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Abstract:

Demographic changes throughout the Rocky Mountain west are resulting in an increasing number of
rural subdivisions away from city centers. Rural housing developments require on-site sewage disposal
systems to handle household waste. Development of large tracts of formerly range and forest soils, has
produced the need for septic system suitability information of these soils. Range and forest soils,
typically covered by third order soil surveys, are not intended for septic interpretations. However, they
may contain the data necessary for septic interpretations. The Gallatin Local Water Quality District
(LWQD) in southwestern Montana contains portions of Gallatin Valley and Gallatin National Forest
(GNF) soils within its boundaries. Gallatin Valley soils are lowland agricultural soils covered by a
second order soil survey and have been interpreted for on-site sewage disposal systems. GNF soils are
higher elevation range and forest soils covered by a third order soil survey and are not interpreted for
on-site sewage disposal systems. The Gallatin LWQD provides the opportunity to determine if the third
order GNF soil survey contains the data necessary for septic system interpretations. This case study
also provides the opportunity to compare septic interpretations from second order GallatinValley soils
to septic interpretations from corresponding third order GNF soils along the Gallatin Valley/GNF
border.

Initial investigation of the third order GNF soil survey provided data regarding the septic limitations of
GNF soils. Septic interpretations based on the most-limiting restriction were made for each GNF soil
map unit. An ArcView™ coverage of the most limiting septic restriction for GNF soils was constructed
and compared to the corresponding Gallatin Valley coverage along the Gallatin Valley/GNF border.
Initial results showed poor agreement between septic interpretations of corresponding Gallatin
Valley/GNF border map units based on the most-limiting restriction.

Complete septic interpretations (slight, moderate and severe) for all restrictions were compared
between corresponding Gallatin Valley/GNF border map units. Results showed a high percent match
(73%) between the complete septic interpretation of corresponding Gallatin Valley/GNF border map
units. These results were consistent in a refined comparison that weighted each GNF map unit
according to its percent match with its corresponding Gallatin Valley map unit. This method produced
a 75 percent match.

Septic interpretations based on observations from twenty-four field soil pits suggested that restrictions
with high percent match results were favored by a high number of map units with “slight” limitations.
Comparisons based on a broad range of limitation data (slight, moderate and severe) showed higher
agreement with GNF data than Gallatin Valley data (p = 0.74 vs. 0.65 respectively). I found that
although the third order GNF soil survey was not designed for septic interpretation, it can provide
preliminary septic interpretations of GNF soils within the Gallatin LWQD. Methodologies used in this
study may be transferable to other areas of the Rocky Mountain West susceptible to rural expansion.
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ABSTRACT

Demographic changes throughout the Rocky Mountain west are resulting in an
increasing number of rural subdivisions away from city centers. Rural housing
developments require on-site sewage disposal systems to handle household waste.
Development of large tracts of formerly range and forest soils, has produced the need for
septic system suitability information of these soils. Range and forest soils, typically covered
* by third order soil surveys, are not intended for septic interpretations. However, they may

contain the data necessary for septic interpretations. The Gallatin Local Water Quality
District (LWQD)in southwestern Montana contains portions of Gallatin Valley and Gallatin
National Forest (GNF) soils within its boundaries. Gallatin Valley soils are lowland
agricultural soils covered by a second order soil survey and have been interpreted for on-site
sewage disposal systems. GNF soils are higher elevation range and forest soils covered by
a third order soil survey and are not interpreted for on-site sewage disposal systems. The
Gallatin LWQD provides the opportunity to determine if the third order GNF soil survey
contains the data necessary for septic system interpretations. This case study also provides -
the opportunity to compare septic interpretations from second order Gallatin Valley soils to
septic interpretations from correspondlng third order GNF soils along the Gallatin
Valley/GNF border. '
Initial investigation of the third order GNF soil survey provided data regarding the
septic limitations of GNF soils. Septic 1nterpretat10ns based on the most-limiting restriction
were made for each GNF soil map unit. An ArcView™ coverage of the most limiting septic -
restriction for GNF soils was constructed and compared to the corresponding Gallatin Valley
coverage along the Gallatin Valley/GNF border. Initial results showed poor agreement
between septic interpretations of correspondmg Gallatin Valley/ GNF border map units based
on the most-limiting restriction.
Complete septic interpretations (slight, moderate and severe) for all restrictions were
- compared between corresponding Gallatin Valley/GNF border map units. Results showed
. a high percent match (73%) between the complete septic interpretation of corresponding
Gallatin Valley/GNF border map units. These results were consistent in a refined
comparison that weighted each GNF map unit according to its percent match with its
corresponding Gallatin Valley map unit. This method produced a 75 percent match.

Septic interpretations based on observations from twenty-four field soil pits
suggested that restrictions with high percent match results were favored by a high number
of map units with “slight” limitations. Comparisons based on a broad range of limitation
data (slight, moderate and severe) showed higher agreement with GNF data than Gallatin
Valley data (p = 0.74 vs. 0.65 respectively). .

I found that although the third order GNF soil survey was not desi gned for septic
interpretation, it can provide preliminary septic interpretations of GNF soils within the
Gallatin LWQD. Methodologies used in this study may be transferrable to other areas of the
Rocky Mountain West susceptible to rural expansion. :




CHAPTER 1
INTRODUCTION

Demographic changes throughout the rocky mountain west are resulting in an
increasing number of rural subdivisions away from city centers. Similar changes in
Gallatin County have produced a shift from an economy based on agriculture and
forestry to one based on recreation and land development. According to the Montana
Agricultural Statistics Service, the amount of agricultural land in the state has beeﬁ
declining since 1978. In 1969 nearly sixty percent of Gallatin County was in agriculture.
By 1992 the figure ha;d dropped to forty-four percent (Schontzler, 1996). The loss of
agricultural land has been accompanied by an increase in the population of the Gallatin
Valley and in the number of rural properties subdivided. Rural housing developments in
Gallatin Valley require on-site septic systems to handle household waste disposal. Rural
housing developments without proper planning and site selection can threaten and, in
some cases, contaminate surface and ground water resources through septic system
failure (Bauder, 1993). Proper septic system location and design reduires knowledge of
the soil properties that affec_:t the construction and function of septic systems (Soil Survey
Staff, 1993; Montana Department of Health and Environmental Sciences, 1992). This

knowledge will minimize the potential for pollution and health hazards in local and
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tegional area.s and also help minimize construction costs (Bauder, 1993; Montana Water
Quality Bureau Circular WQB 6, 1992; Tinker, 1990). Soil information regarding septic
system limitations can aid sys;tem design and installation and also reduce the risks to
sutface and ground water resources, The availability of the soil information necessary to
determine the septic vsystem limitatiqns of an area depends on the type of soil survey
conducted for the area.

There are five different levels of soil survey described by the Soil Survey Staff of
the United States Department of Agriculture (Soil Survey Staff, 1993). Each level of soil
survey reflects a change in scale, level of detdil and uses for whigh the soils can be
interpreted. The lower the order the more intensive and, therefore, the more detailed the
soil survey.

First order soil surveys are very intensive and detailed surveys performed on
small areas. Surveys of ﬂﬁs order are used to obtain precise information for site specific
planning objectives such as irrigation, drainage, specialty crops and building sites. They
provide detailed information on the soils and their variability. Base map scale is
1:15,840 or larger. Second order soil surveys are intensive and detailed surveys
performed on larger areas. They are more inclusive, rather than site specific, soil surveys
used to plan agriculture, construction and urban development where detailed information.
about soils and their variability are Tequired to assess treatment needs and suitable uses.
Map scales range from 1:12,000 to 1:31,680. Third order soil surveys are extensive
surveys for large areas that require less detail or precise soil information. They are

typically used to identify a single land use with few subordinate uses. This level of
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survey is used to assist in general range, forest, recreational and community planning.
Map scales range from 1:20,000 to 1:63,360. Fourth order soil surveys are extensive
sﬁeys of large areas that require more generalized 501:1 information. They ﬁe used in
regional land use planning and to select areas which require more intensive study and/or
investigations. They provide broad information concerning land use potential and
general land management. Map scalés range from 1:63,360 to 1:250,000. Fifth order
soil surveys are very extensive surveys for large areas that require very generalized soil
information. They are used for ﬁlanning regional land use and interpreting very
| generalized information and to select areas for more intensive study and/or investigation.
Map scales range from 1:250,000 to 1:1,000,000.
Soil survey interpretations are keyed to a particular land use, which evolve over
time and periodically require revision. When the intended use of the soils covered by a
specific survey changes, additional information may be needed to interpret a soil for the
new use. This requires re-evaluation of the initial soil survey, and may establish the need
for a new, more detailed soil survey of the area. Alternatively, the initial survey may
contain the necessary data to make the new interpretation. As rural subdivisions move
further away from city centers, significant portions of range and forest soils are
subdivided. Range and forest soils are generally covered by third order soil surveys
which are not intended for septic system interpretations. However, the data necessary to
assess septic system limitations may exist in a third order soil survey. If the data do \
exist, it would save the time and money required to perform a new, more detailed soil

survey, providing a valuable database to facilitate rural subdivision planning. The
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Gallatin Local Water Quality District (LWQD) is in need of this type of information.

The Gallatin LWQD, located in Gallatin County, Montana (Figure 1), was created
in 1997 tq take responsibility for the quality of the water resources within its boundaries.
It encompasses land in both Gallatin Valley and the Bridger, Bangtail, and Hyalite
mountains of Gallatin National Fofest (GNF). Atthe time of its ;:reation, Gallatin
County health officials identified the need for a data base which would provide the
necessary information to assess septic system location, construction and operation within
the Gallatin LWQD. The second order soil survey of the Gallatin County Area', which
covers Gallatin Valley soils, has been interpreted for septic system limitations however,
the third order GNF soil survey has not. This poses.a problem for the Gallatin LWQD.

Many areas of the GNF within the Gallatiﬁ LWQD contain alt_ern;ne one-square
mile seétiong in private ownership. This “checkerboard” ownership dates back to the
early settlement of the West when the ‘Federal ‘Government granted every other section
bordering a railroad corridor to the railroad companies. Today private individuals and
companies own these sections. Occasionally the private owner will offer to "swap” these
‘checkerboardsections with the Forest Service for an equal value of continuous sections
in another area. Through this method, recently privatized lénd may become available for
housing development after the timber has been harvested. When development occurs,

information regarding the septic system limitations of GNF soils will be needed to help

1
Because the second order soil survey of Gallatin County Area includes only the soils in

Gallatin Valley and not GNF, it is hereby referred to as the second order soil survey of
Gallatin Valley. :




Figure I. Location of Gallatin LWQD within Gallatin County, Montana. Gallatin
LWQD contains portions of Gallatin Valley and GNF within its boundaries.
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insure proper planning of septic system locatiop, construction and operation. Since
housing development is not one of the management objectives for GNF, the GNF soil
survey was not interpreted for septic system limitations. However, tile possible
development of GNF land indicates a need for such interpretations. Although the third
order GNF soil survey was not designed for ée'ptic system interpretations, the survey may
contain sufficient data to assess the. septic system limitations of the soils. This
information would help the Gallatin LWQD attain its goals and also provide Gallatin
County health officials with a valuable database. The GNF ’soil sulrvey was evﬂuated to
ascertain if adequate soil data exists to produce preliminary septic interpretations of GNF
soils. The Gallatin LWQD provided the opportunity to determine if septic system
interpretations can be obtained from a third order soil survey and, through (;omparison
with the septic system interpretations from the second order Gallatin Valley soil survey,
the opportunity to investigate the teliability of the ﬂnrd order survey interpretations. This
case study provides perspective for other areas with similar trends and needs in
southwestern Montana and other westemn regions where urban sprawl has the potential to

extend from city centers into range and forest areas with checkerboard ownership.




CHAPTER 2

ASSESSING SEPTIC SYSTEM LIMITATION PARAMETERS

FROM A THIRD ORDER SOIL SURVEY
Introduction

Assessing septic system limitations requires specific information COncenﬁng ten
soil properties (Table 1). These properties are: USDA soil texture, frequency and
duration of flooding, depth to bedrock, deéth to cemented pan, frequency and duration of
ponding, depth to high water table, permeability between sixty and one-hundred and fifty
centimeters, percent ‘slope,. percent coarse fragments by weight, averaged to a depth of
one meter and, total subsidence potential (Soil Survey Staff, 1993). Limitations are
described in terms of severity; “slight”, “moderate” and “severe.” “Slight” limitations
present minor proﬁlems for septic installation and/or operation.. “Moderate” limitations
do not require exceptional risk or cost but the soil does possess certain udesirable
properties or features. “Severe” limitations require unacceptable risk to use the soil if
not appreciably modified. Special desigﬂ will significantly increase construction costs

and appreciably higher maintenance cost is required for satisfactory performance of the




Table 1. Soil properties, limitations and, restrictive features for septic tank adsorption
fields (after Table 620-17, National Soil Survey Staff, 1996).

