4.2 34
PT-25 1.50 8.41 6.9 0.38 8.59 8.2 7.6
PT-26 3.23 11.10 7.9 244 11.16 8.7 8.3
PT-27 1.35 6.05 4.7 2.83 5.33 2.5 3.6
MW-28 1.24 5.82 4.6 2.06 6.26 4.2 44
MW-29 0.00 4.86 49 0.00 4.67 4.7 4.8
MW-30 1.00 6.64 5.6 0.00 6.52 6.5 6.1
MW-31 1.30 8.07 6.8 0.85 8.24 7.4 7.1
MW-32 1.27 6.50 5.2 1.12 6.56 5.4 5.3
MW-33 0.89 6.81 5.9 2.60 6.82 42 | 51
Average Change at Site: 54

04/25/96
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Therefore, based on the hydrographs for the wells, the conceptual model for this groundwater
system is that the high water table in the late fall and winter is sustained through the spring by
precipitation, snow melting events (predominantly in March and April) and low evapotranspiration
rates. Precipitation accompanied by an increase in evapotranspiration (due to an increase in
temperature and more vegetation growth) in the summer results in little recharge to the aquifer and
thus a decline in the water table. In the summer, evapotranspiration at the surface causes water to
move up from the water table to the surface by capillary action, a phenomenon noted by deMarsily
(1986). In the fall (September and October) there is a slight increase in precipitation and a decrease
in evapotranspiration, which accounts for the increasing water table elevations that are sustained
through the winter months and into the spring.

There is support for the conceptual model that describes the behavior of the till/weathered shale
aquifer can be found in the literature. Jones et al. (1992) discusses similar obervations for a
shallow ground water flow system in a Wisconsin-age weathered till in Iowa and cites vertical
upward movement and evapotranspiration as a primary source of discharge from the till. Cravens
and Ruedisili (1987) and Hendry (1988) performed earlier studies at the Iowa site and showed that
the recharge from surface percolation was predominantly discharged through capillary rise and
evapotranspiration. They also inicated that lateral flow within the weathered till and vertical
downward flow were minor. Cravens and Ruedisili (1987) also documented that the water table
depth ranged from an average minimum of 2.4 feet in the summer to an average maximum of 8.5
feet in the fall; a similar seasonal trend was evident at the Ash Landfill site. Specifically, these
researchers attributed the rise and fall of the water table to "seasonal changes in precipitation, plant
water use, and evaporation through micropores and fractures." According to Fetter (1980) water
can rise by capillary action about 4.9 feet in silts and 9.8 feet in some clays. This can explain large
losses of water from the weathered till zone without the required movement of water downward
through the unweathered till (Cravens and Ruedisili, 1987). Davis and DeWiest (1966) assert that
use of water by plants is generally much more important as a means of ground water discharge than
is direct soil evaporation. However, evaporation aided by soil cracks and capillary transfer is
effective in the upper 3 feet of sandy soil and the upper 10 feet of clayey soil.

In another instance, hydrographs for peizometers screened in the upper portions of a till in
Saskatchewan, Canada showed seasonal fluctuations of up to 8 feet over a period of approximately
4 months (Keller, at al., 1988). However, at this particular site, the seasonal ground water high
occurs in September-October and the low in May-June. On the basis of hydrographs from nested
peizometers, the loss of groundwater at this site was shown not to be from downward flow, but was
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attributed to a combination of lateral flow and upward losses due to evapotranspiration, freezing in

the unsaturated zone and other causes that were not noted by the authors.

DeMarsily (1986) notes that both the moisture content of the soil and the water table is generally
higher in the winter compared to the summer for similar soil. A comparison of general moisture
profiles in soil for these seasons indicates that precipitation events in the winter months are more
likely to have a direct impact on the water table. This is due to the higher moisture content of the
soil in the winter which allows for greater infiltration (recharge) of water during and afier
precipitation events. The moisture profiles indicate that in the summer, when evaporation is high,
the atmosphere generally takes back all the moisture received during a storm, resulting in little

recharge to the aquifer.

The various losses and gains in the till/weathered shale aquifer at the Ash Landfill site, as depicted
on the water table elevation and saturated thickness plots and in the conceptual water balance
described above, are supported by the monthly water balance model that was run for the same three
years of historical data (1990 through 1992). The results of this monthly water balance is presented
in Table 3-2. The water balance used for development of the conceptual model was developed using
the rational method described by the US. EPA (1975). The model takes into account
evapotranspiration, precipitation, precipitation runoff, and infiltration. A more complete discussion
of the water balance model can be found in Section 4.2. As shown in Table 3-2, much of the runoff
and almost all of the percolation (groundwater recharge) occurs during March, April, and May,
during the snow melt period. There is continued runoff throughout the time period when the
temperature stays above freezing. This is consistent with observations made at the site regarding
runoff and groundwater levels. There is always runoff at the site during a major rainfall since the

clay soils on-site prevent rapid infiltration,

In summary, groundwater levels measured in the spring have historically been highest, dropping
over the summer due to a decrease in precipitation and increased evapotranspiration. Water levels
in the late fall and winter rise due to a slight increase in late fall precipitation and vegatative
dieback. Groundwater levels in the late fall and winter are not as high as those measured in the
spring, when a combination of increased precipitation, no evapotranspiration and snow melting

events contribute to the highest water levels of the year.
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TABLE3-2

MONTHLY WATER BALANCE
1990
SENECA ARMY DEPOT
ASH LANDFILL GROUNDWATER MODEL

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Mean Temp. ('F) 225 234 320 44.8 54.5 64.6 69.1 66.9 60.6 504 394 279 46.3
Heat Index 0 0 0 1.7 4.0 7.0 8.5 7.8 5.8 2.9 0.7 0.0 384
Unadj. PET (in) 0.000 0.000 0.000 0.039 0.07%9 0.118 0.134 0.126 0.102 0.063 0.024 0.000
Corr. Factor 24.6 24.6 309 336 378 38.1 384 357 312 28.5 24.6 237
Adj. PET (in) 0.0 0.0 0.0 13 3.0 4.5 5.1 4.5 32 1.8 0.6 0.0 24.0
P (in) 2.16 3.71 223 4.58 6.24 2.82 3.14 1.89 4.36 5.86 3.02 4.92 44.9
Corr. P (in) 0 0 6.3 6.3 6.2 28 31 1.9 4.4 59 3.0 49 449
CR/O 0.22 0.22 0.22 0.22 0.20 0.18 0.18 0.18 0.18 0.18 0.20 0.22
R/O (in) 0.0 0.0 14 14 1.2 0.5 0.6 03 0.8 1.1 0.6 1.1 9.0
I (in) 0.0 0.0 4.9 4.9 5.0 23 26 1.5 3.6 4.8 24 38 36.0 |
I-PET(in) 0.0 0.0 4.9 3.6 2.0 22 -2.6 -2.9 04 3.0 1.8 38 119
neg (I-PET) 22 -4.8 -1.7 ]
ST (im) 39 39 39 3.9 39 22 1.1 0.5 0.9 3.9 39 39
delta ST (in) 0.0 0.0 0.0 0.0 -0.0 -1.7 -1.1 -0.6 04 3.0 0.0 0.0
AET (in) 0.0 0.0 0.0 1.3 3.0 4.0 37 2.1 32 1.8 0.6 0.0 19.7
PERC (in) 0.0 0.0 4.9 3.6 2.1 0.0 0.0 0.0 0.0 0.0 1.8 38 16.2
delta W.T. (feet) 0.0 0.0 14 0.6 -0.3 -1.6 -3 -0.8 -0.8 03 0.3 1.1 ]

NOTES:

PET = Potential Evapotranspiration

P = Precipitation

Corr. P = Corrected precipitation (rain + melting snow)
C R/O = Surface Runoff Coefficient

R/O = Surface Runoff

1 = Infiltration

I-PET = Infiltration minus Potentail Evapotranspiration
neg (I-PET) = Accumulated Potential Water Loss

ST = Soil Moisture Storage (for negative accumulated water loss values, soil storage values were obtained from table 9 of "A Current Report on Solid Waste Management.")
delta ST = Change in Storage

AET = Actual evapotranspiration

PERC = Percolation

delta W.T. = PERC + delta ST - AET

HAENG\SENECA\ASHMODEL\REPORT\TABLES\MWB.WK3 Page 1 of 3



TABLE 3-2

MONTHLY WATER BALANCE
1991

SENECA ARMY DEPOT
ASH LANDFILL GROUNDWATER MODEL

Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Mean Temp. ('F) 22.5 234 320 44.8 54.5 64.6 69.1 66.9 60.6 50.4 394 279 46.3
Heat Index 0 0 0 1.7 4.0 7.0 8.5 78 5.8 29 0.7 0.0 384
Unadj. PET (in) 0.000 0.000 0.000 0.039 0.079 0.118 0.134 0.126 0.102 0.063 0.024 0.000

