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Table 2. Statistical distribution of ground-water recharge and dis- Ground_water FIOW in SEIECted Basins

charge, in inches per year, for basins in the Appalachian Valley and

Piedmont Regional Aquifer-System Analysis study area. o
The fundamental approach to quantifying ground-

1981 t0 1990 1961 t0 1990 water flow in the APRASA was similar to that of other
(number of samples, 157) (number of samples, 89) RASA studies (Sun, 1986) in that available geologic and
Distribution hydrologic data were compiled and used to describe the
Mean Mean Mean Mean regional aquifer systems. In the APRASA study, however,
recharge  discharge recharge  discharge  the lack of regional continuity of the ground-water reser-
voirs and the diverse nature of the aquifers devalued the
Maximum 46 42 50 46 development of a regional ground-water flow model for the

entire study area. A more logical approach was to select
“type areas” that were considered representative of condi-
Median 13 12 13 12 tions in those settings and hydrogeologic terranes that are
most important to water supply. For this approach, a flow
system was conceptualized for each hydrogeologic terrane
Minimum 5 4 6 5 or combination of terranes, and ground-water flow in
selected type areas was analyzed and simulated by using
ground-water flow models. These models were used prima-
rily to improve the understanding of ground-water flow related
to various hydrogeologic components and streams. At the time
of the study, pumping stresses were so small or localized in the

these two physiographic provinces, a reasonably good estimator type areas that it would have been very difficult to calibrate a

. o . . transient-flow model with any regional significance. Tech-
of recharge can be derived from precipitation and basin relief . . .
(fig. 6). niques used to quantify recharge, discharge, storage, and flow

75th percentile 18 16 19 17

25th percentile 10 9 10 9

relation between basin relief and recharge tends to be negative
for the Valley and Ridge Physiographic Province; however, the
relation is positive for the Blue Ridge and Piedmont Physio-
graphic Provinces (Rutledge and Mesko, 1996, fig. 21). For

The base-flow index is calculated as the ratio of mean
ground-water discharge (base flow) to mean streamflow.

This index is ideal for basin comparisons when the various ESTIMATOR OF RECHARGE = (0.71) PRECIPITATION + (0.89) RELIEF - 23
basins have differing periods of streamflow record or when

the available period of record is short. The base-flow index 50
of 157 basins in the APRASA study area ranges from 32 to

94 percent, and the 25th, 50th, and 75th percentiles are 59, +
67, and 75 percent, respectively. The base-flow index is
exceptionally large in the Blue Ridge Physiographic Prov-
ince for the 28 basins south of Roanoke, Va., as compared
with the index for 16 basins in the northern part of the prov-
ince. This anomaly is accompanied by a significant
increase in precipitation and a very slight decrease in
evapotranspiration south of Roanoke.

Simple water-budget equations were combined with
the results of the base-flow analysis to obtain hydrologic
budgets of basins in the study area. Except for the Blue
Ridge Physiographic Province south of Roanoke, Va., the
median values for components of the budgets of the study
area (sample size, 72) are precipitation, 43 in/yr; evapo-
transpiration, 26 in/yr; streamflow, 16 in/yr; ground-water
recharge, 12 in/yr; ground-water discharge, 11 in/yr; and 1017 I -'t"f_ + a
storm runoff, 6 in/yr. For the southern part of the Blue ﬁ".’,."'

Ridge Physiographic Province (sample size, 17), the
median values are precipitation, 58 in/yr; evapotranspira-

tion, 25 in/yr; streamflow, 38 in/yr; ground-water recharge, 00 1I0 2IO 3I0 4|0 50
33 in/yr; ground-water discharge, 29 in/yr; and storm run- ESTIMATOR OF MEAN RECHARGE, IN INCHES PER YEAR

off, 8 in/yr. The map location, physical characteristics,

streamflow recession characteristics, components of hydro- Figure 6. Relation between mean recharge and an estimator of
logic budgets, and base-flow index for each basin are listed mean recharge that s a linear function of precipitation and relief

in Rutledge and Mesko (1996, tables 1, 2, 3, and 4). for the Blue Ridge and Piedmont Physiographic Provinces.
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14 Summary of the Hydrogeology of the Valley and Ridge, Blue Ridge, and Piedmont Physiographic Provinces

within the type areas may be transferable to other areas with
similar hydrologic settings and hydrogeologic terranes.

The three published type-area studies (fig. 7) and the
hydrogeologic settings (conceptual flow systems) that they rep-
resent are Cumberland Valley, Pa., (Chichester, 1996) with
folded crystalline carbonate rocks mantled by thick and thin
regolith; Indian Creek, N.C., (Daniel and others, 1997) with
massive and foliated crystalline silicic rocks mantled by thick
regolith; and Stony Brook, N.J., (Lewis-Brown and Jacobsen,
1995) with Mesozoic sedimentary and igneous rocks mantled
by very thin regolith. The Cumberland Valley type area is
mostly within the Valley and Ridge Physiographic Province.
The Indian Creek and Stony Brook type areas are within the
Piedmont Physiographic Province. No type area was selected in
the Blue Ridge Physiographic Province because of the lack of
available data to construct or calibrate a model. However, the
hydrogeologic setting in most of the Blue Ridge Physiographic
Province is similar to the Indian Creek type area, provided that

the greater relief—typical of the Blue Ridge—is taken into
account. Small areas of the Blue Ridge that are underlain by car-
bonate rocks have a hydrogeologic setting similar to the Cum-
berland Valley type area.

The type areas and each associated model are similar in
several ways. The average annual precipitation for all three sites
is between 40 and 48 inches. The ground-water flow model
selected for simulation in each type area was a modular, three-
dimensional, finite-difference, ground-water flow model
(MODFLOW) documented by McDonald and Harbaugh
(1988). In both the conceptual and digital models, flow through
fractured and dissolved rock was simulated as flow through an
equivalent porous medium. All three models were designed to
simulate steady-state conditions. All model grids had equal
spacing and were set parallel to bedding or foliation. Permeabil-
ity was not considered isotropic and typically was least in the
direction perpendicular to bedding or foliation. The water table
was considered as the top of the model and impermeable rock
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Figure 7. The Appalachian Valley and Piedmont Regional Aquifer-System Analysis (APRASA) study area and location of

three type-area studies where ground-water flow was modeled.
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Figure 10. Estimated withdrawals at pumping centers, by county, in the Appalachian Valley and Piedmont aquifer system.
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and short, however, ground-water interactions with surface Physiographic Province; (3) valley bottoms and rolling uplands
water in regard to both water quantity and water quality are underlain by relatively clay-free dolomite, limestone, and mar-
important constraints to consider in planning additional devel-  ble bedrock in all three physiographic provinces; and (4) the
opment. three (Mesko and others, 1999, fig. 1) northernmost Mesozoic
Areas favorable for development of municipal and indus- ~ basins in the study area. These areas were selected for their
trial ground-water supplies (fig. 11) may be summarized into potential ability to provide municipal and industrial water sup-
four categories: (1) valley bottoms underlain by alluvium of plies compared to other parts of the study area. Additionally, the
glacial origin in New Jersey and Pennsylvania; (2) the Elkton northernmost Mesozoic basins were selected because of a large
aquifer along the southeastern edge of the Valley and Ridge population with a rapidly growing need for water.
T
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Figure 11. Areas where future development of municipal and industrial ground-water supplies from the Appalachian Valley and Piedmont
aquifer system has good potential.
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