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Conversion Factors and Datums

Multiply By To obtain

Length

inch (in) 2.54 centimeter (cm)

inch (in) 25.4 millimeter (mm)

foot (ft) 0.3048 meter (m)

mile (mi) 1.609 kilometer (km)
Area

square mile (mi?) 259.0 hectare (ha)

square mile (mi?) 2.590 square kilometer (km?)

Pressure
inch of mercury at 60°F (in Hg) 3.377 kilopascal (kPa)
Radioactivity
picocurie per liter (pCi/L) 0.037 becquerel per liter (Bq/L)

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:
°F=(1.8x°C)+32
Pressure in milliliters of mercury may be converted to pascals by multiplying by 1333.32.

Vertical coordinate information is referenced to the North American Vertical Datum of 1988
(NAVD 88). This vertical datum is referenced to a mean sea level.

Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).
Altitude, as used in this report, refers to distance above the vertical datum.
Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius (uS/cm).

Concentrations of chemical constituents in water are given either in milligrams per liter (mg/L)
or micrograms per liter (pg/L).

1 milligram per liter is approximately equivalent to 1 part per million (ppm) and 1 microgram per
liter is approximately equivalent to 1 part per billion (ppb).



A Reconnaissance Spatial and Temporal Baseline
Assessment of Methane and Inorganic Constituents
in Groundwater in Bedrock Aquifers, Pike County,

Pennsylvania, 2012-13

By Lisa A. Senior

Abstract

Pike County in northeastern Pennsylvania is underlain
by the Devonian-age Marcellus Shale and other shale forma-
tions that have potential for natural gas development. During
2012-13, the U.S. Geological Survey in cooperation with the
Pike County Conservation District conducted a reconnaissance
study to assess baseline shallow groundwater quality in bed-
rock aquifers prior to possible shale-gas development in the
county. For the spatial component of the assessment, 20 wells
were sampled in summer 2012 to provide data on the occur-
rence of methane and other aspects of existing groundwater
quality throughout the county, including concentrations of
inorganic constituents commonly present at low levels in shal-
low, fresh groundwater but elevated in brines. For the tempo-
ral component of the assessment, 4 of the 20 wells sampled in
summer 2012 were sampled monthly from July 2012 through
June 2013 to provide data on seasonal variability in ground-
water quality. All water samples were analyzed for major
ions, nutrients, selected inorganic trace constituents (including
metals and other elements), stable isotopes of water, radon-
222, gross alpha- and gross beta-particle activity, dissolved
gases (methane, ethane, and ethene), and, if possible, isotopic
composition of methane. Additional analyses for boron and
strontium isotopes, age-dating of water, and radium-226 were
done on water samples collected from six wells in June 2013.

Results of the summer 2012 sampling show that water
from 16 (80 percent) of 20 wells had detectable concentra-
tions of methane, but concentrations were less than 0.1 mil-
ligram per liter (mg/L) in most well-water samples; only two
well-water samples had concentrations greater than 1 mg/L.
The groundwater with elevated methane also had a chemical
composition that differed in some respects (pH, selected major
ions, and inorganic trace constituents) from groundwater with
low methane concentrations. The two well-water samples with
the highest methane concentrations (about 3.7 and 5.8 mg/L)
also had the highest pH values (8.7 and 8.3, respectively) and
the highest concentrations of sodium, lithium, boron, fluoride,

and bromide. Elevated concentrations of some other constitu-
ents, such as barium, strontium, and chloride, were not limited
to well-water samples with elevated methane, although the
two samples with elevated methane also had among the high-
est concentrations of these constituents.

One sample with elevated methane concentrations also
had elevated arsenic concentrations, with the arsenic concen-
tration of 30 micrograms per liter (ug/L) exceeding the drink-
ing-water standard of 10 ug/L for arsenic. No other sample
from the 20 wells sampled in summer 2012 had concentrations
of constituents that exceeded any established primary drink-
ing-water standards. However, radon-222 activities ranging
up to 4,500 picocuries per liter (pCi/L) exceeded the proposed
drinking-water standard of 300 pCi/L in 85 percent of the 20
well-water samples.

The isotopic composition methane in the two high-
methane samples (6"°C,, values of -64.55 and -64.41 per mil
and 6D, values of -216.9 and -201.8 per mil, respectively)
indicates a predominantly microbial source for the methane
formed by a carbon dioxide reduction process. The stable
isotopic composition of water (D, and 6'*O,,, ) in samples
from all 20 wells falls on the local meteoric line, indicating
water in the wells was of relatively recent meteoric origin
(modern precipitation), including samples with elevated
methane concentrations.

Analytical results for 4 of the 20 wells sampled monthly
for 1 year ending June 2013 in order to assess temporal
variability in groundwater quality show that concentrations
of major ions generally varied by less than 20 percent, with
most differences less than 4 mg/L. Concentrations of meth-
ane varied by less than 1 pg/L (0.001 mg/L) in samples from
three wells with low methane and by as much as 1 mg/L
(1,000 pg/L) in samples from one well with relatively high
methane. The isotopic composition of methane in water from
the one well with relatively high methane varied slightly in
the monthly samples, ranging from about -64.5 to -64.8 per
mil for "°C_,,, and from about -217 to -228 per mil for 8D,
The 6"C values for dissolved inorganic carbon (DIC) in
water from this well were consistent with microbial methane
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formation by carbon dioxide reduction (drift-type methane)
and varied little in the temporal samples, ranging from -10.5 to
-10.1 per mil.

Additional analyses of samples collected in late June
2013 from six wells with a range of methane and trace con-
stituent concentrations provided baseline data on strontium
and boron isotopic compositions (*’Sr/*Sr ratios and §''B,
respectively) that potentially may be used to differentiate
among sources of these constituents. The strontium and boron
isotopic composition determined in the six shallow Pike
County groundwater samples had ¥’Sr/*Sr ratios of 0.71426 to
0.71531 and §''B values of 11.7 to 27.0 per mil, which differ
from those reported for brines in Devonian-age formations
in Pennsylvania.

The June 2013 samples were also analyzed for
radium-226 and dissolved gases for age dating. Activities of
radium-226 ranged from 0.041 to 0.29 pCi/L in water samples
from the six wells and were less than the drinking-water
standard of 5 pCi/L for combined radium-226 and radium-228.
Age-dating of groundwater using a method based on the pres-
ence of anthropogenic gases (chlorofluorocarbons and sulfur
hexafluoride) released into the atmosphere yielded estimated
recharge dates for water from these six wells that ranged from
the 1940s to early 2000s. The oldest water was in samples
from wells that had the highest methane concentrations and
the youngest water was in samples from a continuously
pumped 300-foot deep production well.

Introduction

Exploration for, and production of, natural gas in the
Marcellus Shale geological formation has accelerated since
2007, largely because of the expansion of hydraulic fracturing
(unconventional) methods, and is well underway in Penn-
sylvania and surrounding states. Another formation in the
area with potential for natural-gas development is the Utica
Shale (Kirschbaum and others, 2012). The proposed drilling
of thousands of new gas wells and related activities have the
potential to contaminate freshwater aquifers that provide water
to drinking-supply wells and the base flow of streams. One of
the serious issues associated with natural-gas extraction is the
potential migration of methane (the major component of natu-
ral gas) from improperly constructed gas wells into freshwater
aquifers. The methane may cause degradation of drinking-
water aquifers and create an explosion hazard if it migrates to
and accumulates in a homeowner’s water-supply well. Meth-
ane contamination of groundwater used for drinking water has
been reported in northeastern Pennsylvania (Dimock Town-
ship in Susquehanna County), where the cause was thought
to be gas migration along the improperly sealed annulus of a
deep gas well into nearby shallow groundwater (Pennsylva-
nia Department of Environmental Protection, 2009). Other
concerns associated with the natural-gas drilling, exploration,
and development include the potential for groundwater con-
tamination from naturally occurring brines in flow-back waters

through spills near the gas well head or along routes used for
wastewater transport to disposal sites and (or) migration along
the gas-well annulus or other fractures near the gas well. These
brines may contain elevated concentrations of radium, barium,
strontium, chloride, and other inorganic constituents (Haluszc-
zak and others, 2013; Rowan and others, 2011) that may pose
a risk to human health or degrade stream and groundwater
quality if released into the environment. Reported maximum
concentrations of selected constituents in brines from oil and
gas wells collected since 1982 in Pennsylvania (Dresel and
Rose, 2010; Haluszczak and others, 2013) are listed in table 1.
In addition to the brine-related constituents that potentially

Table 1. Maximum concentrations reported for selected
inorganic constituents in oil and gas well brines or flow-back
waters in Pennsylvania.

[PA, Pennsylvania; mg/L, milligrams per liter; CaCO,, calcium carbonate;
TDS, total dissolved solids; pCi/L, picocuries per liter; --, no data]

Reported maximum concentration

Concentration

Constituent units Western PA' Marcellus
flow back?
Major ions
Calcium mg/L 41,600 17,900
Magnesium mg/L 4,150 --
Potassium mg/L 4,860 5,240
Sodium mg/L 83,000 37,800
Chloride mg/L 207,000 105,000
Sulfate mg/L 850 420
Alkalinity ~ mg/L as CaCO, 1,520 939
TDS mg/L 354,000 197,000
Minor ions, trace elements, and metals
Barium mg/L 4,370 6,270
Bromide mg/L 2,240 613
Copper mg/L 0.13 --
Iodide mg/L 56 --
Iron mg/L 494 --
Lithium mg/L 315 -
Lead mg/L 0.04 --
Manganese mg/L 96 29
Strontium mg/L 13,100 3,570
Zinc mg/L 1.3 --
Radionuclides

Radium-226 pCi/L 5,300 5,830
Radium-228 pCi/L -- 710

'Brines from oil and gas wells in Devonian- and Silurian-age rocks in
Western Pennsylvania (Dresel and Rose, 2010).

Data from Pennsylvania Department of Environmental Protection
Bureau of Oil and Gas Managament reported by Haluszczak and others
(2013).



pose risks to human health, radon-222, a radioactive ele-
ment, has been reported to occur in natural gas, including
gas from the Marcellus Shale (Resnikoff, 2012; Rowan and
Kraemer, 2012).

In northeastern Pennsylvania, the Delaware River Basin
Commission (DRBC) currently (spring 2014) has a temporary
moratorium on drilling in the parts of the basin that drain to
special-protection waters (Delaware River Basin Commission,
2011), an area which includes Pike County (fig. 1). However,
despite the current moratorium, gas exploration and produc-
tion in the Delaware River Basin, including Pike County,
remains a possibility. Since 2007 to date (2014), nine shale-
gas wells have been drilled in Wayne County, adjacent to Pike
County to the northwest, and many more (about 940 wells as
of April 16, 2014 [Pennsylvania Department of Environmen-
tal Protection, 2013]) just to the west of Wayne County in
Susquehanna County, which lies outside of the Delaware River
Basin (fig. 1). Three deep test holes for natural gas exploration
were drilled in Pike County (fig. 1) between 1958 and 1971,
two of which penetrated the Marcellus Shale, and one of these
was deep enough to reach the Utica Shale (Sevon and others,
1989). Continued interest in well drilling is likely in northeast-
ern Pennsylvania, as indicated by the number of permits issued
by the Pennsylvania Department of Environmental Protec-
tion (PADEP) and the amount of land with gas leases. In Pike
County, there is the potential for shale-gas development in the
Marcellus and Utica Shales, and as of February 2011, 1,870
acres, mostly in northern and western parts of the county, were
leased for shale-gas development (Pike County Marcellus
Shale Task Force, 2011).

In areas such as Pike County, where groundwater is the
primary source of drinking water and drilling for natural gas is
possible but has not commenced, baseline groundwater quality
data are needed to characterize conditions prior to gas-well
development. The importance of sufficient baseline data is
illustrated, for example, by uncertainties in findings about the
origin of methane contamination of drinking water in an area
in southwestern Susquehanna County (fig. 1) in recent studies
using post-drilling data (Osborn and others, 2011; Molofsky
and others, 2013). Without baseline data collected using sci-
entifically accepted standard protocols, it is difficult to assess
potential effects of future activities, such as gas-well drilling,
on the quality of groundwater.

In 2007, the U.S. Geological Survey (USGS) conducted
an assessment of groundwater quality in Pike County in coop-
eration with the Pike County Conservation District (PCCD)
by sampling groundwater from 20 domestic wells completed
in bedrock aquifers and the glacial aquifer near the Delaware
River (Senior, 2009). The assessment focused on possible
effects of land use and naturally occurring constituents that
might pose a health risk in drinking water. This study did not
include all constituents that might be introduced to ground-
water in association with natural-gas development, although
baseline data on concentrations of chloride and radioactiv-
ity were collected and a few samples (4) were analyzed for
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methane, as part of age-dating the groundwater. Also, wells
were sampled only once in the 2007 study and mainly pro-
vided a synoptic spatial assessment of groundwater quality in
Pike County. A few of the wells sampled by USGS in 2007
had been sampled by USGS once or twice previously since
1982. Little to no data are available to describe the temporal
variability of groundwater quality in Pike County. Because
groundwater quality may vary seasonally, a single sample may
be insufficient to determine pre-development conditions.

To help establish baseline groundwater quality in Pike
County before extensive shale-gas development, additional
data are needed for spatial and temporal characterization.

In 2012, the USGS in cooperation with the PCCD, initiated
a reconnaissance study to acquire additional groundwater-
quality data, including (1) more groundwater samples in
areas likely to experience shale-gas-exploration and develop-
ment; (2) analyses specifically selected to establish baseline
concentrations of shale-gas-related constituents, such as
methane and barium, not widely included in earlier assess-
ments (Senior, 2009); and (3) data on temporal variability of
groundwater quality.

Purpose and Scope

This report presents results of the 2012—13 reconnais-
sance assessment of baseline groundwater quality in bedrock
aquifers used for drinking-water supply in Pike County prior
to potential shale-gas development. The study, conducted by
USGS in cooperation with the PCCD, included spatial and
temporal components for the reconnaissance groundwater-
quality assessment. For the spatial component of the assess-
ment, 20 wells were sampled in summer 2012 to provide
baseline groundwater-quality data throughout the county but
with emphasis on areas with relatively high potential for shale-
gas development (mostly in the northern and western parts of
the county). For the temporal component of the assessment,

4 of the 20 wells in the summer 2012 survey were sampled
monthly for 1 year ending June 2013 to provide data on
seasonal or other temporal variability in groundwater quality.
This report documents spatial and temporal concentrations of
constituents in groundwater that may be affected by potential
shale-gas development and thereby helps to establish (1) base-
line concentrations of methane, ethane, and other hydrocarbon
gases present in groundwater and, if possible, isotopic com-
position of the dissolved methane; (2) baseline general water
quality and concentrations of selected inorganic constituents in
groundwater, including major ions, trace constituents (metals,
other elements), and some radionuclides commonly present

in high concentrations in shale-gas brines; and (3) an estimate
of temporal variability in groundwater quality as defined by
analyzed constituents. Existing groundwater quality is also
evaluated with respect to drinking-water standards to deter-
mine whether concentrations of analyzed constituents exceed
any established maximum contaminant levels.
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Description of Study Area

Pike County covers 547 square miles in northeastern
Pennsylvania and is flanked on the north and east by the
Delaware River that forms the boundary between the adjacent
states of New York and New Jersey (fig. 1). Land-surface ele-
vations are highest (over 2,000 feet above the North American
Vertical Datum of 1988 [NAVD 88]) in the southwestern cor-
ner of the county and lowest along the Delaware River (as low
as about 320 feet above NAVD 88). The climate and general
physical characteristics have been described by Davis (1989).

Hydrogeologic Setting

Most of the county is underlain by Devonian-age
fractured-rock aquifers (shales, siltstones, and sandstones)
(fig. 2) with high-yielding unconsolidated Quaternary-age
glacial deposits in a band parallel to the Delaware River on
the eastern edge of the county and in some upland stream
valleys. Groundwater in bedrock units and overlying gla-
cial deposits is the main source of water supply used in Pike
County. These aquifers are recharged locally by precipitation
and subsequently discharge to streams. Depth to water tends
to be greater in upland areas than in valleys. In Pike County,
local, intermediate, and regional groundwater flow systems
are thought to be present, with local and intermediate systems
discharging to streams and larger tributaries, respectively, and
the deeper regional system discharging to the Delaware River
(Davis, 1989). Only a small part of recharge is thought to enter
and flow through the deeper regional flow system (Davis,
1989). For the surface-water system, streams eventually drain
toward the Delaware River, radiating from near the center of
Pike County. The rock types, aquifer properties, and hydroge-
ology of the county are described in detail by Davis (1989).

The bedrock geologic units that underlie and crop out in
Pike County have been mapped using the Pennsylvania Geo-
logical Survey nomenclature (Berg and Dodge, 1981), in order
of decreasing age from east to west, as the Marcellus Forma-
tion (Marcellus Shale in USGS nomenclature), Mahantango
Formation, Trimmers Rock Formation, Towamensing Member
of the Catskill Formation, undivided Long Run and Walcks-
ville Members of the Catskill Formation, and undivided Poplar
Gap and Packerton Members of the Catskill Formation (fig. 2).
Detailed description of the geology and alternate nomenclature
of Catskill Formation members is given by Sevon and others
(1989). These Devonian-age sedimentary rock formations
generally show a trend from finer-grained rocks (shales and
siltstones) in the older units in the eastern part of the county
to coarser-grained rocks (sandstones and conglomerates) in
younger units in the western part of the county. The bedrock
units generally dip to the west at moderate to low angles, with
the steepest dips (up to 20 degrees) in the eastern part of the
county and the shallowest dips (0 to 5 degrees) in the western
part of the county (Sevon and others, 1989).

The Marcellus Shale (geologic unit currently under devel-
opment for natural gas in the region and also known as the
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Marcellus Formation of Hamilton Group) underlies all of Pike
County and crops out at the eastern edge of the county near the
Delaware River (figs. 1 and 2). In Pike County, the thickness
of the gas-producing organic-rich section of the Marcellus
Shale increases from east to west and is estimated to be about
100 to 150 feet in western part of the county (Piotrowski and
Harper, 1979). The Ordovician-age Utica Shale, another gas-
producing formation, is older than, and occurs several thou-
sand feet beneath, the Marcellus Shale and also underlies all
of Pike County (Kirschbaum and others, 2012). Two of three
deep wells drilled in central to western Pike County for natural
gas exploration during 1958—71 (figs. 1 and 2) penetrated the
Marcellus Formation at depths of 5,500 to 7,500 feet below
land surface, and the deepest (Pennsylvania Department of
Forest and Water #1) of the three penetrated the Utica Forma-
tion at depth of about 13,000 feet below land surface (fig. 3;
Sevon and others, 1989).

Unconsolidated Wisconsin-age glacial deposits cover
part of the bedrock units and vary in thickness and type,
with the thickest deposits in valleys and thinnest deposits in
upland areas. Additionally, other more recent types of depos-
its with more limited areal extent include alluvium in valleys
and swamp and peat deposits that commonly occur in poorly
drained glacial depressions throughout the county (Sevon and
others, 1989).

Land Use

As of 2005, the principal land uses in the county were
public (33 percent), residential (24 percent), agricultural
(23 percent), hunt club/private recreational (14 percent), roads
(2 percent), and commercial (2 percent) (fig. 4; Pike County
Planning Commission, 2006). The public lands include state
forest, state park, state game, state natural area, and U.S.
National Park Service (NPS) parcels, much of which are for-
ested, as are hunt club parcels. Most of the land designated as
agricultural use is forested, with little in actual cultivation or
other agricultural operations (28,260 acres or about 8 percent
of county area in active farms according to U.S. Department
of Agriculture, 2012).

Population has been growing in Pike County since 1940
(Davis, 1989). Pike County’s percent increase in population
from 1990 to 2000 was ranked 36th out of 3,141 counties
in the United States, with an increase of 65.6 percent (or
18,336 people) from a 1990 population of 27,966 to a 2000
population of 46,302 (U.S. Census Bureau, 2000). The period
from 1970 to 1980 also represents a period of relatively large
population growth, increasing 54.6 percent to a population
of 18, 271 in 1980 (Davis, 1989). Although the recent rate of
population growth has slowed, growth has continued in Pike
County. The 2010 population of 57,369 (U.S. Census Bureau,
2013) represents an increase of 24 percent from the population
in 2000 and is more than three times the population in 1980.
Because much land is public or private forested land, the
population growth occurs in limited areas, as can been seen
by the distribution of residential land in Pike County (fig. 4).
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The largest population centers are along or near the Route 209
corridor, including Milford and Matamoras Boroughs and
numerous residential developments in the eastern part of the
county (fig. 4). In addition to the census population, use of
land for recreation results in seasonal increases in population
and potential stresses on the groundwater system and associ-
ated surface waters.

Groundwater is the main source of drinking water in the
county. Individual on-site wells are common in many resi-
dential areas, although some developments are supplied by
community or public supply wells. Milford and Matamoras
Boroughs are served by public supplies whose sources are
springs and wells, respectively. On-site wastewater disposal is
common in residential areas, with sand mounds more com-
monly used than septic systems in recent developments (Pike
County Conservation District, 2014). Some developments are
sewered and have sewage treatment systems that discharge
treated effluent to land areas or to surface water.

Previous Investigations

A county-wide assessment of groundwater resources,
including evaluation of general groundwater quality (major
ions, nutrients, iron, and manganese) and for some samples,
selected trace metals, was done in the early 1980s (Davis,
1989). An investigation of nitrate and chloride in the glacial
aquifer underlying Route 209 north of Milford in Pike County
was done in 1991 (Senior, 1994). In 2001, groundwater from
four domestic wells completed in the glacial aquifer near the
Delaware River was sampled and analyzed for major ions,
nutrients, trace metals, pesticides, volatile organic com-
pounds, and radon-222 as part of the National Water-Quality
Assessment (NAWQA) in the Delaware River Basin (Durlin
and Schaffstall, 2002). No pesticides were detected in the
2001 samples.

In 2007, the USGS in cooperation with the PCCD,
sampled 20 domestic wells throughout Pike County to provide
a current reconnaissance assessment of groundwater quality in
the main land uses and geologic units (Senior, 2009) (17 wells
were completed in bedrock aquifers and 3 wells were com-
pleted in glacial aquifers). The laboratory analyses selected for
the 2007 samples were intended to identify naturally occur-
ring constituents in the aquifer or constituents introduced by
human activities that pose a health risk or otherwise were of
concern in groundwater in the county. Samples were ana-
lyzed for major ions, nutrients, selected trace metals, volatile
organic compounds (VOCs), a suite of organic wastewater
compounds, gross alpha- and gross beta-particle activity, and
radon-222. Man-made organic compounds, including a few
VOCs and wastewater compounds, were detected at low levels
in groundwater from 10 of the 20 wells sampled in 2007,
indicating human activities at the land surface have affected
groundwater quality to some degree. Chloride and nitrite plus
nitrate concentrations generally were greater in water from
wells in the commercial and residential areas with on-site
wastewater disposal than in undeveloped and sewered areas.
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Radon-222 levels ranged from 90 to 2,650 picocuries per liter
(pCi/L) and were greater than, or equal to, the proposed drink-
ing-water standard of 300 pCi/L in water from 15 (75 percent)
of the 20 wells.

In 2011, six NPS wells in the Delaware Water Gap
National Recreation Area (DEWA) and Upper Delaware
Scenic and Recreational River (UPDE) national park units in
northeastern Pennsylvania and 10 other wells or springs were
sampled as part of a baseline groundwater-quality assessment
of nine national park units in New York, Pennsylvania, and
West Virginia that might be affected by shale-gas development
(Eckhardt and Sloto, 2012). Two of the six DEWA and UPDE
wells sampled in 2011 are in Pike County near the Delaware
River, one in each of the two national park units (DEWA on
eastern edge and UPDE on northern edge of Pike County).
Water samples from these two wells contained methane in
concentrations ranging from 2.52 to 4.77 milligrams per liter
(mg/L), which were among the highest methane concentra-
tions measured in the study.

Study Methods

To provide current data on the occurrence of methane and
many inorganic constituents in groundwater in Pike County,
20 wells throughout the county were sampled in summer 2012
for the spatial component of the assessment. Subsequently,

4 of the 20 wells were sampled monthly for 1 year ending in
June 2013 to provide data on temporal variability in ground-
water quality.

The laboratory analyses selected for the samples were
intended to determine existing concentrations of methane
and inorganic constituents, including selected radionuclides,
that may be in brines or introduced as a result of drilling and
hydraulic-fracturing processes (some of which are listed in
table 1). Further characterization of existing groundwater
quality was supported by additional analyses of well-water
samples, including isotopic composition of methane and some
other inorganic constituents, and concentrations of dissolved
gases to estimate groundwater age.

Selection of Sampling Locations

Twenty wells (table 2) located in each of five main
fractured-bedrock aquifers (geologic units) were selected for
sampling to spatially represent groundwater quality throughout
the county (fig. 2), especially in the northern and western areas
where shale-gas development is most likely to occur. The 2012
spatial assessment did not include any wells completed in the
unconsolidated aquifers (kame terrace and outwash depos-
its by the Delaware River and other less-areally extensive
glacial or alluvial deposits in upland stream valleys). One well
(PI-384) is located near an existing conventional gas explora-
tion well drilled in 1959 (Sevon and others, 1989) in Shohola
Township. Four of the 20 wells sampled are production wells
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Table 2. Characteristics of 20 wells sampled by the U.S. Geological Survey for baseline assessment of groundwater quality in Pike

County, Pennsylvania, summer 2012.

[USGS, U.S. Geological Survey; --, no data; NAVD 88, North American Vertical Datum of 1988; Geologic unit: 341PGPK, Poplar Gap and Packerton
Members of Catskill Formation, undivided; 341LRBW, Long Run and Walcksville Members of Catskill Formation, undivided; 341CSKL, Catskill Formation,
undivided; 341 TMSG Towamensing Member of the Catskill Formation; 341 TMRK, Trimmers Rock Formation; 344 MNNG, Mahantango Formation]

Land-surface

Depth to water level

US_GS Geologic altitude, dWeI|II ICasini? Year Samole d on sample date, T hi T fwell
nsal:e unit in feet above inert:e; i‘:lnfitet' drilled ample date in feet below land ownsiip ype ofwe
NAVD 88 surface

PI-274 341LRBW 1,260 465 - 1975 7/17/2012 - Palmyra Production
PI-288 341PGPK 1,650 151 23 1980 7/18/2012 54.9 Greene Domestic
PI-384 341LRBW 710 135 91 1977 7/24/2012 1.82 Shohola Domestic
PI-403 344MNNG 850 192 48 1980 8/2/2012 24.74 Delaware Domestic
PI-507 341LRBW 1,364 1300 112 1999 7/25/2012 - Blooming Grove Production
PI-524 341TMSG 1,139 380 182 2004 7/25/2012 - Dingman Domestic
PI-552 341TMRK 975 - - - 7/24/2012 67.29 Westfall Domestic
PI-553 341LRBW 1,510 610 195 1997 7/25/2012 123.86 Blooming Grove Domestic
PI-555 341PGPK 1,789 380 40 1999 7/17/2012 120.98 Palmyra Domestic
PI-557 341LRBW 1,433 350 66 1977 7/25/2012 - Dingman Domestic
PI-558 344MNNG 440 300 21 1985 7/26/2012 16.13 Lehman Domestic
PI-571 341LRBW 1,280 480 - 1980 8/1/2012 97.48 Shohola Domestic
PI-592 341CSKL 618 200 140 1994 7/26/2012 9.51 Lackawaxen Domestic
PI-593 341LRBW 1,568 255 - 1978 7/18/2012 45.93 Palmyra Domestic
PI-594 341LRBW 1,379 - - - 7/18/2012 147.74 Lackawaxen Domestic
PI-595 341LRBW 1,370 443 51 1991 7/19/2012 -- Blooming Grove Production
PI-598 341LRBW 1,341 190 - 1975 7/18/2012 65.92 Lackawaxen Production
PI-599 344MNNG 827 400 80 2005 7/24/2012 110.44 Dingman/Milford Domestic
PI-600 341LRBW 1,290 300 40 2010 7/24/2012 144.66 Lackawaxen Domestic
PI-601 341LRBW 831 200 60 2001 8/2/2012 25.16 Porter Domestic

'Original depth of well is 565 feet; wooden plug placed in well at 300 feet.

for communities or irrigation and the remainder are domestic
wells used to provide water for individual dwellings or build-
ings. The four production wells range in depth from 190 to
465 feet (ft). For the other 16 wells with known construction
information, depths range from 135 to 610 ft.

Subsequent to sampling the 20 wells for spatial assess-
ment in summer 2012, four of the 20 wells were selected
to be sampled monthly over the next year for the temporal
component of the assessment. The four wells (PI-507, PI-524,
PI-593, and PI-600) were selected to represent several charac-
teristics, including a range of methane concentrations, differ-
ent well types (domestic and production), and (or) location in
the northern half of the county where shale-gas exploration is
most likely (table 3, fig. 2).

Wells completed in fractured rocks commonly have more
than one water-bearing zone. Because of the complex ground-
water flow system in fractured-rock aquifers and the occur-
rence of multiple water-bearing zones, samples collected from
domestic and production wells commonly represent a mixture

of water from different groundwater flow paths with possible
different chemical compositions.

Collection of Samples

Samples from 20 wells were collected from July 17
through August 2, 2012, for the spatial component of the
assessment. Subsequently, samples from 4 of the 20 wells
were collected monthly from September 11, 2012, to June 28,
2013, for the temporal component of the assessment. Sample
collection and processing were done using standard meth-
ods (U.S. Geological Survey, variously dated). Groundwater
samples were collected from wells using existing pumps and
plumbing but bypassing any treatment systems. Water levels
in the wells were measured prior to pumping, and wells were
pumped until field parameters (pH, temperature, specific con-
ductance, dissolved oxygen concentration) stabilized before
sample collection.



Samples for dissolved constituent analysis were filtered
in the field using a 0.45-micron pore-size polyethersulfone
capsule filter. Samples for major cations, trace elements,
gross alpha- and gross beta-particle activity were preserved
using nitric acid. Samples for methane analysis were collected
using refrigeration-grade copper tubing inserted in two types
of sample bottles and allowing water to overflow bottles by
at least three volumes. Samples for determination of meth-
ane, cthane, and ethene concentrations by TestAmerica, Inc.,
(TestAmerica) were collected in triplicate 40-milliliter (mL)
glass vials and preserved with hydrochloric acid in the field.
Additional samples for isotopic characterization of methane
and methane concentrations were collected in one-liter plastic
bottles, with biocides in the cap, supplied by Isotech Laborato-
ries, Inc. (Isotech).

Samples for age-dating by use of chlorofluorocarbons
(CFCs), sulfur hexafluoride (SF,), and other dissolved gases
(nitrogen, oxygen, argon, carbon dioxide, and methane)
(Plummer and Friedman, 1999) were collected using refrigera-
tion-grade copper tubing in glass bottles by methods described
by U.S. Geological Survey (2014). For the gas samples,
bottles were filled through tubing connected to existing plumb-
ing near the well head and inserted into the bottle. Bottles
were filled from the bottom up and allowed to overflow by at
least three volumes before capping. Samples for CFCs were
collected through refrigeration-grade copper tubing in 125 mL
glass bottles that were filled and capped underwater. Samples
for SF, were collected in plastic safety-coated 1-liter (L) glass
bottles. Samples for the other dissolved gases (such as nitro-
gen) were collected in 150-mL glass bottles that were filled
and capped underwater.

Analysis of Samples

Groundwater quality was determined through both field
measurements and laboratory analyses. Selected physical and
chemical measurements were made in the field during sam-
pling of each well. The pH, water temperature, acid neutral-
izing capacity (ANC), specific conductance, and dissolved
oxygen concentration for groundwater samples were measured
in the field using a Yellow Springs Instruments (Y SI) sonde
for all field parameters except ANC and following standard
methods (U.S. Geological Survey, variously dated). Air
temperature and barometric pressure as measured by the YSI
sonde were also recorded.

Results of the summer 2012 sampling showed that ANC
measured in the field and laboratory were approximately
equivalent, and for monthly samples collected from Sep-
tember 2012 through June 2013, only laboratory measure-
ments of ANC were done routinely on the water samples.
ANC is considered approximately equal to alkalinity for the
groundwater samples.

Other analyses of well-water samples were done at sev-
eral laboratories. All samples were analyzed for concentrations
of methane, major ions, nutrients, selected trace metals, gross
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alpha- and gross beta-particle activity, and radon-222 con-
centrations (table 3). The analyses included all of the PADEP
Recommended Basic Oil & Gas Pre-Drill Parameters as listed
by the PADEP categories of inorganic constituents (alkalinity,
chloride, conductivity, hardness, pH, total dissolved solids);
trace metals (barium, calcium, iron, magnesium, manganese,
potassium, sodium, strontium); organic constituents (methane,
ethane), except total suspended solids, non-filterable residue,
oil and grease; and bacteria (total coliform or Escherichia
Coli) (Pennsylvania Department of Environmental Protec-
tion, 2012). A few samples underwent additional analyses for
isotopic characterization of dissolved methane, stable isotopes
of water, carbon isotopic composition of dissolved inorganic
carbon (DIC), boron and strontium isotopes, and age-dating by
CFCs and SF,.

Water samples were sent to the USGS National Water
Quality Laboratory (NWQL) in Denver, Colorado, for analy-
ses of inorganic constituents and radon-222. Analyses for
dissolved inorganic constituents included major ions (calcium,
magnesium, sodium, potassium, silica, sulfate, chloride, and
fluoride), nutrients (nitrate, nitrite, ammonium, and ortho-
phosphate), selected trace elements and metals (aluminum,
antimony, arsenic, barium, beryllium, boron, cadmium, chro-
mium, cobalt, copper, iron, lead, lithium, manganese, molyb-
denum, nickel, silver, selenium, strontium, thallium, tungsten,
uranium, vanadium, and zinc), and total dissolved solids
(TDS). TDS concentrations were determined using a labora-
tory method to measure the residue on evaporation (ROE) and
consist of all dissolved analytes with some potential loss of
bicarbonate (Hem, 1985). In addition, analyses for selected
total concentrations of metals (arsenic, iron, lead, and manga-
nese) and ANC (using fixed-endpoint method) were done on
unfiltered samples from the wells. Unfiltered water samples
were collected for determination of gross alpha- and gross
beta-particle activity. To allow comparison of dissolved to
total gross alpha- and gross beta-particle activity, both filtered
and unfiltered samples were collected from seven wells that
had previous analyses for dissolved gross alpha- and gross
beta-particle activity. All samples for gross alpha-particle and
gross beta-particle activity determined at 72-hours and 30-day
counting times were sent to a private laboratory (Eberline Ser-
vices through April 2013; TestAmerica in Richland, Washing-
ton in June 2013) under contract to NWQL. Reporting levels
for radioactivity measurements are relative to background
levels in the laboratory, and reported values preceded by an
”R” are considered non-detects.

