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CONVERSION FACTORS AND ABBREVIATIONS

"Inch-pound units" of measure used in this report may be converted
to metric (International System) units by using the following factors:

Multiply By To obtain
Acre 0.4047 Square hectometer (hm2)
Acre-foot (acre-ft) 0.001233 Cubic hectometer (hm3)
Foot (ft) 0.3048 Meter (m)
Inch (in) 25.40 Millimeter (mm)
Square mile (mi2) 2.590 Square kilometer (km?)

For temperature, degrees Celsius (°C) may be converted to degrees
Fahrenheit (°F) by using the formula °F = [(1.8) (°C)] + 32.

SEA LEVEL

In this report, "sea level" refers to the National Geodetic Vertical
Datum of 1929 (NGVD of 1929, formerly called "Sea-Level Datum of 1929"),
which is derived from a general adjustment of the first-order leveling
networks of both the United States and Canada.

iv



Data on Ground-Water Quality, Carson Valley and
Topaz Lake Areas, Douglas County, Nevada,
For Year Ending September 1987

By Carl E. Thodal
ABSTRACT

Douglas County encompasses 708 square miles in western Nevada
and has been one of the fastest growing counties in the Nation,
according to the 1980 census. This rapid population growth has led
to concern about the present and future impacts of development upon
the ground water, which is the principal source of drinking water for
most of Douglas County. A network of wells was established recently
(1985) by the U.S. Geological Survey, in cooperation with Douglas
County, to characterize the current ground-water quality and its
seasonal variability and to monitor temporal responses to changing
land-use activities in the Carson Valley and Topaz Lake areas of
Douglas County. This report presents data collected from that
network during January through August 1987.

The primary drinking-water standard was exceeded for fluoride
[4.0 milligrams per liter (mg/L)] at one observation well, and the
primary standard for nitrate-nitrogen (10 mg/L) was exceeded at one
domestic well. The following secondary drinking-water standards
were exceeded: pH (6.5-8.5 units) at one public-supply well and
three domestic wells, turbidity (1-5 standard turbidity units) at
one domestic and four shallow observation wells; sulfate (250 mg/L)
at two shallow observation wells and one domestic well; dissolved
solids (500 mg/L) at three shallow observation wells; iron (0.3 mg/L)
at one shallow observation well; and manganese (0.05 mg/L) at one
shallow observation well, two domestic wells, and one public-supply
well. Indicator fecal bacteria were detected in water samples from
two public-supply wells, six domestic wells, and three shallow
observation wells.

Manmade, organic compounds were identified by gas chromatography
and mass-spectrometer analysis in water sampled from four public-
supply wells, three domestic wells, and five shallow observation
wells. Naturally occurring activities of radon-222 gas ranged from
less than 100 picocuries per liter (pCi/L) to 14,000 pCi/L, and the
median activity was 480 pCi/L.

INTRODUCTION

Douglas County encompasses 708 mi? (U.S. Bureau of the Census,
1983, p. 82) in western Nevada (figure 1l). North-south-trending
mountain ranges, the Carson Range on the west and the Pine Nut
Mountains on the east, divide the county into three major valleys:
the Lake Tahoe Basin along the western border (about 70 mi?), Carson
Valley in the central part (about 420 mi?), and Antelope Valley in
the southeastern corner of the county (about 110 mi?). Two major
river systems flow in a northerly direction through the county:
the Carson River through Carson Valley and the West Walker River
through Antelope Valley. The economics of the county are dominated
by agriculture in Carson and Antelope Valleys, and by tourism and
gaming along the southeast shore of Lake Tahoe. The major population
centers are Stateline at Lake Tahoe and the Minden-Gardnerville area
in Carson Valley.
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Douglas County has been one of the fastest growing counties in the
Nation, with a 182-percent increase in population between the 1970 and
1980 censuses (Governor’s Office of Planning Coordination, 1984, p. 37).
This increase is apparently a result of recent economic growth in the
gaming industry, availability of residential property, and the esthetic
qualities of the area. The rapid growth has led to concern about the
present and future impacts of development on the land and water
resources.

