
APPENDIX D-7

SOILS

REYNOLDS RANCH AMENDMENT AREA
CONVERSE COUNTY WYOMING

1.0 General

The impact to the topsoil resource at the Reynolds Ranch amendment area is
relatively minor when compared to typical surface mining operations as the in-
situ mining process results in very limited topsoil disturbance. Accordingly, most
of the required topsoil salvage is restricted to major roads and building sites.
Topsoil is not regularly salvaged and stockpiled from wellfield sites as
disturbance is minimal and the wellfield sites are revegetated shortly after
wellfield construction is complete.

2.0 Soil Baseline Studies

Baseline soil studies performed for the amendment area include an Order 3 soil
K> survey conducted by the U.S. Soil Conservation Service (SCS) in 1982 and an

Order 1-2 soil assessment conducted by BKS Environmental Associates, Inc. in
1997 for Rio Algom Mining Corporation.

The soil survey conducted by the SCS included all of Converse County, including
the Reynolds Ranch amendment area. Applicable portions of this survey are
contained in Addendum D7-1 and includes detailed SCS map unit descriptions,
typical SCS soil profile descriptions of each series, engineering index properties,
and physical and chemical properties. Plate D7-1 shows the delineation of the
SCS soil unit boundaries for the Reynolds Ranch amendment area.

The 1997 soil assessment is contained in Addendum D7-2. This assessment
was a higher intensity Order 1-2 survey and includes mechanical and chemical
analysis of several sampling locations throughout the amendment area,
additional soil unit descriptions, and reclamation suitability analysis. An area
soils map was also developed during this survey utilizing previous mapping and
soil unit information and information gained during the 1997 survey. However,
PRI has been unable to locate and obtain a copy of this map. Therefore,
mapping of soil unit boundaries developed previously by the SCS will be utilized
for mapping of baseline soil unit boundaries at the Reynolds Ranch amendment
area.
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Detailed Soil Map Units
The map units delineated on the detailed maps at the

back of this survey represent the soils or-miscellaneous
areas in the survey area. The map unit descriptions in
this section, along with the maps, can be used to
determine the suitability and potential of a unit for
specific uses. They also can be used to plan the
management needed for those uses. More information
on each map unit is given under "Use and Management
of the Soils."

A map unit delineation on a map represents an area
dominated by one or more major kinds of soil or
miscellaneous areas. A map unit is identified and named
according to the taxonomic classification of the dominant
soils or miscellaneous areas. Within a taxonomic class
there are precisely defined limits for the properties of the
Few1q. On the landscape, however, the soils and

neous areas are natural phenomena, and they
characteristic variability of all natural

phei,.,aena. Thus, the range of some observed
properties may extend beyond the limits defined for a
taxonomic class. Areas of soils of a single taxonomic
class rarely, if ever, can be mapped without including
areas of other taxonomic classes. Consequently, every
map unit is made up of the soils or miscellaneous areas
for which it is named and some "included" areas that
belong to other taxonomic classes.

Most included soils have properties similar to those'of
the dominant soil or soils in the map unit, and thus they
do not affect use and management. These are called
noncontrasting, or similar, inclusions. They may or may
not be mentioned In the map unit description. Other
included soils and miscellaneous areas, however, have
properties and behavior divergent enough to affect use
or to require different management. These are called
contrasting, or dissimilar, inclusions. They generally are
in small areas and could not be mapped separately
because of the scale used. Some small areas of strongly
contrasting soils or miscellaneous areas are identified by
a special symbol on the maps. The included areas of
contrasting soils or miscellaneous areas are mentioned
in the map unit descriptions. A few included areas may
not have been observed, and consequently they are not
mentioned in the descriptions, especially where the

was so complex that it was impractical to make
observations to identify all the soils and

miscellaneous areas on the landscape.

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

An identifying symbol precedes the map unit name in
the map unit descriptions. Each description includes
general facts about the unit and gives the principal
hazards and limitations to be considered in planning for
specific uses.

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

Soils of one series can differ in texture of the surface
layer or of the underlying layers. They also can differ in
characteristics that affect their use. On the basis of such
differences, a soil series is divided into soilphases. Most
of the areas shown on the detailed soil maps are phases
of soil series. The name of a soil phase commonly
indicates a feature that affects use or management. For
example, Shingle loam, thin solum, is one of several
phases in the Shingle series.

Most map units are made up of two or more major
soils or miscellaneous areas. These map units are
complexes or associations.

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

'An association is made up of two or more
geographically associated soils or miscellaneous areas
that are shown as one unit on the maps. Because of
present or anticipated uses of the map units in the
survey area, it was not considered practical or necessary
to map the soils or miscellaneous areas separately. The
pattern and relative proportion of the soils or
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-Miscellaneous areas are somewhat similar. Zigweid-J'mbria association, 0 to 6 percent slopes, is an
.iample.

This survey includes miscellaneous areas. Such areas
have little or no soil material and support little or no
vegetation. Rock outcrop is an example. '

Table 3 gives the acreage and proportionate extent of
each map unit. Other tables (see "Summary of tables")
give properties of the soils and the limitations,
capabilities, and potentials for many uses. The Glossary
defines many of the terms used In describing the soils or
miscellaneous areas.

Map Unit Descriptions
101-Absted-Arvada-Bone complex, 0 to 6 percent

slopes. This map unit is in nearly level to undulating
areas on toe slopes, alluvial flats, and stream terraces.
Slopes are medium in length and are plane. The native
vegetation is mainly salt tolerant grasses, shrubs, and
woody plants.

This unit Is 40 percent Absted fine sandy loam, 25
percent Arvada loam, and 20 percent Bone clay loam.
The components of this unit are so intricately ,

Intermingled that it was not practical to map them
'separately at the scale used. '

Included in this unit are small areas of Ulm loam,
Lohmiller clay loam, Haverdad fine sandy loam, and Bahl
clay. Included areas make up about 15 percent of the
total acreage. The percentage varies from'one area to
another.-

The Absted soil is deep and well drained. It formed in
'clayey alluvium derived dominantly from sedimentary
rock. Typically, the surface layer Is pale brown fine sandy
loam about 3 inches thick. The upper 23 inches of the
subsoil Is brown and grayish brown clay, and the lower
34 inches or more is light brownish gray clay. In a few
areas soft bedrock is at a depth 'of 20 to 60 inches.

Permeability of the Absted soil is slow. Available water
capacity is moderate. Effective rooting depth Is 60
inches or more. Runoff Is slow, and the hazard of water
erosion Is moderate. The hazard of wind erosion Is
moderate. Excess sodium or soluble salts' are at an

'average'depth of 15 inches.'
The Arvada soil is deep and well drained. It formed in

clayey alluvium derived dominantly from sedimentary
rock. Typically, the surface layer Is light brownish gray
loam about 3 inches thick. The subsoil is pale brown and
light brownish gray clay'about 19 inches thick. The
substratum to a depth of 60 inches or more is pale
brown 'clay. . '';

Permeability of the Arvada soil is very slow., Available
water capacity is low. Effective rooting depth Is 60
Inches or more. Runoff is slow,' and the' hazard'of water
erosion is moderate. The hazard of wind erosion is
moderate. Excess sodium or soluble salts are In the
upper part of the subsoil.,

The Bone soil is deep and well drained. It formed in
clayey alluvium derived dominantly from sedimentary
rock. Typically, the surface layer is pale brown clay loam
about 2 inches thick.'The upper 3 inches of the subsoil
is light brownish gray clay loam, and the lower 5 inches
is light gray clay loam. The substratum to a depth of 60
inches or more is very pale brown 'clay loam and clay.

Permeability of the Bone soil is very slow. Available
water capacity is low. Effective rooting depth is 60
inches or more. Runoff is slow, and the hazard of water
erosion is moderate. The hazard of wind erosion is,
moderate. Excess sodium or soluble salts occur
throughout the profile.

Most areas of this unit are used for livestock grazing
and wildlife habitat. A few areas are used for hay
production'.

The potential plant community on this unit is mainly
inland saltgrass, western wheatgrass, Indian ricegrass,
and Gardner saltbush. The Bone soil commonly does not
support any significant amount of vegetation. As the .
range condition deteriorates, greasewood increases. As
the range condition further deteriorates, annuals invade.
The potential plant community produces about 500
pounds of air-dry vegetation In normal years. Production
varies from 650 pounds in favorable years to 250 pounds
in unfavorable years.

Some areas of this unit east of Wyoming Highway 59,
immediately adjacent to the Cheyenne River, support
different species and significantly higher levels of plant
production than is typical for this unit.'Alkali sacaton and
western wheatgrass dominate these areas, and yields
may range from 1,200 to 2,000 pounds of air-dry
vegetation per year. These sites are on the lower parts
of stream terraces and receive runoff from river
tributaries.

The production of forage in most areas is limited by
salinity or alkalinity and low annual precipitation. If the
range is overgrazed, the proportion of preferred forage
plants decreases and the proportion of less preferred
forage plants Increases. Therefore, livestock grazing
should be managed so that the desired balance of
preferred species is maintained in the plant community.

Range seeding is suitable if the range is in poor
condition. The main limitations are salinity or alkalinity
and lack of suitable adapted species for use in
reclamation.' The areas of this unit on the lower parts of
stream terraces have fair suitability for seeding. These
areas also can be improved by mechanical or chemical
treatment If heavily infested with undesirable plants.

The vegetation on this unit provides some'food for
antelope, deer, small mammals, and birds.

This unit is poorly suited to homesite development.
The main limitations are'high shrink-swell potential, slow
and very slow permeability, and slow runoff. Backfilling
excavations with coarser textured material reduces the
shrink-swell potential. Constructing a larger absorption
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field or using selected material will help compensate for
the slow and very slow permeability.

This map unit is in capability subclass Vls. Most of the
unit is in the Saline Upland, 10- to 14-inch ppt., Northern
Plains range site. The areas on the lower parts of stream
terraces adjacent to the Cheyenne River are in Saline
Lowland, 10- to 14-inch ppt., Northern Plains range site.

102-Aeric Haplaquepts, 0 to 3 percent slopes.
These deep, poorly drained soils are in areas of
centripetal drainage in playas. The soils formed in clayey
local alluvium derived dominantly from sedimentary rock.
Slopes are concave and are short or medium in length.
Areas are generally oval in shape and are 1 to 100 acres
in size. The native vegetation is mainly grasses.

Included in this unit are small areas of Silhouette clay
loam, Savageton clay loam, and Bahl clay. Also included
are small intermittent ponds. Included areas make up
about 25 percent of the total acreage. The percentage
varies from one area to another.

No single profile of Aeric Haplaquepts is typical, but
one commonly observed in the survey area has a
surface layer of light gray and light brownish gray clay
loam about 8 inches thick. The underlying material to a
depth of 48 inches or more is light gray and pale brown
clay with yellow and yellowish red mottles. In some of
the smaller areas of these soils, soft sedimentary
bedrock is at a depth of 20 to 60 inches.

Permeability of the Aeric Haplaquepts is very slow.
Available water capacity is high. Effective rooting depth
is 60 inches for water-tolerant plants but is limited to
depths between 0 and 12 inches for non-water-tolerant
plants. Runoff is very slow, and the hazard of water
erosion is slight. The hazard of wind erosion is slight. A
seasonal high water table fluctuates between depths of
0 and 24 inches from March through July. Some areas of
this unit are covered by water from snowmelt, intense
rain showers, and runoff from adjacent areas.

This unit is used for livestock grazing and wildlife
habitat.

The potential plant community on this unit is mainly
basin wildrye, green needlegrass, western wheatgrass,
and Canada wildrye. As the range condition deteriorates,
needleleaf sedge and Sandberg bluegrass increase. As
the range condition further deteriorates, annual forbs
invade. The potential plant community produces about
2,300 pounds of air-dry vegetation in normal years.
Production varies from 2,800 pounds in favorable years
to 1,900 pounds in unfavorable years. The types of
vegetation in the larger playas also include those of
wetland and subirrigated range sites in the lower
positions and no vegetation in the lowest positions
because of intermittent ponding.

The production of forage is limited by low annual
precipitation. If the range is overgrazed, the proportion of
preferred forage plants decreases and the proportion of
less preferred forage plants increases. Therefore,

livestock grazing should be managed so that the desired
balance of preferred species is maintained in the plant<
community.

The suitability of this unit for rangeland seeding is
good. Areas that are heavily infested with undesirable
plants can be improved by chemical or mechanical
treatment.

The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds. Larger areas
of this unit are used temporarily by migratory shore birds.

This unit is not suited to homesite development
because of ponding.

This map unit is in capability subclass VIw. 'Most of
this unit is in the Clayey Overflow, 10- to 14-inch ppt.,
Northern Plains range site.

103-Bahl-Savageton complex, 0 to 6 percent
slopes. This map unit is in nearly level to undulating
areas on toe slopes and alluvial flats. Slopes are
medium in length and are plane to slightly concave. The
native vegetation is mainly grasses.

This unit is 40 percent Bahl clay and 35 percent
Savageton clay loam. The components of this unit are so
intricately intermingled that it was not practical to map
them separately at the scale used.

Included in this unit are small areas of Ulm loam and
Zigweid clay loam. Included areas make up about 25
percent of the total acreage. The percentage varies from
one area to another.

The Bahl soil is deep and well drained. It formed in
clayey local alluvium derived dominantly from calcare,
shale. Typically, the surface layer is pale olive clay aL
4 inches thick. The underlying material to a depth of 60
inches or more is pale olive clay.

Permeability of the Bahl soil is slow. Available water
capacity is high. Effective rooting depth is 60 inches or
more. Runoff is medium, and the hazard of water erosion
is moderate. The hazard of wind erosion is slight.

The Savageton soil is moderately deep and well
drained. It formed in clayey local alluvium and residuum
derived dominantly from calcareous shale. Typically, the
surface layer is gray clay loam about 2 inches thick. The
subsoil is light brownish gray and grayish brown clay
about 30 inches thick. Platy shale is at a depth of 32
inches.

Permeability of the Savageton soil is very slow.
Available water capacity is low. Effective rooting depth is
20 to 40 inches. Runoff is medium, and the hazard of
water erosion is moderate. The hazard of wind erosion is
slight.

This unit is used for livestock grazing and wildlife
habitat.

The potential plant community on this unit is mainly
western wheatgrass, green needlegrass, and thickspike
wheatgrass. As the range condition deteriorates, big
sagebrush and blue grama increase. As the range
condition further deteriorates, cactus and broom
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_<-nakeweed invade. The potential plant community
educes about 1,300 pounds of air-dry vegetation in -
;rnal years. Production varies from 1,800 pounds in

tavorable years to 750 pounds in unfavorable years.
The production of forage is limited by low annual

precipitation. If the range is overgrazed, the proportion of
preferred forage plants decreases and the proportion of
less preferred forage plants increases. Therefore, -
livestock grazing should be managed so that the desired
balance of preferred species Is maintained in the plant
community.

The suitability of this unit for rangeland seeding is
good. Chiseling or other such practices can be used to
improve areas of deteriorated rangeland. Such practices
increase water infiltration, reduce plant competition, and
allow the desirable native plants to increase. Areas that
are heavily Infested with undesirable plants can be
improved by chemical or mechanical treatment.

This unit Is poorly suited to homesite development
The main limitations are high shrink-swell potential, slow
and very slow permeability, and the depth of the the
Savageton soil to soft bedrock. Backfilling excavations
with coarser textured material reduces the limitation of
shrink-swell potential. Constructing a larger absorption
field or using selected material helps to overcome the
slow permeability of the Bahl soil. Areas of the
Savageton soil are not suitable for'use as septic tank
absorption fields. '

This map unit is in capability subclass IVe. It is in the
.layey, 10- to 14-inch ppt., Northern Plains range site.

104-Cambria-Cushman complexjO to 6 percent
slopes. This map unit is on toe slopes and ridge crests
of rolling uplands. Slopes are medium In length and are
slightly convex to plane. The native vegetation is mainly
grasses and shrubs.

This unit Is 60 percent Cambria fine sandy loam and
30 percent Cushman loam. The components of this unit
are so intricately Intermingled that it was not practical to
map them separately at the scale used.

Included in this unit are small areas of Ulm loam and
Renohill sandy loam. Included areas make up about 10
percent of the total acreage; The percentage varies from
one area to another.

