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CONVERSION FACTORS AND ABBREVIATIONS

For the convenience of readers who prefer metric (International System)
units rather than the inch—-pound units in this report, the following conver-
sion factors may be used:

Multiply inch—-pound unit By To obtain metric unit
inch (in.) 25.4 millimeter (mm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
square mile (mi2) 2.59 square kilometer (km2)
gallon (gal) 3.785 liter (L)
0.003785 cubic meter (m3)
million gallons (Mgal) 3,785 cubic meter (m3)
gallon per minute 0. 06309 liter per second (L/s)
(gal/min)

gallon per minute per foot 0.207 liter per second per meter
[(gal/min)/ft] [(L/s)/m]

gallon per day (gal/d) 0. 00004381 liter per second (L/s)

million gallons per day 0. 04381 cubic meter per second
(Mgal/d) (m3/s)

million gallons per day 0.01692 cubic meter per second

per square mile per square kilometer
[(Mgal/d)/mi2] [(m3/s)km?]

cubic foot per second 0.02832 cubic meter per second
(££3/s) (m3/s)

cubic foot per second 0.01093 cubic meter per second

per square mile per square kilometer
[(£t3/s)/mi2] [(m3/s)/km2]

Temperature in degrees Celsius (°C) can be converted to degrees Fahrenheit
(°F) as follows:

°C = 5/9 (F-32)
Sea level: 1In this report ''sea level" refers to the National Geodetic
Vertical Datum of 1929 (NGVD of 1929)--a geodetic datum derived from a

general adjustment of the first—order level nets of both the United States and
Canada, formerly called 'Mean Sea Level of 1929,"

vi



WATER RESOURCES OF OLEY TOWNSHIP,

BERKS COUNTY, PENNSYLVANIA

By Gary N. Paulachok and Charles R. Wood

ABSTRACT

Oley Township covers an area of 24 square miles, about half of which is
underlain by highly permeable carbonate rocks. Nondomestic wells in these
rocks typically have yields of 200 gallons per minute, and some wells yield
more than 1,000 gallons per minute. Ground-water yield for Oley Township is
about 0.5 million gallons per day per square mile., Thus, about 12 million
gallons per day could be pumped from wells on a sustained basis. However,
pumping this amount would adversely affect streamflow. A series of discharge
measurements on Manatawny Creek in January 1983 showed that the creek was
gaining approximately 12 cubic feet per second where it crosses the more-
permeable carbonate rocks. Thus, the streams are directly connected to these
aquifers.

The northern and western parts of the township are mostly underlain by
shale, quartzite, granite, gneiss, and carbonate rocks of low permeability,
and some wells do not yield enough water for domestic supplies. A water—table
map shows that two active quarries in low-permeability rocks have had little
effect on the hydrologic system.

Specific yields are about 4.5 percent for the carbonate rocks; 5 percent
for quartzite, granite, and gneiss; 1 percent for the noncarbonate sedimentary
rocks; and l.5 percent for the Jacksonburg Limestone, which consists of
argillaceous limestone.

In 1982--a year of average precipitation-—-the ground-water contribution
to total streamflow ranged from 56 to 88 percent. Basins with the highest
percentage of carbonate rock contribute the largest amount of ground water to
streamflow. Evapotranspiration averaged about 26 inches in 1982. Water loss
was 32 inches in the Limekiln Creek basin; this suggests that about 6 inches of
precipitation bypassed the Limekiln Creek gaging station as ground-water
underflow.

The most serious water—quality problems are excessive nitrate con-
centrations and bacterial contamination. Water from 3 of 19 wells in carbonate
rocks had nitrate concentrations in excess of the U.S. Environmental Protection
Agency maximum coutaminant level of 10 milligrams per liter. Water from 5 of
the 19 wells had fecal streptococci counts of more than 20 colonies per 100
milliliters. Although most agencies concerned with the protection of public
health have not set limits for fecal streptococci, they are pathogenic, aund
their presence in drinking water is undesirable.



INTRODUCTION

The population of Oley Township has increased by 35 percent since 1950.
Development of additional water supplies needed to support this growth together
with extensive limestone quarrying has placed new stresses on the hydrologic
system. Several springs and a stream near the quarries have gone dry. The
hydrology of the township needs to be studied so that the water resources can be
properly managed. Because Oley Township has been chosen as one of two
demonstration communities for the Rural Project of the National Trust for
Historic Preservation, this report is intended to be a prototype for reports on
other rural areas that are trying to protect water resources while accom-
modating new growth.

