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Abstract

A project to assess the vulnerability of groundwater resources at the Marine Corps Air Station
(MCAS), Beaufort, SC, is nearing completion.  This study combines detailed geologic analyses
with installation-wide geophysical surveys and hydrologic monitoring to delineate the
hydrogeology.  These data are integrated in MODFLOW 2000 to create a groundwater flow
model that encompasses MCAS. Over 32,000 groundwater flow paths and travel times, covering
MCAS in a 100ft by 100ft grid, were generated from the calibrated groundwater model and
stored in SQL Server database.  An ArcView 3.3 extension was built for ArcGIS, to query the
results and enable the user to determine subsurface contaminant pathways and rates of migration
from any location within MCAS.

Introduction

A 30 month project designed to develop methodologies for assessing the vulnerability of
groundwater resources for the whole of the Marine Corps Air Station (MCAS), Beaufort, SC, is
nearing completion.  The MCAS-Beaufort study combines miles of geophysical surveys, detailed
geologic analyses of 48 wells and borings, and hydrologic monitoring of over 30 wells to
delineate the hydrogeology of the study area (Fig.1).  These data are integrated in MODFLOW
2000 to create a groundwater flow model that encompasses MCAS. Over 32,000 groundwater
flow paths and travel times, covering MCAS in a 100ft by 100ft grid, were generated from the
calibrated groundwater model and stored in SQL Server database.  Users can query this database
using conventional GIS software (e.g., ArcView or ArcGIS) to determine subsurface
contaminant pathways and rates of migration from any location within the boundaries of the
installation.  Other critical products of this study are computerized map analyzes indicating areas
of high contamination potential and areas of rapid transport from the water table to the
underlying regional aquifer (Upper Floridan).



Figure 1.  Figure shows distribution of cores / borings (•), water level monitoring wells (•), vertical electric profiles
(•), and reflection seismic lines (--) within the study area.

The MCAS-Beaufort groundwater flow model is fully three-dimensional.  The geologic structure
of the model was derived from the stack-unit three-dimensional mapping undertaken for develop
of the contamination potential maps of the study area, associated lithologic information, and
open literature.  Figure 2 shows the stacked hydrogeologic-unit map of MCAS Beaufort based on
the stacking of the 5 geologic units overlying the Upper Floridan aquifer.  A description of the
stack-unit mapping methodology is in Rine and others (1998) and Berg and Kempton (1988).  To
the extent possible in a finite difference environment, the MCAS-Beaufort groundwater flow
model reflects the three-dimensional geometry of this stacked hydrogeologic-unit map.

Figure 2.   Shown is generalized hydrogeologic stack map divided into 13 stacked-units and based on the relative
presence / absence of 3 of the 5 least hydraulically conductive units, Olive clay (C ), Hawthorn (H), and Lower Sand
(L).



Figure 3. This three-dimensional geologic solids model depicts the non-uniform layering of the finite-
difference flow model.

Figure 3 is a three-dimensional geologic solids model that depicts the non-uniform layering of
the finite-difference flow model.  The geologic structure of the area of the groundwater flow
model not directly covered by the stack-unit map was estimated by extrapolation from known
information.

Development of Groundwater Model

The MCAS-Beaufort groundwater flow model was constructed using MODFLOW-2000.
MODFLOW-2000 is an enhanced version of the widely recognized, well-documented,
thoroughly validated MODFLOW modular groundwater flow model developed by McDonald
and Harbaugh (1988). MODFLOW-2000 provides a set of powerful modules that are selectively
combined to simulate fully saturated three-dimensional groundwater flow.  MODFLOW-2000 is
based upon a finite-difference, numerical solution to the three-dimensional groundwater flow
equations and is implemented through a rectangular grid structure that can accommodate variable
spacing, both horizontally and vertically.

Figure 4. MCAS-Beaufort portion of the groundwater flow model variable spacing, finite difference grid
overlaid on a composite 7.5’topographic map of the modeled area draped over the Digital Elevation Model (DEM).



There are three basic approaches to vertical discretization of finite-difference groundwater flow
models (Harte 1994): 1) horizontal model layers, 2) non-horizontal layers, and 3) a hybrid
approach between horizontal and non-horizontal layering that uses a flattened grid.  There are
advantages and disadvantages to each of these discretization approaches.  Groundwater flow
equations are based on the assumption that the hydraulic properties are uniform within individual
cells.  This condition is more likely to be met when model layers are non-horizontal and thus
conform to the geometry of hydrogeologic units.  The MCAS-Beaufort finite-difference
groundwater flow model employs a non-horizontal layering approach resulting in better layer
conformance with the geologic geometry of the area than can be achieved by strict horizontal
layering.  The model structure shown in Figure 3 was designed to conform to the stack-unit
three-dimensional hydrogeologic map of MCAS-Beaufort shown in Figure 2.

