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CONVERSION FACTORS

For the convenience of those who prefer SI (International
System of Units) rather than the inch-pound system, conversion
factors for terms used in this report are listed below. Con-
stituent concentrations are given in mg/L (milligrams per liter)
or pg/L (micrograms per liter), which are equal to parts per
million or parts per billion, respectively. Ion concentrations
also are given in meq/L (milliequivalents per liter).

Multiply inch-pound units By To obtain SI units
Length

inch (in.) 25.40 millimeter

foot (ft) 0.3048 meter

mile (mi) 1.609 kilometer
Area

acre 4,047 square meter

square mile (mi?) 2.590 square kilometer
Flow

gallon per minute 0.06309 liter per second

(gal/min)

Specific Conductance

micromho (umho) 1.00 microsiemens

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

°F = 1.8 °C + 32

National Geodetic Vertical Datum of 1929 (NGVD of 1929): A
geodetic datum derived from a general adjustment of the first-
order level nets of both the United States and Canada, formerly
called mean sea level. In this report, altitudes are based on
the NGVD of 1929.

VII



WELL-NUMBERING SYSTEM

The well-numbering system (fig. 1) indicates the location
of wells sampled within the official rectangular subdivision of
public lands, with reference to the Boise base line and meridian.
The first two segments of the number designate the township
(north or south) and range (east or west). The third segment
gives the section number, followed by three letters and a num-
eral, which indicate the % section (1l60-acre tract), %-% section
(40-acre tract), the %-%-% section (1l0-acre tract), and the
serial number of the well within the tract, respectively.

The U.S. Geological Survey in Idaho indicates quarter
sections by the letters A, B, C, and D in counterclockwise
order from the northeast gquarter of each section. Within
the quarter sections, 40-acre and 1l0-acre tracts are lettered in
the same manner. For example, well 5S-9E-13ACD1 is in the
SE%SW4NW4% sec. 13, T. 5 S., R. 9 E., and is the first well
inventoried in that tract.

VIII



5S—-9E—I3ACDI

Figure 1.-- Well-numbering system.
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GROUND-WATER QUALITY IN THE WESTERN SNAKE RIVER BASIN,
SWAN FALLS TO GLENNS FERRY, IDAHO

By
D. J. Parliman

ABSTRACT

Water-quality data were collected from 92 wells in the
western Snake River basin, Swan Falls to Glenns Ferry, Idaho.
Current (1980) data were compiled with historic (pre-1980) data
from 116 wells to define water-quality conditions in major
aquifers of the area.

Factors affecting water quality in the study area are
composition of aquifer materials, water temperature, and source
of recharge. Mixing of water from confined, hot water aquifers
(40 degrees Celsius or greater) with cold water agquifers (less
than 20 degrees Celsius) occurs along regional complex fault
systems, by interaquifer flow, and through partially cased
boreholes. Cold water generally contains principally calcium,
magnesium, and bicarbonate plus carbonate ions; hot water gener-
ally contains principally sodium, potassium, and bicarborate plus
carbonate ions. Warm water (between 20 degrees and 40 degrees
Celsius) has an intermediate chemical composition.

Ground-water quality in the study area is generally accept-
able for most uses, although it locally contains chemical constit-
uents or physical properties that may restrict use.

Effects of thermal irrigation water on quality of shallow
ground water are inconclusive. The long-term increase in concen-
tration of several water-quality characteristics in parts of the
study area may be due to effects of land- and water-use activi-
ties, such as infiltration of septic tank effluent.



INTRODUCTION

Ground-water availability and quality in Idaho become
more significant to water users as demand for ground-water
supplies increases. An understanding of factors that affect
ground-water gquality is needed to evaluate potential effects
of stresses that will accompany changes in land and water
use.

This study is part of a continuing program, in coopera-
tion with the Idaho Department of Water Resources, to obtain
ground-water quality data in areas where land- and water-resource
development 1s expected to increase. Similar studies in this
program were completed for southeastern Idaho (Seitz and Nor-
vitch, 1979), north Idaho (Parliman and others, 1980), east-
central Idaho valleys (Parliman, 1982), and eastern Snake River
basin (Parliman, 1983b).

Purposes and Approach of Study

The primary purposes of this study were to: (1) Define, on
a reconnaissance level, current (1980) water-quality conditions
in major aquifers (water-yielding rock formations) in the western
Snake River basin, Swan Falls to Glenns Ferry (fig. 2); (2)
summarize and interpret available geologic and hydrologic data to
assist in understanding the natural and man-caused factors that
affect present and future water-quality conditions; and (3)
establish a hydrologic data base on which future data can be
compared to evaluate changes. A secondary purpose was to eval-
uate the possible effects percolation of thermal water applied
for irrigation may have on the quality of local, less mineral-
ized, nonthermal ground water. 1In this report, warm and hot
waters are considered thermal; cold water is considered non-
thermal. Cold water temperature is less than 20°C, warm water is
20°-40°C, and hot water is greater than 40°C.