Corr. Factor 24.6 24.6 309 336 378 38.1 384 357 31.2 285 24.6 237

Adj. PET (in) 0.0 0.0 0.0 13 3.0 4.5 5.1 4.5 32 1.8 0.6 0.0 24.0
P (in) 1.54 1.13 2.59 4.60 1.87 0.89 3.38 3.29 2.62 2.68 3.63 2.10 30.3
Corr. P (in) 0 0 4.5 54 19 0.9 34 33 26 27 36 2.1 30.3
CR/O 0.22 0.22 0.22 0.22 0.20 0.18 0.18 0.18 0.18 0.18 0.20 0.22

R/O (in) 0.0 0.0 1.0 12 0.4 0.2 0.6 0.6 0.5 0.5 0.7 0.5 6.0
1 (in) 0.0 0.0 35 4.2 1.5 0.7 2.8 2.7 2.1 22 29 1.6 243
I-PET(in) 0.0 0.0 35 29 -1.5 -3.8 -24 -1.8 -1.0 04 23 1.6 0.3
neg (I-PET) -1.5 -5.3 -7.6 -9.4 -105

ST (in) 39 39 39 39 2.7 1.0 0.6 04 0.2 0.6 3.0 39

delta ST (in) 0.0 0.0 0.0 0.0 -1.2 -1.7 -0.5 -0.2 -0.1 04 23 09

AET (in) 0.0 0.0 0.0 1.3 27 24 32 29 23 1.8 0.6 0.0 17.2
PERC (in) 0.0 0.0 34 29 -0.0 0.0 -0.0 -0.0 -0.0 0.0 0.0 07 7.0
delta W.T. (feet) 0.0 0.0 1.0 04 -1.1 -1l -1.0 -0.9 -0.7 -0.4 0.5 0.5
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TABLE 3-2

MONTHLY WATER BALANCE
1992

SENECA ARMY DEPOT
ASH LANDFILL GROUNDWATER MODEL

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Mean Temp. CF) 225 23.4 320 448 54.5 64.6 69.1 66.9 60.6 50.4 394 279 46.3
Heat Index 0 0 0 1.7 4.0 7.0 8.5 7.8 5.8 2.9 0.7 0.0 384
Unadj. PET (in) 0.000 0.000 0.000 0.039 0.079 0.118 0.134 0.126 0.102 0.063 0.024 0.000
Corr. Factor 24.6 24.6 309 336 37.8 38.1 384 357 312 28.5 24.6 237
Adj. PET (in) 0.0 0.0 0.0 1.3 3.0 4.5 5.1 4.5 3.2 1.8 0.6 0.0 24.0
P (in) 1.54 1.56 3.22 2.90 3.27 2.93 8.81 3.20 5.25 3.04 3.22 2.90 41.8
Corr. P (in) 0 0 5.4 3.8 33 2.9 8.8 32 5.3 3.0 3.2 2.9 41.8
CR/O 0.22 0.22 0.22 0.22 0.20 0.18 0.18 0.18 0.18 0.18 0.20 0.22
R/O (in) 0.0 0.0 1.2 0.8 0.7 0.5 1.6 0.6 0.9 0.5 0.6 0.6 8.1
I (in) 0.0 0.0 4.2 3.0 2.6 2.4 72 2.6 43 2.5 2.6 23 337
I-PET(in) 0.0 0.0 42 1.7 0.4 2.1 2.1 -1.9 1.1 0.7 2.0 23] 97,
neg (I-PET) -0.4 -2.5 -1.9
ST (in) 3.9 39 3.9 3.9 35 2.0 3.9 24 35 3.9 3.9 39
delta ST (in) 0.0 0.0 0.0 0.0 -04 -1s 1.9 -15 1.1 04 0.0 0.0 o
AET (in) 0.0 0.0 0.0 13 3.1 3.9 5.1 4.1 32 1.8 0.6 0.0 23.1 |
PERC (in) 0.0 0.0 4.2 1.7 0.0 0.0 0.2 0.0 0.0 0.3 2.0 2.3 10.6
delta W.T. (feet) 0.0 0.0 1.2 0.1 -1.0 -1.5 -0.8 -1.6 -0.6 -0.3 04 0.6
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3.5.7.3 Competent Shale Aquifer

The historical data base for the competent shale aquifer is very limited. Historical water table
elevations are available for only one well (PT-10) which is believed to be screened in the competent
shale. Seasonally this well shows the same magnitude of fluctuations in water table elevation as the
till/weathered shale wells. As the competent shale aquifer does not appear to be a significant
contributor to the transport of pollutants, the influence of this aquifer on the conceptual model is

considered to be minimal.
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4.0 CONCEPTUAL MODEL

This section will describe the conceptual model that was developed prior to the initiation of
modeling activities. The conceptual model for the Ash Landfill has two main components
associated with it. The first component includes aspects of the model associated with flow
conditions and the hydrogeological setting. The second component includes aspects associated with
the fate and transport of the chlorinated organic compounds present in the groundwater. The
complete conceptual model will present a thorough understanding of these two aspects so that the
modeling will be consistent with and will represent, as much as possible, the actual flow and

transport systems at the Ash Landfill.

The intent of the conceptual model is to integrate the physical hydrogeological setting at the site into
a simplified, yet representative, depiction of the various hydrological units to be modeled. The
conceptual model will also define the vertical and horizontal boundaries of the modeling effort. The
conceptual model is significant because the numerical model grid is a mathematical representation

of the site conditions and is based upon the conditions of the conceptual model.

The conceptual model was developed following an evaluation of soil and groundwater stratigraphy
data collected from the Ash Landfill RI. The Ash Landfill site is located approximately halfway
between the SEDA topographic high of 760 feet MSL and Seneca Lake, which has an elevation of
approximately 455 MSL. There are no other high points between these two points. Groundwater
flow in the overlying glacial till is known to follow the slope of the land surface and, therefore,
groundwater 1s expected to flow from the topographic high area, past the Ash Landfill site,
eventually discharging into Seneca Lake. The direction of flow would be from east to west.

Based upon this information, the area to be modeled included an area beyond the Ash Landfill site,
encompassing the western flank of the highlands separating Seneca and Cayuga Lakes. The eastern
highland area is considered to be a groundwater divide between the two finger lakes; this area is
also believed to be a likely recharge zone for both the shallow till/weathered shale and deeper
competent shale aquifers. Seneca Lake is the likely discharge area for horizontal groundwater flow
for the two aquifer systems. The eastern and western boundaries of the conceptual model are
approximately 24,000 feet apart, extending from the groundwater divide to the surface of Seneca
Lake. The groundwater divide represents a no-flow boundary condition, whereas Seneca Lake
represents a constant-head boundary condition. The boundary conditions along the northern and

southern edges of the modeling grid are defined as no-flow conditions represented by groundwater
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streamlines. Flow is assumed to be parallel to the streamlines, with no flow across these
streamlines. This is consistent with the conceptual model since groundwater at the site is known to
flow in an east-to-west direction. Streamlines have been established that are sufficiently wide to
encompass the area to be modeled. These streamlines provide the northern and southern boundaries
of the conceptual model grid covering an area 6,800 feet wide. The total area to be modeled is

approximately 3,750 acres.
4.1 DEFINITION OF HYDROSTRATIGRAPHIC UNITS

Geologic information including geologic maps, soil boring and rock coring logs were combined with
information describing hydrogeologic properties of the stratigraphic units identified at this site.
Anderson and Woessner (1992) define hydrostratigraphic units as geologic units with similar
hvdrogeologic properties.

Two hydrostratigraphic units were identified for this model. The first unit is the till/weathered shale
unit and the second unit competent shale unit. These two geologic units have different depositional
environments that account for the movement of water through these units. The shale was depostted
in an inland sea during the Devonian Period, approximately 400 million years before present (ybp),
whereas the till was deposited directly by a continental glacier that advanced over the Finger Lakes
region approximately 10,000 ybp. As a result, these two units have separate and distinct

compositional and hydrologic properties.

