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This survey contains useful information for farmers or ranchers, foresters or
7 . Aagronomists; for planners, community decision makers, engineers, developers,
builders, or homebuyers; for consarvationists, recreationists, teachers, or

students; 1o specialists in wildlife management, waste disposal, or pollution cantral.



This is a publication of the National Cooperative Soil Survey, a joint effort
of the United States Department of Agriculture and agencies of the States,
usually the Agricultural Experiment Stations. In some surveys, other Federal
and local agencies also contribute. The Soil Conservation Service has leader-
ship for the Federal part of the National Cooperative Soil Survey. In line with
Department of Agriculture policies, benefits of this program are available to
all, regardless of race, color, national origin, sex, religion, marital status, or age.

Major fieldwork for this soil survey was completed in the period 1970-74.
Soil names and descriptions were approved in 1975. Unless otherwise indicated,
statements in the publication refer to conditions in the survey area in 1975.
This survey was made cooperatively by the Soil Conservation Service and the
North Dakota Agricultural Experiment Station. It is part of the technical
assistance furnished to the Pierce County Soil Conservation District. Financial
assistance was provided by the Pierce County Board of Commissioners.

Soil maps in this survey may be copied without permission, but any enlarge-
ment of these maps can cause misunderstanding of the detail of mapping and
result in erroneous interpretations. Enlarged maps do not show small areas of
contrasting soils that could have been shown at a larger mapping scale.
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Foreword

The Soil Survey of Pierce County, North Dakota, contains much informa-
tion useful in any land-planning program. Of prime importance are the predic-
tions of soil behavior for selected land uses. Also highlighted are limitations or
hazards to land uses that are inherent in the soil, improvements needed to
overcome these limitations, and the impact that selected land uses will have on
the environment.

This soil survey has been prepared for many different users. Farmers,
ranchers, foresters, and agronomists can use it to determine the potential of
the soil and the management practices required for food and fiber production.
Planners, community officials, engineers, developers, builders, and homebuyers
can use it to plan land use, select sites for construction, develop soil resources,
or identify any special practices that may be needed to insure proper per-
formance. Conservationists, teachers, students, and specialists in recreation,
wildlife management, waste disposal, and pollution control can use the soil sur-
vey to help them understand, protect, and enhance the environment.

Great differences in soil properties can occur even within short distances.
Soils may be seasonally wet or subject to flooding. They may be shallow to
bedrock. They may be too unstable to be used as a foundation for buildings or
roads. Very clayey or wet soils are poorly suited to septic tank absorption
fields. A high water table makes a soil poorly suited to basements or un-
derground installations.

These and many other soil properties that affect land use are described in
this soil survey. Broad areas of soils are shown on the general soil map; the lo-
cation of each kind of soil is shown on detailed soil maps. Each kind of soil in
the survey area is described, and much information is given about each soil for
specific uses. Additional information or assistance in using this publication can
be obtained from the local office of the Soil Conservation Service or the
Cooperative Extension Service.

This soil survey can be useful in the conservation, development, and
productive use of soil, water, and other resources.

G Ll =k

Allen L. Fisk
State Conservationist
Soil Conservation Service

vii
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SOIL SURVEY OF PIERCE COUNTY, NORTH DAKOTA

By James H. Thiele, Terry L. Berogan, Lynn M. Deslauriers, Lawrence P. Haugen,
Leonard A. Neubauer, and Robert L.. Howey, Soil Conservation Service

United States Department of Agriculture, Soil Conservation Service,
in cooperation with North Dakota Agricultural Experiment Station

PIERCE COUNTY is in the north-central part of
North Dakota (see facing page). Rugby, the county seat,
at the geographical center of North America, has a popu-
lation of 3,125. The county has a total area of 693,120
acres, or 1,083 square miles.

The county lies entirely in the Drift Prairie Region of
North Dakota. The soils are mainly derived from material
originating from glacial till, glacial lakes, and glacial out-
wash sediment. Most of the county is gently rolling
prairie broken by low hills and ridges with a few sharp
peaks (fig. 1). Along the western edge of the county, near
the beach areas of old Glacial Lake Souris, the soils are
sandy. Just to the east of the sandy area is a long narrow
level area, which was an extension of Lake Souris. It ex-
tends across the county from north to south, to the east
of Rugby. The elevation ranges from about 1,460 feet in
the extreme northwest corner to 1,750 feet in the south-
central part of the county.

General nature of the county

This part of the survey provides general information on
the climate of Pierce County and the settlement, natural
resources, and farming.

Climate

Pierce County is usually warm in summer with
frequent spells of hot weather and occasional cool days. It
is very cold in winter, when Arctic air frequently surges
over the county. Most precipitation falls during the warm
period and is normally heaviest late in spring and early in
summer. Winter snowfall is normally not too heavy, and it
is blown into drifts.

Table 1 gives data on temperature and precipitation for
the survey area, as recorded at Rugby, North Dakota, for
the period 1951 to 1974. Table 2 shows probable dates of
the first freeze in fall and the last freeze in spring. Table
3 provides data on length of the growing season.

In winter the average temperature is 9 degrees F, and
the average daily minimum temperature is -1. The lowest

temperature on record, which occurred at Rugby on
January 28, 1951, is -38 degrees. In summer the average
temperature is 68 degrees, and the average daily max-

imum temperature is 81. The highest recorded tempera-
ture, which occurred on July 20, 1960, is 105 degrees.

Growing degree days, shown in table 1, are equivalent
to “heat units.” During the month, growing degree days
accumulate by the amount that the average temperature
each day exceeds a base temperature (40 degrees F). The
normal monthly accumulation is used to schedule single or

successive plantings of a crop between the last freeze in
spring and the first freeze in fall.

Of the total annual precipitation, 13 inches, or 76 per-
cent, usually falls in April through September, which in-
cludes the growing season for most crops. In 2 years out
of 10, the rainfall in April through September is less than
11 inches. The heaviest 1-day rainfall during the period of
record was 2.70 inches at Rugby on August 24, 1968.

Thunderstorms occur on about 24 days each year, and
most occur in summer.

Average seasonal snowfall is 40 inches. The greatest
snow depth at any one time during the period of record
was 30 inches. On the average, 50 days have at least 1

inch of snow on the ground, but the number of such days
varies greatly from year to year.

The average relative humidity in midafternoon is about
55 percent. Humidity is higher at night, and the average
at dawn is about 80 percent. The percentage of possible
sunshine is 72 in summer and 52 in winter. The prevailing

wind is from the southwest. Average windspeed is
highest, 12 miles per hour, in April.

Several times each winter, snowstorms and high wind

bring blizzard conditions to the county. Hail during
summer thunderstorms occurs in small, scattered areas.

Climatic data in this section were specially prepared for

the Soil Conservation Service by the National Climatic
Center, Asheville, North Carolina.
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Settlement

The first three settlements in Pierce County were
established in 1885. One was in Antelope Valley, just
northwest of Rugby, another was east of Round Lake,
and the third was near Hurricane Lake. In 1889, Rugby
was selected as the county seat.

In 1890, the population of Pierce County was 905. By
1910 it had increased to 9,740. In 1970, it was 6,323.

Rugby, the county seat and the largest town, had a
population of 3,125 in 1972. Other communities in the
county are Wolford, Barton, Silva, Balta, Orrin, and Selz.

Natural resources

Soil is the most important natural resource in the coun-
ty. The crops produced and the livestock that graze the
grassland are marketable products derived from the soil.

There is no lignite coal or salt in commercial quantities
in Pierce County. Many wells have been drilled, but none
have produced commercial oil or gas.

As a result of the glaciation that has occurred in this
county, there are several areas of sandy and gravelly out-
wash materials favorable for commercial excavation.

Areas of water more than 40 acres in size make up
about 4 percent of the county. Much of the surface water,
however, is saline and is not used by livestock. There are
three large underground aquifers in the county. One is in
the extreme south end of the county, another is in the
central part, and the third is just east of Rugby. Most of
the ground water bearing material is sand, sandstone,
gravel, gravelly sand, and shale. The aquifer in the
southern part of the county could be important to irriga-
tion development, depending on the water quality (3).

Farming

The first settlers in Pierce County were mainly far-
mers. The few ranches were mainly in the southern part
of the county. The period of ranching was of comparative-
ly short duration. The first Soil Conservation District was
established in 1947.

The principal crop in Pierce County is wheat. Flax, bar-
ley, and oats are other main crops. Alfalfa is an important
feed crop. Flax is grown for seed; straw is an important
by-product. Barley is grown for feed and for malting.
Wheat is mainly used for milling.

The number of farms has decreased steadily from 1,154
in 1936, to 956 in 1956, to about 750 in 1975. About 70 per-
cent of the county, or 490,350 acres, is cropland, and 21
percent, or 147,399 acres, is range and pasture.

How this survey was made

Soil scientists made this survey to learn what kinds of
soil are in the survey area, where they are, and how they
can be used. The soil scientists went into the area know-
ing they likely would locate many soils they already knew

something about and perhaps identify some they had
never seen before. They observed the steepness, length,
and shape of slopes; the size of streams and the general
pattern of drainage; the kinds of native plants or crops;
the kinds of rock; and many facts about the soils. They
dug many holes to expose soil profiles. A profile is the
sequence of natural layers, or horizons, in a soil; it ex-
tends from the surface down into the parent material,
which has been changed very little by leaching or by the
action of plant roots.

The soil scientists recorded the characteristics of the
profiles they studied, and they compared those profiles
with others in counties nearby and in places more distant.
Thus, through correlation, they classified and named the
soils according to nationwide, uniform procedures.

After a guide for classifying and naming the soils was
worked out, the soil scientists drew the boundaries of the
individual soils on aerial photographs. These photographs
show woodlands, buildings, field borders, roads, and other
details that help in drawing boundaries accurately. The
soil map at the back of this publication was prepared
from aerial photographs.

The areas shown on a soil map are called soil map units.
Some map units are made up of one kind of soil, others
are made up of two or more kinds of soil, and a few have
little or no soil material at all. Map units are discussed in
the sections “General soil map for broad land use
planning” and “Soil maps for detailed planning.”

While a soil survey is in progress, samples of soils are
taken as needed for laboratory measurements and for en-
gineering tests. The soils are field tested, and interpreta-
tions of their behavior are modified as necessary during
the course of the survey. New interpretations are added
to meet local needs, mainly through field observations of
different kinds of soil in different uses under different
levels of management. Also, data are assembled from
other sources, such as test results, records, field ex-
perience, and information available from state and local
specialists. For example, data on crop yields under
defined practices are assembled from farm records and
from field or plot experiments on the same kinds of soil.

But only part of a soil survey is done when the soils
have been named, described, interpreted, and delineated
on aerial photographs and when the laboratory data and
other data have been assembled. The mass of detailed in-
formation then needs to be organized so that it is readily
available to different groups of users, among them far-
mers, managers of rangeland and woodland, engineers,
planners, developers and builders, homebuyers, and those
seeking recreation.

General soil map for broad land use
planning
The general soil map at the back of this publication

shows, in color, map units that have a distinet pattern of
soils and of relief and drainage. Each map unit is a unique
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natural landscape. Typically, a map unit consists of one or
more major soils and some minor soils. It is named for
the major soils. The soils making up one unit can occur in
other units but in a different pattern.

The general soil map provides a broad perspective of
the soils and landscapes in the survey area. It provides a
basis for comparing the potential of large areas for
general kinds of land use. Areas that are, for the most
part, suited to certain kinds of farming or to other land
uses can be identified on the map. Likewise, areas of soils
having properties that are distinetly unfavorable for cer-
tain land uses can be located.

Because of its small scale, the map does not show the
kind of soil at a specific site. Thus, it is not suitable for
planning the management of a farm or field or for select-
ing a site for a road or building or other structure. The
kinds of soil in any one map unit differ from place to
place in slope, depth, stoniness, drainage, or other charac-
teristics that affect their management.

As a result of changes in series concept, differing soil
patterns, and map unit design, some of the boundaries
and soil series names on the Pierce County general soil
map do not match those on the general soil map of Wells
County.

Map unit descriptions

1. Swenoda-Hecla-Embden-Stirum

Level to gently rolling, well drained, moderately well
drained, and poorly drained, moderately coarse and
coarse textured soils formed in material weathered from
eolian sands, glacial till, and sandy glacial outwash

Areas of this level to gently rolling map unit are in the
western and northern parts of the county. These areas
are old glacial outwash and glacial till plains.

This unit makes up about 26 percent of the county. It is
about 20 percent Swenoda soils (fig. 2), 17 percent Hecla
soils, 12 percent Embden soils, 12 percent Stirum soils,
and 39 percent soils of minor extent.

Local relief is slight. Swenoda soils are at the higher
elevations, Stirum soils are in swales, on flats, or adjacent
to drainageways, and Hecla and Embden soils are in the
intermediate areas.

Swenoda soils are well drained and moderately well
drained, Hecla and Embden soils are moderately well
drained, and Stirum soils are poorly drained. All have a
seasonal high water table early in spring. The surface
layer of Swenoda, Embden, and Stirum soils is fine sandy
loam and that of the Hecla soil is loamy fine sand. The
hazard of soil blowing is high.

Minor in this unit are the excessively drained Serden
soils, the well drained Maddock and Dickey soils, the well
drained and moderately well drained Towner soils, the
moderately well drained Aylmer soils, and the marshy
Aquolls. Also in this unit are areas of water.

About 50 percent of the unit is used for crops, and the
rest for pasture and hay. Low available water capacity

and the related tendency toward droughtiness are the
main limitations for farming. The seasonal high water
table and the related wetness are the principal limitations
for most other uses.

The potential for cultivated farm crops is poor on Hecla
soils and very poor on Stirum soils, but fair to good on
the rest of the unit. Stirum soils are generally not suited
to any kind of cultivated crop.

The potential for urban, residential, and recreational
use is poor on Stirum soils, but good on the rest. The wet-
ness limitation on Stirum soils is difficult to overcome.

The potential for openland and rangeland wildlife
habitat is poor on Stirum soils, but fair to good on the
rest of the unit. Stirum soils, however, have fair potential
for wetland wildlife habitat.

2. Gardena

Level to undulating, moderately well drained, medium
textured soils formed in material weathered from glacial
lacustrine sediment

Areas of this level to undulating map unit are in the
northwestern part of the county. These areas are old gla-
cial lake plains.

This unit makes up about 12 percent of the county. It is
about 63 percent Gardena soils (fig. 3) and 37 percent
soils of minor extent.

Local relief is slight. Gardena soils are moderately well
drained and have a seasonal high water table early in
spring. The surface layer is silt loam. The hazard of soil
blowing is moderate.

Minor in this unit are the well drained Eckman soils,
the moderately well drained Cathay soils, the somewhat
poorly drained Glyndon soils, the poorly drained Tonka
soils, and the marshy Aquolls. Also in this unit are areas
of water.

Nearly all the acreage is cropland. There are few
limitations for the production of cultivated crops. Gardena
soils are among the most productive in the county. The
seasonal high water table and the related wetness and
frost action are the main limitations for most other uses.

The potential is good for cultivated farm crops.

The potential is good for urban, residential, and recrea-
tional use. The seasonal high water table can be lowered
if the soil is adequately drained.

The potential is good to fair for openland and rangeland
wildlife habitat.

The potential for wetland wildlife habitat is good on
Tonka soils and the marshy Aquolls but poor on the rest
of the unit.

3. Barnes-Svea-Hamerly

Level to gently rolling, well drained to somewhat poorly
drained, medium textured soils formed in material
weathered from loam and clay loam glacial till

Areas of this level to gently rolling map unit are in the
northeastern part of the county. These areas are old gla-
cial till plains.



4 SOIL SURVEY

This unit makes up about 10 percent of the county. It is
about 25 percent Barnes soils (fig. 4), 21 percent Svea
soils, 14 percent Hamerly soils, and 40 percent minor soils
or water.

Local relief is slight. Barnes soils are at the higher
elevations, Hamerly soils are at the lower elevations, and
Svea soils at the intermediate elevations. Barnes soils are
well drained, Svea soils are moderately well drained, and
Hamerly soils somewhat poorly drained. The Svea and
Hamerly soils have a seasonal high water table early in
spring. All of these soils have a loamy surface layer. The
hazard of soil blowing is low to moderate.

Minor in this unit are the well drained Buse soils, the
poorly drained Tonka soils, the very poorly drained Par-
nell soils, and the marshy Aquolls. Also in this unit are
areas of water.

Nearly all the acreage is cropland. Tonka and Parnell
soils and Aquolls are used for pasture, hay, or wetland
wildlife. The hazards of soil blowing and water erosion
are the main limitations of the major soils for farming.
The seasonal high water table of the Svea and Hamerly
soils and the moderately slow permeability of all the soils
are the principal limitations for most other uses.

The potential is good for cultivated crops.

The potential is good to fair for urban, residential, and
recreational use. The seasonal high water table and the
moderately slow permeability ecan be overcome with, for
example, adequate foundation drainage for buildings and
enlarged absorption fields for septic tanks.

The potential is good to fair for openland and rangeland
wildlife habitat. The potential for wetland and wildlife is
good on Tonka and Parnell soils and on Aquolls but poor
to fair on the rest of the unit.

4. Arvilla

Level to undulating, somewhat excessively drained, medi-
um textured and moderately coarse textured soils formed
in material weathered from loamy alluvium, sand, and
gravel

Areas of this level to undulating map unit are in the
southern part of the county. These areas are old glacial
outwash plains.

This unit makes up about 1 percent of the county. It is
about 80 percent Arvilla soils and 20 percent minor soils
or water.

Local relief is slight. Arvilla soils are somewhat exces-
sively drained and contain large amounts of sand and
gravel in the substratum. The surface layer is sandy loam,
fine sandy loam, or loam. The hazard of soil blowing is
high.

Minor in this association are the excessively drained
Sioux soils and the somewhat poorly drained Divide soils.

Nearly all the acreage is cropland. Low available water
capacity, the related droughtiness, and the hazard of soil
blowing are the main limitations for cultivated crops.
Limitations are few for most other uses, but seepage is a
major limitation for reservoirs, ponds, or lagoons.

The potential is poor for cultivated farm crops.

The potential is good to fair for urban, residential, and
recreational use. Pollution of ground water supply is a
hazard if the soils are used for onsite sewage disposal.

The potential is fair to poor for openland and rangeland
wildlife habitat. It is poor for wetland wildlife. The poten-
tial is fair as a source of sand and gravel because of the
content of excess fines.

5. Emrick-Heimdal-Fram

Level to undulating, well drained to somewhat poorly
drained, medium textured soils formed in material
weathered from loam and sandy loam glacial till

Areas of this level to undulating map unit are in the
central and southern parts of the county. These areas are
old glacial till plains.

This unit makes up about 23 percent of the county. It is
about 40 percent Emrick soils (fig. 5), 20 percent Heimdal
soils, 15 percent Fram soils, and 25 percent soils of minor
extent or water.

Local relief is slight. Heimdal soils are at the higher
elevations, Fram soils are at the lower elevations, and
Emrick soils at the intermediate elevations. Emrick soils
are moderately well drained, Heimdal soils are well
drained, and Fram soils somewhat poorly drained. Fram
soils have a seasonal high water table early in spring. All
of these soils have a loamy surface layer. The hazard of
soil blowing is moderate.

Minor in this unit are the well drained Esmond soils on
knobs, the moderately well drained Cathay soils on inter-
mediate slopes, the poorly drained Vallers and Tonka soils
in depressions, and the marshy Aquolls. Also in this unit
are areas of water.

Most of the acreage is cropland. Tonka and Vallers soils
and Aquolls are used for pasture, hay, or wetland wildlife.
The hazards of soil blowing and water erosion are the
main limitations of the major soils for farming. The
seasonal high water table of the Fram soils and the
moderate permeability of all the soils are the principal
limitations for most other uses.

The potential is good for cultivated farm crops.

The potential for urban, residential, and recreational
uses is good on the Emrick and Heimdal soils and fair on
the Fram soils. The seasonal high water table limitation
can be overcome with, for example, adequate foundation
drainage for buildings and enlarged absorption fields for
septic tanks.

The potential is good to fair for openland and rangeland
wildlife habitat. The potential for wetland wildlife habitat
is good on Vallers and Tonka soils and on Aquolls but
poor to fair on the rest of the unit.

6. Heimdal-Esmond-Emrick

Undulating to steep, well drained and moderately well
drained, medium textured soils formed in material
weathered from loam and sandy loam glacial till
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This undulating to steep map unit occurs as scattered
areas throughout the county. These areas are parts of old
glacial till plains.

This unit makes up about 26 percent of the county. It is
about 22 percent Heimdal soils (fig. 6), 17 percent
Esmond soils, 13 percent Emrick soils, and 48 percent
minor soils or water.

Local relief is moderate. Esmond soils are at the higher
elevations, Emrick soils are at lower elevations, and
Heimdal soils at the intermediate elevations. Heimdal and
Esmond soils are well drained, and Emrick soils are
moderately well drained. All the major soils have a loamy
surface layer. The hazard of soil blowing is moderate.

Minor in this unit are the poorly drained Stirum and
Tonka soils, the poorly and very poorly drained Borup
soils, the very poorly drained Parnell soil, and the marshy
Aquolls. Also in this unit are areas of water.

Most of the undulating, gently rolling, and nonstony
acreage is cropland. The rolling steep, and stony areas are
used for pasture or hay. The minor Borup, Stirum, Tonka,
and Parnell soils and the Aquolls are used mainly for
pasture, hay, or wetland wildlife production. The hazards
of soil blowing and water erosion are the main limitations
for farming in the nonstony, undulating, and gently
rolling areas. The slope, the stoniness, and the moderate
permeability are the principal limitations for most other
uses.

The potential is good to poor for cultivated crops. The
stony areas are not suited to any kind of cultivation.

The potential is good to fair for urban, residential, and
recreational use. Slope is the chief limitation.

The potential is good to poor for openland and range-
land wildlife habitat. The potential for wetland wildlife
habitat is good on Tonka, Parnell, and Borup soils and
Aquolls but poor on the rest of the unit.

7. Gardena-Overly

Level to undulating, moderately well drained, medium
textured and moderately fine textured soils formed in
material weathered from glacial lake sediment

Areas of this level to undulating map unit are in the
northeastern part of the county. These areas are old gla-
cial lake plains.

This unit makes up about 2 percent of the county. It is
about 34 percent Gardena soils, 26 percent Overly soils,
and 40 percent minor soils or water.

Local relief is very slight. Both soils are moderately
well drained. The surface layer of Gardena soils is silt
loam, and that of Overly soils silty clay loam. The hazard
of soil blowing is low to moderate.

Minor in this unit are the somewhat poorly drained
Bearden soils, the poorly drained and very poorly drained
Hegne soils, and the marshy Aquolls. Also in this unit are
areas of water.

Nearly all the unit is cropland. The soils have few
limitations for the production of cultivated crops. Gardena
and Overly soils are among the most productive in the

county. The seasonal high water table and the related
wetness and frost action are the main limitations for most
other uses.

The potential is good for cultivated farm crops.

The potential is good for urban, residential, and recrea-
tional use. The seasonal high water table can be lowered
if the soil is adequately drained. The frost action limita-
tion can be overcome by deep placement of footings for
buildings and suitable base materials for roads and
streets.

The potential is good to fair for openland and rangeland
habitat. It is poor for wetland habitat.

Broad land use considerations

The general soil map is most useful for determining the
general outline of areas that are suitable for cropland,
urban, wildlife, or recreational use; it cannot be used for
the selection of sites for specific structures. Deciding
which land should be used for urban development or, for
example, which land should be preserved for cropland is
an issue of increasing concern in the State and in the sur-
vey area. The 1967 Conservation Needs Inventory shows
75.7 percent of the land in Pierce County used for crops,
18.6 percent range, 4.3 percent pasture, 0.2 percent forest,
and 1.2 percent other uses. In general, the soils that have
a good potential for cultivated crops also have good
potential for urban development. The information about
specific soils in this survey can be helpful in planning fu-
ture land use patterns in Pierce County.

Large areas where the soils are so unfavorable that
urban or recreational development is prohibitive are not
extensive in Pierce County. The Arvilla unit is made up
of soils that are rapidly permeable. There is a possibility
of ground water contamination if the soils are used for
onsite sewage disposal. All of the units contain small in-
cluded acreages of poorly and very poorly drained soils.
The included soils are so wet that the potential is poor for
urban uses.

The Gardena and the Gardena-Overly units are the
most productive soils for the production of cultivated
crops and have the highest potential. The Emrick-Heim-
dal-Fram and the Barnes-Svea-Hamerly units are highly
productive and have good potential. The Arvilla unit is
the least productive of all the units and has low potential.
The Swenoda-Hecla-Embden-Stirum and the Heimdal-
Esmond-Emrick units are productive and have fair poten-
tial.

Soil maps for detailed planning

The map units shown on the detailed soil maps at the
back of this publication represent the kinds of soil in the
survey area. They are described in this section. The
descriptions together with the soil maps can be useful in
determining the potential of a soil and in managing it for
food and fiber production; in planning land use and
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developing soil resources; and in enhancing, protecting,
and - preserving the environment. More information for
each map unit, or soil, is given in the section “Use and
management of the soils.”

Preceding the name of each map unit is the symbol that
identifies the soil on the detailed soil maps. Each soil
description includes general facts about the soil and a
brief description of the soil profile. In each description,
the principal hazards and limitations are indicated, and
the management concerns and practices needed are
discussed.

The map units on the detailed soil maps represent an
area on the landscape made up mostly of the soil or soils
for which the unit is named. Most of the delineations
shown on the detailed soil map are phases of soil series.

Soils that have a profile that is almost alike make up a
soil series. Except for allowable differences in texture of
the surface layer or of the underlying substratum, all the
soils of a series have major horizons that are similar in
composition, thickness, and arrangement in the profile. A
soil series commonly is named for a town or geographic
feature near the place where a soil of that series was
first observed and mapped. The Emrick series, for exam-
ple, was named for the town of Emrick in Wells County.

Soils of one series can differ in texture of the surface
layer or in the underlying substratum and in slope, ero-
sion, stoniness, salinity, wetness, or other characteristics
that affect their use. On the basis of such differences, a
soil series is divided into phases. The name of a soil phase
commonly indicates a feature that affects use or manage-
ment. For example, Bearden silty clay loam, saline, is one
of two phases within the Bearden series.

Some map units are made up of two or more dominant
kinds of soil. Such map units are called soil complexes,
soil associations, and undifferentiated groups.

A soil complex consists of areas of two or more soils
that are so intricately mixed or so small in size that they
cannot be shown separately on the soil map. Each area in-
cludes some of each of the two or more dominant soils,
and the pattern and proportion are somewhat similar in
all areas. Hamerly-Tonka complex, 0 to 3 percent slopes,
is an example.

An undifferentiated group is made up of two or more
soils that could be mapped individually but are mapped as
one unit because there is little value in separating them.
The pattern and proportion of the soils are not uniform.
An area shown on the map has at least one of the domi-
nant (named) soils or may have all of them. Heimdal and
Emrick very stony loams, 3 to 9 percent slopes, is an un-
differentiated group in this survey area.

Most map units include small, scattered areas of soils
other than those that appear in the name of the map unit.
Some of these soils have properties that differ substan-
tially from those of the dominant soil or soils and thus
could significantly affect use and management of the map
unit. These soils are described in the description of each
map unit. Some of the more unusual or strongly contrast-
ing soils that are included are identified by a special sym-
bol on the soil map.

Most mapped areas include places that have little or no
soil material and support little or no vegetation. Such
places are called miscellaneous areas; they are delineated
on the soil map and given descriptive names. Pits, gravel,
is an example. Some of these areas are too small to be
delineated and are identified by a special symbol on the
soil map.

The acreage and proportionate extent of each map unit
are given in table 4, and additional information on proper-
ties, limitations, capabilities, and potentials for many soil
uses is given for each kind of soil in other tables in this
survey. (See “Summary of tables.”) Many of the terms
used in describing soils are defined in the Glossary.

1—Tonka silt loam. This level, poorly drained soil is in
shallow depressions and basins. Areas generally range
from 3 to 20 acres.

Typically, the surface layer is very dark gray silt loam
about 11 inches thick. The subsurface layer, from 11 to 24
inches, is dark gray silt loam. The subsoil, from 24 to 37
inches, is silty clay loam. It is very dark gray in the upper
part and dark gray in the lower part. The underlying
material to a depth of 60 inches is dark grayish brown
clay loam.

Included with this soil in mapping are small areas of
Parnell soils, generally less than one-half acre in size.
These soils are in the lowest part of some depressions
and are very poorly drained. They make up 15 percent or
less of the unit.

Permeability is slow, and available water capacity is
high. Runoff is ponded. Tilth is good. The organic-matter
content and fertility are high.

Most areas of this soil are farmed. Some are used for
hay and pasture. The soil has fair potential for cultivated
crops; good potential for hay, pasture, and trees; and poor
potential for most engineering uses.

If drained, this soil is suited to small grain and flax.
Undrained areas are often ponded in spring, thus delay-
ing or preventing tillage and seeding. Good tilth is easy to
maintain. The hazard of soil blowing is slight and is easily
controlled under crop residue management.

Keeping the soil in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition.

If drained, this soil is well suited to trees and shrubs in
windbreaks and environmental plantings. Unless drained,
it is generally not suited to trees. All climatically adapted
species grow well.

This soil is poorly suited to building site development
and to most onsite waste disposal. The depth to the
seasonal high water table and the duration are severe
limitations. The slow percolation rate is a problem in sep-
tic tank absorption fields but can be overcome by enlarg-
ing the field. The seasonal high water table can be
lowered by drainage. The soil is well suited to sewage
lagoons.

This soil has good potential for the development of wet-
land wildlife habitat. Most areas are surrounded by soils
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having good potential for crops and vegetation in support
of wetland wildlife.

The included Parnell soil is wetter and is ponded longer
than this soil. It seldom can be drained because it lacks
suitable outlets. Capability subclass IIw.

2—Parnell silty clay loam. This level, very poorly
drained soil is in depressions. Slopes are smooth and flat

to slightly concave. Areas generally range from 3 to 25
acres.

Typically, the surface layer is black silty clay loam
about 8 inches thick. The subsoil, from 8 to 46 inches, is
silty clay. It is black in the upper part and very dark gray
in the lower part. The underlying material to a depth of
60 inches is olive gray clay loam.

Included with this soil in mapping are small areas of
Tonka and Vallers soils that are generally less than one-
half acre. These soils are in the shallower parts of depres-
sions and are poorly drained. They make up 15 percent or
less of the unit.

Permeability is slow, and available water capacity is
high. Runoff is ponded. Tilth is fair. The organic-matter
content and fertility are high.

Most areas are used for pasture, hay, or wildlife
habitat. The potential is poor for cultivated crops, fair for
pasture and hay, and poor for most engineering uses.

If drained, this soil is well suited to small grain and
flax. Because this unit lacks suitable outlets, most areas
are undrained. Ponding commonly prevents tillage and
seeding. Good tilth is easy to maintain. The hazard of soil
blowing is slight and is easily controlled under crop
residue management.

Keeping the soil in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
timely deferment of grazing, and restricted use during
wet periods keep the pasture in good condition.

This soil is generally not suited to windbreak and en-
vironmental plantings. If this soil is adequately drained,
however, all climatically adapted species of trees and
shrubs grow well.

This soil is generally not suited to building site develop-
ment and onsite waste disposal. The seasonal high water
table, the ponding, the shrink-swell potential, and the
slow permeability require costly design, installation, and
maintenance. The Parnell soil in this survey area is not
used for building sites or most related uses.

This soil has good potential for wetland wildlife habitat.
Most areas are surrounded by soils having good potential
for crops and vegetation in support of wetland wildlife.

The included Tonka and Vallers soils are poorly
drained. They are wetter for a shorter period of time,
however, than Parnell soils. Capability subclass Vw.

3—Colvin silty clay loam, wet. This level, very poorly
drained soil is in deep depressions on lake plains. Most
areas are circular or oval and generally range from 5 to
more than 50 acres.

Typiecally, the surface layer is black silty clay loam
about 8 inches thick. The underlying material from 8 to 19
inches is grayish brown and light brownish gray silty clay

loam, from 19 to 86 inches olive gray silty clay loam, from
36 to 52 inches gray loam, and from 52 to 60 inches olive
gray silty clay loam. In some places the surface layer is
thinner and contains less lime.

Permeability is moderately slow, and available water
capacity is high. Runoff is ponded. Tilth is fair. The or-
ganic-matter content and fertility are high.

Most areas are in native grass, pasture, or hay. The
potential is poor for cultivated crops, fair for pasture and
hay, and poor for most engineering uses.

This soil is generally not suited to small grain and flax.
Because it lacks suitable outlets, most areas are un-
drained. The seasonal high water table and ponding
prevent or delay tillage and seeding. The hazard of soil
blowing is slight in cultivated areas and is easily con-
trolled under crop residue management.

Keeping this soil in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
timely deferment of grazing, and restricted use during
wet periods keep the pasture in good condition and main-
tain the desirable native grass species. In some years,
areas of this soil are too wet to harvest hay. ‘

This soil is generally not suited to windbreak and en-
vironmental plantings. It is too wet for most climatically
adapted tree and shrub species. If this soil is drained,
however, all adapted species of trees and shrubs grow
well.

This soil is generally not suited to building site develop-
ment and onsite waste disposal. The seasonal high water
table, the moderately slow permeability, and the ponding
require costly design, installation, and maintenance. The
Colvin soil in this survey area is not used for building
sites or most related uses.

This soil has good potential for wetland wildlife habitat.
Most areas are near soils having good potential for crops
and vegetation in support of wetland wildlife. Capability
subclass Vw.

7—Fossum soils, saline. These level, poorly drained,
moderately saline soils are in shallow depressions on
lacustrine plains and glacial outwash plains. Areas
generally range from 5 to more than 50 acres and are
generally irregular in shape.

Typically, the surface layer is about 22 inches thick. It
is black fine sandy loam in the upper part, very dark gray
loamy fine sand in the middle part, and very dark grayish
brown loamy fine sand in the lower part. The underlying
material to a depth of 60 inches is grayish brown fine
sand. In some places the soil is slightly saline and in
others strongly saline.

Permeability is rapid, and available water capacity is
low. Runoff is very slow. Tilth is good. The organic-
matter content is moderate, and fertility is low.

Most areas are in hay or pasture, but some are in crops.
The potential is poor for cultivated crops and trees, fair
for pasture and hay, and poor for most engineering uses.

If cultivated, these soils have a high hazard of soil
blowing. Intensive crop residue management, buffer
strips, stripcropping, and wind barriers are needed. Wet-



8 SOIL SURVEY

ness often delays tillage and seeding in spring. Drainage
is seldom feasible because of the lack of suitable outlets.
The moderate salt content reduces yields and limits the
choice of crops to such salt-tolerant plants as barley.
Summer fallow increases the salt content in the surface
layer.

Keeping the soil in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition and maintain desirable native grasses. A good
surface cover is needed to control soil blowing.

These soils are generally not suited to windbreak and
environmental plantings because of the seasonal high
water table and the salt content.

These soils are generally not suited to building site
development and to onsite waste disposal. The seasonal
high water table, the ponding, and the seepage require
costly design, installation, and maintenance. The Fossum
soil in this survey area is not used for building sites or
related use.

These soils have good potential for wetland wildlife
habitat. Most areas are surrounded by soils having fair
potential for crops and vegetation in support of wetland
wildlife. Capability subclass Vw.

12—Hegne silty clay. This level, poorly drained soil is
on concave to flat glacial lake plains. Areas generally
range from 20 to more than 175 acres.

Typiecally, the surface layer is black silty clay about 8
inches thick. The underlying material to a depth of 60
inches is silty clay. It is dark olive gray in the upper part,
olive gray in the middle part, and olive in the lower part.
In some places the depth to lime is more than 16 inches.

Permeability is slow, and available water capacity is
high. Runoff is medium. Tilth is poor. The organic-matter
content and fertility are high.

Most areas are farmed. The potential is good for cul-
tivated crops, pasture, hay, and trees and poor for most
engineering uses.

This soil is suited to small grain and flax, but a seasonal
high water table delays tillage and seeding in spring. It
can be tilled within only a narrow range of moisture con-
tent because it is very sticky wet and very hard dry. Fall
plowing and freezing, thawing, wetting, and drying in
winter improve tilth of the surface layer.

Fall plowing generally leaves this soil in good condition
for seedbed preparation in spring, but it also increases
the hazard of soil blowing. The hazard of soil blowing is
moderate and can be controlled with buffer strips, strip-
cropping, and windbreaks or under crop residue manage-
ment.

Keeping the soil in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition. Restriction of grazing in wet periods prevents
compaction of the surface layer and disruption of the
plants.

This soil is well suited to windbreak and environmental
plantings. All climatically adapted species of trees and
shrubs grow well.

This soil is poorly suited to building site development
and most onsite waste disposal. It is well suited to
sewage lagoons. The slow percolation rate, the seasonal
high water table, and the shrink-swell potential require
costly design, installation, and maintenance. The slow per-
colation rate, a problem in septic tank absorption fields,
can be overcome by enlarging the field. The seasonal
water table can be lowered by drainage if suitable outlets
are available, but these outlets are generally difficult to
locate. Frost action breaks up roads and streets but can
be overcome by replacing the base material with material
not subject to frost action.

This soil has fair potential for wetland wildlife habitat
and good potential for shallow water areas. Most areas
have good potential for grain and seed crops. Capability
subclass ITw.

13—Hegne silty clay, wet. This level, very poorly
drained soil is on concave glacial lake plains. Areas
generally range from 10 to more than 180 acres, and most
are circular.

Typically, the surface layer is black silty clay about 10
inches thick. The underlying material to a depth of 60
inches is silty clay. It is dark olive gray in the upper part,
olive gray in the middle part, and olive in the lower part.
In some places the surface layer is thinner, and in others
the depth to lime is more than 16 inches.

Permeability is slow, and available water capacity is
high. Runoff is slow. The organic-matter content and fer-
tility are high.

Most areas are used for pasture or hay. The potential is
poor for cultivated crops, good for hay and pasture, and
poor for most engineering uses.

This soil is poorly suited to small grain and flax. It has
a seasonal high water table. Runoff from surrounding
slopes causes ponding for long periods. Drainage is
generally not feasible because of the lack of suitable out-
lets.

Keeping the soil in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition. Restriction of grazing during wet periods
prevents compaction of the surface layer and disruption
of the plants.

This soil is poorly suited to windbreak and environmen-
tal plantings. The seasonal high water table and the pond-
ing are severe limitations.

This soil is generally not suited to building site develop-
ment and to most onsite waste disposal. The seasonal high
water table, the ponding, the slow percolation rate, and
the shrink-swell potential require costly design, installa-
tion, and maintenance. The Hegne soil in this survey area
is not used for building sites or most related uses.

This soil has fair to good potential for wetland wildlife
habitat and good potential for shallow water areas. Most
areas are surrounded by soils having good potential for
grain and seed crops. Capability subclass Vw.

14—Bearden silty clay loam. This level, somewhat
poorly drained soil is in low-lying areas on glacial lake
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plains. Areas generally range from 5 to more than 200
acres and are circular or oval.

Typically, the surface layer is very dark gray silty clay
loam about 14 inches thick. The underlying material to a
depth of 60 inches is silty clay loam. It is grayish brown
in the upper part, light olive brown in the middle part,
and gray in the lower part. In some places the soil is
moderately saline.

Permeability is slow, and available water capacity is
high. Runoff is slow. Tilth is fair. The organic-matter con-
tent and fertility are high.

Most areas are in crops. The potential is good for cul-
tivated crops, hay, pasture, and trees and fair for most
engineering uses.

This soil is well suited to small grain and flax. Wetness
sometimes delays tillage and seeding in spring. Tilth can
be maintained or improved by timely tillage. The hazard
of soil blowing is moderate and can be controlled under
crop residue management and with striperopping, wind-
breaks, and buffer strips.

Keeping the soil in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
timely deferment of grazing, and restricted grazing dur-
ing wet periods keep the pasture in good condition.

This soil is well suited to windbreak and environmental
plantings. All climatically adapted species grow well.

This soil is generally suited to building site develop-
ment and most onsite waste disposal. The seasonal high
water table can be lowered by drainage. The slow per-
colation rate, a problem for septic tank absorption fields,
can be overcome by enlarging the field. Frost action
breaks up roads and streets but can be overcome by
replacing the base material with material not subject to
frost action.

This soil has fair potential for wetland wildlife habitat.
Most areas have good potential for grain and seed crops.
Capability subclass Ile.

15—Bearden silty clay loam, saline. This level,
somewhat poorly drained, moderately saline soil is in low-
lying areas on glacial lake plains. Areas generally range
from 10 to more than 100 acres and are circular or oval.

Typically, the surface layer is very dark gray silty clay
loam about 14 inches thick. The underlying material to a
depth of 60 inches is silty clay loam. It is grayish brown
in the upper part, light olive brown in the middle part,
and gray in the lower part. In some places the soil is only
slightly saline.

Permeability is slow, and available water capacity is
high. Runoff is slow. Tilth is fair. The organic-matter con-
tent and fertility are high.

Most areas are in crops. The potential is fair for cul-
tivated crops, good for hay and pasture, poor for trees,
and fair for most engineering uses.

This soil is suited to small grain and flax. The moderate
salt content reduces yields; salt-tolerant crops such as
barley are better suited to this soil. Tilth can be main-
tained or improved by timely tillage. Wetness sometimes
delays tillage and seeding in spring. The hazard of soil

blowing is moderate and can be controlled under crop
residue management and with striperopping and buffer
strips.

Keeping the soil in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
timely deferment of grazing, and restricted grazing dur-
ing wet periods keep the pasture in good condition.

This soil is generally not suited to windbreak and en-
vironmental plantings because of the seasonal high water
table and the salt content.

This soil is generally suited to building site develop-
ment and onsite waste disposal. The seasonal high water
table can be lowered by drainage. The slow percolation
rate is a problem in septic tank absorption fields but can
be overcome by enlarging the field. Frost action breaks
up roads and streets but can be overcome by replacing
the base material with material that is not subject to
frost action.

This soil has fair potential for wetland wildlife habitat.
Most areas have fair potential for grain and seed crops.
Capability subclass [TIw.

16 —Overly silty clay loam. This level, moderately well
drained soil is on flat glacial lake plains. Areas generally
range from 20 to more than 200 acres.

Typically, the surface layer is black silty clay loam
about 9 inches thick. The subsoil is silty clay loam about
13 inches thick. It is black in the upper part and very
dark gray in the lower part. The underlying material is
silty clay loam. It is grayish brown in the upper part and
light olive brown in the lower part. In some places the
surface layer is silt loam.

Permeability is moderately slow, and available water
capacity is high. Runoff is slow. Tilth is fair. The organic-
matter content and fertility are high.

Most areas are farmed. The potential is good for cul-
tivated crops, hay, pasture, and trees and for most en-
gineering uses.

This soil is well suited to small grain and flax. Tilth can
be maintained or improved by timely cultivation. Cultiva-
tion should be avoided if the soil is either too wet or too
dry. The hazard of soil blowing is slight and is easily con-
trolled under crop residue management and with strip-
cropping. Buffer strips are helpful in controlling soil
blowing in years of low crop-residue production.

Keeping the soil in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition.

This soil is well suited to windbreak and environmental
plantings. All climatically adapted species of trees and
shrubs grow well.

This soil is suited to building site development and
onsite waste disposal. The slow percolation rate, a
problem in septic tank absorption fields, can be overcome
by enlarging the field. The frost action limitation can be
overcome by placing building footings below frost depth.
Frost action breaks up roads and streets but can be over-
come by replacing the base material with material not
subject to frost action.
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This soil has poor potential for wetland wildlife habitat
and good potential for openland wildlife habitat. Grain,
seed crops, grasses, and legumes in support of wildlife are
well suited to this soil. Capability subeclass Ilc.

17—Colvin silty clay loam. This level, poorly drained
soil is in low-lying areas on glacial lake plains. Areas are
smooth and generally range from 5 to more than 50 acres.

Typically, the surface layer is black silty clay loam
about 8 inches thick. The underlying material from 8 to 19
inches is grayish brown and light brownish gray silty clay
loam, from 19 to 36 inches olive gray silty clay loam, from
36 to 52 inches gray loam, and from 52 to 60 inches olive
gray silty clay loam. In places the surface layer is thicker,
and in others the soil is slightly to moderately saline.

Permeability is moderately slow, and available water
capacity is high. Runoff is very slow. Tilth is fair. The or-
ganic-matter content and fertility are high.

Most areas are in native grass, pasture, or hay. The
potential is poor for cultivated crops, good for native hay
and pasture, and poor for most engineering uses.

If drained, this soil is suited to small grain and flax.
Most areas are not drained, however, because of a lack of
suitable outlets. Good tilth can be maintained by timely
cultivation. Cultivation should be avoided if the soil is
either too wet or too dry. The hazard of soil blowing is
slight and is easily controlled under crop residue manage-
ment and with stripecropping and buffer strips. Some
areas of this soil are farmed in dry years, because it is in
low-lying areas and receives additional moisture from ru-
noff of surrounding slopes.

Keeping the soil in pasture and hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition and maintain the desirable native grass species.

Unless this soil is drained, it is generally not suited to
windbreak and environmental plantings.

This soil is poorly suited to building sites and to most
onsite waste disposal. It is well suited to sewage lagoons.
The depth to the seasonal high water table and the dura-
tion, the ponding, and the slow percolation rate are severe
limitations. The limitation of the slow percolation rate can
be overcome by enlarging the field. The Colvin soil in this
survey area is generally not used for building sites or
most related uses.

This soil has good potential for wetland wildlife habitat.
It is well suited to shallow water areas and the growth of
wetland plants. Capability subclass IVw.

18—Colvin silty clay loam, channeled. This level,
poorly drained and very poorly drained soil is on bottom
land adjacent to intermittent drainage channels. Areas
have long and smooth slopes and generally range from 10
to more than 100 acres.

Typically, the surface layer is black silty clay loam
about 8 inches thick. In most of this county, however, it is
8 to 10 inches thick. The underlying material from 8 to 19
inches is grayish brown and light brownish gray silty clay
loam, from 19 to 36 inches olive gray silty clay loam, from
36 to 52 inches gray loam, and from 52 to 60 inches olive

gray silty clay loam. In some places the surface layer is
silt loam, and in other places it contains less lime. In some
places the soil is slightly to moderately saline.

Included with this soil in mapping are natural drainage
channels, which make up less than 5 percent of the map
unit. They are generally either too wet or too deep to
cross with machinery.

Permeability is moderately slow, and available water
capacity is high. Runoff is very slow to ponded. The or-
ganic-matter content and fertility are high.

Most areas are used for native grass pasture or hay.
The potential is poor for cultivated crops and trees, good
for native grass hay and pasture, and poor for most en-
gineering uses.

This soil is not suited to small grain and flax. It is
generally not drained because it lacks suitable outlets. It
is subject to stream overflow and is sometimes covered
with water for long periods.

Keeping this soil in native grass pasture or hay is ef-
fective in controlling erosion. Proper stocking rates,
pasture rotation, and timely deferment of grazing keep
the pasture in good condition and maintain the desirable
native grass species.

This soil is generally not suited to windbreak and en-
viromental plantings. Ponding and the high water table
are severe limitations.

This soil is poorly suited to building sites and most
onsite waste disposal. It is well suited to sewage lagoons.
The seasonal high water table, the ponding, and the slow
percolation rate are severe limitations. The slow percola-
tion rate can be overcome by enlarging the absorption
field. The Colvin soil in this survey area is generally not
used for building sites and related uses.

This soil has good potential for wetland wildlife habitat.
It is well suited to development of shallow water areas
and to wetland plants. Capability subclass Vw.

20—Pits, gravel, are miscellaneous areas from which
the soil material has been removed in order to mine the
underlying sand and gravel. They are irregularly shaped
pits and fill areas that range from 3 to more than 30
acres. Most are barren of vegetation.

These pits have poor potential for cultivated crops, hay,
pasture, and trees. They are generally not suited to most
engineering uses. They are generally not suited as waste
disposal areas because of the rapid percolation rate. The
rapid percolation rate can allow waste material to con-
taminate the ground water supply. Capability subclass not
assigned.

24—Hecla-Ulen loamy fine sands, 0 to 3 percent
slopes. This map unit consists of level and nearly level,
moderately well drained Hecla soils and somewhat poorly
drained Ulen soils on sandy lacustrine and glacial outwash
plains. It is about 60 percent Hecla soil and 35 percent
Ulen soil. The Hecla soil is in the higher lying areas, and
the Ulen soil in shallow depressions. Areas generally
range from 10 to more than 250 acres.

Typically, the Hecla soil has a surface layer of black
loamy fine sand about 18 inches thick. The underlying
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material from 18 to 25 inches is very dark gray loamy
fine sand, from 25 to 36 inches dark grayish brown loamy

fine sand, and from 36 to 60 inches grayish brown fine
sand.

Typically, the Ulen soil has a surface layer of loamy
fine sand about 15 inches thick. It is black in the upper
part and very dark gray in the lower part. The underly-
ing material from 15 to 23 inches is grayish brown loamy
fine sand, from 23 to 40 inches light yellowish brown fine
sand, from 40 to 48 inches yellowish brown fine sand, and
from 48 to 60 inches light olive brown fine sand.

About 5 percent of the map unit is included small areas
of Fossum soils. These soils are in depressions. In places
they are slightly to moderately saline.

Permeability is rapid, and available water capacity is
low for both soils. Runoff is slow. Tilth is fair. The or-
ganic-matter content is moderate, and fertility is low.

Many areas are in cultivated crops. Some are used for
hay or pasture. The soils have poor potential for cul-
tivated crops, fair potential for hay and pasture, good
potential for trees and shrubs, and fair potential for most
engineering uses.

These soils are suited to small grain and flax. The Ulen
soil has a seasonal high water table that in some years
delays tillage and seeding in spring. The hazard of soil
blowing is high. Intensive crop residue management,
buffer strips, striperopping, and windbreaks are needed.
Both soils are droughty as a result of the low available
water capacity. Rye is generally the best suited small
grain because it can be seeded in fall to protect the soil
from blowing and it makes the best use of available
moisture.

Keeping these soils in pasture or hay is effective in
controlling moisture. Proper stocking rates, pasture rota-
tion, and timely deferment of grazing keep the pasture in
good condition. If the pasture is overgrazed, soil blowing
is a hazard. :

These soils have poor potential for the development of
wetland wildlife habitat. The potential is fair for openland
wildlife habitat and for grain and seed crops.

The included Fossum soils are wetter than Hecla and
Ulen soils. Because they are ponded, they are generally
not suited to cultivated crops or to engineering uses.
They have good potential for wetland wildlife habitat
development. Capability subelass IVe.

25—Hecla loamy fine sand, 0 to 3 percent slopes. This
level and nearly level, moderately well drained soil is on
sandy lacustrine plains and glacial outwash plains. Areas
range from 10 to more than 300 acres. Slopes are long.

Typically, the surface layer is black loamy fine sand
about 18 inches thick. The underlying material from 18 to
25 inches is very dark gray loamy fine sand, from 25 to 36
inches dark grayish brown loamy fine sand, and from 36
to 60 inches grayish brown fine sand.

About 10 percent of the map unit is included small
areas of the well drained Maddock soils. These soils are
on mounds and slight rises and have a loamy fine sand or
fine sand surface layer.

Permeability is rapid, and available water capacity is
low. Runoff is slow. Tilth is fair. The organic-matter con-
tent is moderate, and fertility is low.

Many areas are in cultivated crops. Some are used for
tame grass, pasture, or hay. The potential is poor for cul-
tivated crops; fair for hay, pasture, and most engineering
uses; and good for trees and shrubs.

This soil is poorly suited to small grain and flax. It is
droughty. The hazard of soil blowing is high (fig. 7). In-
tensive crop residue management, buffer strips, strip-
cropping, and windbreaks are needed. Rye is generally
the best suited small grain because it can be seeded in
fall to protect the soil from blowing and it makes the best
use of available moisture.

Keeping the soil in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition. Soil blowing is a hazard if this soil is over-
grazed.

This soil is well suited to windbreak and environmental
plantings. All climatically adapted trees and shrubs grow
well.

This soil is suited to building site development. The
frost action limitation can be overcome by placing build-
ing footers below frost depth. The caving in of cutbanks,
a problem in shallow excavations, can be overcome by
shoring trench walls. Frost action breaks up roads and
streets but can be overcome by draining the soil or by
replacing the base material with material not subject to
frost action. This soil is generally not suited to onsite
waste disposal because of the rapid percolation rate. Con-
tamination of ground water is a hazard.

This soil has poor potential for wetland wildlife habitat.
The potential is fair for openland wildlife habitat and for
grain and seed crops.

The included Maddock soil has good potential for build-
ing site development and for roads and streets. Capability
subclass IVe.

26B—Maddock loamy fine sand, 3 to 6 percent
slopes. This undulating, well drained soil is on sandy
lacustrine and glacial outwash plains. Areas generally
range from 20 to more than 300 acres. Slopes are short.
Local relief is about 5 to 15 feet.

Typically, the surface layer is very dark gray loamy
fine sand about 11 inches thick. The underlying material
from 11 to 20 inches is dark grayish brown loamy fine
sand, from 20 to 48 inches dark grayish brown fine sand,
and from 48 to 60 inches loamy very fine sand. In some
places the surface layer is fine sand, and in others it is
thicker.

About 10 to 20 percent of the map unit is included
small areas of the moderately drained Hecla soils. These
areas are generally less than 3 acres. They occupy lower
concave positions.

Permeability is rapid, and available water capacity is
low. Runoff is slow. Tilth is fair. The organic-matter con-
tent is moderate, and fertility is low.
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Many areas are in cultivated crops. Some areas are
used for hay or pasture. The potential is poor for cul-
tivated crops; fair for pasture, hay, and trees; and good to
fair for most engineering uses.

This soil is poorly suited to small grain and flax. It is
droughty. The hazard of soil blowing is high. Intensive
crop residue management, buffer strips, stripcropping,
and windbreaks are needed. Rye is generally the best
suited small grain because it can be seeded in fall to pro-
tect the soil from blowing and it makes the best use of
available moisture.

Keeping the soil in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition. Soil blowing is a hazard if this soil is over-
grazed.

This soil is fairly well suited to windbreak and environ-
mental plantings. Some of the climatically adapted trees
and shrubs grow fairly well.

This soil is well suited to building site development and
fairly well suited to onsite waste disposal. The caving in
of cutbanks, a problem in shallow excavations, can be
overcome by shoring trench walls. If this soil is used for
waste disposal, the seepage resulting from the rapid per-
colation rate may allow waste to contaminate the ground
water.

This soil has very poor potential for wetland wildlife
habitat. It has fair potential for openland wildlife habitat
and for grain and seed crops.

The included Hecla soil has a seasonal high water table
and a related wetness limitation. Capability subclass IVe.

27C—~Maddock loamy fine sand, 6 to 15 percent
slopes. This gently rolling and rolling, well drained soil is
on sandy lacustrine and glacial outwash plains. Areas
generally range from 10 to more than 50 acres. Slopes are
short. Local relief is about 15 to 50 feet.

Typically, the surface layer is very dark gray loamy
fine sand about 11 inches thick. The underlying material
from 11 to 20 inches is dark grayish brown loamy fine
sand, from 20 to 48 inches dark grayish brown fine sand,
and from 48 to 60 inches loamy very fine sand. In some
areas the surface layer is fine sand, and in others it is
thicker.

About 5 to 15 percent of the map unit is included small
areas of the moderately well drained Hecla soils. These
areas are generally less than 3 acres in size. They occupy
lower concave positions.

Permeability is rapid, and available water capacity is
low. Runoff is slow. The organic-matter content is
moderate, and fertility is low.

Most areas are used for native grass pasture or hay.
Some previously cultivated areas are now in permanent
tame grass hay or pasture. The potential is poor for cul-
tivated crops and trees and fair for native grass hay or
pasture and for most engineering -uses.

This soil is generally not suited to small grain, flax, and
grass-legume hay. The hazard of soil blowing is high, and
the soil is droughty. Slopes are an added limitation. The
soil is best suited to permanent grass pasture or hay.

Keeping the soil in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition and help maintain the desirable native grass
species. If this soil is overgrazed, erosion is a hazard.

This soil is generally not suited to windbreak and en-
vironmental plantings. Special or scalp plantings for wild-
life habitat, recreation, or beautification can be made,
but they require intensive management to survive and
grow well.

This soil is fairly well suited to building site develop-
ment and onsite waste disposal. The caving in of cut-
banks, a problem in shallow excavations, can be overcome
by shoring trench walls. Slope, a problem on building
sites, can be overcome by cut and fill operations. If this
soil is used for waste disposal, seepage resulting from the
rapid percolation rate may allow waste to contaminate the
ground water.

If cut and fill operations disturb the vegetative cover,
soil blowing becomes a hazard. This can be controlled by
timely reestablishment of the vegetative cover.

This soil has very poor potential for wetland wildlife
habitat. It has fair potential for openland wildlife habitat
and for grass and legumes.

The included Hecla soil has a seasonal high water table
and a related wetness limitation. Capability subclass Vle.

29—_Towner loamy fine sand, 0 to 3 percent slopes.
This level and nearly level, moderately well drained and
well drained soil is on glacial till plains mantled by wind-
or water-sorted loamy fine sand. Individual areas of this
unit generally range from 20 to more than 250 acres.
Slopes are long. Local relief is less than 5 feet.

Typically, the surface layer is loamy fine sand about 20
inches thick. It is black in the upper part and very dark
gray in the lower part. The underlying material from 20
to 29 inches is very dark grayish brown loamy fine sand,
from 29 to 36 inches grayish brown loam, and from 36 to
60 inches olive brown loam. In some places, generally on
the highest areas, the surface layer is thinner.

About 5 to 10 percent of the map unit is included small
areas of the moderately well drained Hecla soils. They oc-
cupy the same position as the Towner soils but lack the
contrasting loam underlying material.

Permeability is rapid over moderate or moderately
slow. Available water capacity is moderate. Runoff is
slow. Tilth is fair. The organic-matter content is
moderate, and fertility is low.

Most areas are in cultivated crops or in tame grass
pasture or hay. The potential is fair for cultivated crops,
hay, pasture, and trees and good for some engineering uses.

This soil is fairly well suited to small grain and flax. It
is somewhat droughty. The hazard of soil blowing is high.
Intensive crop residue managment, buffer strips, strip-
cropping, and windbreaks are needed. Rye is generally
the best suited small grain because it can be seeded in
fall to protect the soil from blowing and because it makes
the best use of available moisture.
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Keeping the soil in pasture, in hay, or in both, is effec-
tive in controlling erosion. Proper stocking rates, pasture
rotation, and timely deferment of grazing keep the
pasture in good condition.

This soil is fairly well suited to windbreak and environ-
mental plantings. Many of the climatically adapted species
of trees and shrubs grow fairly well.

This soil is well suited to building site development and
fairly well suited to onsite waste disposal. The wetness
limitation, a problem for building sites, can be overcome
by foundation drainage. Frost action breaks up roads and
streets but can be overcome by draining the soil or by
replacing the base material with material not subject to
frost action. The slow percolation rate, a problem in septic
tank absorption fields, can be overcome by enlarging the
field.

This soil has poor potential for wetland wildlife habitat.
It has good potential for openland wildlife habitat and for
grasses and legumes.

The included Hecla soil has about the same limitations
as this soil, but it does not have the slow percolation rate.
Capability subclass IVe.

31B—Towner-Dickey loamy fine sands, 3 to 6 percent
slopes. This map unit consists of undulating, moderately
well drained and well drained Towner soils and well
drained Dickey soils on glaeial till plains mantled by wind-
or water-sorted loamy fine sand. The unit is about 60 per-
cent Towner soil and 30 percent Dickey soil. The Towner
soil is on the lower lying concave slopes and in swales.
The Dickey soil is on hillerests and the upper parts of
hillsides. Areas generally range from 10 to more than 200
acres.

Typically, the Towner soil has a surface layer of loamy
fine sand about 20 inches thick. It is black in the upper
part and very dark gray in the lower part. The underly-
ing material from 20 to 29 inches is very dark grayish
brown loamy fine sand, from 29 to 36 inches grayish
brown loam, and from 36 to 60 inches olive brown loam.

Typically, the Dickey soil has a surface layer of very
dark gray loamy fine sand about 12 inches thick. The sub-
soil, from 12 to 30 inches, is dark brown. It is loamy fine
sand in the upper part and fine sand in the lower part.
The underlying material, from 30 to 60 inches, is loam. It
is light olive brown in the upper part and olive brown in
the lower part.

About 5 to 10 percent of the unit is included small
areas of Hecla and Maddock soils. The Hecla soil occupies
positions on the landscape similar to those of the Towner
soil. The Maddock soil occupies positions similar to those
of the Dickey soil but lacks the contrasting loam underly-
ing material.

Permeability is rapid in the upper part of the soils and
moderately slow or slow in the lower part. Available
water capacity is moderate. Runoff is slow. Tilth is poor.
The organic-matter content is moderate, and fertility is
low.

Many areas are farmed to cultivated erops. Some are in
tame grass pasture or hay. The potential is poor for cul-

tivated crops and fair for hay, pasture, and trees. The
potential for most engineering construction is fair on the
Towner soil and good on the Dickey soil.

These soils are poorly suited to small grain and flax.
They are droughty. The hazard of soil blowing is high. In-
tensive crop residue management, buffer strips, strip-
cropping, and windbreaks are needed. Rye is generally
the best suited small grain because it can be seeded in
fall to protect the soil from blowing, and it makes the
best use of available moisture.

Keeping these soils in pasture or hay is effective in
controlling erosion. Proper stocking rates, pasture rota-
tion, and timely deferment of grazing keep the pasture in
good condition. If the pasture is overgrazed, soil blowing
is a hazard.

These soils are fairly well suited to windbreak and en-
vironmental plantings. Many of the climatically adapted
trees and shrubs grow fairly well.

These soils are well suited to fairly well suited to build-
ing site development and onsite waste disposal. The wet-
ness limitation of the Towner soil can be overcome by
foundation drainage around buildings. The frost action
limitation of the Towner soil for roads and streets can be
overcome by draining the soil or by replacing the base
material with material not subject to frost action. The
caving in of cutbanks, a problem in shallow excavations,
can be overcome by shoring trench walls. The slow per-
colation rate, a problem for septic tank absorption fields,
can be overcome by enlarging the field.

These soils have very poor potential for wetland wild-
life habitat. They have good potential for openland wild-
life habitat and for grass and legumes.

The included Hecla soil has about the same kinds of
limitations as the Towner soil. The included Maddock soil
has about the same limitations as the Dickey soil. Neither
of the included soils, however, has a slow percolation rate.
Capability subclass IVe.

32C—Dickey loamy fine sand, 6 to 15 percent slopes.
This gently rolling and rolling, well drained soil is on gla-
cial till plains mantled by wind- or water-sorted loamy
fine sand. Areas generally range from 20 to more than
200 acres. Slopes are short. Local relief is about 15 to 50
feet.

Typically, the surface layer is very dark gray loamy
fine sand about 12 inches thick. The subsoil, from 12 to 30
inches, is dark brown. It is loamy fine sand in the upper
part and fine sand in the lower part. The underlying
material to a depth of 60 inches is loam. It is light olive
brown in the upper part and olive brown in the lower
part. In places, usually lower concave positions, the sur-
face layer is thicker.

Included with this soil in mapping are small areas of
Maddock and Hecla soils. The Maddock soil occupies posi-
tions similar to those of the Dickey soil and makes up 5 to
10 percent of the unit, but it lacks the contrasting loam
underlying material. The Hecla soil is moderately well
drained, occupies lower concave positions, and makes up 5
to 10 percent of the unit.
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Permeability is rapid in the upper part of the soil, and
moderately slow or slow in the lower part. Available
water capacity is moderate. Runoff is slow. Tilth is poor.
The organic-matter content is moderate, and fertility is
low.

Most areas are used for native grass pasture or hay.
Some previously cultivated areas are now in permanent
tame grass hay or pasture. The potential is poor for cul-
tivated crops and trees and fair for native grass hay or
pasture and for most engineering uses.

This soil is generally not suited to small grain, flax, or
grass-legume hay. The hazard of soil blowing is high. The
soil is droughty. Slope is an added limitation. The soil is
better suited to permanent grass pasture or hay.

Keeping the soil in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition and maintain the desirable native grass species.
If pastures are overgrazed, erosion is a hazard.

This soil is generally not suited to windbreak and en-
vironmental plantings. Special or scalp plantings for wil-
dlife habitat, recreation, or beautification can be made but
require intensive management to survive and grow well.

