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SPOKANE VALLEY-RATHDRUM PRAIRIE AQUIFER,
WASHINGTON AND IDAHO

By B. W. Drost and H. R. Seitz

ABSTRACT

The Spokane Valley-Rathdrum Prairie aquifer is composed of unconsol-
idated Quaternary glaciofluvial deposits underlying an area of about 350
square miles. Transmissivities in the aquifer range from about 0.13
million to 11 million feet squared per day and ground-water velocities
exceed 60 feet per day in some areas. The water-table gradient ranges
from about 2 feet per mile to more than 60 feet per mile, and during a
year the water table fluctuates on the order of 5 to 10 feet. For most
of the aquifer the water table is between 40 and 400 feet below land
surface. The aquifer is recharged and discharged at an average rate of
about 1,320 cubic feet per second.

Water is presently (1976) pumped from the aquifer at an average rate
of about 239 cubic feet per second for domestic, industrial, and
agricultural uses. Most of this is discharged to the Spokane River,
lost to evapotranspiration, or applied to the land surface with little
or no change in quality. However, about 34 cubic feet per second
becomes waste water generated by domestic and industrial activities and
%s returned to the aquifer by percolation from cesspools and drain

ields.

The quality of water in the aquifer is generally good. Less than
one-half of 1 percent of the 3,300 analyses available exceeded the max-
imm contaminant levels specified in the National Interim Primary (or
Proposed Secondary) Drinking Water Regulations (U.S. Environmental
Protection Agency, 1975) for constituents which may be hazardous to
health. Of the 6,300 analyses for constituents considered detrimental
to the esthetic quality of water, about 1.4 percent have yielded values
which exceeded the recommended levels.

Alternative water sources for the area supplied by the aquifer are
the Spokane and Little Spokane Rivers, lakes adjacent to the aquifer,
and other aquifers. All of these potential sources are less desirable
than the Spokane Valley-Rathdrum Prairie aquifer because of insufficient
supplies, poor water quality, and (or) remoteness from the areas of
need.



INTRODUCTION
Purpose

The U.S. Environmental Protection Agency (EPA) has been petitioned
for '"sole source' designation of the Spokane Valley-Rathdrum Prairie
aquifer of Washington and Idaho (pl. 1, in pocket) in accordance with
the 1974 Federal ''Safe Drinking Water Act'" (Public Law 93-523). If the
aquifer is determined to be the only economical source of safe drinking
water capable of supplying the Spokane Valley-Rathdrum Prairie area,
then a ''sole source'" designation can be assigned by EPA. This would
give EPA the responsibility of protecting the quality of water in the
aquifer from any detrimental effects caused by any Federal financially
assisted projects in the area.

The purpose of this report is to describe the hydrologic character-
istics, patterns of water use and disposal, quality of water in the
aquifer, and alternative water sources for the area served by the aqui-
fer. The report is based on available basic data and previous studies
in the area and is intended for use as a decisionmaking aid in the
disposition of the ''sole source' petition.

Previous Investigations

The earliest studies of the Spokane Valley-Rathdrum Prairie aquifer
were by Fosdick (1931) and Newcomb (1933), both of whom outlined some
basic geologic, physiographic, and hydrologic features of the aquifer
and its recharge area. Newcomb concluded that a buried ridge of basalt
near Spokane causes the ground-water flow to divide, one part moving
northward into the Hillyard Trough, another part moving westward into
the basalt, and a third part moving through the Miocene Latah Formation
into underlying basalt. Both authors suggested that the water flowing
through the Hillyard Trough (the area between Fivemile and Orchard
Prairies, Wash.; pl. 2), emerges as springs along the south side of the
Little Spokane River valley. Newcomb indicated that the Spokane River
is a losing stream between Post Falls, Idaho, and Trent, Wash., and a
gaining stream from Trent to Spokane. The two authors disagreed on the
major source of recharge to the aquifer; Newcomb claimed Pend Oreille
Lake as the source, while Fosdick suggested that precipitation directly
over the aquifer and in adjacent highlands is the source.

Piper and Huff (1943), Huff (1943), and Piper and La Rocque (1944),
studied the aquifer in more detail. Piper and Huff measured water
levels in a series of wells and made estimates of the hydraulic gradient
in different parts of the aquifer. They concluded that Hayden, Coeur
d'Alene, and Pend Oreille Lakes, and the Spokane River are the major
sources of recharge, with Pend Oreille Lake making the greatest
contribution. They also estimated that the discharge from the aquifer
to springs and rivers was 900 ft3/s.



Huff estimated the total discharge from the aquifer to be about
1,100 ft3/s, which included his estimated total pumpage of 100 ft3/s in
1942,

In a report on long-term water-level fluctuations in wells, Piper
and La Rocque (1944) made some generalizations about the aquifer. They
estimated total flow through the aquifer to be about 1,000 ft3/s. They
also discussed Pend Oreille Lake as a possible recharge source, but not
as a major source.

Interest in the aquifer grew in the early 1950's. Nace and Fader
(1950) tabulated all data then available in U.S. Geological Survey files
on wells tapping the aquifer. In unpublished reports of the U.S.
Bureau of Reclamation, Lenz (1950), Meneely (1951), and Anderson (1951),
studied various aspects of different parts of the aquifer with the
general intention of determining the sources and volumes of water that
could be wused for irrigation in the Rathdrum Prairie area. Lenz
estimated water requirements, seepage losses, and storm flows that would
be associated with a 1large irrigation project. Meneely studied the
contribution of precipitation to the aquifer. Anderson calculated
discharge from the aquifer to the Spokane and Little Spokane Rivers to
be about 470 and 250 ft3/s, respectively.

Broom (1951) and McDonald and Broom (1951), analyzed gaging-station
records for the Spokane and Little Spokane Rivers for the 1950 water
year (Oct. 1, 1949-Sept. 30, 1950). In addition to calculating the net
annual gains and losses of the rivers, they observed large variations in
the directions as well as amounts of flow between the Spokane River and
the aquifer along various stretches of the river.

Fader (1951) compiled water-level data from wells in the Rathdrum
Prairie of Idaho and in Pend Oreille, Hayden, and Coeur d'Alene Lakes,
and Weigle and Mundorff (1952) compiled well records and data on water
levels and water quality for wells in the Washington part of the
aquifer. e

The first significant information on the thickness of the aquifer
was an interpretation by Newcomb (1953) of seismic profiles near the
Washington-Idaho State line and across Hillyard Trough. His interpre-
tations indicated a thickness of about 240 to 375 feet near the State
line and about 150 feet in the Hillyard Trough.

Sources of recharge to the aquifer were studied in detail by Thomas
(1963) and Walker (1964). Thomas estimated a total of 1,200 ft3/s
inflow to the aquifer in 1959, exclusive of recharge from Pend Oreille
Lake. He estimated total discharge to be 1,450 ft3/s, which led to an
indirect estimate of 250 ft3/s of recharge from Pend Oreille Lake.
Walker suggested the existence of an additional source of recharge from
the Hoodoo Valley.



Frink (1964) evaluated the conclusions of Anderson (1951) on
recharge and agreed that Pend Oreille Lake was only a minor source of
recharge, about 50 ft3/s.  Frink also suggested that at least 600 ft3/s
of recharge occurred east of Post Falls, Idaho, and another 150 ft3/s
occurred between Post Falls and the State line.

Rorabaugh and Simons (1966) evaluated methods of relating ground
water and surface water. They found that the ground-water flow to the
rivers varied according to the water-table altitude and predicted a
decline of about 12 ft/yr in the aquifer if all recharge ceased.

The literature to date (1977) continues to show a conflict over the
importance of Pend Oreille Lake as a recharge source. Pluhowski and
Thomas (1968) developed a ground-water budget for the aquifer and
assigned a recharge rate of 50 ft3/s from Pend Oreille Lake in order to
balance the budget. However, they concluded that the contribution from
the lake might be as great as 200 ft3/s. They also estimated that the
ground-water flow at the State line was about 1,000 ft3/s.

Cline (1969) studied the western end of the aquifer and the Little
Spokane River basin to the north. He estimated that the 1964 water use
from the aquifer near Spokane was about 8 billion gallons per year (34
ft3/s), and concluded that this rate of use had very 1little effect on
the hydrologic system.

Hammond (1974) determined that the ground-water flow southward from
Pend Oreille Lake and Spirit and Hoodoo Valleys was confined between
Twin Lakes and Round Mountain. Earlier authors assumed that the aquifer
extended eastward around Round Mountain. Hammond based his conclusion
on his apparent identification of bedrock as occurring at relatively
high elevations and underlying the unconsolidated materials east of
Round Mountain. This theory was supported by the high water-level
altitudes in wells tapping these unconsolidated materials, which
indicated that the materials were a source of recharge to the aquifer
but were not part of the aquifer. —

In 1976, a massive report on the water resources of the metropolitan
Spokane region was completed by the U.S. Army Corps of Engineers (1976).
The report is contained in 13 volumes totaling nearly 4,000 pages, and
includes data on the water resources and pertinent human activities
related to the Washington part of the aquifer. The investigation
concentrated on waste-water management considerations to be faced
between 1980 and 2000.

There are two ongoing studies of the aquifer. The U.S. Geological
Survey, in cooperation with the Washington State Department of Ecology
(DOE), is making a computer model of ground-water flow in the Washington
part of the aquifer. The U.S. Geological Survey and Spokane County,
with cooperation from DOE and EPA, have recently established a
ground-water-quality network and plan to use the data to construct a
water-quality computer model for the part of the aquifer in Washington.



In cooperation with the Idaho Department of Health and Welfare, the
Idaho Department of Water Resources, the Panhandle Health District, and
EPA, the U.S. Geological Survey plans to extend the water-quality and
ground-water flow models to include the Idaho part of the aquifer.
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Well- and Spring-Location Numbering System

The well- and spring-location numbers used by the U.S. Geological
Survey in Washington give the location of wells and springs according to
the official rectangular public-land survey in Washington. For example,
in well number 25/42-14L1, the part preceding the hyphen indicates
successively the township and range (T.25 N., R.42 E.) north and east of
the Willamette base 1line and meridian, respectively. The first number
following the hyphen indicates the section (sec.14), and the letter (L)
indicates the 40-acre subdivision of the section as shown in the sketch
below. The 1last number is the sequence number of the well in the
particular 40-acre tract. Thus, well 25/42-14L1 is the first well
listed in the NE% of the SW4 of sec.14, T.25 N., R.42 E. An s following
the sequence number indicates that the site is a spring.

E F G H Sec. |14
T. 25 N.

M L K J R.42E.

]
N/P Q R

L—- well 25/92-14L/

The location of well 25/42-14L1 is shown on plate 2.



The well-numbering system used by the U.S. Geological Survey in
Idaho indicates the location of wells within the official rectangular
public-land survey in Idaho. The first two segments of the number
designate the township and range, north and west of the Boise baseline
and meridian, respectively. The third segment gives the section mmber,
followed by three letters and a number, which indicate the quarter
section, the 40-acre tract, the 10-acre tract, and the sequence number
of the well within the tract, respectively. Quarter sections are
lettered a,b,c, and d in counterclockwise order from the northeast
quarter of each section, as shown below. Within the quarter sectionms,
the 40-acre and 10-acre tracts are lettered in the same manner. Well
53/4-28cabl 1is in the NW% of the NE% of the SW% of sec.28, T.53 N., R.4
W., and was the first well inventoried in that tract.

Sec. 28
T.53N.
R.4 W.

L weis 53/4-28caby

The water-level hydrographs (figs. 7-11) were printed by computer,
thus all letters necessarily appear in upper case form. .

The location of well 53/4-28cabl is shown on plate 2.



DATA-BASE DESCRIPTION AND DISCUSSION
Aquifer
Geology

The Spokane Valley-Rathdrum Prairie aquifer is composed predomi-
nantly of Quaternary glaciofluvial deposits which extend from Pend
Oreille Lake, Idaho, to Long Lake, Wash., and cover an area of about 350
square miles (pl. 1). The deposits consist mostly of sand and gravel,
fine to coarse, and are poorly to moderately sorted, having scattered
cobbles and boulders. Some beds are composed almost exclussively of
cobbles and boulders as well as a few scattered clay lenses. The sand
and gravel is relatively free of fine sand and silt, except in the
uppermost 3 to 5 feet, where fine-grained materials fill most voids in
the sand and gravel. In the Hillyard Trough, the sediments become
progressively finer grained toward the north, where the aquifer is
composed predominantly of stratified sand but includes some gravel and
silt and a few boulders.

In most areas, the aquifer probably overlies the semiconsolidated,
fine-grained Latah Formation of Miocene age. In some areas the aquifer
has abrupt lateral contacts with sloping bedrock surfaces, but in other
areas, it grades laterally into less permeable, unconsolidated materials
which are not readily distinguishable from the aquifer materials. In
such places, the selected aquifer boundaries (pl. 2) are somewhat
arbitrary. The aquifer boundaries were extended up the small tributary
valleys below Newman and Liberty Lakes, Wash., to include all the
unconsolidated materials. Rather arbitrary boundaries were drawn across
Saltese Flats and Peone Prairie, Wash., because of insufficient
subsurface data. Placement of the boundary between Pend Oreille and
Hayden Lakes, Idaho, excludes a large area of unconsolidated materials
which are not considered part of the aquifer. These materials are
believed to be relatively thin and to directly overlie bedrock, and they
have high water-table altitudes (generally above 2,200 ft) which do not
fit the overall flow pattern in the aquifer. Boundaries were not drawn
across the Spirit and Hoodoo Valleys in Idaho because of insufficient
subsurface data.

The thickness of the aquifer is not well established. The best data
exist where two seismic surveys have supplemented available drilling
data. The seismic data (Newcomb, 1953) indicate a total thickness of
about 400 feet of unconsolidated materials near the Idaho-Washington
State line. Because the water table is at a depth of about 120 feet,
the saturated thickness of the aquifer is approximately 280 feet.

In the Hillyard Trough, a test hole showed about 780 feet of
unconsolidated material (Rieber and Turner, 1963). Newcomb's seismic
interpretation for the same area designated about 160 feet of these
materials as the saturated part of the aquifer, about 150 feet as



unsaturated materials above the aquifer, and the rest as Latah Formation
underlying the aquifer.

The only other wells that penetrate the entire thickness of the
aquifer do so near its margins, in the thinner parts of the aquifer.
Wells drilled away from the margins generally penetrate only 50 feet or
less below the water table because sufficient supplies of water are
generally found within this part of the aquifer.

Hydraulic Characteristics

The transmissivity of the aquifer (the rate at which water is
transmitted through a unit width of the aquifer under a unit hydraulic
gradient) is generally high. Values calculated by the U.S. Geological
Survey's computer model range from 0.13 million to 11 million ft*/day
(pl. 3). The values shown in plate 3 are averages for designated parts
of the aquifer and are based on calculated flow rates and observed
water-table gradients. Transmissivities calculated from pumplng tests
at individual wells range from less than 0.13 million ft2/d in the
western end of the aquifer to more than 13 million ft2/d near the
Washington-Idaho State line.

The specific yield of the aquifer--the ratio of (1) the volume of
water which the aquifer, after being saturated, will yield by gravity to
(2) the volume of the aquifer--cannot be accurately calculated with the
available data. Most unconfined aquifers have values of specific yield
ranging from 0.1 to 0.3, and the Spokane Valley-Rathdrum Prairie
aquifer, at least in its upper 50 feet of saturated section, is probably
nearer to the 0.3 value.

Calculated values of ground-water velocities are high. Assumlng a
saturated thickness of 280 feet, a transmissivity of 3.4 x 106 ft /day,
a water-table gradient of 7 ft/mlle and a porosity of 0.25 for the
aquifer at the State line, the calculated velocity is about 64 ft/day.
In an earlier study (U.S. Army Corps of Engineers, 1976) a different set
of estimated aquifer characteristics led to a calculated velocity of
90.5 ft/day. For the Hillyard Trough, assumlng a saturated thickness of
160 feet, a transmissivity of 0.4 x 10° ft?/day, a water-table gradient
of 30 ft/mlle and a porosity of 0.30, the calculated average velocity is
47 ft/day. 1In the Corps of Engineers study, the velocity was calculated
to be 41.1 ft/day.

Rates of ground-water flow of about 960 and 350 ft3/s were calcu-
lated at the State line and in  the Hillyard Trough, respectively,
assuming the above transmissivity and gradient values and aquifer widths
of 3.5 and 2.5 miles, respectively. The rates calculated in the U.S.
Ammy Corps of Engineers (1976) study were 1,000 and 200 ft3/s,
respectively. The estimated rates of 960 and 350 ft3/s closely agree



with the ground-water budget obtained from estimated rates of recharge
and discharge. (See section on recharge to and discharge from the
aquifer.) From the ground-water budget (pl. 4) a flow of 930 to 1,010
ft3/s is indicated near the State line. Also, the budget shows a gain
of 310 ft3/s in the Little Spokane River, which is derived almost
entirely from the discharge of water from the aquifer at the northern
end of the Hillyard Trough.

Water Levels

The water table in the aquifer slopes from Hoodoo Valley and Lake
Pend Oreille, Idaho, to Nine Mile Falls, Wash. It is at a maximum
altitude of about 2,180 feet in northern Idaho and declines to about
1,540 feet near Nine Mile Falls. The water table in the northermost
part of the aquifer slopes about 20 ft/mile, while the major part, from
north of Round Mountain, Idaho, to the southern end of the Hillyard
Trough in Washington slopes relatively gently, from 2 to 10 ft/mile.
The steepest slopes are in parts of the Hillyard Trough where the water
table slopes more than 60 ft/mile. The mean annual altitude of the
water table is shown on plate 2.

The water-table contours on plate 2 are by no means the only poss-
ible, reasonable interpretation of the available data and reflect at
best an estimated average annual condition. Water-level data are
maintained primarily by the U.S. Geological Survey, which has computer
files of more than 16,000 water levels from about 430 wells tapping the
aquifer in Washington and from about 200 wells tapping the aquifer in
Idaho. These water-level data are of various qualities, including those
reported by owners and well drillers, those measured by U.S. Geological
Survey personnel, and those recorded by monitoring devices installed in
selected wells. The data represent a long period of time, from the
earliest measurements in about 1920 to the present. As shown in the
hydrographs of 11 wells (figs. 1-11), water-level fluctuations are
usually less than 15 feet during a year in most areas. Generally, the
greatest annual fluctuations occur in those wells nearest to the Spokane
River, in response to changing stages of the river.

The water table is deepest in northern Idaho, about 300 to 400 feet
below the 1land surface, and becomes gradually shallower downgradient,
reaching depths of about 120 feet at the Washington-Idaho State line and
about 40 feet near Spokane, Wash. Continuing downgradient, the depth to
the water table increases to about 150 feet in the Hillyard Trough.

