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e Main transport mechanisms for VOCs in the saturated zone include advection,

mechanical dispersion, diffusion, and adsorption.

GROUNDWATER FLOW MODEL DEVELOPMENT

Two variations on the Phase 2 numerical flow model were used in the Phase 3 modeling
analysis. The two models have the same model grid, but have different vertical layering.
One model has the same two layers as the Phase 2 flow model, and is referred to as “the
2-layer model.” The other model has 34 layers and was developed by subdividing the 2-layer
model into multiple layers. This model is referred to as “the 34-layer model.” The 2-layer
model is used for particle tracking to estimate the hydraulic capture zone. The

34-layer model is used for particle tracking and to provide a three-dimensional groundwater
flow field for contaminant transport modeling so that the vertical distribution of TCE can be

simulated.

In both the 2-layer and the 34-layer models, flow boundary conditions were modified to
reflect the update to the conceptual flow model as described in the Update to the Conceptual
Model for Groundwater Flow section of this memorandum. The extent of the model domain
remained unchanged, and hydraulic properties (hydraulic conductivity and porosity)
continue to be assumed to be uniform across the model domain. As a result of the update,
refining of model calibration was also required. The flow models were calibrated to the

average 2010 to 2011 condition, same as the Phase 2 flow model.

The flow model continues to use the United States Geological Survey modular
finite-difference groundwater model MODFLOW 2005 code (Harbaugh 2005). The
commercial software Groundwater Vistas (GWV; Environmental Simulations, Inc.,

Version 6.74 Build 46, 64-bit) was used for pre- and post-processing.

Model Grid Refinement

Model grid refinement includes using a uniform row spacing of 100 feet for the area between
the southern end of the landfill and the southern model boundary, where VOC plume
migration occurs (Figure 3). In contrast, in the Phase 2 flow model, this area has variable

grid spacing ranging from 100 feet in the vicinity of the landfill to 2,640 feet near the
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southern model boundary. The refined row spacing allows for more detailed simulation of
plume migration from the landfill. The column spacing remained unchanged from the
Phase 2 flow model because the area where the plume is located already had 50-foot column
spacing in the model, which is considered sufficiently fine for contaminant transport

modeling. After refinement, the model grid consisted of 312 rows and 138 columns.

Vertical Discretization

The 2-layer model consists of two layers separated by a flat surface, at an elevation of
1,050 feet above mean sea level (AMSL) North American Vertical Datum of 1988, as in the
Phase 2 flow model.

In the 34-layer model, the domain was divided vertically into 34 layers, with a uniform layer
thickness of 30 feet, except for the top layer (i.e., Layer 1), which is bounded at the top by
ground surface, and the bottom layer (i.e., Layer 34), which is bounded at the bottom by
bedrock. The bottom of Layer 1 is set at 30 feet below the simulated water table in the
2-layer model, which results in a uniform saturated thickness of 30 feet in Layer 1. The
bottom of each subsequent layer, except for Layer 34, is set at 30 feet below the bottom of
the layer above it. The bottom of Layer 34 is specified using the top of bedrock elevations in
the SRV spatial dataset (ADWR 2014). This vertical discretization allows the water table to
be contained within Layer 1, and all other layers to remain saturated. Correspondingly,
Layer 1 is specified as a convertible layer with transmissivity that varies with head. All other

layers are specified as a confined layer with constant transmissivity.

The purpose of using a uniform layer thickness is to avoid numerical errors associated with
using vertically deformed model layers (Zheng and Bennett 2002). A thickness of 30 feet is
based on input from ADEQ as a typical screen length for predicting groundwater

contamination at a monitoring well.

Boundary Conditions

Boundary conditions in the 2-layer model are the same as those in the Phase 2 flow model
(Figures 4 and 5), except that a General-Head Boundary (GHB) package was added along the
northern boundary in Layer 1 (Figure 4) to represent the upgradient boundary flow
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component from the unnamed subbasin, as described in the Update to the Conceptual Model
for Groundwater Flow section of this document (Figure 2). The GHB head is set to an
elevation of 2,000 feet AMSL, which is based on the 2002 measured groundwater elevations
in the SRV geodatabase. The GHB conductance was adjusted during calibration refinement.
The recharge rate for the corresponding mountain-front recharge Zone 3, which was
previously used to represent flux along this segment of the model boundary in the Phase 2

model, was set at zero (Table 1).

In the 34-layer model, boundary condition modifications include specifying GHB and Well
(WEL) packages in multiple layers. At a location with a GHB package (designated by a row
number and a column number), GHB may be present in 1 to 34 layers of the 34-layer model,
and may be present in one or two layers of the 2-layer model. At each location, the GHB
conductance in the 2-layer model is summed vertically, and is evenly distributed between
the corresponding GHB cells at the same location in the 34-layer model. For example, at the
grid cell of Row 6 and Column 1, GHB is in Layers 1 and 2 in the 2-layer model, and has a
total GHB conductance of 26.26 square feet per day (ft?/d); in the 34-layer model, GHB is in
Layers 1 through 7. Therefore, each GHB cell in the 34-layer model is assigned a GHB
conductance of 3.75 ft*/d, which is equal to 26.26 ft?/d divided by 7. The GHB heads

remained unchanged between the 2-layer and 34-layer models.

