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Ground-water-quality survey of the Indian River Bay
watershed, Sussex County, Delaware:

Results of sampling, 2001-03

By Joshua W. Kasper and Scott A. Strohmeier

INTRODUCTION

The Indian River Bay (IRB) watershed
located in Sussex County, Delaware (Figure 1),
contains a coastal lagoon, tidal and non-tidal streams,
and ponds that are enriched with nitrogen (N) and
phosphorus (P). In accordance with Section 303(d)
of the Clean Water Act, the Department of Natural
Resources and Environmental Control (DNREC)
developed Total Maximum Daily Loads (TMDLs)
for N and P discharges in this watershed. The
TMDLs address both point- and nonpoint-source
discharges and are intended to ensure that surface-
water-quality standards are achieved and maintained.
The nonpoint-source component of the TMDL
requires N and P load reductions of up to 85 and 65
percent, respectively (DNREC, 1998). The nonpoint-
source load reductions are among the highest
statewide and indicate the significance ground-water
discharges and overland flow have on surface-water
impairments in the IRB watershed.

Several studies of ground-water quality in
Delaware’s Inland Bays region, which includes the
IRB watershed, have documented the presence of
elevated nitrate as nitrogen (hereafter “nitrate”)
concentrations (Andres, 1991a, 1991b; Denver, 1989,
1993; Ritter and Chirnside, 1982, 1984; Robertson,
1977, 1979). Data on phosphorus in ground water
are, however, lacking. Robertson’s (1977, 1979)
work provided the most areally-extensive assessment
of ground-water quality in the IRB watershed and
surrounding region; therefore, more than 20 years
have passed since a comprehensive assessment of the
resource has been conducted. (Andres’ (1991a) study
also was areally extensive, but it involved portions of
Delaware east of 75°15” west longitude.)

The DNREC initiated the study described in
this report to assess the current status of ground-
water quality in the IRB watershed. DNREC

collected samples during 2001-03 from wells
completed in the Columbia aquifer, which also is
recognized as the unconfined or water-table aquifer
in the Coastal Plain of Delaware (Andres, 1987;
Talley, 1988). Primary project objectives were to (i)
assess and document the current distribution of major
ions and nutrients (nitrate as N, ammonia as N, and
phosphorus) in the Columbia aquifer and (ii)
establish a network of wells that would permit future
ground-water sampling and trend analysis.
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Figure 1. Map showing the location of the Indian
River Bay watershed.
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Purpose and scope

This report presents the results from the 2001-
03 ground-water sampling effort. The study area is
described in terms of land use, hydrogeologic
framework, and ground-water recharge potential.
Details regarding the well network, sampling
methodology, laboratory analytical methods, quality
assurance (QA) procedures, and quality control (QC)
measures are provided. Data are summarized in
tabular format and qualified where appropriate. A
general statistical summary of the data is provided.
Data are evaluated with respect to Federal standards
for drinking water (U.S. EPA, 2004) and surface
water (U.S. EPA, 1986). Major-ion chemistry is
discussed with geochemical interpretations based
largely on the work of others (Hamilton et al., 1993;
Andres, 1991a; Denver, 1986, 1989, 1993). Lastly,
the occurrence of nitrate and phosphorus are
evaluated in terms of spatial distributions,
geochemical environment, and recharge-potential
setting (Andres et al., 2002).
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DESCRIPTION OF STUDY AREA

The IRB watershed encompasses
approximately 188 mi” in southeastern Sussex
County, Delaware (Figure 1). Land-surface
elevations range from mean sea level (msl) to
approximately 50 ft above msl. Drainage consists
primarily of tidal and non-tidal streams, which, in
some areas, are interrupted by man-made ponds. An
extensive network of drainage ditches exists in the
southernmost portion of the study area. The IRB also
exchanges water (via tidal processes) with Rehoboth
Bay to the north, the Atlantic Ocean to the east, and
Little Assawoman Bay to the south. Climate within
the region is humid with an average annual rainfall of
46 inches (Johnston, 1976). Net ground-water
recharge (recharge minus ground-water evaporation)
is approximately 13 in/yr (Johnston, 1976).
Population in the study area fluctuates seasonally due
to proximity to the Atlantic Ocean and coastal resort
areas.