This soil is fairly well suited to building site develop-
ment and onsite waste disposal. The ecaving in of cut-
banks, a problem in shallow excavations, can be overcome
by shoring trench walls. Slope, a problem in building sites,
can be overcome by cut and fill operations. Seepage above
the contrasting underlying material is a problem for sani-
tary landfills and may allow waste to contaminate water
supplies. Soil blowing, a hazard where cut and fill opera-
tions disturb the vegetative cover, can be controlled by
timely reestablishment of the vegetative cover.

This soil has very poor potential for wetland wildlife
habitat. It has fair potential for openland wildlife habitat
and grasses and legumes.

The included Maddock soil has about the same limita-
tions as this soil, but it does not have the slow percolation
rate. The included Hecla soil has a seasonal high water
table and the related wetness hazard. Capability subclass
Vle.

34—Tiffany fine sandy loam. This level, poorly
drained soil is in shallow depressions on glacial outwash
plains and lacustrine plains. Areas generally range from 3
to 50 acres.

Typically, the surface layer is very dark gray fine
sandy loam about 21 inches thick. The underlying material
from 21 to 28 inches is dark gray fine sandy loam, from
28 to 39 inches dark grayish brown fine sandy loam, from
39 to 45 inches dark gray silt loam, from 45 to 56 inches
light olive brown fine sandy loam, and from 56 to 60
inches light brownish gray and light olive brown clay
loam.

Permeability and available water capacity are
moderate. Runoff is very slow. Tilth is good. The organic-
matter content is high, and fertility is moderate.

Most areas are in hay, but some are cropped or idle.
The potential is poor for cultivated crops and trees, good
for hay or pasture, and poor for most engineering uses.

This soil is poorly suited to small grain and flax. Pond-
ing in spring delays or prevents tillage and seeding. Most
areas are not drained because of the lack of suitable out-
lets. The hazard of soil blowing is high in cultivated areas.
Intensive crop residue management, buffer strips, strip-
cropping, and windbreaks are needed.

Keeping the soil in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition,

If drained, this soil is well suited to windbreak and en-
vironmental plantings. All climatically adapted species of
trees and shrubs grow well. Unless drained, this soil is
generally not suited to trees.

This soil is poorly suited to building site development
and to most onsite waste disposal. The seasonal high
water table and the duration, the seepage, and the pond-
ing are severe limitations and require costly design, in-
stallation, and maintenance. The Tiffany soils in this sur-
vey area are not used for building sites or most related
uses.

This soil has fair potential for wetland wildlife habitat
and shallow water areas. It is commonly adjacent to soils
having fair potential for grain or seed crops in support of
wildlife. Capability subclass IVw.

35—Embden fine sandy loam, 0 to 3 percent slopes.
This level and nearly level, moderately well drained soil is
on glacial outwash and lacustrine plains. Areas generally
range from 20 to more than 300 acres. Slopes are long.
Local relief is less than 5 feet.

Typically, the surface layer is black fine sandy loam
about 14 inches thick. The subsoil, from 14 to 32 inches, is
fine sandy loam. It is very dark brown in the upper part
and very dark grayish brown in the lower part. The un-
derlying material is light olive brown. It is fine sandy
loam in the upper part and loamy fine sand in the lower
part. In places, usually on the higher areas, the surface
layer is thinner.

About 5 to 10 percent of the map unit is included small
areas of Swenoda soils. These areas are generally less
than 8 acres. They are well drained and moderately well
drained, have contrasting.loam underlying material, and
occupy positions similar to the Embden soil.

Permeability is moderately rapid, and available water
capacity is moderate. Runoff is slow. Tilth is good. The
organic-matter content is high, and fertility is moderate.

Most areas are farmed. The potential is good for cul-
tivated crops, trees, hay, and pasture and for some en-
gineering uses.

This soil is well suited to small grain and flax. It is
slightly droughty. The hazard of soil blowing is high. In-
tensive crop residue management, buffer strips, strip-
cropping, and windbreaks are needed. Rye is generally
the best suited small grain because it can be seeded in
fall to protect the soil from blowing, and because it makes
the best use of available moisture.

Keeping the soil in hay or pasture is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
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and timely deferment of grazing keep the pasture in good
condition.

This soil is well suited to windbreak and environmental
plantings. All climatically adapted species of trees and
shrubs grow well.

This soil is well suited to building site development.
Frost action is a problem for buildings, roads, and streets,
but it can be overcome by placing or building footers
below frost depth, by draining the soil, or by replacing
street or road base material with material not subject to
frost action. This soil is poorly suited to sewage lagoons
and sanitary landfills. Seepage is a problem for onsite
disposal of waste and may allow waste to contaminate the
ground water. The seepage problem for sewage lagoons
can be overcome with plastic liners or clay blankets.

This soil has poor potential for wetland wildlife habitat.
The potential is good for openland wildlife habitat and for
grasses and legumes.

The included Swenoda soil has about the same limita-
tions as this soil, but it has a slow percolation rate. Capa-
bility subeclass IIle.

36B—Embden-Egeland fine sandy loams, 3 to 6 per-
cent slopes. This map unit consists of undulating,
moderately well drained Embden soils and well drained
Egeland soils on glacial outwash plains and lacustrine
plains. It is about 60 percent Embden soil and about 30
percent Egeland soil. The Embden soil is on the low-lying
concave slopes and in swales, and the Egeland soil is on
upper side slopes and hillcrests. Areas generally range
from 5 to more than 150 acres.

Typically, the Embden soil has a surface layer of black
fine sandy loam about 14 inches thick. The subsoil, from
14 to 32 inches, is fine sandy loam. It is very dark brown
in the upper part and very dark grayish brown in the
lower part. The underlying material is fine sandy loam in
the upper part and loamy fine sand in the lower part. It
is light olive brown.

Typically, the Egeland soil has a surface layer of black
fine sandy loam about 10 inches thick. The subsoil, from
10 to 24 inches, is dark brown fine sandy loam. The un-
derlying material from 21 to 40 inches is dark grayish
brown fine sandy loam, from 40 to 50 inches dark brown
fine sandy loam, and from 50 to 65 inches grayish brown
loamy fine sand.

About 5 to 10 percent of the map unit is included small
areas of the well drained and moderately well drained
Swenoda soils. These areas are generally less than 3
acres. They have underlying material of contrasting loam.

Permeability is moderately rapid, and available water
capacity is moderate. Runoff is slow to medium. Tilth is
good. The organic-matter content is high in the Embden
soils and moderate in the Egeland soils. Fertility is
moderate.

Most areas are farmed. The potential is fair for cul-
tivated crops and trees, fair to good for engineering uses,
and good for hay and pasture.

These soils are suited to small grain and flax. They are
somewhat droughty. The hazard of soil blowing is high.

Intensive crop residue management, buffer strips, strip-
cropping, and windbreaks are needed. Rye is generally
the best suited small grain because it can be seeded in
fall to protect the soil from blowing, and it makes the
best use of available moisture.

Keeping the soils in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition.

The Embden soil is well suited for windbreak and en-
vironmental plantings. All climatically adapted trees and
shrubs grow well. The Egeland soil is suited, and many of
the climatically adapted trees and shrubs grow fairly well.

These soils are suited to building site development. The
frost action limitation can be overcome by placing build-
ing footers below frost depth. The seasonal high water
table of the Embden soil can be lowered by foundation
drainage. The caving in of cutbanks, a problem in shallow
excavations, can be overcome by shoring of trench walls.
Frost action breaks up roads and streets but can be over-
come by draining the soil or by replacing the base materi-
al with material not subject to frost action.

These soils are poorly suited to onsite disposal from
sewage lagoons and sanitary landfills. Seepage is a
problem for onsite disposal of waste, because waste can
contaminate the ground water. The seepage problem from
sewage lagoons can be overcome with plastic liners or
clay blankets.

These soils have very poor potential for wetland wil-
dlife habitat. They have good potential for openland wil-
dlife habitat and for grasses and legumes.

The included Swenoda soil has about the same limita-
tions as these soils, but it has a slow percolation rate.
Capability subclass ITIe.

37C—Egeland fine sandy loam, 6 to 9 percent slopes.
This gently rolling, well drained soil is on lacustrine plains
and glacial outwash plains. Areas generally range from 5
to more than 50 acres. Slopes are short. Local relief is
about 15 to 50 feet.

Typically, the surface layer is black fine sandy loam
about 10 inches thick. The subsoil, from 10 to 21 inches, is
dark brown fine sandy loam. The underlying material
from 21 to 40 inches is dark grayish brown fine sandy
loam, from 40 to 50 inches dark brown fine sandy loam,
and from 50 to 65 inches grayish brown loamy fine sand.
In places, usually the lower concave slopes, the surface
layer is thicker.

About 5 to 15 percent of the map unit is included small
areas of Swenoda soils. These areas are generally less
than 3 acres. They are well drained and moderately well
drained and have underlying material of contrasting loam.

Permeability is moderately rapid, and the available
water capacity is moderate. Runoff is medium. Tilth is
good. The organic-matter content and fertility are
moderate.

Most areas are farmed. The potential is fair for cul-
tivated crops, trees, hay, and pasture and good to fair for
most engineering uses.
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This soil is suited to small grain and flax. It is
somewhat droughty. The hazard of soil blowing is high.
Intensive crop residue management, buffer strips, strip-
cropping, and windbreaks are needed. Rye is generally
the best suited small grain because it can be seeded in
fall to protect the soil from blowing, and it makes the
best use of available moisture.

Keeping the soil in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition.

This soil is suited to windbreak and environmental
plantings. Many of the climatically adapted tree and
shrub species grow well.

This soil is suited to building site development. The
problem of frost action can be overcome by placing build-
ing footers below frost depth and by replacing road and
street base material with material not subject to frost ac-
tion. The caving in of cutbanks, a problem in shallow ex-
cavations, can be overcome by shoring trench walls.

This soil is generally poorly suited to sewage lagoons
and sanitary landfills, Seepage is a problem for onsite
disposal of waste, because waste may contaminate the
ground water. The seepage problem from sewage lagoons
can be overcome with plastic liners or clay blankets.

This soil has very poor potential for wetland wildlife
habitat. It has good potential for openland wildlife habitat
and for grasses and legumes.

The included Swenoda soil has about the same limita-
tions as this soil, but it has a slow percolation rate. Capa-
bility subelass IVe.

39—Swenoda fine sandy loam, 0 to 3 percent slopes.
This level and nearly level, moderately well drained and
well drained soil is on glacial till plains mantled by wind-
or water-sorted fine sandy loam. Areas generally range
from 10 to more than 200 acres. Slopes are long. Local re-
lief is less than 5 feet.

Typically, the surface layer is very dark gray fine
sandy loam about 8 inches thick. The subsoil, from 8 to 29
inches, is fine sandy loam. It is very dark grayish brown
in the upper part and dark grayish brown in the lower
part. The underlying material to a depth of 60 inches is
loam. It is grayish brown in the upper part and olive
brown in the lower part.

About 5 to 15 percent of the map unit is included small
areas of Embden soils. These areas are generally less
than 8 acres. They are moderately well drained and have
fine sandy loam and loamy fine sand underlying material.

Permeability is moderately rapid over moderate or
moderately slow. Available water capacity is moderate.
Runoff is slow. Tilth is good. The organic-matter content
is high, and fertility is moderate.

Most areas are farmed. The potential is good for cul-
tivated crops, hay, and pasture and fair for trees and
most engineering uses.

This soil is well suited to small grain and flax. It is
somewhat droughty. The hazard of soil blowing is high.
Intensive crop residue management, buffer strips, strip-

cropping, and windbreaks are needed. Rye is generally
the best suited small grain because it can be seeded in
fall to protect the soil from blowing, and it makes the
best use of available moisture.

Keeping the soil in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition.

This soil is fairly well sutied to windbreak and environ-
mental plantings. Many of the climatically adapted trees
and shrubs grow well.

This soil is suited to building site development. The
problem of frost action can be overcome by placing build-
ing footers below frost depth and by replacing road and
street base material with material not subject to frost ac-
tion. The seasonal high water table can be lowered by
foundation drainage around buildings. The slow percola-
tion rate, a problem in septic tank absorption fields, can
be overcome by enlarging the field. Seepage, a problem
for sanitary landfills and sewage lagoons, can be over-
come by removing the upper permeable part of the soil
profile.

This soil has poor potential for wetland wildlife habitat.
It has good potential for openland wildlife habitat and for
grain and seed crops.

The included Embden soil has about the same limita-
tions as this soil, but seepage is a greater problem. Capa-
bility subclass IIIe.

41B—Swenoda fine sandy loam, 3 to 6 percent slopes.
This undulating, well drained and moderately well drained
soil is on glacial till plains mantled with wind- or water-
sorted fine sandy loam. Areas generally range from 10 to
more than 300 acres. Slopes are short. Local relief is
about 5 to 15 feet.

Typically, the surface layer is very dark gray fine
sandy loam about 8 inches thick. The subsoil, from 8 to 29
inches, is fine sandy loam. It is very dark grayish brown
in the upper part and dark grayish brown in the lower
part. The underlying material to a depth of 60 inches is
loam. It is grayish brown in the upper part and olive
brown in the lower part.

About 5 to 15 percent of this map unit is included small
areas of Embden soils. These areas are generally less
than 3 acres. They are moderately well drained and have
fine sandy loam and loamy fine sand underlying material.

Permeability is moderately rapid in the upper part of
the soil and moderate or moderately slow in the lower
part. Available water capacity is moderate. Runoff is
medium. Tilth is good. The organic-matter content is high,
and fertility is moderate.

Most areas are farmed. The potential is good for cul-
tivated crops, hay, and pasture; fair for trees; and fair for
most engineering uses.

This soil is well sunited to small grain and flax. It is
somewhat droughty. The hazard of soil blowing is high.
Intensive crop residue management, buffer strips, strip-
cropping, and windbreaks are needed. Rye is generally
the best suited small grain because it can be seeded in
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fall to protect the soil from blowing and it makes the best
use of available moisture.

Keeping the soil in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition.

This soil is fairly well suited to windbreak and environ-
mental plantings. Many of the climatically adapted trees
and shrubs grow well.

This soil is suited to building site development. The
problem of frost action can be overcome by placing build-
ing footers below frost depth and by replacing road and
street base material with material not subject to frost ac-
tion. The seasonal high water table can be lowered by
foundation drainage around buildings. The slow percola-
tion rate, a problem for septic tank absorption fields, can
be overcome by enlarging the field. Seepage, a problem
for sanitary landfill and sewage lagoons, can be overcome
by removing the upper permeable part of the soil profile.

This soil has poor potential for wetland wildlife habitat.
It has good potential for openland wildlife habitat and for
grain and seed crops.

The included Embden soil has about the same limita-
tions as this soil, but seepage is a greater problem. Capa-
bility subclass Ille.

42C—Swenoda fine sandy loam, 6 to 9 percent slopes.
This gently rolling, well drained and moderately well
drained soil is on glacial till plains mantled with wind- or
water-sorted fine sandy loam. Areas generally range from
5 to more than 100 acres. Slopes are short. Local relief is
about 15 to 50 feet.

Typically, the surface layer is very dark gray fine
sandy loam about 8 inches thick. The subsoil, from 8 to 29
inches, is fine sandy loam. It is very dark grayish brown
in the upper part and dark grayish brown in the lower
part. The underlying material to a depth of 60 inches is
loam. It is grayish brown in the upper part and olive
brown in the lower part.

About 5 to 20 percent of the map unit is included small
areas of Embden and Egeland soils. These areas are
generally less than 3 acres. The Egeland soils are well
drained, and the Embden soils are moderately well
drained. These soils have fine sandy loam and loamy fine
sand underlying material.

Permeability is moderately rapid over moderate or
moderately slow. Available water capacity is moderate.
Runoff is medium. Tilth is good. The organic-matter con-
tent is high, and fertility is moderate.

Most areas are farmed. The potential is fair for cul-
tivated crops, hay, pasture, and trees and for most en-
gineering uses.

This soil is suited to small grain and flax. It is
somewhat droughty. The hazard of soil blowing is high.
Intensive crop residue management, buffer strips, strip-
cropping, and windbreaks are needed. Rye is generally
the best suited small grain because it can be seeded in
fall to protect the soil from blowing and it makes best use
of available moisture.

Keeping the soil in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition.

This soil is fairly well suited to windbreak and environ-
mental plantings. Many of the climatically adapted trees
and shrubs grow well.

This soil is suited to building site development. The
problem of frost action can be overcome by placing build-
ing footers below frost depth and by replacing road and
street base material with material not subject to frost ac-
tion. The seasonal high water table can be lowered by
foundation drainage. The slow percolation rate, a problem
for septic tank absorption fields, can be overcome by
removing the upper permeable part of the soil profile.

This soil has poor potential for wetland wildlife habitat.
It has good potential for openland wildlife habitat and for
grain and seed crops.

The included Egeland and Embden soils have about the
same limitations as this soil, but seepage is a greater
problem. Capability subclass I'Ve.

43— Wyndmere fine sandy loam. This level, somewhat
poorly drained soil occupies flats and swales on lacustrine
plains and glacial outwash plains. Areas generally range
from 5 to more than 150 acres.

Typically, the surface layer is black fine sandy loam
about 10 inches thick. The underlying material from 10 to
19 inches is dark grayish brown fine sandy loam, from 19
to 34 inches grayish brown fine sandy loam, and from 34
to 60 inches light olive brown fine sand. In some places
the surface layer is thicker.

Permeability is moderately rapid, and available water
capacity is moderate. Runoff is slow. Tilth is good. The
organic-matter content is high, and fertility is moderate.

' Most areas are farmed. The potential is good for cul-
tivated crops, pasture, hay, and trees and poor for most
engineering uses.

This soil is well suited to small grain and flax. The
hazard of soil blowing is high. Intensive crop residue
management, buffer strips, striperopping, and windbreaks
are needed. Wetness sometimes delays tillage and seeding
in spring. Rye is generally the best suited small grain
because it can be seeded in fall to protect the soil from
blowing.

Keeping the soil in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing maintain the pasture in
good condition.

This soil is well suited to windbreak and environmental
plantings. All climatically adapted trees and shrubs grow
well.

This soil is poorly suited to building site development
and to most onsite waste disposal. The depth to the
seasonal water table and the duration, the frost action,
and the seepage are severe limitations. The Wyndmere
soil in this survey area is generally not used for building
site development and related use.
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This soil has poor potential for wetland wildlife habitat.
The potential is good for openland wildlife habitat and for
grasses and legumes. Capability subelass IIIe.

44—Fossum soils. These level, poorly drained soils are
in shallow depressions on lacustrine plains and glacial out-
wash plains. Areas generally range from 5 to more than
100 acres.

Typically, the surface layer is about 22 inches thick. It
is black fine sandy loam or loamy fine sand in the upper
part, very dark gray loamy fine sand in the middle part,
and very dark grayish brown loamy fine sand in the
lower part. The underlying material to a depth of 60
inches is grayish brown fine sand. The soil is calcareous
throughout the profile, but in some places it is noncalcare-
ous.

Permeability is rapid, and available water capacity is
low. Runoff is very slow. Tilth is good. The organic-
matter content is moderate. Fertility is low.

Most areas are in pasture or hay. The potential is poor
for cultivated crops; good for pasture, hay, and trees; and
poor for most engineering uses.

This soil is poorly suited to small grain and flax. Wet-
ness delays tillage and seeding in spring. Drainage is sel-
dom feasible because of the lack of suitable outlets. The
soils are droughty. The hazard of soil blowing is high. In-
tensive crop residue management, buffer strips, strip-
cropping, and windbreaks are needed.

Keeping the soil in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition.

If drained, these soils are well suited to windbreak and
environmental plantings. All climatically adapted trees
and shrubs grow well. Unless drained, these soils are
generally not suited to trees.

These soils are poorly suited to building site develop-
ment and to onsite waste disposal. The depth to the
seasonal high water table and the duration, the ponding,
and the seepage are the severe limitations. The Fossum
soils in this survey area are generally not used for build-
ing site development and related use.

These soils have good potential for wetland wildlife
habitat and shallow water areas. Most areas are adjacent
to soils having good or fair potential for grain and seed
crops in support of wetland wildlife. Capability subclass
IVw.

49—Hamerly loam, 0 to 3 percent slopes. This level
and nearly level, somewhat poorly drained soil is on areas
surrounding depressions, on low-lying flats, and in swales
on glacial till plains. Areas generally range from 3 to
more than 70 acres.

Typically, the surface layer is very dark gray loam
about 7 inches thick. The underlying material from 7 to 16
inches is grayish brown loam, from 16 to 29 inches dark
grayish brown and light brownish gray loam, from 29 to
38 inches light olive brown loam, and from 38 to 60 inches
olive brown clay loam (fig. 8).

About 5 to 15 percent of the map unit is included small,
intermingled areas of the poorly drained Vallers and
Tonka soils. These areas are generally less than 3 acres.
The Vallers soils are in slightly lower lying areas, and the
Tonka soils are in shallow depressions.

Permeability is moderately slow, and available water
capacity is high. Runoff is slow. Tilth is good. The or-
ganic-matter content and fertility are high.

Most areas are farmed. The potential is good for cul-
tivated crops, hay, pasture, and trees and fair for most
engineering uses.

This soil is well suited to small grain and flax. It has a
seasonal high water table that delays tillage and seeding
in spring. Good tilth is easily maintained. The hazard of
soil blowing is moderate. Crop residue management,
buffer strips, stripcropping, and windbreaks are needed.

Keeping the soil in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition.

This soil is well suited to windbreak and environmental
plantings. All climatically adapted species of trees and
shrubs grow well.

This soil is suited to building site development and
onsite waste disposal. The wetness, a limitation for
buildings, can be overcome by foundation drainage. The
frost action limitation ean be overcome by placing build-
ing footers below frost depth and by replacing road and
street base material not subject to frost action. The slow
percolation rate, a problem for septic tank absorption
fields, can be overcome by enlarging the field.

This soil has fair potential for wetland wildlife habitat.
It has good potential for openland wildlife habitat and for
grain and seed crops.

The included Tonka and Vallers soils are wetter than
this soil and are generally not used for building site
development and related use. They have good potential
for wildlife habitat. Capability subclass Ile.

50—Svea loam, 0 to 3 percent slopes. This level and

‘nearly level, moderately well drained soil is in swales on

glacial till plains. Areas generally range from 3 to more
than 100 acres.

Typically, the surface layer is black loam about 12
inches thick. The subsoil, from 12 to 27 inches, is very
dark grayish brown loam. The underlying material to a
depth of 60 inches is light olive brown clay loam.

About 10 to 20 percent of the map unit is included
small areas of Barnes, Tonka, and Hamerly soils. These
areas are generally less than 3 acres. The Barnes soil is
well drained, is in slightly higher lying areas, and has a
thinner surface layer than this Svea soil. The Tonka soil
is poorly drained and is in depressions. The Hamerly soil
is somewhat poorly drained and surrounds the depres-
sions.

Permeability is moderately slow, and available water

capacity is high. Runoff is slow. Tilth is good. The or-
ganic-matter content and fertility are high.
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Most areas are farmed. The potential is good for cul-
tivated crops, trees, hay, and pasture and fair to good for
most engineering uses.

This soil is well suited to small grain and flax. The
hazard of soil blowing is low and can be easily controlled
under crop residue management and with striperopping
and windbreaks.

Keeping the soil in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition.

This soil is well suited to windbreak and environmental
plantings. All climatically adapted species grow well.

This soil is suited to building site development and
onsite waste disposal. The wetness limitation, a problem
for buildings, can be overcome by foundation drainage.
The frost action limitation for roads and streets can be
overcome by replacing base material with material not
subject to frost action. The slow percolation rate, a
problem for septic tank absorption fields, can be. over-
come by enlarging the field.

This soil has poor potential for wetland wildlife habitat.
It has good potential for openland wildlife habitat and for
grain and seed crops.

The included Tonka and Hamerly soils are wetter and
have a higher seasonal water table than this soil. The in-
cluded Barnes soil is better drained. Capability subclass
IIe.

51—Barnes-Svea loams, 0 to 3 percent slopes. This
map unit consists of the level and nearly level, well
drained Barnes soils and the moderately well drained
Svea soils on glaical till plains. Areas generally range
from 20 to more than 400 acres and are about 45 percent
Barnes soils and 40 percent Svea soils. The Barnes soils
are on plane and slightly convex, higher lying side slopes,
and the Svea soils are mostly on slightly concave, lower
lying side slopes.

Typically, the Barnes soil has a surface layer of black
loam about 7 inches thick. The subsoil, from 7 to 19
inches, is loam. It is dark brown in the upper part and
olive brown in the lower part. The underlying material to
a depth of 60 inches is loam. It is olive brown in the
upper part and light olive brown in the lower part (fig. 9).
In some places the surface layer is thinner.

Typically, the Svea soil has a surface layer of black
loam about 12 inches thick. The subsoil, from 12 to 27
inches, is very dark grayish brown loam. The underlying
material to a depth of 60 inches is light olive brown clay
loam.

Included with these soils in mapping are small areas of
Tonka and Hamerly soils. These areas are generally less
than 3 acres in size. The Tonka soils are poorly drained
and are in shallow depressions. The Hamerly soils are
somewhat poorly drained and are in swales surrounding
the depressions.

Permeability is moderately slow, and available water
capacity is high. Runoff is medium on the Barnes soil and
slow on the Svea soil. Tilth is good. The organic-matter
content and fertility are high.

Most areas are farmed. The potential is good for cul-
tivated crops, hay, pasture, and trees. The potential for
most engineering uses is good for Barnes soils and fair
for Svea soils.

These soils are well suited to small grain and flax. Good
tilth is easy to maintain. The hazard of soil blowing is low
and is easily controlled under crop residue management
and with stripcropping. Buffer strips are helpful in con-
trolling soil blowing in years of low crop-residue produc-
tion.

Keeping the soils in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition.

These soils are well suited to windbreak and environ-
mental plantings. All climatically adapted trees and
shrubs grow well.

These soils are suited to building site development and
onsite waste disposal. The frost action limitation in the
Svea soil, a problem for roads and streets, can be over-
come by replacing base material with material not subject
to frost action. The wetness limitation, a problem for
buildings, can be overcome by foundation drainage. The
slow percolation rate, a problem for septic tank absorp-
tion fields, can be overcome by enlarging the field.

These soils have poor to very poor potential for wet-
land wildlife habitat. The potential is good for openland
wildlife habitat and for grain and seed crops.

The included Tonka and Hamerly soils are wetter than
these soils. Capability subclass Ilc.

51B—Barnes-Svea loams, 3 to 6 percent slopes. This
map unit consists of the undulating, well drained Barnes
soils and the moderately well drained Svea soils on glacial
till plains. Areas generally range from 10 to more than
200 acres and are about 50 percent Barnes soils and about
35 percent Svea soils. The Barnes soils are on plane and
slightly convex side slopes, and Svea soils are generally
on slightly concave side slopes.

Typically, the Barnes soil has a surface Jlayer of black
loam about 7 inches thick. The subsoil, from 7 to 19
inches, is loam. It is dark brown in the upper part and
olive brown in the lower part. The underlying material to
a depth of 60 inches is loam. It is olive brown in the
upper part and light olive brown in the lower part.

Typically, the Svea soil has a surface layer of black
loam about 12 inches thick. The subsoil, from 12 to 27
inches, is very dark grayish brown loam. The underlying
material to a depth of 60 inches is light olive brown clay
loam.

About 10 to 20 percent of the map unit is included
small areas of Tonka and Hamerly soils. These areas are
generally less than 3 acres. The Tonka soils are poorly
drained and in depressions. The Hamerly soils are
somewhat poorly drained and surround the depressions.

Permeability is moderately slow, and available water
supply is high. Runoff is medium on the Barnes soil and
slow on the Svea soil. Tilth is good. The organic-matter
content and fertility are high.
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Most areas are farmed. The potential is good for cul-
tivated crops, pasture, hay, and trees. The potential for
most engineering uses is good for Barnes soils and fair
for Svea soils.

These soils are well suited to small grain and flax. Good
tilth is easy to maintain. The hazard of soil blowing is low
and is easily controlled under crop residue management
and with stripcropping. Buffer strips are helpful in control-
ling soil blown in years of low crop-residue production.

Keeping the soils in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition.

These soils are well suited to windbreak and environ-
mental plantings. All climatically adapted species of trees
and shrubs grow well.

These soils are suited to building site development and
onsite waste disposal. The frost action limitation in the
Svea soil, a problem for roads and streets, can be over-
come by replacing base material with material not subject
to frost action. The wetness limitation, a problem for
buildings, can be overcome by foundation drainage. The
slow percolation rate, a problem for septic tank absorp-
tion fields, can be overcome by enlarging the field.

These soils have very poor potential for wetland wil-
dlife habitat. The potential is good for openland wildlife
habitat and for grain and seed crops.

The included Tonka and Hamerly soils are wetter than
these soils. Capability subclass IIe.

53B—Barnes-Buse loams, 3 to 6 percent slopes. This
map unit consists of the undulating, well drained Barnes
and Buse soils on glacial till plains. Areas generally range
from 3 to more than 100 acres and are about 60 percent
Barnes soils and about 30 percent Buse soils. The Barnes
soils are on the lower parts of side slopes. The Buse soils
are on the upper part of side slopes and on the tops of
knobs and knolls.

Typically, the Barnes soil has a surface layer of black
loam about 7 inches thick. The subsoil, from 7 to 19
inches, is loam. It is dark brown in the upper part and
olive brown in the lower part. The underlying material to
a depth of 60 inches is loam. It is olive brown in the
upper part and light olive brown in the lower part.

Typically, the Buse soil has a surface layer of very dark
gray loam about 7 inches thick. The underlying material
to a depth of 60 inches is loam. It is light olive brown in
the upper part and olive brown in the lower part.

About 5 to 15 percent of the map unit is included small
areas of Svea soils. These areas are generally less than 3
acres. They are in swales and at the base of slopes.

Permeability is moderately slow, and available water
capacity is high. Runoff is medium. Tilth is good. The or-
ganic-matter content and fertility are high in the Barnes
soil and moderate in the Buse soil.

Most areas are farmed. The potential is fair for cul-
tivated crops; good for pasture, hay, and trees; and good
for most engineering uses.

These soils are suited to small grain and flax. The
hazards of soil blowing and erosion are moderate. Erosion
can be controlled under crop residue management and
with stripcropping, buffer strips, and windbreaks.

Keeping the soils in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition.

These soils are suited to windbreak and environmental
plantings. Most climatically adapted trees and shrubs
grow well.

These soils are well suited to building site development
and onsite waste disposal. The frost action limitation, a
problem for streets and roads, can be overcome by replac-
ing the base material with material not subject to frost
action. The slow percolation rate, a limitation for septic
tank absorption fields, can be overcome by enlarging the
field.

These soils have very poor potential for wetland wil-
dlife habitat. The potential is good for openland wildlife
habitat and for grain and seed crops.

The included Svea soils are wetter than these soils and
have a seasonal high water table. Capability subclass Ille.

53C—Barnes-Buse loams, 6 to 9 percent slopes. This
map unit consists of the gently rolling, well drained
Barnes and Buse soils on glacial till plains. Areas
generally range from 3 to more than 100 acres and are
about 55 percent Barnes soils and 35 percent Buse soils.
The Barnes soils are on the lower parts of side slopes.
The Buse soils are on the upper parts of side slopes and
on the tops of knobs and knolls.

Typically, the Barnes soil has a surface layer of black
loam about 7 inches thick. The subsoil, from 7 to 19
inches, is loam. It is dark brown in the upper part_and
olive brown in the lower part. The underlying material to
a depth of 60 inches is loam. It is olive brown in the
upper part and light olive brown in the lower part.

Typically, the Buse soil has a surface layer of very dark
gray loam about 7 inches thick. The underlying material
to a depth of 60 inches is loam. It is light olive brown in
the upper part and olive brown in the lower part.

About 5 to 15 percent of the map unit is included small
areas of Svea soils. These soils are generally less than 3
acres. They are in swales and at the base of slopes.

Permeability is moderately slow, and available water
capacity is high. Runoff is medium. Tilth is good. The or-
ganic-matter content and fertility are high in the Barnes
soil and moderate in the Buse soil.

Most areas are farmed. The potential is fair for cul-
tivated crops; good for pasture, hay, and trees; and good
for most engineering uses.

These soils are suited to small grain and flax. The
hazards of soil blowing and water erosion are moderate
and can be controlled under crop residue management
and with stripcropping, buffer strips, and windbreaks.

Keeping the soils in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition.
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These soils are suited to windbreak and environmental
plantings. Most of the eclimatically adapted trees and
shrubs grow well.

These soils are well suited to building site development
and onsite waste disposal. The frost action limitation, a
problem for roads and streets, can be overcome by replac-
ing the base material with material not subject to frost
action. The slow percolation rate, a limitation for septic
tank absorption fields, can be overcome by enlarging the
field.

These soils have very poor potential for wetland wil-
dlife habitat. The potential is good for openland wildlife
habitat and for grasses and legumes.

The included Svea soils are wetter than these soils and
have a seasonal high water table. Capability subclass IVe.

55F —Esmond-Heimdal very stony loams, 9 to 25 per-
cent slopes. This map unit consists of the rolling and
hilly, well drained Esmond and Heimdal soils on glacial
till plains. Areas generally range from 3 to more than 200
acres and are about 45 percent Esmond soils and 40 per-
cent Heimdal soils. The Esmond soils are on the steeper
upper parts of side slopes and ridgecrests. The Heimdal
soils are on the lower parts of side slopes. The amount of
stone cover ranges from about 3 to 15 percent. The
Esmond soils generally have more stones on the surface
than the Heimdal soils (fig. 10).

Typically, the ‘Esmond soil has a surface layer of very
dark grayish brown loam about 7 inches thick. The under-
lying material to a depth of 60 inches is loam. The upper
part is grayish brown, and the lower part is dark grayish
brown.

Typically, the Heimdal soil has a surface layer of black
loam about 8 inches thick. The subsoil, from 8 to 26
inches, is loam. It is very dark brown in the upper part,
dark grayish brown in the middle part, and light olive
brown in the lower part. The underlying material to a
depth of 60 inches is light olive brown loam.

About 10 to 20 percent of the map unit is included
small areas of Emrick soils. These areas are generally
less than 3 acres. They are in swales and on lower side
slopes. In some places the stone cover is greater than 15
percent.

Permeability is moderate, and available water capacity
is high. Runoff is rapid. The organic-matter content is
moderate in Esmond soils and high in Heimdal soils. Fer-
tility is low in' the Esmond soils and high in the Heimdal
soils.

Most areas are in pasture. The potential is poor for
crops and hay, fair for pasture, and fair to poor for most
engineering uses.

These soils are not suited to cultivated crops and hay
because of the stoniness. Slope is an added limitation.

The soils are suited to native grass pasture. Keeping
the soil in pasture is effective in controlling erosion.
Proper stocking rates, pasture rotation, and timely defer-
ment of grazing keep the pasture in good condition and
maintain the desirable native grass species.
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These soils are poorly suited to windbreak and environ-
mental plantings. Specialized or scalp plantings for wil-
dlife habitat, recreation, or beautification can be made but
require intensive management. The best adapted species
and the most favorable sites should be chosen to insure
success.

These soils are poorly suited to building site develop-
ment and onsite waste disposal. Slope is the main limita-
tion. Stoniness is also a limitation. The slope limitation
can be overcome in part by cut and fill operations. Ero-
sion, a hazard if the vegetative cover has been removed
by cut and fill operations, can be controlled by timely
reestablishment of a vegetative cover. The stoniness
limitation can be overcome by removing the stones.

These soils have very poor potential for wetland
habitat. They have fair potential for rangeland wildlife
habitat and for wild herbaceous plants.

The included Emrick soils have about the same limita-
tions as these soils. Capability subclass Vls.

56—Cresbard-Svea loams, 0 to 3 percent slopes. This
map unit consists of the level and nearly level, moderate-
ly well drained Cresbard and Svea soils on glacial till
plains. Areas generally range from 5 to more than 300
acres and are about 50 percent Cresbard soils and about
35 percent Svea soils. The relief is uniform. The Cresbard
soils have a dense subsoil that is affected by large
amounts of sodium, but the Svea soils lack the large
amounts of sodium in the subsoil

Typically, the Cresbard soil has a surface layer of black
loam about 7 inches thick. The subsurface layer, between
7 and 10 inches, is very dark gray silt loam. The subsoil,
from 10 to 19 inches, is very dark gray clay loam. The un-
derlying material to a depth of 60 inches is clay loam. It
is light brownish gray in the upper part and olive brown
in the lower part.

Typically, the Svea soil has a surface layer of black
loam about 12 inches thick. The subsoil, from 12 to 27
inches, is very dark grayish brown loam. The underlying
material to a depth of 60 inches is light olive brown clay
loam.

About 10 to 20 percent of the map unit is included
small areas of Hamerly and Barnes soils. These areas are
generally less than 3 acres. The well drained Barnes soils
are on slight rises. The somewhat poorly drained Hamerly
soils are in low-lying swales.

Permeability is slow in the Cresbard soil and moderate-
ly slow in the Svea soil. The available water capacity is
moderate in the Cresbard soil and high in the Svea soil.
Runoff is slow. Tilth is fair in the Cresbard soil and good
in the Svea soil. The organic-matter content is moderate
in the Cresbard soil and high in the Svea soil. Fertility is
high.

Most areas are farmed. The potential is fair for cul-
tivated crops and trees, good for hay and pasture, and
fair for most engineering uses.

These soils are suited to small grain and flax. The
dense subsoil of the Cresbard soil limits rooting depth
and plant use of stored moisture. The hazard of soil blow-
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ing is moderate and can be controlled under crop residue
management and with stripcropping, buffer strips, and
windbreaks. Tilth can be improved or maintained by time-
ly cultivation and maintaining the organic-matter content.

Keeping the soils in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition.

These soils are suited to windbreak and environmental
plantings. All climatically adapted trees and shrubs grow
well on the Svea soil, and many grow well on the
Cresbard soil.

These soils are suited to building site development and
onsite waste disposal. The shrink-swell limitation is a
problem that can be overcome by design and construection
to withstand stress. The wetness limitation, a problem for
buildings, can be overcome by foundation drainage. The
slow percolation rate, a problem for septic tank absorp-
tion fields, can be overcome by enlarging the field.

These soils have very poor potential for wetland wil-
dlife habitat. They have good potential for openland wil-
dlife habitat and for grasses and legumes.

The included Barnes soils are generally better suited to
most engineering uses than these soils. The included
Hamerly soils have a seasonal high water table and are
wetter than these soils. Capability subclass IIIs.

57—Vallers loam. This level, poorly drained soil is on
low-lying flats and in swales on glacial till plains. Areas
generally range from 5 to more than 200 acres.

Typically, the surface layer is very dark gray loam
about 8 inches thick. The underlying material, from 8 to
60 inches, is loam. It is dark grayish brown from 8 to 16
inches, light olive gray from 16 to 30 inches, olive gray
from 30 to 42 inches, and dark grayish brown from 42 to
60 inches. In some places the soil is saline. If this Vallers
soil is associated with Emrick, Heimdal, and Fram soils, it
contains more silt and less clay than if it is associated
with Barnes, Svea, and Hamerly soils.

Permeability is moderately slow, and available water
capacity is high. Runoff is slow. Tilth is good. The or-
ganic-matter content and fertility are high.

Many areas are farmed, and some are in pasture or
hay. The potential is poor for cultivated crops and trees,
poor for most engineering uses, and good for hay and
pasture.

This soil is poorly suited to small grain and flax. The
seasonal high water table delays tillage and seeding in
most years. Drainage that would lower the water table is
seldom feasible because of the lack of adequate outlets.
Good tilth is easily maintained by timely cultivation The
hazard of soil blowing is moderate. In cultivated areas,
soil blowing can be controlled under crop residue manage-
ment and with buffer strips, stripcropping, and wind-
breaks.

Keeping the soil in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition.

If drained, this soil is well suited to windbreak and en-
vironmental plantings. All climatically adapted species of
trees and shrubs grow well. Unless drained, this soil is
generally not suited to trees.

This soil is poorly suited to building site development
and onsite waste disposal. The depth to the seasonal high
water table and the duration are severe limitations. The
Vallers soil in this survey ara is generally not used for
building site development and related use.

This soil has good potential for wetland wildlife habitat
and shallow water areas. Most areas are surrounded by
soils having good potential for crops and vegetation in
support of wetland wildlife. Capability subclass IVw.

58—Vallers loam, saline. This level, poorly drained,
moderately saline soil is on low-lying flats and in swales
on glacial till plains. Areas generally range from 5 to
more than 100 acres and are usually long and narrow.

Typically, the surface layer is very dark gray loam
about 8 inches thick. The underlying material to a depth
of 60 inches is loam. It is dark grayish brown from 8 to 16
inches, light olive gray from 16 to 30 inches, olive gray
from 30 to 42 inches, and dark grayish brown from 42 to
60 inches. In some places the soil is not saline. If this Val-
lers soil is associated with the Emrick, Heimdal, and
Fram soils, it contains more silt and less clay than it does
if associated with Barnes, Svea, and Hamerly soils.

Permeability is moderately slow, and available water
capacity is moderate. Runoff is slow. Tilth is good. The
organic-matter content and fertility are high.

Most areas are in pasture or hay. The potential is poor
for cultivated crops, hay, and trees; poor for most en-
gineering uses; and good for pasture.

This soil is generally not suited to flax and small grain.
The seasonal high water table delays tillage and seeding
in most years. The soil contains excess amounts of salts.
Drainage is seldom feasible because of the lack of suitable
outlets.

Keeping the soil in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition and maintain the desirable native grasses.

This soil is generally not suited to windbreak and en-
vironmental plantings because of the seasonal high water
table and salt content.

This soil is poorly suited to building site development
and onsite waste disposal. The depth to the seasonal high
water table and the duration are severe limitations. The
Vallers soil in this survey area is generally not used for
building site development and related use.

This soil has good potential for wetland wildlife habitat
and shallow water areas. Most areas are near soils having
good potential for crops and vegetation in support of wet-
land wildlife. Capability subclass Vw.

59 —Hamerly-Tonka complex, 0 to 3 percent slopes.
This map unit consists of the level and nearly level,
somewhat poorly drained Hamerly soils and the level,
poorly drained Tonka soils on glacial till plains. Areas
generally range from 5 to more than 500 acres and are
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about 50 percent Hamerly soil and about 25 percent
Tonka soil. The Tonka soil is in shallow depressions. The
Hamerly soil is in areas between these depressions.

Typically, the Hamerly soil has a surface layer of very
dark gray loam about 7 inches thick. The underlying
material from 7 to 16 inches is grayish brown loam, from
16 to 29 inches dark grayish brown and light brownish
gray loam, from 29 to 38 inches light olive brown loam,
and from 38 to 60 inches olive brown clay loam. In some
places slopes are more than 3 percent.

Typically, the Tonka soil has a surface layer of very
dark gray silt loam about 11 inches thick. The subsurface
layer, from 11 to 24 inches, is dark gray silt loam. The
subsoil, from 24 to 37 inches, is silty clay loam. It is very
dark gray in the upper part and dark gray in the lower
part. The underlying material to a depth of 60 inches is
dark grayish brown clay loam.

About 20 to 30 percent of the map unit is included
small areas of Vallers, Barnes, and Svea soils. The well
drained Barnes soils are on the highest positions, the
moderately well drained Svea soils are between the
Barnes and Hamerly soils, and the poorly drained Vallers
soils surround the Tonka soils.

Permeability is moderately slow in the Hamerly soil
and slow in the Tonka soil. The available water capacity is
high. Runoff is slow on the Hamerly soil and ponded on
the Tonka soil. Tilth is good. The organic-matter content
and fertility are high.

Most areas are farmed, but some are in pasture and
hay. The potential is good for cultivated crops, hay, and
pasture; good to fair for trees; and fair to poor for most
engineering uses.

These soils are well suited to small grain and flax. The
Tonka soil has a seasonal high water table, and ponding
occurs in wet periods. Drainage increases the suitability
of the Tonka soil if adequate outlets are available. Even if
this soil is drained, however, spring tillage may be
delayed by wetness. Good tilth can be maintained by
timely cultivation. The hazard of soil blowing is moderate
and can be controlled under crop residue management
and with buffer srips, stripcropping, and windbreaks.

Keeping the soils in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition.

If drained, the Hamerly soil and the Tonka soil are well
suited to windbreak and environmental plantings. All cli-
matically adapted species of trees and shrubs grow well.
Unless drained, the Tonka soil is generally not suited to
trees.

The Hamerly soils are generally suited to building site
development and onsite waste disposal. The wetness
limitation, a problem for buildings, can be overcome by
foundation drainage. The frost action limitation can be
overcome by placing building footers below frost depth
and by replacing road and street base material with
material not subject to frost action. The slow percolation
rate, a problem for septic tank absorption fields, can be
overcome by enlarging the field.

The Tonka soil is poorly suited to building site develop-
ment and onsite waste disposal but is well suited to
sewage lagoons. The depth to the seasonal high water
table and the duration and the ponding are severe limita-
tions. The Tonka soil in this survey area is generally not
used for building site development and related use.

Potential for wetland wildlife habitat and for shallow
water areas is fair for the Hamerly soil and good for the
Tonka soil. Most areas are surrounded by soils having
good potential for crops and vegetation in support of wet-
land wildlife.

The included Barnes and Svea soils are generally better
suited to most uses than these soils. The included Vallers
soils have about the same limitations and potentials as the
Tonka soils. Capability subclass ITe.

60—Emrick loam, 0 to 3 percent slopes. This level and
nearly level, moderately well drained soil is on plane to
concave areas on glacial till plains. Areas generally range
from 5 to more than 100 acres and are usually irregular in
shape.

Typically, the surface layer is black loam about 11
inches thick. The subsoil, from 11 to 22 inches, is loam. It
is very dark grayish brown in the upper part and dark
brown in the lower part. The underlying material to a
depth of 60 inches is olive brown loam.

About 5 to 15 percent of the map unit is included small
areas of Fram and Tonka soils. These areas are generally
less than 8 acres. The poorly drained Tonka soils are in
shallow depressions, and the somewhat poorly drained
Fram soils surround the depressions.

Permeability is moderate, and available water capacity
is high. Runoff is medium. Tilth is good. The organic-
matter content and fertility are high.

Most areas are farmed. The potential is good for cul-
tivated crops, trees, pasture, and hay and for most en-
gineering uses.

This soil is well suited to small grain and flax. The
hazard of soil blowing is moderate and can be controlled
under crop residue management and with striperopping,
buffer strips, and windbreaks.

Keeping the soil in hay or pasture is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition.

This soil is well suited to windbreak and environmental
plantings. All climatically adapted species of trees and
shrubs grow well.

This soil is well suited to building site development and
to onsite waste disposal. The frost action limitation for
roads and streets can be overcome by replacing the base
material with material not subject to frost action. The
seepage problem for sewage lagoons can be overcome by
using clay blankets or similar material to seal the lagoons.

This soil has poor potential for wetland wildlife habitat.
It has good potential for openland wildlife habitat and for
grain and seed crops.

The included Fram and Tonka soils are wetter than this
soil. Capability subclass Ile.



24 SOIL SURVEY

60B—Emrick loam, 3 to 6 percent slopes. This undu-
lating, moderately well drained soil is on plane to concave
areas on glacial till plains. Areas generally range from 3
to more than 20 acres and are irregular in shape.

Typically, the surface layer is black loam about 11
inches thick. The subsoil, from 11 to 22 inches, is loam. It
is very dark grayish brown in the upper part and dark
brown in the lower part. The underlying material to a
depth of 60 inches is olive brown loam. In some places the
surface layer is thinner.

About 5 to 15 percent of the map unit is included small
areas of Fram and Tonka soils. These areas are generally
less than 3 acres. The poorly drained Tonka soils are in
shallow depressions, and the somewhat poorly drained
Fram soils surround the depressions.

Permeability is moderate, and available water capacity
is high. Runoff is medium. Tilth is good. The organic-
matter content and fertility are high.

Most areas are farmed. The potential is good for crops,
trees, pasture, and hay and for most engineering uses.

This soil is well suited to small grain and flax. The
hazard of soil blowing is moderate and can be controlled
under crop residue management and with stripcropping,
buffer strips, and windbreaks.

Keeping the soils in hay or pasture is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition.

This soil is well suited to windbreak and environmental
plantings. All climatically adapted species of trees and
shrubs grow well.

This soil is well suited to building site development and
onsite waste disposal. The frost action limitation for roads
and streets can be overcome by replacing the base
material with material not subject to frost action. The
seepage problem for sewage lagoons can be overcome by
using clay blankets or similar material to seal the lagoons.

This soil has poor potential for wetland wildlife habitat.
It has good potential for openland wildlife habitat and for
grain and seed crops.

The included Fram and Tonka soils are wetter than this
soil. Capability subclass Ife.

61B—Heimdal and Emrick very stony loams, 3 to 9
percent slopes. This map unit consists of the undulating
and gently rolling, well drained Heimdal soils and the
moderately well drained Emrick soils on glacial till plains.
Areas generally range from 5 to more than 150 acres and
can be either all Heimdal soil, all Emrick soil, or both. The
Heimdal soils are on convex side slopes, and the Emrick
soils are commonly on concave side slopes. The amount of
stone cover is about 3 to 15 percent.

Typically, the Heimdal soil has a surface layer of black
loam about 8 inches thick. The subsoil, from 8 to 26
inches, is loam. It is very dark brown in the upper part,
dark grayish brown in the middle part, and light olive
brown in the lower part. The underlying material to a
depth of 60 inches is light olive brown loam. In some
places the surface layer is thinner, and in others the stone
cover is more than 15 percent.

Typiecally, the Emrick soil has a surface layer of black
loam about 11 inches thick. The subsoil, from 11 to 22
inches, is loam. It is very dark grayish brown in the
upper part and dark brown in the lower part. The under-
lying material to a depth of 60 inches is olive brown loam.

Permeability is moderate, and available water capacity
is high. Runoff is slow on the Emrick soil and medium on
the Heimdal soil. The organic-matter content and fertility
are high.

Most areas are in pasture. The potential is poor for
crops, hay, and windbreaks; good for pasture; and fair for
most engineering uses.

These soils are not suited to cultivated crops and hay
because of stoniness.

These soils are suited to native grass pasture. Keeping
them in pasture is effective in controlling erosion. Proper
stocking rates, pasture rotation, and timely deferment of
grazing keep the pasture in good condition and maintain
the desirable native grass species.

These soils are poorly suited to windbreak and environ-
mental plantings. Specialized or scalp plantings for wil-
dlife habitat, recreation, or beautification can be made but
require intensive management. The best adapted species
and the most favorable sites should be chosen to insure
success.

These soils are well suited to building site development
and onsite waste disposal. The frost action limitation for
roads and streets can be overcome by replacing the base
material not subject to frost action. The seepage problem
for sewage lagoons can be overcome by using clay blan-
kets or similar material to seal the lagoons. The stoniness
limitation can be overcome by removing the large stones.

These soils have very poor potential for wetland wil-
dlife habitat. The potential is fair for rangeland wildlife
habitat. Capability subclass Vls.

62—Emrick-Heimdal loams, 0 to 3 percent slopes.
This map unit consists of the level and nearly level,
moerately well drained Emrick soils and well drained
Heimdal soils on glacial till plains. Areas generally range
from 5 to about 200 acres and are 60 percent Emrick soils
and 25 percent Heimdal soils. The Heimdal soils are on
the higher lying convex side slopes, and the Emrick soils
are on lower lying side slopes and in swales.

Typically, the Emrick soil has a surface layer of black
loam about 11 inches thick. The subsoil, from 11 to 22
inches, is loam. It is very dark grayish brown in the
upper part and dark brown in the lower part. The under-
lying material to a depth of 60 inches is olive brown loam.

Typically, the Heimdal soil has a surface layer of black
loam about 8 inches thick. The subsoil, from 8 to 26
inches, is loam. It is very dark brown in the upper part,
dark grayish brown in the middle part, and light olive
brown in the lower part. The underlying material to a
depth of 60 inches is light olive brown loam. In some
places the surface layer is thinner.

About 15 percent of the map unit is included small
areas of Fram and Tonka soils that are generally less
than 3 acres. The poorly drained Tonka soils are in
depressions, and the Fram soils surround the depressions.
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Permeability is moderate, and available water capacity
is high. Runoff is slow on the Emrick soil and medium on
the Heimdal soil. Tilth is good. The organic-matter con-
tent and fertility are high.

Most areas are farmed. The potential is good for cul-
tivated crops, trees, pasture, and hay and for most en-
gineering uses.

These soils are well suited to small grain and flax. The
hazard of soil blowing is moderate and can be controlled
under crop residue management and with stripcropping,
buffer strips, and windbreaks.

Keeping the soils in hay or pasture is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition.

These soils are well suited to windbreak and environ-
mental plantings. All climatically adapted species of trees
and shrubs grow well on the Emrick soils, but those spe-
cies with high moisture requirements should not be
planted on the Heimdal soils.

These soils are well suited to building site development
and onsite waste disposal. The frost action limitation for
roads and streets can be overcome by replacing the base
material with material not subject to frost action. The
seepage problem for sewage lagoons can be overcome by
using clay blankets or similar material to seal the lagoons.

These soils have poor to very poor potential for wet-
land wildlife habitat. They have good potential for open-
land wildlife and for grain and seed crops.

The included Fram and Tonka soils are wetter than
these soils. Capability subclass Ile.

62B—Emrick-Heimdal loams, 3 to 6 percent slopes.
This map unit consists of the undulating, moderately well
drained Emrick soils and the well drained Heimdal soils
on glacial till plains. Areas generally range from 5 to
more than 500 acres and are about 55 percent Emrick
soils and 30 percent Heimdal soils. The Heimdal soils are
on the higher lying, convex side slopes. The Emrick soils
are on lower lying side slopes and in swales.

Typically, the Emrick soil has a surface layer of black
loam about 11 inches thick. The subsoil, from 11 to 22
inches, is loam. It is very dark grayish brown in the
upper part and dark brown in the lower part. The under-
lying material to a depth of 60 inches is clive brown loam.

Typically, the Heimdal soil has a surface layer of black
loam about 8 inches thick. The subsoil, from 8 to. 26
inches, is loam. It is very dark brown in the upper part,
dark grayish brown in the middle part, and light olive
brown in the lower part. The underlying material to a
depth of 60 inches is light olive brown loam. In some
places the surface layer is thinner and lighter colored.

About 15 percent of the map unit is included small
areas of Fram and Tonka soils. These areas are generally
less than 3 acres. The poorly drained Tonka soils are in
depressions, and the Fram soils surround the depressions.

Permeability is moderate, and available water capacity
is high. Runoff is slow on the Emrick soil and medium on
the Heimdal soil. Tilth is good. The organic-matter con-
tent and fertility are high.

Most areas are farmed. The potential is good for cul-
tivated crops, trees, pasture, and hay and for most en-
gineering uses.

These soils are well suited to small grain and flax. The
hazard of soil blowing is moderate and can be controlled
under crop residue management and with stripcropping,
buffer strips, and windbreaks.

Keeping the soil in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition.

These soils are well suited to windbreaks and environ-
mental plantings. All climatically adapted trees and
shrubs grow well on the Emrick soil, but those species
with high moisture requirements should not be planted on
the Heimdal soils.

These soils are well suited to building site development
and onsite waste disposal. The frost action limitation for
roads and streets can be overcome by replacing the base
material with material not subject to frost action. The
seepage problem for sewage lagoons can be overcome by
using clay blankets or similar material to seal the lagoons.

These soils have very poor potential for wetland wil-
dlife habitat. They have good potential for openland wil-
dlife and for grain and seed crops.

The included Fram and Tonka soils are wetter than
these soils. Capability subclass Ile.

62C—Heimdal-Emrick loams, 6 to 9 percent slopes.
This map unit consists of the gently rolling, well drained
Heimdal soils and the moderately well drained Emrick
soils on glacial till plains. Areas generally range from 10
to about 150 acres and are about 50 percent Heimdal soils
and about 10 percent Emrick soils. The Heimdal soils are
on the upper parts of side slopes, ridges, and _tops of
knolls. Emrick soils are on the lower parts of side slopes
and in swales.

Typically, the Heimdal soil has a surface layer of black
loam about 8 inches thick. The subsoil, from 8 to 26
inches, is loam. It is very dark brown in the upper part,
dark grayish brown in the middle part, and light olive
brown in the lower part. The underlying material to a
depth of 60 inches is light olive brown loam (fig. 11). In
some places the surface layer is thinner and lighter
colored.

Typically, the Emrick soil has a surface layer of black
loam about 11 inches thick. The subsoil, from 11 to 22
inches, is loam. It is very dark grayish brown in the
upper part and dark brown in the lower part. The under-
lying material to a depth of 60 inches is olive brown loam.

Permeability is moderate, and available water capacity
is high. Runoff is slow on the Emrick soil and medium on
the Heimdal soil. Tilth is good. The organic-matter con-
tent and fertility are high.

Most areas are farmed. The potential is fair for cul-
tivated crops; good for pasture, hay, and trees; and good
for most engineering uses.

These soils are suited to small grain and flax. The
hazard of soil blowing is moderate and can be controlled
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under crop residue management and with stripcropping,
buffer strips, and windbreaks.

Keeping the soils in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition.

These soils are well suited to windbreak and environ-
mental plantings. All climatically adapted species of trees
and shrubs grow well on the Emrick soil, but those spe-
cies with high moisture requirements should not be
planted on the Heimdal soils.

These soils are well suited to building site development
and onsite waste disposal. Slope severely limits the poten-
tial storage capacity for sewage lagoons. The frost action
limitation for roads and streets can be overcome by
replacing the base material with material not subject to
frost action.

These soils have very poor potential for wetland wil-
dlife habitat. They have fair potential for openland wil-
dlife habitat and for grain and seed crops. Capability sub-
class IIle.

63D —Esmond-Heimdal loams, 9 to 15 percent slopes.
This map unit consists of the rolling, well drained
Esmond soils and Heimdal soils on glacial till plains.
Areas generally range from 10 to more than 300 acres
and are about 45 percent Esmond and about 40 percent
Heimdal soils. The Esmond soils are on the steeper, upper
parts of side slopes and ridgecrests. The Heimdal soils
are on the lower parts of side slopes.

Typically, the Esmond soil has a surface layer of very
dark grayish brown loam about 7 inches thick. The under-
lying material to a depth of 60 inches is loam. The upper
part is grayish brown and the lower part is dark grayish
brown.

Typically, the Heimdal soil has a surface layer of black
loam about 8 inches thick. The subsoil, from 8 to 26
inches, is loam. It is very dark brown in the upper part,
dark grayish brown in the middle part, and light olive
brown in the lower part. The underlying material to a
depth of 60 inches is light olive brown loam.

About 10 to 20 percent of the map unit is included
small areas of the moderately well drained Emrick soils.
These areas are generally less than 3 acres. They are in
swales.

Permeability is moderate, and available water capacity
is high. Runoff is rapid. The organic-matter content is
high in the Heimdal soil and moderate in the Esmond soil.
Fertility is low in the Esmond soil and high in the Heim-
dal soil.

Most areas are in pasture or hay. The potential is poor
for cultivated crops and trees, good for pasture and hay,
and fair for most engineering uses.

These soils are generally not suited to small grain and
flax because of slope. They tend to be droughty.

Keeping the soils in native grass, pasture, or hay is ef-
fective in controlling erosion. They are well suited to
these uses. Proper stocking- rates, pasture rotation, and
timely deferment of grazing keep the pasture in good
condition and maintain the desirable native grass species.

These soils are poorly suited to windbreak and environ-
mental plantings. Special or scalp plantings for wildlife
habitat, recreation, or beautification can be made but
require intensive management. The best adapted species
and the most favorable sites should be chosen to insure
success.

These soils are suited to building site development and
onsite waste disposal. Slope severely limits the potential
storage capacity for sewage lagoons. The frost action
limitation for roads and streets can be overcome by
replacing the base material with material not subject to
frost action. The slope limitation for building sites can be
overcome by cut and fill operations. Erosion, a hazard
where the vegetative cover has been removed by cut and
fill operations, can be overcome by the timely reestablish-
ment of the cover.

These soils have very poor potential for wetland wil-
dlife habitat. The potential is fair for openland wildlife
and for grasses and legumes.

The included Emrick soils are wetter than these soils.
Capability subclass VIe.

63F —Esmond-Heimdal loams, 15 to 35 percent
slopes. This map unit consists of the hilly and steep, well
drained Esmond soils and Heimdal soils on glacial till
plains. Areas generally range from 10 to about 250 acres
and are about 55 percent Esmond soils and about 35 per-
cent Heimdal soils. The Esmond soils are on the steeper,
upper side slopes and ridgecrests. The Heimdal soils are
on the lower, less steep side slopes.

Typically, the Esmond soil has a surface layer of very
dark grayish brown about 7 inches thick. The underlying
material to a depth of 60 inches is loam. The upper part is
grayish brown and the lower part is dark grayish brown.

Typically, the Heimdal soil has a surface layer of black
loam about 8 inches thick. The subsoil, from 8 to 26
inches, is loam. It is very dark brown in the upper part,
dark grayish brown in the middle part, and light olive
brown in the lower part. The underlying material, to a
depth of 60 inches, is light olive brown loam.

About 5 to 15 percent of the map unit is included small
areas of the moderately well drained Emrick soils. These
areas are generally less than 3 acres. They are in swales.

Permeability is moderate, and available water capacity
is high. Runoff is rapid. The organic-matter content is
high in the Heimdal soil and moderate in the Esmond soil.
Fertility is low in the Esmond soil and high in the Heim-
dal soil.

Most areas are in native grass pasture. The potential is
poor for cultivated crops, trees, and hay; good for
pasture; and poor for most engineering uses.

These soils are not suited to small grain and flax
because of the excessive slope.

Keeping the soils in native grass pasture is effective in
controlling erosion. They are suited to this use. Proper
stocking rates, pasture rotation, and timely deferment of
grazing keep the pasture in good condition and maintain
the desirable native grass species.
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These soils are poorly suited to windbreak and environ-
mental plantings. Special or scalp plantings for wildlife
habitat, recreation, or beautification can be made but
require intensive management. The best adapted species
and the most favorable sites should be chosen to insure
success.

These soils are poorly suited to building site develop-
ment and onsite waste disposal. The slope limitation is
severe and difficult to overcome.

The included Emrick soils are wetter than these soils.
Capability subelass Vle.

64C—Heimdal-Esmond loams, 3 to 9 percent slopes.
This map unit consists of the undulating and gently
rolling, well drained Heimdal and Esmond soils on glacial
till plains. Areas generally range from 10 to more than
150 acres and are about 55 percent Heimdal soils and
about 35 percent Esmond soils. The Heimdal soils are on
side slopes, and the Esmond soils are on ridgecrests and
on the tops of knolls (fig. 12).

Typiecally, the Heimdal soil has a surface layer of black
loam about 8 inches thick. The subsoil, from 8 to 26
inches, is loam. It is very dark brown in the upper part,
dark grayish brown in the middle part, and light olive
brown in the lower part. The underlying material to a
depth of 60 inches is light olive brown loam.

Typically, the Esmond soil has a surface layer of very
dark grayish brown loam about 7 inches thick. The under-
lying material to a depth of 60 inches is loam. The upper
part is grayish brown, and the lower part is dark grayish
brown.

About 5 to 15 percent of the map unit is included small
areas of the moderately well drained Emrick soils,
generally less than 3 acres. They are in swales and on
lower side slopes.

Permeability is moderate, and available water capacity
is high. Runoff is rapid on the Esmond soil and medium
on the Heimdal soil. Tilth is fair. The organic-matter con-
tent is high in the Heimdal soil and moderate in the
Esmond soil. Fertility is low in the Esmond soil and high
in the Heimdal soil.

Many areas are farmed. A few are in hay or pasture.
The potential is fair for cultivated crops and trees, good
for hay and pasture, and good for most engineering uses.

These soils are suited to small grain and flax. If cul-
tivated, the Esmond soils are limy at the surface and
need to be carefully fertilized. The hazard of soil blowing
is moderate and can be controlled under crop residue
management and with stripcropping and buffer strips.

Keeping the soils in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition.

These soils are suited to windbreak and environmental
plantings, although the Heimdal soils are better suited to
this use than the Esmond soils. All climatically adapted
species of trees and shrubs but those that require much
moisture grow on these soils.

These soils are suited to building site development and
to onsite waste disposal. The frost action limitation for
roads and streets can be overcome by replacing the base
material with material not subject to frost action. The
seepage problem for sewage lagoons can be overcome by
using clay blankets or similar material to seal the lagoons.

These soils have very poor potential for wetland wil-
dlife habitat. They have good potential for openland wil-
dlife habitat and for grain and seed crops.

The included Emrick soils are wetter than these soils.
Capability subclass I'Ve.

65—Fram loam, 0 to 3 percent slopes. This level and
nearly level, somewhat poorly drained soil is in swales on
glacial till plains adjacent to depressions. Areas generally
range from 3 to more than 100 acres.

