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Spratt, Marc M., M.S.F., 1680 Forestry

Urban impacts on a gravel uncorfined aquifer in the Evergreen
area near Kalispell, Montana (102 pp.

Director: Garry R. Grimestad /é77;4,

Groundwater quality in a surficial, unconfined gravel aquifer
was monitored for approximately on2 year in Evergreen, near
Kalispeil. tontana. Ionic concentrations of sodium, chloride,
sulfate and ammonium as well as fecal coliform and fecal
streptococcus concentrations suggest septic tank effluents as
the predominant source of nutrients. Fecal streptococcus
occurrences appear tc correiate with agricultural activity
whereas, fecal coliform occurrences appear teo correlate with
urban land usage. Bacteviai concentrations exceeding Montana
State standards for drinking water are commonly found during
high water table conditions. Recharge from the Fiathead River

is the dominant hydraulic control of this aquifer in the study
area.
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INTRODUCTION

'PURPOSE AND SCOPE

. Three major aquifers underlie the Evergreen area. They
are the:

1) Fractured bedrock aquifer.

2) Deep artesian aquifer.

3) Surficial aquifer.

The surficial aquifer is the most susceptible to man-caused contam-
ination; therefore, primary emphasis of this study is on the surficial
aquifer.

Investigation of the surficial groundwater aquifer was initiated
after discussion with the Flathead County Sanitarian, Tom Cowan, and
review of existing water quality reports. He suggested that the
aquifer quality was deteriorating due to the impact of private, on-
site sewagé and waste disposal and general urban development; addition-
ally., he indicated the need for a potentiometric map documenting
seasonal groundwater fluctuations in the Evergreen area. Emphasis
of this study was to demonstrate the connection, if any, between
local acuifer wa;er quality and urban development.

The hypothesis tested by this study is that changes in the
surficial’aquifer water quality, as quantified by changes in various
biological and chemical parameters, are associated with changes in
growth patterns. as quantified by the distribution of people in the

L
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Evergreen area.

LOCATION

The Evergreen area is located in Flathead County, Montana, near
the City of Kalispell including parts or all of Sections 26, 27, 28,
32, 33, 34, and 35, T. 29 N., R. 21 W. and in sections 3, 4 and 5, T.
28 N., R. 21 4. of the Principle Meridian, Montana (Figure 1). To the
north, tne study area is bounded by Rose Crossing Road, to the east,
by the Flathead River, to the south by East and West Cottonwood Drive
and to the west by the Whitefish River (Figure 2).

The southern half of the studv area is heavily subdivided where-
as the northern half is primarily rural land. Spring Creek, which is
spring fed, fiows in a southerly direction through the middle of the
area. The west and east sides of the area are defined by the White-
fish and Flathead Rivers respectively.

Access to all well sites was permitted by sigred easements
hetween the land owners and the Flathead Drainage 208 Project (FD 208

Project).

PREVIOQUS WORK

The United States Geological Survey (U.S.G.S.) began monitoring
wells in the upper Flathead Valley about 1933. Potentiometric levels
are published in Montanz Bureau of Mines Bulletins and U.S.G.S Water

Resources Data bocks by Water year. Records utilized for this report

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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STUDY AREA LOCATION

Figure 1
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include those for water years 1963 to the present (Montana Bureau of
Mines and Geology Bulletins 53, 57, 65, 76; U.S.G.S. Water Resources
Data for Montana Water years 70-77). ’ |

Konizeski et al. (1968) described the geology and hydrology of
the Kalispell Valley. No water quality problems were noted in the
Evergreen area. Willis Johns (1970) mapped the geology of Lincoln
and Flathead Counties, Montana, including the Evergreen area. The
FD 208 Froject sponsored a groundwater study by Morrison-Maierie, Inc.
and James M. Montgomery, Consulting Engineers, Inc. (MM&M, 1977). The
FD 208 Project study found minimal contamination of the surificial
agquifer. The 201 Facilities Plan for Kalispell, Montana (1978}

reviews the groundwater quality and hydraulic conditions in the study

area, including preliminary results of the present study.

PRESENT STUDY

Flathead Drainage 208 Project personnel began reviewing exist-
ing water quality reports concerﬁing the Evergreen area during the
Spring of 1978. Existing data included concentrations of nitrate,
phosphorous and fecal coliform bacteria. It waé believed that the
reported values did not accurately reflect water quality conditions
in the Evergreen afea because phosphorous data based on water szmples
derived from steel-cased wells, wherein iron complexes with phosphor-
ous preventing accurate determination of phosphorous in sclution, can
be misleading. Furthermore, bacterial samples were obtained late in

the year when groundwater elevations were low and separation between

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



6
the pessibly contaminated zone and the potentiometric surface was
greatest. Because many people residing in the Evergreen area are
dependent on shallow groundwater for their domestic supply and be-
cause Evergreen is the largest unsewered residential area near Kali-
speli, it was felt that questions regarding water quality in this area
should be resolved. An intensive groundwater quality study was de-
signed and submitted by May 4, 1979,

Sampiing sites were selected so as to establish a network that
would enable determination of cumulative water quality character-
istics from representative sites rather than document site specific
problems; it was not the intent of this project to find individual,
failing, on-site waste disposal systems

Potentiometric surfaces were measured beginning in November,
1978, continuing through October, 1979. Water samples for chemical
analysis were coliected from December, 1978 through October, 1979.
Bacterial sampling began in January, and continued through October,
1979. Chemical analyses were performed under contract by the
University of Montana, Schocl of Forestry. Bacterial analyses were
performed by tne Montana Environmental Laboratory, Kalispell, Montana.
A1l original data will be published as a separate report by the Flat-
head Drainage 208 Project.

Several progress reports were released to the public during the
study period. Frequent status reports were made to the Flathead
Conservation District. Reports were given to the Kalispell City-
County Planning Board. These reports were in two forms. The pri-

mary form was a short summary of the problem and findings of fact.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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The second was input to subdivision review of preliminary project
results. This project was one of several water quality problems

reviewed on local television. Articles describing the project

appeared in local and regional newspapers.
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GEOLOGY

GENERAL VALLEY

Evergreen is situated near the center of a valley bounded by the
Swan Range to the east, the Whitefish Range to the north, the Salich
Mountains to the west and Flathead Lake to the south. Konizeski et al.
(1968) believed that the Ravalli and Piegan Groups of the Belt Super
Group underiie the floor of the valley beneath unconsolidated to
consolidated deposits of Cenozoic fill, which may be as much as 4800
feet deep and of Tertiary age (Figure 3). The valley is underlain
by & large down-dropped block, and a major north-south trending,
normal fault system may exist on the east side of the valley (Kon-
izeski et al., 1968). Drillers' well logs seem to indicate a signi-
ficant fault system running from Lone Pine State Park toward Batavia
School, nearly due west of Kalispell (personal ccmmunication, Bill
Osborne}.

Colluvium and sediments (glacial and non-glacial) fill the valley.
Many of these sediments owe their origin to glaciation, the dominant
erosional! process controlling the areal geomorphology. Volcanic ash
from the Glacievr Peak eruptions in the Northern Cascade Range of Wash-
ington approximately 12,000-13,000 years ago was identified in four
places, at the contaét'between drift and dune sand, in the Kalispell
area.  For that reason, the exposed glacial and glaciolacustrine

deposits in the Kalispell Valley are thought to have been deposited
8
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10
during the Wisconsian glaciation (Konizeski et al., 1968). Dune

deposits exposed to the southeast of Kalispell may be the source of
sand in the study area. Silt and clay intermixed with the sand
throughout the study area are probably due to the oOccasional flood-

ing of the Flathead and Whitefish Rivers.

STUDY AREA

Stratigraphy has been interpreted as shown in Figures 4 and &.
Approximately 30 feet below the ground surface, a confining clay layer
is encountered that appears to separate the surficial aquifer from
the deep artesian aquifer (Figure 3). The clay layer, ranging from
25 to 105 feet in thickness (70 feet average thickness), appears to
be continuocus throughout the study area.

Gravels comprising the unconfined, surficial aquifer are
apparently old £iil and kame deposits which have been perjodica11y
reworked with further sorting and stratification during the past
12,000 years (Konizeski et al., 1968). During drilling, zones con-
taining rocks with substantial encrusted carbocnates are encountered
in tﬁe approximately 1.5 mile wide area lying between Spring Creek and
the Fiathead River. This zone appears impermeable to groundwater
during drilling as water is generally nof encountered until the zone
is penetrated.

A'surficia1 sand layer observed in the southern end of the
study area pinches cut near the northern end of the area. Aban-
doned meanders are evident throughout the area. Evidence of inter-

fingered sand and gravel depsosits, probably from reworked river beds,
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13
appear on logs of wells drilled for the study and on logs of local

domestic wells (Figure 4).
SOILS

Soils in the Evergreen area are generally of two associations;
Kiwanis-Walter-Birch (KWB) and Banks-Chamokane-Corvallis (BCC). The
latter generally forms the banks and rnatural levees adjacent to the
Fiathead River whereas the former comprises most of the remaining
land between the Flathead and Whitefish Rivers (Figure 6).

Banks-Chamokane-Corvallis

"Slopes are neariy level to gently sloping, but there are

many lTow, wet spots.

"This association consists of deep . . . Toamy soils and
deep, sandy soils with sandy subsoils. These soils have developed
in recent stream alluvium . . . . Soil drainage ranges from
excessive to poor."” (S.C.S., 1960).

Kiwanis-Walter-Birch
"The area in which it occurs is nearly level, low terrace .

