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CONVERSION FACTORS, ABBREVIATED WATER-QUALITY UNITS,
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GEOHYDROLOGY AND SIMULATION OF GROUND-WATER FLOW

IN THE RED CLAY CREEK BASIN, CHESTER COUNTY, PENNSYLVANIA,

AND NEW CASTLE COUNTY, DELAWARE

By Karen L. Vogel and Andrew G. Reif

ABSTRACT

The 54-square-mile Red Clay Creek Basin, located in the lower Delaware River Basin, is underlain 
primarily by metamorphic rocks that range from Precambrian to Lower Paleozoic in age. Ground water 
flows through secondary openings in fractured crystalline rock and through primary openings below the 
water table in the overlying saprolite. Secondary porosity and permeability vary with hydrogeologic unit, 
topographic setting, and depth. Thirty-nine percent of the water-bearing zones are encountered within 
100 feet of the land surface, and 79 percent are within 200 feet.

The fractured crystalline rock and overlying saprolite act as a single aquifer under unconfined 
conditions. The water table is a subdued replica of the land surface. Local ground-water-flow systems 
predominate in the basin, and natural ground-water discharge is to streams, comprising 62 to 71 percent of 
streamflow.

Water budgets for 1988-90 for the 45-square-mile effective drainage area above the Wooddale, Del., 
streamflow-measurement station show that annual precipitation ranged from 43.59 to 59.14 inches and 
averaged 49.81 inches, annual streamflow ranged from 15.35 to 26.33 inches and averaged 20.24 inches, 
and annual evapotranspiration ranged from 27.87 to 30.43 inches and averaged 28.98 inches.

The crystalline rocks of the Red Clay Creek Basin were simulated two-dimensionally as a single 
aquifer under unconfined conditions. The model was calibrated for short-term steady-state conditions on 
November 2,1990. Recharge was 8.32 inches per year. Values of aquifer hydraulic conductivity in hillside 
topographic settings ranged from 0.07 to 2.60 feet per day. Values of streambed hydraulic conductivity 
ranged from 0.08 to 26.0 feet per day.

Prior to simulations where ground-water development was increased, the calibrated steady-state 
model was modified to approximate long-term average conditions in the basin. Base flow of 11.98 inches 
per year and a ground-water evapotranspiration rate of 2.17 inches per year were simulated by the model.

Different combinations of ground-water supply and wastewater-disposal plans were simulated to 
assess their effects on the stream-aquifer system. Six of the simulations represent an increase in population 
of 14,283 and water use of 1.07 million gallons per day. One simulation represents an increase in 
population of 28,566 and water use of 2.14 million gallons per day. Reduction of average base flow is 
greatest for development plans with wastewater removed from the basin through sewers and is pro­ 
portional to the amount of water removed from the basin. The development plan that had the least effect 
on water levels and base flow included on-lot wells and on-lot septic systems.

Five organochlorine insecticides lindane, DDT, dieldrin, heptachlor, and methoxychlor were 
detected in ground water. Four organophosphorus insecticides malathion, parathion, diazinon, and 
phorate were detected in ground water. Four volatile organic compounds-benzene, toluene, tetra- 
chloroethylene, and trichloroethylene were detected in ground water. Phenol was detected at concen­ 
trations up to 8 micrograms per liter in water from 50 percent of 14 wells sampled. The concentration of 
dissolved nitrate in water from 18 percent of wells sampled exceeded 10 milligrams per liter as nitrogen; 
concentrations of nitrate were as high as 19 milligrams per liter. PCB was detected in the bottom material 
of West Branch Red Clay Creek at Kennett Square at concentrations up to 5,600 micrograms per kilogram.



INTRODUCTION

The demand for water in the Red Clay Creek Basin, located near the urbanized areas of Philadelphia 
and Wilmington (fig. 1), has increased as a result of rapid residential and commercial development. 
Because that development commonly is outside the service areas of public-water-supply systems, new 
developments rely on on-site wells for water supply In addition, the Borough of Kennett Square obtains 
approximately 50 percent of its water from a well drilled in the Cockeysville Marble in the basin. Most of 
the basin is underlain by low-yielding crystalline rocks, and local government agencies are concerned 
about the capability of the ground-water system to meet the water demands of an increasing population. 
The U.S. Geological Survey (USGS), in cooperation with the Chester County Water Resources Authority 
and the Delaware Geological Survey (DGS), completed this study to evaluate the ground-water resources 
of the Red Clay Creek Basin.

Purpose and Scope
This report describes the geohydrology of the aquifer in the Red Clay Creek Basin in Pennsylvania 

and Delaware and the simulation of ground-water flow in the basin and summarizes water-quality data. 
This report specifically presents a description of the physical characteristics and hydrologic properties of 
the aquifers, ground-water/surface-water relations, water budgets, a summary of water-quality data, 
results of simulations by use of a digital ground-water flow model, and the effects of different ground- 
water development plans on the hydrologic system.

Water levels, precipitation, and streamflow were measured to quantify the components of the 
hydrologic budget and to construct and calibrate a digital ground-water flow model. Water levels were 
measured once at 351 wells (June 1989 through March 1990) and monthly at 10 wells (January 1988 
through December 1990). Continuous water-level recorders were maintained at five wells; in addition, a 
continuous water-level recorder was maintained by the DGS. Daily precipitation was measured by 
volunteers at nine sites (January 1988 through December 1990) in the basin. A streamflow-measurement 
station was installed below the confluence of the East and West Branches of Red Clay Creek. Streamflow 
records also were available for two other continuous-record streamflow-measurement stations in the 
basin. Base-flow measurements were made once at 88 sites in the basin (pi. 1). The location of sites for 
monthly and continuous records of water levels, daily precipitation, and continuous-record streamflow- 
measurement stations is shown in figure 2.

Information from drillers completion reports and previous studies was used to determine the 
physical characteristics and hydrologic properties of the aquifer. Results of chemical analyses of water 
samples collected for other studies from 54 wells and 2 surface-water sites in Chester County are 
summarized.

Description of Study Area

The Red day Creek Basin drains 54 mi2 of the lower Delaware River Basin (fig. 1) in Chester County, 
Pa., and New Castle County, Del. The headwaters of the Red Clay Creek, the East and West Branches and 
their tributaries, are in southeastern Chester County. The East and West Branches are confluent 0.75 mi 
north of the Pennsylvania-Delaware State line. The Red Clay Creek flows southeast to the White Clay 
Creek just south of Stanton, Del. White Clay Creek is a tributary to the Christina River, which flows into 
the Delaware River near Wilmington, Del.
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Physical and Cultural Setting
The Red Clay Creek Basin lies in the Piedmont and Atlantic Coastal Plain Physiographic Provinces. 

The two physiographic provinces are distinguished by differences in geology and topography. Because the 
transition area between the two provinces commonly is marked by waterfalls and rapids on most streams 
crossing it, the term Fall Line is used to describe the transition. In the study area, the Fall Line generally 
coincides with the Baltimore and Ohio Railroad tracks north of Stanton, Del. (pi. 1). The Piedmont part 
(52.8 mi2) of the study area is underlain predominantly by metamorphic rocks that range from Precam- 
brian to Lower Paleozoic in age. The Atlantic Coastal Plain part (1.2 mi2) of the study area is underlain by 
unconsolidated sediments that range from Cretaceous to Holocene in age. The topography of the 
Piedmont Physiographic Province is characterized by gentiy rolling uplands dissected by narrow valleys. 
North of the Fall Line, the upland slopes gently to the southeast. South of the Fall Line, the slope flattens to 
form the broad plains of the Atlantic Coastal Plain Physiographic Province. Elevation in the Piedmont 
uplands ranges from 557 ft above sea level at the Red and White Clay Creek drainage divide near Upland, 
Pa., to 70 ft above sea level at the Fall Line. The elevation at the confluence of the Red and White Clay 
Creeks in the Coastal Plain is 10 ft above sea level.

The Red Clay Creek Basin is rural with residential, commercial, and industrial development 
concentrated in the Borough of Kennett Square, along U.S. Route 1 in Pennsylvania, and south of 
Faulkland Road (State Route 34) in Delaware (pi. 1). Land use in the basin is predominantly agricultural, 
and the area surrounding the Borough of Kennett Square is the largest mushroom-producing region in the 
nation. Population of the basin in 1980 was about 39,600 (Martin Wollaston, New Castle County Water 
Resources Agency, oral cornmun., 1992; David Yaeck, Chester County Water Resources Agency, oral 
commun., 1991). Projected increases in population for 1980-2000 are 23 and 11 percent for the Pennsylvania 
and Delaware parts of the basin, respectively (Roy F. Weston, Inc., 1988, p. 2-17).

The Borough of Kennett Square and the area south of Faulkland Road are supplied by public water, 
the majority of which is imported from outside the Red Clay Creek Basin. In Pennsylvania, wastewater is 
treated and returned to Red Clay Creek; in Delaware, wastewater is exported to a sewage treatment plant 
outside the basin. Water from Hoopes Reservoir is not released to Red Clay Creek (William Turner, 
Commissioner of Public Works, City of Wilmington, oral commun., 1991). Water is pumped from 
Brandy wine Creek into the Hoopes Reservoir (pi. 1), where it is stored as an emergency water supply; it 
can be delivered from the reservoir to the City of Wilmington by pipeline. In the rest of the basin, the sole 
source of water for domestic and agricultural use is on-site wells or springs. An estimated 90 percent of 
pumpage from on-site wells is returned to the aquifer through on-lot septic systems; consumptive loss is 
estimated to be 10 percent (Loper and others, 1989, p. 10). Some pumpage is returned to streams by sewage 
treatment plants. Several industries in the basin withdraw water from the Red Clay Creek for process 
cooling systems and return it directly to the creek.

Climate and Precipitation
The Red Clay Creek Basin has a modified humid continental climate. Winters are mild to moderately 

cold and summers are warm and humid. Normal mean annual air temperatures at National Oceanic and 
Atmospheric Administration (NOAA) weather stations in Coatesville, Pa., and Porter Reservoir near 
Wilmington, Del. (fig. 1), for the period 1951-80 are 51.5°F and 53.3°F, respectively. Normal mean 
temperatures for the period 1951-80 for January, the coldest month, are 28.6°F and 30.8°F for the 
Coatesville and Porter Reservoir stations, respectively. Normal mean temperatures for July, the warmest 
month, for the period 1951-80, are 73.6°F and 74.9°F for the Coatesville and Porter Reservoir stations, 
respectively (National Oceanic and Atmospheric Administration, 1982a, b).

Normal mean annual precipitation for the period 1951-80 is 45.59 in. at Coatesville and 44.90 in. at 
Porter Reservoir. Precipitation is distributed fairly evenly throughout the year.



Previous Investigations
Water-bearing characteristics of the crystalline rocks that underlie the Red Clay Creek Basin in 

Pennsylvania are described in several published reports. Hall (1934) described the water-bearing 
properties of the geologic formations in southeastern Pennsylvania. Poth (1968) described the hydrology 
of the metamorphic and igneous rocks of central Chester County. McGreevy and Sloto (1977) and Sloto 
(1994) described the ground-water resources of Chester County. Sloto (1989) presented ground-water data 
for Chester County. An inventory of the water resources and a water-supply budget were completed by 
Reith and others (1979).

Water resources of the Delaware part of the Red Clay Creek Basin were described by Marine and 
Rasmussen (1955), Rasrnussen and others (1957), Baker and others (1966), and Sundstrom and Pickett 
(1971). Hydrologic data for the Potomac Formation in New Castle County were presented by Martin and 
Denver (1982). Martin (1984) simulated ground-water flow in aquifers in the Potomac Formation in New 
Castle County. A basin-wide discussion of water resources was presented by Parker and others (1964) for 
the Delaware River Basin.

The geology of the area was mapped and described by Bascom and Miller (1920) and Bascorn and 
Stose (1932). The Pennsylvania Geologic Survey (PAGS) published geologic quadrangle maps (Berg and 
Dodge, 1981) for the Pennsylvania part of the Red Clay Creek Basin, and the PAGS recompiled the geology 
of Chester County (Sloto, 1994). The DCS published geological quadrangle maps for the Delaware part of 
the basin (Woodruff and Thompson, 1972,1975; Woodruff, 1977,1981).

Well-Numbering System
The method of assigning local well numbers used in this report is different for each state. In 

Pennsylvania, the local well number consists of (1) a two-letter abbreviation that identifies the county in 
which the well is located and (2) a sequentially assigned number. All Pennsylvania wells in this report are 
in Chester County and are identified by the prefix "CH." Delaware is divided into 5-minute quadrangles 
of latitude and longitude. The quadrangles are lettered north to south with capital letters and west to east 
with lower case letters. Each 5-minute quadrangle is further subdivided into 25 1-minute-square blocks 
that are numbered from north to south in series of tens from 10 to 50 and numbered from west to east in 
units from 1 to 5 (fig. 3). Wells within 1-minute-square blocks are sequentially assigned a number. Thus, a 
local well number in Delaware consists of a sequence number prefixed with an upper and lower case letter 
designating the 5-minute-square block and followed by two numbers designating the 1-minute-square 
block in which the well is located. For example, well number Gd34-2 is the second well to be scheduled in 
the 1-minute-square block that has the coordinates Gd-34 (fig. 3). Locations of selected wells are shown on 
plate 1. Records of wells listed by local number are in table 25 for Pennsylvania and table 26 for Delaware.
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(From Rima and others, 1964, p. 6)
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GEOHYDROLOGY
Ground water flows through interconnected openings below the water table in the crystalline rocks 

and sediments of the Red Clay Creek Basin. The type of openings (porosity) and degree of interconnection 
(permeability) depend on the mineral composition and structure of the rocks. The geology of the basin is 
described here to provide a basis for understanding the occurrence and movement of ground water in the 
basin.

Geology
The geologic map of the study area (pi. 1) is a composite of the mapped geology for Pennsylvania 

(Sloto, 1994) and Delaware (Woodruff and Thompson, 1972,1975). Much of the original mapping of 
Bascom and Stose (1932) is retained, although the mapping of Bascom and Miller (1920) has been revised. 
The age, origin, and tectonic history of the mapped units has undergone much revision since Bascom and 
Stose's interpretation (1932) and is still being debated. For this report, the stratigraphic nomenclature of 
the PAGS (Sloto, 1994) is used; the stratigraphic nomenclature of the DGS is used for units that crop out 
only in the Delaware part of the study area. Stratigraphic nomenclature and descriptions of the geologic 
units shown on plate 1 are listed in table 1 for Pennsylvania and table 2 for Delaware.

Table 1. -Description of geologic units within the study area in Pennsylvania

Age 1 Geologic unit Lithologic description1

Quartemaiy alluvium

Early Jurassic diabase

Early-Middle T" Wissahickon Formation 
Ordovician 'r

Cambrian

Late 
Precambrian

Cockeysville Marble

Setters Formation

Precambrian pegmatite

mafic gneiss, amphibolite facies 

felsic gneiss, amphibolite facies2

felsic gneiss, granulite facies

Fine- to medium-grained unconsolidated material deposited in and along 
stream valleys consisting mostly of silt and sand with some admixture of 
pebbles and locally derived cobbles.

Dark-gray, fine-grained rock consisting mainly of plagioclase and 
pyroxene.

Light- to medium-gray, quartzo-aluminous schist and gneiss. Composi­ 
tion ranges from quartz-orthoclase-biotite and orthoclase-quartz-musco- 
vite schist to quartz-biotite-plagioclase and quartz-plagioclase-biotite 
schistose gneiss. Moderately high metamorphic grade, mostly in the 
amphibolite facies.

White, medium- to coarse-grained, saccharoidal marble and light-gray, 
fine-grained, banded marble. Commonly contains scattered golden- 
brown phlogopite.

White to light-gray quartzite, quartzose schist, and potassic-feldspar- 
quartz-biotite-muscovite schist A lower part is a darker biotite-quartz- 
orthoclase(?)-muscovite schist.

Light-colored, very-coarse- to coarse-grained dikes of granitic rock, 
containing mostly alkali feldspars and quartz with subordinate amounts 
of muscovite or biotite.

Very-dark-gray, medium- to coarse-grained amphibolite, interlayered 
with some felsic laminae and layers.

Light- to medium-gray, medium-grained, finely to coarsely layered 
quartz-plagioclase-biotite-potassium-feldspar-garnet +/- hornblende 
gneiss.

Rather variable composition; plagioclase-quartz-orthoclase-garnet- 
biotite-hypersthene/clinopyroxene gneiss (strongly lineated) to light- 
gray, fine- to medium-grained quartz-mesoperthite-garnet +/- biotite +/- 
hypersthene gneiss. Quartz-kyanite and quartz-garnet +/- kyanite rocks 
are present locally.

1 Sloto (1994).
2 Baltimore Gneiss of Bascom and Stose (1932).



Table 2.--Description of geologic units within the study area in Delaware

Age 1 Geologic unit Lithologic description

Quaternary Holocene sediments and 
Columbia Formation

Early to Late Cretaceous Potomac Formation

Cambrian-Ordovician? serpentinite 
pegmatite

Wissahickon Formation

O

Precambrian?

Cockeysville Formation

felsic and mafic gneiss 3 
(Wilmington Complex)

Sediments in present-day stream valleys and marshes are 
Holocene age fine sands, silts, and clay including fresh, poorly 
sorted, micaceous sands and gravels in and near the Piedmont, 
derived mainly from underlying or nearby crystalline rocks. 
Columbia Formation (Pleistocene age) includes gravelly coarse 
and medium sands with some interbedded silts. Thickness of 
the Columbia Formation and Holocene sediments mapped in 
the Red Clay Creek Basin is up to 10 feet. 
Variegated red, gray, purple, yellow, and white, commonly lig- 
nitic silts and clays containing interbedded white, gray, and 
rust-brown quartz sands and some gravel. Individual beds usu­ 
ally laterally restricted.
Massive antigorite, chromite, and talc with minor vermiculite. 
Quartz-microcline-muscovite-albite lenses and dikes, both 
concordant and discordant. Usually present in Wissahickon 
Formation.
Metagraywacke facies: interbedded felsic, unfoliated quartz- 
oligoclase-hornblende-almandine gneiss and foliated quartz- 
biotite-oligoclase-almandine schist. Gneisses commonly con­ 
tain nonparallel foliations suggesting primary sedimentary 
structures. Usually finely phaneritic. Pelitic facies: felsic, 
biotite-oligoclase-quartz-almandine-microcline schist and 
occasional gneiss. Usually coarsely phaneritic and strongly 
foliated. Contains numerous small pegmatities. 

Marble, predominantly calcitic with some dolomitic marble. 
Coarsely phaneritic and weakly foliated with small scale fold­ 
ing.
Felsic and mafic gneiss and minor schist. Felsic gneiss is a 
quartz-oligoclase to andesine-microcHne-homblende-hyper- 
sthene gneiss. Mafic gneiss is a quartz-andesine to labradorite- 
augite-hypersthene +/- hornblende gneiss. Strongly to weakly 
foliated, coarsely to finely phaneritic.

1 Woodruff and Thompson (1975).
2 Woodruff and Thompson (1972).
3 James Run Formation of Hager (1976) and Thompson (1979).

Two Precambrian felsic gneiss belts crop out in the Red Clay Creek Basin in Pennsylvania. The 
northern gneiss belt is mapped as granulite-faties felsic gneiss by the PAGS and forms the core of the 
Woodville Dome (pi. 1). The southern gneiss belt consists of amphibolite-facies felsic and intermediate 
gneiss and forms the core of the Avondale Anticline (pi. 1). Although the PAGS maps the northern gneiss 
belt as granulite-facies gneiss, Wagner and Crawford (1975) and Crawford and Crawford (1980) map the 
northern gneiss belt as amphibolite-facies gneiss. Both gneiss belts originally were mapped as Baltimore 
Gneiss by Bascom and Stose (1932) because their stratigraphic relations and petrographic character are 
similar to the Baltimore Gneiss domes in Maryland.

Higgins and others (1973) used aeromagnetic data and field relations to roughly locate a previously 
unmapped dome of Baltimore Gneiss in Delaware that extends into Pennsylvania, north of Hockessin, Del. 
The DGS is presently mapping the Baltimore Gneiss in the Yorklyn, Del., area (K. D. Woodruff, Delaware 
Geological Survey, oral commun., 1990). Because mapping of the Baltimore Gneiss in this area is not 
complete, it is not shown on plate 1.
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The felsic gneiss is unconformably overlain by a metasedimentary sequence of rocks of the Glenarm 
Group. The age of the Glenarm Group rocks has been interpreted as late Precambrian to Cambrian and 
possibly Ordovician.

A belt of Precambrian to early Paleozoic granulite-facies felsic and mafic gneisses of the Wilmington 
Complex lies southeast of the Wissahickon Formation. The felsic and mafic gneisses are in fault contact 
with the Wissahickon Formation (Woodruff and Thompson, 1975; Hager, 1976, p. 65; Wagner and Srogi, 
1987, p. 121). The gneisses of the Wilmington Complex are interpreted to be metavolcanic units and 
metamorphosed volcaniclastic sediments (Hager, 1976, p. 60; Thompson, 1979, p. 120; Crawford and 
Crawford,1980,p.319).

The Glenarm Group consists of the Setters Formation, Cockeysville Marble, and Wissahickon 
Formation. The Setters Formation and Cockeysville Marble crop out along the flanks of the felsic gneiss. In 
some areas, the Setters Formation and marble are missing, and the felsic gneiss is in direct contact with the 
Wissahickon Formation. The Setters Formation and Cockeysville Marble are approximately 1,000 and 
200 ft thick, respectively (Bascom and Stose, 1932). The Cockeysville Marble is overlain by the Wissahickon 
Formation. The Wissahickon Formation in southeastern Pennsylvania and northern Delaware is 
5,000-8,000 ft thick (Bascom and Stose, 1932) and includes rocks probably deposited in several different 
tectonic environments (Wagner and Srogi, 1987, p. 115). The Glenarm Group rocks were deposited in a 
basin that developed on the southeastern edge of the continental margin. The Wissahickon Formation was 
originally deposited as deep-water clastic sediments. The Setters Formation and Cockeysville Marble were 
deposited near the continental margin as a thin basal clastic sequence and a carbonate bank, respectively 
(Rodgers, 1968).

Several small elongated bodies of mafic gneiss that trend northeast are found within the 
Wissahickon Formation. Pegmatite bodies trending northeast crop out within the Wissahickon Formation 
in Pennsylvania and in the Cockeysville Formation in Delaware. A small body of serpentinite is found 
within the Wissahickon Formation just north of Hoopes Reservoir in Delaware (pi. 1).

Unconsolidated sediments of the Potomac Formation of Cretaceous age unconformably overlie the 
crystalline basement in the southern part of the study area. The Potomac Formation crops out south of the 
Fall Line, increases in thickness to the southeast of the Fall Line, and is 100 ft thick near the mouth of the 
Red Clay Creek (Martin, 1984, p. 13). The strike of the Potomac Formation is to the northeast, and it dips to 
the southeast. The sediments were deposited in a deltaic environment (Spoljaric, 1979, p. 92).

The surficial deposits of the Columbia Formation of Pleistocene age unconformably overlie the 
Potomac Formation. The Columbia deposits are up to 20 ft thick in the study area. Holocene sediments are 
found in stream valleys and marshes (Woodruff and Thompson, 1972).

Evidence of three metamorphic events are present in the Piedmont rocks of southeastern 
Pennsylvania and northern Delaware (Crawford and Crawford, 1980). The first event was a high pressure 
granulite-facies episode of Grenville age. Crawford and Crawford (1980) believe it affected the felsic 
gneisses northeast of the study area. Wagner and Srogi (1987) believe it also affected the felsic and 
intermediate gneisses exposed in the study area. The felsic and intermediate gneisses were later 
overprinted by a Taconic age amphibolite-facies metamorphic event. Two high-grade metamorphic events 
took place during the Taconic orogeny; the Wilmington Complex was metamorphosed at moderate 
pressure and high temperature to granulite facies, and the felsic and intermediate gneisses and Glenarm 
Group rocks were metamorphosed to amphibolite facies during a regional metamorphic event. The 
regional metamorphic grade is highest (second sillimanite isograd) adjacent to the Wilmington Complex 
(Wagner and Srogi, 1987).

Wagner and Srogi (1987) and Crawford and Crawford (1980) have interpreted the southeastern 
Pennsylvania and northern Delaware Piedmont Physiographic Province as the site of a collision between a 
magmatic arc and the North American continent. The Wilmington Complex was the infrastructure of the 
magmatic arc. Gneisses to the northeast of the study area were the continental margin. Between these two 
plates are nappes of allochthonous remobilized basement (Woodville Dome and Avondale Anticline) and 
" '-TMv deformed basin sediments. The nappes and thrust faults trend northeast.
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Hager (1976, p. 42-44) identified two types of faults that cut across the Wissahickon Formation in the 
Hoopes Reservoir area. Medium-angle reverse faults parallel northeast-trending structures in the area. 
High-angle normal or reverse faults trend northwest and affect both Wissahickon Formation and 
Wilmington Complex rocks. Stream valleys follow both types of faults in the study area.

Hydrology
Ground water flows through secondary openings in fractured crystalline rock and through primary 

openings below the water table in the overlying saprolite. Saprolite is derived from the in-place chemical 
weathering of the underlying crystalline rock; generally, it is composed of rock fragments and sandy clay. 
The saprolite has high primary porosity, and ground water occupies the pore spaces between the 
unconsolidated weathered grains in the saturated part of the saprolite. The crystalline rock has low 
primary porosity, but secondary porosity in the form of fractures, cleavage planes, joints, and faults is 
prevalent. In the Cockeysville Marble, secondary openings may be enlarged by solution. Because of the 
greater porosity of the saprolite (fig. 4), water stored in the saprolite is slowly transmitted to the fracture 
system of the underlying crystalline bedrock. The degree of interconnection of the pores determines the 
permeability (ability to transmit water) of the rock. The greater the density and interconnection of the 
secondary openings, the greater the permeability of the crystalline rock. Most saprolite has low 
permeability because of the abundance of clay material. Saprolite associated with the Cockeysville Marble 
commonly is very sandy and has a high permeability.

The fractured crystalline bedrock and overlying saprolite act as a single aquifer under unconfined 
conditions. In an unconfined aquifer, the upper surface of the zone of saturation or water table is under 
atmospheric pressure. In the Red Clay Creek Basin, the water table commonly is within the saprolite, 
especially in topographically low areas, such as valleys (fig. 5). The water table is within the crystalline 
bedrock in topographically high areas, such as hilltops. The bottom of the zone of saturation is coincident 
with the bottom of the open-fracture system, which is not a distinct surface, but rather a gradual transition 
from open fractures near the surface to dosed fractures at depth (fig. 5). Locally, ground water in deep 
fractures in the crystalline bedrock can be under hydrostatic pressure (under confining conditions), 
especially in areas where the fracture system is poorly connected with the overlying saprolite. Nutter and 
Otton (1969, p. 13) state that the line of demarcation between confined and unconfined conditions is not 
sharp, and it can be difficult to determine which conditions exist at a given well. Regionally, fracture 
density and the connection between the fractured crystalline bedrock and saprolite is sufficient so that the 
bedrock and overlying saprolite behave as a single aquifer under unconfined conditions.

Ground water flows through primary openings in Coastal Plain sediments. Coarse sediments have a 
higher porosity and higher permeability than fine sediments. Ground-water flow is impeded by clay and 
silt lenses and layers. The unconsolidated sediments of the Coastal Plain behave as a single aquifer under 
unconfined conditions.

The water table is a subdued replica of the land surface in the study area, and ground water flows 
from areas of high water-table altitude to areas of low water-table altitude. In the Red Clay Creek Basin, 
there are numerous local ground-water-flow systems with short flow paths from hilltops to nearby stream 
valleys. Although determination of ground-water-flow directions from water-level maps (Vogel and 
others, 1991) in the basin may indicate a direct flow path from hilltops to valley, the actual flow path can be 
a circuitous route along intersecting fractures (fig. 5). Vertical flow in hilltop areas results where the head 
gradient is downward and in valley areas where the head gradient is upward. Ground-water flow 
between hilltop and valley areas is nearly horizontal.
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Natural recharge to and discharge from the ground-water system predominantly are precipitation 
and ground-water discharge to streams, respectively. Recharge, as precipitation that percolates through 
the saprolite to the water table, occurs everywhere in the basin except in flood plains and streams where 
ground water discharges (fig. 5). Minor amounts of recharge to the aquifer result when withdrawals of 
ground water by wells are returned to the aquifer by spray-irrigation and septic systems. Ground-water 
discharge to streams sustains the base flow of Red Clay Creek. Minor amounts of ground water discharge 
through ground-water evapotranspiration and pumping of wells.

The water table fluctuates in response to recharge and discharge. Although water-table gradients 
commonly remain the same, the water table fluctuates seasonally in response to changes in precipitation, 
evapotranspiration, and ground-water discharge to streams. The water table can have a long-term rise or 
fall of a year or more because of above- or below-normal precipitation throughout the year. Locally, the 
water table may be lowered by ground-water withdrawals.

Water-Bearing Zones
The size, number, and interconnection of water-bearing secondary openings differs with depth and 

topographic setting. The increase in pressure from the overlying rock tends to decrease the size and 
number of fractures with depth. Intensely fractured bedrock is less resistant to erosion than unfractured 
rock. Thus, valleys and draws generally indicate areas underlain by intensely fractured bedrock. Hilltops 
generally indicate areas underlain by less fractured bedrock. Thus, permeability decreases with depth and 
differs with topographic setting. Permeability generally is high under valleys and draws and low under 
hilltops.

Table 3 shows the distribution of water-bearing zones with depth, expressed as number of water­ 
bearing zones per 100 ft for 50-ft intervals, for hydrogeologic units in the study area with sufficient data for 
analysis. Data on water-bearing zones were reported by drillers for 148 wells in the Red Clay Creek Basin. 
For the 148 wells analyzed, 39 percent of the water-bearing zones were encountered within 100 ft of the 
land surface, and 79 percent of the water-bearing zones were encountered within 200 ft of the land surface.

Specific Capacity and Well Yield
Data from wells in the Red Clay Creek Basin and from wells in areas bordering the basin were used 

to compare the specific capacities and well yields of the hydrogeologic units underlying the basin. Wells 
from areas bordering the basin underlain by the same hydrogeologic units were included to enlarge the 
sample size, especially for nondomestic (public supply, industrial, and institutional) wells. Specific- 
capacity data were available for 144 wells; well-yield data were available for 335 wells. Most of the 
specific-capacity data presented in this report are based on aquifer-test results reported by drillers and 
consultants. Several tests were performed by the DCS.

Specific capacity is calculated by dividing the pumping rate of a well by the drawdown. Specific 
capacity for a well pumped at a constant yield decreases with time. The specific capacity of nondomestic 1 
wells provides a better estimate of maximum aquifer productivity than does the specific capacity of 
domestic wells. Nondomestic wells generally are deeper, penetrate more water-bearing zones, and have 
larger diameters than domestic wells. Nondomestic wells commonly are drilled for maximum yield; 
domestic wells commonly are drilled only until an adequate yield for domestic use is obtained. Also, 
nondomestic wells commonly are located in valleys, and wells located in valleys generally have higher 
specific capacities than those in other topographic settings (LeGrand, 1967; Nutter and Otton, 1969, p. 21; 
Daniel, 1987; Knopman, 1990, p. 16).

Specific-capacity data for domestic and nondomestic wells are summarized in table 4. The specific 
capacity of nondomestic wells in the Cockeysville Marble is higher than the specific capacity of domestic 
wells in the Cockeysville Marble. Too few data are available to draw a similar conclusion about the other

1 Nondomestic wells include public supply and industrial wells. Wells used by small business and commercial 
establishments are considered to be domestic wells.
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wells in the Cockeysville Marble. Too few data are available to draw a similar conclusion about the other 
hydrogeologic units in the basin. The Cockeysville Marble has the highest specific capacity of the 
hydrogeologic units in the study area (table 4).

Reported yields of domestic and nondomestic wells are summarized in table 5. The yield of a well 
depends on the size and number of water-bearing zones that the well intersects. Reported yields of 
nondomestic wells completed in the Wissahickon Formation, Cockeysville Marble, and Setters Formation 
are greater than the reported yields of domestic wells in the same units. Too few data are available to draw 
a similar conclusion about the other hydrogeologic units in the basin.

Water-Level Fluctuations
Water levels for 1988-90 for seven observation wells in the basin are shown in figure 6. Although the 

wells are completed in different hydrogeologic units, the hydrographs generally are similar. The 
amplitude of the water-level fluctuation is dampened as depth to water increases, possibly as a function of 
the time for recharge to reach the water table.

Hydrographs are similar for shallow dug wells and deep drilled wells. Two wells (CH-3287 and 
CH-3286) completed in the Setters Formation show similar water-level fluctuations. Well CH-3287 is a 
36-ft deep dug well. Well CH-3286 is a 336-ft deep drilled well with 90 ft of casing; water-bearing zones 
were penetrated between 100-213 ft below land surface.

Water levels fluctuate seasonally in response to changes in recharge and discharge. During the 
winter months, plants are dormant and temperatures are cooler. Discharge by evapotranspiration is low 
and water levels rise as recharge from precipitation reaches the water table. During the summer months, 
discharge by evapotranspiration increases as temperatures increase and the growing season progresses. 
Recharge from precipitation may not satisfy the soil moisture deficit and may not reach the water table; 
thus, water levels decline. The seasonal change in water levels is shown for 1988-90 in figure 6. Figure 6 
shows that the annual rise in water levels continued into July 1989 when precipitation was 13.20 in., which 
is 8.89 in. above the July normal for the period 1951-80 at the Chadds Ford, Pa., NOAA station located near 
the eastern basin boundary. Because precipitation during the early summer months exceeded the potential 
evaporation in 1989, water levels continued to rise into the mid-summer months.