The Cambria soil is deep and well drained. It formed in
loamy local alluvium and residuum'derived dominantly
from sedimentary rock. Typically, the surface layer Is
''''ish brownfinesandy loam about.2 inches thick; The
upper 8 inches of the subsoil is brown sandy clay J6iam-,
and the lower part to a depth of 60 inches or more is
pale brown loam. In some areas soft bedrock is at a

: depth of 40 to 60 inches'.
Permeability of the Cambria soil is moderate. Available

water capacity is high. Effective rooting depth is 60
inches or more. Runoff is medium,* and the hazard of
water erosion is moderate. The hazard of wind erosion is
moderate.

The Cushman soil is moderately deep and well
drained. It formed in loamy residuum derived dominantly
from calcareous shale and sandstone. Typically, the
.surface layer is brown loam about 4 inches thick. The
upper 11 inches of the subsoil is yellowish brown and
light yellowish brown clay loam, and the lower 18 inches
is pale brown clay loam and very pale brown sandy clay
loam. Interbedded shale and sandstone are at a depth of
33 Inches.

Permeability of the Cushman soil is moderate.
Available water capacity is moderate. Effective rooting
depth is 20 to 40 inches. Runoff is medium, and the
hazard of water erosion Is moderate. The hazard of wind
erosion Is moderate.

This unit is used for livestock grazing and wildlife
habitat.

The potential plant community on this unit is mainly
western wheatgrass, thickspike wheatgrass,' and
needleandthread. As the range condition deteriorates,
big sagebrush and blue grama Increase. As the range
condition further deteriorates, cacti, annuals, and broom
snakeweed invade. The potential plant community
produces about 1,500 pounds of air-dry vegetation in
normal years. Production varies from 2,000 pounds in
favorable years to 850 pounds In unfavorable years.

The production of forage is limited by low annual
precipitation. If the range is overgrazed, the proportion of
preferred forage plants decreases and the proportion of
less preferred forage plants increases. Therefore,
livestock grazing should be managed so that the desired
balance of preferred species Is maintained in the plant
community.

The suitability of this unit for rangeland seeding is
good. Chiseling or other such practices can be used to
improve areas of deteriorated rangeland. Such practices
increase water infiltration, reduce plant competition, and
allow the desirable native plants to Increase.

This unit is limited for livestock watering ponds and
other water impoundments because of the seepage
potential.

The vegetation on this unit provides some food for
antelope, deer, small mammals,'and birds.,

If this unit is used for homesite development, the main'
limitations' are moderate shrink-swell potential and the
depth of the Cushman soil to soft bedrock. Backfilling
excavations with coarser textured material reduces the
limitation of shrink-swell potential. Areas of the Cushman
soil are'not suitable for use as septic tank absorption

This map unit is in 'capability subclass IVe.1 It is in the
Loamy, 10- to 14-inch ppt., Northern Plains range site.

105-Cambrla-Cushman complex, 6 to 15 percent
slopes. This map unit is on back slopes of rolling
uplands and on adjacent foot slopes. Slopes are, short
and are mostly convex. The native vegetation is mainly
grasses and shrubs.
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This unit is 50 percent Cambria sandy loam and 30
percent Cushman loam. The components of this unit are
so intricately intermingled that it was not practical to map
them separately at the scale used.

Included in this unit are small areas of Renohill clay
loam and Worf fine sandy loam. Included areas make up
about 20 percent of the total acreage. The percentage
varies from one area to another.

The Cambria soil is deep and well drained. It formed in
loamy local alluvium and residuum derived dominantly
from sedimentary rock. Typically, the surface layer is
brown sandy loam about 4 inches thick. The upper 4
inches of the subsoil is yellowish brown loam, and the
lower part to a depth of 60 inches or more is pale brown
loam. In some areas soft bedrock is between depths of
40 and 60 inches.

Permeability of the Cambria soil is moderate. Available
water capacity is high. Effective rooting depth is 60
inches or more. Runoff is medium, and the hazard of
water erosion is severe. The hazard of wind erosion is
moderate.

The Cushman soil is moderately deep and well
drained. It formed in loamy residuum derived dominantly
from calcareous shale and sandstone. Typically, the
surface layer is pale brown loam about 3 inches thick.
The upper 14 inches of the subsoil is pale brown and
light gray clay loam, and the lower 8 inches is pale
yellow loam. Interbedded shale and sandstone are at a
depth of 25 inches.

Permeability of the Cushman soil is moderate.
Available water capacity is low. Effective rooting depth is
20 to 40 inches. Runoff is medium, and the hazard of
water erosion is severe. The hazard of wind erosion is
moderate.

This unit is used for livestock grazing and wildlife
habitat.

The potential plant community on this unit is mainly
western wheatgrass, thickspike wheatgrass, and
needleandthread. As the range condition deteriorates,
big sagebrush and blue grama increase. As the range
condition further deteriorates, cacti, annuals, and broom
snakeweed invade. The potential plant community
produces about 1,500 pounds of air-dry vegetation in
normal years. Production varies from 2,000 pounds in
favorable years to 850 pounds in unfavorable years.

The production of forage is limited by low annual
precipitation. If the range is overgrazed, the proportion of
preferred forage plants decreases and the proportion of
less preferred forage plants increases. Therefore,
livestock grazing should be managed so that the desired
balance of preferred species is maintained in the plant
community.

The suitability of this unit for rangeland seeding is fair.
The main limitation is the hazard of water erosion.
Chiseling or other such practices can be used to improve
areas of deteriorated rangeland. Such practices increase
water infiltration, reduce plant competition, and allow the

desirable native plants to increase. Areas that are
heavily infested with undesirable plants can be improve-'
by chemical or mechanical treatment.

The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds.

If this unit is used for homesite development, the main
limitations are moderate shrink-swell potential, slope,
and the depth of the Cushman soil to soft bedrock.
Backfilling with coarser textured material reduces the
limitation of shrink-swell potential. Areas of the Cushman
soil are not suitable for use as septic tank absorption
fields.

This map unit is in capability subclass Vie. It is in the
Loamy, 10- to 14-inch ppt., Northern Plains range site.

106-Cambria Variant-Forkwood Variant complex,
0 to 6 percent slopes. This map unit is in nearly level to
undulating areas on toe slopes and alluvial flats. Slopes
are long and plane. The native vegetation is mainly
grasses and shrubs.

This unit is 45 percent Cambria Variant fine sandy
loam and 35 percent Forkwood Variant clay loam. The
components of this unit are so intricately intermingled
that it was not practical to map them separately at the
scale used.

Included in this unit are small areas of Hiland sandy
loam and Ulm loam. Also included are small areas of
soils that have a stratified substratum. Included areas
make up about 20 percent of the total acreage. The
percentage varies from one area to another.

The Cambria Variant soil is deep and well drained.
formed in loamy alluvium derived dominantly from
interbedded sandstone and shale. Typically, the surface
layer is light gray fine sandy loam about 2 inches thick.
The upper 14 inches of the subsoil is light brownish gray
clay loam and loam, and the lower 32 inches is light
brownish gray stratified loam, clay loam, and sandy clay
loam to a depth of 60 inches or more.

Permeability of the Cambria Variant soil is moderate.
Available water capacity is high. Effective rooting depth
is 60 inches or more. Runoff is slow, and the hazard of
water erosion is moderate. The hazard of wind erosion is
moderate.

The Forkwood Variant soil is deep and well drained. It
formed in loamy alluvium derived dominantly from
interbedded sandstone and shale. Typically, the surface
layer is light gray clay loam about 3 inches thick. The
upper 13 inches of the subsoil is pale brown clay loam,
and the lower part to a depth of 60 inches or more is
light gray stratified loam, clay loam, and fine sandy loam.

Permeability of the Forkwood Variant soil is moderate.
Available water capacity is high. Effective rooting depth
is 60 inches or more. Runoff is medium, and the hazard
of water erosion is moderate. The hazard of wind
erosion is slight.

This unit is used for livestock grazing and wildlife
habitat.
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-The potential plant community on this unit is mainly
3tern wheatgrass, thickspike wheatgrass, and

K.> edleandthread. As the range condition deteriorates,
big sagebrush and blue grama Increase. As the range
condition further deteriorates, cacti, annuals, and broom
snakeweed invade. The potential plant community
produces about 1,500 pounds of air-dry vegetation in
normal years. Production varies from 2,000 pounds In
favorable years to 850 pounds In unfavorable years.

The production of forage is limited by low annual
precipitation. If the range Is overgrazed, the proportion of
preferred forage plants decreases and the proportion of
less preferred forage plants increases. Therefore,
livestock grazing should be managed so that the desired
balance of preferred species is maintained in the plant
community.

The 'suitability of this unit for rangeland seeding is
good. Chiseling or other such practices can be used to
improve'areas of deteriorated rangeland. Such practices
increase water infiltration, reduce plant competition, and
allow the desirable native plants to increase.

This unit is'limited for livestock watering ponds and
other water impoundments because of the seepage
potential. '

The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds.
* If this unit is used for homesite development, the main
limitation is moderate shrink-swell potential. Backfilling

-excavations with coarser textured material helps to
Vercome this limitation.

K.- This map unit Is in capability subclass IVe. It is in the
Loamy, 10- to 14-inch ppt., Northern Plains range site.
There are Inclusions of Clayey Overflow, 10- to 14-inch
ppt., Northern Plains range site In areas where runoff
water collects.

107-Clarkelen-Draknab complex, 0 to 3 percent
slopes. This map unit Is on flood plains. Slopes are long
and plane. The native'vegetation is mainly grasses and
woody plants.

This unit Is 50 percent Clarkelen sandy loam and 35
percent Draknab loamy sand. The components of this
unit are so Intricately Intermingled that It was not;
practical to'map them separately at the scale used.

Included In this unit are small areas of Keeline sandy
loam, Haverdad fine sandy loam, and Bigwin fine sandy
loam. Included areas make up about 15 percent of the
total acreage. The percentage varies from one area to
another. "

The Clarkelen soil is deep and somewhat excessively
drained. It formed in loamy recently deposited alluvium
derived 'dominantly from' sedimentary rock. Typically, the
surface layer is pale brown and grayish brown sandy
loam about 3 inches thick. The underlying material to a
depth of 60 Inches or more is highly stratified light
brownish gray sand, sandy loam, sandy clay loam, and
silt loam.

Permeability of the Clarkelen soil is moderately rapid.
Available water capacity is moderate. Effective rooting
depth is 60 Inches or more. Runoff is slow, and the
hazard of water erosion Is moderate. The hazard of wind
erosion is moderate. This soil is subject to flooding
during prolonged, high-intensity storms. Channeling and
deposition occur along streambanks.

The Draknab soil is deep and excessively drained. It
formed in sandy recently deposited alluvium derived
dominantly from sandstone. Typically, the surface layer
is yellowish brown loamy sand about 2 inches thick. The
underlying material to a depth of 60 inches or more is
pale brown and very pale brown, stratified sand, coarse
sand, loamy sand,' and loamy coarse sand.

Permeability of the Draknab soil is rapid. Available
water capacity is low. Effective rooting depth is 60
inches or more. Runoff Is very slow, and the' hazard of
water erosion Is slight. The hazard of wind erosion is
severe. This soil is subject to flooding during prolonged,
high-intensity*storms. Channeling and deposition' occur
along streambanks.' ,

This unit is used for livestock grazing and wildlife
habitat.

The potential plant community on this unit is mainly
western wheatgrass, slender wheatgrass,
needleandthread, and cottonwood trees. As the range
condition deteriorates, silver sagebrush, rubber
rabbitbrush, and snowberry increase. As the range
condition further deteriorates, annual forbs and
cheatgrass Invade. The potential plant community
produces about 2,500 pounds of air-dry vegetation in
normal years. Production varies from 3,000 pounds in
favorable years to 2,000 pounds in unfavorable years.

The production of forage is limited by low annual
precipitation and the hazard of flooding. If the range is
overgrazed, the proportion of preferred forage plants
decreases and the proportion of less preferred forage
plants Increases. Therefore, livestock grazing should be
managed so that the desired balance of preferred
species Is maintained in the plant community.

'The suitability of this unit for rangeland seeding is
good. Chiseling or other such practices can be used to
improve areas of deteriorated rangeland. Such practices
increase water infiltration, reduce plant competition, and
allow the desirable native plants to increase.

This unit is limited for livestock watering ponds and
.other Water impoundments because of the seepage
potential.

The vegetation on this unit provides some food for
antelope, deer,'small mammals, and birds. Cottonwood
trees commonly provide Important riparian habitat for
birds and small mammals. . - -

This unit is poorly suited to homesite development.
The main limitations are the hazard of excavations
caving in and th6 hazard of flooding. Constructing dikes
reduces the risk of flooding. Use of septic tank
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absorption fields could create a hazard of polluting
ground water.

This map unit is in capability subclass IVe. It is in the
Lowland, 10- to 14-inch ppt., Northern Plains range site.

108-Clarkelen-Dwyer-Orpha association, 0 to 10
percent slopes. This map unit is in gently sloping areas
on flood plains and in undulating to gently rolling areas
on dunes that are superimposed on stream terraces. The
Clarkelen soil is on flood plains, and the Dwyer and
Orpha soils are on terrace dunes. Slopes 'are medium in
length and are plane, or they are short and convex. The
native vegetation is mainly grasses and woody plants.

This unit is 40 percent Clarkelen sandy loam, 25
percent Dwyer loamy sand, and 20 percent Orpha loamy
sand.

Included in this unit are small areas of Haverdad fine
sandy loam, Draknab loamy sand, Keeline sandy loam,
and Kishona loam. Included areas make up about 15
percent of the total acreage. The percentage varies from
one area to another.

The Clarkelen soil is deep and somewhat excessively
drained. It formed in loamy recently deposited alluvium
derived dominantly from sedimentary rock. Typically, the
surface layer is pale brown and grayish brown sandy
loam about 3 inches thick. The underlying material to a
depth of 60 inches or more is highly stratified, light
brownish gray sand, sandy loam, sandy clay loam, and
silt loam that contain carbonates.

Permeability of the Clarkelen soil is moderately rapid.
Available water capacity is moderate. Effective rooting
depth is 60 inches or more. Runoff is slow, and the
hazard of water erosion is severe. The hazard of wind
erosion is moderate. This soil is subject to flooding
during prolonged, high-intensity storms. Channeling and
deposition are common along streambanks.

The Dwyer soil is deep and excessively drained. It
formed in eolian sand derived from mixed sources.
Typically, the surface layer is brown loamy sand about 5
inches thick. The underlying material to a depth of 60
inches or more is pale brown loamy sand that contains
carbonates within a depth of 40 inches.

Permeability of the Dwyer soil is rapid. Available water
capacity is low. Effective rooting depth is 60 inches or
more. Runoff is slow, and the hazard of water erosion is
moderate. The hazard of wind erosion is severe.

The Orpha soil is deep and excessively drained. It
formed in eolian sand derived from mixed sources.
Typically, the surface layer is pale brown loamy sand
about 5 inches thick. The underlying material to a depth
of 60 inches or more is light yellowish brown loamy
sand.

Permeability of the Orpha soil is very rapid. Available
water capacity is low. Effective rooting depth is 60
inches or more. Runoff is slow, and the hazard of water
erosion is slight. The hazard of wind erosion is severe.

This unit is used for livestock grazing and wildlife
habitat.

The potential plant community on the Clarkelen soil
mainly needleandthread, slender wheatgrass, western,.
wheatgrass, and cottonwood trees. As the range
condition deteriorates, silver sagebrush, rubber
rabbitbrush, and snowberry increase. As the range
condition further deteriorates, annual forbs and
cheatgrass invade. The potential plant community
produces about 2,500 pounds of air-dry vegetation in
normal years. Production varies from 3,000 pounds in
favorable years to 2,000 pounds in unfavorable years.

The production of forage on the Clarkelen soil is
limited by low annual precipitation and the hazard of
flooding. If the range is overgrazed, the proportion of
preferred forage plants decreases and the proportion of
less preferred forage plants increases. Therefore,
livestock grazing should be managed so that the desired
balance of preferred species is maintained in the plant
community. The suitability of this soil for rangeland
seeding is good. Chiseling or other such practices can
be used to improve areas of deteriorated rangeland.
Such practices increase water infiltration, reduce plant
competition, and allow the desirable native plants to
increase. This soil is limited for livestock watering ponds
and other water impoundments because of the seepage
potential.

The potential plant community on the Dwyer and
Orpha soils is mainly prairie sandreed, sand bluestem,
needleandthread, and Indian ricegrass. As the range
condition deteriorates, sageworts increase. As the ran'
condition further deteriorates, annuals and broom
snakeweed invade. The potential plant community
produces about 2,000 pounds of air-dry vegetation in
normal years. Production varies from 2,500 pounds in
favorable years to 1,400 pounds in unfavorable years.