Analyses for dissolved concentrations of methane, eth-
ane, and ethene by gas-chromatograph headspace equilibrium
method RSKSOP-175 (Hudson, 2004) were sent to a private
laboratory (TestAmerica) under contract to NWQL. This dis-
solved-gas analysis was done on all samples collected for the
spatial and temporal assessments (20 wells sampled once in
summer 2012 and 4 wells sampled monthly for 1 year ending
June 2013, respectively). Samples were analyzed at TestAmer-
ica in Austin, Texas except for the June 25-27, 2013 samples
which were analyzed at TestAmerica in Denver Colorado.
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Additional analysis for dissolved gases, concentration of
methane, isotopic characterization of methane, carbon isotopic
composition of DIC, and stables isotopes of water were done
by Isotech under subcontract to TestAmerica and NWQL.
These additional Isotech analyses for dissolved gases, methane
characterization, and isotopic composition of DIC were done
on only a few samples collected for the study (table 3) based
partly on results of the TestAmerica analyses for methane.
Dissolved gas analysis by Isotech was done on samples with
at least 1 milligram per liter (mg/L) dissolved methane as
determined by TestAmerica and on two other samples with
lower concentrations of methane to compare laboratory
results. Isotopic characterization of methane was done only
on samples with sufficient methane (at least 1 mg/L) for that
analysis. The isotopic composition of DIC was analyzed in
samples from two wells with elevated methane (greater than
1 mg/L) and on a sample from one well with low methane for
comparison. Analyses for stable isotopes of water were done
on all samples.

Analyses of water samples collected from six wells in
late June 2013 for age-dating by CFCs and SF, were done by
the USGS chlorofluorocarbon laboratory in Reston, Virginia,
using methods described by U.S. Geological Survey (2014)
and by Busenberg and others (2006). Analyses of strontium
and boron isotopes in water samples collected from six wells
in late June 2013 were done by Thomas Bullen and others at a
USGS laboratory in Menlo Park, California.

Complete listings of constituents and compounds ana-
lyzed and associated parameter codes are given with results
of analyses in tables 1518 at the back of the report. Field
measurements of pH, specific conductance, or ANC are shown
in figures and discussed in the text, unless otherwise speci-
fied. The concentrations of major ions typically are reported
in milligrams per liter (mg/L), which are approximately
equivalent to parts per million (ppm). Nitrogen compounds,
such as nitrate and ammonia, are reported in milligrams per
liter as nitrogen (mg/L as N) and phosphorous compounds,
such as orthophosphate, in milligrams per liter as phosphorous
(mg/L as P). The concentrations of trace elements typically
are reported in micrograms per liter (ug/L) which are approxi-
mately equivalent to parts per billion (ppb). One milligram per
liter (mg/L) is equivalent to 1,000 micrograms per liter (ug/L).

The concentrations of dissolved methane, ethane, and
ethene determined by TestAmerica are reported in units of
pg/L. Concentrations of dissolved methane determined by
Isotech are reported in units of mg/L, and concentrations of
dissolved methane and other gases determined by the USGS
chlorofluorocarbon laboratory also are reported in units of
mg/L. For consistency in this report, all dissolved methane
concentrations hereafter will be discussed in common units
of mg/L, although original reporting units from individual
laboratories are preserved in data tables at the back of the
report. Isotech also reported dissolved gases in units of volume
percent (in headspace of sample).

Concentrations of radon-222, gross-alpha- and gross-
beta particle activity, and other radionuclides are reported in

Study Methods 15

picocuries per liter (pCi/L), which is a measure of the rate of
radioactive decay per unit of time in a given volume of water.
Isotopic compositions are reported as a difference (delta or §)
in parts per thousand (denoted as %o and also known as per
mil) relative to a standard, where positive values indicate
enrichment of the heavier isotope and negative values indicate
depletion of the heavier isotope. Thus, for R = ratio of heavier
to lighter isotope, 6 (in %o0) = (R__ /[R —1]) x (1,000).

sample standard

Quality Control and Quality Assurance

For quality assurance, replicate environmental and equip-
ment blank samples were collected to demonstrate analytical
reproducibility and level of sampling contamination, respec-
tively. Replicate environmental samples were collected from
wells PI-558 and PI-524 in July 2012 and from well PI-524
in December 2012. An equipment blank sample was collected
prior to sampling well PI-600 in May 2013, and an equipment
blank was collected in September 2013. Replicates and blank
samples were analyzed for dissolved inorganic constituents,
nutrients, trace metals, gross-alpha and gross-beta activity,
radon-222, and methane, and in the case of well PI-524, meth-
ane isotopes. Results of laboratory analyses for environmental
replicates are listed with results for primary environmental
samples collected for this study (table 18).

Results for the May 2013 equipment blank showed that
a few constituents (copper, lead, zinc, silica, sodium, and
boron) were measured at low concentrations near the detec-
tion level but none of the other the constituents or compounds
analyzed in the blank were detected (table 18). These results
indicate that, for most constituents, field equipment or sam-
pling methodology did not contaminate the sample. However,
because some constituents had been detected at low levels in
the May equipment blank sample, another equipment blank
prepared in the laboratory was sent for analysis in September
2013. Results for the September 2013 equipment blank show
no detections for silica, sodium, and boron and low concen-
trations of copper, lead, and zinc; the metals’ concentrations
were less than the laboratory reporting level but greater than
the long-term method detection level for all but the total lead
result of 0.082 pg/L. These results indicate that sampling
equipment may introduce low levels of these metals into the
samples at concentrations of up to about 1 pg/L for copper,
0.5 pg/L for lead, and 2 pg/L for zinc. Possible low-level
contamination of sample water from sampling equipment or
existing plumbing for sampled wells should be considered in
evaluation of lead, copper, and zinc concentrations in environ-
mental samples.

Computation of cation-anion balance was also used to
check accuracy of major ion analyses. The difference in the
cation-anion balance was less than 4 percent for all but one
sample that had a difference of 6 percent. Differences in
cation-anion balances of less than plus or minus 5.5 percent
are considered to be acceptable when evaluating accuracy and
completeness of water analyses (Brown and others, 2003).
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Additionally, both field and laboratory measurements
of pH, specific conductance, and ANC are reported for all
samples collected in summer 2012 (table 15) for quality assur-
ance purposes. For monthly samples collected from September
2012 through June 2013, field and laboratory measurements
are listed only for pH and specific conductance (table 16)
because field ANC was not measured regularly. Results of the
summer 2012 sampling showed that ANC measured in the
field and laboratory were approximately equivalent.

Groundwater Quality—Spatial and
Temporal Assessment

The 2012-13 groundwater-quality reconnaissance assess-
ment is intended to provide current data on the occurrence and
concentrations of methane and a suite of inorganic constituents
in groundwater in bedrock aquifers prior to shale-gas devel-
opment in Pike County. Many of the inorganic constituents
selected for analysis are present in elevated concentrations in
brines and produced waters (flow back) associated with uncon-
ventional shale-gas development (table 1) but also commonly
occur at low to moderate concentrations in shallow, fresh
(non-saline) groundwater. Some of the inorganic constituents
included in groundwater analyses for this study also can be
introduced by human activities not directly related to shale-
gas production, such as use of road salt or onsite-wastewater
disposal. In this report, the term brine-related refers to
inorganic constituents present at high concentrations in brines
but does not necessarily imply any contribution of brines
to freshwater. The assessment also may be used to evaluate
overall general groundwater quality in the county, identify
constituents in groundwater that may pose a health risk, and
serve as a baseline for future evaluations to determine the
effect of shale-gas development or other land-use changes on
groundwater quality.

Because groundwater is the main source of drinking
water in Pike County, assessment of groundwater quality rela-
tive to drinking-water standards is important. Both naturally
occurring constituents and constituents introduced by human
activities may pose a risk to human health when present at
certain concentrations in groundwater used for drinking-water
supply. The U.S. Environmental Protection Agency (EPA) has
established maximum contaminant levels (MCLs) for many
constituents in drinking water to protect human health (U.S.
Environmental Protection Agency, 2012a). These MCLs, also
known as primary drinking-water standards, may be used as
a guideline for private well owners but must be followed for
public drinking-water supplies. Other non-regulatory drinking-
water guidelines include Health Advisory (HA) levels, and
secondary maximum contaminant levels (SMCLs). HA levels
are listed by USEPA for selected constituents that have no
MCL or in some cases, in addition to the MCL, and SMCLs
are listed for selected constituents that pose no known health

risk but may have adverse aesthetic effects, such as taste or
staining (U.S. Environmental Protection Agency, 2012a).
Concerns about groundwater quality are not limited
to its use as a drinking-water supply. Because groundwater
discharges to and sustains base flow of streams, degraded
groundwater quality may result in degraded stream quality.
To protect surface-water quality in areas affected by shale-gas
development, the PADEP currently regulates direct discharges
of flow-back waters to streams. Discharges containing flow-
back waters must meet water-quality criteria established for
designated uses of streams, and concentrations cannot exceed
500 mg/L for TDS, 250 mg/L for chloride, 10 mg/L for
barium, and 10 mg/L for strontium (Pennsylvania Department
of Environmental Protection, 2010).

Discussion of analyzed constituents in water from 20
wells sampled in 2012 for the spatial component and the 4
wells sampled during 2012-13 for the temporal component
of the groundwater-quality assessment in Pike County fol-
low. Complete results for laboratory analyses of groundwater
samples collected during 2012—13 are listed in tables 15-18 at
the back of the report.

Spatial Assessment

The spatial component of the assessment provides
information about current (2012) baseline groundwater quality
in bedrock aquifers throughout the Pike County. However,
because of the small sample size (20 wells), results of the spa-
tial assessment are considered to provide a limited, reconnais-
sance-level estimate of groundwater quality that can be used
as the basis for further evaluations.

General Groundwater Quality, Inorganic
Constituents, and Relation to Standards

Generally, groundwater in the bedrock aquifers in Pike
County, as defined by samples from the 20 wells sampled for
this study, has low to moderate concentrations of dissolved
constituents and oxygen, and pH values are near neutral to
slightly acidic. Of the drinking-water standards or guidelines
established for measured physical and chemical properties and
concentrations of total dissolved solids (TDS), major ions, and
nutrients, SMCLs and (or) HAs were exceeded only for pH
and sodium (table 4).

Concentrations of TDS in water samples ranged from
40 to 230 mg/L and were less than the SMCL of 500 mg/L
(table 4). TDS concentrations often are used as a measure
of salinity. Freshwater commonly is defined as having TDS
concentrations less than 1,000 mg/L and saline water as hav-
ing TDS concentrations greater than 1,000 mg/L. In a regional
study of occurrence of saline water in the United States, depth
to saline water (TDS greater than 1,000 mg/L) was estimated
to be greater than or equal to 1,000 ft in the vicinity of Pike
County (Feth, 1965). On the basis of geophysical logs in
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Table 4. Minimum, median, and maximum values for well characteristics, field measurements, and concentrations of dissolved major
ions and nutrients in water from 20 wells sampled in Pike County, Pennsylvania, summer 2012.

[uS/cm, microsiemens per centimeter at 25 degrees Celsius; mg/L as CaCO,, milligrams per liter as calcium carbonate; mg/L, milligrams per liter; °C, degrees
Celsius; SiO,, silica; mg/L as N, milligrams per liter as nitrogen; mg/L as P, milligrams per liter as phosphorous; M, measured, but concentration less than

1 milligram per liter; --, no data or not applicable; MCL, maximum contaminant level; HA, Health Advisory; SMCL, secondary maximum contaminant level;
<, less than; >, greater than]

Number Drinking-water standard or guideline'

Charactgrlstlc or Units Minimum Median Maximum (perce|_1t)
constituent exceeding MCL HA SMCL
standard

Field properties

Water temperature °C 9.4 11.1 12.4 -- -- - -
Dissolved oxygen mg/L M 0.5 9.2 - -- - -
Specific conductance, field pS/cm 64 186 383 -- - -- -
pH, field pH units 5.8 7.4 8.7 5(25) 6.5-8.5 - --
Acid neutralizing capacity’ mg/L as CaCO, 11 61.5 142 - -- - -

Laboratory analyses

Major ions and related properties

Calcium mg/L 4.75 17.6 51.4 -- -- - --
Magnesium mg/L 1.09 5.17 8.32 -- -- - --
Sodium mg/L 1.36 9.14 69.4 32 (10) -- 20 30-60
Potassium mg/L 0.24 0.63 1.19 -- -- - --
Acid neutralizing capacity* mg/L as CaCO, 15.5 65.2 143 -- -- - --
Bromide mg/L 0.014 0.020 0.353 -- -- -- --
Chloride mg/L 0.47 5.14 50.3 0(0) -- -- 250
Fluoride mg/L <0.04 0.11 0.53 0(0) 4 - 2
Sulfate mg/L 0.38 7.74 17.1 0(0) -- 500 250
Silica mg/L as SiO, 442 9.38 16.4 -- -- -- --
Total dissolved solids mg/L 40 116 230 0(0) -- - 5500
Hardness mg/L as CaCO, 18.6 64 160 -- -- -- -6
Nutrients

Ammonia mg/L as N <0.010 <0.010 0.095 0 (0) -- 30 --
Nitrite mg/Las N <0.001 <0.001 0.001 0 (0) 1 -- --
Nitrate+Nitrite’ mg/L as N <0.040 <0.040 1.45 0(0) 10 - --
Orthophosphate mg/L as P <0.004 0.0195 0.177 -- -- - --

'U.S. Environmental Protection Agency (2012) lists standards (MCLs and SMCLs) for public drinking-water supplies; HAs are other health-based guide-
lines.

*Determined by inflection-point method, approximately equivalent to alkalinity.

3Two samples exceed 40 mg/L and thus both the HA and SMCL for sodium.

“Determined by fixed-endpoint method, approximately equivalent to alkalinity.

’Same standard established by Pennsylvania Department of Environmental Protection (2010) for flow-back discharge to streams.

“No drinking-watering standard but water characterized as: soft, 0-60 mg/L; moderately hard, 61-120 mg/L; hard, 121-180 mg/L; very hard; >180 mg/L.

"Because nitrite concentrations are low, nitrate is nearly equivalent to nitrate plus nitrite.
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similar hydrogeologic settings in Pike, Wayne, and Monroe
Counties, the depth of freshwater circulation was estimated to
be greater than 800 ft below land surface in Monroe County
(Carswell and Lloyd, 1979). Results from the 2012 sampling
of 20 wells with depths of up to 610 ft and earlier studies in
Pike County (Davis, 1989; Senior, 2009) are consistent with
these estimates of depth to saline water.

Dissolved oxygen concentrations ranged from just
detectable (M or measured concentration less than 0.1 mg/L)
to 9.2 mg/L (table 4) and were low (less than 1 mg/L) in 12
(60 percent) of the 20 well samples. Low dissolved oxygen
concentrations are related to chemical or biochemical reactions
that consume oxygen and may be associated with reducing
conditions that promote release of some metals. The chemical
reactions that consume oxygen can be naturally occurring in
soils or aquifer materials.

Groundwater samples from the 20 wells ranged from
moderately acidic to moderately alkaline. The pH ranged from
5.8 to 8.7, with a median of 7.4, just above the neutral value
of 7.0 pH units; the pH was less than the SMCL lower limit
of 6.5 in 4 (20 percent) and greater than the upper limit of 8.5

in 1(5 percent) of the 20 samples (table 4). Overall, the range

of pH in water from the 20 wells sampled in 2012 was similar
but somewhat less acidic than in water from wells sampled in
2007 (Senior, 2009).

Precipitation that falls on Pike County is acidic, having
an annual average pH of about 4.85 during 201112 as mea-
sured in Milford (National Atmospheric Deposition Program,
2013); the acidity of precipitation in Pike County has been
decreasing for at least 30 years (since 1985 when the annual
average pH was 4.23 at Milford). The acidity of precipitation
that recharges the aquifers tends to be progressively neutral-
ized by reactions with soils and aquifer minerals. The acid-
neutralizing capacity (ANC) and specific conductance are
properties that may be related to mineral dissolution under
natural conditions. ANC consists largely of bicarbonate alka-
linity. The specific conductance is proportional to the amount
and type of dissolved charged ions in solution. In the ground-
water samples from Pike County, ANC, TDS, and specific
conductance generally tend to increase with pH (fig. 5), sug-
gesting that mineral dissolution contributes to reducing acidity
of recharge derived from precipitation.

450 T T T T | T T T

EXPLANATION

400 o Specific conductance, field

@ Acid neutralizing capacity, field @

A Total dissolved solids

350

300

250

200

150

or total dissolved solids, in milligrams per liter

100

Specific conductance, in microsiemens per centimeter at 25 degrees Celsius;
acid neutralizing capacity, in milligramams per liter as CaCO0,

50

>

Figure 5. Acid-
neutralizing capacity,
total dissolved solids
concentration, and
specific conductance
in relation to field pH
in groundwater
samples collected
from 20 wells in Pike

o
~

Field pH

co
©

County, Pennsylvania,
summer 2012.



Major lons

The major ions generally compose most of the dis-
solved constituents in groundwater. The major ions consist of
positively charged cations (calcium, magnesium, sodium, and
potassium) balanced by negatively charged anions (bicarbon-
ate, chloride, sulfate, and fluoride). Silica is a major con-
stituent that commonly occurs as an uncharged ion. Nitrate,
discussed in the section on nutrients, is an anion that some-
times may be present in large enough concentrations to be
considered a major ion.

In the 20 groundwater samples, the only drinking-water
standard or guideline exceeded for major ions (table 4) was
the sodium concentration in samples from two wells (P1-524
and PI-592). These relatively elevated sodium concentrations
of 42.8 and 69.4 mg/L, respectively, exceeded the HA level
of 20 mg/L for individuals on sodium-restricted diets and the
taste threshold SMCL value of 30 mg/L. Chloride concen-
trations in the 20 samples collected in summer 2012 ranged
from 0.47 to 50.3 mg/L and were all less than the SMCL of
250 mg/L for drinking water.

Hardness of the 20 well-water samples ranged from
18.6 to 160 mg/L as calcium carbonate (CaCO,), with a
median value of 64 mg/L as CaCO, Hardness reflects the
concentrations of calcium and magnesium ions, which are
released into groundwater from the dissolution of calcium- and
magnesium-bearing minerals. Hard water decreases lather-
ing of soap and increases accumulation of mineral deposits
in plumbing and cooking utensils. Using a common hardness
classification (Dufor and Becker, 1964), the measured values
indicate that about half of the 20 water samples are soft (less
than 60 mg/L as CaCO,) and most others are moderately
hard (61 to 120 mg/L as CaCO,); only one sample (from well
PI-403 with a hardness of 160 mg/L as CaCO,) can be classi-
fied as hard (121 to 180 as CaCO,) (table 15 at back of report).
There are no health-related standards established specifically
for hardness in drinking water.

Nitrate and Other Nutrients

Nitrogen and phosphorous compounds occur naturally,
are essential nutrients for plant growth, and are present in
elevated concentrations in domestic and municipal wastewater.
Elevated concentrations of nutrients may result in impairment
of surface waters (where impairment is related to algal growth)
and may pose a health risk when consumed in drinking water.
The principal soluble compounds of nitrogen—nitrate (NO,),
nitrite (NO,’), and ammonia (most common dissolved form
is ammonium, NH, *)—were included in analyses of ground-
water samples. Orthophosphate (PO,), a soluble form of
phosphorus, was also analyzed in the samples. The laboratory
analyses determine nitrate plus nitrite so that nitrite concentra-
tions must be subtracted to obtain nitrate concentrations.

Ammonia (and its ionic form, ammonium [NH,']) is a
reduced form of nitrogen that is the predominant nitrogen
compound present in septic tank effluent and oxidizes to
nitrate in the presence of oxygen. NH -bearing clay minerals
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(illite) have been reported to occur in some sedimentary
rocks in northeastern Pennsylvania (Juster and others, 1987).
Nitrite (NO,) is a less oxidized form of nitrogen than nitrate
(NO,) and may be formed during intermediate steps in nitri-
fication (a process in which ammonia is oxidized) or in deni-
trification (a process in which nitrate is reduced to nitrogen
gas, usually in the absence of oxygen). Nitrification and deni-
trification reactions generally are biologically mediated. Low
concentrations of ammonia, nitrite, nitrate and orthophos-
phate were measured in most of the 20 groundwater samples,
and no drinking-water standards for these compounds were
exceeded (table 4). Ammonia concentrations were less than
the reporting level of 0.01 mg/L as N in 12 of the 20 ground-
water samples, and the remaining 8 groundwater samples
had concentrations ranging from 0.010 to 0.095 mg/L as N.
Nitrite concentrations were less than the reporting level of
0.001 mg/L as N in all but two groundwater samples with
concentrations equal to 0.001 mg/L as N. All (9) samples in
which nitrite or ammonia concentrations were greater than
reporting levels had low dissolved oxygen concentrations
(0.5 or less mg/L). Ammonium (NH,") and nitrite (NO,)
ions are reduced forms of nitrogen that generally are more
stable in low-oxygen conditions, whereas nitrate (NO,) is an
oxidized form of nitrogen generally more stable in higher-
oxygen conditions.

Nitrate concentrations (calculated by subtracting nitrite
concentration from the reported sum of nitrite plus nitrate
concentration) were less than the reporting level of 0.04 mg/L
as N in 11 of 20 samples and otherwise were less than
0.8 mg/L as N in all but one groundwater sample (from well
PI-557) that had a concentration of 1.45 mg/L as N, indicat-
ing that most nitrate concentrations are within the range of
estimated natural background levels. An estimated concen-
tration of nitrate derived from precipitation in recharge is as
much as about 0.8 mg/L as N in Pike County, assuming no
nitrogen loss and that all ammonia was converted to nitrate
(Senior, 2009). Nitrate can be reduced, however, in low oxy-
gen environments such as were observed in 12 (60 percent)
of the 20 well samples that had dissolved oxygen concentra-
tions less than 1 mg/L; therefore, many of the low nitrate
concentrations might be attributed to nitrate reduction in soils
and the groundwater system.

Orthophosphate concentrations were less than the
reporting level of 0.004 mg/L as P in samples from 2 wells
and ranged from 0.004 to 0.177 mg/L as P in samples from
the 18 other wells. Concentrations of orthophosphate greater
than 0.02 mg/L in streams in eastern Pennsylvania com-
monly represent slight enrichment from human-related
sources (Andrew Reif, U.S. Geological Survey, oral com-
mun., 2008), although there may be other sources of elevated
orthophosphate in groundwater, such as dissolution of apatite
or phosphorus-bearing minerals, and the sources of ortho-
phosphate in the Pike County groundwater samples have not
been identified. Orthophosphate concentrations were equal
to or greater than 0.02 mg/L as P in water samples from 10
(50 percent) of the 20 wells.



20

Inorganic Trace Constituents

Most analyses for inorganic trace constituents (metals
and other elements) were done on filtered samples (table 5)
and represent dissolved concentrations. Analyses for a few
constituents—arsenic, lead, iron, and manganese—were done
on both filtered and unfiltered samples (table 5) to obtain
data on both dissolved and total concentrations. These four
constituents were selected for the additional analyses on the
basis of results from the previous study in 2007 (Senior, 2009)
which showed some substantial differences in dissolved and
total concentrations of these constituents, most likely caused
by presence of or adsorption of trace metals on particulate iron
or manganese oxides. Consequently, concentrations of these
four constituents, in some cases may exceed respective MCLs
or SMCLs in unfiltered samples but not in filtered samples.
Results for dissolved constituents are discussed first in this
section, followed by discussion of total constituents.

Of the 23 inorganic trace constituents (metals and other
elements) included in 2012 analyses of filtered water samples,
21 were measured in concentrations greater than the reporting
level in at least one sample (table 5). Arsenic, barium, lead,
lithium, manganese, and strontium were the most frequently
detected dissolved inorganic trace constituents, measured
in concentrations greater than respective reporting levels in
samples from all 20 wells. Dissolved boron, cobalt, iron, lead,
and molybdenum also were detected relatively frequently,
measured in concentrations greater than reporting levels in
at least 85 percent of the samples. Other detected inorganic
trace constituents, listed in order of detection frequency, were
nickel, zinc, antimony, copper, selenium, chromium, cadmium,
tungsten, beryllium, vanadium, and aluminum. Concentrations
of the most frequently detected inorganic trace constituents
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generally were higher than the less frequently detected con-
stituents. The median concentrations of dissolved inorganic
trace constituents detected in at least 85 percent of the samples
were highest, in decreasing order, for strontium, barium, man-
ganese, boron, lithium, iron, arsenic, lead, molybdenum, and
cobalt (table 5).

Arsenic, iron, and manganese were the only inorganic
trace constituents analyzed in filtered samples that exceeded
drinking-water standards (table 5). The concentration of
dissolved arsenic exceeded the MCL of 10 ug/L in a sample
from one well (PI-592), which had an arsenic concentration
of 30.1 ug/L. The dissolved iron concentration exceeded
the SMCL of 300 pg/L in a sample from one well (PI-599),
which had a concentration of 696 pg/L. Dissolved manganese
concentrations exceeded the SMCL of 50 pg/L in samples
from six wells and the HA of 300 pg/L in two of those six
wells. The two wells that had arsenic or iron concentrations
exceeding drinking-water standards also had manganese con-
centrations greater than SMCL or HA levels (table 15 at back
of report).

Isotopic Characterization of Water

Isotopic characterization of water was done on water
samples collected from all 20 wells in summer 2012. The
analysis determines the isotopic ratios relative to standard
reference materials (Vienna Mean Standard Ocean Water
[VSMOW]) for oxygen (8'*0) and hydrogen (6D) atoms that
form water. The 8'0O values ranged from -9.74 to -7.76 per mil
and 6D values ranged from -65.5 to -49.9 per mil (table 15 at
back of report). These isotopic values plot on or near the line
for Pennsylvania rivers (fig. 6), indicating the groundwater is
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Figure 6. Stable isotopic composition of oxygen and hydrogen for water in samples collected from 20 wells in Pike
County, Pennsylvania, summer 2012. Line showing relation between 8D and 50 for Pennsylvania rivers determined
through regression of measured values is from Kendall and Coplen (2001).



Groundwater Quality—Spatial and Temporal Assessment 21

Table 5. Minimum, median, and maximum concentrations of selected inorganic trace constituents in water from 20 wells sampled
in Pike County, Pennsylvania, summer 2012.

[nug/L, micrograms per liter; <, less than; --, no data or not applicable; MCL, maximum contaminant level; HA, Health Advisory; SMCL, secondary maximum
level]

Number Concentration Number  Drinking-water standard or guideline'
Constituent Unit (percent) . . . (perce|_1t)
above Minimum  Median  Maximum exceeding McCL HA SMCL
reporting level standard
Dissolved inorganic trace constituent (filtered samples)
Aluminum ng/L 1(5) <2.2 <2.2 2.8 0(0) -- -- 50-200
Antimony pg/L 9 (45) <0.027 <0.027 0.099 0 (0) 6 - -
Barium pg/L 20 (100) 3.51 52.6 318 0 (0) 22,000 - --
Beryllium pg/L 3(15) <0.006 <0.006 0.016 0 (0) 4 - -
Boron ng/L 19 (95) <3 17 119 0 (0) - 7,000 --
Cadmium ng/L 5(25) <0.016 <0.016 0.08 0 (0) 5 - --
Chromium ng/L 7(35) <0.07 <0.07 0.27 0 (0) 100 - -
Cobalt pg/L 17 (85) <0.021 0.054 0.256 -- - -- --
Copper ng/L 9 (45) <0.08 <0.08 38.1 0 (0) 31,300 1,000 --
Lithium pg/L 20 (100) 0.98 10.8 248 - - - -
Molybdenum pg/L 17 (85) <0.014 0.323 3.45 0 (0) - 40 -
Nickel ng/L 11 (55) <0.09 0.12 0.69 0 (0) - 100 --
Selenium ng/L 9 (45) <0.03 <0.03 0.49 0(0) 50 -- --
Silver pg/L 0(0) <0.005 <0.005 <0.005 0 (0) - -- 100
Strontium pg/L 20 (100) 13.9 328 1,690 0 (0) - 24,000 --
Thallium pg/L 0 (0) <0.010 <0.010 <0.010 0 (0) 2 - -
Tungsten pg/L 4 (20) <0.010 <0.010 0.386 -- - -- --
Vanadium ng/L 3(15) <0.08 <0.08 0.51 -- - - --
Zinc pg/L 11 (55) <14 1.75 292 0 (0) - 2,000 5,000
Dissolved and total inorganic trace constituents (filtered and unfiltered samples)

Arsenic, dissolved ng/L 20 (100) 0.07 0.53 30.1 41(5) 10 --
Arsenic, total pg/L 16 (80) <0.28 0.56 27.6 41(5) 10 --
Iron, dissolved ug/L 17 (85) <3.2 9.6 696 1(5) -- -- 300
Iron, total pg/L 17 (85) <4.6 78.6 1,310 5(25) - - 300
Lead, dissolved ng/L 19 (95) <0.025 0.49 2.15 0(0) 315 - -
Lead, total pg/L 20 (100) 0.1 0.56 4.08 0 (0) 315 - -
Manganese, dissolved pg/L 20 (100) 0.19 18.2 615 %6 (30) -- 300 50
Manganese, total pg/L 20 (100) 0.2 20.9 654 %6 (30) -- 300 50

'U.S. Environmental Protection Agency (2012) lists standards (MCLs and SMCLs) for public drinking-water supplies;

lines.

HAs are other health-based guide-

*Pennsylvania Department of Environmental Protection (2010) established standard is 10 mg/L (10,000 pg/L ) for barium and 10 mg/L (10,000 pg/L ) for
strontium in flow-back discharge to streams.

3Action level.

4One sample exceeds the MCL of 10 pg/L, and three samples exceed the HA of 2 pg/L for arsenic.

’Six samples exceed the SMCL level of 50 pg/L, and two samples exceed the HA of 300 pg/L for manganese.
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of recent origin as isotopic composition of river water may be
used as a proxy for modern precipitation (Kendall and Coplen,
2001). The range in isotopic composition of water samples
from the 20 wells likely reflects differences in the temperature
or seasonal rates of recharge. Precipitation recharged at cooler
temperatures and (or) at higher altitudes tends to have more
negative 5'*0 and 0D values (Kendall and Coplen, 2001).

The isotopic composition of water from wells sampled
for this study is substantially different from that reported
for oxygen and hydrogen isotopes in Appalachian brines
in northwestern Pennsylvania and vicinity; in the brines,
8'%0 values ranged from 7.1 to -0.4 per mil and 8D values
ranged from -55.6 to -30.2 per mil, respectively (Osborn and
Mclntosh, 2010).

Radionuclides

Radionuclides naturally present in rocks and soils may be
dissolved and enter into groundwater. These radionuclides are
derived primarily from the radioactive decay of uranium-238
or thorium-232. Each radionuclide has a unique half-life,

Table 6.

position in the decay series, and chemical properties, and
each emits primarily alpha or beta particles during radioactive
decay. Radium-226 and its daughter product radon-222 are
progeny in the uranium-238 decay series. Radium-228 is part
of the thorium-232 decay series.

Of the radioactive constituents analyzed in 2012 ground-
water samples from 20 wells, only activities of radon-222
exceeded any MCL (proposed MCL for radon-222) (table 6).
These results are consistent with a recent previous study in
Pike County (Senior, 2009).

Gross Alpha-Particle and Beta-Particle Activity

Gross alpha-particle and beta-particle activities are a
measure of alpha and beta particles produced by the decay
of all radionuclides in a sample and commonly are used as a
screen to determine the likelihood of elevated activities of an
individual radionuclide, such as radium-226, an alpha-particle
emitter, or radium-228, a beta-particle emitter. Because
radionuclides have different half-lives, gross alpha- and gross
beta-particle activities (or concentrations) in a sample change
over time. If relatively short-lived radionuclides are present in

Minimum, median, and maximum concentrations of selected radioactive constituents determined in the laboratory for water

samples collected from 20 wells in Pike County, Pennsylvania, summer 2012.

[pCi/L, picocuries per liter; pg/L, micrograms per liter; <, less than; --, no data or not applicable; nd, not detected; MCL, maximum contaminant level; HA,

Health Advisory; SMCL, secondary maximum level; mrem/yr, millirem per year]

Number Concentration Drinking-water standard or guideline?
(percent) Number
Radioactive . (percent)
. 1 Units above L . i .
constituent reporti Minimum Median  Maximum exceeding MCL HA SMCL
porting
standard
level
Total (unfiltered sample)
Gross alpha radioactivity, .
30.day recount pCi/L 10 (50) nd 0.6 1.7 0 (0) 15 - -
Gross alpha radioactivity, .
> hort count pCi/L 18 (90) nd 1.4 8.0 0 (0) 15 - -
Gross beta radioactivity, - ;15 (g) nd 1.0 3.0 0(0) 4 mrem/yr
30-day recount p ’ ’ Y - -
Gross beta radioactivity, Gl 10(50) 0.7 12 ’5 0(0) 34 mrem/
72-hour count P ’ ’ ’ mremyr - -
Radon-222 pCI/L  20(100) 104 1,365 4,500 17 (85) 4300 - -
Dissolved (filtered sample)
Uranium (natural) ng/L 18 (90) <0.004 0.119 1.11 0(0) 30 20 --

'Gross alpha-particle radioactivity measured using Thorium-230 curve; gross beta-particle radioactivity measured using Cesium-137 curve.

2U.S. Environmental Protection Agency (2012) lists standards (MCLs and SMCLs) for public drinking-water supplies; HAs are other health-based guide-

lines.

SMCL expressed as a dose.

“Proposed MCL is 300 pCi/L, and proposed alternative MCL is 4,000 pCi/L. Two of 20 (10 percent) samples had radon-222 concentrations greater than

4,000 pCi/L.



the initial sample, gross alpha- and gross beta-particle activi-
ties may decrease over time. If relatively short-lived radionu-
clides are produced from decay of radionuclides in the initial
sample, gross alpha- and beta-particle activities may increase
through time. Water samples for this study were analyzed at
two times—72 hours and 30 days after sample collection.
Unfiltered water samples were analyzed for all 20 samples to
measure the total contribution of radioactivity from dissolved
and any particulate sources.

The gross alpha- and gross beta-particle activities mea-
sured at 72 hours and 30 days in water samples from 20 wells
were generally relatively low (table 6), indicating low poten-
tial for elevated activities of individual radionuclides. Most
measured values were less than the method reporting level of
3 pCi/L and are considered to be estimated values that have
larger uncertainty than those quantified above this level. Val-
ues considered “non-detects” are listed with an “R” preceding
the value (table 15 at back of report).

All gross alpha-particle activities were less than the
drinking-water MCL of 15 pCi/L. Gross alpha-particle activi-
ties measured at 72 hours were greater than those measured
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at 30 days in most (18 of 20) samples, indicating the presence
of short-lived alpha-emitting radionuclides in the initial water
sample. The highest measured gross alpha-particle activi-
ties were 8 and 6.4 pCi/L at 72 hours. In these two samples,
however, measured gross alpha-particle activities decreased
to 0.8 and 1.7 pCi/L after 30 days, respectively, showing how
delay in laboratory analyses may result in a lower estimate of
potential health risks associated with short-lived radionuclides.
Gross alpha- and gross beta-particle activities were ana-
lyzed in both filtered and unfiltered water samples collected
in 2012 from seven wells that had been sampled previously
in 2007 to allow comparison of total and dissolved gross
alpha- and gross beta-particle activities in the 2012 samples
as a dataset and relative to results for 2007 samples. The 2007
samples were analyzed only for dissolved gross alpha- and
gross beta-particle activities (filtered samples). A plot of gross
alpha- and gross beta-particle activities in filtered and unfil-
tered samples from 7 wells measured at 72 hours and 30 days
shows that most activities in filtered samples generally were
similar (within +1 pCi/L) to activities in unfiltered samples
(fig. 7), indicating that the dissolved phase of radionuclides
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predominates and that most activities in filtered samples are
roughly equivalent to activities in unfiltered samples. How-
ever, for samples from one well (PI-524), the gross alpha-
particle activity at 72 hours was much greater in the unfiltered
sample than in the filtered sample (6.4 compared to 2.2 pCi/L,
respectively), and the gross beta-particle activities at both

72 hours and 30 days were slightly greater in the unfiltered
sample than in the filtered sample. The results for the over-

all comparison of dissolved and total gross alpha- and gross
beta-activities should be interpreted with caution because of
the small sample size and the fact that most of the measured
dissolved and total gross alpha- and beta-particle activities
were less than the reporting level of 3 pCi/L; values less

than the reporting level are more uncertain than values above
the reporting level. The gross alpha- and gross beta-particle
activities in filtered samples measured in 2012 were gener-
ally within 1 to 2 pCi/L of those measured in 2007, but as
previously noted, the measured activities were less than the
reporting level of 3 pCi/L and probably have uncertainty of
about the same magnitude as the range of differences between
samples analyzed at two different times. Therefore, the 2007
and 2012 values are considered to be quite similar.