Installation

Limitations
4 Ly
‘ ) Restrictive and/or
Property Slight Moderate Severe Feature Effluent ()
USDA Texture — — Ice Permafrost . I
Subsidence (cm) — —_ > 60 Subsides I
Flooding None Rare Freqqent/ Flooding E
QOccasional
Depth to :
Bedrock (m) >18 10-18 <1.0 DepthtoRock EA
Depth to S : , '
Cemented Pan (m) >18 10- 1.8 . <10 Cemented Pan ET
Ponding () (). +) Ponding E
Depth to High ‘ )
Water Table (m) >18 12-18 <12 Wetness E
Low Permeability -
(0.6- 1.5 m, cm/hr) 50-150 1.5-50 <15 Slow Perc E
High Permeability ' :
(0.6- 1.5 m, om/hr) 50-150 15-50 > 15.0 Poor Filter E
Percent Slope <8 8-15 >15 Slope I
Large Stones > 76 mm

(weighted avg. to 1 m) <25 25-50 >50 | Large Ston@s I
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septic system. Soil data used to determine septic system limitations can be grouped into
two categories: those that affect the absorption of the effluent and those that interfere

“with the installation of the system (Soil Survey Staff, 1993; Montana Water Quality
Bureau Circular WQB 6, 1992).

Soil properties that affect effluent aBsorption are flooding, bedrock, cemented
pan, ponding, high water table, and permeability. ’ Soil permeability rates indicate the
émount of time septic effluent interacts with the soil. High permeability rates do not
allow soil enough time to adequately filter septic effluent. Slow permeability rates may
result in septic effluent bypassing the adsorption field and/or accumulating at or near the
soil surface. High water tabies and flooding cause saturation of the absorption field and
reduce septic- effluent filtering. Shallow bedrock and cemented pans reduce the total
thickness of an adsorption field, therefore reducing its capacity to filter septic effluent
(Soil Survey Staff, 1993).

Septic system installation is also a concern. Soil properties tiaat affect septic
system installation include soil texture, subsidence, bedrock, cemented pan, slope and
coarse fragments. Shéllow bedrock, cemented pan, the presence of ice, stones and
boulders all interfere with excavati(;n. Stones and boulders may damage a system during
backfill operations. Subsidence interferes with septic system installation and
maintenance (Soil Survey Staff, 1993). Information regarding these soil properties 1s
required to assess the septic system limitations of GNF soils.

Data regarding soil properties that effect septic system installation and operation

may exist in the third order GNF soil survey. However, because of the greater level of
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generalization in a third order soil survey, the reliability of the da;ta is unknown. Since
the GNF soil survey has not been interpreted for septic system limitations, and certain
portions of the GNF that lie within the Gallatin LWQD are subject to development, it is
necessary to determine if the information available in the third order GNF soil survey can
provide reliable septic interpretations for GNF soils. The research objective is to
determine if the protocol used to interpret the second order Gallatin Valley soil survey
for septic system limitations may be used to establish the septic system limitations for the

third order GNF soil survey, using the data available in the third order GNF soil survey.

Study Area

The study area is located in the Rocky Mountain region of southwestern Montana.
The study site consists of Gallatin Valley and GNF soils within the Gallatin LWQD
(Figure 1).’ Gallatin Valley soils are low elevation soils dominated by the accumulation
of surface deposits (alluvium and loess). They are used primarily for home sites,
recreation, and agriculture. GNF soils are high elevation range and forest soils located int
the mountain around Gallatin Valley. They occﬁr in landforms dominated more by
bedrock and, to a lesser extent, alluvium and glacial till. They are used primarily for

recreation, wildlife habitat, and timber production.
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Purpose

The purpose.of this part of the stody is to determine if the third order GNF soil
survey contains the data necessa;r}t to celculate septic system interpretations.. If the data
- do exist, each GNF map umt wiﬂ pe-interpreted fot septic system limitations. An
ArcView™ coverage based on the most limitingISe;.)tic interpretation wﬂl'be constructed
for the GNF soils within the Gallatin LWQD. Finally, consistency of the septio system
interpretation for GNF soils will be examjoed along the borde'r'between second order

Gallatin Valley soils and third order GNF soils.

Methods

Locating the Data and Determining the Limitation

Soﬂ data necessary to estabhsh septic system limitations was obtalned from the
Soil Survey of Gallatin National Forest, Montana final report J uly 1996, and the interim
draft Teport, April 1984 (Table 2). The final report contains data on flooding potential,
ponding lpotential, depth to high Water table, permeability, percent slope and percent
coarse fragments. The interim draft report contains data on depth\to bedtock. The
reports cootain information regarding depth to cemented oan and USDA soil texture.
However, cemented pans and permafrost (the only restriction for soil texture) do not
occur 1n ttns region, therefore the information is not required. Information on sub51dence
potential does not exist for GNF soils. Subsidence potential 1.s the potential decrease in

. surface elevation as a result of drainage of wet soils having organic layers or semifluid
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mineral layers (Soil Survey Staff, 1993). According to the soil survey leaders for
Gallatin Valley and GNF, soils exhibiting this potential do not exist in the Gallatin
LWQD or, exist in an areal éxtent smaller than the map unit scalé of either soil survey
(personal communication 1998; Rolfes, Resource Soil Scientist, USDA-NRCS
Bozeman, MT; Shovic, Soil Scientist, USFS Interagency Spatial Analysis Center-Gallatin

National Forest, Bozeman, MT).

Table 2. Source of septic system limitation information for GNF soils, (Davis and
Shovic, 1984 and 1996.

Property Source 7
Flooding potential Taxoﬁomic classification, Tablg 13, GNF final report
Landform, Table 1, GNF final report
Depth to bedrock (in) Table 1, GNF interim draft report
Ponding potential  Table 6, GNF final report

Depth to high water table (in) Represéntativé pedon description, GNF final report
‘Permeability, 24" - 60" (in/hr)  Representative pedon description, GNF final report
~ Percent slope ‘ Table 1, GNF final report

Percent coarse fragments Representative pedon description, GNF final report

Floociing potential ini,'ormationlwas obtéined by interpreting Tables 1 and 13 in
the GNF soil survey final report. ‘Table 1 of the GNF soil survéy final report provides
landform information for eaph soil map unit. Landforms are defined by slope, shape of
slope, pattern and density of low order streams, relief and other properties (Davis and

Shovic, 1996). Landforms associated with flooding ate stream terraces and floodplains.
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Table 13 of the GNF soil survey final report lists the family, or higher, taxonomic
classification of eacil soil within the map umt Taxonomic classifications contain
formative elements that iﬁdi;:ate proximity to a floodplain. The formative element
associategi with floodplain deposits on which soils develop is fluv, derived from the Latin
fluvius for river. The connotation of v is a floodplain. After the flooding potential of é
map unit is determined a Iimitatioﬁ is assigned.

Limitations are assigned based on ﬂoéding ’characterization of the soils and the
corresponding flood frequency over a one hundred year period (Table 3). A slight
limitation is assigned when there is no reasonable ‘possibility of flooding (none). A
moderate limitation is assigned when thé flooding frequency is between Zero to five
ﬁmes in one hundre'dvyears (rare). A severe limitation is assigned when the flooding
frequency is greater than five times in one hundred years (occasional/frequent), (Soil
Sufvey Staff, 1993). Flood frequency is determined by landscape positiqn, soil
morphology/ stratiﬁcatioﬁ and, ﬂood;plain maps (personal communication 1998; Tony
Rolfes, Resource Soil Scientist, USDA-NRCS Bozeman, MT). If available floodplain-
maps take precedence. |

No floodplain maps exist for the GNF. Therefore, existing information on
landform position and soil morphology/stratification from the GNF soil survey were used
to determine the flooding frequency for each GNF 1:f1ap unit. Previous studiés have
documented the use of soil surveys to delineate areas subject to flooding (Cain and
Béatty, 1968; McCormick, 1971). Three GNF mép units witﬁjn the Gallatin LWQD are

described as having the potential to flood; 64-2A, 64-2C and 66-1A. Landforms in map
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Table 3. Flood frequency criteria and classification used to determine septic system'

limitations for flooding, (after Table 3-4, Soil Survey Manual, 1993).

Classification ' ' Frequency Criteria
None (N) | no reasonable possibility
Rare (R) : 1 -5 times in 100 years
Occasional (O) 5 - 50 times in 100 years
Frequent ® , | > 50 times in 100 years
occasional and frequent can be grouped

Corgmon © v for certain purposes called common

units 64-2A and 64-2C consist of glacial outwash benches and teﬁaces, floodplains and
terraces. These soils are subject to flooding after prolonged, high intensity storms (Davis

and Shovic, 1984).- Landforms in map unit 66-1A consist of floodplains. These soils are

frequently flooded (Davis and Shovic, 1984). Map units 66-2A and 66-2C were

classified as flooding occasionally (5 - 50 times in 100 years). Map unit 66-1A was '

a “severe” septic system limitation for flooding based on their flooding classification.

depth to bedrock was greater than 1.8 meters. A “moderate” limitation was assigned
when depth to a bedrock was between 1.0 to 1.8 meters. A “severe” limitation was

assigned when depth to bedrock was less than 1.0 meters (Soil Survey Staff, 1993).

classified as flooding frequently (> 50 times in 100 years). All three map units received

Depth to bedrock information was obtained from Table 1 of the GNF soil survey
interim draft report. Table 1 lists a depth to bedrock range for each map unit based on
field observations (Davis and Shovic, 1984). The most limiting value in the range was

used to calculate the septic system limitation. A “slight” limitation was assigned when
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Ponding potential infonnation 'was obtained froﬁl Tables 6 and 13 of the GNF soil
survey final report. Table 6 of the GNF soil survey final report lists the frequency of wet
areas as low, moderéte or high for each map unit. A low rating indicates that wet areas
occur inﬁ‘eqﬁenﬂy and are easily avoided. A moderate rating indicates that wet areas
occur commorly but can normally be avoided. A high rating indicates that wet areas are
c\iifﬁcult to avoid entirely (Davis and Shovic, 1984). Ponding information may also be
obtained from the taxonomic classiﬁcatior; of a soil.

Formative elements associated with water in the soil are aqu and hydr. Aqu is
derived from the Latin aqua which means water and connotes a characten'sti;: associated

with wetness. Hydr is derived from the Greek h_ydro, meaning water and connotes the

" presence of water , (Soil Survey Staff, 1998). Ponding limitations are determined by a
binary , +/-, process. The soil either ponds or it does not. A positive value results in a
“severe” septic system limitation (Soil Survey Staff, 19'93‘). A ‘fsever_e” limitation was
assigned to GNF soils based on two criteria. first, the map unit must have a “high”
frequency of wet areas in Table 6 of the GNF soil survey final report and second, the map
unit taxonomic classification must indicate wetness.

- Depth to high water table information was obta:ingd from the representative
pedon description in the GNF soil survey final report. The limitation is based on the
presence of free water in the soil profile. This is accomplished t‘hrough direct contact
witﬁ the water ’_cable or is inferred thfough the presence or absence of redoximorphic
features in the soil profile. Redoximorbhic fea;cures, such as mottles and gleying, a;re soil

properties associated with wetness and result from the oxidation of iron and manganese
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compounds in the soil after saturation with water and subsequent drainage (Roth et. al,
1997). Previous studieg have documented the use of redoximorphic features to infer

* water table depth and soil drainage ‘(Simon'son and B.oersm.a, 1972; Vepraskas and
others, 1974; Bouma, 1983; Franzmeier and others, 1983; Vepraskas and Wﬂd@ng,
1983; Pickering and Veneinan, 1984; Watts and Hurt, 1991; Vepraskas, 1996). The
presence of redoximorphic features in the representative pedon description was used to
infer water table depth. A “slight’; limitation was assigned where the water ;table was
greater than 1.8 meters below the soil surféce. A “moderate” limitation was éssigned
when the water table was between 1.2 to 1.8 meters below the soil surface and a “severe”
limitation was assigned when the water table was less thap 1.2'meters below the soil
sﬁrface (Soil Survey Staff, 1993).

Permeability class for each map unit was ‘aetermined through ’éhe application of
the USDA-NRCS field guide for determining relative permeability (Table 4). |
Permeability classes are based on a combination of soil texture and structure.
Corresponding permeability values were assigned according to Part 61‘8.44b of the
USDA National Soil Survey Handbook (Table 5). Acceptable permeability values range
from 1.5 (cm/hr) to 15.0 -(cm/hr). | A “slight” limitation was assigned Wheﬁ permeability .
was between 5.0 - 15.0 (om/hr). A “moderate” limitation was assigned when
permeability was greater tﬁan or equal to 1.5 (cm/hr) and less than 5.0 (cm/hr). A
“severé” limitation was assigned when permeability was greater than 15.0 (cm/hr) or less
than 1.5 (cm/hr) (Soil Survey Staff, 1993). Permeability values greater than 15.0 and less

than 1.5 (cm/hr) both produce “severe” septic system limitations.
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Informétion on ;l)ercent slope for each map unit was obtained from Table 1 GNF

Soil Survey final report which lists a slop¢ range for eaci:t mai) unit. The highest, or most
limi;cing, value m the range, was selected to determine ‘sl.ope limitatidns. A “slight”
' limitation was assigried to slopes less than eight percent. A “moderate” 1imitation was
assigned to s}opes between eight and fifteen percent. A “severe” limitation was assigned
to sllopes greater than fifteen percent (Soil Survey Staff, 1993).

