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Preface
Soil surveys contain information that affects land use planning in survey areas. 
They highlight soil limitations that affect various land uses and provide information 
about the properties of the soils in the survey areas. Soil surveys are designed for 
many different users, including farmers, ranchers, foresters, agronomists, urban 
planners, community officials, engineers, developers, builders, and home buyers. 
Also, conservationists, teachers, students, and specialists in recreation, waste 
disposal, and pollution control can use the surveys to help them understand, 
protect, or enhance the environment.

Various land use regulations of Federal, State, and local governments may impose 
special restrictions on land use or land treatment. Soil surveys identify soil 
properties that are used in making various land use or land treatment decisions. 
The information is intended to help the land users identify and reduce the effects of 
soil limitations on various land uses. The landowner or user is responsible for 
identifying and complying with existing laws and regulations.

Although soil survey information can be used for general farm, local, and wider area 
planning, onsite investigation is needed to supplement this information in some 
cases. Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/
portal/nrcs/main/soils/health/) and certain conservation and engineering 
applications. For more detailed information, contact your local USDA Service Center 
(https://offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil 
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).

Great differences in soil properties can occur within short distances. Some soils are 
seasonally wet or subject to flooding. Some are too unstable to be used as a 
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as 
septic tank absorption fields. A high water table makes a soil poorly suited to 
basements or underground installations.

The National Cooperative Soil Survey is a joint effort of the United States 
Department of Agriculture and other Federal agencies, State agencies including the 
Agricultural Experiment Stations, and local agencies. The Natural Resources 
Conservation Service (NRCS) has leadership for the Federal part of the National 
Cooperative Soil Survey.

Information about soils is updated periodically. Updated information is available 
through the NRCS Web Soil Survey, the site for official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its 
programs and activities on the basis of race, color, national origin, age, disability, 
and where applicable, sex, marital status, familial status, parental status, religion, 
sexual orientation, genetic information, political beliefs, reprisal, or because all or a 
part of an individual's income is derived from any public assistance program. (Not 
all prohibited bases apply to all programs.) Persons with disabilities who require 
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alternative means for communication of program information (Braille, large print, 
audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice 
and TDD). To file a complaint of discrimination, write to USDA, Director, Office of 
Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C. 20250-9410 or 
call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity 
provider and employer.
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How Soil Surveys Are Made
Soil surveys are made to provide information about the soils and miscellaneous 
areas in a specific area. They include a description of the soils and miscellaneous 
areas and their location on the landscape and tables that show soil properties and 
limitations affecting various uses. Soil scientists observed the steepness, length, 
and shape of the slopes; the general pattern of drainage; the kinds of crops and 
native plants; and the kinds of bedrock. They observed and described many soil 
profiles. A soil profile is the sequence of natural layers, or horizons, in a soil. The 
profile extends from the surface down into the unconsolidated material in which the 
soil formed or from the surface down to bedrock. The unconsolidated material is 
devoid of roots and other living organisms and has not been changed by other 
biological activity.

Currently, soils are mapped according to the boundaries of major land resource 
areas (MLRAs). MLRAs are geographically associated land resource units that 
share common characteristics related to physiography, geology, climate, water 
resources, soils, biological resources, and land uses (USDA, 2006). Soil survey 
areas typically consist of parts of one or more MLRA.

The soils and miscellaneous areas in a survey area occur in an orderly pattern that 
is related to the geology, landforms, relief, climate, and natural vegetation of the 
area. Each kind of soil and miscellaneous area is associated with a particular kind 
of landform or with a segment of the landform. By observing the soils and 
miscellaneous areas in the survey area and relating their position to specific 
segments of the landform, a soil scientist develops a concept, or model, of how they 
were formed. Thus, during mapping, this model enables the soil scientist to predict 
with a considerable degree of accuracy the kind of soil or miscellaneous area at a 
specific location on the landscape.

Commonly, individual soils on the landscape merge into one another as their 
characteristics gradually change. To construct an accurate soil map, however, soil 
scientists must determine the boundaries between the soils. They can observe only 
a limited number of soil profiles. Nevertheless, these observations, supplemented 
by an understanding of the soil-vegetation-landscape relationship, are sufficient to 
verify predictions of the kinds of soil in an area and to determine the boundaries.

Soil scientists recorded the characteristics of the soil profiles that they studied. They 
noted soil color, texture, size and shape of soil aggregates, kind and amount of rock 
fragments, distribution of plant roots, reaction, and other features that enable them 
to identify soils. After describing the soils in the survey area and determining their 
properties, the soil scientists assigned the soils to taxonomic classes (units). 
Taxonomic classes are concepts. Each taxonomic class has a set of soil 
characteristics with precisely defined limits. The classes are used as a basis for 
comparison to classify soils systematically. Soil taxonomy, the system of taxonomic 
classification used in the United States, is based mainly on the kind and character 
of soil properties and the arrangement of horizons within the profile. After the soil 
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scientists classified and named the soils in the survey area, they compared the 
individual soils with similar soils in the same taxonomic class in other areas so that 
they could confirm data and assemble additional data based on experience and 
research.

The objective of soil mapping is not to delineate pure map unit components; the 
objective is to separate the landscape into landforms or landform segments that 
have similar use and management requirements. Each map unit is defined by a 
unique combination of soil components and/or miscellaneous areas in predictable 
proportions. Some components may be highly contrasting to the other components 
of the map unit. The presence of minor components in a map unit in no way 
diminishes the usefulness or accuracy of the data. The delineation of such 
landforms and landform segments on the map provides sufficient information for the 
development of resource plans. If intensive use of small areas is planned, onsite 
investigation is needed to define and locate the soils and miscellaneous areas.

Soil scientists make many field observations in the process of producing a soil map. 
The frequency of observation is dependent upon several factors, including scale of 
mapping, intensity of mapping, design of map units, complexity of the landscape, 
and experience of the soil scientist. Observations are made to test and refine the 
soil-landscape model and predictions and to verify the classification of the soils at 
specific locations. Once the soil-landscape model is refined, a significantly smaller 
number of measurements of individual soil properties are made and recorded. 
These measurements may include field measurements, such as those for color, 
depth to bedrock, and texture, and laboratory measurements, such as those for 
content of sand, silt, clay, salt, and other components. Properties of each soil 
typically vary from one point to another across the landscape.

Observations for map unit components are aggregated to develop ranges of 
characteristics for the components. The aggregated values are presented. Direct 
measurements do not exist for every property presented for every map unit 
component. Values for some properties are estimated from combinations of other 
properties.

