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Summary
This report provides an overview of Otsego County Conservation Association’s What’s In
Our Water? Campaign; a history of water sampling in the area; the purpose and goals for
sampling water; a summary of what was detected in the water; and a comparison to maximum
contaminant levels established by the United States Environmental Protection Agency for
elements of concern to health.
In fall 2013, Otsego County Conservation Association (OCCA) implemented the What’s In
Our Water? Campaign, which sampled water in 84 wells across Otsego County in an effort to
provide a baseline against which changes could be detected, for instance, from hydraulic
fracturing, or hydrofracking, activities. The results from the campaign document bulk chemical
parameters, including pH, alkalinity, acidity, total dissolved solids, specific conductance,
hardness, chemical oxygen demand, detergents, turbidity; volatile organic compounds (60
different compounds, including methane); and inorganic elements including alpha and beta
radioactivity, calcium, arsenic, manganese, iron, strontium, chloride, bromide, and barium. The
bulk chemical parameters measured in this campaign fall within the ranges measured by SUNY
Oneonta researchers (Hasbargen et al., 2013), and by the United States Geological Survey
(Hetcher-Aguila and Eckhardt, 2006; Reddy and Risen, 2012) for different sets of wells in the
area. Overall, groundwater across the county is relatively fresh (dilute) with low concentrations
of dissolved inorganic elements and organic compounds. The absence of chemical compounds
often used in hydraulic fracturing provides a strong comparative baseline if such activities do
take place in the future in Otsego County.
Virtually none of the samples contained detectable quantities of organic molecules associated
with gas drilling activities, implying that the natural background is very low, and so future
detection of such molecules is likely to be a result of human-caused contamination. An ensemble
of chemical parameters including total dissolved solids, alkalinity, specific conductance, pH, and
chemical oxygen demand greatly strengthen the perception that Otsego County has an abundance
of high quality drinking water.
None of the samples exceed maximum allowable concentrations for primary elements of
concern as established by the United States Environmental Protection Agency (USEPA) for
public drinking water supplies except turbidity (see below), though several elements and
chemical compounds of concern were detected. 55% of the wells (46 of 84) had detectable
amounts of methane. Dissolved methane is not considered a health risk for drinking water,
though if it settles into closed areas it can pose an explosive hazard. Concentrations greater than
10 mg/L can be of some concern. 5% of the wells (4 of 84) exceeded 10 mg/L. According to
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results from a recent survey, these values are comparable to what other researchers have found
for wells in New York State, where 53% of the wells had detectable methane concentrations
(Kappel and Nystrom, 2012). 100% of the wells had detectable amounts of gross alpha and beta
radioactivity (from the decay of radioactive elements, such as uranium and potassium), though
none exceeded USEPA guidelines for drinking water. Arsenic was detected in 38% of the wells
(32 of 84), though all of the concentrations were well below USEPA guidelines for drinking
water. Toluene (possibly from paint thinner, or petroleum products) was detected in 2% of the
wells (2 of 84), but concentrations were well below USEPA guidelines for drinking water.
Chloroform was detected in 2% of the wells (2 of 84), but concentrations were well below
USEPA guidelines for drinking water. Bromoform, bromodichloromethane and
dibromochloromethane were detected in 1% of the wells (1 of 84), but at concentrations well
below USEPA guidelines for drinking water. According to the Public Health Statement by the
Agency for Toxic Substances and Disease Registry, chloroform, bromoform,
bromodichloromethane and dibromochloromethane are possible contaminants of drinking water
that has been chlorinated to kill bacteria and viruses that could cause disease. As noted above,
the concentrations of these chemicals were below USEPA primary drinking water guidelines, or
maximum contaminant levels (MCLs). Iron (15% of wells), manganese (30% of wells), total
dissolved solids (2% of wells) and pH (20% of the wells) were all detected at levels exceeding
the National Secondary Drinking Water Regulations (NSDWRs) issued by the USEPA. These
chemical components are not considered health risks for drinking water by the USEPA. Higher
concentrations of iron and manganese cause staining of plumbing fixtures. High total dissolved
solids are usually associated with hard water (high calcium and magnesium concentrations). Low
pH leads to corrosion of plumbing and result in staining; high pH can result in scale forming in
plumbing fixtures. For turbidity, 14% of wells had values which exceed 5 Nephelometric
Turbidity Unit (NTU), the limit established by USEPA. The main cause for concern is that
higher turbidity levels are often associated with higher levels of disease-causing microorganisms
such as viruses, parasites and some bacteria. Clearly, it is a good idea to filter water from private
wells.
In summary, the What’s In Our Water? Campaign has established a strong baseline of
chemical constituents in local groundwater that can be used to assess possible contamination by
shale gas extraction and/or other industrial activities. This baseline for Otsego County was
established at a very reasonable cost. The data from this project contributes to growing
countywide and regional water quality databases which will, over time, lead to a better
understanding of groundwater flow systems and mapping of aquifers.
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Introduction to What’s In Our Water? Campaign
In 2013, Otsego County Conservation Association (OCCA) completed a campaign called
What’s In our Water? (WIOW) to measure the chemical content of drinking water from wells
across Otsego County, New York. Key goals of the program were to establish a baseline for and
fingerprint of well water chemistry by which changes to the wells would be detectable, and
provide a better understanding of groundwater flow systems and subsequent mapping of
aquifers.
The campaign garnered financial support to fund the project, and then OCCA solicited
proposals from companies capable of conducting the water sampling in accordance with the
highest standards for water collection and analysis. Community Science Institute, a non-profit
organization dedicated to establishing a defensible baseline of water chemistry in the Southern
Tier of New York, was awarded the sampling contract. OCCA also hired Dr. Les Hasbargen of
SUNY Oneonta and Catskill Headwaters Research Institute to assist with well site selection. The
wells have been sampled and chemically analyzed. This report provides an overview of the
project, a history of water sampling in the area, the purpose and goals for sampling water, a
summary of what was detected in the water, and a comparison to maximum contaminant levels
established by the USEPA for elements of concern to health.