The regional water supply wells, their pumping rates during the calibration period of 2010 to
2011, and their model layers for the WEL package are shown in Table 2. The pumping rates

in the WEL package are distributed to the model layers that are within the screen elevations

presented in Table 2. GWYV allocates pumping rates between multiple layers within the

screen interval based on the transmissivity of each layer.

Solver and Convergence Criteria

The geometric multigrid solver is used to solve the numerical flow model. The head change
and flow residual convergence criterion remained unchanged at 0.001 foot and 1 cubic foot

per day, respectively.
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Model Calibration

Model calibration involves adjusting the horizontal hydraulic conductivity value to minimize
head residuals. The calibrated horizontal hydraulic conductivity values in the 2-layer and
34-layer models are 13.03 and 11.61 feet per day, respectively. These values are only slightly
different from 12.78 feet per day, the calibrated horizontal hydraulic conductivity value used
in the Phase 2 flow model. The small difference between the calibrated horizontal hydraulic
conductivity is a result of different vertical discretization for the two models, and is not
expected to substantially affect contaminant transport evaluations. Vertical hydraulic

conductivity remains fixed at 1.2 feet per day.

Calibration targets included water level targets and an estimated water budget. The water
level targets and their weights are the same as those used in the Phase 2 flow model. In the
34-layer model, the water level targets were set in the model layer corresponding to the

midpoint of screen interval. The water level targets are listed in Table 3.

Calibration to the calibration targets is acceptable for both the 2-layer and the 34-layer
models. Calibration statistics for the 2-layer and 34-layer models are shown in Tables 4 and
5, respectively. A comparison of the estimated water budget to the simulated water budgets

for the 2-layer and the 34-layer models are presented in Tables 6 and 7, respectively.

TRANSPORT MODEL DEVELOPMENT

The contaminant transport model for dissolved-phase TCE was developed based on the
34-layer model. The transport processes simulated by the contaminant transport model
include advection, dispersion, and adsorption. In situ degradation of TCE is assumed to be
negligible to provide a conservative (i.e., biased high) prediction of TCE concentrations at
downgradient wells. The simulated steady-state groundwater flow field by the 34-layer
model is used to simulate advection. Dispersion is simulated by specifying dispersivity
parameters, while molecular diffusion is considered negligible compared to mechanical
dispersion. Adsorption is simulated by specifying a retardation factor. The transport
parameters for TCE are presented in Table 8. All of the transport parameter values are

uniform across the model domain.
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Five scenarios were simulated using the groundwater flow and transport models. They

correspond to Alternatives 1, 2, 4, and 5 in the RAP, as well as an enhancement to

Alternative 4, as described below:

1.

Alternative 1: Consists of monitored natural attenuation (MNA) for the groundwater
plume.

Alternative 2: Consists of soil vapor extraction (SVE) to control the VOCs in the
vadose zone and MNA for the groundwater plume. Alternative 3 in the RAP consists
of the same components as Alternative 2, plus wellhead treatment as a contingency
measure. From the transport modeling perspective, Alternative 3 is the same as
Alternative 2.

Alternative 4: Consists of SVE to control the VOCs in the vadose zone, on-site
groundwater extraction to hydraulically contain the VOC plume, and injection of

extracted groundwater following treatment.

- Alternative 4A: The injection well is located at an off-site location.

- Alternative 4B: The injection well is located at an on-site location.

Alternative 4 Enhancement: Consists of all the components of Alternatives 4A or 4B,

plus on-site, in situ chemical oxidation (ISCO).

- Alternative 4A Enhancement: Alternative 4A plus on-site ISCO.
- Alternative 4B Enhancement: Alternative 4B plus on-site ISCO.

Alternative 5: Consists of SVE to control the VOCs in the vadose zone and off-site

groundwater extraction to prevent further migration or expansion of the VOC plume.

Alternative 1 does not have source control for VOCs in the vadose zone. Therefore, a source

term is specified in the transport model for Alternative 1. In contrast, because all of the

other scenarios are accompanied by SVE to control the VOCs in the vadose zone, no source

term is specified in the transport models for these scenarios. The transport model uses the
MT3DMS code (Version 5.3; Zheng and Wang 1999; Zheng 2005).

Transport Boundary Conditions

The transport boundary conditions include specified concentration gradient boundary

(i.e., Neumann Boundary) in the GHB cells on the southern model boundary. The specified
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concentration gradient is zero. Therefore, the dispersive flux across the southern model
boundary is zero. TCE can leave the model domain as advective flux where the simulated

concentrations are non-zero.

The transport boundary conditions also include the WEL boundary to represent the regional
pumping wells (Table 9). The differences between the WEL boundary in the transport

model and the calibrated flow model include the following:

e The 2009 to 2013 average pumping rates, instead of the 2010 to 2011 average pumping
rates, were used for the wells listed in Table 2.

e Besides the wells listed in Table 2, two additional wells, 221637 and 221450, were
added in Table 9. These two wells were not in the calibrated flow model because
they were installed after the 2010 to 2011 calibration period. No historical pumping
data are available for these two wells. Therefore, the permitted maximum pumping

rates for wells 221637 and 221450 were used in the transport model.