10
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DEPTH TO WATER, IN FEET BELOW LAND SURFACE
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FIGURE 5.--Water-level fluctuations in well 26/43-19Aa1,
1930-68 and 1970-77.
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FIGURE 6.--Water-level fluctuations in well 26/45-323J2,
1958-61 and 1263-77.
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FIGURE 7.--Water-level fluctuations in well 51/4-18DCCl, 1948-76.
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FIGURE 1ll.--Water-level fluctuations in well 53/4-28CABl, 1971-76.
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Ground Water-Surface Water Relationships

The major part of the ground water flowing through the aquifer
eventually discharges to the Spokane and Little Spokane Rivers.
Although this has been known for many years, the amounts and areas of
interchange have not been entirely identified because of the complexity
of the system. From 1948 to 1950, the U.S. Geological Survey, in coop-
eration with the U.S. Bureau of Reclamation, added six gaging stations
to the five stations then in operation on the Spokane and Little Spokane
Rivers. Broom (1951) and McDonald and Broom (1951) analyzed the gaging-
station records for the 1950 water year (Oct. 1, 1949-Sept. 30, 1950)
and estimated the amounts and locations of water transferred from the
aquifer to the river and vice versa. Their analyses showed there were
large variations during the 1950 water year, not only in magnitude of
flow, but also in direction of flow. For example, between Post Falls,
Idaho, and Greenacres, Wash., the Spokane River varied from gaining as
mxch as 529 ft®/s to losing as much as 757 ft3/s, with an average annual
loss to the aquifer of about 78 ft3/s.

These kinds of variations take place in most years and result from
fluctuations of the levels of both the river stage and the water table.
In locations where the water table stands above the level of the river,
water discharges from the aquifer to the river. Where the water table
is below the level of the river, the aquifer is recharged by the river.
The levels of both the Spokane River and the water table generally
fluctuate about 10 feet per year; however, because these fluctuations do
not coincide, there are changes in the respective water levels with
resulting changes in the amounts, directions, and locations of inter-
changes of water. The conditions are such that instantaneous flow
rates, as well as directions of flow of water between the aquifer and
the river may change drastically on a short-term basis, although the
long-term average exchange for any reach of the river is probably fairly
constant.

- \‘

J. V. Tracy of the U.S. Geological Survey, as part of an ongoing
project to construct a computer model of the ground-water flow system
of the Spokane Valley part of the aquifer, has used the data compiled
by Broom and McDonald and the long-term gaging station records at Post
Falls, Idaho, and Long Lake, Wash., to estimate the average annual
gains and losses between the aquifer and the Spokane and Little Spokane
Rivers. The results of this analysis are shown on plate 4. The only
losing reach of the Spokane River is between Post Falls, Idaho, and
Greenacres, Wash., and it averages about 80 ft3/s. The remainder of
the Spokane River from Greenacres to Nine Mile Falls gains an annual
average of 780 ft3/s from the aquifer. The Little Spokane River gains
about 310 ft3/s from the aquifer below Dartford and has the most con-
sistent interchange with the aquifer.

The total of the estimated average annual exchanges of water
between the aquifer and the rivers shows an estimated net discharge to
the rivers from the aquifer of 1,010 ft3/s.
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Recharge to and Discharge from the Aquifer

Plate 4 shows locations and rates of recharge to and discharge from
the aquifer and contains a ground-water budget. The part of the Spokane
River basin which contributes water for recharge to the aquifer has a
total area of about 5,900 square miles upstream of site 78 (pl. 10).
This includes the Little Spokane River, Hangman Creek, and Coeur d'Alene
River basins. The aquifer also receives some recharge (about 50 ft3/s)
from Pend Oreille Lake, by seepage through the lakebed into the aquifer.
The surface-water drainage basin above the outlet of Pend Oreille Lake
totals about 22,900 square miles and extends to Butte, Mont. (pl. 1).

The aquifer is recharged by percolation of surface-water runoff and
underflow from adjoining highlands, by percolation of precipitation, by
seepage from the Spokane River, and by percolation of irrigation water
diverted from surface-water sources.

Estimates of recharge from adjoining highland areas upstream of
Spokane are from Thomas (1963), Frink (1964), Pluhowski and Thomas
(1968), and Hammond (1974). Amounts of recharge from adjoining highland
downstream of Spokane and from areas adjoining the Hillyard Trough and
the Little Spokane River were estimated by the U.S. Geological Survey
(H. H. Tanaka, written commun., 1975). Coeur d'Alene, Pend Oreille,
Spirit, Twin, Hayden, Hauser, Newman, and Liberty Lakes, are all
adjacent to the aquifer. Part of the water that flows into these lakes,
is evapotranspired, diverted, increases storage or becomes surface
outflow, and part percolates into the ground and recharges the aquifer.
In the adjacent hills, precipitation produces small streams which lose
most of their water to infiltration as they flow only short distances
across the land surface above the aquifer. Average inflow from
adjoining areas totals about 1,010 ft3/s, with about 800 ft3/s in Idaho
and 210 ft3/s in Washington.

Direct recharge from precipitation was calculated by Pluhowski and
Thomas (1968) for Idaho (130 ft3/s) and by the U.S. Geological Survey
(J. V. Tracy, written commun., 1977) for Washington (50 ft’/s). These
amounts represent that part of the precipitation which is not lost as
surface runoff or as evapotranspiration and is therefore available for
recharge to the aquifer.

As stated previously, the aquifer receives an average of about 80
ft3/s from the Spokane River between Post Falls, Idaho and Greenacres,
Wash. The 250 ft3/s of recharge shown on plate 4 near Coeur d'Alene
includes recharge from both Coeur d'Alene Lake and the Spokane River
between the 1lake and Post Falls. The entire amount is treated here as
recharge from an adjoining area.

Additional recharge comes from the Spokane River near Post Falls,
where about 100 ft3/s is diverted from the river and used for irriga-
tion. Pluhowski and Thomas (1968) estimated that approximately one-half
of this water (50 ft3/s) recharges the aquifer.
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The above estimates gives a total average rate of recharge of about
1,320 ft3/s. Because no long-term change in storage has been observed
within the past 50 years, discharge from the aquifer probably equals
recharge and a state of near equilibrium exists in the aquifer.

The aquifer loses water to the Spokane and Little Spokane Rivers at
an average rate of about 1,090 ft3/s, and an additional ground-water
outflow of about 55 ft3/s occurs at the downstream end of the aquifer
near Nine Mile Falls, Wash., as estimated by the U.S. Geological Survey
(J. V. Tracy, written commun., 1977).

Water use accounts for most of the remainder of ground-water dis-
charge. Approximately 62 ft3/s of water in Washington and 2 ft3/s of
water in Idaho are pumped from the aquifer and are eventually discharged
through sewer systems to the Spokane River (and in one place to Deadman
Creek). In addition, large quantities of water are pumped from the
aquifer and applied as irrigation water at the land surface or are
discharged to cesspools or drain fields, after domestic or industrial
use, where only a part of the water returns, by infiltration, to the
aquifer.

Irrigation use of ground water averages about 31 ft3/s in Washington
and 61 ft3/s in Idaho. Assuming a consumgtive-use factor of 0.67, a
total of 21 ft3/s in Washington and 41 ft3/s in Idaho are lost from the
aquifer. Water pumped from the aquifer and discharged to cesspools or
drain fields, or used for domestic irrigation, averages about 74 ft3/s
in Washington and 9 ft3/s in Idaho. Using a consumptive use factor of
0.59, as calculated by Todd (U.S. Army Corps of Engineers, 1976), total
loss from the aquifer is about 44 ft3/s in Washington and 5 ft3/s in
Idaho, These various pumping losses total 127 ft3/s in Washington and
48 ft3/s in Idaho, for a total pumping loss of 175 ft3/s.

Some water probably flows from the aquifer into the underlying
materials or vice versa. The magnitude of this flow cannot be even
roughly approximated because of the lack of data on the aquifer geome-
try, hydraulic characteristics, and head difference between the aquifer
and these underlying materials. If the underlying materials are pre-
dominantly of the fine-grained Latah Formation or are relatively
impermeable bedrock, as presently believed, then the amount of flow from
the aquifer is probably an insignificant item in the ground-water
budget.

A potential additional loss from the aquifer is ground-water evapo-
transpiration. However, the depth to the water table in most parts of
the aquifer is in excess of 40 feet, precluding any significant loss by
this means.

Suming all of the losses gives a total average discharge of about

1,320 ft3/s from the aquifer. This is equal to the estimated average
recharge indicating that the system is in balance or nearly so.
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Soils

The major types of soil overlying the aquifer are shown on plate 5.
The four soil units in the Washington part are simplified from 29 units
mapped by Donaldson and Giese (1968). The map for the Idaho part (Idaho
Water Resources Board, 1969) was designed to classify soil types as to
their general suitability for irrigation. The emphasis on irrigability
required a map consisting of only three general soil types and resulted
in some ummapped areas (urban areas, air terminals, etc.) and
straight-line and right-angle contacts between umits. The explanation
on plate 5 attempts to correlate the soil units in Washington with those
in Idaho. The units do not exactly match, as evidenced by the apparent,
but unnatural, soil change along the State line.

The infiltration rates of soils as estimated by Donaldson and Giese
(1968) range from 2.5 to 10.0 inches per hour for most of the area
overlying the aquifer in Washington. Although no infiltration rates
were calculated for the Idaho soils, the values are probably roughly
equivalent to those for corresponding units in Washington. Permeabili-
ties are probably greater below the upper 3 to 6 feet, where general
observations indicate an increase proportion of void space and a
decrease in fine-grained materials.

Population

The distribution of population overlying the aquifer is shown on
plate 6. The available population data in Washington is from enumera-
tion districts with boundaries that roughly coincide with the aquifer
boundaries. This is not the case in Idaho, where some large enumeration
districts only partly overlie the aquifer. This necessitates the
inclusion on plate 6 of substantial areas which do not overlie the
aquifer.

~

The population densities are greatest over the Washlngton part of
the aquifer, generally from 100 to 5,000 peOple/ml In Idaho, popu-
ation densities are mostly less than 100 people/mi?, and only four small
areas (totallng about 13 mi?) have densities in excess of 399
people/miZ2.
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Land Use

The use of the 1land surface overlying the aquifer is shown on plate
7. The Washington data are from a series of unpublished maps at a scale
of 1 to 4,800 which were prepared during a previous study (U.S. Army
Corps of Engineers, 1976). In plate 7, the data were modified to show
the predominant type of land use per quartersection. The Idaho data are
from the files of the Kootenai County Planning Commission.

From Pend Oreille Lake, Idaho, to Greenacres, Wash., the land sur-
face is used primarily for agriculture. The land use west of Greenacres
is mostly residential and industrial.

Water Use

Estimated volumes of water pumped from the aquifer in 1976 by public
water-supply systems for domestic, irrigation, and industrial purposes,
are shown on plate 8. The estimates in Washington are modified from a
combination of data from a previous study (U.S. Army Corps of Engineers,
1976) and from data collected during a 1975 statewide water-use study
(Dion and Lum, 1977). In Idaho, the estimated volumes were obtained in
personal interviews with managers of water-supply systems.

The accuracy of these estimated volumes varies considerably. Some
data were directly available from metered-flow records, while others had
to be calculated on the basis of reported mumber of consumers and
estimated average per capita annual use for each system.

Public water-supply systems pumped a total of about 30 billion
gallons (128 ft3/s) of water from the aquifer in 1976 for domestic use.
Plate 8 shows that the major part of the water (about 27.5 billion
gallons) was pumped in Washington. All publicly supplied water used for
domestic purposes by the population overlying the aquifer was obtained
from the aquifer, except for a very small portion (less than 1 percent
of the total domestic use) which was obtained from Hayden Lake, Idaho.
Wells are presently being constructed which will replace this
surface-water supply with additional withdrawals from the aquifer. The
major public water-supply systems are listed in table 1.

An additional 22 billion gallons (92 ft3/s) of water was pumped from
the aquifer in 1976 for irrigation and almost 5 billion gallons (19
ft3/s) for industrial uses. Diverted from the Spokane River in 1976
were about 24 billion gallons (100 ft3/s) for irrigation (near Post
Falls, Idaho) and 10 billion gallons (42 ft3/s) for industrial use
(Kaiser- Trentwood cooling processes). Virtually all the water diverted
by Kaiser-Trentwood is returned directly to the river.
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TABLE l.--Summary of public water-supply systems cbtaining water from the aguifer

Water quality

Lecation Approx= Approx- Num- 3 Present
1 of imate imate ber Chemical standards water
Name of water system wells popu- water use of Standards Number treat-
lation in 1976 samples exceeded of ment
served (millions tested? times
in 19786 of exceeded
gallons)
City of Spokane 25/42-3 180, 000 19,800 35 Iron 1 Chlori-
25/43-4,8,11 nation
26/43-31
Modern Electric Water Company 25/44-8,15,16, 25,000 1,760 51 Iron 6
17,21,22, 27 Manganese 1 None
Dissolved solids 1
City of Coeur d' Alene 51/4-1,3,12 21, 000 1,400 - - - Chlori-
nation
Whitworth Water District #2 26/43-7,19,20, 14,000 979 13 Iron 1 None
30
Fairchild Air Force Base 25/42-11 14,000 727 61 Iron 1 Chlori-
nation
Vera Irrigation District #15 25/44-13,15,22, 12,000 590 37 Iron 2
23,26 Nitrate 2 None
Washington Water Power #2 25/44-20,27,28, 7,400 590 20 Iron 3
29 Copper 1 Chlori-
Lead 1 nation
Washington Water Power #l 25/43-13,23 4,800 343 50 Iron 5 Chlori-
25/44-7,18 Phencls 1 nation
Model Irrigation District #18 25/44-21, 28 4,600 82 5 Iron 1 None
City of Post Palls 50/5=1 4,500 431 - - - None
Washington Water Power #3A 26/43-19,20, 30 4,500 273 9 Iron 1 Chlori-
nation
Orchard Avenue Irrigation District 25/43-12 4,500 102 24 Manganese 2
#6 25/44-7 Phenols 1 None
Carnhope Irrigation District #7 25/43-23 4,200 206 1 None [¢] None
Trentwood Irrigation District #3 25/44-2,3 3,600 427 8 Iron 1 None
26/44-35
North Spokane Irrigation District 26/43-27,28 2,800 174 5 None 0 None
#8
East Spokane Water District #l 25/43-24 2,800 lel 22 Iron 5 None
Consolidated Irrigation District 25/45-17 2,700 134 2 None 4] None
#19 (Greenacres)
Washington Water Power #3B 26/43-8,10 2,400 202 & Iron 1
Manganese 1 None
Ross Point Association 51/5-35,36 2,200 150 - - - None
Hutchinson Irrigation District #l6 25/44-18 2,000 181 3 None 0 None
Consolidated Irrigation District 25/45-18 2,000 100 19 Iron 1 None
#19 (Corbin)
Pasadena Park Irrigation District 25/44-5,6 2,000 32 2 Ncone 0 None
#17
Irvin Water District #6 25/44-4,9 1,800 406 5 None [o] Rone\
Town of Millwood 25/44-5,7,8 1,800 36 4 None 0 None
Consolidated Irrigation District 26/46-31 1,500 72 18 Iron 2
#19 (East Parms) Manganese 1 None
Consolidated Irrigation District 25/45-2 1,300 65 2 None [} None
#19 (Otis Orchards)
City of Rathdrum 52/4-31 1,000 16l - Nitrate 2 None
Pine Villa Estates 50/4-6 1,000 60 - - -- None
Dishman Water Company 25/44-19 1,000 24 2 None [} None
Consolidated Irrigation District 25/45=7 870 43 2 Iron 1 None
#19 (West Farms)
City of Spirit Lake 53/4-6 700 50 - - - None
East Greenacres 51/5-28 600 38 - - - None
Hauser Lake 51/5-19 600 40 - - - None
Consolidated Irrigation District 25/44-11 510 25 2 None 0 None
#19 (Carder)
City of Athol 53/3-9 330 50 -- - - None
Hoffman Water 50/4-1 300 20 - - - None
Hayden Pines 51/4-23 250 15 - - -—- None
Liberty Lakes Utilities Co. 25/45-14,15 240 13 17 Iron 2 None
Pine View Estates 51/4-12 200 13 -— - - None
Norms Trailer Court 51/4-23 150 10 -— -— - Noge
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TABLE l.--Summary of public water-supply systems cbtaining water from the aquifer--continued

Water quality

Location Approx- Approx- Num- . 3 Present
1 of imate 1mate ber Chemical standards water
Name of water system wells popu- water use of Standards Number treat-
lation in 1976 sample exceeded of ment
served (millions tested times
in 1976 of exceeded
gallons)
Moab Irrigation District #20 26/45=-25 140 7 4 Iron . 1 None
pPanhandle Mobile Estates 52/4-22 125 8 - - - None
Mountain View 51/4-14 125 8 -- -- -- None
Sun Air Mobile 51/4-11 100 7 - -- - None
Country Living 52/4-27 100 7 - - -- None
Heutter 50/4-4 100 7 - -- -- None
Rivilla Water Corporation 26/43-6 97 6 4 None 0 None
Howard Water 52/4=5 50 2 - - - None
Bunco Road wWater 53/2-17 40 2 - -- -- None
Pleasant Prairie Water Company 26/44-32 34 5 2 Nitrate 1 None
Pinecroft Mobile Home Park 25/44-9 - - - - - Chlori=-
nation
Hidden Village Estates 52/4-22 - - - -- - None
Upper Twin Lakes 53/5-36 .- - - - -- None
Emerald Estates 51/4-12 Subdivision not yet completed None
Caravelle Corporation 51/4-21 Subdivision not yet completed None
1 A few additional small systems probably exist that are not included in the basic data-
2Dat:a not available for Idaho.
3 Chemical standards are explained on plate 10.
\‘\
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Waste-Water Disposal

In 1976 water was pumped from the aquifer at a rate of about 147
.ft3/s for domestic and industrial uses. After being used, about 64
ft3/s (44 percent) of this water was treated in municipal or 1ndustr1a1
sewage treatment plants and then dlscharged to surface-water bodies.
Of the remaining 83 ft3/s, about 49 ft3/s (33 percent of the pumpage)
was lost to evapotranspiration. (See section on recharge to and dis-
charge from the aquifer.) This leaves about 34 ft3/s (23 percent of
the pumpage) which returns to the aquifer through an assortment of

waste-water disposal facilities.

Interim sewage-treatment facilities processed about 5 of the 34
ft3/s of waste water. These interim facilities are generally small
systems which collect, treat, and dispose of waste water generated at
apartment complexes, shopping areas, mobile home parks, housing devel-
opments, educational institutions, recreational areas, military instal-
lations, motels, and hotels. These systems are not considered to be
permanent and may be replaced in the future by extensions of existing
sewer systems or by more elaborate small systems. The treatment pro-
cesses utilized at these interim facilities are activated sludge, both
extended aeration and conventional, and stabilization lagoons, some of
which are provided with supplemental mechanical aeration (U.S. Army
Corps of Engineers, 1976). The effluent from these systems is ulti-
mately discharged to drain fields, lagoons, or seepage ditches.

Individual household systems disposed of the remaining 29 ft3/s of
waste water. The three basic methods of individual treatment and dis-
posal employed in the area overlying the aquifer include cesspools,
septic tanks with drain fields, and aerobic treatment units with drain
fields. The vast majority of individual systems consist of septic
tanks with drain fields (U.S. Army Corps of Engineers, 1976).

Plate 9 shows the distribution of the various types of waste-water
treatment above the aquifer and the locations of effluent discharges to
surface-water bodies. Also shown are the locations of landfills and
other solid-waste disposal sites, which, though not within the scope of
this study, could possibly have some effect on the quality of water in
the aquifer.
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Streamflows

Table 2 is a summary of streamflow data from 49 sites in the
recharge area of the aquifer. Sixteen of the sites are in the Pend
Oreille Lake drainage basin, the remainder are in the Spokane
River-Coeur d'Alene Lake drainage basin. Twenty-one of the sites are
currently (1977) active stations maintained by the U.S. Geological
Survey. The earliest records go back to 1891 when discharge measure-
ments were first recorded on the Spokane River at Spokane, Wash. The
station locations are shown on plates 1 and 10.

