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Many industrial, nunicipal and domestic water users on
the Rathdrum Frairie depend solely on waterifrom the under-~
lyinz ground water flow system., The source and character of
recharge to the aquifer nmay be significant constraints on the
future develcopment of the Rathdrum Prairie,

The ground water system in the southern porticn of the
Rathdrum Prairie in Idaho was investigated to determine the
characteristics and magnitude of recharge to the glacial
aquifer from the Spokane River in the reach between Lake Coeur
d'Alene to Post Falls., Particular emphasis was placed upon
the occurence of zinc in the flow regime, originating from
long term nining activities in the Coeur d'Aléne-Spokane River
drainage. The study, conducted in the swummer of 1975, in-
cluded measurcments of water levels in wells and collection

s
2.

}J-

of samples for gquality analys
The configuration of the water table near the Spokane

River indicates recharge through the channel bottom. The

hydrolpeologic conditions of the glacial aquifer indicate

an eaverage hydraulic conductivity of 10,000 gallens per day

per square foot., Results of the study shew that fine grained

channel sediments largely control the magnitude of recharge

through the channel bottom, The rate of ground water recharge

from the Spolane River above Post Falls ig estimated to be

230 cubic feet per second (cfs),

pvalvation oi the hydrochemical characteristics gives

viii




an important indication of ground water movement and recharge
characteristics, Studies of selected cations show that con-
centrations increase away from the Spckane River into the
aquifer system, Comparison of the water quality data reveal
that no statistically significant difference exists at the

;05 level of significance between the Spokane River and the
glacial aquifer adjacent to the rivér, Concentrations of zinc

in the ground water system are found to be generally below

0.01 parts per millon (ppm).




Ty

An investigation was initiated in 1975 to analyze the
ground water-surface water interrelationship in the vicinity
of the Spokane River frbm Lake Coeur d'Alene to Post Falls
in Northern Idaho with particular emphasis on heavy metal con-
centratioﬁs from historic mining activities upstream., Ground
water development in the southern Rathdrum Prairie has evolved
from primarily domestic and municipal use in the 1950's to
an agriculzural and enlarged municipal and industrial base at
the present tire. The southern Rathdrum Pralrie area is ex-
periencing cne of the fastest population growthe in Idaho,

his study was conducted to describe the water resources

4]

3

of the area to oprovide the basis for resource management,
The study aresa, located in Kootenai County, was limited
to the southern portion of the Rathdrum Prairie from the city
of Coenur d'Alene on the east to Post Falls on the west, The ' |
southern boundary was the edge of the consolidated basement
material and the lake, An arbitrary northern boundary lies

along the line common to townships 50 and 51 north,

Obiectives

The objectives of the study were to:
1, Review and describe the geologic conditions
existing in the Coeur d'Alene~Post Falls area.

2. Describe the water resources of the Coeur

d*Alene~Post Falls area with specific emphasis on




determining the directicn of prownd-water movement

and the amount of the recharse from the Spokane
River into the Rathdrum Prairie aquifer,

3, Determine the control for water movement from
the Spokane River into the highly permeable under-
lying glacial sediments,

4, Measure the concentrations and areal distrib-
ution of cations in the gfound water and surface
water in the Coeur d'Alene-Post Falls area, TPartic-
ular emphasis was placed on zine concentrations from
historic mining activities in the Spokane River-
Coeur d'Alene River drainage.

5. Utilize the quality characteristics cf the water

resources in the area to identify recharge character-

istice to the southern Rathdrum Prairie aguifer,

Deccription of the Study Area

The Rathdrum Prairie covers an area of approximately

234 souare miles in the northern panhandle of Idaho (Figure 1),

The Prairie ranges in elevation from 2,450 feet near Pend

.

Creille Lake in the north, to 2,200 feet near Post Falls, and

i

extends from Lake Coeur d'2lenc on the east to the Washington
Idaho border on the west. A thick and cxtensive fill of very
permeable glacial ocutwash material forms the Rathdrum Prairie,

Granitic and metamorphic {consolidated) rocks form the

g«l—

surrounding mountsins and basement complex, The Selliirk Moun=

tains are located northwest of the Prairie, wiile the
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Coeur d'Alene Mountains forn the 1imit of the Trairie to the
south and east, The surrounding mountains rise to elevations
of 5,000 feet in places.,
The climate of the Rathdrum Prairie is influenced by
maritime air masses in the winter and semi arid continental
air masses during the summer months, Annual climatological
data for the Spokane-Coeur d'Alene region are showvn in Figure 2.
The annual precipitation at Coeﬁr d'Alene, Idaho is 25.03 inches
with minimum monthly precipitation occuring in December (U.S.
Weather Bureau, 197%), The average daily temperature in July
is 70° P, and the average daily temperafture in January measures
27° ¥, The evapcration rates are the highest during July with
2 maximum pan evaporation rate of 12.14 inches per month.
An isohyetal map was constructed using data from 23 clim=~
atological stations in the area (Figure 3). The precipitation
varies widely with ason, elevation and location, Total

annual precipitation increases rapidly into the mountaing to

the east, The change in annual precipitation from south to

g

nerth varies only slightly. The averaze precipitation near
Mte. Spokane is appreximately 40 inches,

The Spokane River is the only majer sitream crossing the
Rathdrum Frairie and is the natural outlet to Lake Coeur d*Alene,
It flows westward, eventually disccharzing into the Columbia
River, The Spokane River parailels the southern boundary of
the Rathdrum Frairie between Yozt Falls and Coeur d'Alene,

Records of streamilow discharge are available for the

gauging station at Post Falls from 1913 to the present (U.S.
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Geologic Survey, 1975). The moon monthly dischavrge of the
‘Spokane River at Post Falls 1s illustrated in Figure 4. The
peak discharge occurs between April and June, while low flow
conditions occur between August and September, The maximum
monthly discharge of 575,000 c¢fs or 1,150,000 acre feet/month
occurs in May, while the minimum monthly discharge of 30,000
cfs orxr 60,000 acre feet/month occurs in August.,

The St, Joe and Coeur d'Alene Rivers are the major trib-
utaries flowing into Lake Coeur d'Alene., These rivers ccmprise
a drainage area of over 3,800 square miles above the outlet
on Lake Coeur d'Alene, The lake comprises a surface area of
32,000 acres at mean stage and has an active storage capacity
of 225,000 acre feet and a total storage cenacity of 238,500
acre feet (Pacific Worthwest River Basin Commisszion, 1970).

The relationship between precipitation and runoff in the
southern Rathdrum Prairie is influenced by geolcgic related
characteristics. The Prairie is characterized by a gentle slope
from the nertheast to the southwest underlain by a thick fill
of very permeable glacial outwash material. Consolidated rocks
form the surrounding mountains., A drainage pattern has not
developed on the prairievsurface because of the high pernea-
bility of glacial outwash. Only a small fraction of the surface

runoff is directiy tributary to the Spokane River,

Method of Study

Field investigations for the study werce conducted during
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the months of July thru September, 1975, A data collection
program was desirmed to gather geologic data and information

on ground water levels and quality. Geolocgic data were obtained
from published and unpublished reports and well logs. The
majority of the wells in the area were visited, Water level
measurements were taken to provide information on ground water
flow characteristics. Eighty-eight representative water quality
samples were collected, These samples were analyzed using the
atomic absorption spectrophometer at the University of Idaho

and were collected and analyzed in accordance with metheds
recommended by the U,S. Environmental Protection Agency (1974),
Statistical tests were performed on the water quality data to
obtain a better idea of the relationship between the aguifer

systems and the Spokane River,

Previous Investications

The interrelationship between the Tertiary basalt flows
and the occurrence of micaceouns clays in eastern Washington
and northern Idaho was first discussed by Russell (1897, 1201),
He postulated that the thick accumulations of clays were in~-
terbedded between the basalt flows, Pardee and Bryan (1926)
described the flora and geolozy of thece clays and named it
the Latah formation, They noted that the Latah formation was
at least 1500 feet thick in several locations and felt the

basalt flows located within the clays were intruded rather

than interlayered,




10

The first ceological roconnaicsonce Study of northern
Idaho was conducted by Calkins (1209), He described the areal
extent of the Belt sediments near Lake Coeur d'Alene and the
Spokane River. Anderson (1927) did a study of the drainage
changes that have occured in the Rathdrum Prairie as a result
of the basalt flows and glacial activity. He felt Pend Oreille
Lake was fofmed by a terminal moraine at least 1,000 feet thick.
He postulated that the lake leaks water into the northern
Rathdrum Prairie,

An analysis of the Rathdrum Prairie and Spokane Valley
£i1ll material was made by Flint (1937), He concluded two periods
of aggradation occured in the Rathdrum Prairie, an older de=-
posit of stratified glacial drift and a younger outwash fill,
The glacial drift and outwash consist mainly of agriliite and
guartzite fragments., Bretz (192%) postulated that several
glacial episodes have occured in the Rathdrum Prairie arca.

He noted that the channel scablands in eastern Washinglton were
formed by glecial fed streams which scoured the area, exposing
the underlying basalt. The water originated from the Cor-
dilleran ice sheet which advanced several times into the Rathdrun
Prairie,

The first ground water investigation in the Spokane Valley
and the Rathdrum Prairie was conducted by Piper and Lalocque
(1944), They described the relationship between the Spokane
River and glacial outwash aquifer. They noted that the Spokane
River from Coeur d'Alene to approximately Otis Orchards was a

losing siream while the reach extending west of Otis Orchard




11

was a gaining stream, The U.S. CQOlOﬁiC&l Survey, in conjunc-
tion with the U,S. Burecau of Reclamation, initiated a ground
water investigation from January, 1949, to December, 1950,

In that study, water levels were measured bi—monthiy in wells
throughout the prairie, and well legs were gathered from most
of the wells in the area (Fader, 1951).

A water balance study for the Rathdrum Prairie was con-
ducted by Pluhowski and Thomas (1968). They estimated that the
total ground water underflow through the Spokane Valley was
approximately 1100 cfs and that recharge from the Spokane River
above Post Falls and Lake Coeur d'Alene was about 250 cfs (cubic
feet per second),

The ground-water conditions existing in northern Idaho
near Athol was described by the U.3. Geological Survey (Hammond,
1974), Gravity geophysical technigues were used to estimate
the depth of the glacial outwasgh in the area, Hammond con=-
cluded that the thickness of the glacial outwash near Round
Mountain was 1500 feet,

An estimation of the contribution by precipitation to the
Rathdrum Praifie aguifer was made by Meaeely (1951), He con=

cluded that 6.0 inches of the mean anmual precipitation at
Coeur d'Alene is consumptively used and the remaiuning portion
of the anrual precipitation is direct recharge to the glacial
aquifer.
Anderson (1951) conducted a hydrogeological reconnalssance

study of the Rathdrum Praire for the U.3, Bureau of Reclamzation.

He estimated that the gquontity of recharge from the Spokane River
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cast ci Fost Falls to be wmore than 200 ¢fs,  le noted that
coarser cravels and boulders dominated the center of the prairie
and graded into finer sands and silts near the margin., The
Latah formation may be present below the glacial fill material
but could not be determined., A reassessment of Anderson's
study by Frink (1962 and 1964) provided a detailed geologic
study, a water table contour map and a specific capacity map
of the Rathdrum Prairie. |

The water resources of Stevens County, Washington was
described by Cline (1969). He noted the water bearing geologic
units.

Seismic studies at selected sites near the Washington~
Idaho border were conducted by Newcomb (1953) and Crosby and
others (1971). The depth to consolidated bedrock and the types
of fill in the Rathdrum Prairie and the Spokane Valley were
examined, Newcomb postualted the preseunce of basalt and Latahn
clays beneath the glacial fill materials, but Crosby concluded
the valley fill materials are all glscial fill wmaterials, He
noted that the giacial outwesh three miles west of Post Palls
was 500 feet thick. Considering this thickness and the range
in depth to ground water of 130 to 270 feet, the saturated
thiclness of the aguifer may be as great as 350 feet. Crosby
also noted that bazalt and Lotah clay cecocur as scattered rem-
nants throughout the Frairie.