Typically, the surface layer is very dark gray loam
about 8 inches thick. The underlying material to a depth
of 60 inches is loam. It is grayish brown in the upper part
and light olive brown in the middle and lower parts. In
some places slopes are more than 3 percent.

About 20 percent or less of the map unit is included
small areas of the poorly drained Vallers and Tonka soils
and the moderately well drained Emrick soils. These
areas are generally less than 3 acres. The Tonka soils are
in shallow depressions. The Vallers soils surround the
depressions. The Emrick soils are on slightly higher land-
scape positions above the Fram soils.

Permeability is moderate, and available water capacity
is high. Runoff is slow. Tilth is good. The organic-matter
content and fertility are high.

Most areas are farmed. The potential is good for cul-
tivated crops, trees, pasture, and hay and fair for most
engineering uses.

This soil is well suited to small grain and flax, but the
seasonal high water table delays seeding and tillage in
spring. Good tilth is easily maintained. The hazard of soil
blowing is moderate and can be controlled under crop
residue management and with buffer strips, strip-
cropping, and windbreaks.

Keeping the soil in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition.

This soil is well suited to windbreak and environmental
plantings. All climatically adapted species of trees and:
shrubs grow well.

This soil is suited to building site development and
onsite waste disposal. The wetness limitation, a problem
for buildings, can be overcome by foundation drainage.
The frost action limitation for roads and streets can be
overcome by replacing base material with material not
subject to frost action. :

This soil has fair potential for wetland wildlife habitat
and for shallow water areas. Most areas are surrounded
by soils having good potential for crops and vegetation in
support of wetland wildlife.

The included Vallers and Tonka soils are wetter than
this soil and have good potential for wetland wildlife
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habitat. The included Emrick soils are better drained and
are better suited to most uses than this soil. Capability
subclass IIe.

66—Gardena silt loam, 0 to 3 percent slopes. This
level and nearly level, moderately well drained soil is on
glacial lake plains. Areas generally range from 30 to more
than 250 acres.

Typically, the surface layer is black silt loam about 20
inches thick. The subsoil, from 20 to 34 inches, is very
dark grayish brown silt loam. The underlying material
from 34 to 42 inches is dark grayish brown silt loam and
from 42 to 60 inches light olive brown very fine sandy
loam. In some places the soil contains some coarse frag-
ments.

About 10 percent of the map unit is included small
areas of the well drained Eckman soils, the somewhat
poorly drained Glyndon soils, and the poorly drained
Tonka soils. These areas are generally less than 3 acres.
The Eckman soils are on slight rises, the Tonka soils are
in depressions, and the Glyndon soils surround the
depression.

Permeability is moderate, and available water capacity
is high. Runoff is slow. Tilth is good. The organic-matter
content and fertility are high.

Most areas are farmed. The potential is good for cul-
tivated crops, hay, pasture, and trees and for most en-
gineering uses.

This soil is well suited to small grain (fig. 13) and flax.
The hazard of soil blowing is moderate and is easily con-
trolled under crop residue management and with buffer
strips, stripcropping, or windbreaks. Good tilth is easy to
maintain.

Keeping the soil in hay or pasture is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition.

This soil is well suited to windbreak and environmental
plantings. All climatically adapted species of trees and
shrubs grow well.

This soil is suited to building site development and
onsite waste disposal. The wetness limitation for buildings
can be overcome by foundation drainage. The frost action
limitation for roads and streets can be overcome by
replacing base material with material not subject to frost
action. The seepage limitation for sewage lagoons can be
overcome by using clay blankets or similar material to
seal the lagoon.

This soil has poor potential for wetland wildlife habitat.
The potential is good for openland wildlife habitat and for
grain and seed crops.

The included Tonka and Glyndon soils are wetter than
this soil. The Tonka soils have good potential for wetland
wildlife habitat. The included Eckman soils are better
drained. Capability subclass Ile.

67B—Gardena silt loam, 3 to 6 percent slopes. This
undulating, moderately well drained soil is on glacial lake
plains. Areas generally range from 5 to more than 50
acres.

Typically, the surface layer is black silt loam about 20
inches thick. The subsoil, from 20 to 34 inches, is very
dark grayish brown silt loam. The underlying material
from 34 to 42 inches is dark grayish brown silt loam and
from 42 to 60 inches light olive brown very fine sandy
loam.

About 25 percent of the map unit is included small
areas of the well drained Eckman soils. These areas are
generally less than 8 acres. They are on slight rises and
upper slopes.

Permeability is moderate, and available water capacity
is high. Runoff is slow. Tilth is good. The organic-matter
content and fertility are high.

Most areas are farmed. The potential is good for cul-
tivated crops, hay, pasture, and trees and for most en-
gineering uses.

This soil is well suited to small grain and flax. Good
tilth is easy to maintain. The hazard of soil blowing is
moderate and is easily controlléd under crop residue
management and with buffer strips, stripcropping, or
windbreaks.

Keeping the soil in hay or pasture is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition.

This soil is well suited to windbreak and environmental
plantings. All climatically adapted species of trees and
shrubs grow well.

This soil is suited to building site development and
onsite waste disposal. The wetness limitation for buildings
can be overcome by foundation drainage. The frost action
limitation for roads and streets can be overcome by
replacing base material with material not subject to frost
action. The seepage limitation for sewage lagoons can be
overcome by using clay blankets or similar material to
seal the lagoons.

This soil has very poor potential for wetland wildlife
habitat. The potential is good for openland wildlife habitat
and for grain and seed crops.

The included Eckman soils are better drained. Capabili-
ty subclass Ile.

68C—Eckman silt loam, 6 to 9 percent slopes. This
gently rolling, well drained soil is on glacial lake plains.
Areas generally range from 10 to more than 50 acres.

Typically, the surface layer is black silt loam about 9
inches thick. The subsoil, from 8 to 16 inches, is dark
grayish brown silt loam. The underlying material from 16
to 29 inches is dark grayish brown very fine sandy loam
and from 29 to 60 inches olive very fine sand (fig. 14).

About 30 percent or less of the map unit is included
small areas of the moderately well drained Gardena soils.
These areas are generally less than 3 acres. They are on
lower slopes and in swales.

Permeability is moderate, and available water capacity
is high. Runoff is medium. Tilth is good. The organic-
matter content and fertility are high.

Most areas are farmed. The potential is fair for crops;
good for hay, pasture, and trees; and good for most en-
gineering uses.
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This soil is suited to small grain and flax. Good tilth is
easy to maintain. The hazard of soil blowing is moderate
and can be controlled under crop residue management
and with buffer strips, stripcropping, windbreaks, and
contour tillage.

Keeping the soil in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition.

This soil is well suited to windbreak and environmental
plantings. All climatically adapted species of trees and
shrubs grow well.

This soil is suited to building site development and to
most types of onsite waste disposal. Slope severely
reduces the potential storage capacity of sewage lagoons.
The frost action limitation for streets and roads can be
overcome by replacing base material with material not
subject to frost action.

This soil has very poor potential for wetland wildlife
habitat. The potential is good for openland wildlife and
for grasses and legumes.

The included Gardena soils are wetter than this soil and
have a wetness limitation. Capability subclass Ille.

70—Glyndon silt loam, 0 to 3 percent slopes. This
level and nearly level, somewhat poorly drained soil is on
broad flats and the surrounding depressions on glacial
lake plains. Areas generally range from 5 to more than
100 acres.

Typically, the surface layer is black silt loam about 7
inches thick. The underlying material from 7 to 21 inches
is gray silt loam, from 21 to 27 inches dark gray silt loam,
from 27 to 33 inches light gray and pale olive silt loam,
from 33 to 45 inches light olive gray very fine sandy
loam, and from 45 to 60 inches grayish brown sandy clay
loam.

About 5 to 10 percent of the map unit is included small
areas of the poorly drained Tonka soils in depressions.
These areas are generally less than 3 acres.

Permeability is moderately rapid, and available water
capacity is high. Runoff is slow. Tilth is good. The or-
ganic-matter content and fertility are high.

Most areas are farmed. The potential is good for cul-
tivated crops, pasture, hay, and trees, and for most en-
gineering uses.

This soil is well suited to small grain and flax. The
seasonal high water table delays tillage and seeding in
spring. Good tilth is easily maintained. The hazard of soil
blowing is moderate and can be controlled under crop
residue management and with buffer strips, strip-
cropping, and windbreaks. Keeping the soil in pasture and
hay is effective in controlling erosion. Proper stocking
rates, pasture rotation, and timely deferment of grazing
keep the pasture in good condition.

This soil is well suited to windbreak and environmental
plantings. All climatically adapted trees and shrubs grow
well.

This soil is suited to building site development and
onsite waste disposal. The caving of cutbanks, a problem

in shallow excavations, can be overcome by shoring
trench walls. The frost action limitation for buildings and
for roads and streets can be overcome by placing footers
below frost depth and by replacing road and street base
material with material not subject to frost action. The
seasonal high water table, a problem for buildings, can be
overcome by foundation drainage. The seepage, a limita-
tion for sewage lagoons, can be overcome by using clay
blankets or similar material to seal the lagoon.

This soil has poor potential for wetland wildlife habitat.
The potential is good for openland wildlife and for grain
and seed crops.

The included Tonka soils are wetter than this soil. They
are less suited to most uses than this soil but do have
good potential for wetland wildlife habitat. Capability
subeclass Ile.

71—Gardena silt loam, clayey substratum, 0 to 3 per-
cent slopes. This level and nearly level, moderately well
drained soil is on glacial lake plains. Areas generally
range from 50 to more than 400 acres.

Typically, the surface layer is black silt loam about 8
inches thick. The subsoil, from 8 to 17 inches, is very dark
grayish brown silt loam. The underlying material, from 17
to 40 inches, is light olive brown very fine sandy loam,
and from 40 to 60 inches dark grayish brown and olive
brown silty clay. In some places the underlying material
is silt loam.

About 10 to 15 percent of the map unit is included
small areas of the well drained Eckman, the somewhat
poorly drained Glyndon, and the poorly drained Tonka
soils. These areas are generally less than 3 acres. The
Eckman soils are on slight rises, the Tonka soils are in
shallow depressions, and the Glyndon soils surround the
depressions.

Permeability is moderate above 40 inches and
moderately slow below 40 inches. Available water capaci-
ty is high. Runoff is slow. Tilth is good. The organic-
matter content and fertility are high.

Most areas are farmed. The potential is good for cul-
tivated crops, pasture, hay, and trees and for most en-
gineering uses.

This soil is well suited to small grain and flax. The
hazard of soil blowing is moderate and is easily controlled
under crop residue management and with buffer strips,
striperopping, or windbreaks.

Keeping the soil in pasture and hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition.

This soil is well suited to windbreak and environmental
plantings. All climatically adapted species of trees and
shrubs grow well.

This soil is suited to building site development and
onsite waste disposal. The frost action limitation for
buildings and for roads and streets can be overcome by
placing footers below frost depth and by replacing local
road and street base material with material not subject to
frost action. The slow percolation rate, a limitation for
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septic tank absorption fields, can be overcome by enlarg-
ing the field.

The included Eckman soil is better drained than this
soil. The Glyndon and Tonka soils are wetter.

This soil has poor potential for wetland wildlife habitat.
The potential is good for openland wildlife habitat and for
grain and seed crops. Capability subclass IIe.

72—Glyndon silt loam, saline, 0 to 3 percent slopes.
This level and nearly level, somewhat poorly drained,
moderately saline soil is on broad flats and surrounding
depressions on glacial lake plains. Areas generally range
from 10 to more than 200 acres.

Typically, the surface layer is black silt loam about 7
inches thick. The underlying material from 7 to 21 inches
is gray silt loam, from 21 to 27 inches dark gray silt loam,
from 27 to 33 inches light gray and pale olive silt loam,
from 33 to 45 inches light olive gray very fine sandy
loam, and from 45 to 60 inches grayish brown sandy clay
loam. In some places the soil is not saline, and in others it
is only slightly saline.

About 5 to 10 percent of the map unit is included small
areas of the poorly drained Tonka soils in depressions.
These areas are generally less than 3 acres.

Permeability is moderate, and available water capacity
is high. Runoff is slow. Tilth is good. The organic-matter
content and fertility are high.

Most areas are farmed. The potential is fair for cul-
tivated crops, good for pasture and hay, poor for trees,
and fair for most engineering uses.

This soil is suited to small grain and flax. Surface
evaporation from summer fallow fields tends to increase
the salinity in the surface layer. The hazard of soil blow-
ing is moderate and can be controlled under crop residue
management and with buffer strips and striperopping.

Keeping the soil in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition.

This soil is generally not suited to windbreak and en-
vironmental plantings because of the salt content.

This soil is suited to building site development and to
onsite waste disposal. The caving of cutbanks, a problem
in shallow excavation, can be overcome by shoring trench
walls. The frost action limitation for buildings and for
roads and streets can be overcome by placing footers
below frost depth and by replacing road and street base
material with material not subject to frost action. The
seasonal high water table, a problem for buildings, can be
overcome by foundation drainage. The seepage, a limita-
tion for sewage lagoons, can be overcome by using clay
blankets or similar material to seal the lagoon.

This soil has poor potential for wetland wildlife habitat.
The potential is fair for openland wildlife habitat and for
grain and seed crops.

The included Tonka soils are wetter than this soil. They
are less suited to most uses than this soil but have good
potential for wetland wildlife habitat. Capability subclass
IITw.

73—Borup and Fossum soils, wet. This map unit con-
sists of the level, very poorly drained Borup and Fossum
soils in depressions on glacial lake plains and outwash
plains. Areas generally range from 5 to more than 150
acres and may be either all Borup soil, all Fossum soil, or
both.

Typically, the Borup soil has a surface layer of silt loam
about 11 inches thick. It is black in the upper part and
very dark grayish brown in the lower part. The underly-
ing material from 11 to 16 inches is gray silt loam, from
16 to 29 inches grayish brown silt loam, from 29 to 36
inches gray silty clay loam, and from 36 to 60 inches gray
silt loam.

Typically, the Fossum soil has a surface layer about 22
inches thick. It is black fine sandy loam in the upper part,
very dark gray loamy fine sand in the middle part, and
very dark grayish brown loamy fine sand in the lower
part. It ranges from fine sandy loam to loamy fine sand in
texture. The underlying material to a depth of 60 inches
is grayish brown fine sand. In some places the soil is
saline.

Permeability is moderately rapid in the Borup soil and
rapid in the Fossum soil. The available water capacity is
high in the Borup soil and low in the Fossum soil. Runoff
is very slow. The organic-matter content is high in the
Borup soil and moderate in the Fossum soil. Fertility is
high in the Borup soil and low in the Fossum soil.

Most areas are in hay or pasture. The potential is poor
for cultivated crops and trees, good for native grass
pasture, fair for hay, and poor for most engineering uses.

These soils are not suited to cultivated crops because of
long periods of wetness. Drainage is generally not feasi-
ble because of the lack of suitable outlets.

These soils are suited to native grass pasture. Keeping
the soils in pasture or hay is effective in controlling ero-
sion. Proper stocking rates, pasture rotation, and timely
deferment of grazing keep the pasture in good condition
and maintain the desirable native grass species. In many
years some areas are too wet to support machinery, and
hay cannot be harvested.

These soils are generally not suited to windbreak and
environmental plantings because of wetness and salt con-
tent.

These soils are generally not suited to building site
development and to onsite waste disposal. The seasonal
high water table, the ponding, the lack of suitable
drainage outlets, and the seepage require costly design,
installation, and maintenance. The Borup and Fossum
soils in this survey area are not used for building sites
and most related uses.

These soils have good potential for wetland wildlife
habitat and for shallow water areas. They are generally
located near soils having good potential for grain and
seed crops in support of wetland wildlife. Capability sub-
class Vw.

74—Borup silt loam. This level, poorly drained soil is
in low areas on glacial till plains. Areas generally range
from 5 to more than 50 acres.



PIERCE COUNTY, NORTH DAKOTA 31

Typically, the surface layer is silt loam about 11 inches
thick. It is black in the upper part and very dark grayish
brown in the lower part. The underlying material from 11
to 16 inches is gray silt loam, from 16 to 29 inches grayish
brown silt loam, from 29 to 36 inches gray silty clay loam,
and from 36 to 60 inches gray silt loam. In some places
the soil is moderately saline, and in others it is very
poorly drained.

Permeability is moderately rapid, and available water
capacity is high. Runoff is very slow. Tilth is good. The
organic-matter content and fertility are high.

Most areas are in grass pasture and hay. The potential
is poor for cultivated crops and trees, good for native
pasture and hay, and poor for most engineering uses.

This soil is suited to small grain and flax if drained, but
drainage is seldom feasible because of the lack of suitable
outlets. The hazard of soil blowing is moderate and can be
controlled under crop residue management and with strip-
cropping, buffer strips, and windbreaks.

Keeping the soil in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition and maintain the desirable native grass species.

If drained, this soil is well suited to windbreaks and en-
vironmental plantings. All climatically adapted trees and
shrubs grow well. Unless drained, this soil is generally
not suited to trees.

This soil is poorly suited to building site development
and to onsite waste disposal. The wetness limitation, the
lack of adequate drainage outlets, and the seepage
require costly design, installation, and maintenance. The
Borup soil in this survey area is not used for building site
development and related use.

This soil has good potential for wetland wildlife habitat
and for shallow water areas. It is generally located near
soils having good potential for grain and seed crops in
support of wetland wildlife. Capability subclass IVw.

75—Borup silt loam, saline. This level, poorly drained,
moderately saline soil is in low areas on glacial lake
plains. Areas generally range from 5 to more than 100
acres.

Typically, the surface layer is silt loam about 11 inches
thick. It is black in the upper part and very dark grayish
brown in the lower part. The underlying material from 11
to 16 inches is gray silt loam, from 16 to 29 inches grayish
brown silt loam, from 29 to 36 inches gray silty clay loam,
and from 36 to 60 inches gray silt loam. In some places
the soil is not saline, and in others it is very poorly
drained.

Permeability is moderately rapid, and available water
capacity is moderate. Runoff is very slow. The organiec-
matter content and fertility are high.

Most areas are in native grass pasture or hay. The
potential is poor for cultivated crops and trees, good for
native grass pasture, and poor for most engineering uses.

This soil is generally not suited to small grain and flax
because of wetnesss. Drainage is seldom feasible because
of the lack of suitable outlets.

Keeping the soil in pasture is effective in controlling
erosion. Proper stocking rates, pasture rotation, and time-
ly deferment of grazing keep the pasture in good condi-
tion and maintain the desirable native grass species.

This soil is generally not suited to windbreak and en-
vironmental plantings because of wetness and salinity.

This soil is poorly suited to building site development
and onsite waste disposal. The wetness limitation, the lack
of suitable drainage outlets, and the seepage require
costly design, installation, and maintenance. The Borup
soil in this survey area is generally not used for building
site development and related use.

This soil has good potential for wetland wildlife habitat
and shallow water areas. Capability subclass Vw.

78—Emrick-Cathay loams, 0 to 3 percent slopes. This
map unit consists of the level and nearly level, moderate-
ly well drained Emrick and Cathay soils on glacial till
plains. Areas generally range from 10 to more than 150
acres and are about 40 percent Emrick soils and about 35
percent Cathay soils. The relief of this unit is uniform.
The Cathay soils have a dense subsoil that is affected by
large amounts of sodium. The Emrick soils, however, do
not have large amounts of sodium in the subsoil.

Typically, the Emrick soil has a surface layer of black
loam about 11 inches thick. The subsoil, from 11 to 22
inches, is loam. It is very dark grayish brown in the
upper part and dark brown in the lower part. The under-
lying material to a depth of 60 inches is olive brown loam.

Typically, the Cathay soil has a surface layer of black
loam about 7 inches thick. The surface layer, from 7 to 10
inches, is very dark gray loam. The subsoil, from 10 to 24
inches, is clay loam. It is very dark brown in the upper
part and very dark gray in the lower part. The underly-
ing material to a depth of 60 inches is loam. It is light
brownish gray in the upper part and light olive brown in
the middle and lower parts.

About 25 percent of the map unit is included small
areas of Heimdal soils, which are generally less than 3
acres. They are well drained and are on slight rises.

Permeability is moderate in the Emrick soil and slow in
the Cathay soil. The available water capacity is high in
the Emrick soil and moderate in the Cathay soil. Runoff
is slow. Tilth is good in the Emrick soil and fair in the
Cathay soil. The organic-matter content is high in the
Emrick soil and moderate in the Cathay soil. Fertility is
high.

Most areas are farmed. The potential is good for cul-
tivated crops, trees, pasture, and hay, and for most en-
gineering uses.

This unit is suited to small grain and flax. The dense
subsoil of the Cathay soils limits root and moisture
penetration. Tilth can be maintained or improved by time-
ly cultivation, by maintaining the organic-matter content,
and by stubble mulching to conserve moisture. The
hazard of soil bowing is moderate and can be controlled
under crop residue management and with stripcropping,
buffer strips, and windbreaks.
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Keeping the soils in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep pastures in good
condition. ‘

These soils are suited to windbreak and environmental
plantings. Many of the climatically adapted species of
trees and shrubs grow well on the Cathay soils. All grow
well on the Emrick soils.

These soils are suited to building site development and
onsite waste disposal. The frost action, a limitation for
roads and streets, can be overcome by replacing base
material with material not subject to frost action. The
shrink-swell limitation can be overcome by special design
to withstand stress. The slow percolation limitation, a
problem for septic tank absorption fields, can be over-
come by enlarging the field. The seepage, a problem for
sewage lagoons, can be overcome by using clay blankets
to seal the lagoons.

These soils have poor potential for wetland wildlife
habitat. The potential is good to fair for openland wildlife
habitat and for grain and seed crops.

The included Heimdal soils are better drained than
these soils and are better suited to most uses. Capability
subclass Ile.

80— Cathay loam, 0 to 3 percent slopes. This level and
nearly level, moderately well drained soil is on glacial till
plains. Areas generally range from 10 to more than 200
acres.

Typically, the surface layer is black loam about 7 inches
thick. The subsurface layer, from 7 to 10 inches, is very
dark gray loam. The subsoil, from 10 to 24 inches, is clay
loam. It is very dark brown in the upper part and very
dark gray in the lower part. The underlying material to a
depth of 60 inches is loam. It is light brownish gray in the
upper part and light olive brown in the middle and lower
parts.

About 15 to 20 percent of the map unit is included
small areas of Emrick soils. These areas are generally
less than 3 acres. They occupy the same position as the
Cathay soils.

Permeability is slow, and available water capacity is
moderate. Runoff is slow. Tilth is fair. The organic-matter
content is moderate, and fertility is high.

Most areas are farmed. The potential is fair for cul-
tivated crops and trees, good for hay and pasture, and
good for most engineering uses.

This soil is suited to small grain and flax. The dense
subsoil restricts the downward movement of water and
roots. Tilth can be maintained or improved by timely cul-
tivation, by maintenance of organic matter, and by stub-
ble mulching to conserve moisture. The hazard of soil
blowing is moderate and is easily controlled under crop
residue management and with stripcropping and buffer
strips.

Keeping the soil in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition.

This soil is suited to windbreak and environmental
plantings. Many of the climatically adapted trees and
shrubs grow well.

This soil is suited to building site development and
onsite waste disposal. The frost action, a limitation for
roads and streets, can be overcome by replacing base
material with material not subject to frost action. The
shrink-swell limitation can be overcome by special design
to withstand stress. The slow percolation rate, a problem
for septic tank absorption fields, can be overcome by en-
larging the field.

This soil has poor potential for wetland wildlife habitat.
The potential is fair for openland wildlife habitat and for
grain and seed crops.

The included Emrick soils lack the dense subsoil of this
soil. They are generally better suited to most uses than
this soil. Capability subclass IIIs.

80B—Cathay loam, 3 to 6 percent slopes. This undu-
lating, moderately well drained soil is on glacial till plains.
Areas generally range from about 5 to more than 100
acres.

Typically, the surface layer is black loam about 7 inches
thick. The subsurface layer, from 7 to 10 inches, is very
dark gray loam. The subsoil, from 10 to 24 inches, is clay
loam. It is very dark brown in the upper part and very
dark gray in the lower part. The underlying material to a
depth of 60 inches is loam. It is light brownish gray in the
upper part and light olive brown in the middle and lower
parts.

About 20 to 25 percent of the map unit is included
small areas of Emrick and Heimdal soils. These areas are
generally less than 3 acres. The moderately well drained
Emrick soil occupies the same position as this soil, and
the well drained Heimdal soil is on slightly higher posi-
tions.

Permeability is slow, and available water capacity is
moderate. Runoff is slow. Tilth is fair. The organic-matter
content is moderate, and fertility is high.

Most areas are farmed. The potential is fair for cul-
tivated crops and trees, fair for most engineering uses,
and good for pasture and hay.

This soil is suited to small grain and flax. The dense
subsoil restricts downward movement of water and roots.
Tilth can be maintained or improved by timely cultivation,
by maintaining the organic-matter content, and by stubble
mulching to conserve moisture. The hazard of soil blowing
is moderate and is easily controlled under crop residue
management and with stripcropping and buffer strips.

Keeping the soil in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition.

This soil is suited to windbreak and environmental
plantings. Many of the climatically adapted trees and
shrubs grow well.

This soil is' suited to building site development and
onsite waste disposal. The frost action, a limitation for
roads and streets, can be overcome by replacing base
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material with material not subject to frost action. The
shrink-swell limitation can be overcome by special design
to withstand stress. The slow percolation rate, a problem
for septic tank absorption fields, can be overcome by en-
larging the field.

This soil has very poor potential for wetland wildlife
habitat. The potential is fair for openland wildlife habitat
and for grain and seed crops.

The included Emrick soils lack the dense subsoil of this
soil. The Heimdal soils are better drained. The included
soils are better suited to most uses than this soil. Capa-
bility subeclass IIle.

81—Cathay-Gardena silt loams, 0 to 3 percent slopes.
This map unit consists of the level and nearly level,
moderately well drained Cathay and Gardena soils on gla-
cial lake plains. It is about 45 percent Cathay soils and
about 40 percent Gardena soils. Areas generally range
from 10 to more than 200 acres. The relief of this unit is
uniform. The Cathay soils have a dense subsoil affected
by large amounts of sodium.

Typically, the Cathay soil has a surface layer of black
silt loam about 7 inches thick. The subsurface layer, from
7 to 10 inches, is very dark gray silt loam. The subsoil,
from 10 to 24 inches, is very dark gray silty clay loam.
The underlying material, to a depth of 60 inches, is silt
loam. It is light brownish gray in the upper part and light
olive brown in the lower part.

Typically, the Gardena soil has a surface layer of black
silt loam about 20 inches thick. The subsoil, from 20 to 34
inches, is very dark brown silt loam. The underlying
material from 34 to 42 inches is dark grayish brown silt
loam and from 42 to 60 inches is light olive brown very
fine sandy loam.

About 10 to 15 percent of the map unit is included
small areas of the somewhat poorly drained Glyndon soils
and the poorly drained Tonka soils. These areas are
generally less than 8 acres. The Tonka soils are in shallow
depressions, and the Glyndon soils are in swales and in
areas surrounding the depressions.

Permeability is slow in the Cathay soil and moderate in
the Gardena soil. Available water capacity is moderate in
the Cathay soil and high in the Gardena soil. Runoff is
slow. Tilth is fair in the Cathay soil and good in the
Gardena soil. The organic-matter content is moderate in
the Cathay soil and high in the Gardena soil. Fertility is
high.

Most areas are farmed. The potential is fair for cul-
tivated crops and trees, good for pasture and hay, and
good for most engineering uses.

These soils are suited to small grain and flax. Tilth can
be maintained or improved by timely cultivation, by main-
tenance of organic matter, and by stubble mulching to
conserve moisture. The hazard of soil blowing is moderate
and is easily controlled under crop residue management
and with stripcropping, buffer strips, and windbreaks.

Keeping the soils in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition.

These soils are suited to windbreak and environmental
plantings. Many of the climatically adapted trees and
shrubs grow well on the Cathay soils. All grow well on
the Gardena soils.

These soils are well suited to building site development
and onsite waste disposal. The wetness limitation for
buildings can be overcome by using foundation drainage.
The shrink-swell limitation for buildings can be overcome
by design to withstand stress. The frost action limitation
for roads and streets can be overcome by replacing base
material with material not subject to frost action. The
seepage, a limitation for sewage lagoons, can be overcome
by using clay blankets to seal the lagoon. The slow per-
colation rate, a problem for septic tank absorption fields,
can be overcome by enlarging the field.

These soils have poor potential for wetland wildlife
habitat. The potential is fair to good for openland wildlife
habitat and for grain and seed crops in support of wil-

- dlife.

The included Tonka and Glyndon soils are wetter than
these soils. They are less suited to most uses, but the
Tonka soils have good potential for wetland wildlife
habitat. Capability subclass IIIs.

82—Letcher fine sandy loam, 0 to 3 percent slopes.
This level and nearly level, moderately well drained soil is
on glacial lake plains and outwash plains. Areas generally
range from 3 to about 200 acres.

Typically, the surface layer is very dark gray fine
sandy loam about 13 inches thick. The subsoil, from 13 to
25 inches, is fine sandy loam. It is dark grayish brown in
the upper part and very dark grayish brown in the lower
part. The underlying material from 25 to 38 inches is dark
gray silty clay loam and from 38 to 60 inches light olive
brown loamy very fine sand. In some places the surface
layer is thinner.

Permeability is slow, and available water capacity is
moderate. Runoff is slow. Tilth is poor. The organic-
matter content is moderate, and fertility is low.

Most areas are farmed. The potential is fair for cul-
tivated crops, pasture, and hay; poor for trees; and fair
for most engineering uses.

This soil is suited to small grain (fig. 15) and flax. The
dense subsoil limits root and water penetration. The sub-
soil and underlying material contain soluble salts that ad-
versely affect water use by plants. Tilth can be improved
or maintained by timely cultivation, by maintenance of or-
ganic matter, and by stubble mulching to conserve
moisture. The hazard of soil blowing is high and can be
controlled under crop residue management and with strip-
cropping and buffer strips.

Keeping the soil in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition. If pastures are overgrazed, soil blowing is a
hazard.

This soil is generally not suited to windbreak and en-
vironmental plantings. No species of trees and shrubs
grow well.
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This soil is suited to building sites and to onsite waste
disposal. The wetness limitation for buildings can be over-
come by using foundation drainage. The frost action
limitation for buildings and for roads and streets can be
overcome by placing footers below frost depth and by
replacing road and street. base material. The slow percola-
tion rate, a problem for septic tank absorption fields, can
be overcome by enlarging the field. The seepage limita-
tion for sewage lagoons can be overcome by using clay
blankets or plastic liners to seal the lagoon.

This soil has poor potential for wetland wildlife habitat.
The potential is fair for openland wildlife habitat and for
grain and seed crops. Capability subclass IVe.

88B —Arvilla soils, 0 to 6 percent slopes. These level,
nearly level, and undulating, somewhat excessively
drained soils are on glacial outwash plains. Areas
generally range from 5 to more than 100 acres and are
usually irregular in shape.

Typically, the surface layer is very dark gray sandy
loam or loam. The subsoil, from 7 to 18 inches, is very
dark grayish brown sandy loam. The underlying material
to a depth of 60 inches is dark brown gravelly sand.

About 10 percent or less of the map unit is included
small areas of Sioux soils. These areas are generally less
than 3 acres. They contain large amounts of gravel in the
underlying material.

Permeability is moderately rapid in the upper part of
the soil and rapid in the lower part. Available water
capacity is low. Runoff is slow. Tilth is good. The organic-
matter content and fertility are low.

Most areas are farmed. The potential is poor for cul-
tivated crops, trees, pasture, and hay, and good for some
engineering uses.

These droughty soils are poorly suited to small grain
and flax. The hazard of soil blowing is moderate to high
and can be controlled under intensive crop residue
management and with stripcropping and buffer strips.
Rye is the best suited small grain because it can be
seeded in fall to make the best use of early season rain-
fall, '

Keeping the soil in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,
and timely deferment of grazing keep the pasture in good
condition.

These soils are poorly suited to windbreak and environ-
mental plantings. No species of trees or shrubs grow well.

These soils are well suited to building sites. The caving
in of cutbanks, a problem in shallow excavations, can be
overcome by shoring trench walls. Seepage, the result of
the rapid percolation rates, can allow waste to con-
taminate ground water if these soils are used for waste
disposal. These soils are among the best soils in the coun-
ty for sources of sand and gravel.

These soils have very poor potential for wetland wil-
dlife habitat. The potential is fair for openland wildlife
habitat.

The included Sioux soils have about the same limita-
tions as these soils but are more droughty and less suited
to cultivated crops. Capability subclass IIIe.

89C—Sioux soils, 1 to 15 percent slopes. These nearly
level to rolling, excessively drained soils are on low ridges
or hills on glacial outwash plains. Areas generally range
from 3 to more than 50 acres.

Typically, the surface layer is very dark gray loam or
sandy loam about 6 inches thick. The underlying material
to a depth of 60 inches is dark brown. It is gravelly loamy
sand in the upper part and gravelly sand in the lower
part (fig. 16).

About 15 percent of the map unit is included small
areas of Arvilla soils. These areas are generally less than
3 acres. Less gravel occurs to a greater depth than in
Sioux soils.

Permeability is rapid, and available water capacity is
low. Runoff is slow. The organic-matter content and fer-
tility are low.

Most areas are in native grass pasture. The potential is
poor for cultivated crops and trees, fair for native grass
pasture and hay, and good for some engineering uses.

These soils are generally not suited to small grain and
flax. They are droughty.

Keeping the soils in native grass pasture. or hay is ef-
fective in controlling erosion. Proper stocking rates,
pasture rotation, and timely deferment of grazing keep
the pasture in good condition and maintain the desired
native grass species.

These soils are generally not suited to windbreak and
environmental plantings.

These soils are suited to building site development. The
caving in of cutbanks, a problem in shallow excavations,
can be overcome by shoring trench walls. The slope
limitation can be overcome by cut and fill operations.
Seepage is a problem for onsite waste disposal. Waste
materials can contaminate ground water if these soils are
used for waste disposal. These soils are among the best in
Pierce County for sources of sand and gravel.

These soils have very poor potential for wetland wil-
dlife habitat. The potential is fair for rangeland wildlife
habitat.

The included Arvilla soils have about the same limita-
tions as these soils but are better suited to cultivated
crops. Capability subelass VlIs.

90C—Serden soils, 0 to 15 percent slopes. These level
to rolling, excessively drained soils are on wind-disturbed
glacial outwash plains. Areas generally range from 10 to
more than 300 acres. Slopes are short and choppy.

Typically, the surface layer is very dark brown loamy
fine sand or sand about 2 inches thick. The underlying
material to a depth of 60 inches is dark grayish brown
fine sand.

About 15 percent of the map unit is included small
areas of the moderately well drained Aylmer soils and du-
neland. The Aylmer soils are in swales, and the duneland
is on windblown ridges that are barren of vegetation.

Permeability is rapid, and available water capacity is
low. Runoff is very slow. The organic-mater content and
fertility are low.
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Most areas are in native grass pasture. The potential is
poor for cultivated crops and trees, fair for native grass
pasture, and good for some engineering uses.

These soils are generally not suited to small grain and
flax. The hazard of soil blowing is very high. These soils
are droughty.

Keeping these soils in native grass pasture and hay is
effective in controlling erosion. Proper stocking rates,
pasture rotation, and timely deferment of grazing keep
the pasture in good condition and maintain the desired
native grass species. In overgrazed areas, the soils are
subject to soil blowing (fig. 17).

These soils are generally not suited to windbreak
plantings. Specialized or scalp plantings can be made for
wildlife habitat, recreation, or beautification, but require
intensive management to survive and grow well.

These soils are suited to building and site development.
The caving in of cutbanks, a problem in shallow excava-
tions, can be overcome by shoring trench walls. The slope
limitation can be overcome by cut and fill operations. Soil
blowing is a hazard where cut and fill operations disturb
the vegetative cover, but it can be controlled by
reestablishment of the cover. Seepage is a problem for
- onsite waste disposal, and effluent can contaminate
ground water if these soils are used for waste disposal.

These soils have very poor potential for wetland wil-
dlife habitat. The potential is fair for rangeland wildlife
habitat.

The included Aylmer soils are wetter than these soils
and have a wetness limitation. Capability subclass VIe.

95—Divide loam, 0 to 3 percent slopes. This level and
nearly level, somewhat poorly drained soil is on glacial
outwash plains. Areas generally range from 5 to more
than 100 acres. Slopes are long and smooth.

Typically, the surface layer is black loam about 8 inches
thick. The underlying material from 8 to 12 inches is very
dark gray loam, from 12 to 20 inches grayish brown loam,
from 20 to 31 inches dark yellowish brown gravelly sand,
from 31 to 48 inches dark yellowish brown sand, and from
48 to 60 inches grayish brown sand.

Included with this soil in mapping are areas of poorly
drained soils on lower landscape positions. These areas
make up about 35 percent of the map unit.

Permeability is moderate in the upper part of the soil,
and rapid in the lower part, and available water capacity
is moderate. Runoff is slow. Tilth is good. The organic-
matter content is high, and fertility is medium.

Most areas are farmed. The potential is fair for cul-
tivated crops, good for pasture, hay and trees, and fair
for most engineering uses.

This soil is suited to small grain and flax. Spring seed-
ing and tillage are often delayed by the seasonal high
water table and resultant wetness. The hazard of soil
blowing is moderate and can be controlled under crop
residue management and with striperopping, buffer
strips, and windbreaks.

Keeping the soil in pasture or hay is effective in con-
trolling erosion. Proper stocking rates, pasture rotation,

and timely deferment of grazing keep the pasture in good
condition.

This soil is well suited to windbreak and environmental
plantings. All climatically adapted species of trees and
shrubs grow well. If drained, the included poorly drained
soil is well suited to trees and shrubs.

This soil is suited to building site development. The
caving in of cutbanks, a problem in shallow excavations,
can be overcome by shoring trench walls. The wetness
limitation for buildings can be overcome by foundation
drainage. The frost action limitation for roads and streets
can be overcome by replacing base material with material
free of frost action. Seepage is a severe problem for
onsite waste disposal in septic tanks, sewage lagoons, and
sanitary landfills. Better suited alternate sites are
generally near this soil.

The suitability for wetland wildlife habitat and shallow
water areas is poor. The potential is fair for openland wil-
dlife habitat and for grain and seed crops.

The included poorly drained soil is wetter than this soil.
Capability subclass ITIs.

96—Aquents. These level to gently sloping, poorly
drained and somewhat poorly drained soils are on narrow
beaches surrounding lakes and large depressions. Areas
generally range from less than 10 acres to more than 200
acres.

The surface layer is dark sand to silty clay loam
generally less than 6 inches thick. The underlying materi-
al to a depth of 60 inches is light colored, calcareous, thin
alternate layers of sand, silt, and clay.

Included with these soils in mapping are escarpments
adjacent to the uplands. They make up 30 percent or less
of individual areas. In some places stones cover as much
as 15 percent of the surface area.

Permeability ranges from slow to rapid. The available
water capacity is generally low. The organic-matter con-
tent and fertility are low. In nearly all areas these soils
are moderately affected by salts. In many areas on the
southeast shores of lakes, they are strongly affected. The
salts and soil material are deposited by wind when the
lakes are dry. The soils strongly affected by salts support
little or no vegetation. Some are subject to flooding in
spring.

These soils have poor potential for cultivated crops,
hay, and trees. They are best suited to native pasture or
wildlife habitat.

Keeping these soils in pasture is effective in controlling
erosion. Proper stocking rates and timely deferment of
grazing maintain the desirable native grass species.

The suitability of these soils for engineering use is
poor. Wetness and flooding are severe limitations.
Aquents are not used for building sites or related use.

These soils have fair potential for wetland wildlife
habitat and shallow water areas. They have very poor
potential for grasses, legumes, grain, and seed crops in
support of wildlife.

The included escarpments are severely limited by slope
for most uses. Capability subclass VIIs.
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100—Stirum soils, 0 to 3 percent slopes. These level
and nearly level, poorly drained soils are on glacial out-
wash plains. Areas generally range from about 5 acres to
more than 200 acres. In most areas slopes are long and
smooth, but in some areas small mounds and swales a few
feet in diameter are common on the landscape.

Typically, the surface layer is black fine sandy loam or
loam about 5 inches thick. The subsoil, from 5 to 14
inches, is very dark grayish brown fine sandy loam and
from 14 to 23 inches light gray sandy clay loam. The un-
derlying material, from 23 to 31 inches, is light gray
loamy sand. In some places the soil is affected by salts
and is slightly or moderately saline.

Included with these soils in mapping are some soils
with clay loam or loam underlying material that formed in
glacial till. The included soils make up about 15 to 25 per-
cent of the map unit.

Permeability is moderately slow, and available water
capacity is low. Runoff is very slow. Tilth is poor. The or-
ganic-matter content is moderate, and fertility is low.

Most areas are in native grass pasture and hay. The
potential is poor for cultivated crops and trees, fair for
native grass hay and pasture, and poor for most engineer-
ing uses.

These soils are generally not suited to cultivated crops
because of the wetness, the poor tilth, the high hazard of
soil blowing, and the low productivity.

Keeping the soils in native grass pasture or hay is ef-
fective in controlling erosion. Proper stocking rates,
pasture rotation, and timely deferment of grazing keep
the pasture in good condition and maintain the desirable
native grass species.

These soils are generally not suited to windbreak and
environmental plantings because of wetness, low available
water capacity, flooding, and salt content.

These soils are poorly suited to building site develop-
ment and to onsite waste disposal. Flooding, wetness, and
seepage in the underlying material are severe problems.
The Stirum soils in this survey area are generally not
used for building sites and waste disposal sites.

The potential is fair for wetland wildlife habitat and for
shallow water areas. The potential is very poor for grass,
legume, grain, and seed crops grown in support of wet-
land wildlife.

The included soils have about the same limitations as
these soils. Capability subclass VIw.

104 —Aquolls. These level, poorly drained soils are in
depressions, shallow lakes, and ponds. They are covered
by water much of the year and support a vegetative
cover of reeds, sedges, and rushes. The water is saline in
some areas and nonsaline in others. Areas range from
about 5 to more than 500 acres. Most areas remain un-
drained because of the lack of drainage outlets.

Most areas are used for production of wetland wildlife.
They are best suited to wildlife use. The potential is poor
for all other uses because of wetness, ponding, and lack of
drainage outlets. Capability subclass VIIIw.

105—Aylmer-Fossum complex, 0 to 6 percent slopes.
This map unit consists of level to undulating, moderately
well drained Aylmer soils and poorly drained Fossum
soils on sandy outwash plains. It is about 70 percent
Aylmer soil and 20 percent Fossum soil. The Aylmer soil
occupies the higher positions and the Fossum soil the
depressions. Areas generally range from 10 to more than
150 acres.

Typically, the Aylmer soil has a surface layer of dark
gray sand about 7 inches thick. The underlying material,
from 7 to 60 inches, is sand. It is dark grayish brown in
the upper part and grayish brown in the middle and
lower parts.

Typically, the Fossum soil has a surface layer 22 inches
thick. It is black fine sandy loam to loamy fine sand in the
upper part, very dark gray loamy fine sand in the middle
part, and very dark grayish brown loamy fine sand in the
lower part. The underlying material from 22 to 60 inches
is grayish brown fine sand. In some places the soil is
slightly saline.

About 10 percent of the unit is included small areas of
excessively drained Serden soils, which are above the
Aylmer soil.

Permeability is rapid, and available water capacity is
low. Runoff is slow on the Aylmer soil and very slow on
the Fossum soil. The organic-matter content is low in the
Aylmer soil and moderate in the Fossum soil. Fertility is
low in both soils.

Most areas are in native grass pasture. The potential is
poor for cultivated crops, trees, and tame grass pasture.
The potential is fair for most engineering uses.

These soils are generally not suited to small grain and
flax because of the hazard of soil blowing and the low
available water capacity and resulting droughtiness.

Keeping these soils in native grass pasture or hay is ef-
fective in controlling erosion. Proper stocking rates, rota-
tion grazing, and timely deferment of grazing keep the
pasture in good condition and maintain the desirable na-
tive grass species.

The Aylmer soil is generally not suited to windbreaks
and environmental plantings. Special or scalp plantings
can be made, but they require intensive management to
survive and grow well. The Fossum soil is well suited to
all climatically adapted trees and shrubs.

The Fossum soil is generally not suited to building site
development and onsite waste disposal. It is severely
limited by wetness, seepage, and flooding. The Aylmer
soil is better suited. The caving in of cutbanks in shallow
excavations is a problem but can be overcome by shoring
trench walls. The wetness limitation for buildings can be
overcome by foundation drainage and for roads and
streets by building up roadbeds and providing drainage.
Seepage is a severe problem for sewage lagoons and land-
fills.

The Fossum soil has good potential for wetland wildlife
habitat. The Aylmer soil has very poor potential. Both
soils have fair potential for openland wildlife habitat and
for grasses and legumes.
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The included Serden soils are better drained than the
Aylmer and Fossum soils. Capability subclass Vle.

Use and management of the soils

The soil survey is a detailed inventory and evaluation
of the most basic resource of the survey area—the soil. It
is useful in adjusting land use, ineluding urbanization, to
the limitations and potentials of natural resources and the
environment. Also, it can help avoid soil-related failures
in uses of the land.

While a soil survey is in progress, soil scientists, con-
servationists, engineers, and others keep extensive notes
about the nature of the soils and about unique aspects of
behavior of the soils. These notes include data on erosion,
drought damage to specific crops, yield estimates, flood-
ing, the functioning of septic tank disposal systems, and
other factors affecting the productivity, potential, and
limitations of the soils under various uses and manage-
ment. In this way, field experience and measured data on
soil properties and performance are used as a basis for
predicting soil behavior.

Information in this section is useful in planning use and
management of soils for crops and pasture, and woodland,
as sites for buildings, highways and other transportation
systems, sanitary facilities, and parks and other recrea-
tion facilities, and for wildlife habitat. From the data
presented, the potential of each soil for specified land
uses can be determined, soil limitations to these land uses
can be identified, and costly failures in houses and other
structures, caused by unfavorable soil properties, can be
avoided. A site where soil properties are favorable can be
selected, or practices that will overcome the soil limita-
tions can be planned.

Planners and others using the soil survey can evaluate
the impact of specific land uses on the overall produectivi-
ty of the survey area or other broad planning area and on
the environment. Productivity and the environment are
closely related to the nature of the soil. Plans should
maintain or create a land-use pattern in harmony with the
natural soil.

Contractors can find information that is useful in locat-
ing sources of sand and gravel, roadfill, and topsoil. Other
information indicates the presence of bedrock, wetness, or
very firm soil horizons that cause difficulty in excavation.

Health officials, highway officials, engineers, and many
other specialists also can find useful information in this
soil survey. The safe disposal of wastes, for example, is
closely related to properties of the soil. Pavements, side-

walks, campsites, playgrounds, lawns, and trees and
shrubs are influenced by the nature of the soil.

Crops and pasture

EpwaRD R. WEIMER, agronomist, Soil Conservation Service, helped
prepare this section.

The major management concerns in using the soils for
crops and pasture are described in this section. In addi-
tion, the crops or pasture plants best suited to the soil, in-
cluding some not commontly grown in the survey area,
are identified. The system of capability classification used
by the Soil Conservation Service is explained. Also, yields
of the main crops, hay, and pasture are predicted for each
soil.

This section provides information on the overall agricul-
tural potential and needed practices in the survey area
for those in the agribusinss sector, for example, equip-
ment dealers, drainage contractors, fertilizer companies,
processing companies, planners, and conservationists. For
each kind of soil, information about management is
presented in the section “Soil Maps for Detailed
Planning.” In planning management for individual fields
or farms, refer to the specified soil description.

According to the North Dakota Conservation Needs In-
ventory dated July 1970, more than 515,000 acres in
Pierce County was used for crops and pasture in 1967. Of
this total, 27,970 acres was used for pasture, 13,340 acres
for row crops, mainly corn; 287,680 acres for close-grown
crops, mainly wheat, barley, oats, and flax; and 92,000
acres for summer fallow. Since 1967, however, the acre-
age in close-grown crops has increased and the acreage in
pasture, row crops, and summer fallow has decreased,
mainly as the result of higher grain prices and changes in
agricultural programs.

The soil potential in Pierce County is good for in-
creased production of food and fiber. Production could be
increased by extending the latest crop production
technology to all cropland in the county. This soil survey
facilitates the application of this technology.

The main management needs for use of the soils in
Pierce County are controlling soil blowing and water ero-
sion, conserving moisture, and maintaining fertility.

Soil blowing is a hazard on nearly all soils of the coun-
ty, but is most severe on the sandy Egeland, Embden,
Hecla, Maddock, Swenoda, and Towner soils. It can
damage these soils in a very short time if winds are
strong and the soils are dry and bare of vegetation or
surface mulch. Water erosion is a hazard mainly on the
gently rolling and steeper soils, for example, Barnes,
Buse, Esmond, and Heimdal soils. Among the measures
that help to control soil blowing and water erosion are
cover crops, stripcrops, buffer strips, windbreaks, contour
tillage, diversions and waterways, minimum tillage, timely
and emergency tillage, grasses and legumes in the
cropping system, and crop residue. A combination of
several measures generally is used.

Moisture generally is conserved by reducing evapora-
tion, limiting runoff, increasing infiltration, and con-
trolling weeds. Some of the effective management prac-
tices are stubble mulching, contour tillage, striperopping,
establishing field windbreaks and buffer strips, keeping
tillage timely and minimal, growing grasses and legumes
in the cropping system, maintaining crop residue on the
surface, and applying fertilizer. Periods of fallow help to
control weeds and store available moisture in the soil.
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Among the measures that help to maintain fertility are
the application of fertilizer; the plowing down of green
manure and barnyard manure; the inclusion of cover
crops, grasses, and legumes in the cropping system; and
the use of summer fallow. Most measures used to control
soil blowing and water erosion also help to maintain fer-
tility.

To offset the effects of unfavorable soil characteristics,
artificial drainage, stone removal, and the reduction of
salinity are needed on some soils. Draining soils that are
somewhat poorly drained to very poorly drained would in-
crease yields and the choice of crops. Many areas, how-
ever, lack suitable outlets. Some stone removal is usually
necessary on soils formed in glacial till, such as Heimdal
and Barnes soils. Practices that benefit saline soils include
eliminating summer fallow, growing the most salt-tolerant
grain crops, green manure crops, and tame and native
grasses.

The most commonly used conservation practices, for ex-
ample, growing green manure crops and including grasses
and legumes in the cropping system, help in maintaining
good soil tilth. Heavy textured soils, such as Hegne silty
clay, often are plowed in fall at the right moisture content
to maintain tilth and prepare a good seedbed.

Some crops suited to the soils and climate of the county
and commonly grown are wheat, barley, oats, flax, rye,
legumes, and tame grasses. Crops not commonly grown,
but suitable, are potatoes, sunflowers, dry edible beans,
such as pinto beans, and buckwheat.

Information and specifications on practices and crops
described in this section can be obtained from local offices
of the Cooperative Extension Service and the Soil Con-
servation Service.

Yields per acre

The average yields per acre that can be expected of the
principal crops under a high level of management are
shown in table 5. In any given year, yields may be higher
or lower than those indicated in the table because of
variations in rainfall and other climatic factors. Absence
of an estimated yield indicates that the crop is not suited
to or not commonly grown on the soil.

The estimated yields were based mainly on the ex-
perience and records of farmers, conservationists, and ex-
tension agents. Results of field trials and demonstrations
and available yield data from nearby counties were also
considered.

The yields were estimated assuming that the latest soil
and crop management practices were used. Hay and
pasture yields were estimated for the most productive
varieties of grasses and legumes suited to the climate and
the soil. A few farmers may be obtaining average yields
higher than those shown in table 5.

The management needed to achieve the indicated yields
of the various crops depends on the kind of soil and the
crop. Such management provides drainage, erosion con-
trol, and protection from flooding; the proper planting

and seeding rates; suitable high-yielding crop varieties;
appropriate tillage practices, including time of tillage and
seedbed preparation and tilling when soil moisture is
favorable; control of weeds, plant diseases, and harmful
insects; favorable soil reaction and optimum levels of
nitrogen, phosphorus, potassium, and trace elements for
each crop; effective use of crop residues, barnyard
manure, and green manure crops; harvesting crops with
the smallest possible loss; and timeliness of all fieldwork.

The estimated yields reflect the productive capacity of
the soils for each of the principal crops. Yields are likely
to increase as new production technology is developed.
The productivity of a given soil compared with that of
other soils, however, is not likely to change.

Crops other than those shown in table 5 are grown in
the survey area, but estimated yields are not included
because the acreage of these crops is small. The local of-
fices of the Soil Conservation Service and the Coopera-
tive Extension Service can provide information about the
management concerns and productivity of the soils for
these crops.

Capability classes and subclasses

Capability classes and subelasses show, in a general
way, the suitability of soils for most kinds of field crops.
The soils are classed according to their limitations when
they are used for field crops, the.risk of damage when
they are used, and the way they respond to treatment.
The grouping does not take into account major and
generally expensive landforming that would change slope,
depth, or other characteristics of the soils; does not take
into consideration possible but unlikely major reclamation
projects; and does not apply to rice, cranberries, horticul-
tural crops, or other crops that require special manage-
ment. Capability classification is not a substitute for in-
terpretations designed to show suitability and limitations
of groups of soils for rangeland, for forest trees, or for
engineering purposes.

In the capability system, all kinds of soil are grouped at
three levels: capability class, subclass, and unit. These
levels are defined in the following paragraphs. A survey
area may not have soils of all classes.

Capability classes, the broadest groups, are designated
by Roman numerals I through VIII The numerals in-
dicate progressively greater limitations and narrower cho-
ices for practical use. The classes are defined as follows:

Class I soils have few limitations that restrict their use.

Class II soils have moderate limitations that reduce the
choice of plants or that require moderate conservation
practices.

Class III soils have severe limitations that reduce the
choice of plants, or that require special conservation prac-
tices, or both.

Class IV soils have very severe limitations that reduce
the choice of plants, or that require very careful manage-
ment, or both.

Class V soils are not likely to erode but have other
limitations, impractical to remove, that limit their use.
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Class VI soils have severe limitations that make them
generally unsuitable for cultivation.

Class VII soils have very severe limitations that make
them unsuitable for cultivation.

Class VIII soils and landforms have limitations that
nearly preclude their use for commerecial crop produection.

Capability subclasses are soil groups within one class;
they are designated by adding a small letter, e, w, s, or c,
to the class numeral, for example, Ile. The letter e shows
that the main limitation is risk of erosion unless close-
growing plant cover is maintained; w shows that water in
or on the soil interferes with plant growth or cultivation
(in some soils the wetness can be partly corrected by ar-
tificial drainage); s shows that the soil is limited mainly
because it is shallow, droughty, or stony; and c, used in
only some parts of the United States, shows that the
chief limitation is climate that is too cold or too dry.

In class I there are no subclasses because the soils of
this class have few limitations. Class V contains only the
subclasses indicated by w, s, or ¢ because the soils in class
V are subject to little or no erosion, though they have
other limitations that restrict their use to pasture, range-
land, woodland, wildlife habitat, or recreation.

The capability class and subclass are identified in the
description of each soil map unit in the section “Soil maps
for detailed planning.”

Windbreaks and environmental plantings

Davip L. HINTZ, forester, Soil Conservation Service, helped prepare
this section.

Approximately 1,600 acres in Pierce County is native
woodland. Trembling aspen, diamond willow, sandbar wil-
low, and redosier dogwood are common on sandy outwash
areas of Aylmer, Hecla, Maddock, and Serden soils.
Diamond willow, plains cottonwood, and sandbar willow
are common on the margins of some potholes and lakes.
Bur oak, boxelder, American elm, green ash, common
chokecherry, Saskatoon serviceberry, silverberry, western
snowberry, round-leaved hawthorn, Missouri gooseberry,
red raspberry, and several species of rose grow on rolling
to steep north-facing slopes on the Dickey, Emrick,
Esmond, Heimdal, Swenoda, and Towner soils.

The early settlers used the trees for building materials,
fence posts, and fuel. Today the native tree and shrub
species are valued primarily for livestock protection, wil-
dlife habitat, recreation, esthetic value, and watershed
protection.

Windbreaks are established to protect livestock,
buildings, and yards from wind and snow. Windbreaks
also help protect fruit trees and gardens, and they furnish
habitat for wildlife. Several rows of low- and high-grow-
ing broad-leaf and coniferous species provide the most
protection.

Field windbreaks are narrow plantings made at right
angles to the prevailing wind and at specific intervals
across the field, the interval depending on erodibility of
the soil. They protect cropland and crops from wind, hold

snow on the fields, and provide food and cover for wil-
dlife.

Environmental plantings help to beautify and screen
houses and other buildings and to abate noise. The plants,
mostly evergreen shrubs and trees, are closely spaced. A
healthy planting stock of suitable species planted properly
on a well prepared site and maintained in good condition
can insure a high degree of plant survival.

Table 6 shows the height that locally grown trees and
shrubs are expected to reach on various kinds of soil in 20
years. The estimates in table 6, based on measurements
and observation of established plantings that have been
given adequate care, can be used as a guide in planning
windbreaks and screens. Additional information about
planning windbreaks and screens and the planting and
care of trees can be obtained from local offices of the Soil
Conservation Service or the Cooperative Extension Ser-
vice or from nurserymen.

Engineering

ORVAL C. HOVEY, agricultural engineer, Soil Conservation Service,
helped prepare this section.

This section provides information about the use of soils
for building sites, sanitary facilities, construction material,
and water management. Among those who can benefit
from this information are engineers, landowners, commu-
nity planners, town and city managers, land developers,
builders, contractors, and farmers and ranchers.

The ratings in the engineering tables are based on test
data and estimated data in the “Soil properties” section.
The ratings were determined jointly by soil scientists and
engineers of the Soil Conservation Service using known
relationships between the soil properties and the behavior
of soils in various engineering uses.

Among the soil properties and site conditions identified
by a soil survey and used in determining the ratings in
this section were grain-size distribution, liquid limit,
plasticity index, soil reaction, depth to bedrock, hardness
of bedrock that is within 5 or 6 feet of the surface, soil
wetness, depth to a seasonal high water table, slope,
likelihood of flooding, natural soil structure or aggrega-
tion, in-place soil density, and geologic origin of the soil
material. Where pertinent, data about kinds of clay
minerals, mineralogy of the sand and silt fractions, and
the kind of absorbed cations were also considered.

On the basis of information assembled about soil pro-
perties, ranges of values can be estimated for erodibility,
permeability, corrosivity, shrink-swell potential, available
water capacity, shear strength, compressibility, slope sta-
bility, and other factors of expected soil behavior in en-
gineering uses. As appropriate, these values can be ap-
plied to each major horizon of each soil or to the entire
profile.

These factors of soil behavior affect construction and
maintenance of roads, airport runways, pipelines, founda-
tions for small buildings, ponds and small dams, irrigation
projects, drainage systems, sewage and refuse disposal
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systems, and other engineering works. The ranges of
values ecan be used to (1) select potential residential, com-
mercial, industrial, and recreational uses; (2) make
preliminary estimates pertinent to construction in a par-
ticular area; (8) evaluate alternative routes for roads,
streets, highways, pipelines, and underground cables; (4)
evaluate alternative sites for location of 'sanitary landfills,
onsite sewage disposal systems, and other waste disposal
facilities; (5) plan detailed onsite investigations of soils
and geology; (6) find sources of gravel, sand, clay, and
topsoil; (7) plan farm drainage systems, irrigation
systems, ponds, terraces, and other structures for soil and
water conservation; (8) relate performance of structures
already built to the properties of the kinds of soil on
which they are built so that performance of similar strue-
tures on the same or a similar soil in other locations can
be predicted; and (9) predict the trafficability of soils for
cross-country movement of vehicles and construction
equipment.

Data presented in this section are useful for land-use
planning and for choosing alternative practices or
general designs that will overcome unfavorable soil pro-
perties and minimize soil-related failures. Limitations to
the use of these data, however, should be well understood.
First, the data are gemerally mot presented for soil
material below a depth of 5 or 6 feet. Also, because of the
scale of the detailed map in this soil survey, small areas
of soils that differ from the dominant soil may be in-
cluded in mapping. Thus, these data do not eliminate the
need for onsite investigations, testing, and analysis by
personnel having expertise in the specific use contem-
plated.

The information is presented mainly in tables. Table 7
shows, for each kind of soil, the degree and kind of limita-
tions for building site development; table 8, for sanitary
facilities; and table 10, for water management. Table 9
shows the suitability of each kind of soil as a source of
construction materials.

The information in the tables, along with the soil map,
the soil descriptions, and other data provided in this sur-
vey, can be used to make additional interpretations and to
construct interpretive maps for specific uses of land.

Some of the terms used in this soil survey have a spe-
cial meaning in soil science. Many of these terms are
defined in the Glossary.

Building site development

The degree and kind of soil limitations that affect shal-
low excavations, dwellings with and without basements,
small commercial buildings, and local roads and streets
are indicated in table 7. A slight limitation indicates that
soil properties generally are favorable for the specified
use; any limitation is minor and easily overcome. A
moderate limitation indicates that soil properties and site
features are unfavorable for the specified use, but the
limitations can be overcome or minimized by special
planning and design. A severe limitation indicates that one

or more soil properties or site features are so unfavorable
or difficult to overcome that a major increase in construc-
tion effort, special design, or intensive maintenance is
required. For some soils rated severe, such costly mea-
sures may not be feasible.

Shallow excavations are made for pipelines, sewerlines,
communications and power transmission lines, basements,
and open ditches. Such digging or trenching is influenced
by soil wetness caused by a seasonal high water table; the
texture and consistence of soils; the tendency of soils to
cave in or slough; and the presence of very firm, dense
soil layers, bedrock, or large stones. In addition, excava-
tions are affected by slope of the soil and the probability
of flooding. Ratings do not apply to soil horizons below a
depth of 6 feet unless otherwise noted.

In the soil series descriptions, the consistence of each
soil horizon is given, and the presence of very firm or ex-
tremely firm horizons, usually difficult to excavate, is in-
dicated.

Duwellings and small commercial buildings referred to
in table 7 are built on undisturbed soil and have founda-
tion loads of a dwelling no more than three stories high.
Separate ratings are made for small commercial buildings
without basements and for dwellings with and without
basements. For such structures, soils should be suffi-
ciently stable that cracking or subsidence of the structure
from settling or shear failure of the foundation does not
occur. These ratings were determined from estimates of
the shear strength, compressibility, and shrink-swell
potential of the soil. Soil texture, plasticity and in-place
density, potential frost action, soil wetness, and depth to a
seasonal high water table were also considered. Soil wet-
ness and depth to a seasonal high water table indicate
potential difficulty in providing adequate drainage for
basements, lawns, and gardens. Depth to bedrock, slope,
and large stones in or on the soil are also important con-
siderations in the choice of sites for these structures and
were considered in determining the ratings. Susceptibility
to flooding is a serious hazard.

Local roads and streets referred to in table 7 have an
all-weather surface that can carry light to medium traffic
all year. They consist of a subgrade of the underlying soil
material; a base of gravel, crushed rock fragments, or soil
material stabilized with lime or cement; and a flexible or
rigid surface, commonly asphalt or concrete. The roads
are graded with soil material at hand, and most cuts and
fills are less than 6 feet deep.

The load supporting capacity and the stability of the
soil as well as the quantity and workability of fill material
available are important in design and construction of
roads and streets. The classifications of the soil and the
soil texture, density, shrink-swell potential, and potential
frost action are indicators of the traffic supporting capaci-
ty used in making the ratings. Soil wetness, flooding,
slope, depth to hard rock or very compact layers, and con-
tent of large stones affect stability and ease of excava-
tion.
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Sanitary facilities

Favorable soil properties and site features are needed
for proper functioning of septic tank absorption fields,
sewage lagoons, and sanitary landfills. The nature of the
soil is important in selecting sites for these facilities and
in identifying limiting soil properties and site features to
be considered in design and installation. Also, those soil
properties that affect ease of excavation or installation of
these facilities will be of interest to contractors and local
officials. Table 8 shows the degree and kind of limitations
of each soil for such uses and for use of the soil as daily

cover for landfills. It is important to observe local or-
dinances and regulations.

If the degree of soil limitation is expressed as slight,
soils are generally favorable for the specified use and
limitations are ‘minor and easily overcome; if moderate,
soil properties or site features are unfavorable for the
specified use, but limitations can be overcome by special
planning and design; and if severe, soil properties or site
features are so unfavorable or difficult to overcome that
major soil reclamation, special designs, or intensive main-
tenance is required. Soil suitability is rated by the terms
good, fair, or poor, which, respectively, mean about the
same as the terms slight, moderate, and severe.