The first and uppermost hydrostratigraphic unit s glacial till and weathered shale. Till is a geologic
term that refers to an unsorted mixture of variable geologic material that was depostted at the base
of the advancing glacter. The till at the facility is a dense, poorly sorted mixture of predominantly
silt and clay with lesser amount of sand and gravel. Upper portions of the till are generally less
dense than the lower portions, probably due to greater exposure to weathering processes. The base
of the till contains clasts of shale that are likely rnipped-up clasts incorporated into the till by the
glacier. No vertical or horizontal fracturing was observed in the till. The till gives way to a
weathered shale that contains variable amounts of silt and clay in centimeter-scale bedding plane
fractures. The weathered shale is generally only a few feet thick at the site. From previous drilling
efforts conducted at the Ash Landfill site and other sites at SEDA, 1t i1s known that the
till/weathered shale unit has an average thickness of approximately 12 feet. The till/weathered shale
unit has an average horizontal hydraulic conductivity (Ky) of 3.7x10* cnv/sec (Table 4-1).
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The second hydrostratigraphic unit is the competent shale. This shale i1s a gray calcareous shale of
the Ludlowville Formation, characterized by thin limestone units, fossil beds, and mimnor deposits of
iron sulfides. Bedding plane fractures, joints and breccia zones all contribute to secondary porosity
in the shale. Generally, fracture frequency decreases with depth. The competent shale unit has an
average K;, of 4.2x10° cr/sec (Table 4-1).

The data indicates that hydraulic conductivity values imn the till\weathered shale are greater than
those measured in the competent shale, and hydraulic conductivity values continue to decrease
within the competent shale unit with depth (Figure 4-1). Since the hydraulic conductivities of these
two units differ by more than an order of magnitude, it was decided that these two lithologic units
would be modeled separately. Further evidence for differentiating these two hydrostratigraphic
units is supported by the vertical connection testing performed on paired wells and well clusters at
the Ash Landfill site. A comparison of drawdowns in the wells indicated that the degree of vertical
connection within the competent shale aquifer is better than the connection observed between the
till/weathered shale and competent shale aquifers. Thus, the results indicate that the till/weathered
shale aquifer is not significantly connected to the competent shale aquifer below it.

Note in Figure 4-1 that a hydraulic conductivity was extrapolated for a zone below the deepest
bedrock monitoring wells installed on-site (between 52 and 72 feet) using the three average
hydraulic conductivities measured for the shallower zones (Figure 4-1). On the basis of these
results four proposed model layers were identified (Figure 4-1). These layers correspond to the
till/weathered shale layer, the upper portion of the competent bedrock, the middle portion of the
bedrock and the lower portions of the competent bedrock. In Section 4.3, the three average
hydraulic conductivities and the one extrapolated conductivity were used to define the bottom of the

flow model.

Vertical hydraulic conductivities (K,) were derived from literature values and from the physical
make up of the aquifer material (Table 4-1). For layer 1, the K, was based on a anisotropy of K in
a fine-grained till aquifer in western New York State where K,/K, is 9 (Prudic, 1992). For
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TABLE 4 -1

STATISTICAL PARAMETERS OF HYDRAULIC CONDUCTIVITY

SENECA ARMY DEPOT
ASH LANDFILL GROUNDWATER MODEL

Kh (cm/sec) Kh (ft/day) Kv (ecm/sec) Kv (ft/day)
Layer 1 (proposed)
Till/Weathered Shale 3.090E-05 0.09 3.433E-06 0.01
7.800E-04 221 8.667E-05 0.25
1.847E-04 0.52 2.052E-05 0.06
5.258E-04 1.49 5.842E-05 0.17
7.066E-04 2.00 7.851E-05 0.22
3.871E-05 0.11 4.301E-06 0.01
7.031E-04 1.99 7.812E-05 0.22
Minumum 3.090E-05 0.09 3.433E-06 0.01
Maxiumum 7.800E-04 2.21 8.667E-05 0.25
Arith. Mean  3.650E-04 1.03 4.055E-05 0.11
Stand. Dev. 3.430E-04 0.97 3.811E-05 0.11
Kh (cm/sec) Kh (ft/day) Kv (em/sec) Kv (ft/day)
Layer 2 (proposed)
Competent Shale 4.719E-05 0.13 4.719E-06 0.01
1.222E-04 0.35 1.222E-05 0.03
1.595E-04 045 1.595E-05 0.05
5.044E-05 0.14 5.044E-06 0.01
3.786E-05 0.11 3.786E-06 0.01
Minumum 3.786E-05 0.11 3.786E-06 0.01
Maxiumum 1.595E-04 045 1.595E-05 0.05
Arith. Mean  7.142E-05 0.20 7.142E-06 0.02
Stand. Dev. 5.902E-05 0.17 5.902E-06 0.02
Kh (cm/sec) Kh (ft/day) Kv (cm/sec) Kv (ft/day)
Layer 3 (proposed)
Competent Shale 6.934E-06 0.02 6.934E-07 0.002
5.639E-06 0.02 5.639E-07 0.002
3.505E-06 0.01 3.505E-07 0.001
1.671E-05 0.05 1.671E-06 0.005
3.004E-05 0.09 3.004E-06 0.00%9
Minumum 3.505E-06 0.01 3.505E-07 0.001
Maxiumum 3.004E-05 0.09 3.004E-06 0.00%9
Arith. Mean  1.344E-05 0.04 1.344E-06 0.004
Stand. Dev. 1.271E-05 0.04 1.271E-06 0.004
Layer 4 (proposed)
Competent Shale (NO MEASUREMENTS FROM THIS LAYER)
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layers 2 and 3, the Kv values were derived based on an anisotropy of K in the aquifer where Kh/Kv

is estimated to be approximately 10.
4.2 WATER BALANCE FROM PRECIPITATION

The fate and transport of the constituents of concern is influenced by the interaction with
precipitation, the recharge to groundwater and the migration with groundwater. Moisture content
in the vadose zone of soil can also influence the rate of biological degradation and the rate of
volatilization. Accordingly, understanding the water balance of the site is helpful in evaluating the

contaminant fate and transport at the Ash Landfill. The initial water balance performed prior to
conducting the modeling effort was developed for this site using the rational method described by
the U.S. EPA (1975). This procedure calculates infiltration as the difference between precipitation
and runoff. Recharge to groundwater is the difference between the amount of water that infiltrates
into the ground minus the actual evapotranspiration and any changes in soil moisture. The results
of these calculations, which are based on average temperature and precipitation data for the years
1958-1991, are summarized in Table 4-2. A comprehensive discussion of the weather data is

presented in Table 3-1, and discussed in Section 3 of this report.

The potential evapotranspiration (PET), was estimated using the procedure described by
Thomthwaite and Mather (1957). Evapotranspiration is an estimate of the amount of water which
is released from the site through both evaporation and plant uptake (transpiration). The
methodology begins by determining the Heat Index, which is obtained from either Table 1 or 2
presented by Thornthwaite and Mather (1957). Mean monthly temperature data was obtained from
the nearby meteorological station, the Aurora Research Farm, which is operated by Cormnell
University. The data is shown on Line 1 on Table 4-2. The monthly Heat Indexes are shown on
Line 2 of Table 4-2. Heat Indexes are zero when the mean monthly temperature is less than 32°F.
From the sum of the monthly Heat Indexes, the unadjusted potential evapotranspiration is obtained
from either Table 3 or 4 presented by Thornthwaite and Mather (1957). The unadjusted potential
evapotranspiration values are presented on Line 3 of Table 4-2. To change the unadjusted values of
potential evapotranspiration into the adjusted monthly potential evapotranspiration, the unadjusted
values were multiplied by a correction factor. The correction factor is expressed in terms of a 12-
hour day, which provides an indication of the duration of sunlight for a particular month.

