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ABS'flRAC~P 

fvTany industrial, municipal and domestic water users on 

the Rathdrum rrairie depend solely on water from the u.nder-

lyi:n::r grolmd Hater flov-1 t>~tstcm. 1'he source and character of 

recharge to the aquifer may be sig:~1ificant constraints on the 

futllre development of the Rathdrum Prairie. 

The ground water system in the southern portion of the 

Rathdrum Prai·rie in Idaho was investigated to determine the 

characteristics and magnitude of rechar8e to the glacial 

aquifer from the Spokane River in the reach between J~ake Coeur 

d'Alene to Post Falls. Particular emphasis was placed upon 

the occurence of zinc .in the flow regime, originating from 

long term mi11.ing activities in the Coeur d'Alene-Spokane River 

drainage. 1'he s'tudy, conducted in the summer of 1975, in­

cluded measurements of water levels in wells and collection 

of ~a:nples for quality analysir.5. 

The configuration of the water table near the Spokane 

River indicates recharge through the channel bottom. The 

hydrolGeologic conditions of the glacial aquifer indicate 

an average hydraulic conductivity of 10,000 gallons per day 

per square foot~ Results of the st1zdy show that fine grained 

channel sediments largely control the magnitude of recharge 

through the channel bottom. The rate of ground water recharge 

from tho Spokune River above Post Falls in estimated to be 

230 cubic feet per second (cfs)~ 

vt 1. i 



an important indication of ground water movement and recharge 

characteristics. Studies of selected cations show that con­

centrations increase away from the Spokane River into the 

aquifer system. Comparison of the water qu~lity data reveal 

that no statistically si[;nificant difference exists at the 

• 05 level of signifi.cance betv:ee:n the Spokane River and the 

glacial aquifer adjacent to the river~ Concentrations of zinc 

in the ground water system are fou..nd to be generally belov1 

0.01 parts per millen (ppm). 

ix 
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An investigation was initiated in 1975 to analyze the 

ground water-surface water interrelationship in the vicinity 

of the Spokane River from Lake Coeur d'Alene to Post Falls 

in Northern Idaho with particular emphasis on heavy metal con-

centrations from historic mining activities upstream. Ground 

water development in the southern Rathdrum Prairie has evolved 

from prima.r.ily domestic and municipal use in the 1950's to 

an agricul tura1 and enlarged municipal and industrial base at 

the present tin1e. 'fl'he southern Rathdr·um :Pralrie area is ex-

periencing one of the faGtest population gro~:rths in Idaho. 

This study was conducted to describe the w~ter resou~ces 

of the area to provide the basis for resource management. 

The study area~ located in Kootenai County, was limited 

to the southern portion of the Rathdrum Prairie from the city 

of Coeur d'Alene on the east to Post Palls on the west. The 

southern boundary itlas the edge of the consolidated bast-~m.ent 

material and the lake. An arbitrary northern boundary lies 

along the line common to to·v'lllShips 50 and 51 north~ 

Ob~ect.ives _...:.J_ . ....._.._ __ 
The objectives of the study we1:·c 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 spacific emphasis on 



de tcrmj.ninc the direction. of ;:jl'OU:"'.c1--.·:~: t cr :novc:;1cn t 

and the amount of the reche~I .. rr,e f~com 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. IvTeasure the concentrations and areal distrib­

ution of cations in the ground water and surface 

water in the Coeur d'Alene-Post Falls area. Partlc­

ular emphasis was placed on zinc concentrations from 

historic mining activities in the Spoka.11e River­

Coeur d'Alene River drainage. 

2 

5. Utilize the quality characteristics of the water 

resources in the area to identify recharge character­

istics to the southern Rathdrum Prairie aquifer. 

Desc_t~i-otion of the §tu_dv A~ 

The Rathdrtm Prairie covers an area of approximately 

234 square mi.les in the northern panhandle of Idaho (Fieure 1). 

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

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

extends from Lake Coeur d w .1~ .. lene on the east to the Tdash:i.ngton·­

Idaho border on the west. A thick and extensive fill of very 

permeable glacial outwash m~tcrial forms the Rathdrwn Prairie. 

Granitic and metamor:p:hic (consolidated) rocks form the 

surrou.YJ.ding mountr:·.in::.1 and b:::t~;erJent complex. :rhe Sel}:irl:- I1'iou..."'1-

tains are located nor-th\·;r-:st o:f the Prairie, wi::.ile the 
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Coeur d '.Alene Hount;.lins for:n ·the ltni t oi:"' the rrair ie to the 

south and east. The surrounding mountains rise to elevations 

of 5,000 feet in places. 

The climate of the Rathdrum Prair.ie is influenced by 

maritime air masses i.n the \'-.'inter and semi aY."id continental 

air masses during the SUL"r.mer moYlths. Annual climatological 

data for the Spokane-Coeur d'Alene region are sh.ovln in Figure 2. 

The annual pr8cipitation at Coeur d'Alene, Idaho is 25.03 inches 

with minimum monthly precipitation occuring 1n December (U.S. 

Weather Bureau, 1975) .. The average daily temperature in July 

is 70° F. and the average daily temperature in January measures 

2?° F. The evaporation rates are the highest during July with 

a maximum pan evaporation rate of 12.14 inches per month. 

An isohyetal raap was constructed using data from 23 clim­

atological stations in the area (}~igurc 3)"' The precipitation 

varies widely with season, elevation and location. Total 

annual precipitation increases rapidly i.nto the mountaina to 

the east. 'l'he change in annual precipitation from south to 

north varies only slightly. The avcrace precipitation near 

Nt. Spokane is approximately 4-0 inches. 

The Spokane R.iv cr is the; only majcr stream crossing the 

Rathdrum F.rD . .ir1e and is the x~::::.tural outlet to Lakf~ Coeur d'Alene. 

It flows wcstvrard, eventually d.iceharging into the Col'ltu.tbia. 

River. The Spokane Hiver parallels the southern boundary of 

the RathdrUJ.Il Pra1rie betwec!'l l'ost Falls ar1d Coeur d'Alene. 

Records of streamflow discharGe are available for the 

gauging station at Post Falls from 1913 to the present (U.S. 
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Gcolo~ic s~~vcy, 1975). Tho mcnn m2nthly disc~n~ce of t~c 

Spokane River at 1)ost Falls is illustrated in Figure 4. rrhe 

peak discharge occurs between April and June, while low flow 

conditions occur between August and September. The maximum 

monthly discharge of 575.,000 cfs or 1,150,000 acre feet/month 

occurs in Hay, while the minimum monthly discharge of 30,000 

cfs or 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 comprise 

a drainage area of oYer 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 capacity of 238,500 

acre feet (Pacific Northwest River Basin Commission, 1970). 

The relationship between precipitation and runoff in the 

southern Rathdrum Prairie is influenced by geologic related 

characteristics. The Prairie is characterized by a gentle slope 

from the northeast to the southwest underlain by a thick fill 

of very permeable glacial outv:ash material. Consolidated rocks 

for-m the surro1mding mountains. A drainage pat tern has not 

developed on the pl'ai.rie surface because of the high pernea­

bility of glacial outwash. Only a small fraction of the surface 

runoff is directly tri.butary to the Spokane R.iYer. 

Pield investigations for the study were condu.cted during 
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the months of July thru Septcnber, ·19'1 '5. A data collection 

pro[;ro.m wo.s designed to r:o..ther t;eoJ.ogic C3.t::t nnd inform2.t5.on 

on ground water levels and quality. Geologic 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 

flov1 characteristics. Eighty-eight representative \•later quality 

samples were collected. These samples were analyzed using the 

atomic absorption speetrophorneter at the University of Idaho 

and were collected and analyzed in accordance \·Jith methods 

recow.mended 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 aquifer 

systems and the Spokane River. 

The interrelationship between the Tertiary basalt flov;s 

a:nd the occurrence of micaceous clays i.n eastern ~~'lashi.ngton 

and northern Idaho v.ras ·f~Lrst di.scus~:H:::d by Russell ( 189?, 1901). 

He postulated that the thick accumulations of clays were in­

terbedded between the basalt :fl~\·Js. Pardee and J3ryan (1926) 

described the flora and geolo;;y of these clays and named it 

the Latah formation. Thoy n•.)tcd 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. 
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Idaho was conducted by Calkins (1909). He described the areal 

extent of the Belt sediments near Lal:c 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 elacial activity. He felt Pend Oreille 

Lake was formed 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 Rathdr~~ Prairie and Spokane Valley 

fill material was made by Flint (1937). He concluded two periods 

of aggradation occured in the Rathdrum Prairie, an older de-

:posi t of stratified glacial drift and a you:n.gcr outv.rash fill. 

The glacial drift and outwash consist mainly of agrillite and 

quartzite fragments. Bretz (1923) postulated that several 

glacial episodes have occured in the Rathdrum Prairie area. 

He noted that the channel scablands in eastern \Jashin~ton were 

i"ormed by gl2.cial fed streams which scoured the area, exposing 

the underlying basalt. The water orit:;inated from the Cor­

dtlleran ice sheet which advanced several times into the Rathdrum 

Prairie. 

The first grovr1d water 1nvestie;ation in the Spokane Valley 

and the Rathdrum Prairie was condu.cted by l)iper and T.;aJlocque 

(1944). They described the relationship between the Spokane 

R.iver and glacial outwash aquifer. They noted that the Spokane 

H.iver from Coeur d'Alene to approximately Otis Orchards was a 

losing stream wh.ile the reach extending west of Otis Orchard 
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was a c:aining stream. The U.3. Geological Survey, in conjunc-

tion \·Ji th the U.S. B11rcau of Hccla~?~tion, ini tinted a ground 

water investigation from January, 1949, to DeceQber, 1950. 

In that study, water levels were measured bi-monthly in wells 

th"Coughout the prairie, and v1ell legs were gathered from most 

of the wells in the area (Fader, 1951). 

A water balance study for the RathdrtL'll Prairie was con­

ducted by Pluhowski and Thomas (1968)" They estimated that the 

total ground ~Tater underflo\'1 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 r;round-water conditions existing in northern Idaho 

near Athol v;as described by the U. 3. Geological Survey {Ham:rnond, 

197 4). Gravity geophysical techniques \'lere used to estimate 

the depth of the glacial out·vlash in the area. Hammond con­

cluded that the thich.TLess of ·the glacial outvrash near Rouri.d 

Hountain v;as 1 500 feet. 

An estimation of the contribution by precipitation to the 

Rathdru111 Prairie aquif~r \•las made by Neneely ( 1951). He con­

cluded that 6.0 inGhcs of the mean an:nu2..l precipitation at 

Coeur d'Alene ·is consunptivel:-:t used and the rema.inirlg portion 

of the annual preci.pi tation ir:~ direct recharge to the glacial 

aquifer. 

Anderson ( 1951) conducted ::~. hydrogeoloGical reconnaissance 

study of the Hathdrum Prai.re for the U.S. Burea.u of Reclamation. 

He estimated that the qut1J'1 ti ty of recharge from the Spokane River 
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conrser p:ravels and boulders dominated the center of the praj_rie 

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 Cotmty, Washington \·las 

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 ( 197·1). The depth to consolidated bedrock and the types 

of fill in the Rathdrum Prairie and the Spokane Valley were 

examined. Newcomb postualted the presence of basalt and Latah 

clays beneath the gl<:tcial fill materials, but Crosby concluded 

the valley fill materials are all glacial fill materiala. He 

noted that the glacial outwash three miles west of Post Falls 

vias 500 feet thick~ Considering th.i.s thickness and the range 

in depth to ground v12:..tcr of 130 to 270 feet, the saturated 

thickness of the aquifer may be as great as 350 feet. Crosby 

al.so noted that basaJ.t and IJ;.~:tah clay cccur as scattc:ced rem­

nants throughout the I'rairie. 

Rorabaugh and Simmons (1966) proposed that artifical re­

charGe from the Spoknne River to the glacial ou~1ash aquifer 

could be achieved. ~ater would be recharged into the aquifer 
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be discharced into the Spokane River. 

The u.s. Geological Survey has used a well n~~bering 

system in the state of Idaho to locate wells with reference to 

+h B . B 1. d IT • d. ( 1::\. ,.... \ ... e oJ.se ase .1.ne an ··~er 1. lan .c 1gure ? 1. The example of well 

51/4/21ccb1 will be explained. The first two parts of the 

number siznify the tovmship (51) and range ( 4). All town-

ships will assume to be north of the Boise Baseline and all 

ranges west of the r:reridian. The third part gives the section 

number ( 21) follov1ed by the quarter section (c), the 40 acre 

tract (c), and the ten acre tract (b). The la;:;-t; number signi­

fies the well number within the ten <:\ere traet ( 1). 
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The hydroGeolo~:;ic c1:ar.Jctcri:::>ticD of the southern H3.t!vlrum 

Prairie were analyzed to describe the control for water move-

ment from the Spokane Riyer into the glG.cia.l aquifer and deter­

mine the direction of ground vvater movement., J The major sources 
I_ 

of recharge.to the glacial aquifer are direct precipitation 

upon the permeable soils of the Rathdr1.1m IJrairie and dov:nwo.rd 

percolation from the Spokane River. J 
The ~v-Tater bearing rock u:ni ts in the study area consist 

of the Pre-Tertiary igneous and metasedimentary rocks, Tertiary 

basalts and clays, Quaternary glacial der)osi ts and Recent allu-

vium. Ground water occm"s i.n the glacial aquifer under water 
. 

table conditions.. Grotmd water levels generally rise during 

the late winter and spring, and decline through the summer 

and fall. Tbe configuration of the water table near the .Spokane 

Hiver indicates movement away from the r.iver, bet"v·ieen Post ~Fa1ls 

and Coeur d 1 Alene. 

Geohvdrolor..ic Ilock u_· nits ___ ...__~-
A recom1aissance study o~f the hydrogeological cond.it Lons 

existing in the Coeur d 'Alene-l::ont Palls area was cor:ducted 

in the su~mer of 1975~ ~ost seolocic information in this thecis 

was obtained from publications, reports, well logs, and per-

sonal communications \1i:t~ local :.r."'esid.ents... Feild. investi.ga tion 

were conducted to substantiate the basic information and de-

scribe local areas of intere3t. ~ell loes for the area were 
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drilling operations in the Spokane River channel were obtained 

from the Idaho Dept. of Highways (1975). A general geologic 

map of the area is provided in Figu.re 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 

Superr;roU}) (Griggs, 1973). Several small basalt terraces and 

outliers lay just to the south of the Spokane River. 2.'he Rath-

drum Prairie is underlain by an extensive fill of highly per-

meable Quaternary glacial deposits of generally unkno\m dep-th. 

