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ABSTRACT

The Chilco channel aquifer. a peripheral aquifer contributing to the Rathdrum
Prairie aquifer in northeastern Kootenai County, Idaho, was not designated a part of the
sole source aquifer by the Environmental Protection Agency in 1978. Shallow water tables,
varying from 35 to 230 feet (11 to 70 meters) below ground surface, coupled with
moderate to highly permeable sediments similar to those of the Rathdrum Prairie aquifer,
suggests that the area requires careful investigation and protection.

Thirty one wells were sounded as part of this study during Summer, 1993 to
determine the extent of the aquifer and depth to ground water. Water was sampled for
nitrate, chloride, iron, phosphorus. hardness, alkalinity, specific conductance, and fecal
coliform.

Previous studies by Hammond (1974) and Painter (1991a) suggested that a
saturated alluvial aquifer exists from Farragut State Park southwest to Garwood. Well logs
indicate large subsurface channels within the subsurface draining generally east to west,
that are presumably extensions of pre-Pleistocene drainage systems. The channels are
partially to completely filled with glaciogenic sediments that are locally saturated. A deep
channel within Eightmile Prairie bisects the originally defined aquifer, and a ground water
divide exists at the north end of the Chilco channel. Based upon the presence of this ground
water divide, the area was subdivided into two principle watersheds; the Sage-Lewellen
watershed, a highland in the northeastern portion of the study area drained by Sage Creek
and Lewellen Creek, and the Chilco channel watershed, south of the ground water divide.

The ground water flow within the main Chilco channel comes primarily from
recharge off the west slopes of the Coeur d'Alene Mountains and infiltration from
precipitation. The water table is 35 ft (11 m) below the ground surface at the north end of
the main channel and 230 ft (70 m) near Garwood. The hydraulic gradient is 0.004 in the
northern portion of the channel, and 0.04 north of Garwood. Ground water flow from the

main channel to the Rathdrum Prairie aquifer is 2 to 4 cfs (56.6 to 113.2 V/s). Hydraulic



conductivity values for glaciogenic sediments found in the Chilco channel range from 30 to
75 ft/day (98 to 246 m/day) tor coarse sediments and 3 to 9 ft/day (9.8 to 88.2 m/day) for
finer grained sediments.

Ground water quality was found to be excellent within the Sage-Lewellen
watershed, although fecal coliform was found in one well. Mean vaiues for the measured
water quality parameters were lower than comparable mean values from the Rathdrum
Prairie aquifer. Shallow water tables in sand and gravel where Sage Creek and Lewellen
Creek become influent could be susceptible to contamination and should be considered a
recharge area.

Ground water quality within the Chilco channel is good but mean values of
hardness. alkalinity, and specific conductance were higher than comparable mean values
for the same parameters in the Rathdrum Prairie aquifer, and they increased downgradient.
The presence of fecal coliform and lower than average hardness, alkalinity, and specific
conductance from a well near a site where water from Chilco Lake becomes influent to the
aquifer suggests that contamination could occur from the lake. Since this implies the lake is
a significant source of recharge for the aquifer, it should be protected in terms of its
recharge contribution as well as its potential to contaminate the aquifer.

Due to the similarity of hydrogeologic properties the Chilco channel alluvial aquifer
shares with the Rathdrum Prairie aquifer, it is highly recommended that it receive the same

level of protection as the Rathdrum Prairie aquifer. A wellhead protection program should

be considered for the area.
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INTRODUCTION

General statement

The Chilco channel aquifer as described by Painter (1991a, 1991b) is the largest
contributing aquifer flowing into the Rathdrum Prairie aquifer. The Chilco channel aquifer,
approximately 12 miles (20 kilometers) north of Coeur d'Alene, Idaho was not designated
as part of the Rathdrum Prairie sole source aquifer in 1978 by the U. S. Environmental
Protection Agency for reasons that are still unclear. Due to this omission, the Chilco
channel has not received the same level of protection in terms of septic tank density or other
zoning regulations as the Rathdrum Prairie aquifer has had imposed. Demographic changes
within the region are placing greater pressures upon the aquifer as a result of growth.
Expansion of the cities of Hayden and Athol will eventually encroach upon the channel.
Recent industrial, commercial, and residential development within the region necessitates
characterization of the aquifer to produce an appropriate aquifer protection program. State
and county protection schemes such as a wellhead protection program could be imposed to
protect the area. Since ground water depths are shallower in the channel as compared to the
Rathdrum Prairie aquifer, the Chilco channel may be more susceptible to some types of
ground water contamination, particularly microbiological contaminants. The Chilco channel .
has a history of contamination believed to be from the Louisiana Pacific Waferwood Plant
in Chilco. Other sites such as abandoned landfills, gravel pits and feed lots that lie on top of

the aquifer may also be sources of potential ground water contamination.

Pu f

This report will attempt to describe the extent of the Chilco channel aquifer, the
configuration of the water table, and an estimate of its hydrogeologic properties. The
specific objectives of the study can be summarized as follows:

1) Describe the hydrogeology of the Chilco channel using existing information such

as previous investigations and drillers’ well logs. Information contained in the



well logs was utilized to produce fence diagrams that define the extent of aquifer
materials as well as aquifer boundaries.

2) Field investigate the area of the aquifer to produce hydrogeologic map showing
the aquifer boundaries and the configuration of the water table. The field
investigations also verified well locations.

3) Characterize the general water quality of the aquifer by sampling water from
selected wells. Water samples to be analyzed for alkalinity, hardness, specific
conductance, nitrate, chloride, iron, phosphorus, and fecal coliform bacteria.

4) Identify sites of potential ground water contamination, historicaily as well as in
the present.

5) Recommend where monitoring wells should be drilled near sites of potential
ground water contamination, and recommend a protection scheme for the study
area.

Much of the data accumutated for this report was from previous geologic and
hydrogeologic investigations, geologic maps, and U. S. Geological Survey topographic
maps. The primary references used for general geology are Anderson (1927, 1940),
Richmond et al. (1965), Savage, (1965; 1967), Griggs (1973), Conners (1976), Waitt and
Thorson (1983), Rhodes and Hyndman (1984; 1988), and Richmond (1986). Important
hydrogeologic references used are Hammond (1974), Drost and Seitz (1978), Parliman et
al. (1980), Jehn et al.(1988), and Painter (1991a, 1991b). The base maps used in the study
are principally 1: 24,000, 1: 62,500, and 1: 100,000 scale U.S. Geological Survey
topographic maps. The 15 minute quadrangles containing the study area include the Athol |
and Spirit Lake maps. The 7.5 minute quadrangles used for this study include the
Bayview, Athol, Spirit Lake East, Hayden and Hayden Lake maps. Well log data was
obtained from the Idaho Department of Health and Welfare, Water Resources Division.

Soil survey information was obtained from the Soil Conservation Service Kootenai County

survey.
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DESCRIPTION OF STUDY AREA
Location

The Chilco channel is located within the Rathdrum Prairie (Figure 1) in Kootenai
County approximately 12 mi (20 km) north of Coeur d'Alene, Idaho. State Highway 95
parallels the length of the main channel which is oriented approximately southwest to
northeast. The Chilco channel is one of three channels which connect the northern
Rathdrum Prairie with the southern portion. Each channel is oriented in a southwest to
northeast direction. They are from west to east : the west channel, the middle channel, and
the Chilco channel (Figure 2).

The Chilco channel study area extends northeastward from the main channel near
Garwood to Farragut State Park on the southwest shore of Lake Pend Oreille, and south to
the foothills of the Coeur d'Alene Mountains. The study are is bounded by Chilco ridge to
the southwest and Eightmile Prairie to the west. The town of Athol roughly bounds the

northwest corner of the study area.

Physiography

The study area lies mostly within the Northern Rocky Mountain Province (Howard
and Williams. 1972). The Columbia River Plateau lies towards the west, but the presence
of Columbia River basalts within the study area suggests that the area lies within the
margins of the Columbia River Plateau Province.

The study area (Figure 3) , located within the northern Rathdrum Prairie, has a
drainage area of 69 square miles (Painter, 1991a, 1991b). The Rathdrum Prairie is a flat to
rolling lowland varying in elevation from 2,460 feet (750 meters) near Lake Pend Oreille
to 2,130 ft (650 m) near the state line. The highlands framing the area are the Coeur
d'Alene Mountains to the southeast, and the Selkirk Mountains to the northwest, which rise
to elevations approximately 5,000 ft (1,500 m) and 6,000 ft (1,800 m) respectively,

several miles away from the channels (Figure 3). The channels and the Rathdrum Prairie
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Trench is an unusually long structural and erosional depression which follows the length of
the Rathdrum Prairie north into Canada. The trench narrows towards the south. Near the
Bonner County line the trench is about 13 miles wide, eight miles wide near Rathdrum, and
four miles wide at the state line (Anderson, 1940). Several hills stand in high relief within
the Chilco channet area. Chilco ridge bounding the channel to the northeast rises 230 ft (70
m) above the channel floor. The ridge-bound portion of the Chilco channel study area is
approximately four miles (6.5 km) long and one mile (1.6 km) wide. The ridge-bound
portion of the Chilco channel will, for the remainder of the report, be called the main Chilco
channel.

The northeastern section ot the study area lies upon a conspicuous north-south
trending gravel terrace which slopes gradually upward towards the east, eventually meeting
the steep mountain slopes of the Coeur d'Alene Mountains. This is the only portion of the
study area where streams flow across lowlands for any appreciable distance. The two
principle streams in this area are Sage Creek and Lewellen Creek (Figure 2) which become

influent on the gravel terrace. All streams, both perennial and intermittent, become influent

shortly after leaving bedrock.

Climate

Historical climatological data obtained from National Oceanic and Atmospheric
Administration (NOAA) in the form of mean monthly temperature and precipitation are
presented in Tables 1 and 2, respectively. Other general climatological data was derived
from a soil survey produced by the Soil Conservation Service (SCS, 1981).

Kootenai County area is characterized by dry summers, warm to hot in the
lowlands and cooler in the mountains. The winters are wet and cold in the mountains.

Valleys are colder than adjacent mountain slopes due to cold air drainage (SCS, 1981).



Table 1. Average monthly temperature for Bayview Model Basin.

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Average
°F 27.2 31.5 354 429 51.0 583 644 630 54.6 445 353 304 449
°¢C =27 03 19 61 106 146 180 172 126 69 1.8 -09 1.2

Table 2. Average monthly precipitation for Bayview Model Basin.

in . 2,31 1. 1 1.92 1 2 1
cm 838 587 457 401 488 465 2.08 3,12 3




The mountains are generally cooler year round, the average annual temperature is
38-42 ° F (3-6 ° C). The warmest area in the county, on the western Rathdrum Prairie, has
an average annual temperature of about 47 ° F (8 © C) (SCS, 1981).

Precipitation increases eastward towards the northern Rocky Mountains.
Precipitation generally falls as snow 1n the late fall to early spring, and as rain during the
late spring and summer. Snow accumulations are considerably higher in the mountains as

compared with the lowlands.

Geology

The geologic setting of the region and its history since pre-Miocene time is of
particular importance in interpreting the origin of the channels, and the deposition of
sedimentary materials responsible for the aquifer system(s) framework. The following is
description of the lithologic units which occur within the study area (Figure 4) as mapped

by Griggs (1973).

Precambrian rocks

The oldest rocks within the study area are the Prichard Formation and Wallace
Formation of the Belt Supergroup. The Belt Supergroup is a thick sequence of sedimentary
and metasedimentary rocks that where deposited within the Cordilleran miogeosyncline
during Precambrian time (King, 1977). The Prichard Formation is slightly metamorphosed
argillite, siltite and quartzite with lesser amounts of mainly mica schist, gneiss and quartzite
(Griggs, 1973). The Prichard Formation is primarily a highly metamorphosed gneiss
within the study area and outcrops at Round Mountain approximately three miles northwest
of Chilco according to Griggs (1973). These rocks were classified as gneiss and mylonites
of Mesozoic age by Rhodes and Hyndman (1984).

The Wallace Formation within the study area has been subdivided by Griggs (1973)

into an upper and lower part. The lower part consists of two distinguishable members: a
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11
black argillite and a light gray siltite or quartzite, the latter is carbonate bearing. These rocks

are of lower metamorphic grade than the rocks of the Prichard Formation. Blocky
weathering and a rusty weathering nnd are common characteristics. The lower part of the
Wallace Formation outcrops at Chilco ridge due west of Chilco and on the eastern shore of
Chilco Lake where it is in contact with Tertiary lavas and interbeds. It also creates the
southeastern boundary of the Chilco channei about two miles northeast of Chilco. The
lower part is fault-bound three miles northeast of Chilco where 1t contacts the upper part of
the Wallace Formation. The upper part of the Wallace Formation consists of very thinly

bedded or laminated dark argillite, a light gray siltite, and minor carbonates (Griggs, 1973).

Mesozoic and early Tertiary granitic rocks

Plutons and batholithic complexes of quartz monzanite to granodiorite composition
outcrop within the region. Most rocks are of medium to coarse-grained texture, commonly
porphyritic (Griggs, 1973). Within the study area, K-Ar dating suggests that the granitic
rocks east ot the Purcelil Trench are Mesozoic in age, and those rocks west of the Purcell
Trench are early Tertiary in age (Miller and Engels, 1975). Fine-grained sill-like bodies
exist where plutons have intruded the high grade metamorphic rocks. The granitic rocks
outcrop on the northeast and northwest tlanks of Round Mountain, the northeastern tip of
Chilco Ridge and along the southeast boundary of the alluvial valley approximately three
miles northeast of Chilco (Figure 4). Savage (1967) identifies the granitic rocks of this area

as part of the Kaniksu batholith.

Tertiary volcanics and interbeds

The volcanic rocks and interbeds within the study area are respectively the Miocene
age Columbia River Basalts and Latah Formation. The Columbia River Basalts are flows of
dense tholeiitic basalt, generally flat-lying, commonly ranging in thickness from 50 to 150

ft (15 to 46 m) (Griggs, 1973). Pillow-palagonite complexes are common within the study



area indicating that the flow ot lava into water was common near the plateau margins
(Griggs, 1976). The upper caprock is likely the Wanapum Basalt. Interbedded with basalt
is the Latah Formation consisting ot lacustrine beds of poorly indurated siltstone,
claystone. sandstone and minor conglomerate tan to gray in color (Griggs, 1973).
Columbia River Basalt outcrops on the southeastern portion ot Chilco ridge and along the
"Rimrock" area due east of Chilco (Griggs, 1973).

The Rimrock basalts. known formally as Wanapum basalt, stratigraphically lie
above the "Valley" basalts. "Vallev" or Grande Ronde basalts are located below about
2100-2200 f1 (640-671 m). The Grande Ronde tends to weather into large bulbous masses
along curved cooling joints and are often referred to as "haystacks". The Wanapum basait
is much more regular in shape and thinner than Grande Ronde type basalts (Robinson,
1991).

Outcrops along the Chilco ridge have large talus piles, slump blocks and haystacks
associated with them, particularly along the eastern margin of the ridge. Based upon these
observations, the basalt along Chilco ridge is probably Grande Ronde basalt. Qutcrops

along the terraced area east of Chilco are less disturbed, showing typical colonnade and

entablature structure.

Pleistocene glaciggenic alluvium

The bulk of valley fill within the region consists of glaciofluvial sands, gravels and
some silts and clays derived from glaciers, streams and lakes. Very coarse-grained material
such as boulders are common perhaps occurring as till, dropstones or as bedload from the
Lake Missoula floods. Generally, coarser-grained materials are closer to the valley center
and finer-grained material is found near the valley margins. Much of the alluvium is
derived from glacial outburst floods (Baker, 1973; O'Conner and Baker, 1992) which are

described later. The remainder of the deposits are likely glacial outwash (Griggs, 1973).
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Holocene alluvium

These deposits are sands and gravels derived from post-glacial depositional
processes such as stream flow. hillslope processes and mass wasting. These sediments are

largely insignificant compared to the glaciofluvial deposits and are mostly restricted to the

valleys above the channel (Griggs, 1973).

Regional Geologic History

This section discusses the relevant regional geologic events within the study area
which led to the development of the Rathdrum Prairie aquifer and the Chilco channel. The
drainage system development in the region is also included in the discussion.

