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CONVERSION FACTORS

For use of readers who prefer to use metric (International System) units,
rather than the inch-pound units used in this report, the following conversion
factors may be used:

Multiply inch-pound unit By To obtain metric unit
foot (ft) 0.3048 meter (m)

gallon (gal) 3.785 liter (L)

gallon per minute (gal/min) 0.0630 liter per second (L/s)
inch (in.) 25.40 millimeter (mm)

mile (mi) 1.609 kilometer (km)

square mile (mi?) 2.590 square kilometer (km?)
pound (1b) 0.4536 kilogram (kg)

ton 0.9072 megagram (Mg)

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

°F = 1.8 x °C + 32

Sea level: In this report "sea level" refers to the National Geodetic
Vertical Datum of 1929 (NGVD of 1929)--a geodetic datum derived from a general
ad Justment of the first-order level nets of both the United States and Canada,
formerly called Sea Level Datum of 1929.



HYDROGEOLOGY AND QUALITY OF GROUND WATER IN THE BOONE FORMATION AND COTTER

DOLOMITE IN KARST TERRAIN OF NORTHWESTERN BOONE COUNTY, ARKANSAS

By Valarie A. Leidy and E.E. Morris

ABSTRACT

Shallow ground-water flow systems in karst terrain of northwestern Boone
County, Arkansas, are particularly susceptible to contamination. Common
sources of contamination include cattle manure, chicken manure, which is
applied to pasture land as fertilizer, commercial fertilizers, and septic tank
effluent. The potential for ground-water contamination of the karst area
probably is greater in the northern one-half of the study area where there are
more photolineaments and, presumably, subsurface fractures.

Ground-water samples from 17 springs discharging from the Boone
Formation, and 17 wells completed in the Cotter Dolomite, were analyzed to
determine ambient ground-water quality and to study water-quality variations
in a karst area. The chemical constituents in ground water in northwestern
Boone County generally did not exceed U.S. Environmental Protection Agency
primary or secondary maximum contaminant levels. However, fecal coliform and
fecal streptococcus bacteria were detected in most springs and three wells.
One spring, located near an abandoned wood-treatment plant (a designated
Superfund site), had maximum iron, manganese, lead, and pentachlorophenol
concentrations that exceeded the U.S. Environmental Protection Agency's
primary or secondary maximum contamination levels for drinking water.

Based on the Wilcoxon statistical test, water in the Boone Formation and
Cotter Dolomite are significantly different. Water in the shallower Boone
Formation is substantially higher in nitrate, chloride, and orthophosphate
concentrations, and higher in fecal coliform and fecal streptococcus bacteria
concentrations, than water in the Cotter Dolomite.

Analyses of water samples collected from selected springs emerging from
the Boone Formation revealed significant changes in water quality during and
immediately after a rainstorm. Springs sampled during a storm which produced
2 to 3 inches of rain exhibited an overall decrease (dilution effects) in
specifie conductance and concentrations of total alkalinity, calcium,
magnesium, sodium, and chloride, and an overall increase (flushing effects) in
concentrations of nitrate, fecal coliform, and fecal streptococcus bacteria
within 3 to 8 hours after the rain began. The rapid increase in spring flow
as well as rapid changes in chemical and bacteriological concentrations after
a rainstorm indicates that ground-water flow may be through large solution
channels. Fecal coliform and fecal streptococcus bacterial counts increased
from 27 to 25,000 colonies per 100 milliliters and 190 to 43,000 colonies per
100 milliliters, respectively, in one spring after a rainstorm. The changes
in ion concentrations associated with the rainstorm were as much as 56 times
those associated with seasonal variation.



INTRODUCTION

In 1985 the Arkansas Department of Pollution Control and Ecology, in
cooperation with the U.S. Geological Survey, initiated a plan to assess
ground-water quality on a statewide basis. Five prototype ground-water study
areas were developed, each area in a different hydrogeologic and land-use
setting. 1In 1987 the U.S. Geological Survey, in cooperation with the Arkansas
Department of Pollution Control and Ecology, | began the first of the five
studies. This study was located in northwestern Boone County, an area of
karst terrain and is the subject of this report.

Northwestern Boone County was chosen for this study because: (1) the
area is underlain by carbonate rocks that generally are susceptible to
contamination because of secondary fractures, solution channels, and thin
soils, (2) the area contains a Superfund site|(U.S. Environmental Protection
Agency, 1987) that is contaminated with wood preservatives, and (3) chicken
and turkey broiler production is expected to increase dramatically and could
have a significant effect on ground-water quality.

Purpose and Scope

The purposes of this report are (1) to describe the hydrogeology of
northwestern Boone County, Arkansas, an area containing an extensive well-
developed karst terrain, (2) to describe and compare the ambient quality of
ground water in the Boone Formation and Cotter Dolomite, and (3) to quantify
changes in water quality related to seasonal variations and rainfall. The
hydrogeology is described in general terms as it relates to the potential for
ground-water contamination. The ambient quality of ground water in the Boone
Formation and Cotter Dolomite was described by collecting and analyzing water
samples from 17 springs and 17 wells during the period from March to October
1987. Analyses included physical properties, |major constituents, nutrients,
heavy metals, and bacteria. Water samples from a few selected springs and
wells were analyzed for dissolved organic carbon and acid extractable organic
compounds used as wood preservatives. \

|

Description of the Sdudy Area

The study area includes approximately 160 mi? (square miles) surrounding
the town of Omaha in northwestern Boone County, Arkansas (fig. 1). Most of
the study area is on the Springfield Plateau; however, the northern and
eastern sections are partly on the Salem Pjateau (fig. 1). Land-surface
altitudes range from 700 feet above sea level in the northeastern corner of

the area to more than 1,600 feet near the center of the study area.

The study area is primarily drained b% Bear Creek and Long Creek. Bear
Creek drains northward into Bull Shoals reservoir, and Long Creek drains
northward into Table Rock reservoir (fig. 2).

Approximately 70 percent of the study area is pasture land used to graze
cattle (fig. 2). The forested ridgetops in the more mountainous northern half
of the study area are being cleared to create more pasture land. Thus,
pasture land is becoming more evenly distributed in the study area.













































Table 2.--Descriptive statistics for wet- and dry-season water quality
for water in the Boone Formation

[N=number of samples; gal/min=gallons per minute; °C=degrees Celsius;
puS/cm=microsiemens per centimeter at 25 degrees Celsius; mg/L=milligrams
per liter; ug/L=micrograms per liter; mL=milliliter; five digit numbers in
parentheses are STORET parameter codes used for computer storage of data.
Concentrations less than the detection limit were set to one-half of the
detection limit for calculation of these statistics]

Descriptive statistics

Standard

Property Season N Mean deviation Median Range
Flow rate (gal/min) wet 14 137.2 367.8 8.5 1.5-1,400
(00059) dry 14 102.0 345,17 4.5 .9-1,302
Temperature (°C) wet 14 14 1.5 4.0 12.0-17.0
(00010) dry 14 15.2 .9 15.0  14.0-17.5
Specific conductance wet 14 344.9 82.8 331.5 240-492
(nS/cm) (00095) dry 14 U17.6 77.9 435.0 288-539
Hardness (mg/L as wet 14 158.1 48.8 160.0 83-220
CaCO3) (00900) dry 14 185.7 k9.7 190.0 110-270
Carbon dioxide (mg/L) wet 14 28.6 39.9 11.5 5.5-158.0
(o0o405) dry 14 14.9 .4 9.7 1.7- 48.0
pH (units) wet 10 7.2 4 7.2 6.2-7.6
(00400) dry 14 7.5 A 7.5  6.9-8.1
Alkalinity (mg/L as wet 14 135.1 53.0  132.0 54-200
CaCO3) (ook410) dry 14 167.1 56.6 150.0 106-274
Nitrogen, nitrite plus wet 14 2.10 2.78 1.07 .80-10.75
nitrate (mg/L as N) (00631) dry 14 2.78 3.53 1.10 .02-11.20
Nitrogen, ammonia dissolved wet 14 .0l .06 .02  .01-.20
(mg/L as N) (00608) dry 14 .02 .03 .01 .01-.10
Chloride, dissolved wet 14 7.1 3.96 6.50 2.00-15.00
(mg/L as Cl) (00940) dry 14  10.04 6.01 8.30 1.74-20.25
Sulfate, dissolved wet 14 4.6 2.1 3.5 1.5-9.2
(mg/L as SOM) (00945) dry 14 4.3 3.0 3.0 1.5-9.8
Phosphorus, ortho, dissolved wet i .03 .03 .02 .01-.12
(mg/L as P) (00671) dry 14 .04 .05 .03  .01-.16
Calcium, dissolved wet 14 59.5 20.4 58.5 29.0- 85.3
(mg/L as Ca) (00915) dry 14 68.3 21.2 69.5 36.0-104.0
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Table 2.--Descriptive statistics for wet- and dry-season water guality

for water in the Boone Formation--Continued

Descriptive statistics

Standard

Property Season N Mean deviation Median Range
Magnesium, dissolved wet 14 2.26 0.75 2.30 1.3-4.2
(mg/L as Mg) (00925) dry 1 3.22 1.45 2.95 1.5-6.6
Sodium, dissolved wet 14 3.86 1.81 3.20 2.1- 8.2
(mg/L as Na) (00930) dry 14 4.90 3.19 3.45 2.6-13.0
Potassium, dissolved wet 14 1.69 .98 1.35 .5-U4.6
(mg/L as K) (00935) dry 14 2.62 2.06 1.90 1.0-9.3
Manganese, dissolved wet 13 6.2 13.0 2.0 5- 47.0
(ng/L as Mn) (01056) dry 14 40.3 141.3 1.0 1.0-531.0
Iron, dissolved wet 13 4 36.8 4.0 1.0-137.0
(rg/L as Fe) (01046) dry 14 4o.7 5.0 5.0-158.0
Lead, dissolved wet 13 21.2 10.0 1.0- 82.0
(ug/L as Pb) (01049) dry 14 35.7 2.0 1.0-136.0
Zinc, dissolved wet 13 J 8.7 6.0 4-33.0
(ng/L as Zn) (01090) dry 14 7.5 7.0 5.5 1.0-27.0
Cadmium, dissolved wet 13 .8 1.6 .3 .3- 6.0
(ng/L as Cd) (01025) dry 14 2.0 4.1 1.0 3-16.0
Nickel, dissolved wet 13 ' 6.3 3.0 1.5-25.0
(ug/L as Ni) (01065) dry 10 8. 18.9 2.5 2.5-74.0
Cobalt, dissolved wet 13 2.2 2.5 2.0  .5-10.0
(ng/L as Co) (01035) dry 14 5.6 13.6 2.0 2.0-53.0
Copper, dissolved wet 13 u .3 1.5 1.0-2.0
(ng/L as Cu) (01040) dry 14 A .3 1.0 1.0-2.0
Fecal coliform (colonies/ wet 13 22.9 31.9 7.0 <1-96
100 mL) (31625) dry 14 298.9 745.0 27.0 <1-2,800
Fecal streptococci (colonies/ wet 8 631.1 1,145.2 95.0 14-3,380
100 mL (31673) dry 14 905.7 2,295.2 85.0 <1-8,800
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Inorganic Constituents