Correction factors for the unadjusted potential evapotranspiration are obtained from Table 6 of
Thornthwaite and Mather (1957) and depend upon the latitude of the site. This value is presented
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TABLE 4-2

MONTHLY WATER BALANCE

SENECA ARMY DEPOT ACTIVITY
ASH LANDFILL GROUNDWATER MODEL

Line # Parameter Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

1 Mean Temp. (°F) 225 234 320 44.8 54.5 64.6 69.1 66.9 60.6 50.4 394 27.9 463
2 Heat Index 0 0 0 17 4.0 7.0 8.5 7.8 5.8 2.9 0.7 0.0 384
3 Unadj. PET (in) 0.000 0.000 0.000 0.039 0.079 0.118 0.134 0.126 0.102 0.063 0.024 0.000
4 Corr. Factor 24.6 24.6 309 33.6 37.8 38.1 38.4 357 31.2 28.5 24.6 23.7
5 Adj. PET (in) 0.0 0.0 0.0 13 3.0 4.5 5.1 4.5 3.2 1.8 0.6 0.0 24.0
6 P (in) 1.88 2.16 2.45 2.86 3.17 3.70 3.46 3.18 2.95 2.80 3.15 2.57 343
7 Corr. P (in) 0 0 7.1 48 3.2 3.7 3.5 3.2 3.0 28 3.2 0 343
8 C RO 0.22 0.22 0.22 0.22 0.20 0.18 0.18 0.18 0.18 0.18 0.20 0.22
9 R/O (in) 0.0 0.0 1.6 1.1 0.6 0.7 0.6 0.6 0.5 0.5 0.6 0.0 6.8
10 I (in) 0.0 0.0 5.5 3.8 2.5 3.0 2.8 2.6 2.4 23 2.5 0.0 27.5
11 I-PET(in) 0.0 0.0 55 25 -0.4 -1.5 -2.3 -1.9 0.8 0.5 1.9 0.0 3.5
12 |neg I-PET) 0.4 -1.9 -42 -6.1 6.9
13 ST (im) 3.1 3.1 3.9 3.9 3.5 24 1.3 0.8 0.7 1.2 3.1 3.1
14 delta ST (in) 0.0 0.0 0.8 0.0 -0.4 -1.1 -1.1 -0.5 0.1 0.5 1.9 0.0
15 AET (in) 0.0 0.0 0.0 1.3 3.0 4.1 3.9 3.1 2.5 1.8 0.6 0.0 20.4
16 PERC (im) 0.0 0.0 4.7 2.5 0.0 0.0 0.0 0.0 -0.0 0.0 0.0 0.0 7.1

References:

1. Thomthwaite and Mather, 1957. Instructions and Tables for Computing Potential Evap and the Water Balance,

2. BPA, 1975. Use of the Water Batance Method for Predicting Leachate Generation from Solid Waste Disposal Sites.

Notes;

Mean temperatures (from Table 3.1, Section 3, of this report)

Heat index values (from Tables 1 and 2 of Thornthwaite and Mather, 1957)

PET = Potential Evapotranspiration (from Tables 3 and 4 of Thomnthwaite and Mather, 1957)

Correction factors (from Table 6 of Thomthwaite and Mather, 1957)

Adj. PET = Unadj. PET times Correction Factor

P = Precipitation (from Table 3.1, Section 3, of this report)

Corr. P = Corrected precipitation (rain + melting snow)

. C R/O = Surface Runoff Coefficient (from EPA, 1975)

. R/O = Surface Runoff

10. | = Infiltration

11. [-PET = Infiltration minus Potential Evapotranspiration

12. neg (I-PET) = Accurmilated Potential Water Loss

13. ST = Soil Moisture Storage (Maximuem value of 3.9 obtained from Table 10 of Thromthwaite and Mather, 1957
Other values obtained from Table 9 of EPA, 1975.)

14. deita ST = Change in Storage

15. AET = Actual evapotranspiration

16. PERC = Percolation

LR N S
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on Line 4 of Table 4-2. The adjusted Potential Evapotranspiration (PET) is then calculated as the
product of Lines 3 and 4 of Table 4-2.

When the mean monthly temperatures were below 32° F, the monthly precipitation values were then
corrected to account for precipitation as snowfall in the months of December through March. It
was assumed that all of the snowfall remained on the ground as snow, with no evaporation,
infiltration, or runoff until March when the snow began to melt. It was also assumed that 60% of
the snow (the total precipitation for December, January, and February) melted in March, and
therefore entered the water balance as precipitation in addition to the normal monthly precipitation

for March. The remaining 40% of the accumulated snowfall was assumed to melt in April.

The total monthly precipitation was then adjusted to account for the percent of water which runs off
as overland flow. Line 8, in Table 4-2, contains the Runoff Coefficient, Cro. This coefficient is a
measure of the amount of precipitation that will runoff from any given area, and will depend on the
soils, vegetation, and slopes found at a site. Generally, Cro values range from 0.05 to 0.35 (U.S.
EPA, 1975). At the Ash Landfill, the surface soils are primarily silty clay loams, as described in
Section 3.0. Much of the area is covered with native grasses, though some of the road areas have
no vegetative cover. The site slopes generally range from 1 to 3%. For these conditions, the Cgro
values range from 0.13 (less than 2% slope) to 0.22 (2-7% slopes). Following EPA guidance
(1975), a higher Cgp (0.22) was used for the cooler months, and a lower value (0.18) was used for

the warmer months. For the transitional months, (May and November), a value of 0.20 was used.

Infiltration (I), Line 10, is calculated as the difference between the monthly corrected precipitation
values, Line 7, and the calculated runoff values, Line 9. Infiltration (Line 10) minus the adjusted
potential evapotranspiration values, Line 5, yields I-PET, Line 11. This value was used to assess
periods of time when the soil moisture is decreasing. A positive value of I-PET indicates the
amount which is available to increase soil moisture or percolate to groundwater. Negative values
indicates that potential evapotranspiration exceeds infiltration and there is a net decrease in the soil

moisture.

Soil moisture (ST) is a measurement of the available field moisture and is related to soil type. The
available moisture is obtained as the difference between the field capacity, i.e. the point at which
water will drain by gravity, and the wilting point, i.e. the point at which water is unavailable for
plant uptake. The soil types on the site are silt clay loam, as discussed in Section 3.0 of this report.
From Table 10 of the Thormnthwaite and Mather (1957), the field capacity for a silty clay loam is
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approximately 3.6 inches per foot of root zone. The wilting point for a silty clay loam is
approximately 1.2 inches per foot of root zone. The available soil moisture (ST) is the difference of
3.6 and 1.2 inches per foot, or 2.4 inches per foot of root zone. Hutton (1972) indicates that the
root zone for this area is generally between 18 to 24 inches deep. This analysis used 1.62 feet (19.4
inches) as the root zone; therefore, the ST value used in these calculations was 3.9 inches (Line 13),
or the product of 2.4 inches per foot of root zone and 1.62 feet of root zone. This initial value is
assigned to the last month having a positive value of I-PET, which is the month of April. In other
words, the last month that the field capacity of the soil was achieved and drainage occurred was
April, and the value of 3.9 inches was set for this month. The water balance program then

proceeded to calculate the ST for the remaining months.

The Actual Evapotranspiration (AET) (Line 15) is calculated only when the change in soil moisture
1s negative. The change is soil moisture is presented on Line 14. If the Heat Index (Line 2) is zero,
then the AET is also zero. In other words, when the temperature is below freezing there is no AET.
If the ST, Line 13, is equal to the field capacity, which is the maximum value ST can be, then the
AET equals the Adjusted PET, Line 5. Therefore, the AET is greatest when the soil moisture is
greater. When the change in soil moisture is negative (i.e., the soil moisture is decreasing), the AET

1s calculated as:

AET = PET + (I - PET - AST)

where:  AET = Actual Evapotranspiration (Line 15);
PET = Adjusted Potential Evapotranspiration (Line 5);
I-PET = Infiltration minus Adjusted Potential Evapotranspiration (Line 11); and
AST = Change in Soil Moisture (Line 14).

Percolation (PERC) (Line 16), which is recharge to the groundwater, is calculated as the remainder
when the change in soil moisture (Line 14) and the AET (Line 15) is subtracted from I (Line 10).

The results of the water balance analysis indicates that much of the runoff and almost all of the
percolation (groundwater recharge) occur in March and April, during the snow melt period. There
is continued runoff throughout the time period when the temperature stays above freezing, however,
recharge is eliminated by the large amount of water that is released to the atmosphere through

evapotranspiration; the average annual evapotranspiration at the site is 20.4 inches. These
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estimates are consistent with observations made at the site regarding runoff and groundwater
elevation changes. During field operations, runoff was observed following any major rainfall event.

This observation is consistent with expectations since the dense, clay-rich till prevents rapid
infiltration. With respect to the groundwater, water levels measured in the spring have historically
been the highest, with the levels dropping substantially throughout the summer months. Changes in
water levels of three to four feet per month have been observed. During the late summer and early
fall, the water table is the lowest, and in some instances the water level appears to be close to the
top of the competent bedrock. Water levels in the late fall and winter are generally on the rise due
to late fall precipitation and snow melting events, but they are not as high as those measured in the

spring, when a combination of increased precipitation and snow melting occurs.

Using the annual runoff value developed from the water balance ( 6.8 inches) and the surface area
of the Ash Landfill site, which is approximately 130 acres, the total annual amount of potential
runoff is 74 acre-feet (24 million gallons) per year. Much of this flow is captured and diverted
away from the site by the surface drainage swales which line the edges of the roads surrounding the

site. while some is retained on-site in the freshwater wetlands and low spots.