Purpose and Scope

The water rvesources of Oley Township, Berks County, Pennsylvania were
studied by the U.S. Geological Survey in cooperation with the Oley Township
Supervisors from 1981 until 1983, No previous investigations had covered this
area in detail, The purpose of this report is to describe the local hydrologic
system and to provide information on surface and ground water. Surface-water
drainage basins are defined and the duration and quality of streamflow are
described. Ground-water occurrence, movement, yield, and quality are discussed,
as are water levels and aquifer characteristics. A water budget is given and
ground-water withdrawals are related to streamflow.

Data on precipitation, surface water, and ground water were collected
chiefly by volunteer observers. Five nonrecording gages were installed
within Oley Township to collect information on the spatial and temporal
distribution of precipitation. Six stream—gaging stations were established so
that the surface-water flow into and from the township could be measured. One
hundred and thirteen wells, most of which are in Oley Township, were inven-
toried by the U.,S. Geological Survey to obtain information on the occurrence
and availability of ground water. Twenty of these were selected as obser-
vation wells in which water levels were measured monthly. Twenty-four
ground-water samples and six surface-water samples were collected and anal-
yzed to obtain baseline information on water quality.

Description of Area

Physical and Cultural Setting

Oley Township encompasses 24 mi2 (square miles) in southeastern Berks
County, Pennsylvania (fig. 1). Reading, the nearest major city, lies about
10 mi (miles) to the southwest. The area of investigation lies within two
physiographic provinces: (1) the eastern two—thirds is in the Oley Valley,
which is part of the Great Valley section of the Valley and Ridge province;
and (2) the western third, an upland area, lies within the Reading Prong of
the New England province. Oley Township is characterized by flat to gently
rolling landforms, and land-surface altitudes range from approximately 300
to 500 ft (feet) above sea level in the Oley Valley to nearly 900 ft in the
hills to the northwest,



According to

Oley Township is sparsely populated and predominantly rural.
the U.S. Census of 1980 (U.S. Department of Commerce, 1982), 3,024 individuals
Only 10 percent of the

or 126 persons per square mile resided ian the township.
area ls developed, whereas 80 percent is farmland, and 10 percent is wooded.

The village of Oley, located ceatrally within the township (fig. 1), is the

largest community in the study area.
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Figure 1.--Location of Oley Township.



Climate and Precipitation

The climate of Oley Township 1s classified as humid continental and is
characterized by large annual temperature ranges, cold winters dominated by
low-humidity air masses, hot summers typified by air masses of moderate to
high humidity, and ample precipitation. The growing season lasts approximately
200 days.

Air temperatures in the township are generally moderate. Although no
local temperature measurements were made for this study, those for nearby
Reading (fig. 1) provide reasonable estimates. During 1982, roughly the
period of data collection for this investigation, mean monthly temperatures at
Reading ranged from —-6.2°C in January to 23.4°C in July (fig. 2) and had an
annual mean value of 10.5°C.

Except for a few small tributary streams that flow into the township from
adjacent areas, precipitation is the source of all water in Oley Township.
For this study, precipitation was measured and nonrecording gages established
in 1981 at five sites (fig. 3). These gages were read daily through December
1982 by volunteer observers. In 1982, precipitation amounts averaged over the
study area varied little compared to concurrent amounts measured at Reading
(fig. 2). 1In 1982, average precipitation in Oley Township was 43.18 in.
(inches), whereas that for Reading was 43,21 in. Although precipitation was
slightly greater in April, May, and June than in the other months, long-term
records for Reading indicate that precipitation is distributed fairly evenly
throughout the year. Much of the summer rainfall is due to local thunder-
storms; consequently, amounts throughout the area may vary greatly for any
individual storm.
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Geologic Setting

The rocks are in a system of major thrust slices or large overturned
folds (nappes), which lie beside rocks of similar age but of different com-
position. The distinct assemblages of rocks in each major thrust slice or
nappe is called a sequence. Three distinct sequences are recognized in the
study area (plate 1l).

Dominantly carbonate rocks of the Lebanon Valley, which lie in the
Lebanon Valley nappe, comprise the Lebanon Valley sequence (MacLachlan, 1967).
Approximately the upper half of the sequence, extending from the lowest
Martinsburg Formation (Upper and Middle Ordovician) into the Millbach Formation

(Upper Cambrian), is present,

The Lehigh Valley sequence was proposed by MacLachlan (1967) primarily to
distinguish carbonate rocks of the eastern Great Valley of Pennsylvania from
the somewhat different carbonate rocks of the Lebanon Valley. It is comprised
of a Lower Cambrian basal quartzite and a large thickness of shallow-water
Cambrian and Lower Ordovician limestones and dolomites that grade upward into
Middle Ordovician shale. The sequence was deposited on a basement of
Precambrian gneisses that are now preserved in the Reading Prong. Only the
lower part of the sequence, extending upward to the Allentown Dolomite, is
present in the study area.