Land Use

Agriculture is the dominant land use in the
IRB watershed, covering approximately 37% of the
study area based on 1997 estimates (DOSPC, 1999;
Figure 2). On the Delmarva Peninsula, most
agricultural land is used to grow corn and soybeans
for chicken feed (Shedlock et al., 1999; Denver et al.,
2004). According to the 2002 Census of Agriculture
(USDA, 2004a), over 223 million broiler and other
meat-type chickens were sold in Sussex County in
2002. At almost 40 million birds and nearly 379
million dollars in 2002, Sussex County ranked first
nationwide in broiler inventory (out of 2,599
counties) and poultry and egg sales (out of 2,918
counties), respectively (USDA, [2004b]). The
remaining land use in the study area is 22% forest
land, 16% wetlands, 13% urban land, 9% water, 2%
range land, and 1% barren land (DOSPC, 1999;
Figure 2). A comparison between 1997 and 2002
(DOSPC, 2003) land-use estimates revealed minor
reductions in agriculture (-1%) and forest land (-2%),
resulting in slight increases in urban land use (+2%)
and wetlands (+1%).
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Figure 2. Map of the Indian River Bay watershed
showing sample locations and 1997 land-use
classifications and pie chart showing areal
percentages of 1997 land-use classifications. Digital
land-use classification data are from DOSPC (1999).

Hydrogeology

The study area is located within the Atlantic
Coastal Plain Physiographic Province, which
generally consists of a seaward-dipping wedge of
sedimentary rocks. The near-surface sediments of
the Coastal Plain form the unconfined hydrologic unit
referred to as the Columbia aquifer (Andres, 1987;
Talley, 1988). In the study area the Columbia aquifer
is a lithologically-complex unit comprised of several
lithostratigraphic units including unnamed Holocene-
age deposits; the Pleistocene- to Holocene-age
Cypress Swamp Formation; the Pleistocene-age
Lynch Heights, Scotts Corners, and Omar
Formations; the Pliocene-age Beaverdam Formation;
and the upper Miocene-age Bethany Formation

(Andres and Howard, 2000; Ramsey, 2001; and
Andres et al., 2003).



Holocene deposits and the Cypress Swamp,
Lynch Heights, Scotts Corners, and Omar Formations
form the surficial portion of the Columbia aquifer
and are composed of sand, silt, and clay. Each of
these units is relatively thin across the study area and
considered to be minor components of the Columbia
aquifer; their distributions and lithologies, however,
affect unsaturated flow and recharge. Fine-grained
beds within these formations can serve as leaky
confining units in certain locations in eastern Sussex
County. The Beaverdam Formation and Bethany
Formation subcrop the surficial units and serve as the
subsurface portion of the Columbia aquifer (Ramsey
and Schenck, 1990). The Beaverdam Formation
comprises the bulk of the Columbia aquifer’s
saturated thickness; lithologies consist of medium to
coarse sand with varying amounts of gravel, fine
sand, silt, and clay found in discontinuous lenses and
layers (Andres, 1991a). The underlying Bethany
Formation is predominantly silt containing
interbedded fine to coarse sands (Ramsey and
Schenck, 1990). Over much of the study area
confining beds in the Bethany Formation form the
base of the regional surficial aquifer system. Where
these beds are absent the sands of the Bethany
Formation are hydraulically connected to those of the
Beaverdam Formation creating a thick unconfined
aquifer. The thickness of the Columbia aquifer is
variable across eastern Sussex County, ranging from
a minimum of 75 feet to a maximum of over 200 feet
(Andres, 1987; Talley, 1988).

Recharge Potential

Ground-water recharge potential was mapped
in Kent and Sussex Counties, Delaware, to
characterize the water-transmitting capabilities of the
uppermost 20 feet of sediments (Andres, 2004).
(Refer to Andres (1991c¢) for mapping methodology.)
Results of the mapping effort indicate the majority of
land area, 40%, is classified as “fair” recharge
potential (Andres et al., 2002; Figure 3). The
remaining land area within the IRB watershed is
classified as 33% “good”, 21% “poor”, and 6%
“excellent.” According to Andres (2004), the large
contiguous areas of fair and poor recharge potential
in the southern portion of the study area (Figure 3)
reflect the underlying fine-grained deposits of the
Cypress Swamp and Omar Formations.