Rorabauch and Simmons (1866) proposed that artifical re-
charge from the Spokane River to the glacial outwash aquifer‘

could be achieved, Vater would be recharged into the aguifer
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be discharred into the Spokane River,

Well Number System

The U.S, Geological Survey has used a well numbering
system in the state of Idaho to locate wells with reference to
the Boise Baseline and Meridian (Figure 5). The example of well
51/4/21ceb? will be explained. The first two parts of the
number signify the township (%1) and range (4). A1l town-
ships will assume to be north of the Boise Baseline and all
ranges west of the Meridian, The third part gives the section
number (21) followed by the quarter section (c¢), the 40 acre

tract (c), and the ten acre tract (b). The lap?t number signi-

fies the well number within the ten acre tract (1).




14
6 5 4 : !
3 2 1 b I a ’ b I a
7 8 9 10 |11 |12 —_ b _ _l_ . a _
18 | 17 |16 | 15 {14 | 13 o | a [ e | a
- _4_ - 21
19 | 20 21 22 23 | 24 4_
—— b I a l b l a
- B .
30 |29 L] 27 26 | 25 |TTT— | _!_ N S
e
b a ' 1
31 132 B3 | 3¢ | 35 | 36 %4 d I ¢ | d
ro

Range

53

52

wWell No. 51/4/21cch

Township

49

48

Figure 5 Well Numbering System




15

TV T TIYNT (ST AT A (U T VT Y 6
TYDRNOnE0LoSTIo DNIARAOTERISOTOS

The hydrogeologsic characteristics of the southern Ratndrum
Prairie were analyzed to describe the control for water move-
ment from the Spokane River into the glacial aguifer and deter-
nine the direction of ground water movementof‘The major sources
-

of recharge to the glacial aquifer are direct precipitation
upon the vermeable soils of the Rathdrum Prairie and downward
percolation from the Spokane River.‘j

The water bearing rock units in the study area consist
of the Pre-=Tertiary igneous and metasedimentary rocks, Tertiary
basalts and clays, Quaternary glacial deposits and Recent allu
vium., Ground water occurs in the glacisl acuifer under water
table conditions. Ground water levels genefally rise during
the late winter and soring, and decline through the summer
and fall, The configuration of the water table near the Spokane

River indicstes movement away from the river, between Post Falls

and Coeur d'Alene,

Gechvdreloric Rock Units

A reconnaissance study of the hydrogeclogical conditions
existing in the Coeur df'ilene~Post Falls area was conducted

— -

in the summer of 1075, *MMost zeologiec inTormation in this thecis
wag obtained from publications, reports, well logs, and jper-
gonal communications with local residents, Feild investizgation

were conducted to svbstantiate the basic information and de-

scribe local areas of intereut., Vell logs for the area were
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supplied vy the Idano nent, of VWoter Rooourcoes, Hata from
drilling overations in the Srokane River chammel were obtained
from the Idaho Dept, of lighways (1975). A general geologic
map of the area is provided in Figure 6,

The Rathdrum Prairie is bounded on the south by what is
termed the highlands. These mountains and bedrock system rocks
underlying the prairie are composed of relatively impermeable
Pre~Tertiary igneous and metasedimentary rocks of the Belt
Supergrous (Griggs, 197%). Several small basalt terraces and
outliers lay just to the south of the Spokane River., The Rath-
drum Prairie is underlain by an extensive fill of highly per-
meable Quaternary glaciel deposits of generally unknown depth.
Recent alluvium occurs as streambed and floodplain deposits

located near the present channel of the Spokane River,

Pre~Cambrian granitic and metasedimentary rock units,
generally considered the Belt Supergrcup, form the highlands
south of the Spokanc River and comprise the basement rocks
underlying the Rathdrum Prairie, Calkins (1909) wags the first
to investigate the Belt sediments., Anderson {(1940) divided

the Belt seciments in Yootenai County, Idaho, into six for=-

o

]

ot
-

wations and identified them as the Pritchard, Burke, Rew

-
[

St. Regis, Wallace, ard Striped Teak formations. More than

ra

i

, 000 feet of Pre-~Tertiary sediments are estimated to exist
in Kootenal County (Anderson, 1940, p. 10). Grizgs (1973)

delineated the Pre-Tertiary rocks in the stud
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cribed the rock units as the i3
scdiments in the study area ave extremely fine rrained, con=-
sidered undifferentiated gneisses s aquartzites, shales, argil-
lites, and impure limestones. Calkins (1909, p. 28) noted
that they were deposited in shallow waters, UNo conglomerates
are observed in the seriez. Ripple marks and sun cracks occur
throughout most of the series (Anderson 1940, p., 10),

The Pre-Tertiary rocks are exposed along road cutsg in
the Coeur d'Alene mountains., OQuartzites, argillites, and nmeta-
cnelisses are exposed along the Green Ferry Road south of Coeur
d'Alene, Pre-Tertiary rocks are exposed at two locations on
the southern Rathdrum Prairie: Ford Rock near Post Falls and
Tubbs Hill on the southern margin in Coeur d'Alene, VWith the
exception of a few wells on Harbor Island which encountered
granitic or basalt bedrock, no consolidated rocks were de-
tected underlying the glacial outwash materials at depths
less than 400 feet,

Wells drilled in the older comnsclidated rocks are used
for deomestic purnoses and generally yield only snall quantaties
of water., Ground water occurs in localized fracture systens
and upper weathered zones, Near land surface, where rock
units are weathered deeply; local ground water discharge zones
occur along steep sloves during the syring runoff period,

The deptnh to ground water varies from ten feet to greater than
100 feet below land surface. Well logzs show that subsurface

flow is common along the weathered-unweathered contact. Yields

generally do not exceed five gallons per nminute with many wells
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yieldins less than one gallon per minute,

Tat2h Formotion

A thick sequence of fine grained sediments, largely silts
and clays, generally underlie or are interbedded with Tertiary
basalt flows throughout eastern Washington and northern Idaho
(Russel 1897, 1901), Pardee and Bryan (1926) proposed the
name "Latah Pormation" to these series of fine grained sed-
imentary layers, The sediments were probably deposited in
a lake or fresh water environment, The Latah sediments in the
WVashington~Idaho area were deposited directly uvon the uncon-
solidated granitic or basalt rock surface., Whether they exist
as scattered remnants beneath the glacial outwash sediments
in the Spokane Valley and the Rathdrum Prairie at unknown
depths is a major contrcversy.

The lacustrine sediments were noted by Pardee and Bryan
(1926) to be compeosed of micaceous shale and clay, with spor-
adic layers of sand and gravel occuring throughout the sequence,
They are relatively impermeable, Pardee and Bryan also stated

a basalt conglomerate rests directly upon the consclidated

]

rock surface and grades upwards to the clay and shales, This

€

conglomerate bed may provide suificient quantitics of water

[

<

for domestic use near the consolidated rock margins along the

Valley borders.,

e

Tne thickness of the Latah formation nay be as much as
1500 feet in many localities (Tardee and Bryan 1926), but gen-

erally are only 100 to %00 feet thick throushout Washingtion
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and Idahe {(Kirkhan and Johnsov, 1) 29, b, 507).  Savan ('i()’f”j)
noted a thick sequence of Latah sediments alon~ the highlands
south of Coeur d'Alene, The thick seguence of sediments are
for the most part absent in the southern Rathdrum Prairie area.
Several investigators have tried to locate the Latah formation
in the Spokane Valley and Rathdrum Prairie using geophysical
methods, Newcomb and others (1953), using seismic techniques,
postulated that the Latah formation could exist at depths he~
low elevations of 1600 to 1750 feet above mean sea level along
the western edge of the Rathdrum Prairie near Post Falls,
Crosby and others (1971, p. 103) utilized seismic techniques
near the state line area, and felt that the Latah formation
is absent beneath the glacial outwash sediments, The prescnce
of the Latah formation can only be confirmed by a drilling
program, Scattered remnants may exist throughout the Suokane
River-Fost Falis arca. A well (50/4/3cc1) located on the out-
skirts of Coeur d'Alene, shows a thickness of 72 feet of green
clay which is underlain by two feet of quicksand, This well
log illustrates the possiblity of erosicnal remnants lying
beneath the glacial sediments, TFour cther well logs in 50/4/3
show no similar clay léyers. The imvermeable clay lense appears
to be localized in arcal extent and does not form a major barrier
to water movement.
Wells in the southern Rathdrua Prairie have not been

led to Newcomblas postulated upper horizon of 1750 feet.

It cannot he concluded that the Latah formation does not exist

at these depths, but it is regsonable to assume that the Latah
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formation docs not exist in tho u;pcr 200 to 400 icot of the
glacial outwash material other than as scattered remnants, The

Latah formation is thus not present beneath the Spokane River
channel at shallow depths and does not form a barrier for water

i

movement down into the glacial aquifer,

Tertiary Basalt

Tertiary age basalt is very limited in areal extent in
the study area. The basalt is located on the highlands to the
south of Coeur d'Alene and occurs as an erosional remnant on
Harbor Island, situated in the Spokane River (Figure 6), Only
a few wells penetrate the basalt within the study area.

Pardee and Bryan (1926) felt two seperate periods of
basalt flows occured in the Spokane Valley, noting an earlier
"rim rock" flow and a later valley flow, They also noted that
rim rock lies approximately above the 2200 foot contour whereas
the Valley fill basalt reaches it highest elevation at the
2100 foot contour near the city of Spokane,

At one time, thick basalt flows extended north up throuch
the Rathdrum Prairie and southeast into the Coeur d'Alane
River basin (Anderson 1940, p. 26), Since Tertiary time,
erosional processes and glacial activity have removed all but
scattered rim rock sections adjacent to the Prairie boundaries.

salt 1s found beth oveclying the Jatan formation (Savage
1975) and resting upon the consolidated rock units in the study

area, The pasalt is compoced of horizontally lying layers of

ddfny

dark gray to black, dease hasalt, The general features of the




22
basalt 2re colwinar jolinting located noar whn top of tho [low,
Road cuts that expose the basalt proninently display these
characteristics,

Basalt was not found to exist beneath the glacial out-
wash sediments in the study area. Basalt occurs as an erosion-
al remnant on Harbor Island, This basalt outlier forms a
ridge extending one fourth of a mile long in an east-west

irection reaching an elevation of 2125 feet., The flow extends
to a depth of approximately 19C0 feet (well 50/4/8bb1),

Basalt yields only small amounts of water in the study
area, Water generally moves downward through joints and frac-
tures and horizontally along flow contact zones. Only one well
(50/4/8bd) is kmown to obtain water from the basalt, Vertical
leakage of river water occurs throuzh the basalt, In one in~
stance a well (50/4/8bcd) was drilled through 110 feet of sand
and 80 feet of basalt before obtaining sufficient quantity
of water for domestic use in a thin zone of sand below the

basalt zone,

Older Glacial Sediments

The older Quaternary glacial deposits are observed over-
lying the Pre~Quaternary rocks in the highlands south of the
Spokane River., The deposits are predominantly stratified and
well sorted opposed to the poorly sorted younger glacial out-
wash, The deposits generally overlie basalt and the older con-

k)

sclidated rocks in the study area, These deposits are composed

¢

of basaltic fragments, gneissic and argilletic sediments
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mencrally derived frome the surrowyviins rocits. A gravel plt,

(51/4/15bdd) located just off the Green Ferrvy Road, exnoses

about 50 to 70 feet of sand and gravel., The contact between

an underlying basalt layer and the glacial sediments shows

fine sand in contact with the basalt., Data from well logs

and local residents indicate this feature is common in the area,.
The thin deposits of sand and gravel serve as shallow

aquifers for homes in the area, These deposits overlap the

consolidated rocks., The yields are generally small due to

the shallow thickness and small areal extent of the sediments,

Younger Glacial Outwash

The younger glacial outwash consists of unconsolidated
cobbles, gravels, sands, silts and clays. The deposits are
poerly to moderately sorted (Flint, 1936), The glaciofluvial
sediments comprise the Rathdrum Prairie and the Spokane Valley
fill materials, The material ranges from coerse sands and
gravels to sand and silts near the southern margin. Anderson
(1915) also siated that coarse gravels and sands occur in the
center of the valley while they latersally grade to finer sands,
gravels and silts ncar the Trairie margin,

The thickness of the deposits in the study area is un-

- knowvmn, but extends at least 400 feet below land surface. Wells
which penetrate these deposiis have nct encountered the con-
solidated rocks.' The depths to the consolidated basement rocks

increases quickly away from the Prairie margins, as indicated

A

—
~

by geophysical profiles (Purves 1066, Iewcomb and others, 1953),
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Tre total thickneas of the glecial moveriasl was estimatea by
Crosby and others (1971) to be 500 to 600 feet near the state
line on the basis of geological and geophysical data,

he depth to the water table ranges from 100 to 300 feet,
Newcomb and cthers (1953) estimated that saturated thickness
of the glaical outwach to be 200 to 250 feet at a site north-
west of the study area. A reassessment of the thickness of the
saturated glacial outwash by Crosby and others (1971) indicated
saturated thickness to be approximately 350 feet., The city of
Coeur d'Alene well (50/4/4ccd) has a total depth of 350 feet
and a saturated thickness of 125 feet, all in the glacial
material,

The glacial agquifer produces the largest yields to wells
in the Coeur d'Alene~Post Falls study area, Coarse sands,
gravels and cobbles comprise the unconfined glaical aquifer,
Yields to wells penetrating the glacial material are large,
ranging vp to several thousand gallons per minute., The saturated
thickness in the study area probably is between 150 and 300
feet, Well 50/4/4aa has the largest known yield in the study
area., The well was pumped at 6,000 gallons per minute for one
hour with twenty-three feet of drawdown (City of Cosur d'Alene

Water Dept., 1975).

