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1.0 INTRODUCTION

The groundwater at the Ash Landfill has been impacted by volatile organic compounds,
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 volatile organics was first detected in 1987 during an initial installation assessment
performed by the Army Environmental Hygiene Agency (AEHA). Since that time the plume has
been monitored by SEDA quarterly as part of a groundwater sampling program. Generally, the
monitoring results suggest that there has been no significant increase in the concentration of volatile
organics at the wells sampled during the period of 1989 to 1995.

As part of the remedial investigation (RI) the full extent of the plume was delincated (Parsons ES,
1994a). The westernmost tip of the plume was shown to exist slightly beyond the SEDA boundary.
Although the plume has not impacted any source of drinking water, a private drinking water well
does exist at a nearby farmhouse residence (Figure 1-1). Cursory modeling of TCE plume
migratiori at the site using a one-dimensional analytical model suggested that degradation was a
possible explanation as to why the plume did not appear to be migrating. It was hypothesized that
the plume had reached a steady-state condition. In other words, the natural degradation
mechanisms in the groundwater/soil matrix were able to remove the mass of volatile organics that
was added to the system annually due to leaching from the source area.

In the fall of 1994, the source area was decontaminated using Low Temperature Thermal
Desorption (LTTD) and in the process several thousand gallons of groundwater from this area was
extracted and treated from the till/weathered shale aquifer.

The remedial strategy was to eliminate the continued mass input to the groundwater system which
would be followed by and in-depth evaluation of the ability of the natural system to degrade the
remaining plume. If the results from this evaluation suggested that the existing conditions were
favorable for the degradation process, then insitutional controls in combination with continued
groundwater monitoring would be selected as the preferred remedial altemmative. For this study,
numerical groundwater flow and transport models were selected as the preferred approach to
evaluate this altermative. The USGS ground water flow model (MODFLOW) and a three
dimensional transport model (MT3D) were selected as the mechanism to predict the future
migration of the plume relative to its current configuration. The transport model was also used to
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simulate the effect that eliminating the source material would have on the future migration of the

plume,
C 11 Purpose

The purpose of this study is to predict the future migration of the plume of volatile organic
compounds (VOC) and to evaluate the effect that eliminating the source of VOCs will have on the
future migration of the plume. The results of the modeling will provide information on the potential
for impacts to groundwater at off-site locations, including the farmhouse located on Old Smith
Farm Road. Results from the groundwater flow and transport modeling will be used in the decision
making process regarding the need for implementation of groundwater recovery system.

1.2 Previous Modeling Results

As part of the RI, a one dimenstional analytical model was used to evaluate the future migration of
the plume of TCE. Specifically, the model was used to determine when, and if the plume of VOCs
would reach private wells at a downgradient farmhouse property.

The transport of dissolved materials (i.e., TCE) in the groundwater was initially evaluated using a
groundwater transport model obtained from the document Groundwater Transport: Handbook of
Mathematical Models, (1984). The model called ODAST considers convection, 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.
The model is an analytical solution to the partial differential equation describing solute transport in
saturated porous media given various simplyfying assumption and boundary conditions. The model
assumes an infinitely long homogeneous, isotropic porous medium in a steady uniform flow. It
includes two function type subroutines, one calculates the product of the exponential, exp(A) and
the other the complementary error function, erfc(B). The modeling focused on both TCE and 1,2-
DCE. The ODAST model provided a reasonable analysis of contaminant transport at the site
during the RI. The discussion below is a summary of this modeling. The details of the ODAST
modelling are provided in the Ash Landfill RI report (Parsons ES, 1994a).

This ODAST model calculates the ratio C/C, for any given point downstream from the source of
contamination (x) 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

PAGE 1-3
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decay factor of the source (o). For this initial analysis, the source was assumed not to change
relative to the groundwater system and therefore, o was assumed to equal zero. The ODAST one
dimensional analytical solution used to model this system is:

C _ v x(v - U) Rx - Ut
e A [ 2D ]erfc [2(1)1?: )”’}

v exp [x(v+ w]erfc{Rer Ifz]
v-U 2D 2(DRt )

2
+ v exp [Lx_ - X’t:l e':fc [M:l

+

2DRX D 2(DRt )7

where:

U= [v + 4DR(%-a)]"

The input parameters to the model was as follows:
C = concentration at x,t

C, = concentration at source

v = pore water velocity (m/day)

D = coefficient of dispersion (m%*day)

R = Retardation factor

To = total period of waste recharge (years)

A = decay factor of the solute (day™)

a = decay factor of the source (day™)

x = distances from the source (m)

t = time elapsed since the beginning of the operation (year)

The potential migration of both TCE and 1,2-DCE onsite was evaluated using the above-mentioned
analytical groundwater flow model. The evaluation incorporated a sensitivity analysis for TCE and
1,2-DCE by varying the pore water velocity at the Ash Landfill site, thereby evaluating their
behavior under two sets of conditions. In the first condition a low velocity was used and in the
second condition a high velocity was used.

PAGE 14
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For the low velocity condition a pore water velocity of 18.1 ft/yr or 0.05 ft/day (0.015 m/day) was
used. The velocity calculation incorporated an effective porosity of 0.15 and a hydraulic
conductivity of 0.35 ft/day as it is suspected that the lower hydraulic conductivites will be the rate-
limiting factor.

A longitudinal dispersivity of 30 feet was used. This value was obtained from a recent article
entitled Extraction of TCE-Contaminated Ground Water by Subsurface Drains and a Pumping
Well, Groundwater, Vol. 28, No.1, January-February 1990. 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). A retardation factor of 1.5 was
used for TCE (which was obtained from the same article), and is consistent with literature values
for the soil type at SEDA. For 1,2-DCE a lower retardation factor of 1.21 was used.

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). A time period of up to 200 years was used to determine if
TCE and/or 1,2-DCE would ever get to the farmhouse wells and also to determine when the
concentration ratios would cease to change, or reach steady-state.

To evaluate plume conditions that may prevail using a higher pore water velocity a conservative
velocity was calculated for the second condition. This velocity calculation included the use of a
hydraulic conductivity of 1.5 ft/day while the other parameters in the velocity equation remained the
same as in the first condition. The input parameters for the groundwater model under both
conditions are included in the notes below the tables that summarize the results of the modeling
(Tables 1-1 through 1-4). For the second condition a new coefficient of dispersion was calculated
using a dispersivity of 30 feet and a groundwater velocity of 77.8 fi/yr.

For the purpose of this initial modeling scenario the locations of the TCE and 1,2-DCE source areas
are different. The TCE concentration at PT-18 was assumed to be the source concentration term,
(C,) for TCE. PT-18 was chosen as the source instead of MW-44 for several reasons. First,
historical monitoring data has shown that the concentration of TCE in PT-18 has remained
relatively constant. Second, the four wells downgradient of the source that were part of the
modelling array; PT-12, which is 200 ft. (61 m) from PT-18, PT-22, which is 390 ft. (119 m) from
PT-18 , MW-29, which is 850 f. (259 m) from PT-18, and MW-56, which is 1,165 ft. (355 m)
from PT-18, are essentially along the centerline of the groundwater plume, which meets a boundary
condition of the modelling. Also, a downgradient location 2,510 ft. (766 m) from PT-18 was
examined, since it is approximately the distance of the farmhouse wells from PT-18. For 1,2-DCE,
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the concentration at PT-12 was assumed to be 1,2-DCE source concentration term, (C,). PT-12
was chosen because this well is near the source area and contained the highest concentration of 1,2-
DCE of the wells chosen for the model. Three downgradient monitoring wells (PT-22, MW-29, and
- MW-56) and the farmhouse well (FH-S) were included in the model for reasons cited above for
TCE. Their respective distances from the 1,2-DCE source at PT-12, are 190 ft. (58m), 650 fi.
(198m), 965 ft. (294m), and 2,310 fi. (705m). Various times from 5 to 200 years were examined
for each of the compounds. ’

For the two pore water velocity conditions, the model was calibrated by comparing the model
output to actual data from one well (PT-12) followed by adjusting one variable, the decay factor of
the solute (A), until the output, the TCE concentration ratio (C/C,) for PT-12, matched the actual
field well data. The final delay factors used to calibrate the model for TCE under low and high pore
water velocity conditions were compared to literature data to determine if the decay factors used in
this model were similar to that found at other sites.

In order to determine the validity of the value of A, values were obtained from the article In Situ
Biodegradation of TCE Contaminated Groundwater", Environmental Progress, Vol. 9, No. 3,
August 1990, which presented a graphical description of time vs. TCE concentration before and
after in-situ treatment. The slope of the line before treatment was determined to be -0.241 ppb
degraded/day. Using the initial concentration, the rate was used to calculate a concentration after
250 days. Assuming a first order rate equation, a rate constant was calculated to be 0.0006 day™
which compared well with the value of 0.000622 day™ used in the modelling of TCE under the low
velocity condition. The A used to calibrate the model for the high velocity condition 0.002 did not
correlate well with the value calculated from data presented in the literature.

Once the final calibration was performed for the low velocity condition by matching the (C/C,) for
PT-12, the output was also compared to the actual C/C, values for other wells and found to be
reasonably close. The actual TCE concentrations were 12,000 ug/l at PT-18, 575 ug/l at PT-12, 89
ug/l at PT-22, 2 ug/l at MW-29, and 0 ug/l at MW-56. From these values actual concentration
ratios were determined to be 0.048 for PT-12/PT-18, 0.0074 for PT-22/PT-18, 0.00017 for MW-
29/PT-18 and 2.06 x 107 for MW-56/PT-18. The decay factor of the source was assumed to be
zero, suggesting that the source sink of TCE is large enough so that it is not being depleted rapidly
enough that the input source strength relative to downgradient wells changed significantly. The
calibrated value for the solute degradation term A of 0.000622 day™ yielded the best results (Tables
1-1 through 1-4).
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TABLE 1-1

SUMMARY OF TCE MODELING RESULTS USING ODAST

AT A GROUNDWATER VELOCITY OF 0.05 FI/DAY (PT-18 Source Location)

SENECA ARMY DEPOT
ASH LANDFILL GROUNDWATER MODEL
Predicted Concentration Ratio (C/Co), Predicted Conc. and Actual Measured Conc. for TCE
TIME PT-12 PT-22 MW.-29 MW.-56 FARMHOUSE
(years) 200 feet (2) 390 feet 850 feet 1165 feet 2510 feet
Predicted Predicted Actual Predicted Predicted Actual Predicted Predicted Actual Predicted Predicted Actual Predicted Predicted Actual
Conc. Ratio | Conc. (ug/L) | Conec. (ug/L) ] Conc. Ratio | Conc. (ug/L) | Conc. (ug/L) [ Conc. Ratio | Conec. (ug/L) | Conc. (ug/L) | Conc. Ratio [ Conc. (ug/L) | Conc. (ug/L) | Conc. Ratio | Cone. (ug/L) | Conc. (ug/L)

5 0.02436 292.32 3.03E-09 0.00 0 0.00 0.00E+00 0.00 0 0

10 0.02668 320.16 0.00006 0.77 0 0.00 0.00E+00 0.00 0 0

15 0.04230 507.60 0.00093 1112 1.28E-12 0.00 0.00E+00 0.00 0 0

20 0.04676 561.12 0.00233 21.97 1.67E-09 0.00 0.00E+00 0.00 0 0

25 0.04775 573.00 0.00321 38.56 T7.44E-08 0.00 1.58E-13 0.00 0 0

30 0.04795 575.40 0.00356 42.712 6.23E-07 0.01 2.25E-11 0.00 0 0

35 0.04799 575.88 0.00367 44,00 2.07E-06 0.02 5.29E-10 0.00 0 0

40 0.04800 576.00 515 3 0.00370 44,34 4,01E-06 0.05 4.09E-09 0.00 0 0

60 0.04800 576.00 0.00370 44.45 89 @3 741E-06 0.09 7.99E-08 0.00 0 0
100 0.04800 576.00 0.00370 44.45 7.53E-06 0.09 2 3 1.08E-07 000 <0.5 3) 0 0 0.5 3)
150 0.04800 576.00 0.00370 44,45 7.53E-06 0.09 1.08E-07 0.00 0 0
200 0.04800 576.00 0.00370 44.45 7.53E-06 0.09 1.08E-07 0.00 0 0

Nogos,
1) Input perameters:

Velocity = 0.05 feet/day (Calculated nzing a gradient of 0.0213 fi/f, an offective porosity of 0.15, and a K of 0.35 fi/day)

Dispersion coofficient = 1.5 fi?/day (basod on s dispersivity of 30 ft)

Retardat

factor = 1.5 (di

Lambds (plume dogradation rato constant) = 0.000622/day
Alpha (sourco degradation rate constant) = 0,000/day
2) Indicstes distance from PT-18, The PT-18 TCE concentration is 12,000 ug/L, which is Co
3) Boldface indicates steady-state achieved
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SUMMARY OF 1,2-DCE MODELING RESULTS USING ODAST

TABLE 1-2

AT A GROUNDWATER VELOCITY OF 0.05 FT/DAY (PT-18 Source Location)

SENECA ARMY DEPOT
ASH LANDFILL GROUNDWATER MODEL

Predicted Concentration Ratlo (C/Co), Predicted Conc. and Actual Measured Conc. for 1,2-DCE
TIME PT-22 MwW-29 MW-56 FARMHOUSE
(years) 190 feet 650 feet 965 feet 2310 feet
Predicted Predicted Actual Predicted Predicted Actual Predicted Predicted Actual Predicted Predicted Actual
Conc, Ratio | Conc. (ug/L) Conc. (ug/L) | Conc. Ratio | Conc. (ug/L) Conc. (ug/L) | Conc. Ratio | Conc. (ug/L) Conc. (ug/L) | Conc. Ratio | Conc. (ug/L) Cone. (ug/L)
5 0.01602 12.82 0.00E+00 0.00 0.00E+00 0.00 0.00E+00 0
10 0.09799 78.39 7.54E-09 0.00 0.00E+00 0.00 0.00E+00 0
15 0.14020 112.16 8.95E-06 0.01 4.55E-12 0.00 0.00E+00 0
20 0.15230 121.84 0.0001889 0.15 1.00E-08 0.00 0.00E+00 0
25 0.15530 124.24 0.0008192 0.66 6.51E-07 0.00 0.00E+00 0
30 0.15600 124.80 0.001683 1.35 7.36E-06 0.01 0.00E+00 0
35 0.15610 124.88 0.00237 1.90 3.13E-05 0.03 0.00E+00 0
40 0.15620 124.96 125 (3) 0.002761 221 7.37E-05 0.06 0.00E+00 0
60 0.15620 124.96 0.003044 244 1.96E-04 0.16 3.29E-14 0
100 0.15620 124.96 0.003048 2.44 84 (3) 2.06E-04 0.16 0.2 (3 8.65E-10 0
150 0.15620 124.96 0.003048 244 2.06E-04 0.16 2.06E-09 0
200 0.15620 124.96 0.003048 244 2.06E-04 0.16 2.07E-09 0 <0.5 3)
Notes:
1) Input parameters:

Velocity = 0.05 feet/day (Calculated using a gradient of 0.0213 f/ft, an effective porosity of 0.15, and a K of 0.35 ft/day)

Dispersion coefficient = 1.5 ft*/day (based on a dispersivity of 30 ft)

Retardation factor = 1.21 (dimensionless)
Lambda (plume degradation rate constant) = 0.000699/day
Alpha (source degradation rate constant) = 0.000/day
2) Indicates distance from PT-12, The PT-12 total 1,2-DCE concentration is 800 ug/L, which is Co
3) Boldface indicates steady-state achieved
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TABLE 1-3

SUMMARY OF TCE MODELING RESULTS USING ODAST

AT A GROUNDWATER VELOCITY OF 0.213 FI/DAY (PT-18 Source Location)

SENECA ARMY DEPOT
ASH LANDFILL GROUNDWATER MODEL
Predicted Concentration Ratio (C/Co), Predicted Conc. and Actual Measured Conc. for TCE
TIME PT-12 PT-22 MW-29 MW-56 FARMHOUSE
(years) 200 feet (2) 390 feet 850 feet 1165 feet 2510 feet
Prodicted Predicted Actual Predicted Predicted Actual Predicted Predicted Actual Predicted Predicted Actual Predicted Predicted Actual
Conc. Ratio | Conc. (ug/L) | Conc.(ug/L) | Conc. Ratio [ Conc. (ug/L) | Conc.(ug/L) | Conc.Ratio | Conc. (ug/L) | Conc.(ug/L) | Conc. Ratio [ Conc.(ug/L) | Conc. (ug/L) | Conc. Ratio | Conc. (ug/L) | Conc. (ug/L)

5 0.34080 4089.60 0.05337 640.44 2.69E07 0.00 4.04E-14 0.00 0 0.00

10 0.40690 4882.80 0.1796 2155.20 0.003613 4336 1.24E-05 0.15 0 0.00

15 0.40890 4906.80 0.1936 2323.20 0.0223 267.60 1.58E-03 18.90 _0 0.00

20 0.40900 4908.00 515 3 0.1943 2331.60 8 @O 0.03078 369.36 6.35E-03 76.15 1.86E-11 0.00

25 0.40900 4908.00 0.1943 2331.60 0.03199 383.88 8.81E-03 105.74 2.61E-08 0.00

30 0.40900 4908.00 0.1943 2331.60 0.03209 385.08 9.29E-03 111.53 1.29E-06 0.02

35 0.40900 4908.00 0.1943 2331.60 0.0321 385.20 2 9.35E-03 112.19 1.01E05 0.12

40 0.40900 4908.00 0.1943 2331.60 0.0321 385.20 9.35E-03 112.24 2.711E-05 0.32

60 0.40900 4908.00 0.1943 2331.60 0.0321 385,20 9.35E-03 11228} <0.5 (V)] 4.83B-05 0.58
100 0.40900 4908.00 0.1943 2331.60 0.0321 385.20 9.35E-03 112.25 4.84E-08 058 <05 @
150 0.40900 4908.00 0.1943 2331.60 0.0321 385.20 9.35E-03 112.25 4.84E-05 0.58
200 0.40900 4908.00 0.1943 2331.60 0.0321 385.20 9.35E-03 112.25 4.84E-05 0.58