To accomplish the stated purposes, ground-water samples
and well-inventory data for 92 wells in the study area were
collected from August to November 1980. Selection of wells
sampled was based on the following considerations: (1) Avail-
ability of well-construction and borehole lithologic information,
(2) hydrologic and geologic characteristics of the aquifers, (3)
availability of historic water-quality data, (4) degree of
development of the aquifers, (5) depth to water, (6) potential
use of ground water, (7) historic water-quality problems, and (8)
potential proneness to pollution, such as from septic-tank
drain-field leachates.

Historic (pre-1980) water quality and well-inventory
data were compiled for 116 wells to: (1) Provide ground-water
quality information in areas where current data were not avail-
able, (2) provide comparative data for assessment of the effects
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of quality of thermal water on quality of nonthermal water, and
(3) assess possible temporal changes of ground-water quality.
Wells for which data are available are shown in figure 3. Well
data and water-quality and trace-element analyses are presented
in a report by Parliman (1983a).

Sampling Methodology

Because certain water-quality characteristics may change
with time after sample collection, field determinations of the
following were made onsite: air and water temperature, PpH,
specific conductance, and bicarbonate and carbonate concentra-
tions (by end-point titration method). Well-inventory data
collected onsite included measurements of water level and well
discharge where possible.

Methods used for collection and preservation of samples,
onsite water-quality determinations, and well-inventory data
collection are described in publications by U.S. Geological
Survey (1977) and Beetem and others (1980). Field sampling
equipment used included Sybron/Barnstead! conductivity bridge,
Sargent-Welch pH meter with Sensorex sealed pH probe, and Milli-
pore 0.45 um average pore diameter cellulose nitrate membrane
filters. Sample analyses were performed at the U.S. Geological
Survey, Water Resources Division, Denver Central Laboratory.

DESCRIPTION OF THE STUDY AREA

The western Snake River basin from Swan Falls to Glenns
Ferry, as described in this report, comprises about 2,700
mi?. The area is located in southeastern Ada, southern Elmore,
and north-central Owyhee Counties; for use in this report, this
area is hereafter referred to as Elmore (areas north of the Snake
River) and Owyhee (areas south of the Snake River) Counties.
Major landform features, county boundaries, and towns are shown
in figure 3.

The study area includes parts of both the Northern Rocky
Mountain and Columbia Intermontane geomorphic provinces (Ross and
Savage, 1967). Foothills and mountains north and east of Moun-
tain Home in Elmore County are characterized by northwest-
trending mountain ranges with deep intermontane valleys. Land-
surface altitude in this area ranges from 3,800 ft to more than
7,400 ft.

1 Use of brand and trade names in this report is for identifica-
tion purposes only and does not constitute endorsement by the
U.S. Geological Survey.
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Lowlands on both sides of the Snake River are characterized
by thick lake- and river-origin sediments that are interbedded
extensively with basalt flows and generally referred to as the
western Snake River Plain or Snake River valley. Land-surface
altitude in this section ranges from about 2,300 to 3,800 ft but
includes features of volcanic origin as high as 4,000 ft. Snake
River valley lowland boundaries indicated in several figures
coincide approximately with the 3,800-ft altitude contours on
U.S. Geological Survey 1:250,000 maps.

Foothills, high plateaus, and rugged mountainous areas
of the southwestern part of the study area are characterized
by geologic uplift (Owhyee Uplift), doming, block faulting,
and deep, steep-walled canyons. Structural features of the
uplifted area trend eastward to southeastward across the southern
part of the study area. Land-surface altitude in this section
ranges from 3,000 to 8,400 ft.

Climate in the study area ranges from arid in the lowlands
to subhumid in the high mountains. Average annual precipitation
ranges from less than 10 in. in the lowlands to about 20 in. in
the mountains. The average annual temperature in the lowlands
ranges from 12°C (54°F) at Swan Falls to 10.5°C (51.5°F) at
Glenns Ferry (National Oceanic and Atmospheric Administration,
1980).

Most of the land is federally owned and is managed by
the Bureau of Land Management or the National Forest Service. A
majority of the private, State, or federally owned land is used
as rangeland, but some lowland and foothill areas are used for
irrigated agriculture. Crops raised include alfalfa, sugar
beets, potatoes, corn, wheat, barley, beans, and mint; nearly all
crops must be irrigated. Irrigation water is diverted or pumped
from surface water--intermittent streams, the Bruneau and Snake
Rivers, and several reservoirs--or from ground-water sources.

