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ABSTRACT

WONG, K-F V. and G. T. YEH. 1986. Application of the finite
element groundwater model FEWA to three regional aquifers.
ORNL/TM-9678. 0Qak Ridge National Laboratory, Oak Ridge,
Tennessee. 126 pp.

This report documents the calibration with field data and
predictive application of a finite element model of water through
aquifers (FEWA). FEWA was described in a report written by G. T. Yeh
and D. D. Huff in 1983. The model was first compared with the United
States Geological Survey (USGS) two~dimensional model and found
superior in treating anisotropic media when the coordinates cannot be
made to coincide with the principal directions of hydraulic
conductivities. 1In addition, there was no necessity to define nodal
points outside the region, as required by the USGS model. FEWA was
next calibrated with measured potentiometric surfaces from the Love
Canal area in New York and the Conesville area in Ohio. There were
satisfactory matches between computed results and available field
data. The calibration and predictive runs of FEWA were then
accomplished with the Hialeah-Preston well field data over the Biscayne
aquifer in south Florida. The calibration run yielded two values of
hydraulic conductivity in the area, and the predictive run gave results

that matched well with available data.






1. INTRODUCTION

1.1 BACKGROUND

This report covers the calibration with field data and predictive
application of FEWA: a finite element model of water flow through
aquifers. For the purposes of this report, an aquifer is defined as a
water-saturated stratum of permeable rocks, sand, or gravel. Thus,
FEWA applies only to saturated geologic media.

Groundwater is not only a valuable resource, but an integral part
of the environment. Population growth and industrial and agriculturai
production since World War II, coupled with the increased requirements
for energy development, are generating ever larger quantities of
hazardous and radijoactive wastes. The groundwater environment is being
loaded with an ever increasing number of contaminants and the potential
for degradation of fresh groundwater exists. Choice of a waste
disposal method requires attention to the possible damage to the
environment.

Problems of groundwater quality degradation are difficult to
overcome. First, owing to the heterogeneities inherent in subsurface
systems, zones of degraded groundwater can be extremely hard to find.
In addition, it ordinarily takes a long time before a groundwater
problem hecomes readily detectable. Finally, the flushing time for a
contaminated aquifer is usually very long. Thus, it is important that
groundwater dynamics be well understood and that models accurately

predict the fate of contaminants within aquifers.



ORNL/TM-9678 2

FEWA is a computer simulation model for the hydraulic aspects of
aquifer systems. Its purpose is to model the effects of natural and
artificial disturbances on the piezometric head distribution and
groundwater flow in a system of aquifers. The model computes the
temporal-spatial distributions of piezometric head and flow velocity in
a two-dimensional areal plane. The velocity field is a necessary
factor in determining the transport of contaminants in aquifer
systems. Hence, the construction of FEWA is a necessary first step in
the ultimate aim of building a model to simulate contaminant transport

in subsurface media.
1.2 SCOPE OF STuDY

There are two major objectives in the present work; the first is
to use field data to calibrate FEWA, while the second is to establish
the predictive ability of the model.

In Chapter 2, the aguifer simulation data from the USGS
two-dimensional model (Trescott et al. 1976), is used to run FEWA. The
USGS model has been selected for comparison because it is a popular
mode) and it has been around for quite some time.

In the following two chapters (Chapters 3 and 4), field data from
the Love Canal area, New York, and from the Conesville area, Ohjo, are
used as input to FEWA. The Love Canal area was chosen for its
notoriety as well as available data, while the Conesville area was
investigated because a computer model, other than the USGS model, was

used previously in its study.
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Chapter 5 presents the work completed in pursuit of the second
objective; that is an investigation of the predictive capabilities of
FEWA. The site selected was part of the Biscayne aquifer in south
Florida which is the United States Environmental Protection Agency

(USEPA) number one priority for cleanup work under the superfund

program.
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2. COMPARISON OF FEWA AND THE USGS TWO-DIMENSIONAL MODEL

2.1 INTRODUCTION

The USGS two-dimensional finite difference model for aguifer
simulation was written by Trescott, Pinder, and Larson (1976). The
model simulates groundwater flow in an artesian aquifer, a water-table
agquifer, or a combined artesian and water-table aquifer. The aquifer
may be heterogeneous and anisotropic and have irregular boundaries.
fhe source term in the flow equation may include well discharge,
constant recharge, leakage from confining beds in which the effects of
storage are considered, and evapotranspiration as a linear function of
depth to water.