* Tnformation on the presence and amount of coarse fragments was ébtamed from
the representative pedon deécription in the GNF Soil Survey final report. The x}alue is &
weighted average to a 1 00 centimeter depth. The contribution of each horizon was

calculated with equation 1:
Eq1. [petcent coarse fragments in horizon] x [horii_on thickness (cm)/100 (cm)]

Values for each horizon to a 100 centimeter dépth were summed to produce the value
used to determine the septic system limitation for large stones. A “slight” limitation was
assigned to values less than twenty—ﬁve percent. A “moderate” limitation was assigned
to values between twenty-five and ﬁfty percent. A “severe” 1imitati01i was aésigned to

~ values greater than fifty vpercent.




Table 4. Field guide for determining relative permeability class based on a combination
of soil texture and structure, (after Exhibit 618-9, National Soil Survey Handbook Soil

Survey Staff, 1996).

Soil Structure .
Massive Blocky Single Grain
or or or
Texture " Platy Prismatic Weak Prismatic
¢, Sic, s¢ Very Slow Slow
Moderafely Slow"
cl, sicl, scl, sil, 1 Slow to
Moderate
: , Moderately Slow  Moderately Rapid,
sk, fl, vfsl to ' .. Rapid,
Moderate " Very Rapid
| Moderately Rapid,
Is, s, Ics, cls Rapid,
Very Rapid

" Table 5. Permeability values assigned to corresponding permeab111ty classes, (After
section 618.44b, National Soil Survey Handbook, Soil Survey Staff, 1996).

Permeability Class Permeability Value (cm/hr)
Very Rapid 51-254.
Rapid 15-51
Moderately Rapid 5-15
Moderate 2-5
Moderately Slow 0.5 -15 .
Slow 0.15-0.5
Very Slow 0.0038 -0.15

0.00 - 0.0038

Impermeable
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Calculating the Septic System Limitation

To reduce the chance for error in determining the septic system lﬁniﬁaﬁon for
each of the ninety-four GNF soil map units, a logic‘-based program was cénstrﬁcted
within Quattro Pro S.OTM spreadsheet to calculate the septic system limitati;)n for each
map unit. The program consists of a series of nested, logical, if/then functions. Figure 2
shows the spreadsheet results for map unit 12-1A. As entries were made in the “Value”
column the logical functions determined the corresponding septic system limitation,
“slight”, “moderate” or “severe”, for each of the nine soil properties. The program then
determined the most limiting restﬁction for the map unit and assigned a color to each
map unit corresponding to the septic system limitation for that restriction. Restrictions
range from mdst to least limiting in the following order: ﬂooding, bedrock,
ponding/wetness, slow perc, poor filter, slope and large stones. Map units possessing
multiple “severe” restrictions have the most limiting restﬁctipn.assigned to the map unit.
The assignéd colof was used to construct a septic system ﬁmitatiqn coverage with an
ArcView™ software program.

Equations 2 and 3 illustrate how the program works. Cell C4 contains equation 2
which determines the septic system limitation fof flooding

Eq.2. @IF(B4="none","slight",@IF(B4="rare","moderate","severe"))
In plain words this equation states,  if cell B4 contains the word “none”, pﬁt %he word
“slight” in cell C4; if not ﬁen if cell B4 céntains tile word “rare” put the word

“moderate” in cell C4, if not then put the word “severe” in cell C4.”
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B D
I Map Unit. 12-1A Map Unit Limitation, severe

Dystic Cryocrepts, Map Unit Color: brown w/diagonal lines

? loamy-skeletal, mixed. Most Limiting Restriction: slow perc
3 Property Value Limitation Restrictive Feature
4  Flooding none slight
5 Depth to bedrock (cm) 121.9 moderate
6 Depth to cemented pan (cm) >186 slight
Ponding - none
8 Depth to water table (cm) >186 slight
9 Permeability (cm/hr) 0.15 severe slow perc
10 Percent Slope 20 severe slope
11 Percent Coarse Fragments 50.5 severe large stones
12 Subsidence 0.0 none

Figure 2. Example of computer generated septic system interpretation for GNF map unit
12-1A. Note that restrictive features are listed only when the soil property rates “severe”.
Cell D4 contains equation 3. The output displays the restrictive feature for severe
flooding limitations.
Eq. 3. @IF(C4="severe”,"Flooding"," ")

In plain words this equation states, “if cell C4 contains the word “severe”, put the
word “flooding” in cell D4; if not leave cell D4 blank..” Similar equations were written
for the other cells in the program to determine the proper septic system suitability
limitation and the appropriate color assigned to each map unit. Septic system

interpretations for all GNF soil map units were calculated (Appendix A) based on data
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from the GNF soil survey (Appendix B). Results were compiled in a spreadsheet file and '
combined with the GNF ArcView™ attribute file for the GNF soil coverage. Finally, an
ArcView_TM coverage, based on the most limiting éeptic system restriction, was created

for GNF soils.

ArcView™ is a map display and query software program that can read Arc/Info™
coverages (maps) without modification and permits projection of spatially distributed
date;, It allows data to be examined and/or manipulated to answer questions and solve
problems, and also provides 'pn'nted maps anc{ graphics according to user specifications
(Baker, 1999). ArcView™ atiribute information can be linked to map covérages. Map
coverages can be classified and limitations assigned based on specific attribute \'/alﬁes.
Figure 3 is an example of an ArcView™ coverage illustrating the current septic system
interpretaﬁons for Gallatin LWQD. The coverage shows the “mostflimiﬁng” restriction
of each Gallatin Valley soil Iﬁap unit for on-site sewage disposal systems. This coverage
was dev\eloped by interpreting the 1998 USDA-NRCS soil survey of the Gallatin County

Area, Montana (Rolfes et. al, 1998).
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Legend

| | No Data
\ Slight Limitations
I Moderate Limitations

Severe Limitations
\ 1 Bedrock
Bedrock &Slope
. Flooding
{Ponding/Wetness
Ponding/Wetness & Slope
| Poor Filter
| Poor Filter & Slope
1Slope
I1Slow Perc
jSlow Perc &Slope

10 0 10 Kilometers

Figure 3. ArcViewl1Mcoverage illustrating the most limiting septic system restriction for
Gallatin Valley soils within Gallatin LWQD, Montana (after Rolfes et. al, 1998).
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Results and Discussion

The third order GNF soil survey contains the information required to determine
septic system limitations within the Gallatin LWQD. Figure 4 shows the ArcView™
coverage of the most limiting septic system restriction for each GNF soil map unit within
the Gallatin LWQD. All m'ﬁety—four GNF map units possess “severe” septic system
limitations. Of these, seventy-six are 'represegted in the Gallatin LWQD (Figure 5).
Shallow soils over bedrock and slow percolation rates account for the Ihajority of the
restrictions. Thirty-three GNF map units possess “severe” limitations for bedrock and -
thirty-two possess “severe” limitations because of slow percolation rates. The remaining
eleven map units possess “severe” limitations for fast percolation rates (5),
ponding/wetness (3), and flooding (3). Additionally, all GNF map units possess multiple

“severe” ljmitatiqns ranging from two to five restrictions (Appendix A). Visual
observation of the septic system limitation coveragé shows the limitations agree with
known field con.ditions. Soils located on valley bottoms along stream channels have
flooding restrictions while soils located on structurally controlled slopes and ridges have
bedrock restrictions.

GNF soils make-up two areas within the Gallatin LWQD, one in the northeast the
other in the south. The' northeast section of the LWQD is comprised of the Bridger and
Bangtail mountains. Map unitg in this area are dominated by soils with bedrock (grey
areas) and slow percolation (bro'wh areas) resfn'ctidns.

Bedrock geology of the Bangtail mountains consists of sedimentary units of the

‘Livingston Group. Soils are underlain by hard, ridge-forming sandstones and
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s Gallatin
Valley

Legend

I INo Data
| Slight Limitations
j 1 Moderate Limitations

Severe Limitations
| Bedrock
Y//I\ Bedrock &Slope
B Flooding
B Ponding/Wetness
Ponding/Wetness & Slope
B Poor Filter
1 Poor Filter & Slope
I1Slope
I1Slow Perc
j Slow Perc &Slope

10 0 10 Kilometers

Figure 4. ArcViewm coverage illustrating the most limiting septic system restriction for
GNF soils within Gallatin LWQD, Montana.
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50

W etness

Figure 5. Distribution of the most limiting septic system limitation for individual GNF
map units within 1) GNF boundaries and, 2) Gallatin LWQD boundaries.

conglomerates, and soft, swale-forming, fine-grained siltstone, mudstone, and shales
(Veseth and Montagne, 1980). Flard, resistant residual parent materials, like sandstone
and conglomerate, tend to form thin soils due to slower weathering rates and increased
slopes. Colluvial sandstone and conglomerate parent materials form deeper, coarse
textured, highly leached, and permeable soils. These soils generally have high
percolation restrictions (poor filter) and a “severe” septic limitation signified by red on

the limitation coverage. Soils derived from fine grained siltstone, mudstone and/or shale
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tend to be clayey, somewhat impermeable, little leached, and shallow (Buol and others,
1997). Map units .with~these soils have slow percolation restrictions- (slow perc) and a
“severe” séptic limitation signified by brown in the limitation coverage.

Bedrock geology of the Bridger mountaiﬁs within Gallatin LWQD consists of
Proterozoic sedimentary and metasedimentary rocks, Archean metamorphic gneiss, .
Paleozoic carbonates and shaleé, and Mesozoic sandstones and shales (Locke and
Lageson, 1989). Ridge-forming units are composed of the massive, Mésissippian age,
Mission Canyon and Lodgepoie limestones (Veseth and Montagne, 1980). Soils in this
section of the Bridger mounta_iné are developed from colluvial and residual parent
material derived from these rock types. Soil depth varies with landscape position
(concave versus convex slopes) from 0.10 meter to more than 1.5 meters (Davis and
Shovic, 1596). Thin soils are shallow to bedrock, signified By grey in tl;_xe limitation
coverage. Deeper soils are coarse grained, calcareous and permeable. Map units with.
these soils have high percolation restrictions (poor filter) and a “severe” septic limitation
siéniﬁed by red on the limitation coverage. |

GNF soils in the southern section of the LWQD are dominated by bedrock, sléw
“percolation, and to a lesser extent, fast percolation, pondinig/wetness, and flooding
restrictions. Septic restri’cti.ons coincide with landscape posiﬁpn, depth to bedrock, and
parent material composition. Bedrock geology varies throughout this area. Archean ‘
hi gh—gfade metamorphic rock, Paleozoic, Mesoibjc and Cenozoic sedimentary units are
found at various locations throughout the northern part of the region. Tertiary volcanics

of Cenozoic age cap these rocks in the southern part. Portions of this area have also been
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glaciated. Glacial processes .have formed cirques, peaks and ridges at higher élevatibns-
These geologic processes and various geologic units provide a range in the mineral
composition of the parent materials from Whicfl the soils are formed. Thi-s 1s reflected in
the contrasting septic system restrictions for the area.

Soils with a slow percolation restrictions (brown) are developed from residual
and colluvial parent materials of sedimentary and volcanic clomposition. Sedimentary
rocks include shale, mudétone, siltstone and sandstone. Volcanic rocks are dominantly
andesitic in composition. Soils derived from ;/olcanic parent material devélop into
noncalcareous loamy to silt and clay loam soils. These soils are moderatély permeable
.and contain a moderate to high percentage of coarse fragments (Veseth and M_é)ntagne_,
1980). Soils developed from tile fine grained sedimentargf roéi{s contain a moderate
amount of clay, are moderately permeable, and contain a low to moderate amount of
coarse fragments (Davis énd Shovic, 1996). Map units with these soils have slow
percolation restrictions (slow perc) and a “severe” septic limitation signified by brown on -
thg limitation coverage. Soils with a ponding/wetness restriction are developed from
similar parent materials but the limitation is govemed by the topograpﬁy in the map unit.

Three GNf map units in the southern section of the Gallatin LWQD ha;/e a
“severe” ponding/wetness limitation (green) for septic systems. Landélides have
produced a hummoéky landform in these map units with mounds and depressions. Ponds
and bogs are present in the depressions (Davis and Shovic, 1996). Soils in these map
units have slow percolatioﬁ tates and, toget’h'er. with depressional topography, result in a

“severe” limitation for septic systems signified by green on the limitation coverage.




28

Flooding potential is also determined by the landforms in a maf) unit. Flooding is
the least common restriction because x;\/aterways compﬁse 2 small percentage of the land
arca. Two GNF ﬁap units possess “severe” flooding limitations for septic systems.
Landforms in these map units are described ds terraces and ﬂ;)odpl_ains. Die to ﬁeir
proﬁmity to waterways, these soils aré subject to flooding after sustained precipitation
events (Davis and Shovic, 1986). Soﬂé in these map units possess a “severe” flooding
limitation for septic systems si‘gniﬁed by liéht blue on the limitation coverage. The
inaj ority of GNF soils located above the floodplain possess a “severe” bedrock _liLnitation
(grey) for septic systems. - | o

GNF soils with bedrock less than 1.8 meters from the soil surface hax'/e a “severe”
bedrock restriction for septic systems. Hard, resistani igneous, sedimentary and
" metamorphic rocks produce complex landforms. These map units contain between
twenty to eighty percent exposed bedrock with thin soils fd{med from colluvial and
residnal parent materials on steep, structurally controlled slopes (Davis and Shovic,
1984). Soils in thesé map units possess é ‘;severe” ﬁmi;cation for septic systems signified

by grey on the septic limitation coverage.
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. CHAPTER 3

ASSESSING THE VALIDITY OF THE GNF

SEPTIC SYSTEM INTERPRETATION

Introduction

Intefpretation of a soil for séptic system limitations d'oesl nof ijﬁply any level of
confidence in the assigned limitations. ~Po£entia1 users of the data should be aware of the
accuracy before any landuse and/or plannipg decisions are based on the data. Potential
users of this databaée include perspective homeowners, céunty éanitatiop personnel,
private consultants, engineers, and GNF persc;nnel.