Recent alluviuxn 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 Supergroup, f'orm the highlands 

south of the Spokane River and comprise the basement rocks 

u ... 11derlyi:ng the Rathdrum J?rai:rie. Ca1kj_ns ( 1909) \Alas the first 

to investigate the Belt sedimsnts. Anderson (1940) divided 

the Belt sediments .Ln. Kootenai County, Icl2.hos: .into six for-

mations 2Ld identified them as the Pritchard, Burke, Revet, 

St. H.egis, 1,·iallace, ar:d Striped :Fcuk .formettion~J. Hol'e than 

25,000 feet o£ Pre-Tertiary sediments are esti8utcd to exist 

in Kootena.l C ol.rnty (Anderson, 19trO, p. 11'')) u,. 

delineated t~u: Fre-·l'ertj_<lry roc1:s in the~ study a.:r·ea and des-
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scdi~cntc in the study nrea are extrcmcly fine ~rained, con-

sidered undifferentiated gneisses , quartzites, shales, argil-

lites, and impure limestones. Calkins (1909, p. 28) noted 

that they were deposited in shallow waters. No conglomerates 

are observed in the serie3. Ripp1e mJ..r1cs and ~>un cr~lclcs oecur 

throughout most of the series (Anderson ·1940, p. 10). 

The Pre-Tertiary rocks are exposed along road cuts in 

the Coeur d'Alene mountains. Quartzites, argillites, and meta-

gneisses are exposed along the Green Ferry Road south of Coeur 

d'Alene. Pre-Tertiary rocks are exposed at two locations on 

the f;outhern Rathclru.rn Prairie: Ford Rock near Post }"o1ls and 

Tubbs Hill on the southern margin in Coeur d'Alene. With the 

exception of a fevl v1ells on Harbor Island which enco1.mtered 

granitic or basalt bedrock, no consolidated rocks were de-

tccted underlying the glacial outwash materials at depths 

less than 400 feet. 

Wells drilled in the older consolidated rocks are used 

for domestic purposes and gene~ally yield only small quantaties 

of water. Ground v1atcr occurs in localized fracture syster.1s 

and upper weatherr·d zones. Fear l3nd surfac(~, v1here reck 

units are weathered deeply 1 local ground v.ratc~r d.Lschar;;e ~~ones 

Occu:r .. a] oncr stoe::)p ·-.] c e~ :~,,-..... ~ "'1'1' tl..,,...,. c--y--.--.1.· nn- r·· nr1 ff·. T·C1'"'l. •')'1 
_,,- ·- 0 l~ s __ ;p >.) Uu .... ..~.. ... b ~ ... G IJ.tJL J.t_) lL~..- 1!- .u. 

The depth to ground \'later varies from ten feet to greater than 

100 feet below land surface. Well loGs show that subsurface 

flow is co:nrnon along the wcathered-1-L.,.l'lleathered contact. Yields 

generally do not e_;-:eeed five ;;;allons per minute with many v;clls 
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yielcLL.n~~ less thc-1.n one 8:.lllon per minute. 

A thick sequence of fine grained sedime~ts, largely silts 

and clays, generally underlie or are interbedden with Tertiary 

basalt flows throughout eastern Washington and northern Idaho 

(Russel 1897, 1901). Pardee and Bryan (1926) proposed the 

name 11 Latah Formation" to these· series of fine grained sed­

incntary layers, The sediments v:ere probably deposited in 

a lake or fresh water environment. The Latah sediments in the 

vlash.ington-Idaho area were deposited directly upon the U.llcon­

solidated granitic or basalt rock surface. Vlhether they exist 

as scattered rem11ants beneath the glacial outwash sediments 

in the Spokane Valley and the Rathdru.xn Prairie at unlmown 

depths is a major controversy. 

The lacustrine sediments were noted by Pardee and Bryan 

(1926) to be composed of micaceous shale and clay, with spor­

adic layers of sand 2.11d gravel occuring throughout the sequence. 

They are relatively impermeable. Pardee and Bryan also stated 

a basRlt conglomerate rests directly upbn the consolidated 

rock surface and grades upv:ards to the clay and shales. IJ:.1his 

conglomerate bed may provide sufficient qun~ti~ics of water 

for domestic use near the consolidated rock mar;ins along the 

Valley borders. 

~rhe thickness of the Latah formation may be as much as 

1500 feet in many localitiea (rar·dee and Brya:!:l 1926), but gen­

erally are only 100 to 300 feet thick throughout Washingtion 
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G:nd I ci .:-t!J.o 

noted a thick sequence of Latah sediments alon~ the hiGhlands 

south of Coeur d'Alene. The thick sequence of sediments are 

for the most part absent in the southern Rathdrum Prairie area. 

Several investieators have tried to locate the Latah formation 

in the Spokane Valley and Rathdru.'"I; Prairie using geophysical 

methods. Newcomb and others (1953), using seismic techniques, 

postulated that the Latah formation could exist at depths be­

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 tec!miques 

near the state line area, and felt that the Latah formation 

is absent beneath the glacial outwash sediments. The presence 

of the Latah formation can only be confirmed by a drilling 

:program. Scattered remnants may exist trxoughout the Spokane 

River-Post Falls area. 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 1.L"1dcrlain by two feet of quicksand. This well 

log illustrates the possibli ty of erosional reriLrJ.ants lying 

beneath the glacial scdimAnts. FoLU:.' other well logs in 50/4/3 

show no similar clay layers. The impermc~ble clay lense appears 

to be localized in areal extent and doed not form a rnajor barrier 

to water movement~ 

Wells in the so~1thern Rathd:t~uln ?rairie have not been 

drilled to Newcomb's postulated upper horizon of 1750 feet. 

It cannot be concluded that the Latn.h formation does not exist 

at these depths, but; it is req.sonable to assume that the J..Jatah 
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elacial 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 

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 scperate 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 through 

the Hathdrun rrairie and southeast into· the Coeur d'Alane 

River basin (Anderson 1940, p. 26). Since Tertiary time, 

erosional processes and clacial activity have removed all tut 

scattered rim rock sections adjacent to the Prairie boundaries. 

Basalt is found both overly j_ng the JJ:tta.h formatio~1 (.Savage 

1975) 2nd rc~Jt.L-1g upon the conc:oliclated rock units in the study 

area. ~he basalt is composed of horizontally lying layers of 

dark gray to bl~ck, deDsc basalt. The general features of the 



Road cuts that expose the basalt prominently display these 

characteristics. 
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Basalt was not found to exist beneath the glacial out­

wash sediments in the study area. Basalt occurs as an erosion­

al reifuJ.ant on Harbor Island~ This basalt outlier forms a 

ridge extending one fourth of a mile long in an east-west 

direction reachine an elevation of 2125 feet. The flow extends 

to a depth of approximately 1900 feet (well 50/4/8bb1). 

Basalt yields only small amounts of water in the study 

area. ~:rater generally moves dovmvrard through joints and frac­

tures and horizontally along flow contact zones. Only one vell 

(50/4/Sbd) is known to obtain water from the basalt. Vertical 

leakage of river water occurs through the basalt. In one in­

stance a well (50/4/Sbcd) 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. 

QJ-.9-t::.t Glacial p_e_q.iments_ 

The older Quo.ternary glacial deposits are observed over­

lying the Pre-Quaternary rocks ln the hi~hlands south of the 

Spokane Hiver. The deposit;-3 are predominantly stratified and 

well aorted opposed to the _poorly sorted you:ngcr glacial out­

wash. The deposits generally overlie basalt and the older con­

solidated rocka in the study area. These deposits are composed 

of basal tic frac;ments, 6TtC:J.:3s:Lc c~nd areilJ.etic sediments 



(51/4/15bdd) located just off the G~ecn Ferry Road, ex~oses 

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 comRon in the area. 

The thin deposits of sand and gravel serve as shallo\'l 

aquifers for homes in the area. These deposits ov-erlap the 

consolida·ted rocks; The yields are generally small due to 

the shallow thickness and small areal extent of the sediments. 

Younger Glacj_al O~twash 

The younger glacial outwash consists of unconsolidated 

cobbles, gravels, sands, silts and clays. The deposits are 

poorly to moderately sorted (Flint, 1936). The glaciofluvial 

sediments comprise the Rathdrum .Prairie and the Spokane Valley 

fill materials. The material ranges from coarse sands and 

gravels to sand and silts near the southern margin. Anderson 

(1915) also statPd that coarse gravels and sands occur in the 

center of the valley while they laterally grade to f1ncr sands, 

gravels and silts :ncar the rrairi.e margin. 

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

knovm, but extends at least 400 feet below land surface. 1dells 

which penetrate these deposits have not encom1tered the con-

solidatcd rocks. The denths to the consolidated base~cnt rocks 

increases quickly- away fro;n the Prairie mar0ins, as indicated 

by gcophy:Jical profiles {.Purves 1966, He\·rcomb and others, 1953). · 



24 

11.' he tot a 1 t h .i c kn c s s of t h c £; lt::. c i a 1 r:Lt t c ria 1 VJ o. G e s t i r~ ~l t c: n by 

Crosby and others (1971) to be 500 to 600 feet near the state 

line on the basis of geological and geophysical data. 

The depth to the water table ranges from 100 to ~)00 feet. 

Newcomb and others (1953) estimated that saturated thickness 

of the glaical outwash 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 

sattL-rated thickness to be approximately 350 feet. The city of 

Coeur d'Alene well (50/4/4ced) has a total depth of 350 feet 

and a saturated thickness of 125 feet, all in the glacial 

material. 

The glacial aq_11ifer produces the largest yields to wells 

in the Coeur d • Alene-Post Falls study area. Coa:t .. se sands, 

gravels and cobbles comprise the unconfined glaical aquifer. 

Yields to wells penetrating the glacial material are large, 

ra:nging up to several thousand gallons per minute. The saturated 

thickness in the study area probably is between i50 2.nd 300 

feet. viell 50/4/4aa has the largest knovln yield in the study 

area. The well was pumped at 6,000 gallono per minute for one 

hou~ v:ith i:'denty-t.hree teet of drawdovrn (City o:: Coeu.l:' d'Alene 

Water Dept., 1975)~ 

~D..lluvlum 

Deposits of recent al1 uvium overlie the t;.....YJ.consolidated 

glacial outwash. The alluvlal. mo.terials consist of streambed 

and floodplain sediments located near the present ch::.nnel of 
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the ~3pokanc Hi vcr ( Gri r;gs, 197))., 'U:.e <:'..lluvi um ex t~n~is bcuea th 

the river channel and ranGes in thic}mcss fror.1 a few feet to 

thrity feet. The alluviUL1 is compo~Jed of cl~y, silts, sand 

and some gravels. 

'I1-vo characteristics of the deposits were noted from well 

log data provided by the Idaho Dept. of Highway·s. First, the 

streambed sediments change vertically from mixtures of silted 

sands and gravels near the top to cleaner sands and gravels 

simular to the underlying glacial out\·Jash. Second, the channel 

sedlments exhibit lateral changes in lithologic character. 

Coarse sands with layers of silt are found in the streambed near 

the Lake Coeur d'Alene outlet. Downstream near Post :B'alls, 

a more fine grained zone of silty sand and gravel occurs through-

out the streambed. It is likely the silty sand and gravel 

layer j_s continuous over the whole reach of the ri vcr channel. 

The characteristlcs of the recent alluvial material are im-

portant in controlling movement of water from the Snokane 

River into the ground water system. 

Svstem -·--

Ground ~vater in the Rathdrum Prai.rie and Spokane "Iallc~y 

is under water table conditions. And2rson (·1951) a1~d Frink 

(1964) canvassed wells and measured ground water levels in the 

prairie. The results of Anderson's study are presented in 

Figure 7. The regional flew of eround water is southwcDt from 
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the aquifer are runoff from the surrounding mountains, infil­

tration from precipitation, leakage from Hayden and rend Oreille 

Lakes, irrigation seepage, and movement of water from the 

Spokane River (Pl1lhowski and Thomas, 1968). The Spokane River 

is a losing stream above Otis Orchards and a caining stream 

below Otis Orchards (Figure 1). I:Iost of the ground water from 

the Rathdrum Prairie aquifer is discharged into the Spo}~ane 

River below Dartford. 

The vlater 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 beneath the Prairie varies froQ 75 to 375 feet. The 

depth to water generally increases from west to 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; upstrea1n of Post ~Falls, ground water to the north 

of the study area originates from Lake Pend Oreille. A gro1md 

water divide is located at the northern bou~dary of the area 

of study and extc.nds north of Hayden I12.ke to })ost Falls (?igure 

7). The presence of two flow directions are 1mportant when 

considering a water balance for the Rathdru..rn Prairie glacial 

aquifer. 
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The elevation of the ~round water surface in selected 

wells in the unconfined aquifer o.f the southern Hathdrum Prairie 

was collected to determine the d1rection of ground water move­

ment and detect historic water level changes. Neasurernents 

of depth to water were obtained from a network of 52 wells 

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

taple or electric tape. The measurements were collected with­

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

effects of seasonal ground \·Tater 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 v;as based 

upon the 1975 data shown in Figure 8. The data on depth to 

water was converted to elevation above mean sea level using 

land surface elevations surv·eyed by previous investigations 

(.Nace a..~d Fader, 1951) or estimated from a u.s. Geological 

topographic map. 

The water level configuration indicates ground v:ater move·­

ment av:;ay from the Spokane l15_ver. Low permeability co~lsol­

idatecl rocks form the southern and eastern boundaries for the 

glacial outwash aquifer. The contribution of ground water 

from these rocks to the glacial nquifer is believed neEligble. 

The contours indicate that recharr;e is occur~r~Lng from the 

Spokane River and Lake Coeur d•Alene into the ground water 

system. Water is believed to percolate dovr;1.ward through the 

river bottom, entering the ground water flo\·l sy;Jten . \'lith 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 v1ater table gradient of three feet per mile to the 

)0 

northwest probably indicates higher transmissive characteristics. 

The water table contours in the study area reser:1ble the 

gradients noted in the regional ground water table map. The 

water table \·las 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 st·udy. The 

ground water divide seperates t·wo distinct flovl directions, 

that of the Rathdrurn Prairie and the Coeur d'Alene-Post Falls 

area. 

Grou·nd \·Tater JJ..ey_s~l C.h;'J.nge~ 

The Rathdr1.urr Prairie aquifer is a dynamic system respond-

i:ng to periods of recharge and no recharge. Direct preci:p-

itation upon the Rathdrum I'rairie and streamflow infiltration 

are considered possible sources of recharge to the glacial 

aquifer cast of rost F2~lls # The cumul2.ti ve dcpartu:res of 

precipitation and streart1flow from the mean monthly o.nd mean 

annual totals are cor..l})ared to historic r;round '..tnter l.cvels 

in the southern J.<J.ttdru1;1 l-='rairiG to d~tcct rcci1a:"'ge t:·ends. 