Alluvium
Deposits of recent alluvium overlie the unconsolidated

glacial outwash, The alluvial ncaterials consist of streambed

and floodplain sediments located near the present chonael of
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sed of clay, cilts, sand

of the depecsits were noted from well

the Idaho Dept., of Highways, First, the
change vertically from mixtures of silted
and gravels
Second, the channel

teral changes in lithologic character,

with layers of silt are found in the streambed near

Downstrean near Post Falls,

zone of silty sand and gravel cccurs through=-
It is likely the silty sand and gravel

over the whole reach of the river channel.
alluvial material are im-

of the recent

Spokane

River into the grouvnd water system.

Ground VWater Flow Systen
Rosionzl Grourd Water Movement
Ground water in the Rathdrum Prairie and Spokane Valley
is under water table conditions, Anderson (1951) and Frink
(1964) canvassed wells and measured ground water lcvels in the
prairie. The results of Andersoa's study are presented in
Figure 7 The regional flow of ground water is southwest from
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Athol toward Cpokone, e princivple sources of roonoairge to

)

the aguifer are runoff from the surrounding mountains, infil-
tration from precipitation, leakage from Hayden and Yend Creille
Lakes, irrigation seepage, and movenment of water from the
Spokane River (Pluhowski'and Thomas, 1968). The Spokane River
is a losing stream above Otis Orchards and a gaining stream
below Otis Orchards (FPigure 1). Most of the ground water from
the Rathdrum Prairie aquifer is discharged into the Spoxane
River below Dariford,

The water table slopes uniformly from Athol to Spokane,
The water table gradient ranges from 30 feet per mile to one
foot per mile with an average gradient of three feet per mile,
Variations in the gradient are attributed to changes in hy-
draulic conductivity and local recharge characteristics, Depth
to water benecath the Prairie varies from 75 to 375 feet, The
depth to water generally increases from west 1o east,

The regional ground water map illustrates two flow systems
in the southern Rathdrum Prairie. The water table contours
in the study area indicate ground water movement away from the
Spokane River; upstream of Post Falls, ground water to ithe north
of the study areca originates from Lake Pend Oreille, A grcound

water divide is located at the northern boundary otf

0]

the area
of study and extends north of Hayden ILake to Post Falls (Fipure
7). The presence of two flow directions are imporient when

considering a water balance for the Rathdrum Prairie pglacial

aquifer.
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The elevation of the groundAwater surface in selected
wells in the unconfined agquifer of the southern Rathdrum frairie
was collected to determine the direction of ground water move=-
ment and detect historic water level chanées. Measurements
of depth to water were obtained from a network of 52 wells

in the study area., Water levels were measured using a steel

o

taple or electric tape. The measurcements were collected with-

n a five day period (September 15-19, 1975) to minimize the

b

effects of seasonal ground water level fluctuations. All the
data are presented in Appendix I,

The configuration of the ground water table in the Coeur
d'Alene-Post Falls portion of the Rathdrum Prairie was based
upon the 1975 data shown in Figure 8., The data on depth to
vater was converted to elevation above mean sea level using
land surface elevations surveyed by previous investigations
(Nace and Fader, 1951) or estimated from a U.,S. Geological
topographic map.

The water level configuration indicates ground water move-
ment away from the Spokane River. Low'permeability conscl-
idated rocks form the éouthern and eastern boundaries for the
glacial outwash acuifer. The contribution of ground water
from these rocks to the glacial zquifer is believed negligble,
The contours indicate that recharge iz occurring Irom the
Spokane River and Lake Coeur d'Alene infto the ground water

system, Water is believed to percolate downward through the

river bottom, entering the ground water flow systenm with flow
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of thirty feet per mile in the ground water flow system near

the city of Coeur d'Alene indicates either a major recharge

area or a local zone of lower hydraulic conductivity. The

flatter water table gradient of three feet per mile to the

northwest probably indicates higher transmissive characteristics.
The Water table contours in the study area rescunble the

gradients noted in the regional ground water table man, The

water table was about ten feet higher in 1949 than that noted

in 1975, A ground water divide begins to develop in the northern

part of the study area, similar to that of the 1949 stwdy., The

ground water divide seperates two distinct floew directions,

that of the Rathdrum Prairie and the Coeur d'Alene~Post Falls

ared.

Ground VWater Level Changes

The Rathdrum Prairie aguifer is a dynamic system respond-
ing to periods of recharge and no recharge, Direct precip-
itation upon the Rathdrum Prairie and streamflow intiltration
are congidered possible sources of recharge to the glacial

aguifer east of Tost Falls, The cumuletive departures of

rrecipitation and streocmflow from the mean monthly and mean

annval totals are compared To histor sround water levels
in the southern Rathdrum Ireirie to detect recharge trends.
Seazonal rround water level flvetnation

The only gsources of recharge to the Rathdrum Prairie

» v 3 - . - . R 3 ’ /’
aquifer are direct preciyitation and surface water infiltration, !/
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1975 are available for two wells being monitored by the U.S.
Burecau of Reclamation and four city of Coeur d'Alenc wells,

The hydrographs for well 51/5/284d1 and 50/4/22c¢b are compared
with plots of cumulative departures of mean monthly precip-
itation and stream flow in Figure 9, The mean monthly pre—
cipitation, departures and cuwnulative departures from mean
monthly precipitation at Coeur d'Alene for the period of January,
1973 to September, 1975 are presented in Table 1. 1llean monthly
streamflow, departures and cunulative departures from mean
nonthly streamflow for the Spokane River at Post Falls for the
same period are given in Table 2.

A correlation is observed between neon monthly cumulative
departures fronm precipitation.and streamflow and ground water
level fluctuations in Figure 9, Betlween January and October,
1973, cumulative deficiencies are shown for both precipitation
and streamflow. The ground water levels responded by declining
seven feet for the same period. The below normal precipitation
is believed to have caused the water levels to decline, The
ground water levels rosc sixteen feet from October, 1973, to
July, 1974 corresvonding to a cumvlative precipitation excess
of 13.2 inches, The minimum ground water levels of 1974 were
more than nine feet higher than levels in 1973, The ground
water level trends in 1975 continued to respond to cumulative
departures fronm preciyvitation, Seasonal water level changes
are effectea by either precivitation or streamflow pattefns.

The Washington VWater Power Co. stores water in Lake
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Table 1. . . . Monthly Trecinitation at Cocur d'ilena, Tdaho

(all values in inches) U.S. Geol. Suvvey (1975)

rocinisation Car
Year ifonth i1 i1ncues Trom omanl¥ Do
1973 January 2.96 -, 38 ~-.38
February .95 -1.50 ~-1,88
March 1.69 -.A9 -2.37
April .95 -.13 ~3,10
May 1.45 =55 -%,40
June .99 -, 80 -4,26
July .00 ~-.65 -4, 91
Aurust .16 -.0¢ -5.60
Sentenber 2.10 +.79 -4,31
October 1.14 -84 ~-5.65
November 3.76 5.86 +,21
Deccmber 5.42 1.76 1.97

Total 26,60

1974 January 7,54 4,20 6.17
February 2.34 - » 3C 6.56
March 35,24 1.06 7.62
April 1.76 .08 T.70
May 1.82 ~-,02 7.68
June .76 -1.0% 6.65
July 1.506 .01 7.56
August .75 -.10 7.46
September .54 ~. 77 6,69
October .06 ~1.,92 4,47
Wovember 2,59 S 5.46
December 5.2 ~.45 5.01

Total 2'7.67

1975 Januar) 4,50 1.16 617
fehruary 2,35 1,50 T.57
March 2,473 L 25 7.22
Armil 2,00 . 52 2,24
ray 1.%1 -,57 .71
June 1,77 ' -,02 7,69
July 1.7° 1.17% 3,82
Auruast 7,14 1,29 G,
Sentenber 3,00 ~1.% 53,30

Tota 19,88

*¥Normal is defined as mean monthly precipitation.
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Table 2 . + o o Fonthly Flow ol Cposanc Kiver at boot Jalls,
Tdrko (A1 velwnan in eubie foot per ancond)

U.S, Geol. Survey (1975)

Streamflow Departures Cumulative
in cfs~day from Normal¥* Derartures
Year Month (thousands) (thousands) (thousands)
1973 January 158 -7 -7
February 126 =70 =77
March 146 ~103% ~-181
April ' 166 -283% ~464
May 182 -431 -895
June 95 -236 ~1131
July 28 %6 -1096
August 18 6 -1090
September 45 15 -1074
October 47 =10 -1085
November 92 -2 ~1087
December 352 178 ~309
Total 1435
1974  January 630 464 ~-445
Februay 384 ' 185 -260
March 2873 3% -227
April 63% 184 -43
May 780 166 122
June 801 470 562
July 163 104 696
Aupust 41 19 716
September 45 16 731
Cctober 5% -4'7 . 727
November 6% ~30 969
December 61 -94 602
Total 20357
1975 January 87 ~T79 522
February 93 -105 117
March 202 -48 368
April 231 -218 150
May 701 87 237
June 556 225 462
July 94 35 497
Ausust 49 26 524
Sepienber 53 24 548
Total 2065

¥Normal is defined as mean monthly streamilow,
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Coeur d'Alene by regulation at Yost Falls Dam {or power Jen=-

eration, Storage is within the nntural storage area of the

]

15

lake and river, The lake and river levels provide a variable
head source of water available for movement into the under-

lying glacial aquifer, it is believed that the varying stage
levels of the Lake Coeur d'Alene-Spokane River during low and
high runoff periods affects recharge rates and timing into the

glacial agquifer,

Lonz term eround water level chanres

The long term pattern of ground water level changes in
the southern Rathdrum Prairie werecompared with long term
precipitation and streamflow data for the Coeur d'Alene region.
Thirty~three years ofcontinuous water level measurcments (1942-
1975) were available from a U.S. Geological Survey observation
well (51/5/33bba) in the southern Rathdrum Prairie., Cumlative
departiures from mean annual precipitation and streamflow were
compared to the well hydrograph in Figure 10,

A trend is observed between long term ground water level
changes and the cumulative departure from the mean annual

precipitation., During years of heavy precipitation, the ground

wH

water levels rise and during drizr periods the water levels

¢

decline, MNo trend was otserved between sireamflow and grouhd
water levels, No indication of long term water level declines
were observed, |

Ground water level measurements in 1949 and 1964 were

compared with ground water level measurements taken during the
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sunmer of 1975 to determine len~ term chances in ground water
levels in tne study area, ©f the veblwgork ol 52 wells chnosen
for water level measurcments in 1975, only seventeen were
measured in either 1949 or 19¢4., Teble 3 reveals the water
level changes that occured between 1949, 1964 and 1975.

