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Multiply By To obtain

 

Length

inch (in) 25.4 millimeter 
foot (ft) 0.3048 meter 
mile (mi) 1.609 kilometer 

 

Area

 

square mile (mi

 

2

 

) 2.590 square kilometer 

 

Flow

 

gallon per minute (gal/min) 0.06309 liter per second 
cubic foot per second (ft

 

3

 

/s) 0.02832 cubic meter per second 
inch per year (in/yr) 25.4 millimeter per year 
million gallons per day (Mgal/d) 44.375 liter per second

 

Transmissivity

 

foot squared per day (ft

 

2

 

/d) 0.0929 meter squared per day 

 

Hydraulic conductivity

 

foot per day (ft/d) 0.3048 meter per day 
foot per mile (ft/mi) 0.1894 meter per kilometer 

 

Sea level:

 

 In this report "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929) -- a geodetic 
datum derived from a general adjustment of the first-order level nets of both the United States and Canada, formerly called 
Sea Level Datum of 1929.
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Simulation of a Valley-Fill Aquifer System to Delineate 
Flow Paths, Contributing Areas, and Traveltime to 
Wellfields in Southwestern Broome County, New York

 

By Stephen W. Wolcott and William F. Coon

 

ABSTRACT

 

A valley-fill aquifer system that extends 
along a 14-mile reach of the Susquehanna River 
valley in southwestern Broome County, N.Y., is a 
major source of water supply to local municipali-
ties and industries, but is highly susceptible to 
contamination from human activities. Protection 
of ground-water supplies requires accurate delin-
eation of the areas that are the sources of water 
pumped by wells. A previously developed two-
layer steady-state ground-water flow model of the 
aquifer system was upgraded with an improved 
method of simulating stream-aquifer interactions, 
then recalibrated and coupled to a particle-track-
ing program. Three-dimensional, ground-water 
flow modeling coupled with particle tracking is 
the most reliable method of simulating ground-
water flow paths in multiaquifer systems such as 
this; it also allows delineation of contributing 
areas to wellfields. A primary advantage of three-
dimensional particle-tracking analysis is that it 
shows the complexities of the flow paths in each 
aquifer.

Model and particle tracking analyses indi-
cate that groundwater frequently follows convo-
luted three-dimensional flow paths. The 
contributing areas of individual supply wells in 
this aquifer system each has a unique flow pattern 
and shape. Results of the model simulation indi-
cate that recharge from precipitation, rivers, and 
tributaries contribute 35 percent, 29 percent, and 
25 percent, respectively to the aquifer system and 
that pumpage from supply wells accounts for 67 
percent of the discharge from the aquifer system. 

Particle-tracking results indicate that the simu-
lated contributing areas to the 24 supply wells 
includes most of the valley floor.

 

INTRODUCTION

 

Ground-water contamination can adversely affect 
the health and economy of communities that depend 
on ground water for municipal and industrial use. 
Therefore, ground-water protection is becoming an 
integral part of local, state, and federal strategies for 
protection of public-water supplies. Congress 
established the Wellhead Protection Program through 
amendments to the Safe Drinking Water Act of 1974. 
Within these amendments is the requirement that each 
State identify the land area that contributes water to 
public-supply wells and enact programs to prevent 
contamination of ground water underlying these areas. 

In this report, the term “contributing area” is used 
to designate the land area that contributes water to a 
supply well, the synonymous term “capture zone” are 
also commonly used. These terms should not be 
confused with the term “recharge area” which is 
generally defined as land-surface area from which an 
aquifer receives recharges (Barlow, 1997).

Analysis of complex multi-aquifer systems has 
improved greatly with the development of algorithms 
that track the movement of simulated ground water 
particles within numerical flow models. Particle 
tracking is a modeling technique that allows 
delineation of contributing areas of a well by 
computing the movement of water particles from the 
point at which they enter the flow system at land 
surface to a discharging well. The starting locations of 
particles that reach the well define the area that 
contributes water to that well. Numerical modeling 
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coupled with particle tracking is an improvement over 
simpler analytical methods and two-dimensional flow-
net analyses because it enables delineation of recharge 
areas in complex multi-aquifer flow systems. 
Although two-dimensional flow-net analysis is useful 
for systems with simple, two-dimensional flow, 
construction of a two-dimensional flow net to 
represent three-dimensional flow is difficult and can 
yield inaccurate results because it disregards vertical 
flow. Particle tracking provides a relatively simple, yet 
quantitatively powerful, alternative to flow-net 
analysis for delineation of contributing areas to public-
supply wells and is superior to these methods for 
complex multiaquifer systems (Barlow, 1997).