Septic tank absorption fields are subsurface systems of
tile or perforated pipe that distribute effluent from a sep-
tic tank into the natural soil. Only the soil horizons
between depths of 18 and 72 inches are evaluated for this
use. The soil properties and site features considered are
those that affect the absorption of the effluent and those
that affect the construction of the system.

Properties and features that affect absorption of the
effluent are permeability, depth to seasonal high water
table, depth to bedrock, and susceptibility to flooding.
Stones, boulders, and shallowness to bedrock interfere
with installation. Excessive slope ecan cause lateral
seepage and surfacing of the effluent. Also, soil erosion
and soil slippage are hazards if absorption fields are in-
stalled on sloping soils.

In some soils, loose sand and gravel or fractured
bedrock is less than 4 feet below the tile lines. In these
soils the absorption field does not adequately filter the ef-
fluent, and ground water in the area may be con-
taminated.

On many of the soils that have moderate or severe
limitations for use as septic tank absorption fields, a
system to lower the seasonal water table can be installed
or the size of the absorption field can be increased so that
performance is satisfactory.

Sewage lagoons are shallow ponds constructed to hold
sewage while aerobic bacteria decompose the solid and
liquid wastes. Lagoons have a nearly level floor and cut
slopes or embankments of compacted soil material. Aero-
bic lagoons generally are designed to hold sewage within
a depth of 2 to 5 feet. Nearly impervious soil material for
the lagoon floor and sides is required to minimize seepage
and contamination of ground water. Soils that are very
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high in content of organic matter and those that have
cobbles, stones, or boulders are not suitable. Unless the
soil has very slow permeability, contamination of ground
water is a hazard where the seasonal high water table is
above the level of the lagoon floor. In soils where the
water table is seasonally high, seepage of ground water
into the lagoon can seriously reduce the lagoon’s capacity
for liquid waste. Slope, depth to bedrock, and susceptibili-
ty to flooding also affect the suitability of sites for
sewage lagoons or the cost of construction. Shear
strength and permeability of compacted soil material af-
fect the performance of embankments.

Sanitary landfill is a method of disposing of solid
waste by placing refuse in successive layers either in ex-
cavated trenches or on the surface of the soil. The waste
is spread, compacted, and covered daily with a thin layer
of soil material. Landfill areas are subject to heavy
vehicular traffie. Risk of polluting ground water and traf-
ficability affect the suitability of a soil for this use. The
best soils have a loamy or silty texture, have moderate to
slow permeability, are deep to a seasonal water table, and
are not subject to flooding. Clayey soils are likely to be
sticky and difficult to spread. Sandy or gravelly soils
generally have rapid permeability, which might allow nox-
ious liquids to contaminate ground water. Soil wetness
can be a limitation, because operating heavy equipment
on a wet soil is difficult. Seepage into the refuse increases
the risk of pollution of ground water.

Ease of excavation affects the suitability of a soil for
the trench type of landfill. A suitable soil is deep to
bedrock and free of large stones and boulders. If the
seasonal water table is high, water will seep into
trenches.

Unless otherwise stated, the limitations in table 8 apply
only to the soil material within a depth of about 6 feet. If
the trench is deeper, a limitation of slight or moderate
may not be valid. Site investigation is needed before a
site is selected.

Daily cover for landfill should be soil that is easy to
excavate and spread over the compacted fill in wet and
dry periods. Soils that are loamy or silty and free of
stones or boulders are better than other soils. Clayey
soils may be sticky and difficult to spread; sandy soils
may be subject to soil blowing.

The soils selected for final cover of landfills should be
suitable for growing plants. Of all the horizons, the A
horizon in most soils has the best workability, more or-
ganic matter, and the best potential for growing plants.
Thus, for either the area- or trench-type landfill, stockpil-
ing material from the A horizon for use as the surface
layer of the final cover is desirable.

Where it is necessary to bring in soil material for daily
or final cover, thickness of suitable soil material available
and depth to a seasonal high water table in soils sur-
rounding the sites should be evaluated. Other factors to
be evaluated are those that affect reclamation of the bor-
row areas. These factors include slope, erodibility, and
potential for plant growth.
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Construction materials

The suitability of each soil as a source of roadfill, sand,
gravel, and topsoil is indicated in table 9 by ratings of
good, fair, or poor. The texture, thickness, and organic-
matter content of each soil horizon are important factors
in rating soils for use as construction materials. Each soil
is evaluated to the depth observed, generally about 6 feet.

Roadfill is soil material used in embankments for
roads. Soils are evaluated as a source of roadfill for low
embankments, which generally are less than 6 feet high
and less exacting in design than high embankments. The
ratings reflect the ease of excavating and working the
material and the expected performance of the material
where it has been compacted and adequately drained. The
performance of soil after it is stabilized with lime or ce-
ment is not considered in the ratings, but information
about some of the soil properties that influence such per-
formance is given in the descriptions of the soil series.

The ratings apply to the soil material between the A
horizon and a depth of 5 to 6 feet. It is assumed that soil
horizons will be mixed during excavation and spreading.
Many soils have horizons of contrasting suitability within
their profile. The estimated engineering properties in
table 13 provide specific information about the nature of
each horizon. This information can help determine the
suitability of each horizon for roadfill.

Soils rated good are coarse grained. They have low
shrink-swell potential, low potential frost action, and few
cobbles and stones. They are at least moderately well
drained and have slopes of 15 percent or less. Soils rated
fair have a plasticity index of less than 15 and have other
limiting features, such as moderate shrink-swell potential,
moderately steep slopes, wetness, or many stones. If the
thickness of suitable material is less than 3 feet, the en-
tire soil is rated poor.

Sand and gravel are used in great quantities in many
kinds of construction. The ratings in table 9 provide
guidance as to where to look for probable sources and are
based on the probability that soils in a given area contain
sizable quantities of sand or gravel. A soil rated good or
fair has a layer of suitable material at least 3 feet thick,
the top of which is within a depth of 6 feet. Coarse frag-
ments of soft bedrock material, such as shale and silt-
stone, are not considered to be sand and gravel. Fine-
grained soils are not suitable sources of sand and gravel.

The ratings do not take into account depth to the water
table or other factors that affect excavation of the
material. Descriptions of grain size, kinds of minerals,
reaction, and stratification are given in the soil series
descriptions and in table 13.

Topsoil is used in areas where vegetation is to be
established and maintained. Suitability is affected mainly
by the ease of working and spreading the soil material in
preparing a seedbed and by the ability of the soil material

to support plantlife. Also considered is the damage that
can result at the area from which the topsoil is taken.

The ease of excavation is influenced by the thickness of
suitable material, wetness, slope, and amount of stones.
The ability of the soil to support plantlife is determined
by texture, structure, and the amount of soluble salts or
toxie substances. Organic matter in the Al or Ap horizon
greatly increases the absorption and retention of moisture
and nutrients. Therefore, the soil material from these
horizons should be carefully preserved for later use.

Soils rated good have at least 16 inches of friable loamy
material at their surface. They are free of stones and cob-
bles, are low in content of gravel, and have gentle slopes.
They are low in soluble salts that can limit or prevent
plant growth. They are naturally fertile or respond well
to fertilizer. They are not so wet that excavation is dif-
ficult during most of the year.

Soils rated fair are loose sandy soils or firm loamy or
clayey soils in which the suitable material is only 8 to 16
inches thick or soils that have appreciable amounts of
gravel, stones, or soluble salt.

Soils rated poor are very sandy soils and very firm
clayey soils; soils with suitable layers less than 8 inches
thick; soils having large amounts of gravel, stones, or
soluble salt; steep soils; and poorly drained soils.

Although a rating of good is not based entirely on high
content of organic matter, a surface horizon is. generally
preferred for topsoil because of its organic-matter con-
tent. This horizon is designated as Al or Ap in the soil se-
ries descriptions. The absorption and retention of
moisture and nutrients for plant growth are greatly in-
creased by organic matter.

Water management

Many soil properties and site features that affect water
management practices have been identified in this soil
survey. In table 10 the degree of soil limitation and soil
and site features that affect use are indicated for each
kind of soil. This information is significant in planning, in-
stalling, and maintaining water-control structures.

Pond reservoir areas hold water behind a dam or em-
bankment. Soils best suited to this use have a low
seepage potential, which is determined by permeability
and the depth to fractured or permeable bedrock or other
permeable material.

Embankments, dikes, and levees require soil material
that is resistant to seepage, erosion, and piping and has
favorable stability, shrink-swell potential, shear strength,
and compaction characteristics. Large stones and organic
matter in a soil downgrade the suitability of a soil for use
in embankments, dikes, and levees.

Drainage of soil is affected by such soil properties as
permeability; texture; depth to bedrock, hardpan, or other
layers that affect the rate of water movement; depth to
the water table; slope; stability of ditchbanks; suscepti-
bility to flooding; salinity and alkalinity; and availability
of outlets for drainage.

Irrigation is affected by such features as slope, suscep-
tibility to flooding, hazards of water erosion and soil
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blowing, texture, presence of salts and alkali, depth of
root zone, rate of water intake at the surface, permeabili-
ty of the soil below the surface layer, available water
capacity, need for drainage, and depth to the water table.

Terraces and diversions are embankments or a com-
bination of channels and ridges constructed across a slope
to intercept runoff. They allow water to soak into the soil
or flow slowly to an outlet. Features that affect suitabili-
ty of a soil for terraces are uniformity and steepness of
slope; depth to bedrock, hardpan, or other unfavorable
material; large stones; permeability; ease of establishing
vegetation; and resistance to water erosion, soil blowing,
soil slipping, and piping.

Grassed waterways are constructed to channel runoff to
outlets at a nonerosive velocity. Features that affect the
use of soils for waterways are slope, permeability, erodi-
bility, wetness, and suitability for permanent vegetation.

Recreation

ERLING B. PopoLL, biologist, Soil Conservation Service, helped
prepare this section.

Most of the recreational developments in the survey
area are in municipal or town parks. Picnic sites are
available at Rugby Park, Baltic Dam, and Buffalo Lake.
Developed play areas are limited to Rugby. There are
two privately developed camping areas in the county, but
no developed publie trails or paths.

Four state-owned tracts totaling 1,430 acres and 7,850
acres managed by the Department of Interior are the
only public lands available for public use in the county.
They provide for such activities as hiking, nature study,
birding, and hunting. Public access to fishing waters is
available.

The soils of the survey area are rated in table 11 ac-
cording to limitations that affect their suitability for
recreation uses. The ratings are based on such restrictive
soil features.as flooding, wetness, slope, and texture of
the surface layer. Not considered in these ratings, but im-
portant in evaluating a site, are location and accessibility
of the area, size and shape of the area and its scenic
quality, the ability of the soil to support vegetation, ac-
cess to water, potential water impoundment sites availa-
ble, and either access to public sewerlines or capacity of
the soil to absorb septic tank effluent. Soils subject to
flooding are limited, in varying degree, for recreation use
by the duration and intensity of flooding and the season
when flooding occurs. Onsite assessment of height, dura-
tion, intensity, and frequency of flooding is essential in
planning recreation facilities.

The degree of the limitation of the soils is expressed as
slight, moderate, or severe. Slight means that the soil pro-
perties are generally favorable and that the limitations
are minor and easily overcome. Moderate means that the
limitations can be overcome or alleviated by planning,
design, or special maintenance. Severe means that soil
properties are unfavorable and that limitations can be off-
set only by costly soil reclamation, special design, inten-

sive maintenance, limited use, or by a combination of
these measures.

The information in table 11 can be supplemented by in-
formation in other parts of this survey. Especially helpful
are interpretations for septic tank absorption fields, given
in table 8, and interpretations for dwellings without base-
ments and for local roads and streets, given in table 7.

Camp areas require such site preparation as shaping
and leveling for tent and parking areas, stabilizing roads
and intensively used areas, and installing sanitary facili-
ties and utility lines. Camp areas are subject to heavy
foot traffic and some vehicular traffic. The best soils for
this use have mild slopes and are not wet or subject to
flooding during the period of use. The surface has few or
no stones or boulders, absorbs rainfall readily but remains
firm, and is not dusty when dry. Strong slopes and stones
or boulders can greatly increase the cost of constructing
camping sites.

Picnic areas are subject to heavy foot traffic. Most
vehicular traffic is confined to access roads and parking
areas. The best soils for use as picnic areas are firm when
wet, are not dusty when dry, are not subject to flooding
during the period of use, and do not have slopes or stones
or boulders that will increase the cost of shaping sites or
of building access roads and parking areas.

Playgrounds require soils that can withstand intensive
foot traffic. The best soils are almost level and are not
wet or subject to flooding during the season of use. The
surface is free of stones or boulders, is firm after rains,
and is not dusty when dry. If shaping is required to ob-
tain a uniform grade, the depth of the soil over bedrock
or hardpan should be enough to allow necessary grading.

Paths and trails for walking, horseback riding,
bicycling, and other uses should require little or no
cutting and filling. The best soils for this use are those
that are not wet, are firm after rains, are not dusty when
dry, and are not subject to flooding more than once dur-
ing the annual period of use. They should have moderate
slopes and have few or no stones or boulders on the sur-
face.

Wildlife habitat

ERLING B. PopoLL, biologist, Soil Conservation Service, helped
prepare this section.

Hunting and fishing provide an opportunity for outdoor
activity in Pierce County. Both are important to the
economy of the county.

The numbers of wildlife have been reduced substan-
tially since presettlement of the county, but the kinds of
wildlife are still somewhat similar. Habitat is available for
a wide variety of species. The development and mange-
ment of fisheries have increased fishing opportunities.

Wild geese and sandhill cranes have been replaced to
some degree by farm game species, such as the gray par-
tridge. Extirpated mammals, such as moose, antelope, elk,
and bear, have not been replaced.
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The most important game species in Pierce County are
ducks; geese, as hunting populations, not as breeders;
gray partridge; sharp-tailed grouse; and white-tailed deer.
Pheasant numbers are extremely low. Mourning dove,
cottontail, and fox squirrel are under utilized as game
species. Red fox and jackrabbit, important furbearers,
provide a source of winter outdoor recreation. Muskrat
and mink are other important furbearers. ‘

The county has about 68,000 acres of Type 3, 4, and 5
wetlands and about 22,500 acres of Type 1 wetlands (6).
Included in Types 4 and 5 are inland saline marshes and
inland open saline waters. All types are important to the
production of waterfowl and other water-related wildlife.

Public fishing is provided by the Balta Reservoir, Buf-
falo Lake, and Sand Lake. There is fair potential for the
construction of fish reservoirs. The most commonly
sought fish are perch, bullhead, and northern pike.

Soils directly affect the kind and amount of vegetation
that is available to wildlife as food and cover, and they af-
fect the construction of water impoundments. The kind
and abundance of wildlife that populate an area depend
largely on the amount and distribution of food, cover, and
water. If any one of these elements is missing, is in-
adequate, or is inaccessible, wildlife either are scarce or
do not inhabit the area.

If the soils have the potential, wildlife habitat can be
created or improved by planting appropriate vegetation,
by maintaining the existing plant cover, or by helping the
natural establishment of desirable plants.

In table 12, the soils in the survey area are rated ac-
cording to their potential to support the main kinds of
wildlife habitat in the area. This information can be used
in planning for parks, wildlife refuges, nature study areas,
and other developments for wildlife; selecting areas that
are suitable for wildlife; selecting soils that are suitable
for creating, improving, or maintaining specific elements
of wildlife habitat; and determining the intensity of
management needed for each element of the habitat.

The potential of the soil is rated good, fair, poor, or
very poor. A rating of good means that the element of
wildlife habitat or the kind of habitat is easily created,
improved, or maintained. Few or no limitations affect
management, and satisfactory results can be expected if
the soil is used for the designated purpose. A rating of
Jair means that the element of wildlife habitat or kind of
habitat can be created, improved, or maintained in most
places. Moderately intensive management is required for
satisfactory results. A rating of poor means that limita-
tions are severe for the designated element or kind of
wildlife habitat. Habitat can be created, improved, or
maintained in most places, but management is difficult
and must be intensive. A rating of very poor means that
restrictions for the element of wildlife habitat or kind of
wildlife are very severe, and that unsatisfactory results
can be expected. Wildlife habitat is impractical or even
impossible to create, improve, or maintain on soils having
such a rating.

The elements of wildlife habitat are briefly described in
the following paragraphs.

Grain and seed crops are seed-producing annuals used
by wildlife. The major soil properties that affect the
growth of grain and seed crops are depth of the root
zone, texture of the surface layer, available water capaci-
ty, wetness, slope, surface stoniness, and flood hazard.
Soil temperature and soil moisture are also considera-
tions. Examples of grain and seed crops are corn, wheat,
oats, barley, millet, sunflower, and rye.

Grasses and legumes are domestic perennial grasses
and herbaceous legumes that are planted for wildlife food
and cover. Major soil properties that affect the growth of
grasses and legumes are depth of the root zone, texture
of the surface layer, available water capacity, wetness,
surface stoniness, flood hazard, and slope. Soil tempera-
ture and soil moisture are also considerations. Examples
of grasses and legumes are bromegrass, clover, alfalfa,
wheatgrass, and switchgrass.

Wild herbaceous plants are native or naturally
established grasses and forbs, including weeds, that pro-
vide food and cover for wildlife. Major soil properties that
affect the growth of these plants are depth of the root
zone, texture of the surface layer, available water capaci-
ty, wetness, surface stoniness, and flood hazard. Soil tem-
perature and soil moisture are also considerations. Exam-
ples of wild herbaceous plants are bluestem, goldenrod,
beggarweed, wheatgrass, grama, indiangrass, and fescue.

Shrubs are bushy woody plants that produce fruit,
buds, twigs, bark, or foliage used by wildlife or that pro-
vide cover and shade for some species of wildlife. Major
soil properties that affect the growth of shrubs are depth
of the root zone, available water capacity, salinity, and
moisture. Examples of shrubs are snowberry, silverberry,
chokecherry, and juneberry.

Wetland plants are annual and perennial wild her-
baceous plants that grow on moist or wet sites, exclusive
of submerged or floating aquatics. They produce food or
cover for wildlife that use wetland as habitat. Major soil
properties affecting wetland plants are texture of the
surface layer, wetness, reaction, salinity, slope, and sur-
face stoniness. Examples of wetland plants are smart-
weed, saltgrass, cordgrass, rushes, sedges, reeds, and cat-
tail.

Shallow water areas are bodies of water that have an
average depth of less than 5 feet and that are useful to
wildlife. They can be naturally wet areas, or they can be
created by dams or levees or by water-control structures
in marshes or streams. Major soil properties affecting
shallow water areas are depth to bedrock, wetness, sur-
face stoniness, slope, and permeability. The availability of
a dependable water supply is important if water areas are
to be developed. Examples of shallow water areas are
marshes, waterfowl] feeding areas, and ponds.

The kinds of wildlife habitat are briefly described in
the following paragraphs.

Openland habitat consists of cropland, pasture,
meadows, and areas that are overgrown with grasses,
herbs, shrubs, and vines. These areas produce grain and
seed crops, grasses and legumes, and wild herbaceous
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plants. The kinds of wildlife attracted to these areas in-
clude killdeer, gray partridge, pheasant, meadowlark, field
sparrow, cottontail, red fox, and badgers.

Wetland habitat consists of open, marshy or swampy,
shallow water areas where water-tolerant plants grow.
Some of the wildlife attracted to such areas are ducks,
geese, herons, shore birds, rails, kingfishers, muskrat,
mink, and beaver.

Rangeland habitat consists of areas of wild herbaceous
plants and shrubs. Wildlife attracted to rangeland include
white-tailed deer, sharp tailed grouse, horned lark,
meadowlark, and lark bunting.

Soil properties

Extensive data about soil properties are summarized on
the following pages. The two main sources of these data
are the many thousands of soil borings made during the
course of the survey and the laboratory analyses of
selected soil samples from typical profiles.

In making soil borings during field mapping, soil
scientists can identify several important soil properties.
They note the seasonal soil moisture condition or the
presence of free water and its depth. For each horizon in
the profile, they note the thickness and color of the soil
material; the texture, or amount of clay, silt, sand, and
gravel or other coarse fragments; the structure, or the
natural pattern of cracks and pores in the undisturbed
soil; and the consistence of the soil material in place
under the existing soil moisture conditions. They record
the depth of plant roots, determine the pH or reaction of
the soil, and identify any free carbonates.

Samples of soil material are analyzed in the laboratory
to verify the field estimates of soil properties and to
determine all major properties of key soils, especially pro-
perties that cannot be estimated accurately by field ob-
servation. Laboratory analyses are not conducted for all
soil series in the survey area, but laboratory data for
many soil series not tested are available from nearby sur-
vey areas.

The available field and laboratory data are summarized
in tables. The tables give the estimated range of en-
gineering properties, the engineering classifications, and
the physical and chemical properties of each major
horizon of each soil in the survey area. They also present
data about pertinent soil and water features, engineering
test data, and data obtained from physical and chemical
laboratory analyses of soils.

Engineering properties

Table 13 gives estimates of engineering properties and
classifications for the major horizons of each soil in the
survey area.

Most soils have, within the upper 5 or 6 feet, horizons
of contrasting properties. Table 13 gives information for
each of these contrasting horizons in a typical profile.

Depth to the upper and lower boundaries of each horizon
is indicated. More information about the range in depth
and about other properties in each horizon is given for
each soil series in the section “Soil series and morpholo-
gy.n

Texture is described in table 13 in the standard terms
used by the U.S. Department of Agriculture. These terms
are defined according to percentages of sand, silt, and
clay in soil material that is less than 2 millimeters in
diameter. “Loam,” for example, is soil material that is 7 to
27 percent clay, 28 to 50 percent silt, and less than 52 per-
cent sand. If a soil contains gravel or other particles
coarser than sand, an appropriate modifier is added, for
example, “gravelly loam.” Other texture terms are
defined in the Glossary.

The two systems commonly used in classifying soils for
engineering use are the Unified Soil Classification System
(Unified) (2) and the system adopted by the American
Association of State Highway and Transportation Offi-
cials (AASHTO) (2).

The Unified system classifies soils according to proper-
ties that affect their use as construction material. Soils
are classified according to grain-size distribution of the
fraction less than 3 inches in diameter, plasticity index,
liquid limit, and organic-matter content. Soils are grouped
into "15 classes—eight classes of coarse-grained soils,
identified as GW, GP, GM, GC, SW, SP, SM, and SC; six
classes of fine-grained soils, identified as ML, CL, OL,
MH, CH, and OH; and one class of highly organic soils,
identified as Pt. Soils on the borderline between two
classes have a dual classification symbol, for example, CL-
ML.

The AASHTO system classifies soils according to those
properties that affect their use in highway construction
and maintenance. In this system a mineral soil is clas-
sified in one of seven basic groups ranging from A-1
through A-7 on the basis of grain-size distribution, liquid
limit, and plasticity index. Soils in group A-1 are coarse
grained and low in content of fines. At the other extreme,
in group A-7, are fine-grained soils. Highly organic soils
are classified in group A-8 on the basis of visual inspec-
tion.

When laboratory data are available, the A-1, A-2, and
A-T groups are further classified as follows: A-1-a, A-1-b,
A-2-4, A-2-5, A-2-6, A-2-7, A-7-5, and A-7-6. As an addi-
tional refinement, the desirability of soils as subgrade
material can be indicated by a group index number. These
numbers range from 0 for the best subgrade material to
20 or higher for the poorest. The estimated classification,
without group index numbers, is given in table 13. Also in
table 13 the percentage, by weight, of rock fragments
more than 3 inches in diameter is estimated for each
major horizon. These estimates are determined mainly by
observing volume percentage in the field and then con-
verting that, by formula, to weight percentage.

. Percentage of the soil material less than 3 inches in
diameter that passes each of four sieves (U.S. standard)
is estimated for each major horizon. The estimates are
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based on tests of soils that were sampled in the survey
area and in nearby areas and on field estimates from
many borings made during the survey.

Liquid limit and plasticity index indicate the effect of
water on the strength and consistence of soil. These in-
dexes are used in both the Unified and AASHTO soil
classification systems. They are also used as indicators in
making general predictions of soil behavior. Range in
liquid limit and plasticity index are estimated on the basis
of test data from the survey area or from nearby areas
and on observations of the many soil borings made during
the survey.

In some surveys, the estimates are rounded to the
nearest 5 percent. Thus, if the ranges of gradation and
Atterburg limits extend a marginal amount across clas-
sification boundaries (1 or 2 percent), the classification in
the marginal zone is omitted.

Physical and chemical properties

Table 14 shows estimated values for several soil charac-
teristics and features that affect behavior of soils in en-
gineering uses. These estimates are given for each major
horizon, at the depths indicated, in the typical pedon of
each soil. The estimates are based on field observations
and on test data for these and similar soils.

Permeability is estimated on the basis of known rela-
tionships among the soil characteristics observed in the
field—particularly soil structure, porosity, and gradation
or texture—that influence the downward movement of
water in the soil. The estimates are for vertical water
movement when the soil is saturated. Not considered in
the estimates is lateral seepage or such transient soil fea-
tures as plowpans and surface crusts. Permeability of the
soil is an important factor to be considered in planning
and designing drainage systems, in evaluating the poten-
tial of soils for septic tank systems and other waste
disposal systems, and in many other aspects of land use
and management. '

Available water capacity is rated on the basis of soil
characteristics that influence the ability of the soil to hold
water and make it available to plants. Important charac-
teristics are content of organic matter, soil texture, and
soil structure. Shallow-rooted plants are not likely to use
the available water from the deeper soil horizons. Availa-
ble water capacity is an important factor in the choice of
plants or crops to be grown and in the design of irrigation
systems.

Soil reaction is expressed as a range in pH values. The
range in pH of each major horizon is based on many field
checks. For many soils, the values have been verified by
laboratory analyses. Soil reaction is important in selecting
the crops, ornamental plants, or other plants to be grown;
in evaluating soil amendments for fertility and stabiliza-
tion; and in evaluating the corrosivity of soils.

Salinity is expressed as the electrical conductivity of
the saturation extract, in millimhos per centimeter at 25
degrees C. Estimates are based on field and laboratory

measurements at representative sites of the nonirrigated
soils. The salinity of individual irrigated fields is affected
by the quality of the irrigation water and by the frequen-
cy of water application. Hence, the salinity of individual
fields can differ greatly from the value given in table 14.
Salinity affects the suitability of a soil for crop produc-
tion, its stability when used as a construction material,
and its potential to corrode metal and concrete.

Shrink-swell potential depends mainly on the amount
and kind of clay in the soil. Laboratory measurements of
the swelling of undisturbed clods were made for many
soils. For others the swelling was estimated on the basis
of the kind and amount of clay in the soil and on mea-
surements of similar soils. The size of the load and the
magnitude of the change in soil moisture content also in-
fluence the swelling of soils. Shrinking and swelling of
some soils can cause damage to building foundations,
basement walls, roads, and other structures unless special
designs are used. A high shrink-swell potential indicates
that special design and added expense may be required if
the planned use of the soil will not tolerate large volume
changes.

Risk of corrosion pertains to potential soil-induced
chemical action that dissolves or weakens uncoated steel
or concrete. The rate of corrosion of uncoated steel is re-
lated to soil moisture, particle-size distribution, total acidi-
ty, and electrical conductivity of the soil material. The
rate of corrosion of concrete is based mainly on the
sulfate content, texture, and acidity of the soil. Protective
measures for steel or more resistant concrete help to
avoid or minimize damage resulting from the corrosion.
Uncoated steel intersecting soil boundaries or soil
horizons is more susceptible to corrosion than an installa-
tion that is entirely within one kind of soil or within one
soil horizon.

Wind erodibility groups are made up of soils that have
similar properties that affect their resistance to soil blow-
ing if cultivated. The groups are used to predict the
susceptibility of soil to blowing and the amount of soil
lost as a result of blowing. Soils are grouped according to
the following distinctions:

1. Sands, coarse sands, fine sands, and very fine sands.
These soils are extremely erodible, so vegetation is dif-
ficult to establish. They are generally not suitable for
crops.

2. Loamy sands, loamy fine sands, and loamy very fine
sands. These soils are very highly erodible, but crops can
be grown if intensive measures to control soil blowing are
used.

3. Sandy loams, coarse sandy loams, fine sandy loams,
and very fine sandy loams. These soils are highly erodi-
ble, but crops can be grown if intensive measures to con-
trol soil blowing are used.

4L. Calcareous loamy soils that are less than 35 percent
clay and more than 5 percent finely divided calcium car-
bonate. These soils are erodible, but crops can be grown if
intensive measures to control soil blowing are used.
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4. Clays, silty clays, clay loams, and silty clay loams
that are more than 35 percent clay. These soils are
moderately erodible, but crops can be grown if measures
to control soil blowing are used.

5. Loamy soils that are less than 18 percent clay and
less than 5 percent finely divided caleium ecarbonate and
sandy clay loams and sandy clays that are less than 5 per-
cent finely divided calcium ecarbonate. These soils are
slightly erodible, but crops can be grown if measures to
control soil blowing are used.

6. Loamy soils that are 18 to 35 percent clay and less
than 5 percent finely divided caleium carbonate, except
silty clay loams. These soils are very slightly erodible, and
crops can easily be grown.

7. Silty clay loams that are less than 35 percent clay
and less than 5 percent finely divided calecium carbonate.
These soils are very slightly erodible, and crops can easily
be grown.

8. Stony or gravelly soils and other soils not subject to
soil blowing.

Soil and water features

Table 15 contains information helpful in planning land
uses and engineering projects that are likely to be af-
fected by soil and water features.

Hydrologic soil groups are used to estimate runoff
from precipitation. Soils not protected by vegetation are
placed in one of four groups on the basis of the intake of
water after the soils have been wetted and have received
precipitation from long-duration storms.

The four hydrologic soil groups are:

Group A. Soils having a high infiltration rate (low ru-
noff potential) when thoroughly wet. These consist chiefly
of deep, well drained to excessively drained sands or
gravels. These soils have a high rate of water transmis-
sion.

Group B. Soils having a moderate infiltration rate when
thoroughly wet. These consist chiefly of moderately deep
or deep, moderately well drained or well drained soils
that have moderately fine texture to moderately coarse
texture. These soils have a moderate rate of water trans-
mission.

Group C. Soils having a slow infiltration rate when
thoroughly wet. These consist chiefly of soils that have a
layer that impedes the downward movement of water or
soils that have moderately fine texture or fine texture.
These soils have a slow rate of water transmission.

Group D. Soils having a very slow infiltration rate (high
runoff potential) when thoroughly wet. These consist
chiefly of elay soils that have a high shrink-swell poten-
tial, soils that have a permanent high water table, soils
that have a claypan or clay layer at or near the surface,
and soils that are shallow over nearly impervious materi-
al. These soils have a very slow rate of water transmis-
sion.

Flooding is the temporary covering of soil with water
from overflowing streams, with runoff from adjacent

slopes, and by tides. Water standing for short periods
after rains or after snow melts is not considered flooding,
nor is water in swamps and marshes. Flooding is rated in
general terms that describe the frequency and duration of
flooding -and the time of year when flooding is most like-
ly. The ratings are based on evidence in the soil profile of
the effects of flooding, namely thin strata of gravel, sand,
silt, or, in places, clay deposited by floodwater; irregular
decrease in organic-matter content with increasing depth;
and absence of distinctive soil horizons that form in soils
of the area that are not subject to flooding. The ratings
are also based on local information about floodwater
levels in the area and the extent of flooding and on infor-
mation that relates the position of each soil on the land-
scape to historic floods.

The generalized description of flood hazards is of value
in land-use planning and provides a valid basis for land-
use restrictions. The soil data are less specific, however,
than those provided by detailed engineering surveys that
delineate flood-prone areas at specific flood frequency
levels.

High water table is the highest level of a saturated
zone more than 6 inches thick for a continuous period of
more than 2 weeks during most years. The depth to a
seasonal high water table applies to undrained soils. Esti-
mates are based mainly on the relationship between gray-
ish colors or mottles in the soil and the depth to free
water observed in many borings made during the course
of the soil survey. Indicated in table 15 are the depth to
the seasonal high water table; the kind of water table,
that is, perched, artesian, or apparent; and the months of
the year that the water table commonly is high. Only
saturated zones above a depth of 5 or 6 feet are indicated.

Information about the seasonal high water table helps
in assessing the need for specially designed foundations,
the need for specific kinds of drainage systems, and the
need for footing drains to insure dry basements. Such in-
formation is also needed to decide whether or not con-
struction of basements is feasible and to determine how
septic tank absorption fields and other underground in-
stallations will function. Also, a seasonal high water table
affects ease of excavation.

Potential frost action refers to the likelihood of damage
to pavements and other structures by frost heaving and
low soil strength after thawing. Frost action results from
the movement of soil moisture into the freezing tempera-
ture zone in the soil, which causes ice lenses to form. Soil
texture, temperature, moisture content, porosity, permea-
bility, and content of organic matter are the most impor-
tant soil properties that affect frost action. It is assumed
that the soil is not covered by insulating vegetation or
snow and is not artificially drained. Silty and clayey soils
that have a high water table in winter are most suscepti-
ble to frost action. Well drained very gravelly or sandy
soils are the least susceptible.
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Classification of the soils

The system of soil classification currently used was
adopted by the National Cooperative Soil Survey in 1965.
Readers interested in further details about the system
should refer to “Soil taxonomy” (5).

The system of classification has six categories.
Beginning with the broadest, these categories are the
order, suborder, great group, subgroup, family, and series.
In this system the classification is based on the different
soil properties that can be observed in the field or those
that can be inferred either from other properties that are
observable in the field or from the combined data of soil
science and other disciplines. The properties selected for
the higher categories are the result of soil genesis or of
factors that affect soil genesis. In table 16, the soils of the
survey area are classified according to the system.
Categories of the system are discussed in the following
paragraphs.

ORDER. Ten soil orders are recognized as classes in
the system. The properties used to differentiate among
orders are those that reflect the kind and degree of domi-
nant soil-forming processes that have taken place. Each
order is identified by a word ending in sol. An example is
Mollisol.

SUBORDER. Each order is divided into suborders
based primarily on properties that influence soil genesis
and are important to plant growth or that are selected to
reflect the most important variables within the orders.
The last syllable in the name of a suborder indicates the
order. An example is Aquoll (Aqu, meaning water, plus
uoll, from Mollisol).

GREAT GROUP. Each suborder is divided into great
groups on the basis of close similarities in kind, arrange-
ment, and degree of expression of pedogenic horizons; soil
moisture and temperature regimes; and base status. Each
great group is identified by the name of a suborder and a
prefix that suggests something about the properties of
the soil. An example is Calciaquolls (Calci, meaning sim-
ple horizons, plus aquoll, the suborder of Mollisols that
have an aquic moisture regime).

SUBGROUP. Each great group may be divided into
three subgroups: the central (typic) concept of the great
groups, which is not necessarily the most extensive sub-
group; the intergrades, or transitional forms to other or-
ders, suborders, or great groups; and the extragrades,
which have some properties that are representative of
the great groups but do not indicate transitions to any
other known kind of soil. Each subgroup is identified by
one or more adjectives preceeding the name of the great
group. The adjective Typic identifies the subgroup that is
thought to typify the great group. An example is Typic
Calciaquolls.

FAMILY. Families are established within a subgroup
on the basis of similar physical and chemical properties
that affect management. Among the properties con-
sidered in horizons of major biological activity below plow
depth are particle-size distribution, mineral content, tem-

perature regime, thickness of the soil penetrable by roots,
consistence, moisture equivalent, soil slope, and per-
manent cracks. A family name consists of the name of a
subgroup and a series of adjectives. The adjectives are
the class names for the soil properties used as family dif-
ferentiae. An example is fine-loamy, frigid, Typic Cal-
ciaquolls.

SERIES. The series consists of soils that formed in a
particular kind of material and have horizons that, except
for texture of the surface soil or of the underlying sub-
stratum, are similar in differentiating characteristies and
in arrangement in the soil profile. Among these charac-
teristics are color, texture, structure, reaction, con-
sistence, and mineral and chemical composition.

Soil series and morphology

In this section, each soil series recognized in the survey
area is described in detail. The descriptions are arranged
in alphabetic order by series name.

Characteristics of the soil and the material in which it
formed "are discussed for each series. The soil is then
compared to similar soils and to nearby soils of other se-
ries. Then a pedon, a small three-dimensional area of soil
that is typieal of the soil series in the survey area, is
described. The detailed descriptions of each soil horizon
follow standards in the Soil Survey Manual (4). Unless
otherwise noted, colors described are for moist soil.

Following the pedon description is the range of impor-
tant characteristics of the soil series in this survey area.
Phases, or map units, of each soil series are described in
the section “Soil maps for detailed planning.”

Arvilla series

The Arvilla series consists of deep, somewhat exces-
sively drained, moderately rapidly permeable soils on gla-
cial outwash plains. These soils are shallow over sand and
gravel. They formed in a thin mantle of material
weathered from loamy alluvium underlain by thick beds
of loose sand and gravel. Slopes are 0 to 6 percent.

Arvilla soils are associated on the landscape with Di-
vide and Sioux soils. Divide soils, in lower lying and
slightly concave depressions, have a calcic horizon within
16 inches of the surface. Sioux soils, generally on the
steeper adjacent hills and ridges, have a thinner solum
than Arvilla soils.

Typical pedon of Arvilla sandy loam in area of Arvilla
soils, 0 to 6 percent slopes, 265 feet north and 80 feet
west of southeast corner sec. 22, T. 151 N, R. 73 W.

Ap—0 to 7 inches; very dark gray (10YR 3/1) sandy loam, dark gray
(10YR 4/1) dry; weak medium granular structure; soft, very friable,
slightly sticky, nonplastic; neutral; abrupt smooth boundary.

B2—7 to 18 inches; very dark grayish brown (10YR 3/2) sandy loam,
dark brown (10YR 4/3) dry; weak medium prismatic structure part-
ing to moderate medium subangular blocky; slightly hard, very fria-
ble, nonsticky, nonplastic; neutral; clear wavy boundary.

IIC1—18 to 36 inches; dark brown (10YR 4/3) gravelly sand, brown
(10YR 5/3) dry; single grained; loose, nonsticky, nonplastic; lime
coatings on underside of pebbles; 20 to 30 percent coarse fragments;
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strong effervescence; moderately alkaline; gradual irregular boun-
dary.

IIC2—36 to 60 inches; dark brown (10YR 4/3) gravelly sand, pale brown
(10YR 6/3) dry; single grained; loose, nonsticky, nonplastic; 20 to 30
percent coarse fragments; slight effervescence; moderately alkaline.

Thickness of the solum and the depth to sand and gravel range from
14 to 24 inches. The solum is sandy loam, fine sandy loam, or loam that
is less than 18 percent clay.

The A horizon has hue of 10YR, value of 2 or 8, 8 or 4 dry, and
chroma of 1. The B2 horizon has 10YR or 2.5Y hue, value of 3 or 4, 3
through 5 dry, and chroma of 1 through 3. Some pedons have a B3ca or
Ceca horizon. The IIC horizon ranges from coarse sand to gravelly sand.

Aylmer series

The Aylmer series consists of deep, moderately well
drained, rapidly permeable soils on sand plains. These
soils formed in material weathered from wind-worked
medium and fine sands. Slopes are 0 to 6 percent.

Aylmer soils are similar to Serden soils and are com-
monly associated on the landscape with Fossum, Hecla,
Maddock, Serden, and Ulen soils. Fossum, Hecla, Mad-
dock, and Ulen soils have a mollic epipedon. Fossum and
Ulen soils are wetter than Aylmer soils. Serden soils are
better drained and do not have mottles.

Typical pedon of Aylmer sand in area of Aylmer-Fos-
sum complex, 0 to 6 percent slopes, in native grass, 750
feet south and 100 feet east of northwest corner sec. 27,
T.154 N, R. T4 W,

A1—0 to 7 inches; very dark gray (10YR 3/1) sand, dark grayish brown
(10YR 4/2) dry; weak fine granular structure; loose, nonsticky, non-
plastic; common roots; neutral; abrupt smooth boundary.

C1—7 to 24 inches; dark grayish brown (10YR 4/2) sand, grayish brown
(10YR 5/2) dry; single grained; loose, nonsticky, nonplastic; few
roots; mildly alkaline; gradual wavy boundary.

C2—24 to 40 inches; grayish brown (10YR. 5/2) sand, light brownish
gray (10YR 6/2) dry; many large prominent yellowish brown (10YR
5/6) mottles; single grained; loose, nonsticky, nonplastie; few roots;
neutral; gradual wavy boundary.

C3—40 to 60 inches; grayish brown (2.5Y 5/2) sand, light gray (25Y 7/2)
dry; common medium distinet yellowish brown (10YR 5/6) mottles;
single grained; loose, nonsticky, nonplastie; neutral.

The A horizon has hue of 10YR, value of 2 through 4, 3 through 5 dry,
and chroma of 1 or 2. It commonly is sand but in some pedons is fine
sand, loamy fine sand, or loamy sand. The C horizon has hue of 10YR or
2.5Y, value of 4 through 6, 5 through 7 dry, and chroma of 2 or less. It is
sand or fine sand.

The profile is neutral or mildly alkaline. Mottles are at a depth of 20
to 40 inches.

Barnes series

The Barnes series consists of deep, well drained,
moderately slowly permeable soils on glacial till plains.
These soils formed in material weathered from caleareous
fine loamy glacial till. Slopes are 0 to 9 percent.

Barnes soils are associated on the landscape with Buse,
Hamerly, and Svea soils. Buse soils have a thinner solum
than Barnes soils and are calcareous throughout. The
somewhat poorly drained Hamerly soils have a calcic
horizon within 16 inches of the surface. Svea soils have a
thicker mollic epipedon.

Typical pedon of Barnes loam in area of Barnes-Buse
loams, 38 to 6 percent slopes, 1,450 feet north and 2,100
feet west of southeast corner sec. 27, T. 158 N, R. 69 W.

Ap—0 to 7 inches; black (10YR 2/1) loam, dark gray (10YR 4/1) dry;
weak coarse subangular blocky structure parting to moderate medi-
um granular; slightly hard, friable, slightly sticky, slightly plastic;
many fine pores; mildly alkaline; abrupt smooth boundary.

B21—7 to 11 inches; dark brown (10YR 8/3) loam, brown (10YR 4/3)
dry; moderate medium prismatic structure parting to moderate
medium angular blocky; slightly hard, firm, slightly sticky, slightly
plastic; common medium pores; patches of clay on vertical faces of
peds; mildly alkaline; clear wavy boundary.

B22—11 to 19 inches; olive brown (2.5Y 4/4) loam, light yellowish brown
(25Y 6/4) dry; moderate medium prismatic structure parting to
moderate medium subangular blocky; slightly hard, friable, slightly
sticky, slightly plastic; common medium pores; mildly alkaline; clear
wavy boundary.

Clea—19 to 37 inches; olive brown (2.5Y 4/4) loam, pale yellow (2.5Y
7/4) dry; moderate coarse prismatic structure parting to moderate
medium subangular blocky; friable, slightly sticky, slightly plastic;
few medium pores; few lime ségregations; violent effervescence;
moderately alkaline; gradual wavy boundary.

C2—37 to 60 inches; light olive (2.5Y 5/4) loam, light yellowish brown
(25Y 6/4) dry; few medium distinct yellowish brown (10YR 5/6)
mottles; massive; hard, firm, slightly sticky, slightly plastic; strong
effervescence; moderately alkaline.

Thickness of the solum and depth to carbonates ranges from 10 to 21
inches. The mollic epipedon is 7 to 16 inches thick. The control section is
loam or light clay loam that averages between 18 and 28 percent clay.

The A horizon has hue of 10YR, value of 2 or 3, 8 or 4 dry, and
chroma of 1. The B horizon has hue of 10YR or 2.5Y, value of 3 through
5, 4 through 6 dry, and chroma of 2 through 4. The Cca horizon has hue
of 25Y, value of 4 or 5, 5 through 7 dry, and chroma of 2 through 4.

Bearden series

The Bearden series consists of deep, somewhat poorly
drained, slowly permeable soils on glacial lake plains.
These soils formed in material weathered from calcare-
ous, silty lacustrine sediment. Slopes are 0 to 1 percent.

Bearden soils are associated on the landscape with Col-
vin, Hegne, and Overly soils. Colvin and Hegne soils are
very poorly and poorly drained. Overly soils, at higher
elevations, are better drained than Bearden soils and do
not have calcic horizons within a depth of 16 inches.

Typical pedon in area of Bearden silty clay loam, 2,000
feet north and 75 feet west of southeast corner sec. 6, T.
151 N, R. 72 W.

Ap—O0 to 8 inches; very dark gray (10YR 3/1) silty clay loam, dark gray
(10YR 4/1) dry; moderate medium granular structure; slightly hard,
friable, sticky, plastic; few salt specks visible when dry; strong ef-
fervescence; mildly alkaline; abrupt smooth boundary.

ACca—8 to 14 inches; very dark gray (10YR 3/1) silty clay loam, dark
gray (10YR 4/1) dry; moderate medium subangular blocky struec-
ture; slightly hard, friable, sticky, plastic; common fine irregularly
shaped soft masses of lime; violent effervescence; moderately al-
kaline; clear irregular boundary.

Clea—14 to 18 inches; grayish brown (2.5Y 5/2) silty clay loam, light
brownish gray (2.5Y 6/2) dry; weak medium subangular blocky
structure; hard, friable, sticky, plastic; violent effervescence;
moderately alkaline; gradual irregular boundary.

C2ca--18 to 32 inches; light olive brown (2.5Y 5/4) silty clay loam, light
gray (25Y 7/2) dry; massive; hard, firm, sticky, plastic; moderately
alkaline; violent effervescence; gradual irregular boundary.
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C3-—32 to 44 inches; light olive brown (2.5Y 5/4) and light brownish gray
(2.5Y 6/2) silty clay loam, light yellowish brown (2.5Y 6/4) dry; mas-
sive; hard, firm, sticky, plastic; strong effervescence; moderately al-
kaline; gradual irregular boundary.

C4—44 to 60 inches; gray (5Y 5/1) silty. clay loam, light gray (8Y 6/1)
dry; many large prominent light olive brown (2.5Y 5/4) mottles;
massive; hard, firm, sticky, plastie; slight effervescence; moderately
alkaline.

The A horizon has hue of 10YR, value of 2 or 3, 3 through 5 dry, and
chroma of 1. The control section is silty clay loam or silt loam that is
less than 15 percent fine and coarser sand and 18 to 35 percent clay.
Some pedons are saline.

Borup series

The Borup series consists of deep, poorly drained and
very poorly drained, moderately rapidly permeable soils
in slight depressions in lake plains. These soils formed in
material weathered from calcareous coarse silty lake sedi-
ment. Slopes are 0 to 1 percent.

Borup soils are associated on the landscape with Emb-
den, Gardena, Glyndon, and Wyndmere soils. Embden and
Gardena soils are ‘at higher elevations than Borup soils
and do not have calcic horizons within a depth of 16
inches. Glyndon and Wyndmere soils are better drained.

Typical pedon in area of Borup silt loam, 1,300 feet east
and 860 feet north of southwest corner sec. 7, T. 158 N,,
R.73 W.

Al1—0 to 8 inches; black (10YR 2/1) silt loam, dark gray (10YR 4/1)
dry; weak medium subangular blocky structure parting to moderate
medium granular; hard, very friable, slightly sticky, slightly plastic;
strong effervescence; moderately alkaline; clear wavy boundary.

A12—8 to 11 inches; very dark grayish brown (2.5Y 3/2) silt loam, gray
(10YR 5/1) dry; weak medium subangular blocky structure; slightly
hard, very friable, slightly sticky, slightly plastic; common fine ir-
regularly shaped soft masses of lime; strong effervescence;
moderately alkaline; clear irregular boundary.

Clca—11 to 16 inches; gray (N 5/0) silt loam, light gray (N 7/0) dry; few
fine distinct yellowish brown (10YR 5/6) mottles; weak coarse sub-
angular blocky structure; slightly hard, very friable, slightly sticky,
slightly plastic; violent effervescence; moderately alkaline; clear
wavy boundary.

C2ca—16 to 29 inches; grayish brown (2.5Y 5/2) silt loam, light gray
(2.56Y 7/2) dry; many coarse prominent yellowish brown (10YR 5/6)
mottles; weak medium fine subangular blocky structure; slightly
hard, very friable, slightly sticky, slightly plastic; violent effer-
vescence; maderately alkaline; gradual wavy boundary.

C3ca—29 to 36 inches; gray (5Y 5/1) and grayish brown (2.5Y 5/2) silty
clay loam, light gray (5Y 6/1) and gray (Y 5/1) and pale clive (5Y
6/3) dry; few fine prominent brown (7.5YR 4/4) mottles; massive;
hard, firm, sticky, plastic; white (5Y 8/2) lime; violent effervescence;
moderately alkaline; gradual wavy boundary.

C4—36 to 60 inches; gray (5Y 6/1) silt loam, pale yellow (5Y 7/3) and
olive (5Y 5/3) dry; many coarse prominent yellowish brown (10YR
5/6) and few medium distinet brown (7.5YR 5/4) mottles; massive;
hard, firm, slightly sticky, plastic; strong effervescence; moderately
alkaline.

The mollic epipedon is 7 to 16 inches thick. The A horizon has hue of
10YR or 2.5Y, value of 2 or 8, 4 or 5 dry, and chroma of 1. Some pedons
have an Aca horizon. The C horizon has hue of 2.5Y or 5Y, value of 3
through 6, 4 through 7 dry, and chroma of 1 through 3. The control sec-

tion is less than 15 percent fine and coarser sand and less than 18 per-
cent clay. Some pedons are saline.

Buse series

The Buse series consists of deep, well drained,
moderately slowly permeable soils on glacial moraines.
These soils formed in material weathered from fine loamy
caleareous glacial till. Slopes are 3 to 9 percent.

Buse soils are associated on the landscape with Barnes,
Hamerly, and Svea soils. Barnes soils have a thicker
solum than Buse soils, have a B horizon, and are free of
lime in the upper part of the solum. Hamerly soils are cal-
careous throughout the profile and are somewhat poorly
drained. Svea soils have a thicker mollic epipedon.

Typical pedon of Buse loam in area of Barnes-Buse
loams, 6 to 9 percent slopes, 1,400 feet south and 550 feet
west of northeast corner sec. 5, T. 157 N, R. 69 W.

Ap—O0 to 7 inches; very dark gray (10YR 3/1) loam, dark gray (10YR
4/1) dry; moderate medium granular structure; slightly hard, very
friable, slightly sticky, slightly plastic; common fine roots; slight ef-
fervescence; moderately alkaline; abrupt smooth boundary.

Cleca—7 to 21 inches; light olive brown (2.5Y 5/4) loam, light brownish
gray (25Y 6/2) weak medium subangular blocky structure; slightly
hard, very friable, slightly sticky, slightly plastie; common fine
roots; violent effervescence; moderately alkaline; clear wavy boun-
dary. '

C2—21 to 60 inches; olive brown (25Y 4/4) loam, grayish brown (2.5Y
5/2) dry; massive; hard, friable, sticky, plastic; strong effervescence;
moderately alkaline.

The mollic epipedon is 7 to 10 inches thick. The control section is loam
or light clay loam that averages 18 to 30 percent clay.

The A horizon has hue of 10YR, value of 2 or 3, 3 through 5 dry, and
chroma of 1. The Cca horizon has hue of 10YR or 2.5Y, value of 4 or 5,5
through 7 dry, and chroma of 2 through 4.

Cathay series

The Cathay series consists of deep, moderately well
drained, slowly permeable soils on glacial till plains. These
soils formed in material weathered from coarse loamy
glacial till. They have natric horizons. Slopes are 0 to 6
percent.

Cathay soils are associated on the landscape with Em-
rick, Fram, Gardena, and Heimdal soils. Those soils do not
have natric horizons. In addition Fram soils are calcare-
ous throughout the profile and are wetter than Cathay
soils.

Typical pedon of Cathay loam in area of Emrick-Cathay
loams, 0 to 3 percent slopes, 80 feet east and 445 feet
south of northwest corner sec. 11, T. 1568 N,, R. 73 W.

Ap—O0 to 7 inches; black (10YR 2/1) loam, very dark gray (10YR 3/1)
dry; moderate medium granular structure; slightly hard, very fria-
ble, slightly sticky, slightly plastic; neutral; abrupt smooth bounda-
ry.

A2—17 to 10 inches; very dark gray (10YR 3/1) loam, light gray (10YR
6/1) and gray (10YR 5/1) dry; moderate medium platy structure
parting to moderate fine platy; hard, friable, nonsticky, nonplastic;
common medium pores; mildly alkaline; abrupt smooth boundary.

B21t—10 to 15 inches; very dark brown (10YR 2/2) crushed to very
dark gray (10YR 3/1) clay loam, very dark gray (10YR 3/1) dry;
strong medium prismatic structure parting to strong medium angu-
lar blocky; very hard, firm, sticky, plastic; many small pores; con-
tinuous distinet clay on all ped faces; cleaned sand and silt grains 1
millimeter thick coating faces of prisms; mildly alkaline; gradual
wavy boundary.
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B22t—15 to 24 inches; very dark gray (10YR 3/1) clay loam, very dark
grayish brown (10YR 3/2) dry; moderate coarse prismatic structure
parting to moderate medium angular blocky; hard, firm, sticky,
plastic; many medium roots; continuous distinct clay on vertical
faces and patches on horizontal faces; strong effervescence;
moderately alkaline; gradual wavy boundary.

Clca—24 to 36 inches; light brownish gray (25Y 6/2) loam, light gray
(2.5Y 7/2) dry; massive; hard, very friable, slightly sticky, slightly
plastic; common medium pores; violent effervescence; strongly al-
kaline; gradual wavy boundary.

C2—36 to 45 inches; light olive brown (25Y 5/4) loam, light brownish
gray (25Y 6/2) dry; common medium distinet gray (5Y 5/1) and
common fine prominent yellowish brown (10YR 5/6) mottles; mas-
sive, hard, friable, slightly sticky, slightly plastic; strong effer-
vescence; strongly alkaline; gradual wavy boundary.

C3—45 to 60 inches; light olive brown (2.5Y 5/4) loam, light brownish
gray (2.5Y 6/2) dry; common medium distinet gray (5Y 5/1) mottles;
massive; hard, firm, sticky, plastic; strong effervescence; strongly
alkaline.

The solum is 16 to 30 inches thick. The Ap horizon has hue of 10YR,
value of 2 or 3, 3 or 4 dry, and chroma of 1. It is loam or silt loam. The
A2 horizon has hue of 10YR or 25Y, value of 3 or 4, 4 through 6 dry,
and chroma of 1 or 2. It also is loam or silt loam. The B2t horizon has
hue of 10YR or 2.5Y, value of 3 or 4, 3 through 5 dry, and chroma of 1
through 3. It is loam or clay loam. A concentration of soluble salts is in
the upper part of the C horizon in some pedons.

The Cathay soil in map unit 81, Cathay-Gardena silt loams, 0 to 3 per-
cent slopes, is a silty taxadjunct of the Cathay series. It contains more
silt and less sand than is defined as the range for the series, and it
formed in material weathered from coarse silty lacustrine sediment.
These differences do not alter the use or management of the soil.

Colvin series

The Colvin series consists of deep, poorly drained and
very poorly drained, moderately slowly permeable soils in
shallow depressions in glacial lake plains. These soils
formed in material weathered from calcareous silty lake
sediment. Slopes are 0 to 1 percent.

Colvin soils are associated on the landscape with
Bearden, Hegne, and Overly soils. Bearden soils are
better drained than Colvin soils. Hegne soils contain more
clay, and Overly soils do not have calcic horizons within a
depth of 16 inches.

Typical pedon in area of Colvin silty clay loam, 650 feet
north and 2,300 feet west of southeast corner sec. 26, T.
158 N, R. 70 W.

A1—0 to 8 inches; black (10YR 2/1) silty clay loam, dark gray (10YR
4/1) dry; moderate medium granular structure; hard, friable, sticky,
plastic; strong effervescence; mildly alkaline; abrupt wavy bounda-
ry.

Clea—8 to 19 inches; grayish brown and light brownish gray (25Y 5/2
and 6/2) silty clay loam, light gray and white (2.5Y 7/2 and N 8/0)
dry; common medium distinet light olive brown (2.5Y 5/6) mottles;
weak medium subangular blocky structure; hard, friable, sticky,
plastic; tongues of the black Al horizon extend into this horizon;
common irregularly shaped soft masses of lime; violent effer-
vescence; moderately alkaline; gradual wavy boundary.

C2ca—19 to 36 inches; olive gray (5Y 5/2) silty clay loam, light gray (5Y
7/2) dry; many medium prominent yellowish brown (10YR 5/6) mot-
tles; weak medium subangular blocky structure; hard, friable,
sticky, plastic; violent effervescence; moderately alkaline; gradual
wavy boundary.

C8—136 to 52 inches; gray (5Y 6/1) loam, light gray (Y 7/1) dry; many
large prominent yellowish brown (10YR 5/6) mottles; massive;
slightly hard, very friable, slightly sticky, slightly plastic; slight ef-
fervescence; moderately alkaline; gradual wavy boundary.

C4-—52 to 60 inches; olive gray (5Y 5/2) silty clay loam, light gray (6Y
7/2) dry; few medium distinet gray (5Y 6/1) and many medium
prominent dark yellowish brown (10YR 4/4) mottles; massive; very
hard, very firm, very sticky, very plastic; strong effervescence;
moderately alkaline.

The mollic epipedon is 7 to 16 inches thick. The control section ranges
from 18 to 35 percent clay. The A horizon has hue of 10YR or 25Y,
value of 2 or 3, 3 or 4 dry, and chroma of 1. The Cca horizon has hue of
2.5Y or 5Y, value of 4 through 6, 5 through 8 dry, and chroma of 0
through 2. Crystals of gypsum and soluble salts are in some pedons.

Cresbard series

The Cresbard series consists of deep, moderately well
drained, slowly permeable soils on glacial till plains. These
soils formed in material weathered from fine loamy cal-
careous glacial till. They have natric horizons. Slopes are
0 to 3 percent.

Cresbard soils are associated on the landscape with
Barnes, Hamerly, and Svea soils. None of the associated
soils have natric horizons. Hamerly soils have calcic
horizons and are calcareous throughout the profile.

Typical pedon of Cresbard loam in area of Cresbard-
Svea loams, 0 to 3 percent slopes, 2,150 feet east and
1,400 feet south of northwest corner sec. 3, T. 1568 N., R.
69 W.

Ap—0 to 7 inches; black (10YR 2/1) loam, very dark gray (10YR 3/1)
dry; moderate medium subangular blocky structure; hard, friable,
slightly sticky, slightly plastic; neutral; abrupt smooth boundary.

A2—7 to 10 inches; very dark gray (10YR 3/1) silt loam, gray (10YR
5/1) dry; moderate medium platy structure; hard, friable, slightly
sticky, slightly plastic; neutral; abrupt smooth boundary.

B21t—10 to 14 inches; very dark gray (10YR 3/1) clay loam, dark gray
(10YR 4/1) dry; moderate medium prismatic structure parting to
strong fine angular blocky; very hard, very firm, very sticky, very
plastic; many medium pores; continuous clay films on all faces, thick
skins; many bleached sand grains coat top 2 inches of prisms; mildly
alkaline; clear wavy boundary.

B22t—14 to 19 inches; very dark gray (10YR 3/1) crushing to very dark
grayish brown (10YR 3/2) clay loam, dark grayish brown (10YR 4/2)
dry; moderate medium fine angular blocky structure; hard, firm,
sticky, plastic; many medium pores; continuous distinet clay on all
faces; a few salt threads; moderately alkaline; gradual wavy boun-
dary.

Clea—19 to 32 inches; light brownish gray (2.5Y 6/2) clay loam, light
gray (2.5Y 7/2) dry; massive; hard, friable, slightly sticky, plastic;
violent effervescence; strongly alkaline; gradual wavy boundary.

C2—32 to 60 inches; olive brown (2.5Y 4/4) clay loam, pale yellow (25Y
7/3) dry; few medium distinct light gray (5Y 7/1) and reddish yellow
(7.5YR 6/8) mottles; massive; very hard, friable, sticky, plastic;
strong effervescence; strongly alkaline.

The solum is 16 to 30 inches thick. The Al horizon has hue of 10YR,
value of 2 or 3, 3 or 4 dry, and chroma of 1. The A2 horizon has hue of
10YR, value of 3 or 4, 5 or 6 dry, and chroma of 1 or 2. Some pedons
have a B&A or an A&B horizon. The B2t horizon has hue of 10YR or
2.5Y, value of 2 through 4, 3 or 4 dry, and chroma of 1 through 3. This
soil formed in fine loamy glacial till that averages between 18 and 30
percent clay. The B horizon commonly is a clay loam that is more than
35 percent clay. Many pedons contain gypsum and other salts.

Dickey series

The Dickey series consists of deep, well drained,
moderately slowly permeable soils on sand-mantled glacial
till plains. These soils formed in material weathered from
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wind- and water-deposited sand and loam glacial till.
Slopes are 3 to 15 percent.

Dickey soils are associated with Hecla, Maddock, and
Towner soils. Hecla and Maddock soils have a sandy sub-
stratum. Towner soils have a thicker mollic epipedon than
Dickey soils.

Typical pedon of Dickey loamy fine sand in area of
Towner-Dickey loamy fine sands, 3 to 6 percent slopes,
100 feet west and 650 feet south of northeast corner sec.
5 T.1583 N,, R. 14 W,

A1—0 to 12 inches; very dark gray (10YR 3/1) loamy fine sand, dark
gray (10YR 4/1) dry; weak fine subangular blocky structure parting
to weak fine granular; soft, very friable, nonsticky, nonplastic; many
fine roots; mildly alkaline; clear wavy boundary.

B2—12 to 20 inches; dark brown (10YR 4/3) loamy fine sand, brown
(10YR 5/3) dry; weak very coarse prismatic structure parting to
weak medium and fine subangular blocky; very friable, nonsticky,
nonplastic; common fine roots; neutral; clear wavy boundary.

B3—20 to 30 inches; dark brown (10YR 4/3) fine sand, brown (10YR 4/3)
fine sand, brown (10YR 5/3) dry; single grained; loose; nonsticky,
nonplastic; few fine roots; neutral; abrupt wavy boundary.

IIClea—30 to 42 inches; light olive brown (2.5Y 5/4) loam, light
brownish gray (2.5Y 6/2) dry; moderate medium subangilar blocky
structure; slightly hard, friable, slightly sticky, slightly plastic;
white (2.5Y 8/2) lime; violent effervescence; moderately alkaline;
gradual wavy boundary.

11C2—42 to 60 inches; olive brown (2.5Y 4/4) loam, light brownish gray
(2.5Y 6/2) dry; weak medium subangular blocky structure; hard, fri-
able, slightly sticky, slightly plastic; strong effervescence; moderate-
ly alkaline.

Depth to the IIC horizon commonly is 24 to 36 inches but ranges from
20 to 40 inches. The mollic epipedon is 10 to 16 inches thick.

The A horizon has hue of 10YR, value of 2 or 3, 3 or 4 dry, and
chroma of 1. The B2 horizon has hue of 10YR or 25Y, value of 2
through 4, 3 through 6 dry, and chroma of 1 through 3. It is loamy fine
sand or loamy sand. The B3 horizon is loamy fine sand, loamy sand, or
fine sand. It has color similar to that of the B2 horizon. Some pedons
lack a B horizon and have an AC or C horizon above the IIC material.
The I1IC horizon has hue of 25Y or 5Y, value of 4 through 6, 5 through 8
dry, and chroma of 2 through 4. It typically is loam, but in some places
it is silt loam or silty clay loam lacustrine sediment.

Divide series

The Divide series consists of deep, somewhat poorly
drained, moderately permeable soils on glacial outwash
plains and lake plains. These soils are moderately deep
over sand and gravel. They formed in material weathered
from loamy sediment over sand and gravel. Slopes are 0
to 3 percent.

Divide soils are associated on the landscape with Arvil-
la and Sioux soils. Arvilla soils are better drained than
Divide soils and do not have caleic horizons within a
depth of 16 inches. Sioux soils, at higher elevations, are
excessively drained.

Typical pedon in area of Divide loam, 0 to 3 percent
slopes, 200 feet south and 1,850 feet west of northeast
corner sec. 36, T. 151 N, R. 72 W.

Ap—0 to 8 inches; black (10YR 2/1) loam, dark gray (10YR 4/1) dry;
weak medium subangular blocky structure; slightly hard, very fria-
ble, slightly sticky, slightly plastic; common fine roots; 0 to 5 per-
cent coarse fragments; strong effervescence; moderately alkaline;
abrupt smooth boundary.

ACca—S8 to 12 inches; very dark gray (10YR 3/1) loam, gray (10YR 5/1)
dry; weak medium subangular blocky structure; hard, very friable,
slightly sticky, slightly plastic; common fine roots; 5 to 10 percent
coarse fragments; violent effervescence; moderately alkaline; clear
wavy boundary.