Where sufficient records are available, mean annual, maximum, and
minimm discharges were calculated and are listed in table 2. These
calculated discharges reflect only that period of time during which data
were collected at any particular station. Therefore, direct comparison
of discharges at different sites having different periods of record can
be misleading and should be avoided.
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TABLE 2.--Summary of streamflow data

Site Period of ::eco::d3 Disf;harqe4 (ft.a/s)
number Station name USGS Drainage Daily or Low-flow Mean Maximum Minimum
station area monthly measure- annual recorded recorded
number (mi®) figures ments
(calendar (water
years) years)
i Clark Fork near Galen, Mont. 12323800 940 - 1971. - - -—
2 Flint Creek near Philipsburg, Mont. 12328500 - - 1971 - -- --
3 Flint Creek near Drummond, Mont. 12331500 490 1948-49. - 16l 1,800 i0
4 Clark Fork at Drummond, Mont. 12331600 2,378 -- 1971- - - -
5 Blackfoot River near Lincoln, Mont. 12334600 15.1 1968-70- -- 16.4 294 0.70
6 Clark Fork above Missoula, Mont. 12340500 5,999 1929~ - 3,002 32,300 115
? Bitterroot River near Missoula, Mont. 12352980 2,850 - 1971. - - -
8 Clark Fork near Alberton, Mont. 12353300 9,272 1959-63. - 5,668 34,900 1,000
9 Flathead River at Plathead, British
Columbia 12355000 427 1929~ - 3,024 69,100 198
10 Flathead River near Big Fork, Mont. 12369000 6,300 - 1971. - - -
12 Flathead River at Perma, Mont. 12388700 8,795 - 1971. - - --
13 Clark Fork near Plains, Mont. 12389000 19,958 1910~ - 20,050 134,000 3,200
14 Thompson River near Thompson Falls,
Mont. 12389500 642 1965~ - 499 6,080 68
15 Clark Fork at Thompson Falls, Mont. 12391000 21,113 - 1971.- - -- --
16 Clark Fork at Clark Pork, Idaho 12392050 a22,100 - 1970-71. - - -
17 Pack Raver near Colburn, Idaho 12392300 124 1958~ - 341 6,880 15
20 Coeur d'Alene River at Enaville,
Idaho 12413000 895 1939- - 1,980 61, 000 104
21 South Fork Coeur d'Alene River
near Mullan, Idaho 12413080 -- - 1974. -- -- -
22 South Fork Coeur d'Alene River at
Kellogg, Idaho 12413250 194 1974~ - 406 11,100 30
23 South Fork Coeur d'Alene River
near Smelterville, Idaho 12413300 202 1966-74. - 457 11,500 50
24 Coeur d'Alene River at Rose Lake,
Idaho 12413810 1,318 - 1971~ - - -
25 St. Maries River near Santa, Idaho 12414900 275 1965~ - 383 10,700 23
26 St. Joe River at Calder, Idaho 12414500 1,030 1920~ - 2,384 53,000 91
27 St. Joe River at St. Maries, Idaho 12415075 - - 1974~ -- - -
31 Coeur d'Alene Lake at Coeur d'Alene,
Idaho -~ b3,700 - - - - -
33 Hayden Creek below North Fork near 12416000 22.0 1948-53, 58, - 31.0 790 1.9
Hayden Lake, Idaho 59, 6l-
39 Spokane River near Post Falls, Idaho 12419000 a3, 840 1912~ - 6,345 50,100 65
42 Spokane River above Liberty Bridge
near Otis Orchards, Wash. 12419500 a3,880 1929~ - 6,225 50,100 59
43 Newman Lake near Newman Lake, Wash. 12419800 b 28.6 1958-* - - - -
44 Liberty Lake at Liberty Lake, Wash. 12420000 b 13.3 1950-* - - - -
46 Spokane River at Greenacres, Wash. 12420500 a4,150 1948~52. - 7,059 >40,000 ~.52
48 Spokane River at Trent, Wash. 12421000 a4,200 1911-13. - 6,070 22,400 1,310
48 Spokane River below Trent Bridge,
near Spokane, Wash. 12421500 a4,200 1948-54. - 7,332 40,100 615
53 Spokane River below Green Street
at Spokane, Wash. 12422000 a4,220 1948-52. - 7,410 34,400 702
59 Spokane River at Spokane, Wash. 12422500 a4,290 1891~ - 6,924 49,000 95
61 Hangman (Latah) Creek at Spokane,
Wash. 12424000 689 1948~ - 259 20,600 1.4
63 Spokane River at Riverside State
Park at Spokane, Wash. 12424200 a5,010 1972~ -~ - 45,200 450
64 Spokane River above Seven-Mile
Bridge near Spokane, Wash. 12424500 a5,020 1948-52. - 7,860 33,400 302
65 Deep Creek near Spokane, Wash. 12425500 77.3 1949-50. - - - --
67 Spokane River below Nine-Mile Dam
near Spokane, Wash. 12426000 a5, 200 1948-50. - 9,164 - 296
71 Little Spokane River above Wandermere
Lake Creek near Dartford, Wash. 12430700 650 -- 1953- - - -
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TABLE 2.--Summary of streamflow data--Continued

Period of record3

Discharge" (£t3,/s)

Site USGS Draigage Daily or Low-flow Mean  Maxaimum Minimum
number Station name station area monthly measure- annual recorded recorded
number (mi2) figures ments
(calendar (water
years) years)
72 Wandermere Lake Creek near Dartford, 12430800 4.32 - 1953~ - - -
wash.
73 Little Spokane River at Dartford, 12431000 665 1929-32; - 322 3,170 63
Wash. 1946~
75 Little Spokane River below Country 12431200 691 -- 1953~ - - -
Club near Dartford, Wash.
76 Little Spokane River near Dartford, 12431500 698 1903-~5%; 1953; 1956~ 627 2,220 377
Wash. 1948-52. 57: 1961~
77 Little Spokane River at Norman's 12431900 700 1911-12%, - - - -
Ranch near Spokane, Wash.
77 Little Spokane River near Spokane, 12432000 701 1913, 1920-24; - 2,140 426
Wash. 1930-~32;
1947-48;
1953~
Not Long Lake at Long Lake, Wash. 12432500 a6, 020 1913~ - - - -
shown
Not Spokane River at Long Lake, Wash. 12433000 a6, 020 1939~ - 8,145 49,700 114
shown

1site number and locations are shown on plates 1 and 10.

25 = approximately

b = drainage area above lake outlet

3_ A date followed by a dash shows that the station was continued in operation beyond September 30, 1975

. A date followed by a period indicates discontinuance.

; A date followed by a semicolon indicates a break in the collection of records.

* Gage heights, elevations, or gage heights and discharge measurements only.

Water year begins on October 1 and ends on September 30 and is designated by the calendar year in which

it ends.

The mean annual, maximum, and minimum discharges for any particular station reflect only that period of time

during which data were collected at that station.

with different periods of record is not possible.
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Water Ouality

Ground Water

Physical and inorganic chemical characteristics

In preparing this report, a primary goal was tabulation of all
available data on the chemical quality of water in the aquifer. The
final accumulation of data from the files of Federal, State, and local
agencies, from previous studies of the aquifer, and from private labor-
atories, includes approximately 20,000 analyses of physical and chemical
characteristics in about 1,200 samples from about 400 groundwater sites
(wells and springs). The vast majority of data were obtained from State
and Federal agencies, about 67 and 27 percent, respectively, and about
two-thirds of the samples were collected from sites in Washington. A
tabulation of the Washington analyses is on file in the District office,
U.S. Geological Survey, Tacoma, Wash. Idaho data are on file in the
Coeur d'Alene office of the Idaho Department of Health and Welfare.
Some of the data are contained in Storet (a computer data-storage system
maintained by EPA).

A summary of the chemical quality of water from the aquifer is
included in plate 10. With the exception of phenols, only those chemi-
cal characteristics that are included in the National Interim Primary
(or Proposed Secondary) Drinking Water Regulations (U.S. Environmental
Protection Agency, 1975) are included in plate 10. These character-
istics may affect the health of consumers or the esthetic quality of the
water. Plate 10 also contains an explanation of the MCL's (maximum
contaminant level) and proposed secondary levels included in the regu-
lations.

About 3,300 analyses were made for 11 physical and inorganic chemi-
cal characteristics listed in plate 10 which reportedly may affect the
health of consumers. Of these characteristics five exceeded their
respective MCL's in 16 analyses (in about one-half of one percent of. the
analyses). The MCL's for the other characteristics (barium, cadmium,
chromium, mercury, selenium, and silver) were never exceeded. Fluoride,
nitrate, turbidity, arsenic, and lead MCL's were exceeded in 1.2 percent
or less of the samples tested for each characteristic.

The recommended levels of 8 of the 10 characteristics included in
the proposed secondary 1levels, which deal with those characteristics
that may affect the esthetic quality of water, have been exceeded in a
small number of samples from the aquifer. The recommended levels of
sulfate and foaming agents (detergents) were never exceeded. The
recommended levels of manganese, chloride, total dissolved solids, pH,
color, copper, and zinc were exceeded in less than 2 percent of the
samples. Iron exceeded the recommended level in almost 8 percent of the
samples tested. Proposed secondary levels were exceeded a total of 87
times (1.4 percent), from a total of more than 6,300 tests. Table 3
lists the ground-water sites where constituents in water samples
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exceeded the MCL's and proposed secondary levels. The general locations
of these sites are shown on plate 10.

Nitrate analyses of water from two wells east of Round Mountain,
Idaho, are of interest even though the wells do not tap the Spokane
Valley-Rathdrum Prairie aquifer. These wells are in unconsolidated
materials which underlie part of the aquifer's recharge area. Water
from well 52/3-7dcal had a nitrate (as N) concentration of 12 mg/L
(milligrams per 1liter) in August 1975 and a sample from well
52/3-35aacl, had 20 mg/L of nitrate (as N) in November 1975.

Because of the huge number of physical and inorganic chemical
analyses and because the data were obtained from a wide variety of
sources representing different sampling techniques, analytical methods,
and data-reporting practices, the potential exists for inclusion of some
incompatible, if not inaccurate, data in the tabulations shown in plate
10 and given in table 3. For example, determinations of one of the high
concentrations of fluoride (table 3) and the maximum concentrations of
lead and copper (pl. 10) are suspect. Water from well 25/44-26L1 was
tested for fluoride 19 times between 1964 and 1974. Of these tests, 17
showed values of fluoride of 0.2 mg/L or less, one showed 0.6 mg/L, and
one showed 2.7 mg/L, exceeding the MCL. Because there was no obvious
source of fluoride near this well, the extreme value might represent an
analytical error or contamination of the sample. The water sample which
contained concentrations of copper exceeding its recommended level and
of 1lead exceeding its MCL was collected on September 14, 1972, as part
of an EPA study of the quality of water in the aquifer. Samples
collected at that time yielded very high concentrations of mercury,
which were later believed to have Tresulted from an apparent
contamination of the preserving agent used in the field. Although a
resampling of the same wells for mercury in January 1973 essentially
confirmed the contamination theory, and showed mercury concentrations
only about 0.01 times as large as in September 1972; the accuracy of the
large copper and lead concentrations in September 1972 remains
undetermined. At present there are no obvious indications that any of
the other analyses involving violations of the MCL's or recommended
levels may be in error.

Data for 10 ground-water sites with the most complete, long-term
water-quality records available are listed in table 4. These data show
that, although the concentration of any one constituent may change
significantly from one sampling date to the next at any particular site,
no long-term trends of changing water quality are readily observable.
Detailed statistical analyses of these data can be misleading because
changes in sampling techniques and analytical methods over the years
have continually improved the accuracy of results.
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TABLE 3.--Records of locations where constituents in ground-water samples have exceeded chemical standards

Constituent Site Date Site Date Site Date
number sampled Value number sampled value number sampled Value
Iron 25/42-11M1 11-22-65 0.58 my/L 25/44-15E2 5=12-70 1.1 mg/L 26/45-24F1 4-29-64 1.1 mg/L
25/43-23A1 5-07-70 .43 12-14-71 .32 -24F2 10-27-61 1.2
12-13-71 .32 -17M1 7-02-75 .40 4-29-64 .61
1-18-72 .44 -27E1 7-17-72 .48 -25C1 5-07-75 .35
7-24-72 .74 -27L1 5-11-70 1.4 -34L1 4-27-71 1.0
9-14-72 .70 -28L1 5=-10-71 .34 -36N1 6-28-73 2.4
~24Gl 5-13-70 .62 =-29A1 2-14-72 .42 9-26-73 .55
12-31-71 .34 3=31-72 .36 12-18-73 1.5
6-12-72 .36 25/45-7A3 4-27-71 .90 26/46-31M1 5-14-70 .42
-24L1 2-14-72 .38 -15D1 12-13-71 -34 12-14-71 .40
3-31-72 .46 -15R1 2-14-72 .34 50/4-3AAD1 6-23-76 78
25/44-38B1 10-09-75 .38 8-14-72 .32 50/5-4BBA1 3-16-76 6.8
-8N1 5-12-70 .48 -1BR1 7-24-72 .68 4-29-76 .79
-9J2 4-16-71 .38 26/42-12L1 5=12-64 .32 6-14-76 16
=-11R 4-16-71 2.0 5-15-75 .32 51/5-29CAAL 5- =76 60
-12A1 5-01-75 .31 26/43-6Q1S 10-18-72 .44 6- =76 .50
-12D 5-01-75 .32 -6Q3S 10-18-72 .34 -31DDCl  6-23=-76 3.6
-13M1 5-15-70 .44 =-l9al 7-09-75 .34 =-33BCD1 5-25-76 1.3
-15E1 2-16-72 .32 =-30F1 9-30-70 .80 53/2-3BACL 10- =76 .70
-31A1 5-28-75 .31
Manganese 25/42-13B1 3-20-74 0.14 mg/L  25/44-7C1 5-14-70 0.052 mg/L 26/43-BB4 5-12-64 0.46 mg/L
25/43=-12H1 6-19-72 .30 -15EL 7-02=75 .060 26/46-31M1 5=14-70 .060
25/44-131 11-05-75 1.6 -26L1 5-22-72 .060 50/4-3AAD1 6-23-76 1.4
-6A1 10-10-72 .052 26/42-12L1 5-15-75 .060 54/2-34 5-08-74 .21
Chloride 26/43-34P1 5-24-55 370 mg/L
5-25-55 470
6-13-55 700
6-24-55 >1, 000
Fluoride 25/44-26L1 12-13-71 2.7 mg/L 52/4-2CDC 3-07-74 3.2 mg/L
Nitrate 25/44-26L1 11-04-70 16 mg/L 52/4-31CAB1 7- =75 26 mg/L 54/2-34CACl 10- =75 14 mg/L
(as N) 2-14-72 11 52/5-25DCD1 7- =75 28 3= =76 12
26/44-32Q1 9-27-71 11 54/2-34CACl 8- -75 23 8- =76 11
51/4-35BBAl1 10=- -76 11 10- =76 20
Total 25/44-2Q1 6-10-74 537 mg/L 25/44-17A1 6-06-74 539 mg/L 53/4-27DAC1 8= =75 508 mg/L
dissolved
solids
pH 25/43-24Gl 5-13-70 8.8 units 25/45-14N1 10-22-59 9.4 units 26/43-2032 12-26-62 9.0 units
Color1 25/44-431 $=04-71 21 pcU 25/44-8D1 4-19-71 17 pcu 26/44-32R1 5-05-71 20 pcU
SR1 5-14-71 20 -18J1 5-10-71 16
Turbidity?  26/43-6Qls  1-17-73 10 JTU ~
Arsenic 26/43-7B1S 9-26-73 0.064 mg/L
Copper 25/44-29A1 9-14-72 5.2 mg/L
Lead 25/44-29A1 9-14-72 0.42 mg/L
Zinc 52/4-17ABCl 8- =75 7.5 mg/L
Toxaphene 26/42-12A18 9-26-73 0.060 mg/L
Phenols 25/43-14K1 6-27-73 0.002 mg/L 25/44-19D1 9-26-73 0.002 mg/L  26/42-27N1 6-29-73 0.012 mg/L
25/44-1J31 11-17-75 15 25/45-4C3 6=-06-74 . 002 26/43-5L1S 6-29-73 -002
-201 6=-27-73 .007 -15D1 9-25=-73 .004 -7B18 6-29-73 .004
6-10-74 . 002 26/42-1131s 6-27=73 .005 -16F 6-10-74 .002
=-7C1 9-25-73 .002 =-12A1s8 6-29-73 .003 26/45-35F1 6-28-73 .004
=-1l8D2 6-27-73 .002 9-26-73 .004 -3601 9=-26-73 . 002
1

PCU = platinum-cobalt units

JTU = Jackson turbidity units

-
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TABLE 4.--Chemical quality of ground water from selected sites