While a soil survey is in progress, samples of some of the soils in the area generally 
are collected for laboratory analyses and for engineering tests. Soil scientists 
interpret the data from these analyses and tests as well as the field-observed 
characteristics and the soil properties to determine the expected behavior of the 
soils under different uses. Interpretations for all of the soils are field tested through 
observation of the soils in different uses and under different levels of management. 
Some interpretations are modified to fit local conditions, and some new 
interpretations are developed to meet local needs. Data are assembled from other 
sources, such as research information, production records, and field experience of 
specialists. For example, data on crop yields under defined levels of management 
are assembled from farm records and from field or plot experiments on the same 
kinds of soil.

Predictions about soil behavior are based not only on soil properties but also on 
such variables as climate and biological activity. Soil conditions are predictable over 
long periods of time, but they are not predictable from year to year. For example, 
soil scientists can predict with a fairly high degree of accuracy that a given soil will 
have a high water table within certain depths in most years, but they cannot predict 
that a high water table will always be at a specific level in the soil on a specific date.

After soil scientists located and identified the significant natural bodies of soil in the 
survey area, they drew the boundaries of these bodies on aerial photographs and 
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identified each as a specific map unit. Aerial photographs show trees, buildings, 
fields, roads, and rivers, all of which help in locating boundaries accurately.

Custom Soil Resource Report
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Soil Map
The soil map section includes the soil map for the defined area of interest, a list of 
soil map units on the map and extent of each map unit, and cartographic symbols 
displayed on the map. Also presented are various metadata about data used to 
produce the map, and a description of each soil map unit.
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Map Unit Polygons

Soil Map Unit Lines

Soil Map Unit Points

Special Point Features
Blowout

Borrow Pit

Clay Spot

Closed Depression

Gravel Pit

Gravelly Spot

Landfill

Lava Flow

Marsh or swamp

Mine or Quarry

Miscellaneous Water

Perennial Water

Rock Outcrop

Saline Spot

Sandy Spot

Severely Eroded Spot

Sinkhole

Slide or Slip

Sodic Spot

Spoil Area

Stony Spot

Very Stony Spot

Wet Spot

Other

Special Line Features

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 
1:24,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause 
misunderstanding of the detail of mapping and accuracy of soil 
line placement. The maps do not show the small areas of 
contrasting soils that could have been shown at a more detailed 
scale.

Please rely on the bar scale on each map sheet for map 
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: 
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as 
of the version date(s) listed below.

Soil Survey Area: Gallatin National Forest Area, Montana
Survey Area Data: Version 13, Aug 25, 2023

Soil map units are labeled (as space allows) for map scales 
1:50,000 or larger.

Date(s) aerial images were photographed: Jul 22, 2022—Aug 8, 
2022

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.
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Map Unit Legend

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

53-3C Mollic Cryoboralfs, mountain 
slopes

19.3 81.2%

66-1A Cryaquolls and Cryaquents, 
flood plains

4.5 18.8%

Totals for Area of Interest 23.8 100.0%

Map Unit Descriptions
The map units delineated on the detailed soil maps in a soil survey represent the 
soils or miscellaneous areas in the survey area. The map unit descriptions, along 
with the maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more 
major kinds of soil or miscellaneous areas. A map unit is identified and named 
according to the taxonomic classification of the dominant soils. Within a taxonomic 
class there are precisely defined limits for the properties of the soils. On the 
landscape, however, the soils are natural phenomena, and they have the 
characteristic variability of all natural phenomena. Thus, the range of some 
observed properties may extend beyond the limits defined for a taxonomic class. 
Areas of soils of a single taxonomic class rarely, if ever, can be mapped without 
including areas of other taxonomic classes. Consequently, every map unit is made 
up of the soils or miscellaneous areas for which it is named and some minor 
components that belong to taxonomic classes other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the 
map unit, and thus they do not affect use and management. These are called 
noncontrasting, or similar, components. They may or may not be mentioned in a 
particular map unit description. Other minor components, however, have properties 
and behavioral characteristics divergent enough to affect use or to require different 
management. These are called contrasting, or dissimilar, components. They 
generally are in small areas and could not be mapped separately because of the 
scale used. Some small areas of strongly contrasting soils or miscellaneous areas 
are identified by a special symbol on the maps. If included in the database for a 
given area, the contrasting minor components are identified in the map unit 
descriptions along with some characteristics of each. A few areas of minor 
components may not have been observed, and consequently they are not 
mentioned in the descriptions, especially where the pattern was so complex that it 
was impractical to make enough observations to identify all the soils and 
miscellaneous areas on the landscape.

The presence of minor components in a map unit in no way diminishes the 
usefulness or accuracy of the data. The objective of mapping is not to delineate 
pure taxonomic classes but rather to separate the landscape into landforms or 
landform segments that have similar use and management requirements. The 
delineation of such segments on the map provides sufficient information for the 
development of resource plans. If intensive use of small areas is planned, however, 
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onsite investigation is needed to define and locate the soils and miscellaneous 
areas.

An identifying symbol precedes the map unit name in the map unit descriptions. 
Each description includes general facts about the unit and gives important soil 
properties and qualities.

Soils that have profiles that are almost alike make up a soil series. Except for 
differences in texture of the surface layer, all the soils of a series have major 
horizons that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness, 
salinity, degree of erosion, and other characteristics that affect their use. On the 
basis of such differences, a soil series is divided into soil phases. Most of the areas 
shown on the detailed soil maps are phases of soil series. The name of a soil phase 
commonly indicates a feature that affects use or management. For example, Alpha 
silt loam, 0 to 2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major soils or miscellaneous areas. 
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an intricate 
pattern or in such small areas that they cannot be shown separately on the maps. 
The pattern and proportion of the soils or miscellaneous areas are somewhat similar 
in all areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An association is made up of two or more geographically associated soils or 
miscellaneous areas that are shown as one unit on the maps. Because of present 
or anticipated uses of the map units in the survey area, it was not considered 
practical or necessary to map the soils or miscellaneous areas separately. The 
pattern and relative proportion of the soils or miscellaneous areas are somewhat 
similar. Alpha-Beta association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas 
that could be mapped individually but are mapped as one unit because similar 
interpretations can be made for use and management. The pattern and proportion 
of the soils or miscellaneous areas in a mapped area are not uniform. An area can 
be made up of only one of the major soils or miscellaneous areas, or it can be made 
up of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.

Some surveys include miscellaneous areas. Such areas have little or no soil 
material and support little or no vegetation. Rock outcrop is an example.