The production of forage on the Dwyer and Orpha
soils is limited by droughtiness. If the range is
overgrazed, the proportion of preferred forage plants
decreases and the proportion of less preferred forage
plants increases. Therefore, livestock grazing should be
managed so that the desired balance of preferred
species is maintained in the plant community. The
suitability of these soils for rangeland seeding is poor.
The main limitations are the hazard of wind erosion and
droughtiness. Areas that are heavily infested with
undesirable plants can be improved by chemical or
mechanical treatment. These soils are limited for
livestock watering ponds and other water impoundments
because of the seepage potential.

The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds. Cottonwood
trees commonly provide important riparian habitat for
birds and small mammals.

The Clarkelen soil is poorly suited to homesite
development. The main limitation is the hazard of
flooding. Use of septic tank absorption fields could
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-c-reate a hazard of polluting ground water. If the Dwyer
',d Orpha soils are used for homesite development, the
ain limitations are slope, the hazard of excavations

caving in, and sand blowing.
The Clarkelen soil is in capability subclass IVe. The

Dwyer and Orpha soils are in capability subclass Vie.
The Clarkelen soil is in the Lowland, 10- to 14-inch ppt.,
Northern Plains range site. The Dwyer and Orpha soils
are in the Sands, 10- to 14-inch ppt., Northem Plains
range site.

109-Clarkelen-Haverdad-Blgwinder complex, 0 to
3 percent slopes. This map unit is on flood plains and
low terraces of major streams. Slopes are medium in
length and are plane. The native vegetation is mainly
grasses, sedges, and woody plants.

This unit is 35 percent Clarkelen sandy loam, 25
percent Haverdad fine sandy loam, and 25 percent
Bigwinder fine sandy loam. The components of this unit
are so intricately Intermingled that it was not practical to'
map them separately at the scale used.

Included in this unit are small areas of Draknab loamy
sand, Keeline sandy loam, and Dwyer loamy sand.
Included areas make up about 15 percent of the total
acreage. The percentage varies from one area to
another.

-The Clarkelen soil is deep and somewhat excessively-
drained. It formed In loamy recently deposited alluvium
derived dominantly from sedimentary rock. Typically, the

'\urface layer is pale brown and grayish brown sandy
.oam about 3 inches thick..The underlying material to a
depth of 60 inches or more is highly stratified, light
brownish gray sand, sandy loam, sandy clay loam, and
silt loam.

Permeability of the Clarkelen soil is moderately rapid.
Available water capacity is moderate. Effective rooting
depth is 60 inches.or more. Runoff is slow, and the
hazard of water erosion is moderate. The hazard of wind
erosion is moderate. This soil is subject to flooding
during prolonged, high-intensity storms. Channeling' nd
deposition are common along streambanks.'

The Haverdad soil is deep and well drained. It formed
in loamy recently deposited alluvium derived dominantly
from sedimentary rock. Typically, the surface layer is
grayish brown fine sandy loam'about'6 inches thick. The
underlying material to a depth of'60 inches or more Is
'light brownish gray loam with lenses of clay loam 'and
'fine sandy loam. .

Permeability of the Haverdad soil is moderate.
Available water capacity is moderate. Effective rooting
depth is 60 inches or more. Runoff is slow, and the
hazard of water erosion is moderate. The hazard of wind
erosion is moderate.'This soil is subject to flooding;
during prolonged, high-intensity storms. Channeling and
deposition occur along streambanks.

The Bigwinder soil is-deep and poorly drained. It
formed in loamy alluvium derived dominantly from

sedimentary rock. Typically, the surface layer is light
brownish gray fine sandy loam about 3 inches thick. It
has strong brown mottles. The upper 21 inches of the
underlying material is stratified, light gray loam, sandy
loam, and loamy sand, and the lower part to a depth of
60 inches or more is stratified, light gray and reddish
yellow loamy sand and sand.

Permeability of the Bigwinder soil is moderate to
moderately rapid to a depth of 24 inches and is rapid
below this depth. Available water capacity is high.
Effective rooting depth is 60 inches or more. Runoff is
slow, and the hazard of water erosion is moderate. The
hazard of wind erosion is moderate. This soil is subject
to flooding during prolonged, high-intensity storms.
Channeling and deposition occur along streambanks.

This unit is used mainly for livestock grazing and
wildlife habitat. It is also used as hayland.

The potential plant community on the Clarkelen and
Haverdad soils is mainly needleandthread, slender
wheatgrass, green needlegrass, and cottonwood trees
(fig. 2). As the range condition deteriorates, silver
sagebrush, rubber rabbitbrush, and snowberry increase.
As the range condition further deteriorates, annual forbs
and cheatgrass Invade. The potential plant community
produces about 2,500 pounds of air-dry vegetation in
normal years. Production varies from 3,000 pounds in
favorable years to 2,000 pounds in unfavorable years.

'The -production of forage on these soils Is limited by
low annual precipitation and the hazard of flooding. If the
range is overgrazed, the proportion of preferred forage
plants decreases and the proportion of less preferred
forage plants increases. Therefore, livestock grazing
should be managed so that the desired balance of
preferred species is maintained in the plant community.

The suitability of these soils for rangeland seeding is
good. Chiseling or other such practices can be used to
improve areas of deteriorated rangeland. Such practices
increase water infiltration, reduce plant competition, and
allow the desirable native plants to increase.

The potential plant community on the Bigwinder soil is
mainly Nebraska sedge, basin wildrye, slender
wheatgrass, and willows. As the range condition
deteriorates, western wheatgrass, mat muhly,' and spike
sedge increase. As the range condition further
deteriorates, annual forbs'invade. The potential plant
community produces about 4,000 pounds of air-dry
vegetation in normal years. Production varies from 4,500
pounds in favorable years to 3,500 pounds in
unfavorable years.

The production of forage on this soil is limited by
wetness and the hazard of flooding. If the range is
overgrazed, the proportion of preferred forage plants'
decreases and the proportion of less preferred forage
plants increases. Therefore, livestock grazing should be
managed so that the desired balance of preferred
species is maintained in the plant community.

- m 0.M M M M MM M F171Tr
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Figure 2.-Area of Clarl
cottonwood trees.

celen-Haverdad-Biawinder complex, 0 to 3 percent slope, along Box Creek. This area supports scattered

The suitability of this soil for rangeland seeding is
good. The main limitations are wetness and the hazard
of flooding.

This unit is limited for livestock watering ponds and
other water impoundments because of the seepage
potential.

The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds. Cottonwood
trees commonly provide important riparian habitat for
birds and small mammals.

This unit is poorly suited to homesite development.
The main limitations are the hazard of flooding and
wetness. Construction of dikes reduces the risk of
flooding. Use of septic tank absorption fields could
create a hazard of polluting ground water.

This map unit is in capability subclass IVe. The
Clarkelen and Haverdad soils are in the Lowland, 10- to
14-inch ppt., Northern Plains range site. The Bigwinder
soil is in the Subirrigated, 10- to 14-inch ppt., Northern
Plains range site.

1 10-Cushman-Terro complex, 0 to 6 percent
slopes. This map unit is on pediment slopes of nearly
level to undulating dissected uplands. Slopes are
medium in length and are convex. The native vegetation
is mainly grasses and shrubs.

This unit is 45 percent Cushman loam and 40 percent
Terro sandy loam. The components of this unit are so
intricately intermingled that it was not practical to map
them separately at the scale used.

Included in this unit are small areas of Shingle clay
loam in the more highly dissected areas. Also included
are small areas of Hiland sandy loam. Included areas
make up about 15 percent of the total acreage. The
percentage varies from one area to another.

The Cushman soil is moderately deep and well
drained. It formed in loamy residuum derived dominantly
from calcareous shale and sandstone. Typically, the
surface layer is brown loam about 4 inches thick. The
upper 11 inches of the subsoil is yellowish brown and
light yellowish brown clay loam, and the lower 18 inches

. . . . . 11 11 , , --I TjjFr I, , 1, ,I __rnwr
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is pale brown clay loam'and very pale brown loam.

"Idded sandstone and shale are at a depth of 33

t-vrmeabilityof the Cushman soil is moderate. - .,

Available water capacity is moderate. Effective rooting

depth is 20 to 40 inches. Runoff is medium, and the ,-

hazard of water erosion is moderate. The hazard of wind

erosion is moderate. ' '

The Terro'soil is moderately deep and somewhat

excessively drained. It formed in loamy residuum derived i I

dominantly from calcareous sandstone. Typically, the * -

surface layer is brown sandy loam -about 4 inches thick. -T

The upper 19 inches of the subsoil is brown and pale ,,

brown sandy loam, and the lower 11 inches is light gray;

sandy loam. Soft sandstone is at a depth of 34 inches. --

In some areas soft bedrock is at a depth of 40 to 60

inches or more.
Permeability of the Terro soil is moderately rapid.

Available water capacity is low. Effective rooting depth is:

20 to 40 inches. Runoff is slow, and the hazard of water;

erosion is' moderate.'The hazard of wind erosion is -

moderate.
This unit is used for livestock grazing and wildlife

habitat.
The potential plant community on the Cushman soil is

mainly western wheatgrass, thickspike wheatgrass, and.

needleandthread. As the' range condition deteriorates,

big sagebrush and blue grama increase: As the range,.

condition further deteriorates, cacti, annuals, and broom

'sweed invade. The 'potential plant community , ,

ices about 1,500 pounds of air-dry vegetation In

tIw.mIial years. Production varies frorin"2,000 pounds in -

favorable years to 850 pounds in'unfavorable years.

The potential plant community on the Terro soil is - . *

mainly needleandthread, prairie sandreed, Indian - -

ricegrass, and little bluestem. As the range condition -

deteriorates, sageworts and needleleaf sedge increase.

As the range condition further deteriorates, annuals and'

broom snakeweed Invade. The potential plant community,.

produces about 1,600 pounds of air-dry vegetation in ;

normal years. Production varies from 2,100 pounds in

favorable years to 1,000 pounds in unfavorable years.:,,

The production of forage on this unit is limited by low -

annual precipitation; If the range Is overgrazed, the .

proportion of preferred forage plants decreases and the,,-

proportion of less 'preferred forage plants increases.., ^-, -

Therefore, livestock grazing should be managed so that:-,,.

the desired balance of preferred species is maintained in

the plant community. .. p

The suitability of this unit 'for rangeland seeding is ji{

good. The main limitation is the hazard of wind erosion.,,--,,

Chiseling or other such practices can be used to improve

areas of deteriorated rangeland. Such practices increase -

water infiltration, reduce'plant competition, and allow the

desirable native'plants to'increase. Areas that are ..-

heavily Infested with undesirable plants can be improved*-

kv chemical or'mechanical treatment. ,.

This unit is limited for livestock watering ponds and

other water impoundments because'of the'seepage-

potential.
The vegetation'on this unit provides some food for

antelope, deer, small mammals, and birds.

If this unit is'used for'homesite development, the main 7

limitations are depth'to soft bedrock and shrink-swell

potential. Backfilling excavations with coarser textured

material helps to overcome the problem of shrink-swell

potential' It may be necessary to construct a'mounded

absorption field to compensate for the restricted depth to

bedrock. 
-

This map unit is in' capability subciass IVe. 'The

Cushmari soil is in the' Loamy, 10- to 14-inch ppt.,

Northern' Plains range site-The Terro soil is in the

Sandy, 10- to' 14-inch ppt.,' Northern Plains range site.

I1-Cushman-Terro complex, 6 to 15 percent

slopes. This map unit is on shoulder slopes and back

slopes of rolling uplands. Slopes are short and convex.

The native vegetation'is mnainly grasses and shrubs.

This unit is 55 percent Cushman loaim'and 30 percent

Terro sandy loam. The components of this unit are so;

intricately intermingled that it was not practical to map -

them separately at the scale used.

Included in this unit are sm'all areas'of Shingle clay

'loam and Worf fine sandy loamion shoulder slopes. Also

included are' small areas of Hiland sandy loam on back -^

slopes. Included areas make up about 15 percent of the

total acreage. The percentage varies from one area to

another. '
The6Cushman soil is moderately deep'and well

drained. It formed In loamy residuum derived dominantly-

from catcalreous shale and sandstone. Typically, the

surface layer is pale brownr loam about 3 inches thick.

The'upper 14 inches of the subsoil is pale brown'and

light gray clay loam, and the lower 8 inches is pale

yellow loam. Interbedded sandstone and shale are at a;

depth of 25 inches.' In .some areas soft bedrock is at a

depth of 40 to 60 inches or rmore. '

Permeability of the Cushman soil is moderate.

Available water capacity is low. Effective rooting depth is

20 to 40 inches. Runbff is medium, and the hazard of

water erosion is severe. The hazard of wind erosion is

moderate. '

The Terro soil is somewhat excessively drained.' It

formed in loamy residuum derived dominantly from*

calcareous sandstone. Typically, the surface layer is

brown sandy loam about 4 inches thick. The upper:19

inches of the subsoil is brown and pale brown sandy-

loam, and the'lower 11 'inches is light gray sandy loam. - -

Soft sandstone is at a depth of 34 inches. In some areas

soft bedrock is' at a depth of 40 to660 inches or-more.

Permeability of the Terro soil is moderately rapid.: -

Available water capacity is'low.'Effective rooting depth is

20 to 40 inches. Runoff is' slow, aand the hazard of water -
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erosion is moderate. The hazard of wind erosion is
moderate.

This unit is used for livestock grazing and wildlife
habitat.

The potential plant community on the Cushman soil is
mainly western wheatgrass, thickspike wheatgrass, and
needleandthread. As the range condition deteriorates,
big sagebrush and blue grama increase. As the range
condition further deteriorates, cacti, annuals, and broom
snakeweed invade. The potential plant community
produces about 1,500 pounds of air-dry vegetation in
normal years. Production varies from 2,000 pounds in
favorable years to 850 pounds in unfavorable years.

The potential plant community on the Terro soil is
mainly needleandthread, prairie sandreed, Indian
ricegrass, and little bluestem. As the range condition
deteriorates, sageworts and needleleaf sedge increase.
As the range condition further deteriorates, annuals and
broom snakeweed invade. The potential plant community
produces about 1,600 pounds of air-dry vegetation in
normal years. Production varies from 2,100 pounds in
favorable years to 1,000 pounds in unfavorable years.

The production of forage on this unit is limited by low
annual precipitation. If the range is overgrazed, the
proportion of preferred forage plants decreases and the
proportion of less preferred forage plants increases.
Therefore, livestock grazing should be managed so that
the desired balance of preferred species is maintained in
the plant community.

The suitability of this unit for rangeland seeding is fair.
The main limitations are the hazards of wind and water
erosion. Chiseling or other such practices can be used to
improve areas of deteriorated rangeland. Such practices
increase water infiltration, reduce plant competition, and
allow the desirable native plants to increase. Areas that
are heavily infested with undesirable plants can be
improved by chemical or mechanical treatment.

The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds.

If this unit is used for homesite development, the main
limitations are depth to soft bedrock, slope, and the
moderate shrink-swell potential of the Cushman soil,
which can be overcome by backfilling with coarser
textured material. It may be necessary to construct a
mounded absorption field to compensate for the limited
depth to bedrock.

This map unit is in capability subclass Vle. The
Cushman soil is in the Loamy, 10- to 14-inch ppt.,
Northern Plains range site. The Terro soil is in the
Sandy, 10- to 14-inch ppt., Northern Plains range site.

112-Cushman-Worf association, 6 to 15 percent
slopes. This map unit is on ridges, shoulder slopes, and
back slopes of rolling uplands. Slopes are convex and
are medium in length. The native vegetation is mainly
grasses and shrubs.

This unit is 50 percent Cushman loam, 6 to 10 percent
slopes, and 35 percent Worf fine sandy loam, 10 to 15,
percent slopes. The Cushman soil is on back slopes,
and the Worf soil is on ridges and shoulder slopes.

Included in this unit are small areas of Worfka fine
sandy loam and Shingle loam intermingled with areas of
the Worf soil. Also included are small areas of Forkwood
sandy loam on concave slopes bordering areas of the
Cushman soil. Included areas make up about 15 percent
of the total acreage. The percentage varies from one
area to another.