Perspective homeqwneré can use this data to ascertain what soil problem; they |
may encounter on their property regérding on-site sewage disposal. Deparﬁnent of
Environmental Health pe‘fsonnei can use the data to provide preliminary information to
perspective homeowners.and/or developets regarfling the septic liﬁﬁtation of soils.
Private consuitants and engineers can use the data to provide breliminary eétinﬁates to
clients régarding septic.syste'm cost, design, a;tici modification based on septic limitations.

Forest Service perspnngl can use the data to evaluate the sﬁitabilityv'of lands for |
subdivision and potenﬁal land value . Additionally, the data base may help plénne,rs,
owners and developers recognize, and justify, the need f;)r a more detailed sc;il survey of

éparticular area. Information re‘garding‘ the validity of the data needs to be ascertained
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SO users of the information may be aware of the levél of accuracy and suitability of the
data for landuse and/or planning purposes. The border between Gallatin Valley and GNF
provides an oppor.tuni'ty to investigate the accuracy of the GNF data.

The border between Gallatin Valley and GNF represents an artificial, man-made,
boundary. Soil properties should not cilange abruptly across the boundary from Gallatin
Valley into GNF therefore, the septic systeﬁl restriction assigned to these border map
units shou}d be the same. Since the septic system restriction is not expected to change
across an artificial boundary, there should be a high perc.ent match between septic
interpretations of corresponding Gallatin Valley/GNF border map units. A complicating:
~ factor is that the Gallatin Valley/GNF border roughly parallels an eéological transition |
zone between the lower elevation Ga]]aﬁn Valley and the higher elevation and steeper
sloping soﬂs of GNF. This transition is marked by changes in four soil forming factors:
climate, biota, topography and parent materjal.i Therefore, GNF soils will have: 1.) in'gher
annual precipitation Iand lower mean annual temperaﬁlres,'Z) different faunajﬂora, 3)
increases in slope conip]e’xity and, 4) more bedrock dominated landforms. Changes to’
these four soil forming factors can produce .changes in the type of soil formed and the
resulting soil properties (Jenny, 1941; Buol and others, 1997; Brady and Weil, 1999).
Gallatin Valley/GNF border map units Har.e expected to share' shnila.f septic system
restrictions although, based on this ecological transition zone, and the potential change in
soil forming factors, the most limiting restriction could change across Gallatin
Valley/GNF border. The initial investigaﬁon focused on the most limitil_'lg restrictiéﬁ

assigned to each Gallatin Valley/GNF map unit. However, most Gallatin Valley/GNF




31

border map units possess two to four “severe” restrictions for sepﬁc systexﬁs. Each map
unit interpretation is.based on seven restrictions; flooding, bedrock, ponding, depth to
water, permeability, slope and large stones. Since each map unit is interpreted for seven
restrictiohs, and each restriction is raited for three limitations (“sh'ght”, “moderate”,
“severe”), ‘_‘severe” limitatione represent only a portion of the avaﬂah]e data. The most .
,comprehensive' 'methcci foh determining percent match would compare the complete
septic system interpretation for each restriction for each map umt instead of h'miﬁng the
study to only the most h'miting septic réstriction essigned to each map unit. For this
study we compared the most limiting septic restriction assigned to conesponding
- Gallatin Valley/GNF map units. Results, for:this method are presented in tﬁs study‘
‘ however, the compariécn produced no data for t'he fo]lowinglrestrictivons: pcndihg,
wetness (depth to water), pocr filter and large stones. -
Obj ecﬁve

The objectives of this part of the study are to: 1) determine how well the septic
hmltatlon for each restriction calculated for each GNF map unit matched the
ccrrespondlng septic limitation for each restriction assigned Gallatin Valley map units
along the Gallatin Valley/GNF border and 2) determine the likelihood that a given soil
property in the GNF soil survey, required to assess septic system lilnitations, can be used
‘to assess septic system limitatiohe. These objectives will be accomplished throhgh
analysis of the published data from the Gallatin Valley and GNF soil surveys along the

Gallatin Valley/GNF border and a field investigation of four sites.
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Percent Match for Most Limiting Septic Restriction

Thié part of the study determined how well the most limiting septic ‘rest‘riction, |

calculated for each GNF map unit, matched the most limiting septic restriction of

" corresponding Gallatin Valley map units. ‘Bach individual Gallatin Valley/GNF soil map

urfit has an assigned septic system interpretation based on the most limiting septic
restriction. Figure 6 illustrates the most limiting septic restriction of the soils within

Gallatin LWQD. This figure is a combination of figures 3 and 4.
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Figure 6. Most limiting septic restrictions for Gallatin Valley and GNF soils within

Gallatin LWQD. Note the many mis-matches between restrictions of border Gallatin
Valley/GNF map units.
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Methods |

I compared the most limiting septic system restriction aésigﬁed to ea;ch Gallatin
Valley map unit to the most limiting septic system restriction assigned to each
corresponding GNF map unit a‘loﬁg the Gallatin Valléy/GNF border. Due to different |
mapping scales of the two soil surveys, GNF mai).units are larger thén G@ﬂaﬁn Va]iey
map units. T!Jis fesults in multiple Gallatin Valley map units cor;esponding' toa single
GNF ma.p unit along the Gallatin Valley/GNF border. Because of this scenario the septic
interpretations of a single GNF map unit may be ‘compare'd with septic interprefations
from one or more Gallatin Valley map units. Itallied the number of m(;st liﬁliﬁng septic
restriction matches between corresponding Gallatin County/GNF l.border inép units. -A
pércent match was determined by dividing the total number of matches for éach
'restriction for all GNF ﬁap units, by the total number of occurrences in the
conesponhg Gallatin Valley map units. For example, the perc’ent match for bedrock
was callcu]'ated by dividing the total nulﬁber of matches in GNF (1), bj thg total number

of occurrences in Gallatin Valley (175) and then multiplying the quotient by 100.

Bedrock, [91/175] x 100 = 52 percent match
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Results and Discus;ion

There are 356 occurrences of Gallatin Valley map units along the Gallatin
Valley/GNF border. Results for the most limiting septic réstn'ction produced a 40
percent match between corresponding Gallatin Valley/GNF border map units. Percent
métch values for individual restrictions ranged from zero‘ for “moderate”, ponding, and
slopé, o 54 for bedrock (Table 6). These values are the result of a lack of data ratilér
than low agreement 1t‘)e‘cween corresponding Gallatin Valley/GNF map units. Thre_e

restrictions (moderate, ponding, and slope) have percent match values of zero. Two

Table 6. Percent match for individual soil restrictions based on frequency of match
between Gallatin Valley/GNF border map units.

Number of Occurrences Number of Corresponding Percent.
Restriction in Gallatin Valley - Matches in GNF- - Match
Moderate | 2 0 , 0
Flooding : 6 3 50
Bedrock ‘ - 184 ' | 100 - 54"
Pondiﬁg . 4 -0 | 0
Wetness . 0 0 NA
Permeability 107 39 36
Slope 53 , 0 0
Large Stones _ 0 ‘ 0 » NA

Totals 356 42 40
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.restrictions (wetness and large stones) do not even occur in Ga]latin Valley along the
Gallatin Valley/GNF border. Of the remaining three, moderate and ponding have two
and four occurrences each respectively. Only slope, with fifty-three occurrences, is a
result of low agreement. These results are the consequence of a metﬁodology
constrained to only the most limiting septic restriction data. In order to establish a -
reliable comparison for each restriction between corresponding Gallatin Valley/GNF
border map units, all limitation data (slight, moderate and severe) for each restriction, for

each map unit, must be evaluated.

Percent Match fof Individual Septic Restrictions

This part of the study determined how well individual éepﬁc systém restrictions,
calculated for each GNF map unit, matched septic system restrictions of corresponding
Gallatin Valley map units. Each individual Gallatin ValleY/GNF soil map unit has a
septic system interpretation based on seven restrictions; ﬂoodin\g, depth to bedrock,
ponding, wetness, pérmeaﬁility (slow perc and poor filter), élope and large stones (Table
1). A septic system limitation, (slight, moderate or severe), has been dete@ined for each .

restriction.
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Methods

I compared the complete septic system interpretation for individual resfr-ictions;
flooding, bedrock, ponding, Wetﬁess, penneabﬂit_y (slow perc and poor filter), slope aﬁd
large stones, from each Gallatin Valley map unit to the complete septic system
interpretation from.each corresponding GNF map unit along the Gallatin Valley/GNF
border. I tallied the number of matches for each restriction between corresponding
Gallatin County/GNF border map units. A percent match was determined by dividing the
total number of matches for c;,ach restriction (slight, moderate or severe) fO];' all GNF map
units, by the tot;él number of chances in the corresponding Gallatin Valley map units. For
example, the percent match for bedrock was calculéted By dividing the total number of
‘matches in GNF (156), by the total number~ of opportunities in Gallatin Valley (356) and

then multiplying the quotient by 100.
Bedrock, [156/356] x 100 = 44 percent match

Results and Discussion

. Results for all seven restrictions produced a 73 percent match between
corresponding Gallatin Valley/GNF border map units. Percent match values for
individual restrictions ranged from 32 for.large stones, to 96 for wetness (Table 7).

These results correspond with the more easily attainable above ground data.
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Table 7. Percent match for individual soil restrictions based on frequency of match
between Gallatin Valley/GNF border map units.

Number of Occurrences Number of Corresponding Percent
Soil Restriction in Gallatin Valley Matches in GNF Match
Flooding 356 313 88
Bedrock | 356 156 44
Ponding : 356 ‘ 338 95
Wetness 356. 343 96
Permeability ‘ 356 287 81
Slope 356 - 302 - 85
Large Stones 356 7 115 32
Totals 2555 . 1854 73 % Avg.

High correlation for flooding, ponding, and wetness are expected due to the

nature of the map units and the landforms within the Gallatin LWQD. Map units with a
“sgvere” flooding, ponding or wetness restriction cover a small portion of the study area
along the Géllatin Valley/GNF border (F igureé 7,8 and 9). These map units require the
presence of water either in’or on the soil. Map units located above the floodplain, and
away from springs and depressi;)ns, will not indicate any presence of water either in or
on the soil and possess a ‘_‘slighf.” limitation for these restrictions. These map units
account for the majority of the soils in the Gallatin LWQD and along the Gallatin
'Valley/GN_F border. Additionally, streams in the Gallatin LWQD run perpendicular to
the Gallatin Valley/GNF border. This produces similar limitations for flood restrictions

between corresponding Gallatin Valley/GNF border map units. The presence, or lack of,
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water in a map unit, combined with the perpeﬁdicular nature of the waterways and the
small areal extent of these map units, allows for a high degree of correlation for flooding,

ponding, and wetness.
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Figure 7. Flooding limitations for Gallatin Valley and GNF soils within the Gallatin
LWQD.
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10 0 10 Kilometers

Figure 8. Ponding limitations for Gallatin Valley and GNF soils within the Gallatin
LWQD.
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Figure 9. Wetness (depth to water) limitations for Gallatin Valley and GNF soils within
the Gallatin LWQD.
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Slope restrictions are also based on measurements above the soil surface.
Comparison of slope restriction data produced an 85 percent match between Gallatin
Valley and GNF border map units. This reﬁécts the .high slope v;alues present along the .
Gallatin Va}lley/GNF bordet. Gaillatin Valley map units are defined by four slope classes;

0104, 4 to 8, 8 to 15 and greater than 15 percent. GNF map units are defined by seven

slope classes; 0 to 10, 5 to 20, 10 to 20, 10 to 30, 10 to 45, 20 to 45, and 45 to 70 percent.