Notex.
1) Input parsmeters:

Velocity = 0.213 feet/day (Calculated using a gradient of 0.0213 fU/R, an effective porosity of 0.15, and a K of 1.5 ft/day)

Dispersion coefficient = 6.39 ft*/day (based on a dispersivity of 30 ft)

tion factor = 1.5 (dimensionless)
Lambda (plume degradation rate constant) = 0.000622/day
Alpha (source degradation rate constant) = 0,000/day

2) Indicates distance from PT-18, The PT-18 TCE concentration is 12,000 ug/L, which is Co

3) Boldface indicates steady-stato achieved

1
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SUMMARY OF 1,2-DCE MODELING RESULTS USING ODAST

TABLE 1-4

AT A GROUNDWATER VELOCITY OF 0.213 FT/DAY (PT-18 Source Location)

SENECA ARMY DEPOT
ASH LANDFILL GROUNDWATER MODEL

Predicted Concentration Ratio (C/Co), Predicted Conc. and Actual Measured Conc. for total 1,2-DCE
TIME PT-22 MW-29 MW-56 FARMHOUSE
(years) 190 feet 650 feet 965 feet 2310 feet
Predicted Predicted Actual Predicted Predicted Actual Predicted Predicted Actual Predicted Predicted Actual
Conc. Ratio | Conc. (ug/L) Conc. (ug/L) | Conc, Ratio | Conc. (ug/L) Conc. (ug/l) | Conc. Ratio | Conc. (ug/L) Conc. (ug/L) | Conc. Ratio | Conc. (ug/L) Cong. (ug/L)
5 0.5428 434.24 . 0.003793 3.03 6.39E-07 0.00 0 0.00
10 0.5598 447.84 0.1367 109.36 1.14E-02 9.10 0 0.00
15 0.601 480.80 0.2004 160.32 7.07E-02 56.56 9.45E-09 0.00
20 0.6011 480.88 125 (3) 0.2062 164.96 9.59E-02 76.72 4.95E-06 0.00
25 0.6011 480.88 0.2065 165.20 84 3 9.91E-02 79.27 2.67E-04 0.21
30 0.6011 480.88 0.2065 165.20 9.93E-02 79.46 0.2 (3 1.62E-03 1.30
35 0.6011 480.88 0.2065 165.20 9.93E-02 79.46 3.31E-03 2.65
40 0.6011 480.88 0.2065 165.20 9.93E-02 79.46 4.12E-03 3.30
60 0.6011 480.88 0.2065 165.20 9.93E-02 79.46 437E-03 349| <0.5 3
100 0.6011 480.88 0.2065 165.20 9.93E-02 79.46 4.37E-03 3.49
150 0.6011 480.88 0.2065 165.20 9.93E-02 79.46 4.37E-03 3.49
200 0.6011 480.88 0.2065 165.20 9.93E-02 79.46 4.37E-03 3.49
Notes;
1) Input perameters:

Velocity = 0.213 feet/day (Calculated using a gradient of 0.0213 f/ft, an effective porosity 0f0.15, and a K of 1.5 f/day)
Dispersion coefficient = 6.39 ft*/day (based on a dispersivity of 30 ft)
Retardation factor = 0.75 (dimensionless)
Lambda (plume degradation rate constant) = 0.000699/day
Alpha (source degradation rate constant) = 0.000/day
2) Indicates distance from PT-12, The PT-12 total 1,2-DCE concentration is 800 ug/L, which is Co
3) Boldface indicates steady-state achieved
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SENECA ASH LANDFILL DRAFT GROUNDWATER MODELING REPORT

Therefore, for TCE the decay factor of 0.000622 was chosen to best represent conditions at the site
because it is supported by the decay factor calculated using data represented in the literature, and it
correlates well with the field data. For this reason a A of 0.000622 was used to model both low and
high velocity conditions for TCE.

A similar procedure was used to calibrate the model for 1,2-DCE. Because the low velocity
condition was determined to best represent the site for TCE, this condition was used to calibrate the
model for 1,2-DCE. Again, calibration was performed in a similar manner to that used for TCE.
The decay factor for 1,2-DCE was determined to be 0.000699, which is consistent with that used
for TCE.

Using these input parameters, the model was performed until the groundwater system reached
steady-state for the first well downgradient of PT-18, which is PT-12. Since the source term was
assumed to be constant, the maximum concentration predicted by the model occurs when steady
state is achieved. Consequently, this situation is of interest in understanding if the TCE and 1,2-
DCE will be expected to reach beyond the limits of the site boundary.

The results of the low and high velocity modelling are shown in Tables 1-1 through 1-4. The
results of the analytical modelling for the lower pore water velocity condition (0.05 ft./day) closely
match the field data for the monitoring wells chosen for the model. The results indicate that steady-
state conditions are achieved in the wells. For TCE in PT-12 this condition occurs 40 years for the
time the solvent spill impacted the groundwater and the concentration produced by the model (576
mg/L) agrees well with the actual concentration measured in this well (575 mg/L). Historical
quarterly groundwater monitoring indicates that the concentration of TCE in PT-12 has been
variable, however, the average concentration since January 1990 is 846 mg/L which is close to the
concentration produced by the model under the low velocity condition. Monitoring well PT-22
reaches steady state in approximately 60 years, MW-29 in 100 years and MW-56 also reaches
steady state in 100 years.

The exact timeframe for the release of solvents at the Ash Landfill is not known, however, it is
likely that the releases occurred over a period of years beginning approximately 40 years ago.
According to the model's prediction the spill would have occurred a minimum of 40 years ago. This
is consistent with the suspected early operating dates of the Ash Landfill area.

PAGE 1-11
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SENECA ASH LANDFILL DRAFT GROUNDWATER MODELING REPORT

The results of the modeling using the high pore water velocity (0.213 ft/day) are not likely to be
representative of current or future site conditions. Instead, the model predicts conditions that are
not consistent with the data from the wells used in the model, considering plausible time frames
under which the release of solvents may have occurred. For example, the model indicates that
steady-state conditions in PT-12 are met 20 years after the release, when TCE stabilized at 4,908
mg/L. This concentration is much greater that the concentration currently measured in the well
(575 mg/L) and well above the average TCE concentration for this well since January 1990 (846
ug/L). More significantly, the model predicts that 5 years after the release, the concentration of
TCE on PT-12 was 4,089 mg/L. This concentration is not consistent with the historical data from
this well given the plausible time frame for the release of the solvents; the release is suspected to
have occurred as long as 40 years ago. Similar inconsistencies hold true for PT-22 under these
high velocity aquifer conditions.

Previously, in the initial modeling scenario, the model predicted concentrations for an array of wells
using PT-18 for the source concentration term (C,) for TCE, and PT-12 for the C, for 1,2-DCE.
MW-44, the well with the highest concentrations of TCE and 1,2-DCE was not used. To evaluate a
second plausible scenario, the model was run using MW-44 as the C, for TCE and 1,2-DCE.
Using this scenario, the centerline of the plume is not a straight line, which is one of the boundary
conditions of the model. However, because this source area (MW-44) contains the highest
concentrations of TCE and 1,2-DCE on the site, modeling of this scenario is 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. However, new distances from the source area (MW-44) for the wells
in the modelling array were calculated. Under this scenario, distances between the source
concentration term (C,) and the downgradient wells increased.

Results of the model runs for TCE and 1,2-DCE in MW-44 are shown on Tables 1-5 and 1-6,
respectively. For TCE, the model results indicate that steady-state concentrations in the
downgradient wells are generally similar to the actual concentrations determined by the laboratory.
For 1,2-DCE, the results are also generally 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.

. PAGE 1-12
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TABLE 1-5

SUMMARY OF TCE MODELING RESULTS USING ODAST

AT A GROUNDWATER VELOCITY OF 0.05 FI/DAY (MW-44 Source Location)

SENECA ARMY DEPOT

ASH LANDFILL GROUNDWATER MODEL

Predicted Concentration Ratio (C/Co), Predicted Conc. and Actual Measured Conc. for TCE
TIME PT-12 PT-22 MW-29 MW-56 FARMHOUSE
(years) 310 feet (2) 500 feet 960 feet 1275 feet 2590 feet
Predicted Predicted Actual Predicted Predicted Actual Predicted Predicted Actual Predicted Predicted Actual Predicted Predicted Actual
Conc. Ratio | Conc. (ug/L) | Conc. (ug/L) | Conc. Ratio | Conc. (ug/L) Conc. (ug/L) | Conc. Ratio | Conc. (ug/L) | Conec. (ug/L} | Conc. Ratio | Conc. (ug/L) Cone. (ug/L) | Conec. Ratio | Conc. (ug/L) Conc. {(ug/L)
5 0.00000 0.12 1.51E-14 0.00 0 0.00 0.00E+00 0.00 0 0
10 0.00131 57.82 0.00000 0.01 0 0.00 0.00E+00 0.00 0 0
15 0.00587 258.41 0.00003 1.52 0 0.00 0.00E+00 0.00 0 0
20 0.00916 403.00 0.00023 10.19 8.07E-12 0.00 0.00E+00 0.00 0 0
.25 0.01041 458.04 0.00051 22.58 1.38E-09 0.00 0.00E+00 0.00 0 0
30 0.01076 473,44 0.00071 31.09 2.78E-08 0.00 2.30E-13 0.00 0 0
35 0.01085 477.40 0.00679 34.96 1.67E-07 0.01 1.28E-11 0.00 0 0
40 0.01086 471.84 0.00083 36.34 4.86E-07 0.02 1.878-10 0.00 0 0
60 0.01087 478.28 575 @) 0.00084 36.90 0.0000162 0.71 1.33E-08 0.00 0 0
100 0.01087 478.28 0.00084 36.91 89 (3) 1.70E-06 0.07 2 3 2.44E-08 0.00| <05 3) 0 0 <0.5 ()]
150 0.01087 478.28 0.00084 36.91 1.70E-06 0.07 2.44B08 0.00 0 0
200 0.01087 478.28 0.00084 3691 1.70E-06 0.07 2.44E-08 0.00 0 0
Notes:
1) Input parameters:

Velocity = 0,05 feet/day (Calculated using a gradient of 0.0213 fVft, an effective porosity of 0.15, and a K of 0.35 ft/day)
Dispersion coefficient = 1.5 ft/day (based on a dispersivity of 30 ft)

factor = 1.5 (di
Lambda (plume degradation rate constant) = 0.000622/dsy
Alpha (sourco dogradation rate ) = 0,000/d

2) Indicates distanco from MW-44, The MW-44 TCE concentration is 44,000 ug/L, which is Co
3) Boldface indicates steady-state achieved
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TABLE 1-6

SUMMARY OF 1,2-DCE MODELING RESULTS USING ODAST

AT A GROUNDWATER VELOCITY OF 0.05 FT/DAY (MW-44 Source Location)

SENECA ARMY DEPOT
ASH LANDFILL GROUDWATER MODEL
Predicted Concentration Ratio (C/Co), Predicted Cone. and Actual Measured Conc. for 1,2-DCE
TIME PT-12 PT-22 MW-29 MW.-56 FARMHOUSE
(years) 310 feet 500 feet 960 feet 1275 feet 2590 feet
Predicted Predicted Actual Predicted Predicted Actual Predicted Predicted Actual Predicted Predicted Actual Predicted Predicted Actual

Conc. Ratio | Conc. (ug/L) | Conc. (ug/L.) | Conc. Ratio | Conc. (ug/L) Conc. (ug/L) | Conc. Ratio | Conc. (ug/L) Conc. (ug/L) | Conc. Ratio | Conc. (ug/L) Conc. (ug/L) | Conc. Ratio | Conc. (ug/L) Cone. (ug/L)

5 0.0000489 4.96 1.85E-11 0.00 0.00E+00 0.00 0.00E+00 0.00 0.00E+00 0

10 0.00556 564.75 9.38B-06 0.95 0.00E+00 0.00 0.00E+00 0.00 0.00E+00 0

15 0.01581 1604.72 0.0003509 35.62 2.97E-12 0.00 0.00E+00 0.00 0.00E+00 0

20 0.02063 2093.95 0.001292 131.14 4.09E-09 0.00 0.00E+00 0.00 0.00E+00 0

25 0.02191 2223.87 0.002082 211.32 1.80E-07 0.02 292E-12 0.00 0.00E+00 0

30 0.02227 2260.41 0.002443 24796 1.45E-06 0.15 2.86E-10 0.00 0.00E+00 0

35 0.02233 2266.50 0.002562 260.04 4.58E-06 0.47 5.03E-09 0.00 0.00E+00 0

40 0.02234 2267.51| 1400 (3) 0.002594 263.29 8.47E-06 0.86 3.08E-08 0.00 0.00E+00 0

50 0.02234 2267.51 0.002604 264.31 150 @3) 1.42E-05 1.44 3.43E-07 0.03 0.00E+00 0

100 0.02234 ‘ 2267.51 0.002604 264.31 1.44E-05 1.46 97 @A) 4.07E-07 0.04 02 @ 3.69E-14 0
150 0.02234 2267.51 0.002604 264.31 1.44B-05 1.46 4.07E07 0.04 1.01E-13 0 0.5 @)
200 0.02234 2267.51 0.002604 264.31 1.44E-05 1.46 4.07E-07 0.04 1.01E-13 0 <05 (3

Notes;
1) Input paremcters:

Velocity = 0.05 feet/day (Calculated using & gradient of 0.0213 f/ft, an effective porosity of 0.15, and a K of 0.35 ft/day)
oefficient = 1.5 fi*/day (based on 8 disporsivity of 30 ft)

Dispersion ¢
Retardation factor= 1.21 (dimensioniess)

Lambda (plume degradati

Alpha (sourco degradati
2) Indicates distance from MW-44. The MW-44 total 1,2-DCE concentration is 101,500 ug/L, which is Co
3) Boldface indicates steady-state achioved

e ) = 0.000699/day

)=0.

rato

Yy
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SENECA ASH LANDFILL DRAFT GROUNDWATER MODELING REPORT

Thus, the results of modeling two contaminant transport scenarios showed that degradation is a
significant factor affecting the fate and transport of the TCE/1,2-DCE plume and suggested that the
plume may have reached a steady-state condition.

The ODAST one dimensional analytical model was able to provide some early insight into the
suspected behavior of the plume, however, it is a relatively simplistic model with many
assumptions. The more sophisticated MODFLOW and MT3D models used for this study are
believed to more accurately represent the flow and transport systems at the Ash Landfill and the
surrounding area and, therere, better simulate the plume migration.

1.3 Technical Approach to Groundwater Flow and Transport Modeling

The technical approach used to accomplish the goals of the study incorporated the use of
MODFLOW, a three-dimensional groundwater flow model and MT3D a three-dimensional
transport model.

The modeling objectives are as follows:

e To use existing geologic and hydrogeologic data gathered for the RI at the Ash Landfill to
develop a conceptual model that represent 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 to the present day.
Scenario 2: Simulate the future migration of the existing VOC plume.
Scenario 3: Simulate the effect of source removal on the future migration of the VOC plume.

Initially, geologic and hydrogeologic data for the site was assembled from previous studies
performed at the site. These data were used to define hydrostfatigraphic units and to define the flow
system for the site. The conceptual model was developed based on the geologic setting,
hydrogeologic parameters, and the three-dimensional flow system. A water balance was prepared
to determine the infiltration and evapotranspiration amounts for the site. The competent shale was
represented as equivalent porous medium (EPM) for the model because the degree of secondary
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SENECA ASH LANDFILL DRAFT GROUNDWATER MODELING REPORT

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 that the
conceptual model and initial paramaters values were accurate. Once the profile model was
calibrated to the observed heads along the section, a three dimensional areal model was prepared
and calibrated. Subsequently, sensitivity analyses of the flow model was peformed.

Next, transport parameter values were assembled from literature and derived from chemical data
collected at the site. The transport model was run using the transport parameter values and the
flow data from the calibrated three-dimensional flow model. The transport model was calibrated
based on the estimated time of the release of volatile organics to the groundwater (Scenario 1) and a
sensitivity analyses was performed. Lastly, the transport model was used to simulate the effect of
no removal of the TCE source area (Scenario 2) and then with the removal of the source area
(Scenario 3) 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 discussed below.

MODFLOW/EM (version 3.1), the United States Geological Survey three dimensional 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 MFI/EM 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.

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. POSTMTED 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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SENECA ASH LANDFILL DRAFT GROUNDWATER MODELING REPORT

2.0 DESCRIPTION OF THE ASH LANDFILL AND SURROUNDING AREAS
2.1 ASH LANDFILL

The Ash Landfill site area is located in the southwestern section of SEDA. It encompasses
approximately 130-acres and is composed mostly of undeveloped land with a few areas that contain
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 is comprised 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
arcas dominate.