The Hamburg sequence consists of a thrust complex of diverse, argilla-
ceous to sandy, allochthonous rocks and associated subordinate limestones
(MacLachlan and others, 1975). Dr. Paul B. Myers (Lehigh University, written
commun., 1971) studied this sequence in great detail in the Bernville
quadrangle and established a series of seven map units each of which is
characterized by a distinctive lithologic assemblage. Wood and MacLachlan
(1978) have shown that these seven and an eighth higher unit are sufficient
to organize the major lithic variations of the Hamburg sequence throughout
Berks County, and they map them as lithotectonic units 1 to 8 in possible
ascending order of superposition. Only lithotectonic unit 6 has been
recognized in the study area. The age of Hamburg sequence rocks is not fully
resolved, but unit 6 is probably Lower Ordovician.

Beds commonly dip steeply and may be overturned in all three sequences,
and both thrust faults and high angle faults are common. Diabase dikes of
Late Triassic or Early Jurassic age locally intrude older rocks, and, locally,

Triassic fanglomerates unconformably overlie rocks of the Lebanon Valley
sequence. Deposits of Quaternary colluvium are extensive around the quartzite-

gneiss hills but are commonly thin. Quaternary alluvial deposits are also pre-
sent., Neither the colluvium or the alluvium are important aquifers.

Water Supply and Wastewater Treatment

Because the population is generally dispersed, approximately 60 percent
of the residents of Oley Township rely on privately owned wells for water
supply. In the village of Oley (fig. 1), however, public supply is provided
by the Oley Water Companyl/ to a population of 1,200 (375 customers). The
majority of customers are residential, although 23 are commercial and 4 are
industrial (E. F. Rhoda, Oley Water Company, oral commun., 1982), The public
water—supply system is composed of (1) three wells, which, on the average,
pump a combined total of 72,000 gal/d (gallons per day); (2) a 200,000 gal
(gallon) storage tank; (3) chlorination facilities; and (4) the distribution
network.

In rural parts of Oley Township, wastewater is disposed of chiefly
through individual, on-site systems (cesspools and septic tanks). 1In the
village of Oley, however, the Oley Township Municipal Authority (OTMA) oper-
ates a public sewage-treatment system. The 411 service connections to the
system include residential, commercial, industrial and institutional
hookups. On the average, approximately 100,000 gal/d of wastewater receive
primary treatment at the OTMA plant; treated effluent is discharged to
Manatawny Creek (Harold Herbein, Oley Township Municipal Authority, oral
commun., 1982)., The average wastewater inflow of 100,000 gal/d at the treatment
plant exceeds the average public-supply pumpage of 72,000 gal/d. The
remaining inflow is likely due to discharge to sewers by users of private
water supplies and ground-water seepage into sewers (infiltration).

l/Use of firm names is for identification purposes only and does not consti-
tute endorsemeat by the U.S. Geological Survey.
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Well-Numbering System

The well-numbering system used in this report consists of a local well

number and a site identification number.

The local number has two parts:

(1) a two-letter abbreviation that identifies the county in which the well
is located, and (2) a sequential number assigned when the well was origi-
nally inventoried. All wells mentioned in this report are in Berks County

and are identified by the abbreviation "BE."
aumber has 15 digits and is based on latitude and longitude.

The site identification
The first six

digits denote the degrees, minutes, and seconds of latitude; the next seven
digits denote the degrees, minutes, and seconds of longitude; and the last

two digits denote the sequential number.

The sequential number is assigned

to distinguish among sites located within a common l-second grid block of

latitude and longitude.

All of the wells in Oley Township that have been inventoried by the U.S.

Geological Survey are shown on plate 1.

from the local well number on plate 1.

Geologic Names and Aquifer Codes

The prefix "BE" has been omitted

Table ! lists the geologic units in which the wells mentioned in this

report are completed and the corresponding aquifer codes.
seven or eight characters and consist of two or three parts.

The codes have
The first part

has three numeric characters that designate the era, system, or series of the
geologic unit. The second part, or next four characters, is an abbreviation
The third part is a single character that
denotes the lithology or stratigraphic position of the geologic unit. The
aquifer codes appear in the column "Geologic Uanit" in the records of wells
(table l4, page 54) and in the water-quality table (table 15, page 58). The
codes have been retrieved from the Water Data and Storage and Retrieval System
(WATSTORE) of the U.S. Geological Survey and may not follow the current usage

for the name of the geologic unit.

of the Survey.

