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Abstract:

A field study of in situ soil hydraulic conductivity was conducted in the Flathead Valley of
northwestern Montana. Of special interest was interpretation of soil properties in terms of suitability for
on-site sewage treatment systems. Thirteen sites were selected, soil profiles described and sampled, and
the gypsum crust method used to determine hydraulic conductivity at saturation and in the
near-saturation range. Multivariate statistical techniques were employed for data analysis.

Results suggest that soil water movement is strongly influenced by the vertical variability (textural
stratification) often noted in soil profiles in the study area. Complex glacial and proglacial depositional
environments are responsible for this variability, which is. also strongly expressed horizontally as
lateral variation across the landscape. Soils formed from similar parent materials (and/or with similar
textural properties) generally exhibit similar hydraulic characteristics in the saturated and
near-saturated range. Substantial variability within these groups is not uncommon. This variability
requires that determination of site/soil suitability for septic systems include on-site observations of soil
profile characteristics. The implications of textural stratification within the soil profile need to be
considered for proper design and long-term operation of individual on-site sewage treatment systems.
Multivariate statistical techniques were employed in analysis of the physical and chemical properties of
the soil horizons studied. Principle component analysis was shown to be an effective tool for graphical
expression of soil profile variability. Cluster analysis demonstrated the ability of such methods to group
horizons with similar properties.

Aquifer assessment should be included as an integral component of the site evaluation process for
on-site sewage treatment systems. A simple model has been proposed that is designed to assist local
regulatory officials in their efforts to minimize the environmental impacts of sewage treatment from
suburban and rural housing developments. The model demonstrates that it is important to estimate the
nitrogen load to the receiving aquifer (including the potential for denitrification), evaluate the diluting
capacity of the aquifer* and also assess the relative importance of the particular ground-water system.
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ABSTRACT

A field study of in situ seoil hydraulic conductivity was conducted

in the Flathead Valley of northwestern Montana. 0f special interest
was interpretation of soil properties in terms. of suitability for on-
site sewage treatment systems. Thirteen sites were selected, soil
profiles described and sampled, and the gypsum crust method wused to
determine hydraulic conductivity at saturation and in the near-
saturation range. Multivariate statistical techniques were employed
for data analysis. '

Results suggest that soil water movement -is strongly influenced by
the vertical variability (textural stratification) often noted in soil
profiles in the study area. Complex glacial and proglacial
depositional environments are responsible for this variability, which
is. also strongly expressed horizontally as lateral variation across the
landscapes Soils formed from similar parent materials <(and/or with
similar textural properties) generally exhibit similar hydraulic
characteristics in the saturated amd near-saturated range. Substantial
variability within these groups is not uncommon. This wvariability
requires that determination of site/soil suitability for septic systems
include on—-site observations of soil profile characteristics. The
implications of textural stratification within the soil profile need to
be .considered. for proper design and long-term operation of individual
on—-site sewage treatment systems. Multivariate statistical techniques
were employed in analysis of the physical and chemical properties of
the soil horizons studied. Principle component analysis was shown to

be an effective tool for graphical expression of soil profile -

variability. Cluster analysis demonstrated the ability of such methods
to group horlzons with similar properties.

Aquifer assessment should be included as an integral component of
the site evaluation process for on-site sewage treatment systems. A
simple model has been proposed that is designed to assist local
regulatory officials in their efforts to minimize the .eﬁvironmental
impaets = of sewage treatment from suburban and rural Thousing
developments. The model demonstrates. that it is important to estimate
the nitrogen load to the receiving aquifer (including the potential for
denltrlflcatlon) evaluate the diluting capacity of the aquifer, .and
also assess the relatlve 1mportance of the particular ~ground-water
system. : -




INTRODUCTION

Many Americans are attracted to the amenities provided by low—
density housing developments in subutrban and rural locales. Through
the early part of this century, high~density development was the rule,
but with the advent of modern transportation systenms, rural
electrification, and .steadily rising disposable income, millions of
families have taken up ‘residence in  non-urban, iow—density
developments. This segment of thé population of the ﬁnitéd States has
been growing rapidly. ~Extension of municipal sewerage to such low-
density housing areas is econbmically frohibitive,‘ necessitating the
use of on-site soil treatment methods for the purification and disposél
of sewage (U.S. Environmental Protection Agency, 1977).. As the numbef

of households employing on-site methods of sewage treatment has

increased over the yeafs, concerns have been raised regarding the
potentiai for pollution of both surface and ground-water sources
(Wgodward et al., 1961).

Generally, the national housing trends outlined above hold true
for Montana (U.S. Census Bureau figures for increases in the number of
septic systems in Montana counties for the period 1960-1980 are
contained in Appendix 1. Specifically, a notable example is the
‘Flafhead Valley area in northwestern Montana, which has experienced
rapid development in the last 15 years. 1In this area almost half of

~all homes employ septic systems as their means of wastewater treatment




(U.S. Bureaﬁ of the Census, 1980). Previous to the work described in
this report, there has been no scientific examination‘of ‘the soil
properties " of this region in relation to hydraulic conductivity and
septic system operation. E

The primary focus of this study was to .evaluate the physical and
chemical properties of a vériety of soil series in the Flathead Vailey;
obtain some sﬁecific ig_ﬁi&g'hydrauiic conductivity data (saturated and
unsaturated flow), and analyze this information in terms of septic
system performance. The véstheés éﬁé variability of the geographical
area preclude a comprehensive, basin-wide characterization of soil
water movement. However, this study does establish a data base of
Hydraulic conductivity values in this regibn of the state.

An underlying -goal of this study was tql‘emﬁlOy multiVariate
statistical techniques to examine the similarities and differences
between sites énd horizoﬁs. Such methods as principle component
analysis, cluster analysis, and discriminant analysis have been widely
used as classification tools in the earth scienceé, but .have only
rarely been used to analyze énd classify daté‘from soil profiles. The
intent was to evaluate their utility in distinguishing grqups,of soil
horizons. |

In the past decade there has beén increasing concern‘regardiﬁg the
environmental consequenceés of éeptic sytems, especially in terms of
their dimpact on ground-water quali;y.- This problem is also addressed
in this thesis tﬂrough‘aﬁ examinatidﬁ of the interactiﬁns of septic
systeﬁs, soils, and ground watef. The findings of a numberfof research

studies concerning soil treatment of septic tank effluent and = ground-




water nitrate contamination from septic systems have been eévaluated.

This information is used to develop a simple model - that illustrates

relative impact of different environmental parameﬁérs on resultant

nitrate  concentration of ground " water. This~ 'discussion  also

demonstrates the importance of aquifér assessmeﬁt.aS‘an(integral part

of ' the site evaluation process, and provides a list of factors to be

considered for aquifer assessment.

During research into these topics, much was learned about the

status of on-site sewage treatment systems in . Montana. Summary

information = concerning the increase of septic systems in Montana
counties over the last 20 years is presented in Appendix 1, along with
a discussion of .regulation of this form . of . sewage. treatment, ‘aﬁd

suggestions for improvement in state regulation..

(/




SOIL PERMEABILITY, VARIABILITY, AND SEPTIC SYSTEMS
IN THE FLATHEAD VALLEY, MONTANA  ©

INTRODUCTION

The typical on-site waste treatment method used in the United

States 1is the septic system, consisting of a septic tank and soil

absorption field. The tank serves as a settling basin, providing
primary wastewater treatment. Effluent from the tank flows‘to the soil
absorption field, where secondary treatment‘occurs as the effluent
percolates through the'soil‘and geologic strata to the water table
(Figure 1). Several soil properties play important roles in determining
the efficiency of treatment of septic system effluent. Perhaps ' the
most important is hydraulic conducti#ity, the rate of water movement
through the soil. Accurate assessment of the hydraulic properties’ of
the soil is necessary for proper septic system design. Improper design
increases the likelihood of sysfem faiiure, p@tentially caﬁsing
contamination of surface and ground-waters (Bouma, 1971).