Gallatin Valley slope clasées have distinct Breaks with no overlap while GNF slope
classes cover broad ranges and have considerable dvgrlap. The higliest slope value ina
class s used to determine the limitation. “Severe” ﬁﬁlitations are assigned to slopes
greater than 15 percent (Soil Survey Staff, 1993). Six out of seven GNF slope classes
and one Gallatin Valley slope class have a severe limitation. Since the Gallatin
Valley/GNF border deﬁﬁes an area of increasing slope values, and the majority of GNF
mép units have a severe slope restriction (Figure 10), the percent match for slope
Testrictions is expected to be high between corresponding Gallatin Valley and GNF
border map units. GINF slope classes 10 to 20, 10 to 30, and 10 to 45 percent encompass
both “moderate” and “severe” slope limitations, and slope class 0 t010 percent
encompasses “slight” and “moderate” slope limitations. G.NF'map units require this
wide range of slope values within a class because GNF map units cover large areas.
While several GNf border map units contain multiple limitation slope classes, the
highest slope value is used to determine the limitation. This may account for some of the

 mismatch along the border:
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Figure 10. Slope limitations for Gallatin Valley and GNF soils within the Gallatin
LWQD.
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Limitations for bedrock are based on a range in subsurface soil data with similar
- variability. Percent matcﬁ based on bedrock restri(;tion daté is 44. This reflects the

| range in GNF bedrock values and the difficulty involved in prediéﬁng/estimaﬁpg a

‘ ‘subsurface' feature. The majority of the “rﬁoderate” and “severe” Umitaﬁons fof bedrock
within the Gallatin LWQD occur in GNF soils (Figure'11). The GNF soil survey inte;im
draft report defines thirteen ranges for depth. to bed;qck. Two ranges result in a “severe”
limitéﬁon, six in a “moderate” limitation and five in a “slight” limitation. Seven ranges
encompass “slight” and “moderate™ limitations and one encompasses all thrge limitations
.for bedrock. The lo.west/shal'lowest value in the range is used to determine the ﬁmitatioﬁ
for bedrock. The large size of GNF map units necessitates a large range in depth to
bedrock values in order to a&equ_ately describe the soils within the map unit. Most of
Gallatin Valley is underlain by deép alluvial deposits which.produce a “slight” bedrock
limitation. These alluvial deposits thin towards the éurrounding mountains which define
the Gallatin Valley/GNF border. “Moderate” and “severe” bedrock limitatiors do oqcxin
in Gallatin Valley border map units however, the majority exhibit a poor'relationship

between corresponding bedrock restrictions.
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Figure 11. Bedrock limitations for Gallatin Valley and GNF soils within the Gallatin
LWQD.
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Permeabilify restrictions exhibit a greater correlation between corresponding
Gallatin Vaﬂéy/ GNF border map. units. Permeabﬂity réstrictioﬁs produced an 8i percent
match between corresponding Gallatin Valley/GNF border map units. This is a result of
the high correlation for élow permeabih'ty restrictions along the Gallatin Valley/GNF .
border (Figure 12). “Severe” permeability limitations are based on fést and slow
permeability values. The majority of soils within Gallatin LWQD exhibit a “severe”
permeability limitation for slow percolationv and form a seamless boundary between
corresponding Gallatin Valley/GNF border map units. A significant portion of the
Gallatin LWQD also shows a “severe” permeability limitation for fast per-colation
(Figure 13) however, the boundary is defined by “severe” permeability limitations in
GNF soils and “slight’; permeability limitations in Gallatin Va'jllley‘ soils. A considerable
number of soil.s within the Gallatin LWQD conta.in dual “seyere” permeability
limitations (slow perc and poor filter). This reflects the high number of associationé and
coﬁplexes within Gallatin Valley and GNF map units. GNF map units contain soil
complexes., associations and a few consociations. Most are mapped at the family level of
takonomy with a few mapped at higher levels (Davis and Shovic, 1996). Gallatin Valley‘
ﬁap units contain soil complexes, associations and c,oqsociations mapped at the series |
level of taxonomy. Associations and complexes are map units that contain two or more
soil components that may possess different soil properties (Soil Survey Staff, 1993).

This results in contrasting interpretations within the same map unit.
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Figure 12. Slow permeability limitations for Gallatin Valley and GNF soils within the
Gallatin LWQD.
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Figure 13. Fast permeability limitations for Gallatin Valley and GNF soils within the
Gallatin LWQD.
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Severe limitations for large stones are more common in GNF soils than Gallatin |

' Valley soils. Gallatin Valley/ GNF border map units produced a 32 percent match for
large stoné restrictions. “Severe” limitations are assigned to soils that contain more than
50 perceﬁf large stones (greater than 76 mm) on a weighted avcragé to a 1 m depth.
‘Stones of this size and amount generally occur in highe’r elevation, bedrock controlled
lahdécapes. These areas are more common in GNF than Gallatin 'Valley.‘ Stones of this-.
size are found throughout Gallatin Valley but not in a quantit'.y to warrant a “severe”
limitation. Except for a few IOCE'IﬁOHS in Gallatin Valley along the western side of the
Bridger mountains, “severe” limitatidns for large étones are found only on the flanks of .
the Bridger and Hyalite mouﬁtains in GNF (Figure 14). The Gallatin Valley/GNF border
is defined b3./ a series of ﬁis—matches for la;y_rge stone restrictions. “Severe” limitations
occur in GNF and “sliéht” limitations in Gallatin Valley, except along the bordér in the
northeast and east central portioﬁs of the LWQD defined by “slight” limitations on both

sides of the bordei.
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Figure 14. Large stone limitations for Gallatin Valley and GNF soils within the Gallatin
LWQD.
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Percent Match for GNF' Border Map Units Based on the Weighted Average Calculation

This part‘ of the study compared thé percent match between Gallatin Valley/GNF
border map units based on; i) the percent match between septic system int'erpretations
ahd, 2) the percent linear length composition’ that border Gallatin Valley map units
comprise in corresponding GNF map um'ts‘. The second order Gallatin Valley soil survey
is a larger scale soil survey than the third order GNF soil survey (1:24,000 vs 1:63,360).

A; larger- scale allows for smaller map unit de]iﬁeations. This results in multiple Gallatin .
- Valley map units describing soils covered by a single GNF map unit. These multiple

m;ap units may contain contrasting septic system interpretations within a single GNF map

| unit. This situation is present along tﬁe Gallatin Valley/GNF border. F01,' ﬂﬁs reason, [
weighted ea}ch Gallatin Valley map unit according to its percent linear composition
within its corresponding.GNF map unit. Percent match results showed high correlation
between corresponding Gallatin Vallejz/GNF border map units. Siﬁce multiple Gallatin

. Valley map units, with cbntrasting septic System interpretations, are required to describe

a single GNF map unit, percent match values between corresponding Gallatin
Valley/GNF b.order map units should be weighted. Result; are expected to adjust percent |
match values and produce a refined interpretation of the relationship between

corresponding Gallatin Valley/GNF border map units.
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Methods

Each GNF map unit along the Gallatin Valley/GNF border was assessed to
determine the percent match with the corresponding Gallatin Valley map unit. Gallatin
Valley map units were weighted according to: 1) the linear length composition that the
Gallatin Valley ‘map unit makes up in a corresponding GNF map unit and, 2) the septic;
system interpretation percent match between corresponding Gallatin Valley/GNF border
map ﬁnits. This method assumes the septic interpretations of Gallatin Valley map units
are correct because it is a more detailed and larger scale soil survey designed to be
interpreted for on-site sewage dispdsal systems.

Gallatin Valley and GNF soil surveys were mapped by different individuals. No
two indiv.iduals draw a boundary on a map exactly the samé. Since the two surveys were
mapped By djffe;rent individuals, map unit boundaries along the Gallatin 'Valley/GNF
border do not always h'ne—ﬁp. For fhis reason I used the adjusted ArcView™ coverages
that resolved this probiem and provided continuity between border map unit boundaries.

The Gallatin Valley/GNF ArcView™ coverage files were (iownloaded into an
Arc‘\fiewlfl‘.’I software program. Linear length .mea‘surements for each Gallatin Valiey and
GNF map unit Were measured on-screen with the linear measuring tool provided in the
software.

Percent match values were calculated by comparing the septic éystem limitat_ibns
for each soil restriction between corresiaonding Gallatin Vglley/GNF map units. This |

method was applied to each Gallatin Valley/GNF border map unit.
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Figure 15 illustrates an area along the Gallatin Valley/GNF border. At this
location GNF map unit 64-2A corrésponds with three Gallatin Valley map units; 294D,
814D, and 294E. The linear distance between ﬁoints A -Eis equal to 1000 m énd

represents the total linear length for GNF map unit 64-2A. The linear distance for each

. Gallatin Valley map unit is: (A-B) = 70 m, (B-C) =420 m, (C-D) = 120 m, and (D-E) =

390 m.- The linear composition for each corresponding Gallatin Valley map unit is:
294 (A-B) + (D-E) =70 m + 390 m = 460 m |
294D (B-C) =420 m
814D (C-D)=120m
The linear length proportion for each Gallatin Valley map unit is:
* 294F (A-B) + (D-E) = [460 m/1000.0 m] = 0.46
294D (B-C) = f420 m/1000.0 m] = 0.42
814D (C-D)'.-—‘ [120 m/1000.0 m} =0.12
| Each map unit contains a septic system interéretation for seven restrictions:
flooding, bedrock, pondjng, wetness, permeability, slope and large stones (Table 8).
Permeability may rate “severe” for fast (poor ﬁlte'r) or slow (slow perc) permeability
values. The septic syétem interpretations for GNF map unit 64-2A matched four septic -
system interpretations for Gallaﬁn County map units 294D and 814D (pondingg wetness,
permeébility and slope) and three septic system interpretations for Gallatin Valley map
unit 2§4E (ponding, wetness and permgability). The prloportion for e;ach map unit based

on a total of seven restrictions is:
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Limitations
| Bedrock
0 # Bedrock &Slope
3 Flooding
I PondingAAZetness
Slow Perc & Slope

Figure 15. Intersection along the Gallatin Valley/GNF border between Gallatin Valley
map units 294E, 294D and 8MD and GNF map unit 64-2A.
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294E (3/7)=0.43

294D (4/7)=0.57

814D (4/7)=0.57
The éontribuﬁon for each map' unit is determined by multiplying the linear length
proportion by the corresponding septic system ‘interpretation proportion. The
~ contribution for each map unit is:
294E, [0.46 x 0.43}1=0.20
294D, [0.42x 0.57] =0.24

814D, [0.12 x 0.57] =0.07

Table 8. Septic system interpretations for Gallatin Valley map units 294D, 294E, 814D
and GNF map umt 64-2A.

GNF " Gallatin Valley
64-2A 294D - 294 814D
‘Restriction 4 ' | . Limitations
Flooding severe  slight. . slight = slight
Bedrock slight - E sevére 'severe . severe
Ponding none none none none
Wetness s'nght slight | slight slight
' Permeability .  slow perc “slow perc slow perc - slow perc
Slope moderate moderate | severe modérate

‘ Large Stones moderate slight - slight slight
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The total contribution for ﬂ;is occurrence of GNF map ﬁnit 64-2A is:
[0.20 +0.24 + 0.07]=0.51
The total adjusted contribution of the original. 1000 m linear length is:
[0.51 x 1000 m] =510 m
This represents a 5.10 meter contribution from the original 1000 meters for this
one occurrence of GNF map unit 64-2A. This calculation was performed for all Galiatin_

Valley/GNF border map units.
Results and Discussion

Thirty-three GNF an(i ninety-two Gallatin .’Va]ley soil mapping units define the
Galla:tin Valley/GNF border. Multiple occurrences of these map units along the border
resqlt in a total of 356 Gallatin Valley and 170 GNF map units. Overall agreement
between border Gallatin Valley/GNF map units increased from 73 to 75 percent using the
weighted average calculation (Table 9.). These results indicatq a high level of 'agreement.
between septic system interpretations of corresponding Gallat_in Valley/GNF border map
units. Percent match values for individual GNF map units varies from 52 to 100 percent "
based on the weighted average calculation (Table 10). Fourteen GNF border map units
' have percent match values > 80 percent and four of five GNF map units with ten or more
occurrences have percent match values greater than 72 percent. Map units 71-1D and
87-2C have 100 percent matcil with their corresponding Gallatin Valley map units.

Although these are baséd on one and two occurrences respectively, the 87-2C result is
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Table 9. Adjusted border length based on percent match values using the weighted
average calculation.

Gallatin Valley/GNF Borﬁgr Lengt

_ Percent
Initial (km) " Adjusted (km) Match

133.5 160.6 75

Table 10. GNF border map units, number of occurrences and percent match results

based on the weighted average calculation.

Map Unit n Percent Match Map Uhit n Percent Match
46-1B 2 70 I 84-2B 5 72
54-1A 22 84 85-2A 6 76
54-1B 3 84 || 8s2B 10 79
54.1C 15 T2 1 - 853a 10 73
54-1G 5 66 * 85-3B 8 74
54-2B 3 85 1 8624 2 87
542C . 5 n I 862C 6 77
542D 4 65 | 862D 4 68
54-2F 1 72 86-3B 1 86
64-2A 6 53 86-3C 2 86
64-2C 14 52 N 87-1B 2 83
66-1A 1 71 87-2A 3 80
71-1A 5 65 | s872B 5 83
71-1D 1 100 87-2C 2 100
71-1E 4 88 87-2D 3 85

. 822B 5 80 918 1 71
84-1A 3 74 :
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significant 1b.ecause it shows repeatability. Three different Gallatin Valley mép units
make up eaph occurrence of GNF map unit 87-2C. ThlS suggests that although GNF map
units cover a brqader area than Gallatin Valley map units, some GNE map units may

accurately represent the variability found within the map unit.