From 1941 to 1974, uncontaminated trash was burned in a series of burmn pits near the incinerator
building. Between 1974 and 1979 rubbish and garbage was burned in the incinerator. Ashes from
the incinerator were temporarily stored in an unlined cooling pond. 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 (Building 2207), a cooling pond,
the Ash Landfill, and the Non-Combustible Fill Landfill. 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 comner 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 2-1). 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.
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SENECA ASH LANDFILL - DRAFT GROUNDWATER MODELING REPORT

2.2 SURROUNDING AREAS

This modeling study incorporated significant areas of land outside the Ash Landifll. 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. Reeder 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 that are in otherwise undeveloped land. Beyond
this area is developed land near Route 96. Farmland lies east of Route 96. In addition to the Ash
Landfill, six other sites at SEDA provided important information for the modeling study (Figure 2-
1). These are: SEAD-64D, which is immdiately adjacent to the Ash Landfill, and SEAD-16, -17, -
25, -26, -50, and 64A, all located near Route 96.
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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 for 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, 1995c). The description below summarizes only
the pertinent information provided in the these reports.

341 TOPOGRAPHY

SEDA lies on the western side of a series of north to south trending rock terraces that separate
Cayuga Lake on the east and Seneca Lake on the west. The rock terraces range in elevation from
490 feet above MSL in northern Seneca County to as much as 1,600 feet above MSL at the
southern end of the lakes. Elevations on SEDA range from 450 feet above MSL on the western
boundary to 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 magazine area. The majority of the site, which slopes downward to the
west-southwest, is vegetated with grasses and occasional brush thickets (Figure 1-1). Elevations
range from 680 feet above MSL near the intersection of the railroad tracks and West Smith Farm
Road to 630 to 635 feet along the fenced boundary line.

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 east side of Cayuga Lake. This research farm is
administered by the Northeast Regional Climate Center located at Cornell University in Ithaca, New
York. Only precipitation and temperature measurements were available from this location.

A cool climate exists at SEDA with temperatures ranging from an average of 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.  This precipitation is derived principally from
cyclonic storms which pass from the interior of the country through the St. Lawrence Valley. Lakes
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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.

Daily precipitation data measured at the Aurora Research Farm in Aurora, New York for the period
(1958-1991) were obtained from the Northeast Regional Climate Center at Comell University.
This station is located approximately 10 miles east of the depot. 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.
Values of 35 inches mean annual pan evaporation and 28 inches for annual lake evaporation are
cited 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).

33 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
(U.S.G.S) 7 1/2 minute topographic maps of the Ovid and Dresden quadrangles indicate that
surface water flow directions are generally to the west on the Depot. However, east of Route 96
they indicate that flow is to the east, suggesting that there is a regional surface water divide located
near Route 96,

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
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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 Creck 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 from the nearest monitoring station (Aurora Research Farm), was reviewed to
gain a perspective on the seasonal variations in rainfall that would directly impact surface water
flow. This 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 Phase I and II field work.

34 SITE GEOLOGY
34.1 Introduction

The site geology is characterized by gray Devonian shale with 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 sites (SEAD-16, -17, -25, -26, -50, and -64D) at SEDA. Because a
significant amount of the geologic and hydrogeologic information was gathered at the Ash Landfill,
much of the discussion below focuses on data from the Ash Landfill. And, because the geology of
the region is consistent, this geologic and hydrogeologic information is directly applicable to areas
outside the immediate vicinity of the Ash Landfill (i.e., the modeled area).
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34.2 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 a few feet thick. The till is generally characterized by 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 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. 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 Hazardous Waste Study No. 37-26-0479-85).

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 a few feet thick. Differential weathering through geologic time is likely
responsible for the variable thicknesses.

34.3 Competent Shale

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
approximatetly 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,
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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. Based upon the
available data, 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 plan 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 they were observed to have a spacing of approximately 0.5 inches in the
rock cores. 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 RQDs.
RQDs are the total length of recovered core sections over 4" in length expressed as a percentage of
the interval cored. 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 Devonian siltstones near Ithaca, New York.

Breccia zones are present in several of the cores at varying depths. 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"-thick zone at 24 feet), MW-50D (12"-thick zone at 41 feet), MW-52D (3"-thick zone at 40
feet), MW-54D (8" thick zone at 30 feet), MW-55D (3"-thick zone at 50 feet), and MW-55D (3"
thick zone at 20 feet).
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Joint fractures 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 0 to 20-foot upper zone 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. Occaisionally 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 which penetrated to 100 feet below the
land surface.

3.4.4 Site Stratigraphy

A geologic cross-section was constructed for the Ash Landifll 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
section was drawn to provide a somewhat detailed view of the subsurface stratigraphy by
intersecting as many data points (ie., 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.
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35 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, velocity of groundwater, vertical
gradients, and vertical connection tests between the shallow and deep aquifers. A conceptual model
that describes the aquifer characteristics and behavior 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 using depth to
groundwater measurements in the till/weathered shale aquifer. The groundwater contour map was
constructed based on depth to water measurements made on June 14, 1993 (Figure 3-4). The map
indicates that the general direction of groundwater flow in the shallow aquifer was to the west
toward Seneca Lake, similar to 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 entirc area. The groundwater gradient between wells PT-18 and PT-17 was
calculated to be 2.13 x 10 feet per foot. The site wide hydraulic gradient (between wells MW-40
and MW-56) was calculated to be 1.95 x 107 feet per foot.

The groundwater flow direction in the competent shale aquifer based on data collected from 5 wells
at the Ash Landfill is to the west-southwest. While the control on the flow direction is not as good
as for the till/weathered shale aquifer due to a greater spacing between competent shale wells, it
does provide useful information regarding géneral flow directions within the competent shale. The
gradient betweens wells PT-10 and MW-36 was calculated to be 2.5 x 107 feet per foot.

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
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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. 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 cores. No other flow pathways were
observed in the core samples. This view was put forth 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 unbreciated shale, however, today they are not believed to be major transport pathways because
they are filled tightly with a fine silt and clay matrix. In Merin's (1992) conceptual model of
groundwater flow in a siltstone aquifer near Ithica, New York, a network of horizontal and vertical
bedding plane fractures and joints exists in the subsurface. Groundwater moves through vertical
and horizontal planes of 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.

353 Hydraulic Conductivities

Hydraulic conductivities were determined for 23 wells at the Ash Landfill site 8 of which are
till/weathered shale wells and 14 are competent shale wells. Hydraulic conductivities on the site
ranged from 7.8 x 10“ to 1.9 x 107 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 107
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 to 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 silstones near Ithaca,
New York and attributed it to the fact that shallower wells intercepted more highly fractured rock in
contrast to the deeper wells.
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3.5.4 Velocity of Groundwater

The average linear velocity of groundwater in the till/weathered shale was calculated using the
method described by Darcy's Law based on: 1) an average hydraulic conductivity of 4.5 x 10*
cm/sec (0.77 fi/day), 2) an estimated effective porosity of 15% (0.15) to 20% (0.20), and 3) a
groundwater gradient of 1.95 x 107 fi/ft (Parsons ES, 1994a). The average linear velocity was
calculated to be 7.5 x 107 feet/day or 27.4 feet/year at 20% effective porosity and 1.0 x 10
feet/day or 36.5 feet/year at 15% 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 velocity of groundwater in the competent shale was also calculated using the
method described by Darcy's Law based on: 1) an average hydraulic conductivity of 3.73 x 107
cm/sec (0.06 ft/day), 2) an estimated effective porosity of 6.75% (0.0675), and 3) a groundwater
gradient of 2.5 x 10? fi/ft. An average linear velocity of 2 x 107 fi/day or 7.3 fi/year was
calculated for the shale.

3.5.5 Vertical Hydraulic Heads and Gradients

Vertical hydraulic head profiles for the two well pairs (PT-16/MW-38D and MW36/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) show variable fluctuations in water levels with
depth (Parsons ES, 1994a). Generally, there is no consistent trend in any of the vertical hydraulic
head profiles at the Ash Landfill site and there are no areas of the site where there is a consistent
distribution of head. 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 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). 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 contact between the till/weathered shale and competent shale could be
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considered a lower impermeable boundary for the shallow groundwater flow systems at the Ash
Landfill. Such an impermeable boundary would prove to be an important influence on the possible
spread of volatiles and other constituents.

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 the till/weathered shale
aquifer is connected although not significantly to the competent shale aquifer below it. This could
be due to refilling of bedding plane fractures and joints (noted earlier) by silt and clay in the upper
portions of the shale aquifer. Flow into the competent shale is likely controlled by vertical
gradients. Vertical connections for wells screened within the competent shale aquifer are
significantly greater due to clean vertical sub-millimeter scale joints which exist in the shale aquifer.
However, the vertical connection between competent shale wells MW-51D and MW-52D is
comparatively poor.

3.5.7 Summary of Aquifer Characteristics and Behavior
3.5.7.1 Introduction

An analysis of the tests performed for this investigation and 3 years of historical data collected at
the Ash Landfill site provide information for a 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 significant historical data was available from the wells installed during the Ash Landfill RI
(Parsons ES, 1994a) and the ESI investigations (Parsons ES, 1995a, 1995b, 1995¢)so the data
discussed below represents wells installed prior to 1992,

3.5.7.2 Till/Weathered Shale Aquifer
For the relatively thin till/weathered shale aquifer, historical plots of water table elevations indicate

that they fluctuate as much as 8.72 feet in well PT-26, which is located off-site near the SEDA
airfield. The maximum fluctuation on the Ash Landfill site is seen in the plot for well PT-25 which
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fluctuates up to 8.21 feet (Figure 3-5). The maximum thickness of the till/weathered shale aquifer
is 11.6 feet, again in PT-26. On-site, the maximum thickness occurs in PT-25 at 8.59 feet. It is
noteworthy that at certain times of the year, the aquifer becomes quite thin, approximately 1 to 3
feet thick, and even drys up in some locations (PT-29 and PT-30).

Based on the historical data, the 21 wells on the Ash Landfill site exhibit rhythmic, seasonal water
table and saturated thickness fluctuations (Figure 3-5). The aquifer is at its thinnest (generally
between 1 and 3 feet thick) in the month of September and its thickest (generally between 6 and 8.5
feet thick) between the months of December and March. It is likely that for the portions of the
graphs where data is not available (September and December 1992), the water table behaves in a
similar way as in the past, exhibiting a seasonal low.

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. Although no
definitive trend is depicted by the data, they generally show higher amounts of precipitation 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 3-5).

The rhythmic behavior of the aquifer is not soley controlled by precipitation events, rather it is more
likely affected by a combination of precipitation amounts and evapotranspiration rates. The later
phenomenon is affected by temperature, exposure to the intensity of the sun, velocity of the wind,
and the amount of vegetation. Horizonal flow is not believed to play a major role in discharging
water from the till/weathered shale unit which has a relatively low conductivity (an average of 3.65
X 10™ cm/sec). 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 are believed to occur on-site and, therefore, downward flow is also
believed to be minimal compared to evaporative losses.

Therefore, based on the hydrographs for the wells, a conceptual model is that the high water table in
the winter months is sustained by generally high precipitation amounts that last into the spring
(March and April) and low evapotranspiration rates. Decreasing precipitation amounts
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accompanied by an increase in evapotranspiration (due to an increase in temperature and more
vegetation) in the summer results in little recharge to the aquifer and thus a fall in the water table.
In the summer, when there is generally less rainfall and increased temperatures, 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 generally an
increase in precipitation and a decrease in evapotranspiration accounting for the increasing water
table elevations observed into the winter months.

Support for the concept describing the behavior of the till/weathered shale aquifer can be found in
the literature. Jones et al. (1992) discusses a shallow ground water flow system in a Wisconsin-age
weathered till in Jowa 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 that showed that the recharge from surface percolation was
predominantly discharged through capillary rise and evapotranspiration, and 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 is evident on the Ash
Landfiil site. Specifically, they 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 and
allows for 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 Saskatchewan
till showed seasonal fluctuations of up to 8 feet over an approximately 4 month period (Keller, at
al., 1988). However, at this particular site, the seasonal ground water high occurs in September-
October and the low in May-June. Based on hydrographs from nested peizometers the loss of
groundwater at this site was shown not to be from downward flow, but was attributed to a
combination of lateral flow and upward losses due to evapotranspiration, freezing in the unsaturated
zone, and/or other causes.
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DeMarsily (1986) describes the higher moisture content of the soil and generally a higher water
table in the winter compared to the summer. 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 after 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 a monthly water balance model that was run for the same four
years of historical data. The monthly water balance is presented in Table 3-1. This water balance
was developed using the rational method described in "Use of the Water Balance Method for
Predicting Leachate Generation From Solid Waste Disposal Sites" (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-
1, 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. There is always runoff at the site during a major rainfall
since the clay soils on-site prevent rapid infiltration. Groundwater levels measured in the spring
have been highest with levels dropping over the summer. Water levels in the winter have been
lower than those in spring, indicating little or no recharge in summer and fall.

The large fluctuations in the saturated thickness of the till/weathered shale aquifer would likely have
a direct impact on the ground water flow regime and thus the transport of volatile organics or other
constituents. This would be especially true when the aquifer is at its thinnest (1 to 3 feet) in the
summer and early fall, becoming dry at some locations.

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. Unfortunately, the screened interval for this well is not known. Seasonally this well shows
the same magnitude of fluctuations in water table elevation as the till/weathered shale wells.
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TABLE3 -1

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) 22.5 234 32.0 448 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 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 30.9 33.6 37.8 38.1 384 35.7 31.2 28.5 24.6 23.7
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) 2.16 3.71 223 4.58 6.24 2.82 3.14 1.89 4.36 5.86 3.02 4.92 449
Corr. P (in) 0 0 6.3 6.3 6.2 2.8 3.1 1.9 44 59 3.0 4.9 449
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 0.3 0.8 1.1 0.6 1.1 9.0
I (im) 0.0 0.0 4.9 4.9 5.0 2.3 2.6 1.5 3.6 4.8 24 3.8 36.0
1-PET(in) 0.0 0.0 49 3.6 2.0 -2.2 -2.6 -2.9 04 3.0 1.8 3.8 11.9
neg (I-PET) 2.2 -4.8 -7.7
ST (in) 3.9 3.9 39 39 3.9 2.2 1.1 0.5 0.9 3.9 3.9 3.9
delta ST (in) 0.0 0.0 0.0 0.0 -0.0 -1.7 -1.1 -0.6 0.4 3.0 0.0 0.0
AET (in) 0.0 0.0 0.0 1.3 3.0 40 . 3.7 2.1 3.2 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 3.8 16.2
delta W.T. (feet) 0.0 0.0 14 0.6 -0.3 -1.6 -1.3 -0.8 -0.8 0.3 0.3 1.1
NOTES:
PET = Potential Evapotranspiration
P = Precipitation

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

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 accurulated 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
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TABLE3-1

MONTHLY WATER BALANCE
1991
SENECA ARMY DEPOT
ASH LANDFILL GROUNDWATER MODEL
Jan 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 60.6 504 394 279 46.3
Heat Index 0 0 0 1.7 4.0 7.0 8.5 7.8 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 30.9 33.6 37.8 38.1 38.4 35.7 31.2 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 1.13 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 1.9 0.9 34 3.3 2.6 2.7 3.6 2.1 303
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 1.2 04 0.2 0.6 0.6 0.5 0.5 0.7 0.5 6.0
I (im) 0.0 0.0 3.5 4.2 1.5 0.7 2.8 2.7 2.1 2.2 2.9 1.6 243
I-PET(in) 0.0 0.0 3.5 29 -1.5 -3.8 -24 -1.8 -1.0 04 2.3 1.6 0.3
meg (I-PET) -1.5 -5.3 -7.6 9.4 -10.5

ST (in) 3.9 3.9 3.9 3.9 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 0.9

AET (in) 0.0 0.0 0.0 13 27 24 3.2 29 23 1.8 0.6 0.0 17.2
PERC (im) 0.0 0.0 34 29 -0.0 0.0 -0.0 -0.0 -0.0 0.0 0.0 0.7 7.0
delta W.T. (feet) 0.0 0.0 1.0 04 -1.1 -1.1 -1.0 -0.9 -0.7 -04 0.5 0.5

HAENG\SENECA\ASHMODEL\REPORT\TABLES\MWB.WK3

Page 2 of 3



TABLE3-1

MONTHLY WATER BALANCE
1992
SENECA ARMY DEPOT
ASH LANDFILL GROUNDWATER MODEL
Jan Feb Mar Apr May Jun Jul Au Sep Oct Nov Dec Annual

Mean Temp. ('F) 22.5 234 32.0 44.8 54.5 64.6 69.1 66.9 60.6 50.4 394 27.9 46.3
Heat Index 0 0 0 1.7 4.0 7.0 8.5 7.8 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 33.6 37.8 38.1 384 35.7 31.2 28.5 24.6 23.7

Adj. PET (in) 0.0 0.0 0.0 13 3.0 4.5 5.1 4.5 32 1.8 0.6 0.0 240
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 54 3.8 3.3 2.9 8.8 3.2 53 3.0 3.2 29 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 7.2 2.6 4.3 2.5 2.6 23 33.7
I-PET(in) 0.0 0.0 4.2 1.7 -04 -2.1 2.1 -1.9 1.1 0.7 2.0 2.3 9.7
ineg (I-PET) -04 -2.5 -1.9

ST (in) 3.9 3.9 3.9 3.9 3.5 2.0 3.9 24 3.5 3.9 3.9 3.9

delta ST (in) 0.0 0.0 0.0 0.0 -04 -1.5 1.9 -1.5 1.1 0.4 0.0 0.0

AET (in) 0.0 0.0 0.0 1.3 3.1 3.9 5.1 4.1 3.2 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 23 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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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 proficient understanding of these two aspects so that the
modeling will be consistent with and represent, as much as possible, the actual physical condition of
the Ash Landfill.