Cleca—12 to 20 inches; grayish brown (2.5Y 5/2) loam, light gray (2.5Y
7/2) dry; common medium distinet pale yellow (2.5Y 7/4) mottles;
weak medium subangular blocky structure; hard, very friable,
slightly sticky, plastic; common fine roots; 5 to 10 percent coarse
fragments; violent effervescence; moderately alkaline; gradual ir-
regular boundary.

11C2—20 to 31 inches; dark yellowish brown (10YR 4/4) gravelly sand,
yellowish brown (10YR 5/6) dry; single grained; loose, nonsticky,
nonplastic; few roots; 15 to 20 percent coarse fragments; slight ef-
fervescence; moderately alkaline; gradual wavy boundary.

I1IC3—31 to 48 inches; dark yellowish brown (10YR 4/4) sand, brownish
yellow (10YR 6/6) dry; single grained; loose, nonsticky, nonplastic;
few roots; slight effervescence; moderately alkaline; gradual wavy
boundary.

I1IC4—48 to 60 inches; grayish brown (25Y 5/2) sand, light brownish
gray (25Y 6/2) dry; single grained; loose, nonsticky, nonplastic;
slight effervescence; moderately alkaline.

The depth to sand and gravel ranges from 20 to 36 inches. The mollic
epipedon is 7 to 16 inches thick. The A1 horizon has hue of 10YR, value
of 2 or 8, 3 through 5 dry, and chroma of 1. The ACca and Cca horizons
have hue of 10YR or 2.5Y, value of 3 through 6, 5 through 8 dry, and
chroma of 1 or 2. The material above the IIC horizon is loam that
averages 18 to 27 percent clay. The IIC horizon has hue of 10YR or
25Y, value of 4 or 5, 5 or 6 dry, and chroma of 2 through 6. It is
gravelly sand, sand, or coarse sand.

Eckman series

The Eckman series consists of deep, well drained,
moderately permeable soils on glacial lake plains. These
soils formed in material weathered from calcareous
glaciolacustrine silt and very fine sand. Slopes are 6 to 9
percent.

Eckman soils are associated on the landscape with
Gardena and Glyndon soils. Gardena soils are lower on
the landscape and have a thicker mollic epipedon than
Eckman soils. Glyndon soils have calcic horizons, are cal-
careous throughout, and are somewhat poorly drained.

Typical pedon in area of Eckman silt loam, 6 to 9 per-
cent slopes, 1,125 feet west and 110 feet south of
northeast corner sec. 3, T. 156 N., R. 73 W.

Ap—0 to 8 inches; black (10YR 2/1) silt loam, dark grayish brown (10YR
4/2) dry; weak medium subangular blocky structure parting to
moderate fine granular; soft, very friable, nonsticky, nonplastic;
neutral; clear smooth boundary.

B2—8 to 16 inches; dark grayish brown (10YR 4/2) silt loam, grayish
brown (10YR 5/2) dry; weak medium prismatic structure parting to
moderate medium and fine subangular blocky; soft, very friable,
nonsticky, nonplastic; mildly alkaline; clear wavy boundary.

Clca—16 to 29 inches; dark grayish. brown (2.5Y 4/2) very fine sandy
loam, light gray (25Y 7/2) dry; weak coarse subangular blocky
structure; soft, very friable, nonsticky, nonplastic; strong effer-
vescence; mildly alkaline; gradual wavy boundary.

C2—29 to 60 inches; olive (5Y 5/3) very fine sand, pale yellow (5Y 7/3)
dry; single grained; loose, nonsticky, nonplastic; slight effer-
vescence; moderately alkaline.

The A horizon has hue of 10YR, value of 2 or 3, 3 through 5 dry, and
chroma of 1. The B horizon has hue of 10YR, value of 3 or 4, 4 or 5 dry,
and chroma of 2 through 4. The Cea horizon has hue of 2.5Y, value of 4
or 5, 5 through 7 dry, and chroma of 2 through 4. The mollic epipedon is
7 to 16 inches thick.
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Egeland series

The Egeland series consists of deep, well drained,
moderately rapidly permeable soils on glacial outwash
plains. These soils formed in material weathered from
loamy and sandy outwash sediment. Slopes are 3 to 9 per-
cent.

Egeland soils are associated on the landscape with
Embden, Maddock, and Wyndmere soils. Embden soils, in
lower landscape positions, have a thicker mollic epipedon
than Egeland soils. Maddock soils are coarser textured.
Wyndmere soils have calcic horizons and are calcareous
throughout.

Typical pedon in area of Egeland fine sandy loam, 6 to
9 percent slopes, 1,600 feet east and 75 feet south of
northwest corner sec. 17, T. 158 N, R. 74 W.

Ap—0 to 10 inches; black (10YR 2/1) fine sandy loam, dark gray (10YR
4/1) dry; weak medium and fine granular structure; soft, very fria-
ble, nonsticky, nonplastic; neutral; clear smooth boundary.

B2—10 to 21 inches dark brown (10YR 4/3) fine sandy loam, brown
(10YR 5/3) dry; weak coarse prismatic structure parting to weak
medium subangular blocky; soft, very friable, nonsticky, nonplastic;
mildly alkaline; gradual wavy boundary.

Clca—21 to 40 inches; dark grayish brown (2.5Y 4/2) fine sandy loam,
light brownish gray (2.5Y 6/2) dry; weak coarse subangular blocky
structure; soft, very friable, nonsticky, nonplastic; strong effer-
vescence; mildly alkaline; gradual wavy boundary.

C2—40 to 50 inches; dark brown (10YR 4/3) fine sandy loam, grayish
brown (2.5Y 5/2) dry; single grained; soft, very friable, nonsticky,
nonplastic; slight effervescence; mildly alkaline; gradual wavy boun-
dary.

C3—50 to 65 inches; grayish brown (10YR 5/2) loamy fine sand, pale
brown (10YR 6/3) dry; single grained; loose, nonsticky, nonplastic;
slight effervescence; moderately alkaline.

The mollic epipedon is 8 to 16 inches thick. The solum is 18 to 30
inches thick.

The A horizon has hue of 10YR, value of 2 or 3, 8 or 4 dry, and
chroma of 1. The B2 horizon has hue of 10YR or 2.5Y, value of 3 or 4, 4
or 5 dry, and chroma of 2 through 4. It is sandy loam or fine sandy loam.
The C horizon has hue of 25Y or 10YR, value of 4 or 5, 5 or 6 dry, and
chroma of 2 through 4. It is fine sandy leoam, sandy loam, loamy fine
sand, or loamy sand.

Embden series

The Embden series consists of deep, moderately well
drained, moderately rapidly permeable soils on glacial
outwash plains. These soils formed in material weathered
from loamy and sandy outwash sediment. Slopes are 0 to
6 percent.

Embden soils are associated on the landscape with Ege-
land, Hecla, and Wyndmere soils. Egeland soils are at
higher elevations and have a thinner mollic epipedon than
Embden soils. Hecla soils are coarser textured. Wynd-
mere soils have calcic horizons and are calcareous
throughout.

Typical pedon in area of Embden fine sandy loam, 0 to
3 percent slopes, 520 feet south and 75 feet east of
northwest corner sec. 20, T. 157 N, R. 83 W.

Ap—0 to 8 inches; black (10YR 2/1) fine sandy loam, dark gray (10YR
4/1) dry; weak fine granular structure; soft, very friable, nonsticky,
nonplastic; neutral; abrupt smooth boundary.

A12—8 to 14 inches; black (10YR 2/1) fine sandy loam, dark gray (10YR
4/1) dry; weak medium subangular blocky structure; soft, very fria-
ble, nonsticky, nonplastic; neutral; clear wavy boundary. ’

B2—14 to 21 inches; very dark brown (10YR 2/2) fine sandy loam, dark
grayish brown (10YR 4/2) dry; weak coarse prismatic structure
parting to moderate medium subangular blocky; soft, very friable,
nonsticky, nonplastic; neutral; gradual wavy boundary.

B3—21 to 32 inches; very dark grayish brown (10YR 3/2) fine sandy
loam, grayish brown (10YR 5/2) dry; weak medium subangular
blocky structure; soft, very friable, nonsticky, nonplastic; neutral;
gradual wavy boundary.

Clca—32 to 48 inches; light olive brown (2.6Y 5/4) fine sandy loam, light
gray (2.5Y 7/2) dry; massive; loose, nonsticky, nonplastic; strong ef-
fervescence; moderately alkaline; gradual wavy boundary.

C2—48 to 60 inches; light olive brown (2.5Y 5/4) loamy fine sand, pale
yellow (25Y 7/4) dry; few medium distinet dark yellowish brown
(10YR 4/4) mottles; massive; loose, nonsticky, nonplastic; slight ef-
fervescence; moderately alkaline.

The mollic epipedon is 16 to more than 30 inches thick. The thickness
of the solum ranges from 20 to more than 40 inches.

The A horizon has hue of 10YR, value of 2 or 3, 3 or 4 dry, and
chroma of 1. The B horizon has hue of 10YR or 2.5Y, value of 2 through
4, 3 through 5 dry, and chroma of 1 through 3. It is fine sandy loam or
sandy loam. The C horizon has hue of 25Y, value of 4 through 6, 5
through 7 dry, and chroma of 2 through 4. It is fine sandy loam, sandy
loam, loamy fine sand, or loamy sand.

Emrick series

The Emrick series consists of deep, moderately well
drained, moderately permeable soils on glacial till plains.
These soils formed in material weathered from coarse
loamy glacial till. Slopes are 0 to 9 percent.

Emrick soils are associated on the landscape with
Esmond, Fram, Heimdal, Tonka, and Parnell soils.
Esmond and Heimdal soils are at higher elevations than
Emrick soils and have a thinner mollic epipedon. Fram
soils have calcic horizons and are calcareous throughout.
Tonka and Parnell soils, in depressions, have argillic
horizons.

Typical pedon in area of Emrick loam, 0 to 3 percent
slopes, 1,750 feet north and 100 feet east of southwest
corner sec. 26, T. 155 N, R. 72 W.

Ap—O0 to 8 inches; black (10YR 2/1) loam, dark gray (10YR 4/1) dry;
weak fine granular structure; soft, very friable, slightly sticky,
slightly plastic; neutral; clear smooth boundary.

A12—8 to 11 inches; black (10YR 2/1) loam, dark gray (10YR 4/1) dry;
weak medium prismatic structure; soft, very friable, slightly sticky,
slightly plastic; neutral; clear wavy boundary.

B21—11 to 19 inches; very dark grayish brown (10YR 3/2) loam, dark
grayish brown (10YR 4/2) dry; moderate medium prismatic struc-
ture parting to weak medium angular blocky; slightly hard, friable,
slightly sticky, slightly plastic; neutral; clear wavy boundary.

B22—19 to 22 inches; dark brown (10YR 4/3) loam, brown (10YR 5/3)
dry; weak medium prismatic structure parting to moderate medium
and fine angular blocky; slightly hard, friable, slightly sticky,
slightly plastic; neutral; clear wavy boundary.

Clca—22 to 32 inches; olive brown (2.5Y 5/4) loam, light gray (2.5Y 7/2)
dry; moderate medium subangular blocky structure; slightly hard,
friable, slightly sticky, slightly plastic; violent effervescence;
moderately alkaline; gradual wavy boundary.

C2—382 to 60 inches; olive brown (2.5Y 4/4) loam, pale yellow (2.5Y 7/4)
dry; massive; slightly hard, friable, slightly sticky, slightly plastie;
strong effervescence; mildly alkaline.

The mollic epipedon is 16 to more than 24 inches thick. The solum is
16 to more than 30 inches thick. The control section is loam that
averages between 10 and 18 percent clay.
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The A horizon has hue of 10YR, value of 2 or 3, 3 or 4 dry, and
chroma of 1. The B horizon has hue of 10YR or 25Y, value of 3 or 4, 4
or 5 dry, and chroma of 2 or 3. The C horizon has hue of 2.5Y, value of 4
through 6, 5 through 7 dry, and chroma of 2 through 4.

Esmond series

The Esmond series consists of deep, well drained,
moderately permeable soils on glacial moraines. These
soils formed in material weathered from calcareous,
coarse loamy glacial till. Slopes are 3 to 35 percent.

Esmond soils are similar to Buse soils and are as-
sociated on the landscape with Emrick, Fram, and Heim-
dal soils. Buse soils formed in fine loamy glacial till. Em-
rick soils have a thicker mollic epipedon than Esmond
soils. Fram soils are somewhat poorly drained and are cal-
careous throughout. Heimdal soils have a B horizon and a
thicker mollic epipedon.

Typical pedon of Esmond loam in area of Esmond-
Heimdal loams, 9 to 15 percent slopes, 720 feet south and
440 feet west of northeast corner sec. 2, T. 158 N., R. 73
w.

Ap—O0 to 7 inches; very dark grayish brown (10YR 3/2) loam, grayish
brown (10YR 5/2) dry; moderate medium granular structure; soft,
very friable, slightly sticky, slightly plastic; strong effervescence;
moderately alkaline; abrupt smooth boundary.

Clea—T7 to 23 inches; grayish brown (2.5Y 5/2) loam, light brownish gray
(2.5Y 6/2) dry; weak coarse subangular blocky structure; slightly
hard, friable, slightly sticky, slightly plastic; violent effervescence;
moderately alkaline; gradual wavy boundary.

C2ca—23 to 32 inches; grayish brown (25Y 5/2) loam, light brownish
gray (25Y 6/2) dry; massive; slightly hard, friable, slightly sticky,
slightly plastic; many large soft irregular masses of lime; violent ef-
fervescence; moderately alkaline; gradual irregular boundary.

C3—32 to 60 inches; dark grayish brown (2.5Y 4/2) loam, light brownish
gray (2.5Y 6/2) dry; massive; hard, friable, slightly sticky, slightly
plastic; strong effervescence; moderately alkaline.

The control section averages between 10 and 18 percent clay. The
mollie epipedon is 7 to 12 inches thick.

The A horizon has hue of 10YR, value of 2 or 3, 3 through 5 dry, and
chroma of 1. Some pedons have an AC horizon. The Cca horizon has hue
of 25Y or 10YR, value of 4 through 6, 5 through 7 dry, and chroma of 2
through 4.

Fossum series

The Fossum series consists of deep, poorly drained and
very poorly drained, rapidly permeable soils in slight
depressions in lake plains and deltas. These soils formed
in material weathered from sandy calcareous glaciolacus-
trine sediment. Slopes are 0 to 1 percent.

Fossum soils are associated on the landscape with
Aylmer, Hecla, and Serden soils. Aylmer soils are
moderately well drained and noncalcareous in the upper
part. Hecla and Serden soils, at higher elevations than
Fossum soils, are better drained and are noncalcareous in
the upper part.

Typical pedon of Fossum fine sandy loam in area of
Fossum soils, 1,925 feet north and 65 feet west of
southeast corner sec. 21, T. 154 N, R. 14 W.

A11—0 to 12 inches; black (10YR 2/1) fine sandy loam, very dark gray
(10YR 8/1) dry; weak medium subangular blocky structure parting

to weak medium granular; soft, very friable, nonsticky, nonplastic;
strong effervescence; moderately alkaline.

A12—12 to 18 inches; very dark gray (10YR 3/1) loamy fine sand, dark
gray (10YR 4/1) dry; weak medium and coarse subangular blocky
structure; soft, very friable, nonsticky, nonplastic; strong effer-
vescence; moderately alkaline; gradual wavy boundary.

A13—18 to 22 inches; very dark grayish brown (2.5Y 3/2) loamy fine
sand, dark grayish brown (2.5Y 4/2) dry; many fine faint light yel-
lowish brown (10YR 6/4) mottles; weak medium and coarse suban-
gular blocky structure; soft, very friable, nonsticky, nonplastic;
strong effervescence; moderately alkaline; clear wavy boundary.

C~—22 to 60 inches; grayish brown (2.5Y 5/2) fine sand, light gray (25Y
7/2) dry; many large prominent yellowish brown (10YR 5/6) mottles;
single grained; loose, nonsticky, nonplastic; strong effervescence;
moderately alkaline; gradual wavy boundary.

The mollie epipedon is 15 to 24 inches thick.

The A horizon has hue of 10YR or 25Y, value of 2 or 3, 3 or 4 dry,
and chroma of 1 in the upper part and 1 or 2 in the lower part. The A1l
and A12 horizons are fine sandy loam, sandy loam, loamy fine sand, or
loamy sand. The A13 horizen is loamy fine sand, loamy sand, fine sand,
or sand. The C horizon has hue of 25Y or 5Y, value of 4 through 6, 5
through 7 dry, and chroma of 2 through 4. Texture is fine sand or sand.

Fram series

The Fram series consists of deep, somewhat poorly
drained, moderately permeable soils in slight depressions
in glacial till plains. These soils formed in material
derived from calcareous coarse loamy glacial till. Slopes
are 0 to 3 percent.

Fram soils are associated on the landscape with Em-
rick, Heimdal, Vallers, and Tonka soils. Emrick and Heim-
dal soils have a B horizon, are better drained than Fram
soils, and are noncalcareous in the upper part. Vallers
soils are wetter. Tonka soils are in depressions, have ar-
gillic horizons, and are poorly drained.

Typical pedon in area of Fram loam, 0 to 3 percent
slopes, 150 feet west and 105 feet south of northeast
corner sec. 25, T. 151 N, R. 72 W.

Ap—0 to 8 inches; very dark gray (10YR 3/1) loam, dark gray (10YR
4/1) dry; moderate medium granular structure; slightly hard, very
friable, slightly sticky, slightly plastic; strong effervescence;
moderately alkaline; abrupt smooth boundary.

Clca—8 to 13 inches; grayish brown (25Y 5/2) loam, light gray (25Y
7/2) dry; weak medium subangular blocky structure; slightly hard,
friable, sticky, plastic; violent effervescence; moderately alkaline;
clear irregular boundary.

C2ca—13 to 28 inches; light olive brown (2.5Y 5/4) loam, light gray (2.5Y
7/2) dry; weak medium subangular blocky structure; slightly hard,
friable, slightly sticky, slightly plastic; few lime nodules; violent ef-
fervescence; moderately alkaline; gradual irregular boundary.

C3—28 to 60 inches; light olive brown (2.5Y 5/4) loam, light yellowish
brown (2.5Y 6/4) dry; few fine faint light olive brown (25Y 5/6)
mottles; massive; hard, friable, slightly sticky, slightly plastic;
strong effervescence; moderately alkaline.

The mollic epipedon is 7 to 16 inches thick. The loam control section
averages between 10 and 18 percent clay.

The A horizon has hue of 10YR, value of 2 or 3, 3 or 4 dry, and
chroma of 1. The Ceca horizon has hue of 25Y or 10YR, value of 4
through 6, 5 through 7 dry, and chroma of 2 through 4.

Gardena series

The Gardena soils consists of deep, moderately well
drained, moderately slowly permeable soils on glacial lake
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plains. These soils formed in material weathered from
coarse silty glaciolacustrine sediment. Slopes are 0 to 6
percent.

Gardena soils are associated on the landscape with
Cathay, Eckman, Embden, and Glyndon soils. Eckman
soils, at higher elevations, have a thinner mollic epipedon
than Gardena soils. Embden soils contain more sand.
Glyndon soils have a caleic horizon within a depth of 16
inches, and Cathay soils have natric horizons.

Typical pedon in area of Gardena silt loam, 0 to 3 per-
cent slopes, 1,320 feet west and 100 feet north of
southeast corner sec. 26, T. 157 N, R. 73 W.

Ap—0 to 8 inches; black (10YR 2/1) silt loam, dark gray (10YR 4/1) dry;
moderate fine granular structure; soft, very friable, nonsticky, non-
plastic; neutral; clear smooth boundary.

Al12—8 to 20 inches; black (10YR 2/1) silt loam, dark gray (10YR 4/1)
dry; weak coarse prismatic structure parting to weak medium sub-
angular blocky; soft, very friable, nonsticky, nonplastic; neutral;
clear wavy boundary.

B2—20 to 34 inches; very dark grayish brown (10YR 3/2) silt loam, dark
grayish brown (10YR 4/2) dry; weak medium prismatic structure
parting to moderate medium fine subangular blocky; soft, very fria-
ble, nonsticky, nonplastic; mildly alkaline; gradual wavy boundary.

C1—34 to 42 inches; dark grayish brown (10YR 4/2) silt loam, grayish
brown (10YR 5/2) dry; weak coarse and medium subangular blocky
structure; soft, very friable, nonsticky, nonplastic; slight effer-
vescence; mildly alkaline; gradual wavy boundary.

C2—42 to 60 inches; light olive brown (2.5Y 5/4) very fine sandy loam,
pale yellow (2.5Y 7/4) dry; single grained; soft, very friable, non-
sticky, nonplastic; slight effervescence; mildly alkaline.

The mollic epipedon is 16 to more than 30 inches thick. The control
section averages less than 18 percent clay, less than 15 percent fine and
coarser sand, and 20 to 45 percent or more very fine sand.

The A horizon has hue of 10YR, value of 2 or 3, 3 or 4 dry, and
chroma of 1. The B2 horizon has hue of 10YR or 25Y, value of 2
through 4, 3 through 5 dry, and chroma of 1 through 3. Some pedons
have a B2 horizon. The C horizon has hue of 10YR or 25Y, value of 4
through 6, 5 through 7 dry, and chroma of 2 through 4. Map unit 71,
Gardena silt loam, clayey substratum, 0 to 3 percent slopes, has texture
of silty clay or silty clay loam below depths of 40 and 60 inches.

Glyndon series

The Glyndon series consists of deep, somewhat poorly
drained, moderately rapidly permeable soils on glacial
lake plains. These soils formed in material weathered
from calcareous coarse silty lake sediment. Slopes are 0 to
3 percent.

Glyndon soils are associated on the landscape with
Borup, Eckman, and Gardena soils. Borup soils are wetter
than Glyndon soils. Eckman and Gardena soils are at
higher elevations, do not have calcic horizons, and are
better drained.

Typical pedon in area of Glyndon silt loam, 0 to 3 per-
cent slopes, 2,000 feet south and 1,100 feet west of
northeast corner sec. 8, T. 158 N,, R. 73 W.

Ap—0 to 7 inches; black (10YR 2/1) silt loam, dark gray (10YR 4/1) dry;
moderate medium granular structure; soft, very friable, slightly
sticky, slightly plastic; strong effervescence; mildly alkaline; clear
smooth boundary.

Clea—7 to 21 inches; gray (10YR 5/1) silt loam, gray (10YR 6/1) and
light gray (10YR 7/1) dry; weak medium subangular blocky struc-
ture; slightly hard, very friable, slightly sticky, slightly plastic;
violent effervescence; strongly alkaline; gradual smooth boundary.

C2ca—21 to 27 inches; dark gray (10YR 4/1) silt loam, gray (10YR 5/1)
dry; weak medium subangular blocky structure; slightly hard, very
friable, slightly sticky, slightly plastic; violent effervescence;
strongly alkaline; clear wavy boundary.

C3ca—27 to 33 inches; light gray (2.5Y 7/2) and pale olive (5Y 6/3) silt
loam, light gray (2.5Y 7/2) and light brownish gray (2.5Y 6/2) dry;
weak medium subangular blocky structure; slightly hard, friable,
slightly sticky, slightly plastic; violent effervescence; strongly al-
kaline; clear wavy boundary.

C4—383 to 45 inches; light olive brown (2.5Y 5/4) very fine sandy loam,
light yellowish brown (2.5Y 6/4) dry; common medium distinct gray
(5Y 6/1) mottles; massive; hard, friable, slightly sticky, slightly
plastic; strong effervescence; moderately alkaline; gradual wavy
boundary.

C5—45 to 60 inches; grayish brown (25Y 5/2) sandy clay loam, light
brownish gray (2.5Y 6/2) dry; common medium distinct yellowish
brown (10YR 5/6) mottles; massive; hard, firm, sticky, plastic;
strong effervescence; moderately alkaline.

The mollic epipedon is 7 to 16 inches thick. The control section
averages less than 18 percent clay, less than 15 percent fine and coarser
sand, and 20 to over 45 percent very fine sand.

The A horizon has hue of 10YR, value of 2 or 3, 3 or 4 dry, and
chroma of 1. The Cca horizon has hue of 10YR or 25Y, value of 4
through 6, 5 through 7 dry, and chroma of 1 through 4.

Hamerly series

The Hamerly series consists of deep, somewhat poorly
drained, moderately slowly permeable soils on glacial till
plains. These soils formed in material weathered from cal-
careous fine loamy glacial till. Slopes are 0 to 3 percent.

Hamerly soils are associated on the landscape with
Barnes, Parnell, Tonka, and Vallers soils. Barnes soils
have a B horizon, do not have caleic horizons, and are
better drained than Hamerly soils. Parnell and Tonka
soils are wetter, do not have calcic horizons, but have ar-
gillic horizons. Vallers soils are wetter.

Typical pedon of Hamerly loam in area of Hamerly-
Tonka complex, 0 to 3 percent slopes, 1,300 feet north and
600 feet west of southeast corner sec. 28, T. 158 N., R. 69
w.

Ap—0 to 7 inches; very dark gray (10YR 3/1) loam, dark gray (10YR
4/1) dry; weak medium subangular blocky structure parting to
moderate medium granular; slightly hard, friable, slightly sticky,
slightly plastic; many fine pores; slight effervescence; moderately
alkaline; abrupt smooth boundary.

Clca—7 to 16 inches; grayish brown (2.5Y 5/2) loam, light gray (2.5Y
7/2) dry; weak medium subangular blocky structure; slightly hard,
friable, slightly sticky, slightly plastic; common medium pores;
violent effervescence; moderately alkaline; gradual wavy boundary.

C2ca—16 to 29 inches; dark grayish brown (2.5Y 4/2) and light brownish
gray (2.5Y 6/2) loam, light gray (2.5Y 7/2) and white (2.5Y 8/2) dry;
weak medium subangular blocky structure; slightly hard, friable,
slightly sticky, slightly plastic; common medium pores; violent effer-
vescence; moderately alkaline; gradual wavy boundary.

C3—29 to 38 inches; light olive brown (2.5Y 5/4) loam, pale yellow (25Y
7/4) dry; common medium distinct olive gray (5Y 5/2) and yellowish
brown (10YR 5/6) mottles; weak medium subangular blocky strue-
ture; slightly hard, firm, slightly sticky, slightly plastic; few medium
pores; strong effervescence; moderately alkaline; gradual wavy
boundary.

C4-—38 to 60 inches; olive brown (25Y 4/4) clay loam, light yellowish
brown (2.5Y 6/4) dry; many medium distinet olive gray (5Y 5/2) and
yellowish brown (10YR 5/6) mottles; massive; hard, firm, sticky,
plastic; strong effervescence; moderately alkaline.

The mollic epipedon is 7 to 16 inches thick. The control section is loam
or light clay loam that averages between 18 and 30 percent clay.
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The A horizon has hue of 10YR, value of 2 or 3, 4 or 5 dry, and
chroma of 1. The Cea horizon has hue of 2.6Y or 10YR, value of 4 or 5, 4
through 7 dry, and chroma of 1 through 4. The C horizon has hue of
25Y or 5Y, value of 4 through 6, 5 through 7 dry, and chroma of 2
through 4.

Hecla series

The Hecla series consists. of deep, moderately well
drained, rapidly permeable soils on sandy lacustrine and
glacial outwash plains. These soils formed in material
weathered from sandy eolian material. Slopes are 0 to 3
percent.

Hecla soils are associated on the landscape with Mad-
dock and Ulen soils. Maddock soils are beter drained and
have a thinner mollic epipedon than Hecla soils. Ulen soils
have calcic horizons and are wetter.

Typical pedon in area of Hecla loamy fine sand, 0 to 3
percent slopes, 1,500 feet west and 100 feet north of
southeast corner sec. 4, T. 158 N., R. T4 W.

A11—0 to 11 inches; black (10YR 2/1) loamy fine sand, very dark gray
(10YR 3/1) dry; weak medium subangular blocky structure parting
to weak fine granular; soft, very friable, nonsticky, nonplastic;
slightly acid; abrupt smooth boundary.

A12—11 to 18 inches; black (10YR 2/1) loamy fine sand, very dark gray
(10YR 3/1) dry; weak coarse subangular blocky structure; soft, very
friable, nonsticky, nonplastic; neutral; clear smooth boundary.

C1—18 to 25 inches; very dark gray (10YR 3/1) loamy fine sand, dark
grayish brown (10YR 4/2) dry; weak fine subangular blocky struc-
ture; soft, very friable, nonsticky, nonplastic; neutral; gradual wavy
boundary.

C2—25 to 36 inches; dark grayish brown (10YR 4/2) loamy fine sand,
grayish brown (10YR 5/2) dry; single grained; loose, sticky, non-
plastic; neutral; gradual irregular boundary.

C3—36 to 60 inches; grayish brown (2.5Y 5/2) fine sand, light gray (25Y
7/2) dry; common fine distinet light yellowish brown (2.5Y 6/4) mot-
tles; single grained; loose, nonplastic; strong effervescence; mildly
alkaline.

The mollic epipedon is more than 16 inches thick. The solum is 24 to
40 inches thick. The control section is loamy fine sand, loamy sand, or
fine sand.

The A horizon has hue of 10YR, value of 2 or 3, 3 or 4 dry, and
chroma of 1. Some pedons have an AC horizon. The C horizon has hue of
10YR or 25Y, value of 3 through 5, 4 through 7 dry, and chroma of 2
through 4.

Hegne series

The Hegne series consists of deep, poorly drained and
very poorly drained, very slowly permeable soils on gla-
cial lake plains. These soils formed in material weathered
from clayey calcareous lake sediment. Slopes are 0 to 1
percent. -

Hegne soils are associated on the landscape with
Bearden, Colvin, and Overly soils. Bearden, Colvin, and
Overly soils contain less clay than Hegne soils. Overly
soils are better drained and do not have calcic horizons
within a depth of 16 inches.

Typical pedon in area of Hegne silty clay, 205 feet west
and 25 feet south of northeast corner sec. 7, T. 157 N, R.
70 W.

Ap—0 to 8 inches; black (10YR 2/1) silty clay, very dark gray (10YR
3/1) dry; moderate medium subangular blocky structure parting to

strong medium granular; very hard, very firm, very sticky, very
plastic; slight effervescence; moderately alkaline; abrupt smooth
boundary.

Clca—8 to 18 inches; dark olive gray (5Y 3/2) silty clay, gray (5Y 5/1)
dry; moderate fine angular blocky structure; extremely hard, very
firm, very sticky, very plastic; violent effervescence; moderately al-
kaline; gradual wavy boundary.

C2ca—18 to 32 inches; olive gray (5Y 4/2) silty clay, olive gray (5Y 5/2)
dry; moderate fine angular blocky structure; extremely hard, very
firm, very sticky, very plastic; violent effervescence; moderately al-
kaline; gradual wavy boundary.

C3—32 to 42 inches; olive gray (Y 5/2) silty clay, light olive gray (65Y
6/2) dry; massive; extremely hard, very firm, very sticky, very
plastic; common lime masses; 2 to 5 percent pebbles; thin gravelly
contact layer at 42 inches; strong effervescence; moderately al-
kaline; gradual wavy boundary.

C4—42 to 60 inches; olive (5Y 4/3) silty clay, pale olive (5Y 6/3) dry;
many fine prominent dark yellowish brown (10YR 4/4) mottles;
massive; very hard, very firm, very sticky, very plastic; many large
gypsum nests; strong effervescence; moderately alkaline.

The mollic epipedon is 7 to 16 inches thick. The control section is silty
clay, but in some pedons it is clay.

The A horizon has hue of 10YR or 25Y, value of 2 or 3, 3 or 4 dry,
and chroma of 1. The C horizon to 40 inches has hue of 25Y or 5Y,
value of 3 through 5, 4 through 7 dry, and chroma of 1 or 2. Below a
depth of 40 inches the chroma is 1 through 3.

Heimdal series

The Heimdal series consists of deep, well drained,
moderately permeable soils on glacial till plains. These
soils formed in material weathered from calcareous coarse
loamy glacial till. Slopes are 0 to 35 percent.

Heimdal soils are associated on the landscape with Em-
rick, Fram, Esmond, Tonka, and Parnell soils. Emrick
soils have a thicker mollic epipedon than Heimdal soils.
Fram soils have a calcic horizon within a depth of 16
inches and are calcareous throughout. Esmond soils are at
higher elevations than Heimdal soils and do not have a B
horizon. Tonka and Parnell soils are poorly drained or
very poorly drained and have argillic horizons.

Typical pedon of Heimdal loam in area of Emrick-
Heimdal loams, 3 to 6 percent slopes, 2,400 feet south and
100 feet east of northwest corner sec. 26, T. 155 N., R. 72
W.

Ap—O0 to 8 inches; black (10YR 2/1) loam, dark gray (10YR 4/1) dry;
weak fine granular structure; soft, very friable, slightly sticky,
slightly plastic; neutral; abrupt smooth boundary.

B21—8 to 14 inches; very dark brown (10YR 2/2) loam, brown (10YR
4/3) dry; moderate medium prismatic structure parting to weak
medium angular blocky; soft, friable, slightly sticky, slightly plastic;
neutral; clear wavy boundary.

B22—14 to 20 inches; dark grayish brown (10YR 4/2) loam, pale brown
(10YR 6/3) dry; weak medium prismatic structure parting to
moderate medium angular blocky; soft, friable, slightly sticky,
slightly plastic; mildly alkaline; clear wavy boundary.

B3ca—20 to 26 inches; light olive brown (2.5Y 5/4) loam, light yellowish
brown (2.5Y 6/4) dry; weak medium subangular blocky structure;
soft, friable, slightly sticky, slightly plastic; strong effervescence;
mildly alkaline; gradual wavy boundary.

Clea—26 to 36 inches; light olive brown (2.5Y 5/4) loam, light gray (25Y
7/2) dry; weak medium subangular blocky structure; soft, friable,
slightly sticky, slightly plastic; violent effervescence; moderately al-
kaline; gradual wavy boundary.

C2—36 to 60 inches; light olive brown (2.5Y 5/4) loam, pale yellow (25Y
7/4) dry; massive; soft, friable, slightly sticky, slightly plastic;
strong effervescence; moderately alkaline.
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The mollic epipedon is 7 to 16 inches thick. The control section is loam
that averages between 10 and 18 percent clay.

The A horizon has hue of 10YR, value of 2 or 3, 3 or 4 dry, and
chroma of 1. The B2 horizon has hue of 10YR, value of 2 through 5, 4
through 6 dry, and chroma of 2 through 4. Many pedons have a B2
horizon. The C horizon has hue of 2.5Y, value of 4 or 5, 5 through 7 dry,
and chroma of 2 through 4.

Letcher series

The Letcher series consists of deep, moderately well
drained, slowly permeable soils on glacial outwash plains.
These soils have natric horizons. They formed in material
weathered from glacial outwash sediment. Slopes are 0 to
3 percent.

Letcher soils are associated on the landscape with
Embden and Swenoda soils. These soils do not have natric
horizons.

Typical pedon in area of Letcher fine sandy loam, 0 to 3
percent slopes, 575 feet south and 130 feet east of
northwest corner sec. 4, T. 158 N,, R. 74 W.

Ap—0 to 7 inches; very dark gray (10YR 3/1) fine sandy loam, dark
gray (10YR 4/1) dry; weak medium granular structure; soft, very
friable, nonsticky, nonplastie; mildly alkaline; abrupt smooth boun-
dary.

A12—7 to 13 inches; very dark gray (10YR 3/1) fine sandy loam, dark
gray (10YR 4/1) dry; weak medium subangular blocky structure;
soft, very friable, nonsticky, nonplastic; moderately alkaline; abrupt
smooth boundary.

B21t—13 to 19 inches; dark grayish brown (10YR 4/2) fine sandy loam,
grayish brown (2.,5Y 5/2) dry; strong very coarse columnar struc-
ture parting to moderate medium angular blocky; very hard, friable,
slightly sticky, slightly plastic; columns coated with bleached sand;
salt threads visible; very strongly alkaline; gradual irregular boun-
dary.

B22t—19 to 25 inches; very dark grayish brown (2.5Y 3/2) crushing to
dark grayish brown (25Y 4/2) fine sandy loam, dark grayish brown
(2.5Y 4/2) crushing to grayish brown (2.5Y 5/2) dry; moderate very
coarse prismatic structure; hard, very friable, nonsticky, nonplastic;
slight effervescence; very strongly alkaline; gradual irregular boun-
dary.

Clca—25 to 38 inches; dark gray (10YR 4/1) and grayish brown (2.5Y
5/2) silty clay loam, light gray (10YR 6/1) dry; massive; hard, fria-
ble, sticky, plastic; many soft masses of lime; violent effervescence;
gradual irregular boundary.

C2—38 to 60 inches; light olive brown (2.5Y 5/4) loamy very fine sand,
light yellowish brown (2.5Y 6/4) dry; common medium distinct olive
yellow (2.5Y 6/6) mottles; massive; soft, very friable, nonsticky, non-
plastic; strong effervescence; very strongly alkaline.

The A horizon has hue of 10YR, value of 2 or 3, 4 or 5 dry, and
chroma of 1. Many pedons have an A2 horizon. The B2t horizon has hue
of 10YR or 2,5Y, value of 3 or 4, 4 or 5 dry, and chroma of 2 or 3. It is
sandy loam or fine sandy loam that averages less than 18 percent clay.

Maddock series

The Maddock series consists of deep, well drained,
rapidly permeable soils on sandy lacustrine plains and gla-
cial outwash plains. These soils formed in material
weathered from sandy eolian material. Slopes are 3 to 15
percent.

Maddock soils are associated on the landscape with
Dickey, Hecla, and Towner soils. Dickey and Towner soils
have a IIC horizon of loam, silt loam, or silty clay loam.

Hecla soils have a thicker mollic epipedon than Maddock
soils.
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Typical pedon in area of Maddock loamy fine sand, 3 to
6 percent slopes, 300 feet south and 2,050 feet east of the
northwest corner sec. 30, T. 156 N., R. 74 W.

Ap—O0 to 7 inches; very dark gray (10YR 3/1) loamy fine sand, dark
gray (10YR 4/1) dry; weak medium granular structure; soft, very
friable, nonsticky, nonplastic; mildly alkaline; abrupt smooth boun-
dary.

A12—7 to 11 inches; very dark gray (10YR 3/1) loamy fine sand, dark
gray (10YR 3/1) dry; weak coarse subangular blocky structure; soft,
very friable, nonsticky, nonplastic; mildly alkaline; abrupt wavy
boundary.

C1—11 to 20 inches; dark grayish brown (10YR 4/2) loamy fine sand,
light brownish gray (10YR 6/2) dry; weak coarse subangular blocky
structure; soft, very friable, nonsticky, nonplastic; neutral; gradual
wavy boundary.

C2—20 to 48 inches; dark grayish brown (10YR 4/2) fine sand, pale
brown (10YR 6/3) dry; single grained; loose, nonsticky, nenplastic;
slight effervescence; moderately alkaline; gradual wavy boundary.

C3—48 to 60 inches; dark grayish brown (10YR 4/2) loamy very fine
sand, very pale brown (10YR 7/3) dry; single grained; loose, non-
sticky, nonplastic; strong effervescence; moderately alkaline.

The mollic epipedon is 10 to 16 inches thick. The control section is
loamy fine sand, loamy sand, or fine sand.

The A horizon has hue of 10YR, value of 2 or 3, 3 through 5 dry, and
chroma of 1. It is loamy fine sand or loamy sand. The C horizon has hue
of 10YR or 25Y, value of 3 or 4, 5 through 7 dry, and chroma of 2
through 4.

Overly series

The Overly series consists of deep, moderately well
drained, moderately slowly permeable soils on glacial lake
plains. These soils formed in material weathered from cal-
careous fine silty lake sediment. Slopes are 0 to 1 percent.

Overly soils are associated on the landscape with
Bearden and Colvin soils. They are similar to Gardena
soils. Bearden and Colvin soils have calcic horizons within
a depth of 16 inches. Gardena soils contain less clay than
Overly soils.

Typical pedon in area of Overly silty clay loam, 1,325
feet east and 700 feet south of northwest corner sec. 25,
T. 158 N, R. 70 W.

Ap—0 to 6 inches; black (10YR 2/1) silty clay loam, very dark gray
(10YR 3/1) dry; moderate medium granular structure; slightly hard,
friable, sticky, plastic; mildly alkaline; abrupt smooth boundary.

A12—6 to 9 inches; black (10YR 2/1) silty clay loam, very dark gray
(10YR 3/1) dry; moderate fine angular blocky structure; slightly
hard, friable, sticky, plastic; mildly alkaline; clear wavy boundary.

B2-—9 to 17 inches; black (10YR 2/1) silty clay loam, very dark gray
(10YR 3/1) dry; moderate medium angular blocky structure; hard,
friable, sticky, plastic; mildly alkaline; gradual wavy boundary.

B3ca—17 to 22 inches; very dark gray (10YR 38/1) silty clay loam, dark
gray (10YR 4/1) dry; weak coarse subangular blocky structure;
hard, friable, sticky, plastic; many soft masses of lime; strong effer-
vescence; mildly alkaline; gradual wavy boundary.

Clca—22 to 32 inches; grayish brown (2.5Y 5/2) silty clay loam, light
brownish gray (2.5Y 6/2) dry; weak fine subangular blocky struc-
ture; hard, friable, sticky, plastic; violent effervescence; mildly al-
kaline; gradual wavy boundary.

C2—-32 to 60 inches; light olive brown (25Y 5/4) silty clay loam, pale
yellow (2.5Y 7/4) dry; common medium distinct light brownish gray
(2.5Y 6/2) mottles; massive; hard, firm, sticky, plastic; strong effer-
vescence; moderately alkaline.

The mollic epipedon is 16 to 24 inches thick. The control section
averages between 25 and 35 percent clay and is less than 15 percent fine
or coarser sand.
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The A horizon has hue of 10YR, value of 2 or 3, 3 or 4 dry, and
chroma of 1. The B2 horizon has hue of 10YR or 2.5Y, value of 2
through 4, 3 through 5 dry, and chroma of 1 through 3. The B3 horizon
has hue of 10YR or 25Y, value of 3 through 5, 4 through 7 dry, and
chroma of 1 through 3. The Cca horizon has hue of 2.5Y, value of 4
through 6, 6 or 7 dry, and chroma of 2 through 4.

Parnell series

The Parnell series consists of deep, very poorly
drained, slowly permeable soils in depressions in glacial
till plains. These soils formed in material weathered from
local clayey glacial alluvium. Slopes are 0 to 1 percent.

Parnell soils are associated on the landscape with Fram,
Emrick, Hamerly, Svea, Tonka, and Vallers soils. Fram,
Hamerly, and Vallers soils have calcic horizons within a
depth of 16 inches. Emrick, Tonka, and Svea soils are
better drained than Parnell soils. Emrick and Svea soils
contain less clay. All the associated soils except Tonka
soils lack argillic horizons.

Typical pedon in area of Parnell silty clay loam, 600
feet north and 70 feet west of southeast corner sec. 20, T.
158 N., R. 69 W.

Al--0 to 8 inches; black (10YR 2/1) silty clay loam, very dark gray
(10YR 3/1) dry; moderate fine granular structure; slightly hard, fri-
able, sticky, plastic; slightly acid; clear wavy boundary.

B21tg—8 to 24 inches; black (10YR 2/1) silty clay, very dark gray (10YR
3/1) dry; strong medium angular blocky structure; very hard, firm,
very sticky, very plastic; thin continuous clay films on faces of
blocks; neutral; clear wavy boundary.

B22tg—24 to 46 inches; very dark gray (10YR 3/1) silty clay, dark gray
(10YR 4/1) dry; strong fine angular blocky structure; very hard,
firm, very sticky, very plastic; few thin patchy clay films, neutral,
slight effervescence; gradual wavy boundary.

Cg—46 to 60 inches; olive gray (5Y 5/2) clay loam, gray (5Y 6/1) dry;
few fine faint yellow (2.5Y 7/6) mottles; massive; very hard, firm,
very sticky, very plastic; slight effervescence; neutral.

The solum is more than 36 inches thick. The mollic epipedon is more
than 24 inches thick.

The A horizon has hue of 10YR, value of 2 or 3, 3 or 4 dry, and
chroma of 1. The B horizon has hue of 10YR or 25Y, value of 2 through
4, 3 through 5 dry, and chroma of 1 or 2. The C horizon has hue of 2.5Y
or 5Y, value of 4 through 6, 5 through 7 dry, and chroma of 1 or 2. In
many pedons it contains free carbonates.

Serden series

The Serden series consists of deep, excessively drained,
rapidly permeable soils on sand-mantled uplands and out-
wash plains. These soils formed in material weathered
from wind-sorted sands. Slopes are 0 to 15 percent.

Serden soils are associated on the landscape with
Aylmer and Fossum soils. Aylmer soils have mottles
within a depth of 40 inches and are not so well drained as
Serden soils. Fossum soils are poorly drained.

Typical pedon of Serden loamy fine sand in area of Ser-
den soils, 0 to 15 percent slopes, 1,405 feet west and 340
feet south of northeast corner sec. 16, T. 154 N, R. 74 W.

A1—0 to 2 inches; very dark brown (10YR 2/2) loamy fine sand, dark
gray (10YR 4/1) dry; single grained; loose, nonsticky, nonplastic;
neutral; clear wavy boundary.

C—2 to 60 inches; dark grayish brown (10YR 4/2) fine sand, grayish
brown (10YR 5/2) dry; single grained; loose, nonsticky, nonplastic;
neutral.

The control section is fine sand that is less than 65 percent medium
sand and less than 25 percent coarse and very coarse sand. The mollic
epipedon is less than 10 inches thick.

The A horizon has hue of 10YR, value of 2 through 4, 3 through 6 dry,
and chroma of 1 or 2. It is loamy fine sand, loamy sand, or fine sand.
The C horizon has hue of 10YR or 2.5Y, value of 4 through 6, 5 through
7 dry, and chroma of 2 through 4.

Sioux series

The Sioux series consists of deep, excessively drained,
rapidly permeable soils on outwash plains and glacial
moraines. These soils are very shallow over sand and
gravel. They formed in material weathered from loamy
sediment. Slopes are 1 to 15 percent.

Sioux soils are associated with Arvilla and Divide soils.
Arvilla soils have a thicker solum and contain fewer rock
fragments than Sioux soils. Divide soils have a calcic
horizon within a depth of 16 inches.

Typical pedon of Sioux loam in area of Sioux soils, 1 to
15 percent slopes, 2,300 feet east and 1,400 feet south of
northwest corner sec. 31, T. 152 N,, R. 714 W.

Ap—O0 to 6 inches; very dark gray (10YR 3/1) loam, dark gray (10YR
4/1) dry; moderate medium subangular blocky structure parting to
moderate medium granular; slightly hard, very friable, slightly
sticky, slightly plastic; mildly alkaline; abrupt smooth boundary.

IIC1—6 to 16 inches; dark brown (10YR 4/3) gravelly loamy sand, light
gray (10YR 7/2) dry; single grained; loose, nonsticky, nonplastic; 40
percent coarse fragments; strong effervescence; moderately al-
kaline; gradual irregular boundary.

IIC2—16 to 60 inches; dark brown (10YR 4/3) gravelly sand, brown
(10YR 5/3) dry; single grained; loose, nonsticky, nonplastic; lime
coats underside of gravel; 40 percent coarse fragments; slight effer-
vescence; moderately alkaline.

Thickness of the solum and the depth to sand and gravel range from 6
to 14 inches.

The A horizon has hue of 10YR, value of 2 or 3, 3 or 4 dry, and
chroma of 1. It is loam or sandy loam and in a few pedons is gravelly.
The IIC horizon has hue of 10YR or 25Y, value of 4 through 6, 5
through 7 dry, and chroma of 2 through 4. It is gravelly sand, sand, or
coarse sand. In many pedons the upper part of the IIC horizon is
gravelly loamy sand.

Stirum series

The Stirum series consists of deep, poorly drained,
moderately slowly permeable soils on sandy outwash
plains and lake plains. These soils have natric horizons.
They formed in material weathered from loamy and
sandy saline-alkali sediment. Slopes are 0 to 3 percent.

Stirum soils are associated on the landscape with Emb-
den, Fossum, and Hecla soils. Embden and Hecla soils are
better drained than Stirum soils, and Fossum soils contain
more sand. All the associated soils lack natric horizons.

Typical pedon of Stirum fine sandy loam in area of
Stirum soils, 0 to 3 percent slopes, 2,620 feet west and
1,320 feet south of northeast corner of sec. 8, T. 157 N., R.
74 W.

A1—0 to 5 inches; black (10YR 2/1) fine sandy loam, gray (10YR 5/1)
dry; weak medium granular structure; soft, very friable, nonsticky,
nonplastic; moderately alkaline; abrupt smooth boundary.

B2t—5 to 14 inches; very dark grayish brown (2.5Y 3/2) fine sandy loam,
grayish brown (2.5Y 5/2) dry; strong coarse columnar structure;



PIERCE COUNTY,

hard, firm, sticky, plastic; black (10YR 2/1) clay films on prisms;
bleach sand on upper prisms and column tops; slight effervescence;
strongly alkaline; clear wavy boundary.

B3gsa—14 to 23 inches; light gray (6Y 7/1) sandy clay loam, white (5Y
8/1) dry; weak very coarse prismatic structure; hard, friable,
slightly sticky, slightly plastic; gray (5Y 5/1) clay films on prisms;
visible salts; strong effervescence (inside prisms); strongly alkaline;
gradual irregular boundary.

Clg—23 to 31 inches; light olive gray (5Y 6/2) sandy loam, light gray
(5Y 7/1) dry; common medium distinet greenish gray (5G 6/1) mot-
tles; massive; slightly hard, very friable, nonsticky, nonplastic; slight
effervescence; strongly alkaline; gradual irregular boundary.

C2g—31 to 60 inches; light gray (5Y 7/2) loamy sand, light gray (5Y 7/1)
dry; many coarse prominent brownish yellow (10YR 6/8) mottles;
single grained; hard, very friable, nonsticky, nonplastic; slight effer-
vescence; strongly alkaline.

The solum is 16 to 30 inches thick. The B horizon, and in many pedons
the A horizon, contains free lime.

The A horizon has hue of 10YR, value of 2 or 3, 3 through 5 dry, and
chroma of 1. It is fine sandy loam or loam. The B2t horizon has hue of
10YR through 5Y, value of 8 through 5, 4 through 7 dry, and chroma of
1 or 2. It is loam or fine sandy loam. Some pedons do not have a B2
horizon. The C horizon has hue of 25Y or 5Y, value of 4 through 7, 5

through 8 dry, and chroma of 1 through 4. It is very fine sandy loam or
loam.

Svea series

The Svea series consists of deep, moderately well
drained, moderately slowly permeable soils on glacial till
plains. These soils formed in material weathered from cal-
careous, fine loamy glacial till. Slopes are 0 to 6 percent.

Svea soils are associated on the landscape with Barnes,
Buse, Hamerly, Parnell, Tonka, and Vallers soils. Barnes
and Buse soils are well drained and have a thinner solum
than Svea soils. Hamerly and Vallers soils have calcie
horizons within a depth of 16 inches. Tonka and Parnell
soils are wetter than Svea soils and have argillic horizons.

Typical pedon of Svea loam in area of Barnes-Svea
loams, 3 to 6 percent slopes, 1,400 feet west and 800 feet
north of southeast corner sec. 34, T. 158 N, R. 69 W.

Ap—0 to 8 inches; black (10YR 2/1) loam, very dark gray (10YR 3/1)
dry; weak coarse subangular blocky structure parting to moderate
medium granular; slightly hard, friable, slightly sticky, slightly
plastic; many fine pores; neutral; abrupt smooth boundary.

A12—8 to 12 inches; black (10YR 2/1) loam, very dark gray (10YR 3/1)
dry; weak coarse prismatic structure parting to moderate medium
granular; slightly hard, friable, slightly sticky, slightly plastic; many
fine pores; neutral; clear wavy boundary.

B2—12 to 27 inches; very dark grayish brown (25Y 8/2) loam, grayish
brown (2.5Y 5/2) dry; moderate medium prismatie structure parting
to weak medium subangular blocky; slightly hard, friable, slightly
sticky, slightly plastic; common medium pores; patches of clay on
vertical faces; mildly alkaline; clear wavy boundary.

Clea—27 to 37 inches; light olive brown (2.5Y 5/4) clay loam, pale yellow
(2.6Y 7/4) dry; weak medium subangular blocky structure; hard,
firm, sticky, plastic; common medium pores; violent effervescence;
moderately alkaline; gradual wavy boundary.

C2—37 to 60 inches; light olive brown (2.5Y 5/4) clay loam, pale yellow
(2.5Y 7/4) dry; common fine distinct yellowish red (5YR 5/6) and
few fine faint olive gray (5Y 5/2) mottles; massive; hard, firm,
sticky, plastic; few gypsum nests; strong effervescence; moderately
alkaline.

The mollic epipedon is 16 to more than 30 inches thick. The control

section is loam or light clay loam that averages between 18 and 28 per-
cent clay.
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The A horizon has hue of 10YR, value of 2 or 3, 3 through 5 dry, and
chroma of 1. The B2 horizon has hue of 10YR or 2.5Y, value of 2 or 3, 3

through 5 dry, and chroma of 1 through 3. The Cca horizon has hue of
2.5Y, value of 4 through 6, 5 through 7 dry, and chroma of 2 through 4.

Swenoda series

The Swenoda series consists of deep, moderately well
drained and well drained, moderately slowly permeable
soils on sand-mantled glacial till plains. These soils formed
in material derived from eolian sands and loamy glacial
till. Slopes are 0 to 9 percent.

Swenoda soils are associated on the landscape with
Egeland, Embden, Towner, and Wyndmere soils. Egeland
and Embden soils have a sandy substratum. Towner soils
are sandy in the upper part. Wyndmere soils have a calcic
horizon within a depth of 16 inches.

Typiecal pedon in area of Swenoda fine sandy loam, 3 to
6 percent slopes, 234 feet north and 2,415 feet west of
southeast corner sec. 15, T. 153 N, R. 73 W.

Ap—O0 to 8 inches; very dark gray (10YR 8/1) fine sandy loam, dark
gray (10YR 4/1) dry; weak fine granular structure; soft, very fria-
ble, nonsticky, nonplastic; common fine roots; neutral; abrupt wavy
boundary.

B21—8 to 20 inches; very dark grayish brown (10YR 3/2) fine sandy
loam, grayish brown (10YR 5/2) dry; weak coarse prismatic struc-
ture parting to weak medium subangular blocky; soft, very friable,
nonsticky, nonplastic; common fine roots; mildly alkaline; gradual
wavy boundary.

B22—20 to 29 inches; dark grayish brown (10YR 4/2) fine sandy loam,
brown (10YR 5/3) dry; weak coarse subangular blocky structure;
soft, very friable, nonsticky, nonplastic; common fine roots; mildly
alkaline; clear wavy boundary.

I1IClea—29 to 42 inches; grayish brown (2.5Y 5/2) loam, light gray (25Y
7/2) dry; weak coarse subangular blocky structure; hard, friable,
slightly sticky, slightly plastic; white (2.56Y 8/2) lime; violent effer-
vescence; moderately alkaline; gradual wavy boundary.

IIC2—42 to 60 inches; olive brown (2.5Y 4/4) loam, light yellowish
brown (2.5Y 6/4) dry; massive; hard, friable, slightly sticky, slightly
plastic; strong effervescence; moderately alkaline.

Depth to the IIC horizon ranges from 22 to 40 inches. The IIC horizon
is generally loam, but in some pedons it is clay loam, silt loam, or silty
clay loam. The mollic epipedon is more than 16 inches thick.

The A horizon has hue of 10YR, value of 2 or 3, 8 or 4 dry, and
chroma of 1. The B horizon has hue of 10YR or 2.5Y, value of 2 through
4, 3 through 6 dry, and chroma of 1 through 3. The A and B horizons are
fine sandy loam or sandy loam. The IIC horizon has hue of 2.5Y, value
of 4 through 6, 6 through 8 dry, and chroma of 2 through 4.

Tiffany series

The Tiffany series consists of deep, poorly drained,
moderately permeable soils on lake plains and outwash
plains. These soils formed in material weathered from
loamy and sandy sediment. Slopes are 0 to 1 percent.

Tiffany soils are associated on the landscape with Emb-
den, Swenoda, and Wyndmere soils. Embden and
Swenoda soils are better drained than Tiffany soils.
Wyndmere soils have a calcic horizon within a depth of 16
inches.

Typical pedon in area of Tiffany fine sandy loam, 1,400
feet west and 160 feet north of southeast corner sec. 12,
T.158 N, R. 74 W.
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Ap—0 to 7 inches; very dark gray (10YR 3/1) fine sandy loam, dark
gray (10YR 4/1) dry; weak medium granular structure; soft, very
friable, nonsticky, nonplastic; slightly acid; abrupt smooth boundary.

A12—7 to 21 inches; very dark gray (10YR 3/1) fine sandy loam, dark
gray (10YR 4/1) dry; common medium distinet dark brown (7.5YR
4/4) mottles; weak very coarse prismatic structure parting to weak
medium and coarse subangular blocky; soft, very friable, nonsticky,
nonplastic; common medium pores; mildly alkaline; clear wavy boun-
dary.

C1—21 to 28 inches; dark gray (10YR 4/1) fine sandy loam, grayish
brown (10YR 5/2) dry; common medium faint dark brown (7.5YR
4/4) mottles; weak very coarse prismatic structure parting to weak
medium and coarse subangular blocky; soft, very friable, nonsticky,
nonplastic; common fine pores; mildly alkaline; gradual wavy boun-
dary.

C2—28 to 39 inches; dark grayish brown (10YR 4/2) fine sandy loam,
light brownish gray (10YR 6/2) dry; common fine faint brown
(7.5YR 5/4) mottles; weak coarse subangular blocky structure; soft,
very friable, nonsticky, nonplastic; common medium pores; mildly al-
kaline; gradual irregular boundary.

IIC3—39 to 45 inches; dark gray (10YR 4/1) silt loam, gray (10YR 5/1)
dry; massive; slightly hard, friable, slightly sticky, slightly plastic;
strong effervescence; mildly alkaline; gradual irregular boundary.

1IC4—45 to 56 inches; light olive brown (2.5Y 5/4) fine sandy loam, light
yellowish brown (2.5Y 6/4) dry; massive; soft, very friable, non-
sticky, nonplastic; weak effervescence; mildly alkaline; gradual ir-
regular boundary.

IIC5—56 to 60 inches; light brownish gray (2.5Y 6/2) and light olive
brown (2.5Y 5/4) clay loam, light brownish gray (2.5Y 6/2) and light
yellowish brown (2.5Y 6/4) dry; massive; hard, firm, sticky, plastie;
weak effervescence; mildly alkaline.

The control seection is fine sandy loam to light silt loam. Texture below
a depth of 40 inches ranges from fine sand to clay loam.

The A horizon has hue of 10YR, value of 2 or 3, 8 through 5 dry, and
chroma of 1. The C horizon has hue of 10YR through 5Y, value of 4
through 6, 5 through 7 dry, and chroma of 1 through 4. Some pedons
have an AC horizon.

Tonka series

The Tonka series consists of deep, poorly drained,
slowly permeable soils in shallow depressions in glacial till
plains and lake plains. These soils formed in material
derived from moderately fine or fine textured alluvium.
Slopes are 0 to 1 percent.

Tonka soils are associated on the landscape with
Barnes, Emrick, Fram, Gardena, Hamerly, Heimdal, Svea,
and Vallers soils. Barnes, Emrick, Gardena, Heimdal, and
Svea soils are at higher elevations and are better drained
than Tonka soils. Fram, Hamerly, and Vallers soils have
calcic horizons within a depth of 16 inches. None of these
associated soils have argillic horizons.

Typical pedon in area of Tonka silt loam, 2,490 feet
north and 225 feet west of southwest corner sec. 16, T.
155 N, R. 73 W.

A1—0 to 11 inches; very dark gray (10YR 3/1) silt loam, dark gray
(10YR 4/1) dry; moderate medium granular structure; soft, very fri-
able, slightly sticky, slightly plastie; slightly acid; abrupt wavy
boundary.

A21—11 to 18 inches; dark gray (10YR 4/1) silt loam, light gray (10YR
7/1) dry; many large distinct dark yellowish brown (10YR 4/4) mot-
tles; moderate fine platy structure; slightly hard, very friable, non-
sticky, slightly plastic; slightly acid; clear wavy boundary.

A22—18 to 24 inches; dark gray (10YR 4/1) silt loam, gray (10YR 5/1)
dry; moderate fine platy structure; very hard, firm, sticky, plastic;
many bleached light gray (10YR 7/2) sand grains; medium acid;
clear wavy boundary.

B21t—24 to 30 inches; very dark gray (10YR 3/1) heavy silty clay loam,
dark gray (10YR 4/1) dry; moderate medium prismatic structure
parting to strong fine angular blocky; very hard, very firm, sticky,
very plastic; clay films on ped faces; medium acid; gradual wavy
boundary.

B22—30 to 37 inches; dark gray (10YR 4/1) silty clay loam, grayish
brown (10YR 5/2) dry; common medium distinct yellowish brown
(10YR 5/6) mottles; weak medium prismatic structure parting to
moderate fine angular blocky; very hard, very firm, sticky, plastic;
slightly acid; gradual irregular boundary.

C~—37 to 60 inches; dark grayish brown (2.5Y 4/2) clay loam, light olive
brown (2.5Y 5/4) dry; many large prominent brown (7.5YR 4/4) mot-
tles; massive; very hard, very firm, sticky, plastic; neutral.

Depth to carbonates ranges from 20 to more than 60 inches.

The A1l horizon has hue of 10YR, value of 2 or 3, 3 or 4 dry, and
chroma of 1. The A2 horizon has hue of 10YR or 25Y, value of 3
through 5, 5 through 7 dry, and chroma of 1 or 2. The B horizon has hue
of 10YR or 25Y, value of 2 through 4, 3 through 6 dry, and chroma of 1
or 2. It ranges from heavy silty clay loam to silty clay. Some pedons
have a B3 horizon.

Towner series

The Towner series consists of deep, moderately well
drained and well drained, moderately slowly permeable
soils on sand-mantled glacial till plains. These soils formed
in material derived from wind- and water-deposited sand
and loamy glacial till. Slopes are 0 to 6 percent.

Towner soils are associated on the landscape with
Dickey, Hecla, Maddock, and Swenoda soils. Dickey soils
have a thinner mollic epipedon than Towner soils. Hecla
and Maddock soils have a sandy substratum. Swenoda
soils contain less sand in the upper part.

Typical pedon in area of Towner loamy fine sand, 0 to 3
percent slopes, 552 feet west and 530 feet south of
northeast corner sec. 5, T. 153 N, R. 74 W.

A11—0 to 6 inches; black (10YR 2/1) loamy fine sand, dark gray (10YR
4/1) dry; weak fine granular structure; soft, very friable, nonsticky,
nonplastic; many fine roots; neutral; clear wavy boundary.

A12—6 to 20 inches; very dark gray (10YR 3/1) loamy fine sand, dark
gray (10YR 4/1) dry; weak very coarse prismatic structure parting
to weak medium and coarse subangular blocky; soft, very friable,
nonsticky, nonplastic; common fine roots; mildly alkaline; clear wavy
boundary.

C1—20 to 29 inches; very dark grayish brown (10YR 3/2) loamy fine
sand, grayish brown (10YR 5/2) dry; weak medium and coarse sub-
angular blocky structure; soft, very friable, nonsticky, nonplastic;
common fine roots; mildly alkaline; abrupt wavy boundary.

I1IC2ca—29 to 36 inches; grayish brown (2.5Y 5/2) loam, light gray (2.5Y
7/2) dry; weak medium subangular blocky structure; slightly hard,
friable, slightly sticky, slightly plastic; violent effervescence;
moderately alkaline; gradual wavy boundary.

IIC3—36 to 60 inches; olive brown (2.5Y 4/4) loam, light brownish gray
(25Y 6/2) dry; weak medium subangular blocky structure; slightly
hard, friable, slightly sticky, slightly plastic; strong effervescence;
moderately alkaline.

Depth to the IIC horizon ranges from 20 to 40 inches. The mollic
epipedon is 16 to 24 inches thick.

The A horizon has hue of 10YR, value of 2 or 3, 3 or 4 dry, and
chroma of 1. It is loamy fine sand or loamy sand. The C horizon has hue
of 10YR or 25Y, value of 3 or 4, 4 through 6 dry, and chroma of 2
through 4. The IIC horizon has hue of 2.5Y or 5Y, value of 4 through 6,
5 through 8 dry, and chroma of 2 through 4. It typically is loam, but in
some pedons it is silt loam or silty clay loam.
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Ulen series

The Ulen series consists of deep, somewhat poorly
drained, rapidly permeable soils on lacustrine and glacial
outwash plains. These soils formed in material derived
from sandy calcareous glaciolacustrine sediment. Slopes
are 0 to 3 percent.