Radon-222

Radon-222, a daughter product of radium-226, is an
inert gas that dissolves in water. Radon-222 concentrations
ranged from 104 to 4,500 pCi/L and exceeded the proposed
MCL of 300 pCi/L in samples from 17 (85 percent) of the
20 wells (table 6). Radon-222 concentrations exceeded the
higher alternative MCL of 4,000 pCi/L (proposed by EPA for
dwellings with remediation for radon in air) in samples from
2 (10 percent) of the 20 wells. The EPA has set an action level
for radon-222 in indoor air of 4 pCi/L (U.S. Environmental
Protection Agency, 2012b).

Radon-222 concentrations are partly controlled by the
presence of its parent, radium-226, and preceding radio-
nuclides in the decay chain within aquifer materials. Both
radon-222 and its parent radium-226 emit alpha particles
during radioactive decay. However, radon-222 concentrations
do not appear to correlate with gross alpha-particle activi-
ties, suggesting that other alpha-emitting radionuclides, such
as radium-226 or radium-224, are present. The distribution
of radon-222 activities in the 2012 samples are similar to
results from a 2007 study in Pike County, in which radon-222
activities in groundwater appeared to differ by geologic unit
and were highest in water samples from wells completed in
Catskill Formation units (Senior, 2009).

Uranium

Uranium concentrations in the 20 well-water samples col-
lected in 2012 were low, ranging from 0.011 to 1.11 pg/L. No
sample had uranium concentrations close to or greater than the
drinking-water MCL of 30 ug/L.

Water Types and Relations among Inorganic
Constituents

The concentrations of many major ions may be related
to the concentrations of other major or minor constituents or
to water-quality characteristics, such as pH. These relations
provide information about the sources of the ions and chemi-
cal controls on these constituents in groundwater.

Piper diagrams show the relative proportions of major
ions in water samples and may be used to distinguish different
types of water. Major cations are calcium, magnesium, and
sodium (plotted with potassium that usually is less than the
sodium component). Major anions are bicarbonate (HCO,),
sulfate, and chloride (plotted with nitrate and fluoride, both
usually less than the chloride component). The major ion com-
position of water samples collected in summer 2012 in Pike
County as plotted on a piper diagram (fig. 8) is predominantly
mixed cations (with about 20—40 percent sodium plus potas-
sium and the balance calcium plus magnesium) and mixed
anions (with 50 or more percent bicarbonate). Two samples
plot as much higher in sodium than the other samples and can
be categorized as sodium-bicarbonate-type waters (fig. 8).

The two well-water samples with relatively high con-
centrations of sodium also have relatively high pH (above
8.2) and relatively high concentrations of some minor ions
and inorganic trace constituents, including bromide, fluoride,
lithium, and boron (fig. 9). Sodium-bicarbonate waters with
elevated pH may form as a result of ion-exchange (sodium for
calcium) as has been reported for shallow shale aquifers else-
where (Kresse and others, 2012). A plot of sodium, lithium,
boron, bromide, and fluoride concentrations in relation to pH
for all 20 well-water samples shows few or slight trends of
constituents with increase in pH below pH of about 8 (fig. 9).

The highest sodium concentration is associated with the
highest boron concentration and with elevated but not the
highest chloride concentration. Although sodium concentra-
tions are generally related to both chloride and boron concen-
trations (fig. 9), suggesting possible anthropogenic sources of
sodium including salt (sodium chloride) and borax (a sodium
borate compound) in groundwater, other sources of sodium
also are indicated. Samples with the highest concentrations of
sodium also have the highest concentrations of several other
trace elements, such as lithium, fluoride, and bromide (fig. 9),
that are associated with naturally occurring brines or other
high TDS waters, suggesting natural sources for the most
elevated sodium concentrations.

Chloride is a conservative ion (tends to remain in solution
once dissolved) that occurs naturally at low concentrations
in freshwater systems and at higher concentrations in brines
(table 1) and saline waters, but it also may be introduced as
a result of human land-use activities such as application of
road salt (commonly composed of sodium chloride or calcium
chloride) or on-site wastewater disposal (septic systems). Pre-
cipitation probably contributes on average less than 1 mg/L of
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Figure 8. Piper diagram showing major ion composition in water samples collected from 20 wells in Pike County,
Pennsylvania, summer 2012. The composition of each well-water sample is plotted using a unique symbol.
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Figure 9. Sodium, chloride, lithium, boron, bromide, and fluoride concentrations in relation to field pH in
water samples collected from 20 wells in Pike County, Pennsylvania, summer 2012.

chloride to recharge concentrations, and on the basis of chlo-
ride concentrations in precipitation and base flow of streams
draining undeveloped land, natural background concentra-
tions of chloride in shallow groundwater in Pike County are
estimated to range from 1 to 5 mg/L (Senior, 2009). In Pike
County, chloride concentrations greater than a few milligrams
per liter in shallow groundwater may represent the effects

of human land-use activities or contributions from naturally
occurring deeper, more saline groundwater. Recent studies of
groundwater quality in nearby Susquehanna County in north-
eastern Pennsylvania (Warner and others, 2012; Llwellyn,
2014) have identified some areas where shallow groundwater
has relatively elevated concentrations of chloride and chlo-
ride/bromide ratios that indicate possible mixing with higher
TDS or brine-type waters; these brine-type waters are postu-
lated to be discharging from undetermined depths to shallow
groundwater.

Chloride/bromide ratios often are used to distinguish dif-
ferent sources of chloride. Bromide, like chloride, is a soluble
anion that exhibits conservative properties and can be used
as a tracer. Some sources of chloride introduced by human

activities into the environment, such as salt (sodium chloride)
used for road deicing or present in septic effluent, typically
have relatively low amounts of bromide and consequently
relatively high chloride/bromide mass ratios. The chloride/
bromide mass ratios for the 20 well-water samples are shown
in relation to chloride concentrations in figure 10, which also
shows lines representing estimates of the relation if either (1)
low-bromide salt (such as sodium chloride used for road salt
or in septic effluent) or (2) Marcellus-type brines were added
to background groundwater recharged by precipitation having
low chloride concentrations. Several Pike County well-water
samples have chloride/bromide mass ratios (of about 100)
that are relatively low in relation to chloride concentrations
(fig. 10), indicating enrichment in bromide and probable
differences in sources of chloride. These well-water samples
plot near or on the mixing line for precipitation to brines,
suggesting a possible small contribution of chloride from a
brine-like source. Also plotting on this line is Salt Spring, a
naturally occurring saline spring in Susquehanna County. Most
other well-water samples plot on or near the line represent-
ing estimates of chloride/bromide mass ratios for addition of
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low-bromide salt (sodium chloride), such as road salt or septic
effluent. These chloride/bromide relations are similar to those
for 20 groundwater samples collected in 2012 in Sullivan
County (fig. 10), showing that groundwater with elevated
bromide (and methane) concentrations occurs elsewhere in
northeastern Pennsylvania.

Methane

Methane is a colorless, odorless gas that may occur
naturally in groundwater. Methane may be derived from
several sources, including but not limited to surficial sedi-
ments, organic-rich layers within rocks, and microbial activity
involved in breakdown of organic matter and can be broadly
classified as thermogenic or microbial (biogenic) in origin.
Thermogenic methane is formed from breakdown of organic
material in sediments under high-temperature conditions
caused by deep burial; microbial methane is formed in shallow
subsurface or near surface environments by microbial (bacte-
rial) reduction of carbon dioxide or fermentation of organic

debris (Breen and others, 2007). The methane present in the
Marcellus Shale and Utica Shale being developed for natural
gas in Pennsylvania is of thermogenic origin. Sources of meth-
ane may be inferred from isotopic composition of methane
itself and from the presence of other gases on the basis of
numerous studies described in Breen and others (2007).

Although the presence of methane in well water is not
known to pose a health risk through ingestion, methane at suf-
ficient concentrations in well water may increase the hazard of
explosion when vented into a confined space (Eltschlager and
others, 2001). Recommended action levels for methane con-
centrations in well water listed in table 7 are guidelines, but
site-specific conditions need to be considered when evaluating
potential risks (Eltschlager and others, 2001).

Occurrence and Other Hydrocarbon Gases

Methane was detected in 16 (80 percent) of the 20 well-
water samples collected in summer 2012, but most concentra-
tions were low (less than 0.1 mg/L) (table 7) and not consid-
ered hazardous. Methane concentrations quantified above the
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Table 7.

Minimum, median, and maximum concentrations of methane, ethane, and ethene determined in the laboratory for water

samples collected from 20 wells in Pike County, Pennsylvania, summer 2012.

[Dissolved gas analyses conducted by TestAmerica, Inc.; pg/L, micrograms per liter; --, no data or not applicable; >, greater than; <, less than]

Number Concentration

Well-water action level, in micrograms per liter'

Number
. (percent) . .
Dissolved Unit  above (percel_it) Warning— No immediate
gas . Minimum Median Maximum exceeding Immediate . _g action—
reporting investigate _— I
level standard periodic monitoring
Methane pg/L 16 (80)  <0.211 2.11 4,650 0(0) >28, 000 >10,000 but <28,000 <10,000
Ethane pg/L 3 (15) <0.0615  <0.0615 0.400 0(0) -- -- --
Ethene ug/L  0(0) <0.0569  <0.0569 <0.0569 0(0) -- -- -

'"Recommended action level to minimize hazard of explosion (Eltschlager and others, 2001); converted from milligrams per liter to micrograms per liter for

this table.

detection level of 0.211 pug/L (about 0.0002 mg/L) ranged
from 0.415 to 4,650 pg/L (0.0004 to 4.65 mg/L) and were less
than 60 pg/L (0.060 mg/L) in all but two samples (as mea-
sured by TestAmerica). Water samples from these two wells
had methane concentrations of 2,780 and 4,650 pg/L (equiva-
lent to 2.78 and 4.65 mg/L) (as measured by TestAmerica).
Methane concentrations analyzed by a different laboratory
(Isotech) in replicate samples from these two wells were 3.8
and 5.8 mg/L, about 1 mg/L higher. As discussed in the section
“Quality Assurance and Quality Control,” methane concentra-
tions determined in replicate samples by two other laboratories
(Isotech and the USGS CFC laboratory) were similar to or
somewhat higher (about 20 percent) than those reported by
TestAmerica. Therefore, the methane concentrations reported
by TestAmerica may represent the lower end of the range of
probable values.

No sample had methane in concentrations with recom-
mended actions other than periodic monitoring (table 7). The
percentage of well-water samples with methane concentrations
greater than 1 mg/L (2 of 20, or 10 percent) in Pike County is
similar to that (1 of 4, or 25 percent) reported in the region for
wells in Devonian-age Catskill Formation bedrock aquifers in
reconnaissance baseline studies of groundwater quality in Sul-
livan County, Pennsylvania (Sloto, 2013), but about one-half
to one-third of that for wells in Devonian-age bedrock aquifers
in the area of Delaware County, New York (Kappel and
Nystrom, 2012; Kappel, 2013), which borders Wayne County,
Pennsylvania (fig. 1).

Ethane was the only hydrocarbon gas other than meth-
ane detected of the three gases (methane, ethane, and eth-
ene) included in the analysis by TestAmerica. Ethane was
detected in water samples from three wells (PI-571, PI-592,
and PI-524), two of which had the highest measured methane
concentrations in the spatial assessment. Ethane concentra-
tions were 0.191, 0.241, and 0.400 pg/L in water from the
three wells that had methane concentrations of 21.1, 2,780,
and 4,650 ug/L (0.021, 2.78, and 4.65 mg/L), respectively.
Samples from three wells (PI-599, PI-592, and PI-524) were
selected for additional dissolved gas analysis by Isotech,

which included determination of methane concentration, isoto-
pic composition of methane if sufficient methane were present,
and the presence of higher chain hydrocarbon compounds,
such as ethane (2 carbon atoms or C,H,) or propane (3 carbon
atoms or C,H,); however, of the higher chain carbon com-
pounds analyzed, only ethane was detected by Isotech (and
reported as “C2” for two carbon atoms in molecule; table 17)
in the samples from PI-592 and PI-524, which agreed with
results from TestAmerica (table 15).

The ratio of methane to higher chain carbon compounds
(commonly denoted as C1/C2 for ratio of methane to ethane or
C1/ZC2+ for ratio of methane to sum of all higher chain car-
bon compounds) has been used to identify origins of methane;
C1/C2 ratios (calculated for gases reported in units of volume
or molar percent) greater than 1,000 indicate microbial origins
and ratios less than 1,000 indicate thermogenic origins (Taylor
and others, 2000). The C1/C2 ratios for the three Pike County
groundwater samples with detectable ethane were greater than
9,000 for samples from two wells with elevated methane con-
centrations (PI-524 and PI-592), indicating a predominantly
microbial origin; however, the ratio was less than 200 for the
PI-571 well-water sample with the low methane concentration
of 21.1 ug/L (0.021 mg/L), indicating a thermogenic origin.

Methane concentrations in groundwater, as indicated by
the limited data, appear to vary spatially in Pike County. Meth-
ane concentrations generally tended to be lower in the west-
central part of the county and higher along the eastern edge of
the county (fig. 11). The highest methane concentration was
in the eastern part of the county. Methane concentrations in
the northern part of the county ranged widely from less than
detectable to the second highest methane concentration.

In a study of methane in groundwater in Upper Devonian
shale bedrock in south-central New York, methane concentra-
tions were found to differ by hydrogeologic setting, with the
highest concentrations measured in water from wells in con-
fined valley settings and the lowest concentrations in upland
unconfined settings (Heisig and Scott, 2013). These findings
are generally consistent with and may be applicable to the Pike
County data collected for this study. A plot of altitude of the
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well bottom (to show lowest possible altitude of water-bearing
zones open to the well) and methane concentrations in ground-
water shows concentrations generally were least in wells
having highest well-bottom altitudes (above about 1,000 ft) in
Pike County (fig. 12).

Isotopic Composition

Isotopic characterization of methane was done on the
only two water samples with sufficient (at least 1 mg/L) meth-
ane to perform the analysis. Samples from wells PI-524 and
PI-592 had 4.65 and 2.78 mg/L (reported as 4,650 and 2,780
pg/L by TestAmerica), respectively. The analysis determines
the isotopic ratios relative to standards for carbon (6'*C) and
hydrogen (3D) atoms that form methane. For methane in the
two samples, the 6"3C values were -64.55 and -64.41 per mil
and oD values were -216.9 and -201.8 per mil, respectively.

The type of methane sources, thermogenic or microbial,
may be inferred from the distribution of both carbon and
hydrogen isotopes. Methane from different sources tends
to plot within characteristic ranges of isotopic composi-
tions (Breen and others, 2007). The isotopic composition of
methane in the two Pike County samples plot in the range for
microbial subsurface methane generated by carbon dioxide
reduction (fig. 13); this composition typically is associated
with methane in glacial deposits and sometimes is referred
to as drift gas (Coleman and others, 1988). The Pike County
data plot near the end of this microbial range, towards the
thermogenic range and the area between the thermogenic and

Assessment of Methane and Inorganic Constituents in Groundwater in Bedrock Aquifers, Pike County, Pa.

microbial ranges, which indicates a mixture of methane from
different sources. Thus, the methane in the two Pike County
groundwater samples appears to be predominantly of a micro-
bial origin, with some possibility of smaller contributions from
thermogenic sources.

Relation to Other Constituents in Groundwater

The two groundwater samples (from wells PI-524 and
PI-592) with elevated methane concentrations (greater than
1 mg/L) differed in chemical composition from samples with
low to undetectable methane concentrations, having higher pH
(values greater than 8.2); relatively elevated concentrations
of sodium, lithium, boron, bromide, fluoride, and tungsten;
and relatively low concentrations of sulfate. One of the two
groundwater samples (from well PI-592) also had the high-
est measured arsenic (30 pg/L), barium (318 pg/L), and
orthophosphate (0.177 pg/L) concentrations of the spatial
assessment; the highest arsenic concentration exceeded the
drinking-water MCL of 10 pg/L. Chloride concentrations in
the samples were among the highest, but, notably, the rela-
tion between sodium and chloride in the two samples differed
from that in the other samples in the assessment by having
more sodium (fig. 14). The groundwater samples with elevated
methane may be characterized as sodium-bicarbonate type
water (fig. 8). These samples also had very low concentra-
tions of oxygen (less than or equal to 0.1 mg/L), but ammonia
concentrations (about 0.06 mg/L as N) were among the highest
measured in summer 2012 samples. The low oxygen and
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Figure 12. Methane concentrations in water samples from 20 wells sampled in summer 2012
in relation to altitude of well bottoms, Pike County, Pennsylvania.
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detectable ammonia concentrations are indicative of reducing
conditions in the groundwater that often are associated with
high concentrations of dissolved iron and manganese, as was
observed in some of the 2012 well-water samples. However,
compared to the other four well-water samples with relatively
high ammonia concentrations (0.039 to 0.095 mg/L as N), the
two samples with elevated methane did not have particularly
high iron or manganese concentrations but rather had similar
or lower concentrations of iron and much lower concentrations
of manganese (table 15).

The source or cause of the elevated concentrations of
inorganic constituents in samples with elevated methane
concentrations is unknown, although upward leakage of
deep brine-like waters or mixing with high TDS waters from
flow-restricted zones is possible. Relations among elevated
methane, pH, and many of the same inorganic constituents
was reported for well-water samples with thermogenic meth-
ane from Devonian shales in Sullivan County, Pennsylvania
(Sloto, 2013). Other processes that have been postulated for
the occurrence of these types of waters include mixing with
vestiges of remnant brines and (or) chemical reactions along
flow paths in the aquifers (Heisig and Scott, 2013; Kresse and
others, 2012).

The two well-water samples with elevated methane con-
centrations have a stable isotopic water composition that falls
on a line for Pennsylvania rivers (fig. 6), indicating that the
water is of recent meteoric origin, as is water from the other
wells sampled in summer 2012. Thus, isotopic composition of
water in well-water samples with relatively elevated methane
concentrations does not differ from that in well-water samples
with low methane concentrations. Methane gas, however, pos-
sibly may migrate independently of water flow and therefore
may or may not be of recent age or age similar to the age of
the groundwater.

Temporal Assessment

The temporal component of the assessment provides
reconnaissance-level information about the amount of seasonal
variability in groundwater quality that can be used to evaluate
the representativeness of a single sample. Sampling on a single
date may not adequately characterize groundwater quality if
seasonal or other temporal variability is substantial. Analytical
variability of about 5 percent or less is typical and generally
considered acceptable. However, the amount of environmen-
tal variability commonly is unknown. Groundwater quality
may be affected by a number of temporal factors, including
changes in water levels and recharge rates or changes in local
land use or seasonal vegetation; for example, the amount of
water contributed to a well from shallow water-bearing zones
may change in relation to water levels and recharge rates and
thus affect overall quality of water pumped from that well.

To investigate seasonal or other temporal variability,
samples from 4 of the 20 wells sampled in summer 2012 were
collected monthly for 1 year ending in summer 2013. The

wells were selected to represent a range in concentrations of
methane and inorganic constituents measured in groundwater
in Pike County. However, because of the limited sampling
duration and number of wells that were sampled, water
samples from these wells may not necessarily be representa-
tive of the possible range in seasonal variability of groundwa-
ter quality elsewhere in the county or for other time periods.
Additional limited temporal groundwater-quality data are
available from USGS databases for 9 of the 20 wells that had
been sampled one or more times by USGS before 2012 as part
of other investigations (Davis, 1989; Senior, 2009; Eckhardt
and Sloto, 2012); these historical data are compiled with
results from this study in Appendix 1.

Hydrologic conditions leading up to and during the
sampling period from July 2012 through June 2013 generally
were about average as indicated by groundwater levels in a
long-term observation well in Pike County and annual precipi-
tation. Groundwater levels from July 2012 through June 2013
in observation well PI-522 (fig. 1) were similar to long-term
(12 years) median daily values, except for December 2012
when water levels were lower than long-term median daily
values (fig. 154). Annual precipitation for 2012 was near the
long-term (30-year) average as measured at three nearby cli-
matological stations, although for the 12-month period of July
2012 through June 2013 when samples were collected for the
temporal assessment, total precipitation was above the long-
term annual average at the two nearest stations (fig. 1; table 8),
mostly because of unusually high precipitation in June 2013
(fig. 15B). Precipitation in June 2013 was about 5 inches
above average at Hawley and Stroudsburg stations but only
about 1 inch above average at Wilkes Barre Scranton station.
During the sampling period prior to June 2013, precipitation
also varied above and below average monthly values, includ-
ing a wet October 2012, followed by a dry November 2012
when precipitation was 2 to 3 inches below average at all
three stations.

Table 8. Precipitation measured at three climatological stations
near Pike County, Pennsylvania, 2012-13.

[Location of stations shown in figure 1; data from National Oceanic and
Atmospheric Administration, National Climactic Data Center; PA, Pennsyl-
vania; US, United States]

Precipitation, in inches

July2012-  Long-term
Station -
2012 total June 2013 (1981-2010
(12-month average
total) annual total
Hawley 1E, PA, US 44.68 48.81 42.79
Stroudsburg, PA, US 50.68 56.38 50.79
Wilkes Barre Scranton 38.13 36.82 38.26
International Airport,
PA, US
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In observation well PI-522, depth to groundwater tends
to be greatest during July, August, and September and least in
December, reflecting seasonal changes in recharge. Recharge
commonly increases during the fall to spring when evapotrans-
piration rates decline, and decreases from spring to fall when
evapotranspiration rates rise. In winter months, frozen ground
may sometimes also reduce recharge. The seasonal pattern in
groundwater levels, related to differences in net recharge, is
present throughout Pike County and is shown, for example,
in the hydrograph of monthly water levels in a well (PI-571)
sampled for this study and which is also part of a county-wide
observation well network (fig. 16).

Water levels in three of the four wells sampled monthly
were measured before well purging. However, water levels
could not be measured during all monthly sampling events of
the three wells (PI-524, PI-593, and PI-600) because of access
issues; therefore, the monthly water-level record is incom-
plete. Water levels could not be measured in well PI-507, a
continuously pumped production well. All four wells sampled
monthly were in use, and although an effort was made to
measure levels prior to pumping, water levels may have been
affected by pumping. Available water-level data for the three
wells sampled monthly shown with monthly water levels in
PI-571 in figure 16 indicate that groundwater levels rose dur-
ing the fall of 2012, declined during winter, and rose again in

spring 2013. The timing and magnitude of changes in water
levels differs among the wells, reflecting differences in timing
of recharge and local aquifer characteristics or possible effects
of pumping.

Inorganic Constituents and General Water
Quality

Differences in water quality throughout the year are
described using the statistics of minimum, mean, median,
maximum and maximum percent differences. The maxi-
mum percent difference is calculated by dividing the range
(maximum-minimum) by the minimum values. The maximum
percent difference for pH and temperature was less than 15
percent in samples for all four wells sampled monthly. The
maximum percent difference for TDS concentrations and spe-
cific conductance (unfiltered water) was less than 20 percent in
samples from three of the four wells, including wells PI-507,
PI-524, and PI-600 (table 9); the maximum percent difference
(and range) in TDS concentrations and specific conductance
in samples from the fourth well, PI-593, were larger and were
related to changes in water quality during the winter months of
December and January, as discussed in the following section
“Major lons.”

Period of monthly sampling of four wells for temporal

| assessment of groundwater quality
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Figure 16. Water levels measured monthly in observation well PI-571 during 2012-13 and in three wells sampled monthly
from July 2012 through June 2013 for temporal assessment of groundwater quality, Pike County, Pennsylvania. Locations of

wells shown in figure 2.
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Major lons

Concentrations of major ions generally varied by less
than 20 percent in the samples collected monthly for 1 year
from three of the four wells with differences in major ion
concentrations generally less than 4 mg/L (table 10). For some
ions that occurred in low concentrations, the maximum per-
cent difference was more than 20 percent although the actual
differences in concentration range were relatively small, such
as 1.9 mg/L for chloride concentrations in samples from well
PI-600. An example of seasonal fluctuations in constituent
concentrations is shown for chloride in figure 17.

Differences in major ion concentrations among samples
collected in 2012 and in previous years (1982, 2007, 2011) in
nine wells (Appendix 1) were similar in magnitude to differ-
ences among monthly samples (table 17), suggesting monthly
variability may be similar to longer-term (20 year) variabil-

ity under certain conditions (undeveloped or low-density
land use). However, an apparent trend of increasing chloride
concentrations indicated by the few data at well PI-288,
sampled in 1982, 2007, and 2012, and increases in chloride
concentrations observed in wells sampled along the developed
Route 209 corridor (Senior, 2009) suggest that groundwater
quality may change and variability may be larger over time
because of land use.
Concentrations of major ions in samples from one
(PI1-593) of the four wells also varied less than 20 percent,
except for some ions in samples collected in 2 months,

Assessment of Methane and Inorganic Constituents in Groundwater in Bedrock Aquifers, Pike County, Pa.

December 2012 and January 2013, when concentrations of
calcium, magnesium, potassium, sodium, and chloride (fig. 17)
spiked while concentrations of silica, sulfate, and bicarbonate
(as estimated by ANC) remained within the range for other
monthly samples from this well (table 16). Concentrations
of some other inorganic trace constituents (such as barium,
cobalt, iron, manganese, nickel, strontium, vanadium, and ura-
nium) also increased substantially in these winter-time samples
from well PI-593, whereas concentrations of orthophosphate
were constant, and concentrations of radon-222 declined (table
16). The timing of large increases in concentrations of only
some ions in the December and January samples suggests
an influx of salts and selected metals to the well water. This
well is located at a township building near where deicing salts
are stored, transported, and rinsed off trucks used for deicing
roads. December 2012 samples were collected after a cold
spell when deicing salts had been applied, including a calcium
chloride solution and magnesium additive to the solid sodium
chloride road salt (Brian Matthews, Palmyra Township, oral
commun., 2013). Although the proximity of the well to the
storage and use area of large amounts of deicing salts may
make groundwater more vulnerable to contamination by road
salt, contamination of groundwater by road salt may occur in
other settings.

Differences in the sources of chloride can be determined
using differences in chloride/bromide ratios. As shown in
figure 18, the chloride bromide ratios for samples from three
of the four wells were relatively constant, but two samples
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Figure 17.

Chloride concentrations in samples collected monthly from four wells in Pike County, Pennsylvania, 2012—13.
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from well PI-593 have chloride/bromide ratios that differ from
the ratios for other monthly samples. These two samples were
collected in December 2012 and January 2013 and provide
evidence, in addition to the associated large increases in
calcium, magnesium, chloride and other constituent concentra-
tions (table 17), to support a transient source of chloride, such
as contamination from runoff or surface waters containing
deicing salts.

Nutrients

Of the nutrients analyzed, nitrite was detected least
frequently and orthophosphate most frequently. Nitrite was
measured in concentrations greater than the reporting level of
0.001 mg/L as N in only three samples, one from well PI-507
and two from well PI-600, with concentrations as much as
0.003 mg/L as N. Nitrate was measured in concentrations
greater than the reporting level in samples from only one well
(PI-507), with a maximum percent difference in concentration
of about 14 percent throughout the year (table 10). Ammonia
was measured in concentrations greater than the reporting
level in samples from only one (PI-524) of the four wells,
with a maximum percent difference in concentration of 41
percent throughout the year. Orthophosphate was measured in
concentrations greater than the reporting level in all samples
collected from all four wells. The maximum percent difference
in orthophosphate concentration ranged from about 17 to 40
percent and was smaller for wells with higher concentrations
(table 10). Despite the large changes in major ion and some

Assessment of Methane and Inorganic Constituents in Groundwater in Bedrock Aquifers, Pike County, Pa.

inorganic trace constituent concentrations in winter-time
samples from well PI-593 that appear to have been affected
by deicing compounds, the only change in nutrient concen-
trations during that period was a small increase (0.03 mg/L
as N) in nitrate in the January 2013 sample; nutrients typi-
cally are not associated with deicing compounds.

Inorganic Trace Constituents

The maximum percent difference in inorganic trace
constituent (metals and other elements) concentrations
(table 11) generally was greater than that for major ions,
partly because small changes represent large percent differ-
ences for low concentrations. As noted in a previous section
on temporal changes in major ions, concentrations of some
inorganic trace constituents (such as barium, cobalt, iron,
manganese, nickel, strontium, vanadium, and uranium) also
increased substantially, but temporarily, in winter samples
from well PI-593, likely as a result of infiltration of deic-
ing compounds. Other temporal changes in concentrations
of several inorganic trace constituents appear to be associ-
ated with changes in the isotopic composition of water that
may indicate periods of recharge as discussed in a follow-
ing section “Isotopic Composition of Water and Dissolved
Inorganic Carbon.” For example, in water samples from
well PI-524, concentrations of chloride, barium, boron, and
lithium declined in October 2012 and again in May and early
June 2013 (fig. 19), periods when isotopic values for 6D and
8'%0 also declined slightly.
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Figure 18. Chloride/bromide mass ratios in relation to chloride concentrations in samples collected monthly from four wells in

Pike County, Pennsylvania, 2012-13.
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Radionuclides

Radioactivity levels were consistently low in water from
all four wells sampled, with the lowest values in samples
from well PI-507 and the highest values in samples from
well PI-524. Gross alpha-particle activities were measured at
greater than reporting levels in all samples from three wells
(30-day and 72-hour counts for well PI-524, 30-day counts
for well PI-593, and 72-hour counts for well PI-600). Gross
beta-particle activities were measured at greater than report-
ing levels in all samples from only one well (30-day count for
well PI-524). The maximum percent differences in activi-
ties were greater than 100 percent (factor of two) when this
statistic could be calculated (table 12). The large variability
in gross alpha- and beta-particle activities is partly related to
the uncertainty of the measurement itself and to the relatively
low activities.

The maximum percent difference in monthly radon-222
activities over | year ranged from about 11 to 27 percent in
samples from three wells (PI-507, PI-524, and PI-600) but
was greater (up to 300 percent) in samples from well PI-593
(table 12) because of markedly low radon-222 values that
occurred during winter-time (December 2012 and January
2013) spikes in calcium chloride concentrations; causes of
low radon-222 in these two monthly samples are unknown but
possibly may be related to infiltration of parking-lot runoff (or
truck wash water) near the well head. The maximum percent
difference for uranium concentrations (table 12) was similarly
lower in samples from the three wells (PI-507, P1-524, and
PI-600) than in samples from well PI-593 because of large
changes in water quality in December 2012 and January 2013
relative to other monthly samples from well PI-593.

Groundwater Quality—Spatial and Temporal Assessment |

Isotopic Composition of Water and Dissolved Inorganic
Carbon

The isotopic composition of water fluctuated in samples
from each of the four wells sampled monthly for 1 year
(fig. 20) and plot on or near the line for Pennsylvania riv-
ers, except for samples from one well (PI-600), which have
slightly more negative 8D values relative to §'*0 values (and
thus plot slightly below this line) (fig. 21). The patterns in
fluctuation differed among the wells, with more negative 6D
and 6'%0 values probably associated with recent recharge.

The isotopic composition of stable carbon (8'*C) in
dissolved inorganic carbon (DIC) was determined for 8 of
the 12 monthly samples collected from well P1-524, the well
with highest methane concentrations, to provide data on the
possible origin and fate of methane. The 6"°C, . values ranged
from -10.5 to -10.1 per mil in samples from well PI-524.
These 6°C . values are similar to those reported by Osborn
and others (2011) for groundwater samples from the Catskill
Formation in areas of northeastern Pennsylvania with no
active shale-gas drilling; the values are typical for shallow
recharge waters acquiring carbon dioxide produced from res-
piration in the soil zone (Osborn and others, 2011). The range
in 8"C_ . values in monthly water samples from well PI-524 is
small in comparison to the range in 6"°C_ . values for shallow
groundwater in north-central Pennsylvania reported by Breen
and others (2007).

Methane

All samples from the four wells sampled monthly during
July 2012—June 2013 were analyzed for dissolved methane,

160

30 I I
s 2F PISA Eh EXPLANATION
5 BE A A S B Chloride
o C ~~__ e - N ] ®
e F R ¥ IEC SEEEEE S S o ¢ E ¢ Barium
s A m A e A NP A1 130 T o
5 E S~ A A m L 28 P e s
= = y = AN P s = A Lithium
T 2F ~mo g TR-—-—-m----B_ AR J120 ©3
= - Tm \.// . E o @ Boron
s 2 1 8§
2 = A ] =5
© - A 3 e e
E 18 =100 €5
@ = . 2E
o - 7 = c
§ 16 [— T =E

o o 'y = E
2 o S AR LT E. o --—-@ O~ 3 2
= 14 -~ - N a8 =
2 ey g s
© pE ® Jun

= I I I I I I I I I I I 60
JULY  AUG.  SEPT.  OCT.  NOV. DEC. | JAN. FEB. MAR  APR.  MAY  JUNE
2012 2013

Figure 19. Chloride, barium, boron, and lithium concentrations in samples collected monthly from well PI-524 in Pike

County, Pennsylvania, 2012-13.



42 Assessment of Methane and Inorganic Constituents in Groundwater in Bedrock Aquifers, Pike County, Pa.

Table 12. Minimum, mean, median, maximum, and maximum percent difference in concentrations of gross alpha- and beta-particle
activities, radon-222 activities, and uranium concentrations in water samples collected monthly from four wells in Pike County,
Pennsylvania, 2012-13.

[Maximum percent difference calculated by dividing the range (difference between maximum and minimum values) by the minimum and multiplying by 100.
All analyses done on unfiltered water samples unless otherwise indicated; USGS, U.S. Geological Survey; Max % dif, maximum percent difference; R, indi-
cates radioactivity was not detected above background level in laboratory; Th-230, thorium-230; Cs-137, cesium-137; >, greater than or equal to; --, no data or
not applicable; pCi/L, picocuries per liter; pg/L, micrograms per liter]

Grl?ss a[p!la Gn?ss al.p!Ia Gr'oss b.et.a Gr.oss h.et.a Uranium
US.GS B radioactivity, radioactivity, radioactivity, radioactivity, Radon-222, (natural),
site Statistic 30-day recount, 72-hour count, 30-day recount, 72-hour count, . . X
name Th-230 curve, Th-230 curve, Cs-137 curve, Cs-137 curve, in pCiL watt'ar, filtered,
in pCilL in pCill in pCi/L in pCi/L in pg/L
Parameter code: 63016 63014 63017 63015 82303 22703
PI-507 Minimum R R R R 1,760 0.097
PI-507 Mean - - - - 1,878 0.115
PI-507 Median R 0.8 1.2 R 1,890 0.116
PI-507 Maximum 1.3 7.0 1.4 3.6 1,960 0.136
PI-507 Range >1.3 >7.0 >1.4 >3.6 200 0.039
PI-507 Max % diff - - - - 11.4 40.2
PI-524 Minimum 1.4 1.5 0.9 R 450 0.131
PI-524 Mean 2.2 5.1 1.8 - 506 0.173
PI-524 Median 2.3 5.4 1.6 1.6 505 0.176
PI-524 Maximum 3.0 9.1 3.0 2.5 550 0.225
PI-524 Range 1.6 7.6 2.1 >2.5 100 0.094
PI-524 Max % diff 114 507 233 - 22.2 71.8
PI-593 Minimum 0.7 R R R 350 0.547
PI-593 Mean 1.6 - - - 1,128 0.677
PI-593 Median 1.7 1.4 1.3 1.7 1,160 0.609
PI-593 Maximum 2.7 5.3 2.1 2.6 1,400 1.31
PI-593 Range 2.0 >5.3 >2.1 >2.6 1,050 0.763
PI-593 Max % diff 286 - - - 300 139
PI-600 Minimum R 1.2 R R 860 0.926
PI-600 Mean - 2.2 - - 988 1.07
PI-600 Median 1.4 2.2 1.0 0.8 1,000 1.10
PI-600 Maximum 2.7 3.7 1.4 3.4 1,090 1.15
PI-600 Range >2.7 2.5 >24 >34 230 0.224

PI-600 Max % diff - 208 -- -- 26.7 242
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Figure 20. Isotopic composition of water in samples collected monthly from

four wells in Pike County, Pennsylvania, 2012-13.