The theoretical development includes the appropriate flow
equations and derivation of the finite-difference approximations
(written for a variable grid) of the three numerical techniques
available in the model. The strongly implicit procedure, in general,
requires less computer time and has fewer numerical difficulties than
do the iterative alternating-direction implicit procedure and line
successive over relaxation (which includes a two-dimensional corrective
procedure to accelerate convergence),

In this chapter the discussion is centered around the aquifer
simulation published in the USGS two-dimensional finite difference
model documentation (Trescott 1975). The input data from the USGS are
used. After the appropriate medifications to the ORNL finite element
model (FEWA), the similarities and differences are highlighted, and the

results compared.
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2.2 SIMILARITIES AND DIFFERENCES

For the user, the basic difference between the USGS 2-D model and
FEWA is that the former is a finite difference model, and the latter is
a finite element model. In the finite difference model, the generation
of the grid is rather easy. The double array designation of node
points is considerably easier than the single array designation of node
points in the finite element model. In the finite element model, the
coordinates of each of the nodes have to be entered as data input. It
does not take much to show that if the number of elements goes beyond
300, the possibility of human error in establishing the coordinates can
be rather high. Thus, the generation of coordinates for 1000 elements
becomes tedious and almost impractical without a digitizer. This is
the major drawback in using the finite element model.

On the other hand, the finite element method is capable of
handling the situation that the finite difference method cannot. The
finite difference method requires that the principal directions of
anisotropy in an anisotropic formation parallel the coordinate
directions. If there are two anisotropic formations in a flow field,
each with different principal directions, the finite difference method
is stymied, whereas the finite element method can provide a solution.

The USGS 2-D model uses a variable, block-centered grid approach.
Figure 1 shows the grid used for the aquifer simulation. Figure 2
shows the corresponding elements array used for the same aquifer
simulation with FEWA. There are two obvious differences besides the
fact that one is block-centered and the other is corner-centered; the

first is that, in the USGS 2-D model, the user has to define two extra
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external columns and two extra external rows when setting up the grid.
There is no need for this with FEWA, resulting in a savings in computer
memory storage space.

The second difference, though of no consequence to the aguifer
simulation examined, is that the USGS 2-D model cannot handle grids
other than rectangular or square ones. On the other hand, FEWA can
handle irregular grids of any size as long as they are either
four-sided or three-sided.

In the aquifer simulation under discussion, evapotranspiration is
simulated because it is significant if the water table is within 4.3 m
(14 ft) of the ground surface (Trescott 1975). There are two large
pumping wells in the simulation. In the vicinity of these wells,
evapotranspiration is not important bhecause of the magnitude of the
associated drawdown. Everywhere else, however, evapotranspiration has
to be taken into account. MWhereas the USGS model considers the
evapotranspiration as a linear function of water depth from the
surface, FEWA treats evapotranspiration as prescribed sinks.
Therefore, the USGS model would require two sets of data to simulate
this process: oane is the evapotranspiration potential and the other is
the depth below land surface at which evapotranspiration ceases. On
the other hand, FEWA needs only one set of data to simulate this

process, that is, the measured evapotranspiration rate.

2.3 COMPARISON OF RESULTS

The input data for FEWA is presented in Appendix A. The results

of the aquifer simulation in the USGS 2-D model are tabulated in Fig. 3
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and plotted in Fig. 4. The results obtained with FEWA are tabulated
in Fig. 5 and computer plotted in Fig. 6. Al1 the general trends are
the same.
The head values throughout the region are comparable to each
other. Since the ground surface is at 32 m (105 ft) and the
evapotranspiration region is within 4.3 m (14 ft) of the ground surface,
this mechanism is significant at 11 nodal points because, at these 11
nodal points, the head values are above 28 m (91 ft). Since no measured
evapotranspiration rate is known for this hypothetical problem, it is
not included in the simulation using FEWA. The neglect of
evapotranspiration led to slight overprediction of head values by FEWA.
The above reason may account for the slight discrepancy in the
head values at the two pumping wells. The USGS model gave head values
of 21.9 m (72.1 ft) and 20.6 m (67.9 ft) at these wells, whereas FEWA
gave head values of (22.4 m (73.6 ft) and 20.9 m (68.7 ft),

respectively. The maximum discrepancy represented here is 2%.
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Fig. 4. Plotted results from USGS 2-D model.
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3. APPLICATION OF FEWA TO LQVE CANAL, NEW YORK