The area is sparsely populated. Elmore and Owyhee Counties
have estimated populations of 6.4 and 1.0 people per square mile,
respectively (Idaho Division of Budget, Policy Planning, and
Coordination, 1978). Mountain Home and Glenns Ferry are the
largest towns and have populations of approximately 7,500 and
1,400, respectively. Approximately 3,500 service people are
stationed at the Mountain Home Air Force Base, located southwest
of Mountain Home. Smaller towns (generally less than 500 people)
include Swan Falls and Hammett in Elmore County, and Oreana,
Grand View, and Bruneau in Owyhee County.

The economy 1is based on irrigated agriculture, livestock
production, tourism and seasonal recreation activities, and
military~-related jobs. Industry includes potato and vege-
table processing and feedlot cattle production.



More comprehensive descriptions of landform features,
climate, land ownership and use, population, and economics
are reported in Mundorff, Crosthwaite, and Kilburn (1964),
and Ralston and Chapman (1968, 1969, and 1970).

Commercial development and population are increasing in
most of the area, especially near Mountain Home, where construc-
tion of urban subdivisions is most heavily concentrated. Large
tracts of federally owned land are being opened for irrigated
agriculture development. Continued urban and commercial develop-
ment, together with increases in irrigated acreage, may affect
ground-water availability and quality.

GEOLOGIC AND HYDROLOGIC SETTING

Generalized Geology and Water-Yielding
Characteristics of Geologic Units

Surface geology of the Swan Falls to Glenns Ferry area
(fig. 4) 1is generalized from the Idaho State Geologic Map
(Bond, 1978). Geologic units (sometimes composed of several
geologic formations) include Quaternary alluvium and wind-
blown deposits, Quaternary terrace gravels (undifferentiated),
Quaternary basalts of the Snake River Group (undifferentiated),
Quaternary Bruneau Formation of the Idaho Group, Quaternary and
Tertiary Idaho Group (undifferentiated), Tertiary Banbury Basalt
of the Idaho Group, Tertiary silicic volcanic rocks (undifferen-
tiated), and Cretaceous intrusive rocks (basement complex). For
purposes of this report, these units hereafter will be referred
to respectively as alluvium, older gravels, Snake River basalt,
Bruneau Formation, Idaho Group, Banbury Basalt, silicic volcan-
ics, and basement complex. Descriptions of these units are shown
in table 1. More detailed surface geology of parts of Elmore and
Owyhee Counties were described by Malde, Powers, and Marshall
(1963), and Ekren, McIntyre, Bennett, and Malde (1981).

Major structural features of the area include the Snake
River Plain and a complex regional system of faults. The Snake
River Plain is a massive topographic depression or basin (of
debated structural origin) occupying the central part of the
study area and generally defined by the lowland-foothills bound-
aries shown in many figures in this report. Faults are numerous
throughout the area and trend generally westward or northwest-
ward. Relatively few faults are traceable on the surface, but
concealed faults frequently are shown on geologic cross sections
(R. L. Whitehead, U.S. Geological Survey, written commun., 1982)
or may be implied by the occurrence of numerous hot springs in
some areas (Littleton and Crosthwaite, 1957). Spring data are
not included in this report but are reported in Littleton and
Crosthwaite (1957); Young and Whitehead (1975); Young (1977); and
Young, Lewis, and Backsen (1979).



CORRELATION OF GEOLOGIC UNITS GEOLOGIC UNITS AND MAP SYMBOLS
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Table 1l.--Correlation, description, and water-yielding characteristics of geologic units

Period
Quaternary Holocene
Quaternary Holocene and
Pleistocene
Quaternary Holocene and
Pleistocene
Quaternary Pleistocene
Quaternary Pleistocene
and and Miocene
Tertiary
Tertiary Miocene
Tertiary Pliocene and
Miocene
Cretaceous

Epoch Geologic unit and map symbol

Alluvium and windblown
deposits (Qaw)

Terrace gravels, undiffer-
entiated (Qg)

Basalts of the Snake River
Group, undifferentiated
(Qb)

Bruneau Formation of Idaho
Group (Qbf)

Idaho Group, undiffer-
entiated (QTiu)

Banbury Basalt of the Idaho
Group (Tb)

Silicic volcanic rocks,
undifferentiated (Tsv)

Intrusive rocks (Ki)

Physical characteristics

Chiefly flood-plain or windblown
deposits. Includes some lake,
glacial flood, and ocolluvium de-~
posits. Clay, silt, sand, gravel,
and boulders; unconsolidated to
well ocompacted, not bedded to well
bedded; locally contains caliche
layers; includes active sand dunes
in northern Owyhee County.

Unconsolidated clay, sand, pebbles,
cobbles, and boulders., Unconsoli-
dated to compacted. Gravels occupy
terraces along the Snake and Bruneau
Rivers. Includes Melon Gravel and
Crowsnest Gravel of the Snake River
Group.