43



44

-45

Assessment of Methane and Inorganic Constituents in Groundwater in Bedrock Aquifers, Pike County, Pa.

-50

EXPLANATION

Pennsylvania river water—Symbol
indicates estimated range for

o — —
= i i

=

S L ]

4]
8 - —

< L . 80, and 3D in Pennsylvania.
L5} - é@ — From Kendall and Coplen, 2001
= L A ]
o

5= P g4 — o P58
2 E B £ ]

s 5 B A 7 o PI-524
»h a - ]

© = - ] B -

g 60 — @g _ I\ PI-507
2 = o -
i L &DO ] P1-600
© 65 — —
ER o .

: B ]
% -70 Il Il Il Il | Il Il Il Il | Il Il Il Il | Il Il Il Il
-1 -10 -9 -8 -1

5'0

water”

Figure 21.

relative to Vienna Standard Mean Ocean Water, in per mil

Isotopic composition of water in samples collected monthly from four wells in Pike County, Pennsylvania,

2012-13, with estimated isotopic composition for Pennsylvania rivers.

ethane, and ethene concentrations by TestAmerica. In addition,
both isotopic characterization and concentration of methane
were determined by Isotech for samples from one well (PI-
524) with sufficient methane to permit the isotopic analysis.

Concentrations

In the four wells sampled monthly for 1 year, dis-
solved methane concentrations ranged from near the detec-
tion level of 0.211 pg/L (about 0.0002 mg/L )(PI-600) to
less than 2 pg/L ( 0.002 mg/L)(PI-507 and PI-593) and up
to about 6,000 ug/L (6.0 mg/L) (PI-524) (fig. 22). Concen-
trations in the three wells with low methane concentrations
(less than 1 mg/L) varied by a few tenths up to about 1 pg/L
(0.001 mg/L) in the monthly samples, probably within the
range of sampling and analysis variability. Concentrations in
samples from the well (PI-524) with elevated methane varied
by 20 to 40 percent, depending on the analyzing labora-
tory. Methane concentrations reported by Isotech were about
20 percent higher and varied less than those reported by
TestAmerica. Sampling and analysis variability and error may
contribute to overall variability in reported methane concen-
trations. Direct comparison of methane concentrations in
well-water samples determined by different methods may be
problematic (Gorody, 2012).

Isotopic Composition

The isotopic composition of methane in water from
well PI-524 varied little in monthly samples, ranging from
-64.52 to -64.82 per mil for °°C_,, and -216.9 to -226.0 per

mil for 6D,,. This range of isotopic compositions indicates

a microbial origin for the methane, as discussed in section
spatial assessment section “Isotopic Composition.” The small
fluctuations in the isotopic composition of methane in the
monthly samples over time are shown in figure 23. Differences
in isotopic composition of methane between replicate samples
in collected in July and December 2012 were larger for 6D,
than for 6"°C_,,, but were less than the overall range in compo-

sition for monthly samples.

Groundwater Quality—Additional Assessment
for Selected Wells

Additional analyses were done on samples collected from
six wells, including the four sampled monthly for 1 year (PI-
507, P1-524, P1-593, P1-600) and two more (PI-592, PI-599)
sampled in late June 2013 to provide more information about
baseline water quality. The additional analyses included
determination of boron and strontium isotopes, radium-226
concentrations, isotopic composition of DIC, and age-dating
of water using CFCs and SF . The wells selected for the
additional analyses had all been sampled in summer 2012 and
had groundwater quality that was representative of the 2012
measured range in concentrations of methane and (or) selected
inorganic constituents that are present in low to moderate lev-
els in fresh groundwater but typically are extremely elevated
in brines, such as strontium and barium. Although the selected
inorganic constituents were not extremely elevated in the
summer 2012 groundwater samples, information about natural
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fluctuations in these constituents is needed to establish base-
line groundwater quality. Isotopic compositions may be used
to characterize groundwater and (or) sources of constituents in
groundwater.

Strontium and Boron Isotopes

The strontium isotopic ratios (*’Sr /**Sr) in samples from
the six wells ranged from 0.71426 to 0.71531 (table 13). These
ratios and the relation between *’Sr/*Srand strontium concen-
trations were within the range reported by Warner and others
(2012) for shallow groundwaters in similar geologic units in
Wayne and Susquehanna Counties to the immediate northwest
of Pike County (fig. 1). Chapman and others (2012) found
that produced (flow back) water from the Marcellus Forma-
tion in Pennsylvania has distinct ¥’Sr/*Sr ratios (ranging
from 0.710270 to 0.712117) that may be used to differentiate
between sources of dissolved solids. The #”Sr /#6Sr ratios in
shallow groundwater samples collected in Pike County (this
report) fall in between the *Sr /*SSr ratios reported by Chap-
man and others (2012) for produced (flow back) water from
the Marcellus Formation and brines from the Upper Devonian
Venango Group (western Pennsylvania formation equivalent to
Catskill Formation in eastern Pennsylvania) in Pennsylvania.

The isotopic composition of boron (8''B) ranged from
11.7 to 27 per mil, with all but one value greater than 21 per

Table 13. Strontium and boron isotopic ratios in water samples
collected from six wells in Pike County, Pennsylvania, June 25-27,
2013.

[Isotopic analyses done by Thomas Bullen, U.S. Geological Survey, Menlo
Park, Calif., USGS, U.S. Geological Survey; pg/L, microgram per liter; --,
no data; NIST, National Institute of Standards and Technology]

3"B,
Ussit(is Date Sa_mple St_rontium, _Boron, “Sr/_“Sr in per mil
name time in pg/L in pg/L ratio’ relative to
NIST 9512
PI-592  6/25/2013 1100 349 116 0.71441 23.2
PI-592  6/25/2013 *1101 -- - 0.71441 23.0
PI-599 6/25/2013 1430 344 28.3 0.71426 23.2
PI-600 6/25/2013 1400 717 9.5 0.71431 11.7
PI-593  6/25/2013 1100 514 28.2 0.71527 25.0
PI-524  6/26/2013 1230 472 77.9 0.71518 27.0
PI-507 6/27/2013 1130 333 10.4 0.71531 21.7
Modern seawater: *0.70907 339.61

! $7Sr/%Sr is precise to better than 0.00002 at the 95-percent confidence
level (2 sigma).

2 3198 is precise to better than 0.5 per mil based on replicate analyses of

each sample; NIST 951 refers to standard reference material 951.
3Replicate sample.
“Burke and others, 1982.
SFoster and others, 2010.

mil. The heavier (more positive) 6''B values for five of six
Pike County groundwater samples are within the range (about
23 +6) reported for water samples from shallow drinking-
water wells in the Catskill Formation near Pike County
(Osborn and others, 2011), indicating probable natural sources
of boron within the aquifer. Boron present in some laundry
additives commonly is derived from non-marine evaporite
deposits that are depleted in boron-11 (3"'B values of 0 to

-21 per mil [Swihart and others, 1986]); therefore, a lighter
(more negative) boron isotopic composition sometimes may
be used as a tracer of domestic wastewater (Bassett and oth-
ers, 1995; Barth, 1998; Vengosh and others, 1994). Reported
3'"B values of 39 £6 per mil for Appalachian brines (Osborn
and others, 2011) and about 28-34 per mil for Marcellus
Formation brines (Warner, 2011; Warner and others, 2013)
are slightly to moderately more enriched in boron-11 than
3'"'B values in the Pike County shallow groundwater samples
(fig. 24).

Radium-226

Gross alpha-particle and gross-beta particle activity
indicate the presence of, but do not identify, specific radio-
active elements (radionuclides). Analysis for radium-226
was selected for the additional baseline assessment because
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Figure 24. Relation between strontium isotopic ratio (¥Sr’®Sr)
and boron isotopic composition (5''B) in water samples collected
from six wells in Pike County, Pennsylvania, June 25-27, 2013.
Range of isotopic composition of Marcellus Formation brines is
from Warner and others (2013).



elevated radium-226 has been reported to occur in brines and
flow-back waters from shale-gas reservoirs and may also indi-
cate the presence of radium-228, which also may be elevated
in brines and flow-back waters (Rowan and others, 2011).
Radium-226 has a long half-life (1,600 years) and emits alpha
particles during radioactive decay; radium-228 has a shorter
half-life (5.76 years) and emits beta-particles during decay.

In the six well-water samples collected in June 2013,
radium-226 concentrations (activities) ranged from 0.041
to 0.29 pCi/L (table 16), at least one order of magnitude
lower than the drinking-water MCL of 5 pCi/L for combined
radium-226 and radium-228. Although radium-226 is an
alpha-particle emitter, radium-226 activities do not appear to
correlate strongly with either the 30-day gross alpha-particle
activity or the 72-hour gross alpha-particle activity (fig. 25),
possibly because other alpha-emitting radionuclides were pres-
ent in the samples and (or) because relations were masked by
analytical uncertainty associated with the low levels of gross
alpha-particle activity. In the two samples with the highest
radium-226 activities, the 30-day gross beta-particle activi-
ties also were the highest measured and were similar to the
72-hour gross-beta particle activities. The relatively elevated
gross-beta particle activities may indicate the presence of
radium-228 or another beta-particle emitter.

Of the six well samples, radium-226 activities were
highest in water from the wells with the highest methane
concentrations (PI-524 and PI-592). Radium-226 activities
generally were correlated with barium activities (fig. 26).
Barium and radium have similar chemical properties and will
be soluble under similar geochemical conditions. Activities
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of radium-226 do not appear to be correlated with those of its
daughter product, radon-222 in the six well-water samples.
Radium and radon have different chemical properties.

Isotopic Composition of Dissolved Inorganic
Carbon

The isotopic composition of DIC ("°C, ) had been
determined in monthly samples from well PI-524 that had ele-
vated methane concentrations. In late June 2013, samples col-
lected from well PI-592, which had a relatively elevated meth-
ane concentration (about 2,800 pg/L or 2.8 mg/L), and well
PI-599, which had a moderately low methane concentration
(about 10 pg/L or 0.010 mg/L), also were analyzed for §"°C .
to provide more data on possible origin and fate of methane.
The 3"°C . values ranged from -10.5 to -10.1 per mil in
monthly samples from well PI-524 and were -16.3 per mil in
the sample from well PI-592 and -14 per mil in the sample
from well PI-599. These values fall near or within the range
for groundwaters that receive carbon in equal amounts from
soil carbon dioxide in vegetated temporal regions and carbon-
ate mineral dissolution (Sharma and others, 2014).

The §"°C . values of -10 to -16 per mil measured in
Pike County groundwater samples appear too low to indicate
local methanogenesis by fermentation process in the aquifer
on the basis of isotopic ranges described by Osborn and others
(2011), who state that §"°C . values greater than +10 per mil
are associated with microbial methanogenesis (fermentation
process) as a source of methane in shallow groundwaters.
Thus, both the isotopic composition of methane itself (fig. 13)
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measured at 72 hours and 30 days in water samples collected from six wells in Pike County, Pennsylvania, June 25-27, 2013.



48 Assessment of Methane and Inorganic Constituents in Groundwater in Bedrock Aquifers, Pike County, Pa.

350

300

250

200

150

in micrograms per liter

100

Barium concentration, dissolved,

50

o

2,000|||||||||||||||||

1,800

]

1,600

o N B
o o o
o o o

=)
1=
o

in picocuries per liter

=23
o
o

Radon-222 concentration, dissolved,

N
o
o

)
(=
o

o

o

0.1 0.2 0.3
Radium-226 concentration, dissolved, in picocuries per liter

=

Figure 26. Relation between dissolved radium-226 activities and
A, barium concentrations and B, radon-222 activities in water
samples collected from six wells in Pike County, Pennsylvania,
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and the 6"°C . values indicate a microbial source of methane
formed by carbon dioxide reduction processes. In previous
studies, 6"°C . and 6"C_,, values, as well as 6D, and 6D,
values, in the ranges observed in the Pike County groundwa-
ter samples are associated with methane formed by carbon
dioxide processes in saline or marine environments (Whiticar,
1999). Methane is stable in anoxic groundwater and may be
relatively stable in very low oxygen groundwater, such as that
observed in many of the Pike County well-water samples;

if oxidation of methane is an active process, 6"°C . values
would be more negative, near -25 per mil (Breen and others,
2007). The presence of methane in groundwater samples with
detectable concentrations of oxygen suggests mixing of oxy-
genated and anoxic water.

Age-Dating by Chlorofluorocarbons and Sulfur
Hexafluoride

The age of relatively young (less than 60 years old)
groundwater may be estimated from the groundwater concen-
trations of some anthropogenic gases that were released into
the atmosphere after the 1940s; the method assumes that these
anthropogenic gases were incorporated in date-specific propor-
tions into precipitation that recharged the aquifers (Busenberg
and Plummer, 1992; Busenberg and Plummer, 2000). For this
study, water samples collected from six wells in late June 2013
were analyzed for SF, and the chlorofluorocarbons CFC-11,
CFC-12, and CFC-113. Concentrations of these gases mea-
sured in the June 2013 samples are listed in Appendix 2.

The determination of estimated groundwater age requires
additional information regarding recharge conditions that use
dissolved gas analysis for nitrogen, oxygen, argon, carbon
dioxide, and methane. As noted previously, the USGS CFC
laboratory completed the SF, and CFC analyses and the
supporting dissolved gas analysis, in addition to providing
estimated ages based on the results. The methane concentra-
tions determined by the USGS CFC laboratory were greater
than those determined by two other laboratories. For the three
samples in which methane concentration was above detec-
tion level, methane concentrations determined by the USGS
CFC laboratory consistently were about 30 percent greater
than those determined by Isotech and about 80 percent greater
than those determined by TestAmerica (table 16). The differ-
ent results for samples collected at the same time shows that
methane concentrations determined by different laboratories
may not be directly comparable.

Some of the samples had elevated concentrations of
CFCs or SF, that precluded age-determination because the
concentrations are too large for recharge water that is in equi-
librium with atmospheric concentrations of gases. Samples
from two wells (PI-507 and PI-593) had CFC concentrations
that were sufficiently high to indicate contamination with
CFC-11 and (or) CFC-12, and samples from two other wells
(PI-599 and PI-600) had extremely high concentrations of
SF, that might indicate contamination or an unusual natural
source. SF has been reported to occur in large concentra-
tions in some geologic settings, including the mineral fluorite
and in groundwater in some granitic rocks (Busenberg and
Plummer, 2000).

The dates of recharge estimated using SF, and CFCs
range from as old as the 1940s to mid-2000s (table 14). The
dates estimated using SF_ generally were younger than those
estimated using CFCs but the relative ages determined using
the different gases generally were in the same order for water
samples from the six wells. The order of estimated age of
recharge for the samples, from oldest to youngest, was PI-599,
PI-592, P1-524, P1-593, PI-600, and PI-507. Well PI-507 with
the youngest water (10 to 30 years old) is an active produc-
tion well that is pumped continuously year round. Wells with
elevated methane, PI-524 and PI1-592, had water that was
among the three oldest of the samples (35 to 70 years old).
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Table 14. Summary of age and year of recharge for water samples collected from six wells in Pike County, Pennsylvania,

June 25-27, 2013.

[Recharge year and age shown for duplicate samples analyzed for sulfur hexafluoride (SF); recharge year calculated on basis of composite results for chloro-
fluorocarbon (CFC) sample collected in triplicate; concentrations for all samples shown in appendix 2; recharge ages based on concentrations of SF_, CFC-11,
CFC-12, and CFC-113 analyzed in replicate samples. Analyses and age estimates done by U.S. Geological Survey Chlorofluorocarbon Laboratory, Reston, Va.;
USGS, U.S. Geological Survey; HI C, high concentrations; DO, dissolved oxygen; ~, approximately; <, less than]

Piston flow model SF;

Piston flow model CFC estimated ages'

USGS estimated ages'
site Date
name Recharge Re:hzrge Comments on Recharge Re;hzrge Basis of CFC Comments on
year _ age. SF, ages year _ age. ages CFC ages
in years in years
PI-507 6/27/13  2004.0 9.49 Mid 1980s ~30 CFC-113 CFC-11 and CFC-12
concentrations almost twice
that of modern air.
PI-507 6/27/13  2003.5 9.99
PI-524 6/26/13  1978.0 35.49 2nd sample After 1945 <70 CFC-11,12,113 Low DO. Possible CFC
broken, not degradation.
analyzed
PI-592 6/25/13  1966.5 46.98 Possibly older Mid to late 1940s ~68 CFC-11,12,113 Low DO. Possible CFC
than result degradation.
PI-592 6/25/13  1965.5 47.98 Possibly older
than result
PI-593 6/25/13  1986.0 27.48 2nd sample Early 1970s ~40 CFC-12,113 CFC-11 concentration several
broken, not times that of modern air.
analyzed
PI-599 6/25/13 HIC HIC 2nd sample not Mid 1940s ~70 CFC-11,12,113 Low DO, possible CFC
analyzed degradation.
PI-600 6/25/13 HIC HIC 2nd sample Early to mid ~40 CFC-12
broken, not 1970s
analyzed

'Age dates could not be calculated for some samples with high level of gases: samples from well PI-507 had high levels of CFC-11 and CFC-12, and samples
from P1-593 had high levels of CFC-11, indicating contamination; samples from well PI-599 and P1-600 had high levels of SF , indicating contamination or

unusual natural source.

The relatively older age of groundwater with elevated
methane suggests that methane may accumulate along flow
paths or that these wells tap parts of the aquifer with rela-
tively restricted circulation. Areas in Pike County where
deep groundwater may be discharging, such as along the
Delaware River, may have relatively higher concentrations of
methane and selected inorganic constituents (some of which
occur in elevated concentrations in brines) than elsewhere in
the County. For example, in an assessment of groundwater
resources in Pike County, pH values of 8.3 to 9.0 and specific
conductance values from 240 up to 3,200 microsiemens
per centimeter at 25 degrees Celsius (uS/cm) reported for
water from bedrock wells located near the Delaware River
on the eastern edge of the county (Davis, 1989) suggest the

potential presence of relatively elevated methane and selected
inorganic (some possibly brine-related) constituents in ground-
water. A well sampled in 2011 in this setting along the eastern
edge of Pike County had 2.52 mg/L methane and relatively
elevated concentrations of sodium, boron, and lithium (54.6,
264, and 98.4 ng/L, respectively) but not elevated chloride

or TDS concentrations (9.96 and 156 mg/L, respectively)
(Eckhardt and Sloto, 2012); the sample from this well also

had low dissolved oxygen concentration, relatively elevated
pH (8.1), and relatively elevated fluoride (0.28 mg/L) and
ammonia (0.285 mg/L as N) concentrations, and thus had a
chemical composition similar to water from the two wells with
elevated methane that were sampled for the 2012—13 Pike
County study.
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Summary and Conclusions

Pike County in northeastern Pennsylvania is underlain by
the Devonian-age Marcellus Shale and Ordovician-age Utica
Shale, formations that have potential for natural gas develop-
ment. In northeastern Pennsylvania, the Delaware River Basin
Commission currently (2014) has a temporary moratorium on
drilling in the parts of the basin that drain to special-protection
waters, an area which includes Pike County, but despite the
current moratorium, gas exploration and production in the
Delaware River Basin remains a possibility.

In 2012, the U.S. Geological Survey in cooperation with
the Pike County Conservation District conducted a reconnais-
sance study to assess baseline shallow groundwater quality in
bedrock aquifers prior to possible shale-gas development in
the county. The 2012 study extended previous investigations
by sampling in areas likely to have shale-gas development
and including methane and inorganic constituents known to
be elevated in brines (brine-related) in laboratory analyses of
the groundwater samples. The baseline assessment consisted
of spatial and temporal components. For the spatial compo-
nent of the assessment, 20 wells ranging in depth from 135 to
610 feet (ft) were sampled in summer 2012 and water samples
were analyzed for major ions, nutrients, inorganic trace con-
stituents (selected metals and other elements), stable isotopes
of water, radon -222, gross alpha- and beta-particle activity,
dissolved gases (methane, ethane, and ethene), and if possible,
isotopic composition of methane. For the temporal component
of the assessment, 4 of the 20 wells sampled in summer 2012
representing a range of methane and inorganic constituents
concentrations were sampled monthly from July 2012 through
June 2013 to provide data on seasonal variability in ground-
water quality.

Results of the summer 2012 sampling showed that water
from 16 (80 percent) of 20 wells had detectable concentrations
of methane, but concentrations were less than 0.1 milligrams
per liter (mg/L) in most well-water samples; only 2 well-water
samples had concentrations greater than 1 mg/L. The ground-
water with elevated methane concentrations also had a chemi-
cal composition that differed in some respects (pH, some
inorganic trace constituents, and detectable concentrations
of tungsten) from groundwater with low methane concentra-
tions. The two well-water samples with the highest methane
concentrations (about 3.7 and 5.8 mg/L) also had the highest
pH values (8.7 and 8.3, respectively) and concentrations of
sodium (up to 69.4 mg/L), lithium (up to 248 micrograms per
liter [ug/L]), boron (up to 119 pg/L), fluoride (0.53 mg/L), and
bromide (up to 0.353 mg/L), inorganic constituents that can
occur in low to moderate concentrations in fresh groundwater
but in extremely high concentrations in brines associated with
gas-producing Devonian shales in Pennsylvania. The two
samples also had among the highest concentrations of other
brine-related inorganic constituents, such as barium, strontium
and chloride, but samples from several other wells with low
methane concentrations also had similar or higher concentra-
tions of these constituents. Relatively elevated concentrations

of these other inorganic constituents (as much as 318 pg/L for
barium, 1,690 pg/L for strontium, and 50 mg/L for chloride)
were present in groundwater with a range of methane con-
centrations. Sources of many inorganic trace constituents,
such as barium and strontium, in the groundwater likely are
natural, whereas sources of chloride may be natural or related
to human activities, such as road salting or on-site wastewater
disposal (septic systems).

Groundwater quality generally is good, with few exceed-
ances of drinking-water standards or guidelines in the 2012
samples. One of the well-water samples with elevated meth-
ane concentrations also had an elevated arsenic concentration
of 30 ng/L that exceeded the maximum contaminant level
(MCL) of 10 pg/L for arsenic in drinking water and a pH
that exceeded the secondary maximum contaminant level
(SMCL) upper limit of 8.5. No other sample from the 20 wells
sampled in summer 2012 had concentrations of constituents
that exceeded any established primary drinking-water stan-
dards (MCLs). However, radon-222 activities ranging up to
4,500 picocuries per liter (pCi/L) exceeded the proposed MCL
of 300 pCi/L for drinking water in 85 percent of the 20 well-
water samples, and activities were greater than the alternate
proposed MCL of 4,000 pCi/L in 10 percent of the samples.
Manganese concentrations exceeded the SMCL of 50 ug/L
in six samples, total iron concentrations exceeded the SMCL
of 300 pg/L in five samples, and pH values were less than
the SMCL lower limit of 6.5 in four samples. The two well-
water samples with elevated methane had sodium concentra-
tions of 42.8 and 69.4 mg/L, respectively, that exceeded the
health advisory guideline level of 20 mg/L for individuals on
sodium-restricted diets and the taste threshold SMCL value of
30 mg/L.

The isotopic composition of methane in the two high-
methane samples ( 8"°C_,,, values of -64.55 and -64.41 per mil
and 6D, values of -216.9 and -201.8 per mil, respectively),
indicates a predominantly microbial source for the methane
formed by a carbon dioxide reduction process; this type of
methane is commonly called drift gas because of its occur-
rence in glacial sediments. The stable isotopic composition of
water (8D, and 8"*0O,,, ) in samples from all 20 wells plots
on the local meteoric line, indicating water in the wells was
of relatively recent meteoric origin (modern precipitation),
including samples with elevated methane concentrations. The
age of the water and the age of the methane in the water may
differ. Although the origin of the elevated methane in two
well-water samples was identified as microbial, the source
of the methane in the aquifer is unknown; however, isotopic
composition of the methane suggests possible generation from
organic material within glacial deposits that overlie bedrock
aquifers in Pike County with some possible small contribution
of thermogenic methane from greater depths.

The temporal variability in groundwater quality observed
in samples from the four wells during 1 year provides data
needed to assess the representativeness of single samples com-
monly used to describe baseline conditions for evaluation of
potential future changes in groundwater quality. Results for 4



of the 20 wells sampled monthly from July 2012 through June
2013 to describe temporal variability in groundwater quality
showed that concentrations of major ions in monthly samples
generally varied less than 20 percent, with most differences
less than 4 mg/L. However, samples collected from one well
during 2 winter months were affected by apparent infiltration
of deicing material (calcium chloride), which resulted in a
short-term transient change in concentrations of salt-related
constituents. Concentrations of methane varied by less than

1 pg/L (0.001 mg/L) in samples from three wells with low
methane concentrations and as much as 1 mg/L (1,000 pg/L)
in samples from one well with a relatively high methane con-
centration. The isotopic composition of methane in the water
from the well with relatively high methane concentrations
varied slightly in the monthly samples, ranging from about
-64.5 to -64.8 per mil for §"°C_,,, and from about -216.9 to
-226.0 per mil for 6D,,. The 6"°C values for dissolved inor-
ganic carbon (DIC) in water from this well were consistent
with microbial methane formation by carbon dioxide reduction
and also varied little in the temporal samples, ranging from
-10.5 to -10.1 per mil.

In addition to possible temporal variation in methane
concentrations, variability in methane concentrations related
to sampling and analysis of a sample collected at a single time
needs to be considered. Methane concentrations varied in two
pairs of replicate samples collected and analyzed using the
same methods and laboratories by 3 to 11 percent. Methane
concentrations varied in six sets of replicate samples collected
and analyzed using three different methods and laboratories
by as much as 80 percent. Therefore, temporal variability
in methane concentrations is to be interpreted with caution,
especially when comparing results collected and analyzed by
different methods.

Additional analyses were done on samples collected from
six wells in June 2013, including four sampled monthly for
1 year and two sampled once before in summer 2012 to pro-
vide more information about baseline water quality. The addi-
tional analyses included determination of boron and strontium
isotopes, radium-226 concentrations, and age-dating of water
using CFCs and SF,. The strontium and boron isotopic compo-
sitions ranged from 0.71426 to 0.71531 for #Sr/*Sr ratios and
11.7 to 27.0 per mil for §''B values, respectively; these values
potentially may be used as limited baseline data and to dif-
ferentiate among sources of strontium and boron. The isotopic
composition of strontium and boron determined for the six
Pike County shallow groundwater samples differed from that
reported for brines from the Marcellus Formation. The boron
in the six samples also differed from an artificial source of
boron, being more enriched in the isotope boron-11 than the
boron typically used in laundry products, indicating a natural
origin for the boron in these samples. Radium-226 activities
(concentrations) were low in samples from all six wells, rang-
ing from 0.041 to 0.29 pCi/L, at least one order of magnitude
less than the drinking-water MCL of 5 pCi/L for combined
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radium-226 and radium-228. The highest radium-226 activities
were in samples that had the highest methane concentrations.

Age-dating of groundwater using a method based on the
presence of anthropogenic gases (chlorofluorocarbons [CFCs],
and sulfur hexafluoride [SF,]) released into the atmosphere
yielded estimated recharge dates for water from these six wells
that ranged from the 1940s to early 2000s, with the oldest
water in samples from wells that had the highest methane
concentrations and the youngest water in samples from a
continuously pumped 300-ft deep production well. Concentra-
tions of SF,_ in samples from two wells were extremely high;
sources for these unusually elevated SF, concentrations are
unknown but could be natural or caused by anthropogenic
contamination. The relatively older age of groundwater with
elevated methane suggests that methane may accumulate
along flow paths or that these wells tap parts of the aquifer
with relatively restricted circulation. Areas in Pike County
where deep groundwater may be discharging, such as along
the Delaware River, may have relatively higher concentrations
of methane and some brine-related constituents than elsewhere
in the county.

Overall results of the reconnaissance assessment show
that methane and brine-related constituents are present in low
to moderate concentrations in shallow groundwater in bedrock
aquifers in Pike County prior to shale gas development. The
assessment provides an estimate of the ranges in concentra-
tions for these constituents but, because of the reconnaissance
nature of the study, may not fully characterize the frequency,
magnitude, or spatial distribution of relatively elevated con-
centrations of these constituents in groundwater. Groundwater
with pH values greater than 8 appear more likely to have rela-
tively higher concentrations of methane and some inorganic
constituents, such as sodium, lithium, boron, bromide, and
fluoride. Similar types of waters have been reported elsewhere
in northeastern Pennsylvania, although in those areas, isoto-
pic compositions indicated a thermogenic origin for methane
rather than the microbial source indicated for methane in Pike
County groundwater samples.
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Table 16. Results of laboratory analysis for inorganic constituent and methane concentrations and stable isotopes of water in water
samples collected from four wells sampled monthly in Pike County, Pennsylvania, 2012-13.

[Analyses for inorganic constituents done by U.S. Geological Survey National Water Quality Laboratory; dissolved methane, ethane, and ethene in micro-
grams per liter by TestAmerica, Inc. (TA); dissolved methane in milligrams per liter and stable isotopes of water by Isotech Laboratories, Inc.; USGS, U.S.
Geological Survey; --, no data; M, measured below reporting level of 0.1 milligrams per liter; E, estimated value; <, less than; ANC, acid neutralizing capacity;
mmHg, millimeters of mercury, °C, degrees Celsius; ft, feet; bls, below land surface; mg/L, milligrams per liter; %, percent; uS/cm, microsiemens per centi-
meter at 25 °C; CaCO,, calcium carbonate; SiO,, silicon dioxide; N, nitrogen; P, phosphorus; pg/L, micrograms per liter; pCi/L, picocuries per liter; Th-230,
thorium-230; Cs-137, cesium-137; R, radioactivity level not detected above laboratory background level; J, estimated value from TestAmerica laboratory;
USGS CFC lab, U.S. Geological Survey chlorofluorocarbon laboratory]

Barometric Temperature, Depth to water Dissolved oxygen, Dissolved oxygen, pH,_ pH,_
Sample . N X water, unfiltered, water, unfiltered,
Date . pressure, air, level, water, unfiltered, water, unfiltered, "
time in mmHg in°C in ft bls in mg/L in % of saturation field, laboratory,
in standard units in standard units
Parameter code: 00025 00020 72019 00300 00301 00400 00403
USGS site name PI-507
7/25/2012 1230 740 24.5 - 54 50 6.4 6.8
9/12/2012 0930 752 13 - 5.5 50 6.4 6.9
10/16/2012 1000 733 7 - 5.8 54 6.7 6.9
11/15/2012 1100 750 3 - 6.0 54 6.8 6.7
12/12/2012 0900 749 - 6.0 54 6.8 6.8
1/8/2013 1100 749 2 - 5.9 53 6.4 6.7
2/13/2013 0930 737 -4 - 53 49 6.9 6.8
3/13/2013 1130 737 4 - 5.2 48 6.9 6.8
4/3/2013 1000 749 - 7.9 71 6.6 6.8
5/8/2013 1130 743 16 - 7.8 72 6.1 7.0
6/5/2013 1030 746 22 - 8.2 74 6.4 6.9
6/27/2013 1130 738 24 - 6.0 55 6.3 6.9
USGS site name PI-524
7/26/2012 0900 743 21 - M 0 8.3 8.3
9/11/2012 1000 755 9 - 0.1 0 8.2 8.3
10/16/2012 1330 744 12 - M 0 8.5 8.3
11/14/2012 1130 761 5 - 0.1 0 8.7 8.3
12/12/2012 1130 756 -2 55.22 M 0 8.2 8.3
1/8/2013 1300 754 1 56.07 0.2 2 8.3 8.3
2/13/2013 1200 741 2 56.2 0.7 6 8.3 8.4
3/13/2013 1300 - 3 - 0.8 -- 8.2 8.3
4/3/2013 1500 750 0 55.59 M 0 8.3 8.3
5/8/2013 1400 748 15 55.16 0.2 2 8.0 8.3
6/5/2013 1330 753 22 42.32 0.1 1 8.1 8.4
6/26/2013 1230 746 24 42.19 0.1 0 8.3 8.3
USGS site name PI-592
7/26/2012 1000 740 27 9.51 0.1 1 8.7 8.6
6/25/2013 1100 755 - 6.14 0.2 2 8.6 8.6
USGS site name PI-593
7/18/2012 1500 733 32 45.93 M 0 8.0 8.0
9/12/2012 1200 752 20 - 0.1 0 7.8 8.1
10/17/2012 1430 744 9 43.51 0.4 4 8.3 8.0
11/15/2012 1400 751 3 42.51 0.1 0 8.3 7.9
12/12/2012 0700 747 -3 41.61 0.1 0 8.3 7.8
1/9/2013 1130 741 1 42.51 0.1 0 8.3 7.9
2/12/2013 1000 731 2 41.5 0.8 7 7.6 8.1
3/12/2013 0930 731 12 - 0.9 8 7.7 8.1
4/4/2013 1150 743 0 41.5 0 0 7.8 8.1
4/4/2013 1405 - - 41.87 0 -- 7.7 8.2
5/9/2013 1100 735 12 37.19 0.2 2 7.8 8.1
6/4/2013 1000 740 20 41.77 0.1 0 7.7 8.1
6/25/2013 1100 737 28 41.81 0.1 0 7.9 8.0
USGS site name PI-599
7/24/2012 1230 743 335 110.44 0.3 3 7.8 8.0
6/25/2013 1430 755 - 114.18 0.2 2 7.8 8.0
USGS site name PI-600
7/24/2012 1100 765 30 144.66 M 0 7.8 8.0
9/11/2012 1300 752 16 - 0.2 2 7.9 8.0
10/17/2012 1100 744 11 - 0.2 2 7.9 8.0
11/14/2012 1400 760 7 142.51 0.1 1 8.2 8.1
12/13/2012 1100 754 1 162.04 0.2 2 8.3 8.1
1/9/2013 1400 746 0 163.36 0.1 1 7.9 8.0
2/12/2013 1400 740 0 151.05 0.6 6 7.8 8.1
3/12/2013 1200 738 10 149.58 0.4 4 7.8 8.0
4/2/2013 1500 743 1 140.71 0.1 0 7.8 8.1
5/7/2013 1300 748 20 141.13 0.5 5 7.3 8.0
6/4/2013 1300 746 22 141.07 0.4 4 7.7 8.1
6/25/2013 1400 744 31 141.11 0.1 1 7.8 8.0