3.1 INTRODUCTION

A groundwater modeling study was conducted at the Love Canal area,
Niagara Falls, New York during the fall of 1980 (Geotrans, Inc. 1981).
The study was part of a comprehensive evaluation of the contamination
at the Love Canal area. The hydrogeology underlying Love Canal
consists of a shallow system of silts and fine sands underlain by
confining layers of lacustrine and glacial clays which are underiain by
the Lockport Dolomite, which is the local aguifer. The field data of
the deeper Lockport Dolomite are used for the calibration of FEWA in
this chapter. These field data have been used by Mercer et al. (1984)
for a two-dimensional computer model also.

The Love Canal site is located on the east side of Niagara Falls,
New York. The landfill of Love Canal was operated for a 25 to 30 year
period, from 1923-1928 until 1953. The canal occupied a surface area
of approximately 6.5 ha (16 acres) with the south end 400 m (0.25 mile)
from the Niagara River near Cayuga Island. The canal varies from about
3 to 1V m (10 to 35 f1) in depth with the original soil cover varying
from 0 to 1.8 m (0 to 6 ft) (in thickness (Leonard et ai. 1977).

Figure 7 shows the typical strata at the Love Canal site. The
soil layers are underlain by glacial til11, which in turn is underlain
by bedrock consisting of the lLockport Dolomite (USDA 1972). In general
terms, the groundwater hydrology comprises: (1) a shallow system that

is seasonally saturated and consists of the silt fill and silty sand,
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Typical strata in the Love Canal landfill area.
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and is underlain by (2) beds of confining material composed of clay and
ti11 that overlies (3) the Lockport Dolomite which is underlain by the

relatively impermeable (4) Rochester Shale.

3.2 LOCKPORT DOLOMITE

The Lockporti Dolomite is overlain by leaky confining beds and
underlain by the relatively impermeable Rochester Shale (Johnston
1964). 1t is fairly continuous in the Niagara Falls area and is
considered an aquifer with both confined and water-table conditions.
It is a fractured system, with most of the permeability occurring in
the top 3 to 4.6 m (10 to 15 feet) of the unit. The dolomite is
probably bounded hydrogeolcgically in the Niagara Falls area to the
south by the upper Niagara River (Fig. 8). It is bounded toward the
west by the lower Niagara River and associated channel. The dolomite
thins northward where it is bounded by the Niagara escarpment.

Recharge occurs at the junction with the upper Niagara River near
the falls and at the high elevation just south of the Niagara River.
Discharge occurred as seepage faces or springs at the lower Niagara
River, along the Niagara escarpment, and along part of the upper
Niagara River away from the falls. Annual precipitation is
approximately 762 mm (30 in.).

A potentiometric map for the Lockport Dolomite is shown in
Fig. 8. This was drawn using data from Johnston {1964). In many
locations the potentiometric highs correspond to topographic highs.

This is clearly evident near the Niagara escarpment where a recharge
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area produces flow toward the north, discharging as springs along the

escarpment, and toward the south to the Love Canal site.
3.3 MAJOR ASSUMPTIONS

The groundwater flow model that was used by Geotrans Inc. (1981)
was the USGS 2-D model presented by Trescott et al. (1976). The
important assumptions made are as follows:

(1) The boundary condition at the bottom is no-flow since below
the first 4.6 m (15 ft) extensive parts of the Lockport Dolomite
are relatively impermeable. There is leakage through the upper
confining beds.

(2) Groundwater flow and aquifer parameters in the Lockport
Dolomite are vertically averaged.