Custom Soil Resource Report
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Gallatin National Forest Area, Montana

53-3C—Mollic Cryoboralfs, mountain slopes

Map Unit Setting
National map unit symbol: 58kj
Elevation: 6,500 to 7,800 feet
Mean annual precipitation: 20 to 35 inches
Mean annual air temperature: 34 to 37 degrees F
Frost-free period: 50 to 70 days
Farmland classification: Not prime farmland

Map Unit Composition
Mollic cryoboralfs and similar soils: 80 percent
Minor components: 5 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Mollic Cryoboralfs

Setting
Landform: Hills
Parent material: Loamy colluvium derived from basic volcanic breccia

Properties and qualities
Slope: 10 to 45 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20 

to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7e
Hydrologic Soil Group: C
Ecological site: F043BP909MT - Upland Cold Woodland Group
Other vegetative classification: subalpine fir/twinflower (PK660)
Hydric soil rating: No

Minor Components

Rock outcrop
Percent of map unit: 5 percent
Other vegetative classification: subalpine fir/twinflower (PK660)

Custom Soil Resource Report

13



66-1A—Cryaquolls and Cryaquents, flood plains

Map Unit Setting
National map unit symbol: 58l5
Elevation: 6,600 to 8,600 feet
Mean annual precipitation: 20 to 50 inches
Mean annual air temperature: 37 to 41 degrees F
Frost-free period: 30 to 60 days
Farmland classification: Not prime farmland

Map Unit Composition
Cryaquolls and similar soils: 51 percent
Cryaquents and similar soils: 49 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Cryaquolls

Setting
Landform: Flood plains

Properties and qualities
Slope: 0 to 10 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Poorly drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.57 to 1.98 in/hr)
Depth to water table: About 0 to 30 inches
Frequency of flooding: Frequent
Frequency of ponding: None

Interpretive groups
Land capability classification (irrigated): None specified
Hydrologic Soil Group: B/D
Ecological site: R043BP801MT - Bottomland Group
Other vegetative classification: deschampsia caespitosa/carex spp. h.t. (MS0501)
Hydric soil rating: Yes

Description of Cryaquents

Setting
Landform: Flood plains

Properties and qualities
Slope: 0 to 10 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Poorly drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.57 to 1.98 in/hr)
Depth to water table: About 12 to 24 inches
Frequency of flooding: Rare

Custom Soil Resource Report
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Frequency of ponding: None

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6w
Hydrologic Soil Group: B/D
Ecological site: R043BP801MT - Bottomland Group
Other vegetative classification: deschampsia caespitosa/carex spp. h.t. (MS0501)
Hydric soil rating: Yes

Custom Soil Resource Report

15



References
American Association of State Highway and Transportation Officials (AASHTO). 
2004. Standard specifications for transportation materials and methods of sampling 
and testing. 24th edition.

American Society for Testing and Materials (ASTM). 2005. Standard classification of 
soils for engineering purposes. ASTM Standard D2487-00.

Cowardin, L.M., V. Carter, F.C. Golet, and E.T. LaRoe. 1979. Classification of 
wetlands and deep-water habitats of the United States. U.S. Fish and Wildlife 
Service FWS/OBS-79/31.

Federal Register. July 13, 1994. Changes in hydric soils of the United States.

Federal Register. September 18, 2002. Hydric soils of the United States.

Hurt, G.W., and L.M. Vasilas, editors. Version 6.0, 2006. Field indicators of hydric 
soils in the United States.

National Research Council. 1995. Wetlands: Characteristics and boundaries.

Soil Survey Division Staff. 1993. Soil survey manual. Soil Conservation Service. 
U.S. Department of Agriculture Handbook 18. http://www.nrcs.usda.gov/wps/portal/
nrcs/detail/national/soils/?cid=nrcs142p2_054262 

Soil Survey Staff. 1999. Soil taxonomy: A basic system of soil classification for 
making and interpreting soil surveys. 2nd edition. Natural Resources Conservation 
Service, U.S. Department of Agriculture Handbook 436. http://
www.nrcs.usda.gov/wps/portal/nrcs/detail/national/soils/?cid=nrcs142p2_053577 

Soil Survey Staff. 2010. Keys to soil taxonomy. 11th edition. U.S. Department of 
Agriculture, Natural Resources Conservation Service. http://
www.nrcs.usda.gov/wps/portal/nrcs/detail/national/soils/?cid=nrcs142p2_053580 

Tiner, R.W., Jr. 1985. Wetlands of Delaware. U.S. Fish and Wildlife Service and 
Delaware Department of Natural Resources and Environmental Control, Wetlands 
Section.

United States Army Corps of Engineers, Environmental Laboratory. 1987. Corps of 
Engineers wetlands delineation manual. Waterways Experiment Station Technical 
Report Y-87-1.

United States Department of Agriculture, Natural Resources Conservation Service. 
National forestry manual. http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/
home/?cid=nrcs142p2_053374 

United States Department of Agriculture, Natural Resources Conservation Service. 
National range and pasture handbook. http://www.nrcs.usda.gov/wps/portal/nrcs/
detail/national/landuse/rangepasture/?cid=stelprdb1043084 

16

http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/soils/?cid=nrcs142p2_054262
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/soils/?cid=nrcs142p2_054262
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/soils/?cid=nrcs142p2_053577
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/soils/?cid=nrcs142p2_053577
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/soils/?cid=nrcs142p2_053580
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/soils/?cid=nrcs142p2_053580
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/home/?cid=nrcs142p2_053374
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/home/?cid=nrcs142p2_053374
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/landuse/rangepasture/?cid=stelprdb1043084
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/landuse/rangepasture/?cid=stelprdb1043084


United States Department of Agriculture, Natural Resources Conservation Service. 
National soil survey handbook, title 430-VI. http://www.nrcs.usda.gov/wps/portal/
nrcs/detail/soils/scientists/?cid=nrcs142p2_054242 

United States Department of Agriculture, Natural Resources Conservation Service. 
2006. Land resource regions and major land resource areas of the United States, 
the Caribbean, and the Pacific Basin. U.S. Department of Agriculture Handbook 
296. http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/soils/?
cid=nrcs142p2_053624 

United States Department of Agriculture, Soil Conservation Service. 1961. Land 
capability classification. U.S. Department of Agriculture Handbook 210. http://
www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_052290.pdf 

Custom Soil Resource Report

17

http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/scientists/?cid=nrcs142p2_054242
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/scientists/?cid=nrcs142p2_054242
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/soils/?cid=nrcs142p2_053624
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/soils/?cid=nrcs142p2_053624
http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_052290.pdf
http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_052290.pdf


   

APPENDIX D                                                                           FLOODPLAIN MAP 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