64 Assessment of Methane and Inorganic Constituents in Groundwater in Bedrock Aquifers, Pike County, Pa.

Table 16. Results of laboratory analysis for inorganic constituent and methane concentrations and stable isotopes of water in water
samples collected from four wells sampled monthly in Pike County, Pennsylvania, 2012-13.—Continued

[Analyses for inorganic constituents done by U.S. Geological Survey National Water Quality Laboratory; dissolved methane, ethane, and ethene in micro-
grams per liter by TestAmerica, Inc. (TA); dissolved methane in milligrams per liter and stable isotopes of water by Isotech Laboratories, Inc.; USGS, U.S.
Geological Survey; --, no data; M, measured below reporting level of 0.1 milligrams per liter; E, estimated value; <, less than; ANC, acid neutralizing capacity;
mmHg, millimeters of mercury, °C, degrees Celsius; ft, feet; bls, below land surface; mg/L, milligrams per liter; %, percent; uS/cm, microsiemens per centi-
meter at 25 °C; CaCO,, calcium carbonate; SiO,, silicon dioxide; N, nitrogen; P, phosphorus; pg/L, micrograms per liter; pCi/L, picocuries per liter; Th-230,
thorium-230; Cs-137, cesium-137; R, radioactivity level not detected above laboratory background level; J, estimated value from TestAmerica laboratory;
USGS CFC lab, U.S. Geological Survey chlorofluorocarbon laboratory]

Specific conductance, Specific Dissolved solids  Hardness, . . .
. Temperature, . o Calcium, Magnesium,  Potassium,
Sample  water, unfiltered, conductance, dried at 180 °C, water, . ! -
Date . . water, " . water, filtered, water, filtered, water, filtered,
time laboratory, water, unfiltered, in °C water, filtered,  in mg/L as in mg/L in mg/L in mg/L
in pS/cm in pS/cm ! in mg/L CaCo, ih mg i mg ih mg
Parameter code: 90095 00095 00010 70300 00900 00915 00925 00935
USGS site name PI-507
7/25/2012 1230 219 212 10.4 134 80.3 19.6 7.53 0.71
9/12/2012 0930 215 228 10.2 125 78.2 18.8 7.49 0.66
10/16/2012 1000 216 207 10.2 117 77.1 18.7 7.27 0.69
11/15/2012 1100 214 209 10.1 121 81.0 20.0 7.43 0.64
12/12/2012 0900 216 203 10.0 125 78.1 19.1 7.31 0.65
1/8/2013 1100 214 203 10.0 119 78.8 19.3 7.32 0.67
2/13/2013 0930 210 177 10.6 128 79.2 18.7 7.79 0.67
3/13/2013 1130 210 177 10.6 133 73.7 18.3 6.69 0.67
4/3/2013 1000 213 191 10.2 123 74.9 18.6 6.83 0.67
5/8/2013 1130 218 226 10.3 130 77.4 18.4 7.52 0.69
6/5/2013 1030 213 221 10.2 119 76.7 18.4 7.37 0.64
6/27/2013 1130 218 208 10.4 124 73.2 17.9 6.80 0.71
USGS site name PI-524
7/26/2012 0900 298 296 11.4 165 60.7 14.9 5.57 0.27
9/11/2012 1000 297 308 11.4 174 61.9 15.3 5.60 0.23
10/16/2012 1330 287 299 11.1 161 59.6 14.8 5.35 0.27
11/14/2012 1130 293 295 10.9 163 61.2 15.2 5.49 0.25
12/12/2012 1130 299 300 10.7 176 61.9 15.4 5.54 0.22
1/8/2013 1300 289 285 10.5 174 60.8 15.1 5.42 0.26
2/13/2013 1200 289 245 10.5 162 62.2 15.0 5.85 0.26
3/13/2013 1300 289 243 10.6 169 58.2 14.8 5.02 0.24
4/3/2013 1500 300 280 10.6 180 57.4 14.5 5.02 0.26
5/8/2013 1400 290 264 10.8 169 61.2 15.0 5.64 0.26
6/5/2013 1330 283 294 11.4 167 60.5 14.8 5.54 0.26
6/26/2013 1230 302 290 11.5 184 58.5 14.6 5.23 0.26
USGS site name PI-592
7/26/2012 1000 337 326 11.7 191 18.6 4.75 1.47 0.72
6/25/2013 1100 339 325 11.4 187 19.0 4.88 1.50 0.68
USGS site name PI-593
7/18/2012 1500 179 171 10.9 109 72.9 22.5 3.91 0.80
9/12/2012 1200 178 185 10.7 105 70.6 21.8 3.78 0.82
10/17/2012 1430 185 173 10.5 114 72.0 22.1 3.91 0.75
11/15/2012 1400 194 187 10.3 116 82.2 25.7 4.20 0.77
12/12/2012 0700 589 191 10.2 342 242 74.7 13.1 1.22
1/9/2013 1130 377 191 10.2 207 153 47.4 8.14 1.01
2/12/2013 1000 177 157 10.2 106 70.9 21.9 3.79 0.79
3/12/2013 0930 200 167 10.2 116 76.5 239 3.90 0.81
4/4/2013 1150 176 168 10.5 113 71.6 22.5 3.60 0.81
4/4/2013 1405 175 166 10.4 97 71.1 223 3.57 0.79
5/9/2013 1100 177 179 10.4 104 70.7 21.7 3.87 0.82
6/4/2013 1000 194 184 10.6 127 73.6 22.6 3.99 0.79
6/25/2013 1100 186 179 10.9 107 71.7 22.2 3.78 0.77
USGS site name PI-599
7/24/2012 1230 265 268 12.4 154 109 30.9 7.56 0.42
6/25/2013 1430 266 259 11.6 148 104 29.2 7.38 0.37
USGS site name PI-600
7/24/2012 1100 221 216 11.1 123 101 27.7 7.58 0.70
9/11/2012 1300 222 216 11.0 141 106 29.2 7.81 0.69
10/17/2012 1100 224 218 10.6 131 101 27.2 7.71 0.70
11/14/2012 1400 222 217 10.6 123 104 28.8 7.58 0.67
12/13/2012 1100 221 207 10.4 127 106 29.1 7.75 0.68
1/9/2013 1400 226 222 10.4 126 103 28.4 7.56 0.68
2/12/2013 1400 218 183 10.4 136 101 27.6 7.66 0.65
3/12/2013 1200 221 190 10.4 128 100 27.9 7.22 0.67
4/2/2013 1500 222 211 10.5 128 96.5 26.6 7.07 0.70
5/7/2013 1300 220 225 10.5 138 98.4 26.2 7.79 0.72
6/4/2013 1300 221 226 10.9 145 102 27.8 7.65 0.70

6/25/2013 1400 227 220 10.7 136 99.8 27:7 7.23 0:63
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Table 16. Results of laboratory analysis for inorganic constituent and methane concentrations and stable isotopes of water in water
samples collected from four wells sampled monthly in Pike County, Pennsylvania, 2012-13.—Continued

[Analyses for inorganic constituents done by U.S. Geological Survey National Water Quality Laboratory; dissolved methane, ethane, and ethene in micro-
grams per liter by TestAmerica, Inc. (TA); dissolved methane in milligrams per liter and stable isotopes of water by Isotech Laboratories, Inc.; USGS, U.S.
Geological Survey; --, no data; M, measured below reporting level of 0.1 milligrams per liter; E, estimated value; <, less than; ANC, acid neutralizing capacity;
mmHg, millimeters of mercury, °C, degrees Celsius; ft, feet; bls, below land surface; mg/L, milligrams per liter; %, percent; uS/cm, microsiemens per centi-
meter at 25 °C; CaCO,, calcium carbonate; SiO,, silicon dioxide; N, nitrogen; P, phosphorus; pg/L, micrograms per liter; pCi/L, picocuries per liter; Th-230,
thorium-230; Cs-137, cesium-137; R, radioactivity level not detected above laboratory background level; J, estimated value from TestAmerica laboratory;
USGS CFC lab, U.S. Geological Survey chlorofluorocarbon laboratory]

Sodium, Sodium fraction ANC, water, unfiltered,  Bromide, Chloride, Fluoride,  Silica, water,
. X . " Sulfate, water,
Sample  water, of cations, water,  fixed endpoint (pH 4.5) water, water, water, filtered, .
Date . X . . . " " " . filtered,
time filtered, percentin equivalents titration, laboratory, filtered, filtered, filtered, in mg/L as in mg/L
in mg/L of major cations in mg/L as CaCO, in mg/L in mg/L in mg/L Sio, i mg
Parameter code: 00930 00932 90410 71870 00940 00950 00955 00945
USGS site name PI-507
7/25/2012 1230 12.0 24 52.1 0.026 26.4 0.04 9.07 11.6
9/12/2012 0930 11.3 24 51.2 0.023 26.1 <0.04 9.38 11.2
10/16/2012 1000 11.2 24 51.0 0.026 25.9 <0.04 9.32 11.5
11/15/2012 1100 10.7 22 51.2 0.025 26.0 <0.04 9.73 11.3
12/12/2012 0900 10.7 23 52.4 E 0.025 25.0 0.04 9.29 11.6
1/8/2013 1100 10.5 22 52.9 0.022 24.8 0.05 9.52 11.8
2/13/2013 0930 11.2 23 53.0 0.021 253 <0.04 9.13 11.7
3/13/2013 1130 11.0 24 51.1 0.024 25.6 <0.04 8.19 11.6
4/3/2013 1000 10.5 23 51.0 0.024 26.4 E 0.04 9.14 11.6
5/8/2013 1130 11.9 25 50.6 0.020 27.5 0.04 9.52 11.5
6/5/2013 1030 10.8 23 48.9 0.022 28.1 0.05 9.45 11.1
6/27/2013 1130 11.5 25 49.7 0.026 28.3 0.04 8.70 10.9
USGS site name PI-524
7/26/2012 0900 42.8 61 123 0.18 23.7 0.20 9.36 0.76
9/11/2012 1000 43.4 61 122 0.169 21.7 0.17 9.59 0.93
10/16/2012 1330 40.4 60 121 0.182 21.6 0.17 9.44 0.94
11/14/2012 1130 432 61 121 0.162 22.4 0.19 9.53 0.81
12/12/2012 1130 40.0 59 122 0.159 22.0 0.19 9.56 0.82
1/8/2013 1300 40.9 60 121 0.182 21.9 0.20 9.43 0.93
2/13/2013 1200 42.1 60 122 0.168 22.0 0.19 9.39 0.96
3/13/2013 1300 41.3 61 120 0.172 21.1 0.17 9.20 1.06
4/3/2013 1500 40.7 61 123 0.172 23.2 -- 9.32 1.07
5/8/2013 1400 423 60 120 0.161 20.7 0.20 9.85 1.16
6/5/2013 1330 40.0 59 120 0.176 22.2 0.22 9.68 1.04
6/26/2013 1230 43.9 62 123 0.191 23.7 0.20 9.67 0.94
USGS site name PI-592
7/26/2012 1000 69.4 89 118 0.353 36.6 0.53 6.72 0.38
6/25/2013 1100 66.6 88 118 0.341 37.7 0.53 6.83 0.36
USGS site name PI-593
7/18/2012 1500 8.18 20 67.5 0.021 9.8 0.11 9.43 9.30
9/12/2012 1200 7.85 19 67.0 0.018 11.8 0.08 9.35 8.85
10/17/2012 1430 7.81 19 67.1 0.021 11.0 0.07 9.71 9.18
11/15/2012 1400 7.37 16 66.8 0.020 13.8 0.07 10.2 8.63
12/12/2012 0700 13.1 11 66.7 E 0.049 136 0.07 10.3 9.87
1/9/2013 1130 10.3 13 67.1 0.035 62.8 0.08 10.3 9.43
2/12/2013 1000 7.86 19 67.4 0.015 10.0 0.09 9.79 8.74
3/12/2013 0930 7.75 18 67.4 0.020 14.1 0.11 10.2 8.62
4/4/2013 1150 7.68 19 67.9 0.014 9.85 0.10 10.6 8.80
4/4/2013 1405 7.55 19 67.8 0.016 9.16 0.11 9.81 8.78
5/9/2013 1100 8.12 20 67.2 0.015 9.21 0.10 10.6 9.02
6/4/2013 1000 8.07 19 67.8 0.017 13.6 0.09 10.6 9.11
6/25/2013 1100 7.62 19 66.9 0.015 9.79 0.10 9.81 8.89
USGS site name PI-599
7/24/2012 1230 18.8 27 143 0.017 0.67 0.15 11.2 3.59
6/25/2013 1430 17.6 27 142 0.013 0.73 0.15 11.0 3.13
USGS site name P1-600
7/24/2012 1100 6.85 13 100 0.015 5.20 0.05 11.5 11.3
9/11/2012 1300 6.85 12 99.4 0.017 5.31 0.05 12.0 11.4
10/17/2012 1100 6.67 13 98.4 0.016 5.61 0.06 11.6 11.4
11/14/2012 1400 7.12 13 100 0.018 5.25 0.06 12.0 11.2
12/13/2012 1100 7.28 13 100 <0.010 5.12 0.07 12.2 11.3
1/9/2013 1400 6.71 12 99.9 <0.050 5.19 0.06 12.4 11.3
2/12/2013 1400 6.89 13 101 0.013 4.88 0.05 11.7 10.8
3/12/2013 1200 6.44 12 98.7 0.014 5.38 0.07 12.0 10.7
4/2/2013 1500 7.01 14 100 <0.010 5.13 E 0.07 12.1 10.9
5/7/2013 1300 7.12 14 96.3 0.016 5.61 0.06 12.9 10.8
6/4/2013 1300 6.94 13 98.5 <0.010 6.81 0.06 12.4 11.2

6/25/2013 1400 6.68 13 101 0.014 5.03 0.06 11.6 10.9
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Table 16. Results of laboratory analysis for inorganic constituent and methane concentrations and stable isotopes of water in water
samples collected from four wells sampled monthly in Pike County, Pennsylvania, 2012-13.—Continued

[Analyses for inorganic constituents done by U.S. Geological Survey National Water Quality Laboratory; dissolved methane, ethane, and ethene in micro-
grams per liter by TestAmerica, Inc. (TA); dissolved methane in milligrams per liter and stable isotopes of water by Isotech Laboratories, Inc.; USGS, U.S.
Geological Survey; --, no data; M, measured below reporting level of 0.1 milligrams per liter; E, estimated value; <, less than; ANC, acid neutralizing capacity;
mmHg, millimeters of mercury, °C, degrees Celsius; ft, feet; bls, below land surface; mg/L, milligrams per liter; %, percent; uS/cm, microsiemens per centi-
meter at 25 °C; CaCO,, calcium carbonate; SiO,, silicon dioxide; N, nitrogen; P, phosphorus; pg/L, micrograms per liter; pCi/L, picocuries per liter; Th-230,
thorium-230; Cs-137, cesium-137; R, radioactivity level not detected above laboratory background level; J, estimated value from TestAmerica laboratory;
USGS CFC lab, U.S. Geological Survey chlorofluorocarbon laboratory]

Samole Ammonia, water, nlzltlrti::tu)a:r:r Nitrite, water, Orthophosphate, Aluminum,  Barium, water,  Beryllium, Cadmium,
Date mp filtered, L ! filtered, water, filtered, water, filtered, filtered, water, filtered, water, filtered,
time  imgLasn  fered L o glasN  inmglLasP in pg/L in pg/L in pg/L in pg/L
g in mg/L as N g g g ng ng ng
Parameter code: 00608 00631 00613 00671 01106 01005 01010 01025
USGS site name PI-507
7/25/2012 1230 <0.010 0.503 <0.001 0.011 <2.2 47.4 <0.006 0.043
9/12/2012 0930 <0.010 0.516 <0.001 0.010 <2.2 48.8 <0.006 <0.016
10/16/2012 1000 <0.010 0.553 0.010 0.010 <2.2 49.0 <0.006 0.018
11/15/2012 1100 <0.010 0.533 <0.001 0.010 <2.2 46.2 <0.006 <0.016
12/12/2012 0900 <0.010 0.570 <0.001 0.011 <22 48.2 <0.006 0.054
1/8/2013 1100 <0.010 0.573 <0.001 0.012 <2.2 47.5 <0.006 0.039
2/13/2013 0930 <0.010 0.560 <0.001 0.010 <2.2 48.6 <0.006 0.028
3/13/2013 1130 <0.010 0.530 <0.001 0.011 <2.2 48.3 <0.006 0.026
4/3/2013 1000 <0.010 0.531 <0.001 0.011 <2.2 52.0 <0.006 <0.016
5/8/2013 1130 <0.010 0.538 <0.001 0.011 <2.2 47.6 <0.006 0.027
6/5/2013 1030 <0.010 0.566 <0.001 0.010 <2.2 48.0 <0.006 <0.016
6/27/2013 1130 <0.010 0.574 <0.001 0.010 <2.2 47.4 <0.006 <0.016
USGS site name PI-524
7/26/2012 0900 0.064 <0.040 <0.001 0.027 <2.2 138 <0.006 <0.016
9/11/2012 1000 0.062 <0.040 <0.001 0.026 <2.2 132 <0.006 <0.016
10/16/2012 1330 0.082 <0.040 <0.001 0.024 <2.2 129 <0.006 <0.016
11/14/2012 1130 0.059 <0.040 <0.001 0.026 <2.2 135 0.008 <0.016
12/12/2012 1130 0.059 <0.040 <0.001 0.026 <22 136 <0.006 <0.032
1/8/2013 1300 0.058 <0.040 <0.001 0.028 <4.4 133 <0.006 <0.016
2/13/2013 1200 0.079 <0.040 <0.001 0.025 <2.2 134 0.007 <0.016
3/13/2013 1300 0.059 <0.040 <0.001 0.025 <2.2 135 0.007 <0.016
4/3/2013 1500 0.059 <0.040 <0.001 0.026 <2.2 138 0.009 <0.016
5/8/2013 1400 0.058 <0.040 <0.001 0.026 <22 127 0.006 <0.016
6/5/2013 1330 0.063 <0.040 <0.001 0.025 <2.2 131 <0.006 <0.016
6/26/2013 1230 0.064 <0.040 <0.001 0.027 <2.2 133 0.007 <0.016
USGS site name PI-592
7/26/2012 1000 0.057 <0.040 <0.001 0.177 <2.2 318 <0.006 <0.016
6/25/2013 1100 0.060 <0.040 <0.001 0.185 <2.2 312 0.007 <.016
USGS site name PI-593
7/18/2012 1500 <0.010 <0.040 <0.001 0.006 <2.2 73.5 <0.006 <0.016
9/12/2012 1200 <0.010 <0.040 <0.001 0.006 <2.2 76.2 <0.006 <0.016
10/17/2012 1430 <0.010 <0.040 <0.001 0.007 <2.2 74.3 <0.006 <0.016
11/15/2012 1400 <0.010 <0.040 <0.001 0.006 <22 74.2 <0.006 <0.016
12/12/2012 0700 <0.010 <0.040 <0.001 0.006 <2.2 191 <0.006 <0.016
1/9/2013 1130 <0.010 0.072 <0.001 0.006 <2.2 126 <0.006 <0.016
2/12/2013 1000 <0.010 <0.040 <0.001 0.006 <2.2 75.1 <0.006 <0.016
3/12/2013 0930 <0.010 <0.040 <0.001 0.005 <2.2 75.5 <0.006 <0.016
4/4/2013 1150 <0.010 <0.040 <0.001 0.007 <2.2 80.8 <0.006 <0.016
4/4/2013 1405 <0.010 <0.040 <0.001 0.007 2.9 80.7 <0.006 <0.016
5/9/2013 1100 <0.010 <0.040 <0.001 0.007 <2.2 72.5 <0.006 <0.016
6/4/2013 1000 <0.010 <0.040 <0.001 0.006 <2.2 74.1 <0.006 <0.016
6/25/2013 1100 <0.010 <0.040 <0.001 0.006 <2.2 71.1 <0.006 <0.016
USGS site name PI-599
7/24/2012 1230 0.058 <0.040 <0.001 <0.004 <2.2 12.4 <0.006 0.044
6/25/2013 1430 0.060 <0.040 <0.001 0.005 <2.2 12.2 <0.006 <0.016
USGS site name PI-600
7/24/2012 1100 <0.010 <0.040 <0.001 0.005 <2.2 162 <0.006 <0.016
9/11/2012 1300 <0.010 <0.040 <0.001 0.005 <2.2 158 <0.006 <0.016
10/17/2012 1100 <0.010 <0.040 0.003 0.005 <2.2 157 <0.006 <0.016
11/14/2012 1400 <0.010 <0.040 <0.001 0.005 <2.2 166 <0.006 <0.016
12/13/2012 1100 <0.010 <0.040 <0.001 0.007 <22 165 <0.006 <0.016
1/9/2013 1400 <0.010 <0.040 <0.001 0.006 <2.2 161 <0.006 <0.016
2/12/2013 1400 <0.010 <0.040 <0.001 0.005 <2.2 165 <0.006 <0.016
3/12/2013 1200 <0.010 <0.040 0.002 0.005 <2.2 159 <0.006 <0.016
4/2/2013 1500 <0.010 <0.040 <0.001 0.006 <2.2 168 <0.006 <0.016
5/7/2013 1300 <0.010 0.054 <0.001 0.006 <22 144 <0.006 <0.016
6/4/2013 1300 <0.010 <0.040 <0.001 0.005 <2.2 149 <0.006 <0.016

6/25/2013 1400 <0.010 <0.040 <0.001 0.005 <2.2 159 <0.006 <0.016
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Table 16. Results of laboratory analysis for inorganic constituent and methane concentrations and stable isotopes of water in water
samples collected from four wells sampled monthly in Pike County, Pennsylvania, 2012-13.—Continued

[Analyses for inorganic constituents done by U.S. Geological Survey National Water Quality Laboratory; dissolved methane, ethane, and ethene in micro-
grams per liter by TestAmerica, Inc. (TA); dissolved methane in milligrams per liter and stable isotopes of water by Isotech Laboratories, Inc.; USGS, U.S.
Geological Survey; --, no data; M, measured below reporting level of 0.1 milligrams per liter; E, estimated value; <, less than; ANC, acid neutralizing capacity;
mmHg, millimeters of mercury, °C, degrees Celsius; ft, feet; bls, below land surface; mg/L, milligrams per liter; %, percent; uS/cm, microsiemens per centi-
meter at 25 °C; CaCO,, calcium carbonate; SiO,, silicon dioxide; N, nitrogen; P, phosphorus; pg/L, micrograms per liter; pCi/L, picocuries per liter; Th-230,
thorium-230; Cs-137, cesium-137; R, radioactivity level not detected above laboratory background level; J, estimated value from TestAmerica laboratory;
USGS CFC lab, U.S. Geological Survey chlorofluorocarbon laboratory]

Sample Chromium, Cobalt, Copper, Iron, waterl:lt:l'flilltered Lead, waterL::f(:itered Lithium,
Date mp water, filtered, water, filtered, water, filtered, water, filtered, i " water, filtered, i " water, filtered,
time in /L in /L in no/L in no/L recoverable, in no/L recoverable, in pg/L
In g, ng ng ng in /L ng in pg/L ng
Parameter code: 01030 01035 01040 01046 01045 01049 01051 01130
USGS site name PI-507
7/25/2012 1230 0.18 0.079 2.6 33 <4.6 0.554 0.35 11.6
9/12/2012 0930 <0.07 <0.021 <0.80 <3.2 8.2 0.328 0.24 11.6
10/16/2012 1000 0.08 0.054 1.3 <4.0 <4.6 0.284 0.22 10.9
11/15/2012 1100 <0.07 0.026 1.3 <4.0 <4.6 0.428 0.37 12.5
12/12/2012 0900 <0.07 0.063 1.0 7.0 21.7 0.353 0.29 12.1
1/8/2013 1100 <0.07 0.061 1.2 <4.0 <4.6 0.302 0.28 11.7
2/13/2013 0930 <0.07 0.072 0.92 5.2 4.7 0.212 0.21 12.5
3/13/2013 1130 <0.07 0.046 <0.80 <4.0 <4.6 0.596 0.56 11.5
4/3/2013 1000 <0.07 0.269 <0.80 4.1 25.8 0.411 0.35 12.3
5/8/2013 1130 <0.07 0.055 <0.80 <4.0 6.8 0.258 0.23 11.6
6/5/2013 1030 <0.07 0.058 <0.80 4.1 <4.6 0.240 0.20 11.2
6/27/2013 1130 <0.07 0.027 <0.80 <4.0 <4.6 0.249 0.24 11.2
USGS site name PI-524
7/26/2012 0900 <0.07 0.024 <0.80 25.6 91.1 0.039 0.10 106
9/11/2012 1000 <0.07 0.054 <0.80 27.6 59.7 0.027 0.15 128
10/16/2012 1330 <0.07 <0.023 <0.80 28.5 50.8 <0.025 0.06 73.1
11/14/2012 1130 0.27 <0.023 <0.80 27.3 41.6 0.031 0.27 103
12/12/2012 1130 <0.07 <0.023 <0.80 233 60.3 <0.025 0.07 143
1/8/2013 1300 <0.07 0.040 <0.80 29.0 75.2 0.031 0.11 130
2/13/2013 1200 <0.07 0.029 <0.80 37.6 53.1 0.083 0.18 126
3/13/2013 1300 <0.07 0.084 <0.80 26.5 67.7 0.096 0.32 127
4/3/2013 1500 <0.07 0.027 <0.80 23.3 73.0 <0.025 0.06 138
5/8/2013 1400 <0.07 0.031 <0.80 39.1 924 0.031 0.22 121
6/5/2013 1330 <0.07 0.058 <0.80 33.6 77.2 0.028 0.09 120
6/26/2013 1230 <0.07 0.023 <0.80 22.3 45.4 <0.025 0.05 130
USGS site name PI-592
7/26/2012 1000 <0.07 <0.021 <0.80 75.7 94.1 0.320 0.39 248
6/25/2013 1100 <.07 <.23 <.80 84.7 84.6 0.343 0.41 278
USGS site name PI-593
7/18/2012 1500 <0.07 0.030 <0.80 <3.2 5.5 0.540 0.76 15.6
9/12/2012 1200 <0.07 <0.021 <0.80 <3.2 <4.6 0.453 0.39 16.5
10/17/2012 1430 <0.07 <0.023 0.9 <4.0 <4.6 0.284 0.26 14.8
11/15/2012 1400 <0.07 <0.023 1.0 <4.0 <4.6 0.431 0.50 19.2
12/12/2012 0700 <0.07 0.182 1.8 22.4 35.9 0.616 3.24 21.1
1/9/2013 1130 <0.07 0.070 <0.80 8.8 <4.6 1.00 1.24 19.0
2/12/2013 1000 <0.07 0.040 1.7 <4.0 <4.6 0.15 0.19 18.1
3/12/2013 0930 <0.07 0.044 1.6 4.2 <4.6 0.756 0.91 16.6
4/4/2013 1150 <0.07 0.036 <0.80 <4.0 <4.6 0.498 1.23 17.6
4/4/2013 1405 <0.07 <0.023 <0.80 <4.0 <4.6 0.593 0.49 17.7
5/9/2013 1100 <0.07 0.296 <0.80 <4.0 <4.6 0.373 0.43 16.7
6/4/2013 1000 <0.07 0.032 1.1 49 <4.6 0.344 0.32 15.8
6/25/2013 1100 <0.07 <0.023 0.88 <4.0 <4.6 0.208 0.27 15.9
USGS site name PI-599
7/24/2012 1230 <0.07 0.064 <0.80 696 746 0.487 0.70
6/25/2013 1430 <0.07 0.156 <.80 804 945 0.157 0.36
USGS site name PI-600
7/24/2012 1100 <0.07 0.081 16.5 6.0 <4.6 1.280 0.86 12.9
9/11/2012 1300 <0.07 <0.021 19.9 <3.2 8.2 0.433 0.33 12.1
10/17/2012 1100 0.10 <0.023 27.6 <4.0 57.5 0.342 0.24 10.4
11/14/2012 1400 <0.07 <0.023 159 <4.0 <4.6 0.680 0.49 124
12/13/2012 1100 <0.07 0.087 14.9 <4.0 10.2 0.293 0.32 13.1
1/9/2013 1400 <0.07 0.042 16.5 <4.0 <4.6 0.335 0.33 12.9
2/12/2013 1400 <0.07 0.060 13.1 <4.0 <4.6 0.209 0.20 13.8
3/12/2013 1200 <0.07 0.050 1.4 <4.0 9.0 1.300 1.13 12.6
4/2/2013 1500 <0.07 <0.023 14.1 4.3 8.8 0.496 0.46 12.3
5/7/2013 1300 <0.07 0.122 2.6 <4.0 <4.6 0.590 1.3 11.3
6/4/2013 1300 <0.07 0.058 27.2 <4.0 <4.6 0.405 0.31 11.1

6/25/2013 1400 <0.07 <0.023 0.94 <4.0 4.6 0.368 0:47 12.1
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Table 16. Results of laboratory analysis for inorganic constituent and methane concentrations and stable isotopes of water in water
samples collected from four wells sampled monthly in Pike County, Pennsylvania, 2012-13.—Continued

[Analyses for inorganic constituents done by U.S. Geological Survey National Water Quality Laboratory; dissolved methane, ethane, and ethene in micro-
grams per liter by TestAmerica, Inc. (TA); dissolved methane in milligrams per liter and stable isotopes of water by Isotech Laboratories, Inc.; USGS, U.S.
Geological Survey; --, no data; M, measured below reporting level of 0.1 milligrams per liter; E, estimated value; <, less than; ANC, acid neutralizing capacity;
mmHg, millimeters of mercury, °C, degrees Celsius; ft, feet; bls, below land surface; mg/L, milligrams per liter; %, percent; uS/cm, microsiemens per centi-
meter at 25 °C; CaCO,, calcium carbonate; SiO,, silicon dioxide; N, nitrogen; P, phosphorus; pg/L, micrograms per liter; pCi/L, picocuries per liter; Th-230,
thorium-230; Cs-137, cesium-137; R, radioactivity level not detected above laboratory background level; J, estimated value from TestAmerica laboratory;
USGS CFC lab, U.S. Geological Survey chlorofluorocarbon laboratory]

Samole Manganese, wa:\tnearnl!::f':ﬁse‘:;d Molybdenum, Nickel, Silver, Strontium, Thallium, Tungsten,
Date mp water, filtered, i " water, filtered, water, filtered, water, filtered, water, filtered, water, filtered, water, filtered,
time X recoverable, X . N N N N
in pg/L in pg/L in pg/L in pg/L in pg/L in pg/L in pg/L in pg/L
Parameter code: 01056 01055 01060 01065 01075 -01080 01057 01155
USGS site name PI-507
7/25/2012 1230 0.19 0.20 0.020 0.17 <0.005 330 <0.010 <0.010
9/12/2012 0930 <0.16 <0.20 0.017 0.14 <0.005 343 <0.010 <0.010
10/16/2012 1000 <0.16 <0.20 0.017 0.14 <0.005 345 <0.010 <0.010
11/15/2012 1100 <0.16 <0.20 0.015 0.17 <0.005 344 <0.010 <0.010
12/12/2012 0900 <0.16 0.26 <0.014 0.25 <0.005 342 <0.010 <0.010
1/8/2013 1100 0.22 <0.20 0.018 0.25 <0.005 334 <0.010 <0.010
2/13/2013 0930 0.21 <0.20 0.020 0.25 <0.005 350 <0.010 <0.010
3/13/2013 1130 <0.16 <0.20 0.021 0.17 <0.005 345 <0.010 <0.010
4/3/2013 1000 0.42 <0.20 <0.014 0.23 <0.005 337 <0.010 <0.010
5/8/2013 1130 <0.16 <0.20 0.017 0.18 <0.005 345 <0.010 <0.010
6/5/2013 1030 <0.16 <0.20 0.015 0.26 <0.005 339 <0.010 <0.010
6/27/2013 1130 <0.16 <0.20 0.015 0.17 <0.005 333 <0.010 <0.010
USGS site name PI-524
7/26/2012 0900 20.2 18.9 0.324 <0.09 <0.005 502 <0.010 0.094
9/11/2012 1000 19.5 19.3 0.397 <0.09 <0.005 478 <0.010 0.053
10/16/2012 1330 19.7 19.2 0.416 <0.09 <0.005 466 <0.010 0.047
11/14/2012 1130 19.2 18.2 0.414 <0.09 <0.005 470 <0.010 0.059
12/12/2012 1130 18.0 17.6 0.367 <0.09 <0.010 495 <0.010 0.051
1/8/2013 1300 19.5 19.9 0.373 0.12 <0.005 466 <0.010 0.052
2/13/2013 1200 16.1 19.2 0.429 <0.09 <0.005 484 <0.010 0.049
3/13/2013 1300 19.6 20.6 0.413 0.12 <0.005 482 <0.010 0.048
4/3/2013 1500 18.3 18.6 0.427 <0.09 <0.005 479 <0.010 0.051
5/8/2013 1400 21.7 20.4 0.435 0.10 <0.005 460 <0.010 0.045
6/5/2013 1330 19.3 19.9 0.408 0.19 <0.005 462 <0.010 0.051
6/26/2013 1230 18.5 17.9 0.374 0.13 <0.005 472 <0.010 0.052
USGS site name PI-592
7/26/2012 1000 89.2 85.9 0.535 <0.09 <0.005 362 <0.010 0.386
6/25/2013 1100 85.3 83.6 0.663 <.09 <.005 349 <.010 0.193
USGS site name PI-593
7/18/2012 1500 16.2 15.7 0.322 <0.09 <0.005 544 <0.010 <0.010
9/12/2012 1200 15.3 16.1 0.334 0.12 <0.005 531 <0.010 <0.010
10/17/2012 1430 14.9 15.8 0.337 0.1 <0.005 536 <0.010 <0.010
11/15/2012 1400 17.6 18.6 0.323 0.13 <0.005 566 <0.010 <0.010
12/12/2012 0700 56.5 58.5 0.231 0.39 <0.005 991 <0.010 <0.010
1/9/2013 1130 48.1 39.7 0.276 0.28 <0.005 739 <0.010 <0.010
2/12/2013 1000 15.2 14.6 0.337 0.14 <0.005 548 <0.010 <0.010
3/12/2013 0930 19.2 18.3 0.330 0.17 <0.005 527 <0.010 <0.010
4/4/2013 1150 15.2 14.1 0.339 0.11 <0.005 541 <0.010 <0.010
4/4/2013 1405 13.9 14.3 0.327 0.17 <0.005 542 <0.010 <0.010
5/9/2013 1100 14.4 13.4 0.325 0.12 <0.005 533 0.012 <0.010
6/4/2013 1000 15.6 15.7 0.305 0.13 <0.005 536 <0.010 <0.010
6/25/2013 1100 13.9 13.8 0.313 0.10 <0.005 514 <0.010 <0.010
USGS site name PI-599
7/24/2012 1230 274 262 1.28 0.22 <0.005 354 <0.010 <0.010
6/25/2013 1430 259 255 1.16 0.16 <.005 344 <.010 0.012
USGS site name PI-600
7/24/2012 1100 0.42 0.40 0.351 0.15 <0.005 716 <0.010 <0.010
9/11/2012 1300 0.23 0.64 0.346 0.28 <0.005 697 <0.010 <0.010
10/17/2012 1100 0.50 1.49 0.326 0.38 <0.005 666 <0.010 <0.010
11/14/2012 1400 0.17 0.65 0.352 0.21 <0.005 733 <0.010 <0.010
12/13/2012 1100 0.36 0.47 0.369 0.19 <0.005 755 <0.010 <0.010
1/9/2013 1400 0.18 0.39 0.351 0.27 <0.005 748 <0.010 <0.010
2/12/2013 1400 0.22 0.67 0.410 0.26 <0.005 766 <0.010 <0.010
3/12/2013 1200 0.46 0.71 0.370 0.15 <0.005 700 <0.010 <0.010
4/2/2013 1500 0.48 0.49 0.401 0.17 <0.005 777 <0.010 <0.010
5/7/2013 1300 0.87 0.61 0.325 0.27 0.007 594 <0.010 <0.010
6/4/2013 1300 0.42 0.92 0.342 0.78 <0.005 637 <0.010 <0.010