The only sources of rccl:o..:::::-ge to the Rathdrtnn l'ro.irie 

aquifer are direct })rccil)i tat ion and surfG.ce v;o..ter infiltration. 7 



1975 are available for tv1o v1ells beinr~ monitored by the U.S. 

Bureau of Hecl<:-tll .. ation and fo'ttr city of Coeur d'Alene \·rells. 
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The hydrographs for well 5i/5/28dcl1 and 50/4/22cb are compared 

with plots of cumulative departures of mean monthly precip­

itation and stream flov.r in },i[;-u.re 9. ~rhe mean monthly pre­

cipitation, departu..res and cU.i'Tiulative departures from mean 

monthly precipitation at Coeur d'Alene for the period of' January, 

1973 to Septewber, 1975 arc presented in Table 1. Hean monthly 

streamflo\'1, departures and curnulati ve departures from mean 

monthly streamflo·~" for the Spokane River at Post .Palls for the 

same period are given in Table 2. 

A correlation is observed bet\·leen mean monthly ctu:m.la.tive 

departures from precipi tat.ion and streamflov1 and ground \·rater 

level fluctuations in Pigure 9. Bet\·;een January a.nd October, 

1973, cumulative deficiencies are shovm for both precipitation 

and strec..mflow. The ground water levels responded by declining 

seven feet for the same period. The bela~ normal precipitation 

is believed to have caused the water levels to decline. The 

grou:r1.d \vater levels rooe Bixteen feet from October, 1973, to 

July, 1974 corresrJond.ing to a cu::r(--1_lative p:t'ecipitation excess 

of 13.2 inches. The minimum cro"ttnd water levels of 1974 were 

more than nine feet higher thctu leYels in 1973. ~Che ground 

water level trends in 1975 continued to resr)ond to ctunulative 

de:partttres from. precipitation. Seasonal water level changes 

are effected by either precipitation or streanflo~d patterns. 

The V!anhington \·Eater J?ovJcr Co. stores water in IJake 
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In~ho 

(all values in inches) u.s. Geol. Survey (1975) 

;)c n:)~rturec.:i 

Year J.Ionth i ~l _L rlC llC G f r 'J r ·1 ~: o r:1:1t1l* 

------------------------------~-----------------·------------------

1973 

1974 

1975 

J3.nuary 
February 
Tv.Iarch 
Anril 
1'-1ay 
Juno 
July 
AU[:,USt 
Scntcmber 
Octobr2r 
November 
December 

Total 

January 
}i'ebruary 
T-':arch 
April 
Hay 
June 
July 
August 
September 
October 
!,Jovembcr 
December 

Total 

January 
:?ehruary 
1'-larch 
Ar-nil 
I'1ay 
,June 
.July 
A u:--:·ust 
Sente:·:1ber 

rl'otz~l 

2.96 
.95 

1. 69 
.95 

1 • ·~8 
.99 
.oo 
• 1 6 

2.10 
1 • 14 
8.76 
~) .12 

26.60 

7.54 
2.84 
3.~4 
1 r-1/' 

' • { 0 

1 • E32 
.76 

1 .5G 
.75 
.54 
.06 

3 .. 59 
3.21 

2'1.67 

4-.50 
3 ... 95 
2. /~3 
~.()() 

1 ~ '31 
1 .'/7 
1 .78 
:~ . 1 4-
(J .. 00 

1 9 .~ 8E3 

-.38 
-·1 • 50 
-. 11-9 
-.73 
-.36 
-.80 
-.65 
-.69 
+.79 
-.84 
5.86 
1. 76 

4.20 
,39 

1. 06 
.08 

·-. 02 
-1.03 

• 91 
-.10 
-.77 

-1.92 
.69 

- .. 4-5 

1 • 1 6 
1 .50 

r) ~-

•L) . )2 
-~5) 
-.02 
1 • 1 ~) 
: 2 ,, 

,. - 'J 

- .., • :51 I 

*Normal is defined as mean monthly precipitation. 

-.38 
-1.88 
-2.37 
-3.10 

-4.26 
-4.91 
-5 .. 60 

-5.65 
+.21 
., • 97 

6.17 
6~56 
7.62 
7.70 
7.68 
6.65 
7.56 
7 .. 46 
6 .. 69 
4.47 
5.46 
5.01 

6.17 
7.r17 
7.92 
(3. 24 
7 .. 71 
7.69 
~~. 22 

1 (). 1 1 
[3. 80 



Table 2 • • • • 

u.s. Geol. Survey (1975) 

Strea..11fl ow Departures Cumulative 
in cfG-day .from Normal* Dc1)artures 

Year l\1onth (thousands) (thousands) ( thousa..YJ.ds) 

1973 January 158 -7 -7 
February 126 -70 -77 
Ivlarch 146 -103 -181 
April 166 -283 -464 
r,1ay 182 -4'31 -895 
June 95 -236 -1131 
July 28 36 -1096 
August 18 6 -1090 
September 45 15 -1074 
October 47 -10 -1085 
November 92 -2 -1087 
December 332 178 -909 

Total .1435 

1974 January 630 464 -445 
Februay 384 185 -260 
!>'larch 283 35 -227 
April 633 184 -43 
Nay 780 166 122 
June 801 470 592 
,July 163 104 696 
Aueust 41 19 7'16 
September 45 16 731 
October 53 -47 727 
.November 63 -30 969 
December 61 -94· 602 

Total 3937 

1975 January 87 -79 522 
.Pcbruary 93 -105 1-17 
T\1arch 202 -48 368 
April 231 -218 150 
I'·1ay 701 87 2'37 
June 555 223 462 
July 94 35 497 
Aur;u.st 49 26 524 
Septcr:1ber 53 24 548 

Total 2065 

*Normal is defined as mean monthly ~3 t:.ceamflow ~ 
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1973 1975 
Cumulative de~artures fro~ mean monthly 
precipitation. at Coeur d'Alene Jan 73-S~pt 75 

1973 1974 
.Cunulative departures from mean monthly 
flow of Spokane River at Post Falls 
Jan 73-Sept 75 

Figure 9 Hyd1·or;raph3 of Wells 51 /5/28dd 1 and 50/ 4/12cb and 

Cumulative Departurc3 from ~iean 11onthly Precipitation 
and Flow of the Spokane River at Po~t Falls. 
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Coeur d'Alene by rer;ulation at :i.)o;Jt FallG Darn for pov;cr gen­

eration. Storace is within the n~tur~l storage area of the 

35 

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 tinting into the 

glacial aquifer. 

Lonr£ te:r,m g_rouJl~ water 1 evel c_hane.fi§. 

The long term pattern of ground water level ehanges in 

the southern Rathdru.i11 Prairie were compared with long term 

precipitation and streamflow data for the Coeur d'Alene region. 

2:hirty-three years of continuous water level measurcment:J ( 19!;--2-

1975) were available from a u.s. Geological Survey observation 

v1ell (51 /5/33bba) in the southern Rathdrum :Prairie. Cu:r:ulative 

departures 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 departrtre from the mean annual 

precipitation. During years of heavy prccipi tat ion, the grou11d. 

water levels rise and during drier periods the water levcl3 

decline. No trend was observed between stre2 .. mflow and grotu1d 

\•rater levels. No indication of 1ong term water level declines 

were observed. 

Ground water level measurements i.n ·1949 and 1964 were 

compared \·lith ground water level measurements takell du_ring the 
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S1U'1~lor of 1975 ·to dctermlne lon~ term changes in g:rou.'Y).d \·Tater 

for ,,·;J. t er 1 cvcl mco..surcmen t s in 1 97 5, only seventeen were 

measured in either 1949 or 1964. Table 3 reveals the v1ator 

level changes that occured between 1949, 1964 and 1975. 

Ground water level declines were observed in the study 

area bct'~'feen 1949 and 1964. Water levels were relatively un-

changed over the past twelve years. No wells sho\·red a ground 

water rise between 1949 and 1975. The variations in the ground 

water levels indicate similar recharge characteristics as noted 

in well 51/5/33bba .in Figure ·to~ Precipitation and surface 

water infiltration are probably the major contributions to the 

glacial aquifer system. 

The hydrologic characteristics of the glacial aquifer 

in the study area were evaluated using v:ell log information, 

data from previous studies, and data on 'Hater level elevations 

and s:peci.fic. capacity. Conventional pu.m:p test methods \·Jere 

not utilized. H1}3 to ric '.vell production tests from fou_r v:ells 

n ea_,.-. C 08P!" Cl I ]1 1 an ° { r: l• t'.T of· C () 81JY• d t f\ lr>Y"> P ~·T:·> tP'"" l'nn+ 1 g, ''"'( ~) A- J. • ....t. .. ...._...-;.. C'...., \. ""' 1..; J ~ ,__,_ .... ... .._ • .J. ' - ~ 1 _....,. __ , . ..1. ....._j '-,..,.. J~ V .. ' _. ,.,.1 

and t~'lenty 'dells in the east Grecn.::;.crec Project, U" S. l1u.reau of 

Recla'Uatio:n near Po[5t :Falls, Idc.:':1o (D. S. Dept. of Interior, 

Bureau of Reclamation, 1961) v:ere used to detcrr~ine the aquifer 

characteristics. 

The productivity of a production well lG expressed ac the 



Table 3 • • • • Grou..YJ.d-T-vater Level Changes 1949, 1964, and 1975 

USGS Frink Sags tad Difference Difference Differe::1ce 
1948-49 1964 1975 1949-64 1949-75 1964-75 

I,ocatior.. Elev2.tion ft Elevation ft Elevation ft ft ft ft 

51 /5/34.db2 2002,;,4 1993.0 1993.0 - 9.0 - 9.0 0 
51/5/24ab1 220~'t-.8 1989.2 - -15.6 
51/5/33ab1 1997.0· 1986.2 1989.1 -10.8 - 7.9 +2.9 
5·1 I 4/25co1 2042.0 2017.3 2018.0 -24.7 -24.0 +1 .. o 
5 ·j /4/18dc 1 ') ;") 1 -4 ·-.._u, I .. ) 2003e2 2003.0 - 8.3 - 8.5 -0.2 
5-l jtt /2'7r:id1 I 'T /U. I 2025.0 2010.2 a -14.8 
51/4/29dd1 2011.0 2010.5 a - 0.50 
51/4/35cc1 2023.0 - 2020.0 - - 3.0 
50/5/1aa1 2011.9 2001.5 2002.0 -10.4 - a 9 +0.5 ..,.,. 
50/4/7bci 2013.8 - 2003.5 - -10.3 
5rJ/ 4/5cd 1 2026 e 1 - 2018.0 - - 8.1 
50/ 4/5c~d 1 2027.0 201 •j. 7 2010.0 -15.3 -17.0 -1.7 
50/4/4dd1 2055.5 2066.6 a +11.1 
50/4/4dd2 2055.5 - 2052.0 - - 3.5 
50/4/3dd1 2035.0 2029.0 a - 6.0 
50/4/3cc1 2058.0 - 2051.1 - - 6.9 
50/4-/1 cc 1 2063~0 204-9.7 a -13.3 

\..)' - = no meacureQent taken C:J 

a = well abandoned 
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specific capacity and i:-3 defined a~.:; the ra.t1o of pu~:·1p dis-

ch<: .. r[;C (Q) to drawdu\1!1 {s) or Q/s C.'!alton, 1970). The pro-

ccdure used in each specific capacity test consisted o.f pumping 

the \·!ell at a constant rate !'or twenty-four hours while v;ater 

lev~ls in the well were measured at repeated intervals. 

The specific capacity values were used to estimate the 

coefficient of transmissibility in the area using the method 

of Theis ( 1963). A single dra\vdo\vn 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. Factors such as partial pene-

tration, well losses, type of well construction and hydrogeo­

logic boundaries effect the Gl)ecific capacity. The coefficient 

o~f transmissibli ty values were converted to hydraulic con-

duetivity values by dividing the coefficient of tra::nsmissi-

bi.lity by the saturo.ted thickness of the glacial aquifer. A 

saturated thickness of 175 feet \·!as chosen utilizing well log 

and seismic data. 1Iigh specific capacity values generally 

indicate high hydraulic conductivity and lower specific capacity 

indicates lowe:r hyd~caulic conductivity values (tdal ton, I 970). 

The esti~atcrl hydraulic conductivity values for the glacial 

aquifer arc sho'.-nl in To..ble 4. Vc..luss for the I)o;Jt Fc..lls area 

ranged from about 3300 to 13 1 000 ~allons per day per square 

foot. The results indicate that transmissive characteristics 

. +· ·-) -I- p 11 .1.11 vnc lOS i, ... • a s area arc s;enerally hizher than in the Coeur 

d'Alene a;:·ea. \'fell locs sho'l! thc:-;.t gre:J.tcr percentac:es of coarse 

cravels, pebbles, and sa!lds o.rc present in thr.: ~Post Falls area 
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Table 4 • • • • Estim~tes of Hydraulic Conductivity from Specific 

Capacity Data in the Rathdrum Area. 

Hydraulic 
Pump Specific Capacity Conductivity 

\vell Discharge Drawdo\'ffi (gal per min (gal per day 
Location (gal per min) (feet) per ft drawdov·nl) per sq ft) 

Coeur d '.Alene Region 

50/4/1cc 3600 20.1 180 1800 

50/4/12cb 3900 5.9 660 6700 

50/4/12cc 3100 10.7 290 3000 

50/4/4aa 6000 23.2 260 2700 

Post :B"alls Region 

51/5/29cc1 3768 2.36 1596 16,000 
51/5/29cc2 4000 2.81 1423 14,700 
51/5/29cc3 2400 2.36 1066 10,700 
51/5/29cc4 2400 2.71 885 8,700 

51/5/29cc5 4000 1.65 1453 14,700 
51/5/22bb1 4000 7.52 531 5,500 
51/5/22bb2 4COO 18 .. 64 214 2,200 

51/5/22bb3 4-000 1 •) • 94 335 3,500 
51/5/22bb4 2400 12,96 185 1,900 
51 /5/28dd'1 4000 4-~98 803 8,000 
51/5/28dd2 4.000 2.07 1302 13,000 

51/5/28dd3 2400 3. 1 "3 766 7#300 
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1\lluvi!.l. Fvdrolor~ic Ch:-~.r-:-~·e ~r:-r·5ct~ c:-: ----- ---------------···-
Recharge of surface water to the aquifer by vertical 

leakage through the channel bottom deposits can occur when the 

channel bottom sediments are permeable and the \'later table is 

belo\·1 the surface of the strecull. Recharge rates can vary de-

pending upon: surface ~dater tempertu:re, hydra:1.lic conductivity 

_of the stream channel deposits, the position of the water table 

in the aquifer, and the depth of water in the stream (Walton, 

1970). General observations of the alluvial and aquifer sed-

iments revealed differences .in sorting and structure \·lhich can 

indicate relative differences in hydraulic conductivity. Con-

ventional hydrologic testing methods v1ere also used to deter·-

mine the hydraulic conductivty of the alluvial sediments. 