Olivine basalt, light to dark gray,
dense to vesicular, fine grained to
coarse grained; irregular to colum-
nar jointing; thickness of flows
variable; includes beds of basaltic
cinders, rubbly basalt, and inter-
flow sediments.

Includes vesicular olivine basalt,
dark gray to black, weathers to
reddish gray-brown; fan deposits,
largely coarse sands from decayed
granitic rocks; and detrital mate-
rial, chiefly massive lakebeds of
white-weathering, fine silt, clay,
diatomite, and minor amounts of
sand. Includes beds of iron-
stained pebble and cobble gravel.

Poorly to well stratified terres-
trial and lake deposits: lentic-
ular beds of sand, sandstone, silt,
and clay. Considerable ash dis-
seminated in the silt and clay;

thin layers of ash also present.
Intercalated basalt layers present
in lower part of the formation.
Includes oolitic sandstone and thick
beds of algal limestone in places.
Distinguished by thick, fine~grained
sedimentary sequences, with blue
clay beds common. Includes Black
Mesa Gravel, Tuana Gravel, Glenns
Ferry Formation, and Chalk Hills
Formation of the Idaho Group.

Basalt and olivine basalt, dark gray
and brown, hard to soft, dense, fine
to coarse textured; locally vesic—
ular. A series of consolidated
flows with interbedded lenses of
red, pink, and brown tuff and tuffa-
ceous fine—grained sediments. Ex-
posed in the southern part of the
area; dips northward and is deeply
buried in the northern part of the
area. Basalt commonly altered and
may be contemporary with some Glenns
Ferry Formation basalts in some
areas.

Intrusive and extrusive igneous
rocks in dikes and sheets. Chiefly
latite, ranging in color from light
reddish-brown to purple and black;
glassy to fine grained and porphy-
ritic; mostly dense. Includes Ida-
vada Volcanics. Overlies older
rhyolitic and related rocks that
are fine- to coarse-grained ex-
trusives rich in quartz and bio—
tite, locally cut by mineralized
fault zones.

Intrusive granitic rocks of
comparable age and composition
to the Idaho batholith.

Water-yielding characteristics

Sandy and gravelly alluvium yields
moderate to large amounts of water to
wells. Beds of fine-grained sediments
or caliche may produce perched-water
tables in some areas. Windblown de-
posits are generally above the regional
water table.

Surficial deposits are not permanently
saturated. Reported well yields range
from 20 to 2,700 gal/min (Young, 1977).

Reported well yields range from 20 to
3,100 gal/min (Young, 1977); basalts
are generally above the regional water
table in the study area but may contain
perched water. Interflow sediments
vield little or no water to wells.

Reported well yields from basalt range
from 10 to 3,500 gal/min (Young, 1977),
but basalt may be above the regional
water table. Fan deposits are gener-
ally above the regional water table.
Principal water-yielding unit of Moun-
tain Home area but not important in
Owyhee County.

Generally contains water under artesian
pressure; yields to wells range from a
few gallons per minute from fine-grained
beds to thousands of gallons per minute
from sand and gravel (Young, 1977; Mun-
dorff, Crosthwaite, and Kilburn, 1964).
Important aquifer.

Yields to wells depend on degree of

rock alteration present in area pene-
trated by well; yields from highly
altered rocks are significantly lower
than yields from unaltered rocks. Con-
tains water under artesian pressure.
Yields to artesian wells reportedly range
from a few tens of gallons to 3,800
gal/min (Ralston and Chapman, 1969).
Important aquifer in Owhyee County.

Joints and fault zones in flows and
welded tuff and interstices in coarse-
grained ash, sand, and gravel beds
yield small to moderate and rarely large
amounts (2,000 gal/min, Ralston and
Chapman, 1969) of water to wells.
Commonly contains warm water under
artesian pressure. Important aquifer
in Owyhee County.

Yields to wells from joints and frac-
tured zones are small (Young, 1977).




Other structural features of the study area are asso-
ciated with volcanic events and include dikes, volcanic necks,
cinder cones, and shield volcanoes. Effects of these structures
on ground-water systems in the area have not been established.

Structural geology of the study area has been studied
extensively, owing to the geothermal potential of some ground-
water systems and increasing demand for ground-water development
for irrigation of arid 1lowlands. Stratigraphy and structural
geology of the area are reported in more detail in several
reports, including Piper (1924); Littleton and Crosthwaite
(1957); Mundorff, Crosthwaite, and Kilburn (1964); Anderson
(1965); Ralston and Chapman (1968, 1969, and 1970); Malde (1972);
Young and Whitehead (1975); and Young (1977).