The History, Purpose and Goals of Groundwater Sampling
High quality drinking water is a fundamental human necessity. In Otsego County, most rural
homes obtain drinking water from private wells, while municipalities supply drinking water to
villages and cities. Both private and public water supplies depend on surface and groundwater
sources. Given the significance of the resource, it was somewhat disconcerting for local
watershed managers, health professionals, concerned citizens, and academics to discover how
very little was known about the actual chemical composition of groundwater across the county.
The stakes for obtaining this kind of information were greatly increased when high volume
hydraulic fracturing associated with extraction of natural gas became a real possibility for the
area. In the absence of water chemistry data, one could not reliably detect contamination. The
county needed a baseline of the chemical composition in our water.
Creating a database of water chemistry is useful for more than service as a legal baseline. All
natural waters contain dissolved elements from water-rock reactions in the ground. Some of
those elements have health risks if exposure levels are too high. It is important to know if there
are any elements of concerns in a region’s water supplies. Thus, while the fear of contamination
by large scale industrial drilling activities fuels the need to document our water, collecting such
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information also provides a wealth of knowledge about the overall quality of the county’s
drinking water. The chemical constituents in the water also provide a clearer picture of how
water is related to the geologic and environmental conditions of the water source.
In 2009, a group of state and federal scientists, academics, watershed managers, nonprofit
organizations, and concerned citizens gathered to discuss research needs in regard to local water
resources. It became very clear to the group that very little was known about water chemistry in
the area. Very soon on the heels of these discussions, SUNY Oneonta, Hartwick College,
Binghamton University, and Otsego County Soil & Water Conservation District began in earnest
to gather existing data and collect new measurements of water chemistry in streams and drinking
water wells across the area. The Research Foundation of SUNY, SUNY Oneonta, and OCCA
provided monetary support for the sampling efforts. Since that time, hundreds of stream, lake,
and groundwater samples have been collected and analyzed, though to varying degrees of detail.
By 2013, about 60-70 wells had been sampled, but the sample locations were mostly restricted to
the southwestern part of Otsego County. To expand the coverage, and generate a legally
defensible database of water chemistry, OCCA initiated its What’s In Our Water? Campaign in
2012-2013.
The WIOW campaign greatly expands drinking water well sampling. The campaign focuses
on the collection of legally defensible chemical baseline data from private wells. As noted above
the main concern was contamination from natural gas development. Thus, chemicals associated
with high volume hydraulic fracturing activities were targeted in the analysis. The results
presented below provide a substantive baseline for future comparison.