Alluvial deposits that wer."e observed in the Spo}{ane River 

channel during lov1 flow conditions showed a poorly sorted, 

but very cohesive appearance. The sediments were well com-

pacted and had been severely gullied from stream erosion due 

to river flow at several localities near the Washington-Idaho 

border in the strea..rn channel. The deposits often resembled 

sma-ll rj_dt:;es and valle:~/3, son~etir:-,es one to th:r-ee feet deep a.nd 

several feet long. The ridces exposed vertical slopes of 60 

to 90 degrees siGnifyinG a very cohesive mQtcrial unlike the 

unconsolidated glacial outwash. The binding qualities of the 

mixtures of silt, Gand and cl:'~Y is responsible for this phcncmenon. 

The size clistri butior1. r)~f a ITlo..tcrio__l is :r.-elated to its 
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conducti v it:r. 

hydraulic conductivity for clean sands and gravels and for 

mixtures of sand, silt and clays. Clean sands and gravels can 

have hydraulic conductivity valu.cs ranging from 50 to 100,000 

gallons per day per square foot, whereas values for mixed sand, 

silt and clay range from .005 to 50 gallons per 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 the alllJ_vie,l scditaents~ 

Tv1o seperate testing teclmiques v1ere used to estimate the hy .... 

draulic condu.cti vi ty of the lower and upper portion of the 

alluvial sediments. 

The Idaho Dept. of Highways conducted in,jection tests in 

the Sr;okane Eiver alluvial sediments near the u.s. Highway 95 

bridge at Coeur d'Alene, Idaho (Idaho Dept. of Higlr,·7::lysp 1975). 

The constant head injection method \·r-:ts US(~d to measure the 

hydraulic conductivity of the material (U~So Dept. of Interior, 

Bu.reo.u of Reclc-L.111ation t 1 ~)60). 1'hc lowe.t" five to 30 feet of 

the alluvial sediments v.rcre tested. 

Investigation holes were drilled to a caximun depth of 

30 feet below the botton of the ri v~?r char~.Jlel" The i~·l_jection 
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five feet bclovl land surface. t\. schcr:1o..tic diac:ram depicting 

the equipment used in the pwnping test is shown in Figure 11a. 

The testing procedures consisted of the following steps: 

1. A 3.50 inch (NX) casing was driven into the alluvial 

sedinents 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 deterrnine the discharge into the bottom of the (~asing. 

5. Each injection test was run for five minutes and the 

injection rate was measured once at the end of each 

test. 

This procedure can provide reliable est.i.mates of hydraulic 

conductivity but testing errors are possible (Cedegren, 1967). 

The most frequent cau.ses of error are silting of the bottom 

of the hole, leakage alon~ the outoidc of the casin~, and 

air locking in the sediment2.ry J:r:.tercticc,s. 

The results of the injectio:n tests are :-presented in Tab1e 

5. The head was neasurcd fror:1 the point of \4atcr 5.njection 

to the bottom of the casinc. The data were analyzed using 

an empirical solution to detcrmi11e hydraulic conductivity 
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3chematic o: TI?drsulic CoYJdu~tivity 
Tectin~ Irocedures 



45 

Table 5 •••• Estimates of Hydr2ul.i.c Conductivity from 

Constant Head Injection Tests. 

Injection Rate Head Hydraulic Cor.ductivit) 
(gal per min) (ft) (gal per day per sq ft 

7 15 900 
11 20 1200 

7 20 700 
8 20 BOO 
9 20 900 

10 20 1000 
15 20 1500 

7 25 600 
10 25 800 
16 25 1300 

8 26 600 
10 26 800 
1 1 26 900 
·t2 26 900 

8 30 500 

12 30 800 
15 30 1000 

10 35 600 

10 40 500 
10 45 500 
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developccl by II~~:c~a (19))). '~'h~) ll.J'ttraullc corHluctivity c~~n 

be obtained from 
Q 

K = 2. 75DH 

where Q is the injection rate in eallons per minute, D is the 

diameter of the casing in feet, H is the head in feet, and K 

is the vertical hydraulic conductivity in gallons per day per 

square foot. The values of K range from 450 to 1500 gallons 

per day per square foot. These values indicate the hydraulic 

conductivities of the lower portion of the alluvail sediments 

are much lower than that of the glacial deposits. 

A variable head test was ?erformed in the field to es-

timate the vertical hydraulic conductivity of the upper five 

feet of the Spokane River sGclincnts (J?ir:.~ure 11b). Six invest-

igation holes were du8 along the river floodplain using a hand 

aucer. The holes, with radii o.f four inches, were augered 

to a depth of two feet. An tu~kno·,,:n volume· of water was injected 

into the hole. An initial measurement of head was taken at 

the beginning of the test and a second r:1easuremont of head at 

a later time. The hydraulic conductJv.ity Has determineC. from 

an empirical method developed by the U.S. lJavy, Bureau of Yards 

and Docks ( 1961) utili~~ing the followinc; formula 

K = 
:8. (h2 ·- h1) 

16 DS (t2 - t 1) 
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foot, R is the radius of the au13er 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 fron two to 40 callons per day per square foot. 

Several factors need mentioning that may affect the validity 

of the test results. Cor:1.mon errors during field testing in­

clude inaccurate measurement of water in the hole, displacement 

of sediments vrhile angering, and inhomogeneity of the alluYial 

sediments. The precision and accuracy of the results of this 

test are questionable. 

Discussion of Results 

The estimated hydraulic conductivity values for the allu­

vial sedi~ents and glacial outwash deposits are pr8sented in 

Figure 12. Tho top few feet of the alluvial sedir.1ents are com­

posed of mixtures of sand, silt and clay. Hixtures of ~:1and, 

silt and clay generally have val,Jes that range be tHe en 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 

hydr:1u11c conduct:lvi ty values ra:n;:,i:n~~ from t,:,ro to ten gallons 

per day per square foot. H.esul ts frcnn the varia.ble h .. jad te3ts 

seem reasonable but the chance for distorted test rcs~~ts arc 

large~ Since only two water level measure!~cnts were tnkcn over 

a short period of time very little quantativc data was available 

for preeise analysis. 1.:118 results should. be UfJed Hi th caution. 
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head injection test ranGed from 450 to 1500 gallons per day 

per square foot for the silty r3and and gravel. IJ:'odd estimated 

the hydraulic conductivity of silty sands and clean sands and 

gravels ranged between 30 and 2800 gallons per day per square 

foot. Values from specific capacity tests for the glacial out-

wash ranged bet·v1een 2700 and 13,000 gallons per day per square 

foot. Specific capacity is not an exact entima·te of the hy-

draulic conductivity of the aquifer, 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 dc~po~~its are thus most important in 

controlling surface water recharge from the Spokane River into 

the glacial aquifer. 

The magnitude of recharge to the glacial aquifer from 

the Spokane River east ·of Post Falls vras determined. The Darcy 

equation was u.tili~~ed to comp-:.lte ground water flov.r near the 

Spokane River. Factors contributing to the flow component 

were estimated. A comparison between all previous investi-

gat ions which de: te:::-mined recharge fror.1 th(~ :}pokane Ri vcr east 

of PoGt Falls outlined. 

Recharge to the southern Rathdrl.L"Tl Frairic ground itJater 

system from the Spok~nc River eas~ of Post Falls wns estimated 
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map wo.s divided. into three sections to coupute the flou ccm­

poncnt betv1ecn Coeur u 1 .. A.lcnc o.ncl I'ost ~?all3 (J?igurc 1)). Due 

to the irregular shape of the contours, the t:P~ree sections were 

offset for ease in computine the flow values. 

The flo\·! of ground v:a ter near the Spolcane River Nas cal­

culated usinG the Darcy equation: 

Q = KIA 

where Q is the flow in gallons per day, I is water table grad­

ient in feet per feet, A is cross sectional area in feet, and 

K is the hydraulic conductivity in gallons per day per square 

foot. Well log data indicated that wells near the Spokane 

River in the glacial sediments had 2. maximum satTtro.ted thick­

ness of 130 feet and the \·:ells did not reach bedrock. Since 

depth to bedrock \·ras un1mown, the saturated thic1mess of the 

aquifer r..ear the S~)okane River was estimated as 150 fee-t. 

Averace hydraulic conductivity values for the Coeur d'Alene 

and Post Fa1ls reg1on were used. ~rhe re~nJ.l ts are pref;ented 

in Table 7. 
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'I'able 7 • • • 

Spokane River in the Coeur d'Alene-rest 

Falls Reach. 

Hydraulic Ground \·:ater 
Conductivity ·.,va ter Table I" low 
(gal per day Gradient (cublc ft 

Location per sq ft) (ft per ft) per second.) 

Section .AA' 10,000 2.525x1o-3 41 

Section BB' ~~' 000 6~060x10-~3 152 

Section CC' 4,000 3.030x1o-3 37 

'1:otal 230 

Ground 1·iater r8charge to the glacial aquifer near the 

Spokane River was estimated to be 230 cubic.feet per second 

or 170,000 acre feet per year. Large quanti ties ~f water must 

be introduced into the flO'.'T system up grad5.ent from the cross-

sectional units to sustain this rate of flow. The flow in the 

aqui.fer must qe equal to the S1L'11 of the ·rcchzt::ccc .from precip-

i tation and. surface water in_filtration a.nd tl'•.c grom1d vratcr 

under flo\'r. 

total 
240 cfs 

= Q + Q 
rachar .~o 
lro!T. rjvcr 
and la:i·ce 

-1-

/-~.r01.L1d \'/C1.tCI' 
.i ~1:~·]_ (J,/1 1~1~) ()f:l 

coni:;olidated 
o..c~ui.:Ccr 

Q 
·!'ccl1arge 
.~·on d L:·cc t 

pr..~ocipi tat ion 

The contribution of recharge from the consolic.L::. ted rock3 Gouth 

of the Spol:ane H.i vcr was con::;idered to be ~:oro cons ide:.:· inc the 
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to wells. Rechar~e to the ao~ifer from direct precipitation 

is u..""1kno\>m, therefore, 75~~ of the mean annual precipitation at 

Coeur d'Alene or 18.5 inches (6.5 cfs) was considered annual 

recharge to the aquifer. Substracting these two values from 

the total ground \·:ater flo\·T leaves 225 cfr; (rounded) of recharge 

to the r;lacial aquifer from the Spol~ane H.iver. There are two 

major \'leak points in the estimation. First, the saturated thick­

ness to bedrock \>ras un1:no, .. m in the arcc: of study; therefore, the 

saturated thickness of the aquifer is probably UJ1 .. derestimatcd. 

Second, the hydraulic conductivity used in the calculation is 

probably lower than the actual hydraulic conductivity of the 

aqu.ifer because the hyclraul.i_c ccnduct.ivi ty values \•/ere obtained 

from. the snecific ca~paci ty tests ('.·!alton, 1970). If the:3e var­

iables ,.'~ere a.ctually larger, the c.mount of grormd water flow would 

substantially change. 

The estinated recharge from this study is lower than es­

timated by previous investigators ( ~rable 8'). All authors felt 

the Spokane River is a major recharge area, and contributes 

large quantaties of' v1ater to the glacial aquifer. 



Table 8 • • • • Estimated Recharge to the Glacial Outwash 

Aquifer from the Spokane River, east of 

Post Falls. 

Investigator Year 

Sacs tad 1975 

Thomas 1968 

Frink 1964 

Anderson 1951 

~echar~e to the Aquifer 
fror:1 JJ::ike Coeur d 1Alene 
and Snokane River above 
Post Falls 

225 

250 

300 . 
300 

. 55 
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The hydro-chemistry of the H.at:n.drwn l)rairie aquifer is 

an important indicator of ground water movement and recharge 

characteristics. A ground water sampling program was initiated 

in the Coeur d' Alen-Post ralls study area during the sum.1ner 

of 1975 to define recharge characteristics and illustrate chem-

ical processes taking place in the glD.cial ou:tuash environ-

~ent. Particular emphasis was placed on zinc concentations 

from historic min.i.ng activities in the S1)0k2..ne H.iver-Coeur 

d'Alene River drainage. Quality samples were collected from 

a network of 88 wells in the study area. 

Surface vtater O~::..::;.l.it"'r 
~~ ~..,......-- -----4.1.. 

The 'Hater quality characteristics in the region are good. 

Anderson (1951) and the Washington Dept. of Ecology (1969) 

measured ionic concentrations of maenesium, calcium 2..!1d sodium 

in variou~3 lal::cs and streams in northern Idaho and eastern 

Washington respectively. The concentrations of selected ions 

for I'cnd Ore.illc, Eaydcn and Coev_r d '_:\lene llakes are given in 

Table 9. 
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T.::tblc 9 • • • • 

Eorthcrn Icl2.ho. 

Lake Calcium Nagnesium Sodium 
(ppm) (ppm) (ppm) 

Pend Oreille I1akc 25.0 6.0 3.0 

Hayden Lake 6.2 2.0 1 .,0 

Coeur d'Alene Lake 6.0 2.0 1. 0 

l·~onthly concentrations of calciU.i":J, magnes:tum and sodium 

in the Spokane River in 1971-72 are presented in Figure ·14. 

The maximum ionic conccntratio!ls occ11r in the month of April, 

v;hereas the minimum vaJ.ucD meo.surecl are notr)d in 1•Iay. These 

concentrations eenerally do not fluctuate gre~tly over the 

period noted. The mean concentr3tions for caleium, r:1;.1gnc3ium 

and sodiu..111 are D.bout five parts per million~ ·b·;o p3.rt:3 per 

:willian, and 1. 5 parts per million respectively,. ~:..1he abrupt 

bei l.iovcd to be d'l.le to a dilution ef.fec t d 1 Jrin~:; the h.ich ru.n-

off period. 

A review of the regional surface water q~~lity Gh~raeter-

is tics in the Ha.thdrur.1 Il'tl ir.:.e 8:cca re\re::\J..cd that the :3poka.ne 

Tii vcr is the only ;:.vaiJ..ab1e surface vla te:r:· ::;on::·ce of ;~i:rLC. The 

concentrations of zinc in the :3pol;:ano ::l.i 'l8r for the period of 

14~ 

values range from _10 to ~60 parts per mi11i.on. The higher 
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flushin: effect of the Coeur d'Alene River-L~:c Coeur d'Alene 

run-off period. 

gr_o.l..u"'lq Water Quality: 

The concentration of dissolved minerals in the Spokane 

Valley-Rathdrum Prairie ground-\-;ater system do not vary greatly 

from location to location. Generally, the solubility of the 

minerals control the water quality characteristics of the 

water (Back, 1965). The quality characteristics of selected 

vn~lls and surface waters are shov.rn in J''igure 15 from reports 

by Anderson ( 1951) e.nd Frink ( 1964). ~rhe regional quality 

characteristics indicated that magnesium, calcium and sodium 

remain fairly constant throughout the basin. The concentrations 

of calci1un in ground water r~n1ged from 30 to 39 parts per mil-

lion (ppm), maznesium ranged from 11 to 23 ppm, and sod.i:w:J varied 

the leas-t;, ranging fr0[1 2. 3 to 4.8 ppm in the system. ~:his 

tends to :tndicate that the regional grotmd water system is in 

equilibr:Lu.rn u.ith rc:Jpcct to calciu~'TI, mo.c;ncsiu.Jn~ and sodium. 