Water levels are affected by above- and below-normal precipitation. For example, the 1989 average 
precipitation measured at the nine precipitation gages in the basin was 59.90 in., which is 14.38 in. above 
the normal for the period 1951-80 for the Chadds Ford NOAA station. The average precipitation in 1988 
was 43.59 in., which is 1.82 in. below the normal for the period 1951-80 for the Chadds Ford station. 
Generally, monthly water levels in 1989 were higher than monthly water levels in 1988 (fig. 6).
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Figure 6.-Hydrographs of seven observation wells in the Red Clay Creek Basin, 1988-90.
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Ground-Water/Surface-Water Relations
In the Red Clay Creek Basin, ground water from the crystalline-rock aquifers primarily is discharged 

to streams. Thus, the stream system acts as a local drain or sink for the aquifer. Ground-water discharge to 
streams is base flow. The base-flow component of streamflow was estimated from hydrographs of Red 
Clay Creek at three streamflow-measurement stations (table 6). The streamflow hydrograph was separated 
into overland runoff and base-flow components with a computer program developed by Sloto (1991); the 
local minimum hydrograph-separation technique was used. Base flow comprised 62 to 71 percent of 
streamflow and ranged from 10.43 in. in 1988 to 17.08 in. in 1989. This is similar to calculations at other 
streamflow-measurement stations in Chester County where the ground-water discharge to streams ranges 
from 45.2 to 77.7 percent with a long-term mean annual ground-water discharge of 57.2 to 65.6 percent 
(Sloto, 1994).

Table 6.--Streamflow and base flow of Red Clay Creek, 1988-90
[Streamflow-measurement station locations are shown on figure 2. 
mi2, square miles; in., inches;  , no data]

Kennett Square, Pa. Wooddale, Del. Stanton, Del.
(Station 01479820) (Station 01480000) (Station 01480015)

(28.3 mi2) (45.0 mi2) l (50.4 mi2) l

Base flow Base flow Base flow

Year

1988
1989
1990

Streamflow
(in.)

16.29
24.34
19.74

(in.)

11.08
15.59
13.66

Percent of
streamflow

68
64

69

Streamflow
(in.)

15.35
26.33
19.05

(in.)

10.43
17.08
13.56

Percent of
streamflow

68
65
71

Streamflow
(in.)

__2

27.48
19.34

(in.)

--

16.91
13.38

Percent of
streamflow

-

62
69

1 Effective drainage area. Hoopes Reservoir drainage area (2 mi2) not included because no water is released from the reservoir to Red Clay Creek.
2 Continuous record started October 1988.

Base-flow discharge to streams is controlled, in part, by the hydraulic gradient toward the stream. 
Olmsted and Hely (1962) found a direct, linear relation between the monthly average ground-water level 
in wells and the base flow of Brandywine Creek during the winter months. As ground-water levels rise, 
the hydraulic gradient and ground-water discharge to streams increases; as ground-water levels decline, 
the hydraulic gradient and ground-water discharge to streams decreases. Thus, low base flows commonly 
occur in late summer when water levels have declined in response to low ground-water recharge rates. 
Figure 7 shows streamflow and base flow of Red Clay Creek near Kennett Square, Pa., for 1988-90. Low 
base-flow periods were in September of these years.

Base flow was measured at 88 sites on Red Clay Creek and its tributaries during October 31- 
November 2,1990, as part of a seepage investigation (pi. 1 and table 27). Base-flow measurements were 
used in calibration of the ground-water-flow model, as well as to determine gaining and losing stream 
reaches. Streams gain water when the altitude of the local water table is higher than the elevation of the 
stream surface. In areas where the local water table is below the altitude of the stream surface, the stream 
will lose water to the aquifer. Streamflow lost to the aquifer eventually returns to the stream as ground- 
water discharge to gaining reaches downstream of the losing reach. The reach for the seepage 
investigation is 21 mi long and extends from the headwaters of the West Branch Red Clay Creek to the 
confluence with White Clay Creek at Stanton, Del. The measurements were made during a period of 
constant base flow. Tributary inflow and industrial and sewage treatment plant discharges were 
considered a contribution to the overall flow and not a gain to the streams from ground-water discharge. 
Diversions were not considered losses. Measurement errors of 2 to 8 percent may be included in indicated 
gains or losses. Generally, Red Clay Creek is a gaining stream.
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Significant losses, defined as a loss greater than 10 percent of measured streamflow, were measured 
at two sites. The first losing reach is between measurement sites 6 and 7 where the West Branch of Red 
Clay Creek flows over the contact between the Setters Formation and the Cockeysville Marble (pi. 1). 
A loss of 0.78 ftVs occurs here; this is 27 percent of the streamflow measured at site 7. The water-level 
gradient of the ground-water system changes from a sloping gradient in the Setters Formation to a nearly 
flat surface in the Cockeysville Marble in the area of sites 6 and 7 (Vogel and others, 1991). The flatter 
hydraulic gradient indicates that the Cockeysville Marble has greater permeability than the Setters 
Formation, and water levels are probably lower in the Cockeysville Marble in the vicinity of site 7. Thus, 
the stream surface is higher than the water table, and the stream loses water to the aquifer.

The second losing reach is between sites 80 and 86 where the stream flows over the Wissahickon 
Formation. A loss of 2.79 ftVs was determined; this is 11 percent of the streamflow measured at site 86. 
Because the percentage of streamflow lost is close to the total measurement error of 10 percent for sites 80 
and 86, additional base-flow measurements need to be made at sites 80 and 86 to confirm that this is a 
losing reach.

Water Budget
A water budget quantifies the components of the hydrologic cycle for a given area over a given 

period of time. The general water-budget equation is inflow equals outflow plus or minus change in 
storage. In the Red day Creek Basin, the ground-water and surface-water divides coincide. Calculations 
for the water budget begin and end in the winter when soil moisture is generally at field capacity and, 
therefore, the change in soil moisture storage is zero. Surface storage is negligible. The water-budget 
equation used in this study is

P = SF + GS + EX + ET, (1)

where P is precipitation, 
SF is streamflow,
GS is change in ground-water storage, 
EX is net import or export of water from the basin, and 
ET is evapotranspiration.

Precipitation, streamflow, and water imports and exports are measured directly. Change in ground- 
water storage is calculated from measured water-level changes and aquifer specific yield. The equation is 
solved for evapotranspiration.

The water-budget equation was used to calculate annual water budgets for 1988-90 for the area 
above the Wooddale, Del., streamflow-measurement station (01480000). Regional ground-water inflow 
and outflow in the crystalline rocks is considered negligible (Olmsted and Hely, 1962, p. 8), and the water- 
level map of the Red Clay Creek Basin (Vogel and others, 1991) indicates that the ground-water and 
surface-water divides coincide. Because water is not released from Hoopes Reservoir to Red Clay Creek, 
the 2-mi2 reservoir drainage area is excluded from the drainage area above the Wooddale streamflow- 
measurement station. The average precipitation was calculated from the seven precipitation stations 
located north of Wooddale (fig. 2). The quantity of water leaving the basin as streamflow was measured at 
the streamflow-measurement station at Wooddale. Water-level records for 14 observation wells in the 
basin were used to calculate the annual change in ground-water storage. The quantity of water imported 
into the basin for the Borough of Kennett Square Water System was obtained from the Chester County 
Health Department. The quantity of surface-water withdrawn and exported from the basin as wastewater 
was obtained from the National Vulcanized Fiber Company (NVF). The quantity of ground water 
withdrawn by Hercules Research Center and exported from the basin as wastewater was obtained from 
the Delaware Department of Natural Resources and Environmental Control.
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The annual change in ground-water storage was calculated by averaging the annual water-level 
change measured in 14 observation wells and multiplying by the specific yield of the zone of water-table 
fluctuation. A specific yield of 0.08 was used on the basis of Olmsted and Hely's calculated specific yields 
of 0.07-0.10 (Olmsted and Hely, 1962, p. 16-17) for the zone of water-table fluctuation in the adjacent 
Brandy wine Creek Basin. Nutter and Otton calculated a specific yield of 0.08 (1969, p. 28) for an area in 
Maryland underlain by the Wissahickon Formation.

Water budgets for 1988-90 for the 45-mi2 area above the Wooddale streamflow-measurement station 
are given in table 7. The water-budget equation was solved for evapotranspiration, which ranges from 
27.87 in. to 30.43 in.; the average evapotranspiration was 28.98 in. for the 3-year period. Olmsted and Hely 
(1962, p. 8) calculated a 4-year average annual evapotranspiration of 28.09 in. for the adjacent Brandywine 
Creek Basin.

Table 7.--Annual water budgets for the Red Clay Creek Basin above the Wooddale, Del., 
streamflow-measurement station (0148000), 1988-90
[Values are in inches per year. Negative values indicate a decrease in ground-water storage. 
Positive values indicate an increase in ground-water storage. To convert inches to million 
gallons per day per square mile (Mgal/d/mi2), multiply inches by 0.048.]

Year

1988
1989
1990
Average

Precipitation

43.59
59.14
46.71
49.81

Streamflow

15.35
26.33
19.05
20.24

Change in
ground-water 

storage

-0.69
+2.13

- .46

+ .33

Net exported 
water 1

0.28
.25
.25
.26

Evapotranspiration

28.65
30.43
27.87
28.98

1 Net exported water is equal to ground-water and surface-water withdrawals exported out of the basin minus water 
imported into the basin.
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Water Quality
The effects of human activity and the introduction of manmade organic compounds into ground 

water and surface water have created serious water-quality problems in ground water and stream 
sediment in the Red day Creek Basin. Water quality in the Red Gay Creek Basin has been affected by the 
use of fertilizers and pesticides in agriculture and the mushroom industry and by the use of volatile 
organic compounds (VOC's) in industry. Water-quality data presented below are for the Pennsylvania part 
of the Red Clay Creek Basin.

Ground water
The USGS collected 69 ground-water samples from 54 wells in the Pennsylvania part of the Red Clay 

Creek Basin during 1925 through 1990. Sampling sites during 1980-90 were chosen to investigate known or 
suspected areas of contamination and to determine concentrations of naturally occurring radionuclides in 
ground water. Because sampling for organic compounds was biased towards wells that were likely to be 
contaminated, the percentage of wells reported contaminated by organic chemicals does not reflect the 
percentage of wells in the basin contaminated by organic chemicals. Ground-water sampling was not done 
as part of this study, but results from other studies are summarized in this report.

Chemical analyses of ground water are given for organochlorine and organophosphorus 
insecticides, polychlorinated biphenols (PCB), and polychlorinated napthalenes (PCN) in table 28. 
Chemical analysis for VOC's, base-neutral organic compounds and phenol are given in table 29; nutrients 
in table 30; metals and trace constituents in table 31; and physical properties, selected ions, and 
radionuclides in table 32.

Insecticides commonly are used in the Red Clay Creek Basin in both rural and urban areas to control 
household pests and insect damage in agriculture. Organochlorine insecticides are water-insoluble 
compounds that are persistent in the environment, highly toxic, and strongly bioaccumulate in some 
organisms. The U.S. Environmental Protection Agency (USEPA) has restricted or banned the use of many 
of the organochlorine insecticides. All uses of DDD, DDE, and DDT were banned in 1972, and the use of 
dieldrin was banned in 1973. Heptachlor and chlordane were restricted to use in termite control in 1974 
and were banned in 1989. All uses of aldrin were banned in 1975. The use of methoxychlor, endosulfan, 
lindane, mirex, and endrin are restricted but still permitted (U.S. Environmental Protection Agency, 1990). 
Lindane and methoxychlor commonly are used in the mushroom industry. Methoxychlor also is widely 
used on crops and for home and garden use.

Thirty-eight water samples from 31 wells were analyzed for organochlorine insecticides. A sum­ 
mary of the compounds analyzed for and detected and a range of concentrations is given in table 8. Of the 
15 organochlorine insecticides analyzed for, five compounds-lindane, DDT, dieldrin, heptachlor, and 
methoxychlor were detected. Organochlorine insecticides were found in 29 percent of the wells sampled. 
Lindane was the most frequently detected organochlorine insecticide; it was detected in 23 percent of the 
wells sampled. DDT, dieldrin, and methoxychlor were detected in 7 percent of the wells sampled. 
Heptachlor was detected in one sample. The USEPA has set a maximum contaminant level (MCL) of 
4 ^ig/L for lindane and 100 ^ig/L for methoxychlor (U.S. Environmental Protection Agency, 1991); these 
MCL's were not exceeded.

Because organophosphorus insecticides are less persistent and less likely to bioaccumulate than 
organochlorine insecticides, they have been substituted for some of the banned organochlorine 
insecticides. Organophosphorus insecticides are used for insect control in agriculture, homes, and gardens. 
Diazinon is widely used to control household pests and insect damage in agriculture. Twenty-one water 
samples from 20 wells were analyzed for organophosphorus insecticides. A summary of the compounds 
analyzed for and detected and range of concentrations is given in table 9. Of the 12 organophosphorus 
insecticides analyzed for, 4 compounds malathion, parathion, diazinon, and phorate were found in 
concentrations above the detection limit. The USEPA does not set MCL's for these compounds. 
Organophosphorus insecticides were found in 30 percent of the wells sampled. Diazinon was the most 
frequently detected organophosphorus insecticide; it was detected in 20 percent of the wells sampled. The 
median concentration of diazinon was 0.01 }ig/L. Malathion, parathion, and phorate each were detected in 
one sample.
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Table 8.--Organochlorine insecticides detected in ground water in the Red Clay Creek Basin in Pennsylvania 
[--, compound not detected; jig/L, micrograms per liter]

Compound

Aldrin

Chlordane

ODD

DDE

DOT

Dieldrin

Endosulfan

Endrin

Heptachlor

Heptachlor epoxide

Lindane

Methoxychlor

Mirex

Per thane

Toxaphene

Number of wells where 
Number of the compound 

wells sampled was detected

31

30

31

31

30

30

30

30

31

30

30

30

31

30

31

0

0

0

0

2

2

0

0

1

0

7

2

0

0

0

Concentration or range 
of concentrations (jig/L)

-

-

--

-

0.02-.04

.01-.02

-

--

.01

-

.01-.03

.Ol-.ll

--

-

-

Table 9.~Organophosphorus insecticides detected in ground water in the Red Clay Creek Basin in Pennsylvania
[--, compound not detected; |ig/L, micrograms per liter]

Compound

Cnlorphrifos

DBF

Diazinon

Disyston

Ethion

Fonofos

Malathion

Methyl parathion

Methyl trithon

Parathion

Phorate

Trithion

Number of 
wells sampled

3

15

20

15

20

3

20

20

20

20

15

20

Number of wells 
where the compound 

was detected

0

0

4

0

0

0

1

0

0

1
1
0

Concentration or range 
of concentrations (|ig/L)

--

--

0.01-2.6

--

--

--

.01

--

--

.01

.02

--
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Triazine herbicides are moderately water-soluble compounds that are used for weed control on corn 
and other crops. Alachlor is an aetonilide herbicide used for weed control in agriculture. Water samples 
from two wells were analyzed for the triazine herbicides ametryne, atrazine, cyanazine, metolachlor, 
metribuzin, prometone, prometryne, propazine, simazine, simetryne, and trifluralin. Water samples from 
two wells were analyzed for alachlor. None of the triazine herbicides or alachlor were detected.

VOCs are manmade compounds that commonly are used in industrial, commercial, and residential 
areas as degreasers and solvents. Many VOCs are suspected or confirmed carcinogens (Council on 
Environmental Quality, 1981, p. 64). Eighteen water samples from 13 wells were analyzed for VOC's (table 
29). Of the 41 VOC's analyzed for, 4 were detected. Benzene at a concentration of 3 ug/L was detected in 
water from one well. The USEPA MCL for benzene is 5 (ig/L. Toluene at a concentration of 7 ug/L was 
detected in water from one well. The USEPA MCL for toluene is 1,000 ^ig/L. Tetrachloroethylene (PCE) at 
concentrations up to 400 ug/L and trichloroethylene (TCE) at concentrations up to 8 ug/L were detected 
in water from one well. The USEPA MCL for both PCE and TCE is 5 ng/L. TCE at a concentration of 
1 ng/L was detected in water from one well. Benzene and toluene are components of refined oil products 
and are used as industrial solvents and in the manufacture of medicinal and organic chemicals. PCE and 
TCE commonly are used as degreasers of metals and in the dry cleaning industry. TCE also is used as a 
solvent for paints, varnishes, and other organic compounds and in the manufacture of pharmaceuticals 
and organic chemicals (Windholz and others, 1976).

Thirty-eight water samples from 31 wells were analyzed for total PCB and total PCN (table 28). PCB 
and PCN were not detected in any of the samples. Eighteen water samples from 14 wells were analyzed 
for total phenols (table 28). Phenol was detected in water from 50 percent of the wells sampled; 
concentrations of phenol ranged from 1 to 8 ng/L. Phenol is used as a disinfectant and in the manufacture 
of medical and industrial organic compounds (Windholz and others, 1976).

Nitrate usually is the most abundant nitrogen species in ground water. The major sources of nitrate 
in ground water are industrial and municipal wastewater, septic systems, and agriculture. High intakes of 
nitrate are dangerous to warmblooded animals because nitrate is reduced to nitrite in the gastrointestinal 
tract and can enter the bloodstream and react with hemoglobin to impair oxygen transport. The reaction of 
nitrite with hemoglobin can be serious or fatal in infants under 3 months of age (U.S. Environmental 
Protection Agency, 1986). Sixty-two water samples from 51 wells were analyzed for nitrate as nitrogen 
(table 32). The concentration of dissolved nitrate as nitrogen in water samples from 9 wells (18 percent of 
wells sampled) exceeded the USEPA MCL of 10 mg/L nitrate as nitrogen. Concentrations of nitrate as 
nitrogen ranged from 0.07 to 19 mg/L.

Ground-water samples were analyzed for arsenic, barium, boron, cadmium, chromium, cobalt, 
copper, iron, lead, manganese, nickel, silver, zinc, aluminum, lithium, selenium, and mercury (table 31). 
Most metals and other trace constituents in natural ground water are found in low concentrations, 
commonly below the detection limit of the analytical instruments. Some constituents, such as iron and 
manganese, are naturally occurring and commonly are detected in ground water. The USEPA secondary 
maximum contaminant levels (SMCUs) for iron and manganese are 300 ug/L and 50 ug/L, respectively 
(U.S. Environmental Protection Agency, 1991). The USEPA SMCL's are set to avoid objectionable taste and 
staining in laundry and not for health reasons. Concentrations of manganese in water from 17 percent of 
the 29 wells sampled and concentrations of iron in water from 6 percent of the 32 wells sampled exceeded 
the USEPA SMCUs. No other metals or trace constituents analyzed for were detected in concentrations 
above the USEPA MCUs or SMCUs.

Radon-222 is a naturally occurring radionuclide commonly found in ground water. Radon-222 is a 
decay product of radium-226 and is soluble in water. Radon in drinking water is considered a health risk 
only when it is released from water and contributes to airborne radon-222. The progeny of radon-222 are 
known to cause lung cancer when inhaled (Lowry and Lowry, 1988). Activities of radon-222 ranged from 
97 to 4,200 pCi/L; the median was 590 pCi/L (table 32).
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Surface water
Surface-water, biological, and stream-bottom-material samples were collected at two sites in the Red 

Clay Creek Basin as part of an on-going USGS water-quality monitoring program operated in cooperation 
with the Chester County Water Resources Authority. Chemical and biological samples are collected 
annually from the East and West Branches of Red Clay Creek. Samples for chemical analysis were collected 
by use of techniques described by Brown and others (1970, p. 5). Chemical data from the monitoring 
program, beginning in 1973, is published annually in the USGS Water Resources Data reports for 
Pennsylvania (U.S. Geological Survey, 1974-92).

Surface-water samples for chemical analysis were collected at two sites, East Branch Red Clay Creek 
near Five Point (01479800) and West Branch Red Clay Creek at Kennett Square (01479680) (pi. 1). Water 
samples were analyzed for determinations of alkalinity, total dissolved solids, and major nutrients (nitrite, 
nitrate, ammonia, organic nitrogen, total phosphorus and orthophosphate), major ions (calcium, 
potassium, sodium, magnesium, chloride, fluoride, sulfate, and silica), and trace metals (cadmium, 
chromium, cobalt, copper, lithium, lead, iron, manganese, nickel, and zinc).

Concentrations of lead exceeded 1 M£/L in six samples; the maximum concentration was 6 M£/L. 
The concentration of mercury exceeded 0.2 Mg/L in three samples; the maximum concentration was 
1.8 Mg/L. The concentration of manganese exceeded 50 M£/L in two samples from the West Branch Red 
Clay Creek at Kennett Square; the maximum concentration was 130 M-g/L. Concentrations of metals, trace 
constituents, and inorganic constituents did not indicate a water-quality problem in samples from the East 
Branch Red Clay Creek near Five Point.

Four bottom-material samples, two from the East Branch Red Clay Creek near Five Point and two 
from the West Branch Red Clay Creek at Kennett Square, were analyzed for insecticides, PCB, and PCN in 
1983, 1985, and 1986. PCB was detected in the West Branch Red Clay Creek at Kennett Square at a 
maximum concentration of 5,600 ng/kg and methoxychlor was detected at a concentration of 88 ng/kg. 
PCB was detected in the East Branch Red Clay Creek near Five Point at a maximum concentration of 
4 M-g/kg. PCN was detected at a concentration of 1 M£/kg, and lindane was detected at a concentration of

Biological sampling involved the collection of benthic macroinvertebrates so that a diversity index 
could be determined and used for assessing water quality. Because many benthic invertebrates live on or 
under rocks on the stream bottom, benthic invertebrate samples were collected from a riffle by selecting 10 
rocks and collecting the associated organisms (Lium, 1974).

Stream benthic invertebrate samples were collected at two sites, East Branch Red Clay Creek near 
Five Point and West Branch Red day Creek at Kennett Square. The benthic invertebrate community is 
described by use of a descriptive statistic called the diversity index. Brillouin's diversity index (Brillouin, 
1962) was calculated for both sites. The diversity index is composed of two quantitative properties (1) the 
number of different kinds of organisms (taxa) and (2) their relative abundances. The diversity index 
generally ranges from 0 to 4.0; it ranges between 3.0 and 4.0 in waters free of organic waste, between 1.0 
and 3.0 in waters receiving moderate quantities of organic waste, and below 1.0 in waters receiving heavy 
quantities of organic waste (Wilhm and Dorris, 1968; Wilhm, 1970). Brillouin's diversity index has 
increased at East Branch Red Clay Creek near Five Point from levels indicating a severely stressed 
community in 1970 to levels that indicate a stressed community in 1990 (fig. 8). Brillouin's diversity index 
has increased at the West Branch Red Clay Creek at Kennett Square from levels indicating a severely 
stressed community in 1970 to levels indicating an intermediate community in 1990 (fig. 9). Both sites in 
the Red Clay Creek Basin have a diversity index that is associated with water containing moderate 
quantities of organic waste. The increases in diversity index suggest improved water-quality conditions. 
This improvement may be the result of a decrease in the use of organochlorine pesticides and the 
implementation of the Clean Water Act.

26



UNSTRESSED 
COMMUNITY

INTERMEDIRTE 
COMMUNITY

STRESSED 
COMMUNITY

SEVERELY 
STRESSED 
COMMUNITY

YEAR

Figure 8.~Brillouin's diversity index at the biological sampling site on East Branch Red Clay 
Creek near Five Point (01479800), 1970-90.
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Figure Q.-Brillouin's diversity index at the biological sampling site on West Branch Red 
Clay Creek at Kennett Square (01479680), 1970-90.
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SIMULATION OF GROUND-WATER FLOW

A two-dimensional, finite-difference model of ground-water flow was used to estimate effects of 
increased ground-water development in the Red Clay Creek Basin. All aquifer hydraulic conductivities 
used in this report are horizontal hydraulic conductivities. All streambed hydraulic conductivities used in 
this report are vertical hydraulic conductivities. The design and calibration of the model is discussed 
below.

Model Description

Ground-water flow was simulated using the computer codes written by McDonald and Harbaugh 
(1988) and Prudic (1989). Ground-water flow in the physical system is represented mathematically by a 
partial differential equation. The McDonald and Harbaugh code uses a finite-difference approximation to 
solve the flow equation for hydraulic head. In order to use a finite-difference approximation, a grid is 
superimposed over the modeled area, and aquifer physical and hydraulic parameters necessary to solve 
the flow equation are averaged over the area of each cell or grid block and assigned to a node at the center 
of the block. The strongly implicit procedure was used to simultaneously solve the flow equation for each 
cell by iteration.

Prudic's (1989) computer code was used to simulate the interaction between the aquifer and stream 
system and to account for the amount of flow in streams. The stream system is divided into reaches and 
segments. A reach corresponds to an individual cell. A segment is a group of reaches connected in 
downstream order. The division of the stream system into segments permits streamflow from two or more 
tributary segments to be added to the first reach of the downstream segment. Leakage between the stream 
and the underlying aquifer is calculated on the basis of the head difference between the stream and aquifer 
and a conductance term. The equation is

Q = (KLW/M)(Hs -Ha), (2)

where Q is leakage to or from the aquifer,
K is vertical hydraulic conductivity of the streambed,
L is length of the reach,

W is width of stream,
M is thickness of streambed, 
Hs is head in the stream, and 
Ha is head in the aquifer.

The conductance term is the first part of the equation, K L W/M. The leakage is added or subtracted 
(for leakage out of or into the aquifer, respectively) from the flow entering the reach.

A two-dimensional steady-state model was used to simulate the aquifer, stream system, and the 
stresses acting on the stream-aquifer system. Stresses represented in the model are natural recharge to and 
discharge from the aquifer, pumpage, and pumpage returns. Sources of water to the aquifer include 
recharge from precipitation, leakage from streams, and pumpage returns. Discharges of water from the 
aquifer include ground-water evapotranspiration, ground-water discharge to streams, and pumpage.

Model Design

The ground-water-flow system in the Red day Creek Basin was discussed in the Hydrology section, 
which included a description of ground-water flow, specific capacity and well yield of the hydrogeologic 
units, recharge to and discharge from the basin in the form of water budgets, and ground-water/surface- 
water relations. In order to design a digital model of the ground-water-flow system, the complex physical 
system was simplified, the basin was descretized into a rectangular grid, and boundary conditions and 
model-input data were specified.
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Simplified Conceptual Model
The complex physical hydrologic system is simplified in the conceptual model in order to create a 

digital model. The set of simplifying assumptions used to create the model are as follows:

1. The fractured crystalline rocks and overlying saprolite act as one heterogeneous 
aquifer under unconfined conditions.

2. The fractured-rock aquifer can be simulated as an equivalent porous medium because fracture 
density is sufficiently great that aquifer hydraulic characteristics are similar to those of a porous 
medium when the aquifer is simulated on a regional scale. The water-level map of the basin 
(Vogel and others, 1991) indicates that ground-water flow is continuous on the regional scale of 
the basin.

3. Ground-water flow is horizontal.

4. The aquifer is isotropic.

5. Ground water does not cross basin boundaries. The water-level map of the basin (Vogel and 
others, 1991) indicates that ground-water and surface-water divides coincide.

6. Although hydraulic conductivity varies spatially (both horizontally and vertically) and
depends on the hydrogeologic unit in the physical system, an average hydraulic conductivity is 
assigned to each hydrogeologic unit. For each hydrogeologic unit, the hydraulic conductivity is 
varied according to the topographic setting of the model cell, such that hydraulic conductivity 
decreases from valley to hillside to hilltop.

7. Recharge is predominantly from precipitation and is distributed uniformly over non-stream cells. 
For stream cells, recharge is reduced by a percentage corresponding to the area of the discharge 
zone in the stream cell.

Model Grid
The modeled area of the Red Clay Creek Basin is slightly smaller than the study area because the 

contributing drainage area to Hoopes Reservoir (2 mi2) was excluded from the model. The ground water 
and surface water in the Hoopes Reservoir drainage area is isolated from the rest of the basin because 
ground-water divides coincide with surface-water divides, no ground water flows across the ground- 
water divides, and surface water is not released to Red Clay Creek (see Description of Study Area). 
Seepage under the dam is considered negligible compared to the total flow system of the basin. Thus, the 
contributing area to Hoopes Reservoir is not included in the digital model.

The modeled area of the Red Clay Creek Basin was descretized into a rectangular grid composed of 
77 rows and 38 columns (fig. 12). Grid spacing was a uniform 1,000 ft throughout the modeled area. The 
number of active cells in the grid was 1,454 and covers a total area of 52.2 mi2. The axes of the model grid 
were aligned with the major directions of ground-water flow determined from the water-level map of the 
basin (Vogel and others, 1991). The cell location notation used in this report is (row, column). For example, 
(12,28) denotes a cell in the 12th row and 28th column of the model grid.

Boundary Conditions
Boundary conditions are specified for the upper surface, bottom, and sides of the modeled area and 

are coincident with hydrologic features. The upper surface of the modeled area is represented by the 
water-table surface and by Red Gay Creek. The water-table surface is considered a specified-flux 
boundary where the flux is constant areal recharge. Where the upper surface is represented by the creek, it 
is considered a head-dependent-flux boundary (fig. 10). Flux across the streambed-aquifer surface changes 
in response to changes in head in the aquifer. The base of the aquifer is coincident with the bottom of the 
open-fracture zone at which depth ground-water flow ceases. Because no flow crosses the bottom of the 
aquifer, it is a specified-flux (no-flow) boundary. The periphery of active model cells marks the lateral 
boundary of the Red Clay Creek Basin and coincides with the ground-water divide determined from the 
water-level map of the basin (Vogel and others, 1991). Because no flow crosses the ground-water divide,
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the sides of the modeled area are a specified-flux (no-flow) boundary (fig. 10). Thus, the boundary 
conditions of the upper surface, bottom, and sides of the modeled area are represented by specified-flux, 
head-dependent-flux, and specified-flux (no-flow) boundaries.

Model-Input Data
Aquifer characteristics specified in the model include the altitude of the base of the aquifer, water- 

table altitude, and aquifer hydraulic conductivity. The difference between the average land-surface 
elevation and aquifer thickness was used to define the altitude of the base of the aquifer. The average land- 
surface elevation for each grid block was determined from 7.5-minute topographic maps. The thickness of 
the aquifer was determined from a water-bearing zone analysis (table 3). Although no wells in the study 
area were drilled deeper than 600 ft, a water-bearing-zone analysis by Sloto (1994) for wells drilled in the 
crystalline rocks of Chester County indicates that wells drilled deeper than 600 ft encountered no fractures 
below 600 ft. Additional data might indicate water-bearing fractures exist below 600 ft, but ground-water 
flow at such depths would be a negligible percentage of the total ground-water flow in the aquifer; 
therefore, the lower extent of the fracture zone or thickness of the aquifer is assumed to be 600 ft below 
land surface.

Water-table altitudes were estimated from the water-level map of the basin (Vogel and others, 1991). 
The water-level map was constructed from water levels measured in 375 wells. The accuracy of the water- 
level contours and, therefore, the water-table altitudes estimated from the contoured water-level surface, 
depends on the density and distribution of measured water levels.

Specific-capacity tests of 77 wells, aquifer tests of 6 wells, and reported values of aquifer horizontal 
hydraulic conductivity were used to obtain initial estimates of hydraulic conductivity. Each model cell was 
assigned a hydraulic conductivity on the basis of the predominant hydrogeologic unit and topographic 
setting of the cell. If two hydrogeologic units of equal area were found in a cell, the mean of the two 
hydraulic conductivities was assigned to the cell. The Wissahickon Formation was divided into a northern 
and southern unit (see discussion in Steady-State Simulation section), and estimates of hydraulic 
conductivity are given for each unit. The southern Wissahickon Formation is defined as all of the 
Wissahickon Formation south of Toughkenamon and Rosedale, Pa. (see pi. 1).

The method of Theis (1963, p. 332-336) was used to estimate transmissivity from specific-capacity 
data. The length of specific-capacity tests ranged from less than 1 hour to 72 hours; the median length was 
2 hours. A specific yield of 0.08 was used in estimating transmissivity; this specific yield is within the 
range determined by Olmsted and Hely (1962, p. 16-18) for the same hydrogeologic units in the adjacent 
Brandy wine Creek Basin. Hydraulic conductivity was estimated by dividing the transmissivity by the 
footage of uncased borehole below the water table.

Estimates of hydraulic conductivity obtained from the specific-capacity and aquifer tests are listed 
by hydrogeologic unit and topographic setting in tables 10 and 11, respectively. Because specific capacity 
decreases with time and other factors, the hydraulic conductivities determined from the aquifer-test data 
(length of tests ranged from 12 to 48 hours) may be better estimates than the hydraulic conductivities 
determined from the specific-capacity tests. However, few aquifer-test data are available for the basin. The 
median hydraulic conductivity determined from specific-capacity tests for wells with a hillside 
topographic setting was used as the initial estimate of aquifer hydraulic conductivity.