Ulen soils are associated on the landscape with Fossum
and Hecla soils. Hecla soils are better drained than Ulen
soils. Fossum soils are wetter. Neither Fossum nor Hecla
soils have calcic horizons within a depth of 16 inches.

Typical pedon of Ulen loamy fine sand in area of Hecla-
Ulen loamy fine sands, 0 to 3 percent slopes, 850 feet east
and 110 feet north of southwest corner sec. 26, T. 154 N.,
R.714 W,

Al11—0 to 8 inches; black (10YR 2/1) loamy fine sand, dark gray (10YR
4/1) dry; weak medium granular structure; soft, very friable, non-
sticky, nonplastic; strong effervescence; moderately alkaline; clear
wavy boundary.

Al12ca—8 to 15 inches; very dark gray (10YR 3/1) loamy fine sand, gray
(10YR 5/1) dry; weak medium and fine subangular blocky structure;
soft, very friable, nonsticky, nonplastic; strong effervescence;
moderately alkaline; clear wavy boundary.

Cleca—15 to 23 inches; grayish brown (2.5Y 5/2) loamy fine sand, light
gray (10YR 7/2) dry; single grained; loose, nonsticky, nonplastic;
strong effervescence; moderately alkaline; gradual wavy boundary.

C2—23 to 40 inches; light yellowish brown (2.5Y 6/4) fine sand, light
gray (25Y 7/2) dry; single grained; loose, nonsticky, nonplastic;
strong effervescence; moderately alkaline; gradual wavy boundary.

C3—40 to 48 inches; yellowish brown (10YR 5/6) fine sand, brownish
yellow (10YR 6/6) dry; single grained; loose, nonsticky, nonplastic;
strong effervescence; moderately alkaline; gradual wavy boundary.

C4—48 to 60 inches; light olive brown (2.5Y 5/4) and yellowish brown
(10YR 5/6) fine sand, light gray (2.5Y 7/2) dry; single grained; loose,
nonsticky, nonplastic; strong effervescence; moderately alkaline.

The mollic epipedon is more than 10 inches thick, and the calcie
horizon is within 16 inches of the surface. The control section is domi-
nantly loamy fine sand or fine sand.

The A horizon has hue of 10YR, value of 2 or 3, 3 through 5§ dry, and
chroma of 1. The Cea horizon has hue of 10YR or 25Y, value of 4 or 5, 5
through 7 dry, and chroma of 1 through 3. The C horizon has hue of

10YR or 2.5Y, value of 4 through 6, 6 or 7 dry, and chroma of 2 through
6.

Vallers series

The Vallers series consists of deep, poorly drained,
moderately slowly permeable soils on glacial till plains.
These soils formed in material derived from calcareous
loamy glacial till. Slopes are 0 to 1 percent.

Vallers soils are associated on the landseape with Em-
rick, Fram, Hamerly, Parnell, Svea, and Tonka soils.
Hamerly, Fram, Emrick, and Svea soils are better
drained than Vallers soils. Parnell and Tonka soils have
argillic horizons. Emrick, Svea, Parnell, and Tonka soils
do not have calcic horizons within a depth of 16 inches.

Typical pedon in area of Vallers loam, 2,300 feet west
and 100 feet south of northeast corner sec. 25, T. 158 N.,
R.69 W.

Ap—0 to 8 inches; very dark gray (10YR 3/1) loam, dark gray (10YR
4/1) dry; moderate medium granular structure; slightly hard, friable,

sticky, plastic; violent effervescence; moderately alkaline; clear
wavy boundary.
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Clca—8 to 16 inches; dark grayish brown (2.5Y 4/2) loam, grayish brown
(25Y 5/2) dry; weak medium subangular blocky structure; hard, fri-
able, sticky, plastic; violent effervescence; moderately alkaline; clear
smooth boundary.

C2ca—16 to 30 inches; light olive gray (5Y 6/2) loam, white (5Y 8/1) dry;
common medium prominent olive yellow (2.5Y 6/6) mottles; massive;
hard, friable, sticky, plastic; strong effervescence; moderately al-
kaline; gradual wavy boundary.

C3—30 to 42 inches; olive gray (5Y 4/2) loam, light olive gray (5Y 6/2)
dry; common medium distinct pale yellow (2.5Y 7/4) mottles; mas-
sive; hard, friable, sticky, plastic; strong effervescence; moderately
alkaline; gradual wavy boundary.

C4—42 to 60 inches; dark grayish brown (2.5Y 4/2) loam, light yellowish
brown (25Y 6/4) dry; common medium distinet reddish yellow
(7.5YR 6/8) and few medium distinct light gray (N 7/0) mottles;
massive; hard, friable, sticky, plastic; 1 to 3 percent coarse frag-
ments; strong effervescence; moderately alkaline.

The mollic epipedon is 7 to 16 inches thick. The control section is loam
or light clay loam that averages betwéen 18 and 30 percent clay.

The. A horizon has hue of 10YR, value of 2 or 3, 3 or 4 dry, and
chroma of 1. The Cca horizon has hue of 25Y or 5Y, value of 4 through
6, 5 through 8 dry, and chroma of 1 or 2. The C horizon has hue of 2.5Y
or 5Y, value of 4 through 6, 5 through 7 dry, and chroma of 2 through 4.

Wyndmere series

The Wyndmere series consists of deep, somewhat
poorly drained, moderately rapidly permeable soils on
glaciolacustrine plains. These soils formed in material
weathered from calcareous sandy sediment. Slopes are 0
to 1 percent.

Wyndmere soils are associated on the landcape with
Embden, Swenoda, and Tiffany soils. Embden and
Swenoda soils are better drained than Wyndmere soils.
Tiffany soils are wetter. None of those soils have calcic
horizons within a depth of 16 inches.

Typical pedon in area of Wyndmere fine sandy loam,

1,880 feet north and 100 feet west of southeast corner
sec. 3, T.1568 N, R. 74 W.

A1—0 to 10 inches; black (10YR 2/1) fine sandy loam, very dark gray
(10YR 3/1) dry; weak fine granular structure; soft, very friable,
nonsticky, nonplastic; moderately alkaline; abrupt smooth boundary.

Clca—10 to 19 inches; dark grayish brown (25Y 4/2) fine sandy loam,
grayish brown (10YR 5/2) dry; weak medium subangular blocky
structure; soft, very friable, nonsticky, nonplastic; strong effer-
vescence; moderately alkaline; clear wavy boundary.

C2ca—19 to 34 inches; grayish brown (2.5Y 5/2) fine sandy loam, light
brownish gray (2.5Y 6/2) dry; weak fine subangular blocky struc-
ture; soft, very friable, nonsticky, nonplastic; strong effervescence;
moderately alkaline; clear wavy boundary.

C3--34 to 60 inches; light olive brown (2.5Y 5/4) fine sand, pale yellow
(2.5Y 7/4) dry; few fine faint dark yellowish brown (10YR 4/4) mot-
tles; single grained, loose, nonsticky, nonplastic; strong effer-
vescence; moderately alkaline.

The mollic epipedon is 7 te. 16 inches thick, and the calcic horizon is
within 16 inches of the surface. The control section is dominantly fine
sandy loam or sandy loam.

The A horizon has hue of 10YR, value of 2 or 3, 3 or 4 dry, and
chroma of 1. The Cca horizon has hue of 10YR or 25Y, value of 3
through 5, 4 through 7 dry, and chroma of 1 or 2. The C horizon has hue

of 25Y or 5Y, value of 4 through 6, 5 through 7 dry, and chroma of 2
through 4.
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Formation of the soils

Soil is produced by soil-forming processes acting on
material deposited or accumulated by geologic processes.
The characteristics of the soil at any given point are
determined by (1) the physical and mineralogical composi-
tion of the parent material, (2) the climate under which
the soil material has developed since accumulation, (3) and
plant and animal life on and in the soil, (4) the relief, or
lay of the land, and (5) the length of time the forces of
soil formation have acted on the soil material.

Climate and plant and animal life, chiefly plants, are ac-
tive factors of soil formation. They act on the parent
material that has accumulated through the weathering of
rocks and slowly change it to a natural body that has
genetically related horizons. The effects of climate and
plant and animal life are conditioned by relief. The parent
material also affects the kind of soil profile that is formed
and, in extreme cases, determines it almost entirely.
Finally, time is needed for changing the parent material
into a soil profile. It may be much or little, but some time
is always required for horizon differentiation. Usually a
long time is required for the development of distinet
horizons.

The factors of soil formation are so closely interrelated
in their effects on the soil that few generalizations can be
made regarding the effect of any one factor unless condi-
tions are specified for the other four. Many of the
processes of soil development are unknown.

Parent material

All the soils in Pierce County formed in glacial material
derived from preglacial granite, gneiss, sandstone, shale,
limestone, and basalt. The glacier picked up these materi-
als, ground and mixed them as it transported them across
the country, and then deposited them as it melted. Some
soils, such as Barnes and Svea, consist of unsorted
material, or glacial till. Sardena and Eckman soils, for ex-
ample, consist of material sorted by water deposition.
Serden and Aylmer soils consist of material sorted by
wind and water after deposition.

Climate

Pierce County has a cool, dry-subhumid, continental cli-
mate characterized by long cold winters and a short
growing season during which the distribution of rainfall is
erratic. The climate does not vary much from place to
place and probably has not changed much during the
period of soil formation. The climate is favorable for
prairie vegetation.

Temperature and moisture affect the growth of plants,
the activity of micro-organisms, and the speed of chemical
reactions, particularly during the growing season. Rainfall
has not been sufficient for the deep leaching of the soils,
nor has it caused more than a minor amount of erosion.
Freezing and thawing help to disintegrate parts of the

glacial debris, and frost heaving helps mix soil materials,
thus affecting soil structure. The cool temperatures slow
the decay of plant and animal materials, thus promoting
the accumulation of organic matter. This process is
responsible for the large amount of organic matter in
Svea and Emrick soils.

Plant and animal life

Soil formation started in Pierce County when plants
began to grow in the unconsolidated material deposited
by the glacier. Well drained soils, such as Barnes and
Heimdal, formed under predominantly cool-season,
drought-resistant grasses. Tall, warm-season grasses
grow where the soils receive extra moisture.

Plant roots loosen the soil material and bring minerals
from the parent material upward toward the surface. As
the plants die and decay, they contribute organic matter,
which bacteria and other micro-organisms help to decom-
pose. Thus, nutrients leached out of the surface layer are
replaced, and a good supply is maintained for other
plants.

Earthworms and burrowing animals help mix the soil
material from various horizons and bring some fresh parent
material to the surface layer. Man’s activities, particularly
in altering drainage conditions, maintaining fertility, and
changing the kinds of vegetation, will have an important
effect on the rate and the direction of future soil formation.

Relief

Relief influences the formation of soils through its ef-
fect on runoff and drainage. If other soil-forming factors
are equal, relief largely determines the degree of profile
development, mainly because it controls the amount of
moisture in the soil. Because of excessive drainage, only a
little water is in the more sloping and coarser textured
soils; consequently vegetation is sparse and profile
development is slow. Among the soils affected by exces-
sive drainage are Buse, Esmond, and Sioux soils. On the
other hand, the excess water in areas that have poor
drainage also disturbs the process of soil formation. Par-
nell, Borup, Colvin, Tonka, and other soils are affected by
poor drainage.

Time

Time is necessary for the soil forming factors to act on
parent material. Generally, the length of time determines
whether the soil has reached an equilibrium with the en-
vironment. ,

The degree of profile development in most of the soils
in Pierce County has been affected more by other dif-
ferences than by the length of time, because the length of
time has been about the same for all soils. In terms of
geologic time, the soils are young because they formed
from material deposited in late Pleistocene time, which
ended about 11,000 years ago.



PIERCE COUNTY, NORTH DAKOTA 63

References

(1) American Association of State Highway [and Transportation] Offi-
cials. 1970. Standard specifications for highway materials and
methods of sampling and testing. Ed. 10, 2 vol,, illus.

(2) American Society for Testing and Materials. 1974. Method for clas-
sification of soils for engineering purposes. ASTM Stand. D 2487-
69. In 1974 Annual Book of ASTM Standards, Part 19, 464 pp.,
illus.

(3) Randich, P. G. 1971. Ground-water basic data: Benson and Pierce
Counties, North Dakota. USGS Bull. 59, part 2.

(4) United States Department of Agriculture. 1951. Soil survey manual.
U.S. Dep. Agric. Handb. 18, 503 pp., illus. {Supplements replacing
pp. 173-188 issued May 1962.]

(6) United States Department of Agriculture. 1975. Soil Taxonomy. A
basic system of soil classification for making and interpreting soil
surveys. Soil Conserv. Serv.,, U.S. Dep. Agri. Handb. 436, 754 pp.,
illus.

(6) United States Department of Interior. 1956. Wetlands of the
United States. Fish and Wildlife Serv. Cire. 39, 67 pp., illus.

Glossary

Alluvium, Material, such as sand, silt, or clay, deposited on land by
streams. '

Area reclaim. An area difficult to reclaim after the removal of soil for
construction and other uses. Revegetation and erosion control are
extremely difficult.

Association, soil. A group of soils geographically associated in a charac-
teristic repeating pattern and defined and delineated as a single
mapping unit.

Available water capacity (available moisture capacity). The capacity
of soils to hold water available for use by most plants. It is com-
monly defined as the difference between the amount of soil water
at field moisture capacity and the amount at wilting point. It is
commonly expressed as inches of water per inch of soil. The capaci-
ty, in inches, in a 60-inch profile or to a limiting layer is expressed

as—
Inches
VEry Iow ..ot es e cenvssss s snsessennes 0to3
Low ........ 3to6
MOAErAte ....ccoeeneececctrr st er e esserenon 6to9
High ..

Blowout. A shallow depression from which all or most of the soil
material has been removed by wind. A blowout has a flat or irregu-
lar floor formed by a resistant layer or by an accumulation of peb-
bles or cobbles. In some-blowouts the water table is exposed.

Clay. As a soil separate, the mineral soil particles less than 0.002 mil-
limeter in diameter. As a soil textural class, soil material that is 40
percent or more clay, less than 45 percent sand, and less than 40
percent silt.

Clay film. A thin coating of oriented clay on the surface of a soil ag-
gregate or lining pores or root channels. Synonyms: clay coat, clay
skin.

Claypan. A slowly permeable soil horizon that contains much more clay
than the horizons above it. A claypan is commonly hard when dry
and plastic or stiff when wet.

Coarse fragments. Mineral or rock particles up to 3 inches (2 millime-
ters to 7.5 centimeters) in diameter.

Coarse textured (light textured) soil. Sand or loamy sand.

Complex slope. Irregular or variable slope. Planning or constructing
terraces, diversions, and other water-control measures is difficult.

Complex, soil. A mapping unit of two or more kinds of soil oceurring in
such an intricate pattern that they cannot be shown separately on a
soil map at the selected scale of mapping and publication.

Compressible. Excessive decrease in volume of soft soil under load.

Consistence, soil. The feel of the soil and the ease with which a lump
can be crushed by the fingers. Terms commonly used to describe
consistence are—

Loose.—Noncoherent when dry or moist; does not hold together in a
mass.

Friable.—When moist, crushes easily under gentle pressure
between thumb and forefinger and can be pressed together into a
lump.

Fin‘:z.—When moist, crushes under moderate pressure between
thumb and forefinger, but resistance is distinctly noticeable.
Plastic—When wet, readily deformed by moderate pressure but
can be pressed into a lump; will form a “wire” when rolled between
thumb and forefinger.

Sticky.—When wet, adheres to other material and tends to stretch
somewhat and pull apart rather than to pull free from other materi-
al.

Hard.—When dry, moderately resistant to pressure; can be broken
with difficulty between thumb and forefinger.

Soft.—When dry, breaks into powder or individual grains under
very slight pressure.

Cemented.—Hard; little affected by moistening.

Contour stripcropping (or contour farming). Growing crops in strips
that follow the contour. Strips of grass or close-growing crops are
alternated with strips of clean-tilled crops or summer fallow.

Control section. The part of the soil on which classification is based.
The thickness varies among different kinds of soil, but for many it
is 40 or 80 inches (1 or 2 meters).

Cover crop. A close-growing crop grown primarily to improve and pro-
tect the soil between periods of regular crop production, or a crop
grown between trees and vines in orchards and vineyards.

Cutbanks cave. Unstable walls of cuts made by earthmoving equipment.
The soil sloughs easily.

Deferred grazing. A delay in grazing until range plants have reached a
specified stage of growth. Grazing is deferred in order to increase
the vigor of forage and to allow desirable plants to produce seed.
Contrasts with continuous grazing and rotation grazing.

Drainage class (natural). Refers to the frequency and duration of
periods of saturation or partial saturation during soil formation, as
opposed to altered drainage, which is commonly the result of artifi-
cial drainage or irrigation but may be caused by the sudden deepen-
ing of channels or the blocking of drainage outlets. Seven classes of
natural soil drainage are recognized:

Excessively drained.—Water is removed from the soil very rapidly.
Excessively drained soils are commonly very coarse textured, rocky,
or shallow. Some are steep. All are free of the mottling related to
wetness.

Somewhat excessively drained.—Water is removed from the soil
rapidly. Many somewhat excessively drained soils are sandy and
rapidly pervious. Some are shallow. Some are so steep that much of
the water they receive is lost as runoff. All are free of the mottling
related to wetness.

Well drained.—Water is removed from the soil readily, but not
rapidly. It is available to plants throughout most of the growing
season, and wetness does not inhibit growth of roots for significant
periods during most growing seasons. Well drained soils are com-
monly medium textured. They are mainly free of mottling.
Moderately well drained.—Water is removed from the soil
somewhat slowly during some periods. Moderately well drained soils
are wet for only a short time during the growing season, but
periodically for long enough that most mesophytic crops are af-
fected. They commonly have a slowly pervious layer within or
directly below the solum, or periodically receive high rainfall, or
both.

Somewhat poorly drained.—Water is removed slowly enough that
the soil is wet for significant periods during the growing season.
Wetness markedly restricts the growth of mesophytic crops unless
artificial drainage is provided. Somewhat poorly drained soils com-
monly have a slowly pervious layer, a high water table, additional
water from seepage, nearly continuous rainfall, or a combination of
these.

Poorly drained.—Water is removed so slowly that the soil is satu-
rated periodically during the growing season or remains wet for
long periods. Free water is commonly at or near the surface for
long enough during the growing season that most mesophytic crops
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cannot be grown unless the soil is artificially drained. The soil is not
continuously saturated in layers directly below plow depth. Poor
drainage results from a high water table, a slowly pervious layer
within the profile, seepage, nearly continuous rainfall, or a combina-
tion of these.

Very poorly drained.—Water is removed from the soil so slowly
that free water remains at or on the surface during most of the
growing season. Unless the soil is artificially drained, most
mesophytic crops cannot be grown. Very poorly drained soils are
commonly level or depressed and are frequently ponded. Yet, where
rainfall is high and nearly continuous, they can have moderate or
high slope gradients, as for example in “hillpeats” and “climatic
moors.”

Erosion. The wearing away of the land surface by running water, wind,
ice, or other geologic agents and by such processes as gravitational
creep.

Erosion (geologic). Erosion caused by geologic processes acting over
long geologic periods and resulting in the wearing away of moun-
tains and the building up of such landscape features as flood plains
and coastal plains. Synonym: natural erosion.

Erosion (accelerated). Erosion much more rapid than geologic ero-
sion, mainly as a result of the activities of man or other animals or
of a catastrophe in nature, for example, fire, that exposes a bare
surface.

Excess fines. Excess silt and clay. The soil does not provide a source of
gravel or sand for construction purposes.

Excess salts. Excess water soluble salts. Excessive salts restrict the
growth of most plants.

Fast intake. The rapid movement of water into the soil.

Favorable. Favorable soil features for the specified use.

Fine textured (heavy textured) soil. Sandy clay, silty clay, and clay.

Flooding. The temporary covering of soil with water from overflowing
streams, runoff from adjacent slopes, and tides. Frequency, dura-
tion, and probable dates of occurrence are estimated. Frequency is
expressed as none, rare, occasional, and frequent. None means that
flooding is not probable; rare that it is unlikely but possible under
unusual weather conditions; occasional that it occurs on an average
of once or less in 2 years; and frequent that it occurs on an average
of more than once in 2 years. Duration is expressed as very brief if
less than 2 days, brief if 2 to 7 days, and long if more than 7 days.
Probable dates are expressed in months; November-May, for exam-
ple, means that flooding can occur during the period November
through May. Water standing for short periods after rainfall or
commonly covering swamps and marshes is not considered flooding.

Frost action. Freezing and thawing of soil moeisture. Frost action can
damage structures and plant roots.

Genesis, soil. The mode of origin of the soil. Refers especially to the
processes or soil-forming factors responsible for the formation of
the solum, or true soil, from the unconsolidated parent material.

Glacial outwash (geclogy). Gravel, sand, and silt, commonly stratified,
deposited by melt water as it flows from glacial ice.

Glacial till (geology). Unassorted, nonstratified glacial drift consisting
of clay, silt, sand, and boulders transported and deposited by glacial
ice.

Glaciolacustrine deposits. Material ranging from fine clay to sand
derived from glaciers and deposited in glacial lakes by water
originating mainly from the melting of glacial ice. Many are inter-
bedded or laminated.

Grassed waterway. A natural or constructed waterway, typically broad
and shallow, seeded to grass as protection against erosion. Conducts
surface water away from cropland.

Gravel. Rounded or angular fragments of rock up to 3 inches (2 millime-
ters to 7.5 centimeters) in diameter. An individual piece is a pebble.

Habitat. The natural abode of a plant or animal; refers to the kind of
environment in which a plant or animal normally lives, as opposed
to the range or geographical distribution.

Horizon, soil. A layer of soil, approximately parallel to the surface, hav-
ing distinct characteristics produced by soil-forming processes. The
major horizons of mineral soil are as follows:

O horizon.—An organic layer, fresh and decaying plant residue, at
the surface of a mineral soil.

A horizon.—The mineral horizon, formed or forming at or near the
surface, in which an accumulation of humified organic matter is
mixed with the mineral material. Also, a plowed surface horizon
most of which was originally part of a B horizon.

A2 horizon.—A mineral horizon, mainly a residual concentration of
sand and silt high in content of resistant minerals as a result of the
loss of silicate clay, iron, aluminum, or a combination of these.

B horizon.—The mineral horizon below an A horizon. The B horizon
is in part a layer of change from the overlying A to the underlying
C horizon. The B horizon also has distinctive characteristics caused
(1) by accumulation of clay, sesquioxides, humus, or a combination
of these; (2) by prismatic or blocky structure; (3) by redder or
browner colors than those in the A horizon; or (4) by a combination
of these. The combined A and B horizons are generally called the
solum, or true soil. If a soil lacks a B horizon, the A horizon alone is
the solum.

C horizon.—The mineral horizon or layer, excluding indurated
bedrock, that is little affected by soil-forming processes and does
not have the properties typical of the A or B horizon. The material
of a C horizon may be either like or unlike that from which the
solum is presumed to have formed. If the material is known to
differ from that in the solum, the Roman numeral II precedes the
letter C.

R layer.—Consolidated rock beneath the soil. The rock commonly
underlies a C horizon, but can be directly below an A or a B
horizon.

Hydrologic soil groups. Refers to soils grouped according to their ru-
noff-producing characteristics. The chief consideration is the in-
herent capacity of soil bare of vegetation to permit infiltration. The
slope and the kind of plant cover are not considered, but are
separate factors in predicting runoff. Soils are assigned to four
groups. In group A are soils having a high infiltration rate when
thoroughly wet and having a low runoff potential. They are mainly
deep, well drained, and sandy or gravelly. In group D, at the other
extreme, are soils having a very slow infiltration rate and thus a
high runoff potential. They have a claypan or clay layer at or near
the surface, have a permanent high water table, or are shallow over
nearly impervious bedrock or other material. A soil is assigned to
two hydrologic groups if part of the acreage is artificially drained
and part is undrained.

Irrigation. Application of water to soils to assist in preduction of crops.
Methods of irrigation are—

Border.—Water is applied at the upper end of a strip in which the
lateral flow of water is controlled by small earth ridges called
border dikes, or borders.

Basin.—Water is applied rapidly to nearly level plains surrounded
by levees or dikes.

Controlled flooding.—Water is released at intervals from closely
spaced field ditches and distributed uniformly over the field.
Corrugation.—Water is applied to small, closely spaced furrows or
ditches in fields of close-growing crops or in orchards so that it
flows in only one direction.

Furrow.—Water is applied in small ditches made by cultivation im-
plements. Furrows are used for tree and row crops.
Sprinkler.—Water is sprayed over the soil surface through pipes or
nozzles from a pressure system.

Subirrigation.—Water is applied in open ditches or tile lines until
the water table is raised enough to wet the soil.

Wild flooding.—Water, released at high points, is allowed to flow
onto an area without controlled distribution.

Lacustrine deposit (geology). Material deposited in lake water and ex-
posed when the water level is lowered or the elevation of the land
is raised.

Large stones. Rock fragments 10 inches (25 centimeters) or more
across. Large stones adversely affect the specified use.

Liquid limit. The moisture content at which the soil passes from a
plastic to a liquid state.

Low strength. Inadequate strength for supporting loads.

Medium textured soil. Very fine sandy loam, loam, silt loam, or silt.

Miscellaneous areas. Areas that have little or no natural seil, are too
nearly inaccessible for orderly examination, or cannot otherwise be
feasibly classified.
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Moderately coarse textured (moderately light textured) soil. Sandy
loam and fine sandy loam.

Moderately fine textured (moderately heavy textured) soil. Clay loam,
sandy clay loam, and silty clay loam.

Mottling, soil. Irregular spots of different colors that vary in number
and size. Mottling generally indicates poor aeration and impeded
drainage. Descriptive terms are as follows: abundance—few, com-

and many; size— fine, and coarge; and con-

trast—faint, distinct, and prominent. The size measurements are of
the diameter along the greatest dimension. Fine indicates less than

5 millimeters (about 0.2 inch); medium, from 5 to 15 millimeters

(about 0.2 to 0.6 inch); and coarse more than 15 millimeters (about
0.6 inch).

Muck. Dark colored, finely divided, well decompoesed organic soil materi-
al mixed with mineral soil material. The content of organic matter is
more than 20 percent.

Neutral soil. A soil having a pH value between 6.6 and 7.3.

Outwash, glacial. Stratified sand and gravel produced by glaciers and
carried, sorted, and deposited by water that originated mairly from
the melting of glacial ice. Glacial outwash is commonly in valleys on

landforms known as valley trains, outwash terraces, eskers, kame
terraces, kames, outwash fans, or deltas.

Outwash plain. A landform of mainly sandy or coarse textured material

mon, medium,

of glaciofluvial origin. An outwash plain is commonly smooth; where
pitted, it is generally low in relief.

Parent material. The great variety of unconsolidated organic and

mineral material in which soil forms. Consolidated bedrock is not
yet parent material by this concept.

Pedon. The smallest volume that can be called “a soil.” A pedon is three
dimensional and large enough to permit study of all horizons. Its
area ranges from about 10 to 100 square feet (1 square meter to 10
square meters), depending on the variability of the soil.

Percs slowly. The slow movement of water through the soil adversely
affecting the specified use.

Permeability. The quality that enables the soil to transmit water or air,
measured as the number of inches per hour that water moves
through the soil. Terms describing permeability are very slow (less
than 0.06 inch), slow (0.06 to 0.20 inch), moderately slow (0.2 to 0.6
inch), moderate (0.6 to 2.0 inches), moderately rapid (2.0 to 6.0

inches), rapid (6.0 to 20 inches), and very rapid (more than 20
inches).

Phase, soil. A subdivision of a soil series or other unit in the soil clas-
sification system based on differences in the soil that affect its
management. A soil series, for example, may be divided into phases
on the basis of differences in slope, stoniness, thickness, or some

other characteristic that affects management. These differences are
too small to justify separate series.

Piping. Moving water forms subsurface tunnels or pipelike cavities in
the soil.

Pitting. Formation of pits as a result of the melting of ground ice after
the removal of plant cover.

Plasticity index. The numerical difference between the liquid limit and

the plastic limit; the range of moisture content within which the soil
remains plastic.

Poor outlets. Surface or subsurface drainage outlets difficult or expen-
sive to install.

Profile, soil. A vertical section of the soil extending through all its
horizons and into the parent material.

Reaction, soil. The degree of acidity or alkalinity of a soil, expressed in
pH values. A soil that tests to pH 7.0 is described as precisely

neutral in reaction because it is neither acid nor alkaline. The
degree of acidity or alkalinity is expressed as—

pH
Extremely acid ....Below 4.5
Very strongly acid.. .4.5 to 5.0
Strongly acid........ .5.1t0 5.5
Medium acid .. .5.6 to 6.0
....6.1 to 6.5
6.6 t0 73

Mildly alkaline ....

Moderately alkaline
Strongly alkaline .......
Very strongly alkaline

Relief. The elevations or inequalities of a land surface, considered col-
lectively.

Rooting depth. Shallow root zone. The soil is shallow over a layer that
greatly restricts roots. See Root zone.

Root zone. The part of the soil that can be penetrated by plant roots.

Runoff. The precipitation discharged in stream channels from a
drainage area. The water that flows off the land surface without
sinking in is called surface runoff; that which enters the ground be-
fore reaching surface streams is called ground-water runoff or
seepage flow from ground water.

Saline-alkali soil. A soil that contains a harmful concentration of salts
and exchangeable sodium; contains harmful salts and is strongly al-
kaline; or contains harmful salts and exchangeable sodium and is
very strongly alkaline. The salts, exchangeable sodium, and alkaline
reaction are in the soil in such location that growth of most crop
plants is less than normal.

Saline soil. A soil containing soluble salts in an amount that impairs
growth of plants. A saline soil does not contain excess exchangeable
sodium.

Sand. As a soil separate, individual rock or mineral fragments from 0.05
millimeter to 2.0 millimeters in diameter. Most sand grains consist
of quartz. As a soil textural class, a soil that is 85 percent or more
sand and not more than 10 percent clay.

Seepage. The rapid movement of water through the soil. Seepage adver-
sely affects the specified use.

Series, soil. A group of soils, formed from a particular type of parent
material, having horizons that, except for the texture of the A or
surface horizon, are similar in all profile characteristics and in ar-
rangement in the soil profile. Among these characteristics are color,
texture, structure, reaction, consistence, and mineralogical and
chemical composition.

Shrink-swell. The shrinking of soil when dry and the swelling when
wet. Shrinking and swelling can damage roads, dams, building foun-
dations, and other structures. It can also damage plant roots.

Silt. As a soil separate, individual mineral particles that range in diame-
ter from the upper limit of clay (0.002 millimeter) to the lower limit
of very fine sand (0.05 millimeter). As a soil textural class, soil that
is 80 percent or more silt and less than 12 percent clay.

Slick spot. Locally, a small area of soil having a puddled, crusted, or
smooth surface and an excess of exchangeable sodium. The soil is
generally silty or clayey, is slippery when wet, and is low in produe-
tivity.

Slope. The inclination of the land surface from the horizontal. Percent-
age of slope is the vertical distance divided by horizontal distance,
then multiplied by 100. Thus, a slope of 20 percent is a drop of 20
feet in 100 feet of horizontal distance.

Slow intake. The slow movement of water into the soil.

Soil. A natural, three-dimensional body at the earth’s surface that is
capable of supporting plants and has properties resulting from the
integrated effect of climate and living matter acting on earthy
parent material, as conditioned by relief over periods of time.

Solum. The upper part of a soil profile, above the C horizon, in which
the processes of soil formation are active. The solum in mature soil
consists of the A and B horizons. Generally, the characteristics of
the material in these horizons are unlike those of the underlying
material. The living roots and other plant and animal life charac-
teristies of the soil are largely confined to the solum.

Stones. Rock fragments 10 to 24 inches (25 to 60 centimeters) in diame-
ter.
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Stony. Refers to a soil containing stones in numbers that interfere with
or prevent tillage.

Striperopping. Growing crops in a systematic arrangement of strips or
bands which provide vegetative barriers to wind and water erosion.

Structure, soil. The arrangement of primary soil particles into com-
pound particles or aggregates that are separated from adjoining ag-
gregates., The principal forms of soil structure are—platy
(laminated), prismatic (vertical axis of aggregates longer than
horizontal), columnar (prisms with rounded tops), blocky (angular
or subangular), and granular. Structureless soils are either single
grained (each grain by itself, as in dune sand) or massive (the parti-
cles adhering without any regular cleavage, as in many hardpans).

Stubble mulch. Stubble or other crop residue left on the soil, or partly
worked into the soil, to provide protection from soil blowing and
water erosion after harvest, during preparation of a seedbed for the
next crop, and during the early growing period of the new crop.

Subsoil. Technically, the B horizon; roughly, the part of the solum below
plow depth.

Subsurface layer. Technically, the A2 horizon. Generally refers to a
leached horizon lighter in color and lower in content of organic
matter than the overlying surface layer.

Summer fallow. The tillage of uncropped land during the summer to
control weeds and allow storage of moisture in the soil for the
growth of a later crop. A practice common in semiarid regions,
where annual precipitation is not enough to produce a crop every
year. Summer fallow is frequently practiced before planting winter
grain.

Surface soil. The soil ordinarily moved in tillage, or its equivalent in un-
cultivated soil, ranging in depth from 4 to 10 inches (10 to 25 cen-
timeters). Frequently designated as the “plow layer,” or the “Ap
horizon.”

Taxadjuncts. Soils that cannot be classified in a series recognized in the
classification system. Such soils are named for a series they
strongly resemble and are designated as taxadjuncts to that series

because they differ in ways too small to be of consequence in in-
terpreting their use or management.

Texture, soil. The relative proportions of sand, silt, and clay particles in
a mass of soil. The basic textural classes, in order of increasing pro-
portion of fine particles, are sand, loamy sand, sandy loam, loam,
gilt, silt loam, sandy clay loam, clay loam, silty clay loam, sandy
clay, silty clay, and clay. The sand, loamy sand, and sandy loam
classes may be further divided by specifying “coarse,” “fine,” or
“very fine.”

Thin layer. Otherwise suitable soil material too thin for the specified
use.

Tilth, soil. The condition of the soil, especially the soil structure, as re-
lated to the growth of plants. Good tilth refers to the friable state
and is associated with high noncapillary porosity and stable strue-
ture. A soil in poor tilth is nonfriable, hard, nonaggregated, and dif-
ficult to till.

Topsoil (engineering). Presumably a fertile soil or soil material, or one
that responds to fertilization, ordinarily rich in organic matter, used
to topdress roadbanks, lawns, and gardens.

Upland (geology). Land at a higher elevation, in general, than the alluvi-
al plain or stream terrace; land above the lowlands along streams.

Water table. The upper limit of the soil or underlying rock material that
is wholly saturated with water.

Water table, apparent. A thick zone of free water in the soil. An ap-
parent water table is indicated by the level at which water stands
in an uncased borehole after adequate time is allowed for adjust-
ment in the surrounding soil.

Water table, artesian. A water table under hydrostatic head,
generally beneath an impermeable layer. When this layer is
penetrated, the water level rises in an uncased borehole.

Water table, perched. A water table standing above an unsaturated
zone. In places an upper, or perched, water table is separated from
a lower one by a dry zone.



INlustrations



SOIL SURVEY

68

Figure 1.—Relief and drainage in Pierce County.
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Figure 2.—Typical pattern of soils and underlying material in Swenoda-Hecla-Embden-Stirum.

Figure 3.—Typical pattern of soils and underlying material in Gardena.
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Figure 5.—Typical pattern of soils and underlying material in Emrick-Heimdal-Fram.
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Figure 7.—Hazard of soil blowing on Hecla loamy fine sand, 0 to 3 percent slopes.
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Figure 8.—Profile of Hamerly loam showing the dark colored surface Figure 9.—Profile of Barnes loam showing the dark colored surface
layer and the light colored layer of lime accumulation. layer and the subsoil and the light colored underlying material.

Figure 10.—Grazing on Esmond-Heimdal very stony loams, 9 to 25 percent slopes, in background. Typical landscape of
Emrick loam in foreground.
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Figure 11.—Profile of Heimdal loam.

Figure 12.—Landscape of Heimdal-Esmond loams, 3 to 9 percent slopes. The light colored ridge crests and knolls are
Esmond loams. The dark areas are Heimdal loam.
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Figure 13.—Small grain stubble on Gardena silt loam, 0 to 3 percent slopes, on glacial lake plain. In background is the
glacial till plain.

Figure 14.—Profile of Eckman silt loam showing the dark colored
surface layer and subsoil and the light colored underlying material.
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Figure 15.—Small grain on Letcher fine sandy loam, 0 to 3 percent slopes.

Figure 16.—Profile of Sioux sandy loam showing the thin dark surface
layer and the gravelly subsoil.
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Figure 17.—Blowout in native grass pasture of Serden soils, 0 to 15 percent slopes.
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TRecorded in the period 1951-74 at Rugby, N. Dak.

It can be calculated by adding the

and subtracting the temperature below which

dividing the sum by 2,

2y growing degree day is a unit of heat available for plant growth.
growth is minimal for the principal crops in the area (400 F).

maximum and minimum daily temperatures,
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TABLE 2.--FREEZE DATES IN SPRING AND FALL

1 year in 1

0

earlier than--

2 years in
earlier th

5 years in

10
an--

10

earlier than--

September 26

October

October

2

12

September 13

September 19

September 30

September U

September 9

September 18

)
1
E Temperature'
1
-Probability ! 240 F ] 280 F | 329 F
|__or lower I _or lower }__or_lower
[l 1 ]
1 1 t
Last freezing ! |
temperature ] i ]
in spring: ] )
1 1 !
H 1 1
1 year in 10 } j )
later than-- | May 7 1 May 18 | May 30
] 1 ]
1 1 ]
2 years in 10 ! ' i
later than-- | May 2 | May 14 ) May 25
1 1 ]
1 1 ]
5 years in 10 ] ! }
later than-- | April 23 | May 6 4 May 16
1 ] 1
| 5 |
First freezing ! ! !
temperature ) i !
in fall: ) ) ]
] ] !
1 1 |
1 ] 1
| | i
1 ) 1
b ] 1
| ! !
) 1 1
1 1 1
| ) )
! ] ]
! 1 1
! | ]
1 1 ]
1 1] 1
L 1 1

TRecorded in the period 1951-74 at Rugby, N, Dak.

TABLE 3.--GROWING SEASON LENGTH

Daily minimum temperature
during growing season

J
)
|
)
Probability | Higher }  Higher !  Higher

| than i than ! than
H 240 F 1 280 F H 320 F
] Days } Days ] Days
1 1 !
1 1 1

9 years in 10 | 152 ! 126 | 106
1 1 ]
t 1 1

8 years in 10 ! 159 ! 133 ) 112
] ] t
I ) 1

5 years in 10 | 172 ! 147 ! 124
1 1 1
1 t 1

2 years in 10 | 185 J 160 ! 137
1 1 ]
1 ] 1

1 year in 10 !} 191 ! 167 1 143
] ] ]
L L 1

TRecorded in the period 1951-74 at

Rugby, N.

Dak.
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TABLE 4.--ACREAGE AND PROPORTIONATE EXTENT OF THE SOILS

1 ] ]
1 1 1
Map i Soil name i Acres |Percent
gxgboli 5 |
]
I 1 }
1 iTonka silt lo@M-==meeemeer oo cccccccccccccccccccccccccc—mo—o—mmm o —— i 3,775 | 0.6
2 {Parnell silty clay lo@Meeeeecm oo e i 6,745 | 1.0
3 1Colvin silty clay loam, Webleweemeemccm e c e c e e e e ) 1,085 | 0.2
7 IFossum 801ilS, S8line=ceeaammcc e oo e | 540 | 0.1
12 |Hegne silty Clay-=meeeem oo c e e cccccmcccr e e e e e ; 2,430 | 0.4
13 IHegne silty clay, Wel=memmeeemce oo e cm e ccccccccccmcmmmcco oo m e emme ) 1,560 | 0.2
14 {Bearden silty clay l0@M-=eececcmcccmcm e e e e e e e e o e | 3,480 | 0.5
15 |Bearden silty clay loam, Salif@ee-eeceececeeoccroccmcccccccccccmcccccccccmcc e ee : 2,465 | 0.4
16 10verly silty clay l0@Me—m——ecccc oo cmmm e m oo e e e | 2,865 | 0.4
17 1Colvin silty €lay 108Meeeemm oo oo e e e m e m e ) 2,010 | 0.3
18 1Colvin silty clay loam, channelede--ccemc oo mc oo e 1 2,600 | 0.4
20 IPitS, Eravele——meee e oo eeeeceememeememememmeme—mmeememeee—————— ] 275 | M
24 lHecla-Ulen loamy fine sands, 0 to 3 percent slopeS—-—-e-emecacacmcccccccmccccccaa—- | 8,920 | 1.3
25 !Hecla loamy fine sand, 0 to 3 percent SlopeS—==-ccccmcmcccmcm o mm e eeee e 1 26,055 | 3.9
26B iMaddock loamy fine sand, 3 to 6 percent slopeS—eeec-cmmccmmcmmmcmom oo eemeee ) 7,395 | 1.1
27C !Maddock loamy fine sand, 6 to 15 percent SlopeS-—-==-e-cccccmccccccccccccm e cnnne H 820 | 0.1
29 iTowner loamy fine sand, 0 to 3 percent SlopeS=----e—cccccmcmcccccccccccccmccccnnan— ) 1,690 | 0.3
31B | Towner-Dickey loamy fine sands, 3 to 6 percent sSlopeS-—----ecemccccccccccccccccaao- i 8,680 | 1.3
32C iDickey loamy fine sand, 6 to 15 percent slopeS-—ec-ccccccmccmcccccmmcm e 1 4,780 | 0.7
34 ITiffany fine sandy l0a@Me--meeeccccccccccmccccccr e ccccccccccccccmoe— e mm— o — = i 710 | 0.1
35 |Embden fine sandy loam, 0 to 3 percent SlOpeS-=—-wcecccmcccccccccccmcm e oo ! 17,625 | 2.7
36B |Embden-Egeland fine sandy loams, 3 to 6 percent slopeS----=co———moeomacmcmmecccee H 5,605 | 0.8
37C {Egeland fine sandy loam, 6 to 9 percent sSlopeS-—eeeccccccccmccccccmmo oo oo ! 490 | 0.1
39 !Swenoda fine sandy loam, 0 to 3 percent SlopeS===ceecccccccmcmocc oo eeeem i 8,615 | 1.3
418 iSwenoda fine sandy loam, 3 to 6 percent slopeS==--——c-mcmmmmmmm e | 22,345 | 3.4
y2c |Swenoda fine sandy loam, 6 to 9 percent SlopeSe—=cecceccmccccccm oo mmmc e eeeeeeae ! 8,760 | 1.3
43 IWyndmere fine sandy lO0&Me—==mcecmc oo ccc oo r e nee e ! 3,770 1 0.6
Uy IFOSSUM 801lSecmmcccc e r e cccccm e e o m e ) 9,445 | 1.4
49 {Hamerly loam, 0 to 3 percent SlopeS-—-—=—mem oo e | 3,115 | 0.5
50 !Svea loam, 0 to 3 percent SlopeSe==memmeemecccccccccccccccmcccccccc e es e ee e i 1,345 | 0.2
51 iBarnes-Svea loams, 0 to 3 percent SlopeS-—--eccemmmmcm e | 23,160 | 3.5
518 |Barnes-Svea loams, 3 to 6 percent SlopES===ee—mecccce e cccecccccccccccccme o m e | 9,410 | 1.4
53B |Barnes-Buse loams, 3 to 6 percent SlopeS--=eccecccecccmccc o mmc e eeeemnmee j 2,665 | 0.4
53C |Barnes-Buse loams, 6 to 9 percent SlOpES~—-mmmmmm e oo oo | 1,920 | 0.3
55F |Esmond-Heimdal very stony loams, 9 to 25 percent sSlopeSece--mmmemememomcomcmmnaaao } 6,320 | 1.0
56 |Cresbard-Svea loams, O to 3 percent 8lOpPES—ceommmo— oo e H 2,885 | 0.4
57 IVallers loaMe-ceccmrmmeec-eecccccceeeccceseecm e e e me e o cmccc————ccem——— ] 3,630 | 0.5
58 IVallers loam, Salin@=—eeec oo omm oo e e | 3,245 | 0.5
59 |Hamerly-Tonka complex, 0 to 3 percent slopeS=--ccccccccmomm e 1 11,485 | 1.7
60 {Emrick loam, O to 3 percent SlOpPeS————mmmmmm s oo oo e ! 8,530 | 1.3
60B lEmrick loam, 3 to 6 percent SlopeS—-emmcccmc o c o ! 2,465 | 0.4
61B 'Heimdal and Emrick very stony loams, 3 to 9 percent 5lopeS—-ce-ccmemccmcaeccnacacaa- | 1,165 | 00.2
62 IEmrick-Heimdal loams, 0 to 3 percent SlOpeS=memeeem oo e e e | 41,940 | 6.3
62B |Emrick-Heimdal loams, 3 to 6 percent SlopeS=m—m————meeceecccccccccmccmmocmmo o eneaee i 90,430 | 13.6
62C lHeimdal-Emrick loams, 6 to 9 percent SlopeS-=—-——ecccccccccccccmcccmmm e | 16,985 | 2.6
63D |Esmond-Heimdal loams, 9 to 15 percent SlopeS--=—-eccccecmcccmocmmmmomeeemccccee ! 29,195 | 4,4
63F |Esmond-Heimdal loams, 15 to 35 percent SlOpeS=-—m-mememmmcmccccccccmecme e | 4,245 | 0.6
6uC {Heimdal-Esmond loams, 3 to 9 percent slopeS----—--ccccccmcccccccrmcr e e i 21,925 | 3.3
65 IFram loam, 0 to 3 percent SlopeS=-——eeee—caccccmccc oo e e } 17,510 | 2.6
66 |Gardena silt loam, 0 to 3 percent SlOpPeS=emmmemomce oo i 36,125 | 5.5
678 IGardena silt loam, 3 to 6 percent SlopeS--=memeeccccmcccmcccmccom oo e memeeee 1 7,515 | 1.1
68C |Eckman silt loam, 6 to 9 percent SlOpeS==meemmme—mmo oo o e ! 815 | 0.1
70 IGlyndon silt loam, 0 to 3 percent SloOpeS=—=eec—mc—ecmmcaceacccmmccccccc e n e e ) 5,610 0.8
71 |Gardena silt loam, clayey substratum, 0 to 3 percent slopeS----c-c-ccccmccmmmmnncnuux ] 12,840 | 1.9
72 |Glyndon silt loam, saline, 0 to 3 percent slopeS-—---------mecmmmcca e | 6,060 | 0.9
73 }Borup and Fossum 50ils, Wel-meememmcmcm o e ccccccm e m e m e e e e e ! 4,180 | 0.6
T4 1Borup Silt lo@Me == eme oo e e cc e mmmm e 1 3,005 | 0.5
75 !Borup silt loam, salin@eee-meememcccccmcc e e —mceeeee—ee— } 3,025 | 0.5
78 IEmrick-Cathay loams, 0 to 3 percent SlOpeS—==eeeeem—ccmc e oo mmeccccee e~ \ 1,345 | 0.2
80 {Cathay loam, 0 to 3 percent SlOpPeS=meececmmcccc oo ) 9,075 | 1.4
80B {Cathay loam, 3 to 6 percent SlOpeS=—memmmecmmocccoc oot cccee e | 2,975 | 0.4
81 }Cathay-Gardena silt loams, 0 to 3 percent slopeS--—-----c-ccccmmrmcrcm e e e i 7,825 | 1.2
82 iLetcher fine sandy loam, 0 to 3 percent SlopeS-=-cececccmccmc e em e eee | 4,190 | 0.6
88B {Arvilla soils, 0 to 6 percent slopes-—--=-e--ceccca- e e emeeeee—eme——————— ! 10,080 | 1.5
89C 1Sioux soils, 1 to 15-percent SlopeS==-—m——— - emm e e ] 3,505 | 0.5
90C }Serden soils, 0 to 15 percent SlOpPES=memem—m e cc oo e e e | 8,835 | 1.3
95 iDivide loam, 0 to 3 percent SlopES-—=emmececm oo mdccccccmmmcmce e m oo ] 2,080 | 0.3
96 JAQUENt Smm e e e e e e e e e e i 7,960 | 1.2
100 1Stirum soils, 0 to 3 percent SlopeS=-emcemmcc e e ! 32,930 | 5.0
104 AQUOL L S mm e s e e e e e e e e e e e e | 19,025 | 2.9

See footnote at end of table.
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TABLE 4.--ACREAGE AND PROPORTIONATE EXTENT OF THE SOILS--Continued

81

] 1 1
] 1 1
Map |} Soil name ! Acres |Percent

symbol} ! !
1 ] 1
1 1 ]

105 JAylmer-Fossum complex, 0 t0 6 percent S1OPeS-—-—---~=ceemmmacc oo mccmmm—mcmm—emm ! 5,615 0.9
! Water less than 40 acreS——e—oeom oo e o i 536 | 0.1
1 ] i
1 o —————— | mm————
| Total Survey area-———-— oo e ! 664,256 | 100.0
) ] ]
] ] 1
| Water greater than 40 inCheS=eeeee oo oo oo e cccemcmcceee o ! 28,864 |
] ] 1
! Jemmme e
! Total area-—cemc oo oo e ! 693,120 |
1 1
1 1

TLess than 0.1 percent.
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TABLE 5.--YIELDS PER ACRE OF CROPS AND PASTURE

Absence of a yield figure indicates the

[A11 yields were estimated for a high level of management in 1975.

crop is seldom grown or is not suited]
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TABLE 5,--YIELDS PER ACRE OF CROPS AND PASTURE--Continued
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TABLE 5.--YIELDS PER ACRE OF CROPS AND PASTURE--Continued

Grass-
legume hay

e e e ]
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Soil name and
map symbol
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1This map unit is made up of two or more dominant kinds of soil. See map unit description for the

composition and behavior of the whole map unit.
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TABLE 6.--WINDBREAKS AND ENVIRONMENTAL PLANTINGS

[The symbol < means less than; the symbol > means greater than. Absence of an entry means soil does not normally
grow trees of this height class]

Trees having predicted 20-year average heights, in feet, of--
] 1

Soil name and

peashrub, lilac,
American plum.

crabapple,
eastern redcedar,

)
1
| ! j
map symbol 5 <8 5 8-15 3 16-25 E 26-35 3 >35
: : : : :
1 1 1 1 1
Tonka | ! ! ] !
L e L |Siberian peashrub, |Eastern redcedar, }American elm, }Siberian elMe-ewe-- |Eastern
| Tatarian ! Rocky Mt. | green ash, | | cottonwood.
| honeysuckle. | juniper, common | ponderosa pine, | !
| | chokecherry. | Black Hills | !
| ! | spruce, blue !
) ! | spruce. ) ]
] ] 1 ] 1
] 1 t ] Ll
Parnell: | | ! ! !
2. | | ! ' |
1 1 ] ] ]
] 1 1 1 1
Colvin: ! ! ! ' )
e T ! -— ! -—- ! -—- ) - | ---
1 1 ] ] 1
1 1 1 1 1
F?ssum: ! ! ! | !
7. i ! ! | !
] 1l ] ] 1
I 1 1 1 1
Hegne: | ! ! | )
12emcccc e | - iTall purple |Russian-olive, |Green ash, |Eastern
| | willow, redosier | eastern redcedar,| American elm. | cottonwood,
| | dogwood, Tatarian} northern white- | | golden willow,
1 | honeysuckle, | cedar. ! ! Siberian elm.
! ! Siberian ! ! !
} ! peashrub. ! ! !
1 t ] ! 1
1 1 1 ] ]
13. 1 | ! i !
1 1 1 ! ]
1 1 1 1 I
Bearden: | ! ! ! |
L e e e L B | - |Eastern redcedar, |Ponderosa pine, |Siberian elm, |Eastern
i ! common i Black Hills | American elm, | cottonwood.
| | chokecherry, | spruce. | green ash. |
) | Siberian i |
] ! peashrub, | ! |
! | Tatarian ! ! !
! ! honeysuckle, ! ' i
! ! American plum. ' | |
! ] i ) i
15, ! ! ! 1 |
| 1 ! 1 ]
1 i 1 ] ]
Overly ! ! ' ) |
10mmmm e eeem ! ——— |Eastern redcedar, |Ponderosa pine, }Siberian elm, |Eastern
| ! Rocky Mt, | Black Hills | American elm, | cottonwood.
| ! juniper, common | spruce, blue | green ash. !
! ! chokecherry, ! spruce, Russian- | )
! | Siberian ! olive. ! ]
i 5 peashrub. i | 5
]
1 b 1 1 1
Colvin: | } H ! |
17, 18ocomonnnes : --- 1 --- : --- : - : ---
1 t ] 1 1
. 1 1 L] ) 1
Pits, gravel: ! ! ! ! !
20. | ! ! | )
H 1 ] ] 1
1 1 1 ] 1
Hecla: ! ] ! ! !
T2u: ! ! ! | }
Hecla part----- ! —— | Common {Hackberry, blue iGolden willow, {Eastern
| chokecherry, | spruce, green | ponderosa pine. | cottonwood.
! Siberian ! ash, Siberian ! !
] 1 1 }
! | | )
] ) 1 ]
1 ] ] t
1 1 ] 1

See footnote at end of table.
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TABLE 6.--WINDBREAKS AND ENVIRONMENTAL PLANTINGS--Continued

Dic

32C.

Tif

Towner part----

Dickey part----

key:

fany:

Lilac, Tatarian
honeysuckle,
American plum,
golden currant.

Eastern redcedar,
Siberian
peashrub, Rocky
Mt. juniper,
common
chokecherry,
Tatarian
honeysuckle,
American plum.

Green ash, eastern
redcedar,
Russian-olive.

Siberian elm,

ponderosa pine,

green ash,
Russian-olive,

Siberian elm,

ponderosa pine,

Trees_having predicted 20-year average heights, in feet, of--
Soil name and i | ! ]
map symbol <8 | 8-15 16-25 26-35 | >35
1 1
! T
Hecla: !
Ulen part------ - Eastern redcedar, |Red pine, jack -— ! —_—
Russian-olive, pine, ponderosa !
Siberian pine, Austrian 1
crabapple, silver| pine, hackberry, )
buffaloberry, bur oak. |
Tatarian |
honeysuckle, i
Siberian !
peashrub. i
]
1
e bttt ——— Common Hackberry, blue Golden willow, {Eastern
chokecherry, spruce, green ponderosa pine, | cottonwood.
Siberian ash, Siberian }
peashrub, lilac, crabapple, i
American plum. eastern redcedar, !
) 1
1
Maddock:
26B ______________ - - Siberian elm, - } -
American elm, |
green ash, )
ponderosa pine. }
]
]
217¢C. |
t
1
Towner: 1
o PR - Eastern redcedar, !Siberian elm, - } -——
Siberian ponderosa pine, ]
peashrub, Rocky green ash, |
Mt . juniper, Russian-olive. |
common H
chokecherry, ]
Tatarian }
honeysuckle,
American plum. |
]
I
1318B: )
i
1
1
1
1
|
t
1
1
1
!
1
1
1
I
1
t
1
1
]
1
1
1
]
)
!
1
1
1
]
]
1
t
|
]
I
]

34

- e e e e e e e e e e e e e e e e e et et e e e e e e e e st s o e e et e o e e St i i b e o e e e e i i i b m o s e e e e e m

See footnote at

end of table.

Eastern redcedar,
American plum,
common
chokecherry,
Siberian
peashrub,
Tatarian
honeysuckle.

i
1
1
1
1
1
1
1
1
]
]
I
H
1
1
1
1
[}
1
t
1
1
1
1
|
1
'
1
]
1
]
I
|
!
1
I
!
1
1
I
]
1
1
]
1
1
i
!
i
1
1
1
]
1
[}
I
i
1
]
1
i
1
1
[}
I
l
1
[}
1
]
]
]
1
1
1
1
1
+
1
I
|
t
1
4
]
1
1
1
§
|
|
|
1
1
]
[}
i
1
1
|
1
t
1
1
t
1
1
1
H
1
1
I
1
I
I
|
]
I
1
1
i
1
H
I
1
1
1
1
1
1
|
1
]
1

American

elm,

green ash,

ponderosa pine,

Black Hills

spruce,
spruce.

blue

1
1
1
!
1
1
1
!
!
1
]
1
1
1
1
1
1
1
1
1
1
1
1
1
1
[}
]
|
]
I
1
3
]
1
i
|
1
1
1
1
1
i}
!
1
i
t
1
1
[}
1
]
1
i
1
]
1
t
1
1
1
|
1
!
i
1
!
1
]
1
]
]
i
1
i
1
1
1
t
1
1
1
i
1
1
1
)
1
1
1
1
1
]
[}
'
1
1
1
1
1
i
1
!
1
!
!
1
i
1
1
]
1
[}
|
]
1
1
1
t
1
i
t
H
1
!
1
1
1
i
1
|
|
i

Siberian elm

Eastern
cottonwood.
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TABLE 6.--WINDBREAKS AND ENVIRONMENTAL PLANTINGS--Continued

87

| Trees having predicted 20-vear average heights, in feet, of--
Soil name and | | ! ) !
map symbol | <8 | 8-15 ! 16-25 ! 26-35 | >35
H L ! | 1
i ) i | !
Embden: ) | i i )
K T T TR ! - {Eastern redcedar, |Ponderosa pine, iSiberian elm, |Eastern
} | Rocky Mt. } Black Hills | American elm, | cottonwood.
! ! juniper, common |} spruce. | green ash, !
! ! chokecherry, ! ! !
! ! Siberian ! ! i
! ! peashrub, | ! !
! ! Tatarian ) | !
! ! honeysuckle, ! ! !
i ! American plum. ! ! i
1 1 t
1 ] 1 1 1
136B: | ) i ; |
Embden part----| - {Eastern redcedar, |Ponderosa pine, {Siberian elm, {Eastern
| | Rocky Mt. | Black Hills ! American elm, | cottonwood.
H | juniper, common | spruce. | green ash. ]
! ! chokecherry, | |
) ! Siberian ! ! |
! ! peashrub, ! | ]
] ! Tatarian ! ! !
! | honeysuckle, ! ! i
i E American plum. é j i
1 1 1 t 1
Egeland part---|{Silver }Eastern redcedar, |Green ash, | -—- | -—-
| buffaloberry, | common | hackberry, 1 )
| Peking } chokecherry, | ponderosa pine, | !
} cotoneaster, i Siberian | Siberian | i
} lilac, American | peashrub. | crabapple, ! )
E plum, i ! Russian-olive. i E
]
1 ] 1 1 1
Egeland: ! | ! ! !
37Cemmm e !Silver |Eastern redcedar, |Green ash, ! -— | ---
! buffaloberry, ! common ! hackberry, ! !
| Peking | chokecherry, | ponderosa pine, | )
| cotoneaster, | Siberian } Siberian i |
| lilac, American | peashrub. | crabapple, ! 1
i plum. i ! Russian-olive. E i
1
t 1 t 1 ]
Swenoda: ! ] ! ! !
39, 41B, U42C~---- 1Silver |Eastern redcedar, |Green ash, ) -—- i -—-
! buffaloberry, | common ! hackberry, ! }
! Peking | chokecherry, ! ponderosa pine, | |
| cotoneaster, | Siberian i Siberian } i
} lilac, American | peashrub, | crabapple, 1 )
E plum. ! ! Russian-olive. | !
] ] ]
1 ! ] ] ]
Wyndmere: ! ! ! ] i
[ Py ! - |Eastern redcedar, |American elm, !Siberian elme=w-==~ iEastern
1 | Rocky Mt. | green ash, ' | cottonwood.
! ! juniper, common | ponderosa pine, | |
! | chokecherry, ! Black Hills !
1 ! Siberian ! spruce, blue ! !
! | peashrub. i spruce, Russian- | 1
! ! | olive. !
| ] | | ]
Fossum ! ! ! ! |
LT | - |Tatarian l|Russian-olive-===- I1Green asheee-maaa- |Eastern
| ! honeysuckle, ! | | cottonwood,
i | Siberian ! ! ! Siberian elm,
! ! peashrub. ) ! %
! 1 i ! i
Hamerly: ! ] ! ! |
I ! ——— {Eastern redcedar, }Ponderosa pine, !Siberian elm, |Eastern
1 | American plum, | Black Hills | American elm, | cottonwood.
! | common ! spruce, blue | green ash. !
] | chokecherry, | spruce, Russian- | |
! ! Siberian | olive. ] !
! ! peashrub. ! ) ]
| | | ] '
See footnote at end of table.
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TABLE 6,--WINDBREAKS AND ENVIRONMENTAL PLANTINGS--Continued

Soil name and
map symbol

<8

Trees _having predicted 20-vear average heights, in feet, of--
! 1

8-15

16-25

26-35

>35

Svea:

Barnes:
151:
Barnes part----

Svea parte-----

1518
Barnes part----

Svea parte-ee--

1538
Barnes part----

Buse parte-----

See footnote at

end of table.

1
1
1
1
1
1
+
1
|
1
+
1
|
]
|
]
1
1
1
]
1
1
1
1
1
1
b
I
]
1
!
1
[l
1
1
1
)
1
1
1
1
i
]
1
1
1
!
b
ll
]
1
!
1
]
1
!
1
i
1
t
I
b
|
[}
1
!
1
1
1
i
t
1
t
1
1
]
I
1
1
]
1
!
1
t
1
1
1
§
1
)
I
|
1
]
!
!
t
1
1
1
1
!
]
l
1
1
1
1
1
I
1
t
b
1
i
1
'
1
1
1
]
1
1
1
'
1
1
1
1
!
1
|
1
1
I
1
1
!
1

Siberian peashrub,
Tatarian
honeysuckle,
American plum.

Siberian peashrub,
common
chokecherry,
Tatarian
honeysuckle.

Siberian peashrub,
Tatarian
honeysuckle,
American plum.

Siberian peashrub,
common
chokecherry,
Tatarian
honeysuckle,

Siberian peashrub,
Tatarian
honeysuckle,
American plum.

Siberian peashrub,
common
chokecherry,
Tatarian
honeysuckle.

Northern white-
cedar, lilac,
Siberian
peashrub,
Tatarian
honeysuckle.

|
1
1
1
L
|
1
]
|
t
1
1
1
!
[l
1
|
1
1
1
i
t
i
1
t
1
]
1
b
1
!
1
|
1
1
1
t
1
!
1
]
1
1
1
[}
I
[}
1
i
I
[}
|
1
1
)
1
]
!
)
1
|
[}
I
1
1
!
i
1
i
1
1
!
1
1
1
1
1
I
1
1
!
1
1
1
1
1
1
1
]
1
1
1
I
|
[}
1
1
1
!
i
1
!
1
]
1
1
t
t
1
1
1
t
1
1
1
]
I
t
1
!
1
1
i
t
1
'
H
1
b
[l
|
1
|
l
b
1
1
1
1

American elm,
Black Hills
spruce, blue
spruce, green
ash, ponderosa
pine, common
chokecherry,
eastern redcedar.

American elm,
green ash,
ponderosa pine,
eastern redcedar,
Rocky Mt.
juniper, blue
spruce, Black
Hills spruce,
Russian-olive.

American elm,
Black Hills
spruce, blue
spruce, green
ash, ponderosa
pine, common
chokecherry,
eastern redcedar.

American elm,
green ash,
ponderosa pine,
eastern redcedar,
Rocky Mt.
juniper, blue
spruce, Black
Hills spruce,
Russian-olive.

American elm,
Black Hills
spruce, blue
spruce, green
ash, ponderosa
pine, common
chokecherry,

eastern redcedar.;

American elm,
green ash,
ponderosa pine,
eastern redcedar,
Rocky Mt.
juniper, blue
spruce, Black
Hills spruce,
Russian-olive.

White spruce,
ponderosa pine,
Siberian
crabapple.

!
1
]
1
i
1
1
1
]
1
1
1
i
1
b
I}
1
I
]
1
!
1
t
!
1
1
1
t
1
1
I
[l
[}
I
1
]
1
1
1
1
!
1
1
|
1
1
1
1
1
b
|
H
1
)
1
!
1
1
1
1
1
1
1
1
1
]
i
1
1
1
1
1
1
1
1
1
1
1
]
1
!
1
|
!
1
t
1
1
1
I
1
t
)
1
!
1
1
1
1
1
t
1
]
1
l
1
!
1
]
1
1
1
1
1
1
1
]
1
]
1
1
|
1
i
1
1
t
[}
]
1
!
1
i
1
1
]
]
1
1
1

Siberian elm=-=---

Siberian elm----~-

Siberian elm------

Siberian elmMe-==--

Siberian elMe==—--

Siberian elme=w-~-

Green ash,
American elm,
Russian-olive.

