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Estimation of the Recharge Areas Contributing
Water to the South Well Field, Columbus, Ohio

By Charles W. Schalk

ABSTRACT

The city of Columbus, Ohio, operates four
radial collector wells, designed to yield 42 Mgal/d
(million gallons per day), in southern Franklin
County, Ohio, as part of their municipal supply of
water. The collector wells are adjacent to, and
designed to induce infiltration from, Big Walnut
Creek and Scioto River. A previously constructed,
three-dimensional, steady-state and transient
ground-water-flow model of this river-aquifer
system was used to estimate contributing recharge
arcas (CRA’s) and calculate particle flowpaths in
southern Franklin County. The simulations were
of two steady-state periods (October 1979 and
March 1986) and one 5-year transient period
(March 1986—1June 1991). The first simulation
(1979) was of conditions before construction of
the collector wells. The second simulation (1986)
was of conditions when the collector wells were
producing 8 Mgal/d. During the 5 years covered
in the transient simulation, production at the well
field averaged 18.5 Mgal/d.

Under the 1979 conditions, the largest
ground-water contributing areas were of the quar-
ries and Scioto River (41 and 47 percent of the
study area, respectively). During 1986, when 8
Mgal/d was withdrawn, the primary contributing
areas were of the quarries (40 percent), collector
wells (34 percent), and rivers (8 percent). Travel-
times associated with simulated particles of water
tracked from cells along Big Walnut Creek to
their discharge points in cells along Scioto River
were about 5 to 60 years in the 1979 simulation
and about 7 to 41 years in the 1986 simulation.

The endpoints of these particles varied as simu-
lated pumping rates were increased to 22 Mgal/d.
The 1986, 10-year CRA’s of the collector
wells under 8 Mgal/d-conditions totalled about
4.5 mi. As the pumping rate was increased to 22
Mgal/d in a predictive simulation, 10-year CRA’s
of the collector wells increased to 6.7 miZ.
Because the transient simulation encom-
passed only 5 years, the 10-year CRA’s could not
be estimated from the transient simulation. How-
ever, the size of the 1- to 5-year CRA’s for the
transient simulation was similar to the size of the
1- to 5-year CRA’s for a steady-state predictive
simulation if well-field production were
16 Mgal/d. The transient simulations predicted
discontinuous CRA’s, especially adjacent to the
rivers, due to changes in hydrologic stresses.
Analyses of the steady-state and transient models
showed that sizes of CRA’s were most sensitive to
changes in porosity, pumping rate, riverbed con-
ductance, and horizontal hydraulic conductivity.

INTRODUCTION

The city of Columbus, Ohio, operates four
radial collector wells in southern Franklin County
(fig. 1). The aquifer at this “South Well Field” consists
of permeable glacial outwash and ice-contact deposits
intersected by Scioto River and Big Walnut Creek.
The wells were designed to yield 45.6 Mgal/d (million
gallons per day) (Sedam and others, 1988); part of that
amount was to result from induced infiltration of sur-

. face water. Average daily production from the well

field in 1993 was about 20.4 Mgal/day (W. Eitel, city
of Columbus, Division of Water, written commun.,
1994), supplying 20-25 percent of the city's water.

Abstract 1
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Columbus is pursuing actively a contributing-zone
program to ensure a safe supply of water to its well
field.

Ohio’s wellhead-protection program states as its
objective, “. . . to protect the health of people utilizing
public drinking water by providing a focus zone
around public wells or wellfields to prevent, detect and
remediate ground water contamination” (Ohio Envi-
ronmental Protection Agency, 1992, p. 6). Steps that
should be taken to meet this objective include delin-
eating a wellhead-protection area, identifying and
managing potential pollution sources, and monitoring
ground-water quality. Generally, wellhead-protection
programs use traveltime-related contributing recharge
areas (CRA’s) (2-dimensional) rather than zones (3-
dimensional) based on the assumption that potential
contamination sources are located at or near the land
surface. These terms are defined in the section “Terms
and Definitions.”