The Cushman soil is moderately deep and well
drained. It formed in loamy residuum derived dominantly
from interbedded sandstone and shale. Typically, the
surface layer is pale brown loam about 3 inches thick.
The upper 14 inches of the subsoil is pale brown and
light gray clay loam, and the lower 8 inches is pale
yellow loam. Interbedded shale and sandstone are at a
depth of 25 inches.

Permeability of the Cushman soil is moderate.
Available water capacity is low. Effective rooting depth is
20 to 40 inches. Runoff is medium to rapid, and the
hazard of water erosion is severe. The hazard of wind
erosion is moderate.

The Worf soil is shallow and well drained. It formed in
residuum derived dominantly from calcareous shale.
Typically, the surface layer is grayish brown fine sandy
loam about 2 inches thick. The subsoil is brown and light
yellowish brown sandy clay loam about 16 inches thick.
Soft, calcareous shale is at a depth of 18 inches.

Permeability of the Worf soil is moderate. Available
water capacity is low. Effective rooting depth is 8 to 20
inches. Runoff is medium to rapid, and the hazard of
water erosion is severe. The hazard of wind erosion is
moderate.

This unit is used for livestock grazing and wildlife
habitat.

The potential plant community on the Cushman soil is
mainly western wheatgrass, thickspike wheatgrass, and
needleandthread. As the range condition deteriorates,
big sagebrush and blue grama increase. As the range
condition further deteriorates, cacti, annuals, and broom
snakeweed invade. The potential plant community
produces about 1,500 pounds of air-dry vegetation in
normal years. Production varies from 2,000 pounds in
favorable years to 850 pounds in unfavorable years. The
production of forage is limited by low annual
precipitation. The suitability of this soil for rangeland
seeding is good.

The potential plant community on the Worf soil is
mainly western wheatgrass, green needlegrass, and
bluebunch wheatgrass. As the range condition
deteriorates, birdfoot sagebrush and big sagebrush
increase. As the range condition further deteriorates,
broom snakeweed and annuals invade. The potential
plant community produces about 900 pounds of air-dry
vegetation in normal years. Production varies from 1,200
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'ounds in favorable years to 450 pounds in unfavorable
,J firs.

ihe production of forage on this unit Is limited by
restricted rooting depth and droughtiness. If the range is
overgrazed, the proportion of preferred forage plants
decreases and the proportion of less preferred forage
plants increases. -Therefore, livestock grazing should be
managed so that the desired balance of preferred
species is maintained in the plant community.

The suitability of this unit for rangeland seeding Is
poor. The main limitations are the limited rooting depth
and the hazard of water erosion. Areas that'are heavily
infested with undesirable plants can be improved by.
chemical or mechanical treatment.

This unit is limited for. livestock watering ponds and
other water impoundments because of the seepage
potential.

The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds.

If this unit is used for homesite development, the main
limitations are slope, depth to soft bedrock, and
moderate shrink-swell potential. Backfilling excavations
with coarser textured material helps to overcome the
limitation of moderate shrink-swell potential.' Construction
of a mounded absorption field may be needed to
compensate for the depth to rock.

This map unit is in capability subclass Vie. The
Cushman soil is in the Loamy, 10- to 14-inch ppt.,
Northern Plains range site. The Worf soil Is in the

K> h'allow Clayey, 10- to 14-inch ppt., Northern Plains
.nge site.

113-Dwyer-Orpha loamy sands, 3 to 15 percent
slopes. This map unit is on undulating to rolling dunes
superimposed on stream terraces and alluvial flats.
Slopes are short and convex. The native vegetation is
mainly grasses and shrubs.

This unit Is 50 percent Dwyer loamy sand and 30
percent Orpha loamy sand. The components of this unit
are so Intricately intermingled that it was not practical to
map them separately at the scale used. '

Included in this unit are small areas of Keeline sandy
loam, Vonalee loamy sand, and Hilafid sandy loam in
swales and other depressional areas. Included areas
make up about 20 percent of the total acreage. The
percentage varies from one area to another.

The Dwyer soil is deep and excessively drained. It
formed in sandy eolian material derived from mixed
sources. Typically, the surface layer is brown' loamy sand
about 5 inches thick. The underlying material to a'depth
of 60 Inches or more is pate brown loamy sand.'

-Carbonates are within 40 inches of the surface.in some
areas buried loamy strata are at a depth of 40 inches or
more. In a few areas calcareous sandstone is at a depth
of 20 to 60 inches.

Permeability of the Dwyer soil is rapid. Available water
capacity is low. Effective rooting depth is 60 inches or

more. Runoff is slow, and the hazard of water erosion is
moderate. The hazard of wind erosion is severe.
'The Orpha soil Is deep and excessively drained. It

formed in sandy eolian material derived from mixed
sources. Typically, the surface layer is grayish brown
loamy sand about 6 Inches thick. The underlying material
to a depth of 60 inches or more is light brownish gray
sand. Carbonates are below a depth of 40 inches. In

'some areas buried loamy Istrata are at a depth of 40
Inches or more.

Permeability of the Orpha soil Is very rapid. Available
water capacity is low; Effective rooting depth is 60
inches or more. Runoff is slow, and the hazard of water
erosion is slight. The hazard of wind erosion is severe.

This unit is'used for livestock grazing and wildlife
habitat.

'The potential plant community on this unit is mainly
prairie sandreed, Indian ricegrass,'needleandthread, and
little bluestem. As the range condition deteriorates,
sageworts and needleleaf sedge Increase. If the
vegetation further deteriorates,' annuals and snakeweed
invade. The potential plant community produces about
1,600 pounds of air-dry vegetation in normal years.
Production varies from 2,100 pounds in favorable years
to 1,000 pounds in unfavorable years.

The production of forage is limited by low annual
precipitation. If the range ls'overgrazed, the'proportion of
preferred forage plants decreases and the proportion of
less preferred forage plants increases. Therefore,
livestock grazing should be managed so that the 'desired
balance of preferred species Is maintained in the plant
community.

The suitability of this unitffor rangeland seeding is fair.
The main limitations are the hazards of erosion by wind
and water. Chiseling or other such practices can be used
to improve areas of deteriorated rangeland. Such
practices increase water infiltration, reduce plant
competition, and allow the desirable native plants to
increase. Areas that are heavily infested with undesirable
plants can be improved by chemical or mechanical
treatment. This unit is limited for livestock watering
ponds and other water impoundments because of the
seepage potential.

The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds.

If this unit Is used for homesite development, the main
limitations are the hazard of excavations caving in, slope,
and sand blowing.

This map unit is in capability subclass Vile. It is in the
'Sandy, 10- to 14-inch ppt., Northern Plains range site. In
some of the steeper areas are inclusions of Sands, 10-
to 14-inch ppt., Northern Plains range site.

114-Forkwood-Cambria fine sandy aoams, 0 to 6
percent slopes. This map unit is in nearly level to
undulating areas of foot slopes and toe slopes of rolling
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uplands. Slopes are long and plane. The native
vegetation is mainly grasses and shrubs.

This unit is 55 percent Forkwood fine sandy loam and
30 percent Cambria fine sandy loam. The components of
this unit are so intricately intermingled that it was not
practical to map them separately at the scale used.

Included in this unit are small areas of Ulm loam and
Zigweid clay loam. Included areas make up about 15
percent of the total acreage. The percentage varies from
one area to another.

The Forkwood soil is deep and well drained. It formed
in loamy local alluvium derived dominantly from
calcareous shale. Typically, the surface layer is pale
brown fine sandy loam about 7 inches thick. The upper 7
inches of the subsoil is pale brown clay loam, and the
lower part to a depth of 60 inches or more is light
brownish gray and light gray clay loam. In some areas
bedrock is at a depth of 20 to 60 inches.

Permeability of the Forkwood soil is moderate.
Available water capacity is high. Effective rooting depth
is 60 inches or more. Runoff is slow, and the hazard of
water erosion is slight. The hazard of wind erosion is
moderate.

The Cambria soil is deep and well drained. It formed in
loamy local alluvium and residuum derived dominantly
from sedimentary rock. Typically, the surface layer is
grayish brown fine sandy loam about 2 inches thick. The
upper 8 inches of the subsoil is brown sandy clay loam,
and the lower part to a depth of 60 inches or more is
pale brown loam.

Permeability of the Cambria soil is moderate. Available
water capacity is high. Effective rooting depth is 60
inches or more. Runoff is medium, and the hazard of
water erosion is moderate. The hazard of wind erosion is
moderate.

This unit is used for livestock grazing and wildlife
habitat.

The potential plant community on this unit is mainly
western wheatgrass, thickspike wheatgrass, and
needleandthread. As the range condition deteriorates,
big sagebrush and blue grarna increase. As the range
condition further deteriorates, cacti, annuals, and broom
snakeweed invade. The potential plant community
produces about 1,500 pounds of air-dry vegetation in
normal years. Production varies from 2,000 pounds in
favorable years to 850 pounds in unfavorable years.

The production of forage is limited by low annual
precipitation. If the range is overgrazed, the proportion of
preferred forage plants decreases and the proportion of
less preferred forage plants increases. Therefore,
livestock grazing should be managed so that the desired
balance of preferred species is maintained in the plant
community.

The suitability of this unit for rangeland seeding is
good. Chiseling or other such practices can be used to
improve areas of deteriorated rangeland. Such practices
increase water infiltration, reduce plant competition, and

allow the desirable native plants to increase. Areas that
are heavily infested with undesirable plants can be
improved by chemical or mechanical treatment.

The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds.

This unit is well suited to homesite development. It has
few limitations. Backfilling excavations with coarser
textured material helps to overcome the limitation of
shrink-swell potential. Septic tank absorption fields
operate most effectively if placed deep in the subsoil.

This map unit is in capability subclass IVe. It is in the
Loamy, 10- to 14-inch ppt., Northern Plains range site.

115-Forkwood-Cambria-Cushman complex, 6 to
15 percent slopes. This map unit is on ridge crests,
back slopes, and foot slopes of rolling uplands. Slopes
are short and are mostly convex. The native vegetation
is mainly grasses and shrubs.

This unit is 30 percent Forkwood fine sandy loam, 30
percent Cambria sandy loam, and 30 percent Cushman
loam. The components of this unit are so intricately
intermingled that it was not practical to map them
separately at the scale used.

Included in this unit are small areas of Ulm loam and
Worf fine sandy loam. Included areas make up about 10
percent of the total acreage. The percentage varies from
one area to another.

The Forkwood soil is deep and well drained. It formed
in loamy local alluvium derived dominantly from
calcareous shale. Typically, the surface layer is pale
brown fine sandy loam about 5 inches thick. The up[
13 inches of the subsoil is light yellowish brown clay
loam, and the lower part to a depth of 60 inches or more
is pale yellow and light gray loam.

Permeability of the Forkwood soil is moderate.
Available water capacity is high. Effective rooting depth
is 60 inches or more. Runoff is medium, and the hazard
of water erosion is moderate. The hazard of wind
erosion is moderate.

The Cambria soil is deep and well drained. It formed in
loamy local alluvium and residuum derived dominantly
from sedimentary rock. Typically, the surface layer is
brown sandy loam about 4 inches thick. The upper 4
inches of the subsoil is yellowish brown loam, and the
lower part to a depth of 60 inches or more is pale brown
loam.

Permeability of the Cambria soil is moderate. Available
water capacity is high. Effective rooting depth is 60
inches or more. Runoff is medium, and the hazard of
water erosion is severe. The hazard of wind erosion is
moderate.

The Cushman soil is moderately deep and well
drained. It formed in loamy residuum derived dominantly
from calcareous shale. Typically, the surface layer is
pale brown loam about 3 inches thick. The upper 14
inches of the subsoil is pale brown and light gray clay
loam, and the lower 8 inches is pale yellow loam over
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--- nterbedded shale and sandstone. Soft bedrock is at a
ppth of 25 inches.

- Permeability of the Cushman soil is moderate.
Available water capacity is moderate. Effective rooting
depth is 20 to 40 inches. Runoff is medium, and the
hazard of water erosion is severe. The hazard of wind
erosion is moderate.

This unit is used for livestock grazing and wildlife
habitat.

The potential plant community on this unit is mainly
western wheatgrass, thickspike wheatgrass, and
needleandthread. As the range condition deteriorates,
big sagebrush and blue grama increase. As the range
condition further deteriorates, cacti, annuals, and broom
snakeweed invade. The potential plant community
produces about 1,500 pounds of air-dry vegetation in
normal years. Production varies from 2,000 pounds in
favorable years to 850 pounds in unfavorable years.
- The production of forage is limited by low annual

precipitation. If the range is overgrazed, the proportion of
preferred forage plants decreases and the proportion of
less preferred forage plants increases. Therefore,
livestock grazing should be managed so that the desired
balance of preferred species is maintained in the plant
community.
P The suitability of this unit for rangeland seeding is fair.

The main limitation is the hazard of water erosion.
Chiseling or other such practices can be used to improve
areas of deteriorated rangeland. Such practices increase

U ~water infiltration, reduce plant competition, and allow the
v desirable native plants to increase. Areas that are

-heavily infested with undesirable plants can be Improved
by chemical or mechanical treatment.

The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds.

- If this unit Is used for homesite development, the main
limitations are moderate shrink-swell potential and the
depth of the Cushman soil to soft bedrock. Backfilling
excavations with coarser textured material helps to

* overcome the limitation of moderate shrink-swell
potential. Septic tank absorption fields operate most
-effectively if placed deep in the subsoil of the Cambria
and Forkwood soils; areas of the Cushman soil are not
suitable for this use.

This map unit is in capability subclass Vie. It Is in the
Loamy, 10- to 14-inch ppt., Northern Plains range site.

116-Forkwood-Ulm complex, 0 to 6 percent
slopes. This map unit is on foot slopes and toe slopes.
Slopes are plane and are medium to long. The native
vegetation is mainly grasses and shrubs.

This unit is 50 percent Forkwood fine sandy loam and
40 percent Ulm loam. The components of this unit are
so intricately intermingled that It was not practical to map
them separately at the scale used.

Included in this unit are small areas of Bidman sandy
loam. Included areas make up about 10 percent of the

total acreage. The percentage varies from one area to
another.- -

The Forkwood soil is deep and well drained. It formed
in loamy local alluvium derived dominantly from
calcareous shale. Typically, the surface layer is pale
brown fine sandy loam about 7 inches thick. The upper 7
inches of the subsoll is pale brown clay loam, and the
lower part to a depth of 60 inches or more is light
brownish gray and light gray clay loam. In some areas
the subsoil is sandy clay loam.

Permeability of the Forkwood soil is moderate.
Available water capacity is high. Effective rooting depth
is 60 inches or more. Runoff is slow, and the hazard of
water erosion Is slight. The hazard of wind erosion is
moderate.

The Ulm soil is deep and well drained. It formed In
clayey local alluvium derived dominantly from calcareous
shale. Typically, the surface layer is brown loam about 5
inches thick. The upper 16 inches of the subsoil is brown
clay loam and clay, and the lower part to a depth of 60
inches or more is pale brown clay loam and light
yellowish brown sandy clay loam.

Permeability of the Ulm soil is slow: Available water
capacity is high. Effective rooting depth is 60 inches or
more. Runoff is slow, and the hazard of water erosion is
moderate. The hazard of wind erosion is slight.

This unit Is used for livestock grazing and wildlife
habitat.

The potential plant community on this unit is mainly
western wheatgrass, thickspike wheatgrass, and
needleandthread. As the range condition deteriorates,
big sagebrush and blue grama increase. As the range
condition further deteriorates, cacti, annuals, and broom
snakeweed invade. The potential plant community
produces about 1,500 pounds of air-dry vegetation in
normal years. Production varies from 2,000 pounds in
favorable years to 850 pounds in unfavorable years.

The production of forage Is limited by low annual
precipitation. If the range Is overgrazed, the proportion of
preferred forage plants decreases and the proportion of
less preferred forage plants Increases. Therefore,,
livestock grazing should be managed so that the desired
balance of preferred species is maintained in the plant
community. * .

The suitability of this unit for rangeland seeding is
good. Chiseling or other such practices can be used to
improve areas of deteriorated rangeland. Such practices
increase water infiltration, reduce plant competition, and
allow the desirable native plants to increase. Areas that
are heavily infested with undesirable plants can be
improved by chemical or mechanical treatment.

The vegetation on this unit provides some food for
antelope,'deer, small mammals, and birds.

If this unit is used for homesite development, the main
limitations are high shrink-swell potential and the slow
permeability of the Ulm soil. Backfilling excavations with
coarser textured material helps to overcome the
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limitation of shrink-swell potential. Constructing a larger
septic tank absorption field helps to compensate for the
slow permeability of the Ulm soil. Absorption lines
operate most effectively if they are placed deep in the
subsoil.