METHODS OF STUDY

Description of well network

The well network consists of 255 wells
completed in the Columbia aquifer (Figures 2 and 3).
Large-scale maps depicting well locations and local
identifiers are provided in Appendix 1. Well details
are provided in Appendix 2. As-built construction
information is available for a majority of the total
well population. Where well construction
information was not available, it was based on
information noted on the well permit application or
otherwise reported by the well owner. Sample
depths, which were taken to be the mid point of the
well screen, ranged from 6 to 108 ft below ground
surface (bgs) with a median depth of 61 ft bgs
(Figure 4a). Most of the sample depths (214; 84%)
were within the range of 40 to 80 ft bgs (Figure 4b).
Shallower (between 0 and 40 ft bgs) and deeper
(between 80 and 110 ft bgs) sample depths account
for 9 and 7% of the wells sampled, respectively
(Figure 4b). Wells are identified by type (domestic,
D; public, P; monitor, M; agricultural, A; and
commercial, C) in Appendix 2. Definitions of these
well types are provided in the “Delaware Regulations
Governing the Construction and Use of Wells”
(DNREC, 1997). (Note that wells identified as “P” in
Appendix 2 include both public and miscellaneous
public wells, as defined in the Regulations.) With
reference to Figure 4c, domestic wells make up a
majority of the well network (200; 78.4%), followed
by public wells (22; 8.6%), monitor wells (14; 5.5%),
agricultural wells (12; 4.7%), and commercial wells
(75 2.7%).
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Figure 3. Map of the Indian River Bay watershed
showing sample locations and recharge-potential
classifications and pie chart showing areal
percentages of recharge-potential classifications.

Digital recharge-potential data are from Andres et al.
(2002).

Ground-water sample collection and
laboratory analysis

Ground-water samples were collected as
prescribed in the quality assurance project plan
(Kasper and McCleary, 2001). Prior to sample
collection, all wells were purged to evacuate stagnant
water. Water-supply wells such as domestic, public,
agricultural, and commercial wells were purged via
dedicated pumps, which generally consisted of

centrifugal (i.e., “jet”) or submersible pumps;
however, some of the higher-capacity public wells
were equipped with turbine pumps. For water-supply
wells associated with treatment systems, pre-
treatment spigots were used for both purging and
sample collection. Monitoring wells were purged
and sampled using a Whale 921 12-volt DC
submersible pump coupled with Tygon tubing.
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Figure 4. (A) Percentile diagram of sample depth
distribution, (B) frequency histogram of sample
depth, and (C) frequency histogram of well
classification. [ft bgs, feet below ground surface]

A Solinst water-level probe was used to measure
depth to water (in feet below top of casing) prior to
purging monitoring wells.

Temperature (T), specific electrical
conductance (SEC), dissolved oxygen (DO), and the
potential for hydrogen (pH) were monitored during

well purging and allowed to stabilize prior to sample
collection. Prior to February 11, 2002 (42 samples;
16.5% of total), field measurements of T, SEC, and
DO were made using a YSI 85 and pH was
determined using an Oakton pHTestr2. Beginning on
February 11, 2002 and until project completion (213
samples; 83.5% of total), measurements of all field
parameters were made using a YSI 556 multi-probe
system (MPS). All monitoring equipment used in the
field was periodically calibrated or checked against
standard solutions. The pH probe on the YSI 556
MPS was replaced in late August 2003 due to



apparent probe malfunction noted during a
calibration event.

After field parameters stabilized, laboratory-
prepared Nalgene sample bottles were filled with
discharge water filtered using 0.45-micrometer (-pum)
pore-size in-line capsules manufactured by Pall
Corporation. Sample bottles for the analysis of
calcium (Ca"), iron (Fe*" for anoxic water and Fe®*
for oxic water (Denver, 1986, p. 72)), magnesium
(Mg*"), potassium (K"), and sodium (Na") contained
nitric acid (HNOs) for preservation. Sample bottles
for the analysis of phosphorus (P*") and ammonia as
nitrogen (NHj; as N; “ammonia”) contained sulfuric
acid (H,S0O,), also for preservation. Sample bottles
for the remaining analyses, namely nitrate plus nitrite
as nitrogen (NO3+NO;" as N; “nitrate”), chloride (CI
), silica as silicon dioxide (Si0»), sulfate (SO4%), and
alkalinity as calcium carbonate (CaCO3), contained
no preservatives. Dedicated sample bottles were
filled for alkalinity analysis; this permits titration of
the entire sample volume and is generally
recommended when alkalinity is not measured in the
field (Deutsch, 1997). Samples were placed in a
cooler with ice and a temperature blank and
relinquished to the laboratory on the day of
collection. Field logs documenting ground-water
sampling activities are on file at the DNREC and may
be inspected upon request.