In the spring of 1981, a field study was initiated in the Flathead

Valley of northwestern Montana, whose focus was to characterize the

physical, chemical, and hydraulic properties of a variety' of soil.

series in the area. This information was to be interpreted in terms of

suitability of these soils for on-site sewage treatment systems. .

The wuse of multivariate statistical analyses as a tool for interpreta—

tion of soil profile data was also investigated with this data set.

1<;7
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LITERATURE REVIEW

\

Site Evaiuation for On-Site Sewage Treatment

Soil Properties .

| The suitability of. any pafticular parcel of land for on—site
wastewater 'treatment is la:gely controlled by thé physical properties
of the soil at that location (Tyler et al., '1977). Successful
operation of septic 'systems requires that‘ two conditions must be
fulfilled. | First, the liquid effluent must move through the séil at a
rate slow enough for it to be properly tréated. Second, the soil must
be capable of accepting the effluent at a rate that is greater than
that at which it is produced by the household. If either of these two
conditions are not met, the system is said to have failed. A failure
éf' the first typé is called a 'treatment' failure, and'of the latter,

an {hydraulicf failure (U.S. Environmental Prqtéction Agency, 1978).

Design criteria for determining the capability of an individuai_

soil to properly accept and treat effluent are based ‘both on external
and internal properties of the soil (Baker, 1978). External factors
have been well defined for a number of years, and have been incorpor-—
ated into the staﬁdard procedures for determing site suitability. They
include: depfh to bedrock; depth to the_seasonal water table; surface
slope; and susceptibility to flooding (U.S. Public Health Service,

1967). While different states have required,different criteria for
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these factors, general limitations are: 1) a2 minimum of one meter
“(three feet) between the bottom of the drainfield trench and ground
water or bedrock; 2) maximum allowable slopes of 15-25 percent; 3) no
sites permissible in floodplains (Parker et al., 1977){

Another important external factor is the relat;onship of the
proposed drainfield site to the locai surface hydrologye. Sites on
concave slopes or below slopés of poor permeability“will receive
‘additional water during precipitation and runoff events. This 1is
especially true during periods (e.g. early spriﬁg) when the soil
surrounding the frost—-free drainfield may $till be frozen (Mellon,

1967). Runoff of this nature increases the total hydraulic load the

drainfield area would receive, potentially causing intermittent-:

failures, and may lead to permanent hydrauli¢ failure (Andersomn, 1981).

Internal factors which influence site suitability £for septic
systems are those characteristics and properties of the soil that
influence its ability to transmit water through its profile (i.e. the
permeability or hydraulic coﬁductivity of the so0il). . Morphological
attributes of the soil that should be considered include: 1) soil
texture of particle size distribution; 2) soil structure; 3) bulk
dénsity; 4) porosity; 5) pore size distribution; 6) stratification of
different soil textures within the profile (Bouma, 1973; Anderson,
1977; Parker et al., 1977).

Soil texture; structure, and bulk density are characteristics that
determine the.porosity and pore size distribution of the soil. matrix.
Soils with higher fractions of silt and clay-sized particles will

generally  have lower permeabilities than soils containing abundant
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sand. Similarly, Well—developed soil structﬁre aﬁd low bulk‘densitiés
generally result in higher porosity and large nﬁmbers of. larger pores,
progoting faster movement of water through. the éoil'(Horn, 1971).

Textural stratification influences water movement in that both a
coarser soil layer wunderlying a finer textured laye;, or a fipe—
textured soil horizon below a coarser horizon, will retard the downward
flow of water to varying dégrees. " In thg‘former case (e.g. silt loam
over saﬁd),_ the matric tension of the sand material is initialiy not
great‘ enough to attract the water held relativelyﬁtightly by the silt
loam soil above. Gradually, as water content increases in the finé—
tegtured layer, matric tension will drop sufficiently to allow movement‘

‘bétween layers (Millér, 1969). 1In the latter case, it is simpl§ the
lower hydraulic éonductivity of the underlying horizon'that inhibits

water movement. Both types of stfatification wil; result in decreased
floﬁ from a septic system drainfield.

In addition to these physical properties, soil morphologicél
characteristics are. used to evaluate site suitability for septic
systems. Soii color patterns (mottles) and: general soil color have
been wused as indicators of the géneral year—long moisture regime of a
soil (Simonson and Boersma, 1972). -Brighter, reddish colors suggest a
Well—dréiﬁed soillthat allows water to move through it freely. Dull,
gray colors are indicative of poorl&—drained séils that remain‘:in a
near—saturated céhdition for long periods of time (Soii Sﬁrvey Staff,
1960). Septic systems installed in poorly-drained soils may be subject
to premature hydraulic failufe, and/or provide inadequate treatment of

effluent (Wisconsin Bureau of Enviroﬁmental Health, 1979).
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The presence of mottles in' a soil profile has‘also been used as an
indicator of the upper boundary of a seasonal water table (Simonson and
Boersma, 1972). As noted earlier, most statés require that at least
one meter (three feet) of separation between‘ the ©bottom of the
drainfield trench and the seasonal maximum high water .table.' However
other researchers have found that mottles do not always. occur in soils
that are subjegt to saturation for even exteﬁdgd" periods of time
(Vepraskas and Wilding, 1983; Ffanzmeier et al., 1983; Piékering énd
Veneman, 1984), and sometimes they occur in _soils. that do not

experience saturated conditions (Fredrickson, 1980).

Measurement of Hydraulic‘Characteristics‘

While there are many factors which influence site suitability.for
septic systems, traditionally the most important haé been spil
permeability as determined by the per;olation test (Anderson et al.,
1977). The results of this test have been used to defermine both site
suitability and the size of the dfainfield required for the projected
wastewater flow. The wuse of the percolation test (perc test) as a
predictive tool for- sife suitability ‘has its roots in the work
performed by Henry Ryon in 1929. He developea a curve (later converted
to. tabular form) which used the perc test to determine the rate at
which effluent should be applied to the soil (ﬁcGauhey and Krone,
1967). The relationships defined by Ryén were adopted by many public
health officials and over a period of time.became .thé‘ standard for
detérmining "both the suitability of a site"of‘wastg‘disposal and for

determining the size of the drainfield needed.
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. 8lightly modified by subsequent research, the perc test ' has-
remained the most widely used tool for sizing sepfic tank ‘drainfieids
throughout the U.S. This in spite of the fact that it has been widely
critized by many researchers in tﬁe field of on-site waste disposal
(Winneberger, 1967; Bouma, 1971; Anderson, 1973; Healy, 1973; Baker,
1977; U.S. Envirommental Protection Agency, 1978). _The“focqs of most
of the criticism of thé test is that results are inherently ‘variable,‘
and that it tends to underestimaté the absorption fiéld aréaf-requiréd
for some soils (especially coarse-textured soils with high perc ratesj.

Winneberger (1967) found that a series  of peréolation. tests
performed within a small area of uniform soil yiélded pe?c fates
varying from 9-33 minutes/cm (23-83 minutes/inch). In a study of 1560
perc tests“on'250 Pennsylvania ;oils, Derr et al. (L969) reported an
average coefficient of variatioﬁ (CV = standard deviatioﬁ/average)' for
the 4-8 tests performed at eagh site was 73 percent. Over 20 percent
of the sites had a GV greater fhén_lOO ﬁercent. iDéta'from Bouma (19715
fér six Wisconsin. soils showed and averagée CV' of 50 pergent,’ and
ﬁarbarick et al. .(1976) found a range of 7-48 percent for‘niﬁe Arizona
soils.