Ground water level declines were observed in the study
area between 1949 and 1964. Water levels were relatively un-
changed over the past +twelve years., No wells showed a ground
water rise between 1949 and 1975. The variations in the ground
water levels indicate similar recharge characteristics as noted
in well 51/5/3%bba in Pigure 10, Precipitation and surface
water infiltration are probably the major contributions to the

glacial aquifer syste

Lle

¥

Hyvdrauvlic Conduetivity

Glacial Aguifexr Hydrclorzic Cheracteristics

The hydrologic characteristics of the glacizsl aguifer
in the study area were evaluated using well log information,
data from previous studies, and data on water level elevations

st mcthods were

D

and specific.capacity. Conventional pump t
not utilized, Historic well production tests from four wells
near Coeur d'Alene (Tity of Coeur d'Alene YWater Dept., 1975)
and twenty wells in the east Greenacres Project, U.3, Bureau of
Reclamation near Post Falls, Idaho {U.3. Dept, cf Interior,
Bureau of Reclamation, 12961) were used to determine the aguifer
characteristics,

The productivity of a vroduction well is expressed ag the




Table 3 . . . . Ground-water Level Changes 1949, 1964, and 1975

UGS Sagstad Difference Difference Difference
1548-43 1975 1649-64 1949-75 1064-175

Location Zlievation £t Elevation £t ft ft ft
51/5/34db2 2002 .4 1993.0 1993.0 - 9.0 - 9.0 0
51/5/24a%1 2204,3 1989, 2 - -15.6 - -
51/5/33ab1 1997.0- 1986.2 1659, 1 -10.8 - 7.9 +2,9
51/4/25c01 2G42.,0 2017.5 2018.0 -24,7 -24.0 +1.0
51/4/18dc 2011.5 2003.2 2003,0 - 8.3 - 8.5 -0.2
51/4/27¢4d1 2025.0 2010.2 a ~14.8 - -
51/4/29341% 2031.0 2010.5 a - 0,50 - -
51/4/35¢cc 202%.0 2020.,0 - - 3.0 -
50/5/1za1 2011.9 2002.0 -10.4 - 3.9 +0.5
50/4/7ve 2013.8 200%.5 - -10.3 -
50/4/5c4d 20265.1 2018.0 - ~ 8.1 -
50/4/5ad1 2027.0 2011.7 2010,6 -15.3 -17.0 -1,7
50/4/44ach 2055.5 2065.6 a +11.1 - -
50/4/4dd2 2055.5 - 2052.,0 - - 3.5 -
50/4/3aa1 20%5,0 2029.0 a - 6,0 - -
50/4/%cc 2058.0 2051.,1 - - 6.9 -
50/4/1cc 206%,0 a -13.3 - -
- = N0 meacureneat taken

<
a = well abandoned



39
specific capacity and is defined 2w thie ratio of punp als-
charze (Q) to drawdown (s) or O/s (Malton, 1970)., The pro-
cedure used in each specific capacity test consisted of pumping
the well at a constant rate rfor twenty-four hours while water
levels in the well were measured at repeated intervals,

‘he specific capacity values were used to cstimate the

+3

coefficient of transmis"ibili%y in the area using the method

of Theis (1963)., A single drawdown from a constant discharging
well after a twenty-four hour period is used in the computation.
The specific capacity is not a precise measurement of the
actual transmissive properties. TFactors such as partial pene-
tration, well losses, type of well construction and hydrogeo=-
logic boundaries effect the specific capacity., The coeflficient
of transmissiblity wvalues were converted to hydraulic con-
dvctivity values by dividing the coefficient of transmissi-
bility by the saturated thickness of the glacial aguifer., A
saturated thickness of 175 feet was chosen utilizing well log
ard seismic data. High specific capaciiy values generally
indicate high hydraulic conductivity and lower specific capacity
indicates loﬁer hydraulic conductivity values (Walton, 1970).

The estimated hydravlic conductivity values for the glacial
aguifer are shown in Table 4, Values for the Post Talls area
ranged Ifrom about 32500 to 1%,000 zzllons per day per sguare
foot, The results indicate that {ransmissive characteristices
in the Post Falls area are zencrally higher thon in the Coeur

-

d*Alene area, VWell logs show that greater mercentarses of coarse

gravels, pebbles, and sands are present in the Post alls aresa
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Table 4 . . . . Zstimates of Hydraulic Conductivity from Specific
Capacity Data in the Rathdrum Area,
Hydraulic
Pump Specific Capacity Conductivity
Well Discharge Drawdown (a2l per min (gal per day
Location (gal per min) (feet) per ft drawdown) per sq ft)

50/4/1ce
50/4/12¢b
50/4/12ce
50/4/4aa

51/5/29cc1
51/5/29¢cc?2
51/5/29cc3
51/5/29cc4
51/5/29¢cc5
51/5/22bb1
51/5/22b02
51/5/22bb3
51/5/22bb4
51/5/28a4a1
51/5/284d2
51/5/28dd3

Coeur d'Alene Region

3600 20,1 180 1800
3900 5.9 660 6700
3100 10.7 290 3000
6000 2%.2 260 2700
Post Falls Region
3768 2.3%6 1596 16,000
4000 2,81 142% 14,700
2400 2.%6 1066 10,700
2400 2.71 885 8,700
4000 1,65 1453 14,700
4000 7.52 5%1 5,500
4C00 18,64 214 2,200
4000 11.94 335 3,500
2400 12,96 185 1,200
4000 §.98 803 8,000
4000 2.07 1302 13,000
2400 3.13% 766 7,300
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Lhan in the Cocur dalilcue arca,.

Alluvinl Yvdroloric Chorroobkeriotics

Recharge of surface water to the agquifer by vertical
leakage through the channel bottom deposits can occur when the
channel bottom sediments are permeable and the water table is
below the surface of the stream, Recharge rates can vary de=-
pending upon: surface water temperture, hydraulic conductivity
of the stream channel deposits, the position of the water table
in the aguifer, and the depth of water in the stream {(Walton,
1970). General observations of the alluvial and acuifer sed-
iments revealed differences in sortingz and structure which can
indicate relative differences in hydraulic conductivity. Con=-
ventional hydrologic testing methods were also used to deter-
mine the hydraulic conductivty of the alluvial sediments,

Alluvial depositic that were sbserved in the Spokane River
channel during low flow conditions showed a poorly sorted,
but very cohesive appearance, The sediments were well com=-
pacted and had been severely gullied from stream eresion due
to river flow at several lecalities mear the Washington-Idaho
border in the stream channel. The deposits often resembled
small ridges and valleys, sometimes onc to three feet deep and

several feet long, The ridres exposed vertical slopes of 60

=

-4
)

to 90 degrees sigmiiying a very cohesive mofterial unlike the
mconsolidated glacial outwasn, The binding qualities of the
mixtures of silt, sand and clay is responsivle for this

m 5 i . 3 1. 4.7 Al . Ny - B . 3 &
The size distridvution of a material io reloted to its
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Lydraulic conductivits Todd (10372) licts vrelative vilaos

)

hydraulic conductivity for clean sands and gravels and for
mixtures of sand, silt and clays, Clean sands and gravels can
have hydraulic conductivity values ranging from 50 to 100,000
gallons per day per squére foot, whereas values for mixed sand,
silt and clay range from .C05 to 50 gallons per day per square
foot,. The.magnitude between the extremes of the size class-
ifications is several fold, but it provides a relative com=-
parison that is assumed that the hydraulic conductivity of

the glacial aquifer sediments is much greater than that of the
finer grained alluvial deposits.

Conventional hydrologic testing methods were used to deter=~
mine values of hydraulic conductivity for tae alluviel scdiments,
Two seperate testing techniques were used to estimate the hy-
draulic conductivity of the lower and upper portion of the

alluvial sediments.

wirst me taod for deferminatiorn of hvdraulic c¢onductivity

The Idaho Dept. of Highways conducted injection tests in
the Srokane River alluvial sediments near the U,S, Highway 95
bridge at Cocur d'slene, Idaho (Idaho Dept. of Hishways, 1475).
The ccnstent head injection method was used to measure the
hydraulic conductivity of the material (U.S. Pept, of Interior,
Bureau of Reeclamation, 1060), The lower five to 30 feet of
the alluvial sediments were tested,

Investigation holes werce drilled to 2 maximum depth of

30 feet below the bottom of the river charnel, The injection
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tests were performed at 1rive oot intervals, astacting with

sram depicting

five feet below land surface, A schematic dia
the equipment used in the pumping test is shown in Figure 1la.
The testing procedures ccnsisted of the following steps:
1« A 3,50 inch (NX) casing was driven into the alluvial
sediments in five foot sections.
2. The sediments were then drilled out to the bottom
of the casing, |
3, The drill was removed from within the casing and
water was injected into the casing at a constant
rate of nineteen gallons per minute maintaining a
constant head under atmospheric pressure.
4, A flow meter was used to measure the excess flow of
water into a barrel located on the drilling platform
to determine the discharge into the bottom of the casing.
5. Each injection test was run for five minutes and the

injection rate was measured once at the end of each

This procedure can provide reliable estimates of hydraulic
conductivity but testing errors are poscible (Cedegren, 1967).
The most frequeat causes of crror are silting of the bottom
of the hole, leakage along the outscide of the casing, and
air lcecking in the sedimentory interstices.

The results of the injection tests are presented in Table
5. The head was nmeasured Iron the point of water injection
to the bottom of the casing., Tne data were analyzed using

an empirical solution to determine hycraulic conductivity
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Tabvle

5

e ¢ o o Estimates of Hydranlic Conductivity from

Constant Head Injection Tests.,

Injection Rate Head Hydraulic Conductivit
(gal per min) %) (zal per day per sq ft
7 15 900
11 20 1200
7 20 700
8 20 8300
9 20 300
10 20 1000
15 20 1500
7 25 600
10 25 800
16 25 1200
8 26 600
10 26 800
11 26 9C0
12 26 900
8 50 500
12 30 800
15 30 1000
10 35 600
10 40 5C0
10 45 500
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developed by larza (193%). Tnhe bhydraullic coaductivity cun

be obtained from

”
K = 57

5DH

where Q is the injection rate in gallons per minute, D is the
diameter of the casing in feet, H is the head in feet, and X

is the vertical hydraulic conductivity in gallons per day per
square foot., The values of X range from 450 to 1500 gallons

per day per square foot. These values indicate the hydraulic
conductivities of the lower porticn of the alluvaill cediments

are much lower than that of the glacial deposits.

Second method for determination of hydraulic conductivity

A varisble head test was vnerformed in the field to es~
timate the vertical hydraullic conductivity of the upper five
feet of the Spokane River scdiments (Pigure 11b), Six invest-
igation holes were dug along the river floodplain using a hand
auger. The holes, with radii of four inches, were augered
to a depth of two feet. An wrknown volume of water was injected
into the hole, An initial measurement of head was taken at
the beginning of the test and a second nmeasurement of head at
a later time, The hydrauvlic conductivity was dedermined from
an empirical method developed by the U.S. Havy, Buvreau of Yards

and Docks (1961) utilizing the fellowing formula

k (h, _ hy)
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shere X is hydroulice conmductivity in | allong por day por sguare

b

foot, R is the radius of the auger hole in feet, D is the head

-

differential between the two measurements in feet, S is a shape

factor coefficient and t is time in days. The results of the
test are presented in Table 6, The hydraulic conductivity
values range from two to 40 gallons per day per square foot.
Several factors need mentioning that may affect the validity
of the test results. Common errors during field testing in-
clude inaccurate measurement of water in the hole, displacement
of sediments while augering, and inhomogeneity of the alluvial
sediments. The precision and accuracy of the results of this

test are questionable.