The water in the Boone Formation is a calcium-bicarbonate type that is
hard to very hard (Hem, 1985) with median hardness values (as CaC0,) of 160
mg/L (milligrams per liter) and 190 mg/L for wet and dry seasons, gespectively
(table 2). Specific conductance of samples that were not collected during
rainstorms, ranged from 240 pS/cm (microsiemens per centimeter at 25 degrees
Celsius) to 539 pS/cm (table 2). Specific conductance is proportional to the
dissolved minerals in the water. At all springs, fluoride, chloride, sulfate,
and total dissolved solids concentrations (table 6) were well within the
standards established in the National Interim Primary and Secondary Drinking
Water Regulations (U.S. Environmental Protection Agency, 1986a; 1986b).

High concentrations of nitrate, nitrite, and orthophosphate in rural
ground water is indicative of possible contamination by fertilizer, manure, or
septic tank effluent. Nitrate plus nitrite concentrations in water from one
spring (site 16) exceeded the U.S. Environmental Protection Agency (USEPA)
primary maximum contaminant level of 10 mg/L as N (U.S. Environmental Pro-
tection Agency, 1986a) with a mean concentration of 11.1 mg/L as N (table 6).
However, nitrate plus nitrite concentrations in water from most springs were
less than 3.0 mg/L as N, Median nitrate plus nitrite concentrations for wet-
and dry-season samples were 1.07 mg/L and 1.10 mg/L as N, respectively (table
2). Orthophosphate concentrations generally were low and median
concentrations were 0.02 mg/L and 0.03 mg/L as P for wet- and dry-season
samples, respectively (table 2). The two springs that had the highest
concentrations of nitrate plus nitrite and orthophosphate were sites 11 and 16
(table 6).

The trace metal concentrations of water from springs were small with the
exception of sites 9 and 13. The zine concentration at site 9 was anomalously
high (690 pg/L) (table 6) relative to the wet and dry season median concentra-
tions of 6.0 pug/L and 5.5 pg/L, respectively (table 2). Because this spring
was sampled from a faucet approximately 80 feet from the spring, the high
concentration of zinc at this site is most likely due to galvanized pipes in
the plumbing (Wagner and others, 1976), although another possible source for
the zinc could be minerals in the aquifer (Steele and Dilday, 1984). Water
from spring site 13 contained iron, manganese, and lead in concentrations that
exceeded the USEPA primary and secondary maximum contaminant levels of 0.3
mg/L, 0.05 mg/L, and 0.05 mg/L for drinking water, respectively (U.S.
Environmental Protection Agency, 1986a; 1986b) (table 6). Cobalt, nickel, and
cadmium concentrations also were elevated at site 13 relative to the other
springs (table 6). Site 13 is located within 1/4 mile of an abandoned wood
treatment plant (Superfund site).

Bacteria

Fecal coliform and fecal streptococcus bacteria normally are present in
the large intestines of humans and other warm-blooded animals. These bacteria
are used as indicators of fecal contamination and the possible presence of
pathogenic microorganisms. Generally, a ratio of fecal coliform to fecal
streptococcus bacteria of 4.0 or more indicates human sources of contamination
and a ratio of 0.7 or less indicates livestock sources of contamination (U.S.
Environmental Protection Agency, 1978).
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All springs sampled contained fecal coliform and fecal streptococcus
bacteria except site 13 near the Superfund site (table 6). Average fecal
coliform to fecal streptococcus ratios for the wet season (0.05) and the dry
season (0.33) indicate that the source of bacterial contamination in water
from the springs was probably livestock wastes|

Organic Constituents

Samples from springs in the area were analyzed for selected organic
constituents including dissolved organic carbon and 11 acid extractable com-
pounds (table 7). Dissolved organic carbon concentrations ranged from 0.5
mg/L to 4.6 mg/L as carbon (table 7). A gas chromatograph flame-ionization
scan detected 49 organic chemicals in the spring water from site 13, adjacent
to the Superfund site. Water from this spring and two other springs adjacent
to the Superfund site (sites 10 and 14) were analyzed for acid extractable
compounds used as wood preservatives. Measurable concentrations of organic
constituents were detected only at site 13. Water from site 13 had a penta-
chlorophenol concentration of 1,200 pg/L (table 7). The proposed U.S.
Environmental Protection Agency maximum contaminant 1level for pentachloro-
phenol is 200 pg/L (U.S. Environmental Protection Agency, 1985).

Water Quality in the Cottér Dolomite

The majority of well water samples in this study were obtained from wells
completed in the Cotter Dolomite, and the chemical analyses of these samples
are 1indicative of the chemical quality of water in the Cotter Dolomite.
Water-quality data for the water from these wells are listed by site number in
tables 8 and 9. Water samples from 16 wells were grouped for statistical
summary and comparison by "wet season" (large recharge rates) and "dry season"
(small recharge rates) in the same manner as the springs. Summary statistiecs
for each season (wet and dry) indicate that water in the Cotter Dolomite is
suitable for human consumption (table 3). An average calcium to magnesium
ratio of 2.2 for all samples indicated that the waters had been in contact
with a dolomite (Meisler and Becker, 1967).

Inorganic Constituents

~ The water in the Cotter Dolomite is a very hard calcium-magnesium-
bicarbonate type with median hardness values of 260 mg/L and 240 mg/L for wet-
and dry-season samples, respectively (table 3). Specific conductance of water
samples from the Cotter Dolomite ranged from 360 to 700 uS/cm. Fluoride,
chloride, sulfate, and total dissolved-solids concentrations (table 8), were
well within standards established in the National Interim Primary and
Secondary Drinking Water Regulations (U.S. Environmental Protection Agency,
1986a; 1986b).

Nitrate plus nitrite concentrations generally were less than 1.0 mg/L in
all wells with the exception of site 28, which had elevated concentrations of
2.01 mg/L and 3.24 mg/L as N for wet- and dry-season samples, respectively
(table 8). Median nitrite plus nitrate concentration for all wells was 0.13
mg/L as N for the wet season and 0.18 mg/L as N for the dry season (table 3).
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Table 3.--Descriptive statistics for wet- and dry-season water quality
for water in the Cotter Dolomite

[N=number of samples; °C=degrees Celsius; uS/cm=microsiemens per centimeter
at 25 degrees Celsius; mg/L=milligrams per liter; pg/L=micrograms per liter;
mL=milliliter; five digit numbers in parentheses are STORET parameter codes
used for computer storage of data. Concentrations less than the detection
limit were set to one-half of the detection limit for calculation of these
statisties]

Descriptive statistics

Standard

Property Season N Mean deviation Median Range
Temperature (°C) wet 16 17.3 2.0 16.8 13.5-22.0
(00010) dry 16 17.8 1.4 18.0 16.0-20.0
Specific conductance wet 16 511.6 98.6 540.0 360-680
(uS/cm) (00095) dry 16 512.4 109.7 529.0 362-T700
Hardness (mg/L as wet 16 253.1 61.2 260.0 170-380
CaC03) (00900) dry 16 253.1 68.0 240.0 180-390
Carbon dioxide (mg/L) wet 16 31.8 27.7 22.5 3.2-102.0
(ooko05) dry 16 34.1 20.9 28.0 12.0- 82.0
pH (units) wet 16 7.3 .3 7.3 6.9-7.9
(00400) dry 16 7.2 .2 7.2 6.9-7.6
Alkalinity (mg/L as wet 16 2u44.3 54,7 237.0 133-334
CaC03) (oou410) dry 16 221.0 59.6 227.0 110-338
Nitrogen, nitrite plus wet 16 27 .49 .13 .02-2.01
nitrate (mg/L as N) (00631) dry 16 Ay .82 .18 .02-3.24
Nitrogen, ammonia dissolved wet 16 .05 .1 .01 .01-.37
(mg/L as N) (00608) dry 16 .08 .07 .08 .01-.20
Chloride, dissolved wet 16 2.89 2.10 2.25 .50-8.00
(mg/L as C1) (00940) dry 16 3.98 2.54 3.33 1.15-8.90
Sulfate, dissolved wet 16 26.5 10.3 23.8 14.4-52.0
(mg/L as SOU) (00945) dry 16 30.7 18.6 20.8 14.6-72.0
Phosphorus, ortho, dissolved wet 16 .01 .01 .01 .01-.04
(mg/L as P) (00671) dry 16 .003 .003 .003 .01-.01
Calcium, dissolved wet 16 59.2 15.5 60.0 37.0-92.0
(mg/L as Ca) (00915) dry 16 56.1 13.4 58.5 38.0-75.0
Magnesium, dissolved wet 16 25.84 9.96 21.8 7.8-46.8
(mg/L as Mg) (00925) dry 16 27.20 10.79 23.00 11.2-49.6
Sodium, dissolved wet 16 5.04 4,52 2.75 1.5-15.5
(mg/L as Na) (00930) dry 16 6.04 6.78 2.70 1.4-24 .0