Ground water is the principal source of drinking water for most of
Douglas County except in the Lake Tahoe basin where the lake is the
primary source. Ground water is also used for irrigation in Carson and
Antelope Valleys. In 1969, just prior to the rapid population increase,
the estimated 6,000 inhabitants in Douglas County withdrew approximately
7,000 acre-feet of ground water for irrigation and about 420 acre-feet
for public supply. By 1985, the County’s population had increased to
23,200 inhabitants and estimated annual ground-water withdrawals had
increased to 10,500 acre-feet for irrigation and 3,900 acre-feet for
public supply. Estimates of surface-water withdrawals decreased from
230,000 acre-feet for irrigation in 1969 to 220,000 acre-feet in 1985,
while surface-water withdrawals for public supply increased from
1,200 acre-feet in 1969 to about 2,200 acre-feet in 1985 (State of
Nevada, 1971, p. 18; E.A. Frick, U.S. Geological Survey, written
communication, 1987).

Six community water-supply systems of varying sizes serve developed
areas in and near the Minden-Gardnerville area, in southern Carson
Valley, and a residential area in Indian Hills, in the northern part
of the valley. Smaller community systems serve developments adjacent
to and northeast of Topaz Lake, in Antelope Valley. The remainder of the
county outside the lLake Tahoe Basin is served by private domestic wells.

Potential sources of ground-water contamination in Douglas County
include (1) natural, localized sources of mineralized water and of
uranium and its radioactive decay products, including radon-222, a
natural gas produced by radioactive decay of radium-226 (Otton and
others, 1985); (2) leachate from a gold mining and milling operation
in the southeastern corner of Carson Valley; (3) leachate from a large
landfill in Carson Valley; (4) infiltration of agricultural chemicals
(fertilizers and pesticides) applied in Carson and Antelope Valleys;
(5) infiltration of contaminants from land application of municipal
sewage effluents in Carson Valley; (6) percolation of domestic wastes
from septic fields in more densely developed surburban areas of the
county (Garcia, 1989); and (7) infiltration of organic contaminants
from spills or improper disposal of solvents and leakage of petroleum
products from underground storage tanks.

Previous studies have identified areas in Douglas County with
potential for ground-water quality degradation (Nowlin, 1982; Garcia,
1989). 1In addition to the ground-water quality studies, a three-
dimensional model has been developed to simulate surface-water flow
and ground-water levels in response to various ground-water withdrawal
alternatives (Maurer, 1986). Measurements of ground-water levels and
estimates of pumpage have been compiled from data-collection activities
in the Carson Valley (Berger, 1987).



In 1985, the Geological Survey, in cooperation with Douglas County,
established a network of 33 wells for monitoring ground-water quality in
the Carson Valley and Topaz Lake areas; six supplemental wells were added
to this network late in 1986. The ground-water guality data collected
during the first year of network operation were compiled and published
in another U.S. Geological Survey report (Thodal, 1989).

The purpose of this report is to present the ground-water quality
data collected from January through August 1987. The data include:
physical properties and major chemical constituents, indicator organ-
isms of fecal contamination, nutrients, trace elements, manmade organic
compounds, and radon-222. These, in addition to data collected during
the first year of network operation, document current (1987) conditions
and serve as a baseline from which future ground-water quality responses
to changing land-use practices can be assessed.

METHODS AND MATERIALS USED

The monitoring network is composed of wells defined as (1) primary
sites--heavily pumped municipal wells and wells in areas that have a high
potential for contamination; (2) long-term trend sites--wells sampled to
observe time trends in water quality; and (3) supplemental sites--wells
sampled to £ill in data gaps. Primary sites were sampled quarterly,
long-term trend sites were sampled biannually, and supplemental sites
were sampled annually. Long-term trend site 7 was discontinued at the
well-owner’s request in 1987; therefore, a nearby supplemental well (site
34) was converted to a long-term trend site. The current network consists
of 6 primary sites (wells 1-6), 20 long-term trend sites (wells 8-26 and
34), and 9 supplemental sites (wells 27-29, 31, and 35-39). Information
regarding wells used in the monitoring network (location, land-surface
altitude, well depth, screened interval, and casing diameter) is summar-
ized in table 1 and the well locations are shown in figure 2.