Dis- Dis- Dis- Dis- Dis- Dis- Dis- Bacar- Alka- Dis- Das- Dis- Total Total
Site pata pate solvea solved solved solved solved solved solved bonate linity solved solved solved nitrate natrate
umber source?® sampled silica iron mangan- calcium  magnes- sodium  potas- (RCO,) as sulfate chloride fluoride (N) (N)
(s10,)  (pe) ese (Mn) (ca) um (Mg)  (Na) sium (K} (mg/L)  eaco. (504) {39 (F) (mg/L) (mq/L)
/) eL) weL)  (me/L) (ma/L)  (mg/L)  (mg/L) g/l (mglL)  (mg/L) (mg/L)
25/42-11M) UsGs 1~ 2-48 13 10 - 27 7.9 - - 114 93 10 2.2 0.1 0.35 -
usGs B-11-48 14 - - - - - — 112 92 14 3.0 - -— -
USGSs 7-19-49 13 60 -- 27 7.5 - -— 110 90 10 2.3 .1 .25 -
UsGS 12~ 6-50 14 10 - 25 7.8 2.5 1.6 103 B84 11 2.3 et .32 -
USGS 12- -51 12 <S - 24 7.3 2.1 3.0 101 83 10 2.5 .2 .23 --
USGS 1-14-53 12 100 - 25 7.4 1.9 1.2 104 B85 10 1.4 -1 .23 -
USGS 12-15-53 13 20 - 24 7.4 2.4 1.0 100 82 9.5 2.7 .2 .46 -
UsGs 10- 6-54 11 30 - 25 7.5 2.3 1.2 106 87 11 2.2 .0 .53 -
USGS 10-29-55 1l < -- 27 7.1 2.9 1.7 112 92 10 2.1 .0 .48 -
USGS 10-30-56 14 50 - 26 B.4 2.4 1.4 103 84 10 4.5 .2 .41 -
UsGs 11~ 6-57 - 10 - 28 7.5 2.4 1.3 110 90 9.6 2.0 .0 .51 -
usGs  7-22-58 13 -- - 28 7.8 2.3 1.3 108 89 n b3.8 .3 .64 -
USGs 9-22-59 16 150 - 34 11 5.6 2.5 148 121 14 b.'!.O .0 .83 -
USGS 11- 8-60 21 40 - 36 11 5.4 2.4 154 126 13 3.0 .2 1.1 -
USGS 10-10-61 14 70 <50 28 6.8 4.0 1.7 115 94 11 1.2 .1 .39 -
USGS  10- 8-62 12 < <S0 26 7.6 3.1 1.4 108 89 10 2.0 .0 .51 -
USGS 4-29-64 9.5 10 <S0 26 7.2 2.7 1.1 104 85 12 2.0 .1 .41 --
USGS 3-12-65 17 130 <50 34 10 5.2 2.2 145 119 13 3.5 .1 .92 -
USGS 11-22-65 18 580 <S50 35 10 5.5 2.5 146 120 14 2.5 -1 .94
USGS 12- 5-66 12 70 10 26 7.0 2.9 1.4 105 B6 13 1.0 .1 .41
USGS 12-12-67 16 10 <S 31 9.9 4.1 1.9 137 112 13 2.0 .2 .74
USGS 11-14-68 12 30 <S 28 7.4 3.1 1.2 108 89 15 2.4 -1 .67
USGS 10-28-69 12 30 <S 29 7.8 3.0 1.5 115 94 13 2.3 21 .53 -
Total Total Total Dis- Rard- Non- sgdu_ Spe:xht " Water
ammonia Kjeldahl phos- solved N carbon- Per- adsorp~ conduc- Pl tempera-
(N) nitrogen phorus ortho- ?:::?;::d.:"i;g:c) .(‘:::sngi ate cent tion tance (units) ture
(mg/L) (N) (F) h us ‘ hardness godium Tratio (micro- (°c)
mg/L)  (mg/L)  (P) (mg/L) Gons/acre-ft) mg/L) (PI/L) (mg/L) nhos)
- - - - 0.16 116 100 - - - 206 7.7 -
- -- - - - - - -- 206 - 12.0
- - - .16 119 98 - -- 203 7.9 10.0
- - - .15 111 94 - 5 0.1 184 7.9 12.0
- - - .15 108 90 - 5 .1 184 7.8 13.0
- - - .16 116 93 - 4 .1 186 8.0 12.0
- . - .15 109 90 - s .1 185 7.9 11.5
- - - .16 116 93 -_— 5 .1 193 7.9 12.0
- - -- .15 111 97 - [ .1 205 8.2 11.5
-- - - .15 112 99 -- s .1 202 7.5 13.5
- -- -- .16 116 101 - s .1 202 7.9 1c.0
- - - .16 118 102 - s .1 197 7.5 20.0
- - - .22 159 131 - 8 .2 270 B.2 14.5
- - - .23 168 134 -- ] .2 275 8.2 11.0
- - - .17 124 98 4 a8 .2 203 8.1 13.5
- - - .16 118 96 8 6 .1 199 8.0 16.0
- - - .15 112 94 10 6 .1 195 8.0 9.5
- - - .21 157 127 8 8 .2 264 7.8 15.5
- - - .22 159 130 10 8 .2 263 7.7 12.0
- - - .16 115 94 8 6 .1 198 7.7 12.0
- - - .19 140 118 6 7 .2 251 7.8 8.0
-- -- -- .18 134 10l 12 6 -1 214 8.0 12.0
-— - -- - .18 136 105 11 6 .1 220 8.1 13.5
Color Turbid- Carbon Poaming Dis- Dis- Dis- Dis- Dis- Total Dis-
(platinum- ity dioxide Phencls agents solved solved solved solved solved mercury solved
cobalt (JTU) (co.,) (ng/L) (deter- arsenic cadmium chro- copper lead (Hg) zinc
units) (mg}lo) gents) (As) (ca) mium (cr) (Cu) (Pb) (ng/L) (zn) ~
(1g/L) (/L) (pg/L) (pg/L) (ng/L)  (g/L (pg/L)
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TABLE 4.--Chemical quality of ground water from selected sites--Continued

Dis- Dis- Dis- Dis~ Dis- Dis- Dis- Bicar- Alka- Dis- Dis- Dis- Total Total
Site Data Date sclved solved solved solved solved solved solved bonate linity solved solved solved nitrate nitrite
number source® sampled silica iron mangan- calcium magnes- sodium potas- (HCO,} as sulfate chloride fluoride (§) (W)
(510,)  (Pe) ese (Mn) (ca) ium (Mg} (Na) sium (K) (ng/‘?.) caco, (50,) (c1y (P} {mg/L) (mg/L)
{mg/L} (¥/L}  {pg/L) (mg/L) (mg/L)  (mg/L)  (mg/L} (mg/L)  (mg/L) {mg/L) (mg/L)
25/43-12H) GSBR 5(or)6-51 - - - - - - - 232 190 - 2.9 - - -
DSHS 4- 1-71 2.5 o o 31 19 4.4 1.7 168 138 19 2.2 0.1 1.8 0.051
DSHS 9-17-71 6.2 200 9 38 26 9.0 2.1 237 1594 17 3.5 -1 1.6 .033
DSHS 10-14-71 .0 60 9 39 12 4.2 2.1 110 90 29 3.0 .1 1.2 .075
DSHS 11-15-71 4.0 20 9 32 57 4.8 2.2 364 298 15 9.0 .3 1.5 .040
DSHS 12-13-711 2.5 40 [} 7 1 4.4 2.2 154 126 13 2.2 -2 1.4 .04
DSHS 1-18-72 5.0 180 o 33 20 4.2 2.0 163 134 24 2.0 .1 1.4 .035
DSHS 2-14-72 4.5 80 3 39 19 6.0 2.4 165 135 21 4.5 .1 .92 .012
DSHS 3-31-72 5.0 160 € 34 15 4.6 3.5 156 128 28 3.0 .1 1.1 .009
DSHS 4-19-72 7.0 180 [ 40 21 4.4 2.3 207 170 27 5.5 .1 .87 .022
DSHS 5-22-72 12 120 o 34 17 5.0 2.3 176 144 33 2.2 .1 1.6 .027
DSHS 6-19-72 €9 90 300 34 21 5.5 2.2 165 135 24 11 .1 1.4 .024
DSHS 7-17-72 1.2 300 [ 40 25 5.0 2.5 163 134 17 10 21 1.3 o3s
DSHS 8-14-72 4.2 20 18 36 16 5.5 2,2 149 122 16 3.8 .2 .68 o2
DSHS 9-14-72 5.8 80 6 97 20 5.3 2.2 163 134 33 4.2 .1 .78 004
EFA 9-14-72 --  ‘aoc 2 73 16 3.9 1.8 138 15 2 .0 1.1 -
EPA 1-15-73 - 10 2 - - - - - - - -— - - -
DSHS 7-28-75 12 200 50 40 1s 1.8 - 1 145 18 4.5 5 .6 .02
Total ~ Total ~ Total  Dis- Hard-  Non- Sodium  Specific Water
ammonia Xjeldahl phos- solved Dissolved solids ness carbon-  Per- adsorp~ conduc~ tempera-
] (‘}m ﬂ?;f@'" P};gm' ortho- (residue at 180°C) (Ca,Mg) ate cent tion tance {units) ture
g, ) us [§ L) hardness sodium ratio (micro- °c
(m9/)  (me/Ly  (P) (meyl) (tome/acre-fel (mos (MM hATAes hos; e
- - -- - - - 156 - - - 253 - -
- - 0.080 - 0.22 164 154 16 [ 0.2 296 7.6 5.6
- - .060 - .30 221 204 10 9 .3 360 7.6 -
- Cad .020 - .20 145 148 58 [ .2 300 2.7 -
- - .026 - .42 306 316 18 3 .1 300 7.1 -
- - 050 -- .19 140 112 - 8 .2 264 7.6 -
- - .030 - .23 172 164 30 H .1 292 7.5 -
- - 000 - .24 179 179 41 7 .2 312 8.1 -
- - .030 - .23 172 148 20 6 .2 300 7.7 -
- - .040 -— .29 211 188 18 5 .1 326 8.0 -
-— - .025 - .26 194 154 10 6 .2 310 8.3 10
- - .030 - .41 304 194 59 6 -2 308 8.4 -
- - .040 - .25 183 204 70 5 .2 330 7.7 -
- - .040 - .21 158 156 34 7 .2 3c0 7.8 -
-— - <.010 - .34 248 324 190 3 .1 320 7.9 -
- -- .020 -- .24 174 156 - - - 310 7.4 -
- - .080 Led .24 180 160 - - .1 320 8.3 -
Color Turbid- Carbon Foaming  Dis~ Dis- Dis- Dis~ Dis- Total Dis~
(platinum— ity dioxide Phenols agents solved solved s0lved solved solved mercury solved
cobalt (JTU) {co,) (pg/L) (deter-  arsenic cadmium chro- copper  lead (Bg) zinc
units) (.g}m gents) (As) (cay mium (€r} (Cu) (Pb) {pg/L) (zZn}
(pg/L) (pa/L) (pg/L} {pg/L) (pg/L) (pg/L) (pg/L}
s o 1 - - - - - - _—
4 ° 13 - - - - - - -—
2 0 5.0 - -- -~ -- - - - - -
3 1 65 - - - - - - - - -—
B 0 9.0 —- - - - - - -
° 1 12 - - . - - - - -
4 1 3.1 - - - - - - -—
5 1 8.0 - - - - - -- - ~
6 1 3 - - - - - - -
s 1 2.0 - - - - - - -
° [ 1.1 - - - - - - -
5 ° 8.0 -- - - - - - -
s 1 5.1 - - -- - - - - -
4 0 45 - - -- - - -- - - -
- - -- - -- €2 ©2 3 €152 €20 - €120
- - - — - - - - €30 0.2 €56
s 0 - - - - -- - - - - -
-
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TABLE 4.--Chemical quality of grouna water from selected sites--Continuec

Dis- Dis- Dis- Dis- Dis- Dis- Dis- Bicar-  Alka- Dis- Dis- Dis- Total Total
Site pata ce solved solved solved solved solved solved  solved bonate  linity solved solvec solved nitrate natrite
umber sourced sazplec silica irorn mangan- caleium maanes- sodium potas- (HCO3} as sulfate chloriae fluoride (N N
(510, (Fe ese (Mn) (cat 1um (Mg)  (Na sium (K:  (mg/L)  Caco, {so, 1 (c1 (F1 {mg/L) img/L
(mg/L) {pg/L) (pg /L) (mg /L) (mg/L) (mg/L (mg /L (mg/L} (mg /L (mg /L* (mg/L)
25/43-23A1 DSHS 5- 7-70 19 430 23 29 12 5.2 3.4 148 121 11 5.C 0.1 2.3 0.003
DSHS 7-21-71 5.0 140 15 38 15 6€.C 2.3 161 132 13 4.8 W1 3.2 .000
DSHS 9-16-71 6.2 160 15 40 11 6.6 2.3 173 142 14 5.5 Sl 3.2 .020
DSHS 10-13-71 2.5 60 4C 15 6.5 2.5 156 128 27 4 C 93 2.7 .009
DSHS 11-15-71 2.5 140 6 39 30 6.€ 2.1 246 202 15 4.5 .C 3.2 .06C
DSHS 1z-13-71 .0 320 9 34 le 6.4 2.4 173 142 1e T.z .2 3.2z .024
DSHS 1-18-72 2.5 440 12 42 23 7.0 2.4 163 134 84 4.5 .2 2.8 032
DSHS 2-14-72 8.0 160 6 50 1z 6.4 2.6 77 6: 48 6.5 .2 9.2 012
DSHS 3-31-72 3.0 160 C 4C 18 5.2 2.5 162 134 23 5.C .1 1.7 011
DSHS 4-18-72 7.5 [} < 36 2t 6.1 2.7 209 171 22 5.2 .1 1.6 .02z
DSHS 5-131-72 16 40 ® 35 19 5.8 2.3 159 13C 14 6.5 .1 2.9 . 048
DSHS & 16-72 5.7 220 3 36 17 5.4 2.2 16e 138 21 6.° .1 2.0 .017
DSHS 7-24-72 2.7 740 6 36 18 7.0 2.4 142 11¢e 23 11 .6 1.4 .084
DSHS B-23-72 1 120 12 63 7.3 6.6 2.4 163 134 24 4.5 .3 1.9 .029
DSHS 9-14-72 10 700 15 36 15 6.6 2.2 181 146 25 4.C .2 1.4 . 048
EPA 9-14-72 - €<100 3 -~ 13 5.4 2.1 - - 12 4 .0 2.7 -—
EPA 1-15-73 - 30 2 - -- -- - -- - -- - -
DSHS 3-12-75 16 240 <5 46 28 4.c - 165 135 19 1.c 6.0 .01
Total Total Total Dis- Hard- Non- Sodaum Specific Water
ammonia Kjeldahl phos- solved Dissolved solids ness carbon- Per- aasorp- conauc- PH tempera-
(N] nitrogen phorus ortho- (residue at 180 CV iCa,Mci ate cent ticn tance (units) ture
(mg/L} (N} P) phosphorus —_— — {mg/L} hardness sodium ratio (micro- {cy
{mg/L) {mg/L) (P) (mg/L} (tons/acre-ft) (mg/. (mg/L mhos)
- - 0.000 - 0.23 167 120 -- & 0.z 284 8.3 7.3
- -- .000 - .23 167 156 2% 8 .2 234 7.5 -
- - .050 - .24 174 144 2 9 .2 370 7.9 -
- - .030 -- .26 193 160 32 8 .2 280 7.7 -
-- - .070 -- .31 225 220 18 6 .2 310 7.6 --
-- .025 - .24 175 154 12 8 .2 300 6.9
.040 - .34 249 200 66 7 .2 320 7.8
.000 -- .23 169 128 65 7 .2 330 8.0 -
.020 -- .24 179 176 42 5 .2 300 8.0 -
-~ - .040 -- .29 210 208 37 6 .2 314 8.1 -
- - .030 - .25 181 166 36 7 .2 310 7.9 12.2
-- - .000 - .24 179 160 22 7 .2 300 8.3 -
.0l16 - .24 173 le4 48 8 .2 300 7.6 -
.020 - .27 202 188 54 7 .2 298 8.0 -
.060 -- .26 191 152 4 9 .2 280 8.0 -
.o10 - .30 218 158 - - - 310 7.5 -
-— -- .12 -- .27 202 200 -- -- .1 351 7.2 -
Color Turbid- Carbon Foaming Dis- Das- Dis~ Dis- Dis-~ Total Dis-
(platinum- 1ty dioxide Phenols agents solved solved solved solved solved mercury solved
cobalt (ITU) (coy) (ug/L) (deter- arsenic cadmium chro- copper  lead (Hg) zinc
units) (mg/L} gents) {As) (cay mium (Cr) (Cu) {Pb) (wg/L) (Zn}
(pg /L) (ng/L) (yg/L} (yg/L) (pg/L) {yg/L) (pg/L)
0 0 1.6 - - - -- - -
2 o 12 - -— - -
4 0 4.8 -- -- -- --
2 1 7.0 - - -
3 1 12 - - -
s 1 40 - - -- - -- -- -- -- --
5 1 5.0 - -- - - - - - - -
a 1 1.6 - - - -- - - - - .
a 1 3.6 — - - -- ~
8 1 4.0 - - - =
4 1 4.2 - - - -—
s 1 1.9 - - - -
6 o 8.0 - - . -
2 1 3.5 - -— -- - - - -
6 1 3.8 -- -- -- - -- - - -- --
- - - 4 €1 €a €620 €40 - €210
- - - - -- -- €1s €<0.2 €163
a - - - - - - - . - -
~
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TABLE 4.--Chemical guality of groung water from selected sites--Continuec

Die- Dis- Dis- Dis- Dis= Dis- Dis- Bicar- Alka- Dis- Dis- Dis- Total Total
Site Data ate solved solved solved solved solved solved solved bonate linity solved solved solved nitrate naitrite
number courced samplec silica  1ron mangan-  calcium magnes-  sOdlur  potas- (HCO3) as sulfate chloride fluoride (N (N
(s:oy (Fe) ese (Mn) (ca; ium (Mg} (Na} sium (K) (mg/L) Cacc. (80, (c1) (F (mg/L" tmg/L}
tmg/L) (pg/L} {yg/L} (mg/L" (mg/L} umg/L} {mg/L" (mg /LY {mg/L" img/L) (mg/L*
25/44-15E2 DSHS 5-12-70 14 1,100 29 24 12 2.2 3. 133 109 12 o0.c 0.1 0.99 0.001
DSHE “~-14-71 4.5 120 o 40 8.8 4.8 2.0 159 130 13 14 L1 2.5 .013
DSHE 1+-14-71 6.3 10 € 29 17 3.0 1.8 183 150 17 4.2 It 1.2 .000
DSHS 1.-16-71 3.0 [ € ElYg 18 3.8 1.8 137 112 18 4.0 21 1.6 . 040
DSHS 14-71 1.0 320 9 31 1 3.5 2.0 142 11e 17 7.5 It 1.1 .027
DSES 1-17-72 2.5 180 18 36 20 2.6 1.8 210 172 24 3.5 4 1.5 .1
DSHS 3-28-72 12 240 o 30 20 2.8 1.8 146 12c 28 . W1 .61 .002
DSHE <-19-72 2.0 200 1¢ 4% 14 4.2 1.8 184 151 2 4.C .1 .16 .016é
DSHE *>=11-72 10 140 € 27 21 2.8 1.8 146 120 17 4.C .0 1.2 .034
DSHS ©-19-72 2.9 280 3 32 19 3.2 1.7 17¢ 144 25 4.5 .1 1.3 .10
DSHS T-17-72 .C 20 € 32 8.8 2.8 2.1 132 108 15 7.5 21 .9 .060
DSHS 2-23-72 5.6 20¢ 3 38 15 3.5 2.0 154 126 21 2.5 .4 .71 .01
DSHS *~14-72 4.2 80 © 25 19 3.0 1.8 142 116 24 3.5 .1 .62 .005
EPA 14-72 -- €100 2 -- 13 3.0 2.0 -- - 135 6 .0 .74 --
DSHS I-11-75 6.3 140 <5 32 17 2.6 - 132 o8 le 3.5 <.1 3.8 .02
Total Total Total L1s- Hard- Non- Sodium  Specific Water
ammonia Kieldahl phos- solves ness carbon-  Per- adsorp- conduc- PH tempera-
(n nitrogen phorus  ortho- '{D:::::da?;;‘gsc) (Ca,Mg) ate cent tion tance {units)  ture
(mg/L) 3 (P} rus (mg/L)  hardness sodium  ratio {micro- o
(mg/L) (mg/L)  (P) (mg/L) (tonssacre-ft) mg/L (mg /L mhos
- - 0,040 - 0.19 138 108 - 4 0.1 249 8.3 10
- .080 — .23 168 136 [ 7 .1 360 7.6 -
- . 000 -— .23 169 142 - 4 .1 240 7.5 -
- .15 - .20 148 148 36 5 .1 268 7.8 -
- - .020 - 20 144 124 8 6 .1 256 7.7
- -- .040 - .14 106 172 56 3 .1 240 7.0
- - .020 - .23 167 156 36 4 21 260 7.8
-- .000 - .25 184 168 17 5 .1 240 7.8
== .020 - .21 158 156 36 4 .1 280 7.9
- .030 - .24 177 160 16 4 .1 300 7.4 -
- . 080 - .18 135 1le 8 5 .1 288 7.5 -
- - .010 -- .22 165 156 30 5 21 232 7.9 -
- - <.010 - .21 151 140 24 4 .1 260 7.6
- - <.010 - .20 146 13s - - - 260 7.5
- - . 000 - .21 151 152 - - .1 270 7.4 -
Color Turbad- Carbon Foaming Dis- Dis- Dis- Dis=~ Dis- Total Dis-
(platinum- ity dioxide Phenols agents solved solved solved solved solved mercury solved
cobalt (ITU) (co.) (yg/L)  (deter- arsenmic cadmium  chro- copper  lead (Hg) zinc
units) (mg /L) gents) (As) (cay mium (Cr) {Cu) {Pb) (pg/L) {2Zn)
(ug/L) (yg/L) (pg/L} (pg/L) (pg/L) (ug/L) (pg/L)
0 o 1.4 - - - -
1 1 lo - -
0 o 12 - - - - - - - -
1 0 4.6 -- - -- - - - - -
] 0 7.5 - -- - -- - - -- - -
5 2 30 - - - - - — - -
4 1 4.5 - - -- -- - --
0 0 7.0 - -— -
5 [ 4.2 - - -
4 1 16 - - - -—
4 0 10 - -— - -
2 1 4.1 - -- - - - - - - -
5 1 7.5 -- -- -- - - -~ -- -- -
- -— - - - €4 €1 €3 c98 €10 - €40
a 4 - - - - - -— — - - -
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TABLE 4.-—Chemical quality of ground water from selected sites-—Continued