Table l.--Names and aquifer codes for geologic units

Series

Geologic unit

Aquifer code

Upper Ordovician
Mgddle Ordovician
Middle and Lower Ordovician

Lower Ordovician

Middle and Lower Ordovician
Lower Ordovician
Lower Ordovician and

Upper Cambrian

Upper Cambrian

Middle and Lower Cambrian
Lower Cambrian
Precambrian

Precambrian

Martinsburg Formation
Jacksonburg Limestone
Beekmantown Group
(undifferentiated)

Hamburg sequence
lithotectonic unit 6

Ontelaunee Formation
Epler Formation
Allentown Dolomite

Richland Formation
Leithsville Formation
Hardyston Quartzite
Granlte gneiss
Hornblende gneiss

361MRBG
364JKBG
364BKMN

364HMBG6

3640NLN
367EPLR
371ALNN

371RCLD
374LSVL
377HRDS
000GRGS
OOOHBLD
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SURFACE-WATER RESOURCES

Drainage Basins and Streamflow

The study area is drained chiefly by the Monocacy, Limekiln, Pine,
Bieber, Oysterville, and Manatawny Creeks. Figure 4 shows the locations and
drainage areas of the six nonrecording streamflow-gaging stations that were
established in 1981 for this study and the location and drainage area for a
long-term recording station on Manatawny Creek. Stream gages at the non-
recording stations were read once daily through December 1982 by volunteer
observers. Mean daily stream discharge was estimated from the rating curves
that were based on periodic discharge measurements made by the U.S. Geological
Survey. Table 2 classifies the basins according to the various rock types
present in each.

The western and southwestern parts of Oley Township are drained by
Monocacy and Limekiln Creeks, and the northern and northeastern localities
are drained by Pine, Bieber, and Oysterville Creeks. The rest of the
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township is drained by Manatawny Creek. Generally, these streams flow to the

south or southwest, and all of their flows eventually discharge into the
Schuylkill River.

Figure 5 shows the hydrographs of mean daily streamflow and baseflow
during the 1982 water year (October 1, 1981 through September 30, 1982)
measured at each of the gaging stations. The solid lines represent the total
discharge of the stream, whereas the dashed lines indicate the ground-water
discharge (baseflow) as determined with the local-minima, hydrograph-
separation technique of Pettyjohn and Henning (1979). Summary information
for gaging stations and discharge is presented in table 3. Station numbers
are those assigned by the U.S. Geological Survey and are listed in downstream
order along the principal stream.

Table 2.-—-Classification of drainage basins according to rock types present

Rock type
Drainage Drainage (percentage of drainage area)
basin area Carbonate Noncarbonate Crystalline
(square miles) sedimentary

Monocacy 6.68 25 20 55
Limekiln 2.49 93 7.2 0
Pine 9.70 5.3 5.9 89
Bieber 9.08 5.5 16 78
Oysterville 9.29 20 15 65
Manatawny 60.9 44 16 40

10
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Flow Duration

A flow—duration curve shows the percentage of time that specified
discharges were equaled or exceeded., It describes the flow characteristics
of a stream throughout the range of discharge without regard to the sequence
of occurrence. 1In this report, discharges have been divided by drainage
area above the gage to facilitate comparison. Although the flow-duration
curves for local streams (fig. 6) represents only the mean—-daily discharges
in the 1982 water year——a period of about average precipitation—-they provide
some indication of the variability of streamflow from basin-to—-basin. A
duration curve with a relatively steep slope——for example, Monocacy Creek at
Limekiln (fig. 6a)——represents a stream whose total flow is variable, due
largely to direct runoff. Flatter slopes, particularly at the lower end of
the duration curve, indicate streamflow contributions mainly from ground-water
storage in the basin. Thus, Limekiln Creek at Limekiln has relatively
constant low streamflow sustained chiefly by releases from storage (fig. 6b).

The capacity of a basin to store ground water can be estimated from
discharge ratios taken from the flow-duration curve. If Q25 represents the
value of streamflow that is equaled or exceeded 25 percent of the time and
Q75 represents the value that is equaled or exceeded 75 percent of the time,
then the ratio (Q25/Q75)1/2 provides a measure of the ability of the basin to
store water (Walton, 1970). Discharge ratios based on the flow duration
curves of figure 6 are presented in table 4, Small ratios represent rela-
tively permeable basins with large storage capacity; larger ratios indicate
less-permeable basins with smaller storage capacity. Accordingly, the
Limekiln Creek basin, which is underlain mostly by carbonate rocks, has the
largest storage capacity, whereas the Monocacy Creek basin, which is underlain
chiefly by noncarbonate rocks, has the smallest storage capacity.

Because the flow—duration curves shown in figure 6 represent only the
discharge characteristics for the 1982 water year, they may not represent
accurately the long—term probability distribution of s<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>