The regional crou~d water qua15ty·is closely correlated 

with Pend Oreille Ijake ~ Ionic concentrations of magnesiu~rn, 

calcium Dnd sodium are very si~iJar. On the ether hand, the 

observed concentrations :?..n the Spokane River, }i(':tydcn J..;.:::.ke and 

concentrat:Lons than the region:1l flo'.-t systeme 
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...... __:.. •• v ·-: r ,., -··-·· _..:..,~ . - . ,. 

Data on the c;round \·latr~r qual:ity were G<:lthered to es-

tablish the vrater quality chc..racteristics of the Coeur d'Alene-

Post Falls area in relat~on to potential recharge locatiore 

and mechanisms. A mass v1ater sampling program was conducted 

in the fall. of 1975. A networ}:: of 8B wells v1ere chosen to 

obtain the vrater quality samples (Figure ·16). The samples 

\·!ere analyzed for calcium, mar;nesitun, sodium, iron and zinc~ 

Care was taken in obtaining water samples from wells in 

the study area. The samples ·were taken at the pump head i.n 

most eaGes and each lTUinp was run i'or a minimum of fifteen 

minutes. This process reduced the amount of particles and 

substances contributed by the casing, pump and pipes that might 

contamino..tc the \·tater. 

Tec~1iques were applied to preserve the chemical char-

acteristics of the vrater and retard the chemical and biochem-

.ical changes that occur after sampling. Individual poJ.ycthy-

lene bottles ( 125 ml) \·/ere used for each sample and were clean-

cd prior to the study (U.S., :r;nvironment~l ·rrotection .Agency, 

1974-). ImmediD.te1y after tho sainplE_~ was obt2 .. ined, the p:Ii of 

the sanpled v;ater was lo~.rered to two by addin[.~ approximate1y 

five drops of concentrated n.i tric 2f~id ,, J..Ji tmus pa:IJer ~·12.s used 

t • f '-h 1 l:T t· , • • ., • f' • . . . 4- • o verJ __ y "-·~ e ov1er r;,J.. 1'111:3 etClOl .lca:t.lon p:cevc-rt,,..G ·prec1p-

itation and adsorption of ions upon the cont2iner w~ll while 

the samples were stored prior to the laboratory analysis. 

T, 1 ° t' L • ., t • :nese sa~mp es \·!ere analyz~d ".lG:tng ,ne e:~oo1c ,.).usorp lon 
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and analyzed in accordance with methods recor.unended by the 

u.s. Environmental Protection Agency (1974). 

Hir;hlands 

A total of six wells were sampled in the consolidated 

63 

rock units south of the Spokane Riv-er. These samples, (numbers 

83-88 in Table 11) v:ere collected from hand dug and drilled 

domestic wells. 11he minimum, maximum, a.nd mean concentrations 

of selected ions for the highl8..nds arc presented in ~able 10<!> 

The higher content of sodium compared to magnesium and 

calcium is the result of vleatherine characteristics of the 

metamorphic rocks. Also, clay minerals may release large 

quantaties of exchangeable sodium (De1·Jiest, 1970, p. 104). 

The lov1, but s.i[;:'1ificant concentrations of zinc are attribut-

able to the chemical characteristics of the rock. 

Table 10 • • • • 1/·Jater Quality Data for Hi'ghla:nd Area (parts 

Ca 

Na 

J?e 

Zn 

per million). 

I·Iinim:um 

1.25 

2.20 

6.14 

0.09 

0.10 

·---····-· --------·--· ---------·---
Eaximum Eean 

...,. ___________ ...... ___ .... ..............,.~~-----
'10.,30 4.40 

·; ·1.46 7.40 

13.42 8.81 

2.53 0.96 

1. 73 0.79 
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Table 1l . Elemental Analyses of ~ater Samples 

--------
Well Sample Zinc Iron ~agnesiurn Calcium Sodium pH E.C. locdtion No. (ppm) (ppr:1) (ppm) (ppm) (rpm) Lab. Field 

50/4/1 babl 1 0.05 O.OG 12.90 20.01 2.74 7.9 245 51/4/36dccl 2 0.00 0.06 11.91 29.74 3.18 8.5 225 51 /4/35ccc 1 3 0.05 0.06 11 .60 22.22 2.56 7.9 175 51 /4/3·1cda 1 4 0.01 0.06 5.90 19.64 2.86 8.2 158 
5l/4/33~ccl 5 0.00 0.06 14.41 20.06 4.12 50/4/l0bba1 6 0.00 0.06 2.77 5.87 2.86 6.3 39 50/4/12cdc1 7 0.00 0.06 6.26 23.54 2.28 8.0 127 50/4/12cbcl 8 0.00 0.06 8.83 26.17 2.56 8.0 187 50/4/lccdl 9 0.01 0.06 19.81 40.36 3. 91 8.0 250 50/4/3cda1 10 0.01 0.06 6.84 22.45 2.66 7.6 208 50/4/4aad1 11 0.00 0.05 7.44 .30.64 2. 77 7.4 215 50/4/10aadl 12 0.08 0.06 7.74 32.89 2.23 7.4 197 50/4/4dddl 13 0.00 0.06 4.80 12.45 2.35 7.3 98 50/4/3ccc1 14 0.00 0.06 4.74 7.46 2.98 7.2 75 50/4/4cacl 15 0.00 0.06 4.84 12.02 2.86 7.3 91 50/4/4cbc1 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 o. 13 4.84 14.94 2.56 5l/4/34:cdl 19 0.00 0.06 14.11 38.48 3.18 7.2 109 51/4/25cbb1 20 0.08 0.06 14.26 25.75 3.07 8.1 195 51/4/25bba1 21 0.00 0.06 14.95 38.91 3.79 7.9 240 51/4/34bda1 22 0.00 0.06 12.44 25.75 3.18 50/4/3ddc1 23 0.00 0.06 2.67 6.67 2.14 7.4 60 50/4/2ccd1 24 0.00 0.06 3.03 7.46 2.35 50/4/3.Jad1 25 0.00 0.06 11 .87 23.54 2.65 7.5 280 51/4/26add1 26 0.00 0.06 19.81 28.85 3.28 7.8 255 5l/4/34ccd1 27 0.00 0.06 14.32 47.56 3.18 7.8 271 50/4/Sdddl 28 0.29 0.06 4.29 13.67 3.28 7.5 87 50/4/5ddcl 29 0.35 0.05 2.37 6.67 3.07 7.4 92 50/4/9Lba1 30 0.01 0.06 1. 93 5.44 2.G3 7.9 ss 50/4/8aab1 31 0.45 0.06 2.60 3.75 2.11 7.4 65 50/4/4ddc1 32 0.22 0.27 3.62 11.18 2.14 7.6 116 5l/4/35bbc 33 0.08 0.20 10.73 25.75 3.07 8.1 190 50/4/Sdca 34 0.00 0.06 3.58 11.18 2.65 7.2 70 50/4/Sdcc 35 0.12 0.06 2.63 8.31 2.98 7.5 90 50/4/Sr.dc 36 0.00 O.C6 2.77 7.45 2.03 7.2 90 5l/Llf26ccc 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/lcbb 39 0.00 0.06 3.03 7.89 1.82 51/S/34baa 40 0.00 0.06 12.02 19.21 2.03 5l/5/34ada 41 0.00 0.06 10.06 17.05 1. 93 51/5/3/fbaa 42 o.co 0.06 :}.74 21.80 2.03 50/5/2bcd 43 0.00 0.06 5.26 16.63 2.56 50/5/ladb 44 0.00 0.06 2.0J ,., "'), 2.56 o._,, 

50/5/12bbc 45 0.00 0.06 1. 93 5.44 1.72 50/5/llaba 46 0.06 0.06 1.78 4.64 1.61 51/5/35caa 47 0.00 0.06 10.83 20.48 2.03 50/5/ldaa 48 0.00 0.06 2.42 11.60 2.03 50/5/laad 49 0.00 O.C5 5.60 14.09 2.14 50/5/lccc 50 0.01 O.OG 1.51 5.07 1.51 
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Table 11 ••• Elemental Analyses of Water Samples (cont'd) 

Well Sample Zinc Iron Marcsium Calcium Sodium pH E. C. 
Location No. (ppm) {ppm) PIJlil) (ppm) {ppm) Lab. field 

50/4/5cbb 51 0.03 0.06 3.13 16.21 2.03 8.25 105 
50/4/fibba 52 0.07 0.06 4.95 14.51 2.44 7.4 60 
50/4/Sbbb 53 0.00 0.06 1.97 4.64 1.32 
50/4/Sdba 54 0.02 0.06 3.43 9.11 2.14 7.4 65 
50/4/2dab 55 0.00 0.06 16.67 21.38 3.70 
5l/4/3Sabb 56 0.04 0.06 13.01 20.91 2.86 
5l/4/35adc 57 0.01 0.06 12.29 24.43 2.98 
50/4/5cbd 58 0.00 0.06 2.82 8. 73 2.03 7.6 83 
50/4/Scbc 59 0.00 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/lbcb 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/Bdba 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 
5l/4/34daa 68 0.07 0.06 8.26 21 .80 2.93 
50/4/ladd 69 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 
50/4/Sbcb 71 0.89 0.06 12.90 4.52 11.52 7.6 123 
50/4/7ada1 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 
51/4/33ccc 76 1.06 0.06 13.66 24.78 3.05 8.1 275 
51/4/32abc 77 0.00 0.06 12.04 20.01 3.82 
51/4/28bbd 78 . 0.00 0.06 20.80 24.65 2.81 
51 /4/33caa 79 0.00 0.06 l 0.18 14.33 2.43 8.3 215 
50/4/7ada2 80 1.47 0.06 1.52 3.00 2.11 7.2 60 
51/5/26cca 81 0.01 0.06 15.72 22.03 2.66 
50/4/6bdd 82 0.21 0.06 2.76 4.01 2.11 
50/4/l5bcd 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 
50/4/16aba 85 0.54 2.05 10.30 11 .24 12.16 
50/4/l?abd 86 1.32 0.87 5.69 11.46 13.42 
50/4/7cdc 87 0.61 0.10 4.76 9.89 8.41 
50/5/12cdd 88 0.10 2.53 1.58 2.20 7.90 
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f:1-. r i ...... ! -~ 'llJ i ft'"'-r------------ ---·----
The v:a tcr qu:1li ty characteristics (macncsi urn, calcium 

2.r!d sodium) in the southern Ea thclrum l"'rairie r;round vro.ter 

system are shown in Figure ·17. The data used in the map con-

struction are noted as ~dater samples one to 82 in Table 11. 

Nagnesium exhibits an increase in concentration a\1ay from 

the river. f·~a[;nesium ranges in concentration from 1. 5 ppm, 

near the Spokane River, to 20 ppm at the northern boundary of 

the study area. ~'he magnesium gradient is generally uniform 

throughout the Coeur d'Alene-Post Falls glacial outwash envir-

orL"'Uent. 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 Riyer. 

Calcium 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 av1ay from the river, also suggesting a 

relationship between water movement and ion exchange within 

the lithologie environment. 'l'he 30 ppm concentration is typical 

for the rerr.2iJ1:ler of the Rathclru.t"·n Prairie and Spokane Vally 

regional flow system. The concentration of 5 ppm is typical 

of the Spokane River. 

The sodium pattern is the same as for calcium .::tnd mag-

nesium, but the cna.nge is not as g-reat. Sodium changes from 

two to 4 ppm; again, 4 ppm is typical for the prairie flow 

system~ The small increase in concentration is probably due 

to the lack of avai1ability of sodium ions in the geolot;ic 
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the inverse of that found in con3olidatcd aquifers, where 

sodium is the dominant ion. 

~nalysis of vlatcr Qu2.li t,;y: 

The water quality characteristics of the Spokane River, 

the iGneous netasedimentary aquifer and t;lacial aquifer, were 

compared to better describe the flow system. The elemental 

concentrations suggests that the differences in quality are 

r£lated to the prevailing geologi~ and hydrolosic conditions .. 

• I 

The concentrations of ce..lcium, rno.r;nesium and sodiu.rn f:corn the 

Spokane River and glacial aquifer adjacent to the Spol::ane H1ver 

are lowest in the study area. The chemical eradients as well 

as the ground water elevation contours indicate flow paths 

away frow. the river. ~~his suggests .recha::r_"'gc is occurring from 

the S-pokane n..iver. Surface wate:e enters the glacial J.quifer 

by vertical leakage through the r i ve:r cl)_<.-:.:cnel bottom,. Sol1.Etble 

mincra13 in the eeolo:::iG fra11H~work react ,d.:Lth the grortnd water 

while flowing mray from the ~iver and increase in concentration, 

The trilinear diaGram shown in Ficure 18 is based on the 

ratio 

total {epm). For ex2mple, s2mple one in Table 11 has 1.06 epm 

macnesi."Jm, 1. 00 epm caJ.ciura and 0. 12 epm sodium. E::.·.ch element 

represents 4-9, 4C and G% of the sanpl2 toto.l rocrc~cti v2ly. A 
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~3incle point is plotted i'or th:xt 3:).:·;1I;lc on the Ll.Lai;r<:-t!n. 

Sicnificant differences are evident between the consol­

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

aquifer ,,.,ater quality. The ground water and river wD.ter are 

dominantly calciu.rn type v1aters. 'l'he chemical chara~ter of 

water from the igenous--rr'letLunorp.hic units is dominantly sodium • 

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

and ground water quality of the glacial material" 1'he data in 

this diagram supports the hypothesis that most of the recharGe 

to the glacial aquifer is coming f::com the S poka.ne River. If 

the highlands are a majo~ source of recharge, higher concen­

trations of sodium and iron should be observed in \·rater .quality 

samples obtained from the glacial aquifer adjacent to the Spo­

kane River. 