Site Selection Criteria
The sampling campaign had three significant components to it. First, funding for the project
was needed. A goal of gathering data from at least 80 wells across the county was established.
The costs of sampling include both the chemical analyses performed by a certified laboratory and
the water collection costs by trained technicians. All told, each sample would cost roughly
$1,000, including sample collection, lab analyses, administration and consultant fees. OCCA
successfully raised the funding for the campaign. The second component involved soliciting
private landowners to participate in the program, and this in turn required a rationale for
sampling wells in different parts of the county. Finally, the water needed to be collected and
analyzed, and the results summarized and synthesized. This report provides information about
the site selection process as well as a summary of the results.
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OCCA staff were in charge of soliciting private landowners to participate in the program. Dr.
Les Hasbargen worked closely with OCCA to aid in site selection from the pool of willing
landowners. Several criteria were established to prioritize site selection. Because a significant
driver behind the program was natural gas drilling, wells in areas likely to be targeted for drilling
were given higher priority. Guidelines for where gas wells should not be sited are provided by
New York State Department of Environmental Conservation (NYSDEC). These guidelines were
used to rank wells for the sampling campaign.
NYSDEC provided the following guidelines in the draft Supplemental Generic
Environmental Impact Statement (dSGEIS) for high volume horizontal drilling and associated
hydraulic fracturing in September 2011.
● Special permits are required for gas wells with less than 2,000 feet of vertical
separation between the aquifer draining to a well and the top of the Marcellus and Utica
shales.
● Special permits are required for well pads within 100 feet of a NYSDEC
Regulated wetland.
● Special permits are required for well pads within 500 feet of a principal aquifer.
● No gas drilling is permitted within State Lands.
● No well pads or access roads are permitted within a 100-year floodplain.
● No well pads are permitted within 2,000 feet of a public water well, river or
stream intakes, and reservoirs.
● No well pads are permitted within 500 feet of a private well (unless waived by the
owner).
Gas wells are more likely to be drilled where the separation distance between an aquifer and the
top of the targeted gas-bearing geologic unit is greater than 2,000 feet. The Marcellus shale is
exposed at the ground surface in the northern part of Otsego County, and dips gently to the
southwest, getting deeper in the subsurface in the southern part of the county. Known depths to
the Utica and Marcellus shales from deep wells drilled across the county provide an estimation
of the depth to the tops of these formations at each well. It was assumed that water wells in a
floodplain, a village, or state land would be less likely to be near a gas drilling operation, so they
received lower priority in the selection process. Given these criteria, the wells most likely to be
near gas drilling fell in the southern half of Otsego County. Because the Utica shale is deeper
beneath the Marcellus shale and has been targeted for natural gas exploitation, water wells in the
northern part of the county may still be in the zone of gas development in the future. These wells
received a lower priority, but numerous wells were selected across this area in order to represent
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the county as a whole. The table of criteria and relative importance is given in Table 1. The sites
appear in the map in Figure 1 below.

Table 1 Relative Priority of Criteria for Well Site Selection
Criteria

Priority

>2000' to Marcellus

High

>2000' to Utica

Moderate

Proximity to 100-year floodplain

Moderate

Proximity to a village

Moderate

Proximity to state lands

Moderate

Proximity to a regulated wetland

Moderate

Proximity to public water supply intake

Low

Proximity to other WIOW wells

Low

Proximity to other monitored wells

Low

Proximity to nearest gas lease

High

Known well depth

High

Known cased depth of well

Moderate

Known depth to static water level in well

Low

Known depth to bedrock in well

Moderate
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Figure 1 Map of sample locations. The locations are color coded by specific conductance of the well
sample. Specific conductance provides a general measure of the amount of dissolved ions in the water.
Higher values in our area most often occur from wells in limestone in the northern part of the county (see
Figure 1). Units are in microSiemens/cm (us/cm).