Three supplemental sites (wells 27, 28, and 31) and long-term trend
site number 10 are constructed of polyvinyl chloride (PVC) thermoplastic
well casings. PVC has many desirable properties for monitoring-well
construction. Some data, however, suggest potential interferences from
the use of PVC for monitoring trace-organic chemical species (Barcelona
and others, 1983, p. 43) and particularly when casing sections and screens
are joined by using organic solvent primers and cements (Barcelona and
others, 1983, p. 41). The integrity of major-ion chemical data collected
from these sites to characterize the water quality of the shallow ground-
water system should not be affected by the materials used for well con-
struction, but interpretation of trace-organic chemical data warrants
careful scrutiny.

Ground-water samples were collected using the existing pump at each
monitoring well, or from the natural discharge of flowing (artesian) wells.
Samples from U.S. Geological Survey observation wells (sites 27, 28, and 31)
and site 10 were obtained with a peristaltic pump. Each well was allowed
to discharge a minimum volume equivalent to three times the calculated volume
of well casing so that samples representative of water in the aquifer could
be collected. Water temperature, pH, and specific-conductance measurements
were made frequently during the flushing period. Stabilization of measured
values indicated that the water being withdrawn was from the aquifer.



TABLE 1.--Information regarding wells used in monitoring network

{--, indicates that information was not avallable]

Depth
(feet below land surface)
U.S. Geological Survey

site designationsl

Land-surface Top of Bottom of
Site Type altitude uppermost lowermost Casing
numberl of Standard Local (feet above open open diameter
(fig. 2) sitez identification identification sea level) Well interval interval (inches)
1 P 390503119463501 105 N14 E20 18ABABl 4,760 425 151 301 8.0
2 P 385719119454701 105 N13 E20 29CDC1 4,720 400 - -- -
3 P 385604119435601 105 N12 E20 04ADAl 4,780 300 100 300 16
4 P 385414119425401 105 N12 E20 15ADD1 4,850 375 183 372 16
5 P 385412119401401 105 N12 E21 18CABl 5,110 - - -- 8.0
6 P 384333119301701 106 N10 E22 15DCB1 5,120 - - - -
8 L 390542119472001 105 N14 E19 12ADAl 4,895 150 120 150 7.0
9 L 390457119491301 105 N14 E19 14BBD1 5,040 100 76 96 8.0
10 L 390446119451401 105 N14 E20 17aDpCAl 4,640 27 - - 2.0
11 L 390232119443201 105 N14 E20 28CDCl 4,690 88 68 88 7.0
12 L 390208119433201 105 N14 E20 34BDCl 4,760 100 - - 6.0
13 L 390106119424301 105 N13 E20 02CBB1 4,860 176 156 176 6.0
14 L 390021119504301 105 N13 E19 09ADCAl 4,820 180 156 176 8.0
15 L 390017119453901 105 N13 E20 08CAAl 4,695 130 110 125 7.0
16 L 390015119500101 105 N13 E19 10DBB1 4,680 115 80 115 8.0
17 L 385926119481601 105 N13 E19 13BCCl 4,675 500 150 500 16
18 L 385801119421501 105 N13 E20 26ABBl 4,870 130 90 130 9.0
19 L 385742119453801 105 N13 E20 29BDDD1 4,720 118 93 114 7.0
20 L 385654119431801 105 N13 E20 34ACCl 4,790 80 - - 8.0
21 L 385509119414801 105 N12 E20 11ADD 1 4,900 125 105 125 6.0
22 L 385352119455401 105 N12 E20 17CCD 1 4,760 91 67 87 8.0
23 L 385321119405002 105 N12 E20 24ADC 2 4,980 145 122 142 8.0
24 L 385255119482301 105 N12 E19 23DDD 1 4,740 141 121 141 9.0
25 L 384156119323301 106 N10 E22 29CADAl 5,067 183 140 183 6.0
26 L 384136119323901 106 N10 E22 32BAAB2 5,075 105 80 105 7.0
27 s 390205119464301 105 N14 E20 30DCCB1 4,654 20.5 10.5 20.5 2.0
28 S 390137119453601 105 N14 E20 32DCCC1 4,679 21 11 21 2.0
29 S 390024119453501 105 N13 E20 08BACBCl 4,692 21.1 - - 1.0
31 s 385948119464401 105 N13 E20 18BAAAl 4,682 20.5 10.5 20.5 2.0
34 L 390623119470501 105 N14 E20 06CBAB2 4,840 96 73 93 8.0
35 s 385738119465301 105 N13 E20 30BCAD1 4,695 360 200 360 26
36 S 385703119381301 105 N13 E21 33BCAB1 5,200 163 140 160 8.6
37 s 385410119494501 105 N12 E19 15DBAAl 4,920 300 125 300 10
38 S 385342119451701 105 N12 E20 20ABAAl 4,795 450 200 450 16
39 S 384640119351801 105 N11 E21 35ABB 1 5,880 115 93 115 8.0