Sampling equipment was cleaned via soaking
in a solution of tap water (City of Dover) and
phosphate-free Liquinox detergent. The cleaning
solution was prepared per Liquinox specifications.
Subsequent to soaking, the equipment was rinsed
with ultra-pure deionized water. (The submersible
pump and tubing setup used to sample monitoring
wells was cleaned by circulating the Liquinox
solution, followed by circulating and rinsing with
ultra-pure deionized water.) At each sampling site,
the sampling equipment was flushed with raw ground
water prior to sample collection.

The geographic coordinates of each well
sampled were determined using a Trimble
GeoExplorer Il hand-held global-positioning system
(GPS). The GPS data were differentially corrected
using Trimble’s GPS Pathfinder Office (version 2.70)
software. For wells cut off below grade or otherwise
not visible, well locations were approximated based
on the location reported by the well owner or on the
permit application. Well coordinates (easting and
northing in Appendix 2) are in Delaware State Plane,

meters (m), North American Datum of 1983
(NADS3).

Laboratory analyses were performed by the
DNREC’s Environmental Laboratory Section (ELS).
Project analytes and the respective analytical
methods used by the ELS are summarized in Table 1.
Samples collected during and after May 2002 for
sulfate analysis were submitted to and analyzed by
Lancaster Laboratories, Inc. located in Lancaster,
Pennsylvania, to obtain lower quantitation limits.
Those data are qualified with an “O” in Appendix 2.

Quality assurance and quality control

Project-specific quality assurance (QA)
procedures and quality control (QC) measures are
outlined in the quality assurance project plan, or
QAPP (Kasper and McCleary, 2001). The ELS also
maintains a quality assurance management plan, or
QAMP, for laboratory operations (McCleary, 1999).
Laboratory QC analyses done in conjunction with the
analysis of field samples included method blanks,
laboratory duplicates, and spiked duplicates.
Laboratory QC reports are on file at the DNREC and
may be inspected upon request. Where necessary,
the results of laboratory QC are reflected in the data
tables by way of qualifier codes.

Field QA procedures involved consistent
sample collection and handling procedures and
frequent calibration of water-quality meters used to
collect field data. Field QC measures included the
collection of duplicate samples and equipment
blanks. All QC samples were collected, filtered, and
preserved as described in the previous section, and
analyzed for the twelve parameters listed in Table 1.

Fifteen duplicate samples were collected (one
duplicate was collected for approximately every 20
ground-water samples) and analyzed for the twelve
laboratory parameters, resulting in a total of 180 pairs
of duplicate analyses (Appendix 3). With reference
to Appendix 3, duplicate data are evaluated based on
relative percent difference (RPD; the absolute
difference between two measurements divided by the
mean of those measurements). RPD was calculated
for 143 of the 180 duplicate pairs. RPD was not
calculated for the remaining 37 duplicate pairs
because either one or more of the results was not
detected above the laboratory quantitation



Table 1. Project analytes, analytical methods, and related information.

[Analytical methods, containers, preservations, and holding times are from EPA (2001); CaCO3,
calcium carbonate; N, nitrogen; SiO;, silicon dioxide; P, polyethylene; G, glass; °C, degrees

Celsius; H,SQy, sulfuric acid; HNOj, nitric acid]

Analyte A;:L):ci:'jal Container Preservation H‘t)ilr?li:g
Alkalinity as CaCO; 310.1 P, G Cool, 4°C 14 days
Chloride 352.2 P,G None required 28 days
Ammonia as nitrogen 350.1 P, G Cool, 4°C, H,SO, to pH<2 28 days
Nitrate+nitrite as nitrogen 353.2 P,G Cool, 4°C 48 hours
Phosphorus 365.4 P,G Cool, 4°C, H,SO, to pH<2 28 days
Silica as SiO, 370.1 P Cool, 4°C 28 days
Sulfate 375.4 P, G Cool, 4°C 28 days
Calcium 200.7 P, G HNO; to pH<2 6 months
Iron 200.7 P, G HNO; to pH<2 6 months
Magnesium 200.7 P, G HNO; to pH<2 6 months
Potassium 200.7 P, G HNO; to pH<2 6 months
Sodium 200.7 P, G HNO; to pH<2 6 months