For hydrogeologic units lacking specific-capacity test data, hydraulic conductivities were obtained 
from other studies. Median hydraulic conductivities of 0.36,0.96, and 0.44 for wells with a hillside 
topographic setting for pegmatite, serpentinite, and gneiss, respectively, were obtained from D.J. Low, D.J. 
Hippe, and D.S. Yannacci (U.S. Geological Survey and Pennsylvania Geological Survey, written commun., 
1991). The hydraulic conductivity of gneissic rocks was used for the felsic and mafic gneiss that crop out in 
Delaware. An initial estimate of hydraulic conductivity of 2.6 for the Potomac Formation was obtained 
from tiiickness and model-calibrated transmissivity maps of Martin (1984, p. 13 and 58, respectively).
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Figure 10.--Model grid and boundary conditions.
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Table 11.-Values of transmissivity, coefficient of storage, and horizontal hydraulic conductivity 
for selected aquifer tests in the Red Clay Creek Basin, Pennsylvania and Delaware 
[All aquifer tests were analyzed by the method of Cooper and Jacob (1946); ftfyd, 
feet squared per day; ft/d, feet per day;  , no data available; gal/min, gallons per minute; 
DCS, Delaware Geological Survey]

Well number, topography, 
and hydrogeologic unit

CH-57 
valley 
Cockeysville Marble

CH-1949 
valley 
felsic gneiss

Bc3l-08 
hillside
Wissahickon Formation, 
southern

Date, duration 
of test, and 

pumping rate
5-28-74 
48 hours 
245 gal/min

8-8-69 
35 hours 
110 gal/min

12-1-80 
24 hours
48 gal/min

Analysis by

RoyF.Weston 2

Roy F. Weston

John H. Talley, 
DCS

Coefficient of 
Transmissivity storage 

(frVd) (dimensionless)

1,270

305 0.10

24

Hydraulic 
conductivity 1 

(fl/d)

91

2.8

.10

Bc42-10 11-19-82 
hillside 12 hours 
Wissahickon Formation, 30 gal/min 
southern

John H. Talley, 
DCS

35 .10

Bc42-ll 11-19-82 
hillside 12 hours 
Wissahickon Formation, 30 gal/min 
southern

John H. Talley, 
DCS

35 .12

Bc52-27 3-16-80 
hillside 24 hours 
Wissahickon Formation, 90 gal/min 
southern

John H. Talley, 
DCS

.38 .16

1 Hydraulic conductivity calculated by the U.S. Geological Survey by dividing transmissivity by the depth of uncased borehole.
2 Any use of trade, product, or firm names is for descriptive purposes only and does not imply endorsement by the U.S. Geological Survey.
3 Calculated for last 300 minutes of the aquifer test

Because the water-yielding potential of the aquifer is related to topographic setting (see Hydrology 
section), hydraulic conductivity was adjusted according to the predominant topographic setting of each 
model cell determined from a 7.5-minute topographic map. The topographic settings used were hilltop, 
hillside, and valley Hydraulic conductivity was multiplied by a factor of 0.3,1.0, or 1.75 for a hilltop, 
hillside, or valley setting, respectively If two topographic settings were represented equally in a model 
cell, the mean of the two multipliers was used. The topographic multipliers used in this report are similar 
to topographic multipliers used by Gerhart and Lazorchick (1988) and Sloto (1990). Gerhart and 
Lazorchick (1988, p. 23) used topographic multipliers of 0.2 for hilltop, 1.0 for hillside, and 1.5 for valley 
settings for Piedmont and Conestoga Valley metamorphic rocks. Sloto (1990, p. 40) used topographic 
multipliers of 0.5 for hilltop, 1.0 for hillside, and 1.5 for valley settings for Triassic sedimentary rocks, 
Cambrian and Ordovician carbonate rocks, and Precambrian and Cambrian metamorphic rocks.

Data needed to simulate the stream system are identification of model cells representing streams 
and stream routing (interconnection), stream stage, altitude of streambed bottom and top, and streambed 
conductance. Prudic's (1989) computer code uses these data to calculate leakage between the aquifer and 
the stream and to account for the total streamflow entering and leaving each stream reach. Red Clay Creek

33



was descretized (fig. 10) into 419 stream cells. The average stream stage for each model cell was estimated 
from 7.5-minute topographic maps. The altitude of the streambed bottom and top was set to 2 ft and 1 ft 
below stream stage, respectively.

Streambed conductance is defined as the vertical hydraulic conductivity of the streambed material 
times the product of the width of the stream and its length divided by the thickness of the streambed and 
is determined for each stream reach. Streambed hydraulic conductivity is unknown. Streambed commonly 
consists of gravel and fractured bedrock with sand and clay deposits on the inside of meanders or behind 
impoundments. The initial value of streambed hydraulic conductivity for all stream reaches was set to 
0.28 ft/d, a value within the range of hydraulic conductivities of fractured metamorphic rocks (Freeze and 
Cherry, 1979, p. 29). The length of the stream reach is the length of the model cell. The width of the stream 
reach was set equal to the measured width of the stream at the nearest downstream base-flow 
measurement site. Thickness of the streambed was assumed to be 1 ft.

The aquifer stresses simulated were recharge, ground-water evapotranspiration, and pumpage. 
Under steady-state conditions, the volume of water recharging an aquifer is equal to the volume of water 
discharged from the aquifer (no change in storage). In the model, water is discharged from the aquifer as 
base flow, ground-water evapotranspiration, and ground-water pumpage removed from the basin. Thus, 
model recharge is set equal to the sum of base flow, ground-water evapotranspiration, and pumpage 
removed from the basin. Recharge from precipitation is distributed evenly over the basin for non-stream 
model cells. For stream cells, recharge was reduced to account for the part of the stream cell that is 
assumed to be a discharge area. The reduction in recharge for stream cells ranged from 4 to 25 percent 
depending on the size of the stream valley.

Sloto's estimated average annual ground-water evapotranspiration (GW ET) rate of 2 in/yr (Sloto, 
1990, p. 28) was used in this study. The model simulates ET from the water table by adjusting the ET rate 
from a maximum rate at land surface to zero at a specified extinction depth. Between the land surface and 
the extinction depth, ET varies linearly with water-table altitude. The extinction depth is 10 ft. The 
maximum GW ET rate was adjusted during model calibration to obtain a GW ET rate of 2 in/yr.

Ground-water pumpage was simulated for ground-water users that withdrew an average of 
0.03 Mgal/d or more and discharged wastewater to a stream or a spray-irrigation system. Wastewater 
returned to the aquifer by a spray-irrigation system was simulated as a recharge well; 50 percent of the 
pumpage was assumed lost to consumption and evapotranspiration (Pennsylvania Department of 
Environmental Resources, 1972). Information on ground-water withdrawals for 1988-90 was obtained 
from the State Water Plan Division of the Pennsylvania Department of Environmental Resources Water- 
Use-Data System, Division of Water Resources Water Supply Branch of the Delaware Department of 
Natural Resources and Environmental Control, Engineering Division of the Chester County Health 
Department, and Chester County Planning Commission (1985a, b).

Domestic users and small commercial or industrial users with small consumptive losses (less than 
10 percent) commonly return pumpage to the aquifer by on-site septic systems. Thus, the amount of 
domestic and small commercial and industrial pumpage lost to the basin was assumed to be negligible 
and was not simulated.

In the model, some ground-water pumpage was returned to streams as wastewater discharge. 
Prudic's (1989) computer code permits streamflow to be added to the first reach of a stream segment- 
therefore, wastewater discharges located near headwater stream reaches were easily added to streamflow. 
In order to add wastewater discharge to stream segments at locations other than the first reach, a 
"tributary" of one reach and a streambed conductance equal to zero was specified at the location of the 
actual wastewater-discharge site. Setting the streambed conductance to zero prevented interaction 
between the aquifer and wastewater "tributary." Thus, no leakage from the aquifer was added to the 
wastewater "tributary," and wastewater did not leak from the "tributary" to the underlying aquifer.

Prudic's (1989) computer code was used to simulate surface-water diversions where the diverted 
water was not returned to the surface-water system. The NVF Company diverts surface water from the 
Red Clay Creek near the Pennsylvania-Delaware State line. The majority of this water is returned to Red 
Clay Creek downstream at Yorklyn, Del. A smaller percentage of the diversion is sent to the New Castle
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County Sewage Treatment Plant outside of the basin, and some of the diversion is lost through 
evaporation. The amount of the diversion lost through evaporation and exportation is the amount 
simulated as a diversion from Red Clay Creek. A one-model-cell reach was used to simulate the diversion; 
Prudic's (1989) computer code permits the amount of diverted streamflow to be subtracted from the 
streamflow of the creek. The conductance of the diversion reach is set equal to zero to prevent the 
diversion from leaking into the aquifer and to prevent ground water from discharging to the diversion 
reach. Thus, the diversion is effectively removed from the simulated basin system just as it is removed 
from the basin.

Model Calibration
The steady-state model was calibrated by trial and error adjustment of the input data in order to 

produce model-simulated heads and base flows that compared favorably to measured values of head and 
base flow. The input data adjusted during calibration were aquifer and streambed hydraulic conductivities 
and maximum GW ET rate. Simulated heads and base flows were tested for sensitivity to changes in 
aquifer and streambed hydraulic conductivities, as well as other input variables, during and after model 
calibration.

Calibration Criteria
The criteria used to determine an acceptable match between simulated heads and measured and 

inferred heads and between simulated and measured base flows are subjective, although the goal of the 
matching process is to minimize the difference between simulated and measured heads and base flows. 
During model calibration, improvements in the model were determined by calculating the root mean 
square error (RMSE). The RMSE is a measure of the error in the simulated head over the entire modeled 
area and is calculated by use of the following equation:

i
(I, (measured or inferred head - simulated head) 2 VRMSE =           -  -    :           . (3) 
V number of comparisons )

If the RMSE decreased, then the adjustments to the input data were retained. In addition to the RMSE, the 
percentage difference between measured and simulated base flows was evaluated. If the percentage 
difference decreased, then the adjustments to the input data were retained. The model was considered 
calibrated when the following criteria were met:

1) A distribution of aquifer and streambed hydraulic conductivities was maintained within the 
range of values obtained from specific-capacity and aquifer tests (tables 10 and 11) and published 
values from laboratory tests, field measurements, or other reports (table 12), respectively. 
Although no unique solution meets these criteria, the solution obtained is supported by 
hydrologic data.

2) The simulated heads and base flows reasonably matched measured or inferred heads and base 
flows.

3) Simulated flow directions agree with those represented in the water-level map constructed from 
static water-level measurements in 375 wells (Vogel and others, 1991).

4) Visual inspection of the areal distribution of the residuals or differences between heads
interpolated from the water-level map (Vogel and others, 1991) and simulated heads indicated no 
consistent pattern of positive and negative or high and low values.

Steady-State Simulation
Steady-state conditions imply that the system is in equilibrium, such that inflow is equal to outflow, 

and ground-water storage does not change. If no change in ground-water storage occurs, then ground- 
water levels remain constant. A steady-state simulation of base-flow conditions on November 2,1990, was

35



Table 12.-Values for streambed hydraulic conductivity used by various investigators 
[Modified from Willey and Achmad (1986); ft, feet; ft/d, feet per day]

Hydraulic 
conductivity

(ft/d) Remarks Reference

0.99 Assuming a semiconfining layer 1 ft thick, Willey and Achmad (1986, p. 17) 
Wissahickon Formation

0.06 - 5.2 Seepage loss measurements Fidler (1975, p. 11) 
1.9 Field test average for sand and gravel Haeni (1978, p. 19) 

.09-3.9 Laboratory, sand and gravel Haeni (1978, p. 19) 
2 Final value used in model simulation for this study Haeni (1978, p. 29) 

.09 -15.2 Variable head permeameter, field tests in various Rosenshein and others (1968, p. 23) 
materials

3.4 Flood-plain sediments, laboratory tests Kilpatrick (1964, p. 332) 
10.5 - 31.5 Silty sands, laboratory tests Kilpatrick (1964) 

10.5 Saprolite, laboratory tests Kilpatrick (1964) 
5.3 When assuming a restrictive layer 1 ft thick, McGreevy and Sloto (1980, p. 18) 

_________graphitic gneiss___________________________ __________________

used to calibrate aquifer and streambed hydraulic conductivity. Ground-water levels measured at 15 
observation wells in the basin showed an average change of only 0.57 ft from October through November 
1990 (fig. 6). In addition, the basin is not undergoing any long-term adjustments because of natural or 
anthropogenic events.

The stresses simulated for the steady-state conditions on November 2,1990, were recharge, GW ET, 
pumpage, and pumpage returns. Recharge was calculated by adding base flow, GW ET, and pumpage 
removed from the basin on November 2. A recharge rate of 1.9 x 10'3 ft/d (8.32 in/yr) was used. Base flow 
from the area underlain by crystalline rock was 29.8 ftVs (8.03 in/yr) at the Stanton, Del., streamflow- 
measurement station on November 2. A maximum GW ET rate of 1.4 x 10"4 ft/d (0.61 in/yr) was used; this 
rate yielded 0.01 in. of GW ET. GW ET of 0.01 in. was estimated for November 2 by dividing the estimated 
average annual GW ET by the number of days of GW ET annually. GW ET was assumed from April 
through November (244 days). Pumpage simulated in the basin is listed in table 13. Pumpage returns as 
wastewater discharge to streams and surface-water diversions are listed in table 14. Pumpage removed 
from the basin was 0.71 Mgal/d (0.28 in/yr).

Final calibrated aquifer hydraulic conductivities are compared to the initial values in table 15. The 
calibrated values are of the same order of magnitude as the initial values, except for the Cockeysville 
Marble and pegmatite. Specific-capacity tests used for estimating the hydraulic conductivity of the 
Cockeysville Marble are for nondomestic wells, and the well locations commonly were chosen to obtain 
the maximum yield. Thus, the data are skewed toward high-yielding wells and probably do not represent 
the hydrogeologic unit as a whole. The final model value for the Cockeysville Marble agrees well with the 
median hydraulic conductivity of 3.51 ft/d provided by D.J. Low, D.J. Hippe, and D.S. Yannacci (U.S. 
Geological Survey and Pennsylvania Geologic Survey, written commun., 1991) for domestic wells 
completed on slopes in Cockeysville Marble.

The calibrated model values for aquifer and streambed hydraulic conductivity are estimates of these 
properties on a regional scale. The hydraulic conductivity varies locally; however, in the model, an average 
value of hydraulic conductivity was assigned to each hydrogeologic unit. The calibrated values of 
hydraulic conductivity are within the range of measured values.

Streambed vertical hydraulic conductivity was evaluated with respect to the underlying 
hydrogeologic unit. Observations of streambed material made during base-flow measurements indicated 
that the streambed mainly is composed of coarse material and bedrock, except for the streambed over the 
Cockeysville Marble, which is composed of fine sand and clay. Thus, the streambed hydraulic conductivity 
is assumed to reflect the hydrologic properties of the underlying bedrock.

36



Table 13.--Ground-water pumpage and pumpage return rates used in simulation for November 2,1990
[Negative sign indicates recharge to the aquifer; Mgal/d, million gallons per day; CCHD, Chester County 
Health Department; PaDER, Pennsylvania Department of Environmental Resources; DNREC, Delaware 
Department of Natural Resources and Environmental Control]

Model node

Row

13

Column

6

Pumpage
rate

(Mgal/d)

0.03 Univ

Well owner and well number

ersity of Pennsylvania, New Bolton Center,

Source of data

CCHD
CH-2062andCH-2063

15 21 .369 Borough of Kennett Square Water System, CH-45 CCHD
16 24 .04 Long wood Gardens, CH-57 CCHD
16 26 .04 Longwood Gardens, CH-2125 CCHD
17 25 -.008 Longwood Gardens, spray-irrigation system simulated as PaDER 1

a recharge well
24 13 .093 Seneca-KennettFoods; CH-2012, CH-2013, and PaDER 2

CH-2400
25 14 .243 National Vulcanized Fiber Company, CH-31 and CH-43 PaDER 2
25 17 .166 Mushroom Co-op Canning, CH-3210, CH-3211, and PaDER 2

CH-3212
58 26 .040 Hercules, Lie; composite of 3 wells DNREC 
59______27_____.120 Hercules, Lie; composite of 8 wells_____________DNREC________

1 For 1990,50 percent of Longwood Garden's wastewater was disposed through the spray-irrigation system (Jim Cogill, Longwood Gardens, 
oral commun., 1991). An estimated 50 percent of the wasterwater disposed through the spray-irrigation system reached the aquifer.

2 Data for 1990 were not available; therefore, pumpage rates were estimated from 1988 data.

Table 14.-Sewage treatment plant, industrial, and commercial discharges to and withdrawals from Red Clay Creek 
used in the simulation for November 2,1990
[Negative sign indicates surface-water withdrawal; Mgal/d, million gallons per day; PaDER, Pennsylvania Department 
of Environmental Resources; NVF, National Vulcanized Fiber]

Model node

Row

14 

19

Column

5 

26

Discharge 
rate 

(Mgal/d)

0.028 

.016

Discharger and stream

University of Pennsylvania, New Bolton Center, South 
Brook 
Longwood Gardens, unnamed tributary to East Branch

Source of data

PaDER 

PaDER 1
Red Clay Creek referred to in this report as Longwood
tributary 

21 24 .031 East Marlborough Township Sewage Treatment Plant, PaDER
Longwood tributary

24 13 .026 Seneca-Kennett Foods, West Branch Red Clay Creek PaDER 
26 14 .314 NVF Company, unnamed tributary to West Branch Red PaDER 2

Clay Creek
26 18 .074 Mushroom Co-op Canning, East Branch Red Clay Creek PaDER
27 12 .760 Borough of Kennett Square Sewage Treatment Plant, West PaDER

Branch Red Clay Creek 
39_____19 3 -.826 NVF Company, Red Clay Creek_______________NVF__________

1 For 1990,50 percent of Longwood Garden's wastewater was disposed through the spray-irrigation system and 50 percent was discharged to 
the Longwood tributary (Jim Cogill, Longwood Gardens, oral commun., 1991).

2 Data for 1990 were not available; therefore, discharge rates were estimated from 1991 data.
3 Diversion is set equal to the amount of withdrawal not returned to the Red Clay Creek. The diverted water is exported from the basin to the 

New Castle County Sewage Treatment Plant.
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Table 15.--Initial estimates and calibrated values for aquifer horizontal hydraulic 
conductivity in the Red Clay Creek Basin, Pennsylvania and Delaware 

[Values are for hillside topographic setting]

Hydraulic conductivity (feet per day)

Hydrogeologic unit

Potomac Formation
Felsic and mafic gneiss (Delaware)
Serpentinite
Pegmatite
Wissahickon Formation, northern
Wissahickon Formation, southern
Cockeysville Marble
Setters Formation
Mafic gneiss (Pennsylvania)
Felsic gneiss (Pennsylvania)

Initial estimate

2.60
.44
.96
.36
.31
.28

26.28
.43
.73
.22

Calibrated value

2.60
.44
.96
.07
.27
.15

1.52
.24
.15
.19

Final calibrated streambed hydraulic conductivities are compared to the initial values in table 16. 
Although the streambed hydraulic conductivity may vary locally and with hydrogeologic unit, the same 
initial value was assigned to all hydrogeologic units because of the lack of data on streambed hydraulic 
conductivity. Calibration of the streambed hydraulic conductivity was accomplished by adjusting the 
initial value of streambed hydraulic conductivity in the same manner for all stream reaches overlying the 
same hydrogeologic unit. Because no data on streambed hydraulic conductivity in the study area were 
available, the adjustment of streambed hydraulic conductivity was constrained to the range of values 
obtained from laboratory tests, field measurements, and other ground-water-flow-simulation reports 
(table 12). If simulated base flows were not sensitive to changes in the streambed hydraulic conductivity, 
the initial model value of streambed hydraulic conductivity was retained. Final streambed hydraulic 
conductivities range from 0.08 to 26 ft/d. The low streambed hydraulic conductivity for the Cockeysville 
Marble, 0.08 ft/d, probably is because the streambed material consists of fine sand and clay. The streambed 
hydraulic conductivities for the northern and southern Wissahickon Formation units differed in the same 
manner that the aquifer hydraulic conductivity differed; aquifer and streambed hydraulic conductivity 
was higher in the northern Wissahickon Formation than in the southern Wissahickon Formation.

Table 16.--Initial estimates and calibrated values for streambed vertical hydraulic conductivity 
in the Red Clay Creek Basin, Pennsylvania and Delaware

Streambed hydraulic conductivity 
______(feet per day)______

Underlying hydrogeologic unit Initial estimate Calibrated value

Potomac Formation
Felsic and mafic gneiss (Delaware)
Wissahickon Formation, northern
Wissahickon Formation, southern
Cockeysville Marble

Setters Formation
Mafic gneiss (Pennsylvania)
Felsic gneiss (Pennsylvania)

0.28
.28
.28
.28
.28

.28

.28

.28

26.00
.28

8.2
.15
.08

4.7
.28
.15
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Eighty-five sites measured during base-flow conditions from October 31 to November 2,1990, were 
used for comparison of simulated and measured base flow. A comparison of simulated and measured base 
flow is shown in figure 11 and listed in table 17. For 67 percent of the sites, simulated base flow is within 
20 percent of the measured base flow, and for 80 percent of the sites, simulated base flow is within 
30 percent of the measured base flow. Figure 11 shows that for base flows greater than 1 ftVs, the relation 
between simulated and measured base flows is good. For base flows less than 1 ftVs, the percentage 
difference between measured and simulated base flow may be more than 20 percent of the measured base 
flow, although the actual difference can be as low as 0.01 to 0.02 ftVs.

For simulated and measured and interpolated head comparisons, head for each model cell was 
estimated from the water-level map of the Red Clay Creek Basin constructed from measurements made 
June through October 1989 and March 1990 (Vogel and others, 1991). The water-level surface mapped in 
1989 is considered comparable to water-level conditions on November 2,1990, because the configuration 
of the water-level surface generally remains the same, but water levels fluctuate in response to natural 
recharge and discharge; the amplitude of this fluctuation generally was less than 10 ft for 1988-90 (table 
18). Thus, the amplitude of the water-level fluctuation is within the accuracy of the 20-ft-contour interval 
used on the water-level map. A comparison of water levels at 15 observation wells during the measure­ 
ment period for the water-level map and the steady-state calibration (table 18) shows that the median 
water-level difference for the two periods is 3.60 ft.

The RMSE for the calibrated model is 20.53 ft. This is comparable to RMSE values of 19.54 ft 
obtained by Sloto (1990) and 21.19 ft obtained by Sloto and others (1991) for fractured-rock-aquifer models 
of similar size and scale. The average difference between simulated and measured or inferred head for all 
model cells is 0 ft and the absolute average difference is 15 ft.

A comparison of simulated and measured head at 14 observation wells is listed in table 19. 
Simulated head at observation well locations was calculated from weighted values of head at the nearest 
surrounding nodes such that the weight is proportional to the inverse of distance to the observation well 
location (Harbaugh and Tilley, 1984, p. 21). The average difference between simulated and measured head 
at observation wells is 5.8 ft, and the absolute average difference is 17.4 ft. The median difference between 
simulated and measured head at observation wells is -1.6 ft.

The altitude and configuration of the simulated water-level surface of the aquifer is shown on plate 
2. The subbasin ground-water divides that coincide with the surface-water divides for the East and West 
Branches of the Red Clay Creek and Burroughs Run are simulated by the model, as well as many of the 
subbasin ground-water divides that coincide with the surface-water divides of smaller tributaries. Thus, 
the simulated heads maintain the ground-water-flow directions inferred from the water-level map (Vogel 
and others, 1991).

No distributional biases or patterns are in the areal distribution of residuals (difference between 
simulated and measured or inferred head), either in positive and negative values or in high and low 
values. Distributional biases in the residuals may indicate that the hydrologic characteristics used in the 
model are inappropriate (Gerhart and Lazorchick, 1988, p. 30). If the residuals for a hydrogeologic unit 
show distributional biases, Gerhart and Lazorchick (1988, p. 30) suggest dividing the unit. During steady- 
state calibration, the Wissahickon Formation showed distributional biases of the residuals; therefore, the 
Wissahickon Formation was divided into a northern and southern unit (as described in the Model-Input 
Data section). Examination of the hydraulic conductivity estimates from specific-capacity and aquifer tests 
indicates that the hydraulic conductivity of the southern unit is less than that of the northern unit (see 
tables 10 and 11) and that dividing the Wissahickon Formation into two units is appropriate.

In some areas of the model, simulated and estimated heads do not match well. Generally, these areas 
are located adjacent to the basin boundaries or in areas of large changes in topography and water-level 
altitude. The area from Ashland, Del., to Hoopes Reservoir is an area where the topography is steep; here 
the Red Clay Creek Basin narrows so that the basin boundaries are close together. In this area, the 
difference between simulated heads and heads interpolated from the water-level map ranges from -81 ft to 
+86 ft, and simulated and interpolated ground-water divides of the small subbasins do not match.
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Table 17.--Measured and simulated base flow of Red Clay Creek
[Measurement sites shown on plate 1; base flow measured October 31- 
November 2,1990; ft3/s, cubic feet per second; <, less than]

Difference

Site number

1
2
5
6
6A
7
8
9
10
11
12
13
14
16
17
18
19
20
22
23
25
27
28
31
32
33
34
35
36
37
38
39
41
42
43
44
45
46
47
48
49
50

Measured base 
flow (ft3/s)

0.72
.56

2.2
3.3

.32
2.8

.06

.04
3.3
4.4

.31

.37

.63

.09
5.2
5.7

.38
6.1

.52

.56

.46
1.1
9.9

10
.72
.22
.99
.24

11
.33
.71
.15
.37
.23

2.0
1.9
2.0
2.9

.72

.93
1.3
.33

Simulated base 
flow (ft3/s)

0.84
.51

2.2
2.4

.35
2.7

.08

.05
3.2
4.6

.35

.57
1.1

.11
5.2
5.4

.51
6.2

.41

.48

.22
1.3
8.9

11
.80
.23

1.23
.24

12
.34
.85
.12
.31
.29

1.7
1.8
1.9
2.5

.52

.80
1.1

.26

Flow 
(ft3/s)

0.12
-.05

.0
-.9

.03
-.1

.02

.01

.1

.2

.04

.20

.44

.02

.0
-.3

.13

.1
-.11
-.08
-.24

.2
-1.0

1
.08
.01
.24

0
2

.01

.14
-.03
-.06

.06
-.3
-.1
-.1
-.4
-.20
-.13
-.2
-.07

Percent

17
9
0

27
9
4

33
25

3
5

13
54
70
22
0
5

34
2

21
14
52
18
10
10
11
4

24
0

18
3

20
20
16
26
15
5
5

14
28
14
15
21

41



Table 1/.--Measured and simulated base flow of Red Clay Creek-Continued

Difference

Site number

51
52
53
54B
55
56A
56B
58
62
63
64
65
66A
66B
66C
66D
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93

Measured base 
flow (f^/s)

1.6
1.7
2.0

.26
5.5

.39
17

.23

.88
19
18

.02

.18

.14

.07

.05
19

1.2
.39

2.3
.40

2.4
.22
.17
.32

3.6
.14

4.2
.92

27
.19
.23
.31
.08
.38

26
25

.48

.96
28
30

.26
33

Simulated base 
flow (ft3/s)

1.7
1.9
2.0

.16
5.1

.14
17

.28

.57
18
18

.02

.12

.20

.05

.02
19

1.0
.47

2.2
.36

2.4
.28
.18
.24

3.6
.13

3.80
.34

25
.20
.32
.34
.02
.22

27
27

.71
1.02

29
30

.43
31

Row 
(ft3*)

0.1
.2

0
-.10
-.4
-.25

0
.05

-.31
-1

0
0
-.06

.06
-.02
-.03

0
-.2

.08
-.1
-.04

0
.06
.01

-.08

0
-.01
-.4
-.58

-2
-.01

.'09

.03
-.06
-.16

1
2

.23

.06
1
0

.17
-2

Percent

6
12
0

38
7

64
0

22
35

5
0
0

33
43
28
60
0

17
20
4

10
0

27
6

25
0
7

10
63
11
5

39
10
75
42

<1
8

48
6
4
0

65
6

42
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Table 19.--Measured and simulated water levels at observation-well sites 1 
in the Red Clay Creek Basin, Pennsylvania and Delaware 
[Well locations shown on plate 1; measurement dates given in table 25; 
water level in feet above mean sea level]

Water level

Well number Measured Simulated Difference (feet)

CH-21

CH-28

CH-1921

CH-2120

CH-3283

CH-3284

CH-3285

CH-3286

CH-3287

CH-3288

Bb25-31

Bb25-32

Bc32-10

Bc43-16

352.0

348.8

363.3

385.7

208.9

383.8

406.4

366.9

320.6

304.1

193.1

175.6

161.8

238.4

350.5

361.4

362.7

400.7

224.9

371.7

378.2

387.1

324.4

314.2

170.7

189.6

154.5

157.5

1.5

-12.6

.6

-15.0

-16.0

12.1

28.2

-20.2

-3.8

-10.1

22.4

-14.0

7.3

80.9

1 Observation well CH-2598 excluded because of interference from nearby pumping well. 
Bc43-01 excluded becaused it is within the Hoopes Reservoir drainage area, which is not included in 
the model

Reducing grid spacing in areas of the model where there are large changes in topography and water-level 
altitude may improve the match between simulated and interpolated heads and refine the locations of 
ground-water divides.

The ground-water-flow model for the Red Clay Creek Basin is considered to be calibrated under 
steady-state conditions. The match between simulated and measured base flows and simulated and 
interpolated heads is considered acceptable. Because a porous-media model is used to simulate flow in a 
fractured-rock system, the model should not be used to estimate site-specific effects of stresses on head or 
base flow. The model can be used to simulate regional effects of long-term changes in recharge and 
discharge on the base flow of streams and on changes in head.

Sensitivity Analysis
Sensitivity analyses were used during model calibration to refine initial estimates of input variables 

and after model calibration to determine which input variables have the largest effect on simulated head 
and base flow. The model is said to be sensitive to an input variable when small changes in the value of 
that variable result in large changes in simulated head or base flow. Conversely, if large changes in the 
value of an input variable result in little or no change in simulated head or base flow, then the model is not 
sensitive to that variable, and the model is not useful for refining the initial estimate of the variable. If the 
model is sensitive to an input variable, additional data on the variable can help improve model calibration.

The calibrated model input variable values were used in the final sensitivity analysis simulations; 
the value of one variable, such as recharge rate, was varied over a reasonable range to test sensitivity. 
Incremental changes were made to the calibrated value of the tested variable, and heads and base flows 
from the sensitivity simulation were compared to heads and base flows from the calibrated model 
simulation. Incremental changes for each variable ranged from one-half to double the calibrated value.
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The variables tested were aquifer thickness, aquifer hydraulic conductivity, streambed hydraulic 
conductance, recharge rate, and maximum ground-water evapotranspiration rate. In sensitivity analysis 
simulations for aquifer hydraulic conductivity and streambed hydraulic conductance, values for each 
hydrogeologic unit were not varied independently of the other units in order to simplify the analysis. 
However, aquifer hydraulic conductivity and streambed hydraulic conductance were varied for each 
hydrogeologic unit for sensitivity analyses made during model calibration.

The effects of changing the value of an input variable on RMSE and total base flow are shown on 
figures 12 and 13, respectively. The slope of the line on figures 12 and 13 indicates the sensitivity of the 
model to the tested variable. The steeper the slope, the more sensitive the model is to the tested variable. 
Although some simulations produced a lower RMSE than the calibrated model, base flows resulting from 
these simulations were not as dose to base flows from the calibrated model.

The model was most sensitive to the recharge rate (figs. 12 and 13). When the recharge rate was 
varied from one-half to double the November 2,1990, rate (4.16 to 16.64 in/yr), the RMSE ranged from 
19.76 to 47.72 ft. Simulated base flow ranged from 12 percent less to 104 percent more (7.02 to 16.33 in.) 
than the calibrated base flow (8.02 in.) near the mouth of Red Clay Creek (site 93, pi. 1).

  AQUIFER THICKNESS 

D AQUIFER HYDRAULIC CONDUCTIVITY

A STREAMBED
HYDRAULIC CONDUCTANCE

RECHARGE RATE

V GROUND-WATER
EVAPOTRANSPIRATION RATE

0.6 0.7 0.8 0.9 1 1.1 1.2

MULTIPLICATION FACTOR
1.3 1.4 1.5 1.6 1.7 1.8 1.9 2

Figure 12.--Effect of varying the value of input variables on the root mean square 
error between measured or inferred and simulated head.
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Figure 13.--Effect of varying the value of input variables on total base flow.

The model was less sensitive to aquifer hydraulic conductivity and aquifer thickness. When aquifer 
hydraulic conductivity was varied from one-half to double the calibrated values, the RMSE ranged from 
19.89 to 38.62 ft. Simulated base flow was insensitive to changes in aquifer hydraulic conductivity; it 
ranged from no change in base flow to 0.4 percent more than the calibrated base flow at the mouth of Red 
Clay Creek. When aquifer thickness was varied from 300 to 1,200 ft, the RMSE ranged from 19.99 to 
38.79 ft. Simulated base flow was insensitive to changes in aquifer thickness; it ranged from no change in 
base flow to 5 percent more than the calibrated base flow at the mouth of Red Qay Creek.

The model was least sensitive to streambed hydraulic conductance and maximum GW ET rate. 
When the streambed hydraulic conductance was varied from one-half to double the calibrated values, the 
RMSE ranged from 19.62 to 23.70 ft. Simulated base flow did not change at the mouth of Red Clay Creek. 
Sensitivity analyses made during model calibration indicated that base flow for some tributaries was 
sensitive to changes in streambed hydraulic conductance; however, these changes in base flow are small 
compared to the base flow at the mouth of Red Clay Creek and, therefore, are not seen in the final 
sensitivity analysis. When the maximum GW ET rate was varied from one-half to double the calibrated 
value (0.32 to 1.2 in/yr), the RMSE ranged from 20.45 to 20.57 ft. Simulated base flow did not change at the 
mouth of Red Clay Creek.