For Alternative 1 alone, the transport boundary conditions also include a specified flux
boundary (i.e., Cauchy Boundary) over the known extent of VOCs in the vadose zone to
represent the influx of TCE due to leaching, as shown on Figure 6. Although the specified
flux should consist of advective and dispersive flux, it is customary to assume that the
advective flux dominates the dispersive flux (Zheng and Wang 1999). Therefore, the
specified flux is set equal to the TCE mass flux in leachate, which was simulated by

Amec Foster Wheeler using the VLEACH model (Ravi and Johnson 1997). A recharge rate
of 0.5 inch per year was used in the VLEACH model. The TCE mass flux in leachate is
shown on Figure 7. The specified flux boundary is represented in the transport model as a
recharge zone with a recharge rate of 0.5 inch per year. The extent of the recharge zone is
shown on Figure 6. The TCE concentration in recharge, as shown on Figure 7, was
calculated by dividing the mass flux by the product of the recharge rate and the recharge
zone area. The concentration in recharge rises to a peak value of 581 micrograms per liter

(ng/L) during the first 100 years, and then declines at a much flatter slope than the rise.
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Solution Methods and Solver

A transport model requires a solution method for the advection term and a solution method
for the dispersion term. The third-order total-variation-diminishing (TVD) method, with a
Courant number of 1, is used to solve the advection term. The TVD method automatically
calculates the transport time step size that satisfies its stability constraint. The implicit finite
difference method is used to solve the dispersion term. The Generalized Conjugate Gradient

solver is used with a convergence criterion for a relative concentration of 10.

Initial Concentrations

TCE concentrations in groundwater under current conditions, as interpreted from
groundwater sampling data, are shown in Figure 8. The highest concentration is 100 pg/L.
The existing VOC plume is assumed to be present within the top 120 feet of the alluvial
aquifer. The distribution of TCE concentrations is assumed to be the same in the top four

layers of the transport model.

PREDICTIVE TRANSPORT SIMULATIONS

Predictive transport simulations were performed for a period of 100 years to evaluate the
effects of remediation alternatives on the migration of the TCE plume. The transport

simulation results for each scenario include the following:

e TCE distribution downgradient of the Site.

e TCE concentrations in the regional water supply wells downgradient of the Site that
intercept the plume during the simulation period of 100 years, for comparison with
the Arizona Water Quality Standard (AWQS) of 5 pg/L.

* TCE concentrations along the downgradient boundary of the COP Sonoran Preserve

(Figure 1), for comparison with the AWQS.

For Alternatives 4 and 5, which consist of on-site or off-site groundwater extraction and
injection, particle tracking using MODPATH (Pollock 1994) was first performed on the
34-layer model to estimate the required extraction and injection rate. The groundwater
extraction well and injection well (if required by the alternative) are represented in the
34-layer model using the MODFLOW Multi-Node Well2 (MNW2) package. The MNW2

package allocates extraction rates between multiple layers crossed by the well screen, and
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calculates a single water level elevation and solute concentration for the whole well at each

transport time step.

Alternative 1

Alternative 1 consists of using MNA to monitor the attenuation of the TCE plume over time,
without using SVE to control VOCs in the vadose zone. The simulated TCE concentrations
in layer 1, which contains the water table, after 10, 20, 30, 50, and 100 years are shown in
Figures 9a, 9b, 9c, 9d, and e, respectively. In layer 1, the peak concentration occurs beneath
the landfill as a result of the TCE mass flux in the leachate (Figure 7). The TCE mass in the
groundwater under existing conditions (Figure 8) migrates off site, and forms an off-site
plume. The simulated TCE concentrations in the layer with peak concentrations in the
off-site plume after 30 and 100 years are shown in Figures 9f and 9g, respectively. The
assumed continuous source at the landfill, as shown on Figures 6 and 7, results in an
elongated TCE plume that originates from the landfill. The plume reaches water supply
wells 221637, 527549, and 221450 within the simulation period of 100 years.

Figure 10 shows the simulated concentrations at water supply wells 221637, 527549, and
221450 over time. Because each well is screened across multiple layers (Table 9), the
concentration shown in Figure 10 at any given time is the highest concentration among all
the layers at the same well location. The peak concentration at well 221637 of 16 pg/L is
predicted to occur at year 57. Peak concentrations at wells 221450 and 527549 are predicted

to occur at year 100 at low concentrations of 0.02 and 0.4 pg/L, respectively.

Alternative 2

Alternative 2 consists of using SVE to control VOCs in the vadose zone and using MNA to
monitor the attenuation of the TCE plume over time. The simulated TCE concentrations
after 10, 20, 30, 50, and 100 years are shown in Figures 11a, 11b, 11c, 11d, and 11e,
respectively. Because source control is implemented, the TCE plume detaches from the
landfill, follows the predominant groundwater flow direction toward the south-southeast,
attenuates through dispersion and adsorption, and reaches water supply wells 221637,
527549, and 221450 within the simulation period of 100 years.
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Figure 12 shows the simulated concentrations at water supply wells 221637, 527549, and
221450 over time. The simulated maximum concentrations are nearly identical to
Alternative 1 (Figure 10). The only difference from Alternative 1 is at year 100, the
concentration at well 221637 is lower than Alternative 1 (0.5 pg/L versus 2 pg/L), due to the

lack of contribution from the continuous source at the landfill.