limit or the results were otherwise unavailable (e.g.,
phosphorus in IRB-006 (dup) was not analyzed).
Overall, RPD was greater than 30% in 14
(9.8%) of the 143 calculations. Analyte-specific
RPDs were less than 30% for seven of the twelve
analytes, namely chloride, nitrate, silica, sulfate,
calcium, magnesium, and sodium. These results
generally indicate good reproducibility. The five
remaining analytes (alkalinity, ammonia, phosphorus,
iron, and potassium) had one or more RPD in excess
of 30%. Many of the RPD calculations for these
analytes were based on estimated concentrations.
Moreover, concentrations of some of the analytes,
particularly ammonia, phosphorus, and iron, were
very low; as a result, even small differences in
absolute concentration can cause large RPD.
Equipment blanks were collected only when
monitoring wells were sampled and a submersible
pump was used. Subsequent to equipment cleaning
(see previous section), ultra-pure deionized water was
circulated through the submersible pump and
associated tubing. The discharge was filtered and

preserved in the same fashion as ground-water
samples collected from monitoring wells. Three
equipment blanks were collected for this project; the
analytical data are summarized in Appendix 4.
Analytes, when detected, were generally found at
very low concentrations and reported as estimated
values.

Data analysis

Where applicable, results are compared to
Primary Maximum Contaminant Levels (PMCLs),
Secondary Maximum Contaminant Levels (SMCLs),
and Health Advisories (HAs) established by the U.S.
Environmental Protection Agency for public water-
supply systems (U.S. EPA, 2004). PMCLs are
enforceable standards for public water-supply
systems, while SMCLs and HAs are non-enforceable
standards (U.S. EPA, 2004). Concentrations of
hardness (as calcium carbonate, CaCOs; calculated as
indicated below) were evaluated with respect to the
scale of Love (1962). As there is no drinking-water



standard for phosphorus, those results are evaluated
with respect to the U.S. EPA’s (1986) recommended
threshold for preventing excessive plant growth in
streams (0.1 mg/L). A dissolved oxygen (DO)
concentration of 1 mg/L was used to differentiate
between reducing conditions (DO<1 mg/L) and
oxidizing conditions (DO>1 mg/L; Denver et al.,
2004).

Piper (1944) diagrams (also known as
trilinear diagrams) were used to evaluate the major-
ion chemistry of shallow ground water in the IRB
watershed. In constructing Piper diagrams,
concentrations of major cations and anions are
converted to milliequivalents per liter (meq/L) and
plotted on separate triangles as percentages of total
meq/L; points on the triangular plots are then
projected onto a diamond-shaped plot (see, for
example, Figure 8). By showing the ionic
composition of many samples on a single plot, Piper
diagrams can be used to visually discern major
trends, groupings, or “hydrogeochemical facies”
(Alley, 1993). Data were converted to meq/L and
plotted as percentages of total meq/L using
Aquachem (version 4.0), a program developed by
Waterloo Hydrogeologic, Inc. (WHI, 2003). Note
that Aquachem does not plot samples with non-
detectable levels of one or more major ion; therefore,
only samples with complete chemical analyses are
plotted. As previously noted, geochemical
interpretations are based largely on the work of
others (Hamilton et al., 1993; Andres; 1991a;
Denver, 1986, 1989, 1993).

Other methods used to analyze the data
included maps and various types of graphs. Maps
were used to evaluate the spatial distribution of
selected parameters. Graphs included scatter plots,
frequency histograms, and percentile diagrams (or
box plots). Scatter plots were used to evaluate trends
between sets of data. Frequency histograms were
used to evaluate distributions of individual
parameters. Percentile diagrams were used to
evaluate variability in selected parameter
concentrations due to factors such as geochemical
environment, digital recharge-potential data (Figure
3; Andres et al., 2002), sample depth, and
intermediate watersheds mapped by McKenna et al.
(in review).

Calculated results discussed in this report
include total dissolved solids (TDS) and hardness.