National Flood Hazard Layer FIRMette

0 500 1,000 1,500 2,000250
Feet

Ü

SEE FIS REPORT FOR DETAILED LEGEND AND INDEX MAP FOR FIRM PANEL LAYOUT

SPECIAL FLOOD
HAZARD AREAS

Without Base Flood Elevation (BFE)
Zone A, V, A99

With BFE or Depth Zone AE, AO, AH, VE, AR

Regulatory Floodway

0.2% Annual Chance Flood Hazard, Areas
of 1% annual chance flood with average
depth less than one foot or with drainage
areas of less than one square mile Zone X

Future Conditions 1% Annual
Chance Flood Hazard Zone X

Area with Reduced Flood Risk due to
Levee. See Notes. Zone X

Area with Flood Risk due to Levee Zone D

NO SCREEN Area of Minimal Flood Hazard Zone X

Area of Undetermined Flood Hazard Zone D

Channel, Culvert, or Storm Sewer

Levee, Dike, or Floodwall

Cross Sections with 1% Annual Chance
17.5 Water Surface Elevation

Coastal Transect

Coastal Transect Baseline
Profile Baseline
Hydrographic Feature

Base Flood Elevation Line (BFE)

Effective LOMRs

Limit of Study
Jurisdiction Boundary

Digital Data Available

No Digital Data Available

Unmapped

This map complies with FEMA's standards for the use of
digital flood maps if it is not void as described below.
The basemap shown complies with FEMA's basemap
accuracy standards

The flood hazard information is derived directly from the
authoritative NFHL web services provided by FEMA. This map
was exported on 3/20/2025 at 4:12 PM  and does not
reflect changes or amendments subsequent to this date and
time. The NFHL and effective information may change or
become superseded by new data over time.

This map image is void if the one or more of the following map
elements do not appear: basemap imagery, flood zone labels,
legend, scale bar, map creation date, community identifiers,
FIRM panel number, and FIRM effective date. Map images for
unmapped and unmodernized areas cannot be used for
regulatory purposes.

Legend

OTHER AREAS OF
FLOOD HAZARD

OTHER AREAS

GENERAL
STRUCTURES

OTHER
FEATURES

MAP PANELS

8

B
20.2

The pin displayed on the map is an approximate
point selected by the user and does not represent
an authoritative property location.

1:6,000

111°15'17"W 44°41'21"N

111°14'40"W 44°40'55"N

Basemap Imagery Source: USGS National Map 2023



   

APPENDIX E                                                                                TEST PIT LOGS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   

APPENDIX E 
 
 

TEST PITS (PREVIOUS PERMIT #2004002) 
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TEST PITS (WET) 
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SOIL PROFILE LOG
BACKHOE TEST PIT

JOB #: 10514.001

PROJECT: Eagles Grove

LOCATION: West Yellowstone

EVAL. BY: MET/BP

DATE: 6/18/2024 TEST PIT#: A

HORIZON DEPTH COLOR TEXTURE STRUCTURE ROOTS MOTTLING NOTES

A 0"-4" Black 10YR 2-1 Topsoil Yes No

B 4"-44"
Dark Yellowish Brown              

10YR 4-4
Sandy Loam Fine Granular

Yes              

(to 42")
No

2cm ribbons, ~20% angular 

broken rock fragments

C 44"-74" Brown 10YR 5-3 Silty Clay Very Fine Granular No No
5cm ribbons, ~20% angular 

broken rock fragments

D 74"-180"
Dark Yellowish Brown              

10YR 4-4
Sandy Loam Fine Granular No No

2cm ribbons, ~20% angular 

broken rock fragments

Well graded gravel and cobble 

in horizons B & C

Seasonal Groundwater present? No Depth: >180"

Est. Depth to Limiting Layer or Bedrock: >180"

Approx. Distance to Neighboring wells: ~440'

Approx. Distance to Neighboring Absorption Fields: ~645'

Approx. Distance to Nearby Open Water/Stream: ~300'

Slope in excess of 4:1 (25%) ? No

MORRISON-MAIERLE, INC.



SOIL PROFILE LOG
BACKHOE TEST PIT

JOB #: 10514.001

PROJECT: Eagles Grove

LOCATION: West Yellowstone

EVAL. BY: MET/BP

DATE: 6/18/2024 TEST PIT#: B

HORIZON DEPTH COLOR TEXTURE STRUCTURE ROOTS MOTTLING NOTES

A 0"-8" Black 10YR 2-1 Topsoil Yes No

B 8"-38"
Dark Yellowish Brown              

10YR 4-4
Sandy Clay Very Fine Granular

Yes              

(to 28")
No 5cm ribbons

C 38"-180"
Dark Yellowish Brown              

10YR 3-4
Sandy Clay Very Fine Granular No No 5cm ribbons

well graded large angular rock 

at >70"

Seasonal Groundwater present? No Depth: >180"

Est. Depth to Limiting Layer or Bedrock: >180"

Approx. Distance to Neighboring wells: ~505'

Approx. Distance to Neighboring Absorption Fields: ~835'

Approx. Distance to Nearby Open Water/Stream: ~460'

Slope in excess of 4:1 (25%) ? No

MORRISON-MAIERLE, INC.



SOIL PROFILE LOG
BACKHOE TEST PIT

JOB #: 10514.001

PROJECT: Eagles Grove

LOCATION: West Yellowstone

EVAL. BY: MET/BP

DATE: 6/18/2024 TEST PIT#: C

HORIZON DEPTH COLOR TEXTURE STRUCTURE ROOTS MOTTLING NOTES

A 0"-8" Black 10YR 2-1 Topsoil Yes No

B 8"-72"
Dark Yellowish Brown              

10YR 3-4
Sandy Clay Very Fine Granular

Yes              

(to 48")
No

5cm ribbons, well graded large 

angular rock

C 72"-180"
Redish Brown                    

5YR 3-4
Sandy Clay Very Fine Granular No No

5cm ribbons, well graded large 

angular rock

Seasonal Groundwater present? Yes Depth: 120"

Est. Depth to Limiting Layer or Bedrock: 120"

Approx. Distance to Neighboring wells: ~640'

Approx. Distance to Neighboring Absorption Fields: ~930'

Approx. Distance to Nearby Open Water/Stream: ~450'

Slope in excess of 4:1 (25%) ? No

MORRISON-MAIERLE, INC.