Effects of Increased Ground-Water Development
Prior to simulating the potential effects of several hypothetical ground-water-development plans, 

the calibrated steady-state model was modified to approximate long-term average conditions in the basin. 
A long-term average recharge rate of 3.22 x 10"3 ft/d (14.12 in/yr) was used. The recharge rate was 
calculated by adding the long-term average base flow, estimated GW ET, and annual average pumpage 
removed from the basin. A long-term median base flow of 11.92 in/yr was determined by hydrograph
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separation for the period of record (1944-90) at the Wooddale, Del., streamflow-measurement station. GW 
ET was estimated to be 2 in/yr. Annual average pumping rates were determined from 1988-90 pumpage 
data for ground-water users that withdrew an average of 0.03 Mgal/d or more and discharged wastewater 
to a stream or a spray-irrigation system (table 20). Annual average pumpage returns as wastewater 
discharge to streams and surface-water diversions were determined from 1988-90 discharge data (table 
21). The initial recharge rate and maximum GW ET rate were then adjusted until the simulated base flow

Table 20.-Ground-water pumpage and pumpage return rates used for long-term average simulation of ground-water 
flow in the Red Clay Creek Basin, Pennsylvania and Delaware
[Negative sign indicates recharge to the ground-water system; Mgal/d, million gallons per day; CCHD, Chester County 
Health Department; PaDER, Pennsylvania Department of Environmental Resources; DNREC, Delaware Department 
of Natural Resources and Environmental Control]

Model node

Row

13
15
16
16
17
24
25
25
58
59

Column

6
21
24
26
25
13
14
17
26
27

Pumpage
rate

(Mgal/d)

0.03
.256
.045
.045

-.017
.093
.243
.166
.058
.175

Well owner and well number

University of Pennsylvania, New Bolton Center, CH-2062 and CH-2063
Borough of Kennett Square Water System, CH-45
Longwood Gardens, CH-57
Longwood Gardens, CH-2125
Longwood Gardens, spray irrigation system simulated as a recharge well
Seneca-Kennett Foods, CH-2012, CH-2013, and CH-2400
National Vulcanized Fiber Company, CH-31 and CH-43
Mushroom Co-op Canning, CH-3210, CH-3211, and CH-3212
Hercules, Inc., composite of 3 wells
Hercules, Inc., composite of 8 wells

Source of
data

CCHD
CCHD
CCHD
CCHD
PaDER 1
CCHD
PaDER 2
PaDER 2
DNREC
DNREC

1 After 1990, approximately 95 percent of Longwood Garden's wastewater will be disposed through the spray-irrigation system (Jim Cogill, 
Longwood Gardens, oral common., 1991). An estimated 50 percent of the wastewater disposed through the spray-irrigation system reaches the 
aquifer.

2 Data for 1989 and 1990 were not available; pumpage rates were estimated from 1988 data.

Table 21 .-Sewage treatment plant, industrial, and commercial discharges to and withdrawals from Red Clay Creek 
used for long-term average simulation of ground-water flow in the Red Clay Creek Basin, Pennsylvania and 
Delaware
[Negative sign indicates recharge to the ground-water system; Mgal/d, million gallons per day; PaDER, Pennsylvania 
Department of Environmental Resources; NVF, National Vulcanized Fiber Company]

Model node

Row

14
19
21

24
26
26
27

39

Column

5
26
24

13
14
18
12

19

Discharge
rate

(Mgal/d)

0.026
.002
.031

.031

.314

.074

.84

3 -.71

Discharger or withdrawer and stream

University of Pennsylvania, New Bolton Center, South Brook
Longwood Gardens, Longwood tributary
East Marlborough Township Sewage Treatment Plant, Longwood
tributary
Seneca-Kennett Foods, West Branch Red Clay Creek
NVF, unnamed tributary to West Branch Red Clay Creek
Mushroom Co-op Canning, East Branch Red Clay Creek
Borough of Kennett Square Sewage Treatment Plant, West Branch
Red Clay Creek
NVF, Red Clay Creek

Source of
data

PaDER
PaDER 1
PaDER

PaDER
PaDER 2
PaDER
PaDER

NVF

1 After 1990, approximately 95 percent of Longwood Garden's wastewater will be disposed through the spray-irrigation system and 5 percent 
will be discharged to the Longwood tributary (Jim Cogill, Longwood Gardens, oral commun., 1991).

2 Data for 1988 and 1990 were not available; discharge rates were estimated from 1989 data.
3 Amount of withdrawal not returned to the Red Clay Creek.
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and GW ET closely matched the values specified above. The long-term average steady-state model 
simulated a base flow of 11.98 in. at Wooddale, Del., and a GW ET of 2.17 in. The final maximum GW ET 
rate used was 1.37 x Itf3 ft/d (6.0 in/yr).

A set of heads and base flows that represent long-term average conditions in the basin were 
simulated in the steady-state model. The heads from the long-term average steady-state model were used 
as initial heads for the hypothetical ground-water-development simulations. The heads and base flows 
from the long-term average steady-state model were used as a base line against which simulated heads 
and base flows from the hypothetical ground-water-development simulations were compared.

The long-term average steady-state model is subject to the same assumptions and generalizations 
discussed in earlier sections of this report. The hydrologic system in the basin is always undergoing a 
transient response to many complex processes. Long-term average conditions in the basin are 
approximated by the steady-state model. Thus, the response of the long-term average steady-state model 
to any imposed stresses will be similar to, but not necessarily the same as, the basin response. The effect of 
the simulated stress may be imposed on any set of basin conditions by superposition. The simulated 
water-level and base-flow changes in response to the imposed stresses are general indicators of the relative 
distribution and magnitude of the effects that would result from these stresses and can be used to evaluate 
the effect of ground-water development in the basin. Because a steady-state model is used, the simulated 
water-level and base-flow changes are the maximum long-term changes expected for any simulated stress.

Hypothetical Ground-Water Development
Different combinations of ground-water supply and wastewater disposal were simulated in order to 

assess potential effects on the stream-aquifer system. The hypothetical ground-water-development plans 
represent a range of potential alternatives; it is unlikely that development in the Red Clay Creek Basin will 
follow the hypothetical development plans exactly. However, a range of likely development plans was 
simulated so that the magnitude of possible effects could be compared. The simulations address only the 
effects of water supply and wastewater disposal on the quantity of water available from the stream-aquifer 
system. Issues of water quality that may arise from wastewater disposal and the proximity of disposal 
sites to water supply wells are not addressed.

Five areas (fig. 14) ranging from 0.93 to 1.83 mi2 were chosen for simulation of the effects of 
development. The total area for simulation of development is 7.42 mi2. The areas were chosen because 
little development is currently present, and the areas represent different subbasins and geology.

The hypothetical development plans chosen for simulation are listed in table 22. Hypothetical 
development plans simulated the effect of different combinations of lot size (1 acre and 1/2 acre), ground- 
water supply (individual on-lot wells or a total of 30 public-supply wells), and wastewater disposal 
(individual on-lot septic systems, removal from the basin by public sewers, discharge to in-basin streams 
by public sewers, or spray-irrigation systems). The locations of the public-supply wells were selected to 
coincide with model cells having relatively high hydraulic conductivity. Well locations are the same for all 
simulations utilizing public-water-supply wells. In simulations with public-sewer systems, it is assumed 
that there is no leakage from or into the sewer system. Model cells for land disposal of wastewater by 
spray-irrigation systems were selected to coincide with model cells having relatively high hydraulic 
conductivity.

Water use in the development areas was determined on the basis of an average of 3 persons per 
household (Martin Wollaston, Water Resources Agency for New Castle County, oral commun., 1992) and 
an average water-use rate of 75 gallons per person per day (Mark Shumar, Chester County Planning 
Commission, oral commun., 1992). For development plans la-le, each area was divided into 1-acre lots 
with a total population of 14,283 and a water use of 1.07 Mgal/d. For development plan 2, the population 
and water use was the same as for development plans la-le; however, half of the development area was 
divided into 1/2-acre lots and half of the area was open space used for public-supply wells or for the 
disposal of wastewater by spray-irrigation systems. In development plan 3, the entire development area 
was divided into 1/2-acre lots; thus, the total population was doubled to 28,566, and water use was 
doubled to 2.14 Mgal/d.
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Figure 14.--Five areas of hypothetical ground-water development in the Red Clay Creek Basin.
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Table 22.--Hypothetical ground-water development plans used in the simulation of ground-water flow 
in the Red Clay Creek Basin, Pennsylvania and Delaware

Waste-water disposal

Percentage of pumpage 
Water supply Treated sewer discharge returned to basin

Plan

la

Ib

Ic

Id

le

2

3

Lot size

1 acre

1 acre

1 acre

1 acre

1 acre

1/2 acre

1/2 acre

Public- On-lot
On-lot supply septic Out of To basin Spray 
wells wells system basin streams irrigation 90 40

XX X

X X

XX X

X X

X XX

X XX

X X

0

X

X

X

For the ground-water-development plans, consumptive loss is assumed to be 10 percent (Loper and 
others, 1989, p. 10) of the pumpage. Sewering the development results in 100 percent of the pumpage 
being removed from the aquifer. For the development plans that use spray irrigation, 10 percent of the 
pumpage is considered consumptive loss and 50 percent of the pumpage is returned to the aquifer by 
artificial recharge.

Pumping rates for the five areas of development are listed in table 23. In development plan la, 
90 percent of the pumpage is returned to the ground-water system through on-lot septic systems, and 
10 percent of the pumpage is lost to consumptive use. Thus, the pumpage and return of wastewater to the 
aquifer was simulated by setting the pumping rate equal to the consumptive loss rate (10 percent of 
pumpage) for each model node. The pumping rate for plan Ib was set equal to the water-use rate for each 
model cell in the development areas. Pumping rates for development plans Ic, Id, le, 2, and 3 were 
calculated by dividing the water use of the development area by the number of public-supply wells in that 
area. The number of public-supply wells in each development area ranged from 4 to 8 wells.

Table 23.-Water use and pumping rates for each development area and hypothetical ground-water development plan
[mi2, square miles; Mgal/d, million gallons per day]

Pumping rate

Development 
area

A

B

C

D

E

Area 
(mi2)

1.83

1.68

.93

1.15

1.83

Population

3,519

3,243

1,794

2,208

3,519

Water use 
(Mgal/d)

0.264

.243

.135

.166

.264

Plan la Planlb

(Mgal/d per node)

0.0005

.0005

.0005

.0005

.0005

0.005

.005

.005

.005

.005

Plans -lc, Id, 
le, and 2

(Mgal/d per 
well)

0.038

.035

.034

.041

.033

Population

7,038

6,486

3,588

4,416

7,038

Water use 

(Mgal/d)

0.528

.486

.269

.331

.528

Pumping 
rate

Plan 3

(Mgal/d 
per well)

0.075

.069

.067

.083

.066
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Hydrologic Effects of Hypothetical Ground-Water Development
Development plans la-le simulated different combinations of ground-water supply and wastewater 

disposal for 1-acre lots (table 23). Development plans la and Ib examine the effect of on-site wells and 
different methods of wastewater disposal. In plan la, 90 percent of the pumpage is returned to the aquifer 
by on-lot septic systems. Water-level declines (fig. 15) are less than 1 ft and commonly are confined to the 
development area. In development areas B and C, water-level declines extend to the model boundary. In 
the basin, pumping wells near a ground-water divide can cause the ground-water divide to shift so that 
ground water from outside the basin flows toward the pumped well. In the model, the ground-water 
divide is simulated as a no-flow boundary that prevents ground-water flow from one basin to another. The 
effect of the pumping well near a no-flow boundary in the model is to cause a slightly greater decline in 
water levels near the boundary and a slightly greater reduction in base flow than would result in the basin. 
However, the water-level decline at the basin boundary for development area B is less than 1 ft. In plan Ib, 
100 percent of the pumpage is removed from the basin by public sewers.

Installation of public sewer lines in the development area results in an increase in the area and 
magnitude of water-level declines (fig. 16). Water levels decline 10 ft or more in some areas. Reductions in 
long-term average base flow (table 24) are inversely proportional to the amount of pumpage returned to 
the stream-aquifer system. Pumpage returns of 90 and 0 percent produce base-flow reductions of the Red 
Clay Creek at Wooddale, Del., of less than 1 percent and 3 percent, respectively. Base-flow reductions in 
smaller subbasins (table 24) are greater than in larger subbasins because the pumpage not returned to the 
aquifer represents a larger part of the natural base flow. GW ET (table 24) was reduced by less than 
1 percent and 4 percent for development plans la and Ib, respectively.

Development plans Ic-le examine the effect of different wastewater-disposal methods for 
developments that obtain water from public-supply wells. Wastewater disposal by septic systems is 
simulated in plan Ic. Areas near the public-supply wells show water-level declines (fig. 17), whereas areas 
not near the pumped wells show a water-level rise because of recharge to the aquifer from on-lot septic 
systems. Water-level rises of 10 ft are in model cells with low hydraulic conductivity (model cells with a 
hilltop topographic setting and hydraulic-conductivity multiplier of 0.3) that do not permit rapid ground- 
water flow from a recharge well. In the basin, hydraulic conductivity would vary over the model-cell area 
and water-level rises probably would be less than water-level rises simulated by the model. In plan Id, 
wastewater is removed from the basin by public sewers, and the magnitude of water-level decline (fig. 18) 
increases and extends to areas outside the development area. However, the extent of the water-level 
decline is less than that of plan Ib (on-lot wells and public sewers) because the public supply wells are 
located in model cells with high hydraulic conductivity. In plan le, treated wastewater is discharged to in- 
basin streams. Water-level declines (fig. 19) are similar to plan Id except for a slight water-level rise in 
areas where the wastewater-discharge point is located at the headwaters of a small tributary stream. Long- 
term average base-flow reductions of Red Clay Creek at Wooddale (table 24) are greater for plan Id than 
plans Ic or le because 100 percent of the pumpage is removed from the basin. Long-term average base- 
flow reductions (table 24) in each subbasin depends on the location of the public-supply wells and 
wastewater disposal. If a development area straddles more than one subbasin, water pumped from one 
subbasin and discharged to a different subbasin results in a reduction in base flow in the subbasin where 
water is pumped and an increase in flow in the subbasin where water is discharged. GW ET increases for 
plan Ic in response to the rise in water levels.

Development plan 2 has the same population and water use as plans la-le; however, lot size is 
reduced to 1/2 acre, leaving one-half of the development area as open space used for public-supply wells 
and land disposal of treated wastewater by spray-irrigation systems. As in plan Ic, areas surrounding the 
public-supply wells show water-level declines, and areas surrounding wastewater disposal areas show a 
water-level rise (fig. 20). In plan 2, the area of water-level decline is more extensive than in plan Ic because 
recharge to the aquifer by wastewater disposal is concentrated in a small area of the development rather 
than throughout the development area as in plan Ic. Reductions in long-term average base flow (table 24) 
for plan 2 are greater than for plan Ic because only 40 percent of the pumpage is returned to the basin 
rather than 90 percent as in plan Ic.
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Figure 15.-Simulated change in water levels for hypothetical development plan 1a.
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Figure 16.--Simulated change in water levels for hypothetical development plan 1b.
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Table 24.-Simulated long-term average base flows and ground-water evapotranspiration for hypothetical 
development plans in the Red Clay Creek Basin, Pennsylvania and Delaware

[Simulated long-term average base flow sites shown on figure 14; tf/s, cubic feet per second; 
GW ET, ground-water evapotranspiration; in., inches]

Base flow (ft3/s) 

(Percent difference prior to simulated development in parentheses)

GW ET (in.)

Hypothetical 
development plan

Prior to simulated
development

la

Ib

Ic

Id

le

2

3

Site a 
Bucktoe 
Creek

1.84

1.83
(-0.5)

1.63
(-11)

1.84
(0)

1.66
(-10)

1.99
(+8)

1.77
(-4)

1.45
(-21)

Siteb 
West Branch 

Red Clay Creek

16.7

16.7
(0)

16.0
(-4)

16.6
(-0.6)
16.0

(-4)

16.7
(0)

16.2
(-3)

15.2
(-9)

Sitec 
East Branch 

Red Clay Creek

7.96

7.95
(-0.1)

7.78
(-2)

7.88
(-D

7.71
(-3)

8.12
(+2)

7.78
(-2)

7.45
(-6)

Sited 
Burroughs 

Run

6.28

6.26
(-0.3)

5.94
(-5)

6.14
(-2)

5.86
(-7)

6.22
(-1)

5.95
(-5)

5.41
(-14)

Sitee 
Red Clay 
Creek at 

Wooddale

39.7

39.6
(-0.2)
38.4

(-3)

39.4
(-0.8)
38.2

(-4)

39.7
(0)
38.8

(-2)

36.7
(-8)

(Percent 
difference prior 

to simulated 
development in 

parentheses)

2.17

2.16
(-0.5)

2.08
(-4)

2.21
(+1.8)

2.14
(-1.4)

2.14
(-1.4)

2.16
(-0.5)

2.11
(-2.8)

The method of water supply and wastewater disposal in development plan 3 is the same as in plan 
Id. However, the population and water use is doubled. The distribution of water-level declines (fig. 21) is 
similar to that of plan Id (fig. 18); however, the magnitude is greater. In development area A, the decline of 
water levels was sufficient to induce leakage of 0.01 ftVs of stream water into the aquifer (induced stream 
infiltration) at model cell (6,12). Reductions in long-term average base flow and GW ET are about twice 
the amount as in plan Id (table 24).

Simulations of ground-water development show the effects of various combinations of ground- 
water-supply and wastewater-disposal plans. The development plans show how water levels, GW ET, and 
the long-term average base flow of streams is affected. The effects of pumping are reductions in long-term 
average base flow and GW ET and declines in aquifer water levels. The effects of the wastewater-disposal 
plans are declines in water levels when the wastewater is sewered out of the basin or returned to in-basin 
streams and a rise in water levels when it is returned to the aquifer by on-lot septic or spray-irrigation 
systems. Reductions in long-term average base flow are proportional to the amount of pumpage removed 
from the stream-aquifer system. The development plan that would have the greatest effect on water levels 
and base flow would be the removal of ground water by public-supply wells and the disposal of waste- 
water by public sewers to areas outside the basin (plan Id and 3). The development plan that would have 
the least effect on water levels and base flow would be on-lot wells and on-lot septic systems (plan la).
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Figure 17.~Simulated change in water levels for hypothetical development plan 1c.
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Figure 18.--Simulated change in water levels for hypothetical development plan 1d.
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LINE OF EQUAL WATER-LEVEL DECLINE, IN FEET-- 
Interval is variable ( maximum decline is 15.4 feet; 
maximum rise is 0.6 feet). Negative values indicate 
water-level decline; hachures indicate closed areas of 
abrupt increases in the amount of decline.

LOCATION OF HYPOTHETICAL 
PUBLIC-SUPPLY WELL

LOCATION OF STREAM OUTFALLS FOR 
TREATED DOMESTIC SEWAGE
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H 
0 0.5 1 1.5 KILOMETERS

Figure 19.-Simulated change in water levels for hypothetical development plan 1e.
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EXPLANATION 

|__ MODEL BOUNDARY

AREA DEVELOPED AND DESIGNATION LETTER-- 
Five areas in the basin divided into 1/2-acre lots with 
half of the area as open space with 30 public-supply 
wells. Domestic sewage is recharged by spray 
irrigation to 16 model cells. Pumpage return is 
40 percent.

L|NE OF EQUAL WATER-LEVEL DECLINE, IN FEET-- 
Interval is variable ( maximum decline is 15.4 feet; 
maximum rise is 11.1 feet). Negative values indicate 
water-level decline; hachures indicate closed areas 
of abrupt increases in the amount of decline.
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FOR TREATED DOMESTIC SEWAGE
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Figure 20.-Simulated change in water levels for hypothetical development plan 2.
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EXPLANATION 

MODEL BOUNDARY

H AREA DEVELOPED AND DESIGNATION LETTER-- 
Five areas in the basin divided into 1/2-acre lots 
with 30 public-supply wells. Wastewater is 
sewered out of basin. Pumpage return is zero.

LINE OF EQUAL WATER-LEVEL DECLINE, IN FEET-- 
Interval is variable ( maximum decline is 31 .2 feet ). 
Hachures indicate closed areas of abrupt increases 
in the amount of decline.

LOCATION OF HYPOTHETICAL PUBLIC-SUPPLY WELL

0.5 1 1.5 MILES 
J___l

i l i » __ 
0 0.5 1 1.5 KILOMETERS

Figure 21 .-Simulated change in water levels for hypothetical development plan 3.
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SUMMARY

Red Clay Creek drains 54 mi2 in the lower Delaware River Basin in southeastern Chester County, 
Pa., and northern New Castle County, Del. The basin is underlain by metamorphic rocks of Precambrian to 
Lower Paleozoic age. Near the mouth of the Red Clay Creek, these rocks are mantled by unconsolidated 
sediments of Cretaceous to Holocene age.

Ground water flows through secondary openings in fractured crystalline rock and through primary 
openings below the water table in the overlying saprolite. Secondary openings in marble may be enlarged 
by solution. Regionally, fracture density and connection between the fractured bedrock and saprolite is 
sufficient so that the fractured crystalline bedrock and overlying saprolite act as a single aquifer under 
unconfined conditions. In the Red Clay Creek Basin, there are numerous local ground-water-flow systems 
with short flow paths from hilltops to nearby stream valleys. Natural recharge and discharge in the system 
is predominantly precipitation and ground-water discharge to streams, respectively.

The permeability of the crystalline rocks is determined by the degree to which the fractures, joints, 
faults, and cleavage planes are interconnected. Thirty-nine percent of water-bearing zones are encountered 
within 100 ft of the land surface, and 79 percent of water-bearing zones are encountered within 200 ft of the 
land surface.

Ground-water discharge to streams (base flow) comprises 62 to 71 percent of streamflow and ranged 
from 10.43 in. in 1988 to 17.08 in. in 1989 for the three continuous-record streamflow-measurement stations 
in the basin. Water budgets for 1988-90 for the 45-mi2 effective drainage area above the Wooddale, Del., 
streamflow-measurement station were calculated. Annual precipitation ranged from 43.59 to 59.14 in. and 
averaged 49.81 in. Annual streamflow ranged from 15.35 to 26.33 in. and averaged 20.24 in. Annual 
evapotranspiration ranged from 27.87 to 30.43 in. and averaged 28.98 in.

Five organochlorine insecticides lindane, DDT, dieldrin, heptachlor, and methoxychlor were 
detected in water from 9 of 31 wells (29 percent) sampled. Four organophosphorus insecticides-- 
malathion, parathion, diazinon, and phorate were detected in water from 6 of 20 wells (30 percent) 
sampled. Four VOC's benzene, toluene, tetrachloroethylene, and trichloroethylene were detected in 
water from 13 wells sampled. Phenol was detected in water from 50 percent of 14 wells sampled.

The concentration of dissolved nitrate as nitrogen in water from nine wells (18 percent of wells 
sampled) exceeded the USEPA MCL. Concentrations of nitrate as nitrogen were as great as 19 mg/L. 
Concentrations of manganese in water from 17 percent of 29 wells sampled and concentrations of iron in 
water from 6 percent of 32 wells sampled exceeded the USEPA MCL's. Activities of radon-222 ranged from 
97 to 4,200 pCi/L; the median was 590 pCi/L.

PCB was detected in the bottom material of West Branch Red Clay Creek at Kennett Square at a 
maximum concentration of 5,600 ng/kg, and methoxychlor was detected at a concentration of 88 ng/kg. 
Lindane was detected in the bottom material of East Branch Red Clay Creek near Five Point at a 
concentration of 0.3 Mg/kg.

A two-dimensional digital computer model was developed to simulate ground-water flow in the 
Red Clay Creek Basin. Sources of water to the aquifer include recharge from precipitation, leakage from 
streams, and pumpage returns. Discharges of water from the aquifer include ground-water 
evapotranspiration, ground-water discharge to streams, and pumpage from wells.

The model was calibrated for steady-state conditions on November 2,1990. Recharge was calculated 
as base flow plus ground-water evapotranspiration plus pumpage removed from the basin; recharge was 
1.9 x 10'3 ft/d (8.32 in/yr). Simulated base flow was within 20 percent of the measured base flow for 
67 percent of the base-flow measurement sites and within 30 percent of the measured base flow for 
80 percent of the sites. The root mean square error between measured or inferred and simulated head over 
the entire model area was 20.53 ft. Of the five major input variables, the model is most sensitive to the 
recharge rate. The model is less sensitive to aquifer hydraulic conductivity and aquifer thickness and least 
sensitive to streambed hydraulic conductivity and ground-water evapotranspiration rate.
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After calibrating the model to steady-state conditions (November 1990) and prior to simulating the 
effects of different potential ground-water development plans, the model was modified to approximate 
long-term average conditions in the basin. The long-term steady-state model simulated a base flow of 
11.98 in. at the Wooddale, Del., streamflow-measurement station and a ground-water evapotranspiration 
rate of 2.17 in. The heads and base flows from the long-term steady-state model were compared to 
simulated heads and base flow from hypothetical ground-water development plans.

Different combinations of ground-water supply and wastewater disposal were simulated to assess 
the effects on the stream-aquifer system. Five development areas with a total area of 7.42 mi2 were chosen 
to simulate increased ground-water development in the basin. Six of the simulations use an increase in 
population of 14,283 and water use of 1.07 Mgal/d. One simulation doubles the increase in population to 
28,566 and water use to 2.14 Mgal/d. The effects of pumping are reductions in long-term average base 
flow and ground-water evapotranspiration and water-level declines. The effects of the wastewater- 
disposal plans are declines in water level when the wastewater is removed from the basin through sewers, 
returned to in-basin streams, or returned to the aquifer through on-lot septic systems. A rise in water level 
results when wastewater is returned to the aquifer by spray-irrigation systems. Reductions in long-term 
average base flow are proportional to the amount of water removed from the stream-aquifer system. 
Reduction of long-term average base flow is greatest for development plans with wastewater removed 
from the basin through sewers. The development plan with the least effect on water levels and base flow 
was use of on-lot wells and on-lot septic systems.
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Table 25.-Records of selected wells in Pennsylvania

Township or borough: Name refers to borough unless noted as T or Twp for township.

Drmer license number: 0110, Brown Bros. Drilling Inc.; 0154, Leroy Myers; 0176, R. Walter Slauch & Sons; 0248, Thomas G. 
Keyes; 0308, PetersheimBros.; 0319, Myers Bros.; 0347, Burley L. Mayberry; 0543, Walton Corp.; 0904, Brookover Well 
Drilling Co.; 0909, Calvin E. Powell; 0938, Constantine DiFilippo, Jr.; 0950, J. Norman Cornell; 1083, Kenneth L. 
Madron; 1240, Mills and Hayworth; 1290, B. L. Myers; 1333, Leonard R. Mayberry; 1457, Bonnie J. Myers; 1583, J. 
Ernest Brewer; 1609, Edward Powell Well Drilling; 1628, B. L. Myers Bros. Inc.; 1715, Arthur A. Astle.

Use of site: O, observation; U, unused; W, withdrawal.

Use of water: C, commercial; H, domestic; I, irrigation; N, industrial; P, public supply; S, stock; T, institutional; U, unused.

Topographic setting codes: F, flat; H, hilltop; S, hillside; V, valley; W, draw.

Hydrogeologic unit codes: OOOMFCGH, mafic gneiss, amphibolite facies; 300CCKV, Cockeysville Marble; 300STRS, Setters 
Formation; 300WSCKO, Wissahickon Formation; 400FLCGH, felsic gneiss, amphibolite facies.

Elevation of land surface is estimated from topographic maps. Datum is sea level. 

Water level is in feet below land surface.

gal/min, gallons per minute; gal/min/ft, gallons per minute per foot of drawdown; fiS/cm, microsiemens per centimeter at 25 
degrees Celsius
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Table 25.-Records of selected wells in Pennsylvania 

[--, no data]

Location Primary

USGS 
well 

number

CH-21
28
30
31
35

llilillltiil
Illlllll4ill

Latitude Longitude Township or 
(degrees) (degrees) borough

395254
395222
395046
395030
395004

iiiiiiii
Iliiill

0754410
0754232
0754150
0754258
0754459

liriiiiiHiiiii!

E Mariborough T
E Mariborough T
Kennett Twp
Kennett Square
New Garden Twp

|^:;<|^::^:|
i^^r^:?|^::^?;:|;|

Owner
Walker,!
Edgar, Clifton
P B Way & Sons
National Vulc Fibre
Rayne, Howard

l;!pi!;G ||||||||i|||
|;i^e:^|^^S|;g:i:::|:::::::::::S

Driller 
license Year 
number drilled

0154 1954
1900
1925
1929
1950

lilll || l|l;||t|3P|||
tttMtW£^^&*tM.

Use 
of site

0
0
w
w
w

Ilill
1I8III

Use of 
water

U
U
I
N
H

Illill:Iliiill

Elevation
of land 
surface 
(feet)

400
366
325
292
310

lililll
liiiiiii

Topo- Hydro- 
graphic geologic 
setting unit

S
V
S
V
V

Ilill
III!!!

300WSCKO
300CCKV
300STRS
300CCKV
300CCKV

;|3!QQ^^)|I
|:|^(jp^<^|||;i

46
47
48
52
54
m

2021
2022
2031
2034
2061

I#|;;l;|39:5l3ll:^45:i7|

395159
395223
394952
395219
395106

0754209
0754029
0754519
0754405
0754149

E Mariborough T 
E Mariborough T 
New Garden Twp 
Franklin Twp 
Kennett Twp

0754231
0754138
0754519
0754321
0754327

Kennett Square 
E Mariborough T 
E Mariborough T 
New Garden Twp 
New Garden Twp

394933
395108
395152
395324
395203

Kennett Twp 
Kennett Twp 
E Mariborough T 
E Mariborough T 
E Mariborough T

2122 395231 0754028 E Mariborough T
2124 395157 0753944 Kennett Twp
2125 395227 0754101 E Mariborough T
2342 395213 0754119 E Mariborough T
2414 395037 0754332 Kennett Twp

Abondi, Fred 
Longwood Gardens 
Vincent Losito & Sons 
Welling, T 
Chiabrera, B

iK
1949
1927
1946

1934

Kennett Square Ice Co. 
Steele, Wilmer 
Hannum, John 
Minshall 
Barber, Kenneth

W
1932 W 
1968 W 
1970 O 
1966 W

^iAJb^rt|||:i 
|I^^^:itfhiy^rsity|:

Shade, E 
Chew, Alfred 
Longwood Dairy Queen 
Syms, William 
U. of Pennsylvania

1970 W
1968 W
1971 W
1970 W
1962 U

Longwood Gardens 
Longwood Gardens 
Longwood Gardens 
Longwood Gardens 
Sam's Inn

0248 1974

400FLCGH
400FLCGH
300CCKV
300STRS
400FLCGH

300CCKV
300STRS
300WSCKO
300WSCKO
300WSCKO

400FLCGH
400FLCGH
300CCKV
400FLCGH
300CCKV
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Table 25.-Records of selected wells in Pennsylvania-Continued

Casing

Depth 
ofwell 
(feet)

135
25
86
90
60

IIIIII
iltili 
iiiiii
IB!!

120
100

110
26
80

IIIIII
m$$m
imm 

IIIIII
69
94
80

65

238

:l|i|l|

lifill:
llfil
Ililli

97
162
87

120
214

PSllil
8181
i\^Mm
IKil
!f$£::|

202
45

200

152

Depth 
(feet)

27
 

66
80
-

IIIIII

11111
60
-

60
26
-

lllllli
rn^rn

iiiiii
 

60
43
24

35

lliii
111111
iiiiii
IIHll

61
54
50

56

129

iisoll
llfBil
1|:7Q;|;
ililtl
HKi

39
-

55

51

Diameter 
(inches)

6
 

6
8
-

illlilliil
W^ffiMM^
: ;.:.; ; : : ; : ; ; : : ; : : : : : ; :-: :

i:lfs|:llll
Illllllll............. ........

-
8
6
-

'f^'-tfiiifyttyA'-yA

 : : : : : : : ;£: . : : : : : : : : : : 

;i|i|llj(;jl
-
6
6

6

6

8' : : : : : : :-: ; : ; : : : : : : :': ; :
.......... S::S ; S::S::

lilililii
iliililil
liiiilii

6
5

6

6
6

liiiii::
ISfltill

ilSIIIII
lllillil
iiMiiii

8
-

10

6

Depth of water­ 
bearing zone(s) 

(feet)
-
-
-
~
-

:MM^li'^fM^MM^
W^MMM^M^M

: : : : ; : ; : : : : : : : : i : : : : : : : : : : : : : x : :-i-: : : : : : :l: : : : : : : : : : : : : : : ; : : : : >:

:lt::|l::l::::::||:|lt::::l:li
Ilill^lifiolllll

~
-
~
-
~

Iliillllilllill
Wm^m'm^Wmmfyf
: : ::-: : .::.:::.:.:..-:.:-ii:.: : : : : : : : : :-:: : .-: :

j|jiji;:;;lSi;ji;;i;:|l--~
40/55/65

41/160/223

iijiiiiii
|||||||^|(|ti||:;:l|
W^iii^MMIiml
........... .^.^.. ........

149
58/70
-

~

liiiiii^iiiii'ii
llllll;8^11llll:
Ils|^15'l/i5.7-li : :i:i ;

ll;|::2'5/:6(V12l^;:l:l:
': : 'l:|.:::;:i : ;f: :: :C ::'r:::l:l:-:':

~
~
-

60/141/152

Water 
level 
(feet)

24.20
20.50
-
--
~

W$$$tifi
iiiiii
; ^:26.pOJ!

::::III:l ;il
10.00
-

18.00
5.00
~

iisllit

iiiiii--
3.00

40.00

41.00
-

llilll
iiHl
iM&ii
!$iM!

5.00
32.00
18.00

30.00
44.00

w&tioii
180.00 |i

65,00
Il6.00l;;

12.20
16.00
5.00

13.00
55.00

Date 
water 
level 

mesured
11-22-55
09-20-88

-
~
~

lllillil

Iliilili
l^ilsil

04-15-58
~

09-25-57
05-25-59

-

|ll

-
01-01-32
09-01-68

08-08-74

~

!i!ii
Io9^6i74:;: : :
Io|-bl55|
;:;:p9i2^f4|;
09-17-70
09-25-74
07-14-71

08-19-70

10-03-74

10^)3.74
05-10-67
10-03-74
03-12-70

12-09-74
12-09-74
12-09-74
06-01-67

05-06-74

Measured yield Field water quality

Specific pH 
Reported Specific Dis- Pumping conduc- (stan- 

yield capacity charge period Date tance dard 
(gal/min) [(gal/min)/ft] (gal/min) (hours) measured (jj.S/cm) units)

_
_
_

150
40 - - 24.0

:'-''-\'-\'-':'-['-'-'-:'-\<

IlilllllllS40'               -._       ' -  _-    -       -              -- -         _         _ -   

30
_

50
_

^^ :\-\\l^^

Jlllllllllll^. .............. ..^...... . ^ .. . .^.. ......... ...........^.. ........ ^ . ^ . .