“This association consists of deep to shallow, . . . loamy to
moderately sandy soiis. These soils have developed in low-terrace
stream alluvium, . . . . They are weil drained to excessively

drained.® ({S.C.S., 1960).
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Figure 6
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ENGINEERING PROPERTIES

Kiwanis-Walters-Birch occurs in the higher ground and terraces
and Banks-Chamokane-Corvallis is found in the adjacent stream beottcms
according to the SCS Soil Survey (SCS, 1960) and the engineering
supplement (SCS, 1970). There is generally less than a 10 foot change
in elevation between areas representing these two associations. These
soils are subject to flooding, have slow runoff characteristics, but
are moderately to well drained. Slopes range frem 0 - 9 percent.
Permeability ranges from 0.2 - 6.3 inches per hour. Percolation rates
in these soils range from one minute per inch in sandy material to
five minutes per inch in the less permeable soils (personal communi-
cation, Tom Cowan, 1979). Therefore, this soil is considered very
permeable. Gravel is found from 10 - 60 inches below the soil surface.

Published limitations (SCS, 1970) for pertinent uses of these

soils are:

USE RATING
Sanitary landfills Moderate - Severe
Septic tank installations Moderate - .Severe
Ponds Moderatas ~ Severe*
Embankments Moderate - Severe

* Of the 17 described soils in these soil associations, one has a

s]ight Timitation rating for ponds.
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POPULATION

DISTRIBUTION

Evergreen was a rural area of small farms and relatively few
homes in 1940. By 1979, housing approached single family residential
density in many areas. The 201 Facilities Plan for Kalispell, Montana,
estimates the population growth in the City of Kalispell since 1370
at 3.9 percent whereas the area surrounding the city, including Ever-
green, has grown 192 percent in the same period. Growth has acceler-
ated in rural areas of Flathead County during the last ten years; the
Evergreen area has kept up with or exceeded the rural growth rate
according to the Flathead County Areawide Planning Office (APQ).

Two methods were used to estimate the present number of residences
in the study area.

1) Post office route data.

2) Ennumeration of residences in the area on U.S.

Army Corps of Engineers (COE) air photos.

The APO determined from census data that there is an average of 3.51
people per residence in the Kalispell Jurisdictional Area which in-
cludes the Evergreen area. HMultiplication of the number of residences
estimated from the post office data by 3.51 people per residence
provides a present population estimate of 5,996 for the area. Multi-
lication ¢f the number of residences in the area estimated from COE
air photos by 3.51 people per residence provides a population estimate
of 4,588 feor the area. Thé population estimates are assumed to repre-

16
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sent high and low values; therefore, the average, 5,292, is assumed to
be the present population of the area.

Comparison of the APQO estimated 1962 population in Evergreen
of 1,770 with the present area population estimate of 5,292 indicates
the area population has tripled in seventeen years. The imajority of
the population is concentrated on approximetely 31 percent of the
land in the southwest corner of the area where the population density

may exceed 2.0 persons/acre (Figure 7).

WATER SUPPLY AND WASTE DISPOSAL FACILITIES

Domestic water supplies in the study area are supplied by both
public and private systems. Service is available from the Evergreen
Water District {a public utility) to most of the study area. The
utility currently serves approximately 70 percent of its potential
customers. Private systems utilize both shallow and deep wells. Qlder
residences typically have shallow wells, ranging from 25 - 30 feet
deep. Well construction techniques range from the use of sand points
to cased and screened wells. Newer homes typically have deep wells
(mostly deeper than 120 feet) penetrating the artesian aquifer. Most
deep wells are located within the northern half of the area whereas
most shallow wells are located in the southern half.

On-site waste disposal is commonly via a septic tank and drain-
field. ‘A weli-designed on-site system consists of a septic tank for
holding solid wastes, a distribution box for dispensing effluent and

a tile drainfield. Successful operation depends on the ability of the
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Figure 7

Evergreen Population Distribution
March 1979
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> 2.19 people/acre
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soil and alluvium to absorb and filter the effluent passed through

the drain field. Effluents from these systems generally contain
large quantities of nitrogen in ammonia and organic form and phosphor-
ous as ortho, condensed phosphate and organic phosphcrous. Signifi-
cant portions of the nitrogen and phosphorous compounds occur in
particulate forms that are filtered by the soil and alluvium column.
Biochemical reactions coavert some of the particulate organic forms to
soluble ammonia and orthophosphate forms readily available to plants.
Septic tank and soil absorption systems provide primary and
secondary sewage treatment. The tank removes solids and greases
while the drainfield {soil absorption) reduces the effluent nutrient
and bacterial load. fThe distance between the bottom of the drain
tile and the top of the saturated zone (potentiometric surface) is
very important. Fiow of effluents in unsaturated materials is slower
than flow in saturated materials. The slower the flow, the longer the
time avaiiable for absorption, adsorption and various biochemical
reactions to occur that result in the removal of nutrienfs, organic
material, bacteria and viruses from the effluent. Removal efficiency
of nutrients and other constituents of the effluent increases as the
numbér of soil exchange sites increases. As a general rule, finer
materials, such as clays, have more exchange sites than coarse materials,
such as sand and gravel. Therefore, greater effluent renovation is
obtained in finer textured soils. Septic tank desic» assumes regular
maintenance including sludge removal from th.. septic tank every 3 - §
years (personal communication, Tom Cowan). In the study area, it is

common for owners to claim that their system operates weil even though
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it has not been pumped for seven or more years. Failura to pump the
tank on a regular basis reduces the effectiveness of the system. Pre-

mature failure of the system may result.

LEGAL CONSTRAINTS

Montana water law generally follows federal guidelines. A
major exception is the Reservation Doctrine which sets aside water for
present and future needs of streams and rivers on or adjacent to any
federal reservation of land. That doctrine or interpretation of law
is being contested now and may not he resclved in the near future.

Several Montana State Statutes discuss water and the use of
water. The Montana State Constitution, Article IX, Section 3, states
"that use of all water that is ncw or hoareafter appropriated for sale,
rent, distributicn or other beneficial use is held to be a public use.®
It further states that "all surface, underground, flood 5nd atmospheric
waters within the state are the property of the State" i.e., state
waters. Under the Water Use Act (Sec. 89-885, R.C.M., 1947), all
appropriators of water must apply for a water use permit. If the
effective date of the apprepriation is after July 1, 1973, the permit
is valid; howevaer, if the effective date of the appropriation is before
July 1, 1973, the permit must be reapplied for through the Department
of Natural Resources and Conservation, Water Rights Bureau, before
January 1, 1982. In application, we]is for domestic use with a pump-
ing rate less tham 100 gaiions per minute are routinely approved. The

Monitana Water Pollution Control Act (MIPZA), Title 69, Chapter 48,
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R.C.M., 1947, defines pollution as any discharge into state waters
which "will or is likely to create a nuisance or render the waters
harmful, detrimental, or injurious to public health, recreation,
safety, welfare, livestock, wild animals, birds, Tish or other wild-
Tife." The same act states that it is unlawful "to cause pollution
of any state waters, or to place, or cause to be placed, any wastes
in a location where they are likely to cause pollutuion of state
waters" (Section 69-4806 (1), R.C.M., 1947). This requirement
provides the rationale for the Montana Pollution Discharge Elimination
System permits. According to Steve Pilcher (MDHES, Water Quality
Bureau), septic tanks with drainfields do not require Montana Pollu-
tion Discharge Elimination System (MPHES) permits.

Surface water quality standards are established by the MDHES in
MAC 16-2.14(10)-S14340. No water quality standards currently apply
to groundwater.

Title 69, Chapter 50, R.C.M., 1947, (Sanitation in Subdivision
Law) provides one of the major tcols to protect groundwater quality.
Section 63-5001, R.C.M., 1947, specifies minimum lot sizes depending
on the services provided on that lot. If both a domestic well and an
on-site disposal system are on the 1ot, the area of the lot must be
no less than one acre. If one or the other (well or septic system)
are on th2 lot, then the area of the 1ot must be no less than 20,000
square feet, (0.46 acres). The most impertant site criteria for in-
stallations of a septic system is the depth to groundwater from the
surface. The State of Montana requires a minimum of six feet of sep-

aration between the maximum seasonal groundwater elevation and the soil

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



22
surface. Specifically, the Flathead County Board of Health regulations
state that "no pit or trench excavation shall extend to within four
feet of high water table or shattered consolidated rock formations."
They also require a minimum of twelve inches ot earth cover over the
gravel fill of the soil absorption system.
The most powerful body of law currently available for protect-
ing groundwater is the County Board of Health requlations. Title 50,
Chapter 2, R.C.M., 1947, describes the basic powers of local Boards
of Health. They shall;
1) Guard against the introduction of communicable disease.
2) Abate nuisances affecting public health and safety or bring
action necessary tc restrain yiolation of public health
laws or rules.
3) Adopt necessary regulations and fees, i.e. septic tank
regulations.
In summary, according to existing state law, it is "unlawful"
to pollute state waters which include groundwater. Without any stand-
ards definirng groundwater quality, violations may be difficult to prove.
Using lecal Health Board regulations, it is possible to cause relative-
1y major contamination problems to be corrected if they are caused by
a point source or a source that can be identified beyond a reasonable

doubrt.
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METHOQODS

WELLS

Wells cased with plastic (PVC) were drilled at 18 sites to
allow measurement of potentiometric levels (the elevation to which
water rises in a well open to the atmosphere) and the withdrawal of
samples for the measurement of various chemical and biological
parameters. Local stratigraphy was inferred from well logs and -
existing geological maps.