Field Investigation

An uﬂderlying assumption in this study is that the Gallatin Valley soil survey
more accurately reflects soil conditions. along the Gallatin Valley/GNF border than the
GNF soil survey. Gallatin Valley soil survey is a lower order, and therefore, a larger
scale and more detailed soil survey than the higher order GNF soil survey. H;)wever,
sincé‘ the border between the two surveys rogghly‘ defines an ecological transition zone,
Gallatin Valley map units may.not adequately fep;esent the soils across the Gallatin
Valley/GNF border. R(;ugh_lyone third of the most limiting septic system restrictions
b:étween Gallatin Valley/GNF border map units do not match (Figure 6). Since Gallatin
Valley/GNF border map units contain contradicting septic system interpretations across
an artificial boundary, each suivey must be exami'ned to determine if one is more
representative of soil conditions along the Gallatin Valley/GNF border. A field
investigation at four sites along the Gallatin Valley/GNF -provided the data t(; address this

problem. |
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Methods

Gallatin Valley/GNF Border

Four sites along the Gallatin Va]ley/GNF border were selected for field
investigation of the septic system limitation. S'ite selection was based on the following
criteria: 1) the septic system limitation of corresponding Gallatin Valley/GNF bordér .map
units must be different and, 2) permissién to access the sites on private property must be
attainable. 1F.igure 16 shows the location of Stone Creek, Ols'ori Creek, Bridger and
i—Iodgman Canyon field sites. Appeﬁdii C contains a detailed descriptic;n for each field |
site. Six soil pits were dug at eacﬁ site, three each in Gallatin Valley and:GNF map units.
Sites within .each map unit were randomly selected within a 100 m distance of the |
Gallatin Valley/GNF border and 10 m from any human disturbance such as ands or
trails. Each soil pit was dug to a deptﬁ of 1.8 meters or bedrock/cemented pan,
whicﬁever occurred first. The following information was collected at each site:

1. Depth to bedrock, cemented pan and water table, where measurable.

2. Presence and depth to redoximorphic features.

| 3. Percent slopé.

4, Perqent coarse fragments >76 mm, on a volume basis, for each horizon to a |

1.0 m depth. |

5. Soil texture and structure for each horizon between 0.6 - 1.5 m,

6. La:hdform‘type and landscape position.

7. Presence of hydrophytic vegetation.
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Figure 16. Location of Stone Creek (A), Olson Creek (B), Bridger (C) and Hodgman
Canyon (D) field sites within the Gallatin LWQD.
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Depth to bedrock and cemented pan were measured from the top of the surface
mineral horizon to the top of bedrock/cemented pan. Depth to water table was measﬁred
from the top of the surface mineral horizon to the top of free water in the soil pit. Depth
to water table, when not evideht, was inferred by the presence of redoximorphic featﬁres’
in the soil profile (Simonson and Boersma, 1972; Vepraskas and others, 1974; Bouma,
1983; Franzmeier and others, 1983; Vepraskas and Wilding, 1983; Pickering and
Veneman, 1984; Vepraskas, 1996). |

Estimates of a soil’s susceptibility to bondjng were made accordiﬁg to Part
618.46 of the National Soil Survey Har‘ldbook.. Ponding potential for each soil pit was |
evaluated on a binary (+/-) basis baééd on landform, soil and vegetation data. Landform
features subject to ponding include closed drainage éystems, potholes and backéwax‘nps
(Soil Survey Staff, 1993). Soil pr'opefﬁes indicative of ponding include: 1)-a dark surface
hgrizon overlying a gleyed subsoil, 2) many prominent Iedoyﬁmorphic feature)s with low
value and chroma, 3) capillary transport and concentraﬁoné of carbonates and sulfates, or
both, in the upper soil horizons, and 4) dark colors and high levels of organ'ic matter
throughout the profile or any combination of thése features. | Vegetation common to
ponded areas include facultative hydrophytes su‘<x:h as willows and sedges (Soil Survey
Staff, 1993).

Soil texture samples were collected from each horizon between a 0.6 - 1.5 meter
hdepth and the accompanﬁng soil structure recorded. Texture samples were weighed and
oven dried until éample weight remained constant. Particle sizé ;nalysis as outlined by

Gee and Bauder (1979), was performed on each sample to obtain the USDA soil textural
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class. Soil permeability classes were assigned to each horizon based on the USDA-
NRCS field guide for determining relative permeability (Table 4). Permeability values
corresponding to peﬁneabﬂity classes were assigned based on section 618.44b of the
USDA-NRCS National Soil Survey Manual. Séction 6 18.44b assigns a permeability
range to each permeability class (Table 5). “Sevére” permeability restrictions occur
above 15.0 (cm/hr) aﬁd below 1.5 (cov/hr). The most limiting value in the range was
used to calculate the septic System limitaﬁon for pen;leability. For example, the
moderate permeability class has values that range from 1.5 - 5.1 (cm/hx). The most
limiting value in this range is 1.5 (cm/hr) and results in a “severe” Limitation for septic}
systems due to a slow pérmeabﬂity (slow perc). Conversely, the moderately rapid
permeability class has values that range from 5.1 - 15.2 (cm/hr). The most limiting value
in this range is 15.2 (cﬁl/hr) and results in a “severe” limitation for septic syste;nsldue to
a high penneabilify value (poor filter). |

Percent slope was measured using the‘ inclinometer in a Silva Ranger compass.
Two slope measurements were taken at each soil pit, one upslope and one downslope of
the soil pit. The two values were averaged to determim; the selﬁtic system limitation fér
percent slope.

Percent coarse fragments > 76 mm were estimated in the field on a volume basis |
for each horizon to a 1.0 meter depth. The volume figure was converted to a percent by
weight using USDA-NRCS Conversion T abie 618-11 (Table 11). | The weiéhted average
value for each horizon to a 1.0 meter depth was calculated to determine the septic system

limitation for large stones as described earlier.
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Table 11 Percent by weight conversion based on percent by Volume after USDA-NRCS
cxhibit 618-11 (Soﬂ Survey Staff 1993).

Percent by Volume Percent by Welght Percent by Volume Percent by Weight
'3 5 35. : 50
7 : 10 ‘ 40 55.
10 15 ‘ 45 60
13 20 50 65
16 25 -56 ‘ | 70
20 30 | 62 75
23 35 68 80
27 0 7% g
31 ' 45 | 80 . 90
Proportions

To dei.:ermine how well a gi{/en soil property 111 either soil survey will reflect true
 field conditions T compared the septic system interpretations from twenty-four soil pits to
- . the septic system interpretation assigned to the soil map ﬁnit from the conespondjng
Gallatin Valley and GNF soil surveys. Field data for each restriction was compared to .
the published data from Gallatin Valley and GNF soﬂ surveys. Field data was then
separated into Gallatin Valley and GNF data sets and compared to data from each survey.
A proportion, p, was calculated for each restriction based on the number of matches with
'béth Gallatin Valley and GNF soil surveys. For example, nineteen of twenty—f;)ur ﬁeld
permeability values matched the conespondiﬁg values in the GNF soil survey‘. The '

proportion, p, based on this comparison is; p = 0.79.
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Results and Discussion

All twenty-four soil pits from four field sites rated “severe” for on-site sféwage
-' disposal (Table12). Additiona;ﬂly, all but three p'os‘sess multiple “severe” restrictions. ..
Results show the éssigned sei)ﬁc restriction baséd on field data has beﬁer agnf:ément W1th
GNF data than Gallatin Valley data. Assigned septic restrictions from seventeen soil pits
agreed With GNF data while only fom.agreed with Gallatin Valley data. This produced a
71 percent match with GN_F data and a 17 percent match with Gallatin Valley data.
Appendix D lists the value and ﬁmitation for each restriction for all twenty-four soil pits.
Proportion values for each resp*iction vary based en comparison with Gallatin
Valley and GNF soil survey data (Table 13.). Overall propc;rtions are greatest When the
field data is combined and compared to .G‘NF surqu data, p=0.77vsp= .0.65 . Figure
17 1llustrates the percent match of the coﬁlbined field data with Gallatin Valley aqd GNF
survey. data for each restriction. There is high agreement between field data and data
from both surveys fo‘r ﬂooding,. ponding and wetness. This reflects more on what is not
‘present than what is present. Sixty-three of seventy-two field data results .for flooding,
ponding and wetness produced “slight” limitations. Field data for ponding shows one-
hundred percent agreement, p= 1.00, with data from both soil surveys. Ponding
limitations are based on a binary, (+/-j, basis, the soil either ponds or it does not. All
twenty;four soil pits exhibited no potential to pond resulﬁng in a “slight™limitation for

ponding. Similar results were produced for 'ﬂooding and wetness:
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Table 12. Most limiting septic system interpretation for twenty-four field soil pits based
on field, Gallatin Valley, and GNF data. Pits A-C represent GNF field 1ocat10ns pits D-E
" represent Gallatin Valley field locations.

Location .+ Most leltmg Septic System Interpretatlon
Site Pit Field Data Gallatin Valley Data GNF Data
A slow perc ponding/wetness flooding
B slow perc ponding/wetness : flooding .
Stone C slow perc . ponding/wetness flooding
Creck D flooding ~ ponding/wetness flooding
' E flooding ponding/wetness _ flooding -
'F "flooding ' ponding/wetness ‘ flooding
A slow perc | " bedrock Slow perc
B bedrock bedrock ‘ slow perc
Olson C bedrock , bedrock slow perc
Creek D - slow perc . bedrock ‘ slow berc
E bedrock " bedrock slow perc
F slo§v perc . - bedrock : elow perc -
A slow perc T bedrock . slowperc
B slow perc bedrock slow perc
o C slow perc ~ bedrock slow perc
Bridger D slow perc bedrock . slow perc
E bedrocf{ bedrock  slow perc
F slow perc bedrock ' slow perc
A bedrock . slow perc “bedrock
B bedrock = slow i)erc | bedrock
Hodgman ©C bedrock ‘. slow perc ‘ bedrock
Canyon D bedrock slow perc bedrock
E bedrock slow perc bedrock
F

bedrock slow perc - bedrock
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Table 13. Proportion values for individual restrictions based on companson of field data
with corresponding Gallatin Valley and GNF soil survey data. . Twenty-four possible
matches for each restriction at each field site except where noted. One hundred and
sixty-three total possible matches.

Number of Matches with: - Proportion @) based on:

Gallatin Vally = GNF ' Gallatin Valley  GNF

Restriction Soil Survey Soil Survey Soil Survey Soil Survey
Flooding 18 20 075 0.88
Bedrock 10 14 0.42 - 0.58
Ponding ou 2% 1,00 " 1,00
Wetness 21 2 088 0.8
Permeability * 12 14 0.63 0.74
Slope 15 5. 063 0.63
Large Stones » 6 o 10 0.25. . 0.42

Total . 106 119 0.65 0.73
* Results based on nineteen observations. '
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25

Figure 17. Number of matches for each restriction based on a comparison of the
complete septic system interpretation from twenty-four field sites with the corresponding
septic system interpretation from both Gallatin Valley and GNF soil surveys.
Permeability results are based on nineteen observations.
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Field data for bedrock is more cdmparable with GNF than Gallatin Valley data
but values are 10v(rer, p=0.58 vs. 0.42. Bedrock field data resulted in ten f‘severe”, two
“moderate™, and ﬁelve “slight” limitations. These results reflect the high variability of
depth to bedrock within ﬁlap units. Depth to bedrock at the Olson Creek and Bridger
field sites variled from less thanrl.O m to more than 1.8 m. Shallow bédrock prohibited
the collection of a soil éample for permeability analysis at five field sites; Olson Creek
sites C and E, Hodgman Canyon sites D and E, and4l.3ridger site E.

Field data results for permeability produced “severe” limitations for all soil pits.
All but one “severe” permeability limitation was the result of slow percolation rates.
?roportion values based on field permeability data showed better agreement with GNF
data than Gallatin Valley data, p = 0.74 vs. p = 0.63. These results reflect two |
conditions; 1) the shallow depth to Eedrock present along the border, and 2) the high
number of soils with slow permeability restrictions. Field data also reflected the steep
terrain along the border.

Field data results for slope produced eighteen “severe”, two “moderate” and four
‘;slight” slope limitations. Proportion values based on field results showed equal :
agreement with both surveys, p = 0.63. High variability within GNF slope c‘las;es that
span multiple limitations may account for the low éonelaﬁon based on GNF data. ".['he
data suggests that Gallatin Valley slope classes, used to determine slope limitations, are
not site specific. |

Field data for large stoges did not show a strong correlation with either survey.

However, the correlation with GNF data is stronger than with Gallatin Valley data, p =
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0.42 and 0.25 respectively.
Summary | :
This ﬁudy investigated the feasibility of obtajning septic system interpretatioﬂs
from a third order soil survey. The research focusgd on GNF soils along the Gallatin
Valley/GNF border within the Gallatin LWQD. Users of this dai;abase should be cautiogs
about extending results obtained along the border into other areas of Gallatin LWQD and
especially into other areas of GNF. GﬁF map units within Gallatjn LWQD represent
eighty percent of the all GNF map units, however only thirty-five percent of GNF map
u{n'ts are represented along the Gallatin Valley/GNF border. Figure 18 illustrates the
frequency distribution of the most limitihg septic restriction for GNF soils in these three
situations. |
While results from this research show GNF soil survey data can provide
information regarding septic system limitations of GNF soils, results also show the
survey was not designed for septic systerﬁ interpretations. This is Iﬁost obvious in field
data results for be&ock and slope. A survey designed f'or éeptic system interpretaﬁons
will define map units that contain appropriate slope classes and bedrock information for
sepﬁc systerﬁ interpretation. Field data results for bedrock and slope exploited these
deficiencies in the GNF database. This does not- however, diminish the ability of the
GNF soil survey to provide prelﬁninary informatiog regarding the septic limitations of
GNF soils. Even the second order Gallatiﬁ Valley soil s_urvéy is not capable of pfovidin’g |

site specific soil information.
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50

Wethess

Figure 18. Frequency distribution of the most limiting septic interpretation for GNF
map units; 1) within GNF, 2) within Gallatin LWQD and, 3) along the Gallatin
Valley/GNF border.