21



Table 3.--Descriptive statistics for wet- and dry-season water quality

for water in the Cotter Dolomite--Continued

Descriptive statisties
Standard

Property Season N Mean | deviation Median Range
Potassium, dissolved wet 16 2.90 1.64 3.00 1.0-6.2
(mg/L as K) (00935) dry 16 3.60 1.83 3.70 1.2-6.3
Manganese, dissolved wet 16 2.1 1.3 2.0 .1-4.0
(ng/L as Mn) (01056) dry 16 1.4 .5 1.0 1.0-2.0
Iron, dissolved wet 16 9.6 7. 7.0 4.0-29.0
(ng/L as Fe) (01046) dry 16 14.9 21.1 8.0 .5-90.0
Lead, dissolved wet 16 8.1 5.5 7.0 .0-16.0
(ng/L as Pb) (01049) dry 16 1.2 4 1.0 1.0- 2.0
Zinc, dissolved wet 16 768.1 523.4 628.0 129-1,900
(ng/L as Zn) (01090) dry 16 405.2 407.1 263. 1 67-1,439
Cadmium, dissolved wet 16 .6 .6 .3 .3-2.0
(ng/L as Cd) (01025) dry 16 .5 .5 .3 .3-2.0
Nickel, dissolved wet 16 2.9 4 3.0 1.5-3.0
(ug/L as Ni) (01065) dry 16 2.7 .6 3.0 2.5-5.0
Cobalt, dissolved wet 16 2.3 1.0 2.0 .1-4.0
(ug/L as Co) (01035) dry 16 2.0 .0 1.0 1.0-1.0
Copper, dissolved wet 16 2.4 1.5 1.5 1.5-6.0
(ug/L as Cu) (01040) dry 16 1.0 .0 1.0 1.0-1.0
Fecal coliform (colonies/ wet 16 .5 .0 0-2
100 mL) (31625) dry 16 .3 .0 0-1
Fecal streptococci (colonies/ wet 16  31.1 113.2 1.0 0-4140
100 mL (31673) dry 16 8.3 23.2 2.5 0-95
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Concentrations of iron, lead, manganese, and copper generally were low
and were less than the USEPA primary and secondary maximum contaminant levels
of 300 pg/L, 50 pg/L, 50 ug/L, and 1,000 pg/L, respectively (U.S. Environ-
mental Protection Agency, 1986a; 1986b). Zinc concentrations ranged from 67
ug/L to 1,900 pg/L with median concentrations of 628 pg/L and 263 pg/L,
respectively, for wet- and dry-season samples (table 3). Zinc concentrations
were elevated in water samples from some wells but were less than the USEPA
secondary maximum contaminant level of 5,000 pug/L for zinc (U.S. Environmental
Protection Agency, 1986b).

Water from site 24 had a large strontium concentration (860 pg/L) (table
8) relative to the 110 pg/L median concentration of strontium for the United
States public water supplies (Hem, 1985). Site 24 also had an elevated boron
concentration of 210 pg/L (table 8). The high concentrations of strontium and
boron in water from this well may have been due to the fact that the well had
been chlorinated several days prior to sampling.

Bacteria

Fecal coliform bacteria were detected in water samples from only two
wells in the Cotter Dolomite (sites 19 and 27); however, fecal streptococcus
bacteria were detected at all sites. Site 27 was a shallow well (240 feet)
with a peak fecal coliform concentration of 4 colonies per 100 mL (milli-
liter). Concentrations of fecal streptococcus bacteria in this well ranged
from 2 colonies per 100 mL in September to 440 colonies per 100 mL in May
(table 8). The anomalously high concentration in May could have been the
result of sampling technique. Fecal streptococcus concentrations at the
remaining wells in the Cotter Dolomite were less than 8 colonies per 100 mL
with the exception of sites 29 and 32, which had peak concentrations of 95 and
14 colonies per 100 mL, respectively (table 8). Well depths at sites 29 and
32 were 675 feet and 705 feet, respectively. Leakage from the surface or
sampling technique could be a possible explanation for the higher fecal
streptococcus concentrations in these wells.

Organic Constituents

Water samples from three wells (sites 24, 27, and 34) were analyzed for
dissolved organic carbon (table 9). The mean dissolved organic carbon
concentration of these three samples was 0.77 mg/L as carbon. Two of these
samples were scanned for organic compounds by the gas-chromatograph flame-
ionization detector method (table 9). No organic compounds were detected at
either site.

Comparison of Water Quality

The quality of the water in the Boone Formation and Cotter Dolomite was
compared statistically to identify significant differences in mean tempera-
ture, specific conductance, pH, concentrations of fecal coliform, and fecal
streptococcus bacteria and concentrations of chemical constituents. Standard
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statistical analysis programs were used to determine the means for each
parameter and to perform the Wilcoxon rank sum test (also called the Mann-
Whitney test) to compare the means. The Wilcoxon test is a nonparametric test
with no assumptions, unlike the Student's t-test (a parametric test) in which
data are assumed to be normally distributed, independent, and have equal vari-
ances. Inspection of the data and quantitative checks (skewness and histo-
grams) for normality lead to serious doubts as to whether or not the distribu-
tions were sufficiently normal for application of the traditional t-test.
Some statisticians prefer to use the Wilcoxon rank sum test in all situations
because normality tests do not always detect nonnormal populations, especially
when sample sizes are small (Iman and Conover, 1983). In addition, variances
proved to be significantly different between some constituents indicating that
the Wilcoxon test was more appropriate for these constituents. The Wilcoxon
test is calculated by performing the two-sample t-test on rank transformed
data for the combined data set. The null hypotheses for this test is that the
two means are equal By = ; the alternative hypothesis is that the two means
are not equal, p Degcriptive statistics for constituents in wet-season
water samples frgm thg Boone Formation and Cotter Dolomite and probability
values for the Wilcoxon rank sum test are given in table 4. A 5-percent
significance level was chosen. Therefore, a probability value less than 0.05
would indicate a significant difference between mean concentrations. Chemical
analyses used in the statistical comparison are given in tables 6 and 8.

Results of the Wilcoxon test indicated that water in the Cotter Dolomite
has significantly higher specific conductance | and concentrations of total
alkalinity, hardness, magnesium, sulfate, potassium, and zinc and signifi-
cantly lower concentrations of nitrite plus nitrate, chloride, orthophosphate,
fecal coliform, and fecal streptococcus than water from springs discharging
from the Boone Formation (table U4). The higher specific conductance and
concentrations of total alkalinity, hardness, magnesium, sulfate, potassium
and zinc in water from the Cotter Dolomite were expected because this unit is
predominantly a dolomite interbedded with shale and sandstone, and is strati-
graphically below the Boone Formation, which allows for a longer contact time
between the water and aquifer rock. The higher concentrations of nitrate,
chloride, orthophosphate, fecal coliform, and [fecal streptococcus in water
from the Boone Formation, all of which share a common source of human and
animal wastes, probably are a result of the transport of contaminants through
fractures or solution channels into the shallow ground-water flow system.

WATER QUALITY VARIATIONS

Ground-water quality can have marked seasonal and short-term fluctuations
in karst terrain where the shallow aquifer | is sensitive to changes in
recharge and rainfall, These fluctuations | in water quality in the Boone
Formation and Cotter Dolomite are discussed in the following sections.

Seasonal Variations

Fourteen springs discharging from the Boone Formation and 16 wells com-
pleted in the Cotter Dolomite were sampled during the wet season and during
the dry season to determine any significant seasonal variations in tempera-
ture, specific conductance, pH, and concentrations of fecal coliform and
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Table 4.--Descriptive statistics and resultant probability values for the Wilcoxon rank

m_test

mparin

water 1it

Dolomite in the wet season

in_the Boon

Formation with that of water in th

tter

[N=number of samples; °C=degrees Celsius; uS/cm=microsiemens per centimeter at 25 degrees
Celsius; mg/L=milligrams per liter; ug/L=micrograms per liter; mLzmilliliter; five digit
numbers in parentheses are STORET parameter codes used for computer storage of data.
Concentrations less than the detection limit were set to one-half of the detection 1imit
for calculation of these statistics]