Eastern
cottonwood.

Fastern
cottonwood.

Eastern
cottonwood.

Siberian elm.
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TABLE 6.--WINDBREAKS AND ENVIRONMENTAL PLANTINGS--Continued
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Trees _having predicted 20-year average heights,
! i

in feet, of--

Soil name and

Hamerly part---

Tonka part.

Eastern redcedar,
American plum,
common
chokecherry,
Siberian
peashrub.

Ponderosa
Black Hi
spruce,
spruce,
olive.

pine,
11s
blue
Russian-

Siberian elm,
American elm,
green ash,

Eastern
cottonwood.

]
1
| ' i
map symbol 1 <8 | 8-15 | 16=-25 ! 26-35 ! >35

L ! i | i
1 | ¥ ] 1
1 t 1 1 t

Barnes: ) ! 1 ! )

153C: ! ! ! ) :

Barnes parte---| ——— {Siberian peashrub,|American elm, |Siberian elm=-—==-- j -
! ! common | green ash, ! |
! { chokecherry, | ponderosa pine, | |
i y Tatarian | eastern redcedar,] |
! ! honeysuckle. ! Rocky Mt. ! !
! ] ! juniper, blue ] )
) ! ! spruce, Black ! ]
) ! ! Hills spruce, ! \
! ! ! Russian-olive. ! |
[} 1 1 1 1
I 1 1 1 1
Buse parte----- ! - {Northern white- iWhite spruce, |Green ash, |Siberian elm.
i | cedar, lilac, | ponderosa pine, | American elm, !
! | Siberian | Siberian ! Russian-olive. |
1 ! peashrub, ! crabapple. H i
] | Tatarian ! ! |
| | honeysuckle. ! ! i
1 1 1 1 1
I 1 1 ! 1
Esmond: | | i | i
1556 : | ! : !
Esmond part. ! i ! | \
! 1 1 ! 1
1 t 1 1 1
Heimdal part. | ] | ] |
§ ] 1 1 1
1 ] 1 ] 1
Cresbard: ! ] i i i
156: | ] ) ) }
Cresbard part--}Siberian peashrub, |Green ash, Rocky |Siberian elm, | -—— } -——-
| silver i Mt. juniper, | ponderosa pine. | !
! buffaloberry, ! Russian-olive, ] ' |
! American plum, | Siberian ! !
| Peking | crabapple, common} | !
! cotoneaster, ! chokecherry. ! ! |
- ! lilae. | i ' ]
| ! : ) |
Svea part------ | -—- }Siberian peashrub, |American elm, |Siberian elm------ |Eastern
! | Tatarian ! Black Hills ! | cottonwood.
| | honeysuckle, ! spruce, blue } ]
! ! American plum. ! spruce, green | J
| ! | ash, ponderosa ! !
] i ! pine, common ! !
H ! ! chokecherry, i !
i ! ! eastern redcedar.} !
1 ] 1 1 1
1 ] 1 t 1
Vallers: | ! ! ! }

o . ' _—— ITall purple }Russian-olive, |Green ash, jEastern
] ! willow, redosier | eastern redcedar,| American elm. | cottonwood,
| ! dogwood, Tatarian| northern white- | | golden willow,
| ! honeysuckle, | cedar. ! | Siberian elm.
! | Siberian ! ! ]

] ! peashrub. ! ! )
] ) ] | ]

58. | ! ! ! )
1 1 | ] ]
] 1 1 1 1

Hamerly: ! ! ] ! 1
159: : ! | | |
1 1 | ] 1
1 1 ¥ ] 1
1 1 1 1 ]
1 1 1 1 1
1 ] 1 1 ]
1 ] t 1 ]
i ) ] ] |
1 1 1 ¥ 1
1 i 1 ) ]
1 1 1 1 ]
1 1 1 | 1
1 1 1 t 1
] ] 1 1 |
1 1 1 1 f
1 ] i 1 1
] 1 ] 1 1
] 1 ) 1 1
! 1 ] 1 t

See footnote at end of table.



Heimdal part.
Emrick part.
Emrick:

162:
Emrick part----

Heimdal part---

1628
Emrick part----

Heimdal part---

Heimdal:
162C:
Heimdal part---

See footnote at

end of table.

1
!
1
1
1
1
1
1
1
1
I
l
1
!
1
!
1
3
1
1
I
1
1
i
1
!
1
1
I
t
1
!
1
1
1
1
1
1
I
1
1
1
H
1
1
1
1
[l
1
]
I
1
I
1
1
!
1
1
|
!
1
1
1
1
1
1
1
1
I
b
1
!
1
1
1
1
1
1
1
1
1
]
1
1
I
i
1
[l
1
t
}
1
1
1
|
1
1
]
I
]
I
1
|
b
[}
1
1
i
1
1
1
1
1
1
t
1
1
1
1
1
1
1
[l
1
t
1
1
1
1
1
1
1
1
1
]
1
)
1
[l
1
[}
[}
'
1
1
1
1
1
1
t

Eastern redcedar,
Rocky Mt.
juniper, common
chokecherry,
Siberian
peashrub.

Eastern redcedar,
Rocky Mt.
juniper, blue
spruce, Black
Hills spruce,
Russian-olive,
Siberian
peashrub, common
chokecherry,
Tatarian
honeysuckle.

Eastern redcedar,
Rocky Mt.
juniper, common
chokecherry,
Siberian
peashrub.

Eastern redcedar,
Rocky Mt.
juniper, blue
spruce, Black
Hills spruce,
Russian-olive,
Siberian
peashrub, common
chokecherry,
Tatarian
honeysuckle.

Eastern redcedar,
Rocky Mt.
juniper, blue
spruce, Black
Hills spruce,
Russian-olive,
Siberian
peashrub, common
chokecherry,
Tatarian
honeysuckle.

I
1
1
t
1
]
1
1
1
1
1
1
1
[}
1
1
1
]
1
1
1
1
1
]
1
|
1
[}
1
!
1
!
1
t
1
1
1
]
I
1
1
[}
I
1
1
!
1
[l
!
1
1
1
1
i
1
1
t
1
1
1
1
1
1
t
1
!
]
1
1
|
1
1
'
1
1
1
1
1
1
1
[}
1
1
1
1
1
1
1
1
1
1
1
[}
1
1
1
|
I
1
1
1
t
]
I
!
1
1
1
1
1
1
1
]
[}
1
1
1
1
1
1
1
1
t
1
]
L
1
1
1
1
1
1
1
1
1
!
1
1
1
1
1
1
1
I
1
1
1
1
!
i

American elm,
green ash,
ponderosa pine,
Black Hills

spruce, blue
spruce, Russian-
olive,

American elm,
green ash,
ponderosa pine.

American elm,
green ash,
ponderosa pine,
Black Hills
spruce, blue
spruce, Russian-
olive.

American elm,
green ash,
ponderosa pine.

American elm,
green ash,
ponderosa pine.

1
]
l
[}
L
[}
1
]
1
1
1
]
1
!
1
]
1
1
1
!
1
t
1
1
1
1
1
1
i
[}
b
I
i
1
1
|
1
1
1
t
1
1
1
1
1
1
1
1
]
1
[}
I
[}
!
]
I
1
1
)
1
!
1
1
1
1
1
1
1
i
|
]
1
1
1
I
1
1
1
1
1
1
1
i
I
!
1
[}
I
1
1
1
1
1
1
1
1
]
I
1
1
b
|
[}
1
1
1
1
1
!
1
!
t
1
I
]
]
1
1
]
1
1
1
1
1
t
1
1
1
[}
[}
]
1
i
1
]
1
!
1
1
1
]
1
]
I
1
1
]
1
1
1

Siberian elm

Siberian elm

Siberian elm

Siberian elm

Siberian elm

90 SOIL SURVEY
TABLE 6.,--WINDBREAKS AND ENVIRONMENTAL PLANTINGS--Continued
| Trees having predicted 20-vear average heights, in feet, of--
Soil name and | ' ! |
map symbol ) <8 8-15 16-25 26-35 | >35
I} 1
v y
1 1
Emrick: ; |
60, 60B---mcmu=un | -—- Eastern redcedar, }American elm, Siberian elm-----= |Eastern
Rocky Mt., green ash, cottonwood.
juniper, common ponderosa pine,
chokecherry, Black Hills
Siberian spruce, blue
peashrub, spruce, Russian-
olive,
Heimdal:
1618B:

Eastern
cottonwood.

Eastern
cottonwood.
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TABLE 6.--WINDBREAKS AND ENVIRONMENTAL PLANTINGS--Continued
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Soil name and
map symbol

Trees having predicted 20-year average heights,

in feet.-og-—

<8

8-15

16-25

26-35

>35

Heimdal:

Esmond:
163D:

16

Heimdal:

16

Emrick part----

Esmond part----

Heimdal part---

3F:
Esmond part.

Heimdal part---

4c:
Heimdal part---

=
w
3
o
>
o3
o
o
3
ot
]
1
[}
'

See footnote at

Siberian peashrub,
Tatarian
honeysuckle.

Siberian peashrub,
Tatarian
honeysuckle.

end of table.

Eastern redcedar,
Rocky Mt.
juniper, common
chokecherry,
Siberian
peashrub.

Ponderosa pine,
ussian-olive,

ocky Mt.
uniper.

Eastern redcedar,
Rocky Mt.
juniper, blue
spruce, Black
Hills spruce,
Russian-olive,
Siberian
peashrub, common
chokecherry,
Tatarian
honeysuckle.

Eastern redcedar,
Rocky Mt.
juniper, blue
spruce, Black
Hills spruce,
Russian-olive,
Siberian
peashrub, common
chokecherry,
Tatarian
honeysuckle.

Eastern redcedar,
Rocky Mt.
juniper, blue
spruce, Black
Hills spruce,
Russian-olive,
Siberian
peashrub, common
chokecherry,
Tatarian
honeysuckle,

Ponderosa pine,
Russian-olive,
eastern redcedar
Rocky Mt.
juniper.

Eastern redcedar,
Rocky Mt.
juniper, common
chokecherry,
Siberian
peashrub,

e e e e e e e e e e e e e e rim —vam o r e e e o o e e e et o P A e A A s i e i e o e o o ot 0 ke P 8 A o e o ks e o i i i i e e e e e

o
R
eastern redcedar,
R
J

1
1
1
1
1
1
i
1
!
1
1
1
4
1
]
1
4
1
]
1
1
1
)
¥
4
1
]
1
1
I
[}
|
1
i
1
!
1
1
1
'
1]
i
1
1
|
H
1
1
|
1
1
1
!
[}
1
1
1
1
1
i
1
]
1
|
b
1
[}
1
1
1
[}
1
|
!
t
]
1
!
1
1
|
]
1
1
i
1
1
i}
1
1
t
1
1
1
1
1
}
1
I
1
1
]
1
|
1
1
|
i
1
i
1
I
1
1
!
1
[}
l
1
1
1
1
)
1
]
I
]
|
]
1
]
1
]
1
]
]
1
I
1
1
1
1
|
1
1
]
1
1
1

American elm,
green ash,
ponderosa pine,
Black Hills

spruce,
spruce,
olive.

blue
Russian-

Green ash,
Siberian elm.

American elm,
green ash,
ponderosa pine.

American elm,
green ash,
ponderosa pine.

American elm,
green ash,
ponderosa pine.

Green ash,
Siberian elm.

American elm,
green ash,
ponderosa pine,
Black Hills

spruce,
spruce,
olive.

blue
Russian-

1
1
i
1
i
I
1
1
]
1
]
1
]
1
1
1
H
1
1
1
1
1
1
1
1
|
1
1
1
1
'
t
t
1
¥
1
1
1
1
1
¥
1
1
1
|
H
]
1
1
1
!
1
i
1
i
1
]
[}
1
!
H
1
1
1
]
I
]
1
]
1
|
1
1
1
]
1
|
1
1
1
y
1
H
1
i
]
1
i
1
i
|
1
t
]
1
]
1
1
1
[}
1
[}
]
1
[}
[}
1
!
1
1
1
i
1
i
1
]
I
]
1
I
]
1
|
1
1
1
H
1
!
1
1
1
1
1
1
1
1
I
]
1
1
[l
1
1
i
1
}
1
1
1

Siberian elm

Siberian elm

Siberian elm

Siberian elm

Siberian elm

1

Eastern
cottonwood.

Eastern
cottonwood.
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TABLE 6.--WINDBREAKS AND ENVIRONMENTAL PLANTINGS--Continued

Soil name and

Trees having predicted 20-year average heights, in feet, of--
]

Borup part.
Fossum part.
74, 75.

Emrick:

1
]
| ! i
map symbol ! <8 ! 8-15 } 16-25 | 26-35 1 >35
j ! L ! ]
] | ' ! '
Gardena: ] i ' | |
66, 67B~m—e=eema-= ! -—- }Eastern redcedar, |Ponderosa pine, }Siberian elm, |Eastern
! | common Black Hills ! American elm, | cottonwood.
! } chokecherry, spruce, blue | green ash. !
! | Siberian spruce, Russian- | |
! | peashrub, olive. 1 i
] ! American plum. | }
1 [} 1 i
1 I 1 1
Eckman ] ] ) )
§BCmmmmmmmm e mm = ! - !Siberian peashrub,!American elm, !Siberian elm------ J -—--
! common green ash, ! !
! chokecherry, ponderosa pine, | }
! Tatarian eastern redcedar,| !
j honeysuckle. Rocky Mt. ! |
! juniper, blue ] i
! spruce, Black ! !
! Hills spruce, ! ]
! Russian-olive. | i
1 ] ]
t ] ]
Glyndon: ! ! !
b P ! - Tall purple Eastern redcedar, |{Green ash, |Eastern
] willow, northern white spruce. Russian-olive, | cottonwood,
1 white-cedar. golden willow, | Siberian elm.
! American elm. !
! ]
1 ]
Gardena: ] i
A T ! -——- Eastern redcedar, }Ponderosa pine, Siberian elm, jEastern
common Black Hills American elm, | cottonwood.
chokecherry, spruce, blue green ash. |
Siberian spruce, Russian- ]
peashrub, olive. i
American plum. !
|
1
Glyndon: |
72. 5
1
Borup: |
173: !
]
1
t
]
1
1
1
|
]
1
1
1
1
1
1

178:
Emrick parte---

Cathay parte---

See footnote at

Siberian peashrub,
American plum.

Siberian peashrub,
American plum.

end of table.
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1
|
t
]
I
i}
1
1
!
]
1
1
1
1
I
1
1
]
|
!
1
1
1
1
!
1
1
t
1
[}
1
!
1
!
1
1
1
!
1
1
1
i
I
t
1
)
1
]
1
]
1
1
I
1
1
]
1
1
i
]
I
1
1
1
1
1
[}
1
1
1
1
1
1
1
1
!
|
1
1
1
)
t
1
1
i
I}
1
1
1
1
]
1
1
1
]
|
)
1
|
i
1
1
1
)
|
!
1
1
1
1
t
1
|
1
1
1
1
]
1
i
1
1
i

Eastern

redcedar,

Rocky Mt.
juniper, common
chokecherry,
Siberian
peashrub.

Ponderosa pine,

common

chokecherry,
eastern redcedar,
Rocky Mt,
juniper, Russian-

olive,
elm.

American

Ponderosa pine,

common

chokecherry,
eastern redcedar,
Rocky Mt.
juniper, Russian-

olive,
elm.

American

[}
1
L]
1
1
1
]
|
i
1
[}
1
1
1
]
1
I
I
i
1
[}
1
!
t
i
1
]
I
1
1
1
I
I
I
1
1
]
1
1
1
1
1
1
t
]
1
1
1
!
1
1
1
1
1
[}
I
1
]
1
t
|
1
]
1
1
1
]
1
i
1
!
1
I
i
1
1
1
1
1
i
]
|
H
|
1
1
1
1
1
!
1
1
1
|
1
!
1
i
1
1
1
1
|
1
]
'
1
1
I
1
1
1
1
1
[}
1
1
1
t
!
1
1
[}
1
]
[}
1
[}
I
'
1
1
t
1
1
i
1
!
[}
1

Am
g

p
B

S
S
o

Si
g

Si
g

erican elm,
reen ash,
onderosa pine,
lack Hills
pruce, blue
pruce, Russian-
live.

berian elm,
reen ash.

berian elm,
reen ash.

Siberian elm

Eastern
cottonwood.
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TABLE 6.--WINDBREAKS AND ENVIRONMENTAL PLANTINGS--Continued

93

Soil name and

1

Trees having predicted 20-year average heights, in feet, of--
1 1

Aylmer part.

Fossum part----

Tatarian
oneysuckle,
iberian

a
h
S
peashrub.

Russian-olive

1

Green ash

Eastern
cottonwood,
Siberian elm.

1
1
) i
map symbol ! <8 i 8-15 ) 16-25 | 26-35 ! >35
! 1 ! ! !
| ] [] [1 !
1 1 1 1 H
Cathay: ! ) } ) )
181: ! | ' ! i
Cathay part----|Siberian peashrub,|Ponderosa pine, 1Siberian elm, | -— | ——
! American plum. ! common ! green ash. ! !
! ! chokecherry, ! !
! | eastern redcedar,}) } |
} | Rocky Mt. ) i )
! ! juniper, Russian-| ! )
1 i 3 3 1 ) )
) i olive, American | i
! ! elm. i i |
| ) | ) ]
Gardena part---} -~ }Eastern redcedar, }Ponderosa pine, iSiberian elm, |Eastern
) | common | Black Hills | American elm, | cottonwood.
! { chokecherry, | spruce, blue | green ash. H
! | Siberian | spruce, Russian- | i
; | peashrub, ! olive. ! \
! ! American plum. | i ]
] 1 1 1 |
1 1 1 1 1
Letcher: ! ) ) ) |
L !Silver |Eastern redcedar, |Green ash, ! ——- ) ---
! buffaloberry, | common ! hackberry, ! }
| Peking | chokecherry, | ponderosa pine, | )
| cotoneaster, | Siberian ! Siberian ! |
| lilac, American | peashrub. | ecrabapple, ! !
! plum. ! ! Russian-olive, ! |
1 1 | 1 )
1 1 1 1 1
Arvilla: } 1 ! ) !
188Bemmm e |Siberian peashrub, |American elm, !Siberian elme—-w-- ! - | ~—-
! common | green ash, ! ! }
! chokecherry, | ponderosa pine, | | 1
! Tatarian ! Russian-olive, ! ! :
| honeysuckle, | eastern redcedar.| | )
! American plum. ! ! ] )
| i ! | )
Sioux: j ) i ' |
189cC. 1 | | ' i
] 1 1 ) 1
] 1 1 1 1
Serden: ! | ] | ]
90C. | | } ) i
1] 1 1 ) 1
1 ] 1 1 1
Divide: ' | ) | i
[ ] S R, }Siberian peashrub |Ponderosa pine, |American elm, iSiberian elm------ jEastern
} | Black Hills ! green ash. H ! cottonwood.
| ! spruce, blue ! ) !
i ! spruce, Russian- | ] !
} ! olive, eastern ! ! !
| | redcedar, ! ] 1
! ! American plum, ! i !
! ! common ! | )
! ! chokecherry. ! i ]
] ! ] ] ]
1 1 1 ] 1
Aquents: | | | ! |
96. | ! } ) !
] ] I 1 1
1 1 1 1 1
Stirum: | | ! i ]
1100. ] i i ! i
1 1 1 ] ]
1 1 1 ] )
Aquolls: ! | | ! !
104, ! } | ! i
] ] ] 1 1
] 1 1 1 1
Aylmer: ! | ! ) !
1105: ) i 1 ! \
i H 1 ) )
1 1 1 1 1
] ] ] 1 i
] ] ! 1 1
) 1 t ] ]
1 1 1 ]
1 1 ]
] 1 1
] 1 1
1 ] 1
] 1 !
1 1 1
1 1 1
1 1 L

]
!
1
1
1
1
[}
L.

e m o

1This map unit is made up of two or more dominant kinds of soil. See map unit description
composition and behavior of the whole map unit.

for the
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[Some terms that describe restrictive soil features are defined in the Glossary.

"slight," "moderate," and "severe." Absence of an entry means soil was not rated]

SOIL SURVEY

TABLE 7.--BUILDING SITE DEVELOPMENT

See text

for definitions of

1 1 ] 1 1
] i ] ] 1
Soil name and | Shallow i Dwellings H Dwellings i Small | Local roads
map symbol i excavations | without ! with | commercial 1 and streets
i ! basements E basements ! ‘buildings !
I | 1 1
1 3 ] 1 1
Tonka i | | ] |
e |Severe: | Severe: {Severe: | Severe: {Severe:
| wetness, | wetness, | wetness, | wetness, | wetness,
! | floods. | floods. E floods. i floods,
1 1 ] )
1 ] ] ] ]
Parnell ! ) | | i
o JE R —— |Severe: |Severe |Severe: | Severe |Severe:
| floods, i floods, { floods, | floods, { floods,
| wetness. | wetness, | wetness, | wetness, | wetness,
! ! shrink-swell. i shrink-swell. E shrink-swell, | shrink-swell,
I 1 1 1
1 i ) 1 1
Colvin: ! | | | |
T, |Severe: |Severe: | Severe: |Severe: | Severe:
| wetness, | wetness, | wetness, | wetness, | wetness,
| floods, ! floods. i floods. i floods. | frost action,
E E i i E low strength.
1 } 1 i I
Fossum: ' | | | |
L |Severe: |Severe: iSevere: |Severe: |Severe:
| floods, | wetness, | wetness, | wetness, | wetness,
| wetness, ! floods. | floods. | floods. i floods.
! cutbanks cave. | E ! E
] ) 1
] 1 ) ] 1
Hegne | | ' | i
12, 13ee—eeaaa— | Severe: | Severe: | Severe: | Severe: | Severe:
| wetness, | wetness, | wetness, | wetness, | wetness,
| | shrink-swell, | shrink-swell. i shrink-swell, { shrink-swell,
I 1 1 1
I 1 1 i I
Bearden i | i | !
Memmme e 'Moderate: |Moderate: |Moderate: {Moderate: |Severe:
| wetness. | wetness, | wetness, | wetness, | frost action.
! | shrink-swell. \ shrink-swell. | shrink-swell. E
1 t 1 1
| ] ] ) ]
15mmm e ———— e |Severe: |Moderate: |Moderate: IModerate: |Severe:
: | wetness, | shrink-swell. | wetness, | shrink-swell, | frost action,
i ' | shrink-swell. E !
1 1 ] 1
] ) 1 1 1
Overly | ! | | i
16omem e — e m !|Moderate: |Moderate: IModerate: |Moderate: |Severe:
! wetness, ! shrink-swell. ! shrink-swell, | shrink-swell, E frost action.
1 I 1 1
I | i 1 I
Colvin | | | | |
17, 118cccacu-a |Severe: |Severe: }Severe: |Severe: | Severe:
| wetness, | wetness, | wetness, | wetness, | wetness,
{ floods. ) floods. | floods. | floods. | frost action,
i i ' E E low strength,
1
] ] ] 1 ]
Pits, gravel: ' ' i i |
20. i i i i |
| | i | |
Hecla: | | | | |
Tay: i | i | |
Hecla part-----|Severe: 1Slighte-eeeeaaa- iModerate: iSlighteemmeeamu- |Moderate:
! cutbanks cave. | | wetness. i | frost action.
t I 3 I i
] ] ] ]
Ulen part------|Severe: 1Slighteweemaaaa- IModerate: 18light-=cececaaa {Moderate:
i cutbanks cave. i E wetness. E i frost action.
| I 1 i I
25 mmmmmmm————— |Severe: 1Slight-=-=weeaa-x {Moderate: 1Slighteemmmemmuu |Moderate:
| cutbanks cave., | | wetness. i E frost action.
1 1 1
1 i i } 1
Maddock: | | | ! )
26Bmmemm e !Severe: 1Slight-=-ccceee= 1Slightecmeaaaama iModerate: 1Slight
! cutbanks cave. | | | slope. i
]
| 1

See footnote at end of table,
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TABLE 7.--BUILDING SITE DEVELOPMENT-~Continued

95

frost action,
low strength.

I ] I 1 ]
1] 1 1 i ]
Soil name and | Shallow i Dwellings | Dwellings H Small ) Local roads
map symbol i excavations H without | with ; commercial 1 and streets
! ! basements ! basements | buildings ]
] 1 ] I 1
] i I ] {
Maddock: ! i | ; |
27Cmmmm e iSevere: |Moderate: |Moderate: |Severe: IModerate:
! cutbanks cave. | slope. | slope. | slope. | slope.
1 t ] 1 I
1 I ] ] I
Towner | ! | | |
R e e {Moderate: {Slight-eeeaeaaaan iModerate: 1Slighte=e-eemaaux |Moderate:
| wetness. ! | wetness. ! | frost action.
I 3 ) I 1
1 3 1 I i
131B: | | i ! |
Towner part----|Moderate: 1Slight-=-=caeeaaun iModerate: iModerate: |Moderate:
| wetness, i | wetness, ! slope ! frost -action,
1 ) 1 I 1
i [} i ] I
Dickey part----|Severe: 1Slightemmeccmaaa 1Slightececnecana- |Moderate: 1Slight.
! cutbanks cave., | ! | slope. 1
1 1 ] I I
i 1 ] ] 1
Dickey: ! | | } |
32C-=—=mmcmm e | Severe: |Moderate: |Moderate: |Severe: iModerate:
| cutbanks cave. | slope. | slope. | slope. | slope.
I 1 1 ] ]
1 ] 1 ] ]
Tiffany: H H ! ! !
L R |Severe: |Severe: |Severe: |Severe: | Severe:
| wetness, | wetness, | wetness, | wetness, | wetness,
| floods. ! floods. | floods. | floods. i floods.
] 1 | 1 ]
] i i i )
Embden : ' i ! | |
35 e — e e iModerate: 1Slightemcemacaa- |Moderate: 1Slight-weoeaean- |Moderate:
| wetness, i | wetness, | | frost action.
] t ] 1 I
) 1 ) 1 1
136B: ! : : ! |
Embden part----|Moderate: 18lighteemeemaaan |Moderate: |Moderate: |Moderate:
| wetness. ! { wetness. { slope. | frost action.
1 ) 1 3 1
] ] i ' )
Egeland part---|Severe: 1Slight--cececeuun 1Slight==ceemauuan |Moderate: iModerate:
| cutbanks cave, | H | slope. \ frost action.
1 1 1 ] )
i ] 1 ] ]
Egeland: | i i )
37Cmwmmmmm e e | Severe: 1Slight-=====co-n 1Slighteemeeaaa- {Moderate: |Moderate:
! cutbanks cave. ! i | slope. | frost action.
1 1 1 ] 1
i 1 i ' ]
Swenoda: | | J ! )
30emmm e IModerate: 1Slightmemamanaae 1Slight--ceeeeu-= 1Slighteem—maaau- IModerate:
| wetness, i ! | | frost action,.
] 1 I ! 1
3 i | 1 1
41B, 42C-==mmmmmm iModerate: 1Slight-mmeeaeaaao 1Slight-=eeemea=- iModerate: |Moderate:
! wetness, ' i | slope. | frost action,
] 1 ] 1 1
] 1 ] i 1
Wyndmere: ! | ! |
L N ettt iSevere: |Moderate: | Severe: | Severe: {Severe:
| wetness, | wetness, | wetness. | wetness. | frost action,
1 I 1 1 I
1 t ] 1 1
Fossum i i | | |
LT T, |Severe: !Severe: |Severe: | Severe: | Severe:
| wetness, | wetness, | wetness, | wetness, | wetness,
| floods, | floods. | floods. | floods. | floods.
| cutbanks cave. | | | ;
1 ] 1 | 1=
1 ' ] ] 3
Hamerly | | | | |
e R ettt | Severe: |Severe: |Severe: | Severe: | Severe:
| wetness, | Wwetness, | wetness. | wetness. | frost action.
1 ) 1 ) )
I ] ] ] ]
Svea: ! | | ) )
Y et |Moderate: iModerate: iModerate: iModerate: |Moderate:
| wetness. ! shrink-swell, ! shrink-swell, ! shrink-swell. ! frost action,
) | ) | ! shrink-swell.
i I t 1 ]
1 I ' ] I
Barnes: ! ! { ] i
51 | | | i |
Barnes part----}Slighte-eeeaea-- 1Slight-—--cmeena 1Slight-==-=mmauu= 1Slight-ecmmcemeua |Moderate:
1
1
)
]
1
1

See footnote at

end of table,

1
i
|
i
|
I
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TABLE 7.--BUILDING SITE DEVELOPMENT--Continued

low strength. low strength.

1 ] 1 1 1
1 ] 1 3 1
Soil name and | Shallow | Dwellings ! Dwellings 1 Small H Local roads
map symbol H excavations | without j with | commercial | and streets
! ! basements H basements ] buildings |
] ] 1 1 i
1 ] i ] ]
Barnes: | | | ) |
Svea parte----- |Moderate: {Moderate: |Moderate: iModerate: {Moderate:
| wetness. i shrink-swell. | wetness, i shrink-swell. ; frost action,
i i i shrink-swell. i | low strength.
1 1
1 1 ] ] ]
1518: ! | ! | !
Barnes part----|{Slighte-e-e------ 1Slighte—memmaea-n 1Slighteeeemmccaan |Moderate: |Moderate:
| i | i slope. | frost action,
E i E i i low strength.
1 { 1 ] ]
Svea part------ iModerate: |Moderate: iModerate: iModerate: {Moderate:
| wetness, | shrink-swell. | wetness, | shrink-swell, | frost action,
i E E shrink-swell. i slope. | low strength.
]
1 I} 1 ] ]
153B: | l | : |
Barnes parte---{Slighte---=-=c---- {Slighteeemmacaanea }Slighteemeaaaaaa- |Moderate: |Moderate:
! ! i | slope. | frost action,
E E i E E low strength.
1] | ] ] ]
Buse part------ 1Slighteemmaccaaa- |Moderate: iModerate: iModerate: |Moderate:
| | shrink-swell. | shrink-swell, | shrink-swell, | shrink-swell.
! | i | slope. |
| | j | i
153¢C: | | | : :
Barnes part----|Slight--——ceca---- 1Slight-—cecemaaax 18lightecemcmaaaa- |Moderate: {Moderate:
| | | | slope. | frost action,
E i E E i low strength,
] 1 ] ] i
Buse parte----- 18lightm==mmcemaam {Moderate: {Moderate: iModerate: iModerate:
! ! shrink-swell. \ shrink-swell, | shrink-swell, | shrink-swell.
i | ) | slope. |
| | i | i
Esmond: ; ) | | |
155F: | | | | |
Esmond part----|Severe: |Severe: |Severe: | Severe: | Severe:
| slope. E slope. ! slope. | slope. | slope.
I 1 ] 1
] ] i i i
Heimdal part---|Severe: |Severe: iSevere: | Severe: | Severe:
| slope. \ slope. i slope. E slope. i slope.
] ! 1
] 1 ] 1 ]
Cresbard: i | ) | !
156 | i ) | |
Cresbard part--|Moderate: i Severe: |Severe: |Severe: | Severe:
| too clayey. ! shrink-swell, | shrink-swell, | shrink-swell, | shrink-swell,
! 3 low strength. E low strength. E low strength. | low strength.
] 1
] i ] 1 ]
Svea part------ |Moderate: {Moderate: |Moderate: |Moderate: iModerate:
| wetness, | shrink-swell. | wetness, | shrink-swell, | frost action,
| | E shrink-swell. i slope. { low strength.
1 ] 1
i ] 1 ] 1
Vallers: ' | | | !
57, 58cccccmcaaa |Severe: |Severe: |Severe: |Severe: |Severe:
| wetness, | wetness. | wetness, | wetness, | wetness,
E E i ' i frost action,
] ]
] 1 ] ] ]
Hamerly: | | | ' i
59: : | : : !
Hamerly part---|Severe: | Severe: | Severe: | Severe: | Severe:
| wetness. { frost action. i wetness. E wetness, i\ frost action,
1 | ]
1 ] i i 1
Tonka part----- | Severe: |Severe: | Severe: | Severe: |Severe:
| wetness. | wetness, | wetness, | wetness, | wetness,
H | floods. | floods. i floods., | floods.
1 ] 1 1
H ) ] | }
Emrick | i | | |
fQucemmm i — e |Moderate: iModerate: iModerate: iModerate: iModerate:
| wetness. | low strength. i low strength. | low strength. i frost action,
i | i a 5 low strength.
1 1
1 ] 1 1 ]
60Bemmmm e m e |Moderate: {Moderate: iModerate: |Moderate: |Moderate:
wetness. i low strength. i low strength, | slope, | frost action,
) 1
s s s e

See footnote at end of table.
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slope.

frost action,
low strength,

] 1 I ] 1
] 1 I ] ]
Soil name and | Shallow H Dwellings i Dwellings | Small ! Local roads
map symbol | excavations 1 without ! with | commercial ! and streets
i E basements 1 basements | buildings E
] 1
1 ] i} 1 ]
Heimdal: | ! ! ! !
161B: | ! ; | }
Heimdal part---|Moderate: iModerate: !Moderate: |Moderate: |Moderate:
| large stones. { large stones, | low strength, | low strength, | frost action,
| | low strength. | large stones,. | large stones, | low strength,
| ) | ! slope. | large stones.
] ! ] ) ]
) 1 1 ] |
Emrick part----|{Moderate: |Moderate: iModerate: |Moderate: |Moderate:
| wetness, \ large stones. | wetness, { large stones, i frost action,
E large stones. ) | large stones. | slope. { large stones.
3 1 ¥ ¥
i ' ] ' 1
Emrick: ! ! H ! J
162: i | ' ! '
Emrick part----|Moderate: iModerate: |Moderate: |Moderate: |Moderate:
| wetness. { low strength, | low strength, | low strength. | frost action,
! ! H ! t low strength.
| t ) ] 1
I ] ] ] I
Heimdal part---|Slighte-e-ceeae-- {Moderate: IModerate: |Moderate: {Moderate:
| { low strength, | low strength. | low strength. | frost action,
! ! ! ! i low strength.
| i ' } !
162B: ! } | : !
Emrick part----|Moderate: iModerate: iModerate: IModerate: |Moderate:
| wetness, | low strength. ! low strength. { slope, | frost action,
i ] ' ! low strength. E low strength.
1 1 ! ]
1 i | | !
Heimdal parte--|Slight-eeeccecaaca- |Moderate: |Moderate: iModerate: {Moderate:
| ! low strength. - low strength. | slope, | frost action,
| i | | low strength. i low strength.
I I 1 ]
1 1 ] 1 1
Heimdal: i } ! | !
162C: | H H i |
Heimdal part---|Slighteeececeeco-—- {Moderate: |Moderate: IModerate: |Moderate:
| | low strength. | low strength. | slope, i frost action,
i ' i | low strength. i low strength.
1 1 1 1
i ] ] ] I
Emrick part----{Moderate: IModerate: iModerate: {Moderate: iModerate:
| wetness, | low strength. | low strength. | slope, | frost action,
! ) | ! low strength. E low strength.
] t 1 )
] ) I ] )
Esmond: ] ! 1 ! !
163D: : } : | |
Esmond part----{Moderate: IModerate: iModerate: |Severe: iModerate:
| slope. | slope. | slope. ! slope. | slope,
i ! ! | | frost action,
! ! ! ' | low strength.
1 ] 1 ] ]
1 ] ] i I
Heimdal part---|Moderate: iModerate: |Moderate: |Severe: |Moderate:
i slope. | slope, | slope. | slope. | frost action,
! ! low strength. ! | ! low strength,
| ! | | i slope.
i | | ; !
163F: ! | | | ‘
Esmond part----|Severe: |Severe: |Severe: | Severe |Severe:
E slope. i slope. { slope. E slope. E slope.
] ]
] i ] ] i
Heimdal part---}Severe: |Severe: iSevere: |Severe: i Severe:
E slope. { slope. | slope. | slope. E slope.
t 1 I
1 ] 1 I ]
Heimdal: ! ! ! ! !
T64C: | i H ) )
Heimdal part---|Slighteeeweece—a- {Moderate: {Moderate: iModerate: |Moderate:
| | low strength. | low strength, | slope, | frost action,
| i i | low strength. | low strength.
1 t ) t ]
i ] ] ] ]
Esmond parte---|Slighte—e-eeceec-- HSY I T4 ¢} AT —— 1Slightewcenenaame |Moderate: |Moderate:
1 ]
5 i
| '

See footnote at

end of table,
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1 i 1 ] I
i | ] 1 i
Soil name and | Shallow ' Dwellings H Dwellings H Small H Local roads
map symbol | excavations H without i with 1 commercial i and streets
H ! basements 1 basements H buildings !
1 1 1 1 1
] I [l i i
Fram: i | ) | |
65 =mmmmm e mmm—ee |Severe: iModerate: |Severe: |Moderate: |Severe:
| wetness, | wetness. | wetness., | wetness, i frost action,
) ] 1 1 1
I I ] 1 i
Gardena: i | } ) i
3 YT |Moderate: {Moderate: {Moderate: {Moderate: |Severe:
{ wetness, { low strength. | low strength, | low strength, { frost action.
! | | wetness., | |
) ] I ] 1
] ] | ] 1
f7Bmmmem————————— IModerate: |Moderate: iModerate: {Moderate: | Severe:
| wetness. | low strength. | low strength, | slope, { frost action.
! ! | wetness. ! low strength. !
] ] ] ] {
1 ] ] ) ]
Eckman ' | i ) )
68Cam e 1Slightm———mmmmeun {Moderate: |Moderate: {Moderate: | Severe:
! ! low strength. ! low strength. ! slope, | frost action.
i ) | ! low strength, !
] 1 | | I
I i | I '
Glyndon ! ) i i !
TOemmmm e e memmm | Severe: 18lightemmcmmaaaan |Moderate: 1Slight-----mmeem | Severe:
| cutbanks cave. | | wetness, | | frost action.
I 1 1 t ]
1 [l ] I ]
Gardena: ' | | | |
Tlommmemee e e 1Slightecmcacacuaaa 1Slighte=mmemeea e | Severe: 18lightecemmaacaaax | Severe:
H 1 | low strength. i | frost action.
] | 1 1 1
] | ] 1 i
Glyndon | ! | i |
. |Severe: 1Slight-~-mmecu-ax iModerate: 1Slightwcecmccceae | Severe:
| cutbanks cave. | | wetness, | | frost action.
1 | | 1 1
] ] I ] i
a e s a |
73: 1 | | 1 1
Borup part----- | Severe: i Severe: | Severe: {Severe: {Severe:
| wetness, | wetness. | wetness. | wetness, | wetness,
| cutbanks cave. | ) | | frost action,.
) ] ] ] ]
I ] ] 1 1
Fossum part----}Severe: |Severe: |Severe: |Severe: {Severe:
| wetness, | wetness, | wetness, | wetness, | wetness,
| floods, | floods, | floods. | floods. | floods.
! cutbanks cave., | ! i H
] | ] 1 I
i | . 1 | 1
A |Severe: | Severe: |Severe: | Severe: | Severe:
| wetness, | wetness. | wetness. | wetness, | wetness,
| cutbanks cave. | ' | i frost action.
) | 1 1 ]
] ] ] 1 3
TG mmmm e mmm————mm !Severe: | Severe: | Severe: | Severe: | Severe:
| wetness, { wetness, | wetness, | wetness, | wetness,
! cutbanks cave, | floods.- | floods, i floods. | frost action,
1 1 ] ] ]
i i ] 1 i
Eqrick: | | | | '
78: i | | i |
Emrick part----|Moderate: iModerate: {Moderate: |Moderate: |Moderate:
| wetness, i low strength. ! low strength. i low strength. { frost action,
i i i i E low strength.
! 1 i 1 1
Cathay part----|Moderate: {Moderate: {Moderate: iModerate: iModerate:
| wetness. | shrink-swell. | shrink-swell, | shrink-swell, | frost action,
i i E wetness, E E shrink-swell.
]
1 4 [} | 1
Cathay: ' | | !
80 —mmmccmmmcm———— !Moderate: |Moderate: |Moderate: {Moderate: {Moderate:
| wetness. | shrink-swell. | shrink-swell, | shrink-swell. i frost action,
! ! | wetness. i | shrink-swell,
} ] ¥ 1 I
} i ] 1 1
[210) ; PP IModerate: |Moderate: |Moderate: |Moderate: JModerate:
| wetness. | shrink-swell. { shrink-swell, | shrink-swell, | frost action,
! | | wetness. | slope. | shrink-swell,
1 1 ] 1 ]
1 ] ) 1 1

See footnote at end of table.
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cutbanks cave,.

1 ¥ ] 1 1
1 ] ] 1 1
Soil name and | Shallow | Dwellings H Dwellings H Small 1 Local roads
map symbol i excavations ! without i with ' commercial | and streets
i i basements % basements E buildings E
1 ] H 1 1
Cathay: H i ! ! !
181: | | | ) )
Cathay part----|Moderate: IModerate: {Moderate: iModerate: {Moderate:
| wetness, ! shrink-swell. | shrink-swell, ! shrink-swell. | frost action,
i i | wetness. | i shrink-swell,
] 1
1 ] | 1 1
Gardena part---|Moderate: |Moderate: !Moderate: I|Moderate: |Severe:
| wetness, { low strength. | low strength, | low strength. | frost action.
| i | wetness, ! H
| | i | i
Letcher: | ! ' 1 |
82=ememm e {Moderate: |Moderate: |Severe: iModerate: {Moderate:
| wetness, | wetness, | wetness. | wetness., | wetness,
| | ! | i low strength,
E i ! i E frost action.
i
[ [} ] I ]
Arvilla: i | | ! i
188Bmmmmmemmmmae |Severe: 1Slightecmmemmm——— 18lightemmemmcnaa-n 18lightemmmmoomomem !Slight.
| cutbanks cave. | | ! )
| i | i )
Sioux: | H ! ' i
189C—mmmmommecne |Moderate: iModerate: iModerate: i Severe: |Moderate:
| cutbanks cave. | slope. i slope. | slope. | slope.
] i ] ]
] i ] ] i
Serden: | ! ! | |
90C~~mmmmmmm e | Severe: 1Slight--cmmmmmeee 18lighteccecmeaaa- {Moderate: iSlight.
i cutbanks cave, i i E slope. i
] ] ] ] 1
Divide: | ! ! ! |
[ 1 PRI |Severe: |Moderate: | Severe: | Severe: |Moderate:
| wetness, | wetness, | wetness, | wetness. | wetness,
| cutbanks cave. | ! | E frost action.
] ! ] !
1 1 ] ] ]
Aquents: 1 ! ! i !
96. i | ) | |
| | ' i |
Stirum: : ! ' | i
1100~cmmmccmceaa | Severe: | Severe: |Severe: |Severe: i Severe:
i floods, { floods, { floods, i floods, | floods,
E wetness. ! wetness., | wetness. | wetness. E wetness.
I 1 I
] i ] 1 1
Aquolls: ! i i ! i
104, } ! i | |
i | i | |
Axlmer: 1 ' ! ! |
105: | i | | i
Aylmer part----|Severe: iModerate: i Severe: iModerate: 1Slight.
| wetness, | wetness, | wetness. | wetness. i
| cutbanks cave. i | E E
I 1
} ] 1 ] 1
Fossum part----|Severe: |Severe: iSevere: iSevere: |Severe:
| wetness, | wetness, | wetness, | wetness, | wetness,
i floods, i floods. i floods. E floods. E floods.
| | | | |
AL 1 1 1 1

1This map unit is made up of two or more dominant kinds of soil. See map unit description for the
composition and behavior of the whole map unit.
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TABLE 8.--SANITARY FACILITIES

[Some terms that descrlbe restrlctlve soil features are defined in the Glossary. See text for definitions of
"slight," "moderate," "good," "fair," and other terms used to rate soils]

] 1 ] i ]
! [ 1 ] '
Soil name and | Septic tank ! Sewage lagoon | Trench | Area | Daily cover:
map symbol H absorption 1 areas ! sanitary i sanitary i for landfill
! fields ! 1 landfill 1 landfill H
] ] ] 1 1
) 1 ] 1 I
Tonka | ) | | |
| S S ISevere: 18lightememmcmeee- | Severe: {Severe: { Poor:
| wetness, ! | wetness, ! wetness, | wetness.
! floods. i | floods. ! floods. !
I~ 1 ] i 1
] I ] ] 1
Parnell ! ] | |
L L | Severe: | Severe: | Severe: i Severe: i Poor:
! floods, | floods, | floods, i floods, | wetness.
| wetness, | wetness, | wetness, | wetness, i
! percs slowly. i excess humus. | too clayey. i |
) 1 ] }
] ] i ] ]
Colvin i | | | |
O |Severe: 1Slighteemmemcamua |Severe: |Severe: {Poor:
| percs slowly, | | wetness, | wetness, | wetness,
| wetness, i | floods. i floods. i
| floods. i | ; i
] i ] | i
1 ] I ] !
Fossum | | | | |
L 2 |Severe: {Severe: |Severe: iSevere: | Poor:
| wetness, | seepage, | seepage, | wetness, | wetness,
i floods., | floods, | floods, i floods, | too sandy.
| ! wetness, | wetness, | seepage. i
) ] i ] )
| ] ] ! 1
Hegne ' ! | ) '
12, 13ccccmmccmeae= |Severe: 1Slight-—ceccnana- | Severe: |Severe: {Poor:
| wetness, 1 | wetness, | wetness., | too clayey.
| percs slowly. H E too clayey. i E
] I
] i I i ]
Bearden ! | | ! !
L B et tatatate | Severe: 1Slight==ce-a-mum- | Severe: | Moderate: iGood.
| wetness, ! | wetness, | wetness.
| percs slowly. | i E E
1 1
i 1 1 1 i
15 m e me e |Severe: | Severe: |Severe: |Moderate: 1Good.
| wetness. i wetness. i wetness. | wetness., i
t ] 1
] 1 3 1 i
Overly ' | | | |
16mmmmmemm e iSevere: 1Slightes=meae==== |Moderate: iSlighteceesmau-na {Fair:
| percs slowly. E i too clayey. i i too clayey.
) i I
i [} i ] 1
Colvin | | | i |
17, MBeccmcamcaaan !Severe: 18light—-—emeomuen |Severe: ISevere: ! Poor:
i\ percs slowly, | | wetness, | wetness, | wetness.
| wetness, ' \ floods. | floods. !
| floods. ! ! : |
| | | i i
Pits, gravel: i | i H )
20. | ! ! | |
i | | ! |
Hecla: ' | | ; )
T2y : ) i i | |
Hecla part------- {Moderate: i Severe: | Severe: |Severe: {Fair:
| wetness. | seepage. E wetness. E seepage. i too sandy.
] ]
] ] 1 i ]
Ulen parte--—e----- !Moderate: |Severe: |Severe: |Severe: {Fair:
| wetness, | wetness, | wetness, | wetness, | too sandy,
! E seepage. E seepage. E seepage. { thin layer.
1 ]
] 1 4 1 I
25 mmmmmmm e e e |Moderate: |Severe: iSevere: |Severe: |Fair:
| wetness., | seepage. | wetness, i seepage. i too sandy.
) ) 1
| 1 ] ] i
Maddock ' i i | i
26Bemmm e —=m 1Slightememeeeaaaa | Severe: |Severe: {Severe: |Fair:
! | seepage. | seepage, | seepage. | too sandy,
' E E too sandy. i | seepage,
] ]
| 1 1 3 |

See footnote at end of table.
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1 ] ] ] i
| ! ] ] ]
Soil name and 1 Septic tank {  Sewage lagoon | Trench i Area | Daily cover
map symbol | absorption | areas ! sanitary i sanitary | for landfill
| fields L 1 landfill ; landfill |
i ]
i ] 3 ! |
Maddock: | ! ! ! H
27Cmmmmmm e m e {Moderate: |Severe: | Severe: | Severe: {Fair:
| slope. | seepage, | seepage, | seepage. | too sandy,
i E E too sandy. i E seepage.
i 1 ' 1 i
Towner | 1 | | H
A L L PP | Severe: {Slighteeeemaeaaan | Severe: |Moderate: {Fair:
| percs slowly. | | wetness. | wetness, | too sandy,
i H | i { thin layer.
| i ! | i
131B: | | | | |
Towner parte------ | Severe: |Moderate: | Severe: |Moderate: {Fair:
| percs slowly. | slope. | wetness, | wetness. i too sandy,
E ! ! ! E thin layer.
1 3 ]
] ] I 1 ]
Dickey part------ | Severe: iModerate: | Severe: | Severe: {Fair:
| percs slowly. ! slope, | seepage. | seepage. | too sandy.
' | seepage. | | i
) ) i i |
Dickey: | ) ) |
32Cammmm e |Severe: |Severe: | Severe: | Severe: {Fair:
| percs slowly. { slope. | seepage. | seepage. | too sandy,
i | | [ i slope.
i ! | i |
Tiffany: | ! H !
L et et |Severe: |Severe: |Severe: | Severe: | Poor:
| wetness, | wetness, | wetness, | wetness, | wetness.
i floods. | seepage. | seepage. E seepage. i
] ]
} I ] 1 i
Embden: | | | i i
35— 181lightemmmcmmeaee |Severe: | Severe: iSevere: iGood,
E | seepage. | seepage. | seepage. H
I ] ] 1
1 i 1 ] 1
136B: | A | : :
Embden parte----- 18lighteeecccmcuann |Severe: |Severe: | Severe: {Good.
E | seepage. | seepage. E seepage. i
¥ ]
i ] ] ] }
Egeland part----- 1Slighteememmaaaan i Severe: | Severe | Severe: 1 Good
E | seepage. | seepage | seepage. i
] 1 1
1 i 1 1 1
Egeland: ; ! | ) i
37Cmmmmm e 1Slight—cmmacneaas |Severe: |Severe: |Severe: |Good
5 i seepage. E seepage E seepage. i
i 1 1 ] 1
Swenoda ! ! H 1 !
R {Moderate: iModerate: 1Slighteeceaaamaun | Severe: | Good
5 percs slowly., i seepage. g E seepage. E
] 1 ] 1 )
L R T |Moderate: |Moderate: 1Slight—meeemeaeen |Severe: iGood,
| percs slowly. | slope, ! | seepage. i
| | seepage. ! ! i
| i | ! |
L Rttt iModerate: | Severe 1Slight—memmmmeeem | Severe: |Good.
E percs slowly. | slope | | seepage. i
1 ] |
] ] 1 I 1
Wyndmere: ! ! ! ; '
L |Severe: iSevere |Severe: |Severe: {Fair:
| wetness, { wetness, | wetness, | wetness, i thin layer.
E i seepage. E seepage. i seepage. E
¥ 1 ] ] 1
Fossum: | ! ' ! !
L | Severe: |Severe |Severe: | Severe: }Poor:
| wetness, | wetness, | wetness, | wetness, | wetness,
| floods. | seepage. | seepage, | seepage, | too sandy.
i E i floods. E floods. E
I ) ) ] ]
Hamerly: ! ! ! ' |
e R T |Severe: IModerate: | Severe |Moderate: | Good,
percs slowly. | wetness. | wetness. i wetness. i
| I
] ] ] ]

See footnote at

end of table,
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] ] 1 i I
] i 1 1 i
Soil name and ) Septic tank ! Sewage lagoon | Trench H Area { Daily cover
map symbol H absorption 1 areas i sanitary | sanitary | for landfill
! fields i 1 landfill ] landfill |
] ] ] ] ]
] ] ] 1 ]
Svea: | | | | |
50-mmmmm————————— | Severe: 1Slighteemccecuan- | Severe: iModerate: {Good.
5 percs slowly. E E wetness. | wetness. |
1 ]
1 ] ] 1 1
Barnes: ) | | | '
151 | | | | |
Barnes part------|Severe: 18light==emmaaceaa 1Slight—mcceeanna- 1Slighteemmmacaaax |Good.,
| percs slowly. | i | '
I | 1 I ]
' i ! ¥ ]
Svea part------ | Severe: 1Slight-—-ecocc--- | Severe: {Moderate: {Good.
| percs slowly. i i wetness, i wetness. ;
] 1 ]
1 1 t ] ]
151B: | i | ) !
Barnes part------|Severe: {Moderate: 1Slightecemcnanaa- HISHIET-4's | AT —— |Good.
! percs slowly. ! slope. E i |
] I t
1 ] ! ) )
Svea parte----- | Severe: iModerate: iSevere: |Moderate | Good
| percs slowly. E slope. i wetness, | wetness. H
) 1 1
] ] 1 1 1
153B: | | ) ' |
Barnes part------|Severe: |Moderate: 1Slight-==--—-o--- 1Slighte—mmmmcaana 1Good.,
E percs slowly., i slope. | i
¥ ] 1 I
1 ] ] ] 1
Buse parte----- i Severe: iModerate: 1Slighteemecmaaaau 1Slighteemmmmceaam {Good.
| percs slowly. | seepage, i | |
! ! slope. i i [
| i | | '
153¢C: | : | ) :
Barnes part------|Severe: {Severe: iSlight--eeecccaa-- 18lighteemmmeeama 1Good.
| percs slowly. | slope. E |
I | ) 1
1 i 1 1 1
Buse part------ |Severe: i Severe: 1Slight--cccmmmea- 1Slightememmmmaeea |Good.
| percs slowly. E slope. E i :
]
] I ] 1 i
Esmond: | ) ) | ]
155F: | | ! : |
Esmond part------}Severe: | Severe: |Moderate: | Severe: |Poor:
| slope. | slope. | large stones, { slope. | slope.
1 ! | slope. | )
i i | ) |
Heimdal part-----|Severe: iSevere: {Moderate: | Severe: { Poor:
| slope. | slope. | large stones, i slope. | slope.
| i | slope. '
i | | | !
Cresbard: ) | | | |
156 | | | | |
Cresbard part----|Severe: 1Slighte-mcemcaaaa {Moderate: 1Slighteceeemeaax (Fair:
| percs slowly. E E too clayey. i | too clayey.
] i
] ] ] 3 1
Svea parte----- | Severe: 1Slighte--a-ceeee- {Severe: {Moderate: |Good.
| percs slowly. | | wetness. | wetness. !
Vallers: ! i I | )
57, 58mmcmacee——a | Severe: | Severe: | Severe: |Severe: |Poor:
| percs slowly, | wetness. | wetness., | wetness. | wetness.
| wetness. i ) | i
i i | i |
Hamerly: | ) ) | |
159: | | | | |
Hamerly part-----|Severe: |Moderate: | Severe: |Moderate: {Good.
| percs slowly. | wetness. E wetness., | wetness, |
. ] i 1 ]
1 ] ] ' ]
Tonka part----- | Severe: 1Slight-=eemaaeaoo | Severe: | Severe: | Poor:
| wetness, ] | wetness, | wetness, | wetness.
| floods, | | floods. E floods. E
1 1 ]
] 1 ) ] 1
Emrick ' i ) i |
fQmmmmmcm————— ISlight-ecemcacaa- {Moderate: 1Slighteemmmeaaa—q 1Slight-cmccacaaa- 1Good.
! | seepage. ! i '
| | | | |
(o) - TS 1Slight-=mmeemauea |Moderate: 1Slight--=ccemeua- 1Slighteeemcaaaa—o |Good.
! | slope, H | i
! | seepage. j ! i
i i i ' i

See footnote at

end of table.
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i i | | |
Soil name and 1 Septic tank | Sewage lagoon | Trench | Area i Daily cover
map symbol H absorption i areas i sanitary i sanitary i for landfill
H fields i ! landfill i landfill L
1 ] 1 ] ]
1 ) ] I 1
Heimdal: ' | | i i
161B: | | i | i
Heimdal part-----|Moderate: iModerate: |Moderate: {Slighteemmmeaaamu {Fair:
i large stones. i\ large stones, | large stones. | | large stones.
1 ] I ) i
| i slope. i 1 I
| | i ) )
Emrick part------|Moderate: |Moderate: iModerate: |Moderate: {Fair:
| large stones. | seepage, | large stones. | large stones. | large stones.
| { large stones, | i
! i slope. | | |
I 1 I ] 1
i i I ] 1
Emrick: ] | i i )
T62: | | i | |
Emrick parte-----{Slighteeeccecaao {Moderate: 1Slight-—-oceeaaa- 1Slight-——mcmmaae 1Good.
! | seepage. i ' i
) ! | ] |
Heimdal parte----)Slighteeeceeeeeas {Moderate: HSHE -1 | A ——— 1Slight-——=ececeaa- |Good,
) | seepage. i | J
) ) i ; |
162B: | ! | | )
Emrick parte-----|Slighteecececeeaax {Moderate: 1Slightmemmmmeem e 1Slight-—ceececnaax {Good.
] i 1 1 I
1 i slope, 1 | |
! | seepage. | E E
i ) 1
1 ] ] i I
Heimdal parte-----|Slighte-ee-ceee-- IModerate: 18lighte—eamaeaaaa 1Slight=eemaeaeao- jGood.
1 1 ] ) )
| { slope, i | |
H | seepage. | | |
i | i | |
Heimdal: i i i )
T62C: | ! | | |
Heimdal parte----|Slighte--—ceeea-- | Severe: 1Slight-—mecemcmeea 1Slight-—-meecaaaa {Good.
I ) ] 1 I
i i slope. 1 { |
| i | | |
Emrick part------|Slighteececcacaa | Severe: 18light-=mmmcmaaua 18light-=————m—mn 1Good.
| | slope. | | |
I 1 ] ] 1
1 1 1 1 1
Esmond: ! } ) ) |
163D: | i | | i
Esmond part------}Moderate: |Severe: 1Slight-=cemmcmee iModerate: {Fair:
! slope. | slope. H | slope. | slope
] ] i ] ]
1 ] i 1 1
Heimdal part-----i{Moderate: |Severe: 18light == mcmmmee e IModerate: |Fair:
| slope. | slope. i | slope. | slope
1 1 ] ] t
1 1 1 1 3
163F: | ! | | |
Esmond part------|Severe: |Severe: |Severe: |Severe: |Poor:
| slope. | slope. ! slope. i slope. E slope
i 1 1 ]
] 1 i 1 ]
Heimdal part-----}Severe: | Severe: IModerate: | Severe: | Poor:
| slope. | slope. i slope. | slope. i slope.
1 i 3 ] i
1 ] 1 ] 1
Heimdal: | i | |
Teuc: ! i i i i
Heimdal part-----{Slighteeeeceea-—o |Moderate: 1Slight=—cememmaae 1Slight~eemmmeaaee 1Good.
I ] ] 1 1
' i slope, I 1 1
i E seepage. | E i
3
1 i ] i ]
Esmond parf------{Slighteeeeececac- iModerate: 1Slighteemememaaee 1Slightecmcmmanean |Good.,
] ] t ] ]
1 i slope. ] i I
I I ] | 1
] H I ] 1
Fram: ' \ | | |
[ ittt | Severe: | Severe: |Severe: iSevere: | Good.
| wetness, | wetness. { wetness, | wetness. i
] ] ] t 1
[ 1 ] 3 i
Gardena | | | !
Bbmmmmm e |Moderate: |Moderate: |Severe: {Moderate: |Good.
| wetness. | seepage, | wetness, | wetness. |
! | wetness. | | |
) 1 1 1 i
1 ] 1 ] 1

See footnote at

end of table.
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] ] ] 1 ]
) I } 1 ]
Soil name and i Septic tank | Sewage lagoon | Trench | Area ! Daily cover
map symbol ! absorption | areas | sanitary i sanitary | for landfill
i fields ; i landfill i landfill |
]
) { ] ) ]
Gardena: | i | |
6TB-—mcemmmcmmaaa {Moderate: |Moderate: | Severe: |Moderate: 1Good.
| wetness, { slope, | wetness, | wetness, |
! | wetness, | ' ]
! | seepage. ] | |
i | ' ! |
Eckman: | ) | i |
68Cammm e 1Slight=mmmmmmeeem | Severe: 1Slighte=mmmemmnene 1Slightmmemeamanao | Good,
; | slope, | | !
| i ) ) i
Glyndon: f | J i |
TOemmemmmmmm e e |Moderate: | Severe: | Severe: | Severe: 1Good.
| wetness. | seepage. | seepage, | seepage, i
! ! | wetness., ! i
i | | | !
Gardena: ! ) 1 )
Tlommm e cecemee e |Severe: 1Slight—ecmecacaaa- 18lighteemeceaceaaa HICHIE N4} A ——— {Fair:
| percs slowly. E E E E thin layer.
]
] [} ] 1 ]
Glyndon: ' | | | |
7 !Severe: |Severe: |Severe: i Severe: 1Good .,
| wetness. | seepage | seepage, | seepage. !
! ! | wetness, | i
! i ] i |
Borup | | ! i 1
173: i ) | | |
Borup part------- | Severe: | Severe: |Severe: | Severe: | Poor:
| wetness. | wetness, ! wetness, | wetness, | wetness.,
E 5 seepage. i seepage. E seepage. E
] 1 ] | ]
Fossum part------ | Severe: | Severe: |Severe: | Severe: | Poor:
| wetness, | wetness, | wetness, | wetness, | wetness,
} floods. | seepage. | seepage, | seepage, | too sandy.
) ! | floods. | floods. |
I ) 1 ] 1
i ] ] ] [}
TU, THmemmmmmm e | Severe: i Severe: | Severe: |Severe: | Poor:
| wetness. | wetness, | wetness, | wetness, | wetness.
| | seepage. | seepage. | seepage. i
] ] ¥ ] ¥
] ] [} ] ]
Emrick: J | | | |
178 ) i ) i |
Emrick part------ 1Slight=~mmemeaaaa |Moderate: 1Slightececaaaaaan 1Slightemcaaacaaan | Good
i | seepage. | i |
) ) j ) i
Cathay parte----- | Severe: 1Slighteeeeancnaaa | Severe: 1Slighteccmmacananx {Fair
| percs slowly. i i wetness. E E hard to pack.
t
i ] | 4 i
Cathay | | | i )
80-cmcmmm e |Severe: 1Slightemcmacana-- i Severe: {Slightecccmcmuaa- {Fair:
| percs slowly. ! E wetness. i E hard to pack.
] ]
I 1 t ] 1
o) - PRy —— |Severe: |Moderate: |Severe {Slight—mmemeceaan |Fair
! percs slowly. i slope i wetness E 5 hard to pack.
|
I I 1 ] I
181: i | ) | i
Cathay part------ |Severe:- ISR -} A ——— | Severe 1Slight=meceaaaao |Fair:
| percs slowly. i 5 wetness, i i hard to pack.
I
i 1 ] 1 t
Gardena part----- iModerate: |Moderate: | Severe: |Moderate: {Good
| wetness, | seepage, | wetness, | wetness. i
! | wetness. i | i
| ) | | )
Letcher: i H H | !
- | Severe: | Severe | Severe: iModerate: {Good
E percs slowly. i seepage. E seepage. i wetness. i
1 ] 1 t ]
Arvilla | ! ! i |
GBBmcm e e SR N4 | AT —— |Severe: | Severe: |Severe | Poor:
seepage. i seepage. E seepage E thin layer.
] ] ]

See footnote at end of table,
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TABLE 8.--SANITARY FACILITIES--Continued
| | | | i
S0il name and 1 Septic tank | Sewage lagoon | Trench i Area | Daily cover
map symbol ! absorption | areas | sanitary i sanitary i for landfill
i fields } : landfill : landfill ;
i } 1 ]
} I i 3 ]
Sioux: ! ! ! ! !
189Cammmemmm e |Moderate: |Severe: |Severe: {Severe: | Poor:
| slope. i slope, | seepage. | seepage. | thin layer,
| i seepage. i i i
| i i | i
Serden H ! ! ! H
90Cemmmmm e 1Slightececcmaaaaa |Severe: |Severe: |Severe: | Poor:
i | seepage, | seepage. | seepage. | too sandy.
| | slope. | | )
i | | i j
Divide | ! | ! !
e T |Severe: | Severe: | Severe: | Severe: {Fair:
E wetness, E seepage. i seepage. i seepage. E thin layer.
] ) ] 1 1
Aquents: ! | ! i |
96. | i | | |
| i | i )
Stirum: H 1 ! 1 i
1100emomccacacna- |Severe: |Severe: |Severe: | Severe: {Poor:
| floods, I floods, | floods, | floods, | wetness.
| wetness, | wetness, | wetness, | wetness. |
i E seepage. | seepage. i H
i
¥ ] ] i I
Aquolls: ! ! ! i i
104, ) | | | |
| | | | |
Aylmer: ! ! | ' i
105: i ) i | |
Aylmer part------|Severe: i Severe: |Severe: |Severe: |Poor:
| wetness, | wetness, | wetness. | wetness. | too sandy.
| i seepage. E i E
]
] ] i 1 i
Fossum part------|Severe: jSevere: | Severe: | Severe: { Poor:
| Wwetness, | wetness, | wetness, | wetness, | wetness,
i floods. | seepage. | seepage, | seepage, | too sandy.
| | | floods. i floods. i
1 1 ) 1
i 1 A i i

IThis map unit is

made up of two or
composition and behavior of the whole map unit.

more dominant kinds of soil. See map unit description

for the
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["Shrink-swell" and some of the other terms that describe restrictive soil features are defined in the

Glossary. See text for definitions of "good," "fair," "poor." Absence of an entry means soil was not
rated]

excess fines. too sandy.