To provide a check of the average annual evapotranspiration (ET) rate calculated by the
Thornthwaite and Mather (1957) method in the water balance, an evapotranspiration computer
model, developed and executed by the Northeast Regional Climate Center at Cornell University,
was run. This general ET model was developed based on the British Meteorological Office Rainfall
and Evaporation Calculation System (MORECS).

According to DeGaetano et al. (1994), MORECS is used “operationally in Great Britain to obtain
weekly and monthly estimates of average evaporation and soil moisture deficits over 40 km x 40 km
gnd squares. The system relies on routinely observed daily meteorological data as its input.”

Moreover, MORECS determines potential and actual ET over a variety of different surface types.

The Northeast Regional Climate Center model has been modified and validated for use in the
northeastern United States by DeGaetano et al. (1994). Using MORECS, “historical and real-time
estimates of potential ET from grass, evapotranspiration from bare soil and standard evaporation

pans, as well as actual ET from grass- and deciduous tree-covered surfaces are available”
(DeGactano et al., 1994).

For application to the Ash Landfill, actual ET rates from a grass-covered surface were chosen as
the most appropriate for the site. Meteorological data from Ithaca, New York was used for the

PAGE 410

June, 1996 KASENECA\GROUND.MOD\SECTION.4



SENECA ARMY DEPOT ACTIVITY ASH LANDFILL FINAL GROUNDWATER MODELING REPORT

model because this was the closest location that could provide the necessary input data for the
model; Ithaca is approximately 20 miles south of the Ash Landfill. The model evaluated
meteorological data for the years 1984 through 1994 and derived the monthly total
evapotranspiration from a grass-covered field (Table 4-3). The average yearly total
evapotranspiration for the grass-covered field is 21.19 inches. This compares favorably with the
total evapotranspiration value calculated using the Thornthwaite and Mather (1957) method of
20.40 inches. Details of the MORECS miodel are included in Appendix A.

While there is close agreement between both of these models, neither accounts for ET from
groundwater after percolation has occurred. The importance of this effect is discussed in the
Section 4.3, Preliminary Water Budget (Qin vs Qou). This effect has required modification of the
initial conceptual model to account for the difference between the amount of water that will

recharge to groundwater and the amount of water that is removed by evapotranspiration.
4.3 PRELIMINARY WATER BUDGET (Qi, vs Qou)

A preliminary field-estimated water budget was prepared for the area to be modeled based on the
expected sources of water to the system as well as the expected flow directions and discharge areas.
This preliminary water budget was prepared to obtain information on the magnitudes of these flows
prior to running the model. It was also used as a calibration criteria for the water budget computed
by the model.

The field-estimated water budget encompassed an area equal in size to the area to be modeled. The
eastern boundary was the groundwater divide (no flow boundary) between Seneca and Cayuga
Lakes (near Route 96) and the western boundary was Seneca Lake (constant head boundary)
(Figure 2-1). Because groundwater topographic maps for the site and surrounding area indicate a
fairly consistent east to west flow direction, the northern and southern boundaries were streamline

no-flow boundaries.

Based on the boundary conditions, recharge to the aquifer system is wholly from precipitation and
groundwater flow is from east to west, eventually discharging into Seneca Lake. The total area of
the region modeled was 150,413,697 fi* . The annual recharge from precipitation as determined
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TABLE 4-3

MONTHLY EVAPOTRANSPIRATION FROM GRASS
IN ITHACA, NY

SENECA ARMY DEPOT ACTIVITY
ASH LANDFILL GROUNDWATER MODEL

Year 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994

Month (inches) (inches) (inches) (inches) (inches) (inches) (inches) (inches) (inches) (inches) (inches)
January 0.24 0.22 0.28 0.24 0.27 0.37 0.33 0.30 0.27 0.24 0.17
February 0.53 0.39 0.31 0.55 0.48 0.35 0.53 0.47 0.22 0.43 0.54
March 0.80 1.28 1.20 1.65 1.26 1.19 1.27 1.00 0.67 0.93 0.87
April 1.80 2.00 2.17 1.96 1.73 191 1.99 2.08 1.64 1.57 1.93
May 2.12 3.48 3.71 3.46 3.20 2.51 2.52 4.03 2.84 343 2.64
June 430 3.15 338 3.51 439 3.02 3.60 3.65 3.51 3.42 420
July 4.26 4.10 3.49 4.19 343 4.51 3.81 3.38 2.35 4.09 4.05
August 3.39 2.77 3.34 3.08 3.33 327 3.10 2.03 2.91 3.00 2.97
September 237 2.38 2.00 1.52 2.57 2.04 2.03 1.04 2.21 1.53 2.05
October 1.30 1.27 0.93 1.09 0.94 1.41 1.10 1.44 1.14 1.11 1.45
November 0.52 0.32 0.40 0.51 0.53 0.33 0.69 0.53 0.43 0.42 0.61
December 0.32 0.21 0.27 0.28 0.34 0.25 0.31 0.30 0.28 0.40 041
TOTAL (inches): 21.95 21.57 21.48 22.04 22.47 21.16 21.28 20.25 18.47 20.57 21.89

ARITHMATIC MEAN: 21.19 inches
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from the water balance is 7.1 inches (0.592 ft). To calculate the total recharge to the aquifer
systems (Q,,) the total area was multiplied by the annual amount of recharge from precipitation,

0, = AREA, ., x RECHARGE

mod

where:
O.» = total recharge to the aquifer system, (ft’/day);
AREA,..s = total area of the model, (ﬁz) and
RECHARAGE,,, = amount of recharge from precipitation, (ft/yr).

This yield an estimate of Q;, at approximately 89,045,000 ft’/yr or 244,000 ft*/day or 1,825,000
gallons/day.

The volume of water flowing into Seneca Lake (Q.y) was calculated based on the expected flow
through the 4 layers identified shown in Figure 4-1. The darcy flow through each of these four
layers was determined using the average hydraulic conductivity of each layer, their depths relative
to the ground surface, their cross-sectional areas, and the observed ground water gradients as shown
on Table 4-4.

Layer 1, the till weathered shale unit, is approximately 12 feet thick and has an average saturated
thickness of 6 feet. A layer thickness of 20 feet was used for the layer thicknesses of the three
competent shale units because this is the interval for which the data was available from the
monitoring wells at the Ash Landfill site; these units are fully saturated.

The flow for each proposed layer was calculated using the flow equation:

Qout = M

where: (., = flow out of the layer;
K = horizontal hydraulic conductivity (Ky), (f/day);
A = cross-sectional area though which the flow occurs, (ft*); and

I = groundwater gradient.
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The individual components of total Q. are 1,139.99 ft’/day, 922.33 ft’/day, 184.47 ft*/day, and
10.61 ft*/day for lavers 1, 2, 3 and 4, respectively (Table 4-4). The total volume of water flowing
into Seneca Lake from these layers was calculated to be 2,257 ft*/day. The flow calculations are

included in Appendix B.

To reasonably define the bottom of the flow system to be modeled, the percentage of flow within the
individual layers was compared to the overall aquifer flow into Seneca Lake. Based on these
calculations, the contribution of flow from layer 4 (approximately 0.5%) was determined to not be
significant when compared to the total flow through the system and ,therefore, a fourth layer was
not considered in the numerical MODFLOW model. From a modeling perspective, this method of
determining a practical bottom of the flow system should not compromise the representation of the

flow svstem.

Clearly. when Q;, (244,000 ft*/day) from precipitation is compared to Qo (2,257 ft’/day) at the
discharge point, Seneca Lake, there is an obvious discrepancy. This required a modification of the
initial conceptual model in order to account for this difference. To do this an additional component
of the conceptual model, evapotranspiration from groundwater, must be considered in order to
account for the apparent discrepancy. Conceptual model assumptions, such as boundary
conditions, groundwater flow parameters, etc., are believed to represent the flow system accurately
as these parameters are derived from measured values. As discussed earlier in this section, the
groundwater flow system can only transport a finite amount of groundwater, which is not the
amount of water that would result from 7 inches of recharge per year. Instead, the discrepancy is
believed to be caused by the inability of the Thormthwaite and Mather (1957) water balance method
to account for evapotranspiration from groundwater after recharge has occurred, a phenomena that
appears to be significant at the Ash Landfill site. This phenomena occurs from the upward
movement of groundwater in the shallow, fine-grained till aquifer due to capillary action, which
eventually transpires and/or evaporates into the atmosphere. This is considered to be a key factor

that must be accounted for in the Ash Landfill conceptual model.