06-15-64 125 6.8
7       .. _

4.00 20 2.0

6 - - - 08-19-74 120.00 7.90

llf!l;;:^
;: ;:!!;*i! :sl^
|:|::;:^||||l|ll;;:i;;;:||S^^

2.00 30 2.0
15 - - ~ 09-25-74 220.00 6.60

.22 15 1.0

.23 20 1.0
5         _

' ^IW^§^

Sft;|i:;:3::^
30 ''' ' :  - : '-'-'- : '-":^- '- '  .' :' : .''.'. ' . :'^.'-'-'\- !-;: - : '. : '. :'-. :' ': , *.-'' '  ':' "-. '':':: 1 0-03-74 420 6 9 '

i^^iii^^
   ::   '  '50'" ; ; '  :' " : : : :;: 1 -  1 ".; Ill .' :  -- ;     f j: ; ; ; "/i£ '??'&. 1, ' " :: ~ ;; "'| .'I .' ' : ' : :--':  ' : : '. ;. -- ll ::

30
40

2.14 300 50.0

1.04 100

USGS 
well 

number

CH-21
28
30
31

35

llllilB 
lllilK
lilllS

46
47

48

52
54

lllllli:

468
770
848

1921

1943

111!!!
i:l-:i;i966^:
;: :; i:S;- ; :xl995.
:!!: :- : '20li

2021
2022
2031

2034
2061

i ;^:v ::::2062
1::1-2066.
.   I "1:20671

2070:"' : '| :2i20
2122
2124

2125

2342
08-26-80 560.00 7.50
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Table 25.-Records of selected wells in Pennsylvania-Continued

Location Primary

USGS
well

number
Latitude Longitude
(degrees) (degrees)

Township or
borough

Driller
license

Owner number
Year

drilled
Use

of site
Use of
water

Elevation
of land
surface
(feet)

Topo­
graphic
setting

Hydro-
geologic

unit

wmmm
mm^ ̂ 
IliiSlllliiiil

llli
395124
395112
394938
394941
395123
i|!iii:i
inniilMii

iilllli
0754617
0754508
0754523
0754419
0754213

iii^iiii

ii$ii
395154
395013
395021
394937
394833

0754520
0754459
0754435
0754424
0754404

iiiiiiiii
IBItll
lililli
0754228
0753904
0754504
0754517
0754321

;;3^|i;iiiiOJ5|4p8f: 
i|^bi|^!3'4|ii 
ii^l|iii|0||43^|:ii
395113 0754340
395128 0754246
395259
395120
395147

0754348
0754338
0754328

W Marlborough T 
E Marlborough T 
New Garden Twp 
New Garden Twp 
Kennett Twp

E Marlborough T 
New Garden Twp 
New Garden Twp 
E Marlborough T 
New Garden Twp

Kennett Twp 
E Maiiborough T 
New Garden Twp 
E Marlborough T 
E Marlborough T

E Marlborough T 
E Marlborough T 
E Marlborough T 
E Marlborough T 
E Marlborough T

Malnoto, M 
U. of Pennsylvania 
Frezzo,E 
Pratola, Fred 
Pia, Joseph

U. of Pennsylvania 
Richards 
Johnson 
Pratola, Ralph 
Bertrando, Richard

Dampman, Richard 
ishrooffi

Hahn, Bernard 
Kelly, Frank 
Rominger, Barbara 
Jordan, Judith 
Zachary, Scott

Ticknor, Gary 
Joyner, James 
Drinker, Don 
McNamara

0938
1971
1981

liii

i§
w 
w
U
w 
w
iiili

0248 1978
1800

1956
1966

0319
1628
0909

111
iiiiisl

S 300CCKV
S 400FLCGH
S 300WSCKO
S 300WSCKO
S 400FLCGH

111
iil 
Iil 
ill"s" 

s
V
w
F

Bl 
III
111 
Hi
111

F
w
F 
F 
F

iil

iiiiiiSii
300STRS
300STRS
300CCKV
OOOMFCGH
300WSCKO

400FLCGH
400FLCGH
300WSCKO
400FGLCGH
400FLCGH
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Table 25.~Records of selected wells in Pennsylvania-Continued

Casing

Depth 
ofwell 
(feet)

III!
mmm

200

Iiiiiii 
liiiii
mmm

336 
36 
82 
60 

118

lilll
11811

200 
280 
240

liiiii
iiiii

210 
405

125 
175

Depth 
(feet)

llil 
lliii
mfiSQWi

iiiiiii-ii-iill

42

: : : : : : : : : : : : :^: : : : : : : : ; : ; :

90

 m'^m

75
60 
58

Ay'Ay^mt\

illlilll
lilll

85 
50

28

Depth of water- Water 
Diameter bearing zone(s) level 
(inches) (feet) (feet)

i!i!$l!i! 
llilll
m^Mm

6

:-ff±-fiiifff:-fff-f

mmm 
................

x^Si^Sxg;:;;::

lllllli

6 
6 
6

y^^-mm

Illlllil
11111 ................

6 

6

Date 
water Reported 
level yield 

mesured (gal/min)

Measured yield Field water quality

Specific Dis- Pumping 
capacity charge period Date 

[(gal/min)/ft] (gal/min) (hours) measured

Specific 
conduc­ 
tance 

(jiS/cm)

pH 
(stan- USGS 
dard well 
units) number

;^;SS.SS;S;itQ$£t2; SS;S^
;:;:;:;:;:;:;:;:::;:;:;:|:;:;:;:|:::;:;:|^:;:i:;:;:;:::;:;:;:;:::::;:;:;:;:;:;:::;17j(SS!!::::;

KM^^^

:i:;X;xJx|:J:;Xoxx>:;:;>"x-:|: : :;: :::;:::;: :io:-:>:i-;>«<f>^'::*->:>.................... ._.................... ....

18.08 
26.64 

80/190 30.00

100/110/128/213 9.11 
23.25 

6.91

'mmmmm&mmmmm&mm

f|l||f$;^
:;:;:; : ;:i:i:i:;£:i:3i:i:;: ; :;:;:SSi:::;:i:;:::i:;:::i£

98/125/174 5.24 
100/200 81.35 

7.09

iiiii^

:o; : : : : . : : : : : : . : : : J 1Q/1OU ; : : ' : ' : >' : - : . . - LO.W^. ; ' ;

<m^mm^^'m:m'-:''m'-f^^^
100/135/175 19.38 

70/315 39.44 
-1.51 
55.29 

65 68.47

:;:;::^^26?83|:o:::::::::::::::;:::|W:;:;:;: :':;:;:;x

^s^f^mm^^mfff
liiSlllllIII
llg^^llllllillll

06-28-84      

06-28-84 
07-16-84 
04-21-81

01-05-88 75 
01-12-88 
02-05-88

^iiiijii
 m^mmmm^mmmm
^:^'r~^^:^:m^^~^Am

07-21-89 12 
06-02-89 15 
06-20-89 18

06-20-89   
06-20-89 2 
06-27-89 
06-19-89 10 
06-19-89

^ ::y:W:5&.-::y:+:y:W:V-S-:-l^

:;:;:::;:;:;:;;;:;:j;i:i;;:i ;:£

.75 9 2.0 08-05-87 
- 08-25-87

llllllllllllilli^
^mmmmmmAfmmmwmmm^^

\:\^:^\:^?^:: ^:^:::^^

- - 06-02-88 
- - 06-30-88

|||;:||ll||||iii||iiiiiiiiiiiiB^ iiiiiiiii^^
- - 08-08-88 
- - 08-15-88 
- - 08-15-88 
- - 06-02-89

'tm^^j-^j^

mmm^^mm'm^'2^m^m^^mmmmmmm^:-

.01 2 1

 :<Vf;-tf:**fff:Vf:

mm^m^

135 
270

mmm
wmmm

\ty\AWttttW:

500 
112

s^&SjQissw;

liiiiilii iiiiiii
:;S:i33S;:;^s>:

480 
140 
320 
220

iilllS^iiiSil

lii;-llilll

Vf±y:y«^:V:W<:-:-:-<:

mmMMmi

6.15 
6.1

iiiim
yX¥.y+*y^.]:y.yyz

6.1 
6.05

^w33$sm
ilililli iiiiiii
Illiiililili 
illillll

6.25 
6.1 
6.35 
5.8

lIlllllll

iliilliiiilllii

liiiii
y\m2$&£'Him
SSiSjjjijijQd?

2784 
2790 
2791 
3084 
3110

i:il
»»

3286 
3287 
3288 
3293 
3307

lilll

iiilil
3318 
3321 
3323 
3356 
3366

iiiiiiii
IliiHii

3372 
3373 
3374 
3375 
3376

71



Table 25.-Records of selected wells in Pennsylvania-Continued

Location Primary

USGS
well Latitude Longitude 

number (degrees) (degrees)
Township or 

borough Owner

Driller 
license 
number

Year
drilled

Use Use of 
of site water

Elevation
of land
surface
(feet)

Topo- 
graphic 
setting

Hydro-
geologic

unit

CH-3382 395202 0754108 E Marlborough T Booker
3383 395254 0754340 E Marlborough T Garris, Charles
3384 395201 0754216 E Marlborough T Roberts, Robert E.
3385 395133 0754215 E Marlborough T Gahlone,Paul
3386 395133 0754316 E Marlborough T Einstine, Richard

 II 
Hli
ipi! 
sii
3392
3394
3395
3396
3397 

8&3SSI

 1

WiK
3403
3404
3405
3406
3407

395255
395119
395141
395143
395235

0754234
0753955
0754012
0754745
0754229

,,    . ,,.i$p$i
iiii^lslili^^Mii

,,,........... a$m
395225 0754314
395054 0753940
395041 0753858
395058 0753858
395106 0753924

iMii
395003
395335
395317
395244
394957

0753913
0754441
0754410
0754127
0754032

E Marlborough T 
Kennett Twp 
E Marlborough T 
E Marlborough T 
E Marlborough T

E Marlborough T 
E Marlborough T 
Kennett Twp 
Kennett Twp 
Kennett Twp

Kennett Twp 
E Marlborough T 
E Marlborough T 
E Marlborough T 
E Marlborough T

0^53-900 
395115 0753940 Kennett Twp 
395018 0753953 Kennett Twp 
395022 0754103 Kennett Twp 
395007 0754025 Kennett Twp 
394858 0754241 Kennett Twp

Ervin, Mark 
Hipp, Ann 
Mercer, Evelyn 
Devitto, Gabriel 
Fagone, Sharon

,,,.,.,..,.,,,.,,,,-, ,,,,$$£
Thompson, Walton J. 
Hurley, Leslie 
Stover, Robert M 
Rice, Fredrick 
Dunbar, Lawrence

Knapp, Laurance 
Deruschi, Francis 
Sellers, Ken Jr. 
O'Melia, John 
Otto, Thomas

i, Richard

Ragon, Maureen 
Mercadant 
Kelly, Pamela 
Martz, G. 
Crowe, Richard C.

1609
1628

0950

1985
1985
1978
1968
1957

1989 
1987 
1979 
1978 
1976 

i983s

1974
1978
1976
1984

W 
W 
W 
W 
W

1609 1986 W
0904 1987 W
1290 1972 W

1957 W
0543 1980 W

0176 1980 W
1984 W

1083 1988 W
0543 1987 W
1083 1988 W

400FLCGH 
300WSCKO 
400FLCGH 
400FLCGH 
400FLCGH

300WSCKO
400FLCGH
400FLCGH
400FLCGH
300WSCKO

F 300STRS
F 300STRS
S OOOHFCGH
S 300WSCKO
S 400FLCGH

S 300WSCKO
S 300WSCKO
H 300WSCKO
S 300STRS
H OOOMFCGH

400FLCGH
300WSCKO
300WSCKO
300WSCKO
300WSCKO
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Table 25.-Records of selected wells in Pennsylvania-Continued

Casing

Depth 
ofwell 
(feet)

140
200

80
70
72

111*11

iiiiiiii
Iiiiiiii .._.

280
-

240

120

llopiii
iililll
Illll
iiiiiiii
iiiiiiii~

200
135
160
340

iiilliliiiil

iiliHI
i||i|

120

350
-

-

300

iiiiiiiiiiiiiiii
iiiiiiii
111111
iiiii 111!

120
-

125

140

305

Depth 
(feet)

39
50
-
-
-

Illll
IIIIII

IHil
iiiiiiiiissiiiiili

-
34
-

78
-

Ililll
iiiiiiii
iiiH Iiiiii
IIIIII

-
41

24
-

40

i||||l
11111

Hill
iiiii
11111

44

66
-

90
-

Illll

iilliii
Illllli

11111

Illll

60
-

105

99

65

Diameter 
(inches)

6
6
 
-
 

Illlill
111 liii iiiiii
Illllllll
iliiiiiiSiiiiiiiiiiiii

-
6
-

6
-

 
'"""" 'x':-:': ; : : :-: ; : : : 

xo:W:ox

Iliiflltl

iiiiillll
Iliillll

-

6

6
 

6

iiiiiiii
illlllli

iliillliiilll
i||iiii|||| ...................

6
-

 

-

Iiiiiiii

11111111
IIIIIIII...................

-

6

6

6

Depth of water­ 
bearing zone(s) 

(feet)

55/72/85/122
145/180

-
--
-

iiiiiliiliililiiiiili
'il;:i:i;ili:i:i;i:iSi:^iS:i;i:i:i:i:i;i:i:i:S;

iiiiiiiiiiiiiiiiiii
iiliiiiiiiiiii^iiiiiiiiiiiiii^iiiiiiiiiiiiiiiiiiiiiiiiiiiii

^IHIHiill
-

140/255
-

193/199/222/234
-

iiiiipiiiii^iii
Illlllllllllllllll

Iliiiiiiilllip
|||lli|il||||||||;

-

20/46/154

60/90
~

265/326/330/335

liiii|ii|iiiiliii|iii
llllillill IIIIII

IliilililiiiiHIl
Illllliiiiiliiiiililllli
i|ii|i:||i;li|ii:il|||

60/83/105

80/200/260/275/340
-

-

-

|iiiii|ii|i|l||lli||liiiiiiiiiiiiiiil
liiiiiiiiiiiiiii|iiiiiiiiiiii
illlllillllliillil
Iliillll iiiiii

45/90/120
-

110

100/120/130/140

180/295

Water 
level 
(feet)

23.05
5.50

11.90
27.05
20.00

mill
IHH
Iiiiiiii

IIIIII
27.90

15.63

23.19

54.96

20.42

111$$!

 Hi
Bill
l|||l|

3.00

10.12

31.78

9.38

51.24

iiiiiii
Iiiii

Iiiii
13.21

14.98

21.78

19.01

38.45

IIP&l

IHIi

il|ilil
30.13

27.38

16.00

29.64

36.98

Date 
water 
level 

mesured
06-26-89
06-27-89
06-28-89
06-28-89

06-28-89

ijillllliiiiiiii^iiii
ililiiiiiii
iipiiiiii
Iliillll
06-29-89

06-30-89

06-30-89

06-30-89

06-30-89

mumi
HHill
liHUII
Iililll
iiHiiiliil
07-07-89

07-10-89

07-10-89

07-10-89

07-10-89

iiHHiliii||iij§l
iiiliiiiiii

IliSiHI
07-11-89

07-12-89

07-12-89

07-12-89

07-12-89

ii$!|i!i
HIIIHI
HiHiil
iiililliii
iililll
07-14-89

07-14-89

07-17-89

07-17-89

07-17-89

Measured yield Field water quality

Specific pH 
Reported Specific Dis- Pumping conduc- (stan- 

yield capacity charge period Date tance dard 
(gal/min) [(gal/min)/ft] (gal/min) (hours) measured (^S/cm) units)

0.58 35 3.5 --
4 _ _  

.... _ _

25       --
- _ _

||||||||||||||||||||i|pi||i||||l
£;;;;;!;;;;£;;;£

||i||l|||i|||||:| l||||||i||||^

iiiiiiiii!^

iiiiiiiiiiiiiiiiiiliiii|iiiiiliiiii|iii|iiiiiiiiiiili|liil|i|i|ii|iliii||l|i| --jj------^----"--------^------^ --  -- - --- -  -_ -  

15 _
.... _ _

.04 6 1
  _ _   .. _

liiiipiiiiiuiiiiiiiiipi^^^
iiililliiiiiiliiiii iliilillliiiiii illiilliiiliiiiiliiillii iiiii ililliiiliiiliiiiliilliiiiiiiiiiii 11 illlli
ilSiiiiii i liiiii i iiiiiiiii^^
l|;i;i;|ijSi;i|;ii;ii;ii;iii;i;iii;i|;iii;4llSi|

Illll ||||||||i lllllllllllll^
.... _ _

.02 3 1
5 _ _ ..
.... _ _

.02 5 4

illliilliililB
iiii|ii;|||i|i|i||||||||||||||||||

IIIIIIII |i;i|||^||||||||;^
iliilliiiiiilllliiliiiiliiii
iiiiiliilliiiiililiiililiiiii- """" ".83 25 3.5 --    "        _           _

.05 15 4.0
- _ _
.... _ _
  _ _

i|||i|||i||||||i|||||||||i|^|i||||

iiiiiiiiB^
|||;;:||||||||||||i||||||i:||i|i|||

iiii|iiiiil:iliiiiliiilil|iiili;i|i|ilii|

|||||||i||i|||||||||||||||||||||^
.14 9 2.0

- _ _
50 _ ....

.25 20 4.0
15 __....

USGS 
well 

number

CH-3382
3383
3384
3385
3386

ililil!
iiiiiiii1
11111111
Illllllll

3392

3394

3395

3396

3397

iiiiiit
illlH
iiiiiiii
iilliii
Iiiiiiii

3403

3404

3405

3406

3407

iiiiii
Iilliii
llli|j|i

IlllHli
3413

3414

3415

3416

3417

liiiini
llllliii
Illiiii
ilililiiiii^ij

3423

3424

3426

3427

3428

73



Table 25.--Records of selected wells in Pennsylvania-Continued

Location

USGS
well

number
Latitude Longitude 
(degrees) (degrees)

Primary

Township or 
borough Owner

Driller 
license 
number

Year 
drilled

Use Use of 
of site water

Elevation
of land
surface
(feet)

Topo- Hydro- 
graphic geologic 
setting unit

iiiiiMi
1111111;: 
Iiiiiiii 
IIHHIf
iiiiiiii

3434
3435
3436
3437
3438

Iiiiii
|||||i||i:
Illllill 
Iiiiiiii: 
ilillili

3444
3445
3446
3447
3448 

Illll449li

:|9|i||;;i;:;Qj5j^i;i 
lj$$i}iijjjml

IISII
395004
395042
394954
395003
394852

;::ll|l|i:
0753956
0754003
0754045
0753959
0754132

Wmm

Kennett Twp 
Kennett Twp 
Kennett Twp 
Kennett Twp 
Kennett Twp

0753936
0754401
0754250
0754000
0754406

Kennett Twp 
New Garden Twp 
New Garden Twp 
Kennett Twp 
New Garden Twp

Kennett Twp 
Kennett Twp 
Kennett Twp 
Kennett Twp 
Kennett Twp

Kennett Twp 
Kennett Twp 
Kennett Twp 
EMarlboroughT 
Kennett Twp

Massau, J. L. 
Leto, Charles 
Me Coy, Marsha 
Carter, Pat 
Mcneil, Corfain

Stat
Tavoni, Leslie
Beatty
Borkovich, George
Haga, Joseph

Hewton, W. R. 
Wilkensjohn 
Tavoni, Anthony J. 
Whittle, Jeffrey 
Shoemaker, Dave

!  
iiiiii

1083

1290
1083

;ii$i 
Illliiiiiii 
iii
81
W 
W
w 
w
ill

Wi:

lijiii
iiiiii
Iii

 m$A

325
345
385
309
285

:|()|§|CK||
300WSCKO 
OOOMFCGH 
OOOMFCGH 
300WSCKO 
300WSCKO

iiiiii

lit iiiiiii

a

1083

1083
0319
isaiii

iiiWiiiiiii
OOOMFCGH 
300WSCKO 
OOOMFCGH 
300WSCKO 
300WSCKO

1083

1290

iiiiii
1984

1987

S 300WSCKO
F 300WSCKO
S 300WSCKO
H OOOMFCGH
S OOOMFCGH

y^^^\^f^J^eat: 
Currin, Robert 
Latannzio, John 
Southridge Homeowner's 
Boyer, Catherine 
Baldwin, Robert

0543

0909

H

SOOWSCK
0248

74



Table 25.-Records of selected wells in Pennsylvania-Continued

Depth 
ofwell 
(feet)

w;2*s:s;

 11
: : :;X : l;i.^>:x

11811
125

85

125

180

165

mmm
an
IIP®!
111111

-
225

180

510

300

ilHH

ff^m^m

liiiililili
iiiiliili

190
-

 

-

180

il:i2Qiii
llxiii
Iiiiiiiii

 11
305
-

512

57

60
;:;:;:;*5*;:;:i:;

mem
Wimi
wmm
mmm

c

Depth 
(feet)

::w8*xWx

 11

 11

: : : : : : :OU: : : : : :x : :

 11

-

60
-

44

40

illll
SSsKws;

mim

111111-
100
-

70

26

!!!!!!

SSiiiiiSlW?

i;||i;||

ii$2$il
52
-

-

-

57

iiiiHifii

iiiiooilil
iilSOiiiliiiii

60
-

25

48
~

m$£m

Wii§.

$8:8$

asing

Diameter 
(inches)

Illlli
.......... ;;:;>:;:;>:;:;:;:;:

-

6
-

6

6

illilllll
sssssssss 

|||if||||||
-

6
-

6

6

iiiiiiiiii
:§£S:iiiiiiS-:?:S:-x: : :

||i;||||||

6
-

 

 

6
||;i|sl|ii|i

lllsllli

111611111

6
-

6
-

-

SSSSSssjss;

iilitlliilll
x>:x:::x:x:x:x:xox:x:

iiiii&iiiiiS

Depth of water­ 
bearing zone(s) 

(feet)

 !S;Sx20D!/486/552:S§§

liilll|5jS20l|lll
: : : : : : : : : :- -; : : : :^^-Y:A^/i:*'/i;" : ' : ' : ' : " : ' : " : ''
^j^r^^jSllfijoHf-lrljB;::::::::::::::

illlilliiMiliiii!-
-

70/80
-

55/80

105/155

|||||||i|||i|||i||;
yffmm^^^^m^wm
iii|iiliiiliilliiiiiiiii
iii|ii;|i3t^87:if20Qi!i;ill

iiiiliiliiiliilliilllllliiiilli
-

160/210
--

240/375/480

180

i;illlllp||i
KSSSH: :^J: :?:iii : ::: : : : ::S:S::?:So:

iiiiiiillliliiiliiiiliiiililliii
ii;iii:|ii|;|iilii|l;|;i|;i|

148/180
-

-

-

75/135

lllll||i!ff||!l||
!i|:i92^iiQ/i:i3/ijx7iiiii
|j|litii5/i|iiiliiiii;
iiiii|i30/16Qi|iiii

iiii^jiiii^i^sill
38/52/160/280

-

206/219/250/493
~

-

WMM^MZMmmm

mi§MiMjj§iii<
x;::x;x;x;x;x;:;x;.o;:x::;;:x:x;:;X;X;::x

WMm^ffi^m^M

Water 
level 
(feet)

:;-.s5&s&s;

IHHI
iiiiiiiSftiiOiiiii:

iHilli
14.80

12.70

35.39

10.68

40.92

'mmm

 §mm

19.36

25.85

26.50

60.68

17.13

iiiiiiiiiiHiiiiii

liiiii
iiiiMoii
iiiiii^6di;iii;

39.90

3.50

20.60

30.60

4.10

iiiiiiii
1IS»$!
isiiii
ii!i ; i24,53ii

iiil6lliili

24.08

54.50

58.65
-

~

mmm*:

iiiillil
:<<:^:-<^:-::<

mmm

Date 
water 
level 

mesured

;;ifl7^89i;i;i
Iiiiiiii
!  !
xttrsliftriplrx;:

Usiliiiii
07-18-89

07-19-89

07-19-89

07-19-89

07-19-89

;; 07-19-89 ?S

iiiiiiiiii
m$$Mi
iii^i^S^i:;
07-20-89

07-21-89

07-21-89

07-21-89

07-21-89

llllliii

iiiiiiiiiiiii
ii^^^S^iii;
ii^i9l8i9iii:i
07-19-89

07-22-89

07-19-89

07-22-89

08-01-89

iiiiolilsiiii
|08iiQle8i»i|
iii^lii^il
|oj8xOi*89iii;i;
isiiiiliifl
08-01-89

07-19-89

08-02-89

~

-

^mMmm

11111111
^oxox-xoxoxox

08^3x89:

Measured yield Field water quality

Specific pH 
Reported Specific Dis- Pumping conduc- (stan- 

yield capacity charge period Date tance dard 
(gal/min) [(gal/min)/ft] (gal/min) (hours) measured (u.S/cm) units)

s/.-s.-\-^%$^'<: '--'^ rrr : : ; : : : : :-:-;':

iiiim^iiiiiiimiii^^
m^n^^xifi^^ni^^^^^mfimmiw^^miiim^m
:'.:'-:'--;.:y.<-:±-^y.<-ys.-~y.^
\ :£-\-&-:WXXt^X^-:^

lllilllliili;M
25 - - -
7 .. _  

10 - - -

20 - - -

20 -

s;:;:;:;:;:;:;:;^;;;:;:;:;!;:;:;;;;;:;:;:;:;:;:;:;;;:^:^^^

lllllfllilllliiffi
lllllllllllliililil
iii;i;i;i;i;i;i|i|iiiiiii;iii;ii;ii;i;i;i;iii;i;i^iiiii;iii;iiiiiii;i;iiS^
.... _ _ _

10 - -
.... _ _   _

6 _ - -
  _ _   _

IJIIJJIIIIJIJJ!

SSiSSSiiSJxJxS^Sx^

||:;|||i||||||;|i||||||||:ig;!iii|i|i||;|
igiiggggigsi^^

25 - __.._..
.- _ _   _

_ _ _ _
.... _ _ -- _

20 - - 08-03-89 268 7.78
iill!tii|iiii|£^

wmE^^^^^^^^^^^^^xi^^^^m^^^^^mKi^m
ijimijiiiiiiiiiii^^
 i;j:gi;ii;;10i;;;5;?;:;;;:i^^

lllilllllllllililll^
.02 44 -

  _ _   _

.05 15 1.0

- ~ - 08-09-89 360 6.02

~ - - 08-14-89 248 5.67

::; :-: ; S: : :^S: : :£-S:SSS^:^£fe:^:S£

iiiiiiiiii^
m**/*:m*:mm^^mm*:mm±^m:mmm.:^m
:< : : :W:W^:':W:W:^:W:::W: ::V: :::,::^^:W^^^

: *.^-*^:^*:-'*.m^:'*^:':*.':-:mm^<:- :^: :*^

USGS 
well 

number

:C+1T Q*T&r

Illllii
IIIMI
: : : : : x : : : : : : : :: :J!x*"'*: : :

ilil^li
3434

3435

3436

3437

3438

iiiiii^i
wmmw
Iiiiiiii
iiiiiiiii:i3442i;

iiiiiiii
3444

3445

3446

3447

3448

Iiiiiii
IlIliiEi
iiiii : iiiiiii:iiii34^3|ii

3454

3455

3456

3457

3458

lililiis?,
^iiii«iiii:3xl60'i

iil!i4M
IlllSgSi;
iimm

3464

3465

3466

3467

3468
*mv&4jflfr

m223$l&.

Iiiiiii
mmwA'm:
x^x::o::X'X ; x': : :-:-x

mmam

75



Table 25.--Records of selected wells in Pennsylvania-Continued

Location Primary

USGS
well

number
Latitude 
(degrees)

Longitude 
(degrees)

Township or 
borough Owner

Driller 
license 
number

Year 
drilled

Use 
of site

Use of 
water

Elevation
of land
surface
(feet)

Topo- Hydro-
graphic geologic
setting unit

CH- 3474
3476
3477
3478
3479

illpii

iiiiiiii iiiii
3485
3486
3487
3488
3489
m

iil
3495
3496
3497
3498
3499

395008
395123
394957
394927
394947

0754441
0754107
0754237
0754304
0754230

iliii 
i

New Garden Twp 
KennettTwp 
Kennett Twp 
Kennett Twp 
KennettTwp

Ciorrocco, Pete 
Pia, Bnmo 
Cordivano, Marie 
Diandrea, Ardllio 
Phillips, Donald

0308
0950

394927 
395013 
395121 
394956 
395003 

^9:5244

0754429
0754335
0753940
0754439
0754426

New Garden Twp 
New Garden Twp 
KennettTwp 
New Garden Twp 
New Garden Twp

$1111$
Pratt, Kenneth 
Reid, Christina 
Beech, Martin 
Di Fabio, Anthony 
Potter, Donald 
Alliance Pr^erties

Ismmitimm

395215 0754533 WMarlboroughT
395216 0754600 WMarlboroughT
395056 0754418 New Garden Twp
395220 0754404 E Marlborough T
395256 0754356 E Marlborough T

Codichini, Ruth 
Rudd, Terry 
Smith, Robert C. 
Caudill, Eddie 
Johnson, W. B.

1333

1083

lIP 
iM

1976

l^iii^miiifMm

ilillli^^
3505 395404 0754444 E Marlborough T
3506 395318 0754527 E Marlborough T
3507 395143 0754445 E Marlborough T
3508 394830 0754506 New Garden Twp
3509 395424 0754423 NewlinTwp

Hazzard, W. R.
Jordan, Judith & Brian
Weisbrod
Turkey Hill Mini-mart
Silberman

1628

1083

i9MII0x7:54601

395208
395131
395102
395312
395210

i 
liiii
0754528
0754544
0754036
0754325
0754619

E Marlborough T 
WMarlboroughT 
KennettTwp 
E Marlborough T 
WMarlboroughT

U. of Pennsylvania 
U. of Pennsylvania 
Buckler, Jim 
Metcalf, Eileen 
Pisano, Jerry

0909
1260

1981
1987

W 
W 
W 
W
U

iiH
iii 
!Bi
428
445
370
335
382

500
468
342
385
525

H 400FLCGH
V 300CCKV
V 300STRS
H 300WSCKO
H 400FLCGH

76



Table 25.--Records of selected wells in Pennsylvania-Continued

Casing

Depth 
of well 
(feet)

70 
133 
94

100

111iisii
154 
205 
305 
126 
145

HH! 
Illll

116

79 

90 
180

llll

60 
285

385

 1

liii

80 

280

Depth 
(feet)

51

iiiiiiii
liill
 II
lilll

53 

25 
54 
60 

70

11
80 

42

liill

mi!
53 

60

liill

28 

60

Diameter 
(inches)

6

Illllllll

lllllllllil
liiilll""""£"""""

6 
6 
6 

6

tjijiii
:x':SSx"x'x;x;xxxH

6 

6

iiiiiiiiiii

6 

6

iiiiiiiiiii
wm&m%

6 
6

Depth of water­ 
bearing zone(s) 

(feet)

72/80/104

75/130/150 

160/190 
209/221/240/255 

80/115 
100/140

;:;>x|:;x;:;x;:ix|x|"T:|x;:|:;:;:jx|x;>Xx:

xX::x:::x:xX:Xx>w::X:X:X: : : : ; X:X: :;::: :

90/110

125/220 

320/370

:¥::: ; x : : : x : : : x : : ; x : :>«: : x ;x : x : x : x :x :x : x

67/69/70/80 
90/200

Water 
level 
(feet)

7.35 
45.00 
16.44 
9.96 
5.14

Illll

lillll
x':;3$£$;s;

17.95 

22.42 
23.45 

8.33 

15.20

iiiiilMii
lilili 
llpl
^:;i&4Q:;x

19.68 
13.48 
19.68 
3.27 

15.23

lillll
llslell

liilll
6.58 

22.10 
10.26 
13.00 

22.27

liiiii 
lillll! 
Iiiiiiii 
lillll

22.31 
17.25 

2.00 
16.44 

19.32

Date 
water 
level 

mesured

08-24-89 
08-03-89 
08-03-89 
08-03-89 
08-03-89

liiilll
j;;$$!jPM&>
08-07-89 
08-07-89 
07-25-89 
08-07-89 
08-07-89

itxlllll
iiiiiiii
liiilll
08-07-89 
08-07-89 
08-08-89 

08-07-89 
08-07-89

lllilli
iliiixi!
08-08-89 
08-10-89 
08-10-89 

08-23-89 
08-14-89

Ilillil

lilllll 
iiiiiiii
08-16-89 
08-16-89 
08-18-89 
08-17-89 
08-17-89

Measured yield Field water quality

Specific 
Reported Specific Dis- Pumping conduc- 

yield capacity charge period Date tance 
(gal/min) [(gal/min)/ft] (gal/min) (hours) measured (^S/cm)

75 - - 08-24-89 502
8 _

- - - 09-01-89 224
8 _ -

gssssssssg
£SS: :S:tSfi ::£S:S:^

;$;vl;;:i£;;;||ii$i;l^
iiiiiiiiiii^^
^mMmm^Mm&mm

10 _
2 - _ 

.04 8 1.0
25 - 
15 _  

:SS: : : : S£E:SS:SSSS:K

tf^ffi^xixix^xix^^^^ix^

IlliJPIIIIIlillllliiilil^

2.2 22 1.0 

30          

.36 50 .5

:g:;:;:;;;:;:;;t&

iiiliiiiiiiiM
;:;::;;i;^s|i:IS|:i;i^:^i;ii;li;i

42 -

2 _

:-:-:-:<-:-:f-:^.<+:<-:-\-:+:-:-:-:-y.-:-:^

illillllfiliiigig^gi^
120 - 1 -

7 _ _ .. _

pH 
(stan- USGS 
dard well 
units) number

7.72 CH-3474 
3476 
3477 

9.52 3478 
3479

llllllllljllll

3485 

3486 
3487 
3488 
3489

wmmm$$$$&
|||||||||||3|?2j:

ll||l||i|l||i|ii
   3495 

3496 
3497 

3498 

3499

l|||li||l|l|l| ^ ..........................