NDiscussion of Results

The estimated hydraulic conductivity values for the allu-
vial sediments and glacial cutwash deposits are presented in
Figure 12, The top few feet of the alluvial sedimenis ars com-
posed of mixtures of sand, silt and clay. Mixtures of sand,
silt and clay generally have valnes that range between 0,005
to 30 gallons per day per square foot (Tood, 1967), Variable
head tests of the top five feet of the alluvial material yielded
hydrzaulic conductivity values ranzing frem two fo ten callons
per day per square foot, Results from the variable hea estis
geem reasonable but the chance fer distorted test resalts are
large, Since only two water level measuremonts were taken over

a short poriod of time very 1little quantative dats was available

for precise analysis, The resulte should ve used with cauticn,
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(Depth (feet)

30

35

[T Clayey silt
| Gravellyey silt

Sand
11ty sand and
gravel

Unconsolidated

4! sands, gravels

and cobbles

Sediment Description

Figure 12

Variable Head Test

Constant Head
Injection Test

Specific Capactiy
% Test

Hadraulic Conductivity

i
1 10 100 1000 10,000 100,000
Hydraulic Conductivity
gal/day/st2

Tests

RANGE OF HYDRAULIC CONDUCTIVITIES OF THE ALLUVIUM AND GLACIAL
OUTWASH SEDIMENTS NEAR THE SPOKANE RIVER IN THE SOUTHERY

RATHDRUM PRAIRIE STUDY AREA.

o¥
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The hydroulic conductiviity volues ovindined from Lre convtint

head injection test ranged from 450 to 1500 gallons ver day
per square foot for the silty sand and gravel, Todd estinmated
the hydraulic conductivity of silty sands and clean sands and
gravels ranged hetween 30 and 2800 gallons per day per square
foot, Values from specific capacity tests for the glacial out-
wash ranged between 2700 and 13,000 gallons per day per sqguare
foot., Specific capacity is not an exaci estimate of the hy-
draulic conductivity of the aguifer, but the specific capacity
ratios obtained from the well production tests are reasonable
estimates and generally lower than the actual hydraulic con=-
ductivity of the aquifer., The characteristics of the upper
portion of the alluvail depo=its are thus mest important in
controlling surface water recharge from the Spokane River into

the glacial aquifer,

Recherge to the Glacial Acuifer

The magnitude of recharge to the glacial aquifer from
the Spokane River east of Post Falls was determined, The Darcy
equation was utilized to compute zround water flow near the
Spokane River, Factors contributing to the flow component
were estimated. A comparison between all previous investhi-
gations which determined recharge from the Spokane River east
of Poct Falls was outlined,

Recharge to the southern Rathdrum Irairic ground water

system from the Spokane River east of Posi Falls waz ectimated
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using the woter t2hle corntour mon
map was divided into three sections to compute the {low conm-
nonent between Coecur d'Alenc and Tost Falls (Fizure 13)., Due
to the irregular shape of the contours, the three sections were
offset for ease in computing the flow values,

The flow of ground water necar the Svokane River was cal-
culated usinz the Darcy equation:

Q = KIA

vhere Q is the flow in gallons per day, I is water table grad-
ient in feet ver feet, A is cross sectional area in feet, and
K is the hydraulic conductivity in gallong per day per square
foot, Well log data indicated that wells near the Spokane
River in the glacial sediments had a maximun saturated thick-
ness of 130 feet and the wells did not rcach bedrock, Since
depth to bedrock was unknown, the saturaved thickness of the
aquifer rear the Snokane River was estimated as 150 feet,
Average hydraulic conductivity values for the Coeur d'Alene
and Post Falls region were used., The results are presented

in Table 7.
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Hydraulic Grounda water
Conductivity Water Table Flow
gal per day Gradient (cubic ft
Location per sa ft) (£t per ft) per seccend)
Section AA' 10,000 2.525x1077 41
Section BB! 4,000 6.060x10™° 152
Section CC' 4,000 3,030x10™7 57

Total 230

Ground Viater wecharge to the glacial aquifer near the
Spokane River was estimated to be 230 cubic feel per sccond
or 170,000 acre feet per year., Lacge quantities ~f water must
be introduced into the flow system uv pradient from the cross
sectional units to sustain this rate of flow, The flow in the
aguifer must be equal to the sum of the recharre from precin-

-~

itation and surrace watber infiltration and the ground water

0 = 0 Fo0 :
cotal rachaxre crouad water
240 cf P Ty, T ey

& C Lrrom Xiver L_L 1oy ..'u“
and laie consolidated
aouirer

The contribution of recharge from the concolidased rocks south

cf tThe Spokane River was considered to be zere comsidering the
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low hyodraulic conductiviiy o0 Thc wacks ond Toc Low wWiton
to wells, Recharrge to the aouifer from direct precipitation

is un¥nown, therefore, 75/ of the mean annual precipitation at
Cocur d'Alene or 18,5 inches (6,5 c¢fs) was considered annual
recharge to the aqguifer, Substracting these two values from

the total ground water flow leaves 225 cfs (rounded) of recharge
to the sglacial aquifer from the Spokane River, There are two
mejor weak points in the estimation. TFirst, the saturated thick-
ness to bedrock was unlmown in the area of study; therefore, the
saturated thickness of the avuifer is probably underestimated,
Second, the hydraulic conductivity used in the calculation is

probably lower than the actual hydrauvlic conductivity of the

uifer because the hydrauvlic conductivity values were obtained

,Q

from the snecific capacity tests (Walton, 1970)., If these var-

+

ableswere actually larger, the amount of ground water flow would

}

substantially change.
The estimated recharge from this study is lowexr than es-

timated by previous investigators (Table 8). All authers felt

the Spokaneé River iz a major recharge area, and contributes

i

larze quantaties of water to the glacial aquifer,




Table 8 » « « o LEstimated Recharge to the Glacial Outwash

Aguifer from the Spokane River, east of

Post Falls,

Recharre to the Aquifer
from Take Coeur dl'Alene
and Svokane River above

Investigator Year Post Falls
Sagstad 1575 225
Thomas 1968 250
Frink 1964 300
Anderson 1951 300

\h

(O}



WANOR QUALTITY

The hydro-chemistry of the Ratndrum Prairie aquifer is
an important indicator of ground water movement and recharge
characteristics, A groﬁnd water sampling program was initiated
in the Coeur d'Alen~Tost Falls study area during the summer
of 1975 to define recharge characteristics and illustrate chem=~
ical processes taking place in the glacial outwash environ-
nent. Particular emphasis was placed on zinc concentations
from higstoric mining activities in the Spokene River~Coeur

d'Alene River drainagze, Quality samples were collected from

a network of 88 wells in the study area,

Regional Water Quality

Surface Voter Ouality

The water quality characteristics in the region are good,
Anderson (1951) and the Washington Dent. of Ecolozy (1969)
measured ionic concentrations of magnesium, calcium znd sodium
in varicus lalkes and streams in northern Idaho and eastern

Vashington respectively, The concentrations of sclected ions

¢nd Oreille, Hayden and Coeur d'ilene Liakes are rsiven in




Table 9 o+ « o » water Quality Characteristics of Lakes in

Yorthern Idaho.

Lake Calciun Iagnesium Sodiun
(ppm) (oom) (ppm)

N
°

—
G
o o O

Pend Oreille Lake 25,0 6,0
Hayden Lake 6.2 | 2.0

—
*

Coeur d'Alene Lake 6,0 2,0

Monthly concentrations of calciwn, magnesium and sodium
in the Spokane River in 1971-72 are presented in Figure 14,

Y

The maximum ionic concentrations cecuxr in the meonth of April,
whereas the minimum values nmeasured are noted in tlay., These
concentrations genecrally do not fluctuate greatily over the

period noted., The mean concentrations for calceium, nagnesiunm

and sodium are about five paris per million, two parts ser
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decrease in elemental concentrations
veilicved to be due Lo a dilution effect doring the high -

off vneriod,

1 -

A roview of the reglonal surface waler quality charecter-
istics in the Rathdrun Irairie arec
River is the only aovellable surface water source of zince, The
concentrations ol zinc in the Spokane River for the period of
1971=1972 (Funlk and others, 1973) arc showm in Figure 14, The

values range from ,10 to .60 paris per milliown, The higher
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zine neoacsurcuaents durins pay and July are believed due to a
flushin~ offcect of the Coeur d'Alene River-Lake Coeur d'Alene

run~off period,

Ground Water Quality

The concentration of dissolved minerals in the Spokane
Valley~Rathdrum Prairie ground-water system do not vary greatly
from location to location, Generally, the solubility of the
minerals control the water gquality characteristics of the
water (Back, 1965). The quality characteristics of selected
vells and surface waters are shovm in Figure 15 from revports
by Anderson (1951) and Frink (1964)., The rezional quality
characteristics indicated that megnesium, calcium and sddium
remain fairly constant throushout the basin. The concentrations
of calcium in ground water ranged frem 30 to 39 parts per mil-
lion (ppm), magnesium ranged from 11 to 2% ppm, and sodiwa varied
the least, ranging from 2,3 to 4.8 ppm in the system., This
tends to indicate that the regional ground water system is in
equilibrivm with resvect to calcium, mazunesium, and sodium,

The regional rround water quality is closely correlated
with Pend Oreille Lake, Tonic concentrations of magnesium,
calecium and sodium are very similar, Cn the cther hend, the

bserved concentrations in the Spokane River, iHayden Lake and

Lake Coeur d'Alene arc lower in magnesium, calcium and sodium

concentrations then the regional Iflow system,
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Data on the ground water nuality were gathered to es-
tablish the water cuality characteristics of the Coeur d'Alene-
Post Falls area in relation to potential recharge locatiors
and mechanisms., A mass water sampling program was conducted
in the fall of 1975, A network of 88 wells were chosen to
obtain the water quality samples (Pigure 16), The samvles
were analyzed for calcium, mwagnesium, sodium, iron and zinc.

Care was taken in obtaining waiter samples from wells in
the study area, The samples were taken at the pump head in

most cases and each punp was run  for a minimum of fifteen

[¢)

es

[9)]

reduced the amount of particles and

a

substances contridbuted by the casing, punap and pipes that might

minutes, This pro

contaminate the water,

Techniques were applied to preserve the chemical char-
acteristics of the water and retard the chemical and biochem-
ical changes that occur after sampling, Individual polyvethy-
lene bottles (125 ml) were used for each samnle and were clean~
ed prior to the study (U.S. Environmental Trotection Azency,
1974). Tmmediotely after the sample was cobtained, the pH of

the sanpled water was lowered to two by adding aprroximately

five drops of concentrated nitric acid, Litmus paner was used
to verify the lower pH, This acidification prevents precip-
itation and ads DIFthﬂ of ions upon the container waell while

the samples were sctored prior to the laboratory analysi
a0 ~J

These samples were anslyzed using the atonic absorption
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cpecbrovhometer ot the University -2 Idaho and were collected

and analyzed in accordance with methods recommended by the

U.S. Environmental Protection Agency (1974).

Highlands
A total of six wells were sampled in the consolidated
rock units south of the Svokane River, These samples, (numbers
83-88 in Table 11) were collected from hand dug and drilled
domestic wells, The minimum, maximum, and mean concentrations
cf selected ions for the highlands are presented in Table 10,
The higher content of sodium compared to magnesium and
calcium is the result of weathering characteristics of the
metamorphic rocks., Alse, clay minerals may release large
quantaties of exchangeable sodium (Dewiest, 1970, p., 104),
The low, but significent concentrations of zinc are attribut-

able to the chemical characteristics of the rock,

Table 10 » . . . Water Quality Data for Hishland Area (parts

per millicn).