TDS (in mg/L) were calculated as follows (after
Hounslow, 1995):

TDS = z cations + Z anions + silica

Calculated TDS concentrations are qualified with a
“C” in Appendix 2. In calculating TDS, it was
assumed that alkalinity results are equivalent to
concentrations of bicarbonate (HCO5"), the dominant
carbonate species in local ground water (Hamilton et
al., 1993) and a major anion in natural water of the
Columbia aquifer (Denver, 1986). Hardness (in
mg/L) was calculated as follows (after Hounslow,
1995):

Hardness =

AW Ca

MW CaCO,
AW Mg

[Ca (mg/L)x Mw Caco, j +

(Mg (mg/L)x

where MW CaCOs is the molecular weight of
calcium carbonate (100.088), AW Ca is the atomic
weight of calcium (40.08), and AW Mg is the atomic
weight of magnesium (24.312). Hardness
concentrations were calculated to evaluate general
ground-water characteristics and, therefore, are not
included in Appendix 2.

RESULTS AND DISCUSSION

Results are presented in three sections: (i)
General ground-water quality, (ii) major-ion
chemistry, and (iii) nutrient results. Table 2 provides
basic statistics for the field and analytical data. With
reference to Table 2, note that non-detectable
concentrations for all parameters were treated as
zeros in the calculations. A frequency histogram of
analyte qualification is provided in Figure 5.

General ground-water quality

Ground water in the Columbia aquifer in the
IRB watershed is generally dilute. The median
concentration of total dissolved solids (TDS) was 77
mg/L; the range was 29.4 to 698 mg/L. TDS
concentrations exceeded the U.S. EPA’s SMCL (500
mg/L) in only three (about 1%) of the samples.



Table 2. Statistical summary of ground-water-quality data for the IRB watershed, 2001-03.

[uS/em, microsiemens per centimeter at 25 degrees Celsius; °C, degrees Celsius; mg/L, milligrams per liter;

pg/L, micrograms per liter]

Ammonia Nitrate as
Spec. Dissolved Alkalinity Chloride, as nitrogen, nitrogen,
Cond. Temp. oxygen as CaCO;  dissolved dissolved  dissolved
(uS/cm) pH (°C) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
ALL WELLS (255 samples)
Maximum 1389.00 7.68 20.02 9.89 147.00 367.00 0.66 43.00
75th Percentile 217.00 5.39 15.50 6.10 10.10 19.50 0.02 11.80
50th Percentile 149.00 5.10 14.72 3.53 7.00 15.00 0.01 6.41
25th Percentile 106.40 4.82 14.31 1.39 3.90 11.00 0.01 1.93
Minimum 41.00 3.51 8.76 0.02 0.00 4.00 0.00 0.00
Mean 180.18 5.1 14.87 3.78 10.23 22.27 0.03 7.73
Variance 2223529512 0.251611388 1.398874988 7.180987951 244.4153599 1546.61547 0.006208508 48.11339678
Standard Deviation 149.115 0.502 1.183 2.680 15.634 39.327 0.079 6.936
AGRICULTURE WELLS (12 samples)
Maximum 277.00 5.80 16.29 7.49 42.00 22.00 0.21 16.90
75th Percentile 237.50 5.15 15.50 3.77 11.48 19.25 0.01 14.70
50th Percentile 167.00 5.04 15.21 2.37 5.30 17.00 0.01 4.23
25th Percentile 111.25 4.80 15.06 0.72 3.88 13.50 0.002 1.57
Minimum 69.00 4.42 14.39 0.08 2.00 7.00 0.00 0.01
Mean 165.42 5.04 15.23 3.26 10.57 16.50 0.02 8.53
Variance 4509.537879 0.177238636 0.248990152 4.1861 122.3133333 13.90909091 0.003563091 36.74045455
COMMERCIAL WELLS (7 samples)
Maximum 342.000 5.350 18.060 7.440 41.900 58.000 0.301 23.400
75th Percentile 259.10 5.14 16.47 5.79 14.20 24.00 0.04 13.47
50th Percentile 148.00 4.89 16.18 447 4.20 17.00 0.01 8.24
25th Percentile 126.00 4.75 15.72 0.15 3.10 13.50 0.01 0.08
Minimum 69.00 4.42 14.69 0.08 2.00 7.00 0.00 0.007
Mean 189.886 4.919 16.187 3.407 11.814 22.429 0.058 8.390
Variance 9864.491 0.100 1.094 10.264 229.761 285.952 0.012 86.598
DOMESTIC WELLS (200 samples)
Maximum 1251.00 7.68 20.02 9.89 129.00 367.00 0.66 43.00
75th Percentile 216.25 5.38 15.48 6.35 10.00 19.00 0.02 12.45
50th Percentile 150.70 5.10 14.70 3.81 7.00 14.00 0.01 7.01
25th Percentile 106.60 4.82 14.22 1.63 3.90 11.00 0.01 2.98
Minimum 41.00 3.51 8.76 0.02 0.00 4.00 0.00 0.00
Mean 170.71 5.10 14.80 4.03 9.13 19.08 0.03 8.31
Variance 14611.5093 0.262378803 1.466697693 6.53530945 209.8883304 1044.66038 0.004044697 43.7519995
MONITOR WELLS (14 samples)
Maximum 1389.00 6.30 17.80 6.14 147.00 306.00 0.29 25.00
75th Percentile 559.95 5.20 16.80 5.86 10.80 128.25 0.02 8.53
50th Percentile 277.95 4.90 15.35 4.83 3.00 21.50 0.01 2.78
25th Percentile 151.45 453 14.70 0.76 0.28 16.50 0.01 0.77
Minimum 105.70 4.30 10.89 0.10 0.00 6.00 0.00 0.00
Mean 423.11 5.00 15.19 3.66 19.11 85.36 0.03 5.39
Variance 155272.2598 0.357969231 4.79836044 6.601698901 1621.216099 12827.78571 0.005556643 49.45999046
PUBLIC WELLS (22 samples)
Maximum 213.00 6.12 17.82 7.77 69.90 34.00 0.44 8.42
75th Percentile 141.25 5.61 14.75 1.88 12.98 15.75 0.08 6.04
50th Percentile 116.50 5.39 14.58 1.41 8.05 13.00 0.00 2.33
25th Percentile 80.50 5.05 14.39 1.06 6.98 10.25 0.00 0.19
Minimum 51.00 4.64 13.27 0.10 3.90 4.00 0.00 0.00
Mean 116.59 5.35 14.71 1.95 13.89 14.23 0.07 3.35
Variance 1797.205628 0.165184632 0.742850433 3.840564719 244.5574242 55.23160173 0.015810807 9.55279168
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Silica Total