Zinc concentrations in the glacial aquifer were generally 

balo\v detection limits of .01 ppm. Sixty-two of the 82 wells 

sampled showed z1nc values less than 0.05 ppm. Of the re­

rjlaining twenty r::amples thirteen samples measured concentrations 

of more than • 20 ppm. A localizc•cl anomaly occurs in wells 

located on Harbor Island where the zinc concentrations averaged 

0., 5 ppm. The ar1omoly on Hs.rbor Island is believed to be due 

to ve:ct.iee.l l<:~ak<tge of rivc~c w2ter either through the basalt 

or alo.r:.g the basalt allu"~I1al contact. Detectable concentrations 

of zinc in the remaining s.-:3-.mples is probably related to leach­

in of zinc from galvanized pipes, well casings or holding 

tanks. 

It is important to dcterr:1ine \'Jhy zinc is not found in 
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S]Jo1-:8.nc River ·which contains sir_:nifico.nt 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 

zinc. This phenomenon is kno\VJ.1 as ion exchange. It occurs 

bet\·1een the fine grain sediments and metal ions. Indi vidaul 

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 concluded that zinc was fixed as a result 

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

sorption of exchangeable site. It is bel1evcd that much of 

the zinc from the river water .is exchanged a.11.d held by the fi.ne 

grained river sediments. 

Statistical tests were applied to the water quality data 

from the study area to test the hypothesis that the wate~ qual-

ity characteristics of·the Spokane River are sisnificantly 

d.iffe:cent fror.1 the glac5_al ::.rp.:;ifer. '2:hc test;::; vrere di":rided 

]• n·l-r) t, ro ffi'"' l. y; ton.l· c-:""!. 1 ) ·t-c -.4-..... \_., \ ,_\ .lJ. ~or.. _...,... ,.o._ l:_.) • I :_; 1'J {J the hy~YJotne sis t~1at e1erYtc::lta1 

2.::nd the glacio..l aquifer and 2) clc.J.GGi.fy the ~..rater s::rc:1:·\1e char-

acteristics by location either in the Spokane River or the 

ground \'10. tcr flo\·! system. 
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recharGe ch;:1racteristics and chan~e in \·Tater quality data in 

the direction of grou...Yld v:a.ter flow. ~rh.e water quality data in 

the study area were divided into four territorial groups for 

data analysis. These groups shovm in :B'igure 19 are designated 

as the Spokane River, Zone 1, Zone 2, and Zone 3. Zone 1 is 

an area closest to the Spokane River situated in the glacial 

aquifer and reflects the lowest ioni6 concentrations in the 

glacial aquifer. The boundary between Zone 2 and Zone 3 was 

arbitrarily dra\'ffi between the remaining sample points. 

~1hree statistical methods were applied to the sroillld water 

quality data. The Duncan r.iul tiple Rr ... nge test and the least 

significant difference test (lsd) vrcre concl~_cted to detel'Inine 

\·Thether there is a significant differe~1ce in elemental Deans 

exists betvTeen the four groups. Each water sarrllJle 1:1as class­

ified to the four groups by the discriminant analycis nethod.. 

The v1ater quality characteristics in each group were used to 

predict individual sample locations u:3ing calcium, magnesium 

and sodiun. as the combined estimate. The elemental me2":ns of 

calci1u:1, rn.a.t~nesiwn, and sodium oi' each group 2.re presented in 

Table 12;J 

The least sir;nific:l.nt difference (lsd) is used to test 

the hypothesis that elemen·tal meQns o£ each group are signif-

icantly different from the other group3. The method coopares 

two groups using sirnilar eleracntc .. l co:n.ccntrations for each 
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cor.1pari3on. ~rhc a_nplication of t~1.L:> l'rocedure to ·Lile \'letter 

quality data in the study aren is subject to lnrce errors. 

As the number of groups increase over t\'IO, 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 sic;nificantly different. 

The least SiVlificant dif"'ference betvreen two means is 

given as: 

lsd (.05) = t .05 sd 

where t .05 is the tabular values of t for error degrees of 

freedom, sCi is the pooled error variance and n is the number of 

observations per mean (Steel a.nd Torrie, 1960, p. 106). This . 
vc.lue is C3..lculatcd only once and the tabular 1sd value is 

found .. in a statistic table. Each diffcrenc e betv1een group 

means being tested is compared to the tabular lsd value. If 

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

declared significant. If the difference is less than the tab-

ualr lsd value, it is found not to be significant. The results 

of the lea3t signi.ficant difference method are presented in 

Ta.bl(~ 12 ~~ 

No signific<J.nt differences vrere four1d between tho Spokc:1ne 

River and Zone 1 elemental mean val~,~~s of c--.~.lciunl rcr:;c-yl()C<J.·,,m 
I.A '-' c. '"'' • '-"'c, ... \,; •·-' •.A.~ • 1 

and sodium. This supports the hypothesis that recharge is 

occurring from the Spokane Etivcr into the glaci.al aquifer. 

The elemental mean values of sodium did not si~~nificant1y 

change th:rough the four Groups. The remaining mean differ-
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pattern of elemental concentrations increasinG in the direction 

of .:;round water flo\·:, as previously discusced, i.s directly 

related to the significant differenee associated with Zone 1, 

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

v1ater moves away from the Spokane River. 

Table 12 •••• Elemental Group Heans and Statistical Test 

Results (in parts per million). 

Nagnesiurn 

Sod.ium 

Calciu1n 

River 

1.75 

1. 56 

5.58 

Zone 1 

1e98* 

1.84* 

5. og-r.-

Zone 2 

4.49 

2.46 

11.42 

Zone 3 

12.29 

2.83 

22.55' 

Total r-1ean 

~{-The New Duncan Io~Iul tiple l1ange Test and the least significant 

difference test fou.Yl.d no significant difference between the 

Spokane H.iver and Zone 1. 
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Tte Dunc~n's Multiple Rance Test was perfo~med to deter­

mine if significant differences exist between elemental means of 

maenesium, calcium and sodium for each group. The method com-

pares the difference betv-1een each treatment mean with every 

other treatment mean by using a set of significant ranees, 

dependent on the number of means (Steel and Terrie, 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 studcntized range values are then obtained for 

the range of means being tested from a statistic table (Steel 

and Terrie, 1960). The significant ranges are then multiplied 

by the error mean square of the analysis of va.riar-1ce to give 

a set of least sie;nificant range values (Steel and Torrie, 

1960). 

The elemen·tal mean .differences between the means are 

tested in the followinG order: the larcest minus the second 

lareest, the largest ni.nus the third largest, and so on until 

the second smallest minus the smallest is tested. Each differ-

erence is compared to the set of least s~sn~ficant ranges. If 

the difference is below the least sicnificant range, it is 

declared not significant. If the difference exceeds the lsd 
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This method was applied to the ionic concentrations of 

calciUL!, macncsium and sodium from the .Spokane Hiver o.nd 

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 sienificant difference was shown to exist between Zone 1, 

Zone 2 and Zone 3. No signific.ant 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 ~&aly.§_is 

:Discriminant analysis was used to classify the water 

samples into fou.r groups. A discriminant function determines 

the characteristics that are common to each group utilizing 

77 

the calcium, ma.e;nesium and sodium eoncentrations of each sample 

and predicts the group to vihich each sample should belong. 

This method is useful for classifying changes in water quality 

in the direction of ground water flow •. 

The generalized squared distance formula, namely the 

I,Iah2 .. nobolis D2 sta .. tlstic, tcr:ts the 3ignifiance of group diff­

erences (Koch, '1970). A ~~Gt ·of discriminant functions are 

developed for each group which rrives the soallest probability 

of miss-classification and serves as an index for classifyinc 

each observation into one of the four group3 (Snedecor, 1968, 

p. 145). The dicc~iminant functions arc computed fer each 

sample and a squared distance identifies the group in which 
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A su~mary of the clnssification pcrfornance using the 

generalized squared distance formula is shown in Table 13. 

The results show that 88% of the observations were classified 

correctly. Four observations from the river were classified 

into Zone 1, and three observations from Zone 1 were class­

ified into the 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 distinquish 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 

to the hypothesis that water is moving from ~he 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 ft~alysis Prediction Results for Sample Location 

Based upon Combined Cation Values of each Sample. 

Predicted Group Membership 
No. of Group 1 Group 2 Groun 3 Groun 4 

Actual Group Samples (Spokane R .. ) (Zone 1) (Zone 2) (Zone 3) 

Group 1 { 0 IJO ,,..a·r1 e ~ ) 17 13 4 .o. o. J ) l"'}... . • -.J.., l,. 

76.5% 23.5% 0.-0% 0.0% 

Group 2 (Zone 1) 17 3 14 o. o. 
17.6% 82.4% 0.0% 0.0% 

Group 3 (Zone 2) 17 o. o. 16 1 
0.0% 0.0% 94.1% 5.9% . 

Group 4 (Zone 3) 17 o. o. o. 17 
0.0% 0.0% 0.0% 100.0% 

-....;j 
.... 0 



The GrouJ"lcl water system .in the southern portion of the 

Rathdrum Frairie v1as sel~cted for investigation to describe 

recharge characteristics from the Spokane River above Post 

Falls into the Rathdrum Prairie aquifer. \•fells located in 
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the metasedir:1cntary and glacial aquifers were inventoried. 

\·iater levels and quality samples vrere taken to determine the 

ground water flow conditj_ons 2.nd the areal distribution of 

selected cation concentrations in the Coeur d'Alene-Post },alls 

area. 

1/lells in the southern Rathdrwn Prairie aquifer yield up 

to seve:r:al thousand gallons per minute. Outliers of basalt and 

1?re-Tcrtiary :rock units generally yield only suffic icnt qua:n­

taties ~f water for domestic use. 

The water table configuration in the Coeur d'Alene-Post 

Falls area 3.nd.ieates ground water movement away from Lake Coeur 

d 1 Alene s.nd the Spokane River. The regional groU-.'rl.d water table 

map indicates a grolmd water divide exists at the northern 

boundary of the study area. It extends 1.Vest from Hayden Lake 

to the 1/lashington-Idaho border. 

Data \'laG obtained on tht.:. geoloe:ic and the hydraulic con­

ductivity val "LlC3 of the glacial ou.twash and alluvial sediments. 

In r;.i tu variable head and conct3.T..t head per:neabili ty testa 

wJre conducted to obtain hydraulic conductivity values of the 

upper portion of the alluvial cedirncnts. Specific capncity 
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Distinct differences in hyuraulic conduetivity between the 

alluvial and glacial out\'lasl: waterials were found. v!ell logs 

confirmed the existence of fine grained alluvial sediments 

overlying the glacial outwash in the Spokane River channel 

extending from Lake Coeur d • Alene to the 1·lashington-Idaho 

border. 

· Temporal fluctuations of ground v:ater levels sho\·1 that 

the flo\v system responds to short term periods of recharge and 

no recharge. Distinct sirn1lari ties bet\•Teen long term fluctu­

ations in water levels and long term fluctuations in precip­

itation were observed. 

Samples v:ere collected i11 August, 1975 ·from 88 wells in 

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

pH and E.C. The objectives of the sampling prograrn were to 

document concentrations in the Spokane River and t1:.e ground 

water system and determine ground water flow conditions and 

recharge characteriatics near the Spokane River. Concentrations 

of selected cations indicated water movement from the river 

into the aquifer system. 

The followinr:; concl:usions v1ere drr.:rvm frorn the study: 

1. Recha~ge occurs fron1 the Spokane River i:nt;o the Rath­

drum Prairie aquifer in th-:; reach from Coeur d'Alene 

to I'ost. Falls. This recharge :ts shovm by v.ratcr level 

and quaJ.i ty datc1. Tl1c~ rate C)f ~i\?a·ter contrib11ted by 

the 3pokane Hivcr to the ground water system above 

.Post Falls is approximately 225 cfs or 160,000 acre 



feet per yeGr. 

2. Data obtained from specific capacity teats show no 

significant differences in hydraulic conductivity 

throughout the southern Hathdrum 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 grou.."ld v1ater syGtem. 
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3. The long term water level trend indicates c;rom1d v;ater 

levels have declined about ten feet since 1949, but 

have remained relatively unchanced since 1964. Short 

te.rrn \'later levels resnond to periods of recharge and 

no recharGe. 

4. Although zinc is a common constitu~nt of the Spokane 

River, it is not found. in the ground water. The zinc 

is believed to be held in the sedine:n ts along th;;) ri.ver 

bottom because of exchange and absorption pr01)erties 

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

and ground water flow systems in the Rathdrum Prairie is nec­

essary to help planners and future investigators plan for in­

creased gro1.md water usage. The following recommendations are 

presented to help achieve the necessary level of u.nclerstanding: 

1. Delineate the recharge zones from Lake Coeur d'Alene 

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

a. vertical and horizontal hydraulic conductivity 

data of the alluvial sediments. 

b. ion exchange and absorption characteristics of 

the fine grained alluvial sediments. 

c. detailed mapping of the alluvial sediments. 

d. vertical leakage patterns through the channel 

bottom deposits. 

2. Expand the grouJld water level monitoring sites to 

include the entire Eathdrum Prai:rie. Hore information on 

grom1d water movement within the city limits of Coeur d'Alene 

and along the Spokane River is needed to better define the 

ground \·ve.ter flow 2ystem at the aquifer bou.t1dary and document 

the long term vJa tcr 1eve1 changes. 

3. Davelop a baseline water quality monitorinG ~rogram 

to include selected cations, an.ions and heavy metals. Water 

quality data help to define the ground water flow patterns 

and areas that fficiY bl~ impacted by pol1 uting sources. 

4. The use of specific capacity tests are limited in 



their usefulness. Partial penetr~tion, w(•ll loss and tydro­

geologic bound2ries co.n ctd.vcrsely affect the actuc~.l hyJr;""v"..l.lic 

conductivity values. Add.itional hydrologic data on the aquifer 

system should be gathered using constant discharge pump test 

techniques. 

5. There is a need for hydrologic pla1n1ing 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 quality degradation. Planners 

should be aware of the potential problems associated vti th 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 probl'ems: 

a. develop an inventory system which shows water used 

and v:ater available for a sustained yield. 

b. artifical ground \vater recharge should be considered 

as a viable alternative when con[~idering consPrvatJ.on 

and disposal of runo.ff and supplementing grotu1d water 

supplies. 

c. The ground water divide separating the main prairie 

system provides si tc ;:Jpecific bound2.ries for ground 

water e.nd land use based decisionr3 ~ The t\'.'0 floil 

directions are important in considering sewage disposal 

areas, artificial recharge sites, and subdivision 

locations. 



REFERENCES 

Alden, W. C., 1953, Physiography and glacial geology of western Hontana 
and adjacent areas: U. S. Geol. Survey Prof. Paper 231, 200 p. 

Anderson, A. L., 1927, Some }tiocene and Pleistocene drainage changes in 
northern Idaho: Idaho Bur. Mines and Geology Pamph. 18, 29 p. 

------, 1940, Geology and metalliferous deposits of Kootenai County, 
Idaho: Idaho Bur. Mines and Geology Parnph. 53. 