1 In this table, wells are referenced to figure 2 by a site number, and identified by the standard

identification (ID) and the local (Nevada) ID used by the U.S. Geological Survey. Except in this table,
only the site numbers (1-39) are used, for convenience. In 1987, long-term trend site 7 was discontinued
at the request of the well owner, and in 1986, supplemental site 34 was converted to a long-term trend
site to replace site 7. Sites 30, 32, and 33 (Thodal, 1989, table 1) were not sampled during this (1987)
study period.

The standard identification is based on the grid system of latitude and longitude. The number
consists of 15 digits: The first six digits denote the degrees, minutes, and seconds of latitude;
the next seven digits denote the degrees, minutes, and seconds of longitude; and the last two digits
(assigned sequentially) identify the site within a l-second grid. For example, site 385604119435601
is at 38°56704" latitude and 119°43’56" longitude, and it is the first site recorded in that l-second
grid. The assigned number is retained as a permanent identifier even if a more precise latitude and
longitude are later determined.

A local site designation is used in Nevada to identify a site by hydrographic area (Rush, 1968) and
by the official rectangular subdivision of the public lands referenced to the Mount Diablo base line and
meridian. Each site designation consists of four units: The first unit is the hydrographic area number.
The second unit is the township, preceded by an N to indicate location north of the base line. The third
unit is the range, preceded by an E to indicate location east of the meridian. The fourth unit consists
of the section number and letters designating the quarter section, quarter-quarter section, and so on (A,
B, C, and D indicate the northeast, northwest, southwest, and southeast quarters, respectively), followed
by a number indicating the sequence in which the site was recorded. For example, well 105 N12 E21 18CAB1
is in Carson Valley (hydrographic area 105). It is the first well recorded in the northwest quarter of

the northeast quarter of the southwest quarter of section 18, Township 12 North, Range 21 East, Mount
Diablo base line and meridian.

P, primary sites--heavily pumped municipal wells or wells in areas that have a high potential
for contamination; L, long-term trend sites--wells sampled to observe time trends in water quality;
S, supplemental sites--wells sampled to £1ill in data gaps.
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Water-quality properties measured at each site included:
(1) temperature, accurate to 0.5 °C; (2) pH, accurate to %0.1 unit;
(3) specific conductance, accurate to 3 significant figures and
expressed in microsiemens per centimeter at 25 °C (uS/cm); and
(4) alkalinity as CaCO.,, by incremental-pH titration accurate to
+1 mg/L. Measurements were made in accordance with methods described
by the U.S. Environmental Protection Agency (1972, chapters 3 and 4)
and by Barnes (1964).