Dis- Dis- Dis- Dis- Dis- Dis~ Dis- Bicar- Alka- Dis- Dis- Dis- Total Total
Site pata Dats solved solved solved solved solved solved solved bonate linxty solved solved solved nitrate nitrite
number source® sampled silica  a1ron mangan-  calcium magnes- sodium  potas- (HCO,, ) as sulfate chloride fluoride (§) (N
(510,)  (pe) ese (Mn)  (Cay ium (Mg)  (Na} sium (K)  (mg/L) Cacosy (504) (c1) (F) (mg/L)} (mg/L)
(mg/L) (pg/L) (pg/L) (mg/L) (mg/L} (mg/L) (mg/L} (mg/L) (mg/L) (mg/L) (mg/L}
25/44-26L1 GSBR 5tor)6-51 - - - - - - - 229 188 - 3.4 - - -
WSDH 3- 2-64 20 40 2 44 15 12 2.9 195 160 12 3.0 0.2 5.1 0.005
WSDH 10- 7-64 18 40 5 -- - - - 198 162 12 2.2 .2 2.2 .003
DSHS 11- 4-70 7.5 o 6 46 14 6.2 2.6 200 164 18 3.0 .1 3.7 .000
DSHS 8- 9-71 5.0 200 0 32 18 6.0 2.6 180 156 19 7.5 L1 2.8 .033
DSHS 9-14-71 2.5 40 3 48 30 6.8 2.7 278 228 20 10 .1 2.7 .015
DSHS 10-13-71 .0 20 29 4% 12 6.6 2.8 178 146 30 6.0 .1 2.6 .007
DSHS 11-16-71 2.5 220 6 46 2.9 6.6 2.6 205 le€ 18 3.0 .1 2.9 .042
DSHS 12-13-71 6.0 300 S 38 16 7.0 2.6 156 128 17 .52 .7 2.8 . 049
DSHS 1-17-72 2.5 6C 15 7C 6.3 6.3 2.5 198 162 14 5.C .1 2.4 .032
DSHS 2-14-72 7.5 160 6 50 34 6.8 2.8 238 185 22 2.5 .2 11 .011
DSHS 3-31-72 1.0 10¢ 3 43 16 6.4 2.8 176 - 23 2 .1 1.4 .011
DSHS 4-18-72 4.8 10 o] 44 24 5.6 2.7 205 168 23 2.5 .1 1.4 .025
DSHS 5-22-72 11 20 60 22 20 3.1 1.8 110 90 17 3.0 .1 1.7 .024
DSHS 6-19-72 5.5 200 9 45 19 6.0 2.5 220 180 25 4.0 .1 2,0 .012
DSHS 7-17-72 1.7 140 9 50 11 6.6 2.8 196 161 14 10 .1 1.9 .046
DSHS 8-23-72 n 60 3 34 36 7.0 2.9 185 152 28 3.0 .6 1.7 .019
DSHS 9-14-72 5.5 60 6 33 24 6.9 2.6 149 122 28 4.0 .2 2.1 .004
EPA 9-14-72 - €<100 2 - 13 4.7 2.5 - - 13 2 .0 2.3 il
DSHS 9-30-74 19 [} <10 51 13 4.0 - 163 134 32 6.4 .1 2.0 .02
Total Total Total Dis- Hard- Non- Sodium Specafac Water
ammonia Kjeldahl pnos- solved Dissolved solids ness carbon- Per- adsorp- conguc- PH tempera-
(N} nitrogen phorus ortho- (residue at 180°C) (Ca,M@ ate cent tion tance (units) ture
(mg/L) (N) (13} rus (mg/L) hardness sodium ratioc (micro- °cy
(mg/L) (mg/L) (P) tmg/L) (tons/acre-ft ) tmg/L) (mg/L} mhos)
- — - - - - 159 - - - 261 - -
- - 0.62 -- 0.26 188 166 6 13 0.4 320 7.6 10
-- - 17 - -- - 192 30 -~ 326 8.3 11
- .00 .29 212 174 10 7 .2 340 7.6 10
-- - .17 - .26 188 156 - 8 .2 340 7.6 -
- .04 - .35 260 244 16 6 .2 370 7.3 -
- .09 .27 196 172 26 8 .2 340 7.8 -
- - 1.0 .25 186 178 10 10 .3 346 7.7 -
- - .16 .23 171 164 36 B .2 326 7.1 -
- -- .26 .28 207 200 38 7 .2 370 8.3 -
- .00 .35 254 264 69 5 .2 340 8.2 -
- - .25 181 172 - - - 310 7.9 -
- .10 .28 208 208 40 5 -2 324 7.9 -
-_— .00 .18 134 136 46 5 .1 200 8.7 11
- .00 .30 217 192 12 6 .2 326 8.0 -
- - .17 .27 195 180 20 8 .2 380 7.9 -
- - .010 .29 215 232 80 6 .2 332 7.9 -
- <.02 .24 180 182 60 8 .2 326 6.8 -
- - .01c - .30 223 183 - - - 3s0 7.1 -
- - .06 - .28 208 180 46 . L1 438 7.7 -
Color Turbid- Ccarbon Foaming Dis- Dis- Dis- Dis- Dis- Total Dis-
(platinum- ity dioxide Phenols agents solved solved solved solved solved mercury solved
cobalt (JTU) (COy) (pg/L) (deter- arsenic cadmium chro- copper lead (Rg) zinc
units) {mg/L) gents) (As) (Ca) mium (Cr) (Cu) (Pb) (yg/l.) {2n)
(¥g/L) (pg/L) (r9/L) {yg/L) {pg/L) (pg/L) (pg9/L)
3 0 9.5 - -- -- - - - -- -
12 4 - - - - - - - - -
a 1 11 -— -— - - - - -_— -
10 0 11 - - -~ - - - -
2 0 33 - - - - - -— -—
2 0 6.1 - - - - - -— - -—
2 1 9.0 -- - - - - -- - - -~
4 0 28 - - - -— - - - - ~
6 1 2,5 -— - - — -- - -
H 0 3.1 - - - - -- - - - -
4 -- 4.7 - - -- - - - - --
4 0 7.0 - -— - - - -_— -
5 0 2.4 - - - - -— - - - -
H 0 4.1 - - -— - - - - - -
7 0 4.5 - - -~ - - -- - - --
1 1 4.7 - - - - - - - - -
6 0 49 -— - - - -— - - —_ -—
- - - - - C4 €2 €2 €67 C1s - €25
8 0 — - - -- - - - - - -
~
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TABLE 4.--Chemical guality of around water from selected sites--Continued
Das- Dia- Dis- Dis- Dis- Dis- Dis- Bicar-  Alka- Dis- Dis- Dis- Total Total
s1ce pata pate solved solved  solved solved  solved solved solved bonate  linity solved solved solvea nitrate nitrite
pumber  sourced sampleg Silica 1ron mangan-  calcium maanes-  sodlum  potas- (HCO, ) as sulfate chloride fluoride (N} (N
(5120,) (Fe) ese (Mn) (Ca) lum (Mg (Na} sium (K) (mg/L) cacoy (50, {1 (F {mg/L} (mg,/L;
(mg /L) (pg/L) (wg/L} (mg/L) (mg/L (ng/L} (mg/L) (mgq/L) {ma/L} {mg/L) (mg/L}
25/45-15D1  DSHS 7-21-71 6.0 120 4 34 17 5.0 1.8 166 136 16 0.0 0.1 0.45 0.013
DSHS 8-18-71 3.0 [} 15 27 16 4.7 2.0 120 98 16 7.0 -1 1.4 . 060
DSHS 8-26-71 7.5 © 15 34 12 6.5 1.9 110 90 12 3.5 .2 27 015
DSHS 9-16-71 5.0 100 9 35 2% 5.4 2.0 234 192 8.6 5.0 .1 2.3 .0s¢
DSHS 10-13-71 2.5 14c 4 30 8.8 5.9 2.0 117 96 21 3.5 1 2.0 .018
DSHS 11-16-71 .0 50 3 33 12 6.4 1.8 134 110 14 5.0 .2 2.6 046
DSHE 12-13-71 5.0 340 < 25 13 5.4 2.0 127 104 7.4 2.2 .2 2.4 026
DSHS 1-18-72 5.0 20 c 15 4.9 4.8 1.6 93 76 14 3.5 -1 2.5 1
DSHS 2-14-72 5.0 a0 L] 38 11 6.0 2.2 129 106 28 4.5 .2 3.5 011
DSHS 3-28-72 16 60 3 30 1 4.8 1.7 146 120 18 1.5 .2 1.2 00.
DSHS 4-18-72 4.5 8C ¢ 56 46 4.0 1.8 227 186 2.3 2.0 .1 .76 .16
DSHS 5-10-72 15 300 9 19 16 4.6 1.5 96 79 9.5 6.8 .1 1.4 .01z
DSHS 6-19-72 .8 40 € c 1z 5.9 1.8 127 104 16 6.C It 2.5 .00C
DSHS 7-24-72 .8 2c 3 2¢ 17 6.8 2.1 124 102 17 8.5 .2 1.3 .02z
DSHS 8-14-72 5.5 300 2 33 14 6.5 1.9 146 120 10 2.8 .1 1.2 020
DSHS 9-14-72 2.4 80 € 2% 17 5.9 1.8 132 108 17 4.5 .1 2.0 .00¢
EPA 9-14-72 -- €<100 2 -- 8.0 4.6 1.7 - -- 8 2 .0 2.2 <.02
EPA 1-15-72 - 15 H -- -- - -— - -- - -- -- -- -
USGS 6-28-73 -- 10 1c 3z 8.9 4.4 1.8 143 116 12 2.3 .1 2.8 .o0¢
USGS 9-25-72 -- 1 9 33 8.7 3.9 1.9 135 111 11 2.3 .1 1.5 .00z
UsGs 12-18-73 - c ¢ 35 6.8 4.4 2.0 131 107 11 2.5 .z 2.0 002
usGs 3-20-74 -- 20 K 33 8.2 4.5 1.8 124 102 8.0 2.6 A 1.3 .00z
DSHS 7- 3-75 14 190 ac 38 7.8 3.4 -— 109 89 9.5 2.5 R 2.0 .01
Total Total Total Dis~ Hard- Non~ Sodium Specafic Water
ammonia Kjeldahl phos- solved ness carbon- Per- adsorp- conduc- PH tempera-
o) nitrogen phorus  ortho- ?::Zf;‘u'idi"iégfm (Ca,Mg) ate cent tion tance (units)  ture
(mg/L) (N, (P2 phosphorus ——————— (mg/L} hardness sodium ratio (micro- (“c:
(mg/L) tmG /L1 (P)_ (mg/L) {tons/acre-ft) ( mg/L} (mg/L" mhos)
-- - 0.07¢ -- 0.22 163 156 ac 6 0.2 236 7.3 1.7
- -- .14 -- .18 136 132 34 7 .2 270 8.2 -
-- - .020 - .18 134 132 a2 9 .2 260 7.8 -—
- - .01C - .27 196 204 12 5 .2 260 7.4 -
-- - .07C -- .18 134 12 16 10 .2 228 7.7 -
-- -- . 060 - .22 159 136 26 9 .2 250 7.7 -
- .05¢C -- 17 127 124 20 8 .2 216 7.2 -
-- .055 - .13 57 %4 18 15 .3 248 7.9 -
- - .020 - .22 164 148 42 8 .2 248 8.2 -
- 060 -- 21 156 118 - -- .2 220 7.3 -
- . 060 -- .24 176 196 10 3 B 184 7.3 -
-- - 03¢ -- .17 124 120 a1 8 .2 192 7.8 1n.7
-- - .05C -- .19 138 124 20 9 .z 242 8.1 -
- - .15 -- .19 141 136 34 10 .3 248 7.6 -
-- - .050 -- .20 149 144 2 9 .2 246 8.1 --
- -- <.010 -- .20 144 140 32 8 .2 256 7.5 -
- - .020 -- .25 181 125 -- - - 260 - -
0.03 0.06 .021 0.23 .21 158 120 1 7 .2 266 7.6 12.0
.01 .05 .023 .022 .21 157 120 12 6 .2 259 8.1 12.0
.01 .04 .073 .073 .21 154 120 16 7 .2 263 8.1 12.0
.03 .56 .023 .021 19 143 120 14 8 .2 242 7.8 11.8
_— - .02 - .18 132 128 - -- Y 243 8.0 -
Color Turbid- Carbon Foaming Dis- Dis- Dis- Dis- Dis- Total Dis~-
(platinum- ity dioxide Phenols agents solved  solved solved solved solved mercury solved
cobalt (JTU) {co,} (ng/L} (deter- arsenlc cadmium chro- copper lead (Hg) zinc
units) (mq}x.) gents) (As) (cay mium (Cr) (cu) (Pb} (yg/L) {2n)
(ng/L) (pg/L)  (pg/L) (pg/L) (ng/L)  (pg/L) (wg/L)
8 4 17 -— - - -— - - - - -- ~—
4 1 3.0 - -- -- - -— - - - ~
13 [} 4.2 - - - - - - - -
4 1 19 - - - - -- - -
3 o 5.2 - -- - - - - - - -
2 [ 6.5 - -- - - - -— - - -
5 1 20 - - - - - -— - -
5 1 2.7 - -- - -— - -- - -
7 1 1.9 - - -- - - - - -
4 1 16 - - - - - -— - -
B 4 25 -~ - -— -— - - - - -
B [} 3.3 - - - - - - - -- -
5 1 2.5 - - -- -- - - - -- -
5 [ 8.0 -— -- - - - - -- - -
7 o 2.9 - - - - - - - - -
6 [ 10 - - - - - - -- --
- -- -- - Ca Ca Ca €147 <20 - €110
- - - - - - - - - <20 .2 €27
-— -- o 0.00 5 1 o 3 1 ca 10
- -- 4 .04 6 [} [ 6 2 €.0 50
1.7 [ .02 5 [4 [ 3 [4 c.0 [4
-- 3.1 0 - 2 0 0 s 1 “a 20
3 - - - - - - - - — -
~
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TABLE 4.--Chemical guality of ground water from selected sites--Continued

Dis- Das- Dis- Dis- Dis- Dis- Dis- Bicar-  Alka-  Dis- Dis- Dis- Total Total
Site pata Date solved solvea solved solved solved solved solved bonate linity solved sclved salved nitrate nitrite
pumber sourced sampled silica iron mangan- calcium magnes- sodiumr potas- {HCO4! as sulfate <chloride fluoride (N (NI
{S:OZ) (Fe? ese (Mn] (Ca: ium (Mg) (Ra) sium (K) (mg/L) Caco, (S04" cl (F) {mg/L} img /L1
(mg/L (ug/L} (ug/L} (mg/L} (mg/L) (mg L} (mg/L, (mg/L)  (mg/Ly img, L: (mg/L
25/45-18R1 DSHS 5-14~70 19 c € 16 4.6 2.4 2.2 76 - 7 Qo 0.1 0.76 0.00C
DSHS 9-14~71 2.5 i 1€ 27 16 2.4 1.2 139 114 10 1.0 .1 2.0 .025
DSHS 10-13-71 .0 20 13 25 6.3 2.4 1.3 90 74 23 1.5 L1 1.1 .018
DSHS 11-16-71 5.0 140 9 28 14 2.6 1.4 110 90 10 3.c .0 1.4 .057
DSHS 12-14~71 5.0 ° c 21 12 3.2 1.5 88 72 11 6.C .1 1.6 043
DSHS 1-17-72 2.5 120 c 31 1z 2.5 1.4 102 84 21 7cC 22 14 .20
DSHS 2-16-72 2.8 140 3 3C 2.4 3.8 1.8 90 74 16 1.2 it 1.1 01s
DSHS 3-28-72 1 14¢ € 20 B.& 2.1 1.2 98 BC 1@ . .2 .62 00l
DSHS 4-19-72 4.5 14¢ 3 22 16 2.4 1.2 129 10€ 2¢ 3c L3 .22 olg
DSHS 5-10-72 11 2 2 1~ 11 2.4 1.3 81 66 1z i.c 1 1.3 .034
DSHS 6-19~72 24 14¢C c 17 14 2.8 1.2 79 65 17 6.5 Ll .75 .021
DSHS 7~264-72 2.7 68C € 24 27 3.0 1.6 83 68 15 1C 1 .05 .028
DSHS B8-14~72 2.2 4c 12 24 97 2.9 1.4 93 76 1 2. L2 .33 0:
DSHE 9-14-72 4.5 120 € 37 1.9 2.8 1.4 107 B8 23 2 L1 .90 .004
EPA 9-14-72 -~ S<l00 < - -- - - - - -- - [ .96 -~
PLSF 6- 6-74 -- <10 <10 w2 7.7 2.5 1.7 92 75 7.3 .5 i 1.2 <.002
DSHS 3-21-75 11 B8O < 3c 2.4 2.9 - 95 78 8.8 1.5 1 1.5 1.0
Total Total Total Dis- Hard- Ron- Sedium  specific water
ammonia Kjeldahl phos- solvec ness carbon- Per- aasorp- conduc- PH tempera-
(N nitrogen phorus ortho- ?:::‘:;Z:d:":;‘gsc) (ca,Mg) ate cent tion tance (units) ture
(mg/L) (N {P) phosphorus —————~2" °_ (mg/L) haraness sodium ratio {micro- (‘c
(mg/L (mg/L) _ (P) (mg/L) (tons/acre-ft! img/L) (mg 7L} mhos’
-- - 0.010 - 0.13 92 19 - -- - 150 7.8 8.9
- -~ .050 -- .18 131 8e - 4 0.1 210 7.2 --
- - .03C -- .14 105 88 14 5 -1 172 7.5 -
-- - .60C -- .16 120 128 - 4 L1 180 7.6 -
-- -~ . 04C - .14 104 100 28 & .1 170 7.6 -
- - . 060 - .16 118 82 - 4 .1 180 7.7 -
b -- .00C -- .14 104 B4 10 El .2 17z B.2 -
- - .05C - .15 m 84 4 5 .1 150 7.7 --
- -— .00C - .1B 136 132 26 4 .1 150 7.7 -
-- -~ .030 -- .13 98 90 2 6 1 164 7.8 11.7
- - .026 - .17 122 98 33 [ 21 159 7.7 -
- - .028 - .17 126 112 44 4 .1 168 7.4 -
- -~ <.010 -- 14 100 100 24 [ .1 176 7.6 -
- - <.010 - .17 127 100 12 6 .1 le8 7.4 -
- -~ -- -- -- - 88 -- - -— 180 7.2 -
<0.06 <0.28 .026 0.2z .16 121 B8 13 © .1 170 7.8 11.0
- - .030 - .14 pILY B4 - .1 170 B.2 --
Color Turbid-  cCarbon Foaming Dis- Dis- Dis- Dis- Dis- Total Dis-
(platinum- 1ty dioxide Phenols agents solved solved solved solved solved mercury solved
cobalt {JTU} (CO,) (pg/L) (deter- arsenic cadmium chro- copper lead (Hg) zinc
units) [mg;Li gents) (As} (ca) mium (Cr}) {Cu} {Pb) (yg/L) {Zn)
(wg/L) wg/L) _ (pg/L) (ng/L) (ng/L) _ (pg/L) (wg/L)
3 -- 2.5 - - - - - -- -- - -
6 o 23 - - - - - -
2 o 6.2 -- - -- -- - -- -- - -
4 o 7.0 - -- - - — - -- - -
2 o 6.5 - -- - - -- -- --
4 1 5.0 - -- - - - - - - -
4 o 1.2 - - - -- - - - - --
4 1 4.2 - - - - - -
1 1 5.7 - - - - - - - -—
s [ 2.5 - - - - -- — -- -
1 o 3.1 - - - -
4 3 7.5 -- -- - - - -- - .
s o 5.1 - - -— -- - -- - -- --
6 0 10 -- - -- -- - — -- - --
- - - -~ - €<2 €1 C4 €63 €10 -- <30
-- - 3.0 <1 <0.05 <6 <S <5 330 30 <0.2 540
) o - - -— - - - - - - --
~
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TABLE 4.~-Chemical quality of qround water from selected sites--Continued