This map unit is in capability subclass IVe. It is in the
Loamy, 10- to 14-inch ppt., Northern Plains range site.

117-Forkwood-Ulm-Renohill complex, 6 to 15
percent slopes. This map unit is on foot slopes, back
slopes, and ridges of rolling uplands. Slopes are short
and are convex to plane. The native vegetation is mainly
grasses and shrubs.

This unit is 35 percent Forkwood fine sandy loam, 30
percent Ulm clay loam, and 20 percent Renohill clay
loam. The components of this unit are so intricately
intermingled that it was not practical to map them
separately at the scale used.

Included in this unit are small areas of Cushman loam,
Bidman sandy loam, and Worfka fine sandy loam.
Included areas make up about 15 percent of the total
acreage. The percentage varies from one area to
another.

The Forkwood soil is deep and well drained. It formed
in loamy local alluvium derived dominantly from
calcareous shale. Typically, the surface layer is pale
brown fine sandy loam about 7 inches thick. The upper 7
inches of the subsoil is pale brown clay loam, and the
lower part to a depth of 60 inches or more is light
brownish gray and light gray clay loam.

Permeability of the Forkwood soil is moderate.
Available water capacity is high. Runoff is medium, and
the hazard of water erosion is moderate. Effective
rooting depth is 60 inches or more. The hazard of wind
erosion is moderate.

The Ulm soil is deep and well drained. It formed in
clayey local alluvium derived dominantly from calcareous
shale. Typically, the surface layer is light brownish gray
clay loam about 4 inches thick. The upper 12 inches of
the subsoil is brown clay loam, and the lower part to a
depth of 60 inches or more is light gray clay loam.

Permeability of the Ulm soil is slow. Available water
capacity is high to very high. Effective rooting depth is
60 inches or more. Runoff is medium, and the hazard of
water erosion is severe. The hazard of wind erosion is
slight.

The Renohill soil is moderately deep and well drained.
It formed in clayey residuum derived dominantly from
calcareous shale. Typically, the surface layer is light
brownish gray clay loam about 5 inches thick. The
subsoil is light brownish gray clay loam about 20 inches
thick. Calcareous gritty shale is at a depth of 25 inches.

Permeability of the Renohill soil is slow. Available
water capacity is low. Effective rooting depth is 20 to 40
inches. Runoff is medium, and the hazard of water
erosion is severe. The hazard of wind erosion is slight.

This unit is used for livestock grazing and wildlife
habitat.

The potential plant community on the Forkwood s
mainly western wheatgrass, thickspike wheatgrass, a.
needleandthread. As the range condition deteriorates,
big sagebrush and blue grama increase. As the range
condition further deteriorates, cacti, annuals, and broom
snakeweed invade. The potential plant community
produces about 1,500 pounds of air-dry vegetation in
normal years. Production varies from 2,000 pounds in
favorable years to 850 pounds in unfavorable years.

The potential plant community on the Ulm and
Renohill soils is mainly western wheatgrass, thickspike
wheatgrass, and green needlegrass. As the range
condition deteriorates, big sagebrush and blue grama
increase. As the range condition further deteriorates,
broom snakeweed and cacti invade. The potential plant
community produces about 1,300 pounds of air-dry
vegetation in normal years. Production varies from 1,800
pounds in favorable years to 750 pounds in unfavorable
years.

The production of forage on this unit is limited by low
annual precipitation. If the range is overgrazed, the
proportion of preferred forage plants decreases and the
proportion of less preferred forage plants increases.
Therefore, livestock grazing should be managed so that
the desired balance of preferred species is maintained in
the plant community.

The suitability of this unit for rangeland seeding is fair.
The main limitation is the hazard of water erosion.
Chiseling or other such practices can be used to im;
areas of deteriorated rangeland. Such practices incr6
water infiltration, reduce plant competition, and allow the
desirable native plants to increase. Areas that are
heavily infested with undesirable plants can be improved
by chemical or mechanical treatment.

The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds.

This unit is poorly suited to homesite development.
The main limitations are high shrink-swell potential,
slope, slow permeability of the Ulm and Renohill soils,
and the depth of the Renohill soil to soft bedrock.
Backfilling excavations with coarser textured material
helps to overcome the limitation of shrink-swell potential.
Constructing a larger absorption field helps to
compensate for the slow permeability of the Ulm and
Renohill soils. Absorption fields are most effective if they
are placed deep in the subsoil of the Forkwood soil; the
Renohill soil is not suitable for use as absorption fields.

This map unit is in capability subclass Vle. The
Forkwood soil is in the Loamy, 10- to 14-inch ppt.,
Northern Plains range site. The Ulm and Renohill soils
are in the Clayey, 10- to 14-inch ppt., Northern Plains
range site.

118-Gateson Variant-Tassel Variant association,
10 to 45 percent slopes. This map unit is on upland
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-edges, shoulder slopes, and back slopes on the northern
a of Pine Ridge. Slopes are convex and are medium in
.igth. The native vegetation in the steeper areas is

mainly conifers with an understory of grasses, and in the
less sloping areas it is mainly grasses with scattered
conifers. Sandstone and ironstone channery fragments
and'flagstones cover as much as 50 percent of the
surface in some areas.

This unit is 45 percent Gateson Variant loamy sand
and 35 percent Tassel Variant very fine sandy loam. The
Gateson Variant soil is on steep back slopes, and the
Tassel Variant soil is on ridges.

Included in this unit are small areas of Worf fine sandy
loam, Tullock loamy sand, and Terro loamy fine sand.
Included areas'make up about 20 percent of the total
acreage. The percentage varies from one area to
another.

The Gateson Variant soil is shallow and well drained.
It formed in loamy residuum derived dominantly from
noncalcareous sandstone. Typically, the surface is
covered with a mat of pine needles and other forest litter
about 2 inches thick. The surface layer Is pinkish gray
loamy sand about 4 inches thick. The subsoil is reddish
yellow'sandy clay loam about 7 inches thick. The.
substratum is pinkish gray clay about 5 inches thick over
soft, noncalcareous, interbedded sandstone and shale.
Soft bedrock Is at a depth of 15 to 24 inches. -

Permeability of the Gateson Variant soil is moderate.
-Available water capacity is very low. Effective rooting
" 'epth is 10 to 20 inches. Runoff is rapid, and the hazard
jf water erosion is moderate. The hazard of wind
erosion is severe. *

The Tassel Variant soil is very shallow and well
drained. It formed in loamy residuum' derived dominantly
from calcareous sandstone. Typically, the surface layer
is light yellowish brown very fine sandy loam about 4
inches thick. The underlying material to a depth of 9
inches is gray loam. Soft, calcareous sandstone is at a
depth of 9 inches.

Permeability of the Tassel Variant soil is moderate.
Available water capacity is very low. Effective rooting
depth is 5 to 10 inches. Runoff is rapid, and the hazard
of water erosion is severe. The'hazard of wind erosion is
moderate.

Most areas of this unit are used for livestock'grazing
and wildlife habitat. A few areas are used as'a source of
wood products.

The Gateson Variant soil is poorly suited to the
production of ponderosa pine. The site index for
ponderosa pine ranges from 35 to 50. This soil can
produce 12 cords per acre in a stand of trees that
average 5 inches in diameter at a height of 1 foot. The
main concerns in producing and harvesting timber are
shallow soil depth, 'slow regeneration of trees, the hazard
of erosion, and difficulty of harvesting' on the steeper
slopes. Plant competition delays natural regeneration but
does not prevent the eventual development of a fully

stocked, normal stand of trees. The very low available
water capacity generally influences seedling survival in
areas where understory plants are numerous.
Conventional methods of harvesting timber are difficult
to use because of slope.

The potential understory plant community on the
Gateson Variant soil Is mainly Idaho fescue and yarrow.
The woodland understory produces about 650 pounds of
air-dry vegetation in normal years. Production varies from
800 pounds In favorable years to 400 pounds in
unfavorable years. ''

The potential plant community on the Tassel Variant
soil is mainly needleandthread, prairie sandreed, little
bluestem, and'bluebunch wheatgrass. As the range
condition deteriorates, threadleaf sedge and fringed
sagewort increase. As the range condition further
deteriorates, broom snakeweed and annuals invade. The
potential plant community produces about 1,300 pounds
of air-dry vegetation In normal years. Production varies
from 1,600 pounds in favorable years to 1,000 pounds in
unfavorable years.

-The production of forage on this soil is limited by
restricted rooting depth and droughtiness. If the range is
overgrazed, the proportion of preferred forage plants
decreases and the proportion of less preferred forage
plants increases. Therefore, livestock grazing should be
managed so that the desired balance of preferred
species is maintained in the plant community.

The suitability of the Tassel Variant soil for rangeland
seeding is poor. The main limitations are'limited rooting
depth and the hazards of erosion by wind and water.
Areas that are heavily infested with undesirable plants
can be improved by chemical or mechanical treatment.

This unit is limited for livestock watering poonds'and
other water impoundments because of the seepage
potential.

The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds. -

This unit is poorly suited to homesite.development.
The main limitations are slope,'shrink-swell potential, and
depth to soft bedrock. Backfilling excavations with
coarser textured material reduces'the limitation of shrink-
swell potential. Absorption fields should be constructed
of selected material.

This map unit is in capability.subclass Vlle. The
Gateson Variant soil is not placed in a range site. The
Tassel Variant soil is in the Shallow Sandy, 15- to 17-
inch ppt., Northern Plains range site.

119-Gullied land. This map unit is in rolling to steep
areas where gullies have downcut into friable soil
material. The remaining soil material is shallow to deep
and is well drained. It was derived from sedimentary
residuum and local alluvium. Slopes are short and
convex. This unit is essentially barren.'

Typically, the original surface layer and subsoil have
been lost through erosion. The remaining soil material is
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10 to 60 inches thick or more over bedrock. Texture
ranges from sandy loam to clay loam.

Included in this unit are small areas of Shingle clay
loam, Theedle loam, Samday clay loam, and Savageton
clay loam. Also included are small areas of exposed
sandstone and shale. Included areas make up about 15
percent of the total acreage. The percentage varies from
one area to another.

Permeability of the soil material in this unit is slow to
moderate. Available water capacity is low to moderate.
Effective rooting depth is 10 to 60 inches. Runoff is
rapid, and the hazard of water erosion is severe. The
hazard of wind erosion is moderate.

This unit is used mainly for wildlife habitat. The
included areas are also used for livestock grazing.

The vegetation on the included areas in this unit
provides some food for antelope, deer, small mammals,
and birds.

This map unit is in capability subclass VIlle. It is not
placed in a range site.

120-Haverdad-Lohmiller complex, 0 to 6 percent
slopes. This map unit is on flood plains. Slopes are
short and plane. The native vegetation is mainly grasses,
woody shrubs, and scattered cottonwood trees. This unit
is subject to flooding during prolonged, high-intensity
storms. Channeling and deposition are common along
streambanks.

This unit is 50 percent Haverdad fine sandy loam and
30 percent Lohmiller clay loam. The components of this
unit are so intricately intermingled that it was not
practical to map them separately at the scale used.

Included in this unit are small areas of Draknab loamy
sand on flood plains and small areas of Kishona loam
and Bahl clay on alluvial flat remnants. Included areas
make up about 20 percent of the total acreage. The
percentage varies from one area to another.

The Haverdad soil is deep and well drained. It formed
in loamy recently deposited alluvium derived dominantly
from sedimentary rock. Typically, the surface layer is
grayish brown fine sandy loam about 6 inches thick. The
underlying material to a depth of 60 inches or more is
light brownish gray loam with lenses of clay loam and
fine sandy loam.

Permeability of the Haverdad soil is moderate.
Available water capacity is high. Effective rooting depth
is 60 inches or more. Runoff is slow, and the hazard of
water erosion is slight. The hazard of wind erosion is
moderate. A slight accumulation of soluble salts is in the
surface layer and the upper part of the subsoil in some
areas.

The Lohmiller soil is deep and well drained. It formed
in stratified, clayey, recently deposited alluvium derived
dominantly from shale. Typically, the surface layer is
grayish brown clay loam about 3 inches thick. The next
layer is brown clay 13 inches thick. Below this to a depth

of 60 inches or more is stratified, light yellowish brown
and brown sandy clay loam, sandy loam, and sandy clan

Permeability of the Lohmiller soil is slow to modere
slow. Available water capacity is moderate. Effective
rooting depth is 60 inches or more. Runoff is medium,
and the hazard of water erosion is moderate. The hazard
of wind erosion is moderate.

This unit is used for livestock grazing and wildlife
habitat.

The potential plant community on this unit is mainly
green needlegrass, slender wheatgrass,
needleandthread, and cottonwood trees. As the range
condition deteriorates, woody plants such as snowberry,
silver sagebrush, and rubber rabbitbrush increase. As the
range condition further deteriorates, annual forbs and
cheatgrass invade. The potential plant community
produces about 2,500 pounds of air-dry vegetation in
normal years. Production varies from 3,000 pounds in
favorable years to 2,000 pounds in unfavorable years.

The production of forage is limited by low annual
precipitation and the hazard of flooding. If the range is
overgrazed, the proportion of preferred forage plants
decreases and the proportion of less preferred forage
plants increases. Therefore, livestock grazing should be
managed so that the desired balance of preferred
species is maintained in the plant community.

The suitability of this unit for rangeland seeding is
good. Chiseling or other such practices can be used to
improve areas of deteriorated rangeland. Such practices
increase water infiltration, reduce plant competition, a-
allow the desirable native plants to increase. Areas I
are heavily infested with undesirable plants can be
improved by chemical or mechanical treatment.

The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds. Cottonwood
trees commonly provide important riparian habitat for
birds and small mammals.

This unit is poorly suited to homesite development.
The main limitations are the hazard of flooding and
shrink-swell potential. Construction of dikes reduces the
risk of flooding. Backfilling excavations with coarser
textured material helps to overcome the limitation of
shrink-swell potential.

This map unit is in capability subclass lVw. It is in the
Lowland, 10- to 14-inch ppt., Northern Plains range site.
In some areas are inclusions of Clayey Overflow, 10- to
14-inch ppt., Northern Plains range site.

121-Hiland-Bowbac sandy loams, 0 to 6 percent
slopes. This map unit is on foot slopes and pediment
slopes. Slopes are convex and are medium in length.
The native vegetation is mainly grasses and shrubs.

This unit is 70 percent Hiland sandy loam and 20
percent Bowbac sandy loam. The components of this
unit are so intricately intermingled that it was not
practical to map them separately at the scale used.
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Included in this unit are small areas of Ulm loam, yields average about 2.0 to 2.5 tons per acre with a
Vonalee loamy sand; and Terro sandy loam. Included moderate level of management.'
areas make up about 10 percent of the total acreage. The vegetation on this unit provides some food for
The percentage varies from one area to another. - antelope, deer, small mammals, and birds.