The drainage networks which evolved since early Tertiary time have been
extensively studied by several workers mostly because of their relevance to the present day
distribution of aquifer materials. Of principle interest are the geologic events that have
occurred during Tertiary and Quaternary time, such as the formation of the Purcell Trench,
the pre-Miocene drainage, the formation of lava-dammed lakes and their drainage, the pre-

Pleistocene drainage, Pleistocene glaciation, and the present day drainage.

Formation of the Purcell Trench

The Purcell Trench is a topographic low which extends over a distance of 120 mi
(200 km) from the south end of Lake Coeur d'Alene to the Canadian border. Much of the
rench contains an inferred fault which may be a low angle, eastward-dipping detachment
fault which is never actually exposed. The fault is believed to be the result of crustal
extension during Eocene time. The area containing the Rathdrum Prairie aquifer grew to its

present size during Eocene time (Rhodes and Hyndman, 1988).



14
Pre-Miocene drainage

Earlier workers within the region cite the existence of a deeply dissected river valley
flowing from what is now the Clark Fork River and Lake Pend Oreille Valley due west
across the northern Rathdrum Prairie and turning south through the Rathdrum Prairie and
Spokane Valley (Anderson, 1927.1940 ; Savage, 1967). Hammond (1974) inferred that
the ancestral stream flowed through what is now the west channel. An alluvial fill of
unknown thickness within the Hoodoo Valley could reflect the valley of the ancestral Priest
River which is believed to have joined with the ancestral Clark Fork River (Anderson,
1927; Griggs, 1976) also known as the Rathdrum River (Figure 5) (Savage, 1965; 1967).
The St. Joe River-Coeur d'Alene Rivers flowing from the south joined with the Rathdrum
River flowing west and into the present day Spokane River Valley and ultimately, the
ancestral Columbia River (Anderson, 1927; Savage, 1967). During this time granitic rocks
would have developed deeply wéuthered zones. Deeper valleys than are present today may
have been formed due to stream rejuvenation from uplift and alluvial aggradation in
Quaternary time. The Rathdrum River valley elevation would have been about 950 ft (290
m) from the bottom of Lake Pend Oreille to approximately 500 ft (152 m), the estimated
bottom of the ancient Spokane River valley assuming minimal glacial overdeepening of

Lake Pend Oreille in Pleistocene time (Anderson, 1927).

Miocene-late Tertiary drainage

During Miocene time, the Columbia River Basalt flows moved through topographic
lows such as river drainages, lakes and ponds. Moving northeastward, lava penetrated the
Rathdrum River Valley near present day Spokane, creating a succession of lava dammed
lake basins which inundated what is now the Spokane valley (Robinson, 1991) and
probably the Rathdrum Prairie area as well. Deposition of clay, silt, sand and gravel in
these lakes resulted in sedimentary interbeds of variable thickness known as Latah

Formation. Most documented Latah occurrences are found at elevations of 1800-2200 ft
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(540-660 m) and especially 2050-2100 ft (615-630 m) in Spokane County, Washington

(Robinson 1991). Latah thicknesses are often 20-40 ft (6-12 m) and thicknesses of 100 ft
(30 m) and greater have been confirmed (Robinson, 1991). Seismic studies of the Spokane
Valley purport to demonstrate 800 ft (244 m) of Latah (Robinson, 1991). The Chilco
channel study area is located within the fringes of this depositional lake basin. Some of the
coarser sands and gravels interpreted from the weil logs, which are interbedded within the
basalts, may represent deposition in Gilbert-type deltas along the lake margins. Basalt lava
dams likely caused a drainage change to the north, down what is now the Kootenai Valley
(Anderson, 1927). Streams later reclaimed old drainages within the basaits as the basalt
dams eroded away (Savage, 1967).

Anderson (1927) believed that drainage outflow moved through the Kootenai
Valley in pre-Pleistocene time. According to Robinson (1991), Latah deposition occurred
over the span of 1.0-1.5 million years. Later, during dry climatic episodes or when streams
breached the lava dam, lake sediments became sub-aerially exposed and may have eroded
into a badlands-like topography or to crystalline bedrock. (Robinson, 1991). The Latah
Formation was then overlain by the Grande Ronde and the Wanapum basalts, both of

which occur within the study area.

Pleistocene giaciation

The Northern Rocky Mountains experienced several glaciations which advanced
from the Cordilleran ice sheet during the Pleistocene. Within the study area gravels, sands,
silts and clays were deposited directly or indirectly by glaciers as glacial till, moraine
deposits, kame deposits, and flood deposits. Various glaciations have been recognized by
comparing the relative degree of weathering of glacial tills. Tills of pre-Illinoisan,
Illiniosan, earty Wisconsin and late Wisconsin age have been recognized within the region.
Existence of pre-Wisconsin (Bull Lake) age tills within the study area is debatable and has

remained controversial. Only Wisconsin (Fraser) age moraines have been identified within



the region. Earlier moraines, if they existed within the study area, are inferred to have been
obliterated by glacial outburst flooding. Flood deposits and glaciolacustrine deposits
constitute the majority of alluvial matenals within the study area and are the principal

aquifer media (Richmond. 1986: Richmond et al., 1965; Waitt and Thorson, 1983)

Pre-Wisconsin (Bull L¢ laciation

The maximum extent of glaciation in the Rathdrum Prairie during pre-Bull Lake and
Bull Lake time is debatable. No pre-Bull Lake till has been recognized in the Chilco channel
study area although pre-Bull Lake flood deposits, located 90 mi (150 km) southwest of
Spokane. suggests that Lake Missoula was impounded at least once in pre-Bull Lake time
(Richmond, 1986:; Baker, 1973). Richmond et al. (1965) drew the furthest extent of the
early stade of Bull Lake glaciation just east of Spokane, a boundary which has been refuted
by many subsequent workers (Kiver, personal communication, 1993). Late Fraser glacial
outburst flooding within the Rathdrum Prairie has covered or obliterated evidence of pre-
Bull Lake or Bull Lake glaciations (Richmond, 1986). Glacial deposits near Hayden Lake,
believed by earlier workers to be Bull Lake age till, show well weathered soil horizons
(Richmond et al., 1965). Glacial tills from the Bull Lake stade may remain buried within
the Chilco channel since flood energies within the channel were probably not high
compared to those tlooding the west channel ; although it is unlikely that they are
preserved. High-standing kame deltas or terraces of Bull Lake age are believed by some
workers to bound the Rathdrum Prairie on both the slopes of the Coeur d'Alene and
Selkirk Mountains (Richmond et al., 1965). Other workers have dismissed these deposits
as being older Fraser age flood deposits from glacial Lake Missoula (Waitt and Thorson,
1983). Weathered soil profiles of Bull Lake age within the study area have not been
identified.

Sometime during pre-Fraser time the waters of glacial Lake Missoula breached the

ice dam at Clark Fork causing catastrophic flooding within the Rathdrum Prairie (Bretz et
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al., 1956; Bretz, 1969, Baker, 1973). It is inferred that the catastrophic flooding occurred

at least once during Bull Lake time because Bull Lake age flood deposits have been located
within various coulees on the Columbia Plateau (Richmond et al., 1965). Floods were
likely directed down the Little Spokane River valley and the Rathdrum Prairie-Spokane
valley, eventually debouching upon the Columbia Plateau. Early workers cite the existence
of a Bull Lake age giacial Lake Spokane which was formed when the Colville lobe dammed
the Spokane River at Long Lake (Richmond et al., 1965). This glacial Lake Spokane was
low standing at 2075 ft (640 m) and probably did not extend into the northern Rathdrum
Prairie (Waitt and Thorson. 1983).

Late Wisconsin glaciations (late Fraser)

Advances of the Cordilleran ice sheet during late Wisconsin (late Fraser) resulted in
the impoundment of two major glacial lakes which influenced sedimentation within the
study area. These include glaciai Lake Columbia and glacial Lake Missouia.

Glacial Lake Columbia was formed by the damming of the Columbia River by the
Okanogan ice lobe near the vicinity of present day Grand Coulee Dam (Richmond et al.,
1965). Maximum stable lake level elevations for glacial Lake Columbia is determined to be
2345 ft (715 m) (Atwater, 1986; 1987). The lake drained itself over low divides near
Cheney, Grand Coulee, and Hawk Creek (Waitt, 1980; Atwater, 1986). At this elevation
glacial Lake Columbia would have inundated all three of the channels in the Chilco channel
study area in the northern Rathdrum Prairie. High water stages of glacial Lake Columbia
were dependent upon the extent of the advance of the Okanogan lobe near Grand Coulee-
(Atwater, 1986). No later than 15,550 £ 450 yr B.P.? (late Fraser time) the Purcell Trench
lobe dammed glacial Lake Missouia and retreated from that position about 13,350 £ 550 yr
B. P. (Atwater, 1986). It is likely that the terminal moraine west of Lake Pend Oreille
represents the maximum extent of the Pend Oreille lobe in late Wisconsin time (Savage,

1967). All moraines appear to have formed when the ice was at its maximum extent and
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Lake Missoula was at an elevated level (Richmond, 1986). Atwater (1986) suggests that

the Okanogan lobe was slightly later in its advance and retreat than the Purcell Trench lobe,

and that glacial Lake Missoula preceded, but was outlasted by, glacial Lake Columbia.

Glacial Lake Missoula outburst flooding

The Purcell Trench lobe of the Cordilleran ice sheet dammed the Clark Fork River
impounding glacial Lake Missoula which uitimately flooded the northern Rathdrum Prairie
and Columbia Plateau westward to the Pacific Ocean. Several times during late Wisconsin
time, perhaps as many as 40 times, the ice dam at Clark Fork failed causing catastrophic
flooding when the water level in the lake rose to nine-tenths that of the ice dam (Waitt,
1985; 1980). Flood waters entered glacial Lake Columbia which was already present in the
Chilco channel study area (Figure 6). Recent work suggests that the peak discharges in the
Spokane valley are estimated at 600 £ 106 million ft3-sec-! (17 + 3 miilion m3-se0'1)
(O'Connor and Baker, 1992). Scabland topography at elevations of 2680 ft (817 m) and
2601 ft (793 m) near Round Mountain and Hayden Lake, respectively, indicate the
minimum and maximum water elevation or stage during the floods (O'Connor and Baker,
1992). A large flood bar southwest of Round Mountain, at 2601 ft (793 m) elevation
suggests that substantial time was required for its formation and was therefore submerged
for a significant amount of time (O'Connor and Baker, 1992). Also during the flooding
episodes, multiple flood paths would have developed with portions of the flow moving
down the Little Spokane River as well as the Rathdrum Prairie-Spokane Valley drainage -
(O'Connor and Baker, 1992). It is likely that turbulent eddies formed on the valley wall
side of flow boundaries and were important depositional sinks in this region. O'Connor
and Baker (1992) describe an effective flow boundary line in a southwest to northeast line
turning north at the Chilco channel. During the final phase of each flooding episode,
discharges would have waned and flow boundaries, and therefore eddies and their

associated deposits, would have probably wandered across the prairie, perhaps following
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topographic lows. The overall topography and relict drainage indicates a braided to
meandering river channel system in the northern Rathdrum Prairie (Conners, 1973). Flows
within the thalweg side of the boundary would transport sediments whereas flows south of
the boundary within an eddy would deposit more poorly sorted sediments.

[t is important to note that the outburst floods varied greatly in volume, as much as
50-fold (Atwater, 1987). Weaker tlood discharges, or the waning stages of large floods,
would have followed topographic lows, anastamosing across the Rathdrum Prairie much
like a braided stream due to a high gradient and high sediment load. During these events,
the older Rathdrum River valley aggraded with glaciotluvial and flood deposits to a depth
such that the old Rathdrum River stream valley became completely buried. The deepest
buried valley, which could contain trom 750 to 1000 ft (229 to 305 m) of alluvial fill, is the
west channel in the northern Rathdrum Prairie. The topographically higher aggradational
surface in the west channel would have deflected low discharge floods, or the waning
stages of major floods, further eastward causing the middle channel and the Chilco channel
to aggrade last. [f this inference is true, then only the largest floods (and the latest floods)
actually deposited sediments in the Chilco channel. Atwater (1987) cites evidence of varved
sediments in the Okanogan region in Washington, suggesting that progressively smaller
floods into glacial Lake Columbia from Lake Missoula in late Fraser time, and the

persistence of glacial Lake Columbia for several decades after the last outburst flood.

Reli in m

The entre length of the Rathdrum Prairie and Spokane valley exhibits relict braided
to dendritic stream patterns from the glacial outburst floods. The broad, shallow nature of
these remnant features suggests that not only a large discharge of water and sediment had
occurred, but an abrupt cessation ot flow took place as well (Conners, 1973).

A gravel terrace located one half mile east of Athol, oriented in a north to south

direction, represents a slipoff bank of a poorly developed meander which grades gradually
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into higher outwash levels without a major break in slope. This represents channeling
contemporaneous with outburst flooding (Conners, 1973).

The Chilco channel is topographically the lowest channel and is the shallowest in
depth of the three channels connecting the southern Rathdrum Prairie with the northern
Rathdrum Prairie. This suggests that the Chilco channel was the last channel to drain flood
waters, and that the west and middle channels had aggraded to levels higher than the flood

waters during later floods.

Present day drainage

There are no major streams which flow across or along the length of the Chilco
Channel study area. All streams that do occur in this area drain the bedrock highlands
adjacent to the channels and are perennial or intermittent, and at lower reaches become
influent when they reach the alluvium. The sandy and gravelly sediments in the study area
are too porous and too permeable to support a small stream for significant distances. The
largest creeks within the study area are Lewellen Creek and Sage Creek (see Figure 2)
which drain the northern slope of the Coeur d'Alene Mountains. Most tributaries of these
streams drain towards the north, and the main stream channeis drain towards the west.
Perhaps both Sage Creek and Leweilen Creek captured relict stream drainages created by
the floods.

A natural spillway over bedrock draining Chilco Lake cascades onto the Chilco
channel and flows into a small pond where it becomes influent. Other very smail
intermittent streams and springs drain into the Chilco channel near the "inlet" near
Garwood, and southeastern Chilco Ridge.

It is likely that many small springs exist in the subsurface, particularly near where
the basalts contact the pre-Tertiary basement rock, and where the lowlands meet the

mountains at the slope break. Several of these springs were identified and mapped during

the field investigation.



Pedology

Soils within the study area are very similar to those found in other parts of the
Rathdrum Prairie. A notable difference is the presence of soil-rock outcrop associations
near the Chilco Channel. These soil-rock outcrop associations were compiled onto a map
and they aided in the definition of the boundaries of the aquifer. All information regarding
soils and their properties was taken from the Soil Survey of Kootenai County Area, Idaho
(S8CS, 1981).

The vast majority of soils in the study area are of the Kootenai-Bonner association
and the Avonville-Garrison-McGuire association. These soils are located within the
lowlands from elevations of about 2,100 to 2,600 ft (640 to 793 m). The Kootenai Series
is common within the main channel. The Bonner Series soils nearly cover the northeastern
terrace. Avonville soils occur predominantly in the Eightmile Prairie area and are the least
abundant in the area. Highland soils are of the Vassar association which are not as
significant since the majority of the aquifers are in lowlands (SCS, 1981).

The Kootenai soil is a very deep, well drained, slightly weathered glacial till (?)
which is mantled by volcanic ash and loess. The supposition that these soils are derived
from tills is improbable, but are more likely derived from glaciolacustrine deposits. The
soils have a very low available water capacity and are drier than the Bonner soils. The
Kootenai soils are gravelly silt loams and very gravelly loams up to about 26 inches in
depth with a very gravelly coarse sand substratum. Kootenai soils have very high
permeability which limits the function of sanitary facilities. Community septic systems are
recommended because of the potential for ground water pollution in areas of high
population density (SCS, 1981).

Bonner soils are very deep, well drained soils derived from glacial outwash capped
by volcanic ash and loess. The top horizon is a gravely silt loam grading into a gravelly

loam sand in the substratum. Permeability is rapid, and runoff is slow to medium. The
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potential for ground water poliution trom septic sources 1s significant within the Bonner

soils, perhaps greater than the Kootenai soils (SCS, 1981).