Aquifer Recharge

Recharge to aquifers in foothills, uplands, and moun-
tains of the study area 1is primarily from infiltration of
precipitation. Recharge to aquifers in the lowlands may be
from several sources: (1) interaquifer flow; (2) infiltra-
tion from rivers, intermittent streams, irrigation canals,
drain ditches, reservoirs, applied irrigation water, and precipi-
tation; and (3) leakage from perched-water tables and septic-tank
drain fields. The amount of recharge is affected primarily by
geologic structure, mineral composition, and rock textures of the
geologic units.

Faults are the most important geologic structure that affect
aquifer recharge. Vertical downward movement of recharge to deep
aquifers occurs along numerous fault zones. Upward leakage of
thermal artesian recharge to shallow aquifers, especially from
aquifers in Banbury Basalt and silicic volcanics to aquifers in
Idaho Group also occurs along fault zones.

Mineral composition and rock textures of the geologic
units are important factors determining the hydrologic properties
(water-yielding characteristics) of aquifers and are of partic-
ular importance to infiltration of recharge within geologic
units having highly variable lithologies, such as sediments of
the Idaho Group. Discussion of the complex hydrologic systems in
the Swan Falls to Glenns Ferry area is reported in Littleton and
Crosthwaite (1957) and Ralston and Chapman (1968, 1969, and
1970).

All geologic units in the Swan Falls to Glenns Ferry
area contain some ground water. Water occurs under either
artesian (confined) or water-table (unconfined) conditions,
and perched-water table conditions occur in many geologic
units, particularly in the Bruneau Formation near Mountain
Home. Aquifers in five geologic units are the most common
sources of ground water in the study area: alluvium, Bruneau
Formation, Idaho Group, Banbury Basalt, and silicic volcanics.
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Aquifers in alluvium, Bruneau Formation, and upper beds
of the Idaho Group generally contain cold water and are under
water-table conditions. Aquifers in many lower beds of the Idaho
Group may contain warm water under artesian conditions. Warm
water temperatures most often indicate a mixing of cold and hot
water, most commonly along fault zones or through well boreholes
that penetrate more than one geologic unit. Aquifers in Banbury
Basalt and silicic volcanics units have warm to hot water under
artesian conditions.

Water-yielding characteristics of geologic wunits are
shown in table 1. Well yields from all aquifers are generally
adequate for domestic and stock uses. Well yields from aquifers
in Bruneau Formation, Idaho Group, Banbury Basalt, and silicic
volcanics units are variable but are adequate for irrigation in
many parts of the study area. The quality of water yielded from
Idaho Group, Banbury Basalt, and silicic volcanics units may
influence water use more than do well yields.

Ground-Water Movement

Ground-water movement is in the direction of the hydraulic
gradient, generally from areas of recharge to areas of discharge.
Arrows showing the direction of movement in figure 5 are drawn
perpendicular to contours on the potentiometric surface. Water-
surface contours represent computer-interpolated plots of water-
level data collected in spring and summer 1980 (U.S. Geological
Survey, unpublished data, Boise, Idaho).

In Elmore County, ground water moves generally south-
westward toward the Snake River. West of the Bruneau River
in Owyhee County, ground water moves generally northeastward
toward the Snake River. East of the Bruneau River in Owyvhee
County, ground water moves generally northwestward toward
the Snake River.

Water in confined aquifers probably moves in about the same
direction as that in unconfined aquifers. 1In general, where
hydraulic heads in confined aquifers are above water levels in
shallower, unconfined aquifers, some upward leakage may occur.
In areas where perched water occurs, movement is generally
downward toward the regional potentiometric surface.

GROUND-WATER QUALITY

Variability in chemical and physical characteristics
of ground water in the study area is due to several factors,
including: (1) Geochemical properties, such as solubility
and exchange characteristics of aquifer materials; (2) mixing of
water from differing aquifers; (3) contact time of water with
aquifer materials; (4) mineral composition of aquifer materials;

11



EXPLANATION
Potentiometric contour,
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— 2600~ Contour interval variable.
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Figure 5. —— Contours on the potentiometric surface, 1980, and
generalized direction of ground-water movement.
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(5) relative proximity of the sampling site to source(s) of
ground-water recharge; and (6) influences of man's activities,
such as land- and water-use practices. An in-depth discussion of
all factors affecting water quality is in many texts, including
Freeze and Cherry (1979) and Krauskopf (1967).

Geochemical properties, mixing of ground water, effects of
contact time, and mineral composition of aquifer materials are
complexly related factors that may result in relatively long-term
changes in ground-water quality. Specific influences of any one
of these factors are difficult to determine.

Presentation of water-quality information in this report is
designed to show the influences of predominant geochemical and
geologic factors—--water temperature and composition of aquifer
materials. Pairs of figures are used to illustrate specific
water-quality characteristics, one figure for cold water and
one figure for warm and hot waters. Because many wells in
the study area are open to more than one aquifer and mixing
of ground waters from differing sources is common, major geologic
units yielding water to each well in the study area are shown in
figures 6a and 6b.