Purpose and Scope

This report presents estimates of CRA’s to the
South Well Field under steady-state and transient con-
ditions, based on simulations using a previously con-
structed ground-water-flow model (Cunningham and
others, 1995). Previous work by Bair and others
(1990) used steady-state conditions to estimate CRA’s;
the transient simulations described in this report pro-
vide improved estimates of CRA’s because they incor-
porate the changes in hydrologic stresses that a steady-
state simulation cannot address. After a review of the
literature pertaining to the South Well Field, this report
describes (1) the concept of CRA, (2) particle tracking
as ameans to determine CRA’s, and (3) steady-state
and transient CRA’s and aquifer-stream interactions
based on the results of the numerical ground-water-
flow model. Included in the discussion of the CRA’s
are the effects of bedrock, quarries, and rivers on the
predicted recharge areas. To parallel the work of Bair
and others (1990), lengths of major highways inter-
sected by the CRA’s also are discussed.

Description of Study Area

The study area is in southern Franklin County,
Ohio, in parts of Hamilton and Jackson Townships and
the city of Columbus (fig. 1). The South Well Field,
which is within the study area, includes three collector

wells (CW-101, CW-103, and CW-104) along Scioto
River and one (CW-115) along Big Walnut Creek.

The area is characterized by generally flat
topography with slopes of 40 to 70 ft/mi toward the
major streams. The primary industry in the study area
is agriculture. Other industries include sand, gravel,
and limestone quarries; commerce; and light manufac-
turing. Residential areas exist in the northeastern and
southem parts of the study area. The glacial outwash is
composed of very coarse sand and gravel ranging in
thickness from 5 to 100 ft (Schmidt and Goldthwait,
1958).

Previous Investigations

Much of the work concerning the exploration
and development of water resources in southern Fran-
klin County is described in reports from Ranney Water
Systems (1970), Stilson and Associates (1976), and
Malcolm Pimnie (1988). Ranney Water Systems
designed and built the radial collector wells of the
South Well Field. The Malcolm Pirnie report (1988)
discussed a well-field-protection plan for the city of
Columbus.

Since 1980, the U.S. Geological Survey (USGS)
has maintained an active role in studies relating to
Columbus’ ground-water supply. Included in the scope
of USGS’ participation were investigations into the
hydrogeology of southern Franklin County (de Roche,
1985; Childress and others, 1991), water-quality
assessments in relation to quarries and (or) landfill
sites (de Roche and Razem, 1981, 1984; Sedam and
others, 1989), and applications of simulated ground-
water flow (Weiss and Razem, 1980; Razem, 1983;
Sedam and others, 1989; Bair and others, 1990; Eberts
and Bair, 1990; Childress and others, 1991). Sedam
and others (1989) addressed the possibility of toxic
spills on land near the well field reaching the water
supply, basing their assessment on the results of a
numerical flow model. They stated that spilled con-
taminants could enter the ground-water system
directly by infiltration, but were more likely to drain
overland into Scioto River and subsequently be drawn
into the ground-water system by induced infiltration at
the well field. Bair and others (1990) used a steady-
state, three-dimensional numerical model and particle
tracking to show simulated horizontal flow paths;
1,000-, 2,000-, and 3,000-day “capture areas” (this
term is analogous to CRA, which is defined in “Terms
and Definitions”); and flow-velocity vectors at loca-
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tions throughout the South Well Field. They discussed
flowpaths and traveltimes from hypothetical spill sites
(all on major highways) near the South Well Field.
Particle endpoints depended greatly upon the produc-
tion rate of the well field. Bair and others (1990) also
showed that the 2,000-day capture area of the well
field under maximum pumping rates (39 Mgal/d) was
30 percent larger and encompassed almost 4.5 mi
more highways than the capture area under normal
pumping rates (8 Mgal/d).