6/25/2013 1400 0:19 0:41 0.368 0.18 <0.005 716 <0.010 <0.010
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Table 16. Results of laboratory analysis for inorganic constituent and methane concentrations and stable isotopes of water in water
samples collected from four wells sampled monthly in Pike County, Pennsylvania, 2012-13.—Continued

[Analyses for inorganic constituents done by U.S. Geological Survey National Water Quality Laboratory; dissolved methane, ethane, and ethene in micro-
grams per liter by TestAmerica, Inc. (TA); dissolved methane in milligrams per liter and stable isotopes of water by Isotech Laboratories, Inc.; USGS, U.S.
Geological Survey; --, no data; M, measured below reporting level of 0.1 milligrams per liter; E, estimated value; <, less than; ANC, acid neutralizing capacity;
mmHg, millimeters of mercury, °C, degrees Celsius; ft, feet; bls, below land surface; mg/L, milligrams per liter; %, percent; uS/cm, microsiemens per centi-
meter at 25 °C; CaCO,, calcium carbonate; SiO,, silicon dioxide; N, nitrogen; P, phosphorus; pg/L, micrograms per liter; pCi/L, picocuries per liter; Th-230,
thorium-230; Cs-137, cesium-137; R, radioactivity level not detected above laboratory background level; J, estimated value from TestAmerica laboratory;
USGS CFC lab, U.S. Geological Survey chlorofluorocarbon laboratory]

Samole Vanadium, Zinc, Antimony, Arsenic, Arsenic, Boron, Selenium,
Date mp water, filtered, water, filtered, water, filtered, water, filtered,  water, unfiltered,  water, filtered, water, filtered,
time . . . . . . .
in pg/L in pg/L in pg/L in pg/L in pg/L in pg/L in pg/L
Parameter code: 01085 01090 01095 01000 01002 01020 01145
USGS site name PI-507
7/25/2012 1230 <0.08 292 0.032 0.32 0.36 12 0.10
9/12/2012 0930 <0.08 70.0 <0.027 0.30 0.36 12 0.10
10/16/2012 1000 <0.08 94.2 0.028 0.29 0.39 12 0.09
11/15/2012 1100 <0.08 85.5 <0.027 0.31 0.36 11 0.09
12/12/2012 0900 0.10 301 <0.027 0.31 0.30 12 0.08
1/8/2013 1100 <0.08 294 0.031 0.30 0.37 12 0.10
2/13/2013 0930 <0.08 175 0.029 0.31 0.32 12 0.11
3/13/2013 1130 <0.08 109 <0.027 0.31 0.38 13 0.11
4/3/2013 1000 <0.08 86.7 0.040 0.33 0.39 13 0.10
5/8/2013 1130 0.10 130 0.028 0.31 0.30 12 0.12
6/5/2013 1030 <0.08 107 0.030 0.28 0.30 11 0.11
6/27/2013 1130 <0.08 30.8 <0.027 0.29 <0.28 10 0.09
USGS site name PI-524
7/26/2012 0900 <0.08 <1.4 <0.027 0.26 0.35 84 <0.03
9/11/2012 1000 <0.08 <14 <0.027 0.25 0.29 76 <0.03
10/16/2012 1330 <0.08 <1.4 <0.027 0.28 0.31 76 <0.03
11/14/2012 1130 <0.08 <14 <0.027 0.31 0.28 86 <0.03
12/12/2012 1130 <0.08 <14 <0.027 0.26 0.32 83 <0.03
1/8/2013 1300 <0.08 <1.4 <0.027 0.28 0.35 83 <0.03
2/13/2013 1200 <0.08 <1.4 <0.027 0.31 0.28 82 <0.03
3/13/2013 1300 <0.08 1.5 <0.054 0.28 0.32 82 <0.03
4/3/2013 1500 <0.08 <14 <0.027 0.28 0.31 86 <0.03
5/8/2013 1400 <0.08 <14 <0.027 0.31 0.33 76 <0.03
6/5/2013 1330 <0.08 <1.4 <0.027 0.29 0.30 72 <0.03
6/26/2013 1230 <0.08 <14 <0.027 0.27 <0.28 78 <0.03
USGS site name PI-592
7/26/2012 1000 <0.08 1.5 <0.027 30.1 27.6 119 <0.03
6/25/2013 1100 <.08 <14 <0.027 27.9 28.4 116 0.04
USGS site name PI-593
7/18/2012 1500 <0.08 <1.4 0.059 1.9 1.7 33 <0.03
9/12/2012 1200 <0.08 4.5 0.061 2.0 1.9 31 <0.03
10/17/2012 1430 <0.08 2.6 0.061 2.0 1.8 28 <0.03
11/15/2012 1400 <0.08 4.8 0.063 2.0 1.8 30 <0.03
12/12/2012 0700 0.19 5.1 0.072 1.6 1.7 27 <0.03
1/9/2013 1130 0.11 1.8 0.073 1.8 1.5 31 <0.03
2/12/2013 1000 <0.08 1.4 0.070 2.0 2.0 34 <0.03
3/12/2013 0930 0.10 2.5 0.071 1.8 1.6 33 <0.03
4/4/2013 1150 <0.08 2.4 0.066 1.9 1.7 34 <0.03
4/4/2013 1405 <0.08 3.1 0.064 1.9 22 34 <0.03
5/9/2013 1100 <0.08 2.3 0.086 1.9 1.9 30 0.04
6/4/2013 1000 0.12 2.1 0.064 2.0 1.8 27 <0.03
6/25/2013 1100 0.09 <1.4 0.062 1.8 1.9 28 <0.03
USGS site name PI-599
7/24/2012 1230 <0.08 <1.4 <0.027 0.76 0.85 30 <0.03
6/25/2013 1430 <0.08 3.3 <0.027 0.72 0.65 28 <0.03
USGS site name PI-600
7/24/2012 1100 <0.08 <1.4 0.099 1.8 2.0 10 <0.03
9/11/2012 1300 <0.08 4.2 0.081 1.7 1.8 9 <0.03
10/17/2012 1100 <0.08 4.1 0.093 1.7 1.7 9 <0.03
11/14/2012 1400 <0.08 4.5 0.084 1.8 1.7 10 <0.03
12/13/2012 1100 <0.08 34 0.077 1.7 1.5 11 <0.03
1/9/2013 1400 <0.08 3.1 0.081 1.7 1.6 10 <0.03
2/12/2013 1400 <0.08 2.2 0.085 1.7 1.6 11 <0.03
3/12/2013 1200 <0.08 1.7 0.093 1.8 1.9 11 0.04
4/2/2013 1500 <0.08 1.9 0.075 1.7 1.6 11 0.05
5/7/2013 1300 <0.08 2.3 0.090 1.5 1.7 9 0.04
6/4/2013 1300 <0.08 33 0.088 1.7 1.5 8 0.05
6/25/2013 1400 <0.08 2.4 0.068 1.5 1.6 9 <0.03
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Table 16. Results of laboratory analysis for inorganic constituent and methane concentrations and stable isotopes of water in water
samples collected from four wells sampled monthly in Pike County, Pennsylvania, 2012-13.—Continued

[Analyses for inorganic constituents done by U.S. Geological Survey National Water Quality Laboratory; dissolved methane, ethane, and ethene in micrograms
per liter by TestAmerica, Inc. (TA); dissolved methane in milligrams per liter and stable isotopes of water by Isotech Laboratories, Inc.; USGS, U.S. Geological
Survey; --, no data; M, measured below reporting level of 0.1 milligrams per liter; E, estimated value; <, less than; ANC, acid neutralizing capacity; mmHg, mil-
limeters of mercury, °C, degrees Celsius; ft, feet; bls, below land surface; mg/L, milligrams per liter; %, percent; uS/cm, microsiemens per centimeter at 25 °C;
CaCO,, calcium carbonate; SiO,, silicon dioxide; N, nitrogen; P, phosphorus; pg/L, micrograms per liter; pCi/L, picocuries per liter; Th-230, thorium-230;
Cs-137, cesium-137; R, radioactivity level not detected above laboratory background level; J, estimated value from TestAmerica laboratory; USGS CEC lab,
U.S. Geological Survey chlorofluorocarbon laboratory]

Gross alpha radioactivity, Gross alpha radioactivity, Gross alpha radioactivity, Gross alpha radioactivity, Gross beta radioactivity,

Date Sample 30-day recount, 30-day count, 72-hour count, 72-hour count, 30-day recount,
time water, unfiltered, water, filtered, water, unfiltered, water, filtered, water, unfiltered,
Th-230 curve, in pCi/L Th-230 curve, in pCi/L Th-230 curve, in pCi/L Th-230 curve, in pCi/L Cs-137 curve, in pCi/L
Parameter code: 63016 62639 63014 62636 63017
USGS site name PI-507
7/25/2012 1230 R0.4 - 0.6 - 1.2
9/12/2012 0930 R-0.2 - 0.6 - 1.1
10/16/2012 1000 RO04 - 0.8 - 1.2
11/15/2012 1100 0.4 - 7.0 - 1.2
12/12/2012 0900 R 0.0 - RO.1 - RO

1/8/2013 1100 R-0.1 - 1.1 - R 0.8
2/13/2013 0930 R-0.3 - R-0.3 - 1.2
3/13/2013 1130 R-0.2 - R-0.2 - 1.4
1.1

4/3/2013 1000 R0.2 -- 4.9 --
5/8/2013 1130 --

6/5/2013 1030 -- -- -- -
6/27/2013 1130 1.3 -- 0.8 -- R1.0

USGS site name PI-524
7/26/2012 0900 1.7 1.5 6.4 2.2 3.0
9/11/2012 1000 3.0 - 9.1 - 1.5
10/16/2012 1330 2.7 - 4.4 - 0.9
11/14/2012 1130 2.5 - 7.2 - 1.5

12/12/2012 1130 1.5 -- 3.0 -- 1.4
1/8/2013 1300 -- -
2/13/2013 1200 -- --
3/13/2013 1300 2.1 -- 22 -- 2.6
4/3/2013 1500 2.6 -- 7.1 -- 1.7
5/8/2013 1400 -- -- -- -- --
6/5/2013 1330 -- --
6/26/2013 1230 1.4 -- 1.5 - 1.8

USGS site name PI-592
7/26/2012 1000 R 0.7 - 2.1 - R 0.7
6/25/2013 1100 R1.2 - 2.5 - 2.8
USGS site name PI-593
7/18/2012 1500 0.8 - 0.7 - R 0.7
9/12/2012 1200 1.6 - 1.5 - 1.7
10/17/2012 1430 1.7 - 1.3 - 1.7
11/15/2012 1400 0.7 - 53 - 0.9
12/12/2012 0700 1.2 - 1.6 - 1.0
1/9/2013 1130 2.3 - 1.9 - 1.3
2/12/2013 1000 2.1 - 1.0 - 1.3
3/12/2013 0930 1.8 - 1.3 - RO0.8
4/4/2013 1150 1.3 - 2.7 - 2.1
4/4/2013 1405 2.7 - 4.2 - 1.6
5/9/2013 1100 - - - - -
6/4/2013 1000 - - - - -
6/25/2013 1100 1.0 - R -0.1 - RO.1
USGS site name PI-599
7/24/2012 1230 R-0.4 - 0.9 - R0.3
6/25/2013 1430 0.7 - 0.8 - RO
USGS site name PI-600
7/24/2012 1100 1.1 - 33 - R 0.7
9/11/2012 1300 1.8 - 1.4 - 1.2
10/17/2012 1100 2.3 - 2.3 - 1.1
11/14/2012 1400 2.5 - 3.7 - 0.8
12/13/2012 1100 1 - 2.6 - R0.2
1/9/2013 1400 RO.1 - 1.5 - 1.3
2/12/2013 1400 1.2 - 1.2 - 0.9
3/12/2013 1200 1.5 - 1.2 - 1.4
4/2/2013 1500 2.7 - 3.0 - 1.0

5/7/2013 1300 - -- -- - -
6/4/2013 1300 -- -
6/25/2013 1400 RO.6 -- 2.1 - R1.0




Table 16 n

Table 16. Results of laboratory analysis for inorganic constituent and methane concentrations and stable isotopes of water in water
samples collected from four wells sampled monthly in Pike County, Pennsylvania, 2012-13.—Continued

[Analyses for inorganic constituents done by U.S. Geological Survey National Water Quality Laboratory; dissolved methane, ethane, and ethene in micro-
grams per liter by TestAmerica, Inc. (TA); dissolved methane in milligrams per liter and stable isotopes of water by Isotech Laboratories, Inc.; USGS, U.S.
Geological Survey; --, no data; M, measured below reporting level of 0.1 milligrams per liter; E, estimated value; <, less than; ANC, acid neutralizing capacity;
mmHg, millimeters of mercury, °C, degrees Celsius; ft, feet; bls, below land surface; mg/L, milligrams per liter; %, percent; uS/cm, microsiemens per centi-
meter at 25 °C; CaCO,, calcium carbonate; SiO,, silicon dioxide; N, nitrogen; P, phosphorus; pg/L, micrograms per liter; pCi/L, picocuries per liter; Th-230,
thorium-230; Cs-137, cesium-137; R, radioactivity level not detected above laboratory background level; J, estimated value from TestAmerica laboratory;
USGS CFC lab, U.S. Geological Survey chlorofluorocarbon laboratory]

Gross beta radioactivity, Gross beta radioactivity, Gross beta radioactivity, Radium-226, Radon-222,  Uranium (natural),

Sample 30-day count, 72-hour count, 72-hour count, water, filtered, X -
Date . . ! . water, unfiltered, water, filtered,
time water, filtered, water, unfiltered, water, filtered, radon method, in pCi/L in no/L
Cs-137curve, inpCi/L  Cs-137curve, inpCi/L  Cs-137 curve, in pCi/L in pCi/L ihpot ih g
Parameter code: 62645 63015 62642 09511 82303 22703
USGS site name PI-507
7/25/2012 1230 - R 0.8 -- - 1,960 0.136
9/12/2012 0930 - R 0.2 - - 1,760 0.127
10/16/2012 1000 - RO.2 -- - 1,840 0.118
11/15/2012 1100 - 3.6 - - 1,920 0.110
12/12/2012 0900 - RO.5 - - 1,900 0.119
1/8/2013 1100 - R0.4 -- - 1,900 0.114
2/13/2013 0930 - R 0.4 - - 1,910 0.122
3/13/2013 1130 - 1.1 -- - 1,890 0.112
4/3/2013 1000 - 1.6 -- - 1,890 0.120
5/8/2013 1130 - - - - 1,840 0.105
6/5/2013 1030 - -- -- - 1,850 0.097
6/27/2013 1130 - 2.1 -- 0.041 1,880 0.097
USGS site name PI-524
7/26/2012 0900 R 0.7 2.4 R 0.6 - 460 0.137
9/11/2012 1000 - 1.6 - - 510 0.184
10/16/2012 1330 - 1.4 -- - 540 0.202
11/14/2012 1130 - 2.5 - - 480 0.184
12/12/2012 1130 - RO.2 -- - 450 0.131
1/8/2013 1300 - -- -- - 550 0.162
2/13/2013 1200 - - - - 470 0.182
3/13/2013 1300 - 1.6 -- - 540 0.169
4/3/2013 1500 - 2.4 - - 500 0.146
5/8/2013 1400 - - - - 500 0.225
6/5/2013 1330 - -- -- - 530 0.202
6/26/2013 1230 - 1.9 -- 0.29 540 0.149
USGS site name PI-592
7/26/2012 1000 - 1.2 - - 1,320 0.012
6/25/2013 1100 -- 3.3 -- 0.26 1,350 0.013
USGS site name PI-593
7/18/2012 1500 - 0.7 - - 1,240 0.590
9/12/2012 1200 - 1.1 -- - 1,300 0.613
10/17/2012 1430 - 1.4 - - 1,170 0.611
11/15/2012 1400 - 2.6 - - 1,400 0.600
12/12/2012 0700 - 1.4 -- - 350 1.31
1/9/2013 1130 - 0.8 - - 880 0.906
2/12/2013 1000 - RO.3 -- - 1,180 0.604
3/12/2013 0930 - 1.7 -- - 1,130 0.606
4/4/2013 1150 - 2.5 - - 1,130 0.635
4/4/2013 1405 - 2.5 -- - 1,130 0.627
5/9/2013 1100 - - - - 1,150 0.571
6/4/2013 1000 - -- -- - 1,320 0.583
6/25/2013 1100 - 2.6 -- 0.15 1,290 0.547
USGS site name PI-599
7/24/2012 1230 - R 0.6 -- - 320 0.586
6/25/2013 1430 - 2.1 -- 0.095 251 0.545
USGS site name PI-600
7/24/2012 1100 - R 0.0 -- - 880 1.11
9/11/2012 1300 - R 1.0 - - 860 1.11
10/17/2012 1100 - 1.4 -- - -- 1.09
11/14/2012 1400 - 0.7 - - 920 1.14
12/13/2012 1100 - 0.9 -- - 930 1.15
1/9/2013 1400 - 0.7 -- - 1,080 1.10
2/12/2013 1400 - RO0.3 - - 1,090 1.12
3/12/2013 1200 - 0.6 -- - 1,000 1.04
4/2/2013 1500 - 1.3 - - 1,030 1.10
5/7/2013 1300 - - - - 920 0.926
6/4/2013 1300 - -- -- 1,080 0.975

6/25/2013 1400 -- 3.4 -- 0.08 1,080 1.01
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Table 16. Results of laboratory analysis for inorganic constituent and methane concentrations and stable isotopes of water in water
samples collected from four wells sampled monthly in Pike County, Pennsylvania, 2012-13.—Continued

[Analyses for inorganic constituents done by U.S. Geological Survey National Water Quality Laboratory; dissolved methane, ethane, and ethene in micro-
grams per liter by TestAmerica, Inc. (TA); dissolved methane in milligrams per liter and stable isotopes of water by Isotech Laboratories, Inc.; USGS, U.S.
Geological Survey; --, no data; M, measured below reporting level of 0.1 milligrams per liter; E, estimated value; <, less than; ANC, acid neutralizing capacity;
mmHg, millimeters of mercury, °C, degrees Celsius; ft, feet; bls, below land surface; mg/L, milligrams per liter; %, percent; uS/cm, microsiemens per centi-
meter at 25 °C; CaCO,, calcium carbonate; SiO,, silicon dioxide; N, nitrogen; P, phosphorus; pg/L, micrograms per liter; pCi/L, picocuries per liter; Th-230,
thorium-230; Cs-137, cesium-137; R, radioactivity level not detected above laboratory background level; J, estimated value from TestAmerica laboratory;
USGS CFC lab, U.S. Geological Survey chlorofluorocarbon laboratory]

Methane, Methane, Methane, Ethane, Ethene,
Sample X X . X : &b, 8"0,,,
Date time in mg/L in mg/L in pg/L in pg/L in pg/L in el:'zgnil in ermr(r,lil
(USGS CFC lab) (Isotech) (TA) (TA) (TA) P P
Parameter code: 85574 68831 76994 82045 82044 82082 82085
USGS site name PI-507
7/25/2012 1230 - - 0.564 <0.0615 <0.0569 -56.8 -8.72
9/12/2012 0930 - - 0.585 <0.0615 <0.0569 -57.4 -8.68
10/16/2012 1000 - - 0.815 <0.0615 <0.0569 -55.0 -8.44
11/15/2012 1100 - - 0.621 <0.0615 <0.0569 -54.3 -8.37
12/12/2012 0900 - - 0.766 <0.0615 <0.0569 -53.9 -8.34
1/8/2013 1100 - - 0.832 <0.0615 <0.0569 -53.4 -8.30
2/13/2013 0930 - - 0.420 <0.0615 <0.0569 -52.9 -8.29
3/13/2013 1130 - - 0.837 <0.0615 <0.0569 -52.9 -8.26
4/3/2013 1000 - - 0.541 <0.0615 <0.0569 -53.1 -8.27
5/8/2013 1130 - - 0.567 <0.0615 <0.0569 -55.5 -8.53
6/5/2013 1030 - - 0.827 <0.0615 <0.0569 -54.1 -8.37
6/27/2013 1130 0.0006 - <0.22 -- - -53.9 -8.44
USGS site name PI-52
7/26/2012 0900 - 5.9 4,650 0.400 <0.0569 -58.6 -9.06
9/11/2012 1000 - 5.0 5,180 0.401 <0.0569 -58.8 -9.06
10/16/2012 1330 - 54 5,510 0.312 <0.0569 -60.0 -9.23
11/14/2012 1130 - 5.0 4,710 0.339 <0.0569 -59.2 -9.13
12/12/2012 1130 - 5.8 4,820 0.345 <0.0569 -59.7 -9.14
1/8/2013 1300 - 5.0 3,980 0.398 <0.0569 -60.2 -9.23
2/13/2013 1200 - 5.2 4,040 0.405 <0.0569 -58.7 -9.09
3/13/2013 1300 - 5.1 3,930 0.864 <0.0569 -58.5 -9.10
4/3/2013 1500 - 5.1 4,010 0.829 <0.0569 -58.6 -9.14
5/8/2013 1400 - 5.3 4,300 0.849 <0.0569 -62.1 -9.54
6/5/2013 1330 - 5.6 4,740 0.769 <0.0569 -60.8 -9.14
6/26/2013 1230 7.32 5.7 4,100 -- - -59.1 -9.07
USGS site name PI-59
7/26/2012 1000 - 3.8 2,780 0.241 <0.0569 -61.8 943
6/25/2013 1100 4.93 3.9 2,800 - -- -61.7 -9.29
USGS site name PI-59
7/18/2012 1500 - - J0.452 <0.0615 <0.0569 -63.9 -9.66
9/12/2012 1200 - - J0.316 <0.0615 <0.0569 -62.8 -9.61
10/17/2012 1430 - - J0.359 <0.0615 <0.0569 -62.9 -9.61
11/15/2012 1400 - - J0.388 <0.0615 <0.0569 -63.4 -9.55
12/12/2012 0700 - - 0.549 <0.0615 <0.0569 -63.3 -9.55
1/9/2013 1130 - - J0.461 <0.0615 <0.0569 -62.0 -9.46
2/12/2013 1000 - - J0.382 <0.0615 <0.0569 -63.1 -9.93
3/12/2013 0930 - - J0.414 <0.0615 <0.0569 -63.0 -9.64
4/4/2013 1150 - - 1.76 <0.0615 J0.0751 -63.9 -9.69
4/4/2013 1405 - - 0.822 <0.0615 <0.0569 -66.0 -10.06
5/9/2013 1100 - - J0.427 <0.0615 <0.0569 -63.8 -9.69
6/4/2013 1000 - - J0.462 <0.0615 <0.0569 -63.6 -9.68
6/25/2013 1100 -- <0.22 -- -- -63.5 -9.56
USGS site name PI-59
7/24/2012 1230 - 0.011 15.7 <0.0615 <0.0569 -58.2 -8.86
6/25/2013 1430 0.0181 0.014 10.0 -- - -56.5 -8.87
USGS site name PI-60
7/24/2012 1100 - - <0.211 <0.0615 <0.0569 -65.5 -9.57
9/11/2012 1300 - - 0.865 <0.0615 <0.0569 -63.0 -9.52
10/17/2012 1100 - - <0.211 <0.0615 <0.0569 -63.3 -9.52
11/14/2012 1400 - - 0.264 <0.0615 <0.0569 -63.6 -9.47
12/13/2012 1100 - - <0.211 <0.0615 <0.0569 -63.7 -9.50
1/9/2013 1400 - - 0.262 <0.0615 <0.0569 -63.6 -9.45
2/12/2013 1400 - - <0.211 <0.0615 <0.0569 -63.2 -9.63
3/12/2013 1200 - - <0.211 <0.0615 <0.0569 -65.6 -9.65
4/2/2013 1500 - - <0.211 <0.0615 <0.0569 -64.3 -9.49
5/7/2013 1300 - - 0.229 <0.0615 <0.0569 -63.3 -9.59
6/4/2013 1300 - <0.211 <0.0615 <0.0569

6/25/2013 1400 <0.0001 -- <0.220 -- -- -63.2 -9.57
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82 Assessment of Methane and Inorganic Constituents in Groundwater in Bedrock Aquifers, Pike County, Pa.

Appendix 1. Compilation of past and current inorganic water-quality data for wells sampled by the U.S. Geological Survey in summer
2012 and more than once from 1982 through 2013 in Pike County, Pennsylvania.

[USGS, U.S. Geological Survey; mmHg, millimeters of mercury; °C, degrees Celsius; ft bls, feet below land surface, %, percent; mg/L, milligrams per liter; pS/
cm, microsiemens per centimeter at 25 °C; CaCO,, calcium carbonate; ANC, acid neutralizing capacity; SiO,, silicon dioxide; N, nitrogen; P, phosphorus; pg/L,

micrograms per liter; --, no data; <, less than; E, estimated; M, presence verified but not quantified; R, radchem non-detect, below sample-specific critical level;

Th-230, thorium-230; Cs-137, cesium-137; piC/L, picocuries per liter]

. Dissolved pH. pH, Specific o
Dissolved n tor. tor nductan Specific
USGS Sample Barometric Temperature,  Depth to oxygen, oxygen, water, water, conductance, conductance, Temperature,
L E water, unfiltered, unfiltered, water,
site Date start pressure, air, water level, water, X X N water, water,
. X s . " unfiltered, field, laboratory, unfiltered, X o
name time in mmHg in°C infthls unfiltered, . o . . unfiltered, in°C
N L in % of instandard  instandard  laboratory, in pS/em
n mg saturation units units in pS/cm
Parameter code: 00025 00020 72019 00300 00301 00400 00403 90095 00095 00010
PI-274 8/10/1982 1050 - - - - - 7.4 7.8 207 202 21.0
PI-274 7/17/2012 1600 739 34 -- 0.7 6 7.7 7.8 158 151 11.8
PI-288  6/2/1982 1615 - - - - - 5.7 6.2 66 72 10.0
PI-288  9/6/2007 1200 747 25.5 49.25 10.8 94 6.0 7.8 72 70 9.2
PI-288 7/18/2012 1200 732 -- 54.9 9.2 84 5.8 E6.1 E 69 64 9.9
PI-507 7/25/2012 1230 740 24.5 -- 5.4 50 6.4 6.8 219 212 10.4
PI-507 9/12/2012 0930 752 13 - 5.5 50 6.4 6.9 215 228 10.2
PI-507 10/16/2012 1000 733 7 - 5.8 54 6.7 6.9 216 207 10.2
PI-507 11/15/2012 1100 750 3 = 6.0 54 6.8 6.7 214 209 10.1
PI-507 12/12/2012 0900 749 = 6.0 54 6.8 6.8 216 203 10.0
PI-507 1/8/2013 1100 749 2 = 5.9 53 6.4 6.7 214 203 10.0
PI-507 2/13/2013 0930 737 -4 - 5.3 49 6.9 6.8 210 177 10.6
PI-507 3/13/2013 1130 737 4 = 52 48 6.9 6.8 210 177 10.6
PI-507  4/3/2013 1000 749 - 7.9 71 6.6 6.8 213 191 10.2
PI-507 5/8/2013 1130 743 16 = 7.8 72 6.1 7.0 218 226 103
PI-507 6/5/2013 1030 746 22 = 8.2 74 6.4 6.9 213 221 10.2
PI-507 6/27/2013 1130 738 24 - 6.0 55 6.3 6.9 218 208 10.4
PI-524 4/17/2006 1200 - - - - - - - - - -
PI-524 10/1/2007 1400 750 15 56.82 0.1 0 8.3 8.3 303 299 11.1
PI-524 1/21/2012 1131 756 -2 -- M 0 8.2 -- -- 300 10.7
PI-524  7/26/2012 0900 743 21 - M 0 8.3 8.3 298 296 114
PI-524 7/26/2012 0901 743 21 -- M 0 8.3 8.3 302 296 11.4
PI-524  9/11/2012 1000 755 9 -- 0.1 0 8.2 8.3 297 308 11.4
PI-524 10/16/2012 1330 744 12 -- M 0 8.5 8.3 287 299 11.1
PI-524 11/14/2012 1130 761 5 - 0.1 0 8.7 8.3 293 295 10.9
PI-524 12/12/2012 1130 756 -2 55.22 M 0 8.2 8.3 299 300 10.7
PI-524 12/12/2012 1131 756 -2 - M 0 8.2 8.3 296 300 10.7
PI-524  1/8/2013 1300 754 1 56.07 0.2 2 8.3 8.3 289 285 10.5
PI-524 2/13/2013 1200 741 2 56.2 0.7 6 8.3 8.4 289 245 10.5
PI-524 3/13/2013 1300 - 3 - 0.8 - 8.2 8.3 289 243 10.6
PI-524  4/3/2013 1500 750 0 55.59 M 0 8.3 8.3 300 280 10.6
PI-524  5/8/2013 1400 748 15 55.16 0.2 2 8.0 83 290 264 10.8
PI-524  6/5/2013 1330 753 22 42.32 0.1 1 8.1 8.4 283 294 11.4
PI-524  6/26/2013 1230 746 24 42.19 0.1 0 8.3 8.3 302 290 11.5
PI-552 8/28/2007 1600 746 25 65.88 0.3 2 7.3 7.6 215 207 11.0
PI-552  7/24/2012 1530 - 335 67.29 M -- 7.4 7.6 214 200 11.3
PI-553  8/29/2007 1000 735 25 124.35 0.1 1 7.2 7.6 98 95 11.5
PI-553 7/25/2012 1000 740 19 123.86 0.1 0 7.3 7.6 100 96 10.7
PI-555 8/30/2007 1000 724 25 116.92 4.6 40 6.8 7.1 149 142 9.2
PI-555 7/17/2012 1200 728 30.5 120.98 4.2 38 7.1 73 140 138 9.4
PI-557  9/4/2007 1700 730 25 49.8 6.0 55 6.2 6.2 195 185 10.9
PI-557 7/25/2012 1700 740 25.5 -- 2.9 27 6.4 6.7 224 214 11.1
PI-558  9/5/2007 1100 761 20.5 16.42 8.6 79 6.5 6.9 93 90 11.6
PI-558 7/25/2012 1000 770 30 16.13 5.9 54 6.5 6.9 108 111 11.6
PI-558 7/25/2012 1001 - - -- -- -- -- - - -- --
PI-592  8/17/2011 1200 -- - -- <0.2 -- 8.0 8.5 357 345 11.7
PI-592 7/26/2012 1000 740 27 9.51 0.1 1 8.7 8.6 337 326 11.7
PI-592 6/25/2013 1100 755 -- 6.14 0.2 2 8.6 8.6 339 325 11.4
PI-593 7/18/2012 1500 733 32 45.93 M 0 8.0 8.0 179 171 10.9
PI-593 9/12/2012 1200 752 20 - 0.1 0 7.8 8.1 178 185 10.7
PI-593 10/17/2012 1430 744 9 43.51 0.4 4 8.3 8.0 185 173 10.5
PI-593 11/15/2012 1400 751 3 42.51 0.1 0 8.3 7.9 194 187 10.3
PI-593 12/12/2012 0700 747 -3 41.61 0.1 0 8.3 7.8 589 191 10.2
PI-593 1/9/2013 1130 741 1 42.51 0.1 0 8.3 7.9 377 191 10.2
PI-593  2/12/2013 1000 731 2 41.5 0.8 7 7.6 8.1 177 157 10.2
PI-593 3/12/2013 0930 731 12 -- 0.9 8 7.7 8.1 200 167 10.2
PI-593  4/4/2013 1150 743 0 41.5 0 0 7.8 8.1 176 168 10.5
PI-593  4/4/2013 1405 - - 41.87 0 -- 7.7 8.2 175 166 10.4
PI-593  5/9/2013 1100 735 12 37.19 0.2 2 7.8 8.1 177 179 10.4
PI-593  6/4/2013 1000 740 20 41.77 0.1 0 7.7 8.1 194 184 10.6
PI-593  6/25/2013 1100 737 28 41.81 0.1 0 7.9 8.0 186 179 10.9
PI-599 7/24/2012 1230 743 335 110.44 0.3 3 7.8 8.0 265 268 12.4
PI-599 6/25/2013 1430 755 -- 114.18 0.2 2 7.8 8.0 266 259 11.6
PI-600 7/24/2012 1100 765 30 144.66 M 0 7.8 8.0 221 216 11.1
PI-600 9/11/2012 1300 752 16 -- 0.2 2 7.9 8.0 222 216 11.0
PI-600 10/17/2012 1100 744 11 -- 0.2 2 7.9 8.0 224 218 10.6
PI-600 11/14/2012 1400 760 7 142.51 0.1 1 8.2 8.1 222 217 10.6
PI-600 12/13/2012 1100 754 1 162.04 0.2 2 8.3 8.1 221 207 10.4
PI-600 1/9/2013 1400 746 0 163.36 0.1 1 7.9 8.0 226 222 10.4
PI-600 2/12/2013 1400 740 0 151.05 0.6 6 7.8 8.1 218 183 10.4
PI-600 3/12/2013 1200 738 10 149.58 0.4 4 7.8 8.0 221 190 10.4
PI-600 4/2/2013 1500 743 1 140.71 0.1 0 7.8 8.1 222 211 10.5
PI-600 5/7/2013 1300 748 20 141.13 0.5 5 7.3 8.0 220 225 10.5
PI-600 6/4/2013 1300 746 22 141.07 0.4 4 7.7 8.1 221 226 10.9
PI-600 6/25/2013 1400 744 31 141.11 0.1 1 7.8 8.0 227 220 10.7
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Appendix 1. Compilation of past and current inorganic water-quality data for wells sampled by the U.S. Geological Survey in summer
2012 and more than once from 1982 through 2013 in Pike County, Pennsylvania.—Continued

[USGS, U.S. Geological Survey; mmHg, millimeters of mercury; °C, degrees Celsius; ft bls, feet below land surface, %, percent; mg/L, milligrams per liter; pS/
cm, microsiemens per centimeter at 25 °C; CaCO,, calcium carbonate; ANC, acid neutralizing capacity; SiO,, silicon dioxide; N, nitrogen; P, phosphorus; pg/L,

micrograms per liter; --, no data; <, less than; E, estimated; M, presence verified but not quantified; R, radchem non-detect, below sample-specific critical level;

Th-230, thorium-230; Cs-137, cesium-137; piC/L, picocuries per liter]

Dissolved Dissolved Hardness Sodium Sodium fraction
USGS Sample solids dried at  solids, water, water ! Calci Magnesi P i adsornti of cations, Sodium,
site Date start 180 °C, water, filtered, sum of . ! water, filtered, water, filtered, water, filtered, sorption water, % in  water, filtered,
. . 3 in mg/L as . . . ratio, water, . .
name time filtered, constituents, in mg/L in mg/L in mg/L equivalents of in mg/L
X X CaCo number . N
in mg/L in mg/L 3 major cations