/Anderson, K. E., 1951, Geology and ground water resources of the Rathdrum 
Project and contiguous area--Idaho-Hashington: U. S. Bureau of 
Reclamation-Kalispell Area Planning Office, 39 p. 

Back, W., and Hanshaw, B. B., 1965, Chemical Geohydrology: Advru1ces in 
Hydroscience, v. 2, p. 49-109. 

Bacon, S. S., 1923, Geological history of the Spokane region, Washington: 
M.S. thesis, University of Chicago, 43 p. 

85 

Berry, E. W., 1929, A revision of the flora of the Latah Formation: U. S. 
Geol. Survey Prof. Paper 154-H, p. 225-265. 

Bonini, W. E., 1963, Gravity amonalies in Idaho: Idaho Bur. Hines and 
Geology Pamph. 132, 10 p. 

Bretz, J. H., 1923a, Glacial drainage on the Columbia Plateau: Geol. Soc. 
America Bull., v. 34, p. 573-608. 

------, 1923b, The Channeled Scablands of the Columbia Plateau: Jour. 
Geology, v. 31, no. 8, p. 617-649. 

------, 1924, The age of the Spokane glaciation: kn. Jour. Sci., 5th 
Series, v. 8, p. 336-342. 

-----, 1930, Lake Nissoula and the Spokane flood (abstract): Geol. 
Soc. Ame~ica Bull., v. 41, p. 92-93. 

Bretz, J. H., Smith, H. T. -u., and Neff, G. E., 1956, Channeled Scablands 
of ~.Jashington, ne\-7 data and interpretations: Geol. Soc . .America 
Bull., v. 67, p. 957-1049. 

Bretz, J. H., 1959, Washington's channeled scablands: lvashington Div. 
Hines and Geology Bull., no. 45, 57 p. 

Calkins, F. C., 1909, A geological reeonnaissance in northern Idaho and 
northwestern Montana: U. S. Geol. Survey Bull. 384, p. 32. 

Cedegren, H. R., 1967, Seepage, drainage, and flow nets: John Wiley and 
Sons, New York, 489 p. 



Cline, D. R., 1969, Ground-water resources and related geology of north­
central Spokane and southwestern Stevens Counties, Washington: 
Wash. Geol. Survey Water-Supply Bull. no. 27. 

City of Coeur d'Alene Water Dept., 1975, Data from well production tests, 
Coeur d'Alene, Idaho. 

Crosby, J. W., and others, 1971, Investigation of techniques to provide 
advance warning of ground water pollution hazards with special 
reference to aquifers in glacial outwash: College of Engineering, 
Research Division, Washington State University, OWWR Project No. 
B-005-Wash.-11148, p. 148. 

Davenport, R. W., 1921, Coeur d'Alene, Idaho, and the overflow lands: 
U. S. Geol. Survey vJater-Supply Paper 500-A, 31 p. 

Davis, S. N., and Dewiest, R. J. M., 1970, Hydrogeology; John Hiley and 
Sons, 463 p. 

Dexheimer, W. A., a."'ld Nelson, H. T., 1956, Spokane Valley project, 
vJashington: U. S. Bureau of Reclamation, 62 p. 

86 

Dominy, F. E., and Helson, H. T., 1966, Rathdrum Prairie Division-East 
Greenacres Unit, Idaho: U. S. Bureau of Reclamation, Boise, Idaho, 
54 p. 

Dart, Wakefield, Jr., 1960, Glacial Lake Coeur d'Alene and berg-rafted 
boulders: Idaho Acad. Sci. Jour., v. 1, p. 81-92. 

Fader, S. W., 1951, Water levels in wells and lakes in Rathdrum Prairie 
and contiguous areas, Bonner and Kootenai Counties, northern Idaho: 
U. S. Geol. Survey Basic Data Rept, 90 p. 

Flint, R. F., 1936, Stratified drift and deglaciat~on of eastern Washington: 
Geol. Soc. knerica Bull., v. 47, p. 1849-1884. 

------, 1937, Pleistocene drift border in eastern Washington: Geol. 
Soc. P~erica Bull., v. 48, p. 203-232. 

------, 1938, Origin of the Cheney-Palouse scabland tract, vJashington: 
Geol. Soc.. America Bull., v. 49, p. !+61-524. 

Frink, J. W., 1962, Geology and ground-uater factors controlling design 
and construction of water \vells-Spokane Valley Project: U. S. 
Bureau of Reclamation-Region I, p. 1-16. 

---- V,.., 1964, Geology and ground-water resources in Rathdrum Prairie, 
Idaho, as they relate to design and construction of East Greenacres 
Unit-Rathdrum Prairie Project: U. S. Bureau of Reclamation-Region 
I, p. 1-15. 



87 

Funk, W. H., Rabe, F., and Filby, R., 1973, The biological impact of combined 
metallic and organic pollution in the Coeur d'Alene-Spokane River 
drainage system: Washington State University and University of Idaho, 
OWHR Project Numbers B-04L•-Wash., and B-015-Ida., p. 185. 

Glover, S. L., 1941, Cl[t.ys and shales of Washington: Washington Div. 
Mines and Geology Bull. 21+, 368 p. 

Griggs, A. B., 1973, Geologic map of the Spokane quadrangle, Washington, 
Idaho, and Montana: U. S. Geol. Survey Nap I-768, 1:250,000. 

Hammond, R. E., 1974, Ground-water occurence ali.d movement in the Athol 
area and the Northern Rathdrum Prairie, Northern Idaho, Idaho: 
Water Info. Bull. No. 35, Idaho Dept. of ~·later Resources, 19 p. 

Harza, L. F., 1935, Uplift and seepage cnder dams: Trans. Am. Soc. Civ. 
Eng., v. 100, p. 1352-1358. 

Hersey, 0. H., 1912, Some Tertiary m1d Quaternary geology of western 
Montana, northern Idaho, and eastern vlashington: Geol. Soc. 
knerica Bull., v. 23, p. 517-536. 

Hosterman, J. W. and others, 1960, Investigations of some clay deposits in 
parts of \.Jashington and Idaho: U. S. Geol. Survey Bull. 1091, 146 p. 

Idaho Department of Highli.;ays, 19 7 5, Data from test hole borings in the 
Spokane River, Coeur d'Alene, Idaho. 

Knm.;l ton, F. H. , 1926, Flora of the Latah Formation of Spokane, Washington 
and Coeur d'Alene, Idaho: U. S. Geol. Survey Prof. Paper 140-A, 
p. 17-81. 

Kirkham, W. R., and Johnson H. H., 1929, The Latah Formation in Idaho: 
Jour. Geology, v. 37, p. 483-504. 

Koch, G. S., 1970, Statistical analysis of geologic data: John Wiley and 
Sons, New York, v. 2. 

Large, Thomas, 1922a, The glaciation of the Cordilleran region: Science, 
v. 56, p. 335-336. 

---, 1922b, Glac.ial border of Spokane: Pan-Am. Geologist, v. 38, 
P· 359-366. 

/Meneely, E. N., 1951, Contribution of precipitation to ground-'t.;ater, 
Rathdrum Prairie-Spokane Valley area: U. S. Bureau of Reclamation, 
mimeographed report. 

Nace, R. L. and Fader, S. W., Records of wells on Rathdrum Prairie, Bonner 
and Kootenai Counties, northern Idaho: U. S. Geol. Survey Basic 
Data Report, vJater Resource Division, Boise, Idaho, 50 p. 



88 

Newcomb, R. C., and others, 1953, Seismic cross sections across the Spokane 
River Valley and the Hillyard Trough, Idaho and Washington: U. S. 
Geol. Survey, Ground Water Branch, Po=tland, Oregon, 16 p. 

Pacific North\vest River Basin Cmmnission Meteorology Committee, 1969, 
Columbia Basin States, Water Resources, V, v. 1, 590 p. 

Pardee, J. T., 1910, The glacial Lake Missoula, Montana: Jour. Geology, 
v. 18, p. 376-386. 

-----, 1922, Glaciation in the Cordilleran region: Science, v. 56, 
P· 686-687. 

Pardee, J. T. and Bryan, Kirk, 1926, Geology of the Latah Formation in 
relation to the lavas of the Columbia Plateau near Spokane, 
Washington: U. S. Geol. Survey Prof. Paper 140·-A. 

hi per, A. M. , and Huff, L. C. , 1943, Some ground-water features of Rathdrum 
Prairie-Spokane Valley area, Washington-Idaho, with respect to 
seepage loss from Pend Oreille Lake: U. S. Geol. Survey open file 
report, 13 p. 

Piper, A. M. and LaRocque, G. A., Jr., 1944, lJater-table fluctuations 
in the Spokane Valley and contiguous area Washington-Idaho: U. S. 
Geol. Survey Water-Supply Paper 889-B, 139 p. 

Pluhowski, E. J. , and Thomas, C. A. , 1968, A water balance equation for 
the Rathdrum Prairie grour..d-water reservoir, near Spokane, Washington: 
U. S. Geological Survey Prof. Paper 600 D, p. D75-D78. 

Purves, W. J., 1966, Study of stratigraphy problems in the Spokane Valley, 
M.S. thesis, Wash. State University, 200 p. 

Ransome, F. L. and Calkins, F. C., 1908, The geology and ore deposits of 
the Coeur d'Alene district, Idaho: U. S. Geol. Survey Prof. Paper 
no. 62, p. 3-191. 

Reddy, M. R., and Perkins, H. F., 1974, Fixation of zinc by clay minerals: 
Soil Science Society of America Proceedings, v. 38, no. 2, p. 229-230. 

Richmond, G. H., Fryxell, Roald, Neff, G. E., and Weis, P. L., 1965, The 
Cordilleran ice sheet of the northern Rocky Hountains, and related 
Quaternary history of the Columbia Plateau, in the Quaternary of 
the United States (Inqua Summary volume): Princeton, Ne\v Jersey, 
Princeton Univ. Press, p. 231-241. 

Rieber, Frank and Turner, D. S., 1963, Drilling and completion report of 
the Hillyard Trough well no. !-·-Spokane County, v.Jashington: 
Washington Water Power Private report, 29 p. 



89 
Rorabaugh, H. I. and Simons, W. D., 1966, Exploration methods for relating 

ground water to surface \vater, Columbia River Basin--second phase: 
U. S. Geol. Survey open file report, 62 p. 

Russell, I. C., 1893, A geological reconnaissance in central Washington: 
U. S. Geol. Survey Bull. 108, 108 p. 

------, 1897, A reconnaissance in southeastern Washington: U. S. 
Geol. Survey Water-Supply Paper 4. 

------, 1901, Geology and water resources of Nez Perce County, Idaho: 
u. S. Geol. Survey Water-Supply Paper 53-54. 

Savage, C. N., 1967, Geology and mineral resources of Bonner County, Idaho: 
Idaho Bur. Mines and Geology-County Report no. 6, 131 p. 

______ , 1975, Reconnaissance geologic map of Kootenai County, unpub., 
Idaho Bur. Mines and Geology. 

Simons, l-7. D. and others, 1953, Spokane-Coeur d'Alene River basin, 1-lashington­
Idaho, in the physical and economic foundation of natural resources, 
Chap. 10 of IV subsurface facilities of water management and 
patterns of supply: U. S. 83d Congress, House of Representatives, 
Interior and Insular Affairs Committee, p. 16lt-185. 

Snedecor, G. W., 1967, Statistical methods: Iowa St. University Press, 
593 p. 

Steel, R. G. D., and Torrie, J. H., 1960, Principles and procedures of 
statistics: HcGraw Hill, 481 p. 

Theis, C. V., 1963, Estimating the transmissibility of a water-table aquifer 
from the specific capacity of a well: in methods of determining 
permeabiljty, transmissibility and drmvdmvn, U. S. Geol. Survey 
Water-Supply Paper 1536-I, p. 332-336. 

t/~omas, C. A., 1963) Investigation of the inflow to the Rathdrum Prairie­
Spokane Valley Aquifer: U. S. Geol. Survey open file report, 45 p. 

U. S. Dept. of Interior, Bureau of Reclamation, 1960, Earth Manual, 
Designation E-18, p. 541-546. 

U. S. Environmental Protection Agency, 197!+, Hethods for chemical &nalysis 
of water and \vastes: EPA 625/6-71+-003, p. 298. 

U. S. Geol. Survey, 1974, Hater resources data for Idaho, Part I, Surface 
water records. 

------, 1974, Water resource data for Idaho, Part II, Water quality 
records. 



90 

U. S. Navy, Gureau of Yards and Docks, 1961, Design manual, soil mechanics, 
foundations and earth structures, DH-7, Chap. 4. 

U. S. Weather Bureau, 1881 to 1975, Climatological Data, Idaho. 

Walker, G. E., 1964, Ground-water in the Sandpoint region, Bonner County, 
Idaho: U. S. Geol. Survey \-later-Supply Paper 1779-I, 29 p. 

Walton, W. C., 1970, Groundwater resource evaluation: McGraw Hill Book Co., 
p. 664. 

Washington Dept. of Ecology, 1969-1973, Water quality information on Spokane 
River at Washington state line, Spokane, Washington. 

Weis, P. L., and Richmond, G. M., 1965, Maximum extent of late Pleistocene 
Cordilleran glaciation in northeastern Washington and northern 
Idaho: U. S. Geol. Survey Prof. Paper 525-C, p. 128-132. 

Winger, J., 1975, Idaho Department of Highways, personal communication. 



91 

APPENDIX I 

RECORDS OJ? REPRESENTATIVE \·TELLS IN THE . 
SOUTH.EHN R.A2.'HDRUH PRJ1.IRIE AREA 



Appendix A • • • Records of Representative Wells iu the Southern Rathdrum Frairie Area. 