The most recent USGS work concerning the
hydrogeology of the study area and numerical model-
ing of the ground-water-flow system is described in
Cunningham and others (1995). Their primary contri-
butions to the hydrogeologic understanding of the area
included the latest bedrock-topography map, geologic
sections, and measurements of riverbed conductance
at many locations along Scioto River and Big Walnut
~ Creek. They described the construction and testing of
the three-layer, transient numerical ground-water-flow
model that was used in this study. Because the model
developed by Cunningham and others (1995) was fun-
damental to the results described in this report, the
reader should examine that report for full details con-
ceming the transient numerical model. An overview of
their model is presented in the next section.

Summary of Ground-Water-Flow Model

The model built by Cunningham and others
(1995) contains 53 rows, 45 columns, and 3 layers and
was constructed by use of the simulation code MOD-
FLOW (McDonald and Harbaugh, 1988). The model
grid (fig. 2), oriented nearly north-south, is variably
spaced to account for availability of data and to simu-
late heads and hydraulic gradients accurately in spe-
cific areas of interest. The length and width of grid
cells range from 200 to 2,000 ft with finer spacings
designed to increase detail in the areas near the collec-
tor wells. Finer grid spacing also allows for segrega-
tion of cells containing rivers and wells. There are
7,155 active grid cells.

The flow system is discretized vertically into
three model layers. Layers 1 and 2 represent the gla-
cial materials, and the boundary between the two does
not necessarily follow a geologic discontinuity. Layer
1 extends from the water table to a depth of approxi-
mately 15 ft, but is absent (mined out) at a bedrock
quarry on the northem boundary of the study area.
This layer contains Scioto River and Big Walnut

Creek and allows the rivers and tributaries to partially
penetrate a thin model layer, thereby increasing the
vertical resolution of the model. At the collector wells,
the thickness of layer 1 is increased, allowing the well
to fully penetrate model layer 2. Layer 2 includes the
remainder of the saturated glacial drift and ranges in
thickness from 0 ft in the bedrock quarry at the north-
ern boundary of the study area to 95 ft on the north-
eastern boundary of the study area. The bottom of
layer 2 coincides with the top of bedrock in the study
area. Layer 3 includes all of the bedrock in the study
area to an elevation of 250 ft above sea level and can
be up to 375 ft thick. The bottom of layer 3 is a no-
flow boundary.

The glacial outwash deposits were modeled as
one major unconsolidated aquifer with spatial varia-
tions in hydraulic properties as determined from aqui-
fer trsts and well logs. The upper two layers of the
model were assigned horizontal hydraulic conductivi-
ties ranging from 30 to 375 fi/d and thicknesses
depending upon the depth to the bedrock surface. The
specific yield of layer 1 ranges from 0.12 to 0.3, as
determined from aquifer tests, published values for
unconsolidated materials (Johnson, 1967), and model
calibration. Specific storage of the glacial deposits in
layer 2 was 0.000075 ft.

Also simulated by the model is flow in the upper
part of the carbonate bedrock aquifer that underlies the
glacial outwash. Horizontal hydraulic conductivity
was modeled as 10 to 15 ft/d in the carbonate bedrock
aquifer. The storage coefficient of model layer 3 was
set at a constant value of 0.0002 on the basis of pub-
lished values from the carbonate bedrock aquifer in
Franklin County (Schmidt and Goldthwait, 1958); this
value is higher than that of the glacial material (layer
2) because of the thickness of the bedrock in layer 3.

Ground water at the South Well Field is
recharged by precipitation, regional ground-water
flow, and induced stream infiltration. Simulated
recharge rates varied spatially and ranged from 4.0 to
12.0 in/yr, although recharge was set to 0 in/yr for
stress periods simulating seasons of prolonged
drought.

Previous studies indicate that streambed perme-
ability is a sensitive parameter in this flow system
(Sedam and others, 1989; Childress and others, 1991).
Gain/loss studies, seepage-meter tests, and riverine-
setting maps of Scioto River and Big Walnut Creek
were used to estimate streambed conductivities for the
flow model. These permeability data are reported in
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