Chemical Constituent Selection
OCCA provided a list of required chemical parameters based on guidelines from Otsego
County Soil & Water Conservation District (OCSWCD) in a request for proposals (RFP) to
conduct the water sampling. Several proposals were proffered, with varying compliance with the
RFP. The proposal by Dr. Steve Penningroth of Community Science Institute (CSI) was selected
as the proposal which best aligned with the goals of WIOW. CSI is a non-profit 501(c)(3)
organization based in Ithaca, New York that operates the state-certified water quality testing lab
NYSDOH-ELAP #11790. CSI works to assist with water sample collection in advance of natural
gas drilling operations. CSI focuses on a collection protocol which is legally defensible. CSI
proposed to measure: alkalinity, electrical conductivity, pH, total dissolved solids, total
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suspended solids, acidity, turbidity, total hardness (a measure of calcium and magnesium),
arsenic, barium, iron, manganese, strontium, bromide, chloride, dissolved methane, ethane,
propane and butane, MBAS (methylene blue active substances, i.e., surfactants and detergents),
chemical oxygen demand, volatile organic compounds including BTEX (benzene, toluene,
ethylbenzene, xylene), and gross alpha and beta radioactivity. The rationale for each
measurement is extracted from the OCSWCD guidance document and CSI’s proposal, below:
1. Alkalinity - Alkalinity is a measure of water’s capacity to neutralize acids. Monitoring
changes in alkalinity can indicate other changes in water chemistry.
2. Arsenic - Arsenic may be found in biocides used in hydrofracking fluids. It may also be
liberated from shales when reacting with drilling fluids. USEPA drinking water guideline
is 0.01 mg/L.
3. Barium - A principle component of drilling muds. USEPA specifies a drinking water
guideline of 2.0 mg/L.
4. Bromide - Bromide salts may be added to water as a mild biocide.
5. Chloride - A possible component of shale brines. USEPA drinking water guideline is 250 mg/L.
6. Conductivity - Electrical conductivity is one of the simplest and least expensive water
quality indicators. As the amount of dissolved substances in water increase, so too does
the ability of water to conduct an electrical current. Electrical conductivity is a useful
proxy for the amount of substances dissolved in water.
7. Dissolved methane, ethane, propane and butane - Occurs naturally in local aquifers but
may also leak into aquifers as a product of drilling and production.
8. Iron - Commonly found in local waters, iron may also be present in shale beds and may be liberated
from shales during gas development. New York State maximum contaminant level of 0.3 mg/l.
9. Manganese - Commonly found in deep groundwater aquifers, manganese produces a
black stain in the presence of oxygen. The USEPA specifies a drinking water guideline of
0.05 mg/L, while New York State has a guideline of 0.3 mg/L.
10. MBAS (Surfactants/Detergents) - Detergents are used in the hydrofracking process to aid
the liberation of gas from rock. Measuring MBAS levels in water can help indicate the
presence or absence of hydrofracking fluids in water supplies. USEPA drinking water
guideline is 0.05 mg/L.
11. pH - A basic water parameter sensitive to small changes in water chemistry. Acids used in
hydrofracking fluids may lower the pH of water. USEPA drinking water guideline is 6.5- 8.5.
12. Strontium - Strontium has been commonly found in waters associated with shale beds.
Strontium levels may help fingerprint water migrating from natural gas formations.

Page 11 of 35

Report on OCCA WIOW Campaign
by Catskill Headwaters Research Institute
at SUNY Oneonta
Acting Director
Dr. Les Hasbargen
Office: (607) 436-2741
Email: Leslie.Hasbargen@oneonta.edu

____________________________________________________________________________
13. Total Dissolved Solids - Deep shale brines may have a high TDS. Also indicates all
dissolved species in water. USEPA (1986) drinking water guideline is 500 mg/L.
14. Total Hardness - Hardness is a measure of all the calcium and magnesium dissolved in a
water sample, common in areas with limestone. Both calcium and magnesium levels may
be affected by changes in water chemistry due to mixing with natural gas fluids.
15. Total Suspended Solids - This is a direct measurement of all particulate matter
transported by water which can cause water to look cloudy or turbid. Changes in
suspended sediment in groundwater can be caused by the growth of organic material, the
precipitation of iron minerals, or the mobilization of fine grained sediments caused by
injecting water or pumping water from an aquifer.
16. Acidity - Can detect the addition of acid when the pH may not be affected much.
17. Turbidity - Measures the amount of light that is scattered by particles in suspension (cloudiness).
18. Chemical Oxygen Demand - Measures organic pollutants in wastewater and may be more
meaningful to regulatory agencies.
19. Volatile Organic Compounds - EPA method 524.2 measures 57 VOCs in drinking water,
including BTEX (benzene, toluene, ethylbenzene and xylene). This test also yields results
for naphthalene and some disinfection byproducts (trihalomethanes).
20. Gross alpha and beta radioactivity - Includes all alpha emitters and all beta emitters that
might be present in flowback.
21. Calcium - Measuring both calcium and total hardness provides some useful redundancy.
Other metals, including iron, can interfere with the total hardness test and make the
calcium/magnesium concentration appear greater than it actually is.

Sampling Methodology
The goal for water well sampling is to obtain a representative sample of groundwater.
Filtration and treatment systems alter water chemistry, and the various systems differ in how
they affect water. Thus, the sampling method seeks to collect water which has had minimal
contact with plumbing and is unfiltered and untreated. Usually, most plumbing systems coming
from a well provide a spigot for access to water before it is filtered and/or treated. Prior to
collecting a sample, water in the plumbing system is purged by allowing the water to run for 510 minutes, or in some cases, after 10 gallons had been flushed through the pipe. Samples are
then collected, analyzed, labeled and bottled, a chain of custody recorded, and then returned to
the CSI laboratory and subcontract laboratories Benchmark Analytics and pCi Laboratories for
analyses. pH was measured on site.
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Summaries of the data in tabular and graphical formats
CSI provided the chemical constituents along with location and notes about sampling
conditions for each sample. Summary statistics of the chemical results are reported in Table 2
below, along with detection limits and water quality guidelines from United States
Environmental Protection Agency (USEPA). Few of the samples exceed maximum allowable
concentrations for elements of concern. Table 2 is ordered first by number of samples (largest to
smallest) and then by the average from large values on top to smallest values on bottom.