Hinimum Haximun Mean
Mg 1,25 10,730 4,40
Ca 2,20 11.46 7+.40
Na 65,14 15,42 8,81
Fe 0,09 2,53 0.96

n 0.10 1.7% C.79




Table 11 . . . Elemental Analyses of Water Samples

Well Sample Zinc Iron Magnesium Caleium Sodium pH E.C.
) Location No. {ppin) (ppm) {ppm) (ppm) (ppm) Lab. Field

50/4/1babl 1 0.05 0.06 12.90 20.0% 2.74 7.9 245
51/4/36dccl 2 0.00 0.06 11.91 23,74 3.18 8.5 225
51/4/35¢cccl 3 0.05 0.06 11.60 22.22 2.56 7.9 175
51/4/34cdal 4 0.01 0.06 5.9) 15.64 2.86 8.2 158
51/4/33acc) 5 0.00 0.0¢ 14.41 20.06 4.12
50/4/10bbal 6 0.00 0.06 2.77 5.87 2.86 6.3 39
50/4/12cdcl 7 0.00 0.06 6.26 23.54 2.28 8.0 127
50/4/12cbcl 8 0.00 0.05 8.83 26.17 2.56 8.0 187
50/4/1ccdl 9 0.01 0.06 19.81 40.36 3.9 8.0 250
50/4/3cdal 10 0.01 0.06 6.24 22.45 2.66 7.6 208
50/4/4aadl 1 0.00 0.05 7.44 20.64 2.77 7.4 215
50/4/10aad] 12 0.08  0.66 7.74 32.89 2.23 7.4 197
50/4/4ddd] 13 0.00 0.06 4.80 12.45 2.35 7.3 93
50/4/3cccl 14 0.00 0.06 4.74 7.46 2.98 7.2 75
50/4/4cacl 15 0.00 0.06 4.04 12.02 2.86 7.3 91
50/4/4chcl 16 0.00  0.05 5.10 12.87 2.86 7.0 110
50/4/4ccal 17 0.00 0.06 5.14 13.67 2.98 7.6 95
50/4/4aabl 18 0.00 0.12 4,84 14.94 2.56
51/4/34ccdl 19 0.00 0.06 14.17 35.48 3.18 7.2 109
51/4/25cbbl 20 0.08 0.05 14.26 25.75 3.07 8.1 195
51/4/25bbal 21 0.00 0.06 14.95 38.91 3.79 7.9 240
51/4/34bdal 22 0.00 0.06 12.44 25.75 3.18
5074/ 3ddcl 23 0.00 0.06 2.67 6.67 2.14 7.4 60
50/4/2ccdl 24 0.00 0.08 3.03 7.46 2.35
50/4/33ad1 25 0.00 0.06 11.87 23.54 2.65 7.5 280
51/4/26add} 26 0.00  0.06 19.81 28.85 3.28 7.8 255
5174/ 34cddl 27 0.00 0.06 14.32 47.56 3.18 7.8 271
50/4/5d4dd1 28 0.29 0.06 4.29 13.67 3.28 7.5 87
50/4/5ddc] 2 0.35 0.05 2.37 6.67 3.07 7.4 92
50/4/9tbal 30 2.0 0.06 1.93 5.44 2.03 7.9 55
50/4/6aabl 31 0.45 0.06 2.60 3.75 2.1 7.4 65
50/4/4ddc] 32 0.22 0.27 3.62 11.18 2.14 7.6 116
51/4/35bbe 33 0.08 0.20 10.73 25.75 3.07 8.1 190
508/4/5dca 34 0.00 0.06 3.58 11.18 2.65 7.2 70
50/4/5dce 35 0.12 0.06 2.63 8.31 2.98 7.5 90
50/4/5cde 36 0.00 0.06 2.77 7.45 2.03 7.2 90
51/4/26cce 37 0.05 0.06 13.94 24.43 3.39 8.0 200
50/5/2abd 38 0.01 0.06 9.49 23.96 2.35
50/5/1cbb 39 0.00  0.06 3.03 7.89 1.82
51/5/34baa 40 0.00  0.06 12.92 19.21 ©2.03
51/5/34ada 4 .00 0.06 10.06 7.05 1.93
51/5/34baa 42 0.c0 0.96 9.74 21.80 2.03
50/5/2bed 43 0.00 0.06 5.26 16.63 2.56
50/5/1adb 44 0.00  0.06 2.03 3.3) 2.56
50/5/1zbbe a5 0.00 0.06 1.93 5.44 1.72
50/5/11aba 46 0.06 0.06 1.78 4.64 1.61
§1/5/35caa 47 0.00 0.06 10.83 20.48 2.03
50/5/ 1daz 48 0.00 0.06 2.42 11.80 2.03
50/5/1aad 49 0.00 0.5 5.60 14.09 2.14
50/5/1ccde 50 0.01 0.06 1.51 5.07 1.51




Table 11 . . . Elemental Analyses of Water Samples (cont'd)

Well Sample Zinc Iron Magnesium Calcium Sodium pH E.C.

Location No. {ppm)  (ppm) %ppm) (ppm) (ppm) Lab. Field
50/4/5chb 51 0.03 0.06 3.13 16.21 2.03 8.25 105
5G/4/6bba 52 0.07 0.06 4.95 14.51 2.44 7.4 60
50/4/8bbb 53 0.00 0.06 1.97 4.64 1.32

50/4/5dba 54 0.02 0.06 3.43 9.11 2.14 7.4 65
52/4/2dab 55 0.00 0.06 16.67 21.38 3.70

51/4/35abb 56 0.04 0.06 13.01 20.91 2.86

51/4/35adc 57 0.01 0.06 12.28 24.43 2.98

50/4/5cbd 58 0.00 0.06 2.82 8.73 2.03 7.6 83
50/4/5che 59 0.060 0.06 2.88 15.36 2.03 7.6 95
50/4/6cdb 60 0.03 0.06 2.27 6.67 1.93

50/4/7bcb 61 0.00 0.06 2.06 5.07 1.72

50/5/12aba 62 0.20 0.06 1.47 4.64 1.40

50/5/12bba 63 0.07 0.06 3.13 9.11 1.93

50/5/12/bbd 64 0.24 0.06 2.37 5.87 1.82

50/4/8aba 65 0.00 0.06 2.06 4.64 1.82 7.1 60
50/4/5dbc 66 0.36 0.06 3.49 11.60 2.65 7.5 135
50/4/5add 67 0.01 0.06 4.84 14.51 2.14 8.2 135
51/4/34daa 68 0.07 0.06 8.26 21.80 2.98

50/4/7add 63 0.80 0.06 2.76 3.24 7.43 7.6 87
50/4/8bbc 70 0.53 0.06 1.97 4.64 2.03 7.3 74
£0/4/8bcb 71 0.89 0.66 12.90 4.52 11.52 7.6 123
50/4/7adal 72 0.44 0.06 1.72 3.85 2.03 7.5 138
51/4/31ddd 73 0.05 0.06 9.28 12.42 2.43 8.2 200
51/4/32cdd 74 0.05 0.06 9.54 15.67 2.51 8.1 250
51/4/32dbc 75 0.00 0.06 11.74 16.35 2.58

51/4/33cce 76 1.06 0.06 13.66 24.78 3.05 8.1 275
51/4/32abc 77 0.00 0.06 12.04 20.0 3.82

51/4/28bbd 78 0.00 0.06 20.80 24.65 2.81

51/4/33caa 79 0.00 0.06 10.18 14.33 2.43 8.3 215
50/4/7ada?2 80 1.47 0.06 1.52 3.00 2.1 7.2 60
51/5/26cca 81 G.01 0.06 15.72 22.03 2.66

50/4/6bdd 82 0.21 0.06 2.76 4.01 2.1

50/4/15bcd 83 0.43 0.10 2.82 7.40 6.14

50/4/15bda 84 1.73 0.09 1.25 2.20 4.85

£0/4/16aba 85 0.54 2.05 10.3 11.24 12.16

50/4/17abd 86 1.32 0.87 5.69 11.46 13.42

50/4/7cdc 87 0.61 .10 .76 9.89 8.41

50/5/12¢cdd &8 0.10 2.53 1.58 2.20 7.90




The water quality characteristics (magsnesium, calcium
and sodium) in the southern Rathdrum Prairie ground water
system are shown in Figure 17. The data used in the map con-
struction are noted as water samples one to 82 in Table 11,

Marmesium exhibits an increase in concentration away from
the river. Magnesium reanges in concentration from 1.5 »pn,
near the Spokane River, to 20 ppm at the northern boundary of
the study area. The magnesium gradient is generally uniform
throughout the Coeur d'Alene~Post Falls glacial outwash envir-
onment, The 20 ppm concentration is typical for the Rathdrum
Prairie regional flow system; concentration of 1.5 to 2.0 ppm
is similar to the quality of the Spokane River.

Calciun is the predominant cation in the southern Rathdrum
Prairie ground water system, Calcium concentration in the
samples range from 5 ppm to 38 ppm. Calcium exhibits an in-
creased concentration away from the river, also suggesting a
relationship between water movement and lon exchange within
the lithologic environment, The 30 ppm concentration is typical
for the remcinder of the Rathdrum Prairie and Spokane Vally
regional flow system. The concentration of 5 ppm is typical
of the Spok ane River |

The sodium pattern is the same as for calciwn and mag-
nesium, but the change is not as great, Sodium changes from
two to 4 ppm; again, 4 ppm is typical for the prairie flow
cystem, The small increase in concentration is probably due

to the lack of availability of sodium ions in the geologic
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fromework, The roatlio of sodium to mamesiun and caleiwn is

the inverce of that found in consolidated aquifers, where

sodium is the dominant ion.

Analysis of Water Quality

The water quality characteristics of the Spokane River,
the igneous metasedimentary cquifer and glacial aguifer, were
compared to better describe the flow system, The elemental
concentrations suggests that the differences in quality are
related to the prevaeiling geologie and hydrologic conditions.
The concentrations of celeciuwm, magnesium and sodium from the
Spokane River and glacizl agquifer adjacent to the Spokaﬁe River
are lowest in the study area, The chemical gradients as well
as the ground water elevation contours indicate flow paths
away Ifrom the river, ‘This suggests recharge is occurring from
the Spokane River. Surface water enters the glacial aguifer
by vertical leakage throuch the river charnel bottom. Soluahle

o

minerals in the geologic frameworlk react with the ground water

winile flowing away from the river aad increase in concentration,
eventually rezching the concentration levels of the regional
crouna water system in the northern port of the ctudy area.

-y

linesr diagram shown in Figure 18
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is
ratic of each cation (equilvalant per million)
total (epm)., For excmple, sample one in Table 11 has 1.06 epm
magnesium, 1,00 enm calcium and 0.12 epm sodiuwm, =Eoch element

represents 49, 4G and 0% of the sanmples total recvoetively. A
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Figure 18 Trilinear Plot of Selected Cations
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single point is plotted for that semnple on vthe diajran,

Sirnificant differences are evident between the consol=-

idated rock water quality, the Spokane River, and the glacial

aquifer water quality. The ground water and river water are
dominantly calcium type waters. The chemical character of

water from the igenous--metamorphic wnits is dominantly sodium .

A close correlation can be seen between the guality of the river

and ground water quality of the zglacial naterial. The data in
this diagram supports the hypothesis that most of the recharge
to the glacial aquifer is coning from the Spoksne River, If

the highlands arxe a major source of recharge, higher concen-

trations of sodium and iron should be observed in water guality

samples obtained from the glacial aquifer adjacent to the Spo-~

kane River.