Alternative 4

Alternative 4 relies on on-site groundwater extraction to prevent further migration of the
VOC plume, and consists of two alternatives. In Alternative 4A, the extracted groundwater
is injected into the aquifer at an off-site location following treatment. In Alternative 4B, the

extracted groundwater is injected into the aquifer at an on-site location.

As presented below, the groundwater extraction rates in Alternatives 4A and 4B are 190 and
370 gallons per minute (gpm), respectively. These extraction rates are higher than the
extraction rate used in the Phase 2 evaluation to provide hydraulic containment of the
potential source of VOCs to groundwater, which was 30 gpm (Amec Foster Wheeler and
Anchor QEA 2014). The difference is due to the different target capture zones in Phase 2
and Phase 3. The target capture zone in Phase 2 is the inferred extent of contaminated soil
vapor on site, whereas the target capture zone in Phase 3 is the dissolved VOC plume on site
and off site. Because the dissolved VOC plume is larger than the extent of on-site

contaminated soil vapor, a higher extraction rate is required in Phase 3.

Alternative 4A

The extraction well is located approximately 150 feet west of MW-02, while the off-site
injection well is located approximately 600 feet south of the southeastern corner of the
Sonoran Preserve (Figure 13). The extraction well is screened across the top four model
layers (i.e., 120 feet below ambient water table), while the injection well is screened across
the top 13 model layers (i.e., 390 feet below ambient water table). The extraction rate and

injection rate are distributed between the layers by the MNW2 package.

First, particle tracking was used to identify the extraction rate required to prevent further

migration of the VOC plume. In the model, particles are released in the top four layers
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around the perimeter of the VOC plume. The locations of the particles are tracked as time
moves forward. The extraction/injection rates were adjusted until all the released particles
were captured by the extraction well. Particle tracking results suggest that extraction and
injection rates of 190 gpm provide complete hydraulic capture of the VOC plume, as shown
in Figure 13. Particle tracking results using a lower extraction/injection rate of 175 gpm
suggest that complete hydraulic capture of the plume would not be achieved, as shown in

Figure 14.

The simulated TCE concentrations after 10, 20, 30, and 50 years are shown in Figures 15a
through 15d, respectively. The plume is fully contained by the on-site extraction well and,
therefore, does not migrate beyond its current extent. As a result, simulated TCE

concentrations at the downgradient water supply wells are negligible.

Alternative 4B

The extraction well is located at the same place as Alternative 4A, while the on-site injection
well is located northeast of the Transfer Station (Figure 16). Both the extraction well and the
injection well are screened across the top four model layers (i.e., up to 120 feet below the
ambient water table). The extraction rate and injection rate are distributed between the top

four layers by the MNW2 package.

Particle tracing for Alternative 4B was performed in the same way as Alternative 4A.
Particle tracking results suggest that extraction and injection rates of 370 gpm provide
complete hydraulic capture of the VOC plume, as shown in Figure 16. This extraction rate is
higher than the extraction rate in Alternative 4A. The reason is that some of the water
injected at the on-site location is captured by the extraction well, whereas the water injected
at the off-site location is not captured by the extraction well. Capturing injected water
results in a smaller capture zone at the same extraction rate. Therefore, in order to achieve
the same capture zone, the extraction rate is higher with an on-site injection well than with
an off-site injection well. Particle tracking results using a lower extraction/injection rate of
300 gpm suggest that a lower rate does not provide complete hydraulic capture of the plume,

as shown in Figure 17.
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The simulated TCE concentrations after 10 and 20 years are shown in Figures 18a and 18b,
respectively. The plume is fully contained by the on-site extraction well and, therefore, does
not migrate beyond its current extent. As a result, simulated TCE concentrations at the

downgradient water supply wells are negligible.

Alternative 4 Enhancement

Alternative 4 Enhancement consists of on-site ISCO, in addition to groundwater
extraction/injection in Alternatives 4A and 4B. The goal of ISCO is to reduce the operation
period of on-site groundwater extraction by removing VOC mass in the existing plume.
ISCO works by injecting oxidizing reagents in the saturated zone, and as the reagents react
with groundwater containing VOCs, the VOCs are oxidized into benign constituents. The
effects of ISCO on the existing TCE plume is represented by setting the initial TCE

concentrations in the area treated by ISCO to zero, as shown in Figure 19.

Alternative 4A Enhancement

The simulated TCE concentrations after 10, 20, 30, and 50 years are shown in Figures 20a
through 20d, respectively. Asin Alternative 4A, the plume is fully contained by the on-site
extraction well, and, therefore, does not migrate beyond its current extent. As a result,

simulated TCE concentrations at the downgradient water supply wells are negligible.

Alternative 4B Enhancement

The simulated TCE concentrations after 10 and 20 years are shown in Figures 21a and 21b,
respectively. Asin Alternative 4B, the plume is fully contained by the on-site extraction
well, and, therefore, does not migrate beyond its current extent. As a result, simulated TCE

concentrations at the downgradient water supply wells are negligible.