(3) The flow is quasi-steady-state, although there are seasonal
variations; over a long period of 1ime the system does not change
hydrologically from some seasonally averaged surface. This assumption
is based upon the few well hydrographs available for this area.

(4) The aquifer in the Lockport Dolomite is considered to be
confined, since that is the predominant condition.

(5) The aquifer transmissivity near the escarpment is taken to be
4.58 x 107> m/s (4.92 x 107" ftz/s). determined by tests performed at
the tove Canal site and the higher aquifer transmissivity near the
river (Johnston 1964). A zone bordering the upper Niagara River was

considered to have a transmissivity of 4.58 x 10‘4 m2/s (4.92 x 10”3

ftz/s).
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This value {is about three times less than that obtained from the
aquifer test analysis, yet slightly greater than previously reported
values (Johnston 1964). This value for transmissivity was chosen since
the aquifer test yielded a localized number for transmissivity, while
the lower number used in the model is never representative of a larger
area. The transmissivity is therefore isotropic, but nonhomogeneous.

(6) Water flows vertically into or out of the Lockport Dolomite
through the overlying confining layer.

(7) The confining bed is 7.6 m (25 ft) thick.

(8) The hydraulic conductivity of the confining bed is
3.28 x 10710 £t/s (10770 m/s) (Leonard et al. 1977). Owing to the
better drained soils near the Niagara escarpment (USDA 1972), the
conductivity there was taken to be 3.28 x 107" ft/s (107> m/s).

Thus, the hydraulic conductivity of the confining bed is isotropic, but
nonhomogeneous.

(9) A potentiometric surface for the silty sand and silt fiil
(i.e. the shallow system) cannot be drawn because there is not enough
well information. Work by Johnston (1964) shows that the water levels
are approximately 3 m (10 ft) below land surface. Consequently, values
obtained from a topographic map were used and 3.0 m (10 ft)} subtracted
to produce a shallow system potentiometric surface. This gave heads of
172 m (565 ft) in the Love Canal area.

(10) The heads in the shallow system represent an average value.
Seasonal variations and imposed stresses are neglected.

(11) The few well hydrographs indicate that the pumped storage

reservoir can be treated as providing constant head boundary points.
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(12) The rock underlying the permeable part of the dolomite is
treated as impermeable.

(13) The Lockport Dolomite can be modeled on a regional scale.

The area of interest was subdivided into rectangular blocks
comprising the finite difference grid shown in Fig. 9. The grid
consists of 21 columns and 23 rows. The northern boundary is
considered no~flow because it is located along a recharge area
(i.e., a groundwater divide). Discharge is through the confining bed.
Fhe eastern boundary is approximated as no-flow because it follows a
flow line. The southern boundary is treated as constant head and
corresponds approximately with the Upper Niagara River. The western
boundary follows approximately the covered conduits of the pump-storage
project and is considered constant head. The head values were

determined from existing data (Johnston 1964; and Pasny 1965).

3.4 APPLICATION OF FEWA

The finite difference grid used by Geotrans Inc. (1981) is shown
in Fig. 9. The finite elements used for FEWA matched the grid, however,
since it is a finite element method, there was no necessity to store
the grids that are shaded in Fig. 9. Furthermore, there was no
necessity to define the two extra external rows and two extra external
columns. Since the area was rather uniform, and all the elements were
arranged in a regular array, there is no necessity to use a digitizer

to locate the coordinates of each of the nodal points.
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Finite difference grid for the Lockport Dolomite Model.
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The same values of the independent variables used by Geotrans Inc.
(1981) were also used for FEWA. In essence, the same assumptions were

made regarding the gechydrology of the Lockport Dolomite.

3.5 COMPARISON OF RESULTS

The input data for FEWA is presented in Appendix B. The results
of the Geotrans model (1981) are tabulated in Fig. 10 and plotted in
Fig. 11 (Mercer 1984). The results obtained with FEWA are computer
drawn and shown in Fig. 12. Compared to Fig. 8, it can be seen that
FEWA produced a good match on a regional scale, with the gradient in
the Love Canal being toward the south and southwest. In terms of
spatial distribution, leakage into the Lockport Dolomite occurred near
the topographic high in the northern part of the study area. Leakage
out occurred toward the escarpment and down-gradient toward the Upper
Niagara River. In the Love Canal area, the gradient was generally into
the Lockport Dolomite.