Descriptive statistics Wilcoxon
Standard probability

Property Geologic unit N__Mean deviation Median Range value
Temperature (°C) Boone Formation 14 14.1 1.5 14.0 12.0-17.0 0.0001
(00010) Cotter Dolomite 16 17.3 2.0 16.8 13.5-22.0
Specific conductance Boone Formation 14 344.9 82.8 311.5 240-492 .0001
(uS/cm) (00095) Cotter Dolomite 16 511.6 98.6 540.0 360-680
Hardness (mg/L as Boone Formation 14 158.1 48.8 160.0 83-220 .0002
CaCO3) (00800) Cotter Dolomite 16 253.1 61.6 260.0 170-380
Carbon dioxide (mg/L) Boone Formation 14 28.6 39.9 1.5 5.5-158.0 .2426
(00405) Cotter Dolomite 16 31.8 27.7 22.5 3.2-102.0
pH (units) Boone Formation 14 7.2 .4 7.2 6.2-7.6 .6092
(00400) Cotter Dolomite 16 7.3 .3 7.3 6.8-7.9
Alkalinity (mg/L as Boone Formation 14 135.1 53.0 132.0 54-200 .0003
CaC03) (00410) Cotter Dolomite 16 244.3 54.6 232.0 133-334
Nitrogen, nitrite plus Boone Formation 14 2.10 2.78 1.07 .08-10.75 .0001
nitrate (mg/L as N) (00631) Cotter Dolomite 16 .27 .49 .13 .02-2.01
Nitrogen, ammonia dis- Boone Formation 14 .04 .06 .02 .01-.20 .4185
solved (mg/t as N) (00608) Cotter Dolomite 16 .05 .11 .01 .01-.37
Chloride, dissolved Boone Formation 14 7.41 3.96 6.50 2.00-15.00 .0003
(mg/L as C1) (00940) Cotter Dolomite 16 2.89 2.10 2.25 .50-8.00
Sulfate, dissolved Boone Formation 14 4.6 2.1 3.5 1.5-9.2 .0001
(mg/L as S0,) (00945) Cotter Dolomite 16 26.5 10.3 23.8 14.4-52.0
Phosphorus, ortho, dis- Boone Formation 14 .03 .03 .02 .01-.12 .0024
solved (mg/L as P) (00671) Cotter Dolomite 16 .01 .01 .01 .01-.04
Calcium, dissolved Boone Formation 14 59.5 20.4 58.5 29.0-85.3 .8032
(mg/L as Ca) (00915) Cotter Dolomite 16 69.2 15.5 60.0 37.0-92.0
Magnesium, dissolved Boone Formation 14 2.26 .75 2.30 1.3-4.2 .0001
(mg/L as Mg) (00925) Cotter Dolomite 16 25.84 9.96 21.80 7.8-46.8
Sodium, dissolved Boone Formation 14 3.86 1.81 3.20 2.1-8.2 .54086
(mg/L as Na) (00930) Cotter Dolomite 16 5.04 4.52 2.75 1.5-15.5
Potassium, dissolved Boone Formation 14 1.59 .98 1.35 .5-4.6 .0127
(mg/L as K) (00935) Cotter Dolomite 16 2.90 1.64 3.00 1.0-6.2
Manganese, dissolved Boone Formation 13 6.2 13.0 2.0 .5-47.0 2 7237
(ug/L as Mn) (01056) Cotter Dolomite 16 2.1 1.3 2.0 .1-4.0
Iron, dissolved Boone Formation 13 14.8 36.8 4.0 1.0-137.0 3 o768
(ug/L as Fe) (01046) Cotter Dolomite 16 9.6 7.2 7.0 4.0-29.0
Lead, dissolved Boone Formation 13  13.3 21.2 10.0 1.0-82.0 2 9826
(ug/L as Pb) (01049) Cotter Dolomite 16 8.1 5.5 7.0 2.0-16.0
Zinc, dissolved Boone Formation 13 8.3 8.7 6.0 .4-33.0 .0001
(ug/L as Zn) (01090) Cotter Dolomite 16 76B.1 6523.4 628.0 129.0-1,900.0
Cadmium, dissolved Boone Formation 13 .8 1.6 .3 .3-6.0 2. 0288
(ug/L as Cd) (01025) Cotter Dolomite 16 .6 .6 .3 .3-2.0
Nickel, dissolved Boone Formation 13 4.2 6.3 3.0 1.5-25.0 23116
(ug/L as Ni) (01065) Cotter Dolomite 16 2.9 .4 3.0 1.5-3.0
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Table 4.--Descriptive statistics and resultant probability values for the Wilcoxon rank

sum test comparing water guality in the Boone Formation with that of water in the Cotter
Dolomite in the wet seasgn--Continued
D ripti statistics Wilcoxon
Standard probability

Property _Geologic unit N__Mean deviation Median Range value
Cobalt, dissolved Boone Formation 13 2.2 2.5 2.0 0.5-10.0 40.1358
(ug/L as Co) (01035) Cotter Dolomite 16 2.3 i1.0 2.0 .1-4.0
Copper, dissolved Boone Formation 13 1.4 | .3 1.5 1.0-2.0 . 0048
(ug/L as Cu) (01040) Cotter Dolomite 16 2.4 1.5 1.5 1.5-6.0
Facal coliform (colonies/ Boone Formation 13 22.9 1.9 7.0 <1-96 .0001
100 mL) (31625) Cotter Dolomite 16 | .5 .0 0-2
Fecal streptococci Boone Formation 8 631.1 1,1#5.2 95.0 14-3,380 .0001
(colonies/100 mL) (31673) Cotter Dolomite 14 31.1 113.2 1.0 0-440

a Because of more than one detection limit value in the two data sets, the actual probability
value may be higher or lower than the probability shown.

fecal streptococcus bacteria and concentrations of chemical constituents.
Standard statistical analysis programs were' used to determine the mean
concentrations of the various properties or| constituents and to perform the
Wilcoxon rank sum test to compare the means. tescriptive statisties for each
variable for the wet and dry seasons and resultant probability values
(Wilcoxon test) for water in the Boone Formation are given in table 5. A 5-
percent significance 1level was chosen. Therefore, a probability value less
than 0.05 would indicate a significant difference between mean concentrations.
Chemical analyses used in the statistical comparisons are given in table 6.

For water in the Boone Formation, specific conductance, temperature, pH,
and concentrations of magnesium and potassium were significantly higher in the
dry season than in the wet season. The Wilcoxon test showed the median
specifie conductance of water in the Boone Formation to be significantly
higher in the dry season (435 pS/cm) compared to the wet season (332 pS/cm)
with a probability value of 0.0184 (table 5), Similar results were obtained
in northwestern Arkansas (Ogden, 1980). However, only wells were sampled in
his study. The increase in specific conductance of ground water in the dry
season is related to increased residence time 'in the aquifer and lack of
dilution by recharge.

The pH of the water in the Boone Formation also is significantly higher
in the dry season (7.5) than in the wet season (7.2). This could possibly be
the result of low pH rainwater entering the aquifer in the wet season.
Another possible explanation for a lower pH in the wet season is a greater
concentration of carbon dioxide (29 mg/L) in the soil available to dissolve in
the ground water and form carbonic acid during the wet season (table 5).
Because the soil is moist during the wet season, microorganisms may be more
active and release more carbon dioxide into the soil. Therefore, more carbon
dioxide may be available to be washed into the aquifer during the wet season.
Also, ground-water temperatures were significantly colder in the wet season
(table 5), which allows more carbon dioxide to dissolve in the water. Even
though a lower pH in the wet season favors dissolution of carbonate rock,
which increases the concentrations of calcium |and magnesium in the ground
water, calcium and magnesium concentrations are larger in the dry season when

26



dilution by recharge water is minimal (table 5). The magnesium concentration
is significantly larger in the dry season with a probability value of 0.0455
(table 5). In the wet season, a greater quantity of recharging water is
flushed more rapidly through the fractured rock matrix, thereby diluting the
magnesium concentration at a faster rate than magnesium ions are dissolved.
Dilution also may explain the significantly smaller average potassium
concentration in the wet season (1.59 mg/L) as compared to the dry season
(2.62 mg/L) (table 5).

Resultant probability values (Wilcoxon test) comparing wet- and dry-
season water quality characteristics for water in the Cotter Dolomite also
were calculated for each property or constituent. Only mean zinc and ortho-
phosphate concentrations were found to be significantly different with season.
For this reason, the probability values (Wilcoxon test) are not presented in a
table. Mean zinc and orthophosphate concentrations were significantly higher
in the wet season (768 mg/L zinc) (0.01 mg/L orthophosphate as P) as compared
to the dry season (405 mg/L zinc) (0.003 mg/L orthosphosphate as P) at the 5-

Table 5.--Descriptive statistics and resultant probability values for the Wilcoxon
rank sum_ test comparing water quality during wet and dry seasons for water in
the Boone Formation

[N=number of samples; gal/min=gallons per minute; °C=degrees Celsius; uS/cm=microsiemens
per centimeter at 25 degrees Celsius; mg/L=milligrams per liter; ug/L=micrograms per liter;
mL=milliliter; five digit numbers in parentheses are STORET parameter codes used for
computer storage of data. Concentrations less than the detection 1imit were set to one-
half of the detection limit for calculation of these statistics]

Descriptive statigtics Wilcoxon
Standard probability

Property Season N _Mean deviation Median Range value
Flow rate (gal/min) wet 14 137.2 367.8 8.5 1.5-1,400 0.0800
(00059) dry 14 102.0 345.7 4.5 .9-1,302
Temperature (°C) net 14 14.1 1.5 14.0 12.0-17.0 .0110
(00010) dry 14 15.2 .9  15.0 14.0-17.5
Specific conductance wet 14 344.9 82.8 331.5 240-492 .0184
(uS/cm) (00095) dry 14 417.6 77.9 435.0 288-539
Hardness (mg/L as wet 14 158.1 48.8 160.0 83-220 .2283
CaCOa) (003800) dry 14 185.7 49.7 190.0 110-270
Carbon dioxide (mg/L) wet 14 2B.6 39.9 11.5 5.5-158.0 .1876
(00405) dry 14  14.9 14.4 9.7 1.7-48.0
pH (units) wet 14 7.2 .4 7.2 6.2-7.6 .0154
(00400) dry 14 7.5 .4 7.5 6.9-8.1
Alkatlinity (mg/L as wet 14 135.1 63.0 132.0 54-200 .1445
CaCOs) (00410) dry 14 167.1 56.6 150.0 106-274
Nitrogen, nitrite plus wet 14 2.10 2.78 1.07 .80-10.75 .9466
nitrate (mg/L as N) (00631) dry 14 2.78 3.53 1.10 .02-11,20
Nitrogen, ammonia dissolved wet 14 .04 .06 .02 .01-.20 .0186
(mg/L as N) (00608) dry 14 .02 .03 .01 .01-.10
Chloride, dissolved net 14 7.41 3.96 6.50 2.00-15.00 .2581
(mg/L as C1) (00940) dry 14 10.04 6.01 8.30 1.74-20.25
Sulfate, dissolved wet 14 4.6 2.1 3.5 1.5-9.2 . 2963
(mg/L as SO,) (00945) dry 14 4.3 3.0 3.0 5-9.8
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Descriptive statistics Wilcoxon
Standard probability