Proximity to the source of recharge may be important to
the variability of ground-water quality. Precipitation is
probably the least mineralized source of recharge to aqui-
fers; in general, ground water near a precipitation recharge
area has lower dissolved mineral concentrations than ground
water farther downgradient. Recharge water from more localized
sources of recharge, such as infiltration of irrigation water,
septic-tank drain fields, or landfill leachates is of variable
quality and may be highly mineralized.

The influence of man's activities on quality of recharge
water may result in pronounced local changes in ground-water
quality, sometimes over relatively short periods of time. Change
in water quality due to man's activities may be difficult to
determine in many instances because historic data needed to
establish background water quality are not available.

Characteristic ground-water contaminants that may be

associated with selected land- and water-use practices include
the following (modified from Whitehead and Parliman, 1979):

Source Characteristic contaminants

Agriculture and feedlots Fertilizers (chiefly nitrogen,
phosphorus, and potassium),
pesticides, bacteria, trace
elements, organic chemicals
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Figure 6a. —— Major geologic units yielding cold water to sampled wells.
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Landfills and dumps Organic compounds, 1iron,
manganese, carbon dioxide,

methane, sulfate, phosphates,
chloride, nitrogen compounds,
trace elements, bacteria

Cesspools, septic-tank Dissolved ;olids, chloride,

drain fields sulfate, nitrogen compounds,
phosphates (detergents),
bacteria

Street runoff, Dissolved solids, sodium,

commercial waste, bacteria, ©vphosphates,

irrigation drainage bicarbonate, sulfate,

chloride, nitrogen compounds,
trace elements, pesticides,
organic chemicals, radiochem-
icals

Figure 7 shows the location of selected land-use activities
in the study area.

No attempt was made to sample specifically for point-
source contamination of ground water in this study. Current
sampling locations and water-quality characteristics analyzed for
each location were chosen, in part, to show possible areal or
nonpoint-source contamination.

Discussion of bacteria is not included in this report
because few bacteria data are available for the study area.

Water Temperature

Chemical composition of ground water is directly affected
by temperature of the water. Variations in ground-water temper-
ature in the Swan Falls to Glenns Ferry area may be due to many
factors, including (1) natural thermal gradients, (2) circulation
of heated water from depth and mixing of cold and hot waters, and
(3) seasonal changes in air temperature (affects only shallow
ground water, less than 40 ft below land surface). Natural
thermal gradient is the rate of increase of temperature with
depth in the Earth's crust. In many areas of Idaho, the thermal
gradient 1is about 1°C increase for every 100 ft below land
surface. In the study area, thermal gradients commonly range
from 1° to 2°C per 100 ft, but may be as high as 6.3°C per
100 ft (Young and Whitehead, 1975). High gradients are reported
by Young and Mitchell (1973) near Bruneau and Grand View in
Owyhee County and east of Mountain Home in Elmore County (Arney
and others, 1982). These higher gradients are related to a broad
heat source at relatively shallow depth, perhaps owing to a
thinning of the Earth's upper crust in the area of the Snake
River Plain (Young and Whitehead, 1975).
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EXPLANATION
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Figure 7. —— Selected land—use activities.
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Anomalously hot water in primarily Idaho Group, Banbury
Basalt, and silicic volcanics geologic units is probably the
result of deep circulation and heating of water. Anomalously
warm water from alluvium, Bruneau Formation, and Idaho Group
units is probably the result of mixing of hot and cold water.
Mixing occurs by leakage from artesian aquifers and partially
cased well boreholes. Variations in water temperature in par-
tially cased boreholes may vary seasonally in wells in the study
area, especially wells used for irrigation. For purposes of this
report, wells with varying water temperatures are classified
as cold or warm water sites by averaging all available water
temperatures for that site.

Chemical Composition of Ground Water

Generalized trends and diversity of the chemical composition
of ground water in the study area are illustrated by means of
trilinear diagrams (figs. 8a-8f). In trilinear diagrams, se-
lected cations (positively charged ions--calcium, magnesium, and
sodium plus potassium) and anions (negatively charged ions--
bicarbonate plus carbonate, sulfate, and chloride) for each
ground-water analysis are shown as a percentage of the total
cations and anions, in milliequivalents per liter, plotted as
single points on each side triangle. Cation and anion plots for
each sample then are projected into the central diamond, or
quadrilinear, field. Generalized composition of the water 1is
determined by the 1location of projection intersections in the
diamond field. Generalized chemical compositions of ground water
in the study area are summarized in table 2.

Cold ground water in the study area contains predominantly
calcium, magnesium, and bicarbonate plus carbonate ions. Hot
water contains predominantly sodium, potassium, and bicarbonate
plus carbonate ions. Warm water generally has an intermediate
composition, probably owing to mixing. A large diversity of
chemical composition in water from some geologic units, partic-
ularly aquifers in the Idaho Group, may be due to mixing of
ground water and variability in composition of aquifer materials.

