





Appendix A

Computer Models
Lone Mountain Facility
Cell 5 CMS

Numerical groundwater computer models were developed to aid in the evaluation of the
corrective measures alternatives. These models were used to estimate the effectiveness of
various remedial options on providing contaminant containment, the primary corrective measures
objective. Each model was calibrated to observed conditions. Important site-specific features,
- such as surface water features and leachate extraction points, are represented in the models.

Results from the RCRA Facility Investigation (RFI) and the Interim Measure (IM) studies
indicate that the factors controlling the movement of groundwater are scale-dependent. On a
site-scale, groundwater flow is controlled by the local topographic features and the very low
primary permeabilities of the claystone comprising the shallow subsurface. On a smaller scale,
a plume-scale, in the shallowest water-bearing unit near Cell 5, secondary permeabilities control
the migration of groundwater and associated solutes.

The scale-dependent processes were simulated using a telescopic mesh refinement (TMR)
approach. Two separate models were developed. Each model represents a separate flow
regime, one simulating the site-scale processes (Site-Scale model) and the other plume-scale
processes (Plume-Scale model). The domain of the Plume-Scale model is a subset of the Site-
Scale model domain. The models were linked. The link was established by using simulation
results from the Site-Scale model to prescribe the boundary conditions of the Plume-Scale model.
Therefore, simulation results from the Site-Scale model, which represents the site-scale
hydrogeologic processes and stresses, drive the groundwater flow dynamics of the Plume-Scale
model representing local hydrogeologic processes.

This appendix presents details about the construction of each model. Each model is discussed
separately. The development of each model is divided into 6 subsections:

(1)  Hydrogeologic conceptualization
(2)  Simulator

3) Model Domain

4) Boundary conditions

(5) Model Calibration

©6) Scenarios



Site-Groundwater Model

The Site-Scale groundwater model was developed to accurately represent and evaluate the
hydrogeologic conditions which exist in the shallow subsurface in the southern portion of the
facility (south of Cell 11). Simulations at a site-scale provide an efficient means of estimating
the primary hydraulic properties and determining the magnitude and direction of groundwater
flow for use in the Plume-Scale model. It was also used to predict the hydraulic effects created
by the up-gradient dewatering corrective measures alternative. A description of the Site-Scale
groundwater model was first presented in the RFI (USPCI, 1994, Appendix F). The up-gradient
long-term pump test, outlined in the IM report, was performed to provide detailed hydrogeologic
information for use in the Site-Scale numerical model.

Hydrogeologic Conceptual Model

USPCI developed the site-scale hydrogeologic conceptual model from information gathered
during the RFI and IM. This conceptual model defines the important hydraulic process and
geologic features which control groundwater flow on a site-scale. The controls which were
considered in the conceptual model include:

(1) Topographic features

(2)  Stratigraphy features,

(3)  Hydraulic properties of the geologic material
4) Anthropogenic stresses

(5) Internal hydraulic controls

Information used in the construction of the model included detailed boring logs, historic
groundwater levels, leachate production, and hydrogeologic parameter testing results.

The local topographic features are a strong influence on groundwater flow. Local recharge
occurs on top of the bluff located on-site. Precipitation pools in crack and pockets in the
gypsum unit which caps the bluff. The locally derived groundwater percolates into underlying
claystone. The groundwater moves laterally through the red claystone units until it day-lights
(lost to evapotranspiration or becomnes surface waster) or migrates vertically into an underlying
green claystone. Because the groundwater flow rates are so much slower in the green claystones
relative to the red claystones, the groundwater flow direction in the green claystone is primarily
vertical. Once the groundwater enters another red claystone, it again begins to move laterally.
This type of flow pattern continues until the groundwater either reaches the regional groundwater
flow system or it day-lights.

The conceptual model only includes 150 feet of the claystone units directly under the gypsum
unit capping the bluff. The hydraulic properties for each of the two claystone types (red and
green) are considered to be homogeneous with the exception of the first layer. The first layer
of the model incorporates heterogeneity to simulate the effects caused by anthropogenic
disturbance of this unit. The heterogeneity results from the addition of sand layers beneath the



cell liners and backfill distributed around the cell areas. The qualitative description of the unit’s
hydraulic properties were derived from field well bore packer tests and laboratory column tests.

Simulator

A quasi-three-dimensional groundwater flow model was developed using MODFLOW
(McDonald and Harbough, 1988). MODFLOW is a groundwater flow simulator developed for
the United States Geological Survey (USGS). It has been well tested and documented and is
publicly available through a number of model distributors as well as the USGS.

Model Domain

Figure A-1 shows the areal model domain relative to site features. The model boundaries are
- defined in a manner to ensure that stresses introduced to the system would not have an affect
across the model boundaries. The model is bounded to the south and west by the topographic
high that exists south of Cells 1 through 8. The northern boundary is aligned parallel to
groundwater flow north of these cells. The eastern boundary is set perpendicular to groundwater
flow east of Cell 11. The model domain covers an area of approximately 145 acres.

The subsurface of the areal model domain is divided into four hydrogeologic units each of which
is discretized into 2,520 finjte-difference blocks. Figure A-2 shows the areal model domain
divided into 56 rows and 45 columns that represent the finite-difference grid. Each model cell
covers an area 50 feet by 50 feet square. The four water bearing units are represented as four
distinct layers in the model. Figure A-1 presents the "layer cake" approach used to define each
layer. »

The first layer consists of native red claystone observed in the bluff south of the landfill cells,
sand layers surrounding the landfill cell liners, and backfill used to grade the site. The upper
limit of the first layer is defined by the simulated potentiometric surface in this layer. The
second layer is defined as the red claystone unit extending from the bottom of the first layer to
the first confining green claystone unit. The third layer corresponds to the red claystone
between the first and second green claystone layers. The fourth layer corresponds to the red
claystone encountered below the second green claystone layer. The confining green claystones
are not treated as individual stratigraphic units by the model. These regions are defined only
by the properties associated with transmitting fluid vertically between adjacent layers.

Boundary Conditions

The boundary conditions for this model are provided in Figure A-2 The eastern, western, and
southern lateral boundaries are prescribed head boundaries. The hydraulic head values for each
cell along these boundaries were determined by linear extrapolation of observed water levels
measured in monitoring wells and piezometers during recent groundwater monitoring events.
The northern lateral boundary is prescribed a no flow boundary as this edge of the model was
set parallel with an observed groundwater flow line. A downward gradient of 0.05 (feet/feet)
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MONITORING WELL HYDROGRAPHS
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