] i ] ]
3 ] ] ]
Soil name and i Roadfill ! Sand i Gravel ' Topsoil
map symbol | ) | |
) i i |
! : ! !
Tonka | ) | |
L | Poor: jUnsuited-—=eeeceaaaao jUnsuited--meeecaaaaan | Poor:
| wetness, | i | wetness
! low strength, | i i
1 1 ] I
] 1 ] 1
Parnell i ' | )
S | Poor: iUnsuited-e--cececacaaax iUnsuitedecececcacacan | Poor:
| wetness, ! i | wetness.
! shrink-swell. i i i
i I
) | ] I
Colvin | | | |
o Sy | Poor: lUnsuited-=-=ceecceaao iUnsuitedecececacauaas { Poor:
| wetness, | | | wetness.
! low strength. 1 1 )
] ] ] 1
1 ' i t
Fossum: | i | |
L | Poor: ‘Fair: lUnsuitede=emomeemcmon | Poor:
! wetness. | excess fines. H | wetness,
E E E | excess salt.
]
1 ¥ ] ]
Hegne: 1 | | |
12, 13-cmmeemmm e | Poor: iUnsuitedecececcmcnmean tUnsuited-—--cemcemaaaan i Poor:
: { shrink-swell, | | { too clayey,
| wetness, | | | wetness,
| low strength. i ) i
) i i
] 1 ] ]
Bearden: i | | |
L | Poor: iUnsuited-e~cmmmeeaaaa iUnsuited-cececcacauaa {Fair:
| low strength. | ] | excess lime,
I ] 1 1
' i ] 1
15 e e m e | Poor: tUnsuited---ccccaaauax jUnsuited-==ceeeaeenmo {Fair:
| low strength. | ) | excess lime,
! | i | excess salt.
1 1 1 ]
] i 1 {
Overly ) ) i |
1fmmmmme e e | Poor: lUnsuited---mcemeceaax iUnsuited=-=--=mceaon {Fair:
| low strength. E i E too clayey.
I
I 1 ] ]
Colvin i ! i |
17, 118ecccmcmcceaeen | Poor: iUnsuited--———mceee-ua {Unsuited-mcmeemaeeaan | Poor:
| wetness, | i | wetness.
! low strength. i i E
1 ] ]
i ] 1 )
Pits, gravel: | i | |
20. | ! ! ;
: = ‘ !
Hecla: | | | j
Tay: | | | i
Hecla parte—------- {Fair: | Poor: iUnsuited====c=amceouo- | Poor:
| wetness. | excess fines. i | too sandy.
] I | I
1 1 i ’
Ulen parte-ee--—e--- 1G00deemmmm e e |Fair: jUnsuited----ceecoaaao {Poor:
H | excess fines. i | too sandy,
i i | | excess lime.
] ] 1 ]
] I ] I
2B mmm e |Fair: | Poor jUnsuitede-m=mccaeeaaun | Poor:
| wetness, | excess fines. E E too sandy.
] ]
i ] 1 ]
Maddock: | | | i
26B, 27Cmmmmmmmmmmm 1G00d === mmmmmmmmeae o |Fair: jUnsuited——eeccmmanaun | Poor:
1
!

See footnote at end of table.
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low strength.

] 1 1 ]
' 1 1 i
S0il name and ! Roadfill ! Sand ! Gravel ! Topsoil
map symbol | ! ! |
! | ; 1
i | i !
Towner: ! ! ! |
20— meaes HeTeToT R jUnsuited-—-meeaeen {Unsuited-—=——ceeceuuao { Poor
i | j { too sandy.
| | | |
1318B: i | | |
Towner part------ }GOOdmmmm e e e e jUnsuited-==—meema- jUnsuited-===c=mceaou- | Poor
E E E i too sandy.
] ' 1 1
Dickey partee---- | Poor: {Unsuitede—eeceeao iUnsuited--=-cmmceeua- | Poor
i thin layer. ; ! | too sandy.
] ] i I
i i i |
Dickey: | | i ;
32C—mmmmme e { Poor: iUnsuited=~--=eee- lUnsuitedecemeraeaanna | Poor
E thin layer. i ! | too sandy.
] I i
] 1 ] )
Tiffany: i ! : i
R e e | Poor: | Poor: {Unsuited-———————ceco--o { Poor:
E wetness, | excess fines. 1 | wetness,
1 1 t
1 ] I ]
Embden i i | |
B TETer YRR |Fair: | Poor: {Unsuited-=-eeeaaouoao- i Good
| wetness, | excess fines, | !
E low strength. i | 5
]
) ] i ]
136B: _ | ! | |
Embden part--~--- |Fair: | Poor: iUnsuitedem-cmecemcmaaax iGood
| wetness, | excess fines. ! )
E low strength. ' i i
I 1
} I ] ]
Egeland part----- iFair: | Poor: lUnsuited-wmecmcanman-a | Good
E low strength. i excess fines. ! 5
t
I 1 3 I
Egeland: i H ! J
37Cmmm e |Fair: | Poor: |Unsuitede-————momeeun | Good
i low strength. i excess fines. ' |
]
i 1 I 1
Swenoda: | i i }
39, 41B, 42C-==meu= {Fair: jUnsuited-=eeeaaaa lUnsuitedecmmmmemcneax | Good
i low strength. | i i
1
1 ] 1 ]
Wyndmere: i i | |
L R et T T —— {Fair: | Poor: {Unsuited-————cmcmaoao | Poor
| low strength, | excess fines. i | excess lime,
| wetness. | | !
Fossum: | i | |
L | Poor: |Fair: lUnsuited—-=-o—ceoooo | Poor:
| wetness. | excess fines. ' 5 wetness
) 1 i
1 ] i ]
Hamerly: | | i i
LB —— | Poor: jUnsuitedeeeeeaeeo jUnsuited--cocmmcaaaa ~|Fair:
i low strength. | i i thin layer.
1
] ] ] i
Svea i ! | |
o |Fair: {Unsuitede-sccoeo-- {Unsuitedeceececcceaa-" | Good
! shrink-swell, ! ) i
E low strength. | | i
] 1
1 1 ] ]
Barnes: i ! | !
151 | ! | i
Barnes part------ |Fair: lUnsuited-e-ennoeo-- lUnsuited-ecc-ecccacnaa- | Good
i low strength. ! i E
]
! i 1 1
Svea part----—-—-- |Fair: !Unsuited-—-=-oc-- lUnsuited-=ce-mcucceaa-a { Good
shrink-swell, |
)
|
i

See footnote at end

of table.
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low strength,

large stones.

I | t I
1 I H 1
Soil name and i Roadfill ! Sand ! Gravel 1 Topsoil
map symbol ! | | i
H I H i
i ) ) i
Barnes: ) | i !
1518B: | ! | :
Barnes parte----- |Fair: iUnsuited-—-=—occemcaa—o iUnsuited-=—-=ceomaeau- 1Good.
5 low strength. i H i
) i 1
) ] 1 1
Svea part--—-—-—---- {Fair: lUnsuitedeeecacaacaaan lUnsuitedeceeccaacaan- 1Good.
| shrink-swell, ! | i
| low strength. ] i !
i | i i
1538: : | | |
Barnes partee---- {Fair: iUnsuitede--mcccncana- iUnsuitedececaaaaanoo |Good.
| low strength i i ]
1 ] ] 1
] ] ] {
BuSe partece-eea- {Fair tUnsuited-=cceeauaa- iUnsuited--mmmceecan iGood.
| shrink-swell i | |
i i i i
153C: : | ! |
Barnes part------ {Fair: jUnsuited-mceasaaca— jUnsuited--ceccomemeea o {Good.
5 low strength E i |
i
] ] ] ]
Buse part-------- {Fair jUnsuited-ceemccccaaoc iUnsuited--—-eceeeaaann 1Good.
E shrink-swell, i ! ;
] ] ]
1 i 1 I
Esmond: i | | |
T55F: i ) | i
Esmond part------ |Fair: lUnsuited-=ceaccaaaaao jUnsuited-=mmememeauoo | Poor:
i slope, 1 ' | large stones,
| large stones ' | | slope.
] ] ] ]
1 1 ] ]
Heimdal part----- {Fair: iUnsuited----ccecaaaao {Unsuitedeeeemcenaaaae { Poor:
{ low strength, i | | large stones,
| large stones. | i | slope.
1 i 1 ]
] ] 1 1]
Cresbard: ) | | i
156 | ! | i
Cresbard parte--~---|Poor: jUnsuitedemmeccccaaane jUnsuitedeceeaecaaaaa- {Fair:
! shrink-swell, i ' | thin layer.
! low strength. } ! |
] I ] t
1 1 I 3
Svea parte-~—e--- {Fair jUnsuitedmmececmaaaaaa jUnsuitedeemecomcaaaan | Good.
| shrink-swell, ' ! J
! low strength. H | 1
] ] 1 ]
' ] i i
Vallers: ) i | |
o | Poor: jUnsuited-e-ecemceeaas jUnsuitedeeeeccacaaao | Poor:
| wetness, ) | | wetness,
i i E E excess lime.
1 I ] ]
B58emccmaa e e | Poor: tUnsuitede-e-cemeeeaao iUnsuitedememeecnmcaaaa | Poor:
| wetness | i | wetness,
' i i i excess salt,
]
] 1 ] i
Hamerly: | i i i
159: i | | |
Hamerly part----- { Poor: lUnsuitedemeaaeccco- lUnsuited---ceceomeaea- {Fair:
! low strength. i i ! thin layer.
] I ]
i ! 1 1
Tonka part------- | Foor jUnsuited--ececmcaaanaa {Unsuitedecemmceeaaaan { Poor:
| wetness, H ! | wetness.
| low strength, | i |
] i I |
] I i H
Emrick: | ! | )
60, 60B-ememcmcacan {Fair jUnsuited---comccenen- jUnsuitede--cemmeeceaaaa 1Good.
| low strength | H i
I | | 1
1 1 ] ]
Heimdal: | i ! i
'61B: ] 1 ! !
Heimdal part------ {Fair iUnsuitedeceecaaaaao jUnsuited--m-ccmmenceccaa | Poor:
)
1
I
1
]
1

I
1
| large stones.
1
1

See footnote at end of table.
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] ] ] ]
1 ] 1 1
Soil name and 1 Roadfill i Sand | Gravel | Topsoil
map symbol ! ! ) |
] | 1 i
i | i ;
Heimdal: | | | |
Emrick part------ |Fair: iUnsuited—=——cemnooo—o iUnsuited-——c-ecamucnaa | Poor:
| large stones. | i | large stones.
1 1 ] ]
1 i ] i
Emrick: ! i | |
T62: | i i i
Emrick parte--e--— |Fair iUnsuitedece~ecacao—o iUnsuitedeeemecmmccuaa= | Good.
| low strength. } | |
] ] 1 i
3 1 1 ]
Heimdal part----- |Fair {Unsuited-——ccmaceaao iUnsuited-ceccmaacanan iGood,
! low strength, H | {
] ] | ]
' 3 1 )
162B: : | | i
Emrick part------ |Fair: jUnsuitedeeecmcacacana {Unsuited-—ecacenaaaan {Good.
! low strength, | ! |
I I I i
] 1 1 ]
Heimdal part----- {Fair: jUnsuited=mecmmaccooo jUnsuited-=ccmmennenaa {Good.,
| low strength. i | i
1 1 ] |
1 1 ] !
Heimdal: ! j i i
T62C: j ! i i
Heimdal parte-<-- jFair: iUnsuitedeccecencacans {Unsuited-—ccceccacnan {Good.
! low strength. i i |
] ] ] 1
] 1 ] 1
Emrick parte----- |Fair: iUnsuited-——-—coceaeaq tUnsuitede-ccemmmaaaan {Good.
! low strength. i i i
] ] 1 )
1 ) 1 ]
Esmond: i i ] |
163D | | | |
Esmond part------ |Fair: iUnsuited~ceemenaoaoo iUnsuited-ecmmeeoeaaaan {Fair:
| low strength. i ) | slope.
I I I ]
i 1 1 ]
Heimdal parte---- |Fair: lUnsuited-=mm=emcaaaco lUnsuited-=————cweauaa |Fair:
| low strength, i i | slope.
] 1 ] ]
i i 1 1
163F: ! ! | !
Esmond part------ | Poor: {Unsuited-——cccacaacax iUnsuited-wecemmaaecan- | Poor:
| slope. i i | slope.
I 1 I 1
1 H ! 1
Heimdal parte---- {Fair: iUnsuited=e~eeeanoo—-- lUnsuitedee-ceemecaaao i\ Poor:
i\ low strength, i | { slope.
| slope. ! ' |
] | | i
Heimdal: ! i ) |
Teuc: | ! | |
Heimdal parte-we-- |Fair: IUnsuitede~—mccaaanaan iUnsuited--eccwmmnmaa= | Good
{ low strength. i ' |
i ) 1 I
1 ] ] I
Esmond part------ |Fair: jUnsuitedeececcnamoaoo jUnsuitedememmmmmcaaaaa i Good
| low strength. | | |
) ] ] 1
1 ] ] ]
Fram: | | H i
L Tt T TSI . {Fair: lUnsuited-=eceeacooac- lUnsuited---ccemamannn |Fair:
{ low strength, i i } excess lime.
| wetness. | ) |
I ] 1 i
i ) i ]
Gardena: | i i i
66, 67Becccmecaana- {Fair: iUnsuitedecccecacaaaao iUnsuited-—ccmemamcaa- |Good.
! low strength, | i !
I I I ]
1 i i 1
Eckman: ] ) ] |
68— |Fair: jUnsuitedeeccccmanaac lUnsuited-eeeeoocnaanx | Good.
| low strength, ! | ;
I I I 1
1 1 1 1
Glyndon 1 i H )
----------------- |Fair: iUnsuited------ac—-}lUnsuited-----=--ee-==|Fair:
| low strength, | ! | excess lime.
| wetness, ! | '
] ! ] 1
' i ] ]

See footnote at end

of table,
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i ) 1 ]
1 ] 1 ]
Soil name and | Roadfill i Sand | Gravel i Topsoil
map symbol | ] | |
! 1 | ;
| | ] i
Gardena: i | | i
A T T . |Fair: iUnsuitede——eccmeaan iUnsuitedeececmmcaaoo- | Good
E low strength, E i |
)
i ] I ]
Glyndon | ! | |
Toemmmmmmmcee—eemea |Fair: jUnsuited~ececcceeoaa jUnsuitedececcmcmeaaoo { Poor:
| low strength, ! | | excess salt.
| wetness, | | H
| ! ! |
Borup: ! | | i
173: | ! | J
Borup part------- { Poor: { Poor: jUnsuitedece—cmceaao- | Poor
| wetness, | excess fines. H | wetness,
5 i i E excess lime.
1 ] 1 ]
Fossum parte—---- | Poor: jFair: jUnsuited-—eeemeeao—o | Poor:
E wetness. i excess fines, i | wetness,
] )
3 t } ]
Tl e e | Poor: {Poor: iUnsuitedeeeacac——ooo | Poor:
| wetness. | excess fines. i | wetness,
E i i E excess lime.
] ) ] i
T mmmmm e | Poor: {Poor: {Unsuitedeceeoeocoaoo | Poor:
| wetness., | excess fines. H | wetness,
E i i i excess salt.
] 1 1] 1
Emrick: ! | i |
178: | | i '
Emrick parte----- |Fair: jUnsuited=mmemaamanx jUnsuited-==memeemeaan {Good.
E low strength, | : H E
] i
1 ] ] '
Cathay part------ |Fair: iUnsuitedecocencecas {Unsuitedecemecmcmanas {Fair:
{ low strength, 1 i | excess sodium.
5 shrink-swell, | i |
3 i 1
] § 1 ]
Cathay: ! ! ' i
80, 80B-mmmemccao—- {Fair: iUnsuited-cemecaaooo iUnsuited-—--cemcccaac {Fair:
i low strength, ! ! | excess sodium.
! shrink-swell. i | i
i ; | |
181: ] ) ! |
Cathay parte----- {Fair: jUnsuited-=eceeaaaax jUnsuitedemmemememncaa {Fair:
| low strength, i i | excess sodium,
! shrink-swell, E i |
1 1
1 i ] 1
Gardena part—---- |Fair: jUnsuitedeecemocannq jUnsuitedecececcmcmenaas | Good,
! low strength. E E E
]
] ] i 1
Letcher: | | i |
<Y Ry |Fair: { Poor: lUnsuitede—emecmaaaaoo |Fair:
| low strength. i excess fines, i i thin layer.
]
1 { ] ]
Arvilla i i i !
188Bemmmmmcmcccmeam 1GoOdmmmmm e |Fair: |Fair: |Fair:
| 5 excess fines, i excess fines. E thin layer.
]
H I ] 1
Sioux: | i ! |
189Cmmmmm e e 7oYo Y P, |Fair: |Fair: | Poor:
| E excess fines, | excess fines. i thin layer.
I I
1 ] ! |
Serden: | i |
90C—————mmmmmmme e 1GoO0dmmmmm e | Poor: {Unsuitede——ccmeeaaa— | Poor:
excess fines. | E too sandy.
]
1 1

See footnote at end of table.
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i 1 I |
1 1 { 1
So0il name and 1 Roadfill | Sand | Gravel | Topsoil
map symbol i ! | i
} 1 H |
] 1 1 |
] 1 1 i
Divide: | | | i
95 m e i Poor | Poor: | Poor: Good.
| low strength. | excess fines. | excess fines. |
I | I |
1 i 1 1
Aquents: i | | i
96, | i | i
i | | i
] 1 1 I
Stirum: ] ) | ]
1100 me e { Poor: | Poor: jUnsuitedemmeemmencaan { Poor:
| wetness, | excess fines. H | wetness,
I | I 3
1 ] ] ]
Aquolls: | ! i |
104, i | ! i
] 1 ] ]
) ] 1 )
Aylmer: | ) i |
105: ! ! ! ]
Aylmer part-------- 1G00d=mmmcmm e |Fair: lUnsuitede—eececcemaac { Poor:
| | excess fines, | | too sandy.
I | ] |
] { I ]
Fossum part-------- | Poor: |Fair: jUnsuitedece—mcmmnaoan | Poor:
wetness | excess fines,. | wetness.
t I
1 L

|
1
b
1

TThis map unit is made up of two or more dominant kinds of soil. See map unit description for the

composition and behavior of the whole map unit,



112 SOIL SURVEY
TABLE 10.--WATER MANAGEMENT

["Seepage" and some of the other terms that describe restrictive soil features are defined in the Glossary.
Absence of an entry means soil was not evaluated]

] | I ] I ]
1 ] 1 ] 1 1
Soil name and | Pond | Embankments, | Drainage \  Irrigation | Terraces | Grassed
map symbol | reservoir | dikes, and H i 1 and |  waterways
! areas ! levees i ; | _diversions !
] I I I I I
[} i i i i 1
Tonka | ! | i | i
Jommmmm e mmmmmme e iFavorable-—--——-- iLow strength, |[Poor outlets |Wetnesse-ew--oa lWetness—————--- INot needed.
! | shrink-swell. | i i :
| | i | | !
Parnell | | ! | | !
P iFavorable~--=--- iLow strength, |[Floods, {Floods, iNot needed----|Not needed.
: ! hard to pack. | percs slowly,| wetness, ; !
! ! i frost action.,| slow intake. | i
I ] 1 ] i 1
1 I 1 1 ] ]
Colvin: i ) i | | |
Jemmmmmmmm e |Favorable---e== |Low strength, |Poor outlets, |Floods, |Not needed----{Not needed.
| | compressible. | wetness, | wetness, | i
i E E percs slowly.i percs slowly.i 1
|
] i ] . 1 ) I
Fossum: | | ) i | |
L U |Seepage-———---- | Seepage, IWetness, |Wetness, INot needed-~--~~|Not needed.
H | piping. i floods, i floods, i i
! : | cutbanks cave| excess salt. | |
I i ] I I |
] ] ' ] 1 I
Hegne 1 i ; i i |
12, 13=mmmcemeeae |Favorable-=we-=-- |Compressible, {Wetness, {Wetness, iNot needed----|Wetness,
H i low strength, | percs slowly.,| slow intake. | | percs slowly.
! ! shrink-swell. | i i |
| | i i | i
Bearden i ! | i | |
TYommmmm e e e |Favorable------ {Low strength, |Poor outlets |Wetness--—---- {Not needed----{Not needed.
| | shrink-swell, | | | |
| | piping. i | : )
| i | | i |
15— mmmmmmmmm——am |Favorable~aw=-== iLow strength, |Poor outlets [Wetness, {Not needed----|Not needed.
i E shrink-swell. g | excess salt. i i
] )
] ] ] ] ] 1
Overly i | i | | |
1hmmm e mmmm e jFavorable=-=--- {Compressible, |[Not needed----|Percs slowly |(Piping-------- jFavorable.
| | shrink-swell. | | ! !
' | | ; | |
Colvin i | | | | |
17, 118emcccaeo {Favorable------ |Low strength, |{Poor outlets, |Floods, iNot needed----{Not needed.
H { compressible, | wetness, | wetness, i |
! i | percs slowly.| percs slowly.| E
1 3 I | 1
1 3 | 1 1 i
Pits, gravel: | | | i i |
20. ! ' | ! i i
) | | | i |
Hecla: | | ) | | |
Tak: 1 | ! ! i !
Hecla part----- |Seepage-mmmmmmm | Seepage, INot needed----{Fast intake, |Not needed----|Not needed.
! | erodes easily, | | soil blowing. | |
| i piping. ! | | i
| | ) | ' i
Ulen part—----- |Seepage~emunnmmn {Pipinge—eeemmuex !Not needed----{Fast intake, {Not needed----|Not needed.
i ! E E seepage. E i
]
] 1 ] ] 1 i
2B mmmmmmmmmmmmm e |Seepage~-—----- | Seepage, INot needed----{Fast intake, [Not needed----jNot needed.
| | erodes easily, | | soil blowing., i
; ! piping. i | i i
i i i i | !
Maddock: | ' | i i |
26B, 27C-mmm—m=m= i Seepage-—m=m—=== |Seepage-=em=—mm- INot needed----|Seepage, 1S0il blowing |{Soil blowing.
! ! ! ! soil blowing, | |
! ! ! { fast intake. | |
! | ! | | !
Towner: ) | i | | |
] !Favorable————-= |Compressible, |Not needed-~~--|Erodes easily,{Erodes easily |Favorable.
! | fast intake. | !
| ] 1 ¥
| ] ' ]

i piping.
i

See footnote at end of table.
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poor outlets.

TABLE 10.--WATER MANAGEMENT--Continued
| | i ! | i
So0il name and | Pond | Embankments, | Drainage i Irrigation | Terraces | Grassed
map symbol | reservoir { dikes, and | i / and |  waterways
e areas i levees 1 H { diversions_ |
| [l ] I
1 H 1 1 ] 1
Towner: 1 ! ! 1 ! i
131B: | | | | | |
Towner part----|Favorable------ iCompressible, |Not needed----|Erodes easily,|Erodes easily |Slope,
i E piping. | | fast intake. | E erodes easily
] ] i
1 1 1 1 ) 1
Dickey part----|Seepage---~-===- {Piping, {Not needed----{Fast intake---|{Soil blowing, |Slope.
) i ! hard to pack. | ! | piping, i
! i | | i slope. i
i i | | | |
Dickey: i | | ! i |
32C--—mcmeme o | Seepage~=--——-- |Piping, iNot needed~--~|Slopeeweeaacan 1Soil blowing, |Slope.
' ! hard to pack. | i ! piping, )
i | ! | i slope. [
) ) | | i |
Tiffany | ) | | ) i
L | Seepage-———=wwa- {Low strength, |Poor outlets, |Wetness, iWetness, {Not needed.
i { piping. i floods. | seepage, ! piping. |
E i E | soil blowing.E i
]
1 ) I I 1 ]
Embden: 1 ! ' ! ! i
35— | Seepage-~-«———- |Pipingee-eeeaun {Not needed----|Fast intake, |Piping, {Not needed.
E i | | erodes easily| erodes easily|
¥ 1 ] 1 ]
] ] ] 8 1 1
136B: i | i | i |
Embden part----|Seepage-------- | Pipinge-meeeaas |Not needed----}{Fast intake, |Piping, {Not needed.
E i i E erodes easilyi erodes easilyi
1 1 ] ] 1 1
Egeland part---|Seepage, |Piping, {Not needed-~--|Fast intake---|Piping, iSlope,
i slope. i seepage. i | i soil blowing.i erodes easily
| I I
3 ] 1 I 1 )
Egeland: i ! ! ! H |
37Commmmmm e | Seepage, |Piping, iNot needed----|Slope, {Piping, {Slope,
E slope. E seepage. E | fast intake. i soil blowing.i erodes easily
]
] ] 1 ] ] i
Swenoda: i | ) | ] ]
39 mm e | Seepage-————-uca- |Piping, {Not needed----|Favorable----- {Not needed----{Favorable.
i E low strength. 5 ! i E
]
1 ] ! i 1 ]
41Bommmemmmme e 1Slope, |Piping, INot needed----|Favorable----- {Complex slope {Slope,
E seepage. E low strength. i i i i erodes easily
{ I ] 1 ] ]
B2Cmmmmmme s i Slope, |Piping, |Not needed----|Slope-=—-o-uaa-- iComplex slope {Slope,
E seepage. i low strength. | E E E erodes easily
1
] 1 1 ' ] 1
Wyndmere: ! ! ) ! H i
S, |Seepage---=--=-= !Seepage, {Poor outlets |Seepage, jWetness—memma- iNot needed.
! | piping. ! | wetness, | i
! ! ! | soil blowing.! !
] | i i | |
Fossum: H H H ! i i
L | Seepage-——=n-an {Seepage, |Wetness, {Wetness, |Not needed----|Not needed.
! ! piping. ! cutbanks cave| floods, i i
E i | floods. i fast intake. i E
]
I I 1 1 ] ]
Hamerly: i | | | i !
LR jFavorable~ac--- {Compressible, |Percs slowly |Slow intake---|Percs slowly, |Percs slowly.
' ! piping, ! ! | poor outlets, |
E ! low strength. | ! 5 piping. i
] 1 ]
] 1 1 ] ] ]
Svea | i i ! ! i
o1 P, |Favorable-mewax ILow strength, |Not needed----{Percs slowly, 1{Percs slowly, |Percs slowly,
' | shrink-swell, | | wetness. | piping. i wetness.
| | piping. | i i !
! ! i i ) {
Barnes: ] ! ! ! ! i
151 | | | | | :
Barnes part----iFavorable ------ jLow strength---|Not needed----|Slow intake---&Complex slope,iFavorable.
]
e i s |

See footnote at

end of table.
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SOIL SURVEY

TABLE 10.--WATER MANAGEMENT--Continued

low strength.

] I | ] i ]
1 ] i ] [} ]
S0il name and | Pond | Embankments, | Drainage i Irrigation | Terraces ! Grassed
map symbol i reservoir i dikes, and 1 1 i and | waterways
} areas L levees i ! | _diversions |
] I ] ] I
] 1 ] | ] i
Barnes: | | | i i i
Svea part------ {Favorable--~--- {Low strength, |Not needed----{Percs slowly, |Percs slowly, |Percs slowly,
! | shrink-swell, | | wetness, { piping. | wetness,
' ! piping. | ] | !
| ! | | ! )
151B: | | | | | l
Barnes parte---{Slope=me-mee—e- |Low strength---{Not needed----}Slow intake---{Complex slope,Slope.
i i i i | poor outlets.|
t ]
1 1 ] ] ] 1
Svea part------ |Favorable-—-—-=-= |Low strength, |Not needed----~{Percs slowly, {Percs slowly, |Percs slowly,
i { shrink-swell, | | wetness. { piping. | wetness.
! { piping. | | | ;
| | ) | | |
1538: ) ] | | | i
Barnes part----|Slope----—===-- {Low strength---|Not needed----{Slow intake---|Complex slope, |{Slope.
i i i 5 | poor outlets.
i 1
] t ) ] ] 3
Buse parte----- iSlope, iShrink-swell, {Not needed----{Complex slope (Complex slope |Slope.
| seepage. i low strength. | i | |
] I ] ]
1 1 i ] 1 1
153C: | | | | | |
Barnes part----{Slopeeemee=~m—a—- iLow strength---|Not needed----|Slop€ecceccaa=n {Complex slope, !Slope.
! H ! ! | poor outlets.|
1 1 ] 1 ] )
1 ] 1 ] ] ]
Buse part------ iSlope, {Shrink-swell, |Not needed----|Complex slope |Complex slope |Slope.
| seepage. { low strength. | | | i
] | i ] 3 I
] ] 1 ! ] i
Esmond: ' ! | ' i |
155F: | | : | | |
Esmond part----}Seepage, |Compressible, |Not needed----{Complex slope,|Complex slope,|Slope,
{ slope { piping, i | erodes easily| erodes easily| erodes easily
E ! large stones. i ' i large stones.| large stones.
] t 1
1 ] ] { ! ]
Heimdal part---|Seepage-------- {Compressible, |Not needed----{Complex slope {Piping, {Erodes easily,
| { piping, 1 | | large stones.| large stones.
! | large stones., | | { )
I ) ] ) i ]
] 1 i 1 ] )
Cresbard: | | | | i |
156: i | | | | |
Cresbard parte--{Favorable------ {Low strength, |Not needed----{Slow intake, |Not needed----|Percs slowly.
i | shrink-swell, | | excess salt, | i
! | compressible. | | excess sodium| !
i ] I i 1 ]
] ] { 1 ] ]
Svea part=----- {Favorablee=e=-- iLow strength, |Not needed----{Percs slowly, iPercs slowly, {Percs slowly,
| | shrink-swell, | | wetness. | piping. | wetness,
| | piping. i | | |
) ! | | | !
Vallers: | i | | | |
Bl ememem e mm— |Favorable-——-w- |Compressible, |Percs slowly, |Slow intake, |Not needed----|Not needed.
! \ piping. | wetness, | wetness, | |
L ' i poor outlets.% excess lime. i i
] t 1
] ] ] 1 | ]
58ececme e |Favorable—--=-- |Compressible, |Percs slowly, |Slow intake, |Not needed----|Not needed.
! | piping. | wetness, | wetness, i i
! i i poor outlets.i excess salt. E E
]
) 1 ] 1 ] 1
Hamerly: ' ) ) ) ) i
159: | | | | ' '
Hamerly part---|Favorable------ |Compressible, |Percs slowly |(Slow intake---|Percs slowly, {Percs slowly.
! \ piping, | | | poor outlets,|
! ! low strength, E i E piping. |
| | ' ]
1 1 1 ) | 1
Tonka part----- |Favorable--=---- {Low strength, |Poor outlets |Wetness------- IWetness—=—----- iNot needed.
! ! shrink-swell., | ' | i
i | ! i | j
Emrick: i i ) i i |
60, 60B-=mmee—=uu | Seepage-—-=---=- {Piping, iNot needed---—EFavorable ----- |Piping==-eeem- iFavorable.
1 1
e s z

|
1

See footnote at end of table.
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TABLE 10.--WATER MANAGEMENT--Continued
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] i ] ] | ]
] 3 1 ) 1 ]
Soil name and | Pond | Embankments, | Drainage i Irrigation | Terraces | Grassed
map symbol | reservoir i dikes, and ' ! i and { waterways
| areas ! levees H ! | diversions |
] 1 ] ] ] }
] 1 ] i 1 H
Hindal: e e e e i e
1B: 1 ! i i i i
Heimdal part---{Seepage-------- {Compressible, |Not needed----|Complex slope |Piping, iErodes easily,
| | piping, | | | large stones.| large stones.
i { large stones. | | | i
i { i ] I |
] ] 1 ] 1 ]
Emrick part----|Seepage-------—- {Piping, {Not needed-~--~|Favorable----- |Piping, iLarge stones,
: | low strength, | | | large stones.|
! ! large stones. | ' | |
| i | ) i |
Bariok: e a e e e e
2: 1 | i i i i
Emrick part----|Seepage--——---- {Piping, {Not needed----~]Favorable----- |Piping-meeeea- {Favorable.
! | low strength. | ! | i
I ] ¥ ) I
] i ! 1 | 1
Heimdal part---|Seepage~ee-—---- {Compressible, |(Not needed----|Complex slope |Piping-=-——--- {Erodes easily.
| i piping. ' ! i i
| | | ] i i
162B: | ! | : : !
Emrick parte---|Seepage-—-e——-- {Piping, iNot needed----|Favorable----- {Pipinge-eeca-- {Favorable.
] ! low strength. | ' i E
i 1 ¥ 1
] 1 H ] ' 1
Heimdal part---}Seepage----—---- jCompressible, |Not needed----|{Complex slope !|Piping-------- |Erodes easily.
! i piping. | J f E
i | ) | i i
H?gmdal: i ) | 5 | |
2C: i H ! 1 i i
Heimdal part---|Seepage--~-~--e-- |Compressible, |{Not needed----}Complex slope |Pipinge----—--- 1Erodes easily.
' i piping. ) ! i E
3 1 i I
1 ] 1 1 1 i
Emrick part----|Seepage-------- tPiping, {Not needed----|Favorable----- |Pipingemecaea- {Favorable.
! | low strength. | { i i
i 1 ] ] | ]
1 1 1 1 ] ]
sqaonc: e e s s e 5
3D: 1 1 i 1 1 1
Esmond part----|Seepage, iCompressible, |Not needed----|Complex slope,|Complex slope, |Slope,
| slope | piping. i i erodes easilyi erodes easilyé erodes easily.
I ) i
H ] 1 ' 1 ]
Heimdal part---|Seepage-------- {Compressible, |[Not needed----|Complex slope |Pipingem=====e- iErodes easily.
| i piping. | i i i
| H ) ) ) !
163F: : : : : : :
Esmond part----{Seepage, |Compressible, |Not needed----|Complex slope,|Complex slope, !Slope,
i slope. ! piping. H | erodes easily| erodes easilyi erodes easily.
t 1 ] I ]
{ 1 1 i ] ]
Heimdal part---|Seepage---—---- iCompressible, |Not needed----|Complex slope |Pipinge-=--—--- {Erodes easily.
| i piping. | | ' i
' | ! | | |
Ainda. s a e a e a
C: i 1 i 1 i 1
Heimdal part---{Seepage-------- {Compressible, |(Not needed----|Complex slope |Piping----==-=- {Erodes easily.
a Cplping i s e
] 1 1 I i 1
Esmond part----|Seepage, iCompressible, |Not needed----|Complex slope,|Complex slope, !Slope,
E slope. i piping. E i erodes easilyi erodes easilyi erodes easily.
Fram: i E E E E E
R L LT | Seepage-=we=ea-—- {Piping, iPoor outlets |Wetness------- iWetness, iFavorable.
! { low strength, | i | poor outlets.i
) 1 ] ] }
] ]
Gardena: E E E E i |
66, 67Becmmmmeeun {Seepage-=—=eeeu- jCompressible, |Not needed----|Favorable----- |Pipingemeeea-- jErodes easily.
! i piping, i ' | )
! ! low strength. | j i
i | ] 1 ]
i | | | s i
L 1Slope, {Compressible, |Not needed----}Slope--------- {Piping-------- |Slope, )
E seepage. E piping. 5 i i erodes easily.
1 ] ] ]

See footnote at

end of table,

i
]
I
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TABLE 10.--WATER

MANAGEMENT--Continued

fast intake.

i ] i i ] ]
1 ] ] ] ) ]
Soil name and | Pond { Embankments, | Drainage i Irrigation | Terraces ) Grassed
map symbol i reservoir | dikes, and i i i and i waterways
1 areas 1 levees E i % diversions |
] 1 1
) I I 1 ] 1
Glyndon: ! ! ) ! | |
TOacasc e m |Seepage~~--=--- |Seepage, iNot needed----|Favorable----- iNot needed----|Not needed.
| i 3 3 ] ] | 1
i i plping, I I I i
1 ! low strength. | H | '
| | ! | i |
Gardena: ! ) ! | i i
Tloceccmccm e |Favorable~e=~== |Low strength, |Not needed~---|Percs slowly |Piping, {Erodes easily,
[ | compressible, | | { percs slowly.{ percs slowly.
| ! piping. | ) ! |
! i i | ' |
Glyndon i ! i | | i
J2-mcmmccme e | Seepage-=——eem-= | Seepage, INot needed---~{Excess salt---{Not needed----|Not needed,
| ! piping, | | i i
! ! low strength. | ! i |
| ! | i | i
Borup: ' | | i i |
T73: | : ! ! : |
Borup parte---- | Seepage-——------ | Seepage, |Wetness, {Wetnesse-ee—u- iNot needed----{Not needed.
i { piping. ! poor outlets, | i
! i | cutbanks cave| i
I 1 ] I ]
] 1 ] 1 1 1
Fossum part----|Seepage-~=rm=m=n- | Seepage, |Wetness, {Wetness, iNot needed----|{Not needed.
H | piping. { cutbanks cave| floods, | H
H i { floods. | fast intake. | H
1 1 ] 1 i |
1 ] 1 1 1 1
Thecmmmm e e |Seepage~====--- | Seepage, |Wetness, iWetnesse-me-n- iNot needed----{Not needed.
i | piping. { poor outlets,| i |
i | | cutbanks cave| |
| 1 t I i ]
1 ] ) i 1 i
TBeccecem e {Seepage==mmawn= | Seepage, |Wetness, {Wetness, iNot needed--~-{Not needed.
! | piping. | cutbanks cave| excess salt. | i
i E | poor outlets.i | i
] ]
1 ] ] ] 1 I
Emrick: ! ! | | | |
178: | | ! | | |
Emrick part----{Seepage--mmm-=o {Piping, INot needed----|Favorable----- | Piping-—w—ewe-- {Favorable.
! i low strength. i i i |
i ] | ]
] 3 ] 1 | ]
Cathay part----|Favorable--—---- !Low strength, |[Not needed----|Excess sodium, |Percs slowly {Excess sodium.
! ! piping, ) | slow intake. | !
| | shrink-swell. ! i i !
i ) | i i \
Cathay: i ! | | ' !
80, 80B--=-=------ {Favorableeee=-- |Low strength, |[Not needed----|Excess sodium,|Percs slowly |Excess sodium,
! | piping, ! ! slow intake. | )
! ! shrink-swell, ! i i i
' | | ] | |
181: ! i | | | !
Cathay part----|{Favorable------ {Low stréngth, |[Not needed----|Excess sodium,|{Percs slowly {Excess sodium.
| | piping, | \ slow intake. | |
i E shrink-swell. E i | )
] ]
] ) ] ! 1 1
Gardena part---|Seepage--=-=-=-=-=- iCompressible, |Not needed----|Favorable----- {Pipingeem=ma-- {Erodes easily.
| | piping, | | ! |
i | low strength. | ! i |
| i i i | |
Letcher ; | i ! | |
- |Seepagemmmamwu=n (Piping-=====w-- |Percs slowly, |Percs slowly, iNot needed---~{Not needed.
! ! | excess sodium; excess salt. | i
! | | excess salt, | H i
| | | i | !
Arvilla ! | | ! ! I
188Bammmmmmnee = | Seepage=mmmmmn- | Seepageammmmmm-= iNot needed----|Seepage, {Soil blowing, |Droughty,
! E i | soil blowing.i piping. i\ rooting depth,
I ) | 1
1 ] ] { ] ]
Sioux ! | | ! ! |
189Cmmmmm e |Seepage-—-———--- |Seepage-====m-= INot needed--~-|Complex slope,|Too sandy-=---- iSlope,
! { droughty, E droughty.
]
| a

See

footnote at end of table.

]
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|
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1
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TABLE 10.--WATER MANAGEMENT--Continued

floods.

fast intake.

] i 1 ] ] ]
] ] ] ] 1 I
Soil name and | Pond i Embankments, | Drainage | Irrigation | Terraces ] Grassed
map symbol ] reservoir { dikes, and | H | and |  waterways
. areas 1 levees H ! 1 diversions |
i 1 ] ] ] 1
] ] 1 ] H ]
Serden: ! ! H ! 1 !
90C—mmmmm e | Seepage-—=-—=m=- | Seepage-——==a-n iNot needed----}Complex slope,|Soil blowing !Soil blowing.
) ! ! { soil blowing, | )
i ! i | seepage. i !
| | ) ) | |
Divide ) ! | | ! !
95— | Seepage-———---- | Seepage——=-—=u- |Wetness, |Wetness, INot needed----|Not needed.
E E ! cutbanks cave| seepage. E i
] ]
i ! ) 1 ] 1
Aquents: i | ) ] i |
96C. ) ! i | i )
| i | ) | |
Stirum: ! ! i ) !
100-memmmme e | Seepage-wec——ouc |Piping--=oc-an- 1Excess salt, |Excess salt, |Not needed----!Not needed.
{ i | floods, i floods, | 1
E } | wetness. | wetness. i E
3 1 I
1 [ 1 ] [} 1
Aquolls: i i 1 i | |
104, | | i ! i i
| i | i i !
Aylmer: i 1 ! H !
105: | ! i 1 | |
Aylmer part----|Seepage---—---- | Seepage, iNot needed----}Soil blowing, {Soil blowing !Too sandy,
| | piping. ! | droughty, H | soil blowing,
i ! 1 | fast intake. | E droughty.
i 1 i i 1]
] 1 ] 1 t ]
Fossum part----|Seepage-----=-- {Seepage, |Wetness, |Wetness, INot needed----|Not needed.
E piping. i cutbanks cave| floods, E i
] ]
i | | ; |

i
I
i
I
]
1

TThis map unit is made up of two or more dominant kinds of soil. See map unit description for the
composition and behavior of the whole map unit,
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TABLE 11.--RECREATIONAL DEVELOPMENT

[Some terms that describe restrictive soil features are defined in the Glossary. See text for definitions of
"slight," "moderate," and "severe." Absence of an entry means soil was not rated]

] ] ] i
! 1 I 1
Soil name and i Camp areas ! Picnic areas ! Playgrounds \  Paths and trails
map symbol ! | ! )
L 1 i H
i i | ]
Tonka | ] { i
L |Severe: |Severe: {Severe: | Severe:
| wetness, | wetness, | wetness, | wetness,
| floods. | floods. { floods. \ floods.
i i I I
i { ] ]
Parnell | ; | |
Y T | Severe: | Severe: |Severe: |Severe:
i floods, i floods, | floods, i floods,
| wetness. | wetness. | wetness. | wetness.
) ] i i
1 1 ) ]
Colvin | ] ' |
P et | Severe: |Severe: iSevere: |Severe:
| wetness, { wetness, | wetness, | wetness,
| floods, ! floods. { floods. { floods.
] ] i t
1 ] ] 3
Fossum: i ' ) '
L | Severe: |Severe: iSevere: |Severe:
| wetness, | wetness, | wetness. ! wetness.
| floods, ! ' |
' | | !
Hegne: ! | i '
12, 13=mmmmcmmmmaeeem {Severe: | Severe: {Severe: }Severe:
{ wetness, | wetness, | wetness, | wetness,
{ too clayey. i too clayey. i too clayey. | too clayey.
] ] 3 ]
I 1 ) i
Bearden: ] ) i i
1, 15mmcemmmmmemm—mm {Moderate: {Moderate: IModerate: {Moderate:
! wetness. ! wetness, | wetness, | wetness.
] 1 1 I
1 ¥ i ]
Overly: i | ; |
1fmmermmmmc e m—am— e IModerate: {Moderate: {Moderate: {Moderate:
| too clayey, ! too clayey. { too clayey, { too clayey.
i percs slowly. i E percs slowly. ]
] ]
1 ] ] 1
Colvin ] | i |
17, 118eecceeee e {Severe: ‘I Severe: | Severe: {Severe:
| wetness, | wetness, | wetness, | wetness,
| floods, | floods. \ floods. } floods.
! ) ) I
H 1 1 ¢
Pits, gravel: i ' ) i
20. i | | |
| | | i
Hecla: ! ! i |
124 ; | | | i
Hecla part--~—------ iModerate: IModerate: |Severe: iModerate:
| too sandy. | too sandy. | too sandy. | too sandy.
1 1 1 1
! 1] 1 |
Ulen parte--—e-—=--- {Moderate: 'Moderate: iModerate: iModerate:
| wetness, | wetness, | wetness, | wetness,
! too sandy. ! too sandy. ! too sandy. i too sandy.
+ i I
] 1 ] i
2Fmmmm e —————— IModerate: IModerate: iSevere: |Moderate:
{ too sandy. { too sandy. ! too sandy. | too sandy.
i ) I I
1 1 i 1
Maddock: | | i |
26Bmmm e m e m e iModerate: iModerate: {Moderate: | Moderate:
! too sandy. | too sandy. i too sandy. | too sandy.
] t ]
] ] 1 ]
27Cmmmm e IModerate: {Moderate: |Severe: {Moderate:
! too sandy. ! too sandy. { slope. { too sandy.
] t i ]
] ) i 1
Towner: ' | | |
2« T IModerate: IModerate: {Moderate: |Moderate:
| too sandy. | too sandy. | too sandy. | too sandy.
{ ] ]
1 1 ¥

1
1
1

See footnote at end of table.
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TABLE 11.--RECREATIONAL DEVELOPMENT--Continued
| ) ] i
Soil name and ! Camp areas ! Picnic areas ' Playgrounds | Paths and trails
map symbol ' | | ]
H 1 H H
1 1 ] ]
1 ] ] ]
Towner: ' ' 1 i
1318B: : | : |
Towner part------ IModerate: IModerate: iModerate: iModerate:
| too sandy. i too sandy. | too sandy. | too sandy.
i 1 3 |
) ] ' 1
Dickey part------ iModerate: iModerate: IModerate: {Moderate:
| too sandy. | too sandy. | slope, | too sandy.
! ) | too sandy. |
I ] 1 ]
] ' ] 1
Dickey: | ' ) |
32C—cmmmm e iModerate: iModerate: |Severe: {Moderate:
{ slope, | slope, { slope. | too sandy.
| too sandy. | too sandy. ' )
) ] ] |
1 ] ] ]
Tiffany ! ' ' |
L L it |Severe: | Severe: | Severe: | Severe:
{ wetness, | wetness, | wetness. | wetness,
) ] ] I
] ] 1 ]
Embden ! ! 1 '
o F !Slighfemmmcmemenn- 1S1lightemmme—ceeeaan !Slight-mooommoaoon- iSlight.
1 ] [ 1
1 ] ] ]
136B: : : : |
Embden part------ 1Slightecaccccaaaas 1Slighteeeccccaaaane |Moderate: {Slight.
| | | slope. )
) ) | !
Egeland part----- 1Slighte~—eeecooouann 1Slight-=cemceeo {Moderate: 1Slight.
| i | slope. !
| ) ' i
Egeland: i ! ! |
37Cammm e 1S8lighteeacoacmao 1Slight-—cccmecaaaan iSevere: 1Slight.
i ] | slope. |
i ) | )
Swenoda: 1 ! ! i
1 J ISlightemmmmemmemm- 1Slightemmommme————— 1Slightmmmmmmmmmemem iSlight
1 ] 1 ]
1 ] ] ]
JT - P 1Slight=mmcmme—m—am 1Slightecmocmmocccen iModerate: i{Slight
i | | slope. |
| | ) )
42Cemmmmmem e 1Slightecmmeeccnaan 1Slighteeeccmcmnaaaa |Severe: 1Slight
' i | slope. !
i | | |
Wyndmere i | | |
L Tt {Moderate: {Moderate: {Moderate: {Moderate:
| wetness, | Wwetness. | wetness. | wetness.
1 i I I
] 1 i 1
Fossum ! ! i |
L !Severe: ISevere: !Severe: |Severe:
| wetness, | wetness, | wetness, | wetness.,
| floods. | ) i
] I ] 1
i [ { 1
Hamerly ! ! ! i
L R Tt T T T {Moderate: iModerate: {Moderate: {Moderate:
{ wetness, | wetness, | wetness, | wetness,
| percs slowly. ! | percs slowly. |
i 1 i ]
] 1 1 ]
Svea ' | i )
510 P !Moderate: 1Slighteceecccccaaaa !Moderate: 1Slight
| percs slowly. i | percs slowly. i
1 1 [ 1
] 1 1 ]
Barnes: ! i | |
151 ' : | i
Barnes part------ 1Slight~eeemacaaaao 18lightecmcmeccaacae 1Slighteemmecceeecaa 1Slight.
| i 1 ]
H ) ] )
Svea parteeeceece-- iModerate: 18light mmemmmemeeee {Moderate: iSlight.
! percs slowly. i | percs slowly. !
] ] I 1
1 t 1 ]
151B: : | | |
Barnes part--~---- 1Slight--emmmeemeee 18lighteeeccacmaanas {Moderate: 1Slight.
! i slope. |
)
!

I
1

See footnote at end of table,



120 SOIL SURVEY

TABLE 11.--RECREATIONAL DEVELOPMENT--Continued

] ] I ]
{ i i 1
Soil name and ' Camp areas | Picnic areas i Playgrounds { Paths and trails
map symbol | | i i
H H L H
! ! 5 !
Barnes: | i ) !
Svea part---------- {Moderate: 1Slighte-cemcemme e {Moderate: iSlight.
| percs slowly. | | percs slowly, !
) ! i slope. |
| | | i
153B: | i : |
Barnes parte---—---- 1Slightecmmemmmmceee 18lighteemmmcecmmeanae {Moderate: iSlight.
a e siore. a
] i { ]
Buse parte=--———---- 18lightmecmecccceaeeaen 1Slighteecmemmccaaaaan {Moderate: 1Slight.
' j i slope. i
| | i i
153C: | ! | |
Barnes part-------- {Slightammmem—mmmeeaam |Slightecememmccemamae | Severe: 1Slight.
' i | slope. |
| ! i |
Buse parte--——me---= 1Slighteeemacmcmmcceaae 1Slighte-emmmmcmccmnae |Severe: {Slight.
' ! i slope. |
| | | |
Esmond: | | } i
T55F: | | | |
Esmond part--e----- i Severe: iSevere: iSevere: {Moderate:
| slope. | slope. i slope. { large stones,
| | ' | slope.
| i | |
Heimdal part------- |Severe: |Severe: |Severe: |Moderate:
i slope. i slope. i slope. \ large stones,
i i i i slope.
| 1 i |
Cresbard: ' | | i
156 | | ) i
Cresbard part------ {Moderate: 1Slight--camemmaeeemam IModerate: 1Slight.
i percs slowly. E E percs slowly. !
I
1 1 1 i
Svea part--—-—-—e---- |Moderate: 18light-—cemcmmmecceee |Moderate: 1Slight.
| percs slowly. i E percs slowly. E
1
1 1 i ]
Vallers: | i | '
57, 58-cmemmemmm———— |Severe: |Severe: |Severe: iSevere:
E wetness. | wetness. i wetness. | wetness,
] I
' 3 I 1
Hamerly: | i ) i
159: | | | |
Hamerly parfe-—----- |Moderate: iModerate: iModerate: {Moderate:
| wetness, | wetness, | wetness, | wetness,
| percs slowly. | ! percs slowly. i
) 1 ) ]
) 1 ] 1
Tonka part--------- {Severe: | Severe: | Severe: | Severe:
{ wetness, | wetness, | wetness, | wetness,
! floods. ! floods. i floods. | floods.
I ] I i
1 i ] ]
Emrick i | i )
60-—mmcme e ESlight --------------- 1Slighteeeesreacaaaaa- %Slight --------------- 1Slight.
] 1
I ] I ]
[Y0) = T 1Slighteem—mcacceeae 1Slightememcmcameeaceem iModerate: 1Slight.
i | | slope. !
| | i i
Heimdal: | | i !
161B: | { | i
Heimdal part------- {Moderate: 1Slight-—eeccmccaaaeee | Severe: |Moderate:
E large stones. E E slope. i large stones.
1 1 ] 1
Emrick parte-e----- IModerate: 1Slighteseemmccaccae e |Severe: iModerate:
{ large stones. | | slope. { large stones.
[ ] i ]
1 1 1 ]
Emrick: 1 i i i
162: ! i | |
Emrick part---e----- 18light-cememcmceacmem iSlight --------------- iSlight --------------- ESlight.
]
] 1 I ]
Heimdal parte--—---=- 18lighteemmcmemee e iSlight --------------- iSlight --------------- 1Slight.
)

See footnote at end of table.
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TABLE 11.--RECREATIONAL DEVELOPMENT--Continued
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] ] I ]
] 1 ] ]
Soil name and ! Camp areas i Picnic areas H Playgrounds i Paths and trails
map symbol | ' | )
} ! 1 !
I [] ] ]
] ) i 1
Emrick: ' ' ! i
162B: | | | i
Emrick part------ 18lightecmccmcceaee {Slightececaccmacaan |Moderate: 1Slight.
i ! ! slope. {
| | | i
Heimdal part----- 18lightemmmcmcceaae 1Slighteemmcmmce e iModerate: {Slight.
] ! ! slope. H
1 | ] |
Heimdal: ' ! i |
Te2c: | i ] |
Heimdal part----- 18lightemmccmccaeane 1Slighteecaaccmcao |Severe: 1Slight.
1 | i slope. |
| | ! |
Emrick part------ {Slight-—-mccemmeaaa {Slight-———mmmmmmam {Severe: 1Slight.
! ! | slope. i
i i | i
Esmond: ' ' i i
63D: | | | |
Esmond part---~--- |Moderate: IModerate: {Severe: iSlight.
E slope. | slope. | slope. |
] 1 ]
1 ) I 1
Heimdal part----- |Moderate: IModerate: |Severe: iSlight.
! slope. | slope. | slope. i
1 ] | 1
1 ] i )
163F: i H i |
Esmond part------ | Severe: i Severe: |Severe: |Severe:
| slope. | slope. i slope. | slope.
] I ) I
] I ] ]
Heimdal part----- iSevere: |Severe: iSevere: |Moderate:
E slope. | slope. i slope. { slope.
1 ] )
3 1 ] I
Heimdal: 1 | ! i
Teuc: | | | i
Heimdal parte----- 1Slightemeocamaaaao 1Slighteeeceacancoau |Severe: {Slight.
E ! | slope. |
] ] |
3 1 1 t
Esmond part------ {Slight-eecmccmcaaaa 18lighteememmceee e | Severe 1Slight.
i | i slope. i
] 1 1 ]
{ ] 1 1
Fram: i ' b ]
(1 T T |Moderate: {Moderate {Moderate: iModerate:
| wetness. | wetness, | wetness. | wetness.
i i i )
Gardena i i | i
R ISlight=-cmcemcoene- Y)Y S ——— 3 -3 Y S ISlight.
] { 1 t
1 1 ] H
Y > T 1Slightecccccnaaaaa SR -4 1} AR — |Moderate: 1Slight.
i | | slope. !
| | ) |
Eckman | ! ' i
68C-mccmme e 1Slighteeeemcmcmca 1Slightececeeecacacan | Severe: 1Slight.
| ! | slope. i
i ) i i
Glyndon ! ! ! i
70mmmmmmccmmmmemee }Slighto-o-oacaooa- ISlight=-ommommomoe {Slightemmeomccmonna- iSlight.
] ] | ]
1 ] i ]
Gardena | | | |
Tlommmmmmommmmcceee 1Slighte-eoomomoooc Slight-memaemanaan- {Slight-—mmmomcomenn islight.
[} 1 | 1
I 1 { 1
Glyndon ] ' i |
L {Slight---mommoooee 1Slightomaacmoooooomn 1Slighte=emmmm—m——n- iSlight.
i I 1
4 i [ ]
Borup: ! | | |
173: | ; | :
Borup parte------ |Severe: {Severe: |Severe: | Severe:
| wetness. | wetness. { wetness. | wetness.
3 { | 1
1 t 1 1
Fossum parte----- iSevere: |Severe: iSevere: |Severe:
| wetness, | wetness. | wetness. | wetness.
| floods. i i |
i i i '

See footnote at end of table.
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TABLE 11.~--RECREATIONAL DEVELOPMENT--Continued

] 1 I ]
] | 1 ]
Soil name and ' Camp areas i Picnic areas ! Playgrounds i Paths and trails
map symbol ! ' ] !
H | ; H
| i | i
Borup i ! | i
Th, TBememmmmmmmem - | Severe: iSevere: | Severe: | Severe:
E wetness., i wetness. i wetness., | wetness.
)
1 ] ] ]
Emrick: | | ' |
178: i i i )
Emrick part----—---- 1Slighteweemeaaaaan iSlight —————————— iSlight ------------ 1Slight.
I i
I ] ] ]
Cathay part-------- {Moderate: 1Slightmememeeeun iModerate: iSlight.
| percs slowly. i | percs slowly. H
] | ] ]
] ] ) H
Cathay: | ! | |
B0-mmmemmmcme e |Moderate: 18lighte-ccccaaax |Moderate: 1Slight.,
| percs slowly. 1 | percs slowly. 1
I I 1 1
] ] ] 1
80Be=~~—m—meeme— - iModerate: 1Slighte—==mccue- |Moderate: {Slight.
| percs slowly. | ! percs slowly, i
! i ! slope. !
) ! ! |
181: i i | !
Cathay parte-—----- |Moderate: 18lighteeemmaaeaan 'Moderate: {Slight.
! percs slowly. | | percs slowly. !
I i ] I
I ] ) H
Gardena part------- 18lighteeemmaeaaaaa 1Slight-memwcceua 1Slighteeeeeaaanaaa 1Slight.
1 1 1 ]
] [ ) ]
Letcher: | i ! i
< iModerate: 18light——cwwmeea= ~{Moderate: iSlight.
i percs slowly. i | percs slowly. i
I 1 ]
I ] 1 |
Arvilla ' ! i )
188B-mm——mmmmcmmmmmm 1Slightemmemmmoaaen |Slight-———c-uea- {Moderate: {Slight,
| ) | slope. !
| | i i
Sioux i i j )
189Cacmmcmmem e iModerate: |Moderate: |Severe: iSlight.
| slope. i slope. i slope. i
i ) ] I
1 ] 1 1
Serden | | ) |
oY T o R |Severe: iModerate: |Severe: {Severe:
i too sandy. | too sandy. { too sandy, { too sandy.
a i E slope. i
3 i ) i
Divide | | | '
§Bmem e mmem—m—mem— !Moderate: {Moderate: iModerate: IModerate:
| wetness. i wetness. E wetness. E wetness,
1
1 | ] ]
Aquents: | | i |
96. | | i |
! % 5 !
Stirum: ! ) ! '
100ccmo-—cmnccam———= |Severe: |Severe: {Severe: i Severe:
| wetness, | wetness, | wetness, | wetness,
i floods. i floods. i floods. { floods.
I i
1 1 ] 1
Aquolls: i | | !
104, | i | i
i | | !
Aylmer: | | | {
105: ) i | !
Aylmer part-------- {Severe: | Severe: | Severe: | Severe:
| too sandy. i too sandy. i too sandy. E too sandy.
)
] 4 i i
Fossum part-------- | Severe: |Severe: |Severe: | Severe:
| wetness, | wetness, | wetness. | wetness.
| floods. | | )
H 1 H i

1This map unit is

made up of two or more dominant kinds of soil. See map unit
composition and behavior of the whole map unit.

description for the
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PIERCE COUNTY, NORTH DAKOTA

TABLE 12.--WILDLIFE HABITAT POTENTIALS

Absence of an entry indicates the soil

good," "fair," "poor," and "very poor."

[See text for definitions of "
was not rated])
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TABLE 12.--WILDLIFE HABITAT POTENTIALS--Continued

Potential as habitat for--

i
1

Potential for habitat elements

Range-~
land
wild-
life
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S0il name and
map symbol
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i
1
I
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1
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Grasses
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legumes

See footnote at end of table.
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See map unit description for the

1This map unit is made up of two or more dominant kinds of soil.

composition and behavior of the whole map unit.
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IThis map unit is made up of two or more dominant kinds of soil. See map unit description for the

composition and behavior of the whole map unit.
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IThis map unit is made up of two or more dominant kinds of soil. See map unit description for the

composition and behavior of the whole map unit.
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TABLE 15.--SOIL AND WATER FEATURES

See text for descriptions of symbols and such

[{Absence of an entry indicates the feature is not a concern,

> means greater than]

The symbol < means less than;

terms as "rare," "brief," and "perched."
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See footnote at end of table.
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TABLE 15.--SOIL AND WATER FEATURES--Continued
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IThis map unit is made up of two or more dominant kinds of soil., See map unit description for

the composition and behavior of the whole map unit.
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]
I
Soil name i Family or higher taxonomic class

]

;
Aquentse-emecccemmm e | Sandy and loamy, mixed, frigid Aquents
AQuolls—=--mmmmcmme e { Loamy and clayey, mixed, frigid Aquolls
Arvilla-eecccmmrccccmcaaax | Sandy, mixed Udic Haploborolls
Aylmereceeem e { Mixed, frigid Aquic Udipsamments
Barnes-e-ceeccmecrmcnncmenaa= | Fine-loamy, mixed Udic Haploborolls
Bearden-----ce-ccenecaaaao | Fine-silty, frigid Aeric Calciaquolls
Borup=eecrecmcmac e ceaaa { Coarse-silty, frigid Typic Caleciaquolls
Bus@remecmccccnccccc e | Fine-loamy, mixed Udorthentic Haploborolls
Cathay-=e-emcccmmmcencnnan { Fine-loamy, mixed Glossic Udic Natriborolls
ColvinNemmmmmmmcmmccccccema i Fine-silty, frigid Typic Calciaquolls
Cresbarde-—ce-ccmmmcmanno { Fine, montmorillonitic Glossic Udic Natriborolls
Dickeyeeemcmcccmc e cacaa i Sandy over loamy, mixed Udorthentic Haploborolls
Divide——ecmcmmccmcccaa o { Fine-loamy over sandy or sandy-skeletal, frigid Aeric Calciaquolls
Eckman-==-=cceccccccccacaaa i Coarse-silty, mixed Udic Haploborolls
Egeland=---ceccmcccccnaaaa- | Coarse-loamy, mixed Udic Haploborolls
Embdenececcmeamanaa o i Coarse-loamy, mixed Pachic Udic Haploborolls
Emrickeeeeecccaccncneccea | Coarse-loamy, mixed Pachic Udic Haploborolls
Esmond--c-ceccccmmccccaaa_ { Coarse-loamy, mixed Udorthentic Haploborolls
FosSsSuMes—memcemcccccaccaao | Sandy, mixed, frigid Typic Haplaquolls
Frame-ceececccccaccaccaaanaa { -Coarse-loamy, frigid Aeric Calciaquolls
Gardena--—-—-—e-ccmemoennean= | Coarse-silty, mixed Pachic Udic Haploborolls
GlyndoN==e-ecceccrrccneaa- | Coarse-silty, frigid Aeric Calciaquolls
Hamerly-—ceecececcccccnacaua- | Fine-loamy, frigid Aeric Calciaquolls
Hecla---cccmcmcccceaae | Sandy, mixed Aquic Haploborolls
Hegne-—ccemcmccm e | Fine, frigid Typic Calciaquolls
Heimdal--------—-—cc-nnum- | Coarse-loamy, mixed Udic Haploborolls
Letchereec—cemmcmmcacccneee | Coarse-loamy, mixed Udic Natriborolls
Maddock-=emocemmae e | Sandy, mixed Udorthentic Haploborolls
Overly-eceeeecccccnccnnaaa | Fine-silty, mixed Pachic Udic Haploborolls
Parnell-cc-cecccmcccaaao—o | Fine, montmorillonitiec, frigid Typiec Argiaquolls
SerdeN---ecmccmccccccccaaaa | Mixed, frigid Typic Udipsamments
SiOUX=emmmcmmce e e | Sandy-skeletal, mixed Udorthentic Haploborolls
StirumMe-cecceccmccccaeee o | Coarse-loamy, mixed, frigid Typic Natraquolls
SVeaemmmem e m e | Fine-loamy, mixed Pachic Udic Haploborolls
Swenoda----em—mecccccaaaa- | Coarse-loamy, mixed Pachic Udic Haploborolls
Tiffanye=-ceccecmcmccaaaa—o- { Coarse-loamy, mixed, frigid Typic Haplaquolls
TonKa-w-mececemrcccccccaa e { Fine, montmorillonitic, frigid Argiaquic Argialbolls
TOWNer—~==mcccmcmccc e i Sandy over loamy, mixed Udorthentic Haploborolls
[ R s T DT T { Sandy, frigid Aeric Calciaquolls
Vallers—-eececcmccccmaaaaa | Fine-loamy, frigid Typic Calciaquolls
Wyndmeree--=-ceeecemcacaaaaa { Coarse-loamy, frigid Aeric Calciaquolls
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wish to contact our State or local office. You can locate the correct office and phone
number at http://offices.sc.egov.usda.gov/locator/app.

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 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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