The presence and abundance of biological indicators of fecal
contamination were determined by the membrane filter method for fecal
coliform bacteria and fecal streptococcal bacteria. Samples were
filtered immediately after collection. The filter was placed on a
nutrient medium, incubated for 24 hours at 44.5 °C for fecal coliform
bacteria and for 48 hours at 35 °C for fecal streptococcal bacteria,
and colonies were then counted. These methods are described in detail
by Ehlke and others (1977, p. 53-62).

Water samples for chemical analysis were collected and treated
following standard U.S. Geological Survey methods (Skougstad and
others, 1979), and shipped within 2 days to the U.S. Geological Survey
laboratory in Arvada, Colo. The types of containers and preservation
and treatment procedures used for the various water samples are listed
in table 2. The methods and precision of the analyses are described
by Feltz and Anthony (1985).

Samples collected for dissolved radon-222 determination were
sent to the Department of Physics and Astronomy, University of Maine
in Orono, for analysis by the liquid scintillation counter technique
(Prichard and Gesell, 1977, p. 577-581). A subset of samples from
five monitoring sites was collected in all-glass deemanation bubblers
and sent to United States Testing Company, Inc., Richland, Wash., for
analysis by direct deemanation and alpha-scintillation counting (Yang,
1987, p. 194-198).

In water year 1986, semiquantitative "scan" for the presence
and cumulative concentration (but not the individual identities)
of organic compounds was made on samples from 30 sites, using gas
chromatography and a flame-ionization detector (Thodal, 1989,
p. 10-11). Sixteen sites where organic compounds were detected
by the "scan" in water year 1986, and five new "supplemental" sites
were sampled in water year 1987 for determination of specific organic
compounds using gas chromatography and a mass spectrometer for
purgeable organic compounds (Wershaw and others, 1983, p. 61-71),
acid extractable compounds (Wershaw and others, p. 71-75), and
base/neutral extractable compounds (Wershaw and others, p. 76-80).
Organochlorine compounds were analyzed by gas chromatography and an
electron-capture detector, and organophosphate compounds were analyzed
by gas chromatography and a flame-photometric detector (Wershaw and
others, p. 50-58). Organic compounds analyzed by these methods are
listed in table 3.

Water-quality properties and constituents measured and detected
in water samples collected from network wells during water year 1986
with respect to source, occurrence in uncontaminated water, use of
standards, and significance are described in a previous report
(Thodal, 1989, p. 12-18).



TABLE 2.--Sample containers and preservation and treatment procedures for

water-quality samples

[Abbreviation: °C, degrees Celsius]
Type of sample Container Treatment
Dissolved major anions 250-milliliter poly- Filteredl

Dissolved major cations
and trace constituents

Dissolved nutrients

Dissolved organic carbon

Dissolved mercury

Radon-222

Purgeable organic
compounds

Extractable organic
compounds

Organochlorine and
organophosphorus
compounds

ethylene bottle,
field-rinsed

500-milliliter poly-
ethylene bottle,
acid-rinsed

250-milliliter brown
polyethylene bottle,
field-rinsed

125-milliliter glass
bottle, baked at
350 °C

250-milliliter glass
bottle, acid-rinsed

20-milliliter scintil-
lation vial; duplicate
sample required

40-milliliter amber,
glass vial with septum;
duplicate sample
required

l1-liter glass bottle,
baked at 350 °C

l1-liter glass bottle,
baked at 350 °C

Filteredl, acidified
to pH <2 with
concentrated
nitric acid

Filteredl, preserved
with mercuric
chloride, chilled
to 4 °C

Filteredz, chilled to

4 °C

Filtered!, acidified,
to pH <2 with con-
centrated nitric
acid, preserved
with potassium
dichromate

Mineral oil

Chilled to 4 °C,
protected from
sunlight

Chilled to 4 °C

Chilled to 4 °C

1 Prerinsed, 0.45-micrometer

Prerinsed, 0.45-micrometer (pore-size)

(pore-size) membrane filter.