3506 
3507 
3508 

3509

||||:i!|i;|;|i|3l(>:

Ililtlilillillf
3515 
3516 

3517 
3518 

3519

77



Table 25.--Records of selected wells in Pennsylvania-Continued

Location Primary

USGS 
well 

number

i®$j$$M

Latitude Longitude 
(degrees) (degrees)

!!39$J0$J1075463211^

Township or 
borough

Driller 
license 

Owner number

til^fe^famm^mSm

Year 
drilled

mmm

Use 
of site

mMm

Use of 
water

iiiiiii^l;;::::

Elevation
of land 
surface 
(feet)

IIIIIII;

Topo­ 
graphic 
setting

mmmfm

Hydro- 
geologic 

unit

mzmmmm

::|5|||||3^P59;!

;|||ij||||il
3525 395032
3526
3527
3528
3529

KennettTwp 
Kennett Twp 

New Garden Twp 

New Garden Twp 

New Garden Twp

igiiiiiiiiiiiiiii
3535 395053 0754427 E Marlborough T

3536 395136 0754112 E Marlborough T

3537 394955 0753841 KennettTwp
3538 394951 0753842 KennettTwp

3539 395005 0754228 KennettTwp......^^.... ...........................

3547

3548

3549

3550

395138

395014

395013

395157

0754029

0754133

0754138

0754018

E Marlborough T

Kennett Twp

Kennett Twp

E Marlborough T

3552 394915 0754120 KennettTwp

KennettTwp 

KennettTwp 

KennettTwp 

KennettTwp 

Kennett Twp

Sfciueffteli 
Chandler, Michael 

Ragazzo, Albert J. 

Paisley, Tom 

Warren, Robert A.

Dilley, Lorraine 

Stengel, Paul G. 

Barringer, C. M. 
Buonassisi, Charles B. 

Gibson, Jack

Hoffman, John R. 

Farqunar, Gordon R. Sr. 

Farqunar, Gordon Jr. 

Carter, Frank & Eileen 

Liikala, G.

Marshall, Thomas E. Jr.

Haggard, Homer H. 

Volpe Builders 

McGovem, William 
Deberardinis, Martin 

Moors, Millard 

fip*man;

1083

i
375

310

373

330

427

1715

1964

1978

0909

0909

0176

0909

415

290

270

428

314

0909

OOOMFCGH

300STRS

300WSCKO

300CCKV

OOOMFCG

400FLCGH 

400FLCGH 

OOOMFCGH 

OOOMFCGH 

300WSCKO

400FLCGH 

300WSCKO 

OOOMFCGH 

400FLCGH 
300WSCKO

78



Table 25.--Records of selected wells in Pennsylvania-Continued

Casing

Depth
ofwell
(feet)

111:111

Hill
 IIP

-
-

150
30
-

mmm
lilt
mmm^m

100
-

131
160
-

! !
llllll
xXxXx~»X:X

mmm
mmi

-
505
220
112
445

iiPii
liii
iiii

401
-
-

53
 

 mm**m

WMi
Ilisilii

Depth
(feet)

illll
mmm

xox-iiX-X'X

-

-

100
-
-

mmm
asoim
Ilill

mm^mm
52
-

59
64
-

Will
imi
x : :'x«rx :x: : : : :

::::::::::93:::i::i
warn

-
60
27
53
35

mmm
Mmm
mmm

ilBil
55
-
-
--
--

im^mm

IHiil
Illll:

11111:1:

Diameter
(inches)

lllillll

llitllli
 XvX-Xii-x-x-x-Xv

-

-

6
-
-

3;:iHSSiS;:s:isg;:
ISii^isSis

1I1IIII1

Sx'::X:iii'S: : : :S: : : : : :

6
-

8
6
-

lllillll
111:1:1:111
: : : : : : >:-::>*r:-x-: : : : : : : : x : :

6
. ......... -.;.;.;.;.;.;.;.;.; 

: : ; : :: : : : ; : : : : : ; :;

mm&mm
-
6
6
6
6

^mlmim
mmmmmm
llllili::-

6
-
-
-
-

: : ; : : x : :^iixSS: : : : ; : : : :

ililll
lllxlllll:
lllilllll

Depth of water­
bearing zone(s)

(feet)

llllllllillllllll

iiiiiiiiiiiiiiiii
xX'X'X-XvX-i-x-x^x-XvXX-X'X-x-x

-

-

--

-

~

mmmtmmmmm
mmmmWSimmM
lllllllillllllll

:::::::X:::::X:::X:::X:X:ii::X:::XxX:::X:::::X:::

38/72/93
-
-

96/105/137/152
-

mmjiQ^ftffiimm
mmmWsm^Mmmm
X:X:XxX:XxXxX'::*«:XxXxX:XxXx.::'x

miMi&jitmmmm
mm^^^^mmm

~
265/275/350/485
165/182/204/209

30/60/90
291/342/389/406/421

wmmWtmmmmi
mmmmmmmmm-mmm-
mmmmmmmmmmm

imlKiimm
195/400

-
"
-
-

^m^mm^mmmmmm
mm^my^^mmmf.

^jJiMmlmmmW^mW.
mmWm^m^mmimiM

Water
level
(feet)

ill!

«.n
9.91

37.74
--

24.08

1:I5̂ 1
igisssi:

25.83
33.80
15.85
13.20
22.85

::^Q>PQ|:

iliil
Mil

15.85
35.80
17.56
14.60
59.86

mMlm
mm
mm
75.97
29.92
19.63
15.71
14.26
mm.
IHil
i::3^99l
W^2m

Date
water
level

mesured

ililll

08-24-89
08-24-89
08-28-89

-
08-30-89

x'fi6 : '-'iifV"'6Fi' : - : -  '. xfQ'!'Zf\Ef.%fy.-:-:-

;:P93E35S89;

iiliili
09-06-89
08-26-89
08-26-89
08-26-89
08-30-89

1^^891

09^35189
iiiiiil
mmm
09-05-89
08-30-89
08-30-89
09-06-89
09-02-89

^^SJl;

' '"rtC : '"|:<,j : :-Drt' : '-' : 
 /'vO^Aw^vx^'-^

08-11-89
09-02-89
09-13-89
09-25-89
09-25-89

09^89:
iiiiiil
Ib9xfl8x:89l
l(»rQ8x'89li::

Measured yield Field water quality

Specific pH
Reported Specific Dis- Pumping conduc- (stan- USGS

yield capacity charge period Date tance dard well
(gal/min) [(gal/min)/ft] (gal/min) (hours) measured (u.S/cm) units) number

: : : : : : : : : : : : : x' : :j;;i|; : x1: : : x' : : : : : : ::: x' : : : : : : : x' : ; ::^: : : ; : : : : : ^

ii::l:l:i:l::i:ll;:l::ii:i::llilll;:ili

liltflilllillliilllll^
            3525

3526
26 - - - - - ~ 3527

3528
3529

W^^Mm^M^l^mimSli^m^^^^^mmm^^^^m^^imM
:mmmmmmmmmmmmmmmmmmmmmm^mmmmmm

W^ffimm^fi^U^^fiifiif^fUK
immiiiiimiimmmiiiim^

.11 8 .5 -- - - 3535
3536

20 - - ~ - 3537
.40 12 1 - - - 3538

08-30-89 202 6.28 3539

x-x-x-xosr:-:-:-:-xox.x-x-x&:-:rrvx-x-x-x-x-x-x-:-:::-:vX-:Tr:-x

mmrnmmmmmgjfimm
3547

.03 6 1.0 - ~ - 3548

.09 12 1.0 - - - 3549

.50 20 2.0 « ~ - 3550

.24 12 1.0 - - - 3552

iiiili^
mmmlmmmmmm^

1 - _ - - - - 3558
3559
3560
3561
3562

mmm^mmm-mmmmm^

j§j§jijjjjjl§jij^^
'Jim$ijmjlmjijijj^^
:;;;;:|;i;^^

!$
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Table 25.--Records of selected wells in Pennsylvania-Continued

Location Primary

USGS
well Latitude Longitude 

number (degrees) (degrees)
Township or 

borough Owner

Driller 
license 
number

Year 
drilled

Use Use of 
of site water

Elevation
of land
surface
(feet)

Topo- Hydro-
graphic geologic
setting unit

CH- 3568
3569
3570
3571
3572

iiiiili
ilillKi
iiiiili

394917
394815
394805
394806
394812

0754523
0754433
0754338
0754406
0754229

New Garden Twp 
New Garden Twp 
New Garden Twp 
New Garden Twp 
KennettTwp

mmm
1 

iiiii
iiliflillpilli
3579
3580
3581
3582
3583 
iiHII
Mil

394931
394912
394918
394917
394952

0754014
0754005
0754003
0754340
0754246

Kennett Twp 
Kennett Twp 
KennettTwp 
New Garden Twp 
Kenett Twp

l^pii^ipsji """""""IHiHil

mmmmmmytwm:

4024
fl^ill......................
395200 0754056

Stike, Paul 
Springer, John A 
Robinson 
Crossan, Harvey 
Pearson, Deborah 
Muhlenbwg^ Henry

Tichenor, William H. 
Carter, James 
Quinn, William G. 
Jasienski, Alexander 
Brun, Walter

1083 1987
1850
1917
1976
1952

mi %$.

0909
1083

0176

E Marlborough T Schmoyer, Robert

410
430
415
431
375

396
315
360
360
365

OOOMFCGH 
300WSCKO 
300WSCKO 
300WSCKO 
300WSCKO

300WSCKO 
300WSCKO 
300WSCKO 
300WSCKO 
300WSCKO

400FLCGH
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Table 25.--Records of selected wells in Pennsylvania-Continued

Casing Measured yield Field water quality

Depth
ofwell Depth 
(feet) (feet)

Diameter 
(inches)

Depth of water­
bearing zone(s)

(feet)

Water 
level 
(feet)

Date
water
level

mesured

Reported
yield 

(gal/min)

Specific Dis- Pumping
capacity charge period Date

[(gal/min)/ft] (gal/min) (hours) measured

Specific
conduc­
tance

(nS/cm)

PH
(stan- USGS 
dard well 
units) number

162
16

ill 
iil

50 90/155 21.80 09-08-89
11.91 09-11-89
23.32 09-11-89
29.49 09-11-89
26.45 09-12-89

 liH!:
IHiiiwI

144 70

236 50
85

: x;J2u$::::;::x: ::^{jjp.;

iiPliiii 
iiillll

90/120/135 

100/225

60.46
6.91

33.11
29.85
20.03

$$$! !
09-27-89 
09-27-89
09-27-89

10-04-89 
10-04-89

^mKitM^m.

15 CH- 3568
3569
3570
3571
3572

120

.04 2.0

3579
3580
3581
3582
3583

90 17.04 09-04-90

Q8Tp|9(};

^lilsi..............
::^4;-!?(5:|g24S>::i 

09-04-90 222
fii
5.85 4024
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Table 26.--Records of selected wells in Delaware

DOS well number: Well number assigned by the Delaware Geological Survey. 

Use of site: O, observation; U, unused; W, withdrawal.

Use of water: C, commercial; H, domestic; I, irrigation; T, institutional; U, unused. 

Topographic setting codes: F, flat; H, hilltop; S, hillside; V, valley; W, draw.

Hydrogeologic unit codes: 300CCKV, Cockeysville Marble; 300WSCK, Wissahickon Formation; 300WLMG, Wilmington 
Complex.

Elevation of land surface is estimated from topographic maps. Datum is sea level. 

Water level is in feet below land surface.

gal/min, gallons per minute; gal/min/ft, gallons per minute per foot of drawdown; ^tS/cm, microsiemens per centimeter at 25 
degrees Celsius
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Table 26.--Records of selected wells in Delaware 

[--, no data]

Location Primary

DGS well 
number

Latitude 
(degrees)

Longitude 
(degrees)

Quadrangle 
name Owner Driller

Year 
drilled

Use of 
site

Use of 
water

Elevation of
land surface

(feet)

Topo­ 
graphic 
setting

Bbl5-01 

Bb24-14 

Bb24-15 
Bb24-16 

Bb24-17

Bb25-30 

Bb25-31 

Bb25-32 

Bb34-60 

Bb34-61

iiiiiiiii
Bb35-19 

Bb35-20 

Bb35-21 
Bb35-22 

Bb35-23

ttimm

i : ilil?IPi
Bb55-13 
Bell-05 
Bel 1-06 
Bcl2-03 
Bcl2-04

Bcl3-18 
Bcl3-19 
Bcl3-20 
Bcl3-21 
Bcl3-22

394905
394817
394824
394818
394823

0754011
0754139
0754118
0754147
0754105

394806
394824
394820
394738
394752

0754036
0754000
0754002
0754011
0754023

394516 0754007
394911 0753909
394908 0753957
394920 0753830
394916 0753834

394917
394931
394924
394914
394903

Kennett Square 

Kennett Square 

Kennett Square 
Kennett Square 

Kennett Square

i;ip|5^|i:;;|pi^tii^

iiifftsloli

Kennett Square 

Kennett Square 
Kennett Square 

Kennett Square 

Kennett Square

Kennett Square 
Kennett Square 

Kennett Square

Kennett Square 

Kennett Square 

Kennett Square 
Kennett Square 

Kennett Square

Kennett Square 

Kennett Square 

Kennett Square 

Kennett Square 

Kennett Square

Kennett Square 

Wilmington North 

Wilmington North 

Wilmington North 

Kennett Square

Sumser, F. 

Matwey, Benjamin 

Donahue,John 
Braithwaite, Gavin 

Carpenter, Frank

Powell 

Powell 

Walton Corp. 

Gaster 

Gaster

1989

1957

1967

1972

lilt; 
iiiiil

Hartnett, Lawrence 

Reynolds 

NVFCo. 

Berry, Ken 

Klaristenfeld, David

Howe, Jane 

Gay, Frank 

Bates, Alan 
Vinton, Bill 

Libby, Jim

Riblett, Richard 

Moseley, Christopher 

Bryce, Steve 

Kelly 

DuPont, Ed

Brittingham, Margret

Manerchia, Lou 

Witsil, Pamela 

Colman, Robert 

Duncan, Betty 

Hunt, Sharon

Powell

Auld 

Powell

Powell 

Powell 

PoweU

Wallon Corp. 

Walton Corp. 

Powell 

Walton Corp.

Walton Corp. 

Walton Corp. 

Powell

322
396
345
365
297
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Table 26.~Records of selected wells in Delaware-Continued

Casing

Hydro- 
geologic 

unit

300WSCK
300WSCK
300WSCK

300WSCK

300WSCK
 ^iib^JWScK^
Illlillll

Illiiii!
111111111
300WSCK

300WSCK

300CCKV

300WSCK

300WSCK

ii;;|pJJV^§C^|;
ijjMjfi
Ws^fW^K^

lloHiiill
llplliil
300WSCK

300WSCK

300WSCK

300WSCK

300WSCK

||io|s|is^|
Illlillll
13^1111
liiiiiiii
Illlillll
300WSCK

300WSCK

300WSCK

300WSCK

300WSCK

liilSill
i|ll|l||i
llpcj^sicac:!!
il^illl
wa^f
300WSCK

300WSCK

300WSCK

300WSCK

300WSCK

Depth of 
well 
(feet)

185
-

220
~

200
^gg^QSSHS

lilllllil
ilillilli
llllllll

~

48

83

89
-

^11^1111
llllllll

||i||||
iliiiii
lllliilll

-

130
~

125

65

jjjMiii
llllllll
ISI1I1I

100

625

260

250
~

llllllll

liiillil!
iiiiiiiii
iiiifiiiiiiiliiiii

260

300
~

 

 

Depth 
(feet)

80
-

40
~
~

: : x : x : x :x^x: : : : : : : : :

 x-XvXv<-:-*ox-x-;

11:1111
Illlillll

-
-
~
-
~

slSSSriii

llllllll
iSSSJIiSsis
SSSSiiiiiiiSW:1

llllllll

~

-

~

~

~

111111

Illlli

iiiiitiil
Illlliinpii

25
~

36
-

-

Ilillll

llllllll

llllllll

llllilll

llllllll
98

109
-
-
 

Depth to water­ 
bearing 

Diameter zone(s) 
(feet) (feet)
 
..

6

7

7
y^^^fy^y^f:f
 : : : : : /: :-: : : . :-: : :-: : : : : : : : : : : : : :-: : : ; : : : : : : : :-:: :-: :-: : :-: : 

lilllllllllllllilltlllili 1: i

IIIIIIIIIIIIIIII1IJ
liiiiiiiiiiiiiiiiii6 '"" ""^ '""""""

..

..

6
~

:!;;:;::;;:;:;:i:;:;:|;£:;^

:iiiiiiiliiiiiiiiiiiiiiiiii;iiiiiii
^f:^'^^^^

Illliilllllllllllllll
:i||: :|:i; ^|i:|;:|;:||i:|::|;:;|g:; ;:|;i||:i|x:

7
_

6
..

..

lllllllllllllllllll I
1111P11111111I111111

iiiiliiiiiiiiiiiiiill
iiiii iiiiiiiiiiiiiiiiiiii
iiiiiiiiiifiiiiiiiiiiii

6
..

6
..

..

IIIII lllllllllllllll

iiiiiiiiiiiiiiiiiii:iii:iiiiiiiii
lllliplllllllllllllllll
|i||ll||;||||||l;i||l||;;||:||| ;|;;

6
6
..
 
 

Water 
level 
(feet)

37.42
38.44
31.04
38.47
48.19

mill

IBM!
61.98

6.77

24.83

29.82

14.81

llilii
Ilillll
Ilillll
11-111
IHIill

31.37

28.93

35.93

26.4

36.02

Illlli

liiili
IIIHll
Illllimill

43.81

.45

27.84

36.23

7.06

Iliiiii

iliiiii
:' :'  '''Jf*i'-'f\G'- '' '- ' '
  '    '   Vj^.vQ '.< '. - ' 

||?||1
19.98

27.51

34.46

25.01

59.31

Date 
water 
level 

measured

09-27-89

09-12-89

09-12-89

09-14-89

09-14-89

£sos£l4i89^^
' : ::': . . . : :' . .' : .' :' : . : ..' :' :' : :

liilli!
IliBiSlill

09-26-89

01-06-89

11-04-88

07-14-89

09-13-89

W^&3&M

illillilli
lio^i^ii^ii
liiiiiii
Iliiiiii

09-14-89

07-26-89

07-26-89

07-29-89

07-18-89

ilWii^ll
ioiiiiiii
Illlillll
liiiiiiii
llliiBiill

10-17-89

08-03-89

09-27-89

08-02-89

08-03-89

liiiiiiii
::::::ftfi::: iVi::::iBd ;;:;:::;:
 : : :l/O^\l3 rV'j'>- '  : :

IIBiHIl
liiillil
iH^^lli

09-27-89

03-07-90

03-07-90

03-07-90

03-14-90

Measured yield

Reported Specific Dis- Pumping DGS 
yield capacity charge period well 

(gal/min) (gal/min)/ft (gal/min) (hours) number

20 -- - ~ Bbl5-01
Bb24-14
Bb24-15

Bb24-16

Bb24-17
St^f-^t^^-M^^^^
: :' :' : : :' : :' : : . '^:'-:' :' :' : : : :' : : :' : :: :' : :' :' :': :' :' :' :' : :' : :';' :' :' :~-:'-:'-:':-:'^^

: : : : : : : : : : : : : : : : :^ :: : : : : : : : : : : : : : : : : : : : : : : : : : : : ; : : : : : : : : :i^ : : : : : : : : ; : : : : : ::; ^

:̂ :^^^:'\^:: :':-:^:^\ : :^ : :':^^fy : -fri^^-':^^:^^^:^:':-:: : '^^ 
:%f:^.2tt^:£^.^y;^

'jmj§jjjjjj^^
Bb25-30

Bb25-31

Bb25-32

2 ~ - ~ Bb34-60

Bb34-61

W^±^^fM:^

::':';:^:f^:-\''\ : :':f:: : :^:f^:\::^'^

i:i:£::i£:iii;iii?::::i:::i:i:§i:::i:§i£

j; : :j; : : : :;: : : : :;: : : : : : : : : : : : :J: : : : ';: : :;: : : : : : :J: : :^:;: ; : : :-:^ : : : : : : : : : : : : : :|: : : : :^: : : : :;:;: : :|:;: : ; : : ; :^: : : : : : : ; : : :-:::;:::;:::^

:;: : :> : ::: : :;: ::^;: : :J:;: : : : :;:J:;: : : : : ; : : : : :;: : :::|:;. :^: ; : : : : : : : ; : ; :;:|: ; : : : ; : ; : : : : : : :;: : :::;:^-: : ::::^:^;^^

Bb35-19

30 ~ - ~ Bb35-20

3 - ~ -- Bb35-21

Bb35-22

8 ~ ~ ~ Bb35-23
i^i^i^x'^x''-^:^

IHIlllIIIIililiB^^^^
Illllllllllllllllllllllllllllll^^

: : : : : : : : : : : : : : : : : : : : : : : : : : ; : : : : : : : : : : : : : : ; ; : : : : : ; : : : : ; >: : : : : : : : : : : : :^^ : : : : : : : : : : : : : ; : ; : : : : : : : : : : : : : : : O^ 
: x' : : ; : : : : : : x' :^x": : : x" : : : x' : : : x' : x" : : : x" : : : x' : : : x" : :^*: : : x" : :^

illliilllllliil^
13 ~ ~    DDJJ-1 j

Bcll-05

.07 10 3 Bel 1-06

25 - - - Bcl2-03

Bcl2-04

lilllllllllPI^^
: : xl : : :xll^ :x' : : : : ::: : : :l: : x' : : : xl : x' :x'-: :x' :;^0:: : : x' : : : ' : x' : :l: : :l :^

^|lllll|lllll^l|lllllllll;l^li^llllll|llllll||^

!!!!i|f|^^^
15 - -- 4 Bcl3-18

.02 5 4 Bcl3-19

Bcl3-20

Bcl3-21

Bcl3-22
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Table 26.--Records of selected wells in Delaware-Continued

Location Primary

DGSwell Latitude Longitude 
number (degrees) (degrees)

Quadrangle 
name Owner Driller

Year Use of Use of 
drilled site water

Elevation of Topo-
land surface graphic

(feet) setting

mm

imnti 
iimni
iHllll
Bc21-ll 
Bc21-12 
Bc22-10 
Bc22-ll 
Bc23-09

IMI1I

m

Bc31-08 
Bc31-09 
Bc31-10 
Bc31-ll 
Bc32-08

i
iliili 
liiili
Bc33-07 
Bc33-08 
Bc34-14 
Bc34-15 
Bc34-16

^^iri]rningt<m North

394845
394834
394835
394810
394853

0753932
0753953
0753819
0753803
0753740

Kennett Square 
Kennett Square 
Kennett Square 
Kennett Square 
Kennett Square 
Kennett Square 
Kennett Square 
Kennett Square

Reese Jr., Charles 
Blevins, Thomas 
Frederick, Richard 
Heckrotte, Robert 
Kane, Edward

Bc23-18 
Bc23-19 
Bc23-20 
Bc23-21 
Bc23-22

liBliliHii
394834
394837
394846
394807
394856

Kennett Square 
Wiknington North 
Wilrnington North

0753728
0753742
0753751
0753754
0753731

[:$&3mMm4mtmmm

iiiiii
394715 0753909
394739 0753954
394717 0753954
394730 0754000
394729 0753817

Wilmington North 
Kennett Square 
Kennett Square 
Kennett Square 
Kennett Square 
Kennett Square 
Kennett Square 
Kennett Square 

;::i^|j^
Wilmington North 
Kennett Square 
Kennett Square 
Kennett Square 
Kennett Square 
Kennett Square

0753739
0753716
0753651
0753637
0753650

DuPont-Copeland, L. 
Uniacke 
Vague, Lisa 
Prichard, W.

Rollins Sr., John 
Huang, Peter 
Brevort, F. 
Hobbs, Andrew 
Minker, Mat 
Martinez, Frank 

:;:Hester>: :payid;;::y 'i:

PoweU 
Duffy

Auld 
Walton Corp.

Burrus, Elizabeth
Quisenberry, Richard
Wolf, Dale
Winey, Art
GreenviUe Cntry Club PoweU

1985
1976

1956
1961

Walton Corp. 
PoweU 
PoweU 
PoweU 
Walton Corp.

Walton Corp. 

Walton Corp.

PoweU 

WakonCbip.

w
W
w 
w 
w

l
lll
395
342
362
345
365

315
277
310
328
252

308
322
321
347
330
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Table 26.--Records of selected wells in Delaware-Continued

Casing

Hydro- 
geologic 

unit

IMP
$$$f$8|

liiiiiii
300WSCK 
300WSCK 
300WSCK 

300WSCK 
300WSCK

mwmm

3QOWSCK

300WSCK 
300WSCK 
300WSCK 
300WSCK 

300WSCK

liiliiiii
300WSCK 
300WSCK 
300WSCK 
300WSCK 
300WSCK

ills
XxX:X'X:X: X.^.X;X;

300WSCK 
300WSCK 

300WSCK 

300WSCK 

300WSCK

Depth of 
well 
(feet)

llllllll
:Sx:x2Q5xX:X:Xx:

Illllill

138 
50

57 
160

mMS^m
IxIx^xIx^xoxXxj:

m^zs&mm

275 

55

liiiiiii
Illill

330

220 
97

iiisiiiii 
ilSIIII

312 
200 

330

Depth 
(feet)

liiifciii

ill
29

40 
25

|: : x->x|x;rr;x|x;x

x: : : : : x : x :ii : x : : :x :

~

liiiiiii

92

28 
65

iliffiil

42 

65

Depth to water­ 
bearing Water 

Diameter zone(s) level 
(feet) (feet) (feet)

iliiiiillllliiiilliiiiiiliilillliiiillllilillliii;
^;^;m?~V:^^^^^^

"^^^^^^mim^^i^^
13.04 

6 21/42 7.31 
34.7 

6 - 19.7 
6 - -

'^^ :-^^'<'-:'-:^-:'^ 
 :-:':-:-:':-:-:-:-:-r!:^-:-:-:-:'--:-:-:-:-:-:-;-:-:-;-:-;-WV/:^!':V:<-:-:-:-:-:v-:-:-:-:':-:<-:-:-:^**J*:-:-

ilililli^

mmZMmtmzmi^mt^^

..... .... ......................_..................__..

16.63 
60.5 

26.4 

10.75

11^
:-: :' :V-:':-:-:'X;^: ; i-:-x-: : L-:-:-x\-:':";':"^

8 - 39.0 

24.56 
6 ~ 24.08 
6 - 30.85 

40.07

 : : :-:\ ; .-: : : ; :-:-:-.£;:-:^-:':-; : : : ;^^ : :-; : x : :': : : : ^jH/<.ji( 14f': : : :o: ; : : :->:-; : : : : : : : : : : : :<5« : :*^: : : : :

'<'-:'-:'-:'<'-:'--'--'<'-:-^'<'^^
... ..... .................. .....^.... ................ _._..

6 - 54.55 

6 - 33.77 
31.65 

80 38.43

Date 
water 
level 

measured

ilHii
il!P$?QJ^9!:;|
^fi&^nf^'fiti^

i||yii|ii
09-26-89 
09-26-89 
07-19-89 
07-17-89

iixiiixiiii

08-28-89 
08-28-89 
07-27-89 

07-19-89 
07-27-89

liiiiiii 
IBS!! 
IliiHIl

09-20-89 

07-26-89 
07-26-89 
07-14-89 
07-24-89

IKIiiili
i^lHixlll 
liliiliiiili

09-1489 

10-17-89 
08-23-89 

08-23-89 
08-23-89

Measured yield

Reported Specific Dis- Pumping DGS 
yield capacity charge period well 

(gal/min) (gal/min)/ft (gal/min) (hours) number

|ii|l|||;|||||l||lllll||ll
 ^:^^;^y^

iiliiiijiiijiiijii^^^

BcZl-ll 

20 1.0 - 3 Bc21-12 
Bc22-10 

Bc22-ll

20 .15 - 2 Bc23-09
f^^^^f^f^^^f^^^

iiiiiiiiif
'^^m^^w^^
^::K:i:?S;i;:;:;:;:SS|:;:;:|:;:::;:::;:S^SS;:H

10 ~ -- - Bc23-18 

Bc23-19 
Bc23-20 

Bc23-21 
Bc23-22

!illiill;lll!il||lllllllll^^^^^
: : : : : : : : : ::;:: : : : :^:: : : : : : ::::::;:;:::::;: -' :: : : " : : : : : : : : : : :̂: : : : :̂ ^

iliiiiiliilK
48 .30 -- 24 Bc31-08 

Bc31-09 
.01 <1 3 Bc31-10 

3 - - - Bc31-ll 
Bc32-08

iiKiiiiiii^
Siiiiilfiiliiliiilliillili^^'- ^ ^^^^........ .^........ .......... _...... ...... ......_.. ........... ....._...... ' Bc33 _07

Bc33-08 

.11 20 8 Bc34-14 

15 -- - -- Bc34-15 
3 - -- ~ Bc34-16
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Table 26.--Records of selected wells in Delaware-Continued

Location Primary

DGSwell 
number

Latitude 
(degrees)

Longitude 
(degrees)

Quadrangle 
name Owner Driller

Year 
drilled

Use of 
site

Use of 
water

Elevation of Topo-
land surface graphic

(feet) setting

Bc42-13 
Bc42-15 
Bc42-16 
Bc42-17 
Bc42-18
WMitii

iim^i iiliiif:
lIMBi
Bc42-24 
Bc42-25 
Bc42-26 
Bc43-01 
Bc43-08

Bc43-l4 
Bc43-15 
Bc43-16 
Bc43-17 
Bc44-05

i

Cell-13 
Cell-16 
Ccl2-02 
Ccl2-06 
Cc21-02

0753818

0753808

0753833

0753850

0753856

Kennett Square 
Kennett Square 
Kennett Square 
Kennett Square 
Kennett Square 
Kennett Square 
Kennett Square

Mammen, Thomas 
Popel, George 
Spencer, Thaddeus 
Aunet, Gerald 
Roberts, Frank

" 8|!
mmm.

0753831

0753819

0753821

0753730

0753711

;;::3?46^3;|: 

il?^|l...,....................
iliiiililliiiiii

Kennett Square 
Kennett Square 
Kennett Square 
Kennett Square 
Wilmington North

;;:^l/5ii|^ir^^: 
Kennett Square

 ' K6nn6tt : S'Qtt8.T& ' '  ' ' ' ' ' 

Kennett Square

Cann, William 
Cox, Tim 
Raskin, David 
Worth, W. 
Voile, John

0753749

0753746

0753735

0753718

0753629

lUlM...............................
l3|ppl;(ifpt5|:
;i9;|i|||;^!||i:
394403 0753931
394407 0753909
394439 0753900
394417 0753811
394358 0753917

Kennett Square 
Kennett Square 
Kennett Square 
Wilmington North 
Wilmington North

Newark East 
Newark East 
Newark East 
Newark East 
Newark East

True, Katherine 
Campbell, William 
Comoletti, Donald 
Manning, Bob 
Stark, Warren

Powell 
Powell

Walton Corp.

Walton Corp. 
Walton Corp.

Powell

1987
1982

1787
1949
1950

1849

H 
H 
H 
H 
H

Hi 
ill 
III
HI 
iiill
H 
H 
H
U 
H

Hi

Strickler, Edward
Krespan, Carl
Hercules Research
Kortman, Harold
Schutt Sr., C.