"While this range of values demonétrates the variability of data
obtained from the perc test, suéh values pfobably represent as.accufgte‘
a détermination as can be made witﬁ this method. In-each- case the ﬁerc
test. was conducted by scientists‘attempting to minimiie‘ény Variation-
in _procedufe.between successive tests. It has been éfguéd that suéh ‘
care ‘is ';arely taken by those who . routinely perform ‘perc‘ fests

(Winneberger, 1974). Winnebergerv (1974) reported the results of a
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study in which fieldmen (employees who regularly performed perc teéts)
from three engineering firms were asked to ﬁérférm perc tests at each
of nine locations on a single 1/4 acre lot. _The range in rates

obtained in this experiment for all tests over the entire lot was 1-100

minutes/cm (2-259 minutes/inch), and for any one of the nine locations

on the lot, 1.2-90 minutes/cm (3-229 minutes/inch). Allowing for some

inherent . error due to soil variability, he concluded that the values

obtained from perc tests depended more on the procedures of the

particular fieldman than on soil characteristics. Potential sources of

variability in the perc test have been shown to be hole diameter and
geometry, length of presoak period, amount of hydraulic head during the
testing period, and soil anisotropy and heterogeneity (Healy and Laak,
1973; Barbarick, 1976).

Further criticism of the perc test comes from those who state that
it is a measure of saturated flow ;hrough soil, while it is the process
of unsaturated flow that actually occurs under mature septic tank

drainfields. A study by the U.S. Public Health Service (1950) revealed

that the equilibrium loading rate (the,amoﬁnt of effluent actually"

percolating into the soil) under the drainfields evaluated represented

a 98 percent reduction in the flow rate compared to the saturated flow:

. rate determined by the perc test. The. study suggested that some sort

of barrier to flow had developed in the soil.
Further research by Thomas et al. (1966), and McGauhey and Krone

(1967), demonstrated that a hydraulically resistant layer forms at the

bottom of the drainfield trench. - Years‘earlier, (Allison, 1947) had‘

shown in a laboratory study that soils kept saturated  fox extended
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periods of time developed a clogging zone at the infiltrative surface
that was formed ffom the by-products of anaerobic bacterial actiVities.
Other researchers (Jonmes and Taylor, 1965; de Vries, 1972; Kristiansen,
1981) have reported similar results; This clogging zone (also referred
to as a mat, biomat, or crust) is a complex mixture of micro-organisms,
the by-products of their metabolic processes (primafily polysac-
charides, which adhere to the soil particles), and otﬁervorganic matter
frbm' suspended solids filtered out of the'septic tank- effluent. The
result of the formation ofvthis biomat is a reduction in the effective
porosity (and thus the permeability) of the soil infiltrative’surface.
This creates a limiting barrier to infiltration, reducing effluent flow
from the drainfield trench. Importantly, it also creates conditions of

unsaturated flow in the soil beneath the absofption field (Bouma et

e

al., 1972).

Bouma et al. (1972) determined that such a mat usually develops
during the first year of operation»of a drainfiéld. Organic matter
continues to accumulate and further reduce infiltration wuntil an
equilibriuﬁ situation is reached, where tﬁe rate of crust_formatidn at
the anaerobic soil infiltrative surface is matched by tﬁe‘ rate of
destruction in the aerobic zone severél cgntimetefs belowvthe bottom of"
the drainfield trench.:  In an extensive evaluation .of ‘géptic SySfem
opération in Wisconsin (Bouma et él., 1972), ‘measurements Were‘ﬁade of
soil matric tensions existing under drainfields with clogging méts.
fensions were found to be .in the range of -20 to 100 cm water,

indicating unsaturated conditions in the soil below the mat.
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Boumav(l97l) proposed that measuring hydraulic conductivity‘bver a
range of moisture tensions was ﬁecessary for determining the capacity
of a soil to absorb effluent under ﬁnsaturated conditionss He
developed a. test to measure this ﬁroperty on soils im situ, using
crusts composed of gypsum ‘and sand to simuiate the biologicél‘ crust
found in drainfields kBouma and Denning, 1972). Data from this test -
can be used tq generéte a graph for a particuiér ' soil showing the
change in hydraulic conductivity (K) as soil moisture tension changes.
The graph is called a K-curve. An example of K-curves for several soil
textures is. provided in Figure 2.

Hundreds of such tests were performed on #he major soil sérieé in
Wisconsin (Baker,_l978). Analysis of these data showed that four major
conductivity groups of soils could be distipguished, and that these-
groups were related to particulEE soil textures (Bouma, .1975). The
- cumulative results. of these testslon’Wiscbﬁsin soils are graphically
displayed in Figure 2. This data was used to propose_guggested maximum
loading rates for septic system drainfield,design (Table‘l),

This methodology of evaluating soil ﬁydraulic conductivity for
interpfetation for septic syétem - design was .sélected as _ﬁost
_apprdpriate for obtaining the type of information desired in tﬁis
study based on the following criteria: | it is not subjgct‘ to. the
variability inherent in the perc tést (especially in terms of hole
_size/geometry); it provides saturated and unsaturated data in the range
éf soil moisture tensions commonly found below‘septic.systems; it can
be perforﬁed in remote locations by a ‘siﬁgle technicianj and it

generally is not limited by stratified conditions in the soil profile.
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Figure 2. Relationship between hydraulic conducﬁivity‘ and soil matric
tension for several soil . textures (Bouma, 1975).

Table 1. Recommended loading rates for septic system drainfields based
on in situ measurements (after Bouma, 1975).

SOIL ‘ - ‘ ‘
TEXTURE + SANDS SANDY LOAMS LOAMS SILT LOAMS CLAYS

LOADING RATE :
(cm/day) 5 3 2 51 1l

l yniform distribution of effluent, 1 dose/day, shallow trenches only.
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Multivariate Statistics

Multivariate statistical teéhniqges have been Awiaely used as
classification tools in the earth scienées,"but haVeyonly rarely:béen:‘
:used to‘analyze gnd classify hofizop data'ff&m soil‘pr&files. A good
discussion of their utility in exploring the statisticai ;elaﬁioﬁships
‘between soil profiles ana soil classificatign‘(numericélitQXOnomy)‘ can
be found in Webstef (1977)s 1In using such‘technidﬁes, théré is aibaSic
assumption that while ;oil horizons possess dozens. of meaSurablé-
properties, most_of the Variability.betﬁeen hbrizons-can‘be explained
through the usé of only a few soil properties (Norris, 197;). This
assumption is based on the observation that all soil ﬁroperties are not
independent of one another, rather it is likely that change in one soil
property (e.g. clay content) may ?e #ssociated with changes ih others,
such as cation.exchange capacity and permeability (Webster, 1977). As
a result, it is possible to define variables that explain much of the
difference bétween two or more horizoﬁs, and use “‘them to classify the
horizons into groups whose members are more similar to other members‘of
the group than to members of another group.

Raynor (1966) employed such techniques to determine the similar—
ities Dbetween 91 horizons, and to group them into a soil—similérity
matrix. Principle component analysis was used by Norris (1971) to
compare statistical classification of soil profiles with field
claséification. Similar groupings were obtained by both methods. A -
study by Henderson and Ragg (1980) showed that discriminant analysis
was reasonably effective in separating soil taanomic‘units for».gley.

soils, and advocated the use of this technique for the design'of‘soii‘
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taxonomies. Berg (1930) applied stepwise disgriminaﬁt analyéis to
evaluate soil genesis in sand duﬁe soils by determining‘which‘pedogenic
variableé were most useful in separating out soils df;differenp ~ages.
From this review of applications.of multivériate S;agistics td“‘sdil‘
" profile data, the methods of’principle compénent ‘anaiysis? clustgr
analysis; and .discriminant aﬁalysis were selected as‘the techniques

that would Dbest demonstrate the similarities and differences‘ of‘”the

horizons from the 'study sites.
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REGIONAL SETTING B

Study Area Description

The study area was selected thfough discussion with members of the
Soils Steering Cpmmittee of the Flathead River 'Basin Environmental
Impact Study. The extentfpf the geographical area can be described as
the Upper and Lower Flathead Valley, defined in this study as the area
beteen the Whitefish and Galton‘Ranges to the north, the Jocko Range to
the south, the Swan and Mission Ranges to the east, and Salish ﬁange to

the west (Figure 3).