Table 2 Summary of Detected Chemical Constituents in Wells
Chemical
Parameter
and units

Number
90% of 10% of
of
Detect- Aver- Maxi- Mini- Standard
samples samples
samples
Skew
ion limit age
mum mum deviation
are less are less
above
than
than
detection

EPA
MCL
Primary
List

EPA
MCL
Secondary List

Specific
Conductance
(uS/cm)

84

NR

313.2 1295.0

50.8

208.9

2.3

490.8

84.3

none

none

Total
Dissolved
Solids
(mg/L)

84

25

191.0

805.0

25.0

131.1

2.5

297.0

71.0

none

500

Total
Hardness
(mg/L)

84

NR

91.1

345.0

3.0

62.7

1.5

161.6

22.4

none

none

Turbidity
(NTU)

84

NR

3.4

85.7

0.0

10.2

6.6

5.5

0.1

1

none

Calcium
(mg/L)

84

NR

26.9

83.6

0.6

17.4

0.9

46.2

6.2

none

none

pH

84

NR

7.27

9.69

5.75

0.74

0.5

8.2

6.3

6.5-9.0

none

Gross alpha
radioactivity
(pCi/L)

74

NR

0.98

8.21

-1.27*

1.28

2.6

2.6

0.0

15

none

Gross beta
radioactivity
(pCi/L)

81

NR

1.18

7.83

-0.21*

0.98

3.8

2.1

0.4

~50

none
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Chemical
Parameter
and units

Number
90% of 10% of
of
Detect- Aver- Maxi- Mini- Standard
samples samples
samples
Skew
ion limit age
mum mum deviation
are less are less
above
than
than
detection

EPA
MCL
Primary
List

EPA
MCL
Secondary List

Strontium
(mg/L)

84

NR

0.29

1.28

0.01

0.29

1.3

0.7

0.0

none

none

Barium
(mg/L)

84

NR

0.07

0.57

0.00

0.08

3.2

0.1

0.0

none

none

Alkalinity
(mg/L)

79

20

132.7

561.0

22.0

80.6

2.1

213.2

39.8

none

none

Iron (mg/L)

71

0.005

0.3

4.8

0.0

0.7

5.3

0.5

0.0

none

0.3

Manganese
(mg/L)

65

0.002

0.1

0.5

0.0

0.1

2.5

0.2

0.0

none

0.05

Acidity
(mg/L)

57

3

6.9

23.0

2.0

4.5

1.8

13.0

3.0

none

none

Chloride
(mg/L)

51

2

24.4

183.0

2.0

35.5

2.5

72.5

2.3

none

250

Methane
(mg/L)

46

0.001

2.5

31.0

0.0

5.8

3.4

6.6

0.0

none

none

Arsenic
(mg/L)

32

0.0005 0.0017 0.0083 0.0005 0.0016

3.0

0.0

0.0

0.01

none

Bromide
(mg/L)

30

0.2

0.80

1.71

0.21

0.46

0.6

1.6

0.2

none

none

Total
Suspended
Solids
(mg/L)

8

2

4.8

8.0

2.0

2.5

0.3

7.5

2.5

none

none

Chemical
Oxygen
Demand
(mg/L)

2

10

12.5

14.0

11.0

1.5

13.7

11.3

none

none

Methylene
Blue Active
Substances
(mg/L)

2

0.04

0.084

0.098

0.069

0.015

0.1

0.1

none

none
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Abbreviations: uS/cm = microSiemens per centimeter; mg/L = milligrams per liter; NR = not reported; EPA MCL =
U. S. Environmental Protection Agency maximum contaminant level.
*= as reported to CSI by pCi Labs. Negative values are probably the result of a calibration curve not intended for the
low measured input value for gross alpha and beta.