Zinc concentrations in the glacial aquifer were genecrally
balow detection limits of .01 ppm. Sixty-two of the 82 wells
sampled showed zinec values less than 0.0% ppm, Of the re~
naining twenty samples thirteen samples measured concentrations
of more than .20 ppm., A localized anomoly occurs in wells
located on Harbor Island where the zinc concentrations averaged
0,5 pom. The anomoly on Herbor JTsland is believed to be due
t

o vertical leakage of river water either through the basalt

or along the basalt alluvial contact. Detectable concentrations

of zincin the remaining samples i1s probably related to leach-

in of zinc from galvanized pipes, well casings or holding

It is important to determine why zince is not found in
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~

tne Rotbthdrwn frairice aguiier if rccha?go is ccecurring Jrom the
Snokane River which contains significont zinc concentrations.
Funk and others (1973%) indicated that high concentrations of
zinc were found in the upper few inches of the Coeur d!'Alene
Lake and River sediments., Illitic clays were noted as the
major clay mineral associated with the high concentrations of
zine, This phenomenon is known as iocn exchange, It occurs
between the fiﬁe grain sediments and metal ions, Individaul
metal cations are trapped or held in the sedimentary structure
of the clay particles by the electrical properties of the clay
sediments. Reddy and Perkins (1974) studied fixation of zinc

by clay minerals and conciuded that zinc was fixed as a result

<
Q

of 1) precipitation, 2) entrapment in clay lattice, and 3) ad-

sorption of exchangeable site. It is believed that much of

W

the zinec from the river water is exchanged and held by the fine

grained river sediments,

Statistical Analysis of Viater Ouality Data

Statistical tests were avnplied to th

o

> water guality data

from the study area to test the hypothesis that the water qual-

ity characteristics of -the Spokane River are significantly

>

different froem the glacial aquifer., The tests were divided

!

into two main topics: 1) fest the hyvothecis that elemeantal

group means arve sismificantliy diflfercunt in the Spolone River
znd the glacial aquifer and 2) classify the water sanple char-
A

acteristics by location eithcr in the Svokane River or the

ground water flow systen.
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The water quality dawl arc ayplicable forvilluutvatin;
recharce characteristics and chanze in water quality data in
the direction of ground water flow., The water gquality data in
the study area were divided into four territorial groups for
data analysis. These gréups shown in Figure 19 are designated
as the Spokane River, Zone 1, Zone 2, and Zone 3. Zone 1 is
an area cloéest to the Spokane River situated in the glacial
aquifer and reflects the lowest ilonic¢ concentrations in the
glacial aquifer. ™The boundary between Zone 2 and Zone % was
arbitrarily drawm between the remaining sample points,

Three statistical methods were apvnlied 1o the ground water
quality data., The Duncan Multiple Range test and the least
significant difference test (lsd) were conducted to determine
whether there is a significant difference in elemental means
exists between the four groups., Hach water sample was class-
ified to the four groups by the discriminant analysis nethod,
The water guality characteristics in each groun were used to
predict individuval sample locationsusing calcium, magnesium
and sodiuwm as the combined estimate. The elemental neans of

alcium, magnesium, and sodiuwm of each group are pr ated in

Table 12,

The least sipnificant difference (1sd) is used to test
the hypothecis that elemental meons of each group are signif-
icantly different from the other groups., The method coupares

two groupsusing similar elemental concentrations rfor each
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comparison, The anplication of this yrocedure.to Tne water
quality data in the study area is cubject to large errers,

As the number of grouwns increase over two, so does the experi-
mental error rate (Steel and Torrie, 1969, p, 107). In es-
sence, as the number of groups increase so does the chance that
the groups will not be found significantly different,

The least sipgnificant difference btetween two means is
given as:

1sd (,05) = t .05 sd

where t .05 is the tabular values of t for error degreec of
freedom, sd is the pooled error variance and n is the number of
observations per mean (Steel and Torrie, 1560, b, 106)., This
value is calculated only once and the tabular lsd value is
found in a statistic table, Xach difference between groupd
means being tested is compared to the tabular 1lsd value., If

the difference is greater than the tabular value, then it is

<

v}

declared sigmificant, If the difference is lesg +than the tab-

Q

uwalr lsd value, it is found not to be significant, The results
of the least scignificant difference method ars presented in
Table 12,

Mo significont differences were found between the Spokane
River and Zcne 1 elemental mean values of calcium,macnesium,
and sodium, This supports the hypothesis that recharge is
cccurring from the Spokane River into the glacial aquifer,

The elemental mean values of sodiwn did not significantly

change thrrougih the four grouvs, The remaining mean differ-
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pattern cf elemental concentrations increasing in the direction
of zZround water flow, as previously discussed, is dirvceily
related to the significant difference associated with Zone 1,

2 and 3., The water quality changes significantly as the ground

water moves away frcm the Svokane River.

Table 12 . + o+ « Elemental Group Means and Statistical Test

Results (in parts per million),

River Zone 1 zone 2 Zone 3 Total Mean
Magnesiuvn 1,75 1.98% 4.4S 12,29 5.13
Sodium 1.56 1,84% 2.46 2.83 2.17
Calcium 5.58  5,09% 11.42 22,55 11,16

*The New Duncan Multiple Range Test and the least significant

gnilficant difference between the

wH

difference test found no s:

T

3 and Zone 1,

porane River

h

h
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The Duncan's Multiple Rance Test was performed to deter-
mine if significant differences exist between elemental means of
magnesium, calcium and sodium for each group. The method com-
pares the difference betﬁeen each treatment mean with every
other trea tment mean by using a set of significant ranges,
dependent on the number of means (Steel and Torrie, 1960,.

p. 197). The Duncan method attenpts to avoid the problem of
using a single tabular value as in the least significant differ-
ence method by using a set of significant range values for in-
creasing group sizes., As the number of groups increase so does
the chance that they will be declared not significant,

The procedure is as follows: similar elemental means
from each group are ranked from highest to lowest, A set of
significant studentized range values are then obtained for
the range of means being tested from a statistic table (Steel
and Torrie, 1960), The significant ranges are then multiplied
by the error mean square of the analysis of variance to give
a set of leacgt significant range values (Steel and Torrie,
1960),

~

The elemental mean differences between the means are

tested in the following order: the largest minus the sccond
largest, the largest minus the third lergest, and so on until
the seccond smallest minus the smallest is tested, Bach differ-
erence is compared to the get of least sienificant ranzes, If
the difference is below the least significant range, it is

declared not significant, I the difference exceeds the 1sd
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then 1t io coid to ho oaiocoodTicnnt,

This method was appliecd to fhe lonic concentrations of
calcium, magnesium and sodium from the OSpokane River and
Zone 1, 2 and 3, The elemental mean values of calcium, mag-
nesium and sodium in the four groups showed that no signifi-
cant difference exist between the Spokane River and Zone 1,
A significant difference was shown to exist between Zone 1,
Zone 2 and Zone 3, Mo signifidant difference was found be-
tween the Spokane River, Zone 1, 2 and 3 in sodium concen-

rations., The results obtained were the same as the least

significant difference method,

Discriminant Analvsis

Discriminant analysis was used to classify the water
samples into four groups. A discriminant function determines
the characteristics that are common to each group utilizing
the calcium, magnesium and sodium concentrations of each sample
and predicts the group to which each sample should belong,

This method is useful for classiiying changes in water quality
in the direction of ground water flow. .

The generalized sguaved distance formula, namely the

Mahanobolis D2 statistic, teats the signifiance of group diff-

erences (Xoech, 1970)., A set of discriminant funciions are
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devel the smallest probability
of miss~-clagsification and serves as an index for classifying
each observation into one of the four proups (Snedecor, 1963,
145). The disccriminant functions arc computed fer each

e

sample and a sguared distance identifies the group in which




the observation beolongs.

A summary of the classification performance using the
generalized squared distance formula is shown in Table 13,
The results show that 88% of the observations were classified
correctly, Four observafions from the river were classified
into Zone 1, and three observations from Zone 1 were class-
ified into fhe river group. For Zone 3 and 4, only one ob-
servation from Zone 3 was miss-classified into Zone 4, The
findings indicate that it is difficult to distincuish between
the river and Zone 1 water quality. The water quality char-
acteristics of the glacial aquifer in the area of study were
classified by location in the flow system. This lends support
tc the hypothesis that water is moving from ‘the Spokane River
into the underlying glacial aquifer and water quality values

can be classified according to its location in the flow system,




Table 13 . . . . Discriminant Analysis Prediction Results for Sample Location

Based upon Combined Cation Values of each Sample,

Predicted Group lMembership

No, of Group 1 Group 2 Grour 2 Group 4
Actual Group Samples (Spoxane R,) (Zone 1) Zone 2) (Zone 3
Group 1 (Spokane R.) 17 13 4 0. 0.
Group 2 (Zone 1) 17 3 14 0. C.
17.6% 82 ,4% 0.0% 0.0%
Group 3 (Zone 2) 17 0. C. 16 1
Group 4 {Zone 3) 17 0, 0. 17
0,0% 0,0% 0.0% 100.,0%

b[l



RY AID COICLUSTIONS

The ground water system in the southern portion of the
Rathdrum Frairie was selected for investigation to describe
recharge characteristics from the Spokane River above FPost
Falls into the Rathdrum Prairie aquifer., Wells located in
the metasedimentary and glacial aguifers were inventoried,
water levels and quality samples were taken 1o determine the
ground water flow conditions and the areal distribution of
selected cation concentrations in the Coeur d'Alene-~Post Falls
area,

Wells in the southern Rathdrum Prairie aguifer yield up
to several thousand gallons per minute Oxfliers of bagalt and
Pre~Tertiary rock units generally yield only sufficient cusn-~
taties »f water for domestic use

The water table configuration in the Coeur d'iAlene-Post
Talls area ‘ndicates ground water movement away from Lake Coeur
d'Alene and the Spokane River., The regional ground water table
map indicates a growund water divide exists at the northern
boundary of the study area, It extends west from Hayden Lake
to the Washington-Idaho border.

Data wos obtained on the geologic and the hydraulic con-
ductivity values of the glacial outwash and alluvial sediments,
In situ variable head and conctant head pernicablility tests
ware conducted to obtain hydraulic conductivity values of the

upper porticn of the alluvial sediments., Specific caracity
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dirba were used Lo cctimate hydrauilic conductivity valueo,
Distinet differences in hydraulic cconductivity between the

-

alluvial and glacial outwash nmateriais were found., Vell logs
confirmed the existence of fine grained alluvial sediments
overlying the glacial oufwash in the Spokane River channel
extending from Lake Coeur d'Alene to the VWashington-Idaho
border,

- Temporal fluctuations of ground water levels show that
the flow syctem responds to short term pericds of recharge and
no recharge, Distinct similarities between long term fluctu-
ations in water levels and long term fluctuwations in precip-
itation were observed,

Samples were collected in August, 1975 -from 83 wells in

the study area, The samples were analyzed for six cations,

pH and E.C., The chjectives of the sampling program were to
document concentrations in the Spokane River and the ground
water system and determine ground water flow conditions and
recharge characteristics near the Spokane River, Concentrations
cf selected cations indicated water movement from the river
into the aquifer system,

The following conclusions were drawn from the study:

1. Recharge occurs from the Svokane River into the Rath—
drun Prairie aquifer in the reach from Cosur d'Alene
to Post Falls., This recharge is shown by water level
and gquality data, The rate of water contributed by
the OSpokane River to the ground water system above

Falls is anpproximately 225 cfs or 160,000 acre




feet per year.
2. Data obtained from specific canacity tests o
significant differences in hydraulic conductivity
throughout the southern Rathdrum Prairie, The hy-
drologic properties or the recent alluvial material
provides the main control for the movement of water |
from the Spokane River into the ground water system.
3, The long term water level trend indicates ground water
levels have declined about ten feet since 1949, but
have remained relatively unchanged since 1964, Short
term water levels respond to periods of recharge and
no recharge,
4, Although zinc is a common ceonstituent of the Spokanc
River, it is not found in the ground water, The zinc
is believed to be held in the sediments along the river

bottom because of exchange and absorption properties

of the river channel sediments,
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A better understanding of the recharge characteristics

ground water flow systems in the Rathdrum Prairie is nec-

essary to help planrers and future investizgators plan for in-

creased ground water usage. The following recommendations are

presented to heln achieve the necessary level of understanding:

1. Del:neate the recharge zones from Lake Coeur d'Alene

to the Washington-Idaho border. IMore data is needed on

a, vertical and horizontal hydraulic conductivity
data of the 2lluvizal sediments.

b. don exchange and absorption characteristics cof
the firne grained alluvial sediments,

c. detailed mapping of the alluvial sediments.,

d., verticel leckage patterns through the channel
bottom deposits,

2, Expard the ground water level moniteoring sites to

include the entire Rathdrwa Prairie. More information on

ground water movement within the city limits of Coeur d'Alene

and

ground water flow oystem at

the

<2

along the Speckane River is needed to better define the

uifer boundary and document

ct
e
@

o
0

long term water level changes,

~

3s Develop a bascline water cuality monitoring nrogram

to include selected cations, anions and heavy metals. Water

guality data help to deline “the grcund water flow patterns

and

areas that may be impacted by volluting sources

4. The use of specific capacity tests are limited in




their usefulness, rYoartial penetration, well loss and hydro-
ceologic boundaries can adversely affcet the actual hydroulic
conductivity values., Additional hydrologic data on the aquifer
system should be "atherﬁd using constant discharge pump test
techniques,

5e There is a need for hydrologic planning and man=-

agement of the resource, At present, ground water is a re-
newable resource, Demands for water will increase in the future
as well as potential for water aquality degradation, Planners
should be aware of the potential problems associated with re-
charging water that may develop and the pollution hazards to

the ground water system. The following considerations provide
the means to forecast potential water problems:

a. aevelon an inventory system which shows water used
and water available for a sustained yield,

b, artifical ground water recharge should be considered
as a viable alternative when considering conservation
and disposal of runoff and supplementing ground water
supplies,

¢, The ground water divide separating the mzin prairie
ground water system from the Coeur d'Alene~Tost Falls
system provides site specific boundaries for zround
water and land use based decisions, The two Ilow
directions are important in considering sewasge disposal

areas, artificial recharge sites, and subdivision

locations.
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RECORDS OF REPRESENTATIVE WELLS IN THE

SOUTHERN RATHDRUM PRAIRIE AREA




Appendix & . . , Records of Representative Wells in the Southern Rathdrum Frairie Area.