The Hiland soil is deep and well drained. It formed in If this unit is used for homesite development, the main
loamy residuum, local alluvium, and eolian material " limitation is depth to soft bedrock in the Bowbac soil.
derived dominantly from calcareous sandstone. Typically, Areas of Hiland soil should be selected for absorption
the surface layer is pale brown sandy loam about 5 fields.
inches thick. The upper 25 inches of the subsoil Is pale - This map unit is incapability subclass IVe, irrigated
brown and light yellowish brown sandy clay loam, and ' and nonirrigated.2 It is in the Loamy, 10- to 1 4-inch ppt.,
the lower part to a depth of 60 inches'or more is very Northern' Plains range site.
pale brown sandy loam. In sorrie areas the subsoil is
loam or light clay loam.: -' - 122-Hlland-Bowbac complex, 6 to 15 percent

Permeability of the Hiland soil is moderate.-Available-- slopes. This map unit is on ridges and back slopes of
water capacity is moderate. Effective rooting depth is 60 rolling uplands. Slopes are short and convex. The native
inches or more. Runoff is slow, and the hazard of water . vegetation is mainly grasses arid shrubs.
erosion is slight. The hazard'of wind erosion is moderate. . This unit Is 60 percent Hiland sandy clay loam and 30

The Bowbac soil is moderately deep and well drained.. percent Bowbac sandy loam. The components of this
It formed In loamy residuum derived dominantly from unit are so intricately intermingled that it was'not
calcareous sandstone. Typically, the'surface layer is. practical to map them separately at the scale used.
brown sandy loam about 3 inches thick. The upper 15 Included in this unit are small areas of Vonalee loamy
inches of the subsoil is brown sandy clay loam, and the - sand, Renohill clay loam, Terro sandy loam, and Worf

- lower .18 inches is brown and light yellowish brown fine sandy loam. Included areas make up about 10
sandy loam. Soft, calcareous'sandstone is at a depth of . percent of the total acreage. The percentage varies from
36 inches. In some areas the subsoil is loam or light clay one area to another.,,.,.
loam. -- - .. The Hiland soil is deep and well drained. It formed in

Permeability of the Bowbac soil is moderate. Available - loamy residuum and eolian material derived dominantly
water capacity is low. Effective rooting depth is 20 to 40 from calcareous sandstone. Typically, the'surface layer
inches. Runoff is medium, and the hazard of water is brown sandy clay loam about 3 inches thick. The
erosion is moderate. The hazard of wind erosion is upper 21 inches of the subsoil is brown sandy loam and

moderate. -- sandy clay loam, and the lower part to a depth of 60
Most areas of this unit are used for livestock grazing inches or more is grayish brown and light brownish gray

and wildlife habitat. A few areas where water is available sandy loam and sandy clay loam. In some areas the
from small reservoirs are used for irrigated alfalfa. subsoil is loam or light clay loam. -

The potential plant community'on this unit is mainly . Permeability of the Hiland soil is moderate to
western wheatgrass, thickspike wheatgrass, arid moderately rapid. Available water capacity is moderate.
needleandthread. As the range condition deteriorates, Effective rooting'depth is 60 inches or more. Runoff is
big sagebrush and blue grama Increase. As the range' medium,'and the hazard of water erosion is moderate.
condition further deteriorates, cacti, annuals; and broom'; The'hazard'of wind erosion is moderate..
snakeweed invade. The potential plant community The Bowbac soil is moderately deep and well drained.
produces about 1,500 pounds of air-dry vegetation in It formed in loamy residuum derived dominantly from
normal years. Production varies from 2,000 pounds in calcareous sandstone. Typically, the surface layer is
favorable years to 850 pounds in unfavorable'years. brown sandy'loarm about 4 inches thick. The upper 11

The production of forage is limited by low annual ' 'inches of the subsoil is brown and dark yellowish brown
precipitation. If the range is overgrazed, the proportion of sandy clay loam, and'the lower 13 inches is light
preferred forage plants decreases and the proportion of -yellowish brown fine sandy loamn. Soft calcareous
less preferred forage plants increases. Therefore, sandstone is at a depth'of 28 inches. In some areas the

-livestock grazing should be managed so that the desired subsoil is loam or light clay loam..
balance of preferred species is maintained in'the plant - Permeability of the Bowbac'soil is moderate. Available

* community. - water capacity is low. Effective rooting depth is 20 to 40
The suitability of this unit for rangeland seeding is inches. Runoff is medium', and the' hazard of water

good. Chiseling or other such practices;can be "Used to erosion is moderate.' The hazard of wind erosion is
improve areas of deteriorated rangeland. Such'practices` moderate.,
increase water infiltration, reduce plant competition, and' This unit is used for livestock grazing and wildlife
allow the desirable native plants to increase.'Areas that habitat.
are heavily infested with undesirable plants can be The potential plant community 'on this unit is mainly
improved by chemical or mechanical treatment. Alfalfa ' western wheatgrass, thickspike wheatgrass, and
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needleandthread. As the range condition deteriorates,
big sagebrush and blue grama increase. As the range
condition further deteriorates, cacti, annuals, and broom
snakeweed invade. The potential plant community
produces about 1,500 pounds of air-dry vegetation in
normal years. Production varies from 2,000 pounds in
favorable years to 850 pounds in unfavorable years.

The production of forage is limited by low annual
precipitation. If the range is overgrazed, the proportion of
preferred forage plants decreases and the proportion of
less preferred forage plants increases. Therefore,
livestock grazing should be managed so that the desired
balance of preferred species is maintained in the plant
community.

The suitability of this unit for rangeland seeding is fair.
The main limitation is the hazard of water erosion.
Chiseling or other such practices can be used to improve
areas of deteriorated rangeland. Such practices increase

it water infiltration, reduce plant competition, and allow the
desirable native plants to increase. Areas that are

i, heavily infested with undesirable plants can be improved
by chemical or mechanical treatment.

The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds.

If this unit is used for homesite development, the main
limitations are slope and the depth of the Bowbac soil to
soft bedrock. Areas of the Bowbac soil are not suitable
for absorption fields.

This map unit is in capability subclass Vle. It is in the
Loamy, 10- to 14-inch ppt., Northern Plains range site.

123-Keeline-Tassel-Turnback complex, 6 to 15
percent slopes. This map unit is on rolling uplands.
Slopes are short to medium in length and are mostly
convex. The native vegetation is mainly grasses.

This unit is 35 percent Keeline sandy loam, 25 percent
Tassel loamy fine sand, and 20 percent Turnback loamy
fine sand. The components of this unit are so intricately
intermingled that it was not practical to map them
separately at the scale used.

Included in this unit are small areas of Tullock loamy
sand, Orpha loamy sand, and Dwyer loamy sand on
ridge crests and on lee slopes where windblown sand
collects. Included areas make up about 20 percent of
the total acreage. The percentage varies from one area
to another.

The Keeline soil is deep and somewhat excessively
drained. It formed in loamy, wind-worked residuum
derived dominantly from calcareous sandstone. Typically,
the surface layer is yellowish brown sandy loam about 3
inches thick. The subsoil is pale brown sandy loam about
5 inches thick. The underlying material to a depth of 60
inches or more is very pale brown sandy loam.

Permeability of the Keeline soil is moderately rapid.
Available water capacity is moderate. Effective rooting
depth is 60 inches or more. Runoff is slow, and the

hazard of water erosion is slight. The hazard of v
erosion is moderate.

The Tassel soil is shallow and well drained. It,.
in loamy residuum derived dominantly from calcareous
sandstone. Typically, the surface layer is light brownish
gray loamy fine sand 2 inches thick. The underlying
material to a depth of 16 inches is pale brown fine sandy
loam. Soft sandstone is at a depth of 16 inches.

Permeability of the Tassel soil is moderately rapid.
Available water capacity is very low. Effective rooting
depth is 6 to 20 inches. Runoff is medium, and the
hazard of water erosion is moderate. The hazard of wind
erosion is severe.

The Turnback soil is moderately deep and well
drained. It formed in loamy, wind-worked residuum
derived dominantly from calcareous sandstone. Typically,
the surface layer is pale brown loamy fine sand about 4
inches thick. The subsoil is light yellowish brown and
pale yellow sandy loam about 26 inches thick. Soft
sandstone is at a depth of 30 inches.

Permeability of the Turnback soil is moderately rapid.
Available water capacity is very low to low. Effective
rooting depth is 20 to 40 inches. Runoff is slow, and the
hazard of water erosion is moderate. The hazard of wind
erosion is severe.

This unit is used for livestock grazing and wildlife
habitat.

The potential plant community on the Keeline and
Turnback soils is mainly needleandthread, prairie
sandreed, Indian ricegrass, and little bluestem. A,
range condition deteriorates, sageworts and neea
sedge increase. As the range condition further
deteriorates, annuals and broom snakeweed invade. The
potential plant community produces about 1,600 pounds
of air-dry vegetation in normal years. Production varies
from 2,100 pounds in favorable years to 1,000 pounds in
unfavorable years.

The production of forage is limited by low annual
precipitation. If the range is overgrazed, the proportion of
preferred forage plants decreases and the proportion of
less preferred forage plants increases. Therefore,
livestock grazing should be managed so that the desired
balance of preferred species is maintained in the plant
community,

The suitability of these soils for rangeland seeding is
fair. The main limitation is the hazard of wind erosion.
Chiseling or other such practices can be used to improve
areas of deteriorated rangeland. Such practices increase
water infiltration, reduce plant competition, and allow the
desirable native plants to increase. Areas that are
heavily infested with undesirable plants can be improved
by chemical or mechanical treatment.

These soils are limited for livestock watering ponds
and other water impoundments because of the seepage
potential.

The potential plant community on the Tassel soil is
mainly needleandthread, prairie sandreed, Indian
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ricegrass, and little bluestem. As the range condition
d''deteriorates, threadleaf sedge and fringed sagewort
increase. As the range condition further deteriorates,

. broom snakeweed and annuals invade. The potential
plant community produces about 1,000 pounds of air-dry
vegetation in normal years. Production varies from 1,400
pounds in favorable years to 600 pounds in unfavorable
years.

The production of forage on this soil Is limited by
restricted rooting depth and droughtiness. If the range is
overgrazed, the proportion of preferred forage plants
decreases and the proportion of less preferred forage
plants Increases. Therefore, livestock grazing should be
managed so that the desired balance of preferred
species is maintained in the plant community.

The suitability of this soil for rangeland seeding is
poor, The main limitations -are limited rooting depth and
the hazards of wind and water erosion. Areas that are
heavily Infested with undesirable plants can be improved
by chemical or mechanical treatment.

This soil is limited for livestock watering ponds and
other water impoundments because of the seepage
potential.

The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds.

If the Keeline soil is used for homesite development,
the main limitation Is slope. The Tassel and Turnback
soils are limited by depth to soft bedrock. They are not
suitable for absorption fields.
Y > This map unit Is in 'capability subclass Vle.' The Keeline
,'and Turnback soils are In the Sandy, 10- to 14-inch ppt.,
Northern Plains range site. The Tassel soil is in the
Shallow Sandy, 10- to 14-inch ppt., Northern Plains
range site.

124-Klshona-Dwyer-Orpha association, 0 to 10
percent slopes. This map unit is'on nearly level to
undulating alluvial flats and gently rolling dunes
superimposed on stream terraces. Slopes are long and
plane or short and convex. The Kishona soils are on
alluvial flats, and the Dwyer and Orpha'soils are on
terrace dunes. The native vegetation is mainly grasses.

This unit is 35 percent Kishona loam, 25 percent
Dwyer loamy sand, and 15 percent Orpha loa-my sand.

Included in this unit are small areas of Draknab loamy
sand and Haverdad fine sandy loam' on flood plains and
Bahl clay on alluvial flats. Included areas make up about
25 percent of the total acreage. The percentage varies
from one area to another.

The Kishona soil is deep and well drained. It formed in
loamy local alluvium derived dominantly from calcareous
shale. Typically, the surface layer is brown loam about 3
inches thick. The underlying material to a depth of 60
inches or more is light yellowish brown and light gray
'clay loam. Carbonates are disseminated throughout the
soil.

Permeability of the Kishona soil is moderate. Available
water capacity is high. Effective rooting depth is 60
inches or more. Runoff is medium, and the hazard of
water erosion Is moderate. The hazard of wind erosion is
moderate.'

The Dwyer soil is deep and excessively drained. It
formed in eolian sand derived dominantly from mixed
sources. Typically, the surface layer is brown loamy sand
about 5 inches thick. The underlying material to a depth
of 60 inches or more Is pale brown loamy sand.
Carbonates are at a depth of less than 40 inches.

Permeability of the Dwyer soil is rapid. Available water
capacity is low. Effective rooting depth is 60 inches or
more. Runoff is slow, and the hazard of water erosion is
moderate. The hazard of wind erosion is severe.

The Orpha soil is deep and excessively drained. It
formed in eolian sand derived from mixed sources.
Typically, the surface layer is pale brown loamy sand
about 5 inches thick. The underlying material to a depth
of 60 inches or more is light yellowish brown loamy
sand. Depth to carbonates is less than 40 inches.

Permeability of the Orpha soil is very rapid. Available
water' capacity is low. Effective rooting depth 'is 60
inches or more. Runoff Is slow, and the hazard of water
erosion is slight. The hazard of wind erosion is severe.

This unit Is used for livestock grazing and wildlife
habitat.

The potential plant community on the Kishona soil is
mainly western wheatgrass, thickspike wheatgrass, and
needleandthread. As the range condition deteriorates,
big sagebrush and blue grama increase. As the range
condition further deteriorates, cacti, annuals, and broom
snakeweed invade. The potential plant community
produces about 1,500 pounds of air-dry vegetation in
normal years. Production varies from 2,000 pounds in
favorable years to 850 pounds in unfavorable years.

The production of forage on the Kishona soil is limited
by low annual precipitation. If the range is overgrazed,
the proportion of preferred forage plants decreases and
the proportion of less preferred forage plants increases.

'Therefore, livestock grazing should be managed so that
the desired balance'of preferred species is maintained in
the plant community.

The suitability of this soil for rangeland seeding is
good. Chiseling or other such practices can be used to
improve areas of deteriorated rangeland. Such practices
increase water'infiltration,'reduce plant competition, and
allow the desirable native plants to increase. Areas that
are heavily infested with undesirable plants can be
improved by'chemical'or mechanical treatment.

The potential plant community on the Dwyer and
Orpha soils is mainly'prairie sandreed, sand bluestem,
needleandthread, and Indian ricegrass. As the range
condition deteriorates, sageworts increase. As the range
condition further deteriorates, annuals and broom
snakeweed invade. The potential plant community
produces about 2,000 pounds of air-dry vegetation in
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normal years. Production varies from 2,500 pounds in
favorable years to 1,400 pounds in unfavorable years.

The production of forage is limited by droughtiness. If
the range is overgrazed, the proportion of preferred
forage plants decreases and the proportion of less
preferred forage plants increases. Therefore, livestock
grazing should be managed so that the desired balance
of preferred species is maintained in the plant
community.

The suitability of these soils for rangeland seeding is
poor. The main limitations are the hazard of wind erosion
and droughtiness. Areas that are heavily infested with
undesirable plants can be improved by chemical or
mechanical treatment.

These soils are limited for livestock watering ponds
and other water impoundments because of the seepage
potential.

The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds.

If the Kishona soil is used for homesite development,
the main limitation is moderate shrink-swell potential. If
the Dwyer and Orpha soils are used for homesite
development, the main limitations are the hazard of
cutbanks caving in, sand blowing, and slope. Backfilling
excavations with coarser textured material helps to
overcome the limitation of shrink-swell potential in the
Kishona soil.

The Kishona soil is in capability subclass IVe, and the
Dwyer and Orpha soils are in capability subclass Vie.
The Kishona soil is in the Loamy, 10- to 14-inch ppt.,
Northern Plains range site. The Dwyer and Orpha soils
are in the Sands, 10- to 14-inch ppt., Northern Plains
range site.

125-Orella-Rock outcrop-Samday complex, 3 to
30 percent slopes. This map unit is on ridgetops,
shoulders, and back slopes of undulating to steep
uplands. Slopes are medium in length and are convex.
The native vegetation is mainly grasses and forbs.

This unit is 35 percent Orella clay loam, 25 percent
Rock outcrop, and 25 percent Samday clay loam. The
components of this unit are so intricately intermingled
that it was not practical to map them separately at the
scale used.

Included in this unit are small areas of Shingle clay
loam, Tassel sandy loam, and Theedle loam. Included
areas make up about 15 percent of the total acreage.
The percentage varies from one area to another.

The Orella soil is shallow and well drained. It formed in
clayey residuum derived dominantly from sodic shale.
The surface layer is light gray clay loam about 4 inches
thick. The underlying material to a depth of 20 inches is
light gray and light brownish gray clay. Fragmented shale
is at a depth of 20 inches.

Permeability of the Orella soil is very slow. Available
water capacity is very low. Effective rooting depth is 10
to 20 inches. Runoff is rapid, and the hazard of water

erosion is severe. The hazard of wind erosion is
moderate.

Rock outcrop is exposures of multicolored, calcarec
and noncalcareous, soft and moderately hard shale a

siltstone.
The Samday soil is shallow and well drained. It formed

in clayey residuum derived dominantly from calcareous
shale. Typically, the surface layer is light brownish gray
clay loam about 2 inches thick. The underlying material
to a depth of 18 inches is light brownish gray clay. Soft
shale is at a depth of 18 inches.

Permeability of the Samday soil is slow. Available
water capacity is very low. Effective rooting depth is 6 to
20 inches. Runoff is rapid, and the hazard of water
erosion is severe. The hazard of wind erosion is slight.

This unit is used for livestock grazing and wildlife
habitat.