Walton Corp.
Powell
-
-
-

1985
1979

~
-

1983

W
W
O
W

165
250
150
275
280

ill:

310
170
107
330
301

230
262
255
280
320

145
140
162
112
119
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Table 26.~Records of selected wells in Delaware-Continued

Casing

Hydro- 
geologic 

unit

300WSCK

300WSCK

300WSCK

300WSCK

300WSCK

aoowseK

Uiiim

300WSCK

300WSCK

300WSCK

300WSCK

300WSCK

300WLMG

300WLMG

300WLMG

300WLMG

300WSCK

Illilllll
iiiiiiiii
300WLMG

300WLMG

300WLMG

300WLMG

300WLMG

Depth of 
well 
(feet)

590
705
400
-

143

500

241
«

165

205

liiiilii

250

200
~

-

247

Illlfilll 
Illilllll

m^mrn
;. ;. : . ;.;.;. ;.;A^ I-;.;.;.;.;.;.;.;

SSSi&llwS:::::^

28

100

68

20
-

Depth 
(feet)

41
-
-
-

45

S:v:|:v:;:T*x;:;:S

::SS'S:^::>:S ;

liiiil
27

40
-

-

45

ilHii 
iiiill
X;;o>:>x:;*x:;:;:v:;;

33
-

-

-

!!!!!?:«!

|||:;i;i|;i;|;;;i

111111
::!:::SS::**:-::S::

-
-
-
-
-

Depth to water­ 
bearing Water 

Diameter zone(s) level 
(feet) (feet) (feet)

6 327/459/575 58.8

60.25

38.35

53.25

6 80 38.77

: : : : : : : : : : : : : : : : : : : : : ; : : : : : : : : : : : : : : : :^

:'s'-:^\'t\>.'.:'-\'^^ 
 ^:'-\--:<~--^-tt^^

^^^n^&^^^^^^i§
:£$i^M%mm

6       28.09

6 ~ 53

16.60

29.92

6 - 25.20

S -xoxoivX-^'X'X-x-i-x^oxvxoxvX-x-x-x-x-rtjji-ioevX ' ^' :'-\'-:'-:'-: : :'-:'^^

:x' : : : : : : : x' :x' : ' : :i : : : : : x' : ::i^x' : : : x' :^

   _,.  ,,,,,,,,, ,,,_ ,,,,,,,,  5

6 - 41.43

18.10

14.65

6 - 120

: : : : : ; : : : : : : : : >: : : : :^: : : : : : : : : : : : : : : ; : : : : : ; : : : : : : : : : : : : : : : : : : : : : : i^: : : : : : : : : : : : : : : : : : :": : : ; : : : : : : : : : : : : 'V7- : |t^» ; -^

;::::::::::'::^;:::r^.:':':.:::: ^:':^:-:':'::::;::^;. ^:^.;:-::::: : :;^-::::''-:: : ';:::':: 27»34:: ' : ' :

 ^:::^^:^-:y::^:^:^^

tt^tM$&#&yfttiMl*^^

           20.40

5.71

11.5

16.65

11.35

Date 
water 
level 

measured
08-14-89
09-14-89
08-14-89
07-25-89

07-25-89

Ililliii
i|;|tlliili 
WKsmi
mQS^9&^

10-04-89

08-14-89

08-14-89
01-18-56

10-17-89

iiiiiiiii
08-14-89

08-21-89

11-04-88

08-23-89

08-21-89

iMiiiii 
liHIiiil

10-il-89

10-03-89

10-03-89

07-29-89

10-03-89

Measured yield

Reported Specific Dis- 
yield capacity charge 

(gal/min) (gal/min)/ft (gal/min)

0.03 5
.01 5

20
 

6

illilillM^
lllllllllllilliilllllllilliill

<.01 1

7
 

..

.49 30

iSiiiliijiiiil
::;:;:::;:;:::;:^^:;:::;:;:;:;:::::;:;:::;:::^:;:;:::S:::::;:::i:;:;:;:::::::i:;;:::::;:::;Si;:::::^:i:;:;x
......... ....................._.................._.........

.08 8
..

 

40

illllllllll 111 lll:llllilllll

|!||llll|||IIIS^^

30

7
 

-

Pumping DGS 
period well 
(hours) number

3.4 Bc42-13
1 Bc42-15

Bc42-16
Bc42-17

Bc42-18

||:||||;li|;i;iiii| 
llllllllliiiii

4 Bc42-24

2 Bc42-25

Bc42-26

Bc43-01

1 Bc43-08

: : : : : : : : : : : : : : : : : : : : ;ii' : : : : : : : : : : : : : : : : ;:ttttiStiift

Illllllliiilll
Illlllllllli^^ii

- Bc43-14

1 Bc43-15

Bc43-16

Bc43-17

Bc44-05

::.::::: : : : :^: : :: : ^: : ::: : ::: : : ; : : .; ::JB(K>^-yq: :

|||||ip|||||||||||
- Ccll-13

Cell-16

Ccl2-02

Ccl2-06

Cc21-02

89
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Table 28. --Results of chemical analysis for organochlorine insecticides, organophosphorus 
insecticides, polychlorinated biphenols, and polychlorinated naphthalenes

[ND, not detected, detection limit unknown; (J.g/L, micrograms per liter; -, no data; 
<, less than; PCB, polychlorinated biphenols; PCN, polychlorinated naphthalenes]

Well 
number

CH-31
31
45
45
69

Ililliil
111111111
Illlilll
iiiiiiiiii
Illiill

2061

2414

2414

2586

2591

Illil^il
liiiiil
Ililliil
IIIIHI

3310

3310

3310

3323

3356

i:ill:^i;34M:l

11111111

Iiiiiiii
Illliiiil
liiiiil

3471

3472

3473

3474

3478

Illl3539il

iiiiiiiiii
illiilliiosill

Date of 
sample
07-07-83
05-16-84
06-16-82
08-04-82
06-03-80

Iliiiitli
|i^i<i|§l;ii'

Ililiillii
iiiiftziiiiiii
11111111

06-24-82

08-26-80

05-07-81

08-08-89

08-05-87

i!^5J87J!

iiiiiiiiii
v^ i/v£' i -ori' i oo: " : x : "-
'. -X'UUrjjU/rOO: -:-:  :-:

Iiiiiiiiii
07-06-88

06-02-89

07-19-90

08-15-88

06-02-89

|p8^3i89j!

iiiiisfiisiii
Iiiiiiiiii
lioiliiii
ipslifi^ll

08-16-89

08-17-89

08-23-89

08-24-89

09-01-89

;Sfl8i30|g9ll;
iisiii^oi!
lip8-14iSioll

Aldrin, 
total

<0.010
<.010
-

<.010
ND

liiiiil
illill
liiiiil
Illiill
liiiiil

<.010
ND

<010
<.010
<010

IliiiEttjII

iiiiiii
iiiilii

<.010

<010

<.010

<.010

<.010

iiiiiMsi
llljlSl
lliiiQiiiii

11181
lilitii!

<.010

<010

<010

<010

<010

iiiliiii^oiiiolil
Illiioiiiil
llipioi

Lindane, 
total 

(W/L)

<0.010

<.010
-

<.010

ND

liiiiil
iiiilii
IliiJMiKlii

iiiiKiii
liiiiil

<.010

ND

<.010

<.010

.020

lliiQiplI
illlilii
Illiill

BUB!!
.020

<.010

<.010

.030
-

SMti&M
liiiHi
I|i|iiibi6ill
lillpiolli
iiffiiil

<.010

<.010

<010

.010

<010

lilioiQi
IliiiiQiplI
liibipls

Chlor- 
dane, 
total 

(W/L)

<0.1
<.l
-

<.l
ND

iiiiiiii
liiiiil
Iliipilti

iiiiiiii
<.i
ND

<.l

<.l

<.l

liiiiil
1111111
iiiiii
SilllSI

<.r
<.i
<.i
<.i
-

iiiiii
liiiiil
iiiii:;iii
Ililil
Iliill:

<.l

<.l

<.l

<.l

<.l

lllijtlll

Ililil
iiiiiiii

ODD, 
total 

(WJ/L)

<0.010

<.010
-

<.010

ND

Iliaiiiil
Illiill
iiiiiiii
Iiiiiiiiii
llllili

<.010

ND

<.010

<.010

<.010

llllili
iiiiiiiiii

iiiilii
ijlllll

<.010

<.010

<.010

<.010

<.010

iilMioi
ililpiOll
ilipibil
illiioipll
liiioipiii

<.010

<.010

<.010

<.010

<.010

liiowli
. ; Sxi.<,01P:ii-i

:^^<010:^: :

DDE, 
total

<0.010
<.010
-

<.010

ND

iiiiii
liilfeiill
Ilioiijii
iiiiiiiiii
llioiill

<.010

ND

<.010

<.010

<.010

iiiiiioipi
iiiiiiiiii
iliilllil
iiiiBii

<.010

<.010

<.010

<.010

<.010

l;iiRli5ii:fi

illlliii
ililoiil
iilliill
iiiiiiii

<.010

<.010

<.010

<.010

<.010
:i;i : i;::i<j.0l6:ig:

i: : ii : i : i<X)lp:ii: : ii

iiiioipiil

DOT, 
total

<0.010
<.010
~

<.010

ND

llllili
liMIll
Iliiesili
liilillil
Illliii

<.010

ND

<.010

<.010

<.010

liiilifttpiii^

liiiiil

iiiisii
.040

<.010

<.010

<.010
-

Ilijfil0i;l

Illiflipll
IlliiSiiiii
llllili.iiiiiiiioipiiiiiiii

<.010

<.010

<.010

<.010

<.010

|!;<j&ipifi;
iiiiiiiii :ioiioili-
|ii<:oiipi

Di- 
eldrin, 
total

<0.010
<010
--

<010

ND

liiiiil
!iii ::iii«$0ii!lii

IliSil
liilSil
illipipil

<010

ND

<010

<.010

<.010

iii : iiiiiiiiioipl^
Illiill
liiiiiiiiii

<.010

<010

<010

<010
-

: ;lli010iiiiii^

iHiQiOil
iiiiioldl:
li;iS8i|l
IlilSSI

<010

<010

.021

<010

<.010
.i>; : ;i : : :<,Pl6iiS:

<&!() "iv

: <^010

Endo- 
sulfan, 
total 

(WI/L)

<0.010
<.010
-

<.010

ND

lii^i£>i;iii

Ililiill
liiiiil
Iiiiiiii

<.010

ND

<.010

<.010

<.010

iiiiioiiiiiiii
Illiillliipiiipii

liiiiil
<.010

<.010

<.010

<.010
~

liliiiiiiJlol
1111111
Iiiiiiii
BlSill
111*111

<.010

<.010

<.010

<.010

<.010

&S&
HiPiWiiii;i:
il<J310'li

Endrin, 
total

<0.010
<.010
-

<.010

ND

Iiiiiiii
iilil&PQll

iiiiiiii
iiiilii
iiliiiiipioiiii

<.010

ND

<.010

<.010

<.010

illililli
iliiSil

Iiiiii
<.010

<.010

<.010

<.010
-

iili : ii : <-c>ipiiii
iiiiiiiiii:
liiiiiii
illlli
iiiiiiii

<.010

<.010

<.010

<.010

<.010

ll*^ill
iiii^pii
l-liscftol

Tox- 
aphene 

total 
(PO/L)

<1
<1
-

<1
ND

iiiiiii
iiiiiiiiii
iiiiiillllilli
Illiliil
iiiiiiiiii

<i
ND

<.l

<1

<1

Illtlll

IliSlii
IIIIIII

IIIIIII
<i
<i
<i
<i
-

iiiiiiiiii
iiiiiii
lllliilll
I1HI1II
iiiiiiiiii<i

<i
<i
<i
<i

iilllliill
IliSIli
Ii|<:liliii5l

Hepta- 
chlor, 
total

<0.010
<.010
-

<.010

ND

iiiiiiiiii

iiiiiiiiii
WMfMm

<.010

ND

<.010

<.010

.010

iiiiiii
lillliiil
IIISMI

<010

<.010

<.010

<.010

<.010

|iiii|;6iOi||
liiBSIII
liiHHIl
Illlillii
Iiiiiiii

<.010

<.010

<.010

<.010

<.010

ililioiiiil
IliiSiil
iliiiioiipiilil

Per- 
thane, 
total 

(MO/L)

<0.1
<.l
-

<.l
ND

iilliill

iiiiiiii
illliii
liiiiil<.r

ND
<.l
<.l
<.l

iiiilii
Illiillll
Illliii

llllili<.i
<.i
<.i
<.i
-

Illiillli
Illiill
Iiiiiiiiii
IIIIII
Illiill<.i

<.i
<.i
<.i
<.i

Illiill
llHil
il|iiiiii:i;i

:^ i;l: :
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Table 28.--Results of chemical analysis for organochlorine insecticides, organophosphorus
insecticides, polychlorinated biphenols, and polychlorinated naphthalenes-Continued

Hepta- Meth- Mala-
chlor oxy- Di- Mala- thion, Para-

epoxide, chlor, Mirex, syston, Phorate, DEF, Ethion, thion, dis- thion,
total total total total total total total total solved total

(H9/L) (jig/L) (jig/L) (ng/L) (jig/L) (jig/L) (jig/L) (jig/L) (jig/L) (jig/L)

Para-
thion, Di- 
dis- azinon,

solved total Date of Well 
(jig/L) (jig/L) sample number

<0.01 <0.01 
<010 <.01

.010
ND

<.010 

ND 

<.010 

<010 

<010

lijili
<.010 

<.010 

<.010 

<010

<010 

<010 

<010 

<010 

<010

ND

<0.01

ND

ppji||||^pi;:: """ : '"'"" : '""""""ll;iol

ND

illli  iii

.11

l
il 
lll
<01
ND

0.01

-

07-07-83

05-16-84

06-16-82 

08-04-82 
06-03-80

06-24-82 

08-26-80 

05-07-81 

08-08-89 
08-05-87

07-06-88

06-02-89

07-19-90

08-15-88 
06-02-89

08-16-89 

08-17-89 
08-23-89

08-24-89

09-01-89
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Table 28.--Results of chemical analysis for organochlorine insecticides, organophosphorus
insecticides, polychlorinated biphenols, and polychlorinated naphthalenes-Continued

Well 
number

CH-31
31
45
45
69

2061

2414

2414

2586

2591

: : : ::::: : ::xx:: : : : : ; :^;l:.5lb!: : x : : : : : : :

i«ii^s^si
illll^illll
X'X'X-x-X'X-qMJQC-XxX-:

3310

3310

3310

3323

3356

IlllillilSi
mmm&m

JIIIllI
3471

3472

3473

3474

3478

W-ii^Mii

iiiiiii.
||;:xi: : i4Q23l'S:;
ji$m#&*m

Di- Methyl Methyl 
azinon, Methyl para- Tri- Methyl tri- 

dis- para- thion, Tri- thion, tri- thion, Ethion, 
solved, thion, dis- thion, dis- thion, dis- dis- PCB, 

Date of total total solved total solved total solved solved total 
sample (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

07-07-83 ~ - ~ - - - - - <0.1
05-16-84 -- -- - -- -- - - - <.l
06-16-82

08-04-82 ~ - - - - ~ ~ - <.l

06-03-80 - ~ - ~ -- ~ - - 0

: : : : : :Q5i^l-!^84: ^"^ : ' : ^ :^

:;:::;07^Qg488::: : x ; : :^^

^''flfi'^ftRO^'''''^'' 1 ''''' 1 '''''''''''^''^

06-24-82 -- - - - ~ ~ ~ - <.l

08-26-80 - - ~ - - ~ ~ - 0

05-07-81 - - - - ~ - -- ~ <.l

08-08-89 - <.01 - <.01 - <.01 -- - <.l

08-05-87 - ~ - - ~ - ~ - <.l
'   : 'ft£'- VS^'''fl^'-'''-'  ' '' ' ' ' ' " " '-" ' ' " ' ' ' : ' ' '-' ' "- x-x-x-x-X'X ; ; : '   ;-. " : : : :-" :-' : : ; :  :-: : : ; :  :-x xox : :-; : : : :   : :->: : :-: " :-: : :-: : : : : :^--"| -x-x-x-:

ti$$jj$y$£y^^
Z$faff!&$mZ^^
^Q®$(2^^

"^^^^^^^i^^^^^^i^^^^^f^^^^^i^^^^^^^^^^^^^^SM
 : ' : ''{jj(t3iPi^'5j' : ' ; 'y ' : ' : ' :: ' : ' :i:i; ' :i: ' : ' : ' ; 'x ' >: ' : ' : ^

07-06-88 ~ - ~ -- - - - - <.l

06-02-89 - - - - - - - - <.l

07-19-90 - <.01 - <.01 - <.01 - - <.l

08-15-88 - -- - - - -- - - <.l

06-02-89 - <.01 - <.01 -- <.01 - - <.l

;;;iiGl8fiiiiiiiiiii;iiii:^
l^MiM

l8ftiSl!lili!^
08-16-89 - <.01 -- <.01 - <.01 - - <.l

08-17-89 - <.01 ~ <.01 -- <.01 - - <.l

08-23-89 - <.01 - <.01 -- <.01 - - <.l

08-24-89 ~ <.01 - <.01 ~ <.01 - -- <.l

09-01-89 ~ <.01 - <.01 - <.01 ~ - <.l

x 09"04x"90 x ^x": -xVx'xxx':':': x 5?-Ol '' '.' '  ' ': : :'    "     ' '.- ' :'   ' :' '.- '  ' ' :' ' '  .01 . f. . .. . X ;I '.~TX : X ;.  '  .'    '-; : ;.;.'.|<.01: x  ' . ; . : x :T: '  : ^.^/x'- : xX"x ' ; ;. "- X;x- : ' ..;-: ':<vlx - : '- : ': ' :

ti$j^mtmm&

PCN, 
total

<0.10
<.10
-

<.10
0.0

Illlllll
:::':':vX<;;10>>:::x:

Illlllll
xox : x^-'i'/v-x; : ; x :

o, :m._____,,

0.0

<.10

<.10

<.10
 : ;  ' ''-'' ''^''-\-t\ '« '  '' -'

mii®m
ill<^:Q:>;i:;

WMM&i
x-xi-x^ji JQ-:-:-x-:
,,,x^:^,,x,

<.10

<.10

<.10

m^i&m
Ii::lllll
i^ilisiiliQiill

III!!;!
<.10

<.10

<.10

<.10

<.10

IB^iol!
;-x<.io: -;: : ;::;:
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Table 29.-Results of chemical analysis for volatile organic compounds, base neutral compounds, and 
phenols 
[ND, not detected, detection limit unknown; u,g/L, micrograms per liter; -, no data; <, less than]

Well 
number

CH- 31
31
45
45
69

69

69

69

71

2061

2414

2414

2586

2591

3084

3110

3130

3321

4004

4005

4023

Date 
of 

sample

07-07-83
05-16-84
06-16-82
08-04-82

06-03-80

05-07-81

05-16-84

07-06-88

07-21-86

06-24-82

08-26-80

05-07-81

08-08-89

08-05-87

08-05-87

08-25-87

09-02-87

08-15-88

08-01-90

08-14-90

09-04-90

Di- Carbon 
chloro- tetra- 
bromo- chlo- 
methane, ride, 

total total 
(H9/L) (ng/L)

<1.0
<3.0
-

<1.0

ND

ND

<3.0
-

<3.0

<1.0

ND

ND

<3.0
~

~

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

<1.0

<3.0
-

<1,0

ND

ND

<3.0
-

<3.0

<1.0

ND

ND

<3.0
~

-

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

1,2-di- 
chloro- 

ethane, 
total 

(H9/L)

<1.0
<3.0
-

<1.0

ND

ND

<3.0
~

<3.0

<1.0

ND

ND

<3.0
~

-

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

Bromo- 
form, 
total 

(H9/L)

<1.0
<3.0
~

<1.0

ND

ND

<3.0
--

<3.0

<1.0

ND

ND

<3.0
-

--

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

Chloro- 
di- 

bromo- 
methane, 

total

<1.0
<3.0
--

<1.0

ND

ND

<3.0
~

<3.0

<1.0

ND

ND

<3.0
-

~

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

Chloro- 
, form, 

total

<1.0
<3.0
-

<1.0

ND

ND

<3.0
-

<3.0

<1.0

ND

ND

<3.0
-

~

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

Toluene, Benzene, 
total total 

(ng/L) (ng/L)

<1.0
<3.0
-

<1.0

ND

ND

<3.0
~

<3.0

<1.0

7.0

ND

<3.0
~

-

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

<1.0

<3.0
~

<1.0

ND

ND

<3.0
-

<3.0

3.0

ND

ND

<3.0
-

-

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

Chloro- 
benzene, 

total 
(H9/L)

<1.0
<3.0
-

<1.0

ND

ND

<3.0
-

<3.0

<1.0

ND

ND

<3.0
~

-

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

Chloro- 
, ethane, 

total

_
-
-

<1.0

ND

ND
-

-

<3.0

<1.0

ND

ND

<3.0
~

-

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

Ethyl- 
benzene, 

total 
(W/L)

<1.0
<3.0
-

<1.0

ND

ND

<3.0
~

<3.0

<1.0

ND

ND

<3.0
~

-

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0
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Table 29.-Results of chemical analysis for volatile organic compounds, base neutral compounds, 
and phenols-Continued

Methyl 
bromide, 
total 

(MQ/L)

--
-

<1.0

ND

ND
--

--

<3.0

<1.0

ND

ND
<3.0
--

--

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

Methyl 
chlo­ 
ride, 
total 

(Mfl/L)

-
-
--
--
-
-
-

<3.0
-

-

-

<3.0
--

-

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

Methyl- 
ene 
chlo­ 
ride, 
total 

(H9/L)

<1.0
<3.0
~

<1.0
ND

ND

<3.0
-

<3.0

<1.0

ND

ND

<3.0
-

-

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

Tetra- 
chloro- 
ethyl- 
ene, 
total 

(H9/L)

400

290
~

<1.0

ND

ND

<3.0
-

<3.0

<1.0

ND

ND

<3.0
~

-

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

Tri- 
chloro- 
fluoro- 

methane, 
total 

(MO/L)

<3.0
--

<1.0
ND

ND

<3.0
-

<3.0

<1.0

ND

ND

<3.0
-

--

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

1,1-Di- 
chloro- 
ethane, 

total 
(MO/L)

<1.0
<3.0
-

<1.0

ND

ND

<3.0
-

<3.0

<1.0

ND

ND
<3.0
-

-

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

1,1-Di- 
chloro- 
ethyl- 
ene, 
total 
(WU

<1.0
<3.0
-

<1.0
ND

ND

<3.0
~

<3.0

<1.0

ND

ND
<3.0
~

--

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

1,1,1- 
Tri- 

chloro- 
e thane, 
total 
(W>L)

<1.0
<3.0
~

<1.0
ND
ND
<3.0
-

<3.0

<1.0

ND

ND

<3.0
-

-

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

1,1,2- 
Tri- 

chloro- 
e thane, 

total 
(H9/L)

<1.0
<3.0
~

<1.0
ND

ND

<3.0
-

<3.0

<1.0

ND

ND

<3.0
-

~

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

1,1,2,2- 
Tetra- 
ch lore- 
ethane, 

total 
(WL)

<1.0

<3.0
~

<1.0

ND

ND

<3.0
-

<3.0

<1.0

ND

ND

<3.0
-

-

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

Date 
of 

sample

07-07-83
05-16-84
06-16-82
08-04-82

06-03-80

05-07-81

05-16-84

07-06-88

07-21-86

06-24-82

08-26-80

05-07-81

08-08-89

08-05-87

08-05-87

08-25-87

09-02-87

08-15-88

08-01-90

08-14-90

09-04-90

Well 
number

CH- 31

31

45

45

69

69

69

69

71

2061

2414

2414

2586

2591

3084

3110

3130

3321

4004

4005

4023
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Table 29.--Results of chemical analysis for volatile organic compounds, base neutral compounds, 
and phenols-Continued

Well 
number

CH- 31 

31 

45 

45 

69 

69 

69

69

71

2061

2414

2414

2586

2591

3084

3110

3130

3321

4004

4005

4023

Date 
of 

sample

07-07-83 

05-16-84 

06-16-82 

08-04-82 

06-03-80 

05-07-81 
05-16-84

07-06-88

07-21-86

06-24-82

08-26-80

05-07-81

08-08-89

08-05-87

08-05-87

08-25-87

09-02-87

08-15-88

08-01-90

08-14-90

09-04-90

Trans- 
1,2-Di- 1,2-Di- 1,2-di- 
chloro- chloro- chloro- 

benzene, propane, ethene, 
total total total 
(MO/L) (MQ/L) GiQ/L)

<1.0 

<1.0

<5.0

<3.0
-

-

-

<3.0
-

-

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

<1.0 

<3.0

<1.0 

ND 

ND 

<3.0
-

<3.0

<1.0

ND

ND

<3.0
-

-

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

<1.0 

<3.0

<1.0

ND 

ND 

<3.0
--

<3.0

<1.0

ND

ND

<3.0
-

-

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

1,3-Di- 
chloro- 

propene, 
total 

(WI/L)

<1.0

<1.0

ND 

ND

-

<3.0

<1.0

ND

ND

<3.0
-

--

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

1,3-Di- 
chloro- 

benzene, 
total 
(H9/L)

<1.0 

<1.0

<5.0

<3.0
-

~

~

<3.0
-

-

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

1,4-Di- 
chloro- 

benzene, 
total 

(W/L)

<1.0 

<1.0

<5.0

<3.0
-

~

-

<3.0

-

-

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

2- Di- 
Chloro- chloro- 
ethyl- di- 
vinyl- fluoro- 
ether, methane, 
total total 

(H9/L) (ng/L)

<1.0

<1.0

ND 

ND

-

<3.0

<1.0

ND

ND

<3.0
--

-

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

<1.0

ND 

ND 

<3.0
~

<3.0

<1.0

ND

ND

<3.0
-

-

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

Trans- 
1,3-di- 
chloro- 

propene, 
total 

(H9/L)

-

-

<3.0
~

-

~

<3.0
~

~

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

Cis- 
1 ,3-di- Penta- 
chloro- chloro- 
propene phenol, 

total total 
(H9/L) (ng/L)

~

--

<3.0
-

-

--

<3.0
-

-

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

<1.0 

<1.0

<1.0
-

-

-

--

-

--

-

~

-

~

-

-

-

 

102



Table 29.--Results of chemical analysis for volatile organic compounds, base neutral compounds, 
and phenols-Continued

1,2- 
Dibromo 

ethyl- 
ene, 
total 

(W/L)

-
-
~
-
-
~
-

<3.0
-

-

~

~

-

-

<3.0

<3.0

<3.0
-

-

 

Vinyl 
chlo­ 
ride, 

total

-
~

<1.0

ND

ND
-

-

<3.0

<1.0

ND

ND

<1.0
-

-

<3.0

<3.0

<3.0

<1.0

<1.0

<1.0

Tri- Hexa- 
chloro- Hexa- chloro- 
ethyl- chloro- but- 
ene, benzene, adiene, 
total total total 

(jig/L) 0*g/L) (jig/L)

8.0

5.1 <1.0 <1.0
..

<1.0

1.0

ND

<3.0 <1.0 <1.0

<5.0 <5.0

<3.0 <5.0 <5.0
<1.0

ND

ND

<3.0
..

-

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

Styrene, 
total

~
-
-
-
~
-
-

<3.0
-

-

-

<3.0
~

~

<3.0

<3.0
<3.0

<3.0

<3.0

<3.0

1,2- 
Dibromo- 
ethane, 

total 
(W/L)

-
~
-
-
~
-
-
-
~
~
~

<3.0
-

~

-

~

-

<3.0

<3.0

<3.0

Xylene, 
total 

(M9/L)

-
-
--
-
-
-
-
~
-
~
-

<3.0
~

~

<3.0

<3.0
<3.0

<3.0

<3.0

<3.0

Phenols, 
total 

(W/L)

<1
<1
-

<1
ND

ND

<1
~

<1

2

ND

ND

8

1

1

3

2
-

<1

<1

2

Date 
of 

sample

07-07-83

05-16-84

06-16-82

08-04-82

06-03-80

05-07-81

05-16-84

07-06-88

07-21-86

06-24-82

08-26-80

05-07-81

08-08-89

08-05-87

08-05-87

08-25-87

09-02-87

08-15-88

08-01-90

08-14-90

09-04-90

Well 
number

CH- 31

31

45

45

69

69

69

69

71

2061

2414

2414

2586

2591

3084

3110

3130

3321

4004

4005

4023
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Table 30.--Resutts of chemical analyes for nutrients

[ND, not detected, detection limit unknown;
mg/L, milligrams per liter; --, no data; <, less than; dis, dissolved]

Well 
number

CH-21
30
30
31
35

M:tMfi?5m
 x-x-x-x-x-x-x^^-x-x
XxXxX : x: x : xXj:3x ;x:

llllliil
mmmsm"""""""44"'"

45
45
45
46

iiiiiiii
XxXx-xXx-x'x-xX: -:-: : 

111111*1:
liiiiiWil

69
69
69

459
468

Iiiiiiii

Date of 
sample

04-15-58
04-14-58
05-22-59
07-07-83
04-14-58

:;s;::OSftl2pS&;;;:;;;
 x-x-^£X>i^:-:^YX-x
x : X::W5:T22x5Sxx::

$f$B;$$g$m
Ilililill
mmmssm

05-22-59
08-08-58
05-22-59
06-16-82
04-15-58

x:;:::PJ"IMI*x

xx ::Wxx x^Xx-SxX;

W$$$&Qm
05-07-81
05-16-84
07-06-88
09-25-25
09-25-25

iiiisii

Nitro- Nitro­ 
gen, gen, 

organic, ammonia, 
dis- dis­ 

solved solved 
(mg/L (mg/L 
as N) as N)
- -
- -
- -

<0.010
-

:;::::;:i:;:g::^:;::g::;;:;;g;;iS:::;:g^:;i;:S;>x;::x;:
Xx^Xx-xTr^'x'xXxXiXxXxXxTx^xoi^oxo

m^M^:M^'Mm^Mm^i
mmvmmmmmmmm*
:::;:::;:i;:g::S:;::::::::::g::g;::i;::^:;^::;::::::x:::::::;^

- -
- -
- -

.010
-

^mmm&MmMmMt.
:i :i:::^:: : ;:::irT:;:;:|g:;:::::;:;:g;::g:|:vrr:i:;:;:;x;x;;x;:

M^^mMmm^^mm
i§imiiiiiiMiM)m

.050
<.010

.020
- -
-

111111111:111:110111;:

Nitro­ 
gen, 

nitrite, 
dis­ 

solved 
(mg/L 
asN)
-
-
-

<0.010
-

SsSx*:xxxs;:g
xXxXxTxXxXx'xX

m^M^M
mmmmt
vm^mfm

-
-
-
<.010
-

mmmn
x:S:::Sx::X::X:X:X;:

m:̂ mfm:m
;:lllloio::l

<.010
<.010
<.010
-
-

Nitro­ 
gen, 

nitrate, 
dis­ 

solved 
(mg/L 
asN)

1.80
19.0
17.0
-
9.70

x-x-x-Xvii-^jy: : :-: 
i^SxXxB^OW-L-xo

mmMQm
WiViQm
mmmsom.

12.0
2.50
3.40
-

3.60

11181!
xixixix^Xx-xxiXx

WMt$®$.

-
 
-

340
.40

Ililii

Nitro- Nitro- Phos- 
gen, am- gen, phate, 
monia + NO2+NO3 ortho, 
organic dis- dis- 

dis. solved solved 
(mg/L (mg/L (mg/L 
as N) as N) as PO4)
_ _
_ _ _
_ _ _

7.80
_

^vmmmmmmmmmmmt^mm
: : : : x : : ; : ; : : : ; ^r : ; : ; : : : ; :;: : x : : : : : . ; : : : : : : : : : : : : r7-: : : : x : -;:;: : : : X;::X : :;::X:::::r^: ; : : x :x : : ; X;X :

^^mMmMmKM^^Mfm^^'^mm^
^mMmmm^m^mm^MmMm
^f^:m^^

_ _
_ _ _
_ _

3.90
- - -

^ :A : - ::^-^^^f^

^fM^t^^&'f^

;;:;:;:;:;;;:;:v^;::;;:;::;;;;j;:;;;;;g
IllPlilllliiS^llli^^

3.20
5.70

.700
_ _

- - --

Phos- Nitro- 
phate, gen, 
ortho, ammonia, 
dis- dis­ 

solved solved 
(mg/L (mg/L 
as P) as NH4)
- -
- -
- -
- -
-

:S:;:i;;:;^;:;:; : ;;;:i;;;;:;:;:::;;;:i:i::;:::w;:s::::;i:::j;::;
: : : : :x : : : '. : ?rr:ox::-::x:x'xo:::-:o::??r: : x : : : :^: : :-': : : :

:i:i;::ii:;:;ffi::;i;::i::;i::;i;:^g:;;;::::;!!:!:;:;;;:ii;:;i;:;;::;:;
;:::;:::;:;:;^;;;:;;:;:::;:;;::;i::;s:::;::::^;s;;;::;;:;::;;:;
:::::;:::;:::S;::::::g:::::;::::::::i:::::S:S::::x:::::::::::::

- -
- -
- -

0.01
-

immmmXtKmmi
: : S::S:x^::SS::S::S::SS:::xoS::S:S::'::

mffmm^M2M$£Z

.06
_ _

.03
- -
-

;:|l|lll|||:|:llll|;:
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Table 30.--Results of chemical analyes for nutrients-Continued

Well 
number

CH- 2586
2591
3084

3110

3130

ililliill

liiill^ii
X:X:':X:Xxa-i :i:*i: : : :x-

iiiisiiii
3312

3313

3314

3318

3321

llllllll:
Ililliill:

Illliitll
Illlllli!

3469

3470

3471

3472

3473

illliitii
illll:l53£|i
IIII18B
Illliilili

4023

4024

Date of 
sample
08-08-89
08-05-87
08-05-87
08-25-87
09-02-87

j;fi||||ji;
;S;;;06r|i|^$;;;g;:
S^-f^/wijjrj^XiX:

iiixill^S
07-07-88

07-08-88

07-11-88

08-08-88

08-15-88

BiiSiiiii 
iiiBiiiiii
IliilBII

08-15-89

08-16-89

08-16-89

08-17-89

08-23-89

l^iiiilli
|:^0r89ll

IMilili
ISiSill

09-04-90
09-04-90

Nitro­
gen, 

organic, 
dis­ 

solved
(mg/L 
asN)
-
-
-
-
-

;||||lfj
^XfmMM

§S:S:: ; i**Xv:: ; SS:

-

-

-

-

-

Illlllli
:-X;X;X> :x"x:': X;X: X

x : .:X:Sx^xX:¥:X:X :

l^l^l-x^llll

-

-

-

* 

-

x::: : x:i:iSxx:i- ; xS :

Ililx^iillilx

llll^:l;l;l;
|||;i|||ll;

-
-

Nitro­
gen, 

ammonia, 
dis­ 

solved
(mg/L 
asN)

0.010
<.010

.010
<.010
<.010

Illlliilili

ll;l;l; : xP?°x^l
X:v:X;X:x;:;':>\«:AXx:;:

............_........