The overall picture provided by the tabulated summary in Table 2 above is that:
1. The drinking water from local wells is fairly fresh, with low concentrations of dissolved
elements, as indicated by an average total dissolved solid component of 191 mg/L;
2. The variability between wells for any given constituent is moderately high, with the
standard deviation usually greater than half of the average, or roughly 50% or more of the
average;
3. The positive skew coefficients indicate that the scattered values for any given parameter
cannot be described by a normal distribution, but rather that there are more large values,
and fewer low values than one might expect;
4. While elements which are of concern for health such as arsenic and gross alpha and gross
beta radioactivity are present in detectable amounts in many wells (38%, 88%, and 96%
respectively), the concentrations fall below limits established by the USEPA;
5. Methane was detected in 54% of the wells (46 of 84). A few of the wells contained more
than 10 mg/L, which is a suggested value for well owners to mitigate their wells for
methane (Office of Surface Mining action level is 10 mg/L; see Eltschlager and others,
2001).
The average and range of values for all of the chemical parameters measured by CSI are
very similar to the measurements that have been made of local waters by the United States
Geological Survey (Hetcher-Aguila and Eckhardt, 2006; Reddy and Risen, 2009) and by SUNY
Oneonta (Hasbargen et al., 2013). Collectively, nearly 150 wells have been measured across
Otsego County in the last decade, and the range of values as measured by several different
agencies all span a common range. Thus, if future measurements were to fall outside of the
range, it would be likely that contamination from new activities is responsible.

Maps of Chemical Concentrations across Otsego County
Maps of chemical constituents provide a view into the variation of a constituent across space,
and could highlight areas with excessively high or low values. Maps for several of the chemical
constituents measured in local wells during this campaign are given below.
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Figure 2 Map of specific conductance. Map depicts concentration of dissolved ions in wells
across Otsego County.
Specific conductance is a measure of the ability of a fluid to conduct electricity. If there are
more dissolved elements in the water, the conductance increases. Specific conductance is one of
the simplest and most useful measures of water chemistry, in that it is inexpensive and easy to
measure, and it provides a measure of the total ions in the water. The amount of elements
dissolved in the water depends on the ability of the water to dissolve minerals in the rock, and on
the kinds of minerals that are in the rock. Limestone is a common rock type in the northern part
of Otsego County. It is more soluble than sandstone, siltstone and shale. Waters draining from
limestone units tend to have more calcium and magnesium in solution, and consequently, the
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water has a higher specific conductivity. Clearly, the highest values of specific conductivity
occur in the northern part of Otsego County, corresponding to where limestone is at or close to
the ground surface.

Figure 3 Map of alkalinity across Otsego County.
Alkalinity is a measure of how much acid can be absorbed by water without a significant
change in pH. Waters with low alkalinity are very sensitive to the addition of acid, and tend to be
corrosive. No clear pattern of alkalinity is visible in the map above. Overall, our waters tend to
be low in alkalinity, which is consistent with low concentrations of dissolved ions in our water.
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Figure 4 Map of total dissolved solids across Otsego County.
Concentration of total dissolved solids tends to be low to moderate in Otsego County. There
may be a slight tendency toward higher concentrations in the northern part of the county, which
could be related to the presence of limestone in the area, which is more soluble.
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Figure 5 Map of turbidity across Otsego County.
Turbidity is a measure of water clarity. Fine particles such as clay or microbes can both
affect turbidity. According to the USEPA, “For systems that use conventional or direct filtration,
at no time can turbidity (cloudiness of water) go higher than 1 Nephelometric Turbidity Unit
(NTU), and samples for turbidity must be less than or equal to 0.3 NTUs in at least 95 percent of
the samples in any month. Systems that use filtration other than the conventional or direct
filtration must follow state limits, which must include turbidity at no time exceeding 5 NTUs.”
These guidelines apply to public water supply systems. Many of the private wells exceed these
guidelines. However, sampling of these wells occurred prior to any filtration, so one might
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expect higher turbidity values. Unfiltered water exhibits no clear spatial pattern of turbidity on
the map.