The potential plant community on this unit is mainly
western wheatgrass, green needlegrass, and bluebunch
wheatgrass. As the range condition deteriorates, birdfoot
sagebrush and big sagebrush increase. As the range
condition further deteriorates, broom snakeweed and
annuals invade. The potential plant community produces
about 900 pounds of air-dry vegetation in normal years.
Production varies from 1,200 pounds in favorable years
to 450 pounds in unfavorable years.

The production of forage is limited by restricted rooting
depth and droughtiness. If the range is overgrazed, the
proportion of preferred forage plants decreases and the
proportion of less preferred forage plants increases.
Therefore, livestock grazing should be managed so tv
the desired balance of preferred species is maintain
the plant community.

The suitability of this unit for rangeland seeding is
poor. The main limitations are limited rooting depth and
the hazard of water erosion. Areas that are heavily
infested with undesirable plants can be improved by
chemical or mechanical treatment.

This unit is limited for livestock watering ponds and
other water impoundments because of the seepage
potential.

The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds.

This unit is poorly suited to homesite development.
The main limitations are high shrink-swell potential,
slope, and depth to shale. Backfilling excavations with
coarser textured material helps to overcome the
limitation of shrink-swell potential.

This map unit is in capability subclass Vile. The Orella
and Samday soils are in the Shallow Clayey, 10- to 14-
inch ppt., Northern Plains range site.

126-Pits, mine. This map unit consists of open pits
and spoil material from small- and moderate-sized
uranium operations. None of these areas are currently
being mined, and reclamation plans have not been
developed. These areas support little if any vegetation.
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Open pits are vertical or very steep excavations Into
sedimentary rock consisting of rippable sandstone'with
-some interbedded shale and coal seams. Physical and

( v chemical properties of the pit wall and displaced spoil
banks are highly variable. The spoil material is mixed,
and it Is'extremely acid to moderately alkaline. The
material commonly is sandy, but some layers are loamy
and clayey.

Onsite investigation of Individual areas Is necessary to
determine reclamation potential. Backfilling excavations
and reshaping cut slopes reduce the risk of erosion.

' Backfilling with suitable topsoil aids revegetation.

127-Renohill-Worfka-Shingle complex, 0 to 6
percent slopes. This map unit is on upland summits and
back slopes. Slopes are medium in length and are
convex. The native vegetation is mainly grasses and
shrubs.

This unit is 35 percent Renohill fine sandy loam, 30
percent Worfka fine sandy loam, and 20 percent Shingle
clay loam. The components of this unit are so Intricately
intermingled that it was not practical'to map them
separately at the scale used.

Included in this unit are small areas of Samday clay
loam, Worf fine sandy loam, and Bidman sandy loam.
Included areas make up about 15 percent of the total
acreage. The percentage varies from one area to
another.

The Renohill soil is moderately deep and well drained.
It formed in clayey residuum derived dominantly from
soft shale. Typically, the surface layer Is pale brown fineQ andy loam about 5 inches thick. The upper 15 inches of
ihe subsoil is brown clay, and the lower 16 inches is pale
brown clay loam. Calcareous shale is at a depth of 36
inches. In some areas depth'to soft bedrock ranges from
40 to 60 inches or more.

Permeability of the Renohill soil is slow. Available
water capacity is moderate. Effective rooting depth is 20
to 40 Inches. Runoff is medium, and the hazard of water

..erosion is moderate. The hazard of wind erosion is
moderate.

'The Worfka soil'is shallow and well drained. It formed
in clayey residuum derived dominantly from calcareous
shale and sandstone. Typically, the surface layer is pale
brown fine sandy loam about 6 inches thick. The upper 6
inches of the subsoil is light brownish gray clay, and the
lower 6 inches is light yellowish brown clay loam. Soft
interbedded shale and sandstone are at a depth of 18
inches.

'Permeability of the Worfka soil is slow. Available water
capacity is very low to low. Effective rooting depth is 7 to
20 inches. Runoff is medium, and the hazard of water
erosion Is moderate. The hazard of wind erosion'is
moderate.

The Shingle soil is shallow and well drained. It formed
in loamy residuum derived dominantly from calcareous
shale. Typically, the surface layer is light brownish gray
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clay loam about 4 inches thick. The underlying material
to a depth of 18 inches is light brownish gray clay loam.
Soft shale is at a depth of 18 Inches. :

Permeability of the Shingle soil is moderate. Available
water capacity Is low. Effective rooting depth is 4 to 20
inches. Runoff Is medium, and the hazard of water
erosion is moderate. The hazard of wind erosion is slight.

This unit is used for livestock grazing, nonirrigated
crops, and wildlife habitat.

The potential plant community on the Renohill soil is
mainly western wheatgrass, thickspike wheatgrass, and
needleandthread. As the range condition deteriorates,
big sagebrush and blue grama increase. As the range
condition further deteriorates, cacti, annuals, and brown
snakeweed invade. The potential plant community .
produces about 1,500 pounds of air-dry vegetation in
normal years. Production varies from 2,000 pounds in
favorable years to 850 pounds in unfavorable years.

The production of forage on the Renohill soil is limited
by low annual precipitation. If the range is overgrazed,
the proportion of preferred forage plants decreases and
the proportion of less preferred forage plants increases.
Therefore, livestock grazing should be managed so that
the desired balance of preferred species is maintained in
the plant community. -

The suitability of this soil for rangeland seeding is
good. Chiseling or other such practices can be used to
improve areas of deteriorated rangeland. Such practices
increase water Infiltration, reduce plant competition, and
allow the desirable native plants to increase. Areas that
are heavily Infested with undesirable plants can be
improved by chemical or mechanical treatment.

The potential plant community on the Worfka and
Shingle soils is mainly western'wheatgrass, bluebunch
wheatgrass, needleandthread, and little bluestem. As the
range condition deteriorates, blue grama and threadleaf
sedge increase. As the range condition further
deteriorates, broom snakeweed and cacti invade. The
potential plant community produces about 900 pounds of
air-dry vegetation in normal years. Production varies from
1,200 pounds in favorable years to 450 pounds in
unfavorable years.

The production of forage is limited by restricted rooting
depth and droughtiness. If the range is overgrazed, the
proportion of preferred forage plants decreases and the
proportion'of less preferred forage plants increases.
Therefore, livestock grazing should be managed so that
the desired balance of preferred species is maintained in
the plant community.

-The suitability of these soils for rangeland seeding is
poor. The main limitations are limited rooting depth and
the hazard of water erosion. Areas that are heavily.
infested with undesirable plants can be improved by
chemical or mechanical treatment. This unit is limited for
livestock watering ponds and other water impoundments
because of the seepage potential.
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A few small, nearly level areas of this unit have a
higher percentage of Renohill soil than is typical; these
areas are used for nonirrigated wheat. Yield averages
about 15 to 20 bushels per acre every other year with a
moderate level of management. Because precipitation is
not sufficient for annual cropping, a cropping system that
includes small grain and summer fallow is most suitable.
Crop residue left on or near the surface helps to
conserve moisture, maintain tilth, and control erosion.

The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds.

This unit is poorly suited to homesite development.
The main limitations are high shrink-swell potential and
depth to soft bedrock. Backfilling excavations with
coarser textured material helps to overcome the
limitation of shrink-swell potential.

This map unit is in capability subclass Vie. The
Renohill soil is in the Loamy, 10- to 14-inch ppt.,
Northern Plains range site. The Worfka and Shingle soils
are in the Shallow Loamy, 10- to 14-inch ppt., Northern
Plains range site.

128-Renohill-Worfka-Shingle complex, 6 to 15
percent slopes. This map unit is on back slopes of
rolling uplands. Slopes are short to medium in length and
are convex. The native vegetation is mainly grasses and
shrubs.

This unit is 35 percent Renohill clay loam, 30 percent
Worfka fine sandy loam, and 20 percent Shingle clay
loam. The components of this unit are so intricately
intermingled that it was not practical to map them
separately at the scale used.

Included in this unit are small areas of Samday clay
loam, Worf fine sandy loam, and Cushman loam.
Included areas make up about 15 percent of the total
acreage. The percentage varies from one area to
another.

The Renohill soil is moderately deep and well drained.
It formed in clayey residuum derived dominantly from
soft shale. Typically, the surface layer is light brownish
gray clay loam about 5 inches thick. The subsoil is light
brownish gray clay loam 20 inches thick. Calcareous,
gritty shale is at a depth of 25 inches. In some areas soft
bedrock is at a depth of 40 to 60 inches or more.

Permeability of the Renohill soil is slow. Available
water capacity is low. Effective rooting depth is 20 to 40
inches. Runoff is medium, and the hazard of water
erosion is severe. The hazard of wind erosion is slight.

The Worfka soil is shallow and well drained. It formed
in clayey residuum derived dominantly from calcareous
shale and sandstone. Typically, the surface layer is
grayish brown fine sandy loam about 3 inches thick. The
upper 5 inches of the subsoil is pale brown clay, and the
lower 6 inches is light yellowish brown clay loam.
Interbedded shale and sandstone are at a depth of 14
inches.

Permeability of the Worfka soil is slow. Available water
capacity is very low. Effective rooting depth is 7 to 20
inches. Runoff is medium, and the hazard of water
erosion is moderate. The hazard of wind erosion is
moderate.

The Shingle soil is shallow and well drained. It formed
in loamy residuum derived dominantly from calcareous
shale. Typically, the surface layer is light brownish gray
clay loam about 4 inches thick. The underlying material
to a depth of 18 inches is light brownish gray clay loam.
Soft shale is at a depth of 18 inches.

Permeability of the Shingle soil is moderate. Available
water capacity is low. Effective rooting depth is 4 to 20
inches. Runoff is medium, and the hazard of water
erosion is severe. The hazard of wind erosion is slight.

This unit is used for livestock grazing and wildlife
habitat.

The potential plant community on the Renohill soil is
mainly western wheatgrass, green needlegrass, and
thickspike wheatgrass. As the range condition
deteriorates, big sagebrush and blue grama increase. As
the range condition further deteriorates, cacti and broom
snakeweed invade. The potential plant community
produces about 1,300 pounds of air-dry vegetation in
normal years. Production varies from 1,800 pounds in
favorable years to 750 pounds in unfavorable years.

The production of forage on the Renohill soil is limited
by low annual precipitation. If the range is overgrazed,
the proportion of preferred forage plants decreases and
the proportion of less preferred forage plants increases.
Therefore, livestock grazing should be managed so tv
the desired balance of preferred species is maintain
the plant community.

The suitability of this soil for rangeland seeding is fair.
The main limitation is the hazard of water erosion.
Chiseling or other such practices can be used to improve
areas of deteriorated rangeland. Such practices increase
water infiltration, reduce plant competition, and allow the
desirable native plants to increase. Areas that are
heavily infested with undesirable plants can be improved
by chemical or mechanical treatment.

The potential plant community on the Worfka soil is
mainly western wheatgrass, green needlegrass, and
bluebunch wheatgrass. As the range condition
deteriorates, birdfoot sagebrush and big sagebrush
increase. As the range condition further deteriorates,
broom snakeweed and annuals invade. The potential
plant community produces about 900 pounds of air-dry
vegetation in normal years. Production varies from 1,200
pounds in favorable years to 450 pounds in unfavorable
years.

The potential plant community on the Shingle soil is
mainly western wheatgrass, bluebunch wheatgrass,
needleandthread, and little bluestem. As the range
condition deteriorates, blue grama and threadleaf sedge
increase. As the range condition further deteriorates,
broom snakeweed and cacti invade. The potential plant
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community produces about 900 pounds of air-dry . -
vegetation in normal years. Production varies from 1,200
pounds in favorable years to 450 pounds in unfavorable
tears.

K>' The production of forage on the Wortka and Shingle
soils is limited by restricted rooting depth and

- droughtiness. If the range is overgrazed, the proportion
of preferred forage plants decreases arid the proportion
of less preferred forage plants Increases. Therefore,
livestock grazing should be managed'so that the desired
balance of preferred species is maintained In the'plant
community.

The suitability of these soils for rangeland seeding is
poor. The main limitations are limited rooting depth and
the hazard of water erosion.[Areas that are heavily
infested with undesirable plants can be improved by

. chemical or mechanical treatment. -
This unit is limited for livestock'watering ponds and

other water impoundments because of the seepage-
potential.

The vegetation on this unit provides kome'food for '
antelope, deer, small mammals, and birds.

This unit is poorly suited to homesite development.
The main limitations are high shrink-swell potential,-
slope, and depth to soft bedrock. Backfilling excavations
with coarser textured material helps'to overcome the
limitation of shrink-swell potential. ' '

This map unit is in capability subclass Vile. The'
Renohill soil is in the Clayey, 10- to 14-inch ppt.,'
Northern Plains range site. The Worfka soil is in the

* Shallow Clayey, 10- to 14-inch ppt., Northern Plains-,
range site. The Shingle soil is in the Shallow Loamy,'10-

K..-'to 14-inch ppt., Northern Plains range site.''

129-L.Samday-Shlngle-Worf complex, 3 to 15,;
percent slopes. This map unit Is on summits and ridges
of undulating to rolling uplands. Slopes are short and
convex.'The native vegetation is mainly grasses and
forbs.

'This unit is 30 percent Samday clay loam, 25 percent
Shingle clay loam, and 25 percent Worf fine sandy loam.
The components of this unit are so intricately
intermingled that it was not practical to map them
'separately at the scale used.

Included in this unit are small areas of Worfka fine -
sandy loam, Renohill clay loam, and Theedle loam. Also
included are small areas of Rock outcrop. Included areas
make up about 20 percent of the total acreage. The

* percentage varies from one area to another. -.
The Samday soil is shallow and well drained. It formed

in clayey residuum derived dominantly from calcareous
shale. Typically, the surface layer is light brownish-gray
clay loam about 2 inches thick.'The underlying material
to a depth of 18 inches is light brownish gray clay'. Soft
shale is at a depth of 18 inches. -,

Permeability of the Samday soil is slow. Available
water capacity is very low. Effective'rooting 'depth is,6 to

20 inches. Runoff is rapid, and the hazard of water
erosion is severe. The hazard of'wind erosion is slight.
* The Shingle soil is shallow and well drained. It formed

in loamy residuum derived dominantly from'calcareous
shale. Typically, the surface layer is light brownish gray
clay loam about 4 inches thick. The underlying material
to a depth of 18 inches is light brownish gray clay loam.
Soft shale is at a depth of 18 inches'.

Permeability of the Shingle soil is moderate. Available
water capacity is low. Effective rooting depth is 4 to 20
inches. Runoff is rapid, and the hazard of water erosion
is severe. The hazard of wind erosion is slight.'

The Worf soil is shallow and well drained. It formed in
loamy residuum derived dominantly from interbedded
shale and sandstone. Typically, the surface layer is
grayish brown fine sandy loam about 2 inches thick. The
subsoil is brown and light yellowish brown sandy clay
loam about 16 inches thick. Soft shale is at a depth of
18 inches. I ' ' '

Permeability of the Worf soil is moderate. Available
water capacity is low. Effective rooting depth is 8 to 20
inches. Runoff is medium,-and the hazard of water
erosion is moderate. The hazard of wind erosion is
moderate.

This unit is used for livestock grazing and wildlife
'habitat.

The potential plant community on the Samday and
Worf soils is mainly western wheatgrass, green
needlegrass, and bluebunch wheatgrass. As the range
condition deteriorates, birdfoot sagebrush and big
sagebrush increase. As the range condition further-
deteriorates, broom snakeweed and annuals invade. The
potential plant community produces about 900 pounds of
air-dry vegetation in normal years. Production varies from
1,200 pounds in favorable years to 450 pounds in
unfavorable years.',
" The potential plant community on the Shingle soil is

mainly western wheatgrass, bluebunch wheatgrass,
needleandthread, and little bluestem. As the range
condition deteriorates, blue grama and threadleaf sedge
increase. As the range condition further deteriorates,
broom snakeweed and cacti invade. The potential plant
community produces about 900 pounds of air-dry
vegetation in normal years. Production varies from 1,200
pounds in favorable years to 450 pounds in unfavorable
years.

The production of forage on this unit is limited by
restricted rooting depth and droughtiness. If the range is
overgrazed, the proportion of preferred forage plants
decreases'and the'proportion of less preferred forage
plants increases. Therefore,'livestock grazing should be
managed so that the desired balance of preferred
species is maintained in the plant community.

The suitability of this unit for'rangeland seeding is
poor.'The main limitatibns''are limited rooting depth and
the hazard of water erosion. Areas that are heavily
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infested with undesirable plants can be improved by
chemical or mechanical treatment.

This unit is limited for livestock watering ponds and
other water impoundments because of the seepage
potential.