Areal distribution and trends in ground-water composi-
tion are shown by means of pattern diagrams (figs. 9a and
9b). To limit the number of diagrams, polygon-shaped pattern
diagrams (Stiff, 1951) were constructed only for current ground-
water analyses. These diagrams show approximate total ion
concentration and the proportion of cations to anions for each
sample. Pattern diagrams based on median constituent values for
major water-yielding geologic units also are shown in each figure
for comparison with samples from individual wells. Geologic
units for each site are identified in figures 6a and 6b.
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Figure 8b. —— Chemical analyses of cold ground water, Owyhee County.
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Table 2.--Summary of the chemical composition of ground water

Water Geologic Major Major
Area temperature unit(s) cations anions Comments
Alluvium, Bruneau Calcium Bicarbonate . .
; ; Greatest diversity of
ggggatlon, Idaho Magnesium Carbonate composition in aquifers
Cold p of Bruneau Formation of
Bruneau / Calcium Sulfate ég:?:t2§?uP (undiffer-
Formationk Magnesium Chloride
Idaho Group, Calcium Bicarbonate
Elmore Bruneau Forma- Magnesium Carbonate Greatest diversity of
tion composition in aquifers
Warm of Idaho Group (undif-
Bruneau Forma- Sod ium Bicarbonate ferentiated)
tion¥ and Idaho Potassium Carbonate
Group*
Hot Idaho Group, Sodium Bicarbonate
Silicic volcanics Potassium Carbonate
Alluvium, Calcium Bicarbonate . .
Idaho Group Magnesium Carbonate Greatest diversity of
Cold conposition in aquifers
Alluviumi/ and Sodium Bicarbonate ggrigi?gtgg?uP (undif-
1daho Groupd/ Potassium Carbonate
Alluvium, Sodium Bicarbonate
Owyhee Idaho Group, Potassium Carbonate
Banbury Basalt, Greatest diversity of
Warm Silicic volcanics composition in aquifers
of Idaho group (undif-
/ Calcium Bicarbonate- ferentiated)
Idaho Group4’/ and Magnesium Carbonate or
Banbury Basaltl/ Sulfate-
Chloride
Idaho Group, Sodium Bicarbonate Greatest diversity of
Hot Banbury Basalt, Potassium Carbonate composition in aquifers

Silicic volcanics

of silicic volcanics

1/ 1In some areas
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Figure 9a. —— Chemical character of cold ground water,
current data.
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Suitability of Water For Use

Ground-water quality characteristics (chemical, physical,
and bacterial) determine the suitability of water for use.
Principal consumptive demands of ground water in the study area
are for domestic, commercial, public supply, and agricultural
(irrigation and livestock) uses. Drinking water regulations
determined by the U.S. Environmental Protection Agency (1977a and
1977b, hereafter referred to as EPA), describe 1legally estab-
lished mandatory (primary) and recommended (secondary) limits for
chemical constituents and physical properties for public water
supplies. Local natural conditions, esthetic or economic consid-
erations, and resource-protection considerations may result in
variations of regulations in different areas. Although Federal
drinking water regulations legally apply only to public water
supplies, regulation limits provide a comparative base in water-
quality discussion for all water uses.

In contrast to mandatory public drinking water regula-
tions, water-quality criteria designate maximum levels of
water—-quality characteristics that, when not exceeded, will
not harm water users or impair water for use. Criteria for
the protection of aquatic life and domestic water supplies
are determined by EPA (1976). Potentially harmful effects
that contaminants in drinking water may have on human health
are presented by EPA (1977c). Criteria for public and domestic
supplies, fish and wildlife, recreation, agriculture, and indus-
trial (commercial) uses are established by National Academy of
Sciences, National Academy of Engineering (1973, hereafter
referred to as NASNAE). Criteria for all water uses often are
variable, owing in part to differing animal and plant sensi-
tivities, industrial process tolerances, or land- and water-
management practices.

Source and significance of selected water-quality charac-
teristics commonly important to domestic, commercial, public
supply, and agricultural water users are presented in table 3.
Water-quality regulations or criteria for these characteristics
are listed in table 4. Range of concentrations of current and
historic ground-water data in the study area also is listed in
table 4 for reference. Some aspects of quality of water for
public and domestic supply or agricultural uses are discussed in
more detail later in this report.

Where concentrations of chemical constituents exceed
regulation limits or criteria levels or are esthetically or
economically undesirable, it may be possible to reduce, remove,
or control concentrations through appropriate water-treatment
processes. Some methods for treating water are discussed in
Nordell (1961).