The first sections of the conceptual model focuses on the hydrogeological facets of the model. The
final section of the conceptual model describes information pertinent to the fate and transport of
chlorinated organics. 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 significance of the conceptual model cannot be underscored as the numerical
model grid is a mathematical representation of the system described by 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 topographic high of 760 feet msl and Seneca Lake, which has an elevation of
approximately 455 msl. The land surface slopes from the topographic high to Seneca Lake. 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 is 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 includes 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 recharge zone for both the shallow till/weathered shale and deeper competent
shale aquifers. Seneca Lake is the discharge area for the two aquifer systems. The eastern to
western extent of the conceptual model corresponds to a distance of approximately 24,000 feet, and
it extends from the groundwater divide to the surface of Seneca Lake. The groundwater divide was
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established to represent a no flow boundary condition whereas, Seneca Lake was established as 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 streamlines.

" This is consistent with the conceptual model since groundwater at the site is known to flow down
the hill in an east to west direction. Since flow contours are east to west, 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

The vertical description of the conceptual model will be described in the following section.
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 that comprise
similar hydrogeologic 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. The shale was deposited in an inland sea during the Devonian Period (approximately
400,000 million ybp) and 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 hydrostratigraphic unit is till. The till is a dense, poorly sorted mixture of predominantly
silt and clay with lesser amount of sand and gravel. Upper portion of the till are generally less
dense than the lower portions, probably a result of a greater effect from weathering processes. The
base of the till contains clasts of shale that are likely rip-up clasts incorporated into the till by the
glacier. No vertical 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 on the site. From previous drilling efforts
conducted at the Ash Landfill site and other sites at SEDA, it is 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 (K;,) of 3.65x10 cm/sec (Table 4-1).
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STATISTICAL PARAMETERS OF HYDRAULIC CONDUCTIVITY

TABLE4-1

SENECA ARMY DEPOT
ASH LANDFILL GROUNDWATER MODEL
Kh (cmv/sec) Kh (ft/day) Kv (cm/sec) Kv (ft/day)
Layer 1
Till/'W. Shale 3.090E-05 0.09 3.433E-06 0.01
7.800E-04 2.21 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 (cm/sec) Kv (ft/day)
Layer 2
C. Shale 4.719E-05 0.13 4.719E-06 0.01
1.222E-04 0.35 1.222E-05 0.03
1.595E-04 0.45 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 0.45 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
C. 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 0.009
Minumum 3.505E-06 0.01 3.505E-07 0.001
Maxiumum 3.004E-05 0.09 3.004E-06 0.009
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
C. Shale (NO MEASUREMENTS FROM THIS LAYER)
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SENECA ASH LANDFILL DRAFT GROUNDWATER MODELING REPORT

The second hydrostratigraphic unit is the competent shale. This shale is a gray calcareous shale of
the Ludlowville Formation, characterized by thin limestone units, fossil beds, and minor deposits of
iron sulfides. Bedding plane ﬁacfures, 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 4.24x10° cm/sec (Table 4-1).

The data indicates that hydraulic conductivity values in 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 conductivity of these
two units are over an order of magnitude different, it was decided that these two 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
connected, although not significantly, to the competent shale aquifer below it.

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 decomposition 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. A water balance was developed for this site
using the rational method described in Use of the Water Balance Method for Predicting Leachate
Generation from Solid Waste Disposal Sites (EPA, 1975). This procedure calculates the
percolation of pore water to groundwater as recharge. Recharge is the difference between the
amount of water that infiltrates into the ground minus the actual evapotranspiration and any
changes in soil moisture. Infiltration is the difference between precipitation and runoff. The results
of these calculations are summarized in Table 4-2.
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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) 22.5 23.4 32.0 4.8 54.5 64.6 69.1 66.9 60.6 50.4 39.4 27.9 46.3
2 Heat Index 0 0 0 1.7 4.0 7.0 8.5 7.8 5.8 29 0.7 0.0 38.4
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 30.9 33.6 37.8 38.1 38.4 35.7 31.2 28.5 24.6 23.7
5 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
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 34.3
7 Corr. P (in) 0 0 7.1 4.8 3.2 3.7 3.5 3.2 3.0 2.8 3.2 0 34.3
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
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 28 2.6 24 2.3 2.5 0.0 27.5
11 I-PET(in) 0.0 0.0 5.5 2.5 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 -4.2 -6.1 -6.9
13 ST (in) 3.1 3.1 39 3.9 3.5 2.4 1.3 0.8 0.7 1.2 3.1 3.1
14 delta ST (ln) 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 0.0 204
16 PERC (in) 0.0 0.0 4.7 25 0.0 0.0 0.0 0.0 -0.0 0.0 0.0 0.0 1.1

References:

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

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

Notes:

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

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

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

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

5. Adj. PET = Unadj. PET times Correction Factor

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

7. Cotr. P = Corrected precipitation (rain + melting snow)

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

9. R/O = Surface Runoff

10. I=Infiltration

11. [-PET = Infiltration minus Potential Evapotranspiration

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

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

14. delta ST = Change in Storage

15. AET = Actual evapotranspiration

16. PERC = Percolation
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SENECA ASH LANDFILL DRAFT GROUNDWATER MODELING REPORT

The potential evapotranspiration (PET), was estimated using the procedure described by C.W.
Thomthwaite and J.R. Mather in Publications In Climatology, Volume X, Number 3; Instructions
and Tables for Computing Potential Evapotranspiration and the Water Balance, (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 of the Thornthwaite and Mather document.
Mean monthly temperature data was obtained from the nearby meteorological station, the Aurora
Research Farm, which is operated by Cornell 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 of the Thornthwaithe
and Mather document. 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 the same document and depend upon the latitude of
the site. This value is presented 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.

Although site specific precipitation data was not available, monthly precipitation values from the
Aurora Research Farm was used. A comprehensive discussion of the weather data is presented in
Table 3-1, and discussed in Section 3 of this report.

When the mean monthly temperatures are 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
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soils, vegetation, and slopes found at a site. Generally, Cgo values range from 0.05 to 0.35 (EPA,
1975). At the Ash Landfill, the surface soils are primarily silty clay loams, as described in Section
1. 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 Cgro (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.c. the point at which water is unavailable for
plant uptake. For this site, the available soil maps, shown in Section 1 of this report, indicate the
soil type to be a silty loam. From Table 10 of the Thornthwaite and Mather document. The field
capacity for a silty loam is approximately 3.6 inches per foot of root zone. The wilting point for a
silty 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. The Soil Survey of
Seneca County, New York, (April 1972) indicates that the root zone for this area generally ranges
from 18 to 24 inches. 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 as shown on Line 13, which was 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
was set for this month. The water balance then proceeded to calculate the ST for the remaining
months.

The Actual Evapotranspiration (AET), Line 15, is a calculated value only when the change in soil
moisture is negative. The change is soil moisture is presented on Line 14, If the Heat Index, Line 2
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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. In other words, the AET is greatest when the soil
 moisture is maximum. When the change is soil moisture is negative, i.c. the soil moisture is
decreasing, the AET is 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
estimates are consistent with observations made at the site regarding runoff and groundwater.
During field operations, runoff was observed following any major rainfall event. This observation
is consistent with expectations since the dense clay rich till soils prevent 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 have been observed. During the late summer and early fall, the groundwater table
is the lowest, in some instances the water level appears close to the top of the competent bedrock.
Water levels measured in the winter have also been lower than those in the spring, indicating little
or no recharge in the summer and fall.

Using the values developed from the water balance for annual runoff, 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
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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
grid squares. The system relies on routinely observed daily meteorological data as its input.”
Moreover, MORECS determines potential and actual ET over a varitey of different surface types.
The Northeast Regional Climate Center model has been modified and validated for use in the
northeastern United States. 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- deciduous tree-covered surfaces are available” (DeGaetano 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
model because this was the closest location that could provide the necessary input data for the
model; Ithica 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 model 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. This importance of this effect is discussed in the
Section 4.3, Preliminary Water Budget (Qi, vs Qou).
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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 0.27 037 0.33 0.30 027 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 1.91 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 4.30 3.15 338 3.51 4.39 3.02 3.60 3.65 3.51 3.42 4.20
uly 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 3.27 3.10 2.03 2.91 3.00 2.97
September 2.37 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 0.41
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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4.3 PRELIMINARY WATER BUDGET (Qix 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 and eventually discharges into Seneca Lake. The total area
of the region modeled was 150,413,697.2 fi*. The annual recharge from precipitation derived from
the water balance is 7.1 inches (0.592 ft). To calculate the total recharge to the aquifer systems
(Qu,) the total area was multiplied by the annual amount of recharge from precipitation;

Qin = Area of model x Amount of recharge from precipitation.
This resulted in a Q;, value of 89,044,908.74 ft*/yr or 243,958.65 ft*/day.

The volume of water flowing into Seneca Lake (Q..) was calculated based on flow through 4
proposed layers that are defined primarily by composition and by differences in hydraulic
conductivity (Figure 4-1). The composition of the 4 layers, their thickness relative to the ground
surface, and their hydraulic conductivity’s, cross-sectional areas and ground water gradients are
shown on Table 4-4.

Layer 1, the tili weathered shale unit, is approximately 12 feet thick and has an average saturated
thickness of 6 feet. A layer thickness of 20 fect 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.
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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
(feet bls) (feet/day) (square feet) (feet/foot) (cu feet/day)
1 Till/W. Shale 0to12 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 32t0 52 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
10/06/95 Page 1 of 1

H:\eng\seneca\ashmodel\report\tables\watbal.wk4




SENECA ASH LANDFILL DRAFT GROUNDWATER MODELING REPORT

The flow for each proposed layer was calculated using the flow equation:
Qout=K-A]

where: Q. = flow out of the layer,
K = horizontal hydraulic conductivity (Kj),
A = cross-sectional area though which the flow occurs, and
I = groundwater gradient.

The individual components of total Q. are 1,139.99 ft*/day, 922.33 fi*/day, 184.47 ft*/day, and
10.61 ﬁ3/day for layers 1, 2, 3 and 4, respectively (Table 4-4). The volume of water flowing into
Seneca Lake was calculated to be 2,257.4 ft*/day. The flow calculations are included in Appendix
B.

As a mechanism 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. This method of determining
a practical bottom of the flow system is not believed to compromise the accurate representation of
the flow system from a modeling perspective.

Clearly, when Qy, (243,958.65 ft'/day) from precipitation is compared to Q.. (2,257.4 ft*/day) at
Seneca Lake there is an obvious discrepancy. Conceptually, the model is believed to represent the
flow system accurately and this is not believed to be responsible for the disagreement in the two
flows. More likely, the discrepancy is believed to be caused by the lack of the water balance to
account for evapotranspiration from groundwater after percolation has occurred, which would
remove more water from the flow system. The Qi from precipitation is reasonable and was
calculated based on annual percolation of 0.59 feet from the water balance using the method of
Thomthwaite and Mather (1957). Thus, based on a comparison of Qin Vs Quu, Significantly more
water would have to be removed from the flow system via evapotranspiration from groundwater in
order for the two flows to balance. The phenomenon of high evapotranspiration rates in
unconfined, fine-grained aquifers where the water table is close to a vegetated land surface is not
uncommon and has been documented by many researchers (Jones et al.,, 1992; Cravens and
Ruedisili, 1987, Hendry, 1988; and Keller et al., 1988). Furthermore, the characteristics and
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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 later
- lost to evapotranspiration and is never discharged to Seneca Lake. :

4.4 DEFINITION OF FLOW SYSTEM AND BOUNDARY CONDITIONS

The flow system at the Ash Landfill is defined by hydrostratigraphy, hydrologic information, and
geochemical data.

The groundwater flow system is primarily recharged by precipitation within Seneca County
(Mozola, 1955). Approximately 34.3 inches of rain falls in the region. Approximately 6.8 inches is
lost to runoff, 20.4 is lost to evapotranspiration, and 7.1percolates into the groundwater (Table 4-
2). However, this model does not account for the loss of groundwater from the system via
evapotranspiration. It is clear from calculation of groundwater flow through the system that only a
small percentage of the water that percolates to the groundwater is actnally moved throughout the
system. A large percentage is lost from the system though evapotranspiration directly from the
water table. The shallowness of the water table, the fine-grained nature of the till, and the relatively
large fluctuations in the water table indicate that it is likely that evapotranspiration 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
(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, 1995c¢). ‘

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 provides support for a groundwater
divide (Figure 2-1). In the south, the groundwater divide is defined by both the easterly
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groundwater flow and the topography. To the north along Route 96, the topography and drainage
pattern of small intermittent streams forms the basis for 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. 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 3.65 x 10 cm/sec and for the competent
shale it is 4.24 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 initial determination of the bottom of the flow system in the preliminary water budget
calculations, the lowermost unit in the competent shale was eliminated from the model due to lack
of 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
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 (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 and this is supported by a measured decrease
is hydraulic conductivity with depth (Figure 4-1).
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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 EPM 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 and is supported by the topography, stream
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 supported 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.
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4.5 CONTAMINANT FATE AND TRANSPORT

The constituents of concern (COC) 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:

e The total concentration of the COCs in the plume decreased with increasing distance from the
source area.

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

e The ratio of TCE to the breakdown products changed as the distance from the source are
increased.

e The concentration of individual COCs in various wells appeared to remain constant over the
years of groundwater monitoring,

e The boundaries of the plume did not appear to be expanding.

From this information and the analytical modeling that was performed during the RI, a 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 has not changed because the rate of
input of COC equalled the removal of COC by biotic degradation. If the site conditions are
supportive of biotic degradation it may likely be that the indigenous microbial community are
controlling the COC present in the plume rendering them non-toxic. As a result of the hypothesis
the remedial strategy of interest 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 deemed appropriate as source control was accomplished in the spring
of 1995 and was successful in eliminating continued leaching of COC to the groundwater system.

The COC 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 batch process called
reductive dechlorination. Reductive dechlorination occurs under anaerobic conditions and is
capable of removing halogens, in this case chloride, 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 chloride group. This makes the
organochloride molecule susceptible to reduction rather than oxidation, thus, compounds with more
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chloride are more susceptible to reduction than compounds with less chloride. This process
sequentially dechlorinates chlorinated organic molecules with compounds containing large amounts
of chloride, 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 donated electrons are oxidized. Oxygen is typically the
acceptor of electrons for environmental oxidation processes however, under anaerobic condition the
acceptor of electrons 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 present. These
requirements include:

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

e essential nutrients,

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

e proper redox potential

With this essential information, it will be possible to evaluate the likelihood the biotic anaerobic
dechlorination is active in controlling the migration of the dissolved COCs at the Ash Landfill. This
information will allow the completion of the conceptual model.

As part of the conceptual model development Parsons ES conducted an extensive field sampling
program with the intention of obtaining data that will provide the understanding of the status of
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 include alternative electron acceptors,
general water quality parameters and final end products of biotic degradation.

Field activities for collection of this data was performed during June 1995. The results of this field
efforts 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
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TABLE 4-5

CHEMICAL PARAMETERS RELATED TO BIOTIC DEGRADATION

L
pARAMETENN

SENECA ARMY DEPOT ACTIVITY

ASH LANDFILL GROUNDWATE

- n
ST G e

Colommetric HACH Kit

ES

R MODEL

D!IA USE 0. ‘

SIGNIFICANCH
Presence of iron in the reduced, divalent

state, may inidcate anaerobic reduction as
terrie Fe*, an electron acceptor is reduced

Chionide (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

Specific Conductivity

EPA Method 120.1

being released to the groundwater.
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 source as an electron acceptor
under anaerobic processes. Nitrate can be
used as an electron acceptor by facilitative
anaerobic microorganisms via either
denitrification or direct nitrate reduction.

Nitrite (NO’3)

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 (S=)

Standard Method 4500E

Product of suifate 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 E, values less than

+750mV.