.020

.010
<.010
<.010

IlIllBl

1I1:|||§|1

IIIIIIHII
i|l>lioill;;|

<.010
<.010
<.010
<.010

.030

Slllllil'
llllloiQll;
iliiKII
: illlxipipll

<.010
<.010

Nitro­
gen, 

nitrite, 
dis­ 

solved
(mg/L 
asN)

<0.010
<.010
<.010
<.010
<.010

Illlilll
S^Sx^-P^^xi
'   '  ^ ^.ffi(iy<<

ilifflii
<.010
<.010
<.010
<.010
<.010

lilMll
IliiSIII:!

Illiill
IJIIIII

<.010
<.010
<.010
<.010
<.010

; :lllllii
!iliSpi|i
iifiKiil
^Iffli-l

<.010
<.010

Nitro- Nitro­
gen, gen, am- 

nitrate, monia + 
dis- organic 

solved dis.
(mg/L (mg/L 
as N) as N)
_ _

0.90
<.20

_ _

2.2

!J!|||;|||;i;|||!

W$#mMZM :̂ZM+

^S^S^SS^^-S^S-xSi-xX^x-xix:

_ _

_ _

_ _

_ _

.40

Illlfllllllll.

ll||i|llllilllill
 XxX^x^xXxXxXxIxXxX^XxXxXx;:;:

|: :l^lllll'l£sllll:
_ _
_ _
_ _
_ _
-

^i^iiiiiii^'i^t^^SSJi^^SS-S::::

l|.|^:lll:llll:Sill:ll
IlllillllllllPlllll
lllxllll|l|l:^l|ll

_ _

-

Nitro- Phos-
gen, phate, 

NO2+NO3 orth°. 
dis- dis­ 

solved solved
(mg/L (mg/L 
as N) as PO4)

4.70
6.80

.970 0.06
6.50

14.0

'SSis^S^OSSSS^SS^SSx^x^x^x

 ffytii^mtmmmmZi
.x : X:X»^-:rtX:X: x : x : x : x : x : : : x : : : x : : : x : x : : : x : : : : : .

l||lilll||lli||||l|:'""" 140 '      ̂      -       

13.0
3.20

.720
6.50 .06

Illlillliililiiillll
si^;S:;^ii;^::;::^SS¥:S:;^;::>;s;;>x>;x
 - . . - .-. . .*/».l3V*'.-,'.' -,'.  -,'. . . . :-: f^'.-.-  -' -.-.'.-. . .-

l||$§)||i;l|lllllll
1.60 __

2.70
1.30
4.90
1.30

ll^:ii!!IS!!i!ii:fl
l^|:;^lQQlilllilllll
||||.4p{)|||||||||
l|||:70()l|lll||ll|!|

1.30 -
3.80

Phos- Nitro-
phate, gen, 
ortho, ammonia, 
dis- dis­ 

solved solved
(mg/L (mg/L 
as P) as NH4)

0.01
<0.010

.020 .01
_ _

<.010
s§ j^bi(iixSss^sis;fi4^: s^

iiiiiiiiiiiiiliii
: :;:XxX:Xx : :Xx'x:xXx : xix : : : x : :;xr)'iX:X:X

;:::;:|:;:;:^^:; : ;:;:;:;:::;:;:;:;:;: : : : S: : :;ii:;:|x^:x:|x|
...... _... ................ .._....

.03

.01
_ _

.020

iiiiiiiiiiiiiiiiii
: :-: ; :;X:ox::X:X X:X:X:XOX ; :VTvXoxX: : xX

: : : : : :V: : !'^i: x ; : : x : x : :': : : : : : : : : : x ; x ; :iJ.XxX:X:Xx

llii^l:S|:il:SS:Slsll:i
_ _

_ _

_ _

_ _

.04

:illlll|lll||l|3lil
:||:illllll|llijill;
|l|llliillil^6lli
lll^|:;lllll|i^lilll

_ _
-
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Table 31 .-Results of chemical analyses for metals and other trace constituents

[fig/L, micrograms per liter; --, no data; ND, not detected, detection limit unknown; 
<, less than]

Well 
number

CH-31
45
45
46
69

llllllii
£;:;§;:;£;:;:£$$;£;

Illilxili
Illlllill

1943
2015
2061
2062

2414

lllllllll
IllIB! 
Illlllill

3310
3356
3458

3467

3468

iiiiiiii iiiiiiijii
Illlllill
illllliil
iiiiiiii

3474
3478
3539

4004

4005

Chro-
Arsenic, Barium, Boron, Cadmium, mium, 

dis- dis- dis- dis- dis­
solved solved solved solved solved

Date of (ng/L (W3/L (^9/L (jig/L (jig/L 
sample as As) as Ba) as B as Cd) as Cr)

07-07-83 1 - <1.0 <1
08-08-58 - --
08-04-82 1 - <1.0 <1
04-15-58 - -

06-03-80 1 - - 4.0 1

i;0&j!ip^

:;:Sf??$??!^SSS

ĵ fii^^i^fiii^fisifmii§
ije$$$$£§ijjii^^10-22-74 <! <ioo               ^                  -^           j^            

08-30-89 - -
06-24-82 1 - - 1.0 1
10-22-87 120

08-26-80 1 ND 2
::;':Aif3;'?JV/ :^$t:^-:-- : ^ : iJ^:l^^

ilMIJIlJ
: : : : : :QSNGw^87:: : : : : : : : : : : : ; : ; : : : : : :^:: :^

'jjtiijj^07-19-90   _  -   --    __         -  -_     -         _       - 

06-02-89 <1 - - <1.0 <1
08-03-89 - --

08-09-89 - -

08-14-89 - -

iiiiillS^
'  JMMj&jiJjJMiMii^^
jj^j§jjjj^

08-24-89 - -
09-01-89 - -
08-30-89 - -
08-01-90 - -
08-14-90 <1 ~ - <1.0 <1

Cobalt, Copper, 
dis- dis­

solved solved
(ng/L (jig/l­ 

as Co) as Cu)

7
- -

8
- -
-

::::::;;::;;;;;:^:::::g;:;::g:;:;::ggg;:^;:g;:g;::;;gi

WS^M^Mf:f^^M^M

miliiilmiii
W^^MMM^MM^M

<2 ND
- -

60
- -

- -

';|^i;i:i||:||||||||p;;|;||||

WiSSJI^Si
^^M^^^^^^jj^
^^££i£ff£^^

   

37
- -

- -
-

x : x :i: x : :-xLx : x : x :xXxXxX:X:X.xx : X': :: : : : : x : : : : : :

|i;|||ii||;i|;:|||;:|;:|S|;:|||;;
 : : : : : : :":|:|;\:;:;|;;:|| : :::x:^-||- : ||i:/\:l-: : :l : : : - : : : :':': :

i'i:|;|:;|^;:||:;:;:::|:;:;||;: ̂ |;i |:||;
-
_ _
-
-

2

Iron, 
dis­

solved

as Fe)

3
40

4

230

10

IllSlllli
^mM^wM

liiiiiilii
Illlllllll

120
20
10
7

10

lilitlllll
Illlllill:

liiiiiilii
:;:||l4ti;;;;|;;|i;g

10
15

<10

20

20

iiiiiiil
llllllll
^  ^M-^MM'M^

IIIIBIII
10
10

4,000

50
280

Lead, 
dis­

solved
(WI/L 

asPb)

4
~

1
-

ND

iiiiiiii
Mffi^Zfm::

i|i|||piillll
2
~

<1
-

ND

iiiiiiiiiiiiiiii!
iiiiiiiiii
x^SSS-^x-SSxS

-

2
-

--

~

: x : : ; : : : : x : : : : : ii; : ;x : x>X:-x:

 ||||:i:llll;

^MMMM'^

II Isliilll!
-
~
~
-

<i
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Table 31.-Results of chemical analysis for metals and other trace constituents-Continued

Manga­ 
nese, Nickel, Silver, 
dis- dis- dis­ 

solved solved solved 
(H9/L (ng/L (jxg/L 

as Mn) as Ni) as Ag)

<1 1
70

4 1
70
30 ND

Jl!lijJjl:;Jltllj
SiiSSSi^iSSSiSSS
::;::::::::::X:::X^: : : : :;: : : : :;:;: : ::: : : : : ; ::: : ::: ; : : :;: : :;:|:;:;: : ::::::: : : ; : ; : : :;: : : : : : :;: : :;X : ::X^:::::::;: ; : : x ; x ; :

ss;:;:s;:;*ss;:;:;:sss;:sss;^s
mmv^m^mtmmz^mmmv&tmm.^ .................. ..... ............... __.......

60
2 <1

<1

10 1

iiiiiiiiB^
J||||j|||j||||||||j|^^
i;;il;;i$;i;i;;ii;!l;;;;i

Illilllll^^^
.......^....................^...... ..........................

4

<10

<10

<10

l|:|;10ff|f|||||||::li;:;;il|;:;;; : ;:::;|^

||||;:il|;;l;;||:;||;!|ll^

:j:;: : :;'|:^I:P;:j:|:;:j!;: : :j:^:j:;!j:jij: : :|:;:| : j^:; : J:;:;: : :j:j:j:^^

<10

<10
80
20
67

|||;||||il||i|;iii

||:;!;P1IPP8S

Alumi- 
Zinc, num, Lithium, 
dis- dis- dis­ 

solved solved solved 
(H9/L Oig/L (ng/L 
as Zn) as Al) as Li)

51
ND

7
_
_

!ll|i!:PlllllP:i|:ilili^il|i|lllll^iii^

::|:!:;:;:$^8:;:x: :|:!:::::;:;:::;:!:!::§:^^^
:-::: : :':::^:^^: : : : :':::::':-'::^:::^:^: : :-:^:^ : :::':':::'::i-:::::':::::':::-:::'^ : :^:::::::::::::':'::::!

;i;Si;;;Si;ix*;:S;S:;SS:;SS:;S:;S::iS::;Si;S:SSS
.:x;:::::i::::;:^:::;::x;xX:: : :::::::xS:;:::;^.:x;::x::::::;::::::;::::::::::;;:;^:::;:::::::XxX:

20 10 <10
-

16
..
..

l'illilli:lll'Ii:Iil^:;^|i^i:I;:lll-|^ll ::ll

iiiiiiji^^
^m^ii§iiJiMi^§i§i
|l|;:|||;:l||i;lll|||;;;l||||i;||||l;

 

90
-
..
-

:;:;:;;|:£:;;;;^::::;;:;;:^

|;il| I x^i i^ll^S;i|f ̂ ^i|i|::|| |; ::|is|l;K;x:|

^^ ^' ^^'  ^'^    ^ff^

-
-
-
-

<3

Wf^^^
^'^'^ ^K

Sele­ 
nium, Mercury, 
dis- dis­ 

solved solved 
(|ig/L (\ig/L Date of 

as Se) as Hg) sample

1 <0.1 07-07-83
08-08-58

<1 .1 08-04-82
04-15-58

.1 06-03-80

li^!illillil;llillllili!l^
^ MfK^:f/i'^

ijji^iijii^^
iiiii^iMiiSiiiSil^^^ii:
^M^^MM^MilMMMM^^^M

<2 <.5 10-22-74
08-30-89

<1 <1 06-24-82
10-22-87

<1 08-26-80

iil|il!ll|lll|p|^^
iiiiliiilili;i;ii^Sl!liliiilill
;l;ll|l:|f|:;|;||::illll::|||:i^;^::i;|;l^

|l|||||||||p||||||^

.. ""_'" 07-19-90

<1 06-02-89
08-03-89
08-09-89

08-14-89

Wi'MiM^M+i^Mm^S^^

08-24-89

09-01-89
08-30-89
08-01-90

<.l 08-14-90
' ^^ -.^^^
 ^m^^^^^

Well 
number

CH-31
45
45
46
69

SilliSllil
 XvXxxx^^Sxxx^:-
xgxSxxxS:i7|:::^

Illlliill
^MM^li&M:

1943

2015
2061
2062
2414

iiiiiiiii
Illllli;
^:||y|i: : ¥^i : :::;i|

llliSS
3310
3356
3458
3467

3468
: lx: :itxM6&g:

WM^^M

3474
3478
3539
4004
4005

$&$Mi'
n^$ti4:t
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Table 32.--Results of chemical analyses for physical properties, selected common ions, and radionuclides

[°C, degrees Celsius; (iS/cm, microsiemens per centimeter at 25 degrees Celsius; mg/L, milligrams per liter; 
pCi/L, picocuries per liter; JJ-g/L, micrograms per liter; --, no data; <, less than]

Well 
number

CH-21
30
30
31
31

ilillllisi
lllilili!
iif|iiii|liiiiiii|5li

liiiiiil
^iiiiifiiti

43

44

45

45

45

iiiiiiiiii
mfM$£$f&.
lllillll
Illlliil
iiiiiiiii

54

69

69

69

69

iiiiiiiii
Illiliill
|i;i||i|;i;i;i$i|i;

Illiliill
111111111

2061

2062

2414

2414

2586

Date of 
sample

04-15-58
04-14-58
05-22-59
07-07-83

05-16-84

iifib&i<i$il

liiiiiil
Iii6^£s9i; iii
Illllll
|:;!^|!|J!S|.

05-25-59

05-22-59

08-08-58

05-22-59

06-16-82

Iiiiiiiii;
JS04^15-58;iS

iBiiii
;ii&iiiiii
Iiiiiiiii

05-25-59

06-03-80

05-07-81

05-16-84

07-06-88

lliiSlil
lil<iilliiii
li^^S^I

Illlliil
iMi^i

06-24-82

10-22-87

08-26-80

05-07-81

08-08-89

Temper­ 
ature, 
water

-

16.0

16.0

14.0

14.0

ilium
liiiiiil
; ::Sx:g::SiS|:8S|o

iiiiiiiiiiiiii-
13.0

12.0

13.0

13.0

liiMII

iiiiiii
Illllll
|iiiiiiii|i|iiii||ii

-

14.0

15.0

14.0

18.0

iiiiiii
Illiillil
liiiiiil
iiililiiiiiiiiliiiiii^

IIIIHII
16.0

14.0

15.5

13.5

16.0

Specific 
con- Oxygen, 
duct- dis- 
ance solved 

(u.S/cm) (mg/L)

115
464
448
575

555
Il3^itiii|iiliil;i|il|i:||ii

|;|l!§s||:!||iig:!||!
iii|li32-Si|ii|liiii|iiiiii|;i:iili : :

liiSlliilliillilii
;i;i;i;|i^|||!i|;iiiSi|||i;i;:i

502    

101

278

285

355

iiiiiiiiiiii!
W-^^^mm^M-S:-

jjiijliijijijm
WiMiiiiiiiii
Illllllliiililll

224 -

850

950

835

850

Illl^llllilliilll
liiiiiiiiiiiiiii
;i|i||i|ilili|||iii^i|:|i|iiii

||;i|||i;||i;|||||i:|:;i

i|i3:i|illl|Io;2|ii|;
240 -

270 10.7

560

540

208 4.1

PH, 
stand­ 

ard 
units

6.2
5.8
7.0
7.1
6.8

ill!!!
111^111
Bill!
Iliill
: !i;i;iif$;i:i;i;i;

8.1

6.1

7.8

7.8

7.3

Illlll
Iliill
liilll
Iliill
Iliill

7.3

7.0

7.3

7.2

6.9

iliill
Ilililll
|||S;|l;i:

Iliill
llSilli:

6.1

6.3

7.5

7.8

5.5

Alka­ 
linity, 
field 

(mg/L 
as 

CaCO3)

23
15
13

200
218

1181111
::|;;i||S:i|||

iiiii!!
111111
Ilillil

200

19

121

129
 

liiiiiil
Illlll
iiiiiiiiiiii

lilliii! ,,,,_,,..,,
 
-

288

312

liliiii
liiiiiil
iiiiiliiiioliliiiiiiii
iiiiiii
IIISlI-

38
 

-

15

Hard­ 
ness, 
total 

(mg/L 
as 

CaCO3)

42
180
200
 
 

iiiiiii
ili!;!iliii|iii

Iliilli
liilll
iiii;ii5Qi; ; ;i;i;iiiiiii

250

36

140

140
 

iliiilllli;

Illllll
liilll
liiiiiil
1111111

90
-

-

-

-

;!;;i|!lf:f!

liiiiiil
IliSill
iiiiiiiii
iiiliiliSililiiiii

-

88
 

-

_

Solids, 
residue 

at 
180°C, 

dis­ 
solved 
(mg/L)
 
 
 
-
 

:SS: : Sjiii:::::S£:

|||:|i|i;i;i|;

: S:S:Si-SS::S

Illllll

s;iiiii;i;i;iSiiiiiiiiiiiii;
-
-

174
 
 

liliiii
iiiiiiiiiillil
i;iii;i;i;i;iiiiSa;;i;i;;;i
;:j:;ii|;i;i|i|i|:|

l!!!f!!!
-

 

-

 

528

iMilli-
liliiii
118111
Illlilll
1111111-

163
-
-

127

Calcium, 
dis­ 

solved 
(mg/L 
as Ca)
 
 
 
 
 

::i:S::S::SS§:::§x :

:||i:|p||i;|i

§8;:S::Si::> : S:H;:;

lilllil
i;^iiiiii;i;i:S;i;i;i;iii;iii;ii :

-
-

31
 
 

lillillill
Ililli
iiiiiiiiiiiiiiiSiiiiiiiiiiSiiiii;

lilliiillll
liili-iiiiii iiiiiii

-
 
-
-
-

!ii|iiiii;iSi iiiiiiiii

iiiiiii
2

. ......... ....-...-.-. 
: : : : : : : : : ; x ; : : : ; : ;

illllll
: iiiii|:iiiSiii:|i|il

-

23
 

-

_

Magne­ 
sium, 
dis­ 

solved 
(mg/L 
asMg)
 
 
 
 
 

.£::£:::iii£::SS:£

iiiiillSiilli

ii;i;i;iiiii;ii§i;i;i;iiiii;iiii

iiiiiiiii
mi;Si;i:iSi|i

-

 

14
-

 

lliilll
|iii|l£2lif
WMtMM
iliHiiliili
iiiiiiiiiiii i

-
 
-
 
 

i;i:iii;iii;is|;;i;i!t

iiiiiiiiiiii
ISIi
iiiiiii
:i;i|;:iiiS-i::::||i:i

-

7.5
 

-

_

Sodium 
+ potas- 

Sodium, sium, 
dis- dis­ 

solved solved 
(mg/L (mg/L 
as Na) as Na)

5.3
18
7.6

_
_ _

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiisiiiii
|||;:p;|||;:||;;||ii:;:i:;||;:;

: : : : : : : : : : : : : : : :^ : : : : : : : ; : ; : ;v: : ; : : : : : : : : : : : : : ^t : ^l;-: : : : : : x-

iiiiiiiiii^iiii        _        -      n  
16

3.7 5.4

6.0
_

Illlillllllliilll;
|||||i|i|l|i|||i
Il8lllllllil||
: >: : : : :-: : : : : : :^: ; - : ; : : : : : :': : :-: : : : : : : : : : : : ; : : : : : ii: :A : ; ; ; : : : ; : ; : 
; ::: : : : ; :;:;: ; : :^: : :;; : : : : : : : : : ; : :;:;: : : : : : : : : : :lp.^f: : : : : : : : :;:

illilllliliilll'""-"""'"""7.8""
_
_
   
_

i^lgi^ill;-!:!!^:*": ;i|:| ;

Ililillllilllll
i||iii ;i i;8^9ilis||;ii:10|i:iii ; i:i:
i;i;i;i;iii;i;i;i^^ii: : ii;iiiiiii:i'i;i;ji0iiiiiiiiiiiii:iii

l:::llll|ii|;i|||^:||::|;
_

9.6
_

_

_
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Table 32,-Results of chemical analysis for physical properties, selected common ions, and radionuclides-Continued

Potas­ 
sium, 
dis­ 

solved 
(mg/L 
asK)
-
-
-
-
-

|:|:|:!£:!:££SlS:S

: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :

i:i:iS:iS£i:iS£:-^

-

-

1.7
-

-

Illilll
l^tllllt
||;;:;:;||:;|;:;|:

lliiliilpil:

 

 

_

 

-

Bills
lliiiiii
iiiii
WMmmi

-

2.7
 

 

_

Chlo­ 
ride, 
dis­ 

solved 
(mg/L 
asCI)

4.0
32
26
-
-

iiiiii
Illilll
'.'''. '. '.' '' '.' :-:-'Q:''f\-'  :' : 

Ifllfll
16

1.0

5.8

4.0
-

liiiii
liiiiii
IIBII
iiiiiiii

6.0
-

 

-

48

iiiii
iiiiii
lliill
liiiiii-

13
-

_

15

Sulfate, 
dis­ 

solved 
(mg/L 
S04)

18

92

100
-
-

:i:£;£0^!^:

Illilll
I.;.;.;.;.;-;- A-f\ '. '/,  '.-'. '. '.

IStiliS
20

7.1

4.6

4.7
-

IIIHll
IIKII
liiiiii
iiiiii.., ,,,,,

-
_
-

59

iiilSili
|l|pi;;if
I8KII
Ililllll

-
34
-

-

27

Radium- Radium- Gross Gross 
Fluo- 228, 226, Uranium, beta, alpha, 
ride, Silica, dis- dis- natural, dis- dis- 
dis- dis- Radon- solved solved, dis- solved solved 

solved solved 222, (pCi/L radon solved (pCi/L (pCi/L 
(mg/L (mg/L total as method (jig/L as Cs- as U- Date of 
asF) SiOj) (pCi/L) Ra-228) (pCi/L) as U) 137) nat) sample

------ _  04-15-58

------ -- 04-14-58

------ __ 05-22-59

------ - 07-07-83
------ __ 05-16-84

: : : : :V : : : : : :^: ; : : : ; : : : ; : : : : ' : : : : : : : : : :': : :':^

llfilfiSI^Iiiilliifl
 :-: : : : :-: : :-: : :-: " : : : :-: : : : : :-:-: : : : : : : :   .-: : : : ' :-: : :-: : : : : :-: : : . : : : : : : : :-: : : : : : :-' . :-. : : ; : :-: ' : : : : : :-: : : . : : : : ; : : ; : : :-: : :-: : : : :-: : : : : : : : ;-: :-:-: :-: . :-: : : >: : :-: : : : : : :-:  :o;-:-/*:£Xi(y<y:-£>y : : : :

iSiiSiiiiii^-     _ -   --- _-      --   --   _ -     ---      -    --             ......^..............^.. ........0^.^....

------ -- 05-22-59

0.10 22 - - - - - - 08-08-58
            ___ 05-22-59
------ __ 06-16-82

: : : : : :': : : ; : : : : : : ' : : :A : :- i: : : : : : : : : : : : : .-: : : : >|A. : : : : ; : : : : : : ; : : - : : : : : : : : : : : : : : : : x ' ; : : : : : : : : :-: : : : :^: : : : : : : : :": ; - : : ; : : : : : : :\ : : : : : : : : : : : : : : : : : : : : : : : : : : : - : : : : ; - : : : . : "   : i: : : : : : ; : : : : : : :': : : : : : : : . : : : .-; : - : ": ; : : : : x : : : : : : : ; : ; : : : ; x : : : : : : : : ' : : : : : : : : : ' : : : : : :-: : : : : : : : : : : : : : : : : : : : A^; : ' ; i:^. : Jj>i: : : : : : : : :  . . . .-. - .-. .-. 11. .   . .-. . .-. . . , / A-.  - . , . . , . .-.'. .-^i.-.-.-.-  . . .-.-.-. . .'. ..^^-.'.- . - . ------- ----.-. . -' ±-.  . . . - .-. - . . . .   - -.__-.   .-. - .-.-. .-. .-. . . . . .-i^--'--. -. - --. --. - .-  - . -i,^ 1 - 1 .  .     .  .'.' i'la^'l-^'i^lTl-'--.-. 1 . 
\-ysyss.-\-\-- w.\-y/^.-y/s/.-\-\*^-^ :-:-: :-: : : : : :-:-^:-:-:-:-:-y. : .-;-;;: :- ;:  ":-.-: :-: : :-: :;: Vvrx :* :<T :^9->: - : ' ; -

iliiilllillillilllllK^
liiiiiliiiiiiS^^
||li:|:;| ̂ | |||1;||; | |i;;|ll|||
  ,, ,,. . . ,,,,, ,,^,. .,,,,, . ^,,,,, ,,, ,,v.,,. . ,, ,.. - .. ,,___,,,,, ,,,,, __, ,.,,,,,, ,,,,,,, . ,, ,,,,, ..-,,,,,,,.. 05_25_59

--- __ _  06-03-80
_----- __ 05-07-81

-_--_- _  05-16-84

______ __ 07-06-88

^imiiiliiiiii^
!|l!l|||:^
!|;|;lSi|!|liiilli;i;ii3
liPl: IIIIPll; |||::5^; ;||I1P. .. ._.. ............ _............ .^.... ...... ._.... ........_.. ....... .._........ ......^..... ........_.......__.........

.10 23 - - - - - 10-22-87
------ _- 08-26-80

______ _ _ 05-07-81

680 - 08-08-89

Well 
number

CH-21
30
30
31

31
Mmm$$§:

IIIIII
^ ".ox-x-x-x'x':^"-^^:^:

iSlSSli..,,... ......^..

44

45

45

45

ssiiipis
1111111:111

ililiiiii
Illlliil.,,,.......... ̂

69

69

69

69

'jiiju
iiiiMii
lllllHlii
ii^iiiiissii

2061

2062

2414

2414

2586
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Table 32.~Results of chemical analyses for physical properties, selected common ions, and radionuclides-Continued

Well 
number

ms&mm

Ilililil

3293

3307

3308

3310

3310

mmmtm
iilliiiii

iiiiiiii
:-:-:-:-:-: : : : Xv:-33.1:Q-: : x-

3321

3323

3356

3458

3467

iliiliil 
liiiiii
illlliiil

3473

3474

3478

3539

4004

Date of 
sample

mmsmm
m&^QS^jyy
X'>j(\ox<!yJCXQ?7vX  ' '  '\fty*'f)9f-*1?' f  ' ' ' 

Iiiiiiii
lii$i$m

06-02-88

06-30-88

06-30-88

07-06-88

06-02-89

:S:Q7>-];9-$Q::8

miim&i*
siOJxQS^Sii

iiiiiiii
: x tW'UPi'88 : x

08-15-88

08-15-88

06-02-89

08-03-89

08-09-89

liiiiii
iiiiili!

08-23-89

08-24-89

09-01-89

08-30-89

08-01-90

Temper­ 
ature, 
water

mmsM
mymmm

Illilll
iliill

14.5
14.5
14.0
14.0
15.5

mmsm
ymtf^yM

w^$m

liiiiii
: x : x : : : xl:5«5x-x-x

14.0

14.0

15.5

13.5

13.5

liiiiii 
iiiiiii
liiiiii
iiiiiii

15.0

16.5

14.0

14.0

19.0

Specific 
con­ 
duct­ 
ance

tmSGQmt
liiiiii
S:W:27:Q';Sxx

Illilll
llilill

500

112

450

320

309

mzmm
Iliitslll
wisi/^m
illtlif
 XX-l^QU^XvX

140

320

220

268

360

Illilll
liiili
iiHii

220

502

224

20

137

Oxygen, 
dis­ 

solved 
(mg/L)

mtmmm
W:y^yyWyM
ysyy^yyxy^y

liiiiii
iiiiiii:

-
7.0

3.2
-

12.6
^SSx'&Tx'XxS:

: : :x : : : : : : : :^ : : : : : : : : : : ; x : : ; : :

WmyyMM

Illlllli
x:-:-:-:-:-x"::-: : x : x<x-

~

-

7.0

2.2

4.4

Iliill
Illlllli

4.6

4.9

1.0

0

4.9

PH, 
stand­ 

ard 
units

m<Wfm

liiili
SiS&Ix^S

iliill
llilill

6.1

6.1

5.8

5.5

5.5

yyyy^Myy-y
iiiiixlpsi

lilllil:
x-x:xO»Jx : x : :

6.1

6.4

5.8

7.8

6.0

1S1
Ifll!
Iliill

6.2

7.7

9.5

6.3

7.2

Alka- Hard- 
linity, ness, 
field total 

(mg/L (mg/L 
as as 

CaCO3) CaCO3)

m333^ffmm^mm
M^S^Si^yyyyyWyyym
;S:;S:;3(J:;:!:::i:::;SSx;:;:ii:;:;:;:;S:;::

liiiiiiiiisi
iiiiiliiiiiiiii

46

14

57

18

14

yM^M^yyMiym

ill^t;l;ll|iviiiii;!;
I!l;lli|llllii!;l|il:
::-x:x-:-iOQ;xXxX::.x;X::::::?rx:x->xx

32

72

32

52

30

Illlllllillll

32

171

79

41

57

Solids, 
residue 

at Calcium, 
180°C, dis- 

dis- solved 
solved (mg/L 
(mg/L) as Ca)

y^^mii^iimfm
W^^y^yyWyMyW^
yyyy^^yyyyyyy<yyyyy^^y-^yy

liliillliiiilll
ij^iiiiiiim

370

93

327

225 -

178

::s^;i;i; ;;;;i;:;^;::::::;iiii:;i:i;
ii|::i|?S;|ii;:i;i|i;;;l|:|?||:;|;

1111111111111
:-x:: :ZSQ^::.::'>x-x : : : x : x :~::- : : : x:x'x:

109

199

123

169

263

lliiiS^iBBliSil!
lliP;ll;:lilill;;ili

139

263

123

118

78

Sodium 
Magne- + potas­ 
sium, Sodium, sium, 
dis- dis- dis­ 

solved solved solved 
(mg/L (mg/L (mg/L 
as Mg) as Na) as Na)

m'yy:mmmyMymmm^^y^^ym
i:'-:'-] i- : '-]i : '+£'^^^^

^:<:\^:^: ::-^^

Illliillillillillilll
llll^llllllliPilil|;||||i^i:;|;ill

_ _
_ _
_ _  
_ _

- - ~
y^y^yy^yy^^^v^y^y&yyyy^yy^yy-yyy^
X: : xXxX-.x::X : X;X;X;X : X X :X : X;X :X: : : : : X xXx-x--XxXXX;X : X

yMtmyMiiZyyM^

iiiii iiiii iiiiiiiiiiii i
:^:^-':::::^:^:':^:^: : ::: : : : :-:-: : ::::^:-::x ::-:-x-:^x : : : : : :-~: : x-x : x': : :

_ _

_ _

_ _

_ _

_ _

fll^li;i;;ili;liili;i;;l|:l::i;;|i:lll;;:;

y^^-^y^y^

Wiy^^&yl^y^^

_ _

_ _

_ _

_ _

_

il
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Table 32.--Results of chemical analysis for physical properties, selected common ions, and radionuclides-Continued

Potas­ 
sium, 
dis­

solved 
(mg/L 
asK)

WMMKm

IIIIIII
;^:l^|is

iliii
'M^Mmm

 

-
-
-

-

IlliilllP

Illlllll
^f^;^fm

^ ^Mmfff:
-

-
-

-
-

illtllll
ig; : i;g;J5:;:i;;:;;;;i;i:

iiiiiiii
-
 
-
~
-.

m-Mmm
WimmM

WMiii:

Chlo­ 
ride, 
dis­

solved 
(mg/L 
asCI)

^8Si23S;sS

iipp
llilpi
wmmm

17

4.6

49
27

26

liisiii
II^Qlll

llilll: 
iliilll

5.5

39
10

14
29

liili
ililll
llPlii 
illPI 
ililll

11
15
6.4
6.1
3.9

' :Vf:V\^::f:'-:Kv
: : : : : : : : : : : JIP;. : X:: : :;: : :

iiiiii

Sulfate, 
dis­

solved 
(mg/L 
804)

»M$;

lllltlt
I1IS1I1

lllilll
mm$&m

110

5.6
38

29

34

11IPI11

iiiiiii

5.1
27

25

24
17

iiiiiii
iiifill
iiiiiii 
Illlilll 
lllilil

37

29
15
42

6.0

Radium- Radium- Gross Gross
Fluo- 228, 226, Uranium, beta, alpha, 
ride, Silica, dis- dis- natural, dis- dis- 
dis- dis- Radon- solved solved, dis- solved solved

solved solved 222, (pCi/L radon solved (pCi/L (pCi/L 
(mg/L (mg/L total as method (jog/L as Cs- as U- 
asF) SiOj) (pCi/L) Ra-228) (pCi/L) asU) 137) nat)

mm*tmmm^mm:mmmm&mmmtf^^

'mMMMm:MMm:^
^::^^:^

'm<M:mimm&:Xm^
______ __

______ __
______ __
______ __

--240--- --

li;;:;&;i;:;i$;i;i|^

wwmm^mmmmm*^
^^^^^^:^^^^

tmmfff^^WA:m>fmiM>M^
______ __
______ __

4^00 _____

--640--- --
2,700 _____

||1|||||||||||||||||||:;;||||^
:;;$;!;= 

Siil!S::!:SiSS!IW^
2,900 _____

--240--- --

320 -
180 -

- 280 - - - -

^^j^^^
iiiijiiiiiii^^
jjjiiijjijjjj^

Date of 
sample

JsOS^OS^fifSS
:mosmm
iiS^Piii
IMIIil
;:g09r02r87^g; :;

06-02-88

06-30-88
06-30-88
07-06-88

06-02-89

mtmmm
lIMlwil
;|:J|||
: :: : : :>:: : :  -: :::-: : ::: :-:

:;::::08^08§88::ii>;i
08-15-88

08-15-88
06-02-89

08-03-89
08-09-89

liiiiiii
iBimii

08-23-89

08-24-89

09-01-89
08-30-89

08-01-90

^SM^^m
WKi^Mm
%$&$&$&

Well 
number

j:£Hs:259i:>: : ;

11I113P84;|
i?spi||!Si;;i;;

iiiiiWi
mfm^3&if\

3293

3307
3308
3310

3310

:mmmim
iiiiMli

i)||;|||;;j
mmssns®

3321
3323

3356

3458
3467

Illlllll

llili!^lil

liili
3473

3474

3478

3539

4004

m^^xsm
mmmm
;lil;*®*l
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