Property _Seasgn N__Mean devigtion Median Range value
Phosphorus, ortho, dis- wet 14 .03 ,03 .02 .01-.12 0.5561
solved (mg/L as P) (00671) dry 14 .04 .05 .03 .01-.16
Calcium, dissolved wet 14 59.5 20.4 58.5 29.0-85.3 .3926
(mg/L as Ca) (00915) dry 14 68.3 21.2 69.5 36.0-104.0
Magnesium, dissolved wet 14 2.26 175 2.30 1.3-4.2 .0455%
(mg/L as Mg) (00925) dry 14 3.22 145 2.95 1.5-6.6
Sodium, dissolved wet 14 3.86 181  3.20 2.1-8.2 .3653
(mg/L as Na) (00930) dry 14 4.90 3/19 3.45 2.6-13.0
Potassium, dissolved wet 14 1.59 .98 1.35 .5-4.6 .0169
(mg/L as K) (00935) dry 14 2.62 2.06 1.90 1.0-9.3
Manganese, dissolved wet 13 6.2 13.0 2.0 .5-47.0 8 9212
(ug/L as Mn) (01058) dry 14  40.3 141.3 1.0 1.0-531.0
Iron, dissolved wet 13 14.8 36.8 4.0 1.0-137.0 2.2185
(ug/L as Fe) (01046) dry 14 16.6 40,7 5.0 5.0-158.0
Lead, dissolved wet 13 13.3 21,2 10.0 1.0-82.0 @ 0188
(ug/L as Pb) (01049) dry 14 12.4 35,7 2.0 1.0-136.0
Zinc, dissolved wet 13 8.3 8l7 6.0 .4-33.0 3 8494
(ug/L as Zn) (01090) dry 14 7.5 7.0 5.5 1.0-27.0
Cadmium, dissolved wet 13 .8 16 .3 .3-6.0 2 1651
(ug/L as Cd) (01025) dry 14 2.0 4.1 1.0 .3-16.0
Nickel, dissolved wet 13 4.2 6.3 3.0 1.5-25.0 30.4942
(ug/L as Ni) (01065) dry 14 8.5 18.9 2.5 2.5-74.0
Cobalt, dissolved wet 13 2.2 2.5 2.0 0.5-10.0 3 0960
(ug/L as Co) (01035) dry 14 5.6 13.6 2.0 2.0-53.0
Copper, dissolved wet 13 1.4 .3 1.5 1.0-2.0 3 0013
(ug/L as Cu) (01040) dry 14 1.1 .3 1.0 1.0-2.0
Fecal coliform (coionies/ wet 13 22.9 319 7.0 <1-96 .14Mm
100 mL) (31625) dry 14 298.9 745.0 27.0 <1-2,800
Fecal streptococci wet 8 631.1 1,145.2 95.0 14-3, 380 .7666
(colonies/100 mLO0 (31673) dry 14 905.7 2,295.2 185.0 <1-8,800

a Because of more than one detection limit value in the [two data sets, the actual probability
value may be higher or lower than the probability shown.

percent significance level. This difference in| concentration could be the
result of water from different sources entering the well as the water table
fluctuates with season.

Overall, statistical tests indicate the chemistry of the water in the
Cotter Dolomite to be less variable with season|than that of water in the
Boone Formation. This situation is expected because the water in the Cotter
Dolomite is deeper and less responsive to seasonal recharge differences.
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Response to Rainfall

Three springs (sites 2, 5, and 7) issuing from the Boone Formation were
sampled during and after a rainstorm of approximately 2 to 3 inches that began
at 6:30 p.m. on September 14, 1987, and lasted for 1.5 hours. The three
springs were chosen on the basis of the following criteria: (1) each site had
to be located near a road to allow for easy access during times of high water
and to allow quick sampling, (2) the three sites had to be within reasonable
distance from each other so each could be sampled at approximately the same
time, and (3) each spring had to have sufficient flow for making discharge
measurements using standard stream-gaging techniques. Spring site numbers 2,
5, and T (fig. 7) are known to local residents as Bear Creek Spring, Lick
Branch Spring, and Flag Spring, respectively. These springs were sampled
approximately 4, 7, 11, 19, and 28 hours after the rainfall began. Two weeks
after the rainstorm, an additional sample was collected at each spring. This
sample was assumed to represent background concentrations before the storm.
Discharges at each spring were measured approximately 19 hours after the
rainstorm began and again 2 weeks after the rainstorm. Gage heights were
recorded when discharge measurements were not possible because of high water,
darkness, and time constraints. Two measured discharges and associated gage
heights for each spring allowed discharges to be estimated at the time of each
sample collection. Results of chemical and bacterial analyses and discharge
measurements for the rainstorm are included in table 6.

Graphs relating conductance and constituent concentrations to time in
hours after the rainstorm began are shown in figures 8 to 12. The graphs show
the time for each constituent to reach a minimum or maximum concentration and
return to the background concentrations. According to Steele and others
(1985), ground-water constituents can be divided into three groups based on
their behavior as the storm hydrograph peaks:

Group 1: constituents exhibiting a decrease in concentration (dilution

effects),

Group 2: constituents exhibiting an increase in concentration (flushing

effects), and

Group 3: constituents exhibiting either a decrease or an increase in

concentration depending on conditions within the drainage
basin.
All three springs (sites 2, 5, and 7) exhibited similar dilution and flushing
trends. For this report, however, only one site, site 5 (Lick Branch Spring),
Wwill be discussed.

For Lick Branch Spring (site 5), specific conductance and total alka-
linity, caleium, magnesium, sodium, and chloride concentrations decreased
initially, indicating dilution effects; whereas, nitrite plus  nitrate,
potassium, and orthophosphate concentrations and fecal coliform and fecal
streptococcus bacteria counts (colonies) increased initially, indicating
flushing effects. All of the above mentioned constituents reached minimum or
maximum concentrations at peak flow only 3 hours after the rain began.
Similar dilution and flushing effects were observed in studies done by Steele
and others (1985), Parr (1987), Wickliff (1988), Adamski (1987), and Widmann
(1982) for springs in Washington and Benton Counties, Arkansas; however, peak
discharges for these studies were obtained 8 to 2l hours after the rain began.
The rapid increase in discharge from 0.9 gal/min to 625 gal/min (table 6) in 3
hours for Lick Branch Spring indicates flow through large solution channels.
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Figure 8.--Relation of specific conductance and discharge of Lick
Branch Spring with time after rain began on September 14, 1987.
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Figure 9.--Relation of calcium and mag‘esium concentrations and
discharge of Lick Branch Spring with time after rain began
on September 14, 1987.
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and discharge of Lick Branch Spring with time after rain began
on September 14, 1987.
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time after rain began on September 14, 1987,
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on September 14, 1987.
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Specific conductance and calcium, magnesium, sodium, and chloride concen-
trations significantly decreased for the first 3 hours after the rain began,
then rapidly increased for several hours before stabilizing and gradually
returning to background levels (figs. 8-10) as discharge slowly decreased to
base flow. Specific conductance (fig. 8) varied in a manner similar to
calcium concentrations (fig. 9) and total alkalinity (bicarbonate ions at pH
values in this study) as expected because conductance is essentially con-
trolled by the concentrations of these two ions in limestone terrains. With
the increase in recharge water, sodium and chloride concentrations were
diluted; however, the transport of these ions in grams per hour (g/hr) at peak
flow (142 g/hr sodium and 532 g/hr chloride) far exceeded the transport at
base flow (0.6 g/hr sodium and 1.3 g/hr chloride) indicating sodium and
chloride ions were actually washed into the aquifer system (fig. 10).

Nitrite plus nitrate, potassium, orthophosphate, fecal coliform, and
fecal streptococci concentrations increased rapidly until the discharge peaked
about 3 hours after the rain began. Concentrations then returned to
background concentrations as discharge gradually decreased (figs. 11 and 12).
These rapid increases in concentration are the result of the introduction of
these ions from surface sources. The overall quick response and large range
of chemical changes over a short period of time for Lick Branch Spring
indicate a shallow flow system through "cave-like" passages with a capture
area located close to the spring orifice (fig. 13). Perhaps interconnected
conduits above the water table provide a temporary or alternate path for
ground water under high-flow conditions as water travels from the point of
recharge to the spring outlet. Lick Branch Spring is located in a 0.5 mi?
surface drainage basin that is approximately 98 percent pasture land. Animal
and human wastes and commercial chemicals used to fertilize pasture land
probably are a source for the bacteria and the nitrite plus nitrate,
orthophosphate, and potassium ions. Fecal coliform and fecal streptococcus
colonies substantially increased from 27 to 25,000 colonies per 100 mL and 190
to 43,000 colonies per 100 mL, respectively, within 3 hours of the onset of
rainfall (fig. 12). However, 6 hours after the rain began, fecal coliform and
fecal streptococcus bacteria concentrations decreased to 5,400 colonies per
100 mL and 23,000 colonies per 100 mL, respectively, and at 28 hours fecal
coliform and fecal streptococcus colonies had decreased to 2,000 colonies per
100 mL and 11,000 colonies per 100 mL, respectively. Fecal coliform to fecal
streptococcus ratios at base flow (0.14) and at peak flow (0.58) indicate
animal sources.

Fluctuations in the concentrations of dissolved chemical constituents at
spring sites 2 and 7 during a rainstorm were as much as 14 times greater than
fluctuations associated with seasonal changes and as much as 56 times greater
for spring site 5. Fecal coliform concentration changes during the rainstorm
for site 5 were approximately 1,400 times that associated with seasonal varia-
tions. Changes in the flow of these springs because of a rainstorm appear to
be much more important controls on water chemistry of the spring than is
season. This conclusion is consistent with findings reported by Jacobson and
Langmuir (1974) for springs in Pennsylvania.
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SUMMARY AND CONCLUSIONS

Northwestern Boone County, Arkansas, is underlain by carbonate rocks.
Ground water in the area is susceptible to contamination and relatively large
water-quality variations because near surface fractures and solution channels
provide recharge water with direct passageways to the aquifers. Sources of
ground-water contamination in the area include cattle manure and chicken
manure, which commonly is applied as fertilizer to pasture land, commercial
fertilizers, and septic tank effluent. The potential for ground-water
contamination probably is greater in the northern one-half of the study area
where there are more photolineaments, and presumably, more subsurface fractures
than in the southern half of the area.

Regional ground-water flow in the Cotter Dolomite is from west of Ridgeway
and northeast of Omaha toward the major streams (Bear and Long Creeks)
bordering the study area. Departures from the regional pattern of ground-water
movement may occur in local areas in response to topography and where solution-
enlarged fractures and joints are present.