From the simulated results of Geotrans in Fig. 10, it is obvious
that the manual plot in Fig. 11 is not an accurate representation of
the computed results. Firstly, the highest head of 630 ft is computed
only as a semi-elliptical area by the USGS model and also by FEWA, not
a full elliptical area as depicted in Fig. 11. One can only conclude
that the manual plot was influenced by the presence of the field data.
Secondly, the potentiometric lines of 560, 570, 580, 590, and 600 ft
should end at the reservoir or at the boundary, not within the boundary

as shown in Fig. 11.
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Fig. 11. Computed potentiometric surface for the Lockport Dolomite
using the USGS 2-D model (Geotrans 1981).
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In Fig. 12 it is noted that FEWA computes a highest head of
630 ft as a semi-elliptical area. The computer plot of the 630 ft
potentiometric 1ine does not close onto itself, but ends at the
boundary. In addition, all the other potentiometric lines end at the

boundaries.,



ORNL/TM-9678 28
4. APPLICATICN OF FEWA TO CONESVILLE, OHIO
4.1 INTRODUCTION

The leaching and potential groundwater contamination aspects of
flue gas desulfurization (FGD) sludge disposal at the Conesville site
were studied (Bond 1980) to provide information useful to authorities
making decisions regarding the disposal of FGD sludges. The Conesville
generating station 1is located on the east bank of the Muskingum River
in Coshocton County, Ohio. The study region, Fig. 13, is approximately
5.29 km2 (2.3 mi]ez) in size and consists of the plant facilities,
the disposal area for ash and sludge (Poz-0-Tec), sedimentation and
holding water ponds, and surrounding agricultural fields. The station
is situated near the center of a small glacial-outwash filled valiey
surrounded by hilly terrain. The aquifer considered in the study is
unconfined and ranges in thickness from 46 m (150 ft) near the center
of the valley to zero where the bedrock (aquifer bottom) crops out
along the face of the surrounding hills. The unconfined aquifer
composed of the glacial outwash material is the main site aquifer of
interest here., The bedrock below the unconfined aquifer comprises the
Conemaugh and Allegheny Series of the Pennsylvania system. These
series are composed mainly of beds of sandstone, shale, and limestone

(Bond 1980).
4.2 CONESVILLE STUDY AREA

The actual study area comprises the power plant facilities, the

disposal areas for ash and sludge (Poz-0-Tec), sedimentation and
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Fig. 13. Conesville power station study area (Bond 1980).
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holding water ponds, and surrounding agricultural fields (Fig. 13).

The area is approximately 6 km2 (2.3 mi]esz) in size, with the
Muskingum River forming the north and west boundary, and the low hills
forming the boundary to the east and south. An unnamed creek to the
northeast is hydraulically connected to the groundwater aguifer and was
used as a boundary.

Water is ponded in an area along the northeastern perimeter of the
Poz-0-Tec disposal area. Al) drainage in the area is directed to the
Poz-0-Tec runoff collection pond which is approximately 0.4 ha (1 acre)
in size. The pond is a surface expression of the regional groundwater
system (Bond 1980).

The regional groundwater flow pattern in the study area is from
the Tow hills west and northwest to the Muskingum River. The gradient
is very small over most of the study area and increases rapidly near
the hills. The Muskingum River, the creek to the northeast, the
Poz-0-Tec pond, the ash sedimentation pond, and the holding water pond
are all hydraulically connected to the groundwater system. The
Muskingum River and the creek are natural, while the remainder of the

surface-water bodies are man-made.
4.3 INPUT DATA

The two-dimensional variable thickness transient (VTT) model
(Kipp et al. 1972) was used by Bond (1980) to study the Conesville
area. Natural recharge to the Conesville generating station model
region consists of rainfall, underflow (groundwater flow from the hills

to the east), and/or underflow from the Muskingum River to the west and
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north (depending on river stage). Natural discharge from the model
region takes the forms of evapotranspiration and underflow to the
Muskingum River.