“While broad-scale planning and policy
deliberations/decisions may appropriately be made by
consulting a soil survey report, many intensive land uses may
require collection of additional information through onsite
investigations, possibly including highly detailed soil
mapping, to improve precision in knowledge of soils in the
landscape of concern. What are some examples of intensive
land uses that might require onsite investigations of soils?
Septic system siting would be one.”

R. B. Brown, 1991.
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. CHAPTER 4
SOURCES OF ERROR

Database Errors

In order to make the comparisons in this study the Gallatin Valley soil survey was
assumed to be “accurate.” In actuaiity, all soil surveys contain errors due to the methods
employed in making soil surveys (Powell-arid Springer, 1565; Beckett and Webster,
1971; Bie and Beckett, 1971; Amos and Whitesiae, 1975; Schelientrager, 1990; Brown,
1991; Rogowski and Wolf, 1994;). Soill scientists directly examine less than one percent
of the soil below the surface (Hudson, 1980; Hudson, 1990). |

Each Gallatin Valley and GNF soil mapping unit is based on soil descriptions
from other locations within the $urvey area.‘. DescriptiOns of a typical pedon
characterized in one area o‘f the survey, along Wlth the data used to make interptqtaﬁefﬂ@, o
are transferred to soils in other areas of the survey. “The assignment of a taxonomic
name to a map unit merély means that we expect most locations within it to meet the
criteria of that taxon,” (Holmgren, 1988). The transfer of mnformation from one location
to another is a major source of inaccuracy in soil surveys (Nettleton et.al., 1991; Yost et.
al., 1991; Rogowski and Wolf, 1994). |

This study compared soils along the borders of both survey areas. Some
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Gallatin Valley/GNF border map units may contain soils not described by tﬁe mapping
unit. Typical pedons are gen;:rally described at interior lo'c.ations away from survey ‘
borders. Soil series names may have been applied ico soils V\}l'ﬂ’l similar profile .
morpholo gies which occur on different landforms and/or parent material (Swanéon,
1990). The; pedons which 'borde'r Gallatin Valley/GNF map unit‘properties are based,
may not accurately represent the goils along the border.‘ Additionally, map uﬁits are
- assumed to be pure bodies containing only the described soils. Research has; shown
some mapp.ing units to be ohly fifty percent pure (Beckett and Webster, 1971).

Map unit boundarieé in both surveys are assumed to define abrupt changeé.

between homogenous soils (White, E. M. 1966.). Adjacent soils tend to b¢ similar and

boundaries between them indistinct and gradual (Wang, 1982; Hudson, 1990).

- Measurement Error

Length ﬁgures used in the weighted average calculation were _méasured ona
computer generated image with Ithe use of the measurement tool within a software
program. ‘This assumes the process which produced the 'image is free of error. These
images aré genefally digitized. Digitization is a multiple task r;llanual process susceptible |

to mistakes.
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CHAPTER 5
CONCLUSIONS '

Results from this reséarch show the third ofder GNF soil survéy contains the data
to provide sepﬁc intef:pretations of GNF soils within Gallatin LWQD. ’fhere 1sa séventy—
five percernt »me_ltch of the septic interpretations between bordér Gallatin Valley/GNF soil
map units. This suggests that. septic inter.pretatidns from the third order GNF soil survey |
are comparable to septic interpretations from the second order Gallatin Valley soil
survey.

GNF results for individual restrictions are highly variable and reﬂec_t a map unit
- design not intended_fqr septic interpretations. 'Restrictionfs with high percent match
values are dominated by “slight” limitation aata. While these results maﬁ not indicate
the abil;:ty of the third order GNF soil survey to accurately as:sess actual field condit_ions
for théée restrictioné, the GNF soil survey elqualegl c')r excee&ed results from the second. |
order Gallatin Vglléy soil survey when tested under field conditions along the Gg]latin
Valley/GNF border. | |

. GNF soil map units contain multiple “severe” restrictioné for on-site sewage
disposal. This compels the need for on.-"site' investigations of proposed deyglt;pmenté in

rural areas of Gallatin LWQD. The purpose of every soil survey is to ;irovide the most
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accurate .infonna‘pion .possible to the public. To this end we must be tenacious in our
quest to update the database as information becomes available. This research extends the
usefulness of the GNF soil survey‘and provides preliminary septic interpretations to
Gallatin LWQD officials planning rural subdivisions. Weighted average calculations
produced high agreement b,etween- border Gallatin Vall'ey/GNF map units. These results
suggest that the methodology may be transferrable to other regions in the Rocky
Mountain West were urban sprawl necessitates the need for septic interpretations from
third order soil surveys.

| Fufther Research '

The GNF soil survey includes portions of Gallaﬁl_l, Madison, Meagher, Pérk, and -
Sweetgrass Counties.. This provides the opﬁortunity to test the methods and resuits used
in this stqdy in four other locations. Results from tﬁese fufure investigations will lend
new insight into the validity of 1) the methods used in this investigation and 2) obtaining
septic interpretations from a third order soil survey.

Another ar;aa of investigation could explore the feasibility of using Digital
Elex./ation Models (DEM) to further refine the slope classes used in GNF map units. 'fhis
may result in better égreenient between border map units.and also increase the

confidence of the slope limitation data.




76

APPENDICES -




77

APPENDIX A &

SEPTIC LIMITATIONS FOR EACH GNF MAP UNIT -

WITHIN THE GALLATIN LWQD
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*

Restriction and Rating

Large

Map %
Unit Flooding Bedrock Ponding Wetness - Permeability Slope Stones
slight slight none slight . slow perc moderate  severe
46-1B : |
slight slight none slight slow perc moderate moderate
slight _ severe none _ slight ‘ pod_r filter severe severe
54-1A ‘ »
slight severe none slight slow perc severe  moderate
slight _severe none slight poor filter severe severe
54-1B ,
slight severe none slight "poor filter severe  moderate
54-1C slight severe none stight poor filtet severe severe
54-1G slight severe - none slight. poor filter severe  severe
' - slight severe none slight slow perc severe severe
54-2B
slight severe none slight slow perc severe  moderate
54-2C slight severe ‘- none slight poor filter severe severe
slight: severe none slight slow perc severe severe
54-2D ' |
slight severe none slight slow perc moderate  severe
. slight severe none slight slow perc severe slight
54-2E :
slight severe none slight poor filter severe severe
A severe slight none slight poor filter moderate moderate
64-2A ‘ u ‘
slight slight none slight slow perc moderate moderate
. severe slight none slight slow pei‘c moderate  severe
64-2C ‘ »_
slight slight none slight slow perc moderate  severe
severe slight " severe severe slow perc moderate - slight
66-1A ‘ ‘ A
severe slight severe severe poor filter moderate  slight




71-1A:

71-1D

71-1E
82-2B

84-1A

84-2B

85-2A

85-2B
' 85-3A
85-3B

86-2A

- slight

slight

slight
slight

slight

slight -

slight

slight
slight

‘slight

slight
slight
slight

slight
slight

. slight

slight

slight

slight

slight

slight -

slight
shight
slight
slight”

slight
slight

moderate

1moderate

* moderate

moderate

moderate

severe

severe

sEvere

severe

moderate

moderate

moderate

moderate

. severe

severe

79

severe severe

none slight
none - slight
" pone slight
none slight
none . slight
‘ none slight
none slight
none slight
none slight
none slight
none slight
none slight
none . slight
none - ‘slight
none .slight
none slight
none slight
none slight
none slight
none- slight

slow perc

slow perc

slow perc

poor filter

slow perc

slow perc

slow perc

slow perc

slow perc

slow perc

slow perc

slow perc

slow perc

" poor filter

slow perc

slow perc

slow perc

. slow perc

slow perc

slow perc

slow perc

severe '

sSeVere

severe

severe

. Severe

severe

severe

severe

Severe

severe

s€vere

severe

severe

severe

severe -

severe

severe

. SCVEre

SEVeIe

severe

severe

shght
slight

moderate.

severe
slight
slight
slight -

slight
slight

moderate

moderate

severe

SevVere

scvere

moderate -

moderate

moderate

moderate

moderate

slight
slight




86-2C

86-2D -
' é6-3B,
86-3C |
87-1B
87-2A
87-2B
87-2C
87-.2D

91-2B .

93-1A

slight
slight

slight

slight
slight

slight
slight

slight |

slight

“slight

slight

slight

slight

slight

slight

slight
slight

slight

- glight

moderate

moderate

moderate

- moderate

moderate

moderate

moderate

severe

‘severe

severe

severe

severe -

severe

_severe

severe

severe

severe

moderate

moderate

‘none

none

none

_ nome

none

none -

none

none

none

none

none

none

none

none

none

none

none

nonec

T none

80 -

slight

slight -

slight

- slight
slight
slight
slight
slight

" slight
slight

slight

slight
slight

slight "

slight

- slight
slight
slight
slight

slow perc

. slow perc

slow perc

slow perc

slow perc

poor filter

poor filter

slow perc

slow perc

slow perc

slow perc

poor filter

slow perc

slow perc

slow perc

slow perc

slow perc

slow perc

slow perc

severe
severe

severe

severe

severe

severe

severe

severe

SEVeEre -

severe

severe

severe

severe

. severe

severe

severe

severe

severe

severe

Rubble Land. Soil in less than ten p'er_cent of the map unit.

shght
moderate

moderate
slight
slight

moderate

slight

severe

severe

slight
slight

severe

slight

slight .

moderate

moderate

moderate °

" moderate

moderate

* Most Abundant soil in the map unit listed first.

## Slow perc and poor filter signify “severe” permeability limitations,
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APPENDIX B

 SEPTIC RESTRICTIONS AND VALUES
FOR EACH GNF MAP UNIT WITHIN

THE GALLATIN LWQD




82

Restriction and Value

o % Depth to Depth to ‘ Large
Map Bedrock Ponding Water Permeability Slope Stones
Unit Flooding (m) (+/-) (m) (cm/hr) (%) (%)

none 6.1 ) >1.8 0.15 100 503

46-1B . : _ , .

. none 6.1 ¢) >1.8 0.15 100 39.0
none 0.6 “  >18 254.00 70 513

54-1A , '

none 0.6 ¢) >18 - 254.00 70 479

. pone 0.6 ¢ >1.8 55400 70 564

54-1B : ' T e . o

none 06 (3 >18 254.00 70 '39.8

54-1C none 0.6 G >1.8 254.00 70 56.4

54-1G none 06 (O >1.8 25400 . 70 564
“ none 0.6 ) >1.8 0.15 © 70 479
54-2B . A o
none 0.6 ) ->1.8 0.51 70 524
54-2C none 0.6 ) >1.8 254.00 70 56.4
none 0.6 ) >1.8 0.15 70 . 503
542D _
none 0.6 () >18" 0.15 70 ‘47.9
none 0.6 ) >1.8 1015 70  17.0-
54-2E | | ~.
- none 0.6 () >1.8 254.00 70 564
occasional 7.6 S >1.8 254.00 10 394
64-2A ' -
none 7.6 () >1.8 0.15 10 250
occasional 7.6 ) >1.8 0.51 10 465
64-:2C .
none 7.6 . () >1.8 10 250

0.15




66-1A
71-1A
71-1D

71-1E
82-2B

84-1A
84-2B

85-2A

85-2B .

85-3A

85-3B

86-2A

frequent

frequent:

none

none

none

none’

none

none
none

none
none
none

nonc

none

none

none

" none

none
none -
none

none

nonc

nonc

7.6
7.6

7.6
7.6

7.6
7.6

7.6
7.6

1.5

15
15

12

12

0.6

0.6

0.6

0.6

15

1.5

1.5
L5

0.6
0.6

83

)
()

)

0.6
1.2

0.3
>1.38

>1.38
>1.8

>1.8

>1.8

>1.8

>1.8
>1.8

>18

>1.8
>1.8
>1.8

>18"°

>1.8

>1.8
>1.38

>1.8
' >1.8

>138
>1.8

0.15
254.00

0.15
0.15

0.51
254.00

0.15
0.51

0.15

0.15
0.51

-0.15

0.15

0.51
0.15

0.51
254.00
0.15
0.15

0.15
0.15

0.15 .

0.15

20
20

20

40

45

20

© 20

70

70

70

70

70

70

70

70

45

- 45

4.5
8.4

113
17.0

46.5
56.4

0.0
825

17.0

11.5
83

25.0
40.0

52

438

47
56

40
25

25
40 -

17




86-2C. .

86-2D
86-3B

86-3C

87-1B

87-2A

87:2B

87-2C

87-2D -

91-2B

93-1A

. 84

none 15 (-) > 1.8 0.15 45
none © 15 ) >18" 015 45
. none - 15 () >1.8 0.15 45
none 15 . 0 >1.8 0.51 30
none 15 . ) >18 0.15 30
none 1.5 ) .. >18 254.00 45
none 1.5 -y =~ >18 015 . 45
none . 0.6 ) >138 051 70
none 0.6 © >1.8 0.15 70
none 06 () >1.8 0.51 70
none 0.6 () >18 - 015 70
none 0.6 ©. >18 015 70
none 0.6 ) >18 25400 70
none 0.6 -) >1.8 0.15 70
pone 0.6 ) >1.8 015 70
none 06 (9 >18  051. 70
none 06 ¢) >18 015 70
pone . 15 - () >18. 015 45
none 1.5 (=) >1.8 0.15 45

Rubble Land. Soil in less than ten percent of the map unit.