Dis- Dais- Dis- Dis- Dis- Bicar- Alka- Dis- Dis- Dis- Total Total
Site Data Date solved solved solved solved solved solved soclved bonate linity solvea solved solved nitrate nitrite
number source? sampled s1lica iron mangan- calcium maanes- sodium potas- {HCO5 as sulfate cnloride fluoride N N
(810, (Fe) ese (Mn) (cal ium (Mg} (Na) sium (K} {mg/L) Caco., (so“ {c1 {F img/L) (maq /L
(mg/L {(pg/L) tpg/L) (mg/L* (mg/L) (mg/L) (mg/L: (mg/L} (mq /L) {mg /L) {mg ‘L
26/42-11J1s WSGD  10-22-46 - €100 €<s0 33 15 -- - 139 114 4.1 o.c - 2.0 -
EPA 9-13-72 -- -- - - - - -- - - .51 --
DSHS 10-18-72 5.2 60 3 26 24 5.4 2.3 176 144 29 6.0 0.0 2.2 0.057
DSHS 1-17-73 35 o 0 20 27 4 20 148 121 15¢ 7.1 .c .8 000
DSHS 4-20-73 p 100 3 31 2C 5.0 2.4 188 154 27 7.5 21 1.2 .011
usGs 6-27-73 - 1o o 39 20 4.7 2.4 192 157 20 5.8 .6 2.5 .002
UsGs 9-26-73 - 50 4 39 19 5.1 2.4 191 157 1c 5.9 .0 2.5 002
USGs 12-17-73 - o 40 39 13 5.3 2.6 184 151 18 S.¢€ .2 2.3 004
UsGs 3-19-74 -- 20 ELY 37 20 4.8 2.5 180 l4¢ 2C 5.8 L1 2.0 o001
26/43-7K1 DSHS 8- 4-71 2.5 12¢ 6 28 17 3.9 2.0 122 10¢ 31 3.0 .e 1.8 .032
DSHS 8-18-72 6.2 8C 3 a3 26 6.3 2.4 21 172 EX 6.8 .1 2.0 .060
DSHS 1-17-73 3c [ o 2% 24 3 1.0 152 125 128 7.0 .0 .56 . 000
DSHS 4-23-73 .6 140 0 27 16 3.8 1.8 164 134 29 4.0 L1 1.0 .10
DSHS 5-15-75 20 190 < 28 26 2.6 - 145 119 1t 4.5 v .8 oo
DSHS 8-11-75 14 <5 <5 40 23 2.4 - 173 142 5.8 7.5 .1 2" 02
. Total Total Total Dis- Harc- Non- Sodium  Specific Water
ammonia Kjeldahl  phos- solved ness carbon- Per- adsorp- conduc- PR tempera-
(N nitrogen pnorus ortho- Dissolved solids (Ca,Mg) ate cent tion tance (units' ture
{rg/L) (N (P P us {residue at 180 C) (mg /L) hardness sodium  ratio {micro- [
(mg/L) tmg/L) (P)  tmg/L) (tonssacre-ft) (mg/L} (mg /L' mhos
26/42-11J1s == - -- -- 0.23 166 148 -~ - -- - 7.7 -
{continued' - - <0.010 - .24 179 - -- -- -- 350 7.5 10.0
- . 030 - .25 187 164 20 7 0.2 292 8.1 -
- - <.010 - .45 331 159 38 5 L1 265 7.8 -
- -- . 000 -- .19 142 158 4 6 .2 290 8.2 -
0.02 0.05 .009 0.00% .27 200 180 2 5 .2 367 7.6 10.8
.02 .21 .048 . 043 .25 186 180 19 ) .2 360 8.0 11.0
.01 .04 .012 .010 .27 198 180 25 6 .2 354 8.0 11.0
.01 .26 .013 .007 .27 195 170 25 6 .2 358 7.7 10.3
26/43-7K1 -- -- .016 -- 20 150 140 - 13 .1 280 7.6 --
(continued) - . 060 - L300 220 192 20 7 .2 350 7.3 --
- .00 - .41 298 152 27 4 1 233 7.9 -
-- . 000 -- .22 164 134 - 6 .1 220 7.2 --
- L0106 - .23 lé69 176 - - .1 288 7.1 -
- - <.010 - .25 181 196 - - .1 380 7.7 --
Color Turbid- Carbon Foaming Dis- Dis- Dis- D1s- Dis- Total Dis-
(platinum- ity dioxide Phenols agents solved solved solved solved solved mercury solved
cobalt (JTU) {CO,) (pg/L) (deter- arsenic cadmium chro- copper lead (Hg) zinc
units} (mg/LY gents) (As) (cd} mium (Cr) {Cu} (PD} (yg/L} (Zn)
(pa/L) (pa/L) (pg/L} (pg/L} (pg/L) (pg/L} (pg/L)}
26/42-11J1s - - - - - - - - - -- - -—
(continued) - - - -- - - - - - €20 -
5 0 3.4 -- - - - - - -
1 o - -- - -- -- - -- - --
5 1 2.4 - -- - - - -- -- - --
. - - 5 0.00 1 1 o [ ] €0.1 10
- - - 1 .00 9 ] 4] ] 3 €0 10
- - 2.9 o .02 4 o 0 1 o c.o ]
- 5.8 0 .08 3 o 0 3 2 c.0 20
26/43-7K1 8 1 7.0 -- - - - -— . - - -
(continued) 4 0 24 - - - - _— - _—
2 0 - -- -- - -- -- -
4 1 21 - - - — - - - -
3 [ - - -- - - -- -- - -
4 0 - - - — -— -— - - — -—
~
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TABLE 4.~—Chemical guality of ground water from selected sites--—Continued

Dis- Dis- Dis- Dis- Dis- Dis- Dis- Bicar-  Alxa- Dis- Dis- Dis- Total Total
Site bata pate solved solved solved solved solved solved solved bonate linaty solved solved solved nitrate nitrite
number sourced sampled s1lica iron mangan-  calcium  magnes- sodium  potas- (HCO, » as sulfate chloride fluorade (N1 (N
(510,) (Fe) ese (Mn)  (Ca) 1um (Mg) (Nal sium (K) (mg/L)  CacOy (50,4 ey (F mg/L!  tmg/L)
(mg/L) (pg/L) (Pg/L) (mg/L) (mg/L) {mg/L) {mg/L) img /L) (mg/L} (wg /L) (mg /L3
26/46-31M1 DSHS 10- 7-64 -— 220 13 - - - - 146 120 10 0.2 0.2 0,10 0.003
DSHS 5-14-70 8.8 420 60 21 11 2.8 3.4 126 103 14 2.5 .0 .37 000
DSHS 10-13-71 8.0 20 9 25 15 2.8 1.9 139 114 12 3.0 .1 1.2 002
DSHS 11-16-71 5.0 o 3 35 17 3.c 1.9 171 140 12 2.5 .0 1.2 038
DSHS 12-14-71 2.5 400 3 29 12 3.4 2.2 134 110 12 4.5 .1 1.3 055
DSHS 1-17-72 .0 o € 34 27 3.4 2.0 239 196 2" 3.0 .2 1.1 .038
DSHS 2-16-72 4.5 80 € 28 18 3.8 2.3 144 118 17 5.5 .1 1.4 .013
DSHS 3-28-72 13 180 o 25 17 2.6 1.9 155 127 2€ .0 .1 .68 001
DSHS 4-19-72 4.5 120 3 32 19 4.8 1.8 177 14¢ 24 3.0 .1 .21 .009
DSHS 5-10-72 13 220 4] 22 19 2.8 1.9 126 103 14 1.5 W1 1.1 019
DSHS 6-19-72 4.5 60 3 24 1e 2.5 1.8 134 110 20 2.5 .1 .88 .02
DSHS 7-24-72 3.0 240 6 20 21 2.6 1.8 149 12z 26 2.5 .2 .06 L1
DSHS 8-14-72 s.2 40 9 25 14 3.2 2.0 156 128 13 2.0 .1 .12 .02
DSHS 9-14-72 6.5 60 9 120 7 3.8 1.9 415 34¢ 20 1.2 .1 .56 .00
EPZ 9-14-72 - €00 o - 12 2.8 1.7 - 10 1 .0 .68 -
EPR 1-15-73 - 15 2 -- -- - - - - -- - -- -- -
Total Total Totai Dis- Hard- Non- Sodaium Specific Water
ammonia Kjeldahl phos- solved Dissolved solids ness carbon- Per- adsorp- conduc- PH tempera-
(N) nitrogen phorus ortho- (residue at 180°C) {Ca,Mg) ate cent tion tance (units) ture
(mg/L) (LY (P) us (mg/L) hardness sodium ratio (micro- °er
(mg/L) (mg/L) (P) (wmg/L) ttons/acre-ft ) { mg/L) (mg /L) mhos)
- - ©0.c8C - - -- 166 - - - 253 7.9 13
- - .010 - 0.14 102 100 - 6 0.1 232 8.4 8 4
- - .000 - .19 137 122 8 5 .1 232 7.6 --
- - .000 - .22 162 140 22 4 .1 760 7.8 -
- - .070 - .18 133 120 -~ € .1 247 7.6 -
-- - .070 - .29 215 196 78 4 .1 246 7.5 -
- - .000 - .21 151 144 26 5 .1 254 8.3 -
- - .060 - .21 155 132 18 4 .1 240 7.8 -
- - .11 - .24 177 160 15 6 .2 220 7.8 -
- - .020 - .19 138 134 31 4 .1 240 8.1 10.6
- - .000 - .19 140 132 22 4 21 224 7.6 -
- - .060 - .20 150 136 - 4 .1 244 7.4 -
- - <.010 - .19 141 120 - 5 .1 234 7.2 --
- - <.010C -- .56 410 372 32 2 .1 220 7.7 -
- - <.010 - .21 158 121 - - -— 240 7.2 -
Color Turbid- Carbon Foaming Dis- Dis- Dis-— Dis- Dis- Total Dis-
{platinum- ity dioxide Phenols agents solved solved solved solved solved mercury solved
cobalt {JTU) (co,) (pg/L) (deter- arsenic cadmium  chro- copper lead {Hg) zinc
units) (anm gents) (As) (cay mium (Cr) (cu) (Pb) (yg/L) (Zn)
(pg/L) (pg/L)  (pg/L) {pg/L)} (pg/L) __ (ng/L) (#g/L)
12 H -- p— - - - - . - - -
4 0 1.0 - -— - -- - - - - -
0 0 8.5 - - - -- - -- --
2 o 6.5 -~ -- - - - - - -
5 0 8.0 - — - - - -- -—
6 1 9.5 - - - - -- --
4 1 1.3 -- -- - - - -
4 1 5.1 -- -— - -- - --
1 1 7.0 -- - - - - -
5 1 2.3 - - - - - --
s 1 8.0 -- - -- - -- --
6 1 14 - - -— — - - --
H o 23 - - - - - -
[3 0 17 - - —_ - - - - =~ N
- —_— - - - c4 €e €4 €320 €20 -- <20
. - - - -— -— - - - ©30 €<0.2 €150

a
Data sources:

USGS, U.S. Geological Survey: GSBR, U.S. Geological Survey in cooperation with U.S. Bureau of Reclamation; EPA, U.S. Environmental Protection

Agency: DSHS, State of Washington Department of Social and Health Services; WSDH, State of Washington Department of Health; WSGH, State of Washington Department
of Game; PLSF, Pacific Environments Laboratory of San Francisco,

bsample collected after chlorination.

€Total concentration.
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Pesticides, phenols, and radionuclides

On September 25 and 26, 1973, water samples were collected from 17
sites and analyzed by EPA personnel for the concentrations of 13 pesti-
cides. In addition to endrin, lindane, and toxaphene, which are
included in the summary on plate 10, tests were made for aldrin, aroclor
1260, BHC, chlordane, DDD, DDE, DDT, dieldrin, heptachlor, and
heptachlor-epoxide, At the time these samples were taken, the minimum
detection 1levels for endrin and toxaphene were 0.002 and 0.060 mg/L,
respectively, at the 1laboratory involved. The new drinking-water regu-
lations (pl. 10) 1list the maximum contaminant levels for these two
substances as 0.0002 and 0.005 mg/L, respectively, well below the
analytical capabilities of the laboratory conducting the tests. The only
sample (table 3) which showed the presence of either substance in 1973
(26/42-12A1s, 0.060 mg/L toxaphene) exceeded the MCL. All 17 samples
tested for lindane had concentrations of <0.001 mg/L, below the MCL of
0.004 mg/L.

Recommended limits for 6 of the 10 pesticides which were tested for
but not included in the new drinking-water regulations, are listed below
(National Academy of Sciences - National Academy of Engineering, 1973):

Substance Mg/L Substance Mg/L
Aldrin 0.001 Dieldrin 0.001
Chlordane .003 Heptachlor .0001
DDT .05 Heptachlor-

epoxide .0001

The observed concentrations of aldrin, DDT, and dieldrin were all below
the recommended limits. Of these, only DDT was positively identi-
fied--0.005 and 0.007 mg/L in samples from wells 25/44-18D2 and 2Q1,
respectively. The analyses for heptachlor and heptachlor-epoxide
indicated concentrations of <0.001 mg/L, the minimum analytical
capability of the laboratory in 1973. Water from well 25/42-13Bl
yielded a chlordane concentration of 0.005 mg/L, above the recommended
limit of 0.003 mg/L. The other samples tested for chlordane were all
below the minimum analytical capability of 0.005 mg/L.

Although phenols are not included in the new drinking water regu-
lations, the data were included in plate 10 because of the frequent use
of phenols by industries situated above the aquifer, and because of the
instance of phenol contamination in the Spokane Industrial Park. (See
section on historical contamination problems.) Only 77 samples from 24
sites have been analyzed for phenols. However, 18 of these samples (23
percent of the total) from 16 sites, exceeded the recommended maximum
limit of 0.001 mg/L (Public Health Service, 1962).

No analyses were available of radionuclides in ground-water samples.
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Coliform bacteria

Individual results of a large number of bacteriological tests of
ground-water samples from the aquifer are contained in the files of
State and local agencies, but no tabulation or summary of these data is
presently available. No attempt was made during the course of this
study to tabulate these data because the vast majority of analyses
reflect the sanitary conditions of the wells and distribution systems
involved and probably are not indicative of the bacteriological quality
of the aquifer.

Two studies of drain-field performance above the aquifer have been
made (Phillips and others, 1962; Crosby and others, 1968, Crosby,
Johnstone, and Fenton, 1970 and 1971; and Crosby and others 1971).
Phillips and others (1962) discovered that coliform bacteria survived 1
to 2 months in the so0il, were concentrated near the land surface, and
penetrated to a maximun depth of 47 feet. Their conclusion was that the
"subsoil in the Spokane Valley region acts as a very efficient barrier
to the transmission of bacteria and other particulate matter from
septic-tank disposal fields." Crosby and others (1968) concurred,
saying, ''Passage of waters through 20 feet of soil normally removes
coliform bacteria....virtual certainty of (coliform bacteria) removal
can be inferred if wastes filter through 50 feet of soil."

Because the depth of the water table is greater than 100 feet in
most of the aquifer, and in excess of 40 feet almost everywhere else,
penetration of coliform bacteria to the water table is unlikely.
However, in a few special cases there is a potential for penetration.
Penetration to the water table is possible where the water table is near
the land surface, as in the area immediately upgradient of springs which
feed the Little Spokane River at the north end of the Hillyard Trough
and in areas immediately downgradient of excavations, which intersect,
or nearly intersect, the water table. Also, because coliform bacteria
have been known to travel as much as 180 feet horizontally upon reaching
the water table (Randall, 1970), penetration may be possible in narrow
strips of the aquifer along those reaches of the Spokane River where the
aquifer is in contact with the river and where water flows from the
river to the aquifer.

Coliform bacteria have been identified in water samples from the
aquifer at a mumber of sites. At least four cases of serious coliform-
bacteria problems have reportedly occurred (D. Byram, Spokane County
Health District, oral commun., 1977). Before the Washington Water Power
Company took charge of and consolidated a mmber of small public
water-supply systems north of Spokane, a few o0ld wells were being
chlorinated owing to previous contamination problems. (However, none of
the original records remain to document the individual wells involved ‘or
the extent of the problem.) The Model Irrigation District 18 reportedly
abandoned a well in past years owing to coliform-bacteria contamination.
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The Spokane Country Club formerly obtained a drinking-water supply from
a mmber of shallow wells in the area of spring flow near 26/42-12H.
Byram reported that very high coliform counts were observed in water
from these wells and caused the country club to discontinue use of these
wells for drinking water and to join Whitworth Water District 2. The
well supplying the Pinecroft Mobile Home Park (near 25/44-9J),
reportedly had a continuing problem of high coliform- bacteria counts
until a chlorination system was installed. It is not known if the
observed coliform bacteria were present because of contamination of the
aquifer or because of poor well construction (for example, drainage down
the outside of the casing in a well).

Historical contamination problems

Personnel of Federal, State, and local agencies have observed at
least six cases of water-quality degradation in the aquifer which
presumably resulted from human activities. Also there is evidence in
the available data of at least two additional instances of ground-water
pollution which apparently went unnoticed by consumers.

The earliest observed case of ground-water pollution on record is
discussed by Esvelt and Saxton (1964). Beginning in late November 1954,
solid and liquid wastes from an aluminum-recovery operation at the old
Hillyard plant were dumped into a gravel pit approximately 170 feet
above the water table. The data in table 5 show that the chloride
concentration in well 26/43-34P1, located about 1,000 feet northward and
downgradient from the gravel pit, rapidly increased after initiation of
the dumping operation. Even though the dumping was stopped in February
1955, and much of the waste material was removed from the pit, the
chloride concentration continued to increase, exceeding 1,000 mg/L by
June 24, 1955. By March 1956, the chloride concentration had decreased
to 250 mg/L. A sample collected on May 5, 1975, vyielded a chloride
concentration of 36 mg/L.