SOIL PROFILE LOG
BACKHOE TEST PIT

JOB #: 10514.001

PROJECT: Eagles Grove

LOCATION: West Yellowstone

EVAL. BY: MET/BP

DATE: 6/18/2024 TEST PIT#: D

HORIZON DEPTH COLOR TEXTURE STRUCTURE ROOTS MOTTLING NOTES

A 0"-8" Black 10YR 2-1 Topsoil Yes No

B 8"-72"
Dark Yellowish Brown              

10YR 3-6
Sandy Clay Very Fine Granular

Yes              

(to 48")
No

5cm ribbons, well graded large 

angular rock

C 72"-186"
Yellowish Red                        

5YR 4-6
Sandy Loam Very Fine Granular No No

5cm ribbons, well graded large 

angular rock

Seasonal Groundwater present? Yes Depth: 186"

Est. Depth to Limiting Layer or Bedrock: 186"

Approx. Distance to Neighboring wells: ~585'

Approx. Distance to Neighboring Absorption Fields: ~875'

Approx. Distance to Nearby Open Water/Stream: ~420'

Slope in excess of 4:1 (25%) ? No

MORRISON-MAIERLE, INC.



SOIL PROFILE LOG
BACKHOE TEST PIT

JOB #: 10514.001

PROJECT: Eagles Grove

LOCATION: West Yellowstone

EVAL. BY: MET

DATE: 7/10/2024 TEST PIT#: E

HORIZON DEPTH COLOR TEXTURE STRUCTURE ROOTS MOTTLING NOTES

A 0"-10" Black 10YR 2-1 Topsoil Fine Granular Yes No

B 10"-30"
Very Dark Grayish Brown              

10YR 3-2
Sandy Clay Loam Fine Granular Yes No <5cm ribbons

C 30"-60"
Very Dark Brown              

10YR 2-2
Sandy Clay Loam Fine Granular Yes No

<5cm ribbons, <15% small 

gravel

D 60"-180"
Dark Yellowish Brown              

10YR 3-6
Sandy Clay Fine Granular

Yes              

(to 70")
No <30% fine gravelly

Seasonal Groundwater present? No Depth: >180"

Est. Depth to Limiting Layer or Bedrock: >180"

Approx. Distance to Neighboring wells: ~440'

Approx. Distance to Neighboring Absorption Fields: ~340'

Approx. Distance to Nearby Open Water/Stream: ~135'

Slope in excess of 4:1 (25%) ? No

MORRISON-MAIERLE, INC.



SOIL PROFILE LOG
BACKHOE TEST PIT

JOB #: 10514.001

PROJECT: Eagles Grove

LOCATION: West Yellowstone

EVAL. BY: MET

DATE: 7/10/2024 TEST PIT#: F

HORIZON DEPTH COLOR TEXTURE STRUCTURE ROOTS MOTTLING NOTES

A 0"-4" Black 10YR 2-1 Topsoil Fine Granular Yes No

B 4"-20"
Dark Yellowish Brown              

10YR 4-4
Silty Clay Loam Fine Granular Yes No 5cm ribbons

C 20"-48"
Dark Yellowish Brown              

10YR 4-4
Sandy Loam Fine Granular Yes No 2cm ribbons

D 48"-180"
Dark Yellowish Brown              

10YR 3-6
Sandy Clay Fine Granular

Yes              

(to 70")
No 5cm ribbons

Seasonal Groundwater present? No Depth: >180"

Est. Depth to Limiting Layer or Bedrock: >180"

Approx. Distance to Neighboring wells: ~335'

Approx. Distance to Neighboring Absorption Fields: ~320'

Approx. Distance to Nearby Open Water/Stream: ~250'

Slope in excess of 4:1 (25%) ? No

MORRISON-MAIERLE, INC.



SOIL PROFILE LOG
BACKHOE TEST PIT

JOB #: 10514.001

PROJECT: Eagles Grove

LOCATION: West Yellowstone

EVAL. BY: MET

DATE: 7/10/2024 TEST PIT#: G

HORIZON DEPTH COLOR TEXTURE STRUCTURE ROOTS MOTTLING NOTES

A 0"-4" Black 10YR 2-1 Topsoil Fine Granular Yes No

B 4"-35"
Dark Yellowish Brown              

10YR 4-4
Silty Clay Loam Fine Granular Yes No

<5cm ribbons, <15% small 

gravel

C 35"-180"
Dark Yellowish Brown              

10YR 3-6
Sandy Clay Loam Fine Granular

Yes              

(to 60")
No

<5cm ribbons, <15% small 

gravel

~30% fractured angular rock at 

>8'

Seasonal Groundwater present? No Depth: >180"

Est. Depth to Limiting Layer or Bedrock: >180"

Approx. Distance to Neighboring wells: ~275'

Approx. Distance to Neighboring Absorption Fields: ~300'

Approx. Distance to Nearby Open Water/Stream: ~320'

Slope in excess of 4:1 (25%) ? No

MORRISON-MAIERLE, INC.



SOIL PROFILE LOG
BACKHOE TEST PIT

JOB #: 10514.001

PROJECT: Eagles Grove

LOCATION: West Yellowstone

EVAL. BY: MET

DATE: 7/10/2024 TEST PIT#: H

HORIZON DEPTH COLOR TEXTURE STRUCTURE ROOTS MOTTLING NOTES

A 0"-4" Black 10YR 2-1 Topsoil Fine Granular Yes No

B 4"-22"
Dark Yellowish Brown              

10YR 3-4
Sandy Clay Fine Granular Yes No >5cm ribbons

C 22"-57"
Dark Yellowish Brown              

10YR 3-6
Sandy Clay Fine Granular

Yes              

(to 50")
No >5cm ribbons

D 57"-180"
Dark Brown                            

10YR 3-3
Sandy Clay Fine Granular No No >5cm ribbons

~30% fractured angular rock at 

>54"

Seasonal Groundwater present? No Depth: >180"

Est. Depth to Limiting Layer or Bedrock: >180"

Approx. Distance to Neighboring wells: ~405'

Approx. Distance to Neighboring Absorption Fields: ~220'

Approx. Distance to Nearby Open Water/Stream: ~400'

Slope in excess of 4:1 (25%) ? No

MORRISON-MAIERLE, INC.