Geology

Differences between soils cén‘often‘be traced to the ~differences
in the geologic deposits from‘which they form.  This is particularly
tfue in the Flathead‘Valley, an. area Wﬁosé‘éomplex,glacial histprg hasﬂ
resulted in a soil landscape_of equal Complexity- The geology of the
study area has been described in reports by Alden (1953), .Konizeski et
al. (1968), and Johns (1970), and the reader is referred to these
reports for a more technical treatment of this information. The
following discussion summarizes the cqmplex nature of the surficial -
deposits found in Ehe study area.

The dominant geological forces that have created the present
landscape in the Flathead‘Valley include the tectonic activity that

created the wvalley and surrounding mountains, the glacial processes
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that are” responsible for thg‘deposition of much of the surficial "
materials found in the valley, and the reworkiﬁg of these:deposits by
river action. Precambrian Sedimentary argillite (an indurated silt- of
claystone), quartzité, and dolomite (a magnesium liméstone)'from the
Belt series form‘tﬁe mountains (the Mission, Sﬁan, \Whitefish, and .
Salish ranges) which border the study area (Figure 3). The valley
itself was probably formed from ﬁormal faulting during‘ the late
faleocene or Eocene, continued subsiding during the Tertiary, partially‘>
filling with erosional waste from the surrounding highlands (Konizeski
et al., 1968).

As world climate cooléd during the Pleistocene epoch, a massive
lobe of the Cordilleran ice sheet advanced down the Rocky Mountain
TIrench, a topographic depression which includes the area between the
Salish and Whitefish mountains, and into the Flathead Valley (Figure
3). A second mass of ice, (the result of ice accumulation din the
mountains of Glacier National Park), entered the valley from the
northeast, following the Flathead River valley. A third lobe of ice
from the Swan River Valley may also have moved into the Flathead Vglley
(Konizeski et al., 1968). These tﬁree masses of ice coalesced in the
upper Flathead Valley to form-a'single sheet of ice, the Flathead lébe,
that at its maximum e#tent is estimated to have been 760 meters thick
in the Kalispell area (Alden, 1953).

As this massive glacier moved southward, its erosive base scoured
out the unconsolidated Tertiary deposits over which it travelled, and
also picked away at the underlying bedrock wherever it was exposed,

incorporating this material into the ice mass. The southernmost
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advance of the Flathead lobe terminated in the vicinitf of Moiese,
where much of the entrained material was depoéited as. the Mission
moraine, thought to be of late Bull Lake <{(Weber, 1972), or early
Pinedale age (Stoffel, 1980). With the world ¢limate warming,
subsequent moraines Weré deposited in the study area du;ing the retreat
of the Flathead lobe just south of Bolson,' and to.;he immediate north
of present Kalispell (Alden, 1953).
| In the period following deposition of the Mission . moraine, and
continuing at least until the deposition of the Kalispell‘mofaine, the
Flathead Valley was inundated a number of times by vthe waters _of
glacial Lake Missoula (Alden; 1953). This enormous glacial lake was
formed by dice dams in the vicinity of presen£ Lake Pend Oreille in
northern Idaho. Weber (1972) noted nine cycles of this lake in the
Bitterroot Vallgy, 50 miles south of the Flathead Valley, at elevations
ranging from 1130 to 1260 meters. Richmond et al. (1965), and
Konizeski et al. (1968), found evidence that Lake Missoula filled the
Flathead Vélley to an altitude of 1035 meters, and lacustrine beds of
silt and clay interfinger with and overlap tﬁe Kalispell‘moraine at an
elevation of 945 meters. Howevér, fhese beds could have formed from
ancestral Flathead Lake (Richmond et al., 1965).

ﬁuring the final stages of the glacial retreat, the three separate
masses of ice that originally formed the Flathead lobe regained their
individual identiéies. The presence of three separate sources of ice,
their meltwaters distributing the entrained glacial debris in a more or
less random fashion as outwash deposits, added to the complex nature of

the surface deposits of the study area. These alternating episodes of
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deposition by lacustrine, fluﬁial,'\and‘glacial sources resulted in a
highly stratified surficial geology of interbedded tills, -oﬁtwash, and
lacustrine silts and clays. Much of‘this complex surface remains
today, with part of it having been reworked in those aﬁgas close to the
major streams and rivers of the valley (Konizeski et al:; 1968).

Glacially-related deposits found in the Flathead Valley can be
grouped into five main caﬁegories of glacial drift (Table 2). The
processes of glacial. deposition have arranged such  materials in a
rather complex fashioﬁ over much of the study area. From the
experiences of this study, it is possible for all five. fypes of
deposits to occur within a short distance laterally, and to a lessef‘
extent, vertically.

The surficial. deposifs of the Upper Flathead Valley have been
mapped to a limited extent and scale as part of an inVestigatioh on the:
ground—watgr resourées (Konizeski et al., 1968). Widespread deposits
éf. till are found in the area‘extending about seven miles south of 
‘Whitefish, on the flanks of the Whitefish range between Whitefish énd
Columbia Falls, as well as on maﬁy upland poéitions in the valley,
'Wheré the till was not exposed to considerable fluvial action. Till
covers the slopes leading to Flathead Lake on both the east and west
shores, and is found on the terminal moraine at Polson (Alden, 1953).

Perhaps the most extensive glacial deposits are the thinnly bedded
silts, sands, aﬁd cléys that were laid down during episodes of pro-
glacial lakes. These lacustrine deposits are far-ranging at least in
part due to glacial Lake Missoula. The enormous body of water filled

most of the intermontane valleys from the Flathead west to the Idaho
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Table 2. Definitions of some of the common terms used to describe
categories of glacial-related sediments (adapted from Bloom,
1969, p. 396).

l. TILL——Nonsorted, ndnstratified, deposited directly from ice
without reworking by meltwater. Containé_ . large
range of particle sizes, from clays to boulders.

a. Basal till--compact, dense till deposited at the -
base of a wet—base glacier.

b. Ablation till--less consolidated than basal till,
often lacking the finer grain sizes. <Carried
on the surface of the ice and "let down" as
the ice melts out from underneath.

2. Ice—contact stratified drift-—Material modified by melt-
water during or after deposition. Considerable
stratification and sorting is usual, as are chaotic
structures and slumping.

3. Outwash-—Alluvium deposited by meltwater not in close
proximity to melting ice. Sorting and stratification
are more regular that in ice-contact drift. Similar
to coarse alluvium.

4. Lacustrine sediment—-Lake-bottom deposits, usually fine-

‘ grained, formed in settling basins on. or near melting
ice. Often forms silt and clay plains of broad
extent. Sometimes varved, or composed of rhythmic

silt—-clay couplets each representing an annual cycle
of deposition.