To evaluate whether the evaporative loss of groundwater is a valid concept at the Ash Landfill,
historical groundwater data and possible mechanisms by which water could be lost from the aquifer
system were evaluated. First, historical groundwater observations from monitoring wells appear to
be in agreement with the recharge value derived from the Thornthwaite and Mather (1957) method.
Secondly, it would appear that evapotranspiration from groundwater is the only possible
mechanism by which water could be lost from the aquifer.
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TABLE 4-4
DATA USED IN PRELIMINARY WATER BUDGET CALCULATION

SENECA ARMY DEPOT ACTIVITY
ASH LANDFILL GROUNDWATER MODEL

Proposed Composition Stratigraphic Hydraulic Cross-Sectional | Groundwater Qout Percentage of
Layer Depth Conducitivity Area Gradient Total Qout
(ft bls) (f/day) (square ft) (fv/ft) (cubic ft/day)
1 Till/W. Shale Oto12 1.03 55,339.68 0.02 1,139.99 50.5%
2 Competent Shale 12 to 32 0.2 184,465.60 0.025 92233 40.9%
3 Competent Shale 32052 0.04 184,465.60 0.025 184.47 8.2%
4 Competent Shale 52t0 72 0.0023 184,465.60 0.025 10.61 0.5%
Total Qout = 2,257.40
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To determine if the recharge value calculated using the Thornthwaite and Mather (1957) method
was reasonable, seasonal increases in the saturated thickness of the till/weathered shale aquifer
(Figure 3-8 and Table 3-1) was compared to the total annual percolation value of 7 inches. First,
the amount of water that was added to the system from a period when the water table was low (late
summer early fall) to a period when the water table was high (late winter and spring) was
determined. On the basis of the data shown in Table 3-1, the average change in the water table was
5.4 feet. The amount of percolation that would be required to cause the water table to rise 5.4 feet
would be obtained by multiplying the total rise in feet of water in the wells for a season by the
effective porosity of the till, which is estimated to be approximately 0.15. The effective porosity
was used because it represents the available space through which water can move, assuming some
water would be bound up in the interstices of the till. Therefore, an 5-foot rise in the water table
would require an infiltration of approximately 9 inches of water. Following the same line of
reasoning, 7 inches of infiltration (which was calculated in the water balance) would result in a
water level rise of 3.9 feet (7 inches + 0.15 = 46.7 inches or 3.9 feet) or approximately 4 feet, which
is close the average change observed from the well observations which was approximately 5 feet.

Therefore, the infiltration value of 7 inches is considered to reasonably close to the observed
changes in the saturated thickness of the till/weathered shale aquifer. This amount of infiltration, or
more, would be required in order to be able to account for the seasonal rise in the water table
observed in the wells on-site. This means that the Qi, (i.c., recharge) from precipitation is
reasonable, based on the annual recharge of 0.59 feet (approximately 7 inches) taken from the water
balance determuned using the method of Thornthwaite and Mather (1957). Thus, based on a
comparison of Qi, vs Qoy, significantly more water would have to be removed from the groundwater

flow system in order for the two flows to balance.

Several mechanisms for the loss of water from the aquifer were considered for the conceptual
model; horizontal, downward and upward movement were considered. First, the K, values in the till
are not believed to be high enough to transport the water horizontally and cause the observed
decrease in the water table. Secondly, the poor vertical connection between the till and the
competent shale aquifers suggests that downward movement of groundwater into the bedrock, as a
means of removing water, is not reasonable. Therefore, the third concept, upward movement
groundwater via evapotranspiration, was considered to be the most reasonable alternative, given the
site conditions (i.e., the fine-grained nature of the till, shallowness of the till/weathered shale
aquifer, the shallow depth of the water table, the open, vegetated land surface at the site, etc.).
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The concept of evapotranspirative loss of groundwater from unconfined, fine-grained till aquifers to
explain large fluctuations in the water table (especially where the water table is close to a vegetated
land surface) is not uncommon and has been documented by many researchers (i.e., Jones et al.,
1992; Cravens and Ruedisili, 1987, Hendry, 1988; and Keller et al., 1988) - Section 3.5.7.2
presents a detailed discussion of their findings. Furthermore, the characteristics and behavior of the
aquifer flow system at the Ash Landfill suggest that this phenomenon is occurring at the Ash

Landfill and in the surrounding area.

Thus, it is reasonable to conclude that a significant amount of the water that percolates into the
groundwater flow system at the Ash Landfill is lost to evapotranspiration and is never discharged to

Seneca Lake. The actual net recharge value (Q,,), recharge - evapotranspiration, based on the

conceptual model information, would be approximately 1.6 x 10” ft/day (or 0.07 in/yr).
4.4 DEFINITION OF FLOW SYSTEM AND BOUNDARY CONDITIONS

A flow system is defined by hydrostratigraphy, hydrologic information, and geochemical data. The
following is a description of the groundwater flow system in the vicinity of the Ash Landfill.

The groundwater flow system is primanly recharged by precipitation within Seneca County
(Mozola, 1955). The traditional water balance would suggest that approximately 34.3 inches of
rain falls in the region, with approximately 6.8 inches being lost to runoff, 20.4 inches being lost to
evapotranspiration, and 7.1 inches allowed to percolate into the groundwater (Table 4-2).

However, this does not account for the loss from groundwater, via evapotranspiration, once the
percolation has recharged groundwater. It is clear from calculation of groundwater flow through
the system that only a small percentage of the water that percolates to the groundwater actually
moves throughout the entire length of the system. A large percentage is lost from the system though
evapotranspiration from the water table. The shallow water table, the fine-grained nature of the till,
and the relatively large fluctuations in the water table indicate that evapotranspiration likely plays a

major role in removing water from the till/weathered shale aquifer system.

The flow of groundwater at the Ash Landfill occurs primarily through two hydrostratigraphic units;
a till/weathered shale unit and a competent shale unit. Hydrologic data from these units provides a
more complete definition of the flow system. Water level measurements from the till/weathered
shale unit at five sites within the modeled area indicate that the general direction of groundwater
flow is to the west toward Seneca Lake. At the Ash Landfill and at the Garbage Disposal Area
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(SEAD-64D) sites, the groundwater flow direction is consistently to the west over an area that
encompasses approximately 3/4 of the width of the area to be modeled. The flow direction in the
competent shale at the Ash Landfill site is also to the west. In the eastern portion of the modeled
area at SEAD-16, -17, -25, and -64A, groundwater flow directions are to the west and southwest
(Figure 2-1) (Parsons ES, 1995a, 1995b, 1995¢).

In the far eastern portion of the modeled area the combination of an easterly groundwater flow
direction at SEAD-50 and a topographic high along Route 96 suggests the presence of a
groundwater divide (Figure 2-1). In the south, the groundwater divide is defined by both the
easterly groundwater flow and the topography. To the north along Route 96, the topography and
drainage pattern of small intermittent streams define the location of the divide. Groundwater flow
in the western portion of the modeled area is controlled by Seneca Lake, which is a large, stable

water body whose surface elevation is approximately 455 feet above mean sea level.

The hydraulic conductivity of the layers helped to define the vertical extent of the flow system.
Hydraulic conductivity data for the modeled area was obtained from slug tests that were performed
in the till/weathered shale and in the competent shale at the Ash Landfill. Horizontal hydraulic
conductivity values ranged from 7.8x10™ cm/sec to 1.9x10™"" cm/sec. The data indicate that the
conductivity values for the till/weathered shale are greater than those for the competent shale. The
average hydraulic conductivity of the till/weathered shale unit is 3.7 x 10® cm/sec and for the
competent shale it is 4.2 x 10 cm/sec. Also, within the competent shale aquifer conductivity
values generally decrease with depth. Initially, three separate flow units were defined in the
competent shale (Figure 4-1); a hydraulic conductivity value for the third flow unit in the shale
was extrapolated from shallower data because no wells were screened at this depth. However, as
part of the preliminary water budget calculations, the lowermost umit in the competent shale was
eliminated from the model due to lack of a significant volume of flow in this unit compared to the
total flow through the system. Therefore, for the purposes of this model, flow was modeled to a
depth of 52 feet below the land surface.

No significant vertical gradients exist in the well clusters at the Ash Landfill. Although small
upward and downward gradients were observed in some of the well, there is no dominant trend in

the flow directions (Parsons ES, 1994a).

An important distinction in the flow system is that the competent shale, and its network of bedding

plane fractures and joints, was considered an equivalent porous medium (EPM) in the groundwater
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flow model. Fractured rock systems simulate EPM when the fracture apertures are constant, the
fracture orientations are randomly distributed and the fracture spacing is small relative to the scale
of the flow system (U.S. EPA, 1989). Generally, in the EPM approach the fractured rock is treated
as if it were an unconsolidated porous media. The shale at the Ash Landfill is believed to
approximate EPM because it is characterized by vertical and horizontal joints, and horizontal
bedding plane fractures. The frequency and size of the bedding plane fractures decreases with
depth based on an analysis of bedrock cores collected at the Ash Landfill; this is supported by a
measured decrease is hydraulic conductivity with depth (Figure 4-1).