Concentrations of chemical constituents in ground water in northwestern
Boone County generally did not exceed U.S. Environmental Protection Agency
(USEPA) primary or secondary maximum contaminant levels. Fecal coliform and
fecal streptococcus bacteria were found in all springs and three wells (sites
18, 19, and 27). Fecal coliform to fecal streptococcus ratios for both springs
and wells were less than 0.7 and indicated livestock sources of contamination.
Only one spring (site 16) exceeded the USEPA primary maximum contaminant level
for nitrite plus nitrate (10 mg/L as N) with a mean concentration of 11.1 mg/L
as N. One spring, located near an abandoned wood treatment plant (a USEPA
designated Superfund site), had maximum iron, manganese, lead, and pentachloro-
phenol concentrations that exceeded either the USEPA's primary or secondary
maximum contaminant levels for drinking water. Wood treatment chemicals
originating from the plant site probably are the source of contaminants.

Spring water discharging from the Boone Formation had significantly higher
concentrations of nitrite plus nitrate, chloride, orthophosphate, fecal coli-
form, and fecal streptococci and significantly lower hardness and concentra-
tions of magnesium, bicarbonate (alkalinity), sulfate, potassium, and zinc and
specific conductance values than water from wells open to the deeper Cotter
Dolomite. Water in the Boone Formation is more susceptible to surface contami-
nants than water in the deeper Cotter Dolomite because stratigraphically the
Boone Formation is above the Cotter Dolomite.

The effects of season on water quality were directly related to seasonal
recharge patterns. In springs in the Boone Formation specific conductance,
temperature, pH, and concentrations of magnesium and potassium in water were
significantly higher during the dry season than during the wet season. In
water from wells in the Cotter Dolomite, concentrations of zine and ortho-
phosphate were significantly higher during the wet season than during the dry
season. The chemistry of the water in the Cotter Dolomite was less variable
with season than the water in the Boone Formation because the Cotter Dolomite
is deeper, and less responsive to variations in seasonal recharge.
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Water from the Boone Formation sampled at three springs during a
rainstorm, exhibited a decrease in specific conductance, and concentrations of
bicarbonate (alkalinity), calcium, magnesium, sodium, and chloride, and an
increase in concentrations of nitrate plus nitrite, fecal coliform and fecal
streptococcus bacteria within 3 to 8 hours after the rain began. Decreasing
concentrations are usually the result of %ilution from the recharge water.
However, the transport of sodium and chloride ions in grams per hour (g/hr) at
peak flow far exceeded the transport at base flow indicating sodium and
chloride ions were washed into the aquifer. Ibcreasing concentrations are the
result of flushing of chemicals or bacteria in surficial material into the
aquifer. Fecal coliform and fecal streptococcus counts increased from 27 to
25,000 colonies per 100 milliliters and from 190 to 43,000 colonies per 100
milliliters, respectively, in spring number 5 after a rainstorm. During a
rainstorm, ground water exhibited changes in ion concentrations as much as 56
times those associated with seasonal variation,
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Table 7.--Qrgani¢ chemical analyses of ground water from springs in

n unt Arkan

north tern B

{mg/L, milligrams per liter; ug/L, micrograms per liter; --, not measured; five digit numbers in
parentheses are STORET parameter codes used for computer storage of data; GC/FID, gas chromatograph/
flame ionization detector; USGS, U.S. Geological Surveyl

Agency Agency Carbon, GC/FID Para-
col- ana- organic scan chloro- 2-
lecting lyzing dis- no. of meta chiloro-
Site Geologic sample sample solved peaks >10 cresol phenol
number Station number unit (code (code Date Time (mg/L percent of total total
number) number) as C) internal (pg/L) (ug/L)
(00027) (00028) (00681) standard (34452) (34586)
1 362506093135701 Batesville USGS USGS 03-19-87 1245 2.4 -- -- --
Sandstone
2 361753093110401 Boone USGS USGS 03-18-87 1300 3.3 - -- -
Formation
3 361900093162201 Boone USGS USGS 03-13-87 0945 0.9 -- -- -
Formation
4 361923093103801 Boone USGS USGS 03-18-87 1400 1.0 -- - -=
Formation
5 361942093134701 Boone USGS USGS 03-13-87 0845 0.6 -- -- --
Formation
6 362226093102201 Boone USGS USGS 03-18-87 1515 1.0 -- -- --
Formation
7 362304093123001 Boone USGS USGS 03-19-87 1330 2.0 - -- --
Formation
8 362455093103201 Boone USGS USGS 03-19-87 1100 1.2 -- -- --
Formation
10 362607093111001 Boone USGS USGS 03-20-87 1030 -- -- <5.0 <6.0
Formation
12 362648093072801 Boone USGS USGS 03-12-87 1630 0.5 -- -- -
Formation
13 362658093121001 Boone USGS USGS 03-11-87 1345 4.6 49 <5.0 <6.0
Formation
14 362714093125101 Boone USGS USGS 03-18-87 1615 1.2 0 <5.0 <6.0
Formation
15 362823093140401 Boone USGS USGS 03-19-87 0930 0.8 -- - --
Formation
16 362923093081001 Boone USGS USGS 03-12-87 0900 1.2 -- -- --
Formation
17 362945093124801 Boone USGS USGS 03-19-87 0830 1.1 -- -- --
Formation
4,6-
2,4-di- 2,4-di- 2,4,-di- 2,4,6- dinitro- Phenol Penta-
2-nitro- chloro- methyl- nitro- trichlo- 4-nitro- ortho- (CéH- chloro-
Site phenol phenol phenol phenol rophenol phenol cresol 50H) phenol
Number Date total total total total total total total total total
(ug/L)  (ug/L)  (uwg/L)  (ug/L)  (ug/L)  (ug/L)  (we/L)  (ug/L)  (ug/L)
(34591 1 4 461 4621 464 4657 4694 39032
10 03-20-87 <6.0 <6.0 <6.0 <20.0 <5.0 <30.0 <30.0 <6.0 <30.0
13 03-11-87 <6.0 <6.0 <6.0 <20.0 <5.0 <30.0 <30.0 <6.0 1,200
14 03-18-87 <6.0 <6.0 <6.0 <20.0 <5.0 <30.0 <30.0 <6.0 <30.0
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Table 8.--Physical properties and inorganic chemical analyses of ground water from wells

in rthw

tern Boon

n Arkan

[Condition, indicates wet and dry seasonal samples used in statistical analysis and quality assurance (QA)
samples; --, not measured; deg C, degrees Celsius; wh wat, whole water; tot fild, total field; cols./100 mL,
colonies per 100 milliliters; mg/L, milligrams per liter; ug/L, micrograms per liter; uS/cm, microsiemens

centimeter at 25 degrees Celsius; meq/L, milliequivalents per liter; five digit numbers in parentheses

are

per

STORET parameter codes used for computer storage of data; UofA, University of Arkansas; USGS, U.S. Geological

Survey]

Site

num

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

Agency
ana-

Locatl Geologic lyzing Condi-

r Station_pumber identifier Owner Latitude Longitude unit sample Date Time tion
362106093151201 20N21W31BAC1 Burns, J. 36 21 06 093 15 12 Boone UofA 06-20-87 1345 Other
Formation UofA 09-17-87 1300 Other

361722093141401 19N21W20BDC1 Wilson, B. 36 17 22 093 14 14 Cotter UofA 05-08-87 1830 Wet

Dolomite UofA 09-18-87 1330 Dry

361915093122001 19N21W10BCA1 Trammell, W.36 19 15 093 12 20 Cotter UofA 05-08-87 1800 Wet

Dolomite UofA 09-16-87 1030 Dry

362053093123801 20N21W33ACD1 Noble, D. 36 20 53 093 12 38 Cotter UofA 05-08-87 1630 Wet

Dolomite USGS 08-07-87 1200 QA

UofA 09-17-87 0845 Dry

362227093080401 20N20W20BCA1 Sublett, G. 36 22 27 093 |08 04 Cotter UofA 06-21-87 1230 Wet

Dolomite UofA 09-16-87 1130 Dry

362231093142901 20N21W19ADD1 Fancher, D. 36 22 31 093 14 29 Cotter UofA 06-21-87 1630 Wet

Dolomite UofA 09-17-87 1015 Dry

362318093162701 20N22W13CBD1 Skaggs, B. 36 23 18 093 16 27 Cotter USGS 03-19-87 1500 QA
Dolomite UofA 03-19-87 1501 Other

UofA 05-08-87 1000 Wet

UofA 09-18-87 1230 Dry

362319093115001 20N21W15CAA1 Edwards, D. 36 23 19 09311 50 Cotter USGS 05-07-87 1330 QA

Dolomite UofA 05-07-87 1331 Wet

USGS 08-08-87 1331 QA

UofA 09-17-87 1345 Dry

362351093142101 20N21W17BBB1 Gearhart, J.36 23 51 09314 21 Cotter UofA 05-08-87 1715 Wet

Dolomite UofA 09-17-87 0900 Dry

362436093055301 20N20WO3CCA1 Horensky, S.36 24 36 093 |05 53 Cotter USGS 03-19-87 1630 QA
Dolomite UofA 03-19-87 1631 Other

UofA 05-08-87 1230 Wet

UofA 09-16-87 1200 Dry

362500093175001 20N22WO3DDA1 Tipton, D. 36 25 00 09317 50 Cotter UofA 06-20-87 1445 Wet

Dolomite UofA 09-17-87 0945 Dry

362654093101601 21N21W26ADB1 Cobb, J. 36 26 54 09310 16 Cotter UofA 06-21-87 1345 Wet

Dolomite UofA 09-16-87 1530 Dry

362706093043501 21N20W23CDD1 Kain, J. 36 27 06 093 04 35 Cotter UofA 06-21-87 1430 Wet

Dolomite UofA 09-16-87 1415 Dry

362807093081101 21N20W17CCC1 Sanders, R. 36 28 07 093 (08 11 Cotter UofA 06-21-87 1515 Wet

Dolomite UofA 09-16-87 1300 Dry

362841093115101 21N21W15BDA1 Matlock, L. 36 28 41 093'11 51 Cotter USGS 05-07-87 1430 QA

Dolomite UofA 05-07-87 1431 Wet

USGS 08-04-87 1500 QA

UofA 09-17-87 1500 Dry

362911093160201 21N22W12DCC1 Arnold, D. 36 29 11 093 16 02 Cotter USGS 05-07-87 1515 QA