5. Eolian sediment——Sand dunes, sand sheets, and loess
derived from other types of glacial drift.
border. Observations of shofelines cut into hillslopes indicate that
at its greatest exteﬁt, the lake's surface stood at an elevatioﬁ 6f
1280 meters (Alden, 1953), meaning that the entire Flathead Valley
(average elevatioﬁ, 945 metefs) would have been submerged under more
thﬁn 350 meters of water. The tremendous extent aﬁdvpumerous episodes
of the filling and draining of this lake accounts for the formation of

widespread deposits‘(Alden, 1953).
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Such lacustrine deposits are.surficially expressed in the valleys
of the Stillwater and Whitefish rivers, as well as.on _the terraces
between the Swan Range and Flathead River. They are also common in the
‘area south and west of the Polson moraine, and afeﬁpresent, in thg
moraine itself (Alden, 1953). From the experienées\of this‘ study
(examipation of dozens of roadcuts and fresh excavations), it would
appear that‘subsurfaée deposits of this nature are equally extensive.
| Outwash and ice contact deposits are écattered throughéﬁt the area
(Konizeski et al., 1968), as evidenced bf the numerous excavations made
to extract their sands and gravels for éonstruction-purposes. Notaﬁle
examples occur just east of Kalispell, and between Kalispéll and
Whitefish. Sand dunes are present north of the Bigfork aréa, and in
the vicinity of Pablo in.Lake County (Alden, 1953). Large areas of
alluvial deposits are found along the watercourses of all the major
rivers in the valley.

To summarize, the unconsolidated:materials frdm‘which the soils in
the valley have evolved are pfedominantly glacial or glacially-related.
The processes responsible for these deposits have created a complex’
landscape of great inherent variability in' both a horizontal and

vertical plane.

Following the glacial epispdes described above, pedogenic
proceéses began to transform the freshly deposited sediments into soil.
The factors that influence the development of an individual soil unit
can be described in sentence form as climate, relief, "and biological

organisms (e.g. vegetation, micro—organisms) acting on a geologic
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parent material over time (Jemny, 1941). Through these processes unique
soils will develop thgt may be differentiated on the basis of their
individual characteristics into separate soil series, whose
distribution throughogt .the landscape may be determined by field ~
investigation and mapping.

The recent publication Soils of Montana (Montagne et al., 1982)
includes a small-scale map (1:1,000,000) which shows the general
distribution of the soil resources throughout the state. Soil associa-—
tions at the Great Group level are the mapping units, and six general
associations are shown for the soils that encompass the study area:

‘Cryochrepts—Ustochrépts—Eutroboralfs
Xerochrepts—Xerofluvents~Haplaquolls
Haploxerolls—Xerochrepts—Xeropsamments
Natrixerolls—Argixerolls
Xerochrepts—Xerorthents—Ustochrepts
Haploxerolls—Natrixerolls

Mapping units at this scale are of little practical value for a ..
study of this nature. More detéiled, larger—scale mépping.df‘the soil
resource has been completed in parts of the study area by the Soil

Conservation Service (8GCS). The most recent work was completed in

1947, and culminated in the publication of the Soil Survey of the Upper

Flathead Valley in 1960 (U.S. Soil Conservation Service, 1960). The
geographlcal extent of this survey was essentlally the part of Flathead
Valley mnorth of Flathead Lake. Earlier work produced the Soil Survey

of the Lower Flathead Area (U.S. 8Soil Conservation Service, 1934),

defined as the Mission, Camas, and Jocko Valleys. This area is‘i

presently being mapped for a new soii survey which should be published
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within the next few years. Much information has already been colIécted
and is available through the Soil Survey party‘ leader‘ in Polson.

In general the soil maps reflect the dominance of glacial

activities on the soils of the area. Most soils are déscribed as being-

3

formed from glacial materials, or as the result of stream activity
reworking glacial depositsS. An examination of the descriptions of each
éf the series showé that the typical profiles of the majority of the
soils occupying positions other than the lower slopes of the mountain
ranges that border the valley, exhibit stratification within the C
horizon, which reflects the mode of deposition of these materials. The
sites examined in this study also reflect this dominance of stratifica-
tion in "the lower soil profile. As will be discussed later, such
stratification may have a significant effect on the operation of. a
septic system.

While these surveys provide a valuable data base from‘ which to
begin further evaluation of the soil fesdurce,_ their value is limited
in this study. The purpose 6f these surveys wasnéoil interpretations
for agricultural use, and as such they focused on the éharacteristics
of the upper soil profile, wherea; this study is primarily. interested
in subsoil ‘characteristics for purposes of treatment and disposal of

septic system effluent.

A supplement to the Upper Flathead survey was published in 1970

which does provides interpretations for these soils for engineering and
resource planning applications (U.S. .Soil Conservation Service, 1970).
The interpretations. include soil ratings for septic  systems and an

estimate of the permeability of each series., Such_ratings are useful
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for larger—scale éﬁaluations of the generai éuifability‘of an aféa for
on-site waste‘ disposal. They serve as an egcéllentufirst_source of
information regarding the'potenﬁial limitations of any given soil for a
nuﬁber of different uses. ﬁowéver, the inhefent vaﬁiability of the
study area soils serves to restrict the application of ;uch ratings to
those situations requiring Iless détailéd‘ information (U.S. ‘ Spil
Conservation Service, 1983). Likewise, the perméability values féund
in this reference are of liﬁited value when siteisﬁecific data 1is
required (as when determining the land area needed for a septic system
drainfield). This is because they are based on estimates made from
: laborétory and field determinatiﬁns of the texture, structﬁre, and -
density of a representative soil profile, and not from actual on-site
measurements of soils ffom the survey area (Bouma, 1973).

These kinds of estimates can be used to imply general relatién—
ships between soil properties and the glacial parent materials from
which they have developed. Glacial till soils commpnly have textures
in the sandy loam to silty élay loam range, and their permeabilities
will usually range from moderate to slow, depending on both texture and
the degree to which the sediments have béen‘compacped. Soils dévelopeq
in outwash, dice-contact stratified drift, or eolian sediments are
typicélly coarse—textured, and .may possess moderate to ‘very fapid
permeébilities. Soils influenced by lacustrine parent materials will
be silty and/or‘ clayey, and permeabilities will oftén 'range £rom
ﬁoderateiy slow to very slow (Bouma ét al.; 1972).

Becéuse :of the intimaté association between the 'sﬁrfacel geolégy

and local soils, the dominant theme is variability. The soil landscape
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in many areas is very complex, and the nature of the subsurface soil
cannot easily be predicted from an interpretation of the appearénce‘ of
the surface soil. Soils are spread ﬁhroughout the landscape in complex-
patterns, and exhibit considerable &ariébility in both the veftical and
horizontal directions. Such Variability,inéreases the difficulty in
‘obtaining accurate soil information for use in septic‘syStem design..
The result may'be an‘inadequately designed soil,ébsorption field, which
in turn maylcontribute to'of-premature failure of thé sewage treatmeﬁt

system.

Ground—water Hydrology

The wultimate destination of most of the effluent treated by soili‘
absorption systems is the groundewater_system existing at depth below
the drainfield. While septic systemslhave the poteﬁtial to contaminafe'
groundwater- resources, systems that have been _ﬁropérly sited énd
operated pose few problems for water quality  (U,S,‘ Environmental
Protection Agency, 1978).- Cpnversély, ground'water can. élso impact
thé operation of . .the septic system dfainfield- If the ‘water table.
rises close to or into the drainfield area, soil absorption of effluen;t
will be slowed, and treatment of the effluent seriously reduced (Bouma
et .al., 1975). _For these reasons it is.important to understand‘_the
'local hydrologic system into which thé septic system is plaéed;

The Teport by Konizeski et al. (1968)‘describedj the principle
aquifers of the upper Flathead Valley. They inclu&e:',Precambrian-
bedrock aquifers, ranging froﬁ 10~-140 ﬁefers deep, stofage capacity
mainly frOm‘ fractures, and generally of small yield; deep (30-120

meters) Pleistocene artesian aquifers composed of unconsolidated sands
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and gravels,‘generally high—yielding; and shallow (less than 30 meters)
Pleistocene ' artesian aquifers ofﬂminor rmportance; and':Recent aée
aquifers. in - flood plain deposits- of sand‘.and‘ gravel. xThef gravel
aquifer is high yie;ding'but Susceptible to ﬁcllution; while‘the sand
aquifer is only slightly permeable.