Figure 6 Map of well depth, measured in feet below the ground surface.
Depth of wells sampled in this campaign span a range from a few tens of feet to hundreds of
feet, though most (90%) are deeper than 50 feet, with average depth being 162 feet. Information
about the well depth was known for only 45 of 84 wells sampled in this campaign.
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Figure 7 Map of water hardness across Otsego County.
Hardness is a measure of dissolved calcium and magnesium in the water. In Otsego County,
the hardest water occurs in the northern part of the county where wells tap into waters draining
limestone. Limestone, when it dissolves, provides significant quantities of calcium and
magnesium.
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Figure 8 Map of calcium across Otsego County.
As noted for hardness, calcium concentration is related to the presence of limestone bedrock.
In Otsego County, the highest calcium concentrations occur in the northern part of the county
where wells tap into waters draining limestone. Limestone, when it dissolves, provides
significant quantities of calcium and magnesium.
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Figure 9 Map of methane concentration in wells in Otsego County.
It is very common for water wells in Otsego County to contain some methane. 45 of 84 wells
contained detectable levels of methane in this campaign. Highest concentrations appear to occur
in the northern part of the county, presumably because they penetrate the Marcellus shale, which
is near or at the surface in that area. Methane can be created by microbial action in shallow
groundwater as well, so that could explain the frequent occurrence of methane across the county.
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Figure 10 Map of arsenic concentration in wells across Otsego County.
Arsenic was detected at very low levels in many wells (32 of 84 wells) across Otsego County in
this campaign. All of the concentrations were well below the USEPA maximum contaminant
level 0.01 mg/L.
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Figure 11 Map of gross alpha radioactivity in wells across Otsego County.
Radioactivity is a result of spontaneous breakdown of an atomic nucleus. There are several
naturally occurring elements which have radioactive isotopes, such as potassium, uranium,
thorium, and radium. There are two main styles of radioactive decay. Alpha decay is more
energetic than beta decay. Gross alpha radioactivity detects the more energetic decays, which
could be produced by several different elements. There does not appear to be a spatial pattern of
alpha radioactivity in Otsego County. Virtually all wells sampled had measurable alpha activity.
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Figure 12 Map of gross beta radioactivity in wells across Otsego County.
Gross beta radioactivity detects the lower energy of beta decays. Several different kinds of
naturally occurring radioactive elements can decay via beta decay. 98% of wells sampled in this
campaign had measurable beta activity. Measured alpha and beta activities from this campaign
are below USEPA maximum contaminant levels for alpha particles. The MCL for beta particles
is 4 millirems/yr. While the conversion between millirems and picocuries is not simple, 4
millirem/yr is generally considered equivalent to 50 pCi/L.
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Figure 13 Map of barium concentration in wells across Otsego County.
USEPA states that barium is usually sourced from discharge of drilling wastes, discharge
from metal refineries and erosion of natural deposits. Higher concentrations could increase blood
pressure. None of the concentrations of barium, which were detected in all of the wells, exceeded
the USEPA maximum contaminant level for barium (2 mg/L).
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Figure 14 Map of strontium concentration in wells across Otsego County.
USEPA recommends that drinking water levels of stable strontium should not be more than 4
milligrams per liter of water (4 mg/L). None of the measurements of strontium exceed this limit.
Strontium has a valence state and size which allows it to fit into the mineral calcite where it
replaces a calcium atom. Calcite is common in limestone, so the higher concentration of
strontium in the northern part of the county is likely related to the presence of limestone in that
area.
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Figure 15 Chart of selected concentrations of chemical constituents vs. well depth.
Deeper wells, one might hypothesize, sample groundwater that is older and has spent more
time in contact with the rocks, and thus would have more elements dissolved in the water. The
figure above does not support that hypothesis. Both specific conductance and total dissolved
solids are not significantly more concentrated in deeper wells than shallow ones. The hypothesis
cannot be completely ruled out, however, because wells could be cased and closed off to a
significant portion of the rock column, and only open to waters at certain levels (perhaps shallow
ones). Unfortunately, the cased intervals of each well were not provided or known by most well
owners, so no conclusive statements can be made about water depth and concentration. Indeed,
only about half of the wells (54%, or 45 of 84) had known well depths.

Page 29 of 35

Report on OCCA WIOW Campaign
by Catskill Headwaters Research Institute
at SUNY Oneonta
Acting Director
Dr. Les Hasbargen
Office: (607) 436-2741
Email: Leslie.Hasbargen@oneonta.edu

____________________________________________________________________________

Figure 16 Map of iron concentration in wells across Otsego County.
Iron concentration in drinking water is not considered a health risk. It is, however, considered
by the USEPA to be a nuisance element which can impart a rusty color to water, leave a metallic
taste and result in reddish or orange staining around sinks. The secondary drinking water
regulation maximum contaminant level for public water suppliers established by the USEPA for
iron is 0.3 mg/L. 16 % of wells (13 of 84) exceeded the USEPA guideline. Note that iron was
detected in 71 of the wells.