SOIL PROFILE LOG
BACKHOE TEST PIT

JOB #: 10514.001

PROJECT: Eagles Grove

LOCATION: West Yellowstone

EVAL. BY: MET

DATE: 7/10/2024 TEST PIT#: I

HORIZON DEPTH COLOR TEXTURE STRUCTURE ROOTS MOTTLING NOTES

A 0"-13" Sand (fill) Granular Yes No
Sand w/ gravel                        

(possible import fill)

B 13"-24"
Very Dark Brown              

10YR 2-2
Silty Clay Loam Fine Granular Yes No <5cm ribbons

C 24"-180"
Dark Yellowish Brown              

10YR 4-4
Sandy Clay Fine Granular

Yes              

(to 48")
No

>5cm ribbons, <15% small 

gravel

Seasonal Groundwater present? No Depth: >180"

Est. Depth to Limiting Layer or Bedrock: >180"

Approx. Distance to Neighboring wells: ~270'

Approx. Distance to Neighboring Absorption Fields: ~570'

Approx. Distance to Nearby Open Water/Stream: ~360'

Slope in excess of 4:1 (25%) ? No

MORRISON-MAIERLE, INC.
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APPENDIX G                                                                GROUNDWATER STUDY 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 











































   

APPENDIX H                            HYDRAULIC CONDUCTIVITY CALCULATIONS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Eagles Grove

Conductivity Calculations

Razak and Huntley Equation

Notes:

Well logs used are for wells near the project location and include complete test data with pumping levels.

See attached well map for well locations.

Conductivity Calculation:

Coffin Baxter Helppie

GWIC ID 106752 106758 106745

Q(gpm) 15 30 9

Pumping Level (ft) 61.5 97 125

Static Level (ft) 51.5 92 90

Aquifer thickness 10 20 16

K (ft/day) 149.6 189.3 28.7

Avg K (ft/day) 122.5 Razack and Huntley Equation (Fetter, 1994)

Well Site Information



MONTANA WELL LOG REPORT Other Options

This well log reports the activities of a licensed Montana well driller, serves as the official record of work done within the borehole and casing, and describes the amount of
water encountered. This report is compiled electronically from the contents of the Ground Water Information Center (GWIC) database for this site. Acquiring water rights is the
well owner's responsibility and is NOT accomplished by the filing of this report.

Return to menu
Plot this site in State Library Digital Atlas

Plot this site in Google Maps
View scanned well log  (7/3/2006 10:12:43 AM)

Site Name: COFFIN JACKIE
GWIC Id: 106752

Section 1: Well Owner(s)
1) COFFIN, JACKIE (MAIL)
N/A
WEST YELLOWSTONE MT 59758 [05/14/1968]

Section 2: Location
Township Range Section Quarter Sections

13S 04E 21 NW¼ NE¼ NE¼ SW¼
County Geocode

GALLATIN  
Latitude Longitude Geomethod Datum
44.6863 -111.2477 UNKNOWN NAD27

Ground Surface Altitude Ground Surface Method Datum Date
6710      

Addition Block Lot
     

Section 3: Proposed Use of Water
DOMESTIC (1)

Section 4: Type of Work
Drilling Method: CHURN
Status: NEW WELL

Section 5: Well Completion Date
Date well completed: Tuesday, May 14, 1968

Section 6: Well Construction Details
Borehole dimensions
From To Diameter

0 71.5 6
Casing

From To Diameter
Wall
Thickness

Pressure
Rating Joint Type

-1 71.5 6       STEEL
Completion (Perf/Screen)

From To Diameter
# of
Openings

Size of
Openings Description

71.5 71.5 6     OPEN BOTTOM *
Annular Space (Seal/Grout/Packer)

There are no annular space records assigned to this well.

Section 7: Well Test Data

Total Depth: 71.5
Static Water Level: 51.5
Water Temperature:

Bailer Test *

 15  gpm with    feet of drawdown after  1.5  hours.
Time of recovery    hours.
Recovery water level    feet.
Pumping water level  61.5  feet.

* During the well test the discharge rate shall be as uniform as possible. This rate may or may not be the
sustainable yield of the well. Sustainable yield does not include the reservoir of the well casing.

Section 8: Remarks

Section 9: Well Log
Geologic Source
211UDFD - UPPER CRETACEOUS UNDIFFERENTIATED
From To Description

0 4 SURFACE DIRT (BLACK LOAM)
4 50 YELLOW CLAY & BROKEN ROCK

40 52 GREY CLAY & SAND
52 71 GREY ROCK
71 71.5 BLACK SILT & SAND

     
     
     
     
     
     
     
     
     
     

Driller Certification
All work performed and reported in this well log is in compliance with the Montana well construction standards.
This report is true to the best of my knowledge.

Name: CARL F. HOLLENSTEINER
Company:

License No: WWC-9
Date Completed: 5/14/1968

https://mbmggwic.mtech.edu/sqlserver/v11/menus/menuData.asp
http://mslservices.mt.gov/Geographic_Information/Applications/DigitalAtlas/Default.aspx?basemap=USATOPO&search=coordinatesdd&latDecimalDegrees=44.6863&lonDecimalDegrees=-111.2477&locinfo=checked&map=17&
https://www.google.com/maps/place/44.6863,-111.2477/@44.6863,-111.2477,17z
http://mbmggwic.mtech.edu/sqlserver/v11/data/apps/scandownload.asp?gwicid=106752&FileName=/logsrv/group004/106752.pdf&reqby=P&
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APPENDIX I                                                                                 WELL LOG MAP 
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APPENDIX J                                                  WATER SAMPLE AND WELL LOG 
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APPENDIX K                                                      GROUNDWATER DEPTH DATA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   

APPENDIX K 

 

 

WELL LOGS AT 1/2 MILE 
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APPENDIX K 
 
 

GROUNDWATER MONITORING DATA  
(MORRISON-MAIERLE) 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



Eagles Grove

Goundwater Monitoring at East Fork of Denny Creek

Monitoring Well #1

MMI # 10514.001

Notes:

Monitoring well was installed by MMI on 6/18/2024 ~15 feet from creek.

GW measurements take from north side of top of casing.

Ground elevation based on topo survey by others. (MMI to update following 2025 topo survey)

All units are feet.

Elevations:

6712.24

6713.36

6714.81

6716.55

6699.81

Distances:

15.00

12.43

1.74

Ground Surface to Creek Bottom to

Groundwater Groundwater

DATE MW #1 MW #1 MW #1

6/18/2024 Dry >15 >12.43

6/23/2024 Dry >15 >12.43

7/10/2024 Dry >15 >12.43

Total Depth of MW =

Bottom of Creek to Bottom of MW =

Top of Casing to Ground =

Field Data (input)

Bottom of Creek =

Creek Water Surface =

EG at MW =

Top of MW casing =

Bottom of MW =



Eagles Grove
Goundwater Monitoring 

MMI # 10514.001

Notes:

Monitoring wells were installed by MMI on 6/18/2024.

GW measurements take from north side of top of casing.

All units are feet.