Land __kater Level
Hell Casing Surface Below Water
Depth Diamater Altitude Land Yieiding Pump
Well Owner (ft (ft) (ft) Surface Date Material Type Use
50/4/1beb 8111 Ulrich 235 6 2230 193.7 9-1975  Sand, S D
gravel
50/4/%ccd City of Coeyr d'Alene 209 18 2238 187.3 9-1975 » T M
5071/ 2dno it 235 12 192.0 1953 " T I
202(?) 6 - - . S D
1 .\o row 200 6 - - " ) D
c2ur d'Alene Golf Course 156G 8 2202 155.9 9-1975 " S .1
193 6 2170 136 4-1948 " S D
4 D Trailer Court 203 5-5/8 2795 146 1962 " S D
oa* 176 6 2168 125 9-1945 » S D
Cn / of Coeur d'Alene 350 18 2243 233.8 9-1975 " T M
Travis 210 6 2205 181.0 9-1975 " S D
Gerich 236 6 2230 205.3 8-1975 " S D
Bic=nd International 201 g 2145 C 9-197% " S 1
City of Huetter 183 12 - - " T M
1 ant J Foods 175 6 C 9-197% " S D
g 260 6 2181.7 130.5 9-1475 " S 0
200 6 2184 170.0 1943 " S 0
215 6 2187 136.6 9-1975 " S D
360 6 2243 233.75 9-1975 " S D
v Gept. Rest Area 350 8 - - " S D
"‘w st y District Office 325 6 2155 141.0 b
Hiit Grocrers . 190 8 2175 151.2 9-1975 " S D
Harry Cright 202 6 2180 160 9-1975 " S D
w. Snockley ) 153 6 2156 i29.2 9-1975 " S D
N. Shockley 161 6 2155 136.5 9-1475 " S D
R. Livingston 145 6. 2155 136.3 9-1975 " S D
Witbur 170 8 2155 136.0 §-1975 . S D
SC’G/’Lcc Mitson 153 8 2155 140.7 9-1675 " ) D
S0/4/5¢cbt Galloway (abandoned) 145 $ 2155 137.3 9-1975 " S 0
58/45/5¢kd Koss 214 6 2155 141.3 §-1975 b S D
Ju/«n Séca C. Gailoway 155 6 2155 - - " S D
AT ST Y Osterson 161 6 2155 136.0 6-1975 " S D
50/%/553d¢e Huetter Speedway 163 6 2155 125.1 8-197¢ " S D
E‘Orw/wdq L. Grimm 135 6 2155 113.4 9-1975 " S 1]
53/4/5<ad A and K Lab. 180 6 2155 - - " S D
£0/4/5¢cda Fred Hazel 178 6 2155 - - " S D




Appendix A , .

. Continued

Land Water Level
Weil Casing Surface Below Water
Centh Diameter Altitude Land Yieiding  Pump
Well Owner (ft) (ft) (ft) Surface Date Material Type Use
50/4/5¢cd2 M. Fox 168 6 2155 - - " S D
50/%/5¢cad Gookstetter 278 6 2250 247 1968 ” S D
5C/4/5dac J. Peters 216 - ) 2160 157 1953 " S ]
8C/3/5¢cd2 0. Drapoau 150 6 2155 127.5 6-1975 " S D
Sa/&750ba Roval #ighlands 375 12 2340 " T D
50/4/550d Idako State Fish and Game Dept. 325 6 2227 206.4 9-1949 " S D
£0/4/6cch Pine Villa 205 12 2175 160 " T D
50/8/7tch Eubtest Camp 249 6 2157 153.5 9-1975 " S D
53/3/7addl Snock 169 6 2140 " S 0
50/4/7add2 Gashiell 229 6 2140 - - - S D
£0/4/7add3 Lussier 130 6 2140 - - Sand, S D
. gravel
5073772444 011 437 6 2140 - - Granite S [}
§5/4/7¢cde S. West 50 6 2400 - - b S D
53/4/7dce Chambers N 6 2400 35 1871 " S D
50/4/3aab F. Elkins 163 8 2155 129.5 9-1575  Sand, S D
gravel
Galloway 144 7 2142 108.0 9-1949 . " S D
50/4/55bh Galloway 171 8 2145 133.0 9-1975 " S 0
50/4/2ada2 J. C. Hampton 135 6 2140 78.6 9-1975 " S D
50/478%adal C. Johnsor 135 6 2140 - - " S D
50/4/82dal J. C. Hampton 45 ) 2140 3.0 9-1975  Sand, S I3
gravel,
pasalt
50/4/&bch R. Johnson 210 6 2140 102.0 9-1975 " S D
50/%/ Ebbe Stockings 165 6 2140 - - " S 0
50/4,8ddd G. Arthur 235 6 - 12 1871 Granite S 0
50/4/8cda R Tayama 300 ) - 30 - 1672 " S D
50/4/9bba Diamond Internationat 160 7 2138 124 9-1949  Send,
gravel
50/4/10aad Icahe Forest Industries unknown 8 2160 88.9 9-197% " a a
50/4/1Caab Bouleverd Motel 159 [ 2190 134.6 9-1975 " S D
50/4/1Canh Central Pre-Mix urknown 12 - - " T D
50/4/10bbb Idaho Forest Industries 125 8 - - " T D
50/4/11bbb Cement Company unknown 6 2240 187.5 9-1975 " 1
53/4/12¢dc City of Coeur d'Alene 270 8 2220 164.5 9-1975 " T M
50/4/12¢cbe City of Coeur d'Alene 295 18 2221 165.1 9-1875 " T M




Appendix A . . . Continued

Land _ hater Level
Veil Casing Surface Below Water
Depth Diameter Altitude Land Yielding  Pump
Well Owner (ft) (ft) (ft) Surface Date Material Type Use
2118 Agua Terrace i 12 2145 1.2 6-1975 Tuvium ]
/ 285 - - Granite D
/ 180 - - Basalt D
/i 80 - - Granite ]
/3 , 209 - - " D
371 wishington Vater Power 231 30 2192.5 187.0 9-1975 b T I
[nterstite-Plastics 243 8 2200 198 " S D
Trailer Park - 256 12 - - " S b
City of Post Falls 279 30 2166 193.9 9-1975 " T M
Syruns 202 6 b S 0
Ieaho Yeoneer 210 8 2176 175 1973 * S D
nrcegdniller 200 26 ) " T I
frashyterian Bible Camp 175 6 b S D
Jderrson 159 G - - " S D
132 6 - - " S D
200 6 - - " S D
149 6 2135 124.2 9-1975 " S D
275 6 2260 257.3 9-1975 " S D
297 20 2245 Sand, T M
gravel
281 18 24 " T M
231 6 2233 215.8 9-1975 " S D
ph 283 6 277 " S D
rial Cemetary 280 30 2240 220 1974 " T I
Deiiting 330 g 2250 234.0 9-1975% " No Pump
oriilirg 330 8 2245 - " S 0
Aoris 301 [ 2265 252.3 §-1675 " S D
310 30 2260 255 " T I
275 6 2270 " T I
297 33 2270 260 1972 " T I
Mica Inc. 348 12 2270 265 1974 " S D
51 E. weiler 285 2250 231 1974 " S D
51/4/294¢d T. Brichertt 268 18 2265 " S D
5i1/4/31dad G. Armistrong 420 20 2340 352 1973 " S D
51/4/32zacc T. Bricnertt 318 18 2260 272 1975 " S ]
51/4/32¢0¢ G. Armstrong 343 H 2270 " S D




Appendix A .

. Continued

Land __Water Lavel
dell Casing Surface Belcw Water
Dizmeter  Altitude Land Yielding  Pump
wall Ownar (ft) (ft) (ft) Surface Date Material  Type Use
51/4732edd J. Sirmons 315 8 2270 Sand, S D
gravel

51,’4/333cc Idaho Forest Industries-Industrial Park 335 20 2264 261.2 9-197% " T Io
; G. Armsirong 332 264.0 1970 " S D
G. Armstrong 286 6 2260 N S D

Senzedniller 247 b
Acbs 280 6 2255 " S 0
Hudsen 256 7 2250 " S 0
U. S, Forest Service Nursery 280 8 2257 " T 1
U. S. Forest Service Nursery 270 24 2245 237.0 9-1975 " T I
U. S. Forest Service nursery 320 18 2245 * T I
U. S. forest Service Nursery 270 18 2245 " T I
S. Fest 223 6 2230 " S 0
G. Lad 279 6 2250 240 1960 " S ]
f. Fuiler 250 ) 2220 196.0 9-1975 " S D
R. Tullar 218 6 2220 " S D
B. Gordon 296 15 " S 0
T. Hoffman 253 30 2240 208 9-1375 " T b
U. S, Dureau of Reclamation 280 19.25 2161 165.0 9-1975 v T I
U. S. Dureau of Reclamation 276 15.25 2162 - - " T I
Y. 5. Lureau of Reclamation 326 19.25 2163 - - " T 1
U. S. Bureay of Reclamation 290 19.25 2163 - - " T I
U. 5. Bureay of Reclamation 330 15.25 2164 - - " T 1
a P. Bolsei 270 6 - - - " S D
a H. Johnson 238 32 - - - " T 1
I3 Urknown 306 12 - - - " S D
£l U. S. Bureau of Reclamation 230 19.25 2145 156.0 9-197% " T 1
L2 L. S. Bureau of Peclamation 256 19.25 2146 - - " T 1
b3 U. S. Burzau of Reclamation 257 15.25 2146 - - " T I
% U. S, Burcau of “*cmauon 239 15.25 2147 - - " T I
25 U. 5. Burcau of Reclamation 263 15.25 2146 - - " T 1
b€ U. 5. Bureau of Reclamation 256 15.25 2145 - - " T I
‘-’x U. S. Bureau of Reclamation 273 19.25 2153 161.0 9-1975 b T 1
51/5/254ca U. S. Bureau of Reclamation 270 18.25 2151 - - " T I
5?/4/2&::\1&5 U. s, Euran of Reclamation 254 15.25 © 2153 - - " T I
51/5/33bbal  McGuire (U.5.6.5. observation well) 174 60 2137.6 150.5 9-15-75 ® T I



Appendix A . . . Contizued

Land Water Level
Well Casing Surface Below Water
Depth Diameter Altitude Land Yielding  Pump
heil Oviner (ft) (ft) (ft) Surface Date Material Type Use

§1/5/3¢ada City of Post Falls 285 20
51/5/3dath City of Post Falls 276 20 2218 - -
51/5734ak4 City of Post Falls 275 24 2215 223.4 9-1975
51/5/35acc Ross. Pt. Irrigation Dist 230.6 14
a
N
b
I
10 = Industrial
M = Municipal
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