Alternative 5

Alternative 5 consists of using off-site groundwater extraction to prevent further migration
or expansion of the existing TCE plume. The off-site groundwater extraction well would be
located at the southern edge of the existing TCE plume in the Sonoran Preserve, as shown in

Figure 22. The groundwater extraction well depth and extraction rate were adjusted until
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the TCE plume was completely captured. The extraction well is required to have a 360-foot

screen extending from the water table to bedrock, and have an extraction rate of 200 gpm.

The simulated TCE concentrations after 10, 20, 30, and 40 years are shown in Figures 23a,
23b, 23c, and 23d, respectively. The plume is fully contained by the off-site extraction well.

As a result, the concentrations at the water supply wells are negligible.

Maximum Concentration Leaving the Sonoran Preserve Boundary

The simulated maximum TCE concentrations over time along the Sonoran Preserve
boundary are shown in Figure 24 for the above alternatives. Because ISCO treatment does
not affect the behavior of the off-site plume, the simulated maximum TCE concentrations
along the Sonoran Preserve boundary are the same for Alternative 4 and Alternative 4
Enhancement. Therefore, only Alternative 4A and Alternative 4B are included in Figure 24.
At any given time, the maximum concentration depicted in Figure 24 is the highest
concentration in any model grid cell along the Sonoran Preserve boundary across all layers.
The location and depth of the maximum concentration may change over time. The

following observations are made from Figure 24:

e The concentrations for Alternative 1 are higher than the other alternatives. The peak
concentration of 51 pg/L occurs at year 20. The concentration decreases to 12 pg/L at
year 52, and increases subsequently. The concentration at year 100 is predicted to be
25 pg/L. The persistent presence of elevated levels of TCE along the Sonoran Preserve
boundary is consistent with the elongated plume shown on Figures 9a through 9g,
and is a result of continuous influx of TCE from the vadose zone source area.

e The concentrations for Alternative 2 show the characteristics of a dissolved plume
passing the Sonoran Preserve boundary (Figures 11a through 11e), and closely follow
those of Alternative 1 until year 40, after which they fall below Alternative 1. The
concentrations decrease below the AWQS after year 54. The decrease is a result of
the removal of TCE influx from the vadose zone source area by SVE.

e The concentrations for Alternative 4A and Alternative 4B decrease over time, and
drop below the AWQS within the first 5 years. The concentrations for Alternative 4B

decrease faster than Alternative 4A, as a result of the higher extraction rate.
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* The concentration for Alternative 5 reaches its peak of 22 pg/L at year 4, and
decreases below the AWQS after year 18. The peak concentration results from
groundwater, containing an elevated concentration of TCE, being pulled onto the

Sonoran Preserve property by the off-site extraction well.

Figures 25, 26, 27, and 28 show the simulated TCE concentrations near the Sonoran Preserve
boundary in the first 4 years for Alternatives 4A, Alternative 4B, Alternative 4A
Enhancement, and Alternative 4B Enhancement, respectively. In all four cases, the off-site
plume shrinks over time, which results in decreases in concentrations along the Sonoran
Preserve boundary. By comparing Alternative 4A (Figure 25) to Alternative 4B (Figure 26)
and comparing Alternative 4A Enhancement (Figure 27) to Alternative 4B Enhancement
(Figure 28), it can be seen that the higher extraction rate results in faster removal of the off-

site plume.

Figure 29 shows the simulated TCE concentrations near the Sonoran Preserve boundary at
years 1, 4, 8, and 12 for Alternative 5. The location with the maximum concentration along
the Sonoran Preserve boundary is at the northern end of the eastern boundary immediately
adjacent to the landfill, and this location does not change over time. As the plume is being
pulled toward the off-site extraction well, the maximum concentration initially increases,

and then decreases due to the plume becoming narrower and diminishing over time.

Remediation Time

For the purpose of comparing the alternatives, the remediation time is defined as the amount
of time it takes the maximum TCE concentration in groundwater to decrease below the
AWQS of 5 pg/L. The simulated maximum concentrations in the model domain over time
are shown in Figure 30. At any given time, the maximum concentration depicted in

Figure 30 is the highest concentration in any model grid cell across all layers. The following

observations are made from Figure 30:

e The maximum concentrations decrease monotonically, except in Alternative 1.
e For Alternatives 1 and 2, the maximum concentration remains above the AWQS after
100 years. The maximum concentrations for Alternative 2 closely follow those of the

Alternative 1 until year 30. After year 30, the maximum concentration for




Natalie Chrisman Lazarr, P.E.
March 1, 2016
Page 19

Alternative 2 continues to decrease, while that for Alternative 1 begins to increase.
The increase in Alternative 1 is a result of rising concentrations in recharge in the
first 100 years (Figure 7).

e The remediation times for Alternative 4A, Alternative 4B, and Alternative 5 are
approximately 27, 15, and 35 years, respectively.

e The remediation times for Alternative 4A Enhancement and Alternative 4B
Enhancement are approximately 10 years.

e The remediation times for Alternatives 4A Enhancement and Alternative 4B
Enhancement are shorter than their counterparts without ISCO treatment because

ISCO treatment results in a smaller on-site plume.