For modeling purposes, the recharge rate to the aquifer is taken
as 54.8 ft3/d (1.55 m3/d) at each interior node of this model
region which represents an area of 40,054 ft2 (3721 mz). This
rate is computed from the average precipitation, the actual potential
evapotranspiration (AET) (Thornthwaite and Wilm 1944), and the
surface runoff.

The water level at the nodes representing the Muskingum River is
held at the field-determined river elevations. The majority of the
eastern boundary is either represented by stationary elevations at
nodes or is assumed to have little or no underflow moving across it.
However, there is a considerable amount of subsurface recharge in the
small region between the ash pond and the creek directly to the north
of the pond. 1t was estimated by Bond (1980) that the total subsurface
flow over this 183 m (600 ft) boundary was 100,000 ft/d (2831 m/d).

The man-made sedimentation pond in the ash disposal area is
hydraulically connected to the water table, For this reason the pond
was set as a held potential boundary. There is a single pumping well
in the region; however, the well is within 75 m (246 ft) of the river
in highly permeable material. Since it pulls most of the water from
the river (Bond 1980), the discharge from the well was discounted.

Bond (1980) determined the transmissivity distribution in the

Conesville study area. Due to uncertainties in the pump tests and
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analyses, he naturally used the transmissivity to be the principal
variable adjusted when calibrating the model. Rather than change the
model to agree with the measured transmissivities, the pump test
results were used as a starting point and changes were made in the
process of model calibration. After calibration and verification the
final transmissivity surface was determined by Bond (1980). On the
average, this corresponded to a saturated hydraulic conductivity of
0.0145 ft/sec over much of the area. The area of the fly ash disposal
pond had a hydraulic conductivity of 0.003 ft/sec.

The aquifer studied here is a single unconfined aquifer. As such,
the aguifer top is the land surface elevation which can be obtained
from a topographic map of the region. The top was set at 245 m
(800 ft) above sea level. The aquifer bottom surface is shown in
Fig. 14. The bottom surface consists of silt, clay, or bedrock and,

thus, is considered to be impermeable.

4.4 APPLICATION OF FEWA

The March 28, 1979 field-measured groundwater potential contours
are presented in Fig. 15. This region was divided into finite elements,
and a digitizer board was used to input the coordinates of the nodes.
The finite elements are shown in Fig. 16. A grid check was done to
ensure that there were no errors in setting up the coordinates. The
output from this grid check is presented in Fig. 17. An error is

indicated if two lines cross.
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Finite element array

of Conesville area for input to FEWA.
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4.5 COMPARISON OF RESULTS

The input data for FEWA is presented in Appendix C. The results
of the VTT model are plotted in Fig. 18 and those of FEWA are plotted
in Fig. 19. The VIT results are hand-interpreted potential contours
over the entire model region. The potential contours computed by FEWA
are computer-interpolated and computer-drawn, as they were in the
previous cases. k

The match between the results of FEWA and the field data (Fig. 15)
is generally excellent. The match between the results of FEWA and
those of the VIT model is almost perfect. In general, both computer
models predicted surfaces which were slightly lower than the
field-measured surface. The area of greatest discrepancy is in the
area of the fly ash pond where the steepest gradient exists. The
maximum difference between FEWA-predicted and field-measured potential
at any node is about 76.2 cm (2.5 ft). The asymmetric bulge on the

7126-ft potentiometric line is due to anisotropy.
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5. PREDICTIVE APPLICATION OF FEWA

5.1 INTRODUCTION

In this chapter the predictive capability of FEWA is fested. A
hydrologic site is chosen where field data are available for two dates,
and information is obtainable for the period between those dates,
regarding rainfall, surface runoff and evaporation, pumping rates, and
other relevant factors. The first set of field data is used to
calibrate the model for one of the required parameters, say hydraulic
conductivity (accuracy of experimental determinations of hydraulic
conductivity are usually not very good). This is done by matching the
calculated potentiometric surface at various values of the parameter
with the measured potentiometric surface. After calibration, FEWA is
used to integrate over the period using the relevant figures on the net
infiltration, pumping rates, etc. The computed potentiometric surface
at the second date is then compared to the measured one. A good match
establishes the predictive capability of the model.