The 18 well sites were picked to intersect hypothesized and
published groundwater flow paths and to sample varying population
densities and land use types. In order to facilitate data transfer
between maps of differing scales, the well sites were initially loc-
ated at section and % section corners adjacent to county right-of-
ways. Some of the final well sites, as depicted in Figure 2, do not
lie near section or % section corners because some landowners refused
to grant access to their property.

A letter and oral well presentation was given to the Evergreen
Chamber of Commerce resulting in three critical well sites. Ease-
ments were signed by cooperating landowners, giving the FD 208 Pro-
ject the right to emplace wells and moniter them for the duration of
the study. WNith the cooperation of the Flathead Conservation District
(FCD) and the Soil Conservation Service (SCS), wells were drilled
during the period from the 26th of September to the 14th of October,

23
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1978. A total of 50 wells were emplaced and well head elevations
(relative to mean sea level) were determined by the SCS at the above
sites.

The SCS required easements, granting access to the well sites,
before they would drill the wells. The Flathead County Attorney's
office provided the required easement forms (Appendix I) which were
then signed by the cooperating land owners. Only one easement was
signed by each landowner regardless of the number of well sites on
that landowners property. Access to county property was granted by
oral agreement. Appendix Il lists the property owners and well

site{s) on their property.

NUMBERING

Several well numbering systems were considered including the
U.S.G.S. system. An arbitrary system was finally selacted for
simplicity of labeling the large number of samples collected. Figure
2 shows the well sites and their respective numbers. At each site
where more than one well was drilled, the deepest well was labeled

X-1 and the shallowest well, X-3.

INSTALLATION

The wells were drilled by Harry Brence (driller) and Sherm
Soliid (geologist) of the SCS. They used a Mcbile B-50, auger

flight, rotary drill with six inch, hcllow stem augers to drill the
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wells, Each well was cased with 2" PVC schedule 40 pipe. The
bettom four feet of casing was perforated with a 7/32" driil bit and
a brass screen was.glued over the end of the well (Figure 8).

Three wells were drilled at most well sites. Wells were spaced
five feet apart vertically at each site {Figure 9). The first well
at each site was set with its bottom approximately fifteen feet
below the observad potentiometric surface. The next two wells were
left with bottoms approximately ten and five feet respectively below
the observed surface. The purpose of the three well array was to
identify possible vertical stratification, hydraulic, chemical or
biological, in the surficial aquifer.

At three sites (sites 15, 16, and 17), less than three wells
were drilled because the drill rig had to move to another job. Review
of COE well logs (COE, 1974) for wells adjacent to the Flathead River
demonstrated that the river was in contact with the same gravel form-
ation that contained the surficial aquifer; therefore, only one well
was drilled at site 17. It was deemed adequate to drill fwo wells at
well sites 15 and 16 because the land use was similar to that at site
18 and the potentiometric surface was much deeper than in mest of the
study area.

Actual drilling time was six working days between the 26th of
September and the 14th of October, 1978. The mean static potentio-
metric surface was approximately ten feet below the ground surface at
the time of well installation.

A.1og of materials penetrated during drilling the deep well at

each site was racorded (Appendix III). Upon completion of drilling,
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Figure 8
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Figure 9

Vertical Placement of Three Well Array
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each strata encountered was classified according to the Unified Soil

Classification System of the SCS.
MAPPING

The SCS determined casing head elevations (Appendix IV) rela-
tive to mean sea level (MSL). This procedure was necessary to
establish a potentiometric surface relative to standard datum (2200
feet, MSL).

Areal locations of the well sites are being mapped by the U.S.
Army Corps of Engineers {COE). iLow Tevel aerial photography was
flown in late Spring of 1979. Prior té f]ying the area, the COE
marked all of the well sites so that they would appear in the imagery.
All of the well sites will be marked on a two foot contour interval
topographic map of the study area being produced by the COE. (Incom-
plete as of 12/3/79).

Stratigraphic sections through the study area (Figures 4 and 5)
were interpreted from project well logs. Vell logs of deep domestic
wells located within the study area were examined to locate the
confining layer between the upper and lower aguifers to determine the
possibility of contamination of the lower aquifer by water from the

upper aquifar.
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WATER LEVEL MEASUREMENTS

Potentiometric surfaces were measured from the well heads with
a standard, 50 fcot, surveyor's steel tape marked in hundredths of a
foot. The bottom two feet of the tape was marked with water soluble
ink which dissolved if subtmerged below the water table. Subtraction
of the water mark from the well head reading yields the depth to
groundwater from the well head (top of casing). The height of casing
above ground was known and when subtracted from the total depth to
groundwater, yields the depth to groundwater from the ground surface.
A1l calculations are formulated to yield distance above datum (2900
feet MSL). Sample caiculations are shown in Appendix V.

Water levels were measured by a trained technician once a month
during the winter, every two weeks during spring runoff and once a

month again in late summer.

WATER SAMPLE COLLECTION AMD ANALYSIS

Attempts to develop a pump sampler were unsuccessful and a
bailer was built to fit inside the two inch PVC casing. The bailer,
(Figure 10), was constructed of PVC and acrylic plastic in order to
minimize contamination and simplify cleaning.

Prior to sampling, the bailer was thoroughly cleaned and then
lowered into the well. The first bailer of sample water was used to

rinse the bailer and the sample bottle. After discarding the rinse
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Nylon braided line

Figure 10 | | <::::>f/é::\\‘\

Bailer Construction

<4———— PVC 1.5" 0. D.

e Acrylic disc - glued
' in place

lLead shot or fishing
weights e

s Acrylic disc - glued
in place

water, the one Titer sample bottle was filled and the water temper-
ature was measured with an accuracy of + 0.59C with a Taylor pocket
thermometer. Field values of specific conductance were determined with
a Delta Scientific Model 1014 specific conductance meter which auto-
matically corrects readings to their equivalent at 259C, Field pH of
samples. from each well was measured a miminﬁm of four times with an
Orion Specific Ion Meter, Model 407A. The meter was field stand-
ardized with buffers selected to bracket the expected sample pH range.

Sampie bottles were immediately taped shut and then placed in
Tocked, wooden shipping boxes filled with ice to cool the samples
guring shipment. Only Dr. N. Stark's personnel and FD 208 Project
personne]ihad keys for the sample boxes.

Samples were analyzed by Mr. Steve Bodmer for non-biological
parametérs under the direction of Dr. Nellie Stark in the School of

Ferestry, University of Montana, within twenty-four hours of sampling.
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Table 1 lists the parameters measured in the various samples and
whether they were measured in the field or l1ab. Precision and
accuracy of data of the analysis methods used are published in
Standard Methods (APHA, 1976) and Methods fcr Chewmical Analysis of
Water and Wastes (EPA, 1971). Dr. Stark's laboratory staff derived
precision and accuracy data for the analyses utilized in this thesis.

(Bodmer and Stark, 1979)

BIOLOGICAL

Bacteriological sampling began in January, 1979. The analyses
were conducted by Rene Sol of the Montana Environmental Laborateory,
an EPA certified lab using standard Millipore methodology. Using a
small iron bailer (to allow fiame sterilization), separate samples
were taken for fecal coliform (FC) and fecal streptococcus (FS}
bacteria. Sterile glass bottles supplied by the lab were used to
hold the samples. Prior to each sample taken, the bailer was ster-
ilized with alcohol and/or a portable propane flame. The first
sample removed from each well was used to rinse the bailer and then
thrown away. Sample bottles were not rinsed as per instructicn

from Ms. Sol. Analysis was conducted within eight hours of sampling.
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Table 1

Chemical and Biological Parameters

Analytical Parameters. Method Dates
LAB o ' T
(1) cations

Calcium Ca'? (mg/1) Atomic Absorption Spectroscopy 12/2/78-

Copper Cu g (mg/1) 9/11/79

Iron i (mg/]) ‘

Potassium K (mg/])‘

Magnesium Mg Z(mgll)

Manganese Mn"¢(mg/1)

Sodium Na 2(mg/l)

Zinc +2(mg/1)

(2) Anions
Chloride C1° (mg/1) Standard Methods ~ Colorimetric 2/24/79-
6/3/79
Bicarbonate HCO3(mg/1] Standard Methods - Acidimetric titration
2/24/79-
N 6/3/79
Ammonium Nig (mg/1) Potentiometric-Orion Liquid 12/2/78-
Junction Probe 9/11/79
Nitrate NO3~ (mg/1) Potentiometric - Cadmium 12/2/78-
Reduction 8/11/79
Total Phosphorous EPA - Single Reagent Method 12/2/78-
Total P (mg/1) 9/11/79
Ortho Phosphate EPA - Single Reagent Method 12/2/78-
Ortho P (mg/1) 9/11/79
Hydrolyzable Phosphorous EPA - Single Reagent 1/28/79
Hydrolyzable P (mg/1) Me thod
Sulfate SOZ Standard Methods - Turbidmetric 6/3/79
pH™  (-log{H+}) Potentiometric - Orion
: Liquid Junction Probe 12/2/78
9/11/79
(3) Bacteria
Fecal Coliform - (number/100 ml1) Millipore Filter 1/2/7%-
8/21/79
Fecal Streptococcus - (number/100 ml) 1/21/79-
8/21/79
FIELD .
pH Orion Liquid Junction Probe 12/2/78-
_ 6/3/79
Specific Conductance (umhos) Delta Scientific Meter g;}?;;g-
Temperature (°c) Taylor Pocket Thermmeter ;2{%;;3-
Q/
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GROUNDWATER

AQUIFERS

Several aquifers have been defined in the study area. Work by
Konizeski et al. (1968) and the FD 208 Project (1977) indicate that
major aquifers are within the upper six hundred feet of valley fill.
An aquifer, for the purposes of this report, is defined as a cont-
inucus water bearing formation that seems to have uniform hydraulic
and chemical characteristics. Fiqure 11 shows the general strati-
graphy and relationships of the primary water bearing structures
underlying the study area.