Dolomite UofA 05-07-87 1516 Wet

UofA 09-17-87 1530 Dry

362935093034501 21N20W12BBA1 Donnelly, J.36 29 35 09303 45 Cotter USGS 03-12-87 1245 QA

| Dolomite UofA 03-12-B7 1246 Wet

UofA 09-16-87 1500 Dry
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Table 8.--Physical properties and ingorganic chemical analyses of ground water from wells

in northwestern Boon nt Arkan --Continued
Elevation Depth Hard-
of land below Spe- Magne- ness
surface Depth land cific Calcium sium, Hard- noncarb Sodium, Sodium
Site datum of surface Temper- con- pH dis- dis- ness wh wat dis- adsorp
number Date (feet well, (water ature duct- (stand- solved solved (mg/L tot fld solved tion
above sea total level) water ance ard (mg/L (mg/L as (mg/L as (mg/L ratio
level) (feet) (feet) (deg C) (uS/cm) units) as Ca) as Mg) CaCOz) CaCOy) as Na)
(72000) (72008) (72019) (00010) (OO 400 1 92 009 0902 Q 1
18 06-20-87 1,100 40.00 -- 20.0 420 7.40 78 1.4 200 21 2.7 0.1
09-17-87 1,100 40.00 -- 19.0 460 6.70 79 1.7 200 16 2.9 1
19 05-08-87 1,420 460.00 -- 16.0 580 7.20 74 19 260 10 1 .3
09-18-87 1,420 460.00 -~ 15.5 575 7.00 75 18 260 17 17 5
20 05-08-87 1,425 550.00 -~ 17.0 560 7.00 92 7.8 260 16 12 .3
09-16-87 1,425 550.00 -~ 18.0 520 7.40 65 1 210 (4] 24 .8
21 05-08-87 1,360 400.00 -- 16.5 438 7.30 40 20 180 2 15 5
08-07-87 1,360 400.00 334.00 -- -- -- -- -- -- -- -- --
09-17-87 1,360 400.00 -- 17.0 438 7.30 40 21 190 10 15 .5
22 06-21-87 1,365 444.00 -- 19.0 560 7.30 62 30 280 15 1.6 0
09-16-87 1,365 444.00 -- 18.0 540 7.60 59 31 280 22 1.6 0
23 06-21-87 1,510 510.00 -- 17.5 430 7.30 54 18 210 29 4.4 .1
09-17-87 1,510 510.00 -- 17.0 375 7.20 42 18 180 27 2.6 .1
24 03-19-87 1,300 475.00 -- 15.0 458 8.20 47 24 220 0 8.9 .3
03-19-87 1,300 475.00 -- 15.0 458 7.50 42 25 210 0 8.2 .3
05-08-87 1,300 475.00 -- 16.0 430 7.30 43 22 200 1 10 .3
09-18-87 1,300 475.00 -- 18.0 460 7.20 44 25 210 6 8.4 .3
25 05-07-87 1,320 455.00 -- 18.5 520 7.60 -- -- -- -- -- --
05-07-87 1,320 455.00 -- 18.5 520 7.60 60 31 280 56 1.9 0
08-08-87 1,320 455.00 180.00 -- -- -- -- -- -- -- -- --
09-17-87 1,320 455.00 -- 19.0 538 7.00 60 30 280 55 2.4 .1
26 05-08-87 1,410 520.00 -- 15.0 395 7.20 46 19 190 28 2.9 .1
09-17-87 1,410 520.00 -- 15.0 370 7.30 42 20 190 22 2.9 1
27 03-19-87 950 240.00 -- 15.0 650 7.60 69 42 350 12 6.5 .2
03-19-87 950 240.00 -- 15.0 650 7.20 65 42 340 8 6.9 .2
05-08-87 950 240.00 123.25 16.5 680 6.80 77 47 380 49 3.2 .1
09-16-87 950 240.00 -- 19.0 680 6.90 73 50 390 49 2.8 .1
28 06-20-87 1,150 400.00 -- 22.0 478 7.50 59 18 220 s} 6.1 0.2
09-17-87 1,150 400.00 -- 17.0 480 7.00 58 19 220 20 6.4 .2
29 06-21-87 1,320 675.00 = 19.0 620 7.10 74 34 320 63 1.6 0
09-16-87 1,320 675.00 -- 17.0 640 6.90 73 36 330 64 1.8 s}
30 06-21-87 760 -- -- 19.5 599 7.20 63 35 300 31 1.8 0
09-16-87 760 -~ -- 19.0 560 7.10 61 33 290 23 1.6 0
31 06-21-87 1,320 755.00 -- 17.5 580 7.20 60 32 280 36 2.6 .1
09-16-87 1,320 755.00 -- 19.0 580 7.20 56 34 280 30 2.2 .1
32 05-07-87 1,360 705.00 -- 16.0 360 7.90 -- -- - - -- --
05-07-87 1,360 705.00 -- 16.0 360 7.90 37 20 170 44 1.9 .1
08-04-87 1,360 705.00 254.00 -- - -- -~ -- -- -- -- --
09-17-87 1,360 705.00 -- 18.0 362 7.20 38 21 180 7 1.4 0
33 05-07-87 1,300 550.00 -- 16.5 365 7.50 ~-- -~ -- -- -- --
05-07-87 1,300 550.00 -- 16.5 365 7.50 40 22 190 25 1.5 0
09-17-87 1,300 550.00 - 19.0 380 7.20 40 21 190 33 1.6 0
34 03-12-87 890 185.00 -- 13.5 590 6.80 70 40 340 37 1.9 0
03-12-87 890 185.00 22.40 13.5 580 6.80 67 39 330 33 2.6 1
09-16-87 890 185.00 -- 20.0 700 7.00 72 47 370 77 5.0 .1
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Table 8.--Physical! properties and inorganic chemical analyses of ground water from wells

in_northwestern Boone County, Arkansas--Continued
Nitro- Nitro- Phos-

Potas-  Alka- Carbon  Chilo- Fluo- gen, gen, phorus, Silica,
sium, 1linity dioxide ride, Sulfate ride, ammonia NO2+N03 ortho, dis-
dis- wh wat dis- dis- dis- dis- dis- dis- dis- solved

Site solved tot fid solved solved solved solved solved solved solved (mg/L
number Date (mg/L (mg/L as (mg/L (mg/L (mg/L (mg/L (mg/L (mg/L (mg/L as
as K) CaCOs) as COZ) as C1) as 504) as F) as N) as N) as P) SiOz)

(0 41 0405 4 0094! 00950 0060 0631 71 0095

18 06-20-87 2.0 180 14 63 3.4 -- 0.02 0.36 .02 --
09-17-87 2.6 188 73 4.8 3.0 ‘ -- < .01 2.36 .01 --
19 05-08-87 1.3 254 31 8.0 28 | -- .01 .36 .01 --
09-18-87 1.3 246 48 8.9 33 -- .06 .38 < .01 -~
20 05-08-87 3.0 246 48 4.5 18 -- .03 .21 .02 -
09-16-87 6.3 234 18 5.9 21 -- .01 .20 < .01 --
21 05-08-87 5.1 180 17 3.0 21 -- .37 < .04 .01 -
08-07-87 -- -- -- - -~ -- -- -- -- --
09-17-87 5.4 176 17 3.5 21 -- .14 .08 < .01 -
22 06-21-87 1.3 262 25 .5 17 -- < .01 < .04 .01 -
09-16-87 1.6 254 12 1.5 20 - .01 .06 < .01 --
23 06-21-87 1.5 180 18 4.3 31 i - < .01 < .04 .01 --
09-17-87 2.7 154 19 4.1 17 . == < .01 .06 < .01 -=
24 03-19-87 5.4 222 2.7 2.9 18 0.9 -- .23 < .01 8.8
03-19-87 5.6 213 13 2.1 17 -- .05 .18 .02 --
05-08-87 6.2 197 19 1.5 20 -- .30 .04 .04 --
09-18-87 6.0 206 25 2.5 19 -- .10 .20 < .01 --
25 05-07-87 -- -- 0 -- -- - -- -- -- --
05-07-87 1.6 221 1" 4.5 33 - <0.01 0.32 0.01 -
08-08-87 -- - -- -- -- -- -- -- -- --
09-17-87 2.5 220 43 6.5 37 -- .01 .56 .01 --
26 05-08-87 3.8 164 20 1.5 22 -- .01 .54 < .01 --
09-17-87 3.7 164 16 1.5 19 -- < .01 .06 .01 --
27 03-19-87 .8 332 16 9.9 9.3 0.1 -- 1.60 < .01 14
03-19-87 1.2 328 40 7.9 13 - < .01 .73 .01 --
05-08-87 1.0 336 102 3.3 26 -- < .01 .10 .01 --
09-16-87 1.4 338 82 4.5 23 - .18 .24 .01 --
28 06-20-87 3.5 192 12 6.0 17 -- .05 2.01 .01 --
09-17-87 3.9 202 39 8.7 17 -- .10 3.24 .01 --
29 06-21-87 3.0 262 40 2.0 52 -- < .01 .32 .01 --
09-16-87 3.8 267 65 3.2 68 -- .20 .28 .01 --
30 06-21-87 3.3 271 33 1.0 18 -- < .01 .06 .01 --
09-16-87 5.6 264 41 1.5 19 -- .10 .04 .01 --
31 06-21-87 5.5 246 30 .5 42 - .02 .05 < .01 --
09-16-87 6.1 250 31 1.7 S5 - .16 .06 < .01 -
32 05-07-87 -- -~ 0 -- -- - - -- - --
05-07-87 2.3 131 3.2 1.2 36 -- .03 < .04 < .01 --
08-04-87 -- -- -- -- -- -- -~ -- -- --
09-17-87 2.4 110 13 1.2 37 -- < .01 < .04 < .01 --
33 05-07-87 -- -- 0 -- -- - -- -- - --
05-07-87 1.0 164 9.9 2.5 14 -- < .01 .16 .01 --
09-17-87 1.2 154 19 2.8 15 -- < .01 .16 < .01 --
34 03-12-87 2.6 297 93 3.5 34 .1 -- .45 < .01 9.4
03-12-87 3.0 295 90 2.0 29 -- < .01 .15 .02 --
09-16-87 3.7 297 58 5.8 72 | - .16 1.42 < .01 --
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Table 8.--Ph

ertie 3 03 e g ang 8$€3 0O grou
in rthwestern n --Continued

Chro-
Solids, Solids, mium,
residue sum of hexa-
at 180 consti- Arsenic Boron, Cadmium valent, Cobalt, Copper, Zinc, Iron, Lead,
deg C tuents, dis- dis- dis- dis- dis- dis- dis- dis- dis-
Site dis- dis- solved solved solved solved solved solved solved solved solved

number  Date solved solved (ug/L (ug/L (ug/L (ug/L (ug/L  (ug/L  (ug/L  (ug/L  (ug/L
(mg/L) (mg/L) as As) as B) as Cd) as Cr) as Co) as Cu) as Zn) as Fe) as Pb)
7 1 1 1