When the predictive capabilities of FEWA have been established,
its usefulness is greatly enhanced. For example, in water management
planning it is required to predict the behavior of the aquifer as
pumping rates vary to meet demand. The model can be calibrated with
current field data. Using the projected pumping rates and known facts
about the average rainfall, recharge rates, etc., the model can be used

to predict the conditions of the aquifer at any time in the future.
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5.2 BISCAYNE AQUIFER

The chief source of fresh groundwater in south Florida is the
Biscayne aquifer. This 1s a highly permeable limestone and sandstone
aquifer capable of yielding large quantities of water suitable for
municipal, industrial, and agricultural use. The aquifer is recharged
by rainfall and a reservoir at Lake Okeechobee, which Ties northeast of
the three southeastern counties of Palm Beach, Broward, and Dade.

The unconfined aquifer is 24 to 46 m (80 to 150 ft) thick along
the west edge of the counties. The groundwater level rises in response
to rainfall and surface water inflow, but declines in response to
evapotranspiration, surface water outflow, seepage to the ocean, and
pumping of wells.

The study area chosen is the Hialeah-Preston wells in Dade County,
which supply the cities of Hialeah and Miami Springs with drinking
water. Figure 20 shows the measured potentiometric surface of this
area on May 3, 1977, and Fig. 21 gives the corresponding data for
October 4, 1977. The field data for May 3, 1977, is used for
calibration of FEWA, and that for October 4, 1977, used for predictive
analysis. The pumping wells are marked as solid squares in Figs. 20
and 21, The Miami canal runs next to aid paralle} to Okeechobee road
marked in Figs. 20 and 21. The Hialeah wells are the wells south of
the Miami Canal which runs from northwest to southeast, and the Preston
wells are the we11§ north of the canal. Since Lake Okeechobee acts as
a reservoir for the Biscayne aquifer, and the study area js very small
compared to the whole aquifer area, any one of the potentiometric lines

can be used as a demarcation for the study area.
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The bottom of the Biscayne aquifer is underlain by impermeable
rock. Figure 22 is the structure contour map of Dade and Broward

counties showing the base of the Biscayne aquifer.
5.3 INPUT DATA

The hydraulic conductivity was found to be 36 mm/d (0.12 ft/d)
(Miller 1978). This value is used as a starting point of the
investigations in this chapter. 1t has also been estimated by Miller
(1978) that 46% of the total well-field pumpage was contributed by
infiltration from the canals. It has been previously shown that the
Miami canal was not hydraulically connected to the Biscayne aquifer.

Hull (1977, 1978, and 1979) reported rainfall averaged 58.69 in.,
1.52 in., above the long-term average. Rainfall on the approximately
2,300—m11e2 Dade County area during 1977 ranged from 51.90 in. at the
Miami Beach station to 64.95 in. at the Miami International Airport.
Figure 23 shows the monthiy rainfall during 1977 and the monthly
long-term average. The rainfall was above average in May, August,
September, and November. The peak rainfall month was May with 8.20 in.
above the long-term average.

The maps provided by the Miami USGS, Figs. 20 and 21, provided
information about pumpage. The pumpage for the Hialeah wells for
May 1, 2, 3, and 4 was 84, 88.1, 82.7, and 72.2 million gallons/d. The
carresponding pumpage for the Preston wells was 40, 41, 40 and
32 mitlion gallens/d. The pumpage for the Hialeah wells for October 1,
2, 3, 4, and 5 was 37, 37, 37, 35, and 36 million gallons/d while those
for the Preston wells was 76.5, 76, 79.2, 17.5, and 76.5 million

gallons/d,
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5.4 MODEL CALIBRATION AND PREDICTION

The 1-ft potentiometric 1ine on May 3, 1977, was selected as the
constant head boundary of the study area. The area was divided into
finite elements as shown in Fig. 24. Since the potentiometric line was
generally circular, the elements had to be chosen fine enough so that
the triangular elements on the outer edge could give a fair
representation of the boundary. Furthermore, it was ensured that all
the pumping wells acted as nodes, and the Miami canal was represented
as sides of the finite elements. A grid check was done to ensure that
there were no errors in setting up the coordinates. The output from
this grid check is presented in Fig. 25.