Methane

Robert S. 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 indicate 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

Maybe the source of electrons, acts as an
electron donor during anaerobic
dechlorination processes.
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TABLE 4-v
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 0.32
PT-18 <0.11 <0.08 0.424 577 629 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 0.184 378 268 633 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 58.2 316 944 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 <0.004 488 270 706 <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 <0.004 125 221 486 <0.01 <0.10
MW-41D <0.11 <0.08 <0.004 127 279 652 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 27 578 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 <0.004 152 220 486 0.13 <0.10
MW-53 <0.11 <0.08 <0.004 74.7 308 904 0.15 0.32
MW-54D <0.11 <0.08 <0.004 534 222 629 <0.01 <0.10
MW-55D <0.11 <0.08 <0.004 46 218 534 0.46 <0.10
MW-56 <0.11 <0.08 <0.004 424 302 700 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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TABLE 4-6
BIODEGRADATION INDICATOR PARAMETER RESULTS

SENECA ARMY DEPOT ACTIVITY
ASH LANDFILL GROUNDWATER MODEL

DOC Sulfate Nitrate-N | Nitrite-N | Redox Pot. pH Tot. Alk.
Monitoring Well | (mgCL) | (mgl) | (mgl) | (mgl) | @mV) (mgCaCO3/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 .76 3524 7.02 316
PT-22 (Dup) NA NA NA NA NA NA NA
MW-24 4.6 79 0.15 <0.076 3724 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 28 49.5 0.089 <0.076 362.5 7.09 282
MW-29 3.2 126 0.21 <0.076 365.6 7.06 313
MW-32 1.6 56.4 0.79 <0.076 415.3 7.16 294
MW-36 1.8 62.6 1.7 <0.076 379.3 7.25 273
MW-39 35 26.7 0.091 <0.076 398.2 7.2 264
MW-40 14 56.7 0.13* NA 3623 7.41 217
MW-41D 12 41.1 0.077 <0.076 3714 7.62 300
MW-42D 32 24.6 0.088 <0.076 390.8 7.48 279
MW-43 44 434 <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 3479 7.13 297
MW-48 . 25 414 0.081 <0.076 3823 7.25 276
MW-49D 53 576 0.11 <0.076 379.5 7.32 264
MW-149Dup of 49D) 37 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 0.27 <0.076 373.9 7.48 223
MW-55D <1.0 31.3 0.23 <0.076 340.6 8.88 253
MW-56 25 81.7 0.23 <0.076 360.6 7.11 289
MW-56 (Dup) NA NA NA NA NA NA NA
Notes: NA - Not Available

* - Nitrate-N and Nitrite-N combined due to ]ate holding times
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suggest that either compound could act as electron acceptors. Further, the concentration of COC
throughout the site suggest that COC could be a reasonable source of electrons acting as electron
donors in the transfer of electrons. The concentration of general water quality parameter such as

- pH, specific conductance and chloride all are within the range of what would be acceptable for

biological growth. Finally, 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 suggest strongly anaerobic conditions at the time of
measurement, it is nonetheless within the anaerobic range and was measured during seasonally low
groundwater conditions. Low groundwater conditions would be more indicative of aerobic
conditions as air with 20% oxygen replace the pore space previously saturated with groundwater.
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5.0 GROUNDWATER FLOW MODEL DESIGN AND RESULTS
5.1 Selection of Model Code

This modeling study required a computer code that could simulate three dimensional groundwater

flow, the results of which could be used directly by a three dimensional transport model. The

MODFLOW computer code was selected to simulate groundwater flow for this project because of

the following;

e 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 three dimensional transport models (¢.g., MT3D);

e The accuracy of the code has been checked agains 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.

5.2 Relationship Between Conceptual Model and MODFLOW Numerical Model

This section describes how the conceptual model was translated to the grid of the numerical model.
First, the boundary conditions and grid layout will be discussed followed by the method of
assignment of input parameter values.

521 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 eastemn
model boundary was represented by a groundwater divide no-flow (i.e., hydraulic) boundary and
this supported by the land surface topography, stream drainage patterns, and groundwater flow
directions established at nearby sites (SEAD-50, SEAD-64A, SEAD-25, SEAD-16 and SEAD-17).
Between these two boundaries, groundwater flow is essentially to the west as supported by flow
directions established at the Ash Landfill and other sites within the modeled area. Thus, streamline
no-flow (i.e., hydraulic) boundaries were used to represent the northern and southern boundaries of
the model. Finally, the bottom of the model was represented by an “impermeable”, no-flow
boundary in the competent shale.
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The model grid was constructed for the purposes of simulating ground water flow and contaminant
transport at the Ash Landfill and the surrounding area. Because the MODFLOW and MT3D
numerical models were used for the modeling, the “continuous problem domain” was replaced by a
" “descretized domain” consisting of nodes and associated finite difference blocks or cells
representing a block-centered grid; also the grid met the peclet criterion required for the transport
model. Model boundaries were defined based on physical and hydraulic considerations in order to
most accurately represent the flow system beneath the Ash Landfill.

The block-centered finite difference grid was overlayed on the map of the area to be modeled such
that the horizontal plane of the aqufier was colinear with the principal directions of hydraulic
conductivity tensors Ky and K, (Figure 5-2). In addition, three flow units were modeled: layer 1 -
till/weathered shale from O 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 (Section 4.3). The thicknesses of the layers remains
constant throughout the horizontal extent of the model grid. However, the array of cells that
comprises each layer dips gently to the west generally mimicking the land surface topography,
resulting in a stratigraphic three-dimensional (or non-horizontal model-layer) grid (Figure 5-3). By
applying a non-horizontal model layer vertical discretization scheme to simulate flow at the Ash
Landfill site, discrete units could be assigned to discrete model layers, and the flow system could be
simulated with fewer layers that would be necessary to represent them with a three-dimensional
rectangular grid. Thus, the vertical axes of the model are not strictly parallel to the bedding planes
using the non-horizontal model layer grid. However, it was assumed that the angle between the dip
of the beds and the horizontal axis was so small that K, was assumed to be nearly colinear with the
‘vertical axis, a viewpoint argued by Anderson and Woessner (1992). Futhermore, Harte (1994)
showed that for sites with model layer slopes of 0.17 feet/foot and under, the benefits of applying a
non-horizontal model layer vertical discetization scheme to simulate flow, especially considering the
improved ability to represent discrete hydrogeologic units, exceeded the numerical errors due to the
misalignment of the model axes with the hydraulic conductivity tensor (K.).

The flow model used a variable grid with three layers that totalled 54,120 cells; each layer consisted
of 18,040 cells (Figure 5-2). A variable grid was used for this model to achieve increased
resolution (for hydraulic heads and plume concentrations) at the Ash Landfill and provide less
defined data for the surrounding areas were no plume migration was exptected to occur. The grid
consists of a central area of regularly-spaced, 25-foot cells that encompasses the Ash Landfill and
its immediate surrounding area (Figure 5-4). Beyond this area of regularly-spaced cells, the grid
expands in increments of 1.5 times (37.50, 56.25, 84.37, 126.56, 189.84) until a cell size of 284.76
is reached. Then, this cell size extends to the model boundaries in all directions. The
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SENECA ASH LANDFILL DRAFT GROUNDWATER MODELING REPORT

approximately 284-foot grid size provided enough detail so that simulated heads outside the area of
intererest could be calibrated to observed heads with some degree of spatial accuracy, yet it reduced
data preparation and computing time for the model. Additionally, there were 562 inactive cells in
the model; inactive cells are those cells west of the constant head cells at Seneca Lake and east of
the groundwater divide cells along Route 96 (Figure 5-2).

The 25-foot, regular grid in the area of the Ash Landfill was designed to meet the Peclet criteria for
the solute transport model, thereby minizing effect of numerical dispersion in the finite difference
solution. Anderson and Woessner (1992) state that the grid should be designed so that the Peclet
number (P.) be less than or equal to 1, although acceptable solutions can be obtained with P, as
high as 10. However, in general they recommend that the grid be designed so that P, is less than 4.
The equation used to calculate the Peclet number is:

P.=AL/a

where: P. = Peclet number
L = characteristic nodal spacing, and
o = characteristic dispersivity.

Using a dispersivity of 10 feet for the till/weathered shale, P, for the 25-foot grid spacing is 2.5. A
dispersivity of 20 feet for the competent shale results in a P, of 1.25. Thus, within the 25-foot grid
spacing P. numbers for both the till/weathered shale and the competent shale meet the Peclet criteria
recommended in literature for solute transport modeling.

5.2.2 Assignment of Input Parameter Values For MODFLOW
The MODLOW model uses packages to represent basic categories of the model. Input paramater

values are entered into the varous packages for use in the model. Groundwater flow was simulated
using four MODFLOW packages. They are as follows:

1. Basic Package

2. Block Centered Flow Package

3. Recharge Package

4. Preconditioned Conjugate Gradient (PCG-2) Solution Package

PAGE 5-7
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Input parameter values for the MODFLOW groundwater flow model were derived from both site
investigation data and from the literature when site specifice data were not available. Table 5-1
shows the selected input parameters for the flow model along with an acceptable range for each
value; the best estimate for the parameters used in the model are also presented. The parameter
values that describe the physical geometry of the flow system as well as those values that describe
the aspects of groundwater flow are discussed below. This section is not intended to discuss input
values related to setting up or executing the groundwater flow computer model, such as output
control values.

5.2.2.1 Basic Package
Model Layers and Aquifer Types

Three model layers were simulated in the model. Model layer 1 simulated groundwater flow in the
till/weathered shale unit, 0 to 12 feet below the land surface. Model layer two simulated flow the
upper 20 feet of the competent shale unit and, model layer 3 simulated flow in the next lowest 20
foot interval in the comptent shale. Therefore, in model space, the tops and bottoms of the layers
relative the land surface are, repectively, 0 to 12 feet for layer 1, the till/weathered shale, 12 to 32
feet for layer 2, the competent shale, and 32 to 52 feet for layer 3, also in the competent shale.

The land surface elevations were established from 2-foot contour maps of selected sites at SEDA
and from 1:24,000-scale (7.5 min) U.S.G.S. maps (the Dresden and Ovid, NY quadrangles) The 2-
foot contour maps were available for only six areas within the model grid boundaries and outside of
these areas the 1;24,000 scale maps were used.

All three model layers were assigned an aquifer type. Model layer 1, which is considered to be an
unconfined water table aquifer, was assigned an confined aquifer type for the purposes of the flow
model. The reason for this is that the solution sheme of the MODFLOW model was not stable
enough to meet the closure criteria for the heads because model layer 1 is only 12 feet thick.
Simulating model layer 1 as confined in a steady state model does not significantly effect the heads
calculated by MODFLOW, although this does result in the use of a constant transmissivity
throughout the simulation. Model layers 2 and 3 were simulated as-confined because the water
table in each layer was above the top of the model layers.

: PAGE 5-8
October, 1995 KASENECA\GROUND.MOD\SECTION.S



TABLE 51

REASONABLE RANGE, BEST ESTIMATE AND UNCERTAINTY FOR
MODFLOW INPUT PARAMETERS

SENECA ARMY DEPOT ACTIVITY

ASH LANDFILL GROUNDWATER MODEL

Input Parameter Units Reasonable Range Best Estimate | Scource | Uncertainty
Low nominal High
Aquifer Types:
Layer 1 aquifer type NA NA unconfined NA unconfined field data low
Layer 2 aquifer type NA NA confined NA confined field data low
Layer 3 aquifer type NA NA confined NA confined field data low
Layer Thickmesses:
Layer 1 Thickness (feet) 4.5 12 18 12 field data low
Layer 2 Thickness (feet) 20 20 20 20 field data low
Layer 3 Thickness (feet) 20 20 20 20 field data low
Conductivity:
Layer 1 Kh (fect/day) 0.09 1.03 2.21 1.03 field data low
Layer 1 Kv (feet/day) 0.01 0.11 0.25 0.11 Literature medium
Layer 1 Vcont 0.0007 0.0018 0.0041 0.0018 Calculation | med.- high
Layer 2 Kh (fect/day) 0.11 0.20 0.45 0.20 field data low
Layer 2 Kv (fect/day) 0.01 0.02 0.05 0.02 Literature high
Layer 2 Vcont 0.0001 0.0003 0.0008 0.0003 Calculation high
Layer 3 Kh (feet/day) 0.01 0.04 0.09 0.04 field data low
Transmissivity;
Layer 1 Transmissivity (sq feet/day) 0.54 6.18 13.26 6.18 field data low
Layer 2 Transmissivity (sq fect/day) 220 405 9.00 4.05 field data low
Layer 3 Transmissivity (sq feet/day) 0.20 0.76 1.80 0.76 field data low
Heads:
Constant Head Seneca Lake (feet, msl) 455 455 455 455 Literature low -
Recharge:
Net Recharge (fect/day) | 0.000012 0.000013 0.000014 0.000013 field data low
Boundaries:

Northern Boundary NA NA streamline NA streamline field data low
Southem Boundary NA NA streamline NA streamline field data low
Eastern Boundary NA NA gw divide NA gw divide field data low
‘Western Boundary NA NA constant head NA constant head Literature low
Bottom Boundary NA NA low conductivity NA low conductivity | field data low

H:\eng\seneca\ashmodel\tables\srbeumf.wk4
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Boundaries for the Flow Field

The boundary array for the flow model consisted of constant head cells along the extent of Seneca
Lake. The northern and southern extents of the model were designated as steamline no flow
boundaries. A groundwater divide is present on the eastern boundary of the model. All of the cells
west of the constant head cells and east of the groundwater divide were inactive for the model runs;
all other cells in the model were active. ’

The bottom of the model, which was a no flow boundary, was defined at 52 feet below the land
surface based on the preliminary water budget analysis.

Starting Heads

The starting head arrays for the three model layers were derived from observed groundwater
elevations at groundwater monitoring wells. In other areas where there were no monitoring wells,
they were extrapolated relative the land surface. The elevation of Seneca lake, 455 feet msl
(Mozola, 1955), was the basis for the heads (455 feet) used at the constant head cells.

For layer 1, seasonally averaged groundwater elevations were assigned to their corresponding model
cells as a basis for constructing the starting head array. The process of deriving these elevations is
described in Section 5.4.1. Starting heads for layers 2 and 3 were 1.0 and 2.0 feet, respectively,
below the starting heads for layer 1.

To construct this array in selected areas where no monitoring wells were present, groundwater
elevations were derived by subtracting 5 feet from the land surface elevation. Thus, the measured
and extrapolated water table elevations proivded a close approximation to the actual groundwater
table at these locations. The final array was derived by using the observed and approximated data,
and a four-point moving average calculation on a spreadsheet program. Because the starting heads
were close to the measured heads the number of iterations required by the MODFLOW model was
reduced.

5.2.2.2 Block Centered Flow Package
Horizontal hydraulic conductivity (Kp) values for the three layers of the model were obtained from

the Ash Landfill RI report (Parsons ES, 1994a). A horizontal hydaulic conductivity of 1.03
feet/day was used for layer 1, the till/weathered shale. Horizontal conductivities of 0.2 feet/day and

PAGE 5-10
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0.04 fect/day were used for layers 2 and 3 (in the competent shale), respectively. The conductivity
values represent an average for the particular geologic unit represtented in a model layer (Table 4-
1).

Vertical hydraulic conductivities (K.) were derived from literature values and from the physical
make up of the aquifer material. For layer 1, the K, was based on a anisotropy of K in a fine-
grained till aquifer in western New York State where Ky/K, is 9 (Prudic, 1992). For layers 2 and 3,
the Kv values were derived based on an anisotropy of K in the aquifer where Kh/Kv is 10.

Vertical Conductance (Vcont)

Vertical conductances (Vcont)s were calculated for layers 1 and 2 using equation (51) provided in
McDonald and Harbough (1988). The equation is as follows:

Veont,, = 1
P Avp2  (Av, )2

+
Kz Lik Kz ijx+1

where:

Avy is the thickness of model layer «

Avy., is the thickness of model layer .+

K.i;x is the vertical hydraulic conductivity of the upper layer in cell ;;x
K.ijx+1 is the vertical hydraulic conductivity of the lower layer in cell ;.

The equation is meant to represent a case in which two adjacent model layers are used to represent
two vertically adjacent hydrogeologic units. It incorporates both K, and the thickness of the unit.

Using the above equation, a Vo, of 0.0018 was calculated for layer 1. For layer 2, Vo, of 0.0003
was calculated. A Vo value was not need for layer 3 because the bottom of this layer is a no flow

boundary.

Transmissivity

. PAGE 5-11
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Transmissivity was calculated by multiplying the saturated thicknes by the horizontal hydraulic
conductivity (K;). A transmissivity value of 6.18 fi*/day was used for layer 1; this value is based
~ on a saturated thickness of 6 feet and and Ky, of 1.03 fi/day. Transmissivities of 4.05 fi*/day and
0.76 fi*/day were used for layers 2 and 3; these values were based on a saturated thickness of 20
feet and Ky, values of 0.20 ft/day and 0.04 ft/day, respectively.

Groundwater Gradients

A groundwater gradient of 0.020 feet/foot was used for the till/weathered shale (model layer 1).
This was based on a gradient of 0.0213 feet/foot between wells PT-18 and PT-17 and a gradient of
0.0195 between wells MW-40 and MW-56. In the competent shale, a gradient of 2.5 x 107 fi/ft
(0.025) was measured between wells PT-10 and MW-35D; a downgradient of 0.025 feet/foot was
used for the competent shale (model layers 2 and 3).

Dispersivity

Dispersity values for the till and the competent shale were obtained from literature.

Other Selected Parameters

Error Criteron for Heads: MODFLOW selects the largest absolute difference in heads as a measure
of the residual error and compares it to the user-defined error criterion. Anderson and Woessner
(1992) recommend as a “rule of thumb” that the error criterion should be one or two orders of
magnitude smaller than the level of accuracy desired in the head results. Because the desired
accuracy for head results in this model was 0.1 feet, an error criterion of 0.001 was used for the
model

Error Criterion for Water Balance: MODFLOW also calculates an error in the water balance by
comparing the total simulated inflows and outflows, which serves as another way of checking the

amount of residual error in the solution. For the water balance, water entering storage is treated as
outlfow and water released from storage is treated as inflow. The difference between total inflow
and total outflow is the percent error and it is calculated by MODFLOW using the equation that

follows:

D = 100(IN - OUT)/(IN + OUT)/2

- PAGE 5-12
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where: IN = total flow into the system
OUT = total flow out of the system
D = percent error term

According to Konikow (1978), the ideal error in the water balance should be less than 0.1 percent,
however, an error of around 1 percent is usually considered acceptable (Anderson and Woessner,
1992).

Wetting Option: The wetting option (BCF2) was used for the model simulations because of the thin
nature of the model layers used..

5.2.2.3 Recharge Package

Net areal recharge from precipitation was used in the model as the only source of water for the
flow system. Based on the results of the prelimiary water balance, the shallow till/weathered shale
aquifer received 0.59 fi/year of recharge from precipiation however, a significant amount of this
water is subsequently lost due to evapotranspiration. Instead of simulating both recharge from
precipiration and evapotranspiration, a net recharge value was used in the model. A net recharage
of 0.000013 ft/day was estimated based on the preliminary water buget and this was used to begin
the calibration process for the model. Recharge was specified to enter the simulated flow system
through the uppermost active layer in the model.