Generaliy, recharge to the aquifers, from precipitation and
infiltration from streams, is greatest from April to July when stream
rungff from accumulated winter snow is greatest, and is augmented by

an average of 3.76 inches of rain in May and June (Figure 12).

SURFICIAL AQUIFER

The surficial, unconsolidated aguifers are of Recent and Pleista-~
cene age and are composed of glacial drift and outwash deposits of sand,
grave! and clay. This material has been reworked by the Flathead River
resuiting in some stratification and sorting. The surficial, unconfined
aquifer is the most productive groundwater source in the study area.

33
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Figure 17

Major Aquifers Underlying the Study Area

Whitefish River Study Area Flathead River ,
7/
S T \_/"""/
Surficial Shallow Aquifer A‘,’/,,///i//
- Confining

______ Clay _ . =T V

Clay, cobblie and sand

Cobble and Sand
Aquifer
Deep Artesian

Diagram adapted from Konizeski et. al., 1968,
showing the major aquifers underlying the study

area. This diagram is not drawn to scale.
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The upper 40 feet of deposits were strongly influenced by riverine erg=
sional processes during their formation. The surficial aquifer is part
of a set of aquifers cailed Recent Flood-Plain Aquifers by Konizeski
et al. (1968). It is gravel containing a few lenses of sand aad: silt
averaging twenty-eight feet thick. The aquifer is the most permeable
in the Kalispell Valley which makes it subject to man-caused pollutior.
Groundwater was found to move approximately fifty feet per day through.
the grav21 aquifer by Konizeski et al. (19£2). Such a rate of fliow
is unusually fast for groundwater which normally flows on the order of
five feet per day or less.

Recharge to the surficial aquifer is by applied irrigation water,
by precipitation and by infiltration from the Flathead and Whitefish.
Rivers during relatively high stages (Konizeski et al., 1968). Irri-
gatiun, precipitation, and snowmelt may play relatively less important
roles than river recharge in terms of water quantity; however, they
may be very important in modifying the quality of the surficial ground-

water.
CLAY

The surficial and deep artesian aquifers occur in the upper
Tayers of valley fill separatad by a layer of clay averaging 63 feet
thick. The clay layer is evident inlall available well logs for wells
penetrating the deep artesian aquifer in the study area. Therefore,

it is assumed cortinuous.
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DEEP ARTESIAN AQUIFER

Konizeski et al. (1968) described the deep artesian aquifer
(the lower aquifer in Figure 11) as a series of beds of unconsolida~
ted sand and gravel separated by discontinuous beds of fine-grained
material. The thickness of the lower aquifer is generally unknown
except in one instance (Well B29-20-27cb) where the aquifer is at
least three hundred and sixty-fcur feet thick (Brietkrietz, 1966).
Groundwater has been estimated tc flow one-tenth of a foot per day
in tnis aquifer {Konizeski et al., 1968).

Recharge to the deep artesian aquifer is by infiltration of

snowrmelt runoff and precipitation along the base of the surrounding

mountain ranges where the aquifer surfaces.

FRACTURED BEDROCK AQUIFERS

Bedrock underlving the valley fill also appears to transmit
water; however, bedrock aquifers are not utilized for water suppiies

in the study area.

WELL WATER LEVELS

Nested analyses of variance were conducted cn water level
measurements (Hicks, 1973; Federer, 1963). Statistical analyses

were used whenever the sample size was large encugh; otherwise,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



38
graphical (qualitative) analyses were used.

Well water level fluctuations are significantly different at
the 0.01 level aniong sites and with respect to time. There is no
significant difference at the 0.01 level between either wells within
a given site or the time by site interaction effect (Table 2}. Re-
sults of the tests demonstrate that the wells at each site are rep-
resentative of the same hydraulic conditions. Some of the shallow
wells went dry and/or partially filled with sand, precluding water
level measurements during part of the year. The intermediate depth
wells were the shallowest wells with complete records for the year
and, as all wells at a site reflected similar hydraulic conditions,
the intermediate wells were considered represantative of the site
condition.

Inspection of the groundwater profiles (Figure 12) shows that
the Flathead River 1is the primary source of recharge to the surficial
aquifer. Ground elevation at the Whitefish River is greater than the
ground elevation at the Flathead River (2925 vs. 2922 ft. MSL) but
at no time is the potentiometiric surface near the Flathead River
lower than the potentiometric surface near the Whitefish River. The
change in elevation of the potentiometric surface during the year
adjacent to the Whitefish River is approximately three feet while it
is approximately five fieet adjacent to the Flathead River.

Figure 13 shows that potentiometric surface elevations rise and
fall with corresponding changes in flow in the Flathead River. Fig-
ures 14 and 15 show potentiometric surface slope changes adjacent to

the Flathead and Vihitefish Rivers that correspond with changes in
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Nested ANOVA of Well

Table 2

Water Level Fluctuations

Source df MS F
(degrees of freedom) (Mean Square)

Site 13 516.40 1780.7Q

Well/Site 28 O.Zgj]dL—- 0.03

Time 20 252.57‘%] 113.26

Time/Site 260 2.23j] 0.26

Time X Well/Site 5€0 8.48

Total 881

-

Correction for mean

Yi(g)k = w* Si FHi(g) ¥ T £ STy + Wiy

S. = Sites, i

tthere i

1,2, ..., 14

wi(j) = Welis within sites, j =1, 2, 3 for all i
T, = Time, k=1,2, . . ., 20
ST = Site by time interactiom .

wTi(j)k = Well with site by time interactiom

39
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river flow. As river flow increases, recharge increases changing the
slope from negative to positive values and causing a steepening gra-
dient. Slope changes depicted in Figure 16 suggest that infiltration
has a uniform effect through the well field and that snowmelt and
precipitation infiitration has a minimal impact on the slope of the
potentiometric surface. A rapid change in slope when monitored over
time of the potentiometric surface as plotted in Figure 16, indicates
recharge while no change or minimal change suggests that the recharge
due to precipitation and Tocal snowmelt is of minimal significance
compared to other sources.

In Figure 14, potentiometric gradients near the Flathead River
show the river to be recharging the surficial aquifer nearly all
year. When the slope is negative, the stream is receiving water from
the surficial aquifer and when the slope is positive, the stream is
recharging the surficial aquifer. Only in the winter months of
December through March is the Flathead River recharged by groundwater.
Figure i5, illustrating the potentiometric gradient near the White-
fish River, shows that this river is normally recharged by water from
the surficial aquifer. Only during the Spring runoff months, April
through June, is the Whitefish River recharging the surficial aquifer.

To test the seasonal gradient variation, a North-South gradient
was plotted'that generally parallels the regional groundwater flow
path. The selected well line was close to the center of the study
area to reduce the individual effects of the two major rivers.
Assuming a rapid change in gradient with respect to time represents

a change in recharge, recharge from above the study area was relative—
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iy constant through the study period. Reduced recharge during January
and February, 1979, was probably due to the savere cold of December,
1978, and January, 1979.

The potentiometric gradient averages seven feet per mile. Kon-
izeski et al. (1968) found a southward directed gradient of about eight
feet per mile.

Flow paths resulting from four different hydrologic conditions
are plotted in Figures 17, 18, 12 and 20. These flow situations cor-
respond to: |

1) Low water conditions.

2) Approximately half way up the rising 1imb of the hydrograph.

3) The hydrograph peak.

4) Half way down the falling or recession 1imb of the hydrograph.
Figure 21 shows the change in direction of the flow near a given well
with changes in river flow. The well near the Flathead River shows
a shift away from the river during periods of increased river flow
and an apparently retarded return to pre-runoff conditions. Flat-
head River stage readings changed approximately eleven feet during
the study period while Whitefish River stage readings only changed
approximately two feet. The flow paths near tﬁé'ﬂhitefish River
shift away from the river toward the center of the study area during
the rise in the river stage but return rapidly to pre-runoff cond-
itions. Figure 22 shows generalized tlow paths for the study area.
These Tlow paths shift seasonally directing flow inward, toward the

center of the study area during the Spring peak flows.
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High water levels in the Flathead River overwhelm all other
recharge effects in the surficial aquifer. This effect is shown by .
the groundwater profiles in Figure 12. Mean discharge for the Flat-
head River is 9,814 cubic feet per second (cfs), for the Whitefish
River, 193 cfs and Spring Creek in Evergreen at Evergreen Drive is
29 cfs.