The study also outiined the'properties of three nerched PleistOf
cene aquifers of limited areal extent,‘ separated from the artesian
aquifers by relatively impermeable clay, glacial +till, or cemented
gravel. The dune and lacustrine sand aquifer crops out on terraces, is
poorly permeable, and may contain high nitrate levels. The outwash
sand and gravel aquifer fills depressions‘Between drumlins northwest of
Kalispell, and is high yielding for both domestic and irrigation -uses.
A glacial drift aquifer is also present but ‘has seen limited
exploitation.

L 0f particular interest are the shallow eystems defined as ‘the
Pleistocenefperched‘aquifers,’ and tne recent flood-plain aquifers, as
they are the‘mostdsu3ceptible to contamination from .eurface‘ equrcee
(e.g. septic systeme).“while shailow aquifers may be‘most susceptible o
to potential pollution from septic‘Systems, deeper aquifers can also
experience such contamination, particularly those ccnsisting of highly
- fractured -or channelized bedrqck,‘ conditions cften found in iimestone
aquifers. Recent investigation by the local ZOS‘Water Quality Project
in the Somers area have‘indicated that such a problem may exist in ‘the
dolomitic limestcne aquifer found there (Newman, 1982).

A recent report by Boettcher (1982) deacribes the geohydrology in

the southern part of the study area around'Polson; He found prcﬁuction
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of less than 40 liters/minute from‘ﬁells and springs aeveloped‘,iﬁ
Proterozoic rocks. The main water—beariﬁg uﬁits are compésed of
glacial materials ranging in size from boulders to clay, including till
and outwash. Well yields are in the 40-4,000 liters/minute range, but
are unpredictable due to the variability of the glacial depositse.
Alluvial deposits are also good sources, but have experienced little
development, as in such areas surface water is - plentiful. Water

quality from all wells in this area is generally good.

Cliﬁate

The climatic regime can play an important role in the proper
functioning of on-site waste disposal systens. “Soil moisture
conditions as influenced by seasonal precipitation and evaporative
demand will affect the.performance of drainfields. Annual precipita-
tion in the study area ranges from 39.4 cm at Kalispell to 38.3 em in

Polson. Air temperatures influence soil absorption systems priﬁarily
in respect to evapotranspiration, as higher rates of evapotranspiration
by vegetation growing over septic‘systemud;ainfields decrease the net
hydraulic 1load imposed on theq-soil. Potential evapotfanspiratioﬁ
estimates range from 56 cm atfkaliépellito 61l cm in Polson. Mean
annual aif temperatures, which" approximate  the mean énnual soil
‘temperature; are found to Dbe: 6;1 degrees Celsius (43 degrees
Fahrenheit) at Kalispell, and 7.8 degrees (46 degrees Fahrenheit) at
folsbn (National Oceanic and Atmospheric Administration, 1980).

The next section describes the procedures used. to examine soil

water movement in the soils and sediments of the study area.
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METHODS AND PROCEDURES.

Soil Sampling and Analysis

A total of 13 sites spreéd throughout the Flatﬁead Valley‘ were
chosen (Figure 4), based on the recommendations of the Soils Steering‘
Committee of tHe Flathead River Basin Envirénmehtal Impact Study.
These sites were selected to rebresent a wide variety of soil parent
materials, vreflecting the variability of the glacial deposits found in
the area. At each of these sites a backhoe pit was excavated to a
depth of two meters or more, and the soil profile described ‘according
to standard Soil Conservafion Service methods (U.S. Soil Conservation
Service, 1983). Each soil horizon was sampled.by hand, placed in a
plastic Bag,‘labeled,‘an& ;ransportéd to the Soil Testing Léborétory‘af
Montana“ State‘ ﬁnivqrsity for‘further phyéiéal and‘éhemical aﬁalyées.

Each sample was air dried, and the material sieved to remove particles

greater than 2 mm in diameter. A complete‘listing‘of all the analyses '

performed on each sample, as well as soil‘properties calculated _from
these analyses, is provided in Table 3. Complete field describtions of
the soil profiles and results of the laboratory anaiyses_afe provided

in Appendices -2 and 3.

Measurement of In Situ Hydraulic Conductivity

At the onset of this research project, it was proposed to use the

instantaneous profile  method of Sisson et al. (1980) for the
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Site Soil Surficial
Number  Series Geology Cooperator

1 Whitefish kame terrace Fritz Royer

2 Whitefish continental till Tom Edwards

3 Depew lacustrine Norman Wendt
4 Whitefish continental till Flathead Co.
5 Prospect till/lacustrine Harold Keller
6 Blanchard outwash Jerry Weber

7 Flathead outwash Darrell Logan
8 Creston lacustrine Creston A.E.S.
9 Blanchard eolian dune Dick Conley
10 Krause continental till Paddy Trusler
11 Quigley lacustrine Oliver Dupuis
12 Polson lacustrine Ed Unger

13 Gird outwash Brent Gregg

Figure 4. Study site locations, soil series, surficial geology, and
cooperators (landowners).
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Table 3. Physical and chemlcal parameters analyzed and calculated for
all soil samplesl,

ANALYZED

particle size distribution A
moisture characteristic (0, 0.1, 0.3, and 15 bars):
bulk density (saran-coated clod method) :
clay mineralogy (for 16 horizons, Klages and Hopper, 1982)
organic carbon '
total nitrogen
pH: 1:1 soil/water
1:2 soil/CaCly
saturated paste
~electrical conductance

soluble and NH,0Ac extractable Ca, Mg, Na

cation exchange capacity

" bicarbonate ‘

CALCULATED -

.available water

C/N ratio

sodium adsorption ratio (SAR)

base saturation

exchangable sodium percentage (ESP)
1) Except as noted, all analytical procedures were performed aCCofding-
to the methods outlined 4in "Soil Survey Laboratory Methods and

Procedures for Collecting Soil Samples™; Soil Conservation Service,
U.S.D.A., Soil ‘Survey Investigatiomns Report #1, 1972.

determination  of saturated and unsaturated hydraulic conductivity ' (K)
in situ. After considerable effort in attempting this method at three
sites, it was found to be unsuitable“for the following reasons: the
textural stratification of most of the s0il profiles (which violates
the uniform .prafile assumption of thé‘ method); theyldifficﬁlty . of
installing éight—fitting neutron probe access tubes and obtaining
reliable neutron probe calibration curves in the‘many soil profiles

with coarse fragments; and the‘inacceSSibility of - several sites.
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Few alternatives for EE.EEEE field K measurements-exist (Bouma et
“.al., 1982), and the one identified as most appropriéfe qu the site and
soil conditions dethe study‘area‘ﬁas determined'téybe'the*"crust test*
methoa develofed ét the Uﬁiversity‘of Wisconsiﬁ (Boﬁma, ll97l). This
technique is' not limited by the problems -engdunteréd with- the
instantaneous - profile method described in the preceeding ‘paragraph.
Also contfibuting'to its appeal was its exténsive usé in a multi-year
study in Wisconsin whose goals were similar to thoée qf this study
(evaluation of soil hydraulic parameters for on-site sewage treatment
syétems), A general description of this‘procédure is‘presented below.
A detailed description can be found in Bouma et al., (1974).