Phosphorus, as Si0,, Sulfate, Calcium, Iron, Magnesium, Potassium, Sodium,  Dissolved
dissolved dissolved dissolved dissolved dissolved dissolved dissolved dissolved Solids
(mg/L) (mg/L) (mg/L) (MglL) (nglL) (nglL) (ng/L) (ng/L) (mg/L)

0.69 240.00 135.00 49400.00 33200.00 25300.00 12000.00 256000.00 697.62

0.03 20.90 11.70 10650.00 53.30 5355.00 3125.00 12900.00 99.53

0.01 15.80 2.40 5920.00 15.40 3090.00 1970.00 9630.00 76.54

0.00 10.25 0.50 2985.00 0.00 1260.00 1195.00 7215.00 59.36

0.00 1.00 0.00 0.00 0.00 0.00 0.00 3490.00 29.43

0.03 17.40 8.06 7497.49 955.11 3973.07 2384.71 13120.24 93.66
0.004646321 275.5799188 184.9069481 39837598.36 12534329.31 13180116.01 3980867.174 362594758.2 5372.629944
0.068 16.601 13.598 6311.703 3540.385 3630.443 1995.211 19041.921 73.298

0.10 23.00 14.20 16700.00 2640.00 10000.00 4700.00 17000.00 123.16

0.03 19.25 9.75 12350.00 48.38 5965.00 3472.50 13675.00 115.00

0.01 14.95 7.70 5715.00 0.00 4435.00 2795.00 11200.00 97.25

0.01 11.00 3.08 2267.50 0.00 2842.50 2200.00 7967.50 62.54

0.00 6.60 0.00 0.00 0.00 0.00 0.00 4970.00 45.63

0.02 14.10 6.04 7253.33 231.14 4905.00 2740.83 10851.67 81.76

0.000708879 28.59818182 21.86381515 30491533.33 575964.5754 7059954.545 1337953.788 11563178.79 789.1931477