Stratigraphy

Analysis of the stratigraphy of the unconsolidated sediments within the northern
Rathdrum Prairie and the Chilco channel study aids in determining which sedimentary units
are aquifers, the extent of the aquifers, and whether or not they are confined. Drillers' well
logs indicate a complex depositional history within the Chilco channel area. The sediments
deposited within the study area are limited to the lacustrine Latah Formation of Miocene
age, and the late Wisconsin age outburst flood deposits. An unconformity exists between
the pre-Tertiary age basement rock and the Latah Formation as weil as between the Latah
Formation and the Pleistocene sediments. The depositional history of the Latah Formation
has already been discussed, this section will endeavor to describe depositional history and

environments which resulted in the characteristic facies observed in the sub-surface of the

Chilco channel area.

Description of facies

Several different flow conditions existed during and in between flood events
resulting in very different sediment assemblages. During flood events, large channels in the
main track of the flow could have transported and deposited extremely coarse-grained,
moderately well-sorted material. Qutside the main flow track, more poorly sorted material
would have been deposited. It is important to note that not all of the floods would have
influenced the Chilco channel area. The stratigraphic record displayed in the sub-surface is
incomplete, largely representing deposition during the floods of greatest magnitude and
interflood deposition into giacial Lake Columbia. The sediment assemblages within the

Chilco channel area have been divided into facies and are described below.
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Thalweg or channel flood facies

Alluvium which was transported and then deposited within the main flow track
during an outburst tlood has been designated as thalweg or channel flood facies. The
thalweg or channel tlood facies are very coarse-grained, moderately well sorted sands,
gravels, cobbles and boulders. Those coarse deposits showing a moderate to high degree
of sorting are regarded as thalweg flood facies. Thalweg deposits occur generally in the
center of the channel within the main track of flow which likely anastamosed across the
channel as flood velocities surged and subsided. They are particularly abundant and thicker
near the channel outlet where flow velocities decreased causing the deposition of boulders
and other coarse grained materials. The tlow boundary as defined by O'Connor and Baker
(1992) is near the main channel outlet to the Rathdrum Prairie as well (Figure 6). This
coarse-grained, moderately welil-sorted facies most closely resembles those deposits

constituting the bulk ot the alluvial fill in the Rathdrum Prairie and Spokane Valley.

Eddy facies

As an outburst flood advanced across the Rathdrum Prairie eddies formed between
flow boundaries within the main channel of flow and the valley wall. Eddies cause a
decrease in flow velocity resulting in the deposition of poorty sorted, coarse to fine-grained
sediments at or adjacent to the tlow boundaries near the valley walls or small embayments.
The eddy facies is characterized as poorly sorted deposits of boulders, gravels, sands, and
some clay. Eddy bar deposits are common along the eastern margin of the Channeled
Scabland (Baker, 1973), but have not been identified within the study area in previous
studies. Perhaps higher flow velocities and greater water depths, due to the proximity of
the site to the actual outburst, prevented the development of identifiable eddy bars within
the study area. Deposition from this area shouid be expected since much of the area lies

upon lowlands marginal to the Coeur d' Alene Mountains.



Dropstone-lacustrine tacies

During intertlood periods quiet water conditions in glacial Lake Columbia may have
occurred where icebergs would have dnifted into the lake, and as they melted would result
in the deposition ot dropstones. Dropstones the size of gravel to boulders may also have
been deposited after flooding when icebergs were most abundant, and in locations where
eddies moved the bergs into quiet bays. As the tloods waned, still water conditions within
glacial Lake Columbia allowed for the deposition ot fines such as clay and silt as well as
dropstones. Lake levels would have fluctuated causing beaches to dry and form calcareous
"hard pan". Hard pan is present in some well logs but is discontinuous.

Only fine-grained deposits which were far enough from the main tlow track, and
those deposits laid within glacial Lake Columbia after the last flood episode, would not
have been eroded by the high flood water velocities and are therefore preserved. These
deposits are mostly located near the valley walls and small embayments. All deposits
containing abundant clay have been classified as dropstone lacustrine facies since this is the
only depositional environment in which significant amounts of clay and very coarse

grained sediments could have been deposited simultaneously.

Glacial ull

Another possible facies within the study area is a glacial till facies. As stated earlier,
the flood energies affecting the Chilco channel varied greatly and were perhaps low enough
to preserve Bull Lake age tills. A soil survey performed within the area reports soils
derived from slightly weathered glacial tills located south of Eightmile Prairie and other
large portions of the Rathdrum Prairie. It is likely that the survey mistook glaciolacustrine
deposits for till. The presence of till near the surface is unlikely since the furthest advance
of Late Fraser glaciation was near Athol and outburst flood deposits, and glaciolacustrine

deposits would have subsequently covered any glacial tills. It is possible that glacial tills
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became exposed within the Chilco channel during flooding and are the substrate for soils

today, but highly uniikely.

Descriptions ot fence diagrams

Several fence diagrams (Figure 8,9 and 10) were drawn to attempt to correlate
sedimentary units and aquifers. delineate the channel dimensions and boundaries. Figure 7
is a location map illustrating the locations of wells for the sections. Wells used in the fence
diagrams were either sounded (depth to water table measured) or their location was
confirmed in the field.

The cross-sections are helpful in deciphering the complex depositional history of
the Chilco channel and surrounding area. The position of the area, marginal to main tract of
the flow from the glacial Lake Missoula floods, is perhaps the most important factor to
consider in the interpretation of the depositional history of the Chilco channel area.

Only wells with drillers' logs were used for the fence diagrams. Appendix A lists
the soundings, location, homeowner names, aquifer, and other important information.
Appendix C lists all well logs used for the investigation. Wells which were sounded for the
study are listed in Appendix A. Each sounding is designated a well sounding number (S1,
52, §3,...) in the order in which it was sounded in the investigation. In Appendix C, each
well is designated a well log number in the order in which the well was recorded from the
logs. Wells will be referred to by sounding numbers, and name of homeowner, name on
well log, or well log number. The sounding number will correspond to a well log number

in Appendix A, if a well log exists for that well.

Section A-A'
The fence diagram A-A'(Figure 8) illustrates the stratigraphic history and
complexity along the margin of the Rathdrum Prairie. The section is longitudinal to the

main track of the Chilco channel, and is oriented northeast to southwest. All well logs used
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within the section A-A' were sounded in the study. Only one well penetrates bedrock
basement (S4). The fence diagram illustrates an irregular bedrock surface within the Chilco
channel which slopes steeply to the southwest .

All four hydrofacies occur along the A-A' section. The Timbercraft (1) well has
over 100 ft (30 m) of poorly sorted clay, boulders and gravel interpreted as a diamicton
which were likely deposited in glacial Lake Columbia. Below the diamicton deposit is
moderately well sorted, normal graded sequence of flood gravels and boulders. The coarse-
grained flood sequence overlays sand-gravel and clay-gravel associations interpreted as
eddy deposits which could have been deposited along the flood flow margin which likely
anastamosed eastward as the west channel aggraded. Eventually the eddy deposit was
buried by subsequent tlood channel deposits. The bedrock slope 1s believed to be steep
towards the southwest in this region so these could represent slump or distal periglacial
facies as well.

The McKay well (S11) shows the bimodal grain size distribution of clay and gravel
and correlates with similar sediments in the Timbercraft (S1) well. Theses sediments are
believed to overlay flood sediments. The well driller noted that the hole became sandier
with depth. The bimodal grain size associations of clay-gravel, and clay-boulders
commonly overlays flood deposits in several well logs in the Chilco channel. This would
suggest that large accumulations of glaciolacustrine, and perhaps glaciofluvial sediments,
were deposited after large flood events within glacial Lake Columbia.

The new North Idaho Propane well (§4) penetrates 120 ft (37 m) of very coarse
material interpreted as flood gravels. Under the flood gravels is 20 ft (6 m) of clay which
perhaps was deposited in glacial Lake Columbia prior to a large flood event. This clay
could feasibly be Latah Formation since it contacts bedrock and is at a location in which the

occurrence of Latah Formation is most common at 2100 ft (640 m) (Robinson, 1991).
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Another well penetrating flood deposits to the northeast, is the Tipke well (S17).

This well is topped by five feet (1.5 m) of lacustrine clays. Several wells within Section
18, T52N, R3W penerrate thick sequences of flood gravels.

The Veylupek well (§16) to the northeast penetrates nearly 130 ft (40 m) of clay,
gravel, and cobbles. This thick deposit of glaciolacustrine material overlays clay which
correlates with clays found in the North Idaho Propane well (S4).

The Luster weil (§31) has a thick sequence of lacustrine sediments overlaying flood
deposits. The clays may have been deposited on the margins of post-flood glacial Lake
Columbia, or in a small post-flood lake. This inference is made because of the prevalence
of clay exclusive of coarse-grained sediments.

The Henderson well (S19) penetrates only coarse-grained sediments which are
interpreted as flood deposits. Perhaps this area was beyond the influence of the late stand
of glacial Lake Columbia.

The section A-A' illustrates the influence of interflood glaciolacustrine and
diamicton deposition which occurred in glacial Lake Columbia. Thick sequences of clay-
rich gravels and boulders which appear to overlay flood gravels are not likely the product
of direct land glacier deposition as in the case of tills. Clearly glaciolacustrine and diamicton
deposits overlay flood gravels, therefore deposition must have been after major flood
events within the stillwater confines of glacial Lake Columbia. It does not seem probable to
the author that pre-Bull Lake age flood deposits would be overlain by early Wisconsin age
till and remain preserved, especially considering the magnitude of the Fraser age floods.
Still, this area would have been marginal to the flow of ice during Bull Lake time and,
therefore, large morainal deposits would have developed within the Chilco channel. No
lateral moraine deposits of early Wisconsin age have been identified within the study area,
and were likely reworked by Fraser age floods if they ever existed. It is far more probable
that the unusual bimodai grain-size distribution is the product of glaciolacustrine-dropstone

deposition in glacial Lake Columbia rather than till deposition.
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The ground water tflow across the section 1s towards the southwest. The hydraulic

gradient is uniform within the middle of the section (0.0048), but steepens quickly towards
the southwest near the outlet (0.063). The hydraulic gradient is inferred to be more of a
tunction of the bedrock contact rather than hydraulic conductivity. A ground water divide

appears to exist near the Luster well (§31) where the water table slopes toward the

Henderson well (§19).

Section B-B'

Section B-B' (Figure 9) crosscuts the channel roughly perpendicular to the flow of
ground water. Only two well logs were used to make the cross-section since only two
wells are in a line across the channel in this area and that penetrate bedrock (or aquicludes),
thereby allowing an estimation of saturated area of the aquifer in this cross-secton.

At the west end of the channel is the Brook-MacDonald well (well log no. 102)
which was sampled for water quality but could not be sounded. The well penetrates 60 ft
(19 m) of outwash sand and gravel, and then five feet (1.5 m) of sand (sand is rare in well
logs within the channel). The low topographic location suggests that this location may have
been the site of a post-Pleistocene stream channel. At a depth of 65 to 93 ft (20 to 28 m),
there 1s an assemblage of saturated gravel with sand and clay representing the
glaciolacustrine facies. From 93 to 114 ft (28 to 35 m) a sequence of gravels rest upon
shale, probably Latah Formation. The shale sequence is at least 61 ft (18 m) thick. The
bedrock surface elevation is lower here than the eastern margin of the channel at the
Bonham well (S5).

The Bonham well (§5) penetrates predominantly coarse gravel, and several boulders
to a depth of 110 ft (34 m), before penetrating bedrock, representing channel deposits from
the outburst floods. The J. Green well several hundred feet to the north has a depth to

bedrock of 144 ft (44 m). The surface elevation at each wellhead is nearly identical,
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therefore there is a great deal of relief within the subsurface which helps explain the

northwestward hydraulic gradient in this area.

The NW-SE cross section in the main channel illustrates that the hydraulic gradient
is across the channel on the eastern margin. Some water is in fact flowing northwestward,
then southwest within the cross-section. This complicates attempting to calculate discharge
from this channel cross-section. This area is however downgradient of all major recharge
areas and has the best depth to bedrock and saturated thickness data. Reasonable cross-
sectonal area data can be obtained for calculating discharge from the main channel (see

Hydrogeology - Discharge Calculation) .

1

Section C-

Section C-C' (Figure 10) is oriented E-W and crosses north of the "inlet" of the
Chilco channel within Eightmile Prairie onto a gravel terrace to the east. Only two of these
wells were sounded in the study, but weil locations were confirmed in the field.

The bedrock-alluvium contact show a high degree of relief from east to west (C'-
(), approximately 250 ft (76 m) in two miles (3.2 km). A subsurface channel may exist
within this section which moves south of S24. The site beneath S24 appears to be a
buttress or buried valley slope facing south. This inference is supported by the fact that
rock outcrops in the north end of the same section (Section 28), and the water table is
higher within bedrock. Saturated alluvium exists east and west of S24, therefore a channel
connecting these areas hydraulically appears probable.

The Rickel well (well log no. 177) in the far west portion of the section is a 400 + ft
(122 + m) well penetrating sands, gravels and boulders. This is typical of well logs within
the Rathdrum Prairie aquifer in depth and in aquifer material.

The Henley well (S24) due east of the Rickel well (well log no. 177) does not
appear to have any significant accumulations of channel (thalweg) flood deposits in the

column. Nearly the entire log consists of glaciofluvial and glaciolacustrine deposits. This
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area was perhaps stripped to bedrock during the floods and quickly aggraded in the waning

stages of the floods, but mostly during the last stand of glacial Lake Columbia. At this time
downwasting ice of the Purcell Trench lobe and periglacial streams would have been
actively depositing sediments into glacial Lake Columbia. The bedrock contact here is
relatively shallow at 220 ft (67 m) from the surface and slopes to the south, west, and east
as is indicated from other well logs in Section 28, T53N, R3W.

The Silverwood well (well log no.75) penetrates a thick sequence of clay, sand,
and gravel interpreted to correlate with the glaciofluvial and glaciolacustrine sediments in
the Henley well (5§24). Again, the proximity of the site to the terminal moraine of the
Purcell Trench lobe greatiy affected deposition in this area. Deposition of interflood and
post-flood sediments in glacial Lake Columbia would have been thicker in the subsurface
channels as well as proximal to the glaciers terminus. The lowest gravel unit contacting the
bedrock surface may be channel lag deposits from a pre-Pleistocene stream channel.

The Ray Dare well (well log no. 84) to the east of the Silverwood well (well log no.
75) has what appears to be two sequences of flood deposits and interflood glaciofluvial and
glaciolacustrine deposits. The lower flood gravels contacting the bedrock surface may be
channel lag correlating with the lower gravel unit in the Silverwood well.

The Hoit well (S25) to the southeast of the Ray Dare well (well log no. 84) lies
upon a gravel terrace which was marginal to the main flow of the floods. The entire
sequence of sands and gravels within the column could have been deposited during one or
two large flood events. The area was probably far enough away from the influence of
glacial Lake Columbia that no interflood glaciolacustrine sediments were deposited. The
bedrock contact probably slopes to the north towards Bunco Road and the Ray Dare well
(well log no 84).

The ground water table slopes towards the west with a gradient of about 0.002. The
water table in the Henley well (§24) is higher because the bedrock slopes towards the south

and the water table roughly follows the bedrock slope. Well logs from Section 28, T53N,



R3W illustrate that the water table drops towards the south. As for the Chilco Channel it is
believed that the water table within the alluvium is more a function of the bedrock

configuration than of the hydraulic conductivity of the material.

Hydrogeology

Aquifers within the study area have been divided into four categories based upon
their hydrogeologic properties. The basis of description of the various aquifers was
derived from 177 well drillers' logs from the Chilco channel study area. The aquifers
recognized are: 1) metasedimentary basement aquifers: 2) granitic basement aquifers; 3)
aquifers in Columbia River Basaits and interbeds: and 4) glaciogenic alluvial aquifers.
Glaciogenic alluvium is the most abundant and productive aquifer material throughout the
main Chilco channel. Due to important sedimentological differences it is appropriate to
subdivide the glaciofluvial alluvial aquifer into three distinct hydrofacies: 1) thalweg or

channel flood facies; 2) eddy facies: and 3) dropstone/lacustrine facies.