Flathead River begins to recharge the surficial aquifer nearly
a month prior to the beginning of recharge by the Whitefish River
(3/25/79 vs. 4/27/79). This effect may be caused in part by storage
in Whitefish Lake. The relationship between change in potentiometric
surface elevation and change in river discharge was examined utilizing
ten sample points, spread over a 64 day period on the rising 1imb of
the hydrograph. Correlation coefficients and partial correlation
coefficients (Blalock, 1972) were calculated to determine the degree
of asscciation between changes in river discharge and changes in
water level heights for the river/well combinations 1isted in Table 3.
The wells in Table 3 are listed in order of increasing distance from
the river to which they are compared. For example, well 17-1 is the
closest to the Flathead River and well 18-2 is the farthest from the
river. Potentiometric surface elevations were not measured on the
same day that river discharge measurements were conducted. Therefore,
Whitefish River and Spring Creek discharges were estimated from hydro-
graphs piotted with FD 208 Project data for the days that potentio-
metric measurements were made (Figures 23 and 24). Flow records for

the Flathead River were obtained from the U.S.G.S. and were preliminary

records for station number 12363000, Flathead River at Co]umbia Falls,
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Table 3

Simple Linear Correlation Ccefficients and Partial Correlation
Coefficients That Indicate the Degree of Association Between
River Discharge and Well Water Levels

River Discharge (Q) vs. Well Water Levels Correlation
Coefficient r
Flathead vVS. 17-1 . . . . . . ... 0.97
13-2 . . . ¢ ¢ o o .. 0.92
8-2 . .« . ... .. G.87

18-2 . ... ..... 0.83

Whitefish VS. 5-2 . . .. .. ... 0.93
9-2 . . . . ... .. 0.86
1Mm-2 . ... ... .. 0.67
Spring Creek VS. 8-2 ... ... ... 0.9
12-2 . . . . . ... 087
1MmM-2 . .. ... .. . 0.76
Flathead River Q vVsS. Spring Creek Q . . . . 0.95

Partial Correlation Coefficient r

Water level height in Well 8-2 in relation to Spring Creek Q
given Fiathead River Q . . . . . . e e e e e e e e e .. 0.5

Water level height in Well 8-2 in relation to Flathead River §
given Spring Creek @ . . « . +. + = ¢« & + + - « « +« . . =0.03

53

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



6L
6

(*14) s3ybioH 13K

/26

b : .
| - .
O
T_lti,!!:z
- .
N

p gy ——————

-}

Lo taAatugiuasabaang e
ﬁEmEu% xmo.s mc:a.,

Ve e .
b + D . ..._n .
PO S I S I
| S A | .
R
w|_.--..i.|ﬂn--.x..|||.|1.wﬂ.|* ;
S OUU R [ NS
*vt!. . .- - -} ...b».«
Brmc e e e

8L/gz/i

0

J

1
[ =
—

B

o
~

W
|
_

(s32) Moty

—

7ﬁ¢?h

i
<

_

q

;m

l.l. ——e
]
RS

w+m

L.u% 82°6;
"33 8Y° it
{ u[umsoﬁcﬁoa uj mmcﬂa

49 ~m
33,9

138

-¥9

1849 £1°62
f*{‘}f}:i

.L:.:nz
= Xe

.I.l...,-_.

,mﬁ\\m\m;,.mh\mm\hy

ALAQ usaubaoAl e 4994 Butads jo ydeuboupAy

€2 aanbi4

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



6£/52/6

8L/t

[T
[ .
e MR

[

—4
[

Jun——
i

T

s
'

i
1

]

—— e 4

e

e L

-

R

. ._._.,_'_ ___‘— :

|

- A—y -t

u:ﬁ pooOM3ISaN 32
JIALY YS1I93 YN wGy ydeaboupAH

pz  84nbi4

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



56
Montana. Correlation coefficients were calculated for data within the
rising 1imb of the respective stream hydrographs. Similar values were
derived for recession conditions but correlation of the entire season's
stream hydrograph and well hydrograph did not yield meaningful results.
Only during the rising and falling Timb of the hydrograph was the
hydraulic system under stress.

Obviously, the closer the well is to the river, the better the
correlation between well heights and river f]oWs. The partial
correlation coefficients shown in Table 3 indicate that changes in
Spring Creek discharge have a significant association with changes
in well water level heights in well 8-2. However, because the hydro-
logic data was recorded during a period of active snowmelt, it is
not certain that the rise in potentiometric surface was due to
stream-aquifer interaction alone.

Spring Creek is hydraulically connected to the surficial
aquifer. The statistical analyses indicate correlation between
changes in Spring Creek discharge and changes in water level heights.
During the rising limb of the Spring Creek hydrograph (April through
June), there is a correspcriding rise in the water level hydrographs
in Figures 23 and 25. However, the flow of Spring Creek is so small
in comparison to the other rivers and the groundwater flow rate is so
great (50 feet per day) that the impact on the surficial aquifer by
Spring Creek is of minor importance. Inspection of the water table
profiles (Figure 12) suggests that Spring Creek may be recharged im
part by water originating in the Fiathead River.

U.S. Weather Bureau, Department of Commerce precipitation data
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were plotted to determine if precipitation during the period of the
study deviated from normal. Plots of total annual precipitation for
the last nine years of record (Figure 26) show 1979 to be dryer than
normal. Plots of monthly precipitation versus average monthly precip-
itation over the same period show the summer of 1979 to be well below
normal (Figure 27). The above figures indicate that the water table
levels for 1978-79 were probably below normal. It seems reasconable
that water levels might rise as much as 13 percent above those

measured during a year of normal precipitation.

WATER QUALITY

Water quality parameters monitored in this study were:

1) Phosphorous - identified as a possible limiting nutrient
in Flathead Lake (Stanford et al., 1979).

2) Nitrate - public health standards recommend maximum
allowable concentrations in drinking water.

3) Bacteria - public health standards recommend maximum
aliowable concentrations in drinking water.

4) Ammonium, sulfate and chloride - identified as indicators
of urban-related contamination of groundwater (Eisen and
Anderson, 1979).

5) Cations - calcium, scdium, potassium, magnesium and irom -
allow chemical characterization of water bodies. Copper,
manganese and zinc were included because they were part of

the normal sequential cation analysis.
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61
6) Specific conductance - a general measure of total
dissolved solids.
7) Bicarbonate and pH - allow chemical characterization of
water bodies.

8) Temperature - aids in identifying sources of groundwater

recharge,

PREVIOUS STUDIES

Figure 28 shows the approximate locations of selected wells
utilized in past studies (Konizeski et al., 1968; Morrison-Maierie,
Montgomery, 1977). Table 4 compares data from those studies with
that of the current study. Well B29-21-34cc? is located hetween weill
sites 3 and 7. Increases are particularly evident in chleride, sul-
fate and sodium plus potassium categories. Chleoride and sodium plus
potassium increases are the most significant and will be dealt with
in following discussions. Chloride concentrations at well site 3 are

in the range of household domestic wastewater and septic tank efflu-

ent {45-95 mg/1).

PHOSPHOROUS

Total phosphorous (all of the phosphcrous in the sample).,
orthophospnhate {available phosphorous for plant uptake) and hydro-
lyzable phosphorous (a measure of palvphosphates), concentrations

were determined. Orthophosphate is common in fertilizers and agri-
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Table 4
_ Comparison of Previous Study Data to Adjacent FD 208 Project Wells

-  ca L ostd o I std. Na+kI®std IHcos v sed. [* 50, [osStd. [wel  [wstd. =
.. FD 208 Prod.} mg/1 _ |deviation deviation deviatio deviation deviatior . ldeviatiop ___
—  mean . °? . YR | (8) e (AY e e
. Yell 31 ¢ 18.1 2.6 11.0 1.7 4 .2 (A9 . . _‘74,,_; _ 23 K I
- . -2 ' 47 145 1 17.5 2.2 1 _.5.8 1.5 . 301 |07 1.8 . .26 YA . __
3-3 sy 48.0 | 188 | 17.9 3.3 9.5 2.5 48 | 4.2 4 4 ) a2 0.7 __
[ ]
Well 7-1 7| 36.9 n.s | s | 6.5 | 1.8 243 3.5 ] SN T DU R 7Y} -
7-2 "\ 37.4 13.4 | N6 | 2.2 5.6 2.1 232 | 5.0 ) .0 . —— 22 . .8 .
7-3 *| 39, 7** 12,3 10,9 3.4 4.1%% 0.5 239* - 2 . o . __ - |
No. of samples; 35 | . . .l 15 R B V' L 2 . AU R AU S-S S Y P
Konizeski et'al, _ R R AR NS AU SU
1968wl A _ - _ . o el
B29-21-3d4cc2 i 52 ) o 17 o 3 238 & _ L I T
829-21-21bd ™} 57 12 0 4 223 2 e e
B29-21-15¢ch **| &1 - 14 ) 2 216 o 3 AR DU NP R
lﬁl
Flathead Rivel] 26.4 1 6780 . .18 104.8 5.1 I T B A
Col. Falls, MT: o o , N RNV R
mean (C)» _ o
* only one sample (A} Samples wére analyged for 2/24/79 and 6/3/79 ~
**  four samples 28} $amples of €/3/79 Jarﬂy 504 ﬁata - I R
T WA th;‘ee samples o o (€} Flathead River datd are means of required vames T o T
S by the U.$.6.S. for the time period )963-1967( ~— - |- - b
e :: - b : .+ | - ¢nd MDHES, Water Quality Bureau 1972¢73. | . .- —ojoo o
— :‘1‘ - . [ . . . . PO J C o — -
- - ”l . - N PO IR DU B _— - —
13 Ty - T T
_ ) - e - N
e - . I R S I N
; - . - e e e




64
cultural wastes. Polyphosphates are common in household detergents
and are thus, a potential indicator of urban impacts on ground-
water.

Figure 29 illustrates an increase in total phosphorous concen-
tration down the potentiometric gradient. Dilution, by both the
Flathead and Whitefish Rivers, is clearly evident. Stanford et al.,
1979, reported a mean concentration of 0.1 mg/1 in the Flathead River
above the study area. Mean concentration for the study well field
is 0.02 mg/1. The wells with the greatest mean concentration of total
phosphorous are 2-1, 3-1, 5-1 and 9-1. These wells generally corres~
pond to areas of high population density. Soils in the area ars
typically low in phosphorous which indicates phosphorous does not
come from the soiis through geologic weathering but from scme other
source.