---
Land 

Hell Casing Surface 
Depth Diam~ter Al dtude Well OwnE:r (ft) (ft) (ft) 

50/4/lbab Bill Ulrich 235 0 2230 
50/4/1ccd City of Coeur d'Alene 309 18 2238 SCJ/,l/2J:io llei tter 235 12 S:.'/.:/2rc1 Lint:no· .. :n 2C2(7) 6 s.:;/4/JJad Bi l 1 i·:o:ro'" 200 6 5 )/</3cC3. Co'2'Jr d'.~1ene Golf Course 190 8 2202 s:J/4/3cc Ac;~c 193 6 2170 ~ ·j/ ·~ ,' ~.~ ~~(; Hand D Trailer Court 203 5-5/8 2195 ~on, :::,J Shu·,,·t_)oa t 176 6 2183 sn;..;;.::::d Cit; of Coeur d'Alene 350 18 2243 S')/ ·~: '~C Lc Travis 210 6 2205 S8!4,';c&c Gcrtch 230 6 2230 s-~/l./ :::-:d Di~-~nd lnterna:ional 201 8 2145 f~/~:,f .. :c,_:a City of Huetter lo~ 12 v::> 5 ~..,I~~ I~~ ~ --~ c '( ar,r! J Fooas i75 6 ~8/~/~+::·~d1 ..; .)t:'~ ;on 200 6 2181.7 s.J / :.~ / ~1 J ,;.::2 Lu:d~ ~ord 200 6 2184 sc;; 1 ~'~·~J 3 Flana::;an 215 6 2187 5::; /'~I= ,;cJ d ~1r:u::'l3 1 d 360 6 2243 SC)n/sc::;b hi 'J!:,,c:y Cept. Rest Area 350 8 ~D/4/ ~~c:Jc Hi 'jh<ld}' District Office 325 6 2155 5-:·/·1; ::::;d HJ-;t [;ro~:hers 190 8 2175 !: j /4/ ~: r: ~'C Ha rr.;,: :3ri ght 202 6 2180 5c,; .: ·Seed ;~. Si;ock1ey 153 6 21 ·16 SJJ/.~/ ScrJc N. Shockley 161 6 2155 58/~/S:cc R. Livingston 145 6 • 2155 5:J/4/5cdd Wilbur 170 8 2155 50/4/Sccc f.iitson l53 8 2155 5un;sccbi Galloway (abandoned) 145 6 2155 58/.';/SC:I:.d Koss 214 6 2155 50/4/ s(~ca C. Galloo~ay 155 6 2155 sr;;.:;sccc1 Osterso:1 161 6 2155 5CJ/~/5·~c·: Huetter Speedway 163 6 2"!55 50/4/Sc:ctct L. Gri:~:n 135 6 2155 50/4/S:::ad A and K Lao. 180 6 2155 50/4/Scda Fred Hazel 178 6 2155 

lola ter Leve 1 
Below 
Land 

SurfJce Date 

193.7 9-1975 

187.3 9-1975 
192.0 1953 

- -
- -

155.9 9-1975 
136 4-19'.8 
146 1962 
125 9-1949 
233.8 9-1975 
181.0 9-1975 
205.3 9-1975 

c 9-1975 
- -
c 9-1975 

130.5 9-1975 
170.0 194 i 
136.6 9-1975 
233.75 9-1975 

- -
141.0 
161 .2 9-1975 
160 9-1975 
i29 .2 9-1975 
136.5 9-1975 
136.3 9-1975 
136.0 9-1975 
140.7 9-1975 
137.3 9-1975 
141.3 9-1975 

- -
136.0 6-1975 
125.1 9-1975 
113.4 9-1975 - -- -

Water 
Yielding Pump 
~~a teri a 1 Type 

Sand, s 
gravel 

II T 
II T 
II s 
II s 
II s 
II s 
II s 
II s 
II T 
II s 
II s 
II s 
II T 
II s 
II s 
II s 
II s 
II s 
II s 
II 

n s 
II s 
II s 
II s 
II s 
II s 
II s 
II s 
II s 
II s 
II s 
II s 
II s 
II s 
II s 

Use 

0 

M 
I 
0 
0 

~ I 
D 
0 
0 
M 
0 
D 
I 
M 
D 
D 
D 
D 
D 
D 

D 
0 
0 
D 
0 
D 
0 
D 
0 
0 
D 
D 
0 
D 
D 

\0 
1\) 



Appendix A ••• ·continued 

Land 
We11 Casing Surface 
Depth D1a:::eter Altitude Well Owner (ft) (ft) (ft) 

50/4/5ccd2 M. Fox 168 6 2155 
50/~/Scad Goo~stetter 278 6 2250 50/4/5cac J. Peters 216 . 6 2160 
5C/~/5r~d2 D. Dr·apeau 150 6 2155 
50it./5~~::a Royal r~ighlands 375 12 2340 50/ 11/5:-:;d Ida~o State Fish and Game Dept. 325 6 2227 51J/4/6cdb Pine Villa 205 12 2175 50/4/?tcb Bubtest Ca:np 249 6 2157 
50/~/7ccdl Sr.oo~: 169 6 2140 50/4/7add2 Dashiell 229 6 2140 50/4/7add3 Lussier 130 6 2140 
50/.1/7add4 ~:oll 437 6 2140 50/4/7cdc s. v:est 50 6 24CO S·J/4//d-:c Char:-:be:rs 110 6 2400 
50/4/~~aab F. Elkins 163 8 2155 

50/4/Saba Ga 11 o~vay 144 7 2142 50/4/0t;bb Ga 11 O'.·:dY 171 8 2145 
50/4/2ad~2 J. C. H0r.oton 135 6 2140 50/4/Sadal C. Johnsor. 135 6 2140 50/4/Sc.dal J. C. Hampton 45 6 2140 

50/4/2-bcb B. Joh~son 210 6 2140 50/4/Ebbc Stockings 165 6 2140 50/4/Sddd G. Arthur 235 6 -50/4/8cda R Ta_yama 300 6 -50/4/9bba Diamond I~ternational 160 7 2138 
50/4/lOac..d Idaho Forest Industries unknown 8 2160 50/4/lGaab Goul evc.rd r:otel 159 6 2190 50/4/lOabb Central Pre-Mix unknown 12 50/4/IObbb Idaho Forest Industries 125 8 50/4/11 bbb Cement Company unknown 6 2240 50/4/12cdc City of Coeur d'Alene 270 i8 2220 50/4/12cbc City of Coeur d'Alene 295 18 2221 

Water Level 
Below 
Land 

Surface Date 

- -
247 1968 
157 1953 
127.5 6-1975 

206.4 9-1949 
160 
153.5 9-1975 

- -- -
- -- -

35 1971 
129.5 9-1975 

103.0 9-1949. 
133.0 9-1975 
78.6 9-1975 
- -
8.0 9-1975 

102.0 9-1975 
- -

12 1971 
30 . 1972 

124 9-1949 

88.9 9-1975 
134.6 9-1975 

- -- -
187.5 9-1975 
164.5 9-1975 
169.1 9-1975 

Water 
Yie1ding 
r~ateria1 

II 

II 

II 

II 

II 

II 

II 

II 

II 

-
Sand, 
gravel 
Granite 

" 
II 

Sand, 
gravel 

II 

" 
II 

II 

Sand, 
gravel, 
basalt 

II 

II 

Granite 
" 

Sand, 
gravel 

II 

" 
" 
II 

II 

II 

II 

Pump 
Type 

s 
s 
s 
s 
T 
s 
T 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 

s 
s 
s 
s 

a 
s 
T 
T 

T 
T 

Use 

D 
D 
D 
D 
D 
0 
D 
D 
D 
0 
D 

D 
D 
D 
D 

0 
D 
D 
D 
D 

D 
D 
D 
D 

a 
D 
D 
D 
I 
M 
M 

\0 
\>J 



Appendi.x A • • • Con::.i~ued 

Land \·:a ter Leve 1 
~:ell Casing Surface Below Water 
Depth Diameter A1titude Land Yie1dir.g Pump 

1-;ell Owner (ft) (ft) (ft) Surface Date Material Type Use 

~J/~/1 ~d.d h\;tH Terrace 111 12 2145 11.2 6-1975 Alluvium D 
5J/4/i S2cb 285 - - Granite 0 
5·J!-;;: 5 ;da 180 - - Basalt D 
5:/4/lc::.ba 80 - - Granite D 
~·0i!i/:7.~bd 200 - - " D 
s;; s;1.31d ~Js~ ngtcn ~ater Power 231 30 2192.5 187.0 9-1975 II T I 
52/J/ia ib Int~ ~t1te-P1astics 243 8 2200 198 " s D 
5()/ 51 l (~ :.tJ TrJ i er Park 256 12 - - II s D 
5J/ 5/1 c ')b City of Post Falls 279 30 2196 193.9 9-1975 II j M 
SO/ S/ l r: ::!c SJr·C;r.S 202 6 " s D 
S:J,"5/2Lc..c Ic,,i,o V:::r.eer 210 8 2176 175 1973 II s 0 
50/5/ 2<:t..c S·:hn:::e'1:iii 11 er 200 26 II T I 
so;:.'~ laba ?r·:s~1yterian Bible Camp 175 6 II s 0 
5.~/Sr! 2;!~;a Jc.~r.s8n 159 G - - II s D 
S'J/ S/1 :: J~:: S2 tr:rll·:ell 132 6 - - " s D 
5.)/ 5/12 ~:Jd Dolf 200 6 - - II s D 
s:)/ 5/i 2~·Ja D::.1f 149 6 2135 124.2 9-1975 II s 0 S'J/ ::.' 1 ~:.d:c1 C. Feely 275 6 2260 257.3 9-1975 II s D 51/·'+/ZSo!:a D:~itcn Gardens 297 20 2245 Sand, T M 

gravel 
51/t.,'t.Scad Dalton Gardens 281 18 2245 II T M s: /4/ ::s:.~~b p:_;je, 231 6 2233 215.8 9-1975 II s D 
51/4;:->c:~a R>i)~ph 283 6 2277 " s D 5i;4/h0dd H:c r:o;i a 1 Ce,:;etary 280 30" 22<10 220 1974 T I 
51/~/2(2ad A~:.:"1 Dr'i11ing 330 8 2250 234.0 9-1975 No Pump 
51/~/2CJ::;.j f,::.,~.a Crii1ir:g 3JO 8 2245 - s D S1ft,l2(_r:.cc [)c:t Wor:(:; 301 6 2265 252.3 9-1975 s D 51/ t. I 2 7 <1-:. c Scr:r:c.:?·:i:;,i 11 er 310 30 2260 255 T I 51 n/27 :::a Scr.:~..:cc:r.i1ler 275 6 2270 T I 51 /4/2:-"JtJd LJ1e .l.::ckiin 297 30 2270 260 1972 T I 
5l/4/2~c,:Jb Mica Inc. 348 12 2270 295 1974 s D 
51/4/b~J'.;d D. ;:~n er 285 2250 231 1974 s D 5l/4/2'Jdjd T. Brichertt 268 18 2265 s D 5l/4/31dcd G. Ar;1:; trong 420 20 2340 352 1973 s D 5l/4/32a.:c T. Br"icilertt 318 18 2260 272 1975 s 0 51/4/32-:!bc G. Annstrong 343 18 2270 s D 

\0 
~ 



A?pendix A ••• Continued 

land Water level 
~ie 11 Casing Surface Be few Water Depth Diameter A1titude Land Yielding Pump \-.'eli Ov:ner (ft) (ft) (ft) Surface Date Material Type Use 

51/4i32cdd J. Simons 315 8 2270 Sand. s 0 
gravel 51;'4/33acc Idaho Forest Industries-Industrial Park 335 20 2264 261 .2 9-i975 II T ID 51 /·~/33c:aa G. Arn:strcng 332 264.0 1970 II s 0 :1/~/32::cc G. Anr.str.:>,ig 286 6 2260 II s 0 s;;~;:. ;:::~a Scr.zcd:·;; ll er 247 II ~~;~n.;aJd f. cbs 280 6 2255 II s D 5 ~I·~ I~: :c. a H..;dsc.n 256 7 2250 II s 0 51/i/J;crJJ l:. S. Forest Service Nursery 280 8 2257 II T I 51/.;f? :ccjl U. S. Forest Service Nursery 270 24 2245 237.0 9-1975 II T I 511 c;n :ccri2 U. S. Forc:st Service il1.1rsery 320 18 2245 II T I 5 i I'~ /3 .. ; Ct~ c U. S. Forest Service Nursery 270 18 2245 II T I 51/~; 35j(:c S. \·!t:s t 223 6 2230 II s D 51/~r::.:::: G. L,::. b 279 6 2250 240 1960 II s D :.·, 1 ~/ 2~:c~1 R. Fu: l.;:r 250 6 2220 196.6 9-1975 II s 0 5: /~/3~J:\:c2 R. Fullu 218 6 2220 " s D 5 I / 1~.' 2';al..~ B. GorcJon 296 15 " s D 5; ;.;n~'lcc T. Hofhan 253 30 2240 208 9-1975 " T 0 5 l I s I 2 ~}:: ~ :) 1 U. S. C~rcau of Recla~ation 280 19.25 2161 165.0 9-1975 II T I 5 j /5/2 :t:::t2 U. S. Curc~u of Reclamation 276 15.25 2162 - - II T I 5'/5/?..:i:::.J U. S. t;ur~au of Reclanation 326 19.25 2163 - - II T I 51/~.t::'Z:: :·+ U. S. Burc~u of Reclamation 290 19.25 2163 - - " T I 5i;S/2~~:t-·5 U. S. Bureau of Reclamation J30 15.25 2i64 - - " T I 5l!~/2Sbca P. 5o1 :;ei 270 6 - - - " s D 51/5/2:.:cca H. Johr.son 238 32 - - - " T I 51/~/27ccc Ur.k:1::J\·m 306 12 - - - " s 0 SI/5J2:3ccb1 U. S. B•Heau of Reclanation 230 19.25 2145 156.0 9-1975 " T I 51/5/2:2ccr~2 U. S. Bu:-eau of ?i.c1amatior. 256 19.25 2146 - - " T I 51/5t22:cbj U. S. GureJu of Reclamation 257 19.25 2146 - - II T I 51/3;2.::ccb4 U. S. S~rcau of Recla~ation 239 15.25 2147 - - " T I 5l/5/2~ccb5 U.S. Gur..:au of Reclamation 24'1 15.25 2146 - - " T I 51/S/23ccJE U. S. B~r~a\J of Reclamation 256 15.25 2145 - - " T I 51/5/22cc:.:.1 U. S. 3ureau of Reclamation 273 19.25 2153 161.0 9-1975 II T I 5l/5/28dca2 U. S. Bureau of Rec1a~ation 270 19.25 2151 - - " T I 5l/5/2SG.ca3 U. S. Gureau of Reclamation 254 15.25 2153 - - II T I 51/5/33l>bal McGuire (U.S.G.S. observation well) 174 60 2137.6 150.5 9-15-75 " T I 

\.0 
\Jl 



Appendix A • • • Continued 

h'eii 0\·l(ier 

51/5/3aaca C~ty of ?os: Falls 
5~/S/J,:a~.~ City of Post falis 
5i/5;34abd City of ?ost Falls 
5 l/5/35acc Ross. Pt. Irrigation Dist 

a =- Abi.irc.u:~ed 
S • S·J.:.•:c~r·sib1e 
D = Do::- e ~ t i c: 
I -= Irrigation 

lD = Industrial 
M ,. ~:uflicipal 

Wr.11 Casing 
Depth Diameter 
(ft) (ft) 

?~'" -0:) 20 
276 20 
275 24 
230.6 14 

Land Water Level 
Surface Below 
Altitude Land 

(ft) Surface Date 

2218 
2215 223.4 9-1975 

Water 
Yielding 
Material 

Pump 
Type Use 

'-.0 
0'\ 
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