~

In 1964, a nearly identical pollution problem occurred at the
Kaiser-Trentwood aluminum plant, also reported by Esvelt and Saxton
(1964). The same type of water as that involved in the Hillyard incident
had been dumped in a gravel pit about 20 feet above the water table.
For about 20 years these wastes had no readily observable effect on
neighboring wells. In 1964, a new gravel pit was opened next to the old
pit and the gravel-washing waste water was discharged over the
accumulated wastes. The resulting 1leaching action was apparently
responsible for a salty taste experienced by consumers of water from
well 25/44-2Q1, located about 1,000 feet from the old pit. Water sam-
ples collected from the well showed a maximum chloride concentration of
177 mg/L in June 1964. Discharge of the gravel-washing waste water into
the old pit was subsequently halted and the chloride concentration in
well 25/44-2Q1 reportedly decreased to 0.18 mg/L within 6 months.
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The same well showed increased concentrations of sodium, potassium,
chloride, nitrite, ammonia, and dissolved solids in water samples taken
in March and June of 1974, These increases are as yet unexplained.

A leak in an aluminum-recovery vat at the Hillyard plant in the
Spokane Industrial Park was apparently the cause of high chloride
concentrations in water samples from well 25/44-11J2 in 1971 (D. Byram,
Spokane County Health District, oral commun., 1977). The highest
chloride concentration in any water sample from the well analyzed by the
Washington State Department of Social and Health Service (DSHS)
laboratory was 152 mg/L (table 5), but earlier samples tested at the
Spokane sewage treatment plant reportedly had chloride concentrations in
excess of 300 mg/L. DSHS ordered the alumimum-recovery operation to shut
down to repair the leak. Chloride concentrations returned to normal in
a few months.

Five water samples collected from well 25/42-13B1 between June 28,
1973 and June 4, 1974 (table 5) show a pattern of steadily increasing
concentrations of dissolved solids (from 179 to 233 mg/L). No potential
source of contamination has been identified.

In the summer of 1975, a gasolinelike odor and a frothy efferves-
cence appeared in water from a Coeur d'Alene public-supply well (50/4-
lcdcl) (N.Malueg, written commun., 1975). Samples collected on July 30,
1975, contained benzene, toluene, P + M-xylene, O-xylene, methylethyl-
benzene, trimethylbenzene and other organic substances. These are the
partly water-soluble compounds found in gasoline. The source of the
contamination was never definitely established, but possible sources
included gasoline-station drains, which lead to a freeway storm sewer
about 1,000 feet south of the well, and a reported accidental dumping of
about 500 gallons of gasoline into a dry well in the vicinity of the
public-supply well. The well was resampled on November 19, 1975, and
most of the same organic substances were still present, but in consid-
erably lesser concentrations.

In late 1975, a severe taste and odor appeared in water from well
25/44-1J1 at the Spokane Industrial Park (D. Byram, oral commun., 1977).
The well was sampled on November 17, 1975, and analyzed for organic
compounds. The sample yielded a trace of chloroform and an extremely
high concentration (15 mg/L) of relatively pure phenol (CgHg0). This
well water was determined to be phenol free (0.000 mg/L) in four
analyses made during June 1973-March 1974. The source of the contamin-
ation was never clearly identified but was possibly associated with the
materials used in a glue-manufacturing plant near the well.
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The Milwaukee Road railroad company reported that 26,500 gallons of
diesel fuel was missing in November 1976. During a subsequent invest-
igation by DOE (L. Peterson, oral commun., 1977), a leak was discovered
in a buried diesel-fuel pipeline. Three wells were then drilled: at the
site, 100 feet downgradient, and 200 feet downgradient. These wells
were all pumped and analyses of water samples showed the presence of
diesel fuel in water from all three locations. Milwaukee Road was then
instructed to move the pipeline above ground or to surround the buried
pipeline with impermeable materials.

The above cases of ground-water pollution are all of those with some
degree of documentation and which appear in the files of Federal, State,
and local agencies or which are readily observable in the basic data
accumulated for this report. The mmber of unreported cases and (or)
cases involving polluting materials which are not easily identifiable by
changes in taste, odor, or appearance of the water, is unknown.
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TABLE 6.--Summary of surface-water quality data

Number of times exceeding

Num-—
Map ber Dis- Dis- Dis- Dis- Total
loca- ) 2 Period Data of solved solved solved solved nitrate
tion Site name and of source3 times iron mangan- chlo-  fluo- (N)
numy USGS number record sam- (Fe) ese (Mn) ride ride
ber pled (cl) (F1)
1 Clark Fork near 10/71- USGS. 25 3/3 0/1 0/13 0/13 0/11
Galen, Montana "12/73
12323800
2 Flint Creek near 4/72- USGS. 6 0/6 - 0/6 0/6 0/6
Philipsburg, Montana 9/72
12328500
3 Flint Creek near 4/72- USGS. 6 0/6 -- 0/6 0/6 0/6
Drummond, Montana 9/72
12331500
4 clark Fork at 10/71- USGS. 25 0/9 - 0/5 0/14 0/9
Drummond, Montana 12/73
12331600
S Blackfoot River near 10/70- USGS. 82 0/63 2/63 0/61 0/60 0/63
Lincoln, Montana 9/73
12334600
6 Clark Fork above 10/69- USGS. 21 2/5 4/5 0/13 0/9 0/21
Missoula, Montana 6/71
12340500
7 Bitterroot River near 7/70- USGS. 38 0/13 - 0/18 0/17 0/21
Missoula, Montana 9/73
12352980
8 Clark Fork near 10/70- USGS. 21 1/15 2/14 0/13 0/8 0/21
Alberton, Montana 6/71
12353300
9 Flathead River at 10/74- USGS, 10 0/3 0/3 0/10 0/10 0/10
Flathead, British 9/75
Columbia 12355000
10 Flathead River near 10/69- USGS. 21 0/13 1/15 0/14 0/10 0/21
Big Fork, Montana 6/71
12369000
11 Flathead Lake at 10/69- USGS. 21 0/13 0/15 0/14 0/9 0/21
Polson, Montana 6/71
12371550
12 Flathead River at 7/71- USGS. 26 0/10 - 0/14 0/26 0/9
Perma, Montana 9/73
12388700
13 Clark Fork near 10/69- USGS. 9 0/9 -- 0/9 0/4 0/9
Plains, Montana 6/70
12389000
14 Thompson River near 9/75 USGS. 1 o/1 0/1 0/1 0/1 0/1
Thompson Falls,
Montana - 12389500
15 Clark Fork at Thompson 10/69- USGS. 46 0/33 0/7 0/26 0/33 O/QL\
Falls, Montana 9/73 N
12391000
16 Clark Fork at Clark 10/69- USGS . 33 0/27 0/18 0/26 0/14 0/31
Fork, Idaho - 12392050 6/72
17 Pack River near S5/74- USGS . 22 - - 0/4 0/4 0/4
Colburn, Idaho 9/76
12392300
18 Pend Oreille Lake near 6/73- USGS . 34 1/34 0/32 0/34 0/26 0/33
Hope, Idaho 9/76
19 Pend Oreille Lake near 6/73- USGS. 34 1/34 0/34 0/34 0/26 0/34
Bayview, Idaho 9/76
20 Coeur d'Alene River at 8/71- USGS . 39 0/15 - 0/20 0/15 0/28
Enaville, Idaho 9/76
12413000
21 South Fork Coeur d'Alene 7/71- USGS . 19 4/18 0/4 0/4 -— 0/16
River near Mullan, 9/74
Idaho - 12413080 -
22 South Fork Coeur d'Alene 7/73- USGS . 24 0o/1 1/1 0/4 0/4 0/5
River at Kellogg, 9/76 ~
Idaho - 12413250
23 South Fork Coeur d'Alene 4/69- USGS . 14 8/8 8/8 0/7 2/6 0/10
River at Smelterville, 9/73

Idaho - 12413300
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chemical standards4/ Number of times tested

Total
Total Tur- Dis- Dis- Dis- Dis~ Das- Dis~- Dis~ times
dis- PH Color bidg- solved solved solved solved solved solved solved chemi-
solved ity arsenic cad- chro- copper lead mercury zinc cal
solids (As) maium mium (Ccu) (Pb) (Hg) (Za) stand-
(restdue (cd) (Cr) ards
at 180°C) exceeded
25/25 2/25 0/9 5/9 0/3 1/3 0/3 0/3 0/3 0/9 0/9 36
0/6 0/6 - -- 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0
0/6 0/6 -— -- 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0
19/25 0/25 - - 0/3 0/3 0/3 0/3 0/3 0/9 0/9 19
0/82 0/35 - - 0/10 0/10 0/9 0/6 0/6 0/6 0/6 2
0/21 0/21 - 7/11 0/14 0/14 0/14 0/17 1/17 0/11 0/17 14
0/38 0/33 - - 0/4 0/4 0/4 0/4 0/4 0/3 0/3 0
0/21 0/21 - 7/12 0/9 0/9 0/9 0/21 o/19 0/10 0/21 10
0/10 0/9 - 3/10 0/3 0/3 0/3 0/3 0/3 0/3 0/3 3
0/21 0/21 - 0/3 0/15 0/15 0/15 0/15 0/15 0/3 0/15 1
0/21 0/21 - - 0/15 0/15 0/15 0/15 0/15 0/2 0/15 0
0/26 0/26 0/3 1/3 0/4 0/4 0/4 0/4 0/4 0/3 0/4 1
0/9 0/9 - 4/9 0/9 0/9 0/9 0/9 0/9 -- 0/9 4
0/1 o/1L - 0/1 0/1 0/1 0/1 o/1 0/1 0/1 o/1 0
0/46 0/46 0/16 4/11 0/18 0/18 0/18 0/25 0/23 0/21 0/33 ~34
0/33 1/33 1/25 3/26 0/15 0/16 0/15 0/22 0/22 0/18 0/18 5
0/22 1/4 - 1/1 - - - - - -— -— 2
0/34 1/34 - 0/24 0/8 - - - 2/34 - 0/34 4
0/34 1/34 - 0/24 0/8 - - - 0/34 - 0/32 2
0/38 2/30 - 0/26 0/15 2/15 1/15 0/15 2/15 0/15 0/15 7
0/15 2/15 - 4/14 0/18 0/19 0/18 0/18 3/19 2/15 0/18 15
0/24 1/6 - 2/2 0/1 1/1 0/1 0/1 1/1 - 0/1 6
1/14 6/11 0/2 1/1 0/10 9/9 0/8 0/9 4/9 3/5 7/10 49
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TABLE €.--Summary of surface-water guality data--Continuec

Number of times exceeding

Num-
Map ber Dis~ Dis- Dis- Dis- Total
loca- s 2 Period Data of solved solved solved solved nitrate
tion ite name” and of source3 times iron mangan- chlo- fluo- (N)
USGS number S :
num- record sam- (Fe) ese (Mn) rige ride
perl pled (c1) (F1)
24 Coeur d'Alene River at 8/71- USGS. 60 39/47 4/4 0/19 0/11 0/54
Rose Lake, Idaho 9/75
12413810
25 St. Maries River near 10/72- USGS. 22 - - 0/4 0/4 0/4
Santa, Idaho 9/75
12414900
27 St. Joe River at 12/73- USGS. 41 19/35 - 0/7 - 0/41
St. Maries, Idaho 6/75
12415075
28 Coeur d'Alene Lake 7/73- Storet. 36 0/8 0/2 —_ - 0/9
across from Half 5/75
Round Bay, Idaho
29 Coeur d'Alene Lake 7/73- Storet. 36 1/9 0/2 == - 0/9
off Echo Bay to 5/75
North, Idaho
30 Ccoeur d'Alene Lake 7/73- Storet. 36 1/6 0/2 -- 0/3 0/6
near outlet, Idaho 5/75
31 Coeur d'Alene Lake 8/71- Funk 127 1/11 0/11 0/2 0/1 0/120
at Coeur d'Alene, -/76 1973, &
Idaho IDHW.
32 Spokane River at 10/71- Funk 7 0/6 0/7 —_ . 0/6
Spokane Yacht Club, 12/71
1973.
Idaho
33 Hayden Creek near 11/66~ USGS. 72 1/30 1/18 0/10 0/69 0/68
Hayden Lake, Idaho 9/76
12416000
34 Lewellen Creek at 1/76 IDHW. 1 o/1 -— o/1 -- 0/1
Bunco Road, Idaho
35 Chilco Lake outlet, 1/76 IDHW. 1 o/1 -- 0/1 -- 0o/1
Idaho
36 Spokane River at 10/71- Funk 17 0/10 0/10 -- -- 0/15
Ross Point, Idaho 9/72 1973,
37 Rathdrum Creek, south 1/76 IDHW., 1 0/1 -- 0/1 -- 0/1
of Rathdrum, Idaho
38 Spokane River above 10/71- Funk 17 0/11 0/11 -- -- 0/16
Post Falls, Idaho 9/72 1973.
39 Spokane River near 12/73- USGS 336 8/71 0/2 0/12 0/11 0/56
Post Falls, 1daho 9/76 and
12419000 Storet.
40 Spokane River at 10/71- Funk 7 0/7 o/7 . - 0/7
Corbin Park, Idaho 12/71 1973,
41 Hauser Creek above 1/76 IDHW. 1 o/1 -- 0/1 - Q(l\
Hauser Lake, Idaho ~
42 Spokane River above 7/59- USGS. 183 0/27 0/26 0/127 0/149 0/176
Liberty Bridge, 3/77 Storet
Washington - 12419500 and Funk
and 12419495 1973.
43 Newman Lake, Washington 3/71- USGS. 7 - —_ 0/2 o/1 0/7
12419800 9/71
44 Liberty Lake, Washington 3/71- USGS 164 0/17 - 0/112 0/1 0/7
12420000 6/75 and Funk
1975b.
45 Spokane River at Harvard 10/71- Funk 40 1/28 0/11 - -- 0/37
Road, Washington 2/74 1973,
1975a
and
Storet,
46 Spokane River at 9/72 Storet. 2 - - - - -
Barker Road, Washington
47 Spokane River at 9/72 Storet. 3 -— - -- -- 0/3
Sullivan Road Bridge, -~
Washington
48 Spokane River at Trent 9/66- UsGs 26 0/18 1/18 - 0/22 0/22
Bridge, Washington 9/73 and
12421200 Storet.
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chemical standardsq/Number of times tested

Total
Total Tur- Dis- Dis- Dis- Dis- Dis- Dis- Dis- times
dis- bid- solved solved solved solved solved solved solved chemi-
pPH Color . R
solved ity arsenic cad- chro- copper lead mercury zinc cal
solids (As) mium mium (Pb) (Hg) (2Zn) stand-
(residue (ca) (Cr) ards
at 180°C) exceeded
0/60 17/60 2/11 14/53 1/47 35/47 0/47 0/48 13/47 5/46 1/49 131
0/22 0/4 - - -- -- -- - - - -- o]
0/40 3/41 - 13/41 0/10 0/12 0/10 0/9 1/9 0/31 0/10 36
- 0/35 - - 0/19 1/21 -- 0/10 0/24 2/21 0/23 3
-— 0/36 - - 0/13 0/15 - 0/8 0/25 1/24 0/24 2
- 0/36 - - 0/22 1/24 -- 0/8 2/25 0/23 0/24 4
0/12 1/70 -- 0/2 - 0/1 - 0/13 o/1 o/1 0/13 2
0/7 0/7 - -- -- -- -- 0/7 -- - 0/7 0
0/68 0/72 0/10 0/6 0/16 0/9 0/15 0/15 0/16 0/11 0/11 2
o/1 - - - -- 0/1 -- -- 0/1 - 0/1 o]
0/1 - - - -- 0/1 - -~ 0/1 - 0/1 0
0/12 0/17 - - - - - 0/11 - - 0/12 0
0/1 -- - - - o/1 - - 0/1 -- o/1 0
0/12 0/17 - -- -- -- -- 0/11 - - 0/12 0
0/191 10/218 2/182 141/266 0/72 3/73 1/77 0/111 4/106 0/73 0/103 169
0/7 0/7 - - - - -- 0/7 - - 0/17 0
0/1 - - - -— 0/1 .- —— 0/1 - 0/1 [o]
~ .
0/134 3/176 14/146 5/73 0/13 0/20 0/36 0/43 0/38 0/4 0/43 22
0/1 1/7 2/4 - - - - - - -- - 3
o/1 21/123 o/3 - - - - - - - -- 21
0/12 1/25 - - - 0/17 -- 0/28 0/16 - 0/29 2
- 0/2 - - - - - -- -= -- — 0
- 1/3 - - - -- -- - - - -- 1
~
- 0/22 3/22 0/22 0/11 0/21 0/18 0/17 1/20 0/2 0/13 5
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TABLE 6.--Summary of surface-water quality data--Continued

Number of times exceedlnc

Num-
Map ber Dis- Dis- Dis- Dis- Total
loca- 5 Peraiod Data of solved solved solved solved natrate
tion Site name”and of source’ £imee iron mangan- chlo- fluo- (N
““mi USGS number record sam-‘ (Fe) ese (Mn) ride ride
ber pled (c1 (F1)
49 Spokane River at 8/73- Funk 5 0/5 - - == 0/4
Plantes Ferry, 2/74 1975a.
Washington
50 Spokane River at 9/66- Storet 4 - - - - 043
Argonne Road Bridge, 9/72
Washington
51 Spokane River at 8/72~ Funk 33 0/16 - - -- 0/3¢C
Upraiver Dam, 2/74 1975a
Washington and
Storet.
52 Spokane River below 9/72 Storet, 2 -— - - - 0/2
Spokane City Dam,
Washington
53 Spokane River below 10/52 USGS 1 —-— - 0/1 -- 0/1
Green Street,
Washington - 12422000
54 Spokane River at 1/72- Funk 30 0/19 0/4 - - 0/25
Upriver Drive, 2/74 1973,
Washington 1975a.
55 Spokane River at 11/70~ USGS 42 0/18 0/17 -— 0/22 0/41
Mission Avenue, 9/73 and
Washington - 12422010 Storet,
56 Spokane River at 11/72- Funk 20 0/15 - - - 0/17
Gonzaga, Washington 2/74 1975a.
57 Spokane River at 9/72 Storet, 3 - - - - 0/2
Washington Street
Bridge, washington
58 Spokane River at Monroe 9/72 Storet, 3 - -— - -- 0/3
Street Bridge,
Washington
59 Spokane River at Spokane, 2/10- USGS . 35 0/33 - 0/33 - 0/28
Washington - 12422500 i/11
59 @ ——ee- dO———mmmmm e - 6/47- USGS. 3 -- - 0/3 - 0/3
10/52
59 B Lo T ettt 11/71- USGS and 29 0/19 0/17 -— 0/22 0/22
9/73 Storet,
60 Hangman Creek near 2/67 USGS, 2 - - 0/2 0/2 1/1
Spokane, Washington plus
12423980 6/68
61 Hangman Creek at mouth, 10/52 USGS. 1 - - 0/1 - 0/1
Washington = 12424000
61 Hangman Creek at mouth, 11/71- USGS and 31 1/15 0/14 -- 0/21 Q/21
Washington - 12424003 9/73 Storet. -
62 Spokane River at Fort 11/70- USGS and 68 i/19 1/18 - 0/21 0/44
Wright Bridge, 9/73 Storet.
Washington 12424100
63 Spokane River at River- 9/72~ USGS and 75 i8/37 1/17 0/4 0/22 0/64
side State Park, 2/77 Storet.
Washington 12424200
64 Spokane River at 7-Mile 12/65- USGS and 55 - -- 0/49 0/49 0/51
Bridge, Washington 9/72 Storet.
12424500
66 Spokane River above 9/72 Storet, 7 - - —— — 0/6
9-Mile Dam, Washington
67 Spokane River below 3/68- USGS and 77 2/28 7/20 - 0/22 0/69
9-Mile Dam, Washington 9/73 Storet.
12426000
68 Little Spokane River, 2/68-  Burkhalter 6 -- - 0/6 -- 0/6
Station #7, Washington 9/68 1970.
69 Deadman Creek, 2/68- Burkhalter 6 - - 0/6 - 0/6
Station #6, Washington 9/68 1970. ~
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chemical standards“/ Number of times *“ested