Previous hydr logic investgation

The principle work performed within the Chilco Channel and Athol area was done
by Hammond (1974) where the configuration of the water table in the northern Rathdrum
Prairie was determined by geophysical survey (gravity), test drilling, and mass
measurements of water levels. Through his investigation Hammond concluded that the
west channel, representing the ancestral Rathdrum River channel, contributed 170 million
gallons per day to the Rathdrum Prairie aquifer. Contribution was negligible from the
middle channel which represents a bedrock divide, and 30 million gallons per day flowed
through the Chilco channel into the Rathdrum Prairie aquifer. The channels decrease in
depth to bedrock from west to east, and decrease in surface elevation from west to east.
The estimated bedrock elevation (Figure 11) of the west channel is approximately 900 ft

(274 m), the middle channel approximately 2050 ft (626 m), and the Chilco channel at
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approximately 2050 ft (626 m) (Hammond, 1974).

Much of Hammond's study has been the basis of continual work to draw the
boundaries of the Rathdrum Prairie aquifer, the Chilco channel aquifer and its watershed.
Perhaps the most influential study performed on the Rathdrum Prairie aquifer was by Drost
and Seitz (1978) which resuited in the sole source aquifer designation for the Rathdrum
Prairie aquifer, and the subsequent omission of the Chilco channel from the designation.
The report states that the peripheral aquifers draining into the Rathdrum Prairie aquifer "are
less desirable than the Spokane Valley-Rathdrum Prairie aquifer because of insufficient
supplies, poor water quality, and (or) remoteness from areas of need (Drost and Seitz,
1978).

In an attempt to delineate the areas recharging the Rathdrum Prairie aquifer, Painter
(19914, 1991b) attempted to map the Chilco channel aquifer and its surrounding watershed
to determine the contribution of recharge to the Rathdrum Prairie aquifer. The borders of
the Chilco channel aquifer and its watershed as defined by Painter (1991a, 1991b) are used
extensively within this report, however, these borders have since been redefined based

upon the information gathered during this more recent study.

Aquifer boundaries

A depth to bedrock map was created for the Chilco channel area which
demonstrates a high degree of complexity and structure (Figure 11). Although well
locations taken directly from well logs are reliable only within approximately one sixteenth
of a square mile (1/4, 1/4, Section), the map was beneficial in alluding to the configuration
of the bedrock surface. A deep channel flows towards the northwest near the "inlet"” to the
main channel, north of Chilco ridge (Figure 12). Another large channel within the main
Chilco channel, flows towards the southwest into the Rathdrum Prairie aquifer near

Garwood at the "outlet” (Figure 12). Approximately one mile east of Garwood, a channel
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flows due westward into the Rathdrum Prairie. This channel consists of alluvial valley fill

not previously recognized as part of the Rathdrum Prairie or Chilco channel aquifers. An
intermittent stream flows across the flat valley surface which was likely a lake at one tme
which has since filled. Presently a small intermittent stream flows across the valley floor
surface and is likely influent into the vailey fill.

All of the subsurface bedrock drainages inferred from the weil logs appear to be the
continuation of the surface stream channels which drain the Coeur d'Alene Mountains and
likely converge with a deep channel which turns to the west side of Round Mountain
(Hammond, 1974); the inferred location of the ancient Rathdrum River valley.

The depth of the main Chilco channel is inferred to be fairly uniform and shallow at
about 120 ft (37 m) throughout the length of the constricted portion of the channel north of
Chilco southwest 1o Garwood where is descends quickly into the Rathdrum Prairie aquifer
bedrock contact. Few well logs exist which show wells penetrating bedrock, therefore well
depths were used as estimates for minimum depth to bedrock.

Since the bedrock contact descends to the northwest and southwest from the iniet of
the Chilco channel, the northeastern end of the Chilco channel is therefore more of a
subsurface divide than a channel, probably representing a divide between tributary basins
within the ancient Rathdrum River drainage.

The lateral boundaries of the aquifer were defined based upon information provided
by weil logs as well as by field investigation. The main channel is more constricted than as
originally defined by Painter (1991a, 1991b). The main channel opens southwestward,
perhaps only one quarter mile wide at the inlet, and just over a mile wide near Garwood.
Lateral aquifer boundaries do not necessarily coincide with alluvium-bedrock contacts, but
instead was deliberately delineated where saturated alluvium was either confirmed or

strongly suspected based upon well logs or other evidence.



Aquifer tvpes
Metasedimentary basement aquiter

The metasedimentary basement aquifer are largely composed of the Precambrian
age Prichard and Wallace Formations which are generally low grade metasedimentary rocks
of quartzite, siltite, and argillite with minor marble. No wells penetrating the
metasedimentary basement aquifer have been identified conclusively, although several are
suspected in the northern main Chilco channel (Sections 4 and 5, TS2N, R3W). The
aquifer is unconfined, and wells in these rocks depend ground water in secondary porosity
as a result of localized fracturing, perhaps due to faulting and shearing. Although wells
penetrating these rocks near a fault zone have the greatest chance of producing enough
water for a domestic well, drilling for water within these rocks is considered a gamble. No
significant yields (from the suspected wells) were reported in these wells in the study area.

The metasedimentary basement rock is, therefore, not considered a significant aquifer.

Granitic basement aquifer

Granites and gneissic textured rocks of Mesozoic to Early Tertiary age constitute the
granitic basement aquifer. Similar to the metasedimentary basement, the granitic basement
aquifer's hydrogeologic characteristics are dependent upon the degree of fracturing,
jointing and weathering. Granitic rocks within the study area commonly possess deep
saprolitic zones which greatly increases the permeability of the rock. Wells penetrating
large numbers of joints also have a greater possibility of high yields. Those wells which
penetrate joints linked to deep saprolite zones have access to water which is stored in the
weathered zones. Saprolitic layers commonly have high porosity and low permeability due
to the presence of clays (Fetter, 1988). Granitic rocks can be significant aquifers for -

domestic purposes, yet rarely produce discharges sufficient for agricultural or irrigation

purposes.
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There are at least 74 wells tapping the granitic aquifer, and 49 wells exclusively

access granitic aquifers within the study area. The aquifer is unconfined, except where
overlain by clay or shale. Static water levels in all granitic wells range from 7 ft to 550 ft (2
m to 168 m). The average depth to ground water from the ground surface or static water
level (SWL) is 169 ft (52 m). The northeastern area near the alluvium-bedrock contact has
the shallowest water table, whereas the deepest water table is on the north and west slopes
of the Coeur d'Alene Mountains. The range of yields was from 0.2-75 gallons per minute
(gpm) or 0.8-284 liters per minute (Ipm) in wells penetrating granitic aquifers exclusively.
Average well yields in these wells is 14.6 gpm (55.3 lpm). The high yieid wells are nearly
exclusively in the northeastern region of the study area and are perhaps associated with the
deep saprolitic zones, buried tributary channels, as well as areas of intense fracturing from
faulting. This high average well yield value is misleading for the study area and should

only be considered valid for the sub-basins draining Sage Creek and Lewellen Creek.

Columbia River basalt and interbed aquifer

The Columbia River Basalts and their interbeds, formally known as the Latah
Formation, of Miocene age constitute another bedrock aquifer in the study area.
Hydrogeologic properties depend on the degree if fracturing and jointing within the basalt.
Interbed conductivities vary depending on sediment type. Shales, sandstone and gravels of
various degrees of induration have been described in well logs, but are difficult to identify
conclusively based upon only well log information. Basalt flows are discontinuous and are
not easily correlated, perhaps due to pre-glacial and post-glacial mass wasting and erosion
from the outburst floods. Much of the southeastern region of the channel, east of Highway
95 and south of Chilco Road to Garwood, appears to be underlain by basalts (probably
Grande Ronde) which are capped by alluvium. Both the Tertiary volcanics and interbeds
can produce significant discharges for domestic use, but are discontinuous and not

considered to be important aquifers in the study area.



Well yields are widely varable within this aquifer, and range from 1-100 gpm (4-
379 lpm) within the basalts, and (.1-12 gpm (0.4-45 lpm) within interbeds as reported in
25 well logs in the study area. Fifteen well logs were within basalts and 10 were within
"shale" or interbeds as indicated by the well logs. Well yields for all Tertiary volcanics
average 15.6 gpm (59.1 Ipm). Depth to ground water mean values are greater for those
wells penetrating basalts at 176.8 ft (53.9 m) than those penetrating shales at 151.2 ft (46.1

m). Mean depth to ground water for all wells penetrating Tertiary volcanics is 166.6 ft

(50.8 m).

Glaciogenic alluvial aquifer

The vast majority of the valley fill sediments within the Rathdrum Prairie is
Quaternary age glaciofluvial and glaciolacustrine alluvium derived from the outburst floods
and outwash, and perhaps glacial till. The glaciofluvial aquifers are the most productive
within the study area as well as the most susceptible to contamination. Glaciolacustrine
sediments which overlay glaciofluvial aquifers create locally semi-confined to confined
conditions. At least 66 wells within the Chilco channel study area tap alluvial aquifers,
essentially all in glaciogenic aquifers. The average SWL for wells not considered part of
the Rathdrum Prairie aquifer is 116 ft (35 m) as indicated from drillers' logs. Fourteen well
logs from wells in Eightmile Prairie, Athol and areas northwest of the main channel,
proximal to the Rathdrum Prairie aquifer, average 315 ft (96 m) in depth from ground
surface. Static water levels within the main channel range from 15-60 ft (5-18 m) in the
northern portion of the channel to 220-275 ft (67-84 m) in the southern portion. Well yields
average approximately 35 gpm (132 Ipm) for all wells in alluvial aquifers within the study
area. This figure is misleading since many of the wells pump 10 gpm (38 Ipm) or less.
Aquifer materials consist generally of bimodal associations of sediments such as fine sand
and gravel, clay and gravel, clay and bouiders; or sediments of limited size range such as

course sand and gravel, but rarely exclusively fine-grained sediments. Several distinct
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associations of sediments necessitate dividing the valley fill into three hydrofacies based

upon information from well logs, lithologies, hydrologic properties, and processes inferred
to have operated in their deposition. Hydraulic conductivity data was obtained by
estimating transmissivity from the specific capacity (well discharge per unit drawdown) of
a well (Theis, 1963). Since no observation wells were available the K value for r=1/4 foot
was used in the formula. A storativity coefficient of 0.2 was assumed, the same value used

in the derivation of the formula. The range of values calculated are listed with each facies.

Thalweg or channel flood facies

These deposits most closely resemble those that comprise the bulk of the sediments
in the Rathdrum Prairie.. Like the Rathdrum Prairie aquifer these deposits have extremely
high porosities similar to those for well-sorted sands and gravels, ranging from 25-50 %
(Fetter, 1988). Permeabilities are high, perhaps as high as the maximum range for a well-
sorted gravel from 28.4-2835 ft / day (8.7-866 m / day) (Fetter, 1988) Calculated hydraulic
conductivity values ranged from 30 to 75 ft/day (9 to 23 m). These high values are limited

to the main channel.

Eddy facies

The eddy facies has a moderately high porosity probably similar to mixed sand and gravel
as defined by Fetter (1988), ranging from 20-35%. Permeability are lower than the channel
facies and are perhaps similar to glacial outwash sands which range from 2.8-284 ft / day
(0.9-87 m/ day) (Fetter, 1988). Calculated values ranged from 3 to 9 ft/day (1 to 3
m/day). The values were calculated from wells proximal to the eastern margin of the main

channel as well as in the Sage Creek -Lewellen Creek area which tapped alluvium,
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Dropstone-lacustrine facies

The significant proportion of clay suggests this unit can behave as a confining to
semi-confining layer as well as an aquifer. This facies has high porosity, probably close to
that of clay, ranging from 33-60% (Fetter, 1988), yet it probably has moderate to low
permeability similar to clayey sands and silts, ranging from 0.0028-0.28 ft / day (0.0009-
(.86 m / day) (Fetter, 1988), probably at the upper end of the range. The only well tapping
a dropstone-lacustrine facies aquifer tapped several other aquifers as well, therefore no
hydraulic conductivity calculation was made.

In sum, the glaciogenic aquifer constitutes the bulk of the Chilco channel aquifer
system and will therefore be the focus of the remainder of this report. Secondary aquifers

that occur primarily in the bedrock will be discussed briefly when appropriate.

Recharge

Recharge to the Chilco channel aquifer is derived from small, intermittent streams.
small bedrock (joint and contact) springs, and infiltration from precipitation. The
northeastern portion of the watershed is drained via several small streams from the Coeur
d'Alene Range, principally Sage Creek and Lewellen Creek. Both streams become influent
when they reach porous and permeable alluvial materials. Other sources of recharge come
from a perennial stream draining Chilco Lake and it's watershed, and springs near Chilco
ridge.

Recharge estimates were made based upon water balance data taken from water-
budget studies of the several nearby lakes (Painter, 1991b).The Chilco channel watershed
area (Figures 13) was calculated as 69.4 square mile (mi2) or 179.7 square kilometers
(km2) . Basin topography, morphology, soil type and rainfall were assumed uniform, and
an average recharge rate of 0.59 cubic ft per second (cfs) per mi or 43 liters per second
(1/s) per km? for three watersheds was used for the Chilco channel watershed. By using

this method, the average recharge for the Chilco channel is 40.6 cfs (1150 I/s)
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Table 3. Recharge area data for the Chilco channel area.

Name Area (square miles) |Area (square kilometers)
Sage-Lewellen watershed
Sage-Lewellen Watershed-mountain slopes 24,2 62.7
Sage-Lewellen Watershed-alluvial basin 123 31.9
outcrop area within alluvial basin 0.8 2.1
Total Sage-i.ewelien watershed recharge area 37.3 96.7]
Chilco channel watershed
Chilco watershed-east of main channel 15.8 40.9'i
Chilco Lake watershed-within area east of main channd 2.2 3.
|
Chilco ridge watershed 0.7 1.9
Chilco channel alluvial aguifer 3.2 8.3}
|
Area effectively recharging the Chilco channel 1.7 199
Total Chilco channel recharge area 19.7 51.1
total recharge area
total recharge area of study area 57.1 147.8
|recharge area defined by Painter (1991b) 69.4 179.7
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(Painter, 1991b). If flow from Sage Creek and Lewellen Creek contributes directly to the

Rathdrum Prairie, then recharge estimates of the contribution of flow to the Rathdrum
Prairie aquifer from the outlet of the Chilco channel made by Painter (1991b) would be
over-estimates.

Since the Chilco channel aquifer as originally defined (Figure 13) does not drain the
entire watershed as was suspected, the recharge area needs to be redefined. The well logs
and field investigation implies that the study area be divided into two recharge regions: 1)
the Sage-Lewellen watershed, and; 2) the Chilco channel watershed. A map illustrating
how these areas are redefined is shown in Figure 14, and the new areas are listed in
Table 3.

The entire Chilco channel watershed area (Figure 14) is 19.9 mi2 (51.1 km?2).
Only the sub-basins draining Chilco Lake, a small area north‘ of Chilco Lake to the divide
with the Sage-Lewellen watershed, the east side of Chilco ridge, and the main channel itself
(a total area of 7.7 miZ or 20.0 km?2) actually contribute to recharge to the main Chilco
channel. Over 60%, or 12.2 miZ (36.8 km?) of the total Chilco channel watershed area, is
in the sub-basin south of Chilco Lake which does not appear to contribute much flow to the
main channel as indicated by topographic maps, but instead flows directly into the
Rathdrum Prairie aquifer.

The Sage-Lewellen watershed includes the drainages of the perennial streams Sage
Creek and Lewellen Creek. Theses streams become influent and do not flow into the main
Chilco channel . The area contributing to recharge in the Sage-Lewellen watershed (36.5
mi2 or 94.5 km? ) is much larger than the total watershed area for the Chilco channel (19.7
mi2 or 51.1 km?2). The northern boundary of the Sage-Lewellen watershed was estimated
based upon surface topography as well as subsurface information. The southern boundary
follows a ridge from Hollister Mountain westward to the ground water divide at the north

end of Chilco ridge.



Ground water table and flow direction

In general, the ground water table is irregular, sloping westward in the Sage Creek-
Lewellen Creek area towards Eightmile Prairie ( Figure 15), and southwestward within the
main Chilco channel. Four water table maps were constructed for the study area to illustrate
the water table in particular areas. A ground water map for the glaciogenic aquifer was
constructed for the entire study area (Figure 15), the Sage-Lewellen watershed including
the Eightmile Prairie area (Figure 16), and the main Chilco channel (Figure 17). Each map
has the sounding or sample number for each site performed in that area.