A backhée isiuSed‘to expose‘a‘soil prdfile‘fdvé dep;h*suitable‘ to
allow acceés to the soil‘ho£izons of interest (tybically 2 meters in
‘this study). A column of soil (roughly 30.cm in diameter) in. the
horizon that . is to be measured is then isolated frdm the rest'éf the
soil profile by careful removal of the soil.above and to the sides.
This leaves an undisturbed pedéstal of soil with its base still firmly
‘united-with the soil beLow it (Figure 5). A plastic ring of é diameter
slightly less than the carved column is then pushed - firmly downward
over the soil column, its beveled lower edge scraping-away excess saii,
providing aﬂtight seal between soil and ring. ?Abouf two;inchéé\of the
ring are allowed to project-abdve the soil cblumn sufféce'to‘serve as
an infiltration mechqnism . -Thié column is then»inétrumented &ith a
tensiometer approxiﬁately 3 cm below its surfape for thg measurement of
matric potential. Tensioméeters were installed by;dfilling a horizontal

hole (using a battery-operated hand drill) slightly larger than the
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Figure 5. Schematic cross—section of the field set-up for the crust

teste.

ceramic tip of the tensiometer to the center of the soil column. A
second hole slightly smaller than the ceramic tip is then drilled, and
the ceramic tip forced into it, insuring good pore continuity between
the tensiometer and soil. The column is then wrapped with aluminum
foil to prevent evaporation. A schematic representation is presented
in Figure 5, and photographs of a carved soil column and an
instrumented soil column in Figures 6 and 7.

A mixture of water, silica sand, and gypsum (Hydrocal, a product
of the U.S. Gypsum Co. was used) is prepared, poured on top of the soil
column, spread out to the edges of the ring, and allowed to harden for
about 15-30 minutes. A water solution (0.05M CaClz) is then ponded on

the crust surface, a plexiglass cover used to seal the top of the



Figure 6. Soil column prepared for the crust Figure 7. Field set-up of the crust test
test procedure. instrumentation

G¢
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infiltration ‘ring, and mbre water introduced until there is no- éif
between fhe gypsuﬁ crust and the cover (air is allowed‘to esCapéx.frOm
the infiltration ring by meéns of a.air4bleedef‘valve)f | Aisupply tube .
connected on one en& to the cover and onvthe'o;her to a plastic 1000 ml
graduated. cylinder, modified to serve as a marriot device prbvidésv
water at ‘a constant head to replace that which iﬁfiltratés‘through the
crust (Figure 5).

The integrity of the crust can be chécke& by_lightiy pressing.down
on the plexiglas cover, and then removing thé pressure. If leaks are
present (which would allow excess flow to the soil colummn), small air
bubbles will be seen rising from the crust, \of especially around the
edges of the cruste. If such bubbles are noticed? . the crust must ‘Be
removed énd the soil column allowed to drye.

Because the crust serveé as a restrictive barrier to fiow, énd
limits the amount of water reaching the soil below, unsaturated flow
occurs within the soii column. The water ente;ing the soil coluﬁn
through the‘ crust results in an increase in soil matric potential, | and
over a period of time (usually 30 minutes to sevefal hours)'the system
equilibrates and the matric potential stabilizes. Work by. Bouma et al.:
(1972)- demonstrated that at this stage'the.soil column ha; é unifofm 
matric potential, and therefore only gravipational potential changes
with depth at a unit rate (1 cm/cm,). At this point then the
iﬁfiltration rate (flux) is equal to hydraulic conductivify " as

expressed mathematically in the following equations.
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For one—dimensional, ‘steady—state, saturated or unsétutétéd flow,

Darcy's law states that: |
V = K (dh/d1) o | Eq. 1’
where V = flux (cm3/cm2/sec), K = hydraulic conductivity (cm/sec),‘ahd
dh/dl is the hydraulic gradient (dimensionless). When subcrﬁs£ matric
potential haé stabilized, dh/dl = 1, and'therefore:
V=K. I ‘Eq.,z‘

- When the tensiometer has stabilized; tﬁé infiltration rate is observed.

This rate may be determined by measuring the drop of the water
level in the graduated cylindér over a preScribedv period of time.
Usually 4—8 measurements of fifteen minutes éach were taken - after
equilibrium had been reached, and the average value uéed to calculaﬁef
hydraulic conductivity. The calcuiétion involves.dividing fhe‘average
volume (in cud) of water which has infiitrated through the gypsum crust
in fifteen minutes by the area of the soil column (729.7 cm?) to
provide the hydraulic comductivity for that 15 miﬁute pe?iod, 'fbr fhe
particular matric potential méasﬁred By the ténsiometer. This value ié
then multiplied by 96 (24 hours X 4 — thefe are four 15 minute ﬁériodslf
in an hour) to obtain a hydraulic conductivity in the uﬁits of cm/aay.

Following the‘éompletion of an individual crust test, the gypsum
crust is removed, using care not to disrupt the soil.qolumn in the.
précess (this fopic is’aealt with further in‘the Results‘and.Discussion
chapter). In this study, use was made of a .battery—operatéd power
dfill to perforéte the crust in several piaceé; whicﬁ Weékened itsl
integrity and facilitated its removal by subsequent ghisgling. Another

crust, this time made more porous- by increésing ‘the ratio ' of
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sand:gypsum, = is poured on the soil and the process repeated. ‘ In this
study, sand:gypsum ratios of 25:75; 50:50, 75:25, and 90:10 Wére
commonly used. Each Succeed;ng crust, being slightly‘more‘perméable to

water, will alloW a greater movement of water through it, and .will

result in a matric potential slightly closer to saturated conditions in ‘

the soil column. Two or three different crusts may be\used‘;o ébtain K .
‘valu¢S‘ at wvarious poteﬁtiéls. _After éoatiﬁg'thé’soil védlumﬁ with
plaster: to . prevent_bqundafy flow élong_fhe edges of thé ‘;Qilv'cblﬁmn“
(this stép‘ is not mneeded during pfeceeding ‘ﬁeasﬁfeﬁents,' as wunder

unsaturated conditions such flow will not occur), a‘final‘measufement
is made with no crust to obtain a value for saturated K. |

Each measurement wifh a particular cfﬁst produces . a pair 'df
values; a vertical hydraulic conductivity valﬁe (y) at a pafticular
matric potential (x). These paired numbers can then be plottéd 'go
obtain a curve representing the change in hydraulic conductivity as. a
function of soil moisture tension in tﬁe saturated and near—saturation
range.

At eagh site, one or two sbil'hofizons were choseg for measure-
ment. The horizons were selected on the basis of which Weré thought_to
be the most limiting hydraulic horiéons, that is, which‘woula likely be
the least permeable, based ﬁpon on—-site observation of soil textu;e,‘
stfucturg, and bulk density. A siﬁgle series of determinations was
made on each horizon, although at two sites the procedure was

replicated to assess the reproducibility of the technique.
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Statistical Analysis

Data froﬁ these measurements and from the results of thé 1physicél
and chemical laboratory analyses of-eagh of the soil horizdns‘describéd
at. each sité, were subjected to a series of statisticél evaluations
using the Statistical Analyis System (SAS) " software ‘pagkagé (éAS
Institute, 1982). Data were first inspectg& for gormality,*land'loglg
transformations were performed Wheré ‘necessary.-‘ éelec£ed véfiébléé
Were‘then enfe;ed into a sétwisg multiplé'regressién‘to‘obtain theubeét
three—variablé regression equation for’ predicting ,‘hydraglic
gonductivity at.O, 10, 20, and 30 cm of ﬁatric tension; |

For subsequent muitivariate analyses, all variébles were standard—
ized fo a ﬁean of Orand a standard deviation ofll to elimingté Bias due
to differing measurement scales. Principle cbmponent‘analyéis was uged
to reduce the original number of variables (35) to a smaller set by
determining which variables were most responsible for explaining
differences .émong the experimental ﬁnits. This statistical technique
was also wused to obtain a graphical expressioh. of the wvariability
contained within profiles‘as well as among them.. Cluster analysis was
used on the reduced and standardized Variéble set to examine the
nature of the similarities and differences of the soil horizons, i.e.
to statistically group them, and discriminant analysis used to tesf the

significance of the groups.
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RESULTS AND DISCUSSION

The hydreulic conductivity (K) of the soil can be influenced by
mahy properties which may in turn affect the dperatioh “of  a septic
system drainfield.  During the course of this study many observations
were made in the field and laBoratory regarding the nature of soil
water movement in the’soils of the Flathead Valley. Thisj section
describes the relationehips between soil water movement, drainfield
absorption of effiuent, and ehe physical and chemical soil preperties

evaluated as part of this research.