silver-metal membrane filter.
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WATER-QUALITY DATA

This report presents the data collected during water year 1987.
Locations where primary and secondary State of Nevada drinking-water
standards have been exceeded are shown in figures 3 and 4, respectively.
Primary drinking-water standards are maximum contaminant levels
established by the U.S. Environmental Protection Agency, adopted and
enforceable by the State of Nevada for public water supplies which serve
water to at least 25 people, or 15 service connections, for at least
60 days per year. Secondary drinking-water standards are unenforceable
contaminant levels recommended by the U.S. Environmental Protection
Agency and adopted by the State of Nevada to define thresholds of
esthetic quality. Primary and Secondary standards are listed in table 4.

Primary drinking-water standards for inorganic properties and
constituents (table 4) were exceeded for fluoride at site 10 (5.6 and
6.8 mg/L) and for nitrite plus nitrate nitrogen at site 34 (12 mg/L).
Secondary maximum contaminant levels were exceeded as follows: DpH at
site 1 (8.6 to 9.1 units), site 9 (8.6 units), site 35 (8.9 units), and
site 38 (8.7 units); turbidity at site 10 (70 to 82 NTU [nephelometric
turbidity units]), site 28 (20 NTU), site 29 (390 NTU), site 31 (32 NTU)
and site 39 (6.5 NTU) sulfate at site 10 (1,700 mg/L), site 15 (290 mg/L)
and site 29 (290 mg/L); dissolved solids at site 10 (2,920 and 2,940
mg/L), site 29 (924 mg/L), and site 31 (622 mg/L); iron at site 10
(9.6 mg/L); and manganese at site 10 (1.2 mg/L), site 15 (0.062 mg/L),
site 35 (0.051 mg/L), and site 36 {(0.22 mg/L).

Locations where indicator fecal bacteria were detected are shown
in figure 5. Fecal coliform bacteria were detected in water samples
from two wells [site 5, 1 sample: 3 colonies per 100 milliliters (mL);
and site 18, 1 sample: 140 colonies per 100 mL]). Fecal streptococcal
bacteria were detected in water samples from 11 wells (site 5, 1 sample:
2 colonies per 100 mL; site 15, 2 samples: 40 and 8 colonies per
100 mL; site 18, 2 samples: 32 and 23 colonies per 100 mL; site 20,

2 samples: 2 and 18 colonies per 100 mL; site 21, 2 samples: 4 and

8 colonies per 100 mL; site 27, 1 sample: 1,000 colonies per 100 mL;
site 28: 420 colonies per 100 mL:; site 29, 1 sample: 10 colonies per
100 mL; site 36, 1 sample: 14 colonies per 100 mL; site 37, 1 sample:
5 colonies per 100 mL; and site 38, 1 sample: 35 colonies per 100 mL).
Locations where manmade organic compounds were detected are shown in
figure 6. The primary maximum contaminant level for vinyl chloride
was exceeded at site 31 (0.005 mg/L). Figure 7 shows the distribution
of dissolved radon-222 activities measured in water samples from
monitoring-network wells.

Physical, biological, and chemical data are given in tables 5-9,
and a statistical summary, by constituent, of water-quality data
collected at all wells in the monitoring network, is presented in
table 10. Measurements below detection limits were incorporated
into the mean and standard deviation estimates by assigning values
predicted by log-probability regression analysis, and the median was
estimated based on lognormal maximum likelihood procedures (Gilliom
and Helsel, 1984; Helsel and Gilliom, 1985).
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MONITORING WELL--Site number (table 1) and chemical symbols or
abbreviations for constituents thal exceed standards.
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FIGURE 3.--Monitoring wells where State primary drinking-water standards were
exceeded. The fluoride (F) standard was exceeded at long-term trend site 10
and the nitrate (NO3) standard was exceeded at long-term trend site 34.
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FIGURE 4.--Monitoring wells where State secondary drinking-water standards were exceeded.
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FIGURE 7.--Dissolved radon-222 activities measured in water samples from monitoring wells.
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