5.2.2.4 Preconditioned Conjugate Gradient Solution Package

The preconditioned conjugate gradient (PCG-2) solution shceme was used for the model because it
works well with a wide variety of problems and usually very little adjustment of the solution
parameters is necessary (NGWA, 1994).

5.3 Model Calibration

The groundwater flow model was calibrated using industry standard calibration criteria. A flow
model is considered calibrated when it “is capable of producing field measured heads and flow
which are the calibrated values™ (Anderson and Woessner, 1992). Additionally, EPA (1992) states
that a model can be considered calibrated when it reproduces historical data within some acceptable
level of accuracy determined prior to the calibration process.

. PAGE 5-13
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This groundwater flow model was calibrated for steady-state conditions. Prior to calibration, a
range of uncertainty in each parameter value was quantified (Table 5-1) and target heads were
~ established.

Based on the conceptual model for the site, a significant amount of water that percolates into the
groundwater is subsequently lost through evapotranspiration. Thus, the value of the net recharage
parameter was determined to have a significant effect on heads in the model. Additionally, many of
the other parameters were reasonably well known based on site measurements and literature
sources. Therefore, calibration of the model was performed by starting with the best estimates for
all hydraulic parameters and then, through trial-and-error, the net recharge value for the flow
system was adjusted until simulated heads reasonably matched measured heads.

Thus, the model calibration process began with the net recharge value of 0.000013 feet/day
determined in the preliminary water budget. This is significantly less than the 0.0016 feet/day (or
0.59 feet/year) of percoloation calculated in the water balance because evapotranspiration removes
water from the groundwater system thoughout the year. Ultimately, the model was calibrated using
a net recharge of 0.00001332 feet/day. Output from the calibrated MODFLOW run is shown in
Appendix C. v

The results of the calibration of the groundwater flow model were evaluated both qualitatively and
quantitatively. These calibration criteria are as follows:

1. Hydraulic Heads (ME, MAE, and RMS) and Gradients;
2. Water Balance and Volumetric Flow; and
3. Groundwater Velocity and Advective Travel Time.

5.3.1 Hydraulic Heads (ME, MAE, and RMS) and Gradients

The comparison of simulated heads with observed (or target) heads was one of the most important
calibration criteria for the model. For this model, target heads were available from 60 monitoring
wells within the modeled area. Additionally, estimated heads were established at 24 “ghost” well
locations where no observed data were available due to the lack of monitoring wells.

The target heads for the model cells were derived using the seasonal arithmetic mean of the
observed water table elevations in the monitoring wells from 1990 to 1995. Table 5-2 presents the
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observed water table elevations as well as their seasonal arithmetic means. For wells that had a lot
of water elevation data, the seasonal arithmic mean was taken to be a reasonably acceptable target
elevation for the model. Sample standard deviations for each well for the years 1990, 1991, 1993,
and 1994 were also calculated as well as an average standard deviation for each year.

However, this process could not be applied to all of the wells because for some of the wells, the
amount of data was limited (i.c., only one or two seasons were represented in the data). For these
latter wells, the seasonaly arithmetic mean was derived by making appropriate adjustments to the
observed data based on the average standard deviation of clevations from the wells where adaquate
data were available. These adustments were based on knowledge of the established seasonal
behavior of heads in the aquifer. For example, for well MW-53 for which there is only elevation
data from a period of high water (i.c., winter and spring), the December 1994 elevation was
adjusted down by 1 average standard deviation for 1994 (Table 5-2).

After model calibration was completed, simulated heads were compared to measured (target) heads
using both maps and X-Y scatter plots. A comparision between contour maps of simulated and
measured heads is depicted in Figure 5-5. In general, breaks in the slope of the land surface are
locations where the heads do not match well (e.g., immediately east of the ash landfill and near
Seneca lake).

A scatter plot of measured heads versus simulated heads shows the calibration fit for the model
(Figure 5-6). The plot shows that the simulated heads depart from the measured (or target) heads
between the elevations of approximately 604 and 680 feet above msl, which corresponds to a steep
break in land surface slope east of the Ash Landfill (Figures 5-6 and 5-3). A similar departure of
simulated head from the target heads would likely occur in the western portion of the site at the
break in land surface slope near Seneca Lake, however, no monitoring wells were available from
this area.

A listing of measured and simulated heads together with their differences and three types of average
of the differences is presented in Table 5-3. The average of the differences can be used to quantify
the average errror in the calibration with the final objective being to minimize this error. The three
types of averages are as follows:
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TABLE 5-2

WATER TABLE ELEVATIONS AND DEVELOPMENT OF A SEASONALLY AVERAGED
GROUNDWATER TABLE AT THE ASH LANDFILL

SENECA ARMY DEPOT ACTIVITY
ASH LANDFILL GROUNDWATER MODEL

DENANE LN -

24

B2B2URARORLSBE AL A28884LERLBR2ENNEN

223

DEPTH TO WATER IN ALL WELLS (TOC)

WELL ELEVATION JAN MAR JUN SEPT DEC MAR JUN SEPT DEC FEB MAR JUN JAN APR JUN DEC FEB JUL SEPT DEC MAR
TOP OF PVC 1990 1900 1980 1900 18680 1091 1891 1899 1891 1092 1892 1092 1003 1883 1003 1993 1004 1964 1984 1004 1995
PT-10 681.58 780 570 060 1010 471 489 1074 1101 708 @668 2378 555 040 545 080 58 775 5.08 o
PT-11 658.20 560 510 720 0.00 456 438 818 077 608 534 457 471 585 424 051 702 500 687 864 458 428
PT-12 652.03 630 58 83 0850 508 535 956 1030 582 574 532 502 578 483 003 588 476
PT-15 63784 64D 400 775 1005 375 420 932 1044 848 534 408 425 604 108 041 0.85 564 vrereaveer g7 coveesees
PT-16 837.78 380 310 480 650 296 288 568 759 421 330 264 287 270 278 470 347 A0 270
PT-17 840.62 590 470 740 080 430 408 B9 1050 528 474 398 400 465 423 762 500 377w ({2 eeeeeeeee
PT-18 05859 660 580 680 020 S50t S16 748 9067 672 649 582 502 550 481 703 S72 647 0,7) s
PT-19 84545 78 685 6@ 038 T84 401 310
PT-20 647.28 540 58 705 020 428 542 032 1147 851 622 520 462 610 4684 756 070 307 e § (] eeeeeees
PT-21 647.51 850 4680 700 025 2385 473 801 §56 740 1214 512 485 - 409 815 0848 510
T2 848.62 680 S90 835 1040 487 528 935 1077 732 578 485 437 620 529 857 784 347
PT-23 641.54 580 470 680 795 444 427 807 096 847 470 402 418 582 437 721 7@ 28& 477
PT-24 63835 470 480 510 7.00 457 442 585 050 496 470 455 420 450 430 521 473 3q@ereeeeseeeevems (g evevenee
PT-25 637.02 530 390 655 1045 354 362 887 1157 896 480 387 338 250 344 096 038 50 cveevveveveees (7 eveeeeees
PT-28 614.64 520 320 650 10.75 328 288 825 1154 1042 442 2682 296 308 289 0685 484 295
MW-27 830.42 500 520 625 0.05 435 441 689 757 582 508 507 521 580 461 675 445 535 842 700 380 513
MW 637.41 520 490 565 615 457 444 616 033 557 490 457 413 492 470 577 544 dgdemeseesceiven gy e
MW-20 637.33 590 6.0 665 105 555 621 832 105 719 688 652 574 588 551 68 612 586 5.8Q e
MW-30 840.23 720 510 805 95 408 388 105 052 762 601 396 308 435 418 0883 653 664 B840 60D 408 410
ML 630.88 410 210 580 920 243 252 653 965 582 372 288 220 252 228 043 514 4,02 eeeeeereeeeeeem 275 evenenees
MWL32 641.85 830 470 83 910 3 396 025 B58 756 409 382 381 388 397 796 480 503 4,83 oo
MW-33 830.52 010 390 780 ©50 380 356 647 737 770 438 357 367 377 376 064 510 527 5,53 cvoweasee
MWR34 63288 418 202 277 584 050 451 2,61 e
MALI5D 831.82 2,04 240 219 3.8t 258 218 2.2y o
MW-38 632.08 288 215 233 300 248 224 343 588 28 2.M
MW-37 612,89 318 188 23 448 624 J28 2,14 o
MW-38D 8708 4.08 332 338 52 418 Im 3.4Q cooreeeee
MW-39 850.72 180 218 305 335 203 .73 eremeree
MW-40 659.48 4.15 350 343 630 560 308 808 728 J48 361
MW41D 694.02 71 622 608 0828 P28 748 eeereeevieor g g eveeeees
MW-42D 683.04 3.61 2684 2380 570 B0 24 eeeeeneneveeeviee ) gy eeveeeee
MW-4 857.9 458 S44 248 o
MAL44 054.12 548 7.14
MW-45 051.13 504 S70%t 483 638 288 305
MW-48 650.85 664 8.04 .37 e
MW-47 628.53 525 708~ 570 689 285 264
M4 B48.57 580 039+~ 502 700 2325 2J10
MW-48D 650.50 583 785 3.59 e
MW-500 850.27 SM 137 3.8g o
MW-S10 629.64 $43 706 2.0 s
MW-52D 628.7 364 6868 250 e
639.63 8.14 9.50 6,80 coveee
MW-54D 830.4 795 848 8.05 covrereer
MW-55D 830.43 920 08.82 8.08 oo
WWN-58 630.68 361 IS4 3@ 402 281 285
MW-57D 63027 313 3.1e 1.67 #eemore
MW-56D 029.88 340 420 133
MW-50 658.83 320 522 188 1680
MW-80 660.15 325 532 24 2m
MWB4D-1 687.79 34 276 e
MWB4D-2 835.2 445 T
MW84D-3 649,88 209 197
MWB4D-4 681.33 6,23 reeies ) gy ereeereer
MWB4D-5 85249 5.53
MWB4A-1 5.7 8.14
MuB4A-2 740.88 845
MWB4AD 730.85 5.7
MW18-1 75,54 340
Mwie-2 73455 154
MW16-3 73548 4.2
MW17-1 73827 280
MW17-2 ™74 3.19
MW7) 73215 238
MW174 734.58 3.00
MW25-3 745.56 3.15

HAENG\SENECAASHMODEL\REPORT\TABLES\WWATERELEV.WI

Note: Water leveis for Dec 1984 were taken during the Ash Landfll Romoval Action and dewatering operation
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TABLE 5-2

WATER TABLE ELEVATIONS AND DEVELOPMENT OF A SEASONALLY AVERAGED
GROUNDWATER TABLE AT THE ASH LANDFILL

SENECA ARMY DEPOT ACTIVITY
ASH LANDFILL GROUNDWATER MODEL

WATER TABLE ELEVATION IN ALL WELLS (TOC) -
WELL ELEVATION JAN MAR JUN SEPT DEC MAR JUN SEPT DEC FEB MAR JUN JAN APR JUN DEC FEB JuL SEPT DEC MAR
TOP OF PVC 1980 1990 1990 1900 18990 1991 1881 1991 1891 1992 1982 1892 1983 1692 1993 1803 1984 1004 1694 1004 1995
1 PT-10 081.58 873.78 675.88 671.08 67148 €76.87 670.00 670,64 670,57 674,52 674,92 677.70 €76.03 87248 €76.13 671.98 675.78 673.83 676,52 weeey
2 PT-11 658.26 052.68 853.16 651.06 648,28 453,70 651,69 050.08 848.49 652,20 £52.82 653.60 653,55 65231 854.02 651.75 651.24 653.28 651.50 £49.62 653.70 053.08
3 PT-12 652.0 645.73 646.23 64373 842.53 648,07 840.68 642.47 641.73 846.11 648,20 648.71 647.01 648.25 647.20 644,00 646.14 647.25
4 PT-15 637.64 83144 632,34 630.09 627.70 534.09 633.55 628.52 627.40 629.38 632.50 633.78 633.5 631.80 631,88 620.43 627.90 £32.20 03147 eeeeere]
5 PT-18 637.76 633.98 634,66 633.18 631.20 634.78 634.89 832.10 630.17 833.55 534.48 634,62 634.60 635.08 634.08 €33.08 634.20 £34.58 635,08 wveees|
[ PTA7 840.62 834.72 635.02 033.22 632.02 638.32 636.54 631.71 30.12 635.34 635.69 638.64 636.62 635.07 636.29 613.00 635.62 €36.65 638,50 evere
7 PT-18 656,59 645.99 850,60 640.70 647,38 051.58 651.43 648.41 648.72 €46.67 650.10 850.67 651.57 651.00 051.78 84926 850.87 65042 9,88 teeeeeey
) PT-18 845.45 641.67 638,80 630.62 ~*=~== 639.07 637.81 841.44 642.35
9 PT-20 647.28 841.88 641.40 840.23 636.08 643.02 641.86 637.90 838.11 638.77 641.06 641.00 64268 641,18 842.44 039.70 640.58 844.21 15 seoevovest
10 PT-21 84751 841.01 642.01 640.51 638.28 643,60 642.78 639.50 637,95 640.11 635.37 64238 €42.58 647.51 643.42 639.38 £30.05 84232
1 PT-22 848.62 641,82 842.72 640.27 £30.22 843.75 843.34 630.27 637.85 641.30 642.63 643.67 643.85 642.42 643.33 £40.05 640.78 845,45 coewereresorsettvmmmesetrrirrrrreny
12 PT-23 641.54 635.74 836,84 634.74 633.50 637.10 637.27 63347 632.58 635.07 636.64 637.52 837.35 615.02 €37.17 634.33 £33.01 638.71 638.77
13 PT-24 638.35 631.65 631.75 631.25 620.35 631.78 631.83 630.40 827.85 631.37 631.65 531.80 632.08 631.85 632.05 631.14 631.62 63119 032.04
14 PT-25 637.02 631.72 633.12 630.47 628.57 61340 63340 628.15 62545 630.08 632.38 633.15 633.66 63348 633.58 630.08 530.65 631.96 632,85
15 PT-28 814.64 B0D.44 B11.44 608.14 603,80 611.38 811.76 606.39 603,10 604.22 610.22 611,92 611.68 811.58 611.78 607.70 609.80 611.69
16 MW-27 639.42 834.42 634.22 633.17 630.37 635,07 635.01 832.53 631.85 633.60 634.34 634.35 63421 £33.62 634.70 632,67 634.97 634.07 623,00 632.33 635.62 6:4.29
17 Mw28 637.41 832.21 632.51 631.76 628.26 632,64 632.07 631.25 620,09 €31.64 632.51 632,64 633.20 83240 632.71 631.64 632.27 033.27 AT o]
18 MA-29 637.33 031.43 631.23 630,68 620.63 631.78 631,12 629.01 620.63 630.14 63045 630.81 631.59 831.45 631.62 630.50 631.21 634,37 1,53 eveeweey
19 MW-30 840.23 633.03 635.13 632.18 830.73 634.15 €34.37 620.73 630.71 63281 83422 61425 638,24 635,68 638,07 €31.40 €33.70 €33.50 €31.63 631,14 638.15 636.13
20 MM 830.69 632,78 €33.76 031.26 627.66 63443 634.34 630.33 627.21 €31.04 £33.14 633.08 634,80 634.34 634.56 €30.73 €31.72 632.84 11 cveveee
21 MA-32 641.65 835.35 636,65 633.35 632.55 637.78 837.60 632.40 033,00 634,00 610.68 637.63 037.84 637,67 637.68 633.60 636.85 635.72 638,62 wreseer
2 MWD 630.52 033.42 635.62 631,02 630.02 635.92 635.94 631,35 632.15 631.73 635.16 615.05 635.85 835.75 635.78 630.88 834.42 614.25 633,99 ey
23 MM 83289 020.M 829.87 630.12 627.05 628,30 628.38 630,28 ="
24 WMWISD 01.82 628.88 082042 629.63 628,01 629.26 629.68 629.59 reeveees
25 MWas 632.09 628.10 829.84 629.76 628.10 629.81 629.65 820,65 82043 620.91 82875
20 MW7 632.89 623.73 630.91 630.58 628.40 620.85 620.61 03075 =]
27 MW-38D 637.99 631.91 634.67 634.61 632,78 633.63 64.10 634,58 ey
28 MR 059.72 057.92 657.53 €58.47 658.27 €57.69 7.99 *eveevese]
20 MW 050.46 85531 855,98 6563 653.18 653.58 65640 €53.40 652.18 655.98 655.85
30 MW-41D £84.02 .91 887.80 687.98 885.74 685,76 680.56 1 wereeeey
31 MW42D 683.04 678.43 88040 680.68 677.34 674.94 680.81 680.18 >+
2 M 6579 653,32 852,48 +reerreeeesesmeoronistonss G055 42 rereeeeed
N MW 654.12 848,83 840.09
MU MWLS 051.13 648,09 845.43 == 848,20 644.75 64!47 649,08
35 MWs 850.65 644,01 842,81 sreorveresosseiovervrraioss 047 2 Soererees
38 MVW47 629.53 623.28 82147 = 622.03 0210402588 625.69
37 MW4s 848.57 B42.77 64218 = 842,85 641.57 845.32 4547
35 MW-48D 650.69 644,88 642.74 847,11 vrmeeeer)
38 MW.S0D 850.27 644.50 642.90 648.39
40 MW-S1D 620.64 623.21 621.56 825.68 |
41 MW-520 626.7 023.00 620,04 woeereovrerecsmettiniiees 124,20 e
42 WW-53 008.63 631.49 630.13 032,83 o=
43 MW-S4D 630.34 631.39 829.68 633.29 |
44 MW-55D 630.43 830.23 630.51 .37 creeeeees)
45 630.60 027,08 627.15 ~" 626.87 620.67 32773
48 MW-S7D .7 627.14 627 11 roeeerererresasoasateie
47 MW-56D 620.68 B28.48 525,68 weorrererreercsiineccas §2 53 e
46 MW-58 658.63 653.63 051.61 654.85 654,83
49 660.15 650,90 654.63 858.11 658.13
50 MWB4D-1 667.79 664,38 "+ 885.03
51 MWB4D-2 835.2 630,75 = 633,49 ]
52 MWO4D-3 648.69 B845.89 """ 648,91 |
53 MWB4D4 681.33 655.10 *vreeeer 857,39 |
54 MWB4D-5 05249 648.98
55 MWS4A-{ 487 73863
58 MWB4A-2 74098 734.53
57 MWB4A-3 730.85 734.08
58 Mwie-1 735.54 732.14
50 Mwie.2 T734.55 Lo
60 MW18d 735.48 73128
61  MWi7-1 7 73347
02 MwW17-2 ™74 730.55
a3 MWI73 n215 T20.7
64 MWIT4 T34.56 731.58
65 MW25-3 745.56 4241
HAENG\SENECAVASHMODEL\REPORT\TABLESWATERELEV.WK) 100385
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TABLE 5-2