0.204 28.900 37.700 20400.000 12200.000 13800.000 6740.000 21700.000 159.590
0.11 22.60 9.30 10325.00 2645.45 5200.00 4265.00 12850.00 122.10
0.01 15.40 2.70 7160.00 3.30 1430.00 3490.00 9860.00 89.83
0.00 13.65 1.21 5490.00 1.30 1280.00 2160.00 7925.00 73.00
0.00 10.50 0.00 0.00 0.00 0.00 0.00 6320.00 55.76

0.061 18.186 8.774 8455.714 2499.543 4027.143 3297.143 11347.143 99.339

0.009 48.988 189.279 41392728.571 22129095.166 22720557.143 5027723.810 27126690.476 1376.778
0.38 60.00 74.20 28200.00 17100.00 25300.00 11500.00 256000.00 697.62
0.03 19.88 10.60 10725.00 41.50 5425.00 3067.50 12700.00 96.79
0.01 15.80 2.10 6290.00 12.60 3205.00 1890.00 9320.00 76.55
0.00 10.53 0.42 3140.00 0.00 1247.50 1155.00 7110.00 59.57
0.00 3.20 0.00 0.00 0.00 0.00 0.00 3490.00 29.43
0.03 16.59 6.65 7355.41 620.71 3952.77 2268.87 12690.45 86.66

0.001991029 90.22619681 87.19765354 29289805.31 7486487.705 9126582.292 3497258.577 501054756.3 3979.658452

0.07 32.60 135.00 49400.00 12300.00 18900.00 12000.00 123000.00 584.24
0.03 25.43 36.83 20850.00 71.03 10152.50 6975.00 19550.00 272.43
0.02 20.50 25.50 11835.00 36.15 5490.00 2510.00 13200.00 152.03
0.01 2.78 15.20 660.00 0.00 2802.50 1355.00 10550.00 80.72
0.00 1.00 0.00 0.00 0.00 1030.00 0.00 3870.00 54.28
0.02 15.41 33.10 14430.00 1394.99 6741.43 3968.57 27617.14 212.57

0.000266286 148.0745604 1038.863077 229442153.8 12674597.55 25377782.42 13036320.88 1177191822 31041.7538

0.69 240.00 42.40 9410.00 33200.00 4260.00 5150.00 20100.00 365.46
0.05 22.78 6.20 5187.50 1886.00 2612.50 2347.50 9992.50 82.37
0.02 17.85 1.80 3415.00 36.70 1995.00 1995.00 8955.00 66.90
0.00 8.18 1.00 2447.50 16.83 865.75 1305.00 7270.00 53.18
0.00 5.80 0.00 958.00 0.00 293.00 894.00 5560.00 34.53
0.08 27.62 5.78 4205.82 3618.66 1870.36 1945.41 9603.64 86.25

0.03567716 2396.638983 95.05434978 5596824.727 66652788.84 1207019.766 912103.3961 11177624.24 4858.504215
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Figure 5. Frequency histogram of project analyte
qualification.

Specific electrical conductance (SEC;
measured in the field during well sampling)
positively correlates with TDS (R = 0.83), increasing
SEC relates to increasing TDS. SEC ranged from 41
to 1,389 microsiemens per centimeter (LS/cm), with a
median value of 149 pS/cm. The median field pH
was 5.1 standard units, which indicates slightly acidic
conditions. The SMCL range for pH is 6.5 to 8.5. A
total of 252 (about 99%) samples had pH values less
than 6.5, outside of the SMCL range. Dissolved
oxygen (DO) levels measured in the field indicate
that oxidizing conditions prevail in the IRB
watershed. Field data indicate a median DO
concentration of about 3.5 mg/L. Measurements
taken at 208 (about 82%) of the well sites showed
DO levels greater than or equal to 1 mg/L, which is a
general threshold between oxidizing (oxic) and
reducing (anoxic) conditions (Denver et al., 2004).
DO levels are important because oxidation-reduction
reactions are major controls on some chemical
constituents in the ground-water system, such as
nitrogen and iron (Denver, 1989). DO levels below 1
mg/L (anoxic conditions) are common in poorly-
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drained areas where soils and (or) underlying
geologic materials have high organic-matter content.

Nitrate is the only project analyte with a
PMCL (10 mg/L). (Laboratory data are reported as
ni