DATE MW #1 MW #2 DATE MW #1 MW #2

6/18/2024 Dry Dry 6/18/2024 >15 >15

6/23/2024 Dry Dry 6/23/2024 >15 >15

7/10/2024 Dry Dry 7/10/2024 >15 >15

Field Data (input) Ground Surface to 

(top of casing to groundwater) Groundwater



   

APPENDIX K 
 
 

SURFACE WATER CONNECTIVITY INFORMATION 
(FROM PREVIOUS PERMITTING #2004002) 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 







   

APPENDIX K 
 
 

SURFACE WATER CONNECTIVITY INFORMATION 
(FROM HEBGEN BASIN FIRE STATION MONITORING WELL) 
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APPENDIX K 
 
 

SURFACE WATER CONNECTIVITY INFORMATION 
(TEST PIT AT DENNY CREEK)(BY WET) 
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     Appendix E

MONTANA DEPARTMENT OF ENVIRONMENTAL QUALITY

NITRATE SENSITIVITY ANALYSIS

SITE NAME: Eagles Grove

COUNTY: Gallatin

NOTES:

BY: MET

DATE: 03/24/25

Nitrate at end of mixing zone(s) with no cumulative effects

Variable (K) (I) (D) (L) (Y) (Ng) (Nr) (Ne) (#l) (Ql) (P) (V) (W) (Am) (As) (Qg) (Qr) (Qe) Nt

Mix Down Drain- Back- Nitrate Effluent # of Effluent  Down- Mix Mix. zone Ground

Hydr. Hydr. zone grad. field ground in Nitrate single per Annual Percent grad. zone surface water Recharge Effluent Resulting

 cond. grad. thick distance width nitrate precip conc. family drain. precip. precip. width area area flow flow flow nitrate (N)

LOT # (ft/day) (ft/ft) (feet) (feet) (feet) (mg/l) (mg/l) (mg/l) homes (ft3/day) (in/yr) recharge (feet) (ft
2
) (ft

2
) (ft3/day) (ft3/day) (ft3/day) (mg/l)

Eagles 122.5 0.0054 15.0 150 248 0.32 1.0 7.5 25.0 26.70 21.56 0.2 274.25 4113.75 41137.50 2721.25 40.50 667.50 1.73

COS 1639 East 122.5 0.0054 15.0 100 69.5 0.32 1.0 50.0 2.15 26.70 21.56 0.2 87.00 1305.00 8700.00 863.26 8.56 57.41 3.40

0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00

Nitrate at end of mixing zones with cumulative effects
LOT #

Eagles 122.5 0.0054 15.0 734 248 0.32 1.0 7.5 25.0 26.70 21.6 0.2 376.45 5646.75 276314.30 3735.33 272.02 667.50 1.38

COS 1639 East 122.5 0.0054 15.0 100 69.5 1.38 1.0 50.0 2.15 26.70 0.0 0.0 87.00 1305.00 8700.00 863.26 0.00 57.41 4.42

0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.00

0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.00

0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.00

0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.00

0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.00

0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.00

0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.00

0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.00

REV. 03/20005

NOTES:

Cumulative Effects with COS 1639 East (GCCHD Permit #16507)



= fill in values in these cells

= these cells are calculated for you

Hydr. cond. = K Hydraulic Conductivity

Hydr. grad. = I Hydraulic Gradient

Mix zone thick = D Thickness of Mixing Zone up to a Maximum of 15 feet (usually constant at 15 feet)

Down grad. distance = L Mixing Zone Length (see ARM 17.30.517(1)(d)(viii), or this may also be the distance to end of last mixing zone when calculating cumulative effects.

Drainfield width = Y Width of Drainfield Perpendicular to Ground Water Flow

Background nitrate = Ng Background Nitrate (as Nitrogen) Concentration

Nitrate in precip. = Nr Nitrate (as Nitrogen) Concentration in Precipitation (usually constant at 1.0 mg/L)

Effluent Nitrate conc. = Ne Nitrate (as Nitrogen) Concentration in Effluent (50 for conventional; 24 for level II; 30 for level 1a; 40 for level 1b)

# single family homes = #l Number of Single Family Homes on the Drainfield (leave as 1 if effluent volume in next column is adjusted to equal total effluent from drainfield)

Effluent per drain. = Ql Quantity of Effluent from drainfield (average rate varies depending on number of bedrooms)

Annual precip. = P Annual local Precipitation

Percent precip recharge = V Percent of Precipitation Recharging Ground Water (usually constant at 0.2)

Down grad. width = W Width of Mixing Zone Perpendicular to Ground Water Flow = (0.175)(L) + (Y)

Mix zone area  = Am Cross Sectional Area of Aquifer Mixing Zone = (D)(W)

Mix zone surface area = As Surface Area of Mixing Zone = (L)(W)

Ground water flow = Qg Ground Water Flow Rate = (K)(I)(Am)

Recharge flow = Qr Recharge Flow Rate = (As)(P/12/365)(V)

Effluent flow = Qe Effluent Flow Rate = (#l)(Ql)

Resulting nitrate (N) = Nt Nitrate (as Nitrogen) Concentration at End of Mixing Zone = ((Ng)(Qg) + (Nr)(Qr) + (Ne)(Qe)) / ((Qg) + (Qr) + (Qe))

  (or nitrate concentration to use as background nitrate for next downgradient drainfield when determining cumulative effects)



     Appendix E

MONTANA DEPARTMENT OF ENVIRONMENTAL QUALITY

NITRATE SENSITIVITY ANALYSIS

SITE NAME: Eagles Grove

COUNTY: Gallatin

NOTES:

BY: MET

DATE: 03/24/25

Nitrate at end of mixing zone(s) with no cumulative effects

Variable (K) (I) (D) (L) (Y) (Ng) (Nr) (Ne) (#l) (Ql) (P) (V) (W) (Am) (As) (Qg) (Qr) (Qe) Nt

Mix Down Drain- Back- Nitrate Effluent # of Effluent  Down- Mix Mix. zone Ground

Hydr. Hydr. zone grad. field ground in Nitrate single per Annual Percent grad. zone surface water Recharge Effluent Resulting

 cond. grad. thick distance width nitrate precip conc. family drain. precip. precip. width area area flow flow flow nitrate (N)

LOT # (ft/day) (ft/ft) (feet) (feet) (feet) (mg/l) (mg/l) (mg/l) homes (ft3/day) (in/yr) recharge (feet) (ft
2
) (ft

2
) (ft3/day) (ft3/day) (ft3/day) (mg/l)

Eagles 122.5 0.0054 15.0 150 248 0.32 1.0 7.5 25.0 26.70 21.56 0.2 274.25 4113.75 41137.50 2721.25 40.50 667.50 1.73