Clay Mineralogy

Table 4 presents the clay minefalogy deta‘from‘seiected‘eites ande
horizons.  Samples were selected ffom‘those.siteS‘having' aﬁbreciaﬁle
" clay content, and/or from herizons eveluated fbr hyd?aulic
conductivity. . As the precedure used is\only‘semi—quantitative (Klages
and Hopper, 1982), values have been rounded to the neerest 10 percent.
Illite is the predominant clay mineral in eaeh.of the horizons examined
(Table 4), with smectite clays pfesent as about 10 percent  of total
soil clay. While all clays will experience some swelling upon wetting,
smectite clays are kﬁown to exhibit the greatest chaﬁge in volume and
illitic clays are subject to minor swelling (Hiilel, 1980). Sevefe
swelling will resultfin significant changes iﬁ the pore size distribu-

tion of a field soil, reducing the probortion‘ of - larger pofes
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responsible for mucﬁ of the watér‘moﬁemeﬁt that occurs at 16W moiéﬁﬁré‘

tensions. The result is decreased hydraulic coﬁductivity."The‘resulﬁs 
of this table suggest that little swelling should océpr‘in the soils
evaluated in this study, and therefore clay mineralogy is mot expected’
to play an importént role‘in the hydraulig properties of tﬁe study érea .

soils.

Table 4. Results of clay mineralogy analysis for selecfed horizons.

Clay Mineral (percent of clay fraction)
Site/ :
~Horizon  Smect. Vermic. Chlor. V/C Illite Kaolin Quartz

1, cl 10 * 10 * 70 5 .5
3, B2t 10 0 10 0 50 0 - 10
4, Cl 10 0 10 10 50 20 0
5, Cl 10 * 10 * 60 20 0
7, B2 10 0 10 0 60 20 0
9, C1 0 0 0 0 90 10 0
9, ## 0" 15 5 o0 60 20 0
11, Cl 10 * 10 * 60 - 20 0.
12, 0 10 0 60 20 0.

B2t 10

Smect. = Smectite; Vermic. = Vermiculite; Chlor. = Chlorite;
V/C = Vermiculite/Chlorite intergrade; Kaolin. = Kaolinite

* = Vermiculite, Chlorite, and V/C intergrade reported as Chlorite

## = Clay lamellae

In Situ Hydraulic Conductivity

Results of the hydraulic‘conductiﬁity tests‘perfofmed on séleétea
horizons at each site are discusged iﬁ the following paragraphé. Field
data ‘for eacﬂ test isvpresenfed in Table 5. In obtaining"the‘ field .
hydraulic conductivity data, an atfempt was made to conduct the - test

out to a matric tension of at least 30 cm water, as tensions in. this
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Table 5. Field data for in situ hydraulic conductivity tests.

MATRIC HYDRAULIC‘

SITE HORIZON ‘ TENSION (cm) . CONDUCTIVITY (cm/day) -
1 ' Cl (top pit) 42 - . 0.8
‘ ) 8 ‘ . 1.5
0 72.4
1 Cl 42 1.2
(middle pit, left) 17 4.7
3 . 215
0] ‘ 340
1 cl 40 0.8
(middle pit, right) 10 1.4
4 240
0 375
1 Cl 65 0.4
(bottom pit) 16 2.3
0 . S 161
3 cl | 26 0.8
12 ) 2.7
.0 31
4 B2 (1lst rum) ‘ 43 1.3
27 . 2.6
0 ‘ 105
4 B2‘(2nd run) 36 - 2.4
11 35
0 78
4 C1 40 245
0 ‘ 24
6 B21 30 o 23
12 ‘ 71
0 | 220
6 IIIC3 23 " 19
‘ 15 40

0o - 3200




. Table 5 (qontinued). Field data of hydraulic coﬁductivity tests.
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MATRIC

HYDRAULIC ‘
SITE HORIZON TENSION (cm) CONDUCTIVITY (cm/day)
7 Clca 63 9
' 32 25

0 80
7 IIC2 25 40
0 265
9 cl 41 16
32 50
0 405

11 A3 49 4.8
11 19
0o - 195
11 B2 38. 41
‘ 15 13
10 24
-O 59

12 B2t 19 0.4

6 100

O 209

13 cl 82’ 2.0
60 . 45
31 290
23 360
0 595




L4 ‘

range aré typical of thqse found bengath absorption fieldé (Boumé_vet
‘al., 1972).  Also, as water flux through thé soil column at highe§‘
‘tensions becoﬁes Véry slbw, a much longef perioq of time is fequifed-td
.reach equilibrium conditions, s;meiimes a period éf‘days.‘ In order to
have enough ‘time to evaluate a% ﬁany diffefent hoiizons as possiblé,u
the 30 cm matric tension limit waé used as a réésonaﬁle'-cutoff point
for the test.

At three oi the 13 sites, iiE.EiEE teéts were ﬁot conducted.- Ihg
lacustrine deposit at site 8 was similar to thosevbf two other sites
where hofizons were tested.(3 and 5), and therefore was not evalﬁated.
At sites 2 and 10, a combination of high coarée fragment coﬁtent and a
brittle till méde it impossible to cérve out a sdil column on which _té'
conduct the test. This limitatién of the crust method is discuésed

further in a later section.

Lacustrine Sites

At‘ site 35, 'columns "were carved out in each of two horizons
containing varves (couplets consisting of clay and‘silﬁ lgminaé) with
thick (3-5 cm) laminae. Clay layers in the varves séfved to retard
downward water movement, and the required steady—sﬁate conditions were
never achieved. Instead, the silt layer above ‘the‘ clay became
;aturated an&‘began to flow out and down the sides of the soii column .
Analyses of thehsilt and clay portions of the varves at site 5 revealed
the. silt layers to be 87 percent silt, .and fhe clay lajers to be 71
peréent clay. Any individual clay layer would serve to;greatly redﬁée
évérall permeability, and a sefies of them would &rastically reduce 

flow. It was clear from this test that in lacustrine materials of this
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type, the vertical hydraulic cbnductivity would be megligible. Flow
would occur predominantly in a horizontal direction along the tops of
the restrictive clay layers. |

While no quantitative conductivity value was obtained, the
qualitative mnature of flow’in such soils was <clearly demonstratede.
Review of the literature yielded saturated hydraulic conductivity
values in the range of 1073 cm/day for varved materials (Ali et al.,
1980; Wu et al., 1978; Warzyn Epgineering, Madison, Wis., personal .
communication). This would be é value for combined vertical and
horizontal flow, with the horizontal component dominatiné. It should
be noged that the K values obtained from other gypsum crust test
measureménts rebresent vertical conductivity estimates only.

Crust test fesults were obtained for three other horizons derived
from lacustrine parent materials. Site 3 was strongly varved, yet the
hydraulic conductivity values (Figure 8) are much higher than expected
for such a layered and clayey (68 pefcent) soil. This can be explained
by the strongly expressed soil structure at that site which provided
many larger interpedal pores. Hydraulic conductivity in the near-
saturated range would be quite rapid through such large pores. Also
present were continuous vertical cracks extending to a depth of at-
least two meters. These cracks were coated heavily with clay cutans,
reflecting the preferential flow of water through those larger pores
un&er éaturated'and near—saturated’conditions. Cracking of this nature
is .mosf commonly observed in soils with smectite clays and with an
elevated exchangeable sodium percentage (ESP) or sodium absorption

ratio (SAR). The smectite clay fraction of this site was approximately
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Figure 8. Hydraulic conductivity curves for soil horizons formed in
lacustrine materials.



































































































































































































































































































































































































































































