The water table lies within granite in most of the Sage Creek-Lewellen Creck area
except near influent streams. The gradient within the area is highly variable, but appears
most variable within the granites. The water table is within glaciogenic alluvium at
Eightmile Prairie where is appears to receive water from the granites and perhaps buried
valleys from the Sage Creek-Lewellen Creek drainage.

The water table in the main Chilco channel is towards the southwest throughout the
majority of the channel. The exception is the north end of the channel where flow is
towards the north, towards Eightmile Prairie. This area represents an important ground
water divide, demonstrating that flow within the Chilco channel study area is divided; flow
from the Sage Creek-Lewellen Creek area is westward towards the Rathdrum Prairie, and
does not flow through the main Chilco channel. Each area will be described in greater detail

in the Ground water occurrence section, and in Appendix D.

Ground water occurrence in th

Ground water occurrence within the Chilco channel study area is limited principally
to granites and isolated unconfined alluvial aquifers in the Sage Creek-Lewellen Creek area,

and a continuous glaciogenic aquifer in the Chilco and Garwood areas which merges with

the Rathdrum Prairie aquifer.
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The ground water occurrence will be discussed in each of these areas as determined

by this investigation. Detailed field observations made in each of the aforementioned areas

are listed Appendix D.

Sage Creek-Lewellen Creek area

The unconfined sand and gravel aquifers in the Sage -Lewellen watershed (Figure
16) are generally proximal to the surface water and have a fairly shallow water table,
ranging from 10 -125 ft (3-38 m), and averages about 60 ft (18 m) in depth as indicated
from drillers' logs. The saturated thickness of these aquifers is largely unknown, but the
base of these deposits likely follows irregular subsurface bedrock channels. The Sage-
Lewellen watershed can be subdivided into two regions: 1) The highland area close to the
foothills, bound by north, west, and east facing spur ridges in which their drainages
coalesce, and 2) the lowland area which drains only the north slope of the Coeur d' Alene
Mountains and opens into Eightmile Prairie.

The highland area is located in Sections 20, 21, 29, 30, and 31, T53N, R2W. The
static water level for all 29 wells in this area averages 54 ft (16.5 m), 64 ft (19.5 m) in 23
wells tapping granite aquifers, and 45 ft (14 m) in the 9 wells accessing alluvial aquifers as
1s indicated in the drillers logs. Yields from all 29 wells average 14.3 gpm (54.1 lpm).
Granite aquifers average 12.1 gpm (45.8 Ipm) and alluvial aquifers average 16.9 gpm
(64.0 Ipm). All wells in the highland region penetrating sand and gravel aquifers are
proximal, up to several hundred feet (several tens of meters), to surface sources of recharge
Sage Creek, Lewellen Creek and irrigation ditches. |

The lowland area lies within Sections 21, 22, 23, 24, 25, 34, 35, 36, T33N, R3W.
The static water level for all 30 wells in this area averages 206 ft or 63 m (significantly
deeper than in the highland area), 218 ft (66 m) in 26 wells tapping granite aquifers, and
147 ft (45 m) in only four alluvial aquifers. Well yields are slightly lower than those wells

in the highland area. Average well yields for all wells is 13.1 gpm (49.6 Ipm). Wells in
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granite aquifers average 13.0 gpm (49.2 Ipm), and wells in alluvial aquifers average 13.8

gpm (52.2 lpm).

The saturated sands and gravels occur only where there is influent stream flow in
the Sage Creek-Lewellen Creek area. Since the depth to bedrock map (Figure 12) suggests
that there are sub-surface channels connecting this area with the Rathdrum Prairie and,
therefore, the ancient Rathdrum River valley. These subsurface channels are probably
buried valleys which drained the north slope of the Coeur d'Alene Mountains in a
northwest-west direction that was established prior to the Pleistocene.

Wells penetrating granites within this area have highly variable water tables and are
likely dependent upon degree of fracturing, jointing and their orientation, depth, and
recharge. Alluvial aquifers exist within this region, but are uncommon. Better well

coverage is required to determine how extensive they are.

Eightmile Prairie

The hydraulic gradient east of where Bunco Road meets Highway 95 gradually
drops towards the west at Eightmile Prairie (Figure 16). Three wells tap sands and gravels
at considerable depth below the surface, at 300+ ft (100+ m), the logs showing a decline in
head westward. Wells in the Eightmile Prairie area are located in Sections 28, 29, 30, 31,
32, and 33, TS3N, R3W. Static water levels in all 15 wells average 275 ft (84 m), 357 ft
(109 m) in five wells tapping alluvium, 241 ft (73 m) in nine wells granite aquifers, and
one well tapping shale at 135 ft (41 m). The gradient is steep where the water table is
within granite and gradual where the water table is within alluvium, similar to the main
channel at approximately 0.005. A discharge calculation from the Eightmile area into the
Rathdrum Prairie aquifer was not attempted due to the lack of cross-sectional data within
the ancient valley fill. Well yields for all 15 wells averages 23.3 gpm (88.2 Ipm), 61.2
gpm (231.7 Ipm) in wells accessing alluvial aquifers, 18.8 gpm (71.2 lpm) in granite

aquifers, and 5 gpm (19 Ipm) in the one well tapping shale. Approximately one mile (1.6
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km) south from Highway 95, along Corbin Hill Road, the static water level was measured

at 57.5 ft (17.5 m) in the Henderson well (S19) in alluvium. Approximately one half mile
(0.6 km) southwest of the Henderson well, the Luster well (S31) with a static water level
of 38 ft (12 m) indicates there is flow northward within the alluvium, probably beginning
within the main Chilco channel. The presence of a subsurface channel flowing northward
into Eightmile Prairie from the north end of the Chilco channel has not been confirmed, yet
evidence based upon the surface topography of bedrock exposures and well logs suggests
flow 1s likely north-northeast joining with the subsurface channel flowing west under

Eightmile Prairie.

Chilco area

Several soundings performed near Chilco (Sec 7, 8, 18, T52N, R3W) were in
wells that are developed in the glaciogenic alluvial aquifer (Figure 17) and demonstrate a
tairly uniform hydraulic gradient in the northern portion of the channel of 0.004, and a
steep gradient of 0.04 north of Garwood . The static water level is shallow at the north end
of the channel, as shallow as 15 ft (4.6 m), to about 80 ft (24 m) deep in the Chilco area as
1s indicated in drillers logs and field investigation. The average static water level for 22
wells in the Chilco area is 64 ft (19.5 m), 59 ft (18 m) in 16 wells tapping alluvium, 93 ft
(28 m) in 3 wells which tap granite and alluvium, and 58 ft (17.7 m ) in 3 wells tapping
shales according to drillers' logs. Well yields average 32.7 gpm (123.8 lpm) for all wells,
38.9 gpm (147.3 Ipm) in wells tapping alluvium, 27 gpm (102 Ipm) in wells tapping
granite and alluvium, and 5.3 gpm (20 1pm) in wells tapping shales. The saturated
thickness appears to increase downgradient, although there is not enough data to determine
if this is factual. Recharge to the aquifer principally occurs from the west-northwest slopes
of the Coeur d'Alene Mountains on the east boundary of the channel, from areas at the
north end of the channel including Chilco ridge, and the perennial stream which drains

Chilco Lake and its watershed.
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Garwood area

Soundings taken in the Garwood area west of Highway 95 (Sec. 13, 14, 23,
T52N, R4W) showed much deeper static water levels, over 100 ft ( 30 m) greater in the
channel center than those in the Chilco area (Figure 18), and the highest average well
yields. Of 26 total wells in the Garwood area, the average static water level is 205 ft (62.5
m), 212 ft (64.6 m) in 16 wells penetrating alluvium, 110 ft (33.5 m) in one well
penetrating granite, and 203 ft (62 m) in 9 wells tapping basalts and interbeds. Well yields
from all wells average 34.1 gpm (129.1 Ipm), 44.2 gpm (167.3 1pm) from alluvial
aquifers, 0.2 gpm (0.8 lpm) from granite aquifers, and 19.9 gpm (75.3 Ipm) from basalt
and interbed aquifers. East of Highway 95, the alluvial aquifer pinches out within a mile
(1.5 km) of the Highway 95. Soundings primarily define the boundary of the aquifer since

the majority of soundings were taken trom wells tapping granites, basalts, and interbeds.

Comments on ground water occurrence

The well logs and on-site observations made in the field suggest that the Chilco
channel aquifer is not as large and continuous as was originally suspected. Comparing the
original Chilco channel aquifer as defined by Painter (1991a) (Figure 13) with the aquifer
map created for this report (Figure 14) illustrates the differences in the extent and nature of
the aquifer materials in the Chilco channel study area from previous studies.

These differences become most evident in the Sage Creek-Lewellen Creek area
where the sand and gravel aquifers are rare, discontinuous, and located proximal to the
surface flowing creeks or irrigation ditches. No sand and gravel aquifers were tapped
further than 500 ft (150 m) away from an influent stream or irrigation ditch in this area. A
well closer than 200 ft (60 m) from Lewellen Creek (Haines well) did not access saturated
sands and gravels, but granite instead. Therefore, the discontinuous nature of these sand

and gravel aquifers suggests these aquifers perhaps should not be mapped as an alluvial
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aquifer, but more appropriately be regarded as a granite aquifer, or as simply part of a

watershed.

Wells tapping into granites are generally productive enough for domestic use, a
minimum of 3-5 gpm (10-20 Ipm) in much of the Sage-Lewellen watershed, although
several dry holes were drilled north of Parks Road. The most productive wells are at higher
elevations in the far eastern (highland) portion of the study area, in particular near the
alluvium-bedrock contact or where the well is located within small sub-basins as is the case
at higher elevations. West of this area production is spotty. Wells along Lewellen Creek
Road have progressively deeper static water levels and poorer productivity towards the
north. Wells west of Lewellen Creek Road along both Parks and Bunco Road generally
have low productivity, but is generally higher near the foothills to the south (McCoy Road
and Cedar Mountain Road). Direction of ground water flow within this region is difficult to
define, but evidence suggests a westward flow toward Eightmile Prairie, and perhaps
northward in the Belmont area.. Flow is likely within joints and fractures in the bedrock,
and in pre-Miocene to pre-Pleistocene age alluvium-filled channels flowing into the
Rathdrum Prairie aquifer.

The subsurface beneath Eightmile Prairie may represent an ancient channel which
flowed westward, ultimately converging with the Rathdrum River. Evidence from well
logs, field investigations, and soil surveys suggest that a bedrock channel does exist, and
that ground water table is deep (300+ ft) within alluvial material with a gradient towards the
west joining with the Rathdrum Prairie aquifer. The deep water table in an alluvial aquifer
suggests this area may be part of the Rathdrum Prairie aquifer. Although this area is small,
it represents a significant discovery; that the prior defined Chilco channel watershed is, in
fact, two hydrologically distinct watersheds, and the Eightmile Prairie is essentially part of
the Rathdrum Prairie aquifer.

Within the main Chilco channel the hydraulic gradient is fairly uniform, between

about 0.004 and 0.006 . The channel aquifer has been mapped more narrowly than



originally defined. The new information is largely based upon well logs, soil survey, and
the field investigation. Heads are believed higher near the eastern margin of the channel
most likely because recharge is principally from the west slope of the Coeur d' Alene
Mountains. Principal sources of recharge within the main channel are from the spillway of
Chilco Lake, small intermittent streams draining the west slope of the Coeur d' Alene
Mountains, aerial precipitation and possibly surface and sub-surface springs. The influx of
water is so strong trom the eastern margin that in some places within the interior of the
channel, flow is towards the west and even the northwest. This is largely due to the stream
from Chilco Lake becoming intluent to the main channel creating a small, localized ground
water mound. The mound pushes ground water to the west for a short distance before
turning southwest. Static water levels near the western aquifer boundary are shallow,
perhaps due to the presence of springs, particularly near the Red Bishop well.

Between Chilco and Garwood, the head elevation drops rapidly losing over 150
feet in a mile, a gradient of approximately 0.03. Several wells were sounded marginal to
the alluvial aquifer in this region which served to help define the boundary of the aquifer

which again is narrower here than originally defined.

Seasonal fluctuations

Water tables in the alluvial aquifer within the Chilco channel area should be
expected to vary seasonally, rising during spring runoff and decreasing during the late
summer to early fall. Some land owners report winter declines in water table as well, and
surges of high water in the spring . Areas which appear most susceptible to this
phenomenon are the shallow wells in the Sage Creek-Lewellen Creek area. Summer
declines in water table were reported in wells in alluvium south of Garwood and in the
Chilco area at North Idaho Propane and World of Carpers.

Spring recharge raises the water table throughout the area perhaps from 5 to 15 ft

(1.5 to 4.6 m) and alters the gradient within the main channel, perhaps carrying
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contaminants downgradient to areas where they would not be normally be transported

during the course of a year. These temporal variations need to be considered in addition to

of the data presented in this report.

Ground water discharge trom the Chilco channel

A discharge estimate was calculated based upon the cross-sectional area of the main
channel obtained from the fence diagram B-B', the hydraulic gradient determined from the
ground water map (Figure 15), and hydraulic conductivity data based upon grain size
descriptions from drillers’ logs. This was the oniy region of the main channel where two
well logs were in line across the channel (both of which penetrate bedrock), therefore, it
was the only pluce where a reasonably accurate cross-sectional area calculation could be
made. Two other means of calculating ground water discharge were employed for
comparison. One method used the recharge per unit watershed area devised by Painter
(1991b), and the other method estimated the amount of runoff expected in one year based
on precipitation data.

The cross-sectional area calculated for the main Chilco channel is 150,325 ft2
(13,973 m2) at cross-section B-B' (Figure 15). The clay or shale bounding the bedrock
surface 1s treated as bedrock since it is assumed that it acts as an aquatard. The surface of
the clay or shale contact was regarded as flat for the area calculation (Figure 9).

Hydraulic gradient values in the area of this cross-section were calculated by
averaging three values which were read from the ground water map (Figure 17). The
hydraulic gradient for this area of the channel is 0.029.

Hydraulic conductivity values are perhaps the most uncertain variable in the
discharge calculation. The aquifer material is largely sand and gravel as indicated on well
logs. The range of hydraulic conductivity used was for the channel flood facies, 30-75

ft/day which was obtained by using the equation obtained from Theis (1963).
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By using this range of hydraulic conductivity for the discharge calculation, the

range of discharge for the main Chilco channel is 131,000 to 327,000 ft3/day (371010
9260 m3/day) or 1.6to 3.8 cfs (45.3 to 107.6 V/s). It is important to note that this
calculation is for B-B' and not tor the outet of the channel near Garwood.

A second, independent method of calculating discharge at B-B' was made by using
the formula for calculating recharge per unit area watershed used by Painter (1991b). At B-
B' the area of watershed inferred to be contributing to recharge (and therefore discharge
across B-B") is 6.01 square miles. By multiplying this area by 0.59 cfs per mi2 (43 I/s per
km?2), the amount water discharging across B-B' is calculated to by this method to be 3.5
cfs (99.1 1/s).

Another method of estimating discharge across B-B' uses an estimate of the annual
expected runoff from the watershed. Runoff generally occurs from the months of
September to April. The total cumulative depth of precipitation for that period is multiplied
by the area of watershed for an annual volume of water available for runoff. The watershed
area of 6.01 square miles, and a cumulative depth of precipitation of 1.53 ft or 0.41 m (sce
Climate section) was used to obtain an annual volume which reduces to 8.1 cfs (229.4 I/s).
It is assumed that only about 25 to 50% of runoff actually reaches the water table, therefore
a more realistic figure would be 2.0 t0 4.0 cfs (56.6 to 113.2 I/s).