Orthophosphate isograms in Figure 30 show significant addition
of phosphorous from agricultural Tands and from heavily urbanized
lands in the southern end of the study. The zone between the areas
of a concentration in excess of 0.03 mg/1 represents dilution of the
contaminated groundwater by Flathead River recharge. Concentrations

of hydroiyzable phosphates did not illustrate any discernable pattern.
AMMONIUM
Ammonium concentrations were utilized to provide information on

chemical stratification in the surficial aquifer. A Two-Way Analysis

of Variance (ANOVA) was performed on each well site comparing individ-
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uval wells against the variation in ammonium concentration. Table §
summarizes the results of the ANOVA. There is a stronger correlation
between urbanizaticn and variation of concentration with respect to
time and depth than between agricultural land uses and variation of
concentration with respect to time and depth.

Ammonium concentrations vary with time, generally increasing
as the water table rises. Figure 31 is representative of ammonium
behavior with respect to time and depth in the study area. Increases
in ammonium ceacantration with increasing depth are clearly defined

suggesting the system becomes anaerobic with increasing depth.

SODIUM AND CHLORIDE

Sodium concentration increases as groundwater flows down
gradient (Figure 32). Chloride ion seems to behave in a similar
manner. Figure 33 illustrates a plot of sodium concentration with
respect to time at well site 8 which is representative of the study
area. Figure 32 demonstrates increasing concentration as the cystem
is flushed by the recharging waters. The concentration rise on
5/6/79 suggests contact with a contaminated zone by the rising

water table.

SULFATE

Average sulfate values are plotted as iscgrams in Figure 34.

Down gradient increases are evident corresponding to increasing
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Table §
Summary of Resuits of 2-Way Analysis of Variance on Ammenium Concentrations
Source of Variation Vs, Depths_ __Land Use Types

1 * Well _° ‘Dates__ |’ {Dominant |Adjacent ® o lHesident!" Commer|“Agei [

i )
__Well Site *Jf _ R 1. ... Upgradient Land Usé¢ .. _ . o
a R .05 | Commercij] N 31%2};;5?"1 5 1 0

R 0.77 - 2.57* - Residenty

f saasxp  l2.29% | |Residential | significamt 4 ¢y v |
o ol p2ase | Residential di Ff/well

- pres ! - Y R =
5.78% 0.68 .. Residentjal  _ | _._ . sigmivicany o 4 g | 1__ |
0.27 13.05 | |agricultirel di{Ffwen |
2219 1 . 12,07 .. .. cAgeicultural . ) o] L oo ] e -

8 . , 20.27% 2.49% Residentsal . o o —
9  wy 12.67*, | 0.72 B ~ 1Residential

[ I 0.74 4.57% Agricul thral T | o
R ) L T 1.0 ¢ .. | Y29 . . Commercib _ RTINS FUNE R I SRR I
U R D .30 | o ves | L. l\gricma;ural R ISR IR U AN S
D X R o 1.32 2.46% ) Pesidential , AEURRR RN RSN SN
14 1 , 8.56% 5.65% Agricultyral R S A (U S

15 10 22.67* 0.94 Resident“al - U SRR R S
16 2y 0.61 1.39 Agricultyral
17 wi - - Agriculiural

18 A 1.47 1.28 Agricultyral o o R FUUER DU S

al SRS S . SR RN [ S

‘hOy B Wy
: ' .

G N L w W

i
i
!
-
1
§

- 70 ~ N _ o
2t R ~ R
o e | Methodology described in Hewlett-Packard (1976) N T B R

T I * Significant at}0.10% leyel - e B R At

2% L ~ ~ . o
- n R R T
" as N ) o R o
o 2 - - i o o

T 30 ) _ } ) o ) - L

i 3
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population density. Dilution by Flathead River water is evident as

is the much smaller impact of Whitefish River recharge. Groundwater

concentrations are higher than Flathead River values. Sulfate values

decrease with depth suggesting the system becomes anaerobic.

SPECIFIC CONDUCTANCE AND TEMPERATURE

Specific conductance increased down gradient and reflected
recharge by the river systems (Figure 35). C{ontact with the contami-
nated zone is most clearly demonstrated by well 3-1 on 2/24/79. WUell
8-1 shows a similar rise on 5/6/79.

Temperature measurenents were made in the field immediately
following sampling. Figure 36 illustrates a plot of temperature
variation over time along a flow path represented by three wells.
Temperature changes seem to be uniform aiong the flow Tine. Tempera-
ture profiles (Figure 37) reflect recharge by the rivers on the east-
west line and the increasing dominance of recharge waters down

gradient with the lowest value at 6-1 on June 3, 1979.

BACTERIA

Fecal streptococcus have been suaggested as an indicator of
man-caused contamination of groundwater by several papers (McKee and
Wolf, 1963 and Leininger and McCleskay, 1953) cited in a paper by
Eisen and Anderson, 1979. Public health standards (MDHES, 1978)

limit the number of coliform bacteria to 4/100 m1 if less than 20
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samples/month are taken and 1/10Q ml if only one samplie/month is
taken. The premise is that the presence of fecal coliform bacteria
is an indicator of the possible presence of pathogenic organisms.
Marzouk et al., 1979, fcound no correlation betveen the presence of
enteroviruses and bacteriological indicators. Hewever, Wolf (1972)
suggests that the presence of fecal coliform is a reasonable indi-
cator of bacteriological pathogens.

Bacterial sampling was conducted between January 21, 1979 and
August 21, 1979 for fecal coliform and fecal streptococcus, Figures
38 and 39 illustrate the occurrence of bacteria with respect to time.
Wells 3-1 and 16-1 represent urban and agricultural land use areas.
Concentration increases clearly correspond with watar table rises as
demonstrated by the peaks in February and early June. Distributicon
of fecal coliform and streptococcus is illustrated in Figure 4G for
April 21, 1979. Thirty-four of forty-nine wells sampied (69 percent)
were contaminated with fecal coliform bacteria at least once (Table 6).
Forty-five of forty-nine wells sampled (92 percent) were contaminated
with fecal streptococcus bacteria. By well sites, 83 percent were
contaminated by fecal coliform and 100 percent were contaminated by
fecal streptocuccus bacteria. The maximum fecal coliform and fecal
straptococcus value was 712/100 ml1 and 7.N.T.C./100 ml (Too Numevrous
To Count) respectively. The entire well field was sampled four times.
Fecal bacteria counts encountered at well sites 3, 4, and 16 are
considered demonstrative of the contamination cycle in the study area.
Sites 1, 2, and 6 never showed the presence of bacteria which might

not be expected, corsidering the population density adjacent to those
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Table 6
Summary of Bacteria Sample Data
Fecal Coliform and Fecal Streptococcus

FECAL COLIFORY, FECAL STREPTOCOCLS
Well : L tjmgg‘ # times* Max. 1% 8 73 times|c# times|® Max. |® u 1 "
T - sampled 2 1 | vatue(#/700 m1) | [ sampled| 2V [ valve(fioom) 11 |
o 1-1 ) 4 0 o I . | & 1.3 % | 1 i -
Y2 _ 4 0 0 I N 8 . o .
o 13 4 0 6 . i - 4 . 2 IR B S o
Y 4 0 VI 4 4 14 R DR DS PR
22 e 4 0 0 - 4 2 12 I o
23 4 0o | 0. | __ 4 ] 2 L - -
R 3 B 13 4 | 64 . 13 o5 18 R B Y DU
3-2 I 213 1 9 . . 13 . € 16 . ol o
33w 13 7 ne o 13 12 45€ o I D .
_ 4w ) 13 4 i0 . 1 .y .7 ) o9 Voo
R (R - B I R 6. | ... | - 13 -7 46 — N R
. 4-3 ®» 210 5 10 . 10 7 R B IR I S
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well sites. However, recharge from the Fiathead River could conceive-

ably flush those areas, necessitating a more rigorous sampling schedule

to intercept the contaminated water. Previous work failed to demon-

strate bacterial contamination of the shallow aquifer.

AQUIFERS

Stiff diagrams (for chemical characterization of water bodies)
for the deep artesian aquifer and the surficial aquifer (Figure 41)
show that these aquifers represent different water bodies. The
proportion of Na + K and C1 are greater in the surficial aquifer
{well 8-1) than in the déep aquifer (Maurice Eddy). Relative sizes
of the diagrams indicate that total dissolved solids concentrations
are greater in the surficial aquifer than in the deep aquifer.
Table 7 shows the data used to construct the Stiff diagrams ard
that the deep well (Maurice Eddy) is within one standard deviation
of the average cation and anion concentrations ‘for the deep artesian
aguifer as reported in Konizeski's report. No charge in water quality

js documented in the deep aguifer since 1964.
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Summary of Data for Stiff Diagrams Comparing the Deep Artesian Aquifer to the Surficial Aquifer

Table 7

8

1 Na + K|z Ca 3 Mg . s (] HCOq |7 SOq |®
v mg/1 | mg/1 mg/ 1 mg/1 mg/1 | mg/1
Well 8-12 8.19 38.75 | 13.48 68 274 3.0
Maurice Eddy 2.94 | 26.8 10.50 8.2 195.2 | 6.84*
Deep Artesiany 23.79 | 44.96 19.25 6.24 | 272 6.84
Mean .
Std. Deviatidr| 66.71 13.27 | 10.77 5.21 128.2 | 5.09
10
"4 % 50, data was|Tacking po it was| estimated with the mean
1 valpe for SOy derived) from datp in Konigeski et.|al., 196B.
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SUMMARY AND CONCLUSTIONS

Numerous chemical and biclogical parameters have been monitored

for nearly one year. Simultaneous water table elevations have been

recorded. Previous work in the study area supports the hydrologic
relationships observed. However, biological and chemical results of
this study differ significantly from previous reports.