Wells with Detected Chemicals of Concern
Of the 60 volatile organic compounds (VOCs) tested for in the water samples, virtually no
volatile organic compounds were detected except methane (55% of wells), and for a few wells
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where toluene, and byproducts of chlorination (chloroform, bromoform, bromodichloromethane,
and dibromochloromethane) were detected. Chloroform, bromoform, bromodichloromethane,
and dibromochloromethane were detected in water from a public water supply well that was
probably chlorinated. The concentrations of chloroform (0.0039 mg/L) and
dibromochloromethane (0.0015 mg/L) in the well do not exceed USEPA maximum contaminant
levels for these chemicals (0.07 and 0.006 mg/L respectively).
Concentrations of bromoform (0.0006 mg/L) and bromodichloromethane (0.0017 mg/L) did
however, exceed USEPA maximum contaminant level goals (0 mg/L) in one well. Bromoform
was barely above the detection limit for the analytical test, so its presence is questionable.
Bromodichloromethane was clearly above the detection limit, which is 0.0005 mg/L for both
bromoform and bromodichloromethane. The sampling team suggests that the water sample was
likely collected from a chlorinated source inadvertently. The Agency for Toxic Substances and
Disease Registry provides additional information about byproducts of chlorination, including
how they are generated, and their toxic levels and effects. See Toxicological Profile for
Chloroform in the references at the end of this report for additional information.
Toluene, another volatile organic compound, was detected in two private wells, but the
concentrations (less than 0.03 mg/L) were well below maximum contaminant level goals
established by the U.S. Environmental Protection Agency (1 mg/L). New York State treats
toluene as a Principal Organic Contaminant (POC), which has a maximum contaminant level of
0.005 mg/L, so one sample exceeds the state regulatory guideline for public water supplies.
According to the Agency for Toxic Substances and Disease Registry, “Toluene is used in making
paints, paint thinners, fingernail polish, lacquers, adhesives, and rubber and in some printing and
leather tanning processes. It is disposed of at hazardous waste sites as used solvent or at landfills
where it is present in discarded paints, paint thinners, and fingernail polish...Toluene enters the
environment when you use materials that contain it, such as paints, paint thinners, adhesives,
fingernail polish, and gasoline...Toluene enters surface water and groundwater (wells) from spills
of solvents and petroleum products as well as from leaking underground storage tanks at gasoline
stations and other facilities. Leaking underground storage tanks also contaminate the soil with
toluene and other petroleum-product components.” The wells may be in proximity to old dump
sites for paint or gasoline.
Other elements of health concern were measured by CSI. These include gross alpha and beta
radioactivity, barium, chloride, arsenic, and methylene blue active substances (MBAS), which is
a test for the presence of anionic surfactants (detergents or foaming agents). While these were
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detected in some wells, all concentrations were below USEPA primary drinking water
contaminant level guidelines.
Turbidity was a common pollutant in all wells. According to USEPA, turbidity characterizes
the cloudiness of water, which can be an indicator of disease-causing organisms such as viruses,
parasites and some bacteria. 38% of the wells sampled exceeded USEPA drinking water
guidelines of 1 NTU (nephelometric turbidity unit). Samples were collected prior to filtration
systems, so higher values are only a cause for concern if the well is unfiltered.
Of the remaining chemical constituents that were measured by CSI, a few wells exceeded
USEPA secondary guidelines established for various cosmetic aspects of the water, such as
color, taste and odor. The chemical constituents which exceeded the secondary limits include
total dissolved solids, pH, iron, and manganese. Two water samples (760 mg/L and 805 mg/L)
exceeded the USEPA secondary guidelines for total dissolved solids (500 mg/L). Total dissolved
solids at these levels could cause plumbing pipes to develop scale, but no harmful health effects
are expected from these levels. pH at several wells (14% of wells) were below 6.5, indicative of
corrosive water, and at several wells (6% of wells), pH was above 8.5, usually indicative of hard
water. Iron and manganese concentrations for many wells exceeded the secondary contaminant
levels (16% and 30% of wells, respectively). Likely effects from these elements are mostly taste,
and the development of staining and scale around plumbing fixtures.

Groundwater Chemistry and Rock Type
Of the chemical constituents that were measured, calcium provides a direct link to rock type.
As portrayed in Figure 17, sandstone, shale, siltstone, and limestone are common types of rock
underlying Otsego County. Limestone contains the mineral calcite, which is composed of
calcium carbonate (CaCO3). Calcite dissolves more readily than the minerals which make up
sandstone, siltstone, and shale, which typically comprise quartz, clay, and mica. When calcite
dissolves, it releases calcium ions into the fluid. Thus, higher calcium concentrations would be
expected in areas of the county where wells penetrate limestone. This is indeed the case. The
highest concentrations of calcium occur in the northern part of the county, where limestone is
either exposed at the ground surface, or not too deeply buried. See Figure 8 for a visual portrayal
of calcium concentration across the county. In Figure 17, the general geology of Otsego County
is portrayed. In the northern part of the county, limestone layers are more common. The very
dark brown unit draped across the northern section of the county is the Marcellus shale, which is
dominated by black shale, but it does have some layers of limestone as well.
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Figure 17 Geologic Map of Otsego County.
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