Since three very different methods of calculation of ground water discharge seem to
corroborate each other with three very similar values, the discharge rate of the Chilco
channel aquifer at B-B' is probably no more than 4.0 cfs (113.2 I/s). The method of
estimating recharge based upon recharge per unit area of watershed appears valid for this
portion of the Rathdrum Prairie watershed, and may be used appropriately for estimating
the contribution of flow from the Sage-Lewellen watershed to the Rathdrum Prairie aquifer.
There are no significant sources of recharge between B-B' and the "outlet" of the main
channel north of Garwood, consequently the contribution from the Chilco channel aquifer

to the Rathdrum Prairie aquifer is probably not much more than 4.0 cfs (113.2 I/s). This



contribution of flow to the Rathdrum Prairie aquifer is significantly lower than the original

estimate (based upon the original watershed area) of 40.6 cfs or 1150 I/s (Painter, 1991b).

History of ground water contamination within the study ar

Since the mid-1980's the Louisiana Pacific Waferwood Processing plant in Chilco
has been suspected of compromising ground water quality (J. Sutherland, per. comm.,
1993). Several wells on and off the Louisiana Pacific property (SW 1/4, Sec 7, T52N,
R3W) became contaminated with fecal coliform, tannin and lignin in the late 1980's. The
Department of Environmental Quality, and a consuiting firm retained by Louisiana Pacific
attempted to identity the source of the contamination. Wells downgradient of the mill were
found to be contaminated with fecal coliform, such as in the A.E."Red" Bishop well (§12),
as well as tannins and lignins in the Brooks-MacDonald weil (CCMS). An X-ray probe
analysis of the Bishop well showed that the well casing was cracked and the well could
have been contaminated by various sources. A well upgradient (Chilco Estates) also
showed fecal coliform contamination, although not consistently during the study. Another
well, the Tipke well (§17), north of the Louisiana Pacific Plant, showed no contamination.
The conclusions drawn by George Maddox and Associates based upon this data were
inconclusive, and the firm viewed the occurrence of fecal coliform as random and
exonerated Louisiana Pacific from responsibility for the contamination (from Idaho
Department of Environmental Quality unpublished reports).

Several septic drain fields located near the center of Sec 6, T52N, R3W were
permitted for several years. The fields at the time of the study were overgrown with
vegetation and do not appear to have been utilized for some time, The son of A.E."Red"
Bishop videotaped the site after it was used (April, 1991?). The tape showed raw effluent,
feminine hygiene products, tissue paper, and discolored soil in several pits. A.E. Bishop
currently owns a copy of the videotape (from Idaho Department of Environmental Quality

unpublished reports).
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Two gravel pits located in the center of Sec. 5, T52N, R3W were brought to the
attention of the author by John Luster, a nearby homeowner and well owner. Mr, Luster
proclaimed that the state of Idaho extracted gravel from the pit west of Highway 95, then
filled the pit with tires and other materials and then graded over the fill. No dates were
obtained from Mr. Luster to indicate when the pits were filled. Both pits were mapped by
the Kootenai Soil Survey (SCS, 1981). No conclusive data exists to suggest the area is
contaminated. Yet, the shallow water table in the area implies this area is highly susceptible
to contamnation (from Idaho Department of Environmental Quality unpublished reports).

A feedlot north of the Louisiana Pacific plant owned by Jim Carney was reported to
be contaminating the aquifer in February, 1988. The pit was believed to be an old cesspool.

or seepage pit and was promptly filled (from Idaho Department of Environmental Quality

unpublished reports).

WATER QUALITY TESTING

General statement

Ground water sampling and well sounding was performed for this study between
July 27, 1993 and September 9, 1993. Sampling was done at a reconnaissance level of
testing representative of water quality only for the time period tested. Three surface water
samples were also taken to determine probable background levels for the analyzed
parameters tested. Fecal coliform tests were performed to determine if these surface and
well waters were biologically contaminated. One water sample was taken from a well

where no current static water level information was available.

Sampling and sounding procedure
Wells were selected based upon the following criteria: a) accessibility of well, b) a
well log exists and water level measurement is possible, ¢) a good water sample is

attainable suitable for analysis, d) its relative position to a suspected source of



contamination (either up or down gradient). Point sources and contaminated wells were
identified and monitored both up and down gradient where ever possible. Most wells met
three of the four criteria. Some wells were sampled which had no well logs or were
sounded without taking water samples. Three wells were sounded with no known well log
record.

The sounding of wells consisted of using a Powers electronic well sounder to
determine depth to water. Depth to the water table was determined by subtracting the well
collar height from the sounder reading at the well collar. Well coilar elevation was
extrapolated based upon location on topographic map (contour interval was 10 ft in main
channel and 20 ft elsewhere). Often if the well could not be sounded a water sample was
taken in order to spatially distributed water quality samples of the study area. Water
samples were taken from taps as close to the well as possible. Taps were allowed to flow
for approximately five minutes to flush plumbing in order to obtain a representative sample.
Soundings were performed only when pump was inactive.

Water samples were analyzed for nitrate, chloride, specific conductance, alkalinity,
phosphorus, hardness and fecal coliform bacteria. For wet chemistry analysis, three plastic
cubitainer (500 m!) bottles were used for each sample which were carefully labeled then
placed in a cooler for transport. Specific sample locations were estimated in the field based
upon well log location information and field verification. Upon arrival at the lab, samples
for wet chemistry were then acidified with 2 mi of concentrated sulfuric acid before stored
for later analysis. Samples for metal analysis were preserved with 2 ml of concentrated
nitric acid. For fecal coliform analysis sterilized 250 ml Nalgene bottles treated with sodium
thiosulfate were used to contain samples for analysis. Samples scheduled for fecal coliform
analysis were transported to the lab within four to six hours of being collected whenever
possible. Analysis of samples was performed by the Idaho Department of Health and

Welfare Water Quality Laboratory in Coeur d'Alene, Idaho. Nitrate analysis was performed
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by aregional Idaho Department ot Health and Welfare Water Quality Laboratory in Boise,
Idaho.

Parameters tested

Nitrate is derived from decaying organic matter, sewage, fertilizers and soil
bacteria. Natural sources of nitrogen are minor contributors of nitrogen to most ground
water (Parliman, et al. 1980). The concentration of nitrate ions will be discussed in terms
of overall nitrogen (N0O3 and NO2 as N). Generally considered the precursor to other
organic contaminants due to its high solubility, nitrate also encourages the growth of algae
and other organisms which produce undesirable tastes and odors in drinking water.

Excessive concentrations of nitrate are generally caused only by human actvity. Potential

sources for nitrate contamination are municipal, and industrial waste water, leachates from

feedlots, fertilizers, human and animal effluent, septic tank effluent, and garbage and
landfill leachates. Concentrations of 10 mg/l and greater are believed to cause
methemoglobinemia (bluebaby disease) in infants. The maximum limit for public water
supplies is 10 mg/l (EPA, 1986). Due to a miscommunication with the lab in Coeur

d'Alene, several samples were analysed for N as NO3 only and not for N as NO3 and
NO2. This should not result in a problem however since nitrite concentration are usually

very low.

hlori 1
Sources of chloride are dissolved from rocks and soils, sewage and industrial
wastes. Large concentrations of chloride near residential areas would suggest septic tank
contamination. Chloride, in combination with other water related properties, can cause

corrosion of pipes (American Water Works Association, 1990). High levels increase the
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corrosion of iron, copper, and galvanized steel (American Water Works Association,

1990). Average septic tank concentration of chloride is 80 mg/l (Jehn, et al., 1988). Large
concentrations increase water corrosiveness. The recommended maximum limit for public

use is 250 mg/l.

Alkalinity

Alkalinity is the measure of the ability of water to neutralize acids and bases.
Concentrations of bicarbonate and carbonate are related to the pH of the water and
dissolved inorganic carbon (DIC) concentration in the water due to the dissociation of
carbonic acids. Bicarbonate and carbonate are important is creating metallic carbonate
coatings such as CaCO3, FeCO3, CupCO3(OH)? and other carbonates of lead and zinc.
Also strong soluble complexes can form with metals such as copper, zinc, and lead which
can accelerate corrosion or cause high level of metal pickup if pH-alkalinity or pH- DIC

conditions are appropriate (American Water Works Association, 1990).

Specifi nductan

Specific conductance is the measure of the capacity of water to conduct an electrical
current. Specific conductance varies with the concentration of ions from minerals and
contaminants dissolved in solution: the higher the degree of ionization, the greater the

specific conductance.

Iron

Iron concentrations are largely due to dissolution of minerals in the local geologic
formations. Iron is considered objectionable in water because it causes turbidity, staining,
changes in food and beverage taste, and deposition in plumbing. Water containing high

concentrations of iron can be improved by using commercial filters.
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Phosphorus

Phosphorus is particularly toxic in elemental form and subject to bioaccumulation
similar to mercury (EPA, 1986). Phosphorus as phosphate is an essential nutrient for plant
and animal life. Excessive phosphorus loading is believed to cause increased standing crop
growth of aquatic plants, and accelerate eutrophication (EPA, 1986; American Water

Works Association, 1990).

Hardn

Hardness measures the soap consuming capacity of water and is caused principally
by dissolved calcium and magnesium in water. Iron, strontium, and manganese can
contribute to hardness if in sufficient concentration. When hard water is heated, calcium
and magnesiﬁm react to form precipitates with bicarbonate, carbonate, sulfate and silica to
form a heat-retarding, pipe-clogging scale.

High concentrations of hardness are of no health concern but can present an
economic problem. The costs of softening water can be considerable for domestic use, and
even greater for industrial purposes. Domestic water hardness concentrations of 100 mg/l

are generally considered non-objectionable (Jehn et al., 1988).

Fecal Coliform Bacteria

Fecal coliform bacteria are deﬁ;/ed from the fecal material of humans and other
warm-blooded animals. They are often the indicators of presence potentially pathogenic
bacteria. Wells showing the presence of fecal coliform bacteria indicate contamination from
human and/or animal waste. Sources of bacterial pathogens such as fecal coliform include
septic systems, leaking sewers, livestock and log yard waste (Jehn, et al., 1988). Where
ground water depths are greater than 100 ft (30 m) the potential for fecal coliform
contamination is low, however, several wells within the Chilco channel aquifer are

shallower than 100 ft (30 m) and are therefore susceptible. Mandatory maximum limits for
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public water supplies varies with sampling method and frequency. Generaily, the presence

of 1 colony in a sample is grounds for concern. The state standard is less than 1 colony per

100 ml (Jehn, et al., 1988).

WATER QUALITY RESULTS
Discussion of water quality results has been separated into samples obtained from
Sage-Lewellen watershed and the Chilco channel area. A summary of all water quality data

is presented in Appendix B.

The Sage-Lewellen watershed

Water quality within the Sage-Lewellen watershed is very good ( Table 4). All
measured parameters were generally much lower than samples measured within the Chilco
channel. One surface water sample from Lewellen Creek and three from Sage Creek were
taken in order to estimate background levels of the parameters tested and to test for the
presence of fecal coliform bacteria. All parameters were generally low compared to the
ground water samples, except phosphorus and fecal coliform. Phosphorus levels averaged
0.032 mg/l, and may have been elevated due to biologic activity within the stream. Fecal
coliform numbers were high. Values increase downstream in Sage Creek, from 7 to 34
colonies /100 ml, and were the highest (40 colonies/ 100 ml) adjacent to Don Howard's
residence. Although three samples do not necessarily indicate a trend, the presence of fecal
coliform is cause for concern.

In well water samples, hardness values range from 28 to 176 mg/l CaCO3, and
averages 83 mg/l CaCO3. The lower hardness values are from samples from wells tapping
sands and gravel which is in stark contrast to hardness values attained from Chilco channel
samples. High hardness, alkalinity, and specific conductance values came from wells
tapping into granite aquifers in the Belmont area. The inorganic water quality parameters

which indicate contamination from septic effluent (nitrate, chloride, and total phosphorus)
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are very low within the Sage-Lewellen watershed, where nitrate values range from 0.005-

1.558 mg/I N, averaging 0.45 mg/l N. The oniy well water sample in the Sage-Lewellen
area to show fecal coliform present at greater than one colony per 100 ml was from the
John Howard well where the sample tested at 29 colonies/100 ml. The John Howard well
1s downgradient of his pig feed lot and should have his water tested again. Another test of
the Don Howard well, downstream also, should be performed.

Chloride values within the Sage-Lewellen watershed range from 0.05 to 1.8 mg/l,
averaging 0.79 mgl/l. The sources of the slightly enriched chloride concentration is
unknown, but largely insignificant.

Both iron and phosphorus concentrations within samples in the Sage-Lewellen
watershed are negligible. Iron values ranged from 0.01 to 0.18 mg/l with a mean value of
0.06 mg/l. Phosphorus values were lower, ranging from 0.002 to 0.028 mg/1 with a mean
value of 0.009 mg/l. The highest values were in shallow wells, less than 40 ft (12 m),
tapping granite aquifers in the far eastern portion of the study area.

In sum, water quality data from the Sage-Lewellen watershed suggests that flow is
minimal through sands and gravels as is indicated from the low hardness, specific
conductance and alkalinity values. Waters flowing within alluvium for significant distances
in this area should dissolve high amounts of calcium and magnesium, particularly since

much of the alluvium is derived from carbonate rich pre-Tertiary rocks.

The Chilco channel

Water quality is not as good in the Chilco channel as in the Sage-Lewellen
watershed (Table 5). Water samples within the main Chilco channel demonstrate an
increase in hardness, alkalinity, and specific conductance downgradient. Iron
concentrations are higher within the channel (average value is 0.36 mg/) than in the Sage-

Lewellen watershed (average value is 0.06 mg/1) and likely are higher due to effluent from
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Chilco Lake which lies a top of Wanapum basalt. The iron concentrations varied from
0.01-1.42 mg/l.

Hardness values range trom 32 to 300 mg/l CaCO3, with an average value of 172
mg/l CaCQO3 . The highest value of 300 mg/l CaCO3 at the McKay Well (S11) is at the site
furthest south sampled within the channel boundary; it is likely that higher hardness values
exist within the boundary of the Chilco channel since values appear to increase
downgradient. The lowest value of 32 mg/l CaC03 is from the Luster well (§31) at the
head of the main Chilco channel (Figure 17) at or near the ground water divide. This value
is comparatively low for ground water in alluvium and has not flowed far from a recharge
source, such as an influent stream. Another significant low value (68 mg/l CaC03) from the
Shamrock Open House is unexpected, perhaps representing water which traveled a short
distance from the perennial stream draining Chilco Lake. Hardness values increase
downgradient from the Shamrock Open House, and from the "inlet" of the Chilco channel.

Alkalinity values are similar to hardness but are generally slightly lower, except
where near sources of recharge where alkalinity is slightly higher. Alkalinity values range
from 36 to 294 mg/l CaCO3 .Average alkalinity values are 166 mg/l CaCO3; a value
significantly higher than the mean value of 120 mg/l CaCO3 for the Rathdrum Prairie
aquifer in 1988 (Young et al., 1988).

Figure 18 illustrates the observed increase in hardness, alkalinity, and specific
conductance downgradient at selected sampling sites within the Chilco channel. The
Henderson well (S19) north of the ground water divide has higher values than the Luster
well (§31) located at the divide. The water quality parameters increase downgradient to the
Shamrock Open House well (§20) where they decrease substantially. The increasing trend
continues for the remainder of the length of the channel.

Nitrate values range from 0.115 to 1.85 mg/1 N in this area of the aquifer, having
an average value of 0.715 mg/l N. The background level of nitrate was determined by

Parliman et al. (1980) to be less than 0.5 mg/l N for the Rathdrum Prairie aquifer which the
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Figure 18. Graph illustrating an increase in hardness, alkalinity, and specific conductance
downgradient in the Chilco channel. See Figure 16 and Figure 17 for location

and distances between sampling sites.



Chilco channel has exceeded. There is no obvious distribution pattern. Higher
concentrations appear to be within the central portion of the channel but do not appear to
concentrate downgradient. The lowest value was from the Shamrock Open House well.
Again, this suggests that water here is moving a short distance and has not traveled far
down the channei.

[ron concentrations are low, ranging from 0.01-1.42 mg/l, and average 0.36 mg/l.
The highest value is from the Shamrock Open House. The elevated iron concentration
suggests this water resided on or tflowed across iron-rich rocks such as basaits from Chilco
Lake.

The nitrate, hardness, alkalinity, and specific conductance values from the
Shamrock Open House well are among the lowest measured in the main channel implying
the water is poorly mineralized and close to where it had recharged the aquifer.