7 1 1 1032 1
18 06-20-87 -- -- -- -- <1 -- <4 <3 3 7 4
09-17-87 - - - - <1 - <4 <2 150 5 <2
19 05-08-87 -- -- -- -- 1 -- <4 3 930 11 4
09-18-87 - - - - <1 - <4 <2 1,000 16 <2
20 05-08-87 - -- -- -- 1 -- 4 6 710 7 16
09-16-87 -- -- -- -- <1 -- <4 <2 130 1 <2
21 05-08-87 -- - - - <1 -- <4 <3 610 29 4
08-07-87 -- -- -- -- -- -- -- -- -- -- --
09-17-87 -- -- -- -- <1 - <4 <2 170 19 <2
22 06-21-87 -- -- - -- <1 -- <4 <3 1,100 4 10
09-16-87 -- -- -- -- 1 -- <4 <2 300 12 2
23 06-21-87 - -- - -— <1 -- <4 3 1,300 11 10
09-17-87 - - -- -- <1 -- <4 <2 260 27 <2
24 03-19-87 230 252 1 210 <1 <1 <1 9 1,500 6 <5
03-19-87 -- - - -- <1 -- <1 6 1,100 4 13
05-08-87 -- -- -- -—- <1 -- <4 3 880 14 16
09-18-87 -- -- -- -- <1 -- <4 <2 520 5 <2
25 05-07-87  -- -- -- -- -- -- -- -- -- -- --
05-07-87 -- - - -- <1 -- <4 <3 440 4 4
08-08-87 -- - -- -- -- -- -- -- -- - --
09-17-87 -- -- -- -- 1 -- <4 <2 220 16 2
26 05-08-87 -- -- -- - 1 -- 4 <3 570 7 4
09-17-87 -- -- -- -- <1 - <4 <2 280 12 <2
27 03-19-87 345 351 <1 <10 <1 <1 <1 4 110 3 <5
03-19-87 -- - -- - <1 - <1 <2 140 2 5
05-08-87 -- -- - - <1 -- <4 <3 160 4 <4
09-16-87 -- - -- -- <1 -- <4 <2 120 5 <2
28 06-20-87 - -- - -- <1 - <4 <3 628 a 10
09-17-87 -- - -- -- 1 -- <4 <2 290 8 <2
29 06-21-87 - - -~ -- <1 -- <4 <3 1,900 11 10
09-16-87 - -- -- - <1 - <4 <2 1,100 5 <2
30 06-21-87 -- -- -- -- 1 -- <4 <3 130 22 16
09-16-87 -- -- -- -- <1 - <4 <2 67 90 <2
31 06-21-87 -- - -- -- 2 -- <4 <3 1,700 11 16
09-16-87 -- - - -- 2 - <4 <2 1,400 8 <2
32 05-07-87 -- -- -- -- - -- - -- -- -- --
05-07-87 -= - - -- 2 -- <4 <3 390 4 <4
08-04-87 -- -- -- -- -- -- -- -- -- -- --
09-17-87 -- -- - - <1 -- <4 <2 180 5 <2
33  05-07-87 -- -- -- -- -- -- - - -- -- --
05-07-87 - - -- - <1 -- 4 6 630 4 4
09-17-87 -- - - - <1 -- <4 <2 270 S 2
34 03-12-87 329 344 <1 <10 <1 <1 <1 3 190 6 <5
03-12-87 -- -- -- -- 1 - <1 2 180 6 2
09-16-87 -- -- -- - <1 -- <4 <2 140 5 <2
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Table 8.--Physical properties and inorganic chemical analyses of ground water from wells
in northwestern Boone County, Arkansas--Continued
Manga- Stron- Alum- Sele- Coli- Strep-

nese, Nicketl, tium, inum, nium, Mercury form, tococci Percent
dis- dis- dis- dis- dis- dis- fecal, fecal, differ-

Site solved solved solved solved solved solved mf agar kf agar Total Total ence
number Date (ug/L (ug/L (ug/L (pug/L (ug/L (wg’/L  (cols./ (cols./ cations anions cations/
as Mn) as Ni) as Sr) as Al) as Se) as Hg) 100 mL) 100 mL) (meq/L) (meq/L) anions

(01056) (01065) (01080) (01106) (01145) (71890) (31625) (31673)

18 06-20-87 <2 <6 -- - - -- 3 ) 4.177 5.511 -13.77
09-17-87 <2 <5 - -- - - 34 K180 4,275 4.123 1.82
19 05-08-87 2 <6 - - - - 0 1 5.785 5.914 -1.09
09-18-87 2 <5 - - -- - 1 0 6.031 5.881 1.26
20 05-08-87 2 <6 - - -- -- 0 1 5.832 5.443 3.46
09-16-87 <2 <5 - - - -- 0 1 5.371 5.290 .77
21 05-08-87 4 <6 -- - - -- 0 1 4.449 4.074 4.40

08-07-87 -- -- - -— - - -- - - - --
09-17-87 <2 <5 -- -- - -- 0 3 4.500 4,054 5.21
22 06-21-87 2 <6 -- - -- -- 0 0 5.633 5.575 .52
09-16-87 <2 <5 -- - - -- 0 7 5.623 5.545 .71
23 06-21-87 2 <6 -- -- - - 0 1 4.407 4.366 .46
09-17-87 2 <5 - -- -- -- 0 2 3.794 3.559 3.20
24 03-19-87 - 2 860 <10 <1 0.4 0 2 4.846 4.956 -1.12
03-19-87 3 <3 - - - P 0 2 4.629 4.693 - .68
05-08-87 2 <6 - - -- -- 0 1 4.551 4.335 2.44
09-18-87 2 <5 - - - - 0 0 4.756 4.543 1.75
25 05-07-87 -- -- -- - -- -- 0 1 5.397 5.530 -1.22
05-07-87 <2 <6 - - - - 0 1 5.653 5.253 3.67

08-08-87 -- -- -- - -- - - -- - - --
09-17-87 2 5 - - - - 0 2 5.666 5.379 2.60
26 05-08-87 <2 <6 -- - - -- 0 0 4.067 3.816 3.18
09-17-87 <2 <5 - - - - 0 2 3.931 3.719 2.77
27 03-19-87 -- <1 55 <10 <1 <. .1 4 21 7.203 7.246 - .29
03-19-87 1 <3 -- -- -- R 4 21 7.040 7.066 - .18
05-08-87 2 <6 - - - - 2 440 7.859 7.298 3.70
09-16-87 <2 <5 - - - - 0 2 7.883 7.366 3.39
28 06-20-87 4 <6 -- - -- - 0 1 4.814 4.497 3.41
09-17-87 <2 <5 - - -- - 0 2 4.820 4.878 - .58
29 06-21-87 4 <6 - - - - 0 5 6.638 6.323 2.43
09-16-87 <2 <5 - -- -- - 0 95 6.781 6.860 - .57
30 06-21-87 2 <6 - -- - -~ 0 0 6.205 5.829 3.13
09-16-87 2 <5 - - - - 0 3 5.961 5.712 2.14
31 06-21-87 4 <6 -- - - -- 0 0 5.882 5.726 1.35
09-16-87 <2 <5 -- -- -- i__ 0 4 5.845 6.191 -2.87
32 05-07-87 -- - - - -- - 0 14 3.528  3.623  -1.33
05-07-87 <2 <6 - -- - -- 0 14 3.634 3.395 3.41

08-04-87 -- -- - -- - - - -- - - -
09-17-87 <2 <5 - -- - -- 0 3 3.731 2.994 10.97
33 05-07-87 -- - - - - -- 0 0 3.781 3.845 -0.82
05-07-87 <2 <6 - - - -~ 0 0 3.865 3.626 3.19
09-17-87 <2 <5 - - - -- 0 3 3.842 3.470 5.08
34 03-12-87 - 3 50 <10 <1 <0.1 0 -- 6.935 6.898 .27
03-12-87 <1 <3 -- - -- -- 0 -- 6.748 6.508 1.81
09-16-87 2 <5 - - -~ -- 0 3 7.790 7.697 .60
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Table 9.--Qrganic chemical analyses of ground water from wells in northwestern
Boone County, Arkansas

1
00

[MG/L, milligrams per liter; --, not measured; GC/FID, gas chromatagraph/flame ionization
detector; five digit numbers in parentheses are STORET parameter codes used for computer
storage of data; USGS, U.S. Geological Survey]

Agency Agency Carbon, GC/FID
col- ana- organic scan
lecting lyzing dis- no. of
Site Geologic sample sample solved peaks >10
number Station number unit (code (code Date Time (mg/L percent of
number) number) as C) internal
(00027) (00028) (00681) standard
24 362318093162701 Cotter USGS USGS 03-19-87 1500 0.5 --
Dolomite
25 362319093115001 Cotter USGS USGS 05-07-87 1330 -- 0
Dolomite
27 362436093055301 Cotter USGS USGS 03-19-87 1630 1.3 --
Dolomite
32 362841093115101 Cotter USGS USGS 05-07-87 1430 -- 0
Dolomite
34 362935093034501 Cotter USGS USGS 03-12-87 1245 .5 --
Dolomite
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