MODEL UNCERTAINTY

Potential sources of uncertainty in the Phase 3 transport model simulation results include the
assumed steady-state flow field, the assumed initial concentration distribution, using GHB to
represent upgradient boundary flow from the unnamed subbasin, and transport parameters,

as described below.

The transport model is based on a steady-state flow field under the assumption that regional
water supply pumping will remain the same as the averages of the 2009 to 2013 period. If
new water supply wells are installed, or water supply well pumping rates change
substantially in the future, the actual flow field may be different from the steady-state flow
field, which may impact TCE plume migration direction and velocity. Such impacts can be

evaluated during design of the selected alternative.

Initial concentrations for the transport model are based on two assumptions: 1) the existing
TCE plume is present within the top 120 feet of the aquifer; and 2) vertical distribution of
TCE within the top 120 feet is uniform. These assumptions are made based on available
groundwater sampling data and the conceptual model for VOC transport (see the Conceptual
Model for Contaminant Transport section of this memorandum). Existing groundwater
monitoring wells are screened within the top 100 feet of the aquifer, and have screen lengths
ranging from 60 to 100 feet. Based on the conceptual model for VOC transport (see the
Conceptual Model for Contaminant Transport section of this memorandum), TCE

concentrations are expected to decrease with depth. If the existing TCE plume is present in
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the aquifer deeper than 120 feet, predicted peak concentrations in the downgradient area are
expected to be higher and occur at deeper depth than the predictive simulation results in this
memorandum. The vertical distribution of TCE in the aquifer is currently under

investigation.

GHB is one of a few possible ways to represent upgradient boundary flow from the unnamed
subbasin (Figure 2). Other types of boundary conditions, such as specified flux (WEL)
package, could be used in place of GHB. Similarly, other sets of GHB parameters (GHB head
and GHB conductance) can also be used. As long as the boundary condition results in
acceptable flow model calibration (i.e., acceptable match to calibration targets and water
budget), how the upgradient boundary flow from the unnamed subbasin is represented and
parameterized in the flow model is not expected to substantially affect the transport

simulation results.

Transport parameters that are important to predictive simulation results include effective
porosity, the retardation factor, the degradation rate, and dispersivity. The parameter values
in the Phase 3 model (Table 8) are based on the best available information. Although
parameter values that are different from Table 8 may change the predicted peak
concentrations or plume migration velocity for individual alternatives, such changes are not

expected to substantially affect how the alternatives compare to one another.

The degradation rate was assumed to be zero. Consequently, the predicted concentrations

should be considered conservatively high estimates.

SUMMARY

The contaminant transport modeling suggests the following:

e Alternative 1, in which no source control or active groundwater remedy is
implemented, is predicted to result in the highest peak TCE concentration (16 pg/L) at
well 221637 at year 57. Low levels of TCE concentration are predicted to persist
along the migration path of the TCE plume due to continuous influx of TCE from the
vadose zone source area. The maximum concentration along the Sonoran Preserve

boundary is predicted to be above the AWQS beyond year 100. The maximum
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concentration in groundwater is predicted to remain above the AWQS beyond

100 years.

Alternative 2 is also predicted to result in the highest peak concentrations at the
water supply wells. The peak concentration is predicted to occur at well 221637 at

16 pg/L at year 57. The maximum concentrations along the Sonoran Preserve
boundary are predicted to be above the AWQS for 54 years. The maximum
concentration in groundwater is predicted to remain above the AWQS beyond

100 years.

Alternative 4 and Alternative 4 Enhancement do not result in impact to the water
supply wells. The maximum concentrations along the Sonoran Preserve boundary are
predicted to be above the AWQS for less than 5 years. The remediation time is
predicted to be 10 to 27 years. Alternative 4B and Alternative 4B Enhancement have
shorter remediation times than their Alternative 4A counterparts. ISCO treatment
reduces remediation time by 17 and 5 years for Alternative 4A and Alternative 4B,
respectively.

Alternative 5 can prevent further migration or expansion of the VOC plume. The
maximum concentrations along the Sonoran Preserve boundary are predicted to be
above the AWQS for 18 years. However, it requires a much deeper extraction well,
and is predicted to have a longer remediation time than the alternatives that consist of

on-site extraction and off-site/on-site injection.
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TABLE 1
Recharge Rates
Revised Phase 3 Modeling Memorandum
Cave Creek Landfill
Maricopa County, Arizona

) Recharge Rate in the
Recharge Rate Percentage of Equivalent SRV Model
Zone Represented Area Average Annual LB ROy (ac-ft/yr/cell)
P orocirtation 1 | SRV Model Grid
(ac-ftlyr/cell) pp
(ft/d) (in/yr) Range Range
- 0,
4 Stream recharge zone 1.10E-03 4.8 55% 64 20 245
8 Stream recharge zone 3.42E-04 1.5 17% 20
10 Mountain-front recharge zone 1.02E-04 0.4 5% 6 6
9 Mountain-front recharge zone 6.80E-05 0.3 3% 4 4
3 Mountain-front recharge zone * 0 0.0 0% 0 40
7 Mountain-front recharge zone 3.40E-05 0.1 2% 2 2
2 Mountain-front recharge zone 1.00E-05 0.04 1% 1 40
5 Golf courses 8.50E-04 3.7 43% 50 51
6 Infiltration through New and Old Landfills 1.14E-04 0.5 6% 7 --
1 Lined landfill and everywhere else 0 0 0% 0 0
Notes:

1. Average annual precipitation is 8.7 in/yr.
2. Equivalent recharge rates for SRV model grid are calculated by multiplying the calibrated recharge rates by the cell area in the SRV model (2640 ft by 2640 ft).
3. Recharge zone 3 represents the recharge component that is replaced by upgradient boundary flow from the unnamed sub-basin (Figure 1).