40

17

17

40

52
50

17

56

25
47
40 -

.25

40

* Most abundant soil in the map unit listed first.
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APPENDIX C

DESCRIPTION AND LOCATION

. OF STUDY SITES
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Four sites along the Gallatin Valley/GNF border provided data for this
investigation.‘ Stone Creek, Olson Creek and Bridger field sites are located northwest of
Bozeman, Montana in the Bridger émyon. Ho"dgman Canyon is located south-southwest
of Bozeman, Montana in the Hyalite Mountain foothills. Soils in the second 6rder_
Gallatin Valley survey are‘described at the series level df soil taxoﬁomy. Soils in the

third order GNF survey are described at the family, or higher, level of soil taxonomy.
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Stone Creek
Stone Creek is located 15.3 km northeast of Bozeman, Montana. The Gallatin.
Valley/GNF border is approximately 0.6 km east of Bridger Canyon _Réad along GNF

access road 480. Field sites were located south of the access road between the road and

Stone Creek along the Gallatin Valley/GNF boundary in the NW1/4 NW1/4, SW1/4, Sec - '

10 T1S,R7E (Figure 19) Landforms mclude glacial outwash benches and terraces,
alluvial fans, and floodplains. The site compares Gallatin Valley map unit 512D and
GNF map unit 64-2A. | |

Major_ components of Gallatin Valley map uni't 512D include ﬁfty—ﬁvé percent
Enbar, twenty percent Bowery, and fifteen percent Nythar. Minor components include
five 'i)ercent Straw and five percent‘Blossburg soil series. Enbar soils ére; fine-loamy, -
mixed, superactive Cumulic Haploborolls. Bowery ;oi]s are ﬁné—loamy, mixed,
superactive Pachic ’Ha'ploborolls. Nythar soils are fine-loamy, mixed, superactive fmgld
Cumulic Haploborolls. | o |

GNF mab unit 64-2A coﬁtains an ﬁndjfferenﬁated group of forty-five éer,cent
loamy-skeletal, n:uxed Typic Cryoborolls, forty percent loamy-skeletal leCd Argic

Cryoborolls, and ﬁfteen percent dissimilar soﬂs

s
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Limitations

Bedrock & Slope
Flooding
Slow Perc & Slope

Ponding/Wetness & Slope

Figure 19. Location of Stone Creek field site along the Gallatin Valley/GNF border.
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Olson Creek
| Olson Creek is located 19.)5 km northeast of deéman, Montana. The Gallatin -
Valley/GNF border 1s approximately 0.4 km east of Bridger Canyon Road along GNF
access road 6944. Th; field site is located approximately 500 m north of GNF access
- road 6944 along the Gallatin Valley/GNF boundary in ﬂ_le NW1/4, SW1/4, SW1/4, Sec '
28, TIN, R7E (Figure 20). Dominant slopes xahge from 45 to 70 percent. Landforms are
bedrock controlled dip and scarp slopes. Ridges and swales are underlain by sandstone
and shale respectiVeiy. The site compares Gallatin \.Zalley mép unit 647F and GNF map
unit 85-3A. |
Major components of Galiatin Valley map uﬁit.6‘47F include 40 percent Hoppers
and similar soils, 25 ‘pércen’_c Tolbert and similar soils, and 25 percent Timberlin and
similar soils. Minor componépts iﬁclude 5 percenf Blaincréek stony loam and 5 peréent
rock outcrop. H(.>ppe'rs soils are fine-loamy, mixed supefactive Typic Argiborolls. | . '
Tolbert soils are loamy-skeletal, mixed superactive Lithic Argib;)rolls. Timberlin soils
are loamy-skeletal, mixed superactive Mqllic Cryoboralfs.
"~ GNF map ux;it 85-3A.1s é complex of 35‘ pércent ioﬁ;ny-skeletal, mixed Mollic
Cryoboralfs, 35 'perce.nt loarﬁy-skeletal, mixed Argic éryobdrol]sg 20 percent rock

outcrop and 10 percent dissimilar soils.
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Limitations N
Bedrock & Slope
g g Flooding .
I Slow Perc

W M 1 Slow Perc & Slope

Figure 20. Location of Olson Creek field site along the Gallatin Valley/GNF border.
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Bridger Creek

Bridger field site is located 23.6 km northeast of Bozeman, Montana. The
Gallatin Valley/GNF border is a_pproximately 500 m west of Bohart Ranch parking lot off -
Bridger Cényon‘Road. The field site is located approgdmately- 500 m north of the
Gallatin Valley/GNF border in the NE1/4, SE1/4, SE1/4, Sec.18, TIN, R7E (Figure 21).
Dominant slopes range from 10 to 20 percent. Structurally controlled slopes follow the
.underlying bedrock. Slopes are ﬁde at the base and thin towards the top. Landslide
deposits‘ are present in some drainage ways near seeps. The site compares Gallatin Valley_
map unit 204D and GNF map unit 8428

Major components of Gallatin Valley map unit 294D include 65 ;‘)erc.:‘ent
Yellowmule, 20 percent Lo@ebee, and 5 percent Redlodge and similar soils. Minor

. components include 5 percent Cowood channery sandy loam and 15 percent slopes -
greater than 15 percent. Yellowmule soils are fine, mixéd, superéctive Typic
Cryoboralfs. Lonniebee soils are loamy-skeletal, mixed, superactive Typic'Cryobo‘r_olls.

GNF map unit 84-2B is an association of 70 per’(.:ent loamy-skeletal, mixed

© Mollic Cryoboralfs, 20 percent loamy-skeletal, mixed Argic Cryoborolls, 5 percent rock

outcrop and 5 percent dissimilar soils.
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500 500 Meters
Limitations N
Bedrock
Bedrock & Slope

Ponding/Wetness
Slow Perc & Slope

Figure 21. Location of Bridget field site along the Gallatin Valley/GNF border.
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Hodgman Canyon

Hodgman Canyon:field site is located 10.0 km eouthwest of Bozeman, Montana.
‘The field site is located appro;_;imately'SOO m west of the Hodgman Canyon trail aloﬁg
the Gallatin Valley/GNF Border in the NWi/4, NEi/4, NE1/4, Sec. 14; T3S, R5E (Figure
22). Dominant slopes range from 45 to 75 percent. Mountéin slopee are long, straight
and may be slightly convex with streams at the base. The site compares Gallatin Valley
map unit 382E and GNF map unit 54-1A.

Ga]latln Valley map unit 382E is complex of 90 percent Bavdark soils and 10
percent dissimilar soils. Bavdark soils are fine, mixed, superactive Argic Pachic
Cryoborolls.

GNF map unit 54-1A contains 45 percent loamy-skeletal, mixed Typic
Haploborolls, 30 perceﬁt loamy-skeletal, mixed frigid Typic Ustochrepts, 20 percent rock

outcrop and 5 percent dissimilar soils.




.. ) 200 Meters
Limitations

Bedrock & Slope
11iB Poor Filter
I##1 Slow Perc
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Slope

Figure 22. Location of Hodgman Canyon field site along the Gallatin Valley/GNF
border.



95

APPENDIX D

SOIL PROPERTY, VALUE AND SEPTIC INTERPRETATION
FOR STONE CREEK, OLSON CREEK, BRIDGER

AND HODGMAN CANYON FIELD SITES
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Fragments -~

severe

Stone Creek, GNF Sites
' PitA PitB Pit C
Property ) _ ]
‘ Value Rating  Value Rating Value Rating
Flooding none slight none slight none slight
Depth to : . . .
Bedrock (m) >1.8 slight > 1.8 slight >1.8 slight
Depth to " . _— _ .
Cemented Pan (m) >1.8 sllght >1.8 slight > 1..8 slight
Ponding (+/-) - none - none’ - .none
Depth to ‘ . . . .
Water Table (m) > 1.8 slight >1.8 slight >1.8 . slight
Permeability (cm/hr) 0.51 severe 051 severe 0.51 severe
Percent Slope 27.0 severe ' 28.0 severe 35.0 severe
Percent Coarse 30.0 moderate 30.0 moderate 30.0 moderate
Fragments
Stone Creek, Gallatin Valley Sites .
' PitD PitE PitF
Property ) ) _

‘ Value  Rating Value Rating Value Rating
Flooding rare  moderate rare  moderate  rare  moderate
Depth to : ‘ . |
Bedrock (m) >1.8 slight >1.8 slight > 1.8 slight
Depth to ' . - R
Cemented Pan (m) >1.8 - slight >1.8 slight >1.8 slight
Ponding (+/-) - none - none - none
Depth to ' | , s |
Water Table (m) 0.46 . severe 0.86 severe 0.61 severe
Permeability (cm/hr)  0.15 severe ~ 0.15 severe 0.51 severe
Percent Slope 7.0 slight 7.0 slight 7.0 slight
Percent Coarse 55.0 75.0 severe 75.0 severe
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Olson Creek, GNF Sites

Pit A PitB Pit C
Property ) ) )
Value  Rating Value Rating  Value  Rating
Flooding none slight none slight none slight
Depth to
Bedrock (m) 1.42 | moderate  1.02 se\Tere 0.46 severe
Depth to - L .
Cemented Pan (m) >1.8 slight >1.8 slight >1.8 . slight
Ponding (+/-) - none - none’ - none
Depth to . . .
Water Table (m) >1.8 slight >1.8 slight >1.8 slight
Permeability (cm/hr)  0.51 severe 0.51 severe - no data
Percent Slope 36.4 severe 35 .0 severe 40.0 severe
Percent Coarse 30.0 moderate 30.0 moderaic 360 moderate
Fragments
O’lson‘Creek, Gallatin Valley Sites
PitD PitE PitF
Property | . .
Value Rating Value Rating Value Rating
Flooding none © slight none slight none slight
Depth to ‘ . . '
Bedrock (m) 1.6 moderate 0.38 severe >1.8 slight
Depth to . - . )
Cemented Pan (i) >1.8 slight | >1.8 slight >1.8 shight
Ponding (+/-) - none - none - none
Depth to . , . :
Water Table (m) >1.8 slight >1.8 slight | > 1.8 slight
Permeability (cm/hr) 0.51 severe no data . 0.15 severe
Percent Slope 28.0 severe 65.0 severe 51.0 severe
Percent Coarse :
60.0 severe severe severe

Fragments

85.0

75.0.
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Fragments

Bridger, GNF Sites
Pit A PitB PitC
Property _ : _ )
, Value Rating Value Rating Value Rating
~ Flooding none slight none slight none slight
Depth to . : _ "
Bedrock (m) >1.8 slight >1.8 slight >1.8 slight
Depth to . L .
Cemented Pan (m) >1.8 slight >1.8 slight >1.8 slight
Ponding (+/-) - none - none - none
Depth to . . | .
Water Table (m) >1.8 slight >1.8 | slight >1.8 slight
Permeability (cm/hr) 0.15  severe 0.15 severe’  0.15 severe
Percent Slope 14.0 . moderate 22.0 severe 140 moderate
Percent Coarse ) .
Fragments 8.0 sl;ght 25.0 moderafe | 10.0 slight
Bridger, Gallatin Valley Sites
] PitD PitE PitF
Property o | .
u Value Rating Value Rating Value  Rating
Flooding none  slight none- slight none slight
Depth to . ‘ }
Bedrock (m) >1.8 slight 0.71 severe >1.8 slight
Depth to . . .
Cemented Pan (m) >1.8 slight >1.8 slight A >1.8 slight
Ponding (+/-) - none - none - none
Depth to : ; : .
Water Table (m) >1.8  slight > 1.8 slight >1.8 slight
Permeability (cm/hr) 0.15 severe no data 0.51. severe
Percent Slope 340 severe, 17.6  severe 4.0 slight
Percent Coarse 8.0 slight 30.0 moderate 450  moderate
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Fragments

100 - slight

Hodgman Canyon, GNF Sites o
Pit A Pit B Pit C
Property ) ) ‘
Value Rating Value Rating Value Rating
Flooding none slight none  slight none slight
- Depth to ‘ : a
Bedrock () 0.91 severe O.. 74 severe 0.79  severe
Depth to .
Cemented Pan (m) > 1.8 none >1.8 none >1.8  nonme
Ponding (+/-) - none - none - none
Depth to . . ;
Water Table (m) >1.8 slight >1.8 slight >18  shght
Permeability (cm/hr) 0.51 severe: 051 severe 50.8  severe
Percent Sldpe . 330 - severe 21.0 severe 47.0  severe
Percent Coarse ' 300 moderate 100  slight 750  severe
Fragments
‘ ~ Hodgman Canyon, Gallatin Valley Sites
PitD PitE PitF
. Property ' ] ) )
‘ Value Rating Value Rating Value Rating
Flooding none slight pone  slight none  slight
Depth to ‘ . ,
Bedrock (m) 0.79 severe 041 severe 091  severe
Depth to _ : ‘ :
Cemented Pan (m) >1.8 none > 1‘.8 none  >1.8 nong
Ponding (+/-) - none - none - none
Depth to . - .
Water Table (m) >1.8 slight >1.8 slight >18  slight
Permeability (cin/hr) no data no data 0.51  severe
Percent Slope 33.0 severe 21.0 severe 47.0  severe
Percent Coarse 30.0 moderate 75.0  _severe
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