The valley-fill aquifer system in the study area, a 
14-mi reach of the Susquehanna River valley in 
southwestern Broome County, N.Y. (fig. 1), is the sole 
source of water supply to more than half the 
population of Broome County (Yager, 1986) but is 
highly susceptible to contamination from human 
activities (Waller and Finch, 1982). During 1981, 26.1 
Mgal/d was pumped from 24 municipal and industrial 
wells screened in the valley-fill aquifer. The valley-fill 
material in the Susquehanna River and Chenango 
River valleys, which converge at Binghamton, is 1 to 2 
miles wide and is commonly 100 to 200 ft thick but 
can be as much as 300 ft thick in some places 
(Randall, 1972). The unconsolidated materials that 
form the valley fill range from sand and gravel in the 
most productive parts of the aquifer to silt and clay in 
the many discontinuous confining units. The 
Susquehanna and Chenango Rivers and tributary 
streams that cross the valley fill are in direct hydraulic 
connection with the aquifer system in many places 
and, thus, can provide significant recharge to wells.

In 1989, the U.S. Geological Survey (USGS) in 
cooperation with the New York State Department of 
Environmental Conservation and the U.S. 
Environmental Protection Agency, began a study to 
delineate, by numerical particle-tracking methods, the 
contributing areas to the 24 municipal and industrial 
supply wells in the valley system for use in water-
resources planning.

 

Purpose and Scope

 

This report describes a particle-tracking analysis 
of the ground-water flow system of the Susquehanna 
River valley. It includes (1) a brief description of the 
valley-fill aquifer system, (2) a discussion of the 

modifications to a previously documented ground-
water flow model of the aquifer system; (3) an 
explanation of particle tracking analyses, and (4) maps 
delineating the simulated contributing areas and 
ground-water flow paths to water-supply wells as 
indicated by flow modeling and particle tracking.

 

Previous Studies

 

Most of the data for this study were obtained in 
previous investigations. Hollyday (1969) made a 
preliminary evaluation of the hydrogeology of the 
Susquehanna River basin in New York State that 
included an economic feasibility study for developing 
ground water for public supply. Holecek and others 
(1982) mapped in detail the surficial geology, water-
infiltration potential, aquifer thickness, and 
potentiometric surface of the valley-fill aquifer system 
throughout the Endicott, Johnson City, and 
Binghamton areaand Randall (1977) provided records 
of wells and test borings and provided a detailed 
analysis of the aquifer system from western 
Binghamton to central Johnson City. Waller and Finch 
(1982) summarized the work of Holecek and others 
(1982), in the Endicott, Johnson City, and Binghamton 
valley-fill aquifer system and cited all pertinent 
references to date. MacNish and Randall (1982) 
developed a method for estimating the yield of 
stratified-drift aquifers in the Susquehanna River basin 
by accounting for and combining principal factors that 
control aquifer recharge, such as precipitation, 
seepage, and infiltration. 

These initial studies provided much of the 
information needed to define the aquifer geometry and 
the hydrogeologic properties and processes used in 
two numerical ground-water flow models of the area. 
The first, constructed by Randall (1986) used the 
computer program of Trescott and Larson (1976) and 
represented the study area described in this report (fig. 
1). The second, constructed by Yager (1986) and used 
the computer program of McDonald and Harbaugh 
(1988) and simulated ground-water flow within a 0.8 
mi

 

2

 

 area about 2 mi east of Randall's (1986) modeled 
area. Yager (1991) used this model with nonlinear 
regression to estimate the hydraulic conductivity of 
riverbed and aquifer material.


















