WATER TABLE ELEVATIONS AND DEVELOPMENT OF A SEASONALLY AVERAGED

GROUNDWATER TABLE AT THE ASH LANDFILL

ASH LANDFILL GROUNDWATER MODEL

SENECA ARMY DEPOT ACTIVITY

(MSL) - per Anderson and Woessner, 1092,

SAMPLE STANDARD DEVIATION OF ELEVATIONS

WELL ELEVATION ARITHMETIC
TOP OF PVC 1990 1001 1083 1984 MEAN 1990 1001 1693 1994
PT-10 681.58 673.28 673.10 874.00 67351 1.9 207 217
PT-11 658.28 651.54 651.18 65223 651.88 1.768 2.3 1.21
PT-12 652.03 844,58 644.25 645.90 644,60 173 2.5 135
PT-15 637.84 830.57 628.71 630.78 630.35 219 268 2.60
FT-18 €7.7¢ 633,28 83288 634,35 633.43 147 2.02 083
PT-17 640,82 633.97 613.43 835.25 634.21 1N m 1.53
PT-18 650.50 640.47 649.39 050.73 649.85 144 1.98 1.08
PT-19 845.45 840,17 840.17 209
PT-20 047.28 840.42 638,68 640.98 640,02 i 240 115
PT-21 847.51 840.67 840.09 842,34 641.03 191 201 308
PT-22 648.82 640.76 a40.44 841.65 84095 197 240 1.50
PT-23 841.54 635.23 634.59 63513 835.05 1.9 2.08 1.50
PT-24 630.35 631.00 630.39 a3.e7 a31.02 1.12 1.8 0.39
125 837.02 830.47 0.7 831.94 830.58 282 k¥ 3 1.84
PT-28 814.64 608.23 £00.37 610.24 608.28 310 3.85 1.0
MW-27 830.42 633.05 a32.25 634.08 63345 1.87 1.38 1.08
Mw-28 3741 631.18 alxn e32.28 831.58 1.9 1.6 048
MW-29 837.23 630.04 620.28 631.25 €30.19 217 1.84 058
MWL30 &40.20 832.77 632.38 634.20 633.13 1.64 293 219
MAR3 630.80 831,38 620.73 632.84 031,84 287 2.0 1.91
MW-32 841.65 634.55 634.32 03847 83541 1.9 235 1.90
MVW-J3 639.52 632.75 [k W ] 634.20 63341 237 1.09 2.0
WAL €28 Lo ) 628.38
MW-35D 631.82 620.00 020.08
M-8 632.09 629.38 620,88 028.02 1.58
MW-27 63289 820,14 820,14
MAL38D 63799 631.97 6307
MW-30 850.72 857.12 657.12
MW-40 85040 854.75 654.35 654.55 1.87
MW-41D 694.02 688.892 888.62
MW-42D 683.04 078.34 67834
MA-43 €578 85289 NSA-2 852,89 NA
MW-44 654,12 047.81 NSA-2 847.81 NA
MA4S 651.13 04578 NSA-2 648,88 648.88 7
M40 650.65 843.31 NSA-2 843,31 NA
MW-47 628.5) 622.38 NSA-2 623.96 623.98 205
M40 84857 64248 NSA-2 840375 643,75 195
MW-49D 650.69 84).80 NSA-2 843,80 NA
NW-500 050.27 843,73 NSA-2 843.73 NA
MW-510 628.64 62230 NSA-2 622,39 NA
MN-520 8287 821.55 NSA-2 821.55 NA
MW-53 630.03 030.81 NSA-2 63081 NA
MW-54D 630.4 630.64 NSA-2 630.84 NA
MW-550 83943 030.37 NSA-2 030,37 NA
MW-58 630.69 027.12 NSA-2 027.27 027.27 058
MW-S7D €027 627.13 NSA-2 027.13 NA
MW-580 628.80 620.08 NSA-2 628.08 NA
MWS9 656.63 653.78 653,78 157
MW-80 600.15 856.09 058.09 155
MWB4D-1 6773 684.70 NSA-2 684,70 NA
MW84D-2 835.2 83212 NSA-2 032,12 NA
MWS4D-3 648.80 648.40 NSA-2 084640 NA
MWS4D-4 681.3) 058,25 NSA-2 058.25 NA
MWS84D-5 652490 648.96 NSA-1 648.98 NA
MWB4A-1 4517 738,63 NSA-1 738.63 NA
MWB4A-2 740.88 734,53 NSA-{ T34.53 NA
MWB4A-) 73885 734.08 NSA-1 734.08 NA
MW16-1 73554 732.14 NSA-{ 732.14 NA
MwW18-2 TS5 731.01 NSA-1 731.01 NA
MW163 735.48 731.26 NSA-1 731.28 NA
MW17-4 n8.21 73347 NSA-{ 73347 NA
MW17-2 7074 730.55 NSA-1 73055 NA
NMW17) 218 T2.TT NSA TBRIT NA
MW174 734.58 731.58 NSA-t 731.58 NA
MW25-3 745.58 742.41 NSA-1 74241 NA
158 23T 158 T8
Note:
NSA-1 = Not 2 seasonal average, represants only 1 water elevation for the given year
NSA-2 = Nat a average, rep only 2 water for the given year
NA  =Needs

10005
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TABLE 5-2

WATER TABLE ELEVATIONS AND DEVELOPMENT OF A SEASONALLY AVERAGED
GROUNDWATER TABLE AT THE ASH LANDFILL

SENECA ARMY DEPOT ACTIVITY
ASH LANDFILL GROUNDWATER MODEL

USTED SEASONALLY AVERAGED
WELL ELEVATION ITHMETIC GROUNDWATER ELEVATION
TOP OF FVC MEAN COMMENTS FOR MODEL CALIBRATION (MSL)

1 PT-10 681.58 67351 no adiustment 67351

2 PT-11 65826 851.68 no adjustment 651.68

3 PT-12 652,03 644.80 no adjustment 644.90
4 PT-15 637.64 630.35 no adustment 630.35

5 Pl-18 637.78 833.43 no adustrment 833.43

6 PT17 640.62 64,21 no adjustment 6421

7 PT-18 0568.5¢ 640,85 no adjustment 649.85

[] PT-19 645.45 64017 no adjustment 640.17

] PT-20 847.28 640,02 no adustment 640.02
10 PT-21 647.51 641.03 no adustment 041.03
1" PT-22 648.62 640.95 no 640.95
12 PT-23 641.54 635,05 no adjustment 835.05
13 PT-24 638,35 031.02 no adustmant 631.02
14 PT-25 €37.02 630.50 no adjustment 630.58
15 PT-26 614.84 608.28 no adustment 600.28
18 MW7 819.42 3345 o adustment 83345
17 MA-28 637.41 031.56 no adustment 631.58
18 MA-20 637.33 830.19 no adjustment 630.19
18 MALI0 $40.23 833.13 no adustment 613.13
20 MAR 634,89 631.84 no 631.04
21 MAR32 641.85 635.11 no adjustment 835.11
2 MR 630.52 83341 no adustment 83341
22 MW-M 63289 620,38 no adustment 628,58
24 MWI5D 631.62 629.08 no adustment - - 629.08
25 MW-38 832.00 020,02 no adjustment 620.02
28 MW7 632.8% 629.14 no adustment 629.14
27 MW-38D 67.99 ae7 no adjustment a7
2 MWW 059.72 @57.12 no adustment 657.12
20  MW40 059.48 654,55 no ndjustment 054 55
30 MW41D 684.02 686,62 no adjustment 688,62
31 MW-420 883.04 678.4 no adiustment 078. 34
32 MW 057.9 653.78 1 std dev subtracted from Dec ‘04 slev 65378
IV N 54,42 848.59 472 std dev added 1o arthmetic mean 648.58
M MW4LS 651.13 [ 1] no adjustment 64s.08
35 MW-46 650.85 84502 1 std dev subtracted from Dec ‘94 slev 645.62
3 MW4T 620.53 623,98 no adistment 821.98
37 MW 6408.57 8475 no adjustment 84275
38 MW49D 85060 64545 1 sid dev subtractad from Dec 94 slev 045.45
39 MW-50D 050.27 844.73 1 std dev subtractad from Dec 94 elev 844.73
40 MW-S1D 628.64 624,02 1 std dev subtractad from Dec 04 slev 624.02
41 MW-52D 620.7 622.54 1 std dev subtracted from Dec B4 slev 62254
42 MA-S3 60.63 117 1 std dev subtracted from Dec 94 siev 831.17
43 MW-54D 630.34 631.63 1 sid dev subtracted from Dec ‘94 elev 631.63
44 MW-S5D 62043 a1 1 std dev subtracted from Dec ‘94 slev ot
45  MW-S8 630.69 [zi& 14 no adjustment 2121
48 MW-57D 630.27 620.84 1 std dev subtracted from Dec ‘94 slev 628.94
47  NMW-58D 62988 620,87 1 std dev subtracted from Dec ‘B4 slev 628.87
48 MWLSD 850.60 853.78 no adjustment 653.78
49  MW-80 680.15 450.99 no adjustment 056.09
50 MWB4D-1 60178 603,37 1 std dev subtractad from Dec 94 elev 663.37
51 MWe4D-2 6352 631.03 1 std dev subtracted from Dec 04 elev 631.03
52 MWe4D-3 648.69 645.25 1 otd dev subtracted from Dec 04 elev 845.25
53 MwedD4 681.33 855.73 1 std dev subtracted from Dec ‘94 siev 055.73
54 MWB4D-S 85249 648.20 374 std dev sdded to Jul B4 elev 648.20
55 NWB4A-1 s T 34 std dev addad to Jul ‘94 slev TaT.87
58 MWE4A-2 74098 .7 3/4 std dev ndded to Jul ‘94 eiev 5.7
57 MWB4A-I 73088 735.32 344 std dev added to Jul ‘B4 slev 735.32
58 Mwis1 735.54 730.67 3/4 std dev subtracted from NowDec'D3 slev 73007
58 WMwie-2 TH.55 720.84 374 std dev subtracted from NowDec'D3 elev 720.84
80 MW183 73548 730.00 374 std dev subtracted from Nov/Dec's3 elev 730.00
61 MWIZ-1 Ko .ri 731.81 1 std dev subtracted from Dec ‘94 siev 731.081
62 MWi7.2 ™. 72089 1 std dev subtracted from Dec ‘B4 elev 720.89
63 MWI7-3 73215 20.11 1 std dev subtracted from Dec ‘84 elev 72811
64 MWI74 734.50 72082 1 std dev subtracted from Dec "84 elev 2092
65 Mw25-3 745.58 740.75 1 std dev subtracted from Dac ‘84 elev 740.75

Justification for 1o obtain |

average
1) Adjustements were based on seasonal data for ssiected wels for which standard deviations wers calculated
2) December through March elevations represent maximum water table and were adjusted down by 1 standard deviation
3) July sievations represent near rinimusn water table and were adusted up by 3/4 standard deviation.
4) NowDec - near water table and were sdusted down by 3/4 standard deviation.

HAENG\SENECAVASHMODEL\REPORT\TABLESYWATERELEV.WK3 10/03/85 PAGE4 OF 4
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TABLE 5-3
COMPARISON OF MEASURED AND SIMULATED HEADS

SENECA ARMY DEPOT ACTIVITY
ASH LANDFILL GROUNDWATER MODEL

MODEL MODEL  MODEL MEAS. MEAS. TARGET TARGET TARGET { MODEL Diffe Absol Squared

WELL COLUMN ROW LAYER HIGH Low MEAN HIGH LOowW HEAD (feet) Difference Difference
MW2s-3 4 9 1 742.41 742.41 740.75 743.75 T31.75 736.1 -4.7 4.7 21.66
MW64A-1 82 1n 1 736.63 736.63 73787 740.87 734.87 734.0 -39 39 14.99
MW64A-3 82 12 1 734.08 734.08 735.32 738.32 73232 733.2 -2.1 2.1 4.50
MW17-1 4 15 1 733.47 733.47 731.81 73481 728.81 730.8 -1.0 1.0 1.03
MW16-1 2 13 1 732.14 732.14 730.97 733.97 72197 7329 1.9 19 3.74
MW16-2 2 14 1 731.01 73101 729.84 T32.84 T26.84 19 21 2.1 425
MW17.3 4 16 1 729.77 729.77 728.11 731.11 725.11 7295 14 14 1.92
GHOST19 42 18 1 NA NA 715.00 718.00 712.00 726.7 1.7 11.7 136.89
GHOST20 42 18 2 NA NA 714.00 717.00 711.00 726.7 12.7 12.7 161.29
GHOST21 42 18 3 NA NA 713.00 716.00 710.00 7267 13.7 13.7 187.69
GHOST1 77 28 1 NA NA 695.00 698.00 692.00 7073 123 123 151.29
GHOST4 9 27 i NA NA 695.00 698.00 692.00 709.8 14.8 14.8 219.04
GHOSTS 9 27 2 NA NA 694.00 697.00 691.00 709.8 158 15.8 249.64
GHOST2 T 28 2 NA NA 694.00 697.00 691.00 707.3 133 133 176.89
GHOST3 T 28 3 NA NA 693.00 696.00 690.00 707.3 143 143 204.49
GHOST6 9 27 3 NA NA 693.00 696.00 690.00 709.8 16.8 16.8 282.24
MW41D n 42 2 687.96 685.74 686.82 687.32 686.32 663.9 <229 29 525.10
MW-42D 70 43 2 680.66 674.94 678.34 678.84 677.84 660.6 -17.7 17.7 314.53
PT-10 47 44 2 671.79 670.57 673.51 674.01 673.01 658.5 ~15.0 15.0 225.28
MW64D-1 7 44 1 665.03 664.36 663.37 663.87 662.87 658.3 -5.1 5.1 25.75
MW-39 17 61 1 657.99 656.37 657.12 657.62 656.62 650.4 6.7 6.7 45.19
MW-60 2 62 1 658.13 654.83 656.99 65749 656.49 649.8 -12 72 51.73
MW64D4 79 59 1 657.39 655.10 655.73 656.23 655.23 650.7 -5.0 5.0 2534
MwW40 46 65 1 656.40 652.18 654.55 655.05 654.05 648.8 -5.8 58 33.09
MW.-59 n 65 1 654.95 651.61 653.78 654.28 653.28 648.7 -5.1 5.1 25.81
MWwW-43 35 63 1 655.42 652.46 653.76 654.26 653.26 649.6 4.2 42 17.34
PT-11 66 66 1 654.02 648.49 651.68 652.18 651.18 648.4 -33 33 10.73
PT-18 46 2 1 651.78 646.72 649.85 650.35 649.35 646.2 -3.7 37 13.32
MW-44 34 RE) 1 648.63 646.98 648.59 649.05 648.09 6459 2.1 27 122
MW-45 24 82 1 648.47 644.75 646.88 647.38 646.38 642.6 43 43 18.28
MW-46 34 83 1 647.28 642.61 645.62 646.12 645.12 6422 -3.4 34 11.73
MW-49D 34 83 2 647.11 642.74 645.45 645.95 644.95 6422 -33 33 10.59
MW64D-3 7 T2 1 646.91 645.89 645.25 645.75 644.75 646.0 0.7 0.7 0.56
PT-12 44 81 1 647.25 641.73 644.90 645.40 644.40 642.9 -2.0 2.0 4.00
MW-50D 34 83 3 646.39 642.90 644.73 645.23 644.23 642.2 -25 25 6.42
MW-48 26 89 1 645.47 641.57 643.75 644.25 643.25 639.9 -3.9 39 14.84
PT-21 43 88 2 647.51 635.37 641.03 64153 640.53 640.2 -0.8 08 0.69
PT-22 43 88 1 645.45 637.85 640.95 641.45 640.45 640.2 -0.7 0.7 0.56
PT-19 58 85 1 642.35 637.81 640.17 640.67 639.67 641.3 L1 1.1 1.28
PT-20 51 89 1 644.21 636.11 640.02 640.52 639.52 639.8 -0.2 0.2 0.05
MW.-32 58 96 1 637.84 632.40 635.11 635.61 634.61 637.0 19 19 3.56
PT-23 30 101 1 638.71 632.56 635.05 635.55 634.55 635.2 0.1 0.1 0.02
PT-17 53 100 1 636.85 630.12 634.21 634.71 633.71 635.5 13 13 1.65
MW-38D 18 107 2 634.67 632.76 633.97 634.47 633.47 6329 -1.1 1.1 114
MW-27 33 103 1 635.62 630.37 633.45 633.95 632.95 6344 0.9 0.9 0.90
PT-16 18 107 1 635.06 630.17 633.43 633.93 632.93 632.9 -0.5 0.5 0.28
MW-33 63 98 1 635.95 630.02 633.4] 633.91 632,91 636.2 28 28 17
MW-30 56 101 1 63637 629.73 633.13 633.63 632.63 635.1 20 20 3.89
MWe64D-2 75 92 1 633.49 630.75 631.83 632.33 631.33 6384 6.6 6.6 43.11
MW-55D 47 103 3 633.37 630.23 631.71 632.21 631.21 6343 26 26 6.69
MW-31 61 103 1 634.60 627.21 631.64 632.14 631.14 634.3 27 2.7 7.05
MW-54D 47 103 2 633.29 629.88 631.63 632.13 631.13 6343 27 27 EAY
MWwW-28 36 105 1 633.28 628.26 631.58 632.08 631.08 633.6 2.0 20 4.07
MW.53 47 103 1 632.83 630.13 631.17 631.67 630.67 6344 32 32 1041
PT-24 40 109 1 633.19 627.85 631.02 631.52 630.52 6320 1.0 1.0 097
PT-25 64 104 1 633.66 625.45 630.56 631.06 630.06 633.9 33 33 11.17
PT-15 n 9 1 634.09 627.40 630.35 630.85 629.85 635.8 5.5 55 29.71
MW-29 46 107 1 631.82 626.83 630.19 630.69 629.69 6328 26 26 6.83
MW-37 7 116 1 630.91 626.65 629.14 629.64 628.64 629.6 0.5 0.5 0.22
MW-35D 61 1n4 2 629.66 628.01 629.08 629.58 628.58 629.9 08 0.8 0.67
MW-36 61 114 1 629.94 626.43 629.02 629.52 628.52 629.9 09 0.9 0.78
MW-34 75 100 1 630.28 626.39 628.38 628.88 627.88 635.3 6.9 6.9 47.85
MW-56 48 119 1 627.78 626.67 627.27 62171 626.77 6279 0.6 0.6 0.40
MW-57D 48 119 2 628.60 627.11 626.94 62744 626.44 627.9 1.0 1.0 0.91
MW-58D 48 119 3 628.53 625.66 626.87 627.37 626.37 6279 1.0 1.0 1.05
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TABLE §-3
COMPARISON OF MEASURED AND SIMULATED HEADS