Merin (1992) characterized groundwater flow in fractured siltstone approximately 15 miles south of
the site near Ithaca, New York based on a detailed analysis of rock cores, borehole geophysics and
thin sections. The results of this analysis indicate that “groundwater flow is conceptualized as
moving through vertical and horizontal planes of porosity, each of which is a fraction of a
millimeter thick and extends for several inches to tens of meters in length.” In addition, three zones
of bedding plane fractures were delineated based on the vertical distribution of horizontal fractures,
and the spacing between these horizontal fractures increases with depth. This supports the finding
that hydraulic conductivities are higher in the upper portions of the bedrock. Furthermore, Merin
(1992) argues that the vertical joints and horizontal bedding plane fractures are conduits in shallow
bedrock and that groundwater flow might approximate EPM conditions. The data from the Ash
Landfill site and nearby areas (e.g., Ithaca, NY) do not support a descrete fracture approach to

modeling groundwater flow in the shale.

The validity of using the EPM approach to model contaminant transport is not well established.
However, Pankow et al. (1986) evaluated the EPM approach at two fractured rock sites and they
concluded that “ the EPM approach would work well in describing contaminant transport for the
system with small interfracture spacing and high enough matrix porosity and diffusion coefficient to
rapidly establish matrix/fracture equilibrium.”

In summary, three flow units were defined in the analysis of the flow system at the Ash Landfill site
(Section 4.4) and therefore, the model consisted of 3 layers: layer 1 - till/weathered shale from 0 to
12 feet bls; layer 2 - competent shale from 12 to 32 feet bls; and layer 3 - competent shale from 32
to 52 feet bls.

Several types of boundary conditions were used for the model. The eastern model boundary was

represented by a groundwater divide no-flow boundary as indicated by the topography, stream
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drainage patterns, and groundwater flow directions established at nearby sites. Seneca Lake forms
a constant head boundary at the western extent of the model. Between these two boundaries
groundwater flow is essentially to the west as indicated by flow directions established at the Ash
Landfill and five other sites within the modeled area. Thus, streamline no-flow boundaries were

used to represent the northern and southern boundaries of the model.
4.5 CONTAMINANT FATE AND TRANSPORT

The constituents of concern (COCs) at this site include volatile chlorinated organic compounds that
were within the boundaries of a well defined groundwater plume. These compounds include
trichloroethene (TCE), cis- and trans-dichloroethene (DCE) and vinyl chloride (VC). These
compounds have been detected in various monitoring wells at the site and have been monitored over

time. From this database, various patterns are apparent which include:

o The total concentration of the COCs in the plume decreases with increasing distance from the
source area.

o  The direction of plume travel is consistent with the movement of groundwater.

¢ The ratio of TCE to the breakdown products changes as the distance from the source area
increases.

e The concentration of individual COCs in various wells appears to remain constant over the
period of groundwater monitoring.

¢ The boundaries of the plume do not appear to be expanding.

From this information and the analytical modeling that was performed during the RI, the hypothesis
was suggested that degradation of the COC within the plume was occurring such that the plume had
reached steady state conditions. In other words, the extent of the plume has not substantially
changed because the rate of input of COCs equaled the removal of COCs by natural removal
mechanisms. If the site conditions are supportive of biotic degradation it is likely that the
indigenous microbial community is controlling the mass of COCs present in the plume. Given this
hypothesis, the remedial strategy that this modeling effort would be used to support is one that
would incorporate institutional controls in association with continued long-term monitoring of
groundwater. This approach was deemed appropriate because source control was accomplished in

the spring of 1995 and was successful in eliminating continued leaching of COCs to the

groundwater system.
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The COCs at the Ash Landfill are known to be resistant to aerobic microbial degradation.

However, these compounds have been shown to be susceptible to degradation through a process
called reductive dechlorination. Reductive dechlorination occurs under anaerobic conditions and is
capable of removing halogens from compounds, in this case chlorine, to produce less toxic
compounds. Reductive dechlorination is possible because unlike non-halogenated compounds,
halogenated compounds are in an oxidized state due to the presence of the large electronegative
chlorine group. This makes the organochloride molecule susceptible to reduction rather than
oxidation. Thus, compounds with more chlorine atoms are more susceptible to reduction than
compounds with fewer chlorine atoms. This process sequentially dechlorinates chlorinated organic
molecules with compounds containing relatively large amounts of chlorine, such as TCE, being

easier to dechlorinate than the (less chlorinated) breakdown products.

The process of dechlorination involves a transfer of electrons. Compounds that gain electrons are
reduced whereas the compounds that donate electrons are oxidized. Oxygen is typically the electron
acceptor for environmental oxidation processes; however, under anaerobic conditions the electron
acceptors can be either other organic compounds or inorganic anions such as oxidized forms of
sulfur, nitrogen, iron, or carbonate. For anaerobic (anoxic) bacteria to degrade chlorinated
hydrocarbons, certain requirements for the environmental system must be met. These requirements

include the following:

e availability of carbon sources (electron donors);
e presence of electron acceptors;

e essential nutrients;

e proper ranges of pH, temperature, and salinity;
¢ absence of dissolved oxygen; and

e proper redox potential.

With this essential information, it will be possible to evaluate the likelihood that biotic anaerobic
dechlorination is active in controlling the migration of the dissolved COCs at the Ash Landfill

As part of the conceptual model development Parsons ES conducted an extensive field sampling
program with the intention of obtaining data that will provide an understanding of the status of the
biotic processes that are on-going at the site. Table 4-5 presents the parameters that were measured

in the monitoring wells that were within the boundary of the groundwater plume. These parameters
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TABLE 4-5

CHEMICAL PARAMETERS RELATED TO BIOTIC DEGRADATION

SENECA ARMY DEPOT ACTIVITY
ASH LANDFILL GROUNDWATER MODEL

PARAMETER METHOD OF ANALYSES : SIGNIFICANCE

Ferrous (Fe'%) Colormetric HACH Kit Presence of iron in the reduced, divalent state, may inidcate
anaerobic reduction as ferric Fe™, an electron acceptor is
reduced to ferrous, Fe'?

Chloride (CI') EPA Method 300.0 General water quality parameter used as a marker of

biogical dechlorination. Presence of chloride in areas of
anaerobic dechlorination supports dechlorination process
since chloride is being sequentially removed from the

organic molecule and being released to the groundwater.

Specific Conductivity

EPA Method 120.1

General water quality parameter; useful to identify areas
where leaching from the landfill could be occurring,

Alkalinity

EPA Method 310.1

General water quality parameter; provides an indication of
the presence of carbonates. Carbonates could be an electron
acceptor under anaerobic conditions,

Nitrate (NOy')

EPA Method 300.0

Potential electron acceptor for anaerobic processes. Nitrate
can be used as an electron acceptor by facilitative anaerobic
microorganisms via either denitrification or direct nitrate
reduction.

Nitrite (NO’;)

EPA Method 300.0

Presence of nitrite is an indication that dentrification
process is ongoing.

Sulfate (SO4=)

EPA Method 300.0

Possible electron acceptor in the anaerobic microbial
degradation process.

Dissolved Sulfide (§=)

Standard Method 4500E

Product of sulfate-based anaerobic microbial respiration.

Redox Potential (Ey,)

Standard Method 2580A

Redox potential influences the nature of the biologically
produces degradation process. Indicator of the tendency of
a solution to accept or transfer electrons. Anaerobic
conditions exist at Ej values less than +750mV.

Methane

Robert 8. Kerr
Standard Operating
Procedure (RSKSOP) - 175

Indicator of reducing conditions; product of anaerobic
reduction of carbon dioxide.

Carbon Dioxide

RSKSOP-175

Possible source of electron acceptors during
methanogenisis.

Ethane, Ethene

RSKSOP - 175

Products of biotransformation of chlorinated hydrocarbons;
the presence of these compounds indicates that anaerobic
degradation is occurring,

pH

EPA Method 150.1

General water quality parameter, for microbial
dechlorination to occur; pH must be within acceptable
range.

Dissolved Organic Carbon

EPA Method 415.1

May be source of electrons; acts as an electron donor during
anaerobic dechlorination processes.

October, 1995
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include alternative electron acceptors, general water quality parameters, and final end products of

biotic degradation.