The Shamrock Open House well was the only well to indicate the presence of fecal
coliform bacteria at one colony per 100 ml. Although one colony does not constitute
significant contamination, its mere presence is cause for concern. Several samples need to
be taken to verify contamination. The proximity of this sample to the stream draining
Chilco Lake suggests that the point source is between the Shamrock Open House and the
stream, or the source of the contamination is Chilco Lake. The later is the more probable
since the well is only about 1/4 mile (0.4 km) from where the water from Chilco Lake, and
no one has yet lived in the Open House or used the septic tank. Other old cesspools could
exist between the well and where the lake water becomes influent. The M & M Realty

company or future homeowner should be advised to test their well regularly.

mparison of water quality of the study area with the Rathdrum Prairie aquifer
The overall water quality of the Chilco channel study area closely resembles that of
the Rathdrum Prairie aquifer, particularly within the alluvial aquifer in the main Chilco

channel. Several parameters have mean values which deviate significantly from values



obtained from surveys of Rathdrum Prairie water quality in the past. Alkalinity, specific
conductance, and hardness mean values obtained for this study exceeded mean values
obtained in three previous surveys (Table 6) performed between 1980 and 1988 (Young et
al., 1989; Yee and Souza, 1987, and; Parliman et al., 1980). Means that were calculated
for alkalinity, hardness and specific conductance in the entire study area were close to the
mean and median values of the three surveys.

Nitrate values show an increasing trend through time in the Rathdrum Prairie
aquifer. Nitrate concentrations in the main Chilco channel (mean is 0.715 mg/l) are at about
the same value as the median value observed in 1987 of 0.7 mg/l (Yee and Souza, 1987)
for glacial alluvial aquifers in north Idaho. The mean value for the entire study area is 0.495
mgl/l, close_ to the mean value for the Sage-Lewellen area (0.45 mg/1). Chloride
concentrations within the main Chilco channel are slightly higher (1.6 mg/1) than the mean
value of 1.5 mg/l calculated in the most recent survey (Young et al., 1989). For the most
part, the means calculated for most water parameters in the main Chilco channel exceed
those calculated for the Rathdrum Prairie aquifer in the recent past. The water quality from
the Sage-Lewellen area has mean values which are much lower than those obtained for the

Chilco channel, and past surveys.

ments on water quali
The overall water quality in the study area is good, although within the Chilco
channel there is an approximately two-fold increase in nearly all parameters compared to the
water quality within the Sage-Lewellen watershed, particularly downgradient within the
Chilco channel. All water quality parameters tested were well within acceptable limits in the
entire study area. The shallow water tables near the far eastern area of the watershed do
have a fairly high potential to become contaminated due to their proximity to the surface and

surface waters, yet there does not appear to be any serious degradation in water quality.
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Specific conductance, hardness, and alkalinity values increase downgradient within

the Chilco channel . Continual exposure of ground water to alluvium results in a gradual
increase in ionization downgradient. therefore this trend is expected. The parameters of
greatest concern such nitrate and chloride are well within acceptable limits and do not
appear to define a contaminant plume. The water chemistry and fecal coliform sample from
the Shamrock Open House has water quality more closely resembling values from the
surface water samples. This well is proximal to a major source of recharge, the stream
draining Chilco Lake, which may have caused fecal contamination in other wells within the
channel in the past. The Louisiana Pacific Plant, although still a suspect point source of
ground water contamination, may not have been responsible for fecal contamination of
ground water in the channel. Previous reports did not consider the impact of the recharge
from Chilco Lake upon the gradients and water quality of the channel. The impact of Chilco
Lake needs to be further investigated.

[t is important to note that these values were measured during the summer months
of 1993. Water quality during the beginning of the runoff season (late winter and early
spring) could be very different as potential contaminants become mobilized by infiltration
into the aquifer. Annual variations in recharge could also affect water quality as well as the
gradient of the water table.

In sum, although water quality within the study area is good it is important to note
that this area is subject to a high potential for contamination. The increase in alkalinity,
hardness, and specific conductance downgradient within the main channel demonstrates
how parameters can compound downgradient. Since flow within the study area has been
demonstrated to diverge at Eightmile Prairie, less water is flowing through the main
channel than originally believed. Less water suggests less dilution of contaminants.
Perhaps the increase in alkalinity, hardness, and specific conductance over a relatively short
traveling distance is a representation of a lack of dilution within the aquifer. This tendency

to increase certain parameters downgradient is not unusual for the Rathdrum Prairie
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aquifer. but is unusual for these parameters to increase so rapidly over a short traveling

distance in the main Chilco channel. Although other more important water parameters
concerning human health were not demonstrated to increase downgradient or to be above
maximurm contaminant levels, it is important to reiterate that the water sampling was
performed for a single point in time, and water quality could be very different at another
time of the year. In the future, water quality testing in the Chilco channel should be
performed routinely throughout the year to caretully monitor any changes in the water table

and in water quality.

FUTURE MONITORING WELLS
Given the reconnaissance level of the investigation performed here, sites worthy of
future water quality monitoring have become more apparent in the Chilco channel aquifer.

The selection of future monitoring well sites was a priority in the Chilco channel

investigation. Only the Louisiana Pacific Plant was an anticipated source of contamination

before the investigation. Several other sites have since become areas of concern during the
investigation due largely to information acquired from residents and information gathered
from the Idaho Department of Environmental Quality in Coeur d'Alene.

Areas that have demonstrated a high degree of contamination will have the highest
priority for monitoring well sites. Other important criteria are:

1) relative position of monitoring well site to source of potential contamination; is the
monitoring well site upgradient or downgradient from source of contamination. Areas of
high contamination necessitate monitoriﬁ g wells both upgradient and downgradient to
characterize degree of contamination from point source.

2) sites where little or no well coverage exists and contamination has been demonstrated or
suspected upgradient.

3) cooperation from property owner, will the landowner allow a well to be drilled on their

property (Rowe and Dulaney, 1991).



Another important consideration is drilling a monitoring well to characterize
background levels of elements and compounds being measured. This should be done be
done far enough upgradient so as the potenrial for contamination is essentially zero. Due to
the reconnaissance nature of this water quality study, only four surface water samples were

taken to determine background level in the Chilco channel study area.

Choices for monitoring well sites

Based upon the field investigation, the history of contamination within the Chilco
channel suspected to be caused by Louisiana Pacific, and the ground water map created for
the Chilco channel, areas for drilling monitoring wells have been seiected (Figure 19).

Water quality investigations performed by the state of Idaho and other independent
consultants have demonstrated that contamination has occurred near the Louisiana Pacific
Waferwood Processing Plant SE1/4, SW1/4 and SW1/4, SE1/4 Section 7, T52N, R3W).
There has been inconclusive, yet compelling evidence presented to date that does imply the
plant is a source of contamination. Assumptions made regarding the gradient near the plant
may have led to erroneous conclusions. The Chilco Estates well about 1/4 mile (0.4 km)
northeast of the Louisiana Pacific Plant was assumed to be upgradient of the plant. The
investigation of the water table for this report suggests that the gradient near this site is
much more compiex, and is towards the west at the time of this report. Water discharging
into the glaciogenic aquifer from the Chilco Lake spillway is mounding and pushing water
westward. The gradient beneath the Louisiana Pacific Plant is west-southwest. The best
possible site to drill a monitoring well upgradient of the plant would be slightly north of a
line from the plant to the spillway, drilling wells on the east side of Highway 95 (Figure
19) . One to two monitoring wells should be drilled southwest (downgradient) of the plant,
but east of the Brooks-MacDonald well along Chilco Road. Drillers should anticipate very
coarse gravels and boulders several feet or meters in diameter. Well depths will not exceed

100 ft (34 m), and should not encounter bedrock. Two monitoring wells would provide
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optimal coverage and would take into account possible seasonal variations in gradient
direction.
A gravel pit suspected to have been converted into a landfill (center of Section 5,
T52, R3W) by the state of Idaho is a possible site of contamination since the water table is
shallow, at about 40 ft (12 m) below the ground surface and little information is known
regarding the site. Also there is a deficiency of water table data in this region since there are
few residences and no well logs. Considering the remoteness of the site, the lack of water
quality data suggesting contamination, this site should be considered secondary in priority
to sites near production wells and residences which have a history of contamination.
Water quality testing without the use of monitoring wells could also be employed to
gather valuable information. For instance, a water sample from Chilco Lake or near the
stream which drains Chilco Lake could provide water quality data tor the influent water
entering the main channel, and information regarding the degree of eutrophication of the
lake. If water quality from these samples is found to be poor, then water quality within the
Chilco channel may also be poor, particularly along the eastern margin of the channel
which the spillway recharges.
In sum, the following monitoring well sites are recommended:
1) Southwest (downgradient) of Louisiana Pacific Plant and NE1/4, NW1/4,
Section 18, T52N, R3W). One well. Well should penetrate coarse sands,
gravels and boulders to a depth of 100 to 120 ft (30 m).
2) East northeast (upgradient) of the Louisiana Pacific Plant (SE1/4, Section7,
T52N, R3W). One well. Well should penetrate coarse sands, gravels and
boulders to a depth of 100 to 120 ft (30 m).
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SUMMARY

For the most part, the preliminary investigation of well logs, maps and other data
sources performed before entering the field was verified during the field investigation. The
Chilco channel aquifer is not the continuous, southwestward-flowing sand and gravel
aquifer as originally defined by Painter (1991b). It is in fact two distinct watershed systems
which connect with the Rathdrum Prairie aquifer at different sites; the Sage-Lewellen
watershed near Eightmile Prairie, and the Chilco channel watershed and aquifer near
Garwood. Underlying the entire study area is a complex drainage system of channels
which developed prior 1o the Pleistocene that uttimately drain westward through the
Rathdrum River valley. It is this buried channel system which appears to control the
configuration of the water table and the tlow direction of ground water to the Rathdrum
Prairie aquifer.

Water quality with the study area was generally good, particularly within the Sage-
Lewellen watershed. Although water quality parameters were well within maximum
contaminant levels, the rate of increase of certain water parameters such as hardness,
alkalinity, and specific conductance downgradient within the main channel implies the
aquifer can concentrate contaminants rapidly over a short distance. Recognition of the
influence of the perennial stream draining Chilco Lake upon both water quality and the
configuration of the water table may provide further clues and monitoring opportunities to
determine what factors influence water quality and quantity within the Chilco channel. Only
a ground and surface water monitoring study done over the course of at least one year with
repeated seasonal sampling could provide adequate data to determine overall patterns in
water quality.

The previous studies describing the hydrogeology within the Chilco area and the
extent of the Chilco channel aquifer are incompatible with data compiled within this report.
Based upon this data, a new management scheme needs to be employed in order to insure

the preservation of the aquifer.
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New data compiied within this report implies that the management of the aquifer

should be reconsidered. This is based upon the following rationale:

1) Previously unidentified or ignored bedrock outcrops and shallow soil-rock associations
mapped from soil surveys narrow the main channel therefore narrowing the aquifer to
smailer dimensions than originally defined.

2) The presence of a ground water divide where the channel opens northward into
Eightmile Prairie indicates that ground water flow to the north into the Rathdrum Prairie
aquifer contradicts the findings of Hammond (1974). This information necessitates
redefining recharge areas supplying water to the main Chilco channel.

3) The presence of deep, 300+ foot (100 + m) wells tapping alluvium east of Eightmile
Prairie with decreasing heads. a hydraulic gradient of about 0.005, towards the west
suggests a westward flow directly into the Rathdrum Prairie contradicts Hammond
(1974) who mapped the area as a bedrock divide (Figure 16).

4) Fecal coliform from a well water sample near the Chilco Lake spillway suggests that
contamination could originate from Chilco Lake, a potential point source not previously
recognized by other workers.

These findings suggest that redefinition of the Chilco channel aquifer boundaries,
and perhaps the Rathdrum Prairie aquifer boundaries as has been performed in this study,
is necessary. The water table (itself much shallower than the Rathdrum Prairie aquifer),
increasing population density, and the clustering of single household septic systems within
the Chilco channel requires regulations similar to those governing the Rathdrum Prairie
aquifer in order to insure ground water quality. The potential for ground water
contamination may be higher within the Chilco channel than in the Rathdrum Prairie and
should perhaps be more stringently monitored and regulated. Several management and
monitoring alternatives exist to insure a minimum degree of protection to the Chilco

channel. Each area within the Chilco channel study area should be considered separately.



The Sage-Lewellen watershed

Since there are very few wells in this area penetrating productive sands and gravels,
it should not be considered part of the Chilco channel or Rathdrum Prairie alluvial aquifers.
A more appropriate designation would be the Sage-Lewellen watershed which appears to
empty directly into the Rathdrum Prairie aquifer. The Sage-Lewellen watershed does have
several small alluvial aquifers. yet there is insufficient well coverage to determine the extent
of the aquifer. The area nearest to the foothills and streams has a shallow water table, in
places within alluvium, and is susceptible to contamination. This area should perhaps be
regarded as a recharge area. An independent designation as a watershed recharging directly
into the Rathdrum Prairie aquifer is the most accurate and appropriate classification for the

data available and the observed conditions.

The ground water divide

The presence of a shallow ground water divide near the north end of the Chilco
channel (Section 5, T52N, R3W) requires special consideration. The water table slopes to
the north quickly to static water level depths typical of the Rathdrum Prairie aquifer. Flow
to the southwest within the Chilco channel is much closer to the surface and is quickly
dissociated from the influence of the divide probably within Section 5, T52N, R3W. Since
several wells within Eightmile Prairie (Sections 27, 28 and 29, TS3N, R3W) have well
logs indicating flow within alluvium towards the west at depths greater than 300 ft (100
m), the area north of the ground water divide should be considered hydrologically
connected to the Rathdrum Prairie aquifer (Figure 15). The area around the ground water
divide considered for the eventual implementation should be incorporated within a
wellhead protection program to insure protection at the state and county level. This would
at least recognize the area as not being a bedrock divide, as described by Hammond (1974),

but as an inlet into the Rathdrum Prairie aquifer. A mile long seismic line could be run
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parailel to the Old Highway from Corbin Junction north past the intersection with Brunner
Road to contirm the existence of a channel.

Assigning the area of the divide as part of the Rathdrum Prairie aquifer, or at least
including it within a wellhead protection program. is the most logical course of action

considering the hvdrologic conditions of the divide area.

The Chilco channel

Since static water levels are much shallower than those of the Rathdrum Prairie
aquifer, and the aquifer marteriais are similar, pollution potential in the Chilco channel is
higher. In lieu of the discovery of a ground water divide, areas such as newly defined
watersheds recharging the aquifer in the main Chilco channel must be less than originally
defined. Less water from recharge would decrease dilution and potentially increase
pollution potential. Regulations concerning septic density within the Rathdrum Prairie
aquifer may be adequate to insure ground water quality within the Chilco channel.

Although the population in this portion of the channel is low at the time of the writing of

this report, low population density at this time should not be considered a criteria for more

lenient septic regulations considering the expanding development within the area.

Therefore, the alternatives for monitoring and regulating the Chilco channel are:

1) Separate the Chilco channel as an independent aquifer and establish similar (or more
stringent) septic density regulations as those governing the Rathdrum Prairie aquifer.
Consider implementing a weilhead protection program..

2) Incorporate the Chilco channel into the Rathdrum Prairie aquifer (sole source aquifer),
imposing the same regulations conceming septic density as those governing the
Rathdrum Prairie aquifer.

By incorporating the Chilco channel aquifer into the Rathdrum Prairie aquifer, the

Chilco channel can receive the minimum amount of protection which is required for

preserving water quality. This should be considered a long term goal for protection. The
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process of amending of the Chilco channel aquifer to the sole source aquifer designation
would require federal assistance as well as public interaction which could prolong the time
in which the area above the aquifer is developed without regulation. Unfortunately, itis
not likely that the Chilco channel aquifer will ever be incorperated into the Rathdrum Prairie
aquifer. However, the aquifer can be protected by a wellhead protection program to insure
water quality in the future . The most practical alternative for preserving water quality

would be the first alternative listed.