Total
Total Tur- Dis- Dis- Dis- Dis- Dis- Dis- Dis- times
dis- bid- solved solved solved solved solved solved solved chemi-
PH Color
solved ity arsenlic cad- chro- copper lead mercury zlnc cal
solids (As) mium mium {Cu) (Pb) (Hg) (2n) stand-
(residue (cd) (Cr) ards
at 180 C) exceeded
0/1 - -- - - 0/5 - 0/5 0/5 - 0/5 0
- 0/4 - -- - - -- - - —- - 0
-- 1/16 -- - - 0/16 - 0/16 0/14 -~ 0/16 1
-= 0/2 - - - -= - -- - - -- 0
0/1 0/1 - - - - - - - - - 0
0/5 0/14 - - — 0/15 - 0/19 0/15 -- 0/20 [¢]
-— 1/42 17/42 1/42 0/15 0/20 0/18 0/19 0/19 0/3 0/15 19
- 0/4 - -- - 0/15 - 0/15 0/15 -— 0/15 0
- 0/3 -- -- - - -- -- - -- - [}
- 0/3 - -- - - -- -- - - -- 0
0/34 - - 10/34  -- - - - - - - 10
0/3 0/1 -- -- - - - - -- - - [o]
- 0/22 3/22 1722 0/14 0/20 0/17 0/18 0/18 0/3 0/13 4
0/2 0/2 2/2 - - - - - - - -- 3
0/1 0/1 - -- - - -- - -- - -- 0
- 6/30 25/28 19/30 0/12 0/15 0/14 0/14 0/13 0/2 0/10 51
~
-- 0/42 10/42 11/42 0/11 0/20 0/17 0/18 1/20 0/2 0/14 24
0/23 4/65 16/26 21/64 0/37 1/37 2/37 0/37 3/37 2/37 0/37 68
0/49 0/51 2/49 - 0/2 0/1 0/8 0/10 0/1 0/1 o/10 2
-- 0/7 -- - - - - - - - -- 0
- 2/77 27/64 16/65 0/1 1/25 0/65 0/65 3/68 11/27 0/63 €9
-- 0/5 - 0/4 - -- -- - - - - 0
-- 2/5 — 1/4 - - - — - - -— 3
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TABLE 6.--Summary of surface-water quality data--Continued

Number of times exceeding

Num-
Map ber Dis~ Dis- Dis- Dis- Total
loca- _ Period Data of solved solved solved solved nitrate
tion Site name“ and of source3 times iron mangan- chlo- fluo- (N)
num- USGS number record sam- (Fe) ese (Mn) ride ride
perl pled (c1) (F1)
70 Little Spokane River 2/68- Burkhalter 6 - - 0/6 - 0/6
Station #5, Washington 9/68 1970.
71 Little Spokane River 10/72~ USGS. 22 0/19 0/18 - 0/22 0/22
above Wandermere Creek, 9/73
Washington 12430700
73 Little Spokane River at 10/52 USGS. 89 1/26 - 0/86 0/85 0/86
Dartford, Washington plus
12431000 7/60-9/70
74 Little Spokane River 2/68~ Burkhalter 6 -— - 0/6 - 0/6
Station #4: 9/68 1970.
Washinaton
75 Little Spokane River 2/68- Burkhalter 6 - - 0/6 - 0/6
Station #3, Washington 9/68 1970.
76 Little Spokane River 2/68~ Burkhalter 6 ~= - 0/6 - 0/6
Station #2, 9/68 1970.
Washington
77 Little Spokane River 11/70- USGS and 33 0/19 0/18 - 0/22 0/42
near mouth, Washaington 3/77 Storet.
12431900
78 Little Spokane River 2/68- Burkhalter 6 - - 0/6 - 0/6
Station #1, Washington 9/68 1970.
Totals——=——==- 2552 114/972 33/495 0/876 2/903 1/1718

lSite locations are shown on plates 1 and 10.

2All U.S. Geological Survey sites include site name and 8-digit site number,
Other sites retain names and numbers as assigned in original sources.

3Data source: USGS = U.S. Geological Survey.
Storet = Data storage system of the Environmental Protection Agency.
Funk 1973 = Funk and others, 1973,
Funk 1975a = Funk and others 1975a.
Funk 1975b = Funk and others 1975b.
IDHW = Idaho Department of Health and Welfare.
Burkhalter 1970 = Burkhalter, Cunningham and Tracy, 1970.

4 .
Chemical standards are explained on plate 10,
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chemical standardsa/ Nmber of times tested

Total
Total Tur- Dis- Dis- Dis~- Dis- Dis- Dis~ Dis- times
dis- bid- solved solved soived solved solved solved solved chemi-
PH Color
solved ity arsenic cad- chro- copper lead mercury zinc cal
solids (As) mium mium (Cu) (Pb} (Hg} (2n} stand-
(residue (Cd) (Cr) ards
at 180°C) exceeded
- 0/5 - 1/4 - - - - - -- - 1
- 1/22 15/22 6/22 0/13 0/19 0/17 0/16 0/18 0/3 0/14 22
0/86 0/86 5/47 - 0/5 - 0/11 0/13 - - 0/13 [
-~ 0/5 -- 1/4 - - - - -- -- -- 1
- 0/5 - 0/4 - - - - -- - - 0
- 0/5 - 1/4 - -— - - - -- -- 1
-- 0/51 24/49 20/51 0/16 0/20 0/19 0/16 0/20 0/3 0/13 44
-- 0/5 - Q/4 - - - - -- -- -- 2

45/1360 92/2031 170/826 326/1050 1/554 55/666 4/595 0/824 41/856 26/457 8/922 918/15105
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Surface Water

Physical and inorganic chemical constituents

Many different surface-water bodies are direct or indirect sources
of recharge to the aquifer, and some of these bodies must be considered
as potential alternative water sources. . Therefore, the available data
on surface-water quality were summarized for this study (table 6). The
table 1lists 15,105 analyses of the chemical constituents in 2,552 water
samples from 76 surface-water sites. Most of the tabulated data is for
samples that were collected and analyzed by U.S. Geological Survey
personnel. The data from individual analyses appear in annual U.S.
Geological Survey water-data reports for each of the States involved.
The remaining data were obtained from the sources shown in table 6. The
locations of surface-water-quality sites are shown on plates 1 and 10.

The 16 constituents in table 6 are included in the National Interim
Primary (or Proposed Secondary) Drinking Water Regulations (U.S.
Environmental Protection Agency, 1975) presented on plate 10.

Eight of the constituents listed in table 6 may affect the health of
consumers. The MCL's for these constituents (pl. 10) have been exceeded
a total of 456 times, about 7 percent of the 6,799 tests conducted. The
MCL's for fluoride, nitrate, and arsenic were exceeded in less than 1
percent of the samples analyzed for those constituents. Cadmium, lead,
and mercury MCL's were exceeded in 4 to 9 percent of the samples tested,
and turbidities exceeded the MCL in about 31 percent of the 1,050
samples tested.

An additional constituent, not included in table 6, but which may
affect the health of consumers is selenium. About 140 selenium analyses
of water from nine sites are 1listed in Storet. In 1971-73, sites
42,48,55,59,62, and 63 were each sampled 17 or 18 times. The maximum
value of selenium in any of these samples was 0.006 mg/L, below the MCL
of 0.01 mg/L. The mean value of selenium for each of these 6 sites, as
noted in the available data, is from 0.0021 to 0.0022 mg/L.

Copper and chloride, 2 of the 8 constituents listed in table 6 that
may affect the esthetic quality of water, have never been observed to
exceed their proposed secondary levels. The proposed secondary levels
were exceeded in 4 to 9 percent of the samples tested for manganese,
dissolved solids, pH, and zinc; in 11 percent of the samples tested for
iron; and in 21 percent of the samples tested for color. These 8 con-
stituents were tested a total of 8,306 times. In 462 instances, about 6
percent of the tests, the recommended levels were exceeded.
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Because most of the surface-water samples were collected and ana-
lyzed by a single agency, and because most of the samples were collected
in the last 5-¢ years, the accuracy and compatibility of results is
probably more consistent than that for the available ground-water data.
However, the quality of surface-water generally fluctuates over a
relatively wide range (in comparison with ground water) in response to
changes in flow, seasons, and the quality of inflowing waters; this
makes identification of long-term trends very difficult.

Pesticides, phenols, and radionuclides

A small amount of data on the amounts of pesticides, phenols, and
radionuclides in surface water is available. Water samples from four
sites have been tested a total of 70 times for five different pesti-
cides. Sixty-four of these samples were collected at two sites--sites
33 (Hayden Creek) and 67 (Spokane River). The rather remote location of
site 33 should ensure the availability of water samples which represent
natural conditions, whereas site 67 is at the downstream end of an area
which includes agricultural, industrial, and urban developments. The
MCL's for pesticides not included in plate 10 are as follows: 0.1 mg/L
methoxychlor, 0.1 mg/L 2,4D, and 0.01 mg/L 2,4,5TP silvex.

During the period 1967-1975, water from site 33 was analyzed 9 times
for endrin, 2,4-D, and 2,4,5-TP silvex, and 10 times for lindane. All
of these analyses showed no trace of these substances, nor did a single
sample that was analyzed for toxaphene in 1975.

Water from site 67 was tested 18 times between 1969 and 1973 for
endrin, and 4 times between 1971 and 1973 for lindane and toxaphene.
The maximum concentrations observed were 0.000003 mg/L endrin, 0.000001
mg/L lindane, and 0.00008 mg/L toxaphene, all below their respective
MCL's.

~.

Water from site 39 was analyzed for endrin four times between 1964
and 1967, and all values were 0.000000 mg/L. A single sample from site
39 in 1971 contained 0.000003 mg/L endrin. A single analysis for endrin
at site 24 in 1971 yielded a value of 0.000003 mg/L.

In September 1972, water samples from five surface-water sites on
the Spokane River (sites 42, 50, 51, 62, and 63) and from five of six
locations where sewage effluents are discharged into the river between
sites 42 and 63, were analyzed for concentrations of phenols. The
samples from the five river sites had phenol concentrations ranging from
0.0011 to 0.011 mg/L, and the samples from the five sewage effluent
sites had concentrations ranging from <0.010 to 0.084 mg/L (pl. 10)..
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Apparently only two sites were tested for radionuclides. Gross
alpha radiocactivity was tested 10 times at site 33 (1967-74) and 62
times at site 39 (1962-68). Maximum values observed were 0.54 and 1.0
pCi/L (picocuries per liter) at sites 33 and 39, respectively. The 10
samples from site 33 were also tested for dissolved radium-226, and
yielded a maximum value of <0.1 pCi/L. The MCL's for gross alpha
radicactivity and for radium-226 are 15 and 5 pCi/L, respectively.

Coliform bacteria

A sumary of coliform-bacteria counts in water samples from selected
surface-water sites listed in Storet is included below. The summary
lists data for one site on the Coeur d'Alene River and five sites on the
Spokane River.

Site Period of Number of Total coliform bacteria
number record samples (col/100 mL)
Mean Maximum
24 1968-76 54 390 4,500
42 1970-77 51 653 4,000
55 1970-73 42 732 8,000
59 1972-73 22 1,097 4,000
62 1970-73 42 2,049 14,000
67 1968-73 72 2,158 21,500

Mean fecal-coliform-bacteria counts for each of these sites ranged from
3 to 8 percent of the mean total-coliform-bacteria counts. A pattern of
increased mean total-coliform-bacteria counts in the downstream
direction is apparent in the above data. However, this pattern holds
true only relative to long-term means.

In September 1972, a large number of water samples was collected
from the Spokane River and from seven sewage-treatment plants that
discharge effluent into the river. The five industrial sewage treat-
ment plants yielded effluent having mean total-coliform-bacteria counts
of <10 to 550 colonies/100 mL, less than the long-term means for the
river near each plant. The Spokane and Coeur d'Alene sewage-treatment
plants yielded effluents having counts of 19,157 and 25,849 colonies/100
mL, respectively, far above the long-term means for the river near each
of these plants. . .
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ALTERNATIVE WATER SOURCES

Three types of alternative water sources for the Spokane Valley-
Rathdrum Prairie area should be considered: the Spokane and Little
Spokane Rivers, the lakes along the foothill margins of the aquifer, and
other aquifers adjacent to the Spokane Valley-Rathdrum Prairie aquifer.
All sources must be evaluated relative to the quantity of water
available (the rate of water use from the aquifer in 1976 being about
240 ft3/s), the quality of the water (the aquifer generally yielding
water of good quality), and the proximity of the source to the areas of
need (sufficient supplies for almost any purpose now being obtainable
from the aquifer at almost any location).

The mean flow of the Little Spokane River is about 627 ft3/s near
Dartford, Wash.(site 76). Nineteen vyears of low-flow measurements at
site 76 show a minimum flow of 377 ft3/s, about 1.6 times the rate of
water use from the aquifer in 1976. Although there appears to be suf-
ficient flow in the river, some of this water is undoubtedly claimed by
existing water rights which would have to be considered prior to any
development. The Little Spokane River is about 7 miles from the center
of Spokane, about 15 miles from the areas of intensive use of water east
of Spokane, and more than 20 miles from the nearest water users in
Idaho. The river also is about 300-500 feet lower than the elevation at
Spokane. However, the quality of the river water is quite good. In 53
samples collected between November 1970 and March 1977 at station 77
(near the river's mouth), only color and turbidity MCL's were exceeded
(in about 50 and 40 percent of the samples, respectively). During the
same period, 51 water samples tested for total-coliform-bacteria counts
showed a range of 20 to 12,000 colonies/100 milliliters and a mean value
of more than 1,100 colonies/100 milliliters.

The mean flow of the Spokane River is in excess of 6,000 ft3/s
between Post Falls, Idaho and Long Lake, Wash. However, this flow has
varied considerably in the past, including minimum recorded flows of 59
ft3/s at Post Falls and 95 ft3/s at Spokane. Also, the water in_the
river is generally of poorer quality than water in the aquifer; in
particular, the river tends to have higher values for color and turbid-
ity, and greater concentrations of heavy metals, phenols, and coliform
bacteria. The mean total-coliform-bacteria counts observed in samples
from the river (see discussion on surface-water quality, p.64) ranged
from 653 €o0l/100 mL near Otis Orchards (site 42) to 2,158 ¢0l/100 mL
below Nine Mile Dam (site 67). Although the river is within 1 to 3
miles of much of the area supplied by the aquifer, parts of the Hillyard
Trough area are 5 miles or more from the river, and most of the area in
Idaho supplied by the aquifer is from 5 to 20 miles from the river.
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Coeur d'Alene and Pend Oreille Lakes are the only lakes adjacent to
the aquifer which have large annual inflows and which contain volumes of
water that are large relative to the volume of water presently (1976)
pumped annually from the aquifer (7.5 x 10° ft3/yr of, about 240 ft3/s)
These lakes contain average volumes of roughly 9 x 10 ft3 and 4 x 10 10
ft3 of water, respect1vely, and receive average inflows in excess of
5,000 and 20,000 ft3/s, respectively. However, the water in the lakes
is generally of poorer quallty than that in the aquifer, particularly in
respect to heavy-metals concentrations. The MCL for 1lead has been
exceeded in samples from both 1lakes, and the MCL's for cadmium and
mercury have been exceeded in samples from Coeur d'Alene Lake.
Furthermore, nearly 70 percent of the water pumped from the aquifer in
1976 was used in Washington, the major portion being used within a few
miles of Spokane; Coeur d'Alene and Pend Oreille Lakes are 25 to 40
miles away from this area of greatest water demand.

Three types of geologic materials occurring adjacent to the aquifer
were considered for their water-yielding characteristics. These include
pre-Tertiary igneous and metamorphic rocks, Tertiary basalts, and
Quaternary glacial drift. In an earlier report (U.S. Army Corps of
Engineers, 1976), the water-yielding capabilities of these materials are
sumarized. The igneous and metamorphic rocks are capable of supplying
only a very sparse population, the basalts yield large quantities of
water at some locations but are unable to sustain these rates owing to
their low rate of recharge, and the glacial drift yields 1large
quantities of water only in the largest valleys where it has an upper
limit of about 15 ft3/s. The largest valley and the one exception is
the Little Spokane River basin where Cline (1969) estimated the average
rate of recharge to the ground-water system to be approximately 220
ft3/s from precipitation and 180 ft 3/s from underflow from the glacio-
fluvial deposits in the Hillyard Trough. The water from these materials
is generally of about the same quality as water from the Spokane
Valley-Rathdrun Prairie aquifer. With the exception of the glacial
drift, obtaining large quantities of water from these materials probably
would require much deeper wells than those tapping the Spokane
Valley-Rathdrum Prairie aquifer.
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SUMMARY

The Spokane Valley-Rathdrum Prairie aquifer in 1976 supplied almost
all the water used in public-supply systems on the land surface over-
lying the aquifer. The aquifer is recharged and discharged at an aver-
age rate of about 1,320 ft3/s, including an average pumping Trate of
about 240 ft3/s to meet all water needs in 1976. Treated industrial and
domestic waste water 1is discharged to the Spokane River (and Hangman
Creek) and the land surface overlying the aquifer at rates of 65 ft3/s
and 5 ft3/s, respectively. About 30 ft3/s of waste water returns to the
aquifer by infiltration from cesspools and drainfields. The remainder
of the water pumped from the aquifer is either lost to evap-
otranspiration or undergoes minor water-quality changes before being
applied to the land surface, after which the water percolates back to
the aquifer.

The available water-quality data indicate that the aquifer generally
yields water of good quality. Less than one-half of 1 percent of the
analyses for inorganic chemical and physical constituents that may be
hazardous to the health of consumers showed values exceeding the estab-
lished maximum contaminant levels (pl. 10) for those constituents.
About 1.4 percent of the analyses for constituents considered detri-
mental to the esthetic quality of water showed values exceeding the
established secondary 1levels (pl. 10). The data also show that there
has apparently been no significant change in the quality of water in the
aquifer with time. However, at least six cases of relatively short-term
ground-water contamination from industrial materials occurred during the
period 1954-76. Among the contaminants involved in these six cases were
unnaturally high concentrations of chloride, dissolved solids, sodium,
potassium, nitrite, ammonia, gasoline, diesel fuel, and phenols.

Potential alternative sources of water to supply the area now
supplied by the aquifer are the Spokane and Little Spokane Rivers, the
lakes bordering the aquifer, and other aquifers. These are all less
desirable sources than the Spokane Valley-Rathdrum Prairie aquifer
because of insufficient supplies, poor water quality, and (or)
remoteness from the areas of water need.
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