Simul taneous rises of potentiometric surfaces and river flows
demonstrate hydrauiic connection between the Flathead and Whitefish
Rivers, Spring Creek and the surficial groundwater system. The poten-
tiometric surface has a gradient of approximately 7 feet per mile.
Groundwater fiows at a rapid rate of 50 feet per day in the shaliow
aquifer and 0.1 feet per day in the deep artesian aquifer. A clay
layer averaging €9 feet thick separates the two major aquifers in
the study area.

The Flathead River dominates the recharge regime of the surfi-
cial aquifer as demonstrated by the changes in potentiometric gradient
and.corresponding changes in river flow (Figurés 14 and 15). Further-
more, the water table profiles (Figure 12) demonstrate the magnitude
of the influence through the course of the year. The same figures
illustrate that the Whitefish River is of major significance for
approximately two-months during Spring runoff. Spring Creek affects
the immediately adjacent greoundwater (Figure 23) but has minimal impact
on the cverall system as indicated by the sulfate isograms (Figure 34).

86-
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Contamination of the surficial aquifer occurs when the water
tablie rises during runoff, intercepting the septic tank effluent

contaminated area. Existence of this process is supported by inde-

pendent data sets, specifically the ammonium, sodium, specific con-
ductivity and bacteria graphs of concentration versus time. Concen-
trations of the various ions generally increase down gradient as
popuiation density increases and with increases in depth. Chloride
and socium concentrations increase with depth. Decreases in sulfate
anc increases in ammonium concentrations indicate that the surficial
aquifer becomes anaerobic with increasing depth. Additions of rela-
tively large amounts of organic matter to this agquifer appear tc be
consuming the available oxygen. Orthophosphatc data suggests sig-
nificant contamination from agriculturai lands as well as urbanized
Tands.

Fecal coliform is the only parameter that exceeds state drink-
ing water standards. Several authors have suggested that fecal
streptococcus bacteria may be a better indicator of septic tark
effluent contamination than fecal coliform bacteria. All of the
well sites show the presence of fecal streptococcus at some time of
the year. The oaccurrence of bacteria appears to be strongly re-
lated with the rise in the water table.

The deep artesian aquifer is chemically different from the
surficial aguifer. No significant change ti1as occurred in the quality
of the deep artesian aquifer since 1964.

In conclusion, deep aquifer water quality has not changed,

whereas water quality in the surficial aquifer has been degraded by
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urbanization. Water for domestic use from the shallow aquifer con-

stitutes a health hazard.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



RECOMMENDATIONS

A change in domestic water supply source is recommended for
those individuals deriving their potable water from the surficial
aquifer, because the possibility of a health hazard is demonstrated
by this study. At least two alternatives are available:

1) A1l individuals within the Evergreen Water District could

connect with that system.

2) Individuals with shallow wells could have a deeper well

constructed that penetrates the deep artesian aquifer.
Choice of one of these alternatives is recommended. However, neither
protects the surface water systems adjacent to the study area nor the
wells in the surficial aquifer below the study area. To maintain or
improve the quaiity of Flathead Lake and protect the wells below the
study area, as well as the deep wells in the study area,~a sewer
system should be constructed and a strict well code should be
promulgated and enforced. Collected sewerage should be treated
with a facility that reduces both the bacterial and nutrient loads
of the effluent discharged to levels that protect the integrity of

Flathead Lake and regional domestic water supplies.
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APPENDTIX I

EASEMENT

) hFor aqd ;? consideration of the sum of (% )
and other valuable consideration, the receipt of i i

ledged, the undersigned P wheh s nerﬁg{’emm;
cal]gd the Grantors, do hereby grant to Flathead Drainage 268 Project
hereinafter called the Grantee, its successors or assigns the right a;d
easement to drill, construc?, reconstruct, and maintain three wells and
all other necessary and desirable appurtanences and to regularly sample

said wells, at or near the locations staked out by th
the following described real property: y the Grantee upon

for the purpose of monitoring groundwater elevation and quality, together
with the right of ingress and egress over the adjacent lands of the
Grantors for the purpose of drilling, constructing, reconstructing and
maintaining said wells and all other necessary and desirable appurtanences
and to regularly sample said wells. The rights, title, privileges and
authority herein granted shall continue to be in force until such time

as Grantee shall permanently remove said wells and appurtanences from

said Tands or shall otherwise permanently abandon them at which time all
such rights shall terminate.

IN WITNESS WHEREQF, the Grantors here have set their hands and
seals this . day of » 1978.

STATE OF MONTANA)
:SS.
County of Flathead)

On this day of , 1978, before me, a Notary
Public for the State of Mcntana, personally appeared
kriown to me to be the persons whose names are
subscribed 1o tThe within instrument, and acknowledged to me that they
execute the same.

Notary Public for the State of Montana
Residing at:
(SEAL) My commission expires:
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APPENDIX 11

Drilling Field Notes

Date Well Length Land Static Water
Dril led Site Well of Owner Table from
_ Casing Ground Surface
9/26/173 1 1-1 25' Driear, G. 7
1-2 18’
1-3 13°
2 2-1 25’ Graham, K. 7'
2-2 16*
2-3 11’
9/27/78 3 3-1 28" Allen, G. 8'
/21! 3-2 16'
3-3 22°
4 4-1 28' Winegardner, Dr. K. 9*
4-2 21"
4-3 17*
5 5-1 3 Grigsby, H. -
5-2 21"
5-3 16’
6 6-1 23.5° Withelm, J. 5*
6-2 18
6-3 14.7°
8 7 7-1 26" Lybeck, R. g*
9/28/7 o S0
7-3 17°
3 8-1 25' Madson, L. 11°
8-2 29’
8-3 19°
9 9-1 31.7' Corpron, V. 14°
9-2 24.5"
9-3 19°*
' 16*
10 10-1 32 Barrow, C.
10/2/78 0.2 26.8"
10-3 22!
10/4/78 11 11-1 28’ Miller, D. 9.5
11-2 22:
11-3 17
94
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Drilling Field Notes contd.

Date Well Length Land Static Water
Drilled Site Well “of Owner Table from
L Casing Ground Surface
10/3/79 12 12-1 31.5" Eddy, M. 13°

12-2 25.0
12-3 21.0
10/3/79 13 13-1 390! Cusick, D -
13-2 26"
13-3 20'
14 14-1 26.5" Lybeck, R. 7'
14-2 22!
14-3 17!
15 15-1 25" Lybeck, R. -
15-2 20°
16 16-1 25 Lybeck, R. 12°
16-2 20'
10/4/78 17 17-1 17 Flathead County 8'
18 18-1 31" Snell, S. 14"
18-2 26.5"
18-3 21.5
35

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



96

BHOD NOON-UIDYNISIONN-0INUNLIO L

11 XIGN3IddV

BN g 0 | L ANIADOZE MdHve INIONRd 2 0IAONDY IVIUSLYW 3SuV0D 3
! T . ]
| | _
| ! __
; B 123 YW ToReIB=pBZ]S ead-Ppues oulj ALTTS nNm 91
] 1
m / dg Tuf = STSREIO §05) XW TSRCIO-FUeS 9T '
| .
m _ 3 pUss U] AJeA [ ¥ 10
|
] _ usfly _ ) [
. .
R |
| m 3 Wb =T SToRE [BACIB-PUES | ¢7 ” m
t
| ! ds ples eul} Adap | § ” 0
1 l _
Cold (I EETICEGE 7 Z
| ]
_ ¥
BE |
* ] 49 («§ = ¢ 16ARlD Tpues eu}}) Xju |eaesb-pues [ ¢7 | ¥
b _ |
I . _ ds pLes su[4 |7 "*
| .
m T S PUEsSUTT AITTS (F 10
] 1
‘ T (—QM[I..—‘G 1 — ]
B j
O R Tl A B lac sogmi] o
P38 h3u 1350] OL KON, san] s SIVIHILYN 30 NOILIYISIO o1 wous) 3315 | oM
$31dWYS n . Mid3g LLaM
- o - c-g 81190,
5370H J0 NOII¥I01 0¢-8 r_zwausou oNITIYY
9 Td t0rd4 2L/92/6 PTG ORUISYS
14o3roud 3iva A8 939501
311§ YINMO (U83JDI3A3) T18ds]ey NOUYI01
Aphiig Ajtjend) JaieM 80Z
‘ON ANS QIHSHILYMEBNS P +m + _ O " QIHSHILYM
£9-€°A3Y ’ 3IIAMIS NOILYAHISNOD 0S8
[ 11271 $370H 1531 40 907 FUNLINNNDY 40 JHINLEVEZD S N

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



"uolssiwiad noyum payqiyosd uononpoidsai Jayung “uaumo ybukdoos auy Jo uoissiuad ypm paonpoiday