Abbreviations:
ft/d = foot per day
infyr = inch per year



Draft

TABLE 2

Groundwater Withdrawal in Calibrated Flow Model

Revised Phase 3 Modeling Memorandum

Cave Creek Landfill
Maricopa County, Arizona

Ground Surface

Bottom Screen

Bottom Screen

2010 Pumping

2011 Pumping

2010-2011 Average

2010-2011 Average

Well Registration ID Elevation T S((f:triegr;)Depth Depth TfE Sc(rffzr;]lz:)evation Elevation ToEa’\;gEEI Bottc:g;:;/:odel Rate Rate Pumping Rate Pumping Rate

(ft) (ft bgs) (ft amsl) (ac-ftlyr) (ac-ftlyr) (ac-ftlyr) (cfd)

518789 2020 950 1690 1070 330 3 16 241 10 126 14980
524559 2005 740 1380 1265 625 1 9 9 13 11 1324
527549 1882 780 1470 1102 412 2 17 506 333 419 50047
540078 1860 775 1500 1085 360 2 26 100 112 106 12614
540079 1940 1100 1520 840 420 10 21 96 102 99 11821
603807 1837 -- 1157 -- 680 1 16 286 308 297 35479

TOTAL 1238 878 1058 126265

Notes:

1. The calibrated flow model uses the 2010-2011 average pumping rates.
2. Only the wells for which pumping data are available in the ADWR database are listed.
3. Ground surface elevations are extracted from digital elevation map made from 2-ft contour map generated by the Flood Control District of Maricopa County; project ID = 1311, flight date = 06/28/2010,

date extracted = January 21, 2014.

Abbreviations:
-- = not available

ac-ft/yr = acre-foot per year
ADWR = Arizona Department of Water Resources
amsl| = above mean sea level

cfd = cubic feet per day

bgs = below ground surface

ft = foot
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TABLE 3

Water Level Calibration Targets
Revised Phase 3 Modeling Memorandum

Cave Creek Landfill

Maricopa County, Arizona

Well Top Screen | Bottom Screen Water Level Weight in . .
. . . . . . Standard Number of . Target Layer in| Target Layer in
Category Registration | Elevation Elevation Calibration Target — . Data Range Pumping Well Automated
Deviation (ft) | Observations : . 2-Layer Model | 34-Layer Model
ID (ft amsl) (ft amsl) (ft amsl) Calibration
CCL Wells MW-02 1225 1050 1163.27 0.29 26 n 1 1 3
MW-03 1188 1068 1164.14 0.40 25 n 1 1 3
MW-04 1181 1095 1162.51 0.26 18 03/2010 through 02/2012 n 1 1 2
MW-05 1183 1103 1162.22 0.31 12 n 1 1 2
MW-06 1175 1095 1160.83 0.29 9 n 1 1 2
PW 1204 1074 1171.48 0.44 26 n 1 3
Regional Wells 518789 1070 330 1136.30 -- 1 12/2/2009 Y 0.1 2 10
527549 1102 412 1144.00 -- 1 1/30/2013 Y 0.1 2 10
543024 1092 192 1136.90 -- 1 2/1/2013 n 0.1 2 17
600030 1272 1098 1151.22 -- 2 7/21/2010 & 1/6/2011 n 0.1 1 2
603807 -- 680 1136.50 -- 1 9/5/2010 Y 0.1 2 9
800785 -- 1012 1204.40 - 2 12/27/2010 & 12/21/2011 n 0.1 1 2

Note:

1. Target layer in the 34-layer model is set as the model layer corresponding to the mid-point of secreen interval.

Abbreviations:
-- = not available

amsl = above mean sea level

ft = foot
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TABLE 4
Simulated Water Levels and Calibration Statistics for 2-Layer Model
Revised Phase 3 Modeling Memorandum
Cave Creek Landfill
Maricopa County, Arizona

- Well Registration Model Layer ngght.in Cal\i,:nlzriz:\z:)rL]e‘:'/:rlget S|mu|izt;Water Weighted Head Residual Non-weighted Head Residual
ID Calibration
(ft amsl) (ft amsl) (ft) (ft)
CCL Wells MW-02 1 1 1163.27 1163.09 0.19 0.19
MW-03 1 1 1164.14 1164.02 0.13 0.13
MW-04 1 1 1162.51 1162.43 0.09 0.09
MW-05 1 1 1162.22 1162.49 -0.27 -0.27
MW-06 1 1 1160.83 1160.83 0.01 0.01
PW 1 1 1171.48 1171.58 -0.09 -0.09
Regional Wells 518789 3 0.1 1136.30 1144.01 -0.77 -7.71
527549 2 0.1 1144.00 1137.59 0.64 6.41
543024 18 0.1 1136.90 1133.43 0.35 3.47
600030 2 0.1 1151.22 1156.16 -0.49 -4.94
603807 9 0.1 1136.50 1133.15 0.33 3.35
800785 1 0.1 1204.40 1203.15 0.12 1.25
Calibration Statistics| CCL and Regional Wells CCL Wells Regional Wells
Range of Observations 11 11 68
Mean Error 0.02 0.01 0.30
Mean Error/Range of Observations 0.2% 0.1% 0.4%
Mean Absolute Error 0.29 0.13 4.52
Mean Absolulte Error/Range of Observations 3% 1% %
RMSE 0.37 0.15 5.00