Designing a wellhead protection program

A wellhead protection area is defined as the surface and subsurface area
surrounding a well or wellfield that supplies a public water supply through which
contaminants are likely to pass and eventually reach the water well(s) (WSDOH, 1993).
These areas can be 1dentified by several means which vary in degrees of complexity and
expense from simple formulas to complex analytical models. The Environmental Protection
Agency (EPA) provides guidelines for communities to design their own Wellhead
Protection Programs (EPA, 1990; 1989). A recent wellhead protection program proposal
has been published by the Washington State Department of Health (WSDOH, 1993) and
can perhaps serve as a model for one in the Chilco channel area.

Basically, for a wellhead protection program to be implemented, several tasks must
be accomplished, including:

1) a characterization study of the hydrogeologic setting,

2) a susceptibility assessment of the area needs to be performed,
3) a delineation method needs to be chosen and implemented, and
4) the resultant wellhead protection area mapped.

The definition of wellhead protection area is commonly based on the travel time of
ground water within an aquifer to reach a well or spring. Typically, areas are delineated for

1, 5, and 10 years of travel. These areas can be calculated by simple formulas or more
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complex but better representative analytical models. Generally, the more people who are

served by a well, the more caretully defined and representative the wellhead area should be.
For the Chilco channel alluvial aquifer, the entire surface area should be designated a
wellhead protection area since it is small with relatively high hydraulic conductivities and
porosities. A more precise definition of a wellhead protection area would be costly and
would likely result in including the entire aquifer anyway.

Since the Chilco channel aquifer and the Sage-Lewellen watershed are independent
entities and vary hydrogeologically, they should not necessarily be protected under the
same wellhead protection guidelines. Perhaps designation as a critical recharge area to the

Rathdrum Prairie aquifer would be more appropriate for the Sage-Lewellen watershed.

CONCLUSI()NS

The information derived from studying the well logs and the sounding survey
suggest the Chilco channel aquifer is less extensive than originally defined by initial
workers. The presence of the ground water divide south of Eightmile Prairie and the nearby
previously unidentified subsurface channels containing saturated sands and gravels require
reconsidering distribution of flow from recharge to the Rathdrum Prairie aquifer. Also this
information implies special considerations for ground water protection similar to the
Rathdrum Prairie aquifer. The shallow Chilco channel area also requires similar protection.

The area contributing recharge to the Chilco channel aquifer was greatly reduced
due to the discovery of the ground water divide. This reduction of area also resulted in a
reduced contribution of ground water flow to the Rathdrum Prairie aquifer from 40.6 cfs to
4.0 cfs.

Although sediment associations of fine clays and coarse gravels exist within the
Chilco channel area, aquifer properties should be considered similar to the Rathdrum
Prairie aquifer. The extensive glaciolacustrine deposits could lower permeabilties slowing

the advance of contaminants such as waste water and septic effluent. Yet, these deposits
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overlay highly permeable flood deposits which readily transport contaminants. These

findings coupled with the shallow water table ranging in depth from 35 to 230 ft (11 to 70
m) across the length of the main channel suggest that this area should be considered as
having a high potential for contamination.

Water quality data from the Sage-Lewellen Creek watershed suggests flow is
minimal through sands and gravels as is indicated from the low hardness, specific
conductance and alkalinity values. Water levels within the Sage-Lewellen Creek watershed
are generally deep, 200+ ft (60 + m) within granites with highly variable discharges.
However, the wells closed within small basins within the upper watershed and near surface
waters show shallow water tables. and a potential for contamination. Designating the upper
watershed as a critical recharge area is appropriate.

Water quality data within the Chilco channel indicates little contamination at the time
of the testing. Water quality was found to be good overall. No obvious distribution of
chloride, nitrate, and fecal coliform was discovered, and values were well below
contaminant ievels. However, the presence of fecal coliform within the Shamrock Open
House well near the stream draining Chilco Lake may indicate possible contamination from
the lake. A ground water mound from recharge derived from the lake could not only mound
ground water causing local changes in gradient, but potentially contaminate the aquifer as
well. Such a possibility necessitates regulating and monitoring the lake's watershed, and
perhaps incorporating the watershed into a wellhead protection area to insure the integrity

of the ground water in the area.

RECOMMENDATIONS

In sum, the recommendations for future monitoring and protection of the Chilco

channel study area are:
1) In the event that the Chilco channel aquifer will not be incorporated into the Rathdrum

Prairie aquifer, establish a wellhead protection program for the Chilco channel aquifer



for long term protection of water quality as well as imposing septic density regulations
comparable to or more stringent than those for the Rathdrum Prairie aquifer.

2) List the Sage-Lewellen Creek watershed as a critical recharge area to the Rathdrum
Prairie aquifer.

3) Drill monitoring wells near the Louisiana Pacific Plant and the inlet to the main Chilco
channel aquifer in order to monitor water quality downgradient from probable
contaminant sources.

4) Establish a water quality monitoring program which encompasses both the monitoring of
ground water and surface water, particularly the water from Chilco Lake, over the
course of at least one year. Sampling should be performed repeatedly over four seasons
for a more comprehensive suite of water quality parameters than that which was done for
this study.

These recommendations should be considered since the area is being developed
without the same restrictions that govern the Rathdrum Prairie aquifer. Inaction could prove

to be harmful to the water quality of the aquifer in this area.
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Appendix A
Wells Sounded and Sampled in Field Investigation

Explanation of symbols

S-

CCBG-

CCN-

CCM-

na-

well log
number-

Prefix indicating sounding to water table; number indicates order in which
sounding was performed in the field.

Prefix indicating background water sample taken from surface water;
number indicates order in which sampling was performed in the
field.

Prefix indicating sample was taken in the northern portion of the study area;
number indicates order in which sampling was performed in the field. This
system was abandoned early in the study.

Prefix indicating sample was taken in the main portion of the study area.
This system was used for the entire duration of the study.

Information not available.

Well log are listed in a geographical order by township, range and section.
Well logs 164-177 are newer and were gathered after the majority of the
logs were tabulated.
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Appendix B
Water Quality

Explanation of symbols

S-

CCBG-

CCN-

CCM-

na-

well log
number-

Prefix indicating sounding to water table; number indicates order in which
sounding was performed in the field.

Prefix indicating background water sample taken from surface water;
number indicates order in which sampling was performed in the field.

Prefix indicating sample was taken in the northern portion of the study area;
number indicates order in which sampling was performed in the field. This
system was abandoned early in the study.

Prefix indicating sample was taken in the main portion of the study area.
This system was used for the entire duration of the study.

Information not available.

Well log are listed in a geographical order by township, range and section.
Well logs 164-177 are newer and were gathered after the majority of the
logs were tabulated.
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Appendix C

Well Log Summary

Explanation of symbols

well log

number- Well log are listed in a geographical order by township, range and section.
Well logs 164-177 are newer and were gathered after the majority of the
logs were tabulated.

location- Location is listed by township, range, and 1/4, 1/4 section or whichever

system the well driller used.
landowner-  Name listed on well log.
total depth-  Depth of well hole drilled.
casing depth,

screen depth- Casing depth is listed first, there may be several casing ranges, the last
numbers (if present) are the range which the well is screened.

depth to
water- The distance from the ground surface to the water table.
aquifer- Aquifer types are listed by type; multiple aquifers are indicated by a

backslash, such as sand/granite.
well yield- Well yield if present listed in gallons per minute (gpm).
Abbreviations
lev.- level
dd-  drawdown
hr- hour
INCr.- increase
gpm- gallons per minute
est-  estimated

na- information not available
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Appendix D

Field Observations

Sage Creek-Lewellen Creek Area
Nunn Road

Several closely spaced wells were sounded in the NE1/4, NE1/4, Sec 31, T53N, R2W
(Figure 16). None of these wells penetrate bedrock. The Brandt well (S8), Howard well
(§9) and Phelps well (S10) had static water levels of 22 ft (6.7 m), 17 ft (5.2 m), and 15.5
ft (4.7 m), respectively. The minimum saturated thicknesses in each well were 26 ft (7.9
m), 38 ft (11.6 m), and 35 ft (10.7 m), respectively. The two wells on the north side of
Sage Creek (the Howard well and the Phelps well) may be semi-confined by overlying
clay/sand and clay/gravel assemblages. The Brandt well on the south side of Sage Creek is
unconfined with no clay logged between the water table and surface. These water tables are
perhaps dependent to their proximity to the influent Sage Creek, Lewellen Creek, and

irrigaton ditches (Figure 16).

Bunco Road

The next closest well to the west penetrating productive sands and gravels 1s the
Bohn well (S23). This well is located next to an irrigation ditch (SW1/4, SE1/4, Sec. 25,
53N, 4W) which diverts water from Sage Creek. The age of this diversion is unclear,
however, the size of the trees adjacent to the ditch suggests at least 20 years of growth
which exceeds the age of the well (drilled in 1983). The static water level was 85.5 ft (26

m), total depth of well was 100 ft (30 m), therefore the minimum saturated thickness of the

aquifer is 14.5 ft (4.4 m).
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Parks Road

The Haines well (§22) penetrated granite at 152 ft (46 m) and had a static water
level of 165 ft (50 m). This well is close to Lewellen Creek, (NW1/4, SE1/4, Sec. 24,
53N, 3W) yet the creek does not saturate the alluvium at the well. This well may not border
the alluvial aquifer since the difference in depth to bedrock and static water level is
significant. Also diversions of Lewellen Creek by early settlers in the past have obscured
its pre-settlement course, therefore this site was probably not part of an ancient stream

channel, a channel which should be accompanied by a deep fill of saturated sands and

gravels.

Mc Roa

Downgradient of the Bohn well along Sage Creek is the Bouchard well (827). The
well is less than 100 ft (30 m) away from the creek (NE1/4, SE1/4, Sec. 34, 53N, 3W).
The static water level was 119.5 ft (36.4 m) with a minimum saturated thickness of
approximately 33 ft (10 m). An adjacent well (S26) approximately 1000 ft (300 m) to the

north (NE1/4, SE1/4, Sec. 34, 53N, 3W) penetrates bedrock without producing water

from sands and gravels.

Cedar Mountain Road

No wells penetrating saturated sands and gravels were identified in this area. One
well was sounded, the Hoit well (§25), located just off of Cedar Mountain Road (SW1/4,
NE1/4, Sec. 34, 53N, 3W). The static water level was 267 ft (81 m) in granite, overlain by
236 ft (72 m) of sands and gravel. It does not appear that the sand and gravel aquifer

passes through this portion of the section but passes further to the north.
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Chilco Area

West of Highw ilcoR

Two wells (NE1/4, NW1/4, Sec. 18, T52N, R3W) within the area went dry in the
summer of 1992 at World of Carpets (B. Bonham well) and at North Idaho Propane (J.
Green well) located 300 ft (100 m) to the northeast of the Bonham well. Each company
drilled a new well in September, 1992, and both wells penetrate granite. No other wells
sounded within the Chilco area penetrate bedrock. The depth to bedrock at the J. Green
well (S4) is 144 ft (44 m); the Bonham well (S§5) encounters bedrock at 110 ft (33. 5 m)
suggesting a high amount of relief in the bedrock subsurface. Soundings indicated static
water levels of 89 ft (27.1 m) and 80.5 ft (24.5 m) in the J. Green well and the Bonham
well respectively. Saturated thickness between these two wells is from 55 ft (16.8 m) to 30
ft (9 m).

Closer to Chilco Ridge, the McKay well (S11) (SW1/4, NW1/4, Sec. 18, TS2N,
R3W) exhibited a slightly shallower water table of 79.5 ft (24.2 m). The water bearing
gravel, sand and clay appears to be confined or semi-confined by 100 ft (30 m) of mostly
clay, cobbles and gravel and has a saturated thickness of at least 24 ft (7.3 m).

Still closer to Chilco Ridge, the Bishop well (§12) (SW1/4, SW1/4, Sec. 7, T52N,
R3W) had a static water level of 66 ft (20 m). Adjacent to the Bishop well several hundred
yards (about 100 m) to the west are several perennial springs on Chilco ridge and may be
contributing flow to the well. At the time of the writing of this report, no well log exists for
the Bishop well. (Figure 18)

Immediately north of the Louisiana Pacific Wood Processing Plant in Chilco is the
Tipke well (§17). The static water level was 75 ft (23 m) with water bearing lithologies to
the bottom of the well at 120 ft (36.6 m) indicating a minimum saturated thickness of 45 ft

(13.7 m) with no potentially semi-confining layers above the water table.
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E f Highw

The Veylupek well (S 1‘6) located approximately 75 ft (23 m) from Highway 95
(SW1/4,NW1/4, Sec. 8, T52N, R3W) had a static water level of 75 ft (23 m). This weil
penetrates 123 ft (37.5 m) of water bearing clay, gravel and cobbles and 17 ft (5.2 m) of
brown clay. The aquifer material here is perched over the clay acting as an aquitard and
therefore has a saturated thickness of 48 ft (14.6 m).

The Henderson well (§19) located in the northern portion of the main channel
(SW1/4, NW1/4, Sec. 4, 52N, 3W) had a shallow static water level of 57.5 ft (17.5 m)
and a minimum saturated thickness of 23 ft (7 m) within fine sand and gravel and coarse
sand and gravel. Such a shallow water table here is suggestive of a recharge area nearby
perhaps from overland flow from the west slope of Cedar Mountain and springs. The
contact between the Columbia River Basalt Group and Pre-Tertiary Rocks is on the
adjacent west facing slope and a likely position for contact springs. No springs were
confirmed in this area.

The John Luster well (S31) located in the narrow inlet of the main Chilco channel
(SW1/4, NE1/4, Sec. 5, T52N, R3W) has a shallow static water level of 38 ft (11.6 m).
This was the shallowest well sounded in the investigation, and is probably near or within a
ground water divide. South of this well site the main Chilco channel flow is towards the

southwest (Figure 18).

Garwood Area
W, f Highw hio Match R

Well soundings taken near the Chilco Ridge indicate the complexity of the
southwestern boundary of the Chilco channel aquifer. The Lelond Barnes well (5S14)
located on Ohio Match Road (SE1/4, SE1/4, Sec. 14, T52N, R4W) had a SWL of 208.5 ft
(64 m). The aquifer material is at least 75 ft (23 m) of fine sand overlain by 145 ft (44 m)
of blue-gray clay. The clay is overlain by 60 ft (18 m) of soft basalt(?). The proximity of
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this well to the Chilco Ridge, the nature of the aquifer material and the well discharge

estimated at 5-10 gpm (19-38 lpm) suggests that the aquifer material is probably Latah
Formation and not part of the Chilco channel aquifer. About 1000 ft (300 m) southeast of
the Barnes well (NE1/4, NE1/4, Sec. 23, T52N, R4W) an undocumented abandoned well
(S§13)was sounded which had a SWL of 47.5 (14.5 m). The well was located in a poorly
drained field southeast of Chilco Ridge and may have been installed as a dry well. The area
may have been a lake bottom after the Lake Missoula floods. A pond located nearby on
Chilco Ridge may be discharging in this region via subsurface springs. Nearby
approximately 1000 ft (300 m) to the northeast of the abandoned well (SW1/4, SW1/4,
Sec. 13, T52N, R4W) is the Doering well (S15). This well penetrates granite at 328 ft (100
m), and had a SWL of 157.5 ft (48 m). A seep of water was found at 42 ft (13 m) and
again in the granite. The entire thickness of sediment overlaying the granite is clay and
boulders representing the lacustrine-dropstone facies. Since the lacustrine/ dropstone facies
here is unproductive, the Chilco channel aquifer boundary has been drawn further east
towards the center of the channel.

About 600 ft (200 m) to the southeast of the Doering well is the Straight well (S30),
which had a static water level of 105 ft (32 m) in granite indicating the aquifer lies further to
the east.

No wells penetrating sands and gravels were sounded in this area. Only the Ohio
Match Water District well (SE1/4, NW1/4, Sec. 24, T52N, R4W) was confirmed to still
exist and produce water from alluvium. The well log static water level estimate was 251 ft
(77 m). Aquifer boundaries here are based upon well logs.

The two Timbercraft well soundings (S1 and $2) suggests that the well sites may
be located near where the Chilco channel aquifer flows into the Rathdrum Prairie aquifer.
Both wells are over 300 ft (90 m) deep and do not penetrate bedrock. Static water levels are
230.0 ft (70.1 m) and 231.5 ft (70 .6 m) for S1 and S2 respectively. The depth to the water

table from the surface is 150 ft (46 m) lower than in wells near the Chilco area. Since the