Parameter code: 70300 70301 00900 00915 00925 00935 00931 00932 00930
PI-274 8/10/1982 1050 - 120 77.0 21.0 5.90 1.30 0.70 27 13.0
PI-274 7/17/2012 1600 95 96 61.1 16.6 4.76 0.93 0.56 26 10.1
PI-288  6/2/1982 1615 - 34 22.0 6.8 1.10 0.50 0.20 14 1.6
PI-288  9/6/2007 1200 - E 43 23.1 7.38 1.13 0.41 0.25 20 2.71
PI-288 7/18/2012 1200 40 37 21.4 6.76 1.09 0.42 0.33 26 3.51
PI-507 7/25/2012 1230 134 121 30.3 19.6 7.53 0.71 0.58 24 12.0
PI-507 9/12/2012 0930 125 107 78.2 18.8 7.49 0.66 0.56 24 11.3
PI-507 10/16/2012 1000 117 100 77.1 18.7 7.27 0.69 0.55 24 11.2
PI-507 11/15/2012 1100 121 117 81.0 20.0 7.43 0.64 0.52 22 10.7
PI-507 12/12/2012 0900 125 E 114 78.1 19.1 7.31 0.65 0.53 23 10.7
PI-507 1/8/2013 1100 119 113 78.8 19.3 7.32 0.67 0.52 22 10.5
PI-507 2/13/2013 0930 128 119 79.2 18.7 7.79 0.67 0.55 23 11.2
PI-507 3/13/2013 1130 133 116 73.7 18.3 6.69 0.67 0.56 24 11.0
PI-507 4/3/2013 1000 123 E 117 74.9 18.6 6.83 0.67 0.53 23 10.5
PI-507 5/8/2013 1130 130 120 77.4 18.4 7.52 0.69 0.59 25 11.9
PI-507  6/5/2013 1030 119 118 76.7 18.4 7.37 0.64 0.54 23 10.8
PI-507 6/27/2013 1130 124 114 73.2 17.9 6.80 0.71 0.59 25 11.5
PI-524 4/17/2006 1200 - - - - - - - - -
PI-524 10/1/2007 1400 - E 165 62.1 15.5 5.69 0.25 2.20 58 39.9
PI-524 1/21/2012 1131 - - - - - - - - -
PI-524  7/26/2012 0900 165 164 60.7 14.9 5.57 0.27 2.41 61 42.8
PI-524 7/26/2012 0901 177 164 61.1 15.0 5.55 0.27 2.44 61 43.6
PI-524 9/11/2012 1000 174 173 61.9 15.3 5.60 0.23 2.42 61 43.4
PI-524 10/16/2012 1330 161 153 59.6 14.8 5.35 0.27 2.29 60 40.4
PI-524 11/14/2012 1130 163 157 61.2 15.2 5.49 0.25 242 61 43.2
PI-524 12/12/2012 1130 176 147 61.9 15.4 5.54 0.22 2.22 59 40.0
PI-524 12/12/2012 1131 164 168 61.9 15.4 5.52 0.21 2.25 59 40.4
PI-524  1/8/2013 1300 174 154 60.8 15.1 5.42 0.26 2.29 60 40.9
PI-524 2/13/2013 1200 162 170 62.2 15.0 5.85 0.26 2.34 60 42.1
PI-524 3/13/2013 1300 169 166 58.2 14.8 5.02 0.24 2.37 61 41.3
PI-524  4/3/2013 1500 180 169 57.4 14.5 5.02 0.26 2.35 61 40.7
PI-524  5/8/2013 1400 169 169 61.2 15.0 5.64 0.26 2.37 60 423
PI-524  6/5/2013 1330 167 167 60.5 14.8 5.54 0.26 2.25 59 40.0
PI-524 6/26/2013 1230 184 170 58.5 14.6 5.23 0.26 2.51 62 43.9
PI-552  8/28/2007 1600 -- E 127 89.0 23.7 7.22 0.25 0.32 14 6.92
PI-552 7/24/2012 1530 137 133 98.5 26.5 7.74 0.24 0.32 14 7.24
PI-553  8/29/2007 1000 - Eo61 32.8 8.03 3.10 0.63 0.59 34 7.80
PI-553  7/25/2012 1000 56 62 35.6 8.61 3.37 0.61 0.57 32 7.73
PI-555 8/30/2007 1000 -- E &7 69.5 22.4 3.30 0.59 0.07 4 1.42
PI-555 7/17/2012 1200 91 78 67.6 21.5 3.25 0.64 0.07 4 1.36
PI-557  9/4/2007 1700 - E 106 61.7 14.2 6.36 0.66 0.67 29 12.0
PI-557 7/25/2012 1700 125 127 80.8 18.6 8.32 0.74 0.71 28 14.7
PI-558  9/5/2007 1100 -- E 57 357 11 1.98 0.39 0.22 16 3.07
PI-558 7/25/2012 1000 67 63 429 13.2 2.35 0.40 0.30 19 4.55
PI-558 7/25/2012 1001 -- -- -- -- -- -- -- -- --
PI-592 8/17/2011 1200 193 191 19.2 4.85 1.56 0.80 6.96 88 68.8
PI-592 7/26/2012 1000 191 192 18.6 4.75 1.47 0.72 7.13 89 69.4
PI-592 6/25/2013 1100 187 196 19.0 4.88 1.50 0.68 6.76 88 66.6
PI-593 7/18/2012 1500 109 102 72.9 22.5 3.91 0.80 0.42 20 8.18
PI-593 9/12/2012 1200 105 95 70.6 21.8 3.78 0.82 0.41 19 7.85
PI-593 10/17/2012 1430 114 93 72 22.1 3.91 0.75 0.40 19 7.81
PI-593 11/15/2012 1400 116 103 82.2 25.7 4.20 0.77 0.36 16 7.37
PI-593 12/12/2012 0700 342 E 273 242 74.7 13.1 1.22 0.37 11 13.1
PI-593  1/9/2013 1130 207 183 153 47.4 8.14 1.01 0.36 13 10.3
PI-593 2/12/2013 1000 106 97 70.9 21.9 3.79 0.79 0.41 19 7.86
PI-593 3/12/2013 0930 116 110 76.5 239 3.90 0.81 0.39 18 7.75
PI-593  4/4/2013 1150 113 105 71.6 22.5 3.60 0.81 0.40 19 7.68
PI-593  4/4/2013 1405 97 103 71.1 22.3 3.57 0.79 0.39 19 7.55
PI-593  5/9/2013 1100 104 104 70.7 21.7 3.87 0.82 0.42 20 8.12
PI-593  6/4/2013 1000 127 110 73.6 22.6 3.99 0.79 0.41 19 8.07
PI-593 6/25/2013 1100 107 103 71.7 222 3.78 0.77 0.39 19 7.62
PI-599 7/24/2012 1230 154 160 109 30.9 7.56 0.42 0.79 27 18.8
PI-599 6/25/2013 1430 148 142 104 29.2 7.38 0.37 0.75 27 17.6
PI-600 7/24/2012 1100 123 128 101 27.7 7.58 0.70 0.30 13 6.85
PI-600 9/11/2012 1300 141 126 106 29.2 7.81 0.69 0.29 12 6.85
PI-600 10/17/2012 1100 131 116 101 27.2 7.71 0.70 0.29 13 6.67
PI-600 11/14/2012 1400 123 120 104 28.8 7.58 0.67 0.31 13 7.12
PI-600 12/13/2012 1100 127 120 106 29.1 7.75 0.68 0.31 13 7.28
PI-600 1/9/2013 1400 126 118 103 28.4 7.56 0.68 0.29 12 6.71
PI-600 2/12/2013 1400 136 132 101 27.6 7.66 0.65 0.30 13 6.89
PI-600 3/12/2013 1200 128 130 100 27.9 7.22 0.67 0.28 12 6.44
PI-600 4/2/2013 1500 128 E 131 96.5 26.6 7.07 0.70 0.31 14 7.01
PI-600  5/7/2013 1300 138 130 98.4 26.2 7.79 0.72 0.31 14 7.12
PI-600  6/4/2013 1300 145 133 102 27.8 7.65 0.70 0.30 13 6.94

PI-600 6/25/2013 1400 136 127 99.8 27.7 723 0.63 0.29 13 6.68
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Appendix 1. Compilation of past and current inorganic water-quality data for wells sampled by the U.S. Geological Survey in summer
2012 and more than once from 1982 through 2013 in Pike County, Pennsylvania.—Continued

[USGS, U.S. Geological Survey; mmHg, millimeters of mercury; °C, degrees Celsius; ft bls, feet below land surface, %, percent; mg/L, milligrams per liter;
uS/cm, microsiemens per centimeter at 25 °C; CaCO,, calcium carbonate; ANC, acid neutralizing capacity; SiO,, silicon dioxide; N, nitrogen; P, phosphorus;
png/L, micrograms per liter; --, no data; <, less than; E, estimated; M, presence verified but not quantified; R, radchem non-detect, below sample-specific critical
level; Th-230, thorium-230; Cs-137, cesium-137; piC/L, picocuries per liter]

USGS Sample ANC. w:dter, unfllter.ed, flxed .ANC' \.Nater,.unfl'lter(?d, Bromide, Chloride, Fluoride, s'h?a' Sulfate, Ammonia,

. endpoint (pH 4.5) titration,  inflection-point titration " " " water, filtered, " .

site Date start R water, filtered, water, filtered, water, filtered, . water, filtered, water, filtered,
name time laboratory, method, field, in mg/L in mg/L in mg/L inmg/L as in mg/L inmg/Las N
in mg/L as CaCO, in mg/L as CaCO, Si0,
Parameter code: 90410 00419 71870 00940 00950 00955 00945 00608

PI-274 8/10/1982 1050 104 - - 0.40 0.20 10.0 5.00 <0.010
PI-274 7/17/2012 1600 82.8 82 0.017 0.65 0.14 9.40 322 0.012
PI-288  6/2/1982 1615 12.0 - - 3.50 <0.10 4.00 9.00 <0.010
PI-288  9/6/2007 1200 - 21 - 4.44 <0.10 4.80 6.74 E0.010
PI-288 7/18/2012 1200 15.5 11 0.018 5.42 <0.04 4.42 6.69 <0.010
PI-507 7/25/2012 1230 52.1 52 0.026 26.4 0.04 9.07 11.6 <0.010
PI-507 9/12/2012 0930 51.2 - 0.023 26.1 <0.04 9.38 11.2 <0.010
PI-507 10/16/2012 1000 51.0 - 0.026 259 <0.04 9.32 11.5 <0.010
PI-507 11/15/2012 1100 51.2 - 0.025 26.0 <0.04 9.73 11.3 <0.010
PI-507 12/12/2012 0900 52.4 - E 0.025 25.0 0.04 9.29 11.6 <0.010
PI-507 1/8/2013 1100 52.9 - 0.022 24.8 0.05 9.52 11.8 <0.010
PI-507 2/13/2013 0930 53.0 - 0.021 25.3 <0.04 9.13 11.7 <0.010
PI-507 3/13/2013 1130 51.1 - 0.024 25.6 <0.04 8.19 11.6 <0.010
PI-507 4/3/2013 1000 51.0 - 0.024 26.4 E 0.04 9.14 11.6 <0.010
PI-507 5/8/2013 1130 50.6 - 0.020 27.5 0.04 9.52 11.5 <0.010
PI-507 6/5/2013 1030 48.9 - 0.022 28.1 0.05 9.45 11.1 <0.010
PI-507 6/27/2013 1130 49.7 - 0.026 28.3 0.04 8.70 10.9 <0.010
PI-524 4/17/2006 1200 - - - - - - - -
PI-524 10/1/2007 1400 - 114 -- 244 0.21 10.1 0.36 0.059
PI-524 1/21/2012 1131 - 86 -- -- -- -- -- -
PI-524 7/26/2012 0900 123 109 0.180 23.7 0.20 9.36 0.76 0.064
PI-524  7/26/2012 0901 - 107 0.190 23.6 0.20 9.29 0.87 --
PI-524 9/11/2012 1000 122 124 0.169 21.7 0.17 9.59 0.93 0.062
PI-524 10/16/2012 1330 121 -- 0.182 21.6 0.17 9.44 0.94 0.082
PI-524 11/14/2012 1130 121 - 0.162 224 0.19 9.53 0.81 0.059
PI-524 12/12/2012 1130 122 -- 0.159 22.0 0.19 9.56 0.82 0.059
PI-524 12/12/2012 1131 122 - 0.154 21.7 0.18 9.49 0.86 0.058
PI-524  1/8/2013 1300 121 -- 0.182 21.9 0.20 943 0.93 0.058
PI-524 2/13/2013 1200 122 -- 0.168 22.0 0.19 9.39 0.96 0.079
PI-524 3/13/2013 1300 120 - 0.172 21.1 0.17 9.20 1.06 0.059
PI-524  4/3/2013 1500 123 -- 0.172 232 -- 9.32 1.07 0.059
PI-524 5/8/2013 1400 120 - 0.161 20.7 0.20 9.85 1.16 0.058
PI-524  6/5/2013 1330 120 -- 0.176 222 0.22 9.68 1.04 0.063
PI-524  6/26/2013 1230 123 117 0.191 23.7 0.20 9.67 0.94 0.064
PI-552 8/28/2007 1600 - 89 -- 2.62 0.13 16.9 15.7 E0.016
PI-552  7/24/2012 1530 89.4 88 0.017 337 0.13 16.4 17.1 0.039
PI-553  8/29/2007 1000 - 50 -- 0.53 0.11 9.10 1.07 <0.020
PI-553 7/25/2012 1000 52.8 52 0.014 0.47 0.12 8.69 0.96 <0.010
PI-555 8/30/2007 1000 -- 71 - 0.90 E 0.06 6.50 7.61 <0.020
PI-555 7/17/2012 1200 64.2 56 0.014 0.89 0.07 6.11 8.06 <0.010
PI-557  9/4/2007 1700 - 35 - 21.9 E 0.07 10.3 10.6 <0.020
PI-557 7/25/2012 1700 63.1 61 0.047 20.9 0.11 10.4 9.63 <0.010
PI-558  9/5/2007 1100 -- 24 - 1.56 E 0.06 9.60 14.9 <0.020
PI-558 7/25/2012 1000 33.5 25 0.021 3.29 0.05 9.17 14.4 <0.010
PI-558 7/25/2012 1001 - - -- - - -- - <0.010
PI-592  8/17/2011 1200 - -- 0.380 39.0 0.54 7.11 0.12 0.060
PI-592 7/26/2012 1000 118 116 0.353 36.6 0.53 6.72 0.38 0.057
PI-592 6/25/2013 1100 118 124 0.341 37.7 0.53 6.83 0.36 0.060
PI-593 7/18/2012 1500 67.5 62 0.021 9.8 0.11 9.43 9.30 <0.010
PI-593 9/12/2012 1200 67 - 0.018 11.8 0.08 9.35 8.85 <0.010
PI-593 10/17/2012 1430 67.1 - 0.021 11.0 0.07 9.71 9.18 <0.010
PI-593 11/15/2012 1400 66.8 - 0.020 13.8 0.07 10.2 8.63 <0.010
PI-593 12/12/2012 0700 66.7 - E 0.049 136 0.07 10.3 9.87 <0.010
PI-593  1/9/2013 1130 67.1 - 0.035 62.8 0.08 10.3 9.43 <0.010
PI-593 2/12/2013 1000 67.4 - 0.015 10.0 0.09 9.79 8.74 <0.010
PI-593 3/12/2013 0930 67.4 - 0.020 14.1 0.11 10.2 8.62 <0.010
PI-593  4/4/2013 1150 67.9 - 0.014 9.85 0.10 10.6 8.80 <0.010
PI-593  4/4/2013 1405 67.8 - 0.016 9.16 0.11 9.81 8.78 <0.010
PI-593  5/9/2013 1100 67.2 - 0.015 9.21 0.10 10.6 9.02 <0.010
PI-593  6/4/2013 1000 67.8 - 0.017 13.6 0.09 10.6 9.11 <0.010
PI-593 6/25/2013 1100 66.9 65 0.015 9.79 0.10 9.81 8.89 <0.010
PI-599 7/24/2012 1230 143 142 0.017 0.67 0.15 11.2 3.59 0.058
PI-599 6/25/2013 1430 142 - 0.013 0.73 0.15 11.0 3.13 0.060
PI-600 7/24/2012 1100 100 94 0.015 5.20 0.05 11.5 11.3 <0.010
PI-600 9/11/2012 1300 99.4 - 0.017 531 0.05 12.0 11.4 <0.010
PI-600 10/17/2012 1100 98.4 - 0.016 5.61 0.06 11.6 11.4 <0.010
PI-600 11/14/2012 1400 100 - 0.018 5.25 0.06 12.0 11.2 <0.010
PI-600 12/13/2012 1100 100 - <0.010 5.12 0.07 12.2 11.3 <0.010
PI-600 1/9/2013 1400 99.9 - <0.050 5.19 0.06 12.4 11.3 <0.010
PI-600 2/12/2013 1400 101 - 0.013 4.88 0.05 11.7 10.8 <0.010
PI-600 3/12/2013 1200 98.7 - 0.014 5.38 0.07 12.0 10.7 <0.010
PI-600 4/2/2013 1500 100 - <0.010 5.13 E 0.07 12.1 10.9 <0.010
PI-600 5/7/2013 1300 96.3 - 0.016 5.61 0.06 12.9 10.8 <0.010
PI-600 6/4/2013 1300 98.5 - <0.010 6.81 0.06 12.4 11.2 <0.010

PI-600 6/25/2013 1400 101 94 0.014 5.03 0.06 11.6 10.9 <0.010
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Appendix 1. Compilation of past and current inorganic water-quality data for wells sampled by the U.S. Geological Survey in summer
2012 and more than once from 1982 through 2013 in Pike County, Pennsylvania.—Continued

[USGS, U.S. Geological Survey; mmHg, millimeters of mercury; °C, degrees Celsius; ft bls, feet below land surface, %, percent; mg/L, milligrams per liter; pS/
cm, microsiemens per centimeter at 25 °C; CaCO,, calcium carbonate; ANC, acid neutralizing capacity; SiO,, silicon dioxide; N, nitrogen; P, phosphorus; pg/L,

micrograms per liter; --, no data; <, less than; E, estimated; M, presence verified but not quantified; R, radchem non-detect, below sample-specific critical level;

Th-230, thorium-230; Cs-137, cesium-137; piC/L, picocuries per liter]

USGS Sample N':;‘:tzlus Nitrite, LOrtho LOrtho Aluminum, Barium, Beryllium, Cadmium, Chromium,
site Date start g water, filtered, ' . ! . water, filtered, water, filtered, water, filtered, water, filtered, water, filtered,
time water, filtered, inmg/LasN water, filtered, water, filtered, in ng/L in ng/L in ng/L in ng/L in ng/L

name inmg/Las N in mg/L inmg/L as P

Parameter code: 00631 00613 00660 00671 01106 01005 01010 01025 01030
PI-274 8/10/1982 1050 <0.100 <0.010 0.120 0.04 -- -- -- <1 M
PI-274 7/17/2012 1600 0.055 0.001 0.092 0.03 2.8 143 <0.006 <0.016 <0.07
PI-288  6/2/1982 1615 0.550 <0.010 0.030 0.01 - - - - -
PI-288  9/6/2007 1200 0.560 E 0.001 0.049 0.016 El4 - - 0.079 0.14
PI-288 7/18/2012 1200 0.518 <0.001 0.069 0.023 <2.2 14.2 0.016 0.08 0.14
PI-507 7/25/2012 1230 0.503 <0.001 0.034 0.011 <22 47.4 <0.006 0.043 0.18
PI-507 9/12/2012 0930 0.516 <0.001 0.032 0.01 <22 48.8 <0.006 <0.016 <0.07
PI-507 10/16/2012 1000 0.553 0.010 0.032 0.01 <22 49.0 <0.006 0.018 0.08
PI-507 11/15/2012 1100 0.533 <0.001 0.032 0.01 <22 46.2 <0.006 <0.016 <0.07
PI-507 12/12/2012 0900 0.570 <0.001 0.034 0.011 <22 48.2 <0.006 0.054 <0.07
PI-507 1/8/2013 1100 0.573 <0.001 0.037 0.012 <22 47.5 <0.006 0.039 <0.07
PI-507 2/13/2013 0930 0.560 <0.001 0.031 0.01 <22 48.6 <0.006 0.028 <0.07
PI-507 3/13/2013 1130 0.530 <0.001 0.033 0.011 <22 48.3 <0.006 0.026 <0.07
PI-507 4/3/2013 1000 0.531 <0.001 0.034 0.011 <22 52.0 <0.006 <0.016 <0.07
PI-507 5/8/2013 1130 0.538 <0.001 0.032 0.011 <22 47.6 <0.006 0.027 <0.07
PI-507 6/5/2013 1030 0.566 <0.001 0.031 0.01 <22 48.0 <0.006 <0.016 <0.07
PI-507 6/27/2013 1130 0.574 <0.001 0.031 0.01 <22 47.4 <0.006 <0.016 <0.07
PI-524 4/17/2006 1200 - - - - - - - - -
PI-524 10/1/2007 1400 <0.040 E 0.001 0.062 0.02 E12 - - <0.040 <0.12
PI-524 1/21/2012 1131 - - - - - - - - -
PI-524 7/26/2012 0900 <0.040 <0.001 0.081 0.027 <22 138 <0.006 <0.016 <0.07
PI-524 7/26/2012 0901 - -- - - <22 138 0.006 <0.016 <0.07
PI-524  9/11/2012 1000 <0.040 <0.001 0.079 0.026 <22 132 <0.006 <0.016 <0.07
PI-524 10/16/2012 1330 <0.040 <0.001 0.075 0.024 <22 129 <0.006 <0.016 <0.07
PI-524 11/14/2012 1130 <0.040 <0.001 0.078 0.026 <22 135 0.008 <0.016 0.27
PI-524 12/12/2012 1130 <0.040 <0.001 0.079 0.026 <22 136 <0.006 <0.032 <0.07
PI-524 12/12/2012 1131 <0.040 <0.001 0.080 0.026 <22 137 <0.006 <0.032 <0.07
PI-524 1/8/2013 1300 <0.040 <0.001 0.085 0.028 <44 133 <0.006 <0.016 <0.07
PI-524 2/13/2013 1200 <0.040 <0.001 0.077 0.025 <22 134 0.007 <0.016 <0.07
PI-524 3/13/2013 1300 <0.040 <0.001 0.078 0.025 <22 135 0.007 <0.016 <0.07
PI-524  4/3/2013 1500 <0.040 <0.001 0.081 0.026 <22 138 0.009 <0.016 <0.07
PI-524  5/8/2013 1400 <0.040 <0.001 0.079 0.026 <22 127 0.006 <0.016 <0.07
PI-524  6/5/2013 1330 <0.040 <0.001 0.078 0.025 <22 131 <0.006 <0.016 <0.07
PI-524 6/26/2013 1230 <0.040 <0.001 0.084 0.027 <2.2 133 0.007 <0.016 <0.07
PI-552 8/28/2007 1600 <0.060 <0.002 0.035 0.011 <1.6 -- -- <0.040 <0.12
PI-552 7/24/2012 1530 <0.040 <0.001 0.023 0.007 <22 11.9 0.009 <0.016 <0.07
PI-553  8/29/2007 1000 <0.060 <0.002 0.060 0.02 <1.6 - - <0.040 <0.12
PI-553 7/25/2012 1000 <0.040 <0.001 0.058 0.019 <2.2 57.7 <0.006 <0.016 0.11
PI-555 8/30/2007 1000 0.360 <0.002 0.064 0.021 <1.6 -- -- <0.040 <0.12
PI-555 7/17/2012 1200 0.428 <0.001 0.078 0.025 <22 70.9 <0.006 <0.016 <0.07
PI-557  9/4/2007 1700 2.00 <0.002 0.090 0.029 E 1.1 - - <0.040 <0.12
PI-557 7/25/2012 1700 1.45 <0.001 0.120 0.039 <22 63.2 <0.006 <0.016 0.26
PI-558  9/5/2007 1100 E 0.04 E 0.001 0.054 0.018 <1.6 -- -- <0.040 E 0.07
PI-558 7/25/2012 1000 0.107 <0.001 0.031 0.01 <22 3.51 <0.006 <0.016 0.09
PI-558 7/25/2012 1001 0.109 0.002 0.032 0.011 -- -- -- -- --
PI-592 8/17/2011 1200 <0.020 <0.001 0.539 0.176 <1.7 327 <0.006 <0.016 <0.06
PI-592 7/26/2012 1000 <0.040 <0.001 0.542 0.177 <22 318 <0.006 <0.016 <0.07
PI-592 6/25/2013 1100 <0.040 <0.001 0.567 0.185 <2.2 312 0.007 <0.016 <0.07
PI-593 7/18/2012 1500 <0.040 <0.001 0.019 0.006 <22 73.5 <0.006 <0.016 <0.07
PI-593 9/12/2012 1200 <0.040 <0.001 0.018 0.006 <22 76.2 <0.006 <0.016 <0.07
PI-593 10/17/2012 1430 <0.040 <0.001 0.020 0.007 <22 74.3 <0.006 <0.016 <0.07
PI-593 11/15/2012 1400 <0.040 <0.001 0.018 0.006 <22 74.2 <0.006 <0.016 <0.07
PI-593 12/12/2012 0700 <0.040 <0.001 0.019 0.006 <22 191 <0.006 <0.016 <0.07
PI-593  1/9/2013 1130 0.072 <0.001 0.018 0.006 <22 126 <0.006 <0.016 <0.07
PI-593 2/12/2013 1000 <0.040 <0.001 0.018 0.006 <22 75.1 <0.006 <0.016 <0.07
PI-593 3/12/2013 0930 <0.040 <0.001 0.016 0.005 <22 75.5 <0.006 <0.016 <0.07
PI-593  4/4/2013 1150 <0.040 <0.001 0.020 0.007 <22 80.8 <0.006 <0.016 <0.07
PI-593  4/4/2013 1405 <0.040 <0.001 0.020 0.007 2.9 80.7 <0.006 <0.016 <0.07
PI-593  5/9/2013 1100 <0.040 <0.001 0.023 0.007 <22 72.5 <0.006 <0.016 <0.07
PI-593  6/4/2013 1000 <0.040 <0.001 0.018 0.006 <22 74.1 <0.006 <0.016 <0.07
PI-593 6/25/2013 1100 <0.040 <0.001 0.017 0.006 <22 71.1 <0.006 <0.016 <0.07
PI-599 7/24/2012 1230 <0.040 <0.001 <0.012 <0.004 <22 12.4 <0.006 0.044 <0.07
PI-599 6/25/2013 1430 <0.040 <0.001 0.015 0.005 <2.2 12.2 <0.006 <0.016 <0.07
PI-600 7/24/2012 1100 <0.040 <0.001 0.016 0.005 <22 162 <0.006 <0.016 <0.07
PI-600 9/11/2012 1300 <0.040 <0.001 0.016 0.005 <22 158 <0.006 <0.016 <0.07
PI-600 10/17/2012 1100 <0.040 0.003 0.017 0.005 <22 157 <0.006 <0.016 0.10
PI-600 11/14/2012 1400 <0.040 <0.001 0.016 0.005 <22 166 <0.006 <0.016 <0.07
PI-600 12/13/2012 1100 <0.040 <0.001 0.021 0.007 <22 165 <0.006 <0.016 <0.07
PI-600 1/9/2013 1400 <0.040 <0.001 0.018 0.006 <22 161 <0.006 <0.016 <0.07
PI-600 2/12/2013 1400 <0.040 <0.001 0.015 0.005 <22 165 <0.006 <0.016 <0.07
PI-600 3/12/2013 1200 <0.040 0.002 0.015 0.005 <22 159 <0.006 <0.016 <0.07
PI-600  4/2/2013 1500 <0.040 <0.001 0.019 0.006 <22 168 <0.006 <0.016 <0.07
PI-600 5/7/2013 1300 0.054 <0.001 0.017 0.006 <22 144 <0.006 <0.016 <0.07
PI-600  6/4/2013 1300 <0.040 <0.001 0.017 0.005 <22 149 <0.006 <0.016 <0.07

PI-600 6/25/2013 1400 <0.040 <0.001 0.015 0.005 <22 159 <0.006 <0.016 <0.07



86 Assessment of Methane and Inorganic Constituents in Groundwater in Bedrock Aquifers, Pike County, Pa.

Appendix 1. Compilation of past and current inorganic water-quality data for wells sampled by the U.S. Geological Survey in summer
2012 and more than once from 1982 through 2013 in Pike County, Pennsylvania.—Continued

[USGS, U.S. Geological Survey; mmHg, millimeters of mercury; °C, degrees Celsius; ft bls, feet below land surface, %, percent; mg/L, milligrams per liter; pS/
cm, microsiemens per centimeter at 25 °C; CaCO,, calcium carbonate; ANC, acid neutralizing capacity; SiO,, silicon dioxide; N, nitrogen; P, phosphorus; pg/L,

micrograms per liter; --, no data; <, less than; E, estimated; M, presence verified but not quantified; R, radchem non-detect, below sample-specific critical level;

Th-230, thorium-230; Cs-137, cesium-137; piC/L, picocuries per liter]

USGS Sample Cobalt, Copper, Iron, water, Ilrlzlflilltered Lead, waterL::f(:’Itered Lithium,
site Date start water, filtered, water, filtered, water, filtered, recl'.werable ’ water, filtered, rec(')verable ' water, filtered,
name time in pg/L in pg/L in pg/L in pglL in pg/L in pglL in pg/L
Parameter code: 01035 01040 01046 01045 01049 01051 01130
PI-274 8/10/1982 1050 40 <3 M

PI-274 7/17/2012 1600 0.182 <0.80 <32 <4.6 0.361 0.48 61.2

PI-288  6/2/1982 1615 -- M -- --

PI-288  9/6/2007 1200 -- 72.2 23.4 -- 1.6 -- --
PI1-288 7/18/2012 1200 0.034 14.3 6.2 4.9 2.15 1.96 1.25
PI-507 7/25/2012 1230 0.079 2.6 33 <4.6 0.554 0.35 11.6
PI-507 9/12/2012 0930 <0.021 <0.80 <32 8.2 0.328 0.24 11.6
PI-507 10/16/2012 1000 0.054 1.3 <4.0 <4.6 0.284 0.22 10.9
PI-507 11/15/2012 1100 0.026 1.3 <4.0 <4.6 0.428 0.37 12.5
PI-507 12/12/2012 0900 0.063 1.0 7.0 21.7 0.353 0.29 12.1
PI-507  1/8/2013 1100 0.061 1.2 <4.0 <4.6 0.302 0.28 11.7
PI-507 2/13/2013 0930 0.072 0.92 52 4.7 0.212 0.21 12.5
PI-507 3/13/2013 1130 0.046 <0.80 <4.0 <4.6 0.596 0.56 11.5
PI-507  4/3/2013 1000 0.269 <0.80 4.1 25.8 0.411 0.35 12.3
PI-507 5/8/2013 1130 0.055 <0.80 <4.0 6.8 0.258 0.23 11.6
PI-507  6/5/2013 1030 0.058 <0.80 4.1 <4.6 0.240 0.20 11.2
PI-507 6/27/2013 1130 0.027 <0.80 <4.0 <4.6 0.249 0.24 11.2
PI-524 4/17/2006 1200 -- -- -- -- -- -- --
PI-524 10/1/2007 1400 -- <1.0 324 -- <0.080 -- --
PI-524 1/21/2012 1131 -- -- -- -- -- -- --
PI-524  7/26/2012 0900 0.024 <0.80 25.6 91.1 0.039 0.10 106
PI-524 7/26/2012 0901 <0.021 <0.80 25.8 -- 0.027 -- 119
PI-524  9/11/2012 1000 0.054 <0.80 27.6 59.7 0.027 0.15 128
PI-524 10/16/2012 1330 <0.023 <0.80 28.5 50.8 <0.025 0.06 73.1
PI-524 11/14/2012 1130 <0.023 <0.80 27.3 41.6 0.031 0.27 103
PI-524 12/12/2012 1130 <0.023 <0.80 233 60.3 <0.025 0.07 143
PI-524 12/12/2012 1131 0.040 <0.80 259 57.5 <0.025 0.07 140
PI-524  1/8/2013 1300 0.040 <0.80 29.0 75.2 0.031 0.11 130
PI-524 2/13/2013 1200 0.029 <0.80 37.6 53.1 0.083 0.18 0.93
PI-524 3/13/2013 1300 0.084 <0.80 26.5 67.7 0.096 0.32 127
PI-524  4/3/2013 1500 0.027 <0.80 23.3 73.0 <0.025 0.06 138
PI-524  5/8/2013 1400 0.031 <0.80 39.1 92.4 0.031 0.22 121
PI-524  6/5/2013 1330 0.058 <0.80 33.6 712 0.028 0.09 120
PI-524  6/26/2013 1230 <0.023 <0.80 22.3 45.4 <0.025 0.05 130
PI-552 8/28/2007 1600 -- <0.40 67.1 - E 0.090 -- -
PI-552  7/24/2012 1530 0.093 <0.80 52.4 68.6 0.211 0.38 9.34
PI-553  8/29/2007 1000 -- 10.8 14.2 1,060 E 0.087 0.34 --
PI-553 7/25/2012 1000 0.105 1.7 4.8 1,310 0.81 3.67 6.29
PI-555 8/30/2007 1000 -- 5.3 <6.0 - <0.120 -- -
PI-555 7/17/2012 1200 <0.021 <0.80 <32 8 <0.025 0.29 7.47
PI-557  9/4/2007 1700 -- 17.1 <6.0 -- 223 - --
PI-557 7/25/2012 1700 0.059 4.8 4.1 112 0.604 0.86 6.86
PI-558  9/5/2007 1100 -- 25.7 E3.8 - 0.892 -- --
PI-558 7/25/2012 1000 0.059 38.1 15.6 14.8 0.484 0.43 10.6
PI-558 7/25/2012 1001 -- -- -- - -- -- -
PI-592 8/17/2011 1200 0.301 <0.50 83.1 -- 0.239 -- 7.39
PI-592  7/26/2012 1000 <0.021 <0.80 75.7 94.1 0.320 0.39 248
PI-592  6/25/2013 1100 <0.023 <0.80 84.7 84.6 0.343 0.41 278
PI-593 7/18/2012 1500 0.030 <0.80 <3.2 5.5 0.540 0.76 15.6
PI-593  9/12/2012 1200 <0.021 <0.80 <32 <4.6 0.453 0.39 16.5
PI-593 10/17/2012 1430 <0.023 0.9 <4.0 <4.6 0.284 0.26 14.8
PI-593 11/15/2012 1400 <0.023 1.0 <4.0 <4.6 0.431 0.50 19.2
PI-593 12/12/2012 0700 0.182 1.8 22.4 359 0.616 3.24 21.1
PI-593  1/9/2013 1130 0.070 <0.80 8.8 <4.6 1.00 1.24 19.0
PI-593  2/12/2013 1000 0.040 1.7 <4.0 <4.6 0.15 0.19 18.1
PI-593 3/12/2013 0930 0.044 1.6 42 <4.6 0.756 0.91 16.6
PI-593  4/4/2013 1150 0.036 <0.80 <4.0 <4.6 0.498 1.23 17.6
PI-593  4/4/2013 1405 <0.023 <0.80 <4.0 <4.6 0.593 0.49 17.7
PI-593  5/9/2013 1100 0.296 <0.80 <4.0 <4.6 0.373 0.43 16.7
PI-593  6/4/2013 1000 0.032 1.1 49 <4.6 0.344 0.32 15.8
PI-593  6/25/2013 1100 <0.023 0.88 <4.0 <4.6 0.208 0.27 15.9
PI-599 7/24/2012 1230 0.064 <0.80 696 746 0.487 0.70 11.0
PI-599 6/25/2013 1430 0.156 <0.80 804 945 0.157 0.36 11.5
PI-600 7/24/2012 1100 0.081 16.5 6 <4.6 1.28 0.86 12.9
PI-600 9/11/2012 1300 <0.021 19.9 <3.2 8.2 0.433 0.33 12.1
PI-600 10/17/2012 1100 <0.023 27.6 <4.0 57.5 0.342 0.24 10.4
PI-600 11/14/2012 1400 <0.023 15.9 <4.0 <4.6 0.68 0.49 12.4
PI-600 12/13/2012 1100 0.087 14.9 <4.0 10.2 0.293 0.32 13.1
PI-600  1/9/2013 1400 0.042 16.5 <4.0 <4.6 0.335 0.33 12.9
PI-600 2/12/2013 1400 0.060 13.1 <4.0 <4.6 0.209 0.20 13.8
PI-600 3/12/2013 1200 0.050 1.4 <4.0 9 1.30 1.13 12.6
PI-600  4/2/2013 1500 <0.023 14.1 43 8.8 0.496 0.46 12.3
PI-600  5/7/2013 1300 0.122 2.6 <4.0 <4.6 0.59 1.30 11.3
PI-600  6/4/2013 1300 0.058 27.2 <4.0 <4.6 0.405 0.31 11.1
PI-600 6/25/2013 1400 <0.023 0.94 <4.0 4.6 0.368 0.47 12.1
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Appendix 1. Compilation of past and current inorganic water-quality data for wells sampled by the U.S. Geological Survey in summer
2012 and more than once from 1982 through 2013 in Pike County, Pennsylvania.—Continued