Notes:

1. Well IDs in italic indicate pumping wells.

2. Calibration statistics for weighted head residuals are shown in bold.

3. RMSE is equal to the square root of the mean squared head residuals.

Abbreviations:

amsl = above mean sea level
CCL = Cave Creek Landfill

ft = foot

RMSE = root mean square error

RMSE/Range of Observations

3%

1%

7%
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TABLE 5
Simulated Water Levels and Calibration Statistics for 34-Layer Model
Revised Phase 3 Modeling Memorandum
Cave Creek Landfill
Maricopa County, Arizona

e Well Registration Model Layer ngght.in Cal\i,:nlzriz:\z:)rL]e‘:'/:rlget S|mu|izt;Water Weighted Head Residual Non-weighted Head Residual
ID Calibration
(ft amsl) (ft amsl) (ft) (ft)
CCL Wells MW-02 1 1 1163.27 1163.09 0.18 0.18
MW-03 1 1 1164.14 1164.08 0.06 0.06
MW-04 1 1 1162.51 1162.43 0.08 0.08
MW-05 1 1 1162.22 1162.49 -0.27 -0.27
MW-06 1 1 1160.83 1160.81 0.02 0.02
PW 1 1 1171.48 1171.33 0.15 0.15
Regional Wells 518789 3 0.1 1136.30 1143.17 -0.69 -6.87
527549 2 0.1 1144.00 1136.38 0.76 7.62
543024 18 0.1 1136.90 1131.46 0.54 5.44
600030 2 0.1 1151.22 1156.36 -0.51 -5.14
603807 9 0.1 1136.50 1130.24 0.63 6.26
800785 1 0.1 1204.40 1216.22 -1.18 -11.82
Calibration Statistics| CCL and Regional Wells CCL Wells Regional Wells
Range of Observations 11 11 68
Mean Error -0.02 0.04 -0.75
Mean Error/Range of Observations -0.2% 0.4% -1.1%
Mean Absolute Error 0.42 0.13 7.19
Mean Absolulte Error/Range of Observations 4% 1% 11%
RMSE 0.54 0.15 7.53
RMSE/Range of Observations 5% 1% 11%

Notes:

1. Well IDs in italic indicate pumping wells.

2. Calibration statistics for weighted head residuals are shown in bold.

3. RMSE is equal to the square root of the mean squared head residuals.

Abbreviations:

amsl = above mean sea level
CCL = Cave Creek Landfill

ft = foot

RMSE = root mean square error
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TABLE 6
Simulated Water Budget for 2-Layer Model
Revised Phase 3 Modeling Memorandum
Cave Creek Landfill

Maricopa County, Arizona

Estimated Water Budget

Simulated Water Budget

Inflow/Outflow Water Budget Component Lower Upper .
Simulated Water | _. Percentage of
Lower Range | Upper Range |Lower Range | Upper Range | Percentage of | Percentage of Simulated Water
Flux (ac- Total
Flux (ac-ft/yr) | Fllux (ac-ft/yr) Flux (cfd) Fllux (cfd) Total Total ftiyr) Flux (cfd) Inflow/Outflow
Inflow/Outflow |Inflow/Outflow y
Upgradient boundary flow from
Lake Pleasant Subbasin 909 1445 108482 172450 22% 31% 1183 141170 25%
Upgradient boundary flow from northeast -- - - - - -- 2442 291421 52%
Ephemeral recharge along
Cave Creek 1664 1664 198586 198586 857 102319
Inflow )
Mountain-front recharge 1372 1372 163738 163738 92 10970
Recharge | Infiltration of irrigation water
on the golf courses 108 108 12873 12873 92 10943
Infiltration through landfill 2 2 190 190 3 304
TOTAL RECHARGE 3145 3145 375386 375386 78% 69% 1044 124536 22%
TOTAL INFLOW 4054 4590 483869 547836 4668 557127
Downgradient boundary flow to the south 2996 3532 357604 421571 74% 77% 3622 432262 78%
Outflow
Groundwater Withdrawal 1058 1058 126265 126265 26% 23% 1058 126265 23%
TOTAL OUTFLOW 4054 4590 483869 547836 4680 558527
PERCENT DISCREPANCY BETWEEN SIMULATED INFLOW AND OUTFLOW 0 0

Abbreviation:

ac-ft/yr = acre-foot per year
cfd = cubic feet per day
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APPENDIX E

COST BREAKDOWN FOR GROUNDWATER TREATMENT SYSTEM












APPENDIX F

FACT SHEET AND AFFIDAVIT OF PUBLICATION
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COMPILATION OF RESPONSES TO COMMENTS
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