Field activities for collection of these data took place during June 1995. The results of these field
efforts are summarized in Table 4-6. The results presented in Table 4-6 suggest that several
alternative electron acceptors are available to complete the transfer of electrons through an
anaerobic dechlorinative process. The concentration of carbonates, sulfate, and nitrate are high
enough to suggest that these compounds could act as electron acceptors. Further, the COCs
throughout the site may act as electron donors in the transfer of electrons, although, cometabolic
mechanisms may also play a lesser role. General water quality parameters, such as pH, specific
conductance, and chloride, all are within the range of what would be acceptable for biological
growth. The redox potential values are within the range of what would be considered anaerobic,
suggesting that anaerobic dichlorination could be occurring. Although the redox potential measured
at SEDA does not indicate strongly anaerobic conditions at the time of measurement, it is

nonetheless within the anaerobic range.
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TABLE 4-6
BIODEGRADATION INDICATOR PARAMETER RESULTS

SENECA ARMY DEPOT ACTIVITY
ASH LANDFILL GROUNDWATER MODEL

Ethene Ethane Methane Chloride CO2 Spec. Cond. | Ferrous Sulfide
Monitoring Well (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (umho/cm) (mg/L) (mg/L)
PT-10 <0.11 <0.08 <0.004 59.7 327 794 <0.01 <0.10
PT-17 <0.11 <0.08 <0.004 59.3 349 906 0.01 032
PT-18 <0.11 <0.08 0.424 57.7 629 1450 0.01 <0.10
PT-20 <0.11 <0.08 <0.004 67.1 331 954 0.01 <0.10
PT-22 <0.11 <0.08 <0.004 148 352 1230 <0.01 <0.1
PT-22 (Dup) NA NA NA NA 349 NA NA NA
MW-24 <0.11 <0.08 <0.004 40.3 275 763 0.12 <0.10
MW-24 (Dup) NA NA NA NA 276 NA NA NA
MW-27 <0.11 <0.08 0.184 37.8 268 633 0.21 <0.10
MW-28 <0.11 <0.08 <0.004 253 293 656 0.04 <0.10
MW-29 <0.11 <0.08 <0.004 582 316 944 0.24 0.16
MW-32 <0.11 <0.08 <0.004 67.7 284 800 0.27 <0.10
MW-36 <0.11 <0.08 <0.004 48.8 270 706 <0.01 <0.10
MW-39 <0.11 <0.08 <0.004 22 145 617 <0.01 <0.10
MW-40 <0.11 <0.08 <0.004 12.5 221 486 <0.01 <0.10
MW-41D <0.11 <0.08 <0.004 12.7 279 652 0.03 <0.10
MW-42D <0.11 <0.08 <0.004 4.6 266 533 <0.01 <0.10
MW-43 <0.11 <0.08 <0.004 26.5 369 766 0.12 <0.10
MW-43 (Dup) NA NA NA NA 366 NA NA NA
MW-45 <0.11 <0.08 <0.004 244 285 567 0.07 <0.10
MW-46 <0.11 <0.08 <0.004 25.7 298 675 0.01 <0.10
MW-48 <0.11 <0.08 <0.004 275 271 578 0.11 <0.10
MW-49D <0.11 <0.08 0.009 25.1 259 646 0.06 <0.10
MW-149(Dup of 49D) <0.11 <0.08 0.011 248 264 640 NA <0.10
MW-49 (Rinsate) <0.11 <0.08 <0.004 1.9 <5 1.83 NA <0.10
MW-50D <0.11 <0.08 <0.004 15.2 220 486 0.13 <0.10
MW-53 <0.11 <0.08 <0.004 74.7 308 904 0.15 032
MW-54D <0.11 <0.08 <0.004 534 222 629 <0.01 <0.10
MW-55D <0.11 <0.08 <0.004 4.6 218 534 0.46 <0.10
MW-56 <0.11 <0.08 <0.004 42 4 302 700 0.02 <0.10
MW-56 (Dup) NA NA NA NA 294 NA NA NA
Notes: NA - Not Available

* - Nitrate-N and Nitrite-N combined due to late holding times
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BIODEGRADATION INDICATOR PARAMETER RESULTS

TABLE 4-6 (cont.)

SENECA ARMY DEPOT ACTIVITY
ASH LANDFILL GROUNDWATER MODEL

* - Nitrate-N and Nitrite-N combined due to late holding times

HAENG\SENECAVASHMODEL\REPORT\TABLES\BIODEGIN.WK3

DOC Sulfate Nitrate-N | Nitrite-N | Redox Pot. pH Tot. Alk.
Monitoring Well (mg C/L) (mg/L) (mg/L) (mg/L) (mV) (mg CaCO3/L)
PT-10 <1.0 22.6| <0.056 <0.076 367.9 7.35 333
PT-17 148 78 0.61] <0.076 361.8 7.03 331
PT-18 6.1 231| <0.056 <0.076 NA 6.87 548
PT-20 1.9 22.6 0.15| <0.076 NA 7.05 310
PT-22 3.1 218 0.18 <0.76 3524 7.02 316
PT-22 (Dup) NA NA NA NA NA NA NA
MW-24 4.6 79 0.15| <0.076 372.4 7.09 288
MW-24 (Dup) NA NA NA NA NA NA NA
MW-27 23 50.7 0.098| <0.076 394.7 7.73 292
MW-28 2.8 49.5 0.089] <0.076 362.5 7.09 282
MW-29 32 126 021| <0.076 365.6 7.06 313
MW-32 1.6 56.4 0.79| <0.076 4153 7.16 294
MW-36 1.8 62.6 1.7} <0.076 3793 7.25 273
MW-39 35 26.7 0.091| <0.076 398.2 7.2 264
MW-40 1.4 56.7 0.13* NA 3623 7.41 217
MW-41D 12 41.1 0.0771 <0.076 3714 7.62 300
MW-42D 32 24.6 0.088| <0.076 390.8 7.48 279
MW-43 4.4 434 <0.056 <0.076 365.5 7.09 362
MW-43 (Dup) NA NA NA NA NA NA NA
MW-45 1.7 39.1 0.064| <0.076 351.2 7.22 281
MW-46 42 46.7| <0.056 <0.076 347.9 7.13 297
MW-48 25 414 0.081] <0.076 3823 7.25 276
MW-49D 53 57.6 0.11] <0.076 379.5 7.32 264
MW-149(Dup of 49D) 3.7 58.5 0.084] <0.076 NA 7.36 264
MW-49 (Rinsate) 23 1.1] <0.056 <0.076 NA 6.64 <5
MW-50D 33 32.8 0.11] <0.076 NA 7.59 231
MW-53 35 103 0.15( <0.076 359.6 7.08 289
MW-54D 4.1 40.6 027 <0.076 373.9 7.48 223
MW-55D <1.0 313 023] <0.076 340.6 8.88 253
MW-56 2.5 81.7 023 <0.076 360.6 7.11 289
MW-56 (Dup) NA NA NA NA NA NA NA
Notes: NA - Not Available
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5.0 GROUNDWATER FLOW MODEL DESIGN AND RESULTS
5.1 SELECTION OF MODEL CODE

This modeling study involved the simulation of both three dimensional groundwater flow and

transport. The computer code MODFLOW was selected for this project because of the following:

+ MODFLOW simulates three dimensional groundwater flow;

e The head and flow data saved by MODFLOW can be used with particle tracking models (e.g.,
MODPATH and MODPATH-PLOT) and the three-dimensional transport model, Modular
Transport in 3 Dimensions (MT3D);

e The accuracy of the code has been checked against one or more analytical solutions;

e The code includes a water balance computation; and

e The code has been used to simulate groundwater flow in numerous studies.

Further, MODFLOW has been peer-reviewed for both theory and coding, has been extensively
verified, field tested and has many users (EPA, 1993). The transport code, MT3D, was selected as
the transport model, as this model is structured to be used in conjunction with MODFLOW, has
been peer reviewed for theory and has been both field tested and verified (EPA, 1993).

5.2 RELATIONSHIP BETWEEN CONCEPTUAL MODEL AND MODFLOW
NUMERICAL MODEL

This section describes how the grid of the numerical model was developed from the conceptual
model. First, the boundary conditions and grid layout will be discussed, followed by the method of

assignment of input parameter values.

5.2.1 Boundary Conditions and Grid Layout

The area modeled extends considerably beyond the Ash Landfill and its immediate surrounding area
to take advantage of meaningful physical and hydraulic boundaries (Figure 5-1). Seneca Lake, a
physical boundary, formed a constant head boundary at the western edge of the model. The eastern
model boundary was represented by a groundwater divide no-flow (i.e., hydraulic) boundary as<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>