1. S DEPARTMENT OF AGRICULTURE 5Cs533
S0IL CONSERVATION SERVICE ; LOG OF TEST HOLES fEV. 367
5 8-WAT. ED TE NO.
WATERSHED 708 wafer Qual Hy S"‘Udj su ATERSH SITEN
LOCATION ) OWNER STATE
Kalispell (Evergreen) ..
LOGGED BY DATE PROJECT:
Shermap Sollld 9/76/18 FPO3 PL46
DRILLING EQUIFIMENT LOGCATION OF HOLES
Well 3‘8};‘: v SAMPLES
woue | Site [rroml 1o DESCRIPTION OF MATERIALS § e Hepoml 10 |cse, rem| RES
wc. | Number 'rr | C | BT | NO. JTYPE | Il MIN: A
s |useo A le | % piamf ®
l -~ l -
4 4 — _Winegardner (denflst) i |
0l 8] Medium grained sand SP | J
| 1
8y 25] Stratlfled sand-gravel mix (gravel = |") GP l |
| Ll
| |
5 5 | Grigsby |
¥ , l
0| 4l Medlum gralned sand sp i
T 1
4 12| Sand-gravel mlx (gravel = |") GP i |
IZ; 28} Medlum gralned sand-pea slzed gravel GP | _’I
L 1 I
‘ 1
6 6 \ Wilhelm ' |
0] 4] Siity very fine sand Sp : |
4 | 23] Stra siit avels a andy grayels GM1GP g \
[ |
. |
] -
[ | |
[ | |
| 1 i
}. DISTUABED-UNDISTURBED-AOCK CORE 2. COARSE MATERIAL REMOVED 3. PERCENT SANPLE RECOVERY HEET 2 OF _6  sneeTs
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4. S. DEPARTMENT OF AGRICULTURE §C5533
SOIL CONSLRYATION SERVICE , LOG OF TEST HOLES REV.3-67
WATERSHED N SUR-WATERSHED SITE NO.
208 Water Quallty S¥udy
LOCATION | OWNER STATE
Kalispell (Evergreen)
LOGGED @Y DATE PROLECT:
Sherman Solild 9/26/18 wpa? wr.o8 —  FPO3 PLAE
DalLLING EQUIPMENT LOCATION QF HOLES
Nall As v SAMPLES
HoLe | Site [rroml To DESCRIPTION OF MATERIALS . z T;;E vo. et aoMl 70 lose ReM:] REE
no. | Number | Fr. | Fr. s lusen alem ! x ],oﬂ?a .
I T ;
10 11 % oug M]ller ]. {
I
ol 6[siity fine sard M l "
| .
610 S|ty sand-qrave]l mix (aravel | - 3") GM-IGP : l
lo]‘ 15| Sitty sand - 5M L |
15 ! 25 ] Stratlfled qraveis, sand-grave| mix GP i :
| : |
1l 10 : Boormar._{Barrows) : ]
0 r 5.1 Fine_sand SP ! :
5125] Stratified grevels, sand-gravel mlx 6P [ |
|
I | 1
12 12 ) Mayrice Eddy i |
ol 2| Slity very fine gralned sand 5M { i
}
24 6 Fine sand sp | |
6128 Strat(tled sand-gravel mix and pea sized gravels GP | |
{ | |
| | ]
1. PISTURRED-UNDISTUALED-ROCK COAE 4 COARSE MATERIAL REMOYED 3. PERCENT SAMPLE RECOVERY SHEET 4 OF ﬁ SHEETS
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U. S. DEPARTMENT OF AGRICULTURE $CS-533
$OIL CONSERVATION SERVICE , LOG OF TEST HOLES REV.3-67
WATERSHED SUB WATERSHED SITE NO.
208 Yater Quality Study
LOCATION OWNER STATE
Kalispel) {Everareen)
LOGGED &Y DATE PROSECT:
Sherman Sollid 9/26/18 WPO e FPa3 P46
DRILLING EQUIPMENT LOCATION OF HOLES
Well SS}fH - T ) 1 SAMPLES
note | Site  Jeroml 10 DESCAIPTION OF MATERIALS s Ueoml 10 lcse. rewt| rec
wo. |Number 7T+ ¢ no. T,
§ Y. l FTI. | % 0AM. %
I ' ] 1
13 ]3 ‘r Kusick (cus‘Ck) . i I
!
0 | 3 |5and-qravel mix (1" gravels) cP cle ravql »
I
L‘IS Sand-gravel mix (| = 3" gravels) GP : J
i3 ::8 Medlum gralned sand SP cle andji ,
18 %28 Stratifled qravels anu _sand-gravel mix GP | |
!
| | [
l [}
14 14 ; Lybeck (Ezy Orive) i !
0413 |Vedlun gralned sand <p ! IT
|
13 118 | sand-gravel mix (2" gravels) op f |
f
'8 20 Siity gravels GM : |
20 |23 !Medlym grained sand SP. . :
‘l 1 ,
l ) ‘
1 + ybeck (Helena Flats North) ] i
0 16 !Sitty sand | |
[ ]
6 123 {Stratified slity sand-gravel mix and gravel Gp ] !
1. OISTURBED-UNDISTURBED-ROCK CORE 2. COARSE MATERIAL REMOVED 3. PERCENT SAMPLE RECOVERY SHEET 5 OF 5 SHEETS
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1. 8. DEPARTMENT OF AGRICULTURE - ) SCS433
. *_SOIL CONSERVATION SERVICE (LOG OF TEST HOLES REV.3-67
WATERSHED SUB-WATERSHED SITE ND.
208 Water Qualitv Study
LOCATION OWNER STATE
_Kallspel] (Evergreen)
LOSGED BY DATE PROJECT:
Sherman Sallld Q26118 P.L4G
DRILLING EQUIPMENT LOCATION OF HOLES
Well T u SAMPLES
HOLE S1te FHOM! 1C DESCRIPTION OF MATERIALS : FROM] TO |CSE. REM? NE&
no. | Number I Twin,
S FY. L FT. | % | DiAM. *
16 | E l !
{6 — Lybeck (Helena Flats Schoo!) ; |
l
Stratified slity sand-gravel mix | f
|
- ]' s
17 18 ‘ﬁ Snell (1
0 i.._‘L Siity fine gralned sand | :
4128]slity sand-gravel mix ( | - 3" grave(s) : |
l . |
17 ] - : l
18 — Lybeck Dike. | [
9| 5] Sand-gravel mix {occasional cobble) | |
i!r 6] Sandy sllt ; ]
6.} 13]Stratifled siity sand-gravel mix ‘
r | [
| | .
! |
! | |
' v ¥
a L |
1 | |
| | |
3. DISTURBED-UNDISTURBED-ROCK CORE 2. COARSE MATERIAL REMOVED 3. PERCENT BAMPLE RECCVERY SHECT 6 OF _G_eneeTs



APPENDI X 1V
Computation Sheet

State: Montana Project: 208 Survey

Subject: Elevations - 208 Observation Wells

Well # Top of Casing Elevation Well # Top of Casing Elevation
1-1 2916.25 10-1 2929.80
1-2 2916.52 10-2 2929.73
1-3 2916.42 10-3 2929.78
2-1 2914.55 11-1 2924.06
2-2 2914.60 11-2 2925.68
2-3 2914.19 11-3 2925.73
3-1 2915.49 12-1 2927.82
3-2 2915.94 12-2 2926.19
3-3 2915.84 12-3 2926.99
4-1 2919.88 13-1 2930.84
4-2 2920.28 13-2 2930.71
4-3 2920.00 13-3 2929.88
5-1 2919.80 14-1 2926.13
5-2 2919.44 14-2 2926. 35
5-3 2918.49 14-3 2926.19
6-1 2918.82 15-1 2928.15
6-2 2918.35 15-2 2923.44
6-3 2919.08

7-1 2926.64 16-1 2933.68
7-2 2926.89 16-2 2933.46
7-3 2926.96

8-1 2922.54 17-1 2926.17
8-2 2922.78

8-3 2922.60

-1 2923.79 18-1 29?9.46
3_2 292401 18-2 2929.71
9-3 2923.87 18-3 2929.79
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APPENDIX .y

Sample Calculations

«—---Steel tape
< )

e e Top of casing
ETé//’&$ q"“‘~~-~-—-Top of casing #

ground surface

r//" wet mark
e potentiometric surface
®
Eyc - 2900 = number of feet the TC is above
the base datum. = constant
Constant - (Top of Casing - Wet Mark) = height
of piezometric surface above datum..
Example: Well 1-1 on 11/21/78
16.25 - (20.9 - 10.9) = 6.25
16.25 - (20.9 - 10.9) = 6.25
Constant
1-1 Erc = 2916.25 2916.25 - 2900 = 16.25
1-2 = 2916.52 - 2900 = 16.52
1-3 = 2916.42 - 2900 = 16.42
103

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Symbo1l
Aa
Ab
Ba
Bb
Bc
Bd

Ca
Cc
Cd

Kzd
Kze
Kzf
Kzg
Kzh
Rc

So

Sr

Wo

Wp

APPENDIX vI1

Soils Legend

Name

Alluvial land, poorly drained
Alluvial land, well drained

Banks loamy fine sand,
0-4 percent slopes
Banks very fine sandy loaw,
0-4 percent slopes
Birch fine sandy loam,
0-5 percent slopes
Birch gravelly loam,
0-3 percent slopes

Chamokane soils:
0-3 percent slopes
3-7 percent slopes
Chamokane and Banks soils,
0-4 percent slopes
Corvallis silty clay loam,
0-3 percent slopes

Kiwanis fine sandy loam,

0-4 percent slopes

0-3 percent slopes

3-9 percent slopes
Kiwanis-Birch fine sandy loams,

0-5 percent slopes
Kiwanis-Birch loams,

0-4 percent slopes
Riverwash

Swims silt Toam:

0-3 percent slopes

3-7 percent slopes
Swims siity clay loam,

0-4 percent slopes

Walters silt locam,
0-4 percent slopes

Walters very fine sandy loam,
0-7 percent slopes.

(S.C.S., 1960)
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