28



Table 3.--Source and significance of selected water-quality characteristics

Characteristic

Source

Significance

Temperature (°C)

pH

Hardness as
calcium carbonate
(CaCOy )

Alkalinity as
calcium carbonate
(CaCoO; )

Bicarbonate (HCO;),
Carbonate (COs3),
Carbon dioxide (CO,)

Dissolved solids
(calculated sum)

Silica (Si02)

Calcium (Ca),
Magnesium (Mg)

Sodium (Na}),
Potassium (K)

Fluoride (F)

Variations may be due to
deeper water circulation,
thermal activity, seasonal
air temperature variation,
or disposal of surface
waste water.

Hydrogen—-ion concentration.

In most waters, nearly all
hardness is due to calcium
and magnesium.

Nearly all produced by
dissolved bicarbonate and
carbonate.

Action of carbon dioxide in
water on carbonate-cementing
material and rocks, such as
limestone, dolomite, and
travertine.

Mineral constituents dis-
solved from rocks and soils.

Dissolved from practically
all rocks and soils.

Dissolved from practically
all soils and rocks, but
especially from limestone,
dolomite, and gypsum.

Dissolved from practically
all rocks and soils, es-
pecially feldspars, clay
minerals, and evaporites.
Present in sewage and
commercial fertilizers.

Dissolved in small gquan-
tities from most rocks and
soils. Added to many
public supplies.

29

Affects the usefulness of water for many
purposes. Temperature may affect palatabil-
ity of water, solubility of chemical con-
stituents, and coagulation, sedimentation,
filtration, or chlorination processes.

A pH of 7.0 indicates neutrality of a
solution. Values higher than 7.0 denote
increased alkalinity; values lower than
7.0 indicate increased acidity. Corro-
siveness of water generally increases with
decreasing pH, but excessively alkaline
water also may be corrosive.

Soap-consuming capacity of a water. Forms
white scale on teakettles and plumbing and
rings in bathtubs. Although hardness is
less of a factor with synthetic detergents
than with soap, it is sometimes desirable
to soften hard water for esthetic as well
as economic reasons.

Measure of water's capacity to neutralize
acids. May produce objectionable taste.

Produces alkalinity. When heated in the
presence of calcium and magnesium, can
form scale in pipes and release corrosive
carbon-dioxide gas. Aids in coagulation
for the removal of suspended matter from
water.

Water containing more than 1,000 mg/L of
dissolved solids is unsuitable for many
purposes.

Together with calcium and magnesium, sil-
ica forms a low heat-conducting, hard,
glassy scale in boilers and turbines.
Silica inhibits deterioration of zeolite-
type water softeners and corrosion of

iron pipes by soft (0-75 mg/L CaCO,) water.

Causes most of the hardness in water.
Calcium and magnesium combine with bicar-
bonate, carbonate, sulfate, and silica to
form heat-retarding, pipe-clogging scale
in boilers and in other heat-exchange
equipment. A high concentration of mag-
nesium has a laxative effect, especially
on new users of the supply.

More than 50 mg/L sodium and potassium in
the presence of suspended matter causes
foam in boilers, which accelerates scale
formation and corrosion. Dissolved sodium
concentrations may be important to sodium-
restricted diets.

Fluoride concentrations in limited amounts
have beneficial effects on the structure
and resistance to decay of children's
teeth. Excessive concentrations produce
objectionable dental fluorosis (tooth mot-
tling). Optimum recommended limits for
public water supplies range from 1.4 to
2.4 mg/L and are based on annual average
maximum daily air temperatures.



Table 3.--Source and significance of selected water-quality characteristics-~Continued

Characteristic

Source

Significance

Nitrite (NO,) plus

nitrate (NO3;) as

nitrogen (N}

Sulfate (SOu)

Chloride (C1)

Phosphate (P, total)

Sodium-adsorption-
ratio (SAR)

Specific conductance

Atmosphere, legumes, plant
debris, animal excrement,
nitrogenous fertilizer in
soil, and sewage.

Dissolved from rocks and
soils containing gypsum, sul-
fides, and other sulfur com-
pounds. May be derived from
industrial wastes, both
liquid and atmospheric.

Dissolved from rocks and
soils. Present in sewage
and industrial wastes.

Dissolved from many rocks
and minerals, particularly
apatite. Phosphate fertil-
izers and sodium phosphate
in detergent (component of
sewage) may be pollution
sources of phosphorus.

Dissolved calcium, magnes-
ium and sodium from rocks
and soils.

An indicator of dissolved
mineral content of water.

Small amounts help reduce cracking of
high-pressure boiler steel. Encourages
growth of algae and other organisms that
produce undesirable taste and odors. Con-
centrations in excess of 10 mg/L are sus-
pected as cause of methemoglobinemia (blue-
baby disease) in infants.

Sulfate in water containing calcium forms
hard sca<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>