SENECA ARMY DEPOT ACTIVITY
ASH LANDFILL GROUNDWATER MODEL

MODEL  MODEL  MODEL MEAS. MEAS. TARGET TARGET TARGET | MODEL Difference  Absolute Squared

WELL COLUMN ROW LAYER HIGH Low MEAN HIGH Low HEAD (feet) Difference  Difference

MW-51D 35 128 2 625.68 621.56 624.02 624.52 623.52 . . X
Mw47 35 128 1 625.69 621.47 623.96 624.46 623.46 624.3 0.3 0.3 0.12
MW-52D 35 128 3 624.20 620.04 622.54 623.04 622.04 6243 1.8 1.8 3.08
PT-26 73 174 1 611.82 603.10 608.28 608.78 607.78 604.0 43 43 18.30
GHOST22 42 174 1 NA NA 601.00 604.00 598.00 604.5 35 35 12.25
GHOST23 42 174 2 NA NA 600.00 603.00 597.00 604.5 45 4.5 2025
GHOST24 42 174 3 NA NA 599.00 602.00 596.00 604.5 5.5 55 30.25
GHOST10 7 199 1 NA NA 575.00 578.00 572.00 560.6 -144 144 207.36
GHOST7 Yy 198 1 NA NA 575.00 578.00 572.00 566.7 -8.3 83 68.89
GHOSTS Yy 198 2 NA NA 574.00 577.00 571.00 566.7 -13 13 53.29
GHOSTI1 7 199 2 NA NA 574.00 577.00 571.00 564.7 9.3 9.3 86.49
GHOST9 Yy 198 3 NA NA §73.00 576.00 570.00 566.7 6.3 6.3 39.69
GHOST12 7 199 3 NA NA 573.00 576.00 570.00 564.7 -83 8.3 68.89
GHOST16 6 213 1 NA NA 515.00 518.00 512.00 483.2 -318 318 1011.24
GHOST17 6 213 2 NA NA 514.00 517.00 511.00 483.2 -30.8 30.8 948.64
GHOSTI8 6 213 3 NA NA 513.00 516.00 510.00 483.2 -29.8 29.8 883.04
GHOST13 74 2n 1 NA NA 495.00 498.00 492.00 481.8 -132 13.2 174.24
GHOST14 74 2n 2 NA NA 494.00 497.00 491.00 481.8 -122 12.2 148.84
GHOSTI1S 74 211 3 NA NA 493.00 496.00 490.00 481.8 -11.2 11.2 12544

NOTE: Wells are sorted in order of decreasing Target Mean Values

Stastical Calculations:
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1. Mean Error (ME), which is the mean difference between the measured heads and the simulated
heads;

2. Mean Absolute Error (MAE), which is the mean of the absolute value of the differences in
measured and simulated heads; and

3. Root Mean Squared (RMS), which is the average of the squared differences in measured an
simulated heads.

To help in evaluating the calibration of the flow model ME, MAE, and RMS were plotted against
net recharge, the most significant calibration criterion. The plots indicate that all three averages
provide a well defined minimum (Figure 5-7). Specifically, the ME provided the lowest minimum
when a net recharge rate of 0.00486 feet/year (or 0.00001332 fect/day) was used.

Hydraulic gradients for the simulated heads at the Ash Landfill are very similar to those for the
observed heads. The simulated gradient between till/weathered shale wells PT-18 and PT-17 was
0.014 feet/foot compared to a measured gradient of 0.021 feet/foot. Between wells MW-40 and
MW-56, which are also till/weathered shale wells, the simulated gradient was 0.016 feet/foot
compared to a gradient of 0.019 feet/foot measured in the field. For the competent shale wells PT-
10 and MW-36, a simulated gradient of 0.015 feet/foot was computed while a gradient of 0.025
was measured.

5.3.2 Water Balance

The water balance also served as a calibration criterion for the groundwater flow model. Two
aspects of the water balance (or volumetric budget) were evaluated.

First, there was relatively good agreement between the flows out of the model as calculated in the
preliminary water budget and in the MODFLOW model. In the preliminary water budget at total
flow out (Quu) Of 2,257.4 fi’/day was calculated, compared to a total flow out of 2,004 ft’/day
calculated by the model.

Second, the percent discrepancy in the volumetric budget as calculated by the MODFLOW model
was 0.0 percent, with a total flow in (Qy,) of 2003.9 ft*/day solely from recharge and a total fluw
out (Qou) of constant head cells at Seneca Lake of 2,004.0 ft’/day. The model calculated a
difference between Q;, and Qg of -0.077393 ft*/day.
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ME, MAE, and RMS for MONITORING WELLS

o)
o
1

~
[N
1

(w2
>
1

[¢)]
(s
|

I
[04]
1

»
o
]

w
N
|

N
&
1

—_
[v2]
1

MAE
N RMS

Mean Water Level Difference (feet)

0 1 | ! 1 1 | L1 a 1 I | TR

0.00250 0.00295 0.00340 0.00385 0.00430 0.00475 0.00520 0.00565 0.00610 0.00655 0.00700

Net Recharge (feet/year)

GRAPHICS\SENECA\ASHMODEL\MAMAEPLT.CDR

pAn SONS

PARSONS ENGINEERING SCENCE, NC.

CLENTARQECT TME

SENECA ARMY DEPOT ACTIVITY
ASH LANDFILL GROUNDWATER MODEL

CEPL WG NO
ENVIRONMENTAL ENGINEERING , 726209-01002

FIGURE 5-7
PLOT SHOWING THE
EFFECT OF NET RECHARGE ON
ME, MAE, AND RMS

SCAE NA | o=

OCTOBER 1995




SENECA ASH LANDFILL DRAFT GROUNDWATER MODELING REPORT

5.3.3 Groundwater Velocity and Advective Travel Time

Model calibration was also supported by comparing groundwater velocities calculated using three
different methods. The methods are as follows:

e Darcy equation
e MODPATH
e 50% plume concentration travel time

A range for the groundwater flow velocity of the till/weathered shale was calculated to be 27.4
feet/year to 36.5 feet/year (n. of 20% and 15%, respectively) using the Darcy equation and
hydraulic data for the Ash Landfill site (Parsons ES, 1994a). And, using this same method, the
groundwater velocity of the competent shale was calculated to be 7.3 feet/year.

The computer model MODPATH was used to determine the time it would take groundwater to
travel a fixed distance in layer 1 (Appendix E). Using this information the groundwater velocity in
layer 1 was calculated. The model released one particle at the center of a cell (700w, 42c01, 1iayer)
within the Ash Landfill and then it used particle tracking methods to calculate an average travel
time of 1.87590E+05 days for the particle to discharge into layer 2 (Figures 5-8 and 5-9). The
particle was stopped by the model when it entered a cell (2100w, 62cq1, 21ayer) in layer 2. The particle
was allowed to travel a total distance of approximately 8,000 feet in layer 1 before discharging into
layer 2. Therefore, based on these results, the velocity of the particle was calculated to be 0.067
feet/day or approximately 25 feet/year. Note that in the plan view of the pathline trace for the
particle that it bends to follow a course perpendicular to contours defining peizometric head
(Figure 5-8). Figure 5-9 shows a cross-section of the same parthline trace using column 42 of the
grid for the section. To construct the section MODPATH projected the particle’s pathline back
onto column 42 because it exited layer 1 in column 62, as noted above. Because a stratigraphic
three-dimenstional grid was used for the model, an artifact of this projection is the appearance that
the particle was allowed to travel into layer 2.

In addition, the 50% concentration of a sodium plume that originated near well PT-18 and extended
west along a series of other wells was used to provide further evidence of model calibration (Figure
5-10). The series included wells PT-18, PT-12, PT-22, MW-53, and MW-56 and whose maxium
average sodium concentration was approximately 104 ppm at PT-18. The 50% conentration of the
plume was thus determined to be 52 ppm and this corresponded with a distance of 520 feet from the
source, PT-18. Assuming that the release of sodium corresponds with the suspected release of
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volatiles a the site, which is suspected to be approximately 20 to 40 years ago, the range of
velocities for the sodium plume was calculated to be 26 feet/year to 13 feet/year. Clearly, there is
some uncertainty in the velocities calculated using this method because the exact time of the release
of sodium is unkown. The 13 feet/year velocity does not agree well with the velocity calculated
using the Darcy equation and, therefore, it is not believe to represent groundwater flow on-site.

Generally, the velocities calculated using the darcy equation, MODPATH and the 50% plume
concentration travel time provide good evidence that the calibration of the groundwater flow model
was achieved.

5.4 Sensitivity Analysis

A sensitivity analysis was performed after the flow model was calibrated. The purpose of the
sensitivity analysis was to determine how sensitive the calibrated model was to variations or
uncertainty in the aquifer parameters, stresses, and boundary conditions. Thus, during the
sensitivity analysis the calibrated values for hydraulic conductivity storage parameters recharge and
boundary conditions are systematically changed within the previously established plausible range
(Anderson and Woessner, 1992). For this model, boundary conditions were characterized using
well defined physical and hydrologic boundaries and thus they were not part of the sensitivity
anslysis.

The sensitity analysis was performed by changing one input parameter at a time and evaluating the
effects on the distribution of the heads (the dependent variable) in the model. The input parameters
evaluated for the sensitivity analysis of the model were as follows:

1. net recharge;
2. horizontal hydraulic conductivity (ky); and
3. vertical hydraulic conductivity (ky).

Each parameter was varied by 10, 20, and 50 percent from its original calibrated value and the
resulting effects on the head were noted (Appendix D). The results of the analysis are graphically
shown in Figure 5-11. Clearly, net recharge is the most sensitive parameter compared to K, and K,.

Changes of up to +/- 25% from the calibrated value of net recharge producted an mean residual of
approximately 60 feet for the model. For K, a change of +/- 25% from the calibrated value
produced approximately 30 to 35 foot mean residual. Changes of up to +/- 25 % in K, produced no
measureable changes in head from their calibrated values.
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5.5 Groundwater Flow Model Results

The steady-state groundwater flow system at the Ash Landfill was simulated by MODFLOW using
a stratigraphic three-dimension grid that extended to 52 feet below the land surface. The model
successfully simulated heads over the at the Ash Landfill site and the surrounding area using well
defined physical and hydaulic boundaries for the flow system. The heads calculated by the model
indicate that groundwater flow is primarily to the west in the upper potions of the plateau that
separates Seneca and Cayuga Lakes, but that the flow bends to the southwest at it approaches
Seneca Lake (Figure 5-5).

It is noteworthy that the heads were consistently low in areas where the gradient of the land surface
was steep (i.c., near Seneca Lake and east of the Ash Landfill). However, for this model simulation
of the head at the Ash Landfill and in the area west to Route 96A was a primary goal as the head
and flow data for this region was used in the transport model to simulate the migration of the plume
of VOCs.

The volumetric budget output for the MODFLOW model indicates a total Q;, of 2003.9 ft*/day
soley from recharge (i.c., precipitation) and a total Q. of constant head cells at Seneca Lake of
2004.0 ft*/day.
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6.0 TRANSPORT MODEL DESIGN AND RESULTS
6.1 Selection of Model Code

The transport modeling portion of this study required a computer code that could simulate

important physical and chemical effects in three dimensional groundwater flow systems. The

MT3D computer code was selected to simulate contaminant transport for this project because of the

following:

e MT3D simulates advection, dispersion, and chemical reactions for contaminants in
groundwater flow systems in three dimensions;

e MT3D uses unformatted head and flow files saved in MODFLOW for the transport
calculcations;

e The accuracy of the MT3D code has been checked against one or more analytical solutions;

e MT3D includes a mass balance computation;

e MT3D has been used to simulate contaminant transport in numerous studies; and

e MT3D allows the flow model to be constructed and calibrated independently.

6.2 Relationship Between Conceptual Model and MT3D Numerical Model

The MT3D transport model can be used in conjunction with the block-centered finite-difference
MODFLOW model. Thus, the aspects of the conceptual model are preserved in the transport model
because MT3D retrieves the hydraulic heads and the various flow and sink/source terms saved by
the flow model, automatically incorporating the specified hydrologic boundary conditions.

6.3 Assignment of Input Parameter Values for MT3D

The MT3D model uses a modular structure similar to that implemented in MODFLOW. Like the
MODFLOW model, the MT3D model uses a main program and complementary series of packages,
and each of these packages deals with a single aspect of the transport simulation. Input paramater
values are entered into the main program and the varous packages for use in the model. The three
model scenarios were simulated using five packages. The packages are as follows:

1. Basic Transport Package
2. Advection Package
3. Dispersion Package
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4. Sink & Source Mixing Package
5. Chemical Reaction Package

Input parameter values for the MT3D contaminant transport model were derived from both site
investigation data and from the literature when site specifice data were not available. The
parameter values that define and affect contaminant transport are discussed below relative to the
package in which they are specified. Because three scenarios were simulated for this project, some
of the input parameters were different depending on what scenario was simulated. Table 6-1
presents the selected input parameters for the transport model along with an acceptable range for
each value; the best estimates for the parameters used in the model are also presented.

Because MT3D is a complimentary program to MODFLOW, it uses the same model boundary and
grid conditions that were used for MODFLOW (Figure 6-1). Therefore, none of the physical
aspects of the model grid or groundwater flow parameters will be discussed here.

6.3.1 Basic Transport Package Parameters

In the Basic Tranéport Package, which is the main program, general model characteristics are
specified including: the number of model layers, aquifer layer types, grid dimensions and
elevations, the major transport packages to be used, effective porosity values, concentration
boundary conditions, the starting concentration field, and various aspects of the model output.

For this model, the number of model layers, the aquifer layer types and the grid was the same as
that used in the MODFLOW model.

The effective porosity of the till/weathered shale aquifer was specified as 15 % (0.15) and 6%
(0.06) for the competent shale aquifer. These are the same effective porosities used to calculate the
likely range of groundwater velocities in the Ash Landfill RI report (Parsons ES, 1994a).

For Scenarios 1 and 2, two model cells were defined as constant unchanging source concentration
terms (i.e., MW-44 and PT-18) and the rest were specified as active cells, subject to the boundary
conditions established in the model. For Scenario 3, all of the model cells were active.

For the transport modeling, three initial concentration scenarios were generated for use with the
three transport scenarios. For the Scenario 1, the initial concentration matrix consisted of defining
concentrations at only two point sources. In other words, Scenario 1 was established to simulate
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TABLE 6-1

REASONABLE RANGE, BEST ESTIMATE, AND UNCERTAINTY FOR
MT3D INPUT PARAMETERS

SENECA ARMY DEPOT ACTIVITY
ASH LANDFILL GROUNDWATER MODEL

Input Parameter Units Reasonable Range Best Estimate Scource | Uncertainty
Low Nominal High

Advection Terms:
Effective Porosity Layer 1 percent 15 15 25 15 (or 0.15) Literature low
Effective Porosity Layer 2 percent 6 6 6 6 (<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>