COS 1639 West 122.5 0.0054 15.0 153 108.5 0.32 1.0 50.0 2.05 26.70 21.56 0.2 135.28 2029.13 20697.08 1342.27 20.38 54.74 2.25

0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00

Nitrate at end of mixing zones with cumulative effects
LOT #

Eagles 122.5 0.0054 15.0 489 248 0.32 1.0 7.5 25.0 26.70 21.6 0.2 333.58 5003.63 163118.18 3309.90 160.59 667.50 1.50

COS 1639 West 122.5 0.0054 15.0 153 108.5 1.50 1.0 50.0 2.05 26.70 0.0 0.0 135.28 2029.13 20697.08 1342.27 0.00 54.74 3.40

0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.00

0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.00

0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.00

0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.00

0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.00

0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.00

0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.00

0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.00

REV. 03/20005

NOTES:

Cumulative Effects with COS 1639 West (GCCHD Permits #13197, #15883, #18032)



= fill in values in these cells

= these cells are calculated for you

Hydr. cond. = K Hydraulic Conductivity

Hydr. grad. = I Hydraulic Gradient

Mix zone thick = D Thickness of Mixing Zone up to a Maximum of 15 feet (usually constant at 15 feet)

Down grad. distance = L Mixing Zone Length (see ARM 17.30.517(1)(d)(viii), or this may also be the distance to end of last mixing zone when calculating cumulative effects.

Drainfield width = Y Width of Drainfield Perpendicular to Ground Water Flow

Background nitrate = Ng Background Nitrate (as Nitrogen) Concentration

Nitrate in precip. = Nr Nitrate (as Nitrogen) Concentration in Precipitation (usually constant at 1.0 mg/L)

Effluent Nitrate conc. = Ne Nitrate (as Nitrogen) Concentration in Effluent (50 for conventional; 24 for level II; 30 for level 1a; 40 for level 1b)

# single family homes = #l Number of Single Family Homes on the Drainfield (leave as 1 if effluent volume in next column is adjusted to equal total effluent from drainfield)

Effluent per drain. = Ql Quantity of Effluent from drainfield (average rate varies depending on number of bedrooms)

Annual precip. = P Annual local Precipitation

Percent precip recharge = V Percent of Precipitation Recharging Ground Water (usually constant at 0.2)

Down grad. width = W Width of Mixing Zone Perpendicular to Ground Water Flow = (0.175)(L) + (Y)

Mix zone area  = Am Cross Sectional Area of Aquifer Mixing Zone = (D)(W)

Mix zone surface area = As Surface Area of Mixing Zone = (L)(W)

Ground water flow = Qg Ground Water Flow Rate = (K)(I)(Am)

Recharge flow = Qr Recharge Flow Rate = (As)(P/12/365)(V)

Effluent flow = Qe Effluent Flow Rate = (#l)(Ql)

Resulting nitrate (N) = Nt Nitrate (as Nitrogen) Concentration at End of Mixing Zone = ((Ng)(Qg) + (Nr)(Qr) + (Ne)(Qe)) / ((Qg) + (Qr) + (Qe))

  (or nitrate concentration to use as background nitrate for next downgradient drainfield when determining cumulative effects)



   

APPENDIX N                                                 PHOSPHOROUS CALCULATIONS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



MONTANA DEPARTMENT OF ENVIRONMENTAL QUALITY

CUMULATIVE PHOSPHOROUS BREAKTHROUGH ANALYSIS
 

SITE NAME: Eagles Grove

COUNTY: Gallatin

NOTES: Cumulative Effects with COS 1639 West (GCCHD Permits #13197, #15883, #18032)

CONSTANTS

Phosphorous Load (lbs/yr) 6.44

Conversion Factor 1,000,000

VARIABLES EQUATIONS SOLUTION

Tract

Perpendicular 

Width of 

Drainfield (ft)

Drainfield Long 

Axis (ft)

Drainfield 

Short Axis (ft)

Depth to 

Limiting 

Layer (ft)

Distance to Surface 

Water/ Downgradient 

Drainfield (ft)

Mixing 

Depth (ft)

Soil 

Weight 

(lbs)

Soil Phosphorous 

Adsorption Capacity 

(ppm)

# of Homes on 

Drainfield

Total 

Phosphorous 

Load  (lbs/yr)

Soil Weight under 

Drainfield (lbs)

Soil Weight from 

Drainfield to Surface 

Water (lbs)

Total Phosphorous 

Adsorption by Soils 

(lbs)

Breakthrough 

Time (years)

Lg L W B D T Sw Pa #l Pt W1 W2 P BT

Eagles Grove 248.0 232.0 59.0 12.0 259.0 1.0 100 200 25.0 161.00 16425600 7010159 4687.15 29.1

COS 1639 West 108.5 100.0 45.0 7.0 400.0 1.0 100 200 2.05 13.20 3150000 5740000 1778.00 134.7 ok

Required to pass 70.89

1



MONTANA DEPARTMENT OF ENVIRONMENTAL QUALITY

CUMULATIVE PHOSPHOROUS BREAKTHROUGH ANALYSIS
 

SITE NAME: Eagles Grove

COUNTY: Gallatin

NOTES: Cumulative Effects with COS 1639 East (GCCHD Permit #16507)

CONSTANTS

Phosphorous Load (lbs/yr) 6.44

Conversion Factor 1,000,000

VARIABLES EQUATIONS SOLUTION

Tract

Perpendicular 

Width of 

Drainfield (ft)

Drainfield Long 

Axis (ft)

Drainfield 

Short Axis (ft)

Depth to 

Limiting 

Layer (ft)

Distance to Surface 

Water/ Downgradient 

Drainfield (ft)

Mixing 

Depth (ft)

Soil 

Weight 

(lbs)

Soil Phosphorous 

Adsorption Capacity 

(ppm)

# of Homes on 

Drainfield

Total 

Phosphorous 

Load  (lbs/yr)

Soil Weight under 

Drainfield (lbs)

Soil Weight from 

Drainfield to Surface 

Water (lbs)

Total Phosphorous 

Adsorption by Soils 

(lbs)

Breakthrough 

Time (years)

Lg L W B D T Sw Pa #l Pt W1 W2 P BT

Eagles Grove 248.0 232.0 59.0 12.0 521.0 1.0 100 200 25.0 161.00 16425600 15295909 6344.30 39.4

COS 1639 East 69.5 85.0 21.0 6.0 400.0 1.0 100 200 2.15 13.85 1071000 4180000 1050.20 75.8 ok

Required to pass 60.59

1
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