Hourly water level elevations were recorded for each of 27 wells over the period June 21, 2002
through November 7, 2002.  Given the identical densely timed water level sample size for each
well, it was concluded that averaging the water levels for each well would result in a
representative set of target water level data for model calibration.  Averaging the water levels
removes short-term trends in the data that cannot be reproduced by a steady-state model designed
for long-term prediction.

A very important observation regarding the MCAS-Beaufort well hydrographs is that, although
water levels fluctuate throughout the period of observation, the relative positions of the
hydrographs in relation to one another are virtually steady through time, absent tidal effects.
This means that the groundwater level topology is practically invariant.  Thus, although
groundwater levels in the shallow aquifer at MCAS-Beaufort fluctuate, the gradient, which
controls the direction of groundwater flow, does not to any large degree.  Therefore, a well-
calibrated steady-state groundwater flow model for MCAS-Beaufort, one that accurately
reproduces the water level relationships at the site, should be appropriate for making longer term
flow path and travel time predictions.

Simulated water levels resulting from calibration of the MCAS-Beaufort groundwater flow
model appear to represent the average groundwater gradient relationships at MCAS-Beaufort.
Simulated steady-state potentiometric surfaces were determined throughout the model for each
layer.  Figure 5 shows the surface of the Upper Floridan aquifer layer.

Figures 5.  Shown is the simulated potentiometric surface of the Upper Floridan.  In generating the groundwater
model, such surfaces were simulated for each hydrogeologic layer.



Development of an Installation –wide Flow Path Simulation

Because of the mission of MCAS Beaufort (or any other air base), any portion of the installation
or the surrounding area could be affected by releases of contaminants at or near the ground
surface (e.g., aircraft or vehicle mishaps, fuel depot or pipeline leaks, terrorists attacks, etc.).

Figure 6. Shown are the center points of the grid cells in the eastern portion of the modeling area.  The
yellow dot just to the north of the intersection is the starting point of an example flow path.

Consequently, it was decided that flow paths would be generated with starting points at the
center of all layer one grid cells encompassing the MCAS-Beaufort (Fig. 6).  Layer 1 is the
uppermost unit within the saturated zone, generally the Surficial Sand unit.

The coordinates of the points composing the flow path lines together with the travel time and the
name of hydrostratigraphic units were extracted from USGS MODFLOW model and imported to
SQL Server database. The database consisted of approximately 1,500,000-point locations. The
starting points of the contamination lines originating at the surface level were converted to a
shape file. The ArcView and ArcGIS 8.3 projects were customized using Avenue and Visual
Basic.  The starting points shape file was added to the projects. When user selects an area with
the new selection tool he is presented with the form to choose the time of travel, the query is sent
to SQL Server database and retrieves the coordinates for all the lines of selected points. The
points are converted to polylines and drawn on the screen. Different colors are used for each
hydrostratigraphic layer.

Figures 7, 8, and 9 illustrate the plot of a single flow path at travel time increments of 5, 20 and
100 years, respectively.  Figure 10 shows groupings of groundwater flow paths from 8 areas
within the boundaries of MCAS.  These flow paths all have travel times of 50 years.



A.

B.
Figure 7. A. ArcView image, in plan view, of path line after 5 years of travel time.  Flow has penetrated into Layer 3
(Lower Sand unit). B.  Cross section view of path line after 5 years of travel time.
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Figure 8. A. ArcView image, in plan view, of path line after 20 years of travel time.  Flow has penetrated into Layer
4 (Basal Sand unit). B.  Cross section view of path line after 20 years of travel time.
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Figure 9. A. ArcView image, in plan view, of path line after 100 years of travel time.  Flow penetrated into Layer 6,
the Upper Floridan aquifer and after some travel begins to return to the ground surface. B.  Cross section view of
path line after 100 years of travel time.



Figure 10. Groupings of flow paths emanating from eight areas delineated within the boundaries of MCAS-
Beaufort.  All flow paths are plotted for a travel time of 100 years.  Variations in the length of the flow paths are due
to variations in hydraulic conductivities of the strata along each path line.

Concluding Remarks

1. Because of the mission of MCAS-Beaufort (or any other air base), those tasked with
environmental management need the ability to predict groundwater flow and potential
pathways of contaminants from anywhere in or near the installation.  With the GIS
application described in this paper, potential contaminant plumes can be predicted from
fixed facilities or non-fixed sites within the area of study.

2. Placing of results of the MODFLOW groundwater flow path analyses within an ArcView
or ArcGIS platform makes the results much more accessible to the environmental
professional.

3. Use of the groundwater model and flow path analysis should lower environmental
management costs by aiding in proper land use planning to avoid future problems.  In
addition, knowledge of general groundwater flow will permit better and more economical
design of characterization-well arrays in areas where contaminants are identified.
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