[USGS, U.S. Geological Survey; mmHg, millimeters of mercury; °C, degrees Celsius; ft bls, feet below land surface, %, percent; mg/L, milligrams per liter; pS/
cm, microsiemens per centimeter at 25 °C; CaCO,, calcium carbonate; ANC, acid neutralizing capacity; SiO,, silicon dioxide; N, nitrogen; P, phosphorus; pg/L,

micrograms per liter; --, no data; <, less than; E, estimated; M, presence verified but not quantified; R, radchem non-detect, below sample-specific critical level;

Th-230, thorium-230; Cs-137, cesium-137; piC/L, picocuries per liter]

USGS Sample Manganese, W:::ng:fl:::;d Mercury, Molybdenum, Nickel, Silver, Strontium, Thallium, Tungsten,
site Date start  water, filtered, ! ' water, filtered, water, filtered, water, filtered, water, filtered, water, filtered, water, filtered, water, filtered,
. N recoverable, N X X X N N N
name time in pg/L in pglL in pg/L in pg/L in pg/L in pg/L in pg/L in pg/L in pg/L
Parameter code: 01056 01055 71890 01060 01065 01075 01080 01057 01155
PI-274 8/10/1982 1050 70 - <0.10 -- <1 - - - --
PI-274 7/17/2012 1600 33.6 33.1 -- 0.481 0.62 <0.005 60.1 <0.010 0.038
PI-288  6/2/1982 1615 M - - -- -- - - - -
PI-288  9/6/2007 1200 0.65 - <0.010 <0.120 0.71 - - - -
PI-288 7/18/2012 1200 0.30 0.49 - <0.014 0.46 <0.005 13.9 <0.010 <0.010
PI-507 7/25/2012 1230 0.19 0.20 -- 0.020 0.17 <0.005 330 <0.010 <0.010
PI-507 9/12/2012 0930 <0.16 <0.20 -- 0.017 0.14 <0.005 343 <0.010 <0.010
PI-507 10/16/2012 1000 <0.16 <0.20 -- 0.017 0.14 <0.005 345 <0.010 <0.010
PI-507 11/15/2012 1100 <0.16 <0.20 -- 0.015 0.17 <0.005 344 <0.010 <0.010
PI-507 12/12/2012 0900 <0.16 0.26 -- <0.014 0.25 <0.005 342 <0.010 <0.010
PI-507 1/8/2013 1100 0.22 <0.20 -- 0.018 0.25 <0.005 334 <0.010 <0.010
PI-507 2/13/2013 0930 0.21 <0.20 -- 0.020 0.25 <0.005 350 <0.010 <0.010
PI-507 3/13/2013 1130 <0.16 <0.20 -- 0.021 0.17 <0.005 345 <0.010 <0.010
PI-507 4/3/2013 1000 0.42 <0.20 -- <0.014 0.23 <0.005 337 <0.010 <0.010
PI-507 5/8/2013 1130 <0.16 <0.20 -- 0.017 0.18 <0.005 345 <0.010 <0.010
PI-507 6/5/2013 1030 <0.16 <0.20 -- 0.015 0.26 <0.005 339 <0.010 <0.010
PI-507 6/27/2013 1130 <0.16 <0.20 -- 0.015 0.17 <0.005 333 <0.010 <0.010
PI-524 4/17/2006 1200 - - - - - - - - -
PI-524 10/1/2007 1400 20.5 - <0.010 0.333 <0.20 - - - -
PI-524 1/21/2012 1131 - - - - - - - - -
PI-524 7/26/2012 0900 20.2 18.9 - 0.324 <0.09 <0.005 502 <0.010 0.094
PI-524 7/26/2012 0901 20.3 20.4 - 0.313 0.1 <0.005 493 <0.010 0.101
PI-524  9/11/2012 1000 19.5 19.3 - 0.397 <0.09 <0.005 478 <0.010 0.053
PI-524 10/16/2012 1330 19.7 19.2 - 0.416 <0.09 <0.005 466 <0.010 0.047
PI-524 11/14/2012 1130 19.2 18.2 - 0.414 <0.09 <0.005 470 <0.010 0.059
PI-524 12/12/2012 1130 18.0 17.6 - 0.367 <0.09 <0.010 495 <0.010 0.051
PI-524 12/12/2012 1131 18.5 18.2 - 0.388 <0.09 <0.010 499 <0.010 0.047
PI-524 1/8/2013 1300 19.5 19.9 - 0.373 0.12 <0.005 466 <0.010 0.052
PI-524 2/13/2013 1200 16.1 19.2 - 0.429 <0.09 <0.005 484 <0.010 0.049
PI-524 3/13/2013 1300 19.6 20.6 - 0.413 0.12 <0.005 482 <0.010 0.048
PI-524  4/3/2013 1500 18.3 18.6 - 0.427 <0.09 <0.005 479 <0.010 0.051
PI-524  5/8/2013 1400 21.7 20.4 - 0.435 0.10 <0.005 460 <0.010 0.045
PI-524  6/5/2013 1330 19.3 19.9 - 0.408 0.19 <0.005 462 <0.010 0.051
PI-524 6/26/2013 1230 18.5 17.9 -- 0.374 0.13 <0.005 472 <0.010 0.052
PI-552 8/28/2007 1600 292 - <0.010 0.39 0.09 - - - --
PI-552 7/24/2012 1530 464 495 -- 0.503 0.10 <0.005 376 <0.010 <0.010
PI-553  8/29/2007 1000 215 234 <0.010 E 0.106 0.13 - - - -
PI-553 7/25/2012 1000 170 191 - 0.074 <0.09 <0.005 202 <0.010 <0.010
PI-555 8/30/2007 1000 3.97 - <0.010 <0.120 0.15 - - - --
PI-555 7/17/2012 1200 0.74 8.34 -- 3.45 <0.09 <0.005 429 <0.010 0.01
PI-557  9/4/2007 1700 0.94 - <0.010 0.235 2.7 - - - -
PI-557 7/25/2012 1700 0.99 2.02 -- 0.754 0.45 <0.005 99.3 <0.010 <0.010
PI-558  9/5/2007 1100 1.70 - <0.010 <0.120 0.72 - - - --
PI-558 7/25/2012 1000 7.42 7.47 -- 0.114 0.69 <0.005 76.4 <0.010 <0.010
PI-558 7/25/2012 1001 -- - -- - - - - - --
PI-592 8/17/2011 1200 95.1 - - 0.582 <0.09 <0.005 375 <0.010 -
PI-592 7/26/2012 1000 89.2 85.9 - 0.535 <0.09 <0.005 362 <0.010 0.386
PI-592 6/25/2013 1100 85.3 83.6 -- 0.663 <0.09 <0.005 349 <0.010 0.193
PI-593 7/18/2012 1500 16.2 15.7 -- 0.322 <0.09 <0.005 544 <0.010 <0.010
PI-593 9/12/2012 1200 153 16.1 -- 0.334 0.12 <0.005 531 <0.010 <0.010
PI-593 10/17/2012 1430 14.9 15.8 -- 0.337 0.10 <0.005 536 <0.010 <0.010
PI-593 11/15/2012 1400 17.6 18.6 -- 0.323 0.13 <0.005 566 <0.010 <0.010
PI-593 12/12/2012 0700 56.5 58.5 -- 0.231 0.39 <0.005 991 <0.010 <0.010
PI-593  1/9/2013 1130 48.1 39.7 -- 0.276 0.28 <0.005 739 <0.010 <0.010
PI-593 2/12/2013 1000 15.2 14.6 -- 0.337 0.14 <0.005 548 <0.010 <0.010
PI-593 3/12/2013 0930 19.2 18.3 -- 0.330 0.17 <0.005 527 <0.010 <0.010
PI-593 4/4/2013 1150 15.2 14.1 -- 0.339 0.11 <0.005 541 <0.010 <0.010
PI-593  4/4/2013 1405 13.9 14.3 -- 0.327 0.17 <0.005 542 <0.010 <0.010
PI-593  5/9/2013 1100 14.4 13.4 -- 0.325 0.12 <0.005 533 0.012 <0.010
PI-593  6/4/2013 1000 15.6 15.7 -- 0.305 0.13 <0.005 536 <0.010 <0.010
PI-593 6/25/2013 1100 13.9 13.8 -- 0.313 0.10 <0.005 514 <0.010 <0.010
PI-599 7/24/2012 1230 274 262 - 1.28 0.22 <0.005 354 <0.010 <0.010
PI-599 6/25/2013 1430 259 255 - 1.16 0.16 <0.005 344 <0.010 0.012
PI-600 7/24/2012 1100 0.42 0.40 -- 0.351 0.15 <0.005 716 <0.010 <0.010
PI-600 9/11/2012 1300 0.23 0.64 -- 0.346 0.28 <0.005 697 <0.010 <0.010
PI-600 10/17/2012 1100 0.50 1.49 -- 0.326 0.38 <0.005 666 <0.010 <0.010
PI-600 11/14/2012 1400 0.17 0.65 -- 0.352 0.21 <0.005 733 <0.010 <0.010
PI-600 12/13/2012 1100 0.36 0.47 -- 0.369 0.19 <0.005 755 <0.010 <0.010
PI-600 1/9/2013 1400 0.18 0.39 -- 0.351 0.27 <0.005 748 <0.010 <0.010
PI-600 2/12/2013 1400 0.22 0.67 -- 0.410 0.26 <0.005 766 <0.010 <0.010
PI-600 3/12/2013 1200 0.46 0.71 -- 0.370 0.15 <0.005 700 <0.010 <0.010
PI-600  4/2/2013 1500 0.48 0.49 -- 0.401 0.17 <0.005 777 <0.010 <0.010
PI-600 5/7/2013 1300 0.87 0.61 - 0.325 0.27 0.007 594 <0.010 <0.010
PI-600  6/4/2013 1300 0.42 0.92 -- 0.342 0.78 <0.005 637 <0.010 <0.010

PI-600 6/25/2013 1400 0.19 0.41 -- 0.368 0.18 <0.005 716 <0.010 <0.010
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Appendix 1. Compilation of past and current inorganic water-quality data for wells sampled by the U.S. Geological Survey in summer
2012 and more than once from 1982 through 2013 in Pike County, Pennsylvania.—Continued

[USGS, U.S. Geological Survey; mmHg, millimeters of mercury; °C, degrees Celsius; ft bls, feet below land surface, %, percent; mg/L, milligrams per liter; pS/
cm, microsiemens per centimeter at 25 °C; CaCO,, calcium carbonate; ANC, acid neutralizing capacity; SiO,, silicon dioxide; N, nitrogen; P, phosphorus; pg/L,

micrograms per liter; --, no data; <, less than; E, estimated; M, presence verified but not quantified; R, radchem non-detect, below sample-specific critical level;

Th-230, thorium-230; Cs-137, cesium-137; piC/L, picocuries per liter]

USGS Sample Vanadium, Zinc, Antimony, Arsenic, Arsenic, Boron, Selenium,
site Date start water, filtered, water, filtered, water, filtered, water, filtered, water, unfiltered, water, filtered, water, filtered,
name time in pg/L in pg/L in pg/L in pg/L in pg/L in pg/L in pg/L
Parameter code: 01085 01090 01095 01000 01002 01020 01145
PI-274 8/10/1982 1050 - 220 - - -- - -
PI-274 7/17/2012 1600 0.51 <1.4 <0.027 1.8 1.7 19 0.49
PI-288  6/2/1982 1615 - - - - - - -
PI-288  9/6/2007 1200 - 73.3 - EO0.11 - 5 0.12
PI-288 7/18/2012 1200 <0.08 27.6 <0.027 0.07 <0.28 4 0.09
PI-507 7/25/2012 1230 <0.08 292 0.032 0.32 0.36 12 0.10
PI-507 9/12/2012 0930 <0.08 70.0 <0.027 0.30 0.36 12 0.10
PI-507 10/16/2012 1000 <0.08 94.2 0.028 0.29 0.39 12 0.09
PI-507 11/15/2012 1100 <0.08 85.5 <0.027 0.31 0.36 11 0.09
PI-507 12/12/2012 0900 0.10 301 <0.027 0.31 0.30 12 0.08
PI-507 1/8/2013 1100 <0.08 294 0.031 0.30 0.37 12 0.10
PI-507 2/13/2013 0930 <0.08 175 0.029 0.31 0.32 12 0.11
PI-507 3/13/2013 1130 <0.08 109 <0.027 0.31 0.38 13 0.11
PI-507  4/3/2013 1000 <0.08 86.7 0.040 0.33 0.39 13 0.10
PI-507 5/8/2013 1130 0.10 130 0.028 0.31 0.30 12 0.12
PI-507  6/5/2013 1030 <0.08 107 0.030 0.28 0.30 11 0.11
PI-507 6/27/2013 1130 <0.08 30.8 <0.027 0.29 <0.28 10 0.09
PI-524 4/17/2006 1200 - - - - <4.0 - -
PI-524 10/1/2007 1400 -- <4.0 - 0.29 -- 77 <0.04
PI-524 1/21/2012 1131 - - - - - - -
PI-524  7/26/2012 0900 <0.08 <l4 <0.027 0.26 0.35 84 <0.03
PI-524  7/26/2012 0901 <0.08 <1.4 <0.027 0.27 -- 83 <0.03
PI-524 9/11/2012 1000 <0.08 <14 <0.027 0.25 0.29 76 <0.03
PI-524 10/16/2012 1330 <0.08 <1.4 <0.027 0.28 0.31 76 <0.03
PI-524 11/14/2012 1130 <0.08 <1.4 <0.027 0.31 0.28 86 <0.03
PI-524 12/12/2012 1130 <0.08 <1.4 <0.027 0.26 0.32 83 <0.03
PI-524 12/12/2012 1131 <0.08 <1.4 <0.027 0.24 <0.28 86 <0.03
PI-524  1/8/2013 1300 <0.08 <1.4 <0.027 0.28 0.35 83 <0.03
PI-524 2/13/2013 1200 <0.08 <1.4 <0.027 0.31 0.28 82 <0.03
PI-524 3/13/2013 1300 <0.08 1.5 <0.054 0.28 0.32 82 <0.03
PI-524  4/3/2013 1500 <0.08 <1.4 <0.027 0.28 0.31 86 <0.03
PI-524  5/8/2013 1400 <0.08 <1.4 <0.027 0.31 0.33 76 <0.03
PI-524  6/5/2013 1330 <0.08 <1.4 <0.027 0.29 0.30 72 <0.03
PI-524  6/26/2013 1230 <0.08 <1.4 <0.027 0.27 <0.28 78 <0.03
PI-552 8/28/2007 1600 -- <6.0 - 0.34 - 8.9 <0.08
PI-552  7/24/2012 1530 <0.08 <1.4 <0.027 0.39 0.48 9.0 <0.03
PI-553  8/29/2007 1000 -- <6.0 - 0.69 0.92 53 <0.08
PI-553  7/25/2012 1000 <0.08 <1.4 0.057 0.69 0.95 6.0 <0.03
PI-555 8/30/2007 1000 - <6.0 - 0.31 - 6.0 0.14
PI-555 7/17/2012 1200 <0.08 <1.4 <0.027 0.19 0.43 17 <0.03
PI-557  9/4/2007 1700 - 32.6 - 0.83 - 20 E 0.06
PI-557 7/25/2012 1700 0.08 3.4 0.040 0.67 0.64 17 0.20
PI-558  9/5/2007 1100 - 9.6 - <0.12 - 8.7 E 0.06
PI-558 7/25/2012 1000 <0.08 5.8 <0.027 0.08 <0.28 20 0.04
PI-558 7/25/2012 1001 - - - - - - -
PI-592  8/17/2011 1200 <0.08 4.1 <0.027 323 - 109 <0.03
PI-592  7/26/2012 1000 <0.08 1.5 <0.027 30.1 27.6 119 <0.03
PI-592 6/25/2013 1100 <0.08 <1.4 <0.027 27.9 28.4 116 0.04
PI-593 7/18/2012 1500 <0.08 <1.4 0.059 1.9 1.7 33 <0.03
PI-593  9/12/2012 1200 <0.08 45 0.061 2.0 1.9 31 <0.03
PI-593 10/17/2012 1430 <0.08 2.6 0.061 2.0 1.8 28 <0.03
PI-593 11/15/2012 1400 <0.08 4.8 0.063 2.0 1.8 30 <0.03
PI-593 12/12/2012 0700 0.19 5.1 0.072 1.6 1.7 27 <0.03
PI-593  1/9/2013 1130 0.11 1.8 0.073 1.8 1.5 31 <0.03
PI-593 2/12/2013 1000 <0.08 1.4 0.070 2.0 2.0 34 <0.03
PI-593 3/12/2013 0930 0.10 2.5 0.071 1.8 1.6 33 <0.03
PI-593  4/4/2013 1150 <0.08 24 0.066 1.9 1.7 34 <0.03
PI-593  4/4/2013 1405 <0.08 3.1 0.064 1.9 2.2 34 <0.03
PI-593  5/9/2013 1100 <0.08 2.3 0.086 1.9 1.9 30 0.04
PI-593  6/4/2013 1000 0.12 2.1 0.064 2.0 1.8 27 <0.03
PI-593 6/25/2013 1100 0.09 <14 0.062 1.8 1.9 28 <0.03
PI-599 7/24/2012 1230 <0.08 <1.4 <0.027 0.76 0.85 30 <0.03
PI-599 6/25/2013 1430 <0.08 33 <0.027 0.72 0.65 28 <0.03
PI-600 7/24/2012 1100 <0.08 <14 0.099 1.8 2.0 10 <0.03
PI-600 9/11/2012 1300 <0.08 4.2 0.081 1.7 1.8 9 <0.03
PI-600 10/17/2012 1100 <0.08 4.1 0.093 1.7 1.7 9 <0.03
PI-600 11/14/2012 1400 <0.08 4.5 0.084 1.8 1.7 10 <0.03
PI-600 12/13/2012 1100 <0.08 3.4 0.077 1.7 1.5 11 <0.03
PI-600 1/9/2013 1400 <0.08 3.1 0.081 1.7 1.6 10 <0.03
PI-600 2/12/2013 1400 <0.08 22 0.085 1.7 1.6 11 <0.03
PI-600 3/12/2013 1200 <0.08 1.7 0.093 1.8 1.9 11 0.04
PI-600 4/2/2013 1500 <0.08 1.9 0.075 1.7 1.6 11 0.05
PI-600 5/7/2013 1300 <0.08 23 0.09 1.5 1.7 9 0.04
PI-600  6/4/2013 1300 <0.08 33 0.088 1.7 1.5 8 0.05
PI-600 6/25/2013 1400 <0.08 24 0.068 1.5 1.6 9 <0.03
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Appendix 1. Compilation of past and current inorganic water-quality data for wells sampled by the U.S. Geological Survey in summer
2012 and more than once from 1982 through 2013 in Pike County, Pennsylvania.—Continued

[USGS, U.S. Geological Survey; mmHg, millimeters of mercury; °C, degrees Celsius; ft bls, feet below land surface, %, percent; mg/L, milligrams per liter;
uS/cm, microsiemens per centimeter at 25 °C; CaCO,, calcium carbonate; ANC, acid neutralizing capacity; SiO,, silicon dioxide; N, nitrogen; P, phosphorus;
ng/L, micrograms per liter; --, no data; <, less than; E, estimated; M, presence verified but not quantified; R, radchem non-detect, below sample-specific criti-
cal level; Th-230, thorium-230; Cs-137, cesium-137; piC/L, picocuries per liter]

Gross alpha Gross alpha Gross alpha Gross alpha Gross beta Gross beta
USGS Samnle radioactivity, radioactivity, radioactivity, radioactivity, Gross alpha radioactivity, radioactivity,
site Date sta':( 30 day recount, 30-day count, 72 hour count, 72-hour count, radioactivity, 30 day recount, 30-day count,
name time water, unfiltered, water, filtered, water, unfiltered, water, filtered, water, unfiltered, water, unfiltered, water, filtered,
Th-230 curve, Th-230 curve, Th-230 curve, Th-230 curve, in piC/L Cs-137 curve, Cs-137 curve,
in piC/L in piC/L in piC/L in piC/L in piC/L in piC/L
Parameter code: 63016 62639 63014 62636 01519 63017 62645
PI-274 8/10/1982 1050 - - - - = = -
PI-274 7/17/2012 1600 RO.1 = 13 = = 1.4 =
PI-288  6/2/1982 1615 - - - - - - -
PI-288  9/6/2007 1200 - RO.1 - R-04 - - R0.6
PI-288 7/18/2012 1200 R 0.3 0.5 1.0 RO -- RO.1 R 0.5
PI-507 7/25/2012 1230 R0.4 = 0.6 = = 12 =
PI-507 9/12/2012 0930 R-0.2 - 0.6 - - 1.1 -
PI-507 10/16/2012 1000 R0.4 - 0.8 - - 12 -
PI-507 11/15/2012 1100 0.4 = 7.0. = = 12 =
PI-507 12/12/2012 0900 R0.0 = RO.1 - - RO -
PI-507 1/8/2013 1100 R-0.1 = 1.1 = = R0.8 =
PI-507 2/13/2013 0930 R-0.3 - R-03 - - 1.2 -
PI-507 3/13/2013 1130 R-0.2 = R-0.2 = = 1.4 =
PI-507 4/3/2013 1000 RO0.2 - 49 - - 1.1 -
PI-507 5/8/2013 1130 = = = = = - =
PI-507 6/5/2013 1030 - - - - - -- -
PI-507 6/27/2013 1130 1.3 - 0.8 - - R 1.0 -
PI-524 4/17/2006 1200 - - - - - - -
PI-524 10/1/2007 1400 -- R-0.1 -- R-1.0 -- - R0.9
PI-524 1/21/2012 1131 -- -- -- -- -- - --
PI-524  7/26/2012 0900 1.7 1.5 6.4 2.2 - 3.0 R 0.7
PI-524 7/26/2012 0901 3.7 1.6 4.0 3.0 -- 34 0.9
PI-524 9/11/2012 1000 3 - 9.1 - - 1.5 -
PI-524 10/16/2012 1330 2.7 -- 4.4 -- -- 0.9 --
PI-524 11/14/2012 1130 2.5 - 7.2 - - 1.5 -
PI-524 12/12/2012 1130 1.5 -- 3.0 -- -- 1.4 --
PI-524 12/12/2012 1131 2.5 - 3.6 - -- 0.9 -
PI-524  1/8/2013 1300 -- -- -- -- -- - --
PI-524 2/13/2013 1200 -- -- -- -- -- - --
PI-524 3/13/2013 1300 2.1 - 22 - -- 2.6 --
PI-524  4/3/2013 1500 2.6 -- 7.1 -- -- 1.7 --
PI-524 5/8/2013 1400 -- -- -- -- -- - --
PI-524  6/5/2013 1330 -- -- -- -- -- - --
PI-524  6/26/2013 1230 1.4 - 1.5 - - 1.8 --
PI-552 8/28/2007 1600 -- R-0.2 -- 1 - - R 0.4
PI-552  7/24/2012 1530 R-0.2 R-0.4 1.2 23 - 1.7 RO.1
PI-553  8/29/2007 1000 -- R-2.0 -- R0.2 -- - 24
PI-553 7/25/2012 1000 R-0.1 R0.2 0.5 0.5 -- R 0.4 R 0.3
PI-555 8/30/2007 1000 - RO0.5 - 1.3 - -- 1.4
PI-555 7/17/2012 1200 1.1 1 0.8 1.8 - 1.2 R 0.5
PI-557  9/4/2007 1700 - R-0.8 - R-0.5 - - 0.9
PI-557 7/25/2012 1700 1.5 -- 1.9 -- -- 1.7 --
PI-558  9/5/2007 1100 - R-0.3 - R-0.3 - -- R 0.6
PI-558 7/25/2012 1000 R-0.2 0.6 R-0.1 R 0.4 - R0.2 R-0.1
PI-558 7/25/2012 1001 -- -- -- -- - - --
PI-592  8/17/2011 1200 -- -- -- -- 1.4 - --
PI-592 7/26/2012 1000 R 0.7 -- 2.1 -- -- R 0.7 --
PI-592 6/25/2013 1100 R1.2 -- 2.5 - -- 2.8 --
PI-593 7/18/2012 1500 0.8 -- 0.7 -- - R 0.7 --
PI-593 9/12/2012 1200 1.6 - 1.5 - - 1.7 -
PI-593 10/17/2012 1430 1.7 -- 1.3 -- - 1.7 --
PI-593 11/15/2012 1400 0.7 -- 5.3 -- - 0.9 --
PI-593 12/12/2012 0700 1.2 -- 1.6 -- - 1.0 --
PI-593  1/9/2013 1130 23 -- 1.9 -- - 1.3 --
PI-593  2/12/2013 1000 2.1 - 1.0 -- - 1.3 --
PI-593 3/12/2013 0930 1.8 -- 1.3 -- - R 0.8 --
PI-593  4/4/2013 1150 1.3 - 2.7 - - 2.1 -
PI-593  4/4/2013 1405 2.7 -- 4.2 -- - 1.6 --
PI-593  5/9/2013 1100 - - - - - -- -
PI-593  6/4/2013 1000 -- -- -- -- - - --
PI-593 6/25/2013 1100 1.0 -- R-0.1 -- - RO.1 --
PI-599 7/24/2012 1230 R-04 -- 0.9 -- -- R0.3 --
PI-599 6/25/2013 1430 0.7 -- 0.8 - - R 0.0 --
PI-600 7/24/2012 1100 1.1 - 33 - - R 0.7 -
PI-600 9/11/2012 1300 1.8 -- 1.4 -- - 1.2 --
PI-600 10/17/2012 1100 2.3 - 2.3 - - 1.1 -
PI-600 11/14/2012 1400 2.5 -- 3.7 -- - 0.8 --
PI-600 12/13/2012 1100 1.0 - 2.6 - - R0.2 -
PI-600 1/9/2013 1400 RO.1 -- 1.5 -- - 1.3 --
PI-600 2/12/2013 1400 1.2 - 1.2 - - 0.9 -
PI-600 3/12/2013 1200 1.5 -- 1.2 -- - 1.4 --
PI-600 4/2/2013 1500 2.7 -- 3.0 -- - 1.0 --
PI-600 5/7/2013 1300 -- -- -- -- - - --
PI-600 6/4/2013 1300 -- -- -- -- - - --
PI-600 6/25/2013 1400 R 0.6 - 2.1 - - R 1.0 -



90 Assessment of Methane and Inorganic Constituents in Groundwater in Bedrock Aquifers, Pike County, Pa.

Appendix 1. Compilation of past and current inorganic water-quality data for wells sampled by the U.S. Geological Survey in summer
2012 and more than once from 1982 through 2013 in Pike County, Pennsylvania.—Continued

[USGS, U.S. Geological Survey; mmHg, millimeters of mercury; °C, degrees Celsius; ft bls, feet below land surface, %, percent; mg/L, milligrams per liter;
uS/cm, microsiemens per centimeter at 25 °C; CaCO,, calcium carbonate; ANC, acid neutralizing capacity; SiO,, silicon dioxide; N, nitrogen; P, phosphorus;
ng/L, micrograms per liter; --, no data; <, less than; E, estimated; M, presence verified but not quantified; R, radchem non-detect, below sample-specific criti-
cal level; Th-230, thorium-230; Cs-137, cesium-137; piC/L, picocuries per liter]

Gross beta Gross beta Radon-222
radioactivity, radioactivity, Gross beta Radium-226, . N Uranium
USGS Sample P " 2-sigma combined Radon-222,
3 72 hour count, 72-hour count, radioactivity, water, filtered, . . (natural),
site Date start ) " - uncertainty, water, unfiltered, N
. water, unfiltered, water, filtered, water, unfiltered, radon method, N P water, filtered,
name time A P water, unfiltered, in piC/L X
Cs-137 curve, Cs-137 curve, in piC/L in piC/L in pic/L in pg/L
in piC/L in piC/L P
Parameter code: 63015 62642 85817 09511 76002 82303 22703
PI-274 8/10/1982 1050 - - - - = = -
PI-274 7/17/2012 1600 R03 = = = = 2,000 0.055
PI-288  6/2/1982 1615 - - - - - - -
PI-288  9/6/2007 1200 - R 0.4 - - 46 2,650 0.047
PI-288 7/18/2012 1200 0.7 R 0.0 -- - -- 2,840 0.050
PI-507 7/25/2012 1230 RO0.8 = = = = 1,960 0.136
PI-507 9/12/2012 0930 RO0.2 - - - - 1,760 0.127
PI-507 10/16/2012 1000 R0.2 - - - - 1,840 0.118
PI-507 11/15/2012 1100 3.6 = = = = 1,920 0.110
PI-507 12/12/2012 0900 RO0.5 = = = = 1,900 0.119
PI-507 1/8/2013 1100 R 0.4 = = = = 1,900 0.114
PI-507 2/13/2013 0930 RO0.4 - - - - 1,910 0.122
PI-507 3/13/2013 1130 1.1 = = = = 1,890 0.112
PI-507  4/3/2013 1000 1.6 - - - - 1,890 0.120
PI-507 5/8/2013 1130 = = = = = 1,840 0.105
PI-507 6/5/2013 1030 - - - - - 1,850 0.097
PI-507 6/27/2013 1130 2.1 - - 0.041 - 1,880 0.097
PI-524 4/17/2006 1200 - - - - - - -
PI-524 10/1/2007 1400 -- 0.9 -- -- 23 470 0.222
PI-524 1/21/2012 1131 -- -- -- -- -- - --
PI-524  7/26/2012 0900 24 RO.6 - - - 460 0.137
PI-524  7/26/2012 0901 2.5 R 0.6 -- -- -- - 0.138
PI-524 9/11/2012 1000 1.6 - - - - 510 0.184
PI-524 10/16/2012 1330 1.4 -- -- -- -- 540 0.202
PI-524 11/14/2012 1130 2.5 - - - - 480 0.184
PI-524 12/12/2012 1130 R0.2 -- -- -- -- 450 0.131
PI-524 12/12/2012 1131 1.8 - - - - 470 0.157
PI-524  1/8/2013 1300 -- -- -- -- -- 550 0.162
PI-524 2/13/2013 1200 -- -- -- -- -- 470 0.182
PI-524 3/13/2013 1300 1.6 - - - - 540 0.169
PI-524  4/3/2013 1500 2.4 -- -- -- -- 500 0.146
PI-524  5/8/2013 1400 - - - - - 500 0.225
PI-524  6/5/2013 1330 -- -- -- -- -- 530 0.202
PI-524  6/26/2013 1230 1.9 - - 0.29 - 540 0.149
PI-552 8/28/2007 1600 -- R 0.5 -- -- 17 150 0.210
PI-552  7/24/2012 1530 R 0.8 R 0.4 -- -- - 121 0.102
PI-553  8/29/2007 1000 -- RO.2 -- -- 21 300 E 0.038
PI-553 7/25/2012 1000 R 0.5 0.9 -- -- -- 242 0.034
PI-555 8/30/2007 1000 - 0.9 - - 45 2,430 0.332
PI-555 7/17/2012 1200 1.1 RO.1 -- -- - 2,690 <0.004
PI-557  9/4/2007 1700 - 0.9 - - 37 1,700 0.253
PI-557 7/25/2012 1700 1.1 -- -- -- -- 2,620 0.682
PI-558  9/5/2007 1100 - R-0.5 - - 37 1,730 <0.040
PI-558 7/25/2012 1000 R 0.4 R-0.2 -- -- - 1,410 <0.004
PI-558 7/25/2012 1001 -- -- -- -- - 1,480 --
PI-592 8/17/2011 1200 -- -- 1.3 -- -- 1,210 0.014
PI-592 7/26/2012 1000 1.2 -- -- -- -- 1,320 0.012
PI-592 6/25/2013 1100 33 -- - 0.26 - 1,350 0.013
PI-593 7/18/2012 1500 0.7 -- -- -- - 1,240 0.590
PI-593 9/12/2012 1200 1.1 - - - - 1,300 0.613
PI-593 10/17/2012 1430 1.4 -- -- -- - 1,170 0.611
PI-593 11/15/2012 1400 2.6 - - - - 1,400 0.600
PI-593 12/12/2012 0700 1.4 -- -- -- - 350 1.31
PI-593  1/9/2013 1130 0.8 -- -- -- - 880 0.906
PI-593 2/12/2013 1000 R 0.3 - - - - 1,180 0.604
PI-593 3/12/2013 0930 1.7 -- -- -- - 1,130 0.606
PI-593  4/4/2013 1150 2.5 - - - - 1,130 0.635
PI-593  4/4/2013 1405 2.5 -- -- -- - 1,130 0.627
PI-593  5/9/2013 1100 - - - - - 1,150 0.571
PI-593  6/4/2013 1000 -- -- -- -- - 1,320 0.583
PI-593 6/25/2013 1100 2.6 - - 0.15 - 1,290 0.547
PI-599 7/24/2012 1230 RO.6 -- -- -- -- 320 0.586
PI-599 6/25/2013 1430 2.1 -- -- 0.095 - 251 0.545
PI-600 7/24/2012 1100 R 0.0 - - - - 880 1.11
PI-600 9/11/2012 1300 R 1.0 -- -- -- - 860 1.11
PI-600 10/17/2012 1100 1.4 - - - - -- 1.09
PI-600 11/14/2012 1400 0.7 -- -- -- - 920 1.14
PI-600 12/13/2012 1100 0.9 - - - - 930 1.15
PI-600 1/9/2013 1400 0.7 -- -- -- - 1,080 1.10
PI-600 2/12/2013 1400 R0.3 - - - - 1,090 1.12
PI-600 3/12/2013 1200 0.6 -- -- -- - 1,000 1.04
PI-600 4/2/2013 1500 1.3 -- -- -- - 1,030 1.10
PI-600 5/7/2013 1300 - - - - - 920 0.926
PI-600 6/4/2013 1300 -- -- -- -- - 1,080 0.975
PI-600 _6/25/2013 1400 3.4 - - 0.08 - 1,080 1.01
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