By trial and error, a value of 2495 ft/day for hydraulic
conductivity (2.888 x 10“2 ft/sec) was found to give an acceptable
match, but not acceptable around the Preston well area. Various values
were then tried for this area until a satisfactory one was found at
120 ft/day (1.388 x 10-3 ft/sec). Thus, the hydraulic conductivity
was found to be isotropic and nonhomogeneous. The input data for FEWA
is presented in Appendix D.

The model was then integrated from May 3, 1977, to October 4,
1977, using the known values of infiltration and pumpage. The input
data for FEWA is presented in Apbendix E. By several experimental
computer runs it was established that the results were not significantly
affected by the infiltration rates. This also meant that the
phenomenon of evapotranspiration is not important in the study area.

The reason for this 1s that the high pumpage experienced in the area
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overwhelms the other components of the water budget. A fact to note
about FEWA is that for transient runs, the initial conditions can

either be put into the computer manually or computed.

5.5 COMPARISON OF MODELED RESULTS TO FIELD DATA

The results of the calibration run are plotted in Fig. 26, and
there appears to be good match to the field data (Fig. 20). It is
noted that FEWA correctly predicts the drawdown at the Preston wells,
as well as the upper and lower Hialeah wells,

Figure 27 shows the integrated flux at the wells and at the Miami
canal drawn to scale. The length of the arrow is a measure of the
magnitude of the flux, and the direction of the flux is as shown in the
figqure. It is interesting to note the rather complex flow in the
Preston wells area.

The results of the predictive run are plotted in Fig. 28. In
general, the match is good, however, the small drawdown around the
Tower Hialeah wells is not predicted. This could be due to
insufficient detailed information regarding pumpage at these lower
Hialeah wells. On the other hand, it could be due to a difference in

interpretation.
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Fig. 26. Computed potentiometric surface of the Hialeah-Preston wells
on May 3, 1977.



ORNL/TM-9678

52

ORNL—-DWG 85-11003

Fig. 27. 1Integrated flux at the wells and at the Miami canal,

May 3, 1977.
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Fig. 28. Predicted potentiometric surface of the Hialeah-Preston wells

on October 4, 1977.
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6. SUMMARY AND CONCLUSIONS

FEWA: A finite element model of water flow through aguifers,
is a simulation mede] of two-dimensional flow in saturated subsurface
media. It has been found in this study to be both efficient and
accurate. The ability of FEWA to handle inhomogeneity and anisotropic
conditions is an asset.

When compared to the USGS two-dimensional model (Trescott et al.
1976), FEWA was found superior in treating boundary conditions and in
hand1ing anisotropic media when the coordinates cannot be made to
coincide with the principal directions of hydraulic conductivities.
FEWA is a continuous model, whereas the USGS model is a discrete one.
This means that in FEWA the velocity field is computed as a continuum,
while the velocities are computed at discrete points in the USGS
model. Using a continuous velocity in the subsequent contaminant
transport modeling, mass conservation will be preserved.

FEWA was calibrated with measured potentiometric surfaces from the
Love Canal area, New York, and the Conesville area, Ohio. There were
satisfactory matches between computed results and field data. The
computer time used for the runs showed that FEWA was efficiently
designed, and the results indicated precision in the computation.

The calibration and predictive runs of FEWA were done with
the Hialeah-Preston well field data over the Biscayne aguifer in
South Florida. The calibration run yielded two values of hydraulic

conductivity in the area and the predictive run gave results that
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matched well with field data. This 11lustrated the power of FEWA as a
predictive tool, and therefore its usefulness as a tool in groundwater
management.

The uses of FEWA as a simulation model go beyond the immediate
nead as a first and necessary step to simulating contaminant transport
in shallow land burial of low-level radioactive wastes. It can be used
in many aspects of groundwater study, including predicting future
demands on aquifers (studies by USGS), and reservoir simulations which

are of immediate interest to U.S. oil companies.
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FEWA INPUT DATA FOR USGA DATA SET
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