The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds.

This unit is poorly suited to homesite development.
The main limitations are high shrink-swell potential,
slope, and depth to shale. Backfilling excavations with
coarser textured material helps to overcome the
limitation of shrink-swell potential. Absorption fields
should be constructed using selected material.

This map unit is in capability subclass VIle. The
Samday and Worf soils are in the Shallow Clayey, 10- to
14-inch ppt., Northern Plains range site. The Shingle soil
is in the Shallow Loamy, 10- to 14-inch ppt., Northern
Plains range site.

130-Sear-Wibaux complex, 0 to 15 percent
slopes. This map unit is in nearly level areas on the
summit of buttes and in undulating to rolling areas on
shale uplands. Slopes are short and are plane to convex.
The native vegetation is mainly grasses and forbs.

This unit is 45 percent Sear loam and 35 percent
Wibaux channery loam. The components of this unit are
so intricately intermingled that it was not practical to map
them separately at the scale used.

Included in this unit are small areas of Shingle loam,
Samday clay loam, and Rock outcrop. Included areas
make up about 20 percent of the total acreage. The
percentage varies from one area to another.

The Sear soil is very shallow and well drained. It
formed in channery loamy residuum derived dominantly
from fragmented porcellanite. Typically, the surface layer
is pinkish gray loam about 2 inches thick. The subsoil is
brown channery loam about 7 inches thick. Fragmented
porcellanite with soil material partially filling voids in it is
between depths of 9 and 60 inches or more.

Permeability of the Sear soil is moderate to a depth of
9 inches and very rapid below this depth. Available water
capacity is low. Effective rooting depth is 5 to 10 inches.
Runoff is medium, and the hazard of water erosion is
moderate. The hazard of wind erosion is slight.

The Wibaux soil is shallow and somewhat excessively
drained. It formed in channery loamy residuum derived
dominantly from fragmented porcellanite. Typically, the
surface layer is pinkish gray channery loam about 4
inches thick. The underlying material to a depth of 11
inches is light brown very channery loam. Fragmented
porcellanite with soil material partially filling voids in it is
between depths of 11 and 60 inches or more.

Permeability of the Wibaux soil is moderate to a depth
of 11 inches and very rapid below this depth. Available
water capacity is low. Effective rooting depth is 10 to 20
inches. Runoff is medium, and the hazard of water
erosion is moderate. The hazard of wind erosion is slight.

This unit is used for livestock grazing and wildlife
habitat.

The potential plant community on the Sear soil is
mainly bluebunch wheatgrass, little bluestem, westerr
wheatgrass, and needleandthread. As the range
condition deteriorates, woody plants increase. As the
range condition further deteriorates, annuals invade. The
potential plant community produces about 600 pounds of
air-dry vegetation in normal years. Production varies from
600 pounds in favorable years to 400 pounds in
unfavorable years.

The potential plant community on the Wibaux soil is
mainly western wheatgrass, bluebunch wheatgrass,
needleandthread, and little bluestem. As the range
condition deteriorates, blue grama and threadleaf sedge
increase. As the range condition further deteriorates,
broom snakeweed and cacti invade. The potential plant
community produces about 900 pounds of air-dry
vegetation in normal years. Production varies from 1,200
pounds in favorable years to 450 pounds in unfavorable
years.

The production of forage on this unit is limited by
restricted rooting depth and droughtiness. If the range is
overgrazed, the proportion of preferred forage plants
decreases and the proportion of less preferred forage
plants increases. Therefore, livestock grazing should be
managed so that the desired balance of preferred
species is maintained in the plant community.

The suitability of this unit for rangeland seeding is
poor. The main limitations are limited rooting depth and
the hazard of water erosion. Areas that are heavily
infested with undesirable plants can be improved by
chemical or mechanical treatment.

This unit is limited for livestock watering ponds and
other water impoundments because of the seepage
potential.

The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds.

This unit is poorly suited to homesite development.
The main limitation is depth to porcellanite fragments or
soft bedrock. Absorption fields should be constructed
using selected material.

This map unit is in capability subclass VlWe. The Sear
soil is in the Very Shallow, 10- to 14-inch ppt., Northern
Plains range site. The Wibaux soil is in the Shallow
Loamy, 10- to 14-inch ppt., Northern Plains range site.

131-Shingle-Rock outcrop-Samday complex, 10 to
30 percent slopes. This map unit is on ridgetops,
shoulders, and back slopes of rolling to steep uplands
and on actively eroding escarpments. Slopes are
medium in length and are convex. The native vegetation
is mainly grasses and forbs.

This unit is 40 percent Shingle clay loam, 25 percent
Rock outcrop, and 20 percent Samday clay loam. The
components of this unit are so intricately intermingled
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that it was not practical to map them separately at the
- scale used.

Included in this unit are small areas of Theedle loam
Ki and Tassel sandy loam. Also included are small areas of

Shingle, thin 'solum, soils and Tassel, thin solum, soils
that formed in neutral, interbedded shale and sandstone.
Included areas make up about 15 percent of the total
acreage. The percentage varies from'one area to
another.

The Shingle soil is shallow and well drained. It formed
in loamy'residuum derived dominantly from calcareous
shale. Typically, the surface layer is pale brown clay
loam about 4 inches thick. The underlying material to a
depth of 13 inches is light brownish gray clay loam.
Interbedded shale and sandstone are at a depth of 13
Inches.

Permeability of the Shingle soil is moderate. Available
water capacity is very low. Effective rooting depth is 4 to
20 inches. Runoff is rapid, and the hazard of water
erosion is severe. The hazard of wind erosion is slight.

PRock outcrop is exposures of multicolored, calcareous
and noncalcareous, soft to moderately hard shale and
siltstone.

The Samday soil is shallow and well drained. It formed
in clayey residuum derived dominantly from calcareous
shale. Typically, the surface layer is light brownish gray
clay loam about 2 inches thick. The underlying material

..to a depth of 18 inches is light brownish gray clay.
Interbedded shale and sandstone are at a depth of 18
Inches.

Permeability of the Samday soil is slow."Available
water capacity Is very low. Effective 'rooting depth is 6 to
20 inches. Runoff Is rapid, and the hazard of water
erosion' is severe. The hazard of wind erosion is slight.

This unit is used for livestock grazing and wildlife
habitat.

The potential plant community on the Shingle soil is
mainly western wheatgrass, bluebunch wheatgrass,
needleandthread, and little bluestem.'As the range
condition deteriorates, blue grama and threadleaf sedge
increase. As the range condition further deteriorates,
broom snakeweed and cacti invade. The potential plant
community produces about 900 pounds of air-dry
vegetation in normal years. Production' varies from 1,200
pounds In favorable years to 450 pounds in unfavorable
years.

The potential plant community on the Samday soil is
mainly western wheatgrass, green needlegrass, and
bluebunch wheatgrass. As the' range condition
deteriorates, birdfoot sagebrush and big sagebrush
increase. As the range condition further deteriorates,
broom snakeweed and annuals invade.'The potential
plant community produces about 900 pounds of air-dry
vegetation in normal years. Production varies from 1,200
pounds in favorable years to 450 pounds in unfavorable
years.

The production of forage on these soils is limited by
restricted rooting depth and droughtiness. If the range is
overgrazed, the proportion of preferred forage plants
decreases and the proportion of less preferred forage
plants increases. Therefore, livestock grazing should be
managed so that the desired balance of preferred
species Is maintained in the 'plant community. The
suitability of these soils for rangeland seeding is poor.
The main limitations are limited rooting depth and the
hazard of water erosion.: Areas that are heavily infested
with undesirable plants can be improved by chemical or
mechanical treatment. The soils are limited for livestock
watering ponds and other, water impoundments because
of the seepage potential.

The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds.

This unit is poorly suited to homesite development.
The main limitations are high shrink-swell potential,
slope, and depth to soft bedrock. Backfilling excavations
with coarser textured material reduces the shrink-swell
potential. Absorption fields should be constructed using
selected material.

This map unit Is in capability subclass Vile. The
Shingle soil is in the Shallow Loamy, 10- to 14-inch ppt.,
Northern Plains range site. The Samday soil is in the
Shallow Clayey, 10- to 14-inch ppt., Northern Plains
range site. The included Tassel, thin solum, soil is a
woodland soil.

132-ShIngle, thin solum-Rock outcrop-Tassel, thin
solum complex, cool, 6 to 45 percent slopes. This
map unit is in rolling to steep areas on upland ridges,
escarpments, and badlands along'the eastern edge of
the survey area. Slopes are medium in length and are
convex. The native vegetation is mainly ponderosa pine
and grasses with scattered junipers. . -

This unit is 35 percent Shingle loam, thin solum; 25
percent Rock outcrop; and 20 percent Tassel loamy fine
sand, thin solum. The components of this-unit are so
intricately Intermingled that It was not practical to map
'them separately at the scale used..

Included in this unit are small areas of Samday clay
loam, Tullock loamy sand, and Vonalee loamy sand. Also
included are small areas of Samday soils that are less
than 10 inches thick. Included areas make up about 20
percent of the total acreage. The percentage varies from
one area to another. "

The Shingle soil is very shallow and well drained. It
formed in loamy residuum derived from interbedded,
noncalcareous shale and sandstone. Typically, the
surface layer is light gray loam about 2 inches thick. The
underlying material to a depth of 9 inches is grayish
brown clay loam. '

Permeability of the Shingle soil is moderate. Available
water capacity is very low. Effective rooting depth is 4 to
10 inches. Runoff is rapid, and the hazard of water
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erosion is severe. The hazard of wind erosion is
moderate.

Rock outcrop is soft, mostly noncalcareous shale and
sandstone with seams of coal and ironstone.

The Tassel soil is very shallow and well drained. It
formed in loamy residuum derived dominantly from
noncalcareous sandstone. Typically, the surface layer is
pale brown loamy fine sand about 2 inches thick. The
underlying material to a depth of 8 inches is light
yellowish brown and light olive brown sandy loam. Depth
to noncalcareous sandstone ranges from 5 to 10 inches.

Permeability of the Tassel soil is moderately rapid.
Available water capacity is very low. Effective rooting
depth is 5 to 10 inches. Runoff is medium, and the
hazard of water erosion is moderate. The hazard of wind
erosion is severe.

This unit is used for livestock grazing and wildlife
habitat.

The Shingle and Tassel soils are poorly suited to the
production of timber. The site index for ponderosa pine
ranges from 20 to 30. These soils can produce 6 cords
per acre in a stand of trees that average 5 inches in
diameter at a height of 1 foot. The main concerns in
producing and harvesting timber are the low density of
the stands, the very shallow depth of the soils, slow
regeneration, the hazard of erosion, and difficulty of
harvesting. Plant competition delays natural regeneration
but does not prevent the eventual development of a fully
stocked, normal stand of trees. Minimizing the risk of
erosion is essential in harvesting timber. The very low
available water capacity generally influences seedling
survival in areas where understory plants are numerous.
Conventional methods of harvesting timber are difficult
to use because of slope.

The potential understory plant community on the
Shingle and Tassel soils is mainly needleandthread,
prairie sandreed, little bluestem, and bluebunch
wheatgrass. As the range condition deteriorates,
threadleaf sedge and fringed sagewort increase. As the
range condition further deteriorates, annuals invade. The
potential understory plant community produces about
600 pounds of air-dry vegetation in normal years.
Production varies from 800 pounds in favorable years to
400 pounds in unfavorable years.

About 20 percent of this unit is scattered 5- to 1 0-acre
clearings that support mainly range vegetation. The
potential plant community in these clearings is mainly
prairie sandreed, bluebunch wheatgrass, little bluestem,
and western wheatgrass.

If the plant communities are overgrazed, the proportion
of preferred forage plants decreases and the proportion
of less preferred forage plants increases. Therefore,
livestock grazing should be managed so that the desired
balance of preferred species is maintained in the plant
community. Brush management improves deteriorated
areas that are producing more woody shrubs than were
present in the potential plant community. Livestock

grazing should be managed to protect the soil from
excessive erosion.

The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds.

This unit is poorly suited to homesite development.
The main limitations are slope and depth to soft bedrock.
Mounded absorption fields should be constructed.

This map unit is in capability subclass VIle. It is in
woodland suitability group 2D1.

133-Shingle-Theedle-Cambria association, 6 to 30
percent slopes. This map unit is on ridge crests, back
slopes, and pediment slopes of rolling to steep uplands.
Slopes are medium in length and are convex. The native
vegetation is mainly grasses and forbs.

This unit is 40 percent Shingle clay loam, 25 percent
Theedle loam, and 25 percent Cambria sandy loam. The
Shingle soil is in the more convex, moderately steep and
steep areas. The Theedle and Cambria soils are in the
less convex, moderately sloping areas.

Included in this unit are small areas of Samday clay
loam and Rock outcrop. Included areas make up about
10 percent of the total acreage. The percentage varies
from one area to another.

The Shingle soil is shallow and well drained. It formed
in loamy residuum derived dominantly from calcareous
shale. Typically, the surface layer is light brownish gray
clay loam about 4 inches thick. The underlying material
to a depth of 18 inches is light brownish gray clay loam.
Soft shale is at a depth of 18 inches.

Permeability of the Shingle soil is moderate. Availatb
water capacity is low. Effective rooting depth is 4 to 2L
inches. Runoff is rapid, and the hazard of water erosion
is severe. The hazard of wind erosion is slight.

The Theedle soil is moderately deep and well drained.
It formed in loamy residuum derived dominantly from
calcareous shale. Typically, the surface layer is pale
brown loam about 5 inches thick. The underlying material
to a depth of 23 inches is light gray loam and light
brownish gray clay loam. Soft shale is at a depth of 28
inches. In some areas shale is at a depth of 40 to 60
inches or more.

Permeability of the Theedle soil is moderate. Available
water capacity is moderate. Effective rooting depth is 20
to 40 inches. Runoff is rapid, and the hazard of water
erosion is severe. The hazard of wind erosion is
moderate.

The Cambria soil is deep and well drained. It formed in
loamy local alluvium and residuum derived dominantly
from shale and sandstone. Typically, the surface layer is
brown sandy loam about 4 inches thick. The upper 4
inches of the subsoil is yellowish brown loam, and the
lower part to a depth of 60 inches or more is pale brown
and brown loam. In a few areas, bedrock is at a depth of
40 to 60 inches.

Permeability of the Cambria soil is moderate. Available
water capacity is high. Effective rooting depth is 60
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inches or more. Runoff is medium, and the hazard of
'water erosion is moderate. The hazard of wind erosion is

> frmoderate.
This unit Is used for livestock grazing and wildlife

habitat.
The'potential plant community on the Shingle soil is

mainly western wheatgrass, bluebunch wheatgrass,
needleandthread, and little bluestem. As the range
condition deteriorates, blue grama and threadleaf sedge
increase. As the range condition further deteriorates,
broom snakeweed and cacti invade. The potential plant
community produces about .900 pounds of air-dry
vegetation in normal years. Production varies from 1,200
pounds In favorable years to 450 pounds in unfavorable
years.

'The production of forage on the Shingle soil is limited
'by restricted rooting depth and droughtiness. If the range
Is overgrazed, the proportion of preferred forage plants
decreases and the proportion of less preferred forage
plants increases. Therefore, livestock grazing should be
managed so that the desired balance of preferred
species is maintained In the plant community.

The suitability of this soil for rangeland seeding is
poor. The main limitations are restricted rooting depth
and the hazard of water erosion. Areas that are heavily
infested with undesirable plants can be improved by
chemical or mechanical treatment.

This soil is limited for livestock watering ponds and
other water Impoundments because of the seepage
potential.

The potential plant community on the Theedle and
Cambria soils Is mainly western wheatgrass, thickspike
wheatgrass, and needleandthread. As the range
condition deteriorates, big sagebrush and blue grama
increase. As the range condition further deteriorates,
cacti, annuals, and broom snakeweed invade. The
potential plant community produces about 1,500 pounds
of air-dry vegetation in normal years. Production varies
from 2,000 pounds in favorable years to 850 pounds in
unfavorable years.

The production of forage on Theedle'and Cambria
soils Is limited by low annual precipitation. If the range is
overgrazed, the proportion of preferred forage plants
decreases and the proportion of less'preferred forage
plants Increases. Therefore, livestock grazing should be
managed so that the desired balance of preferred
species Is maintained in the plant community.

The'suitability'of these soils for rangeland seeding Is
fair. The main'limitation is the hazard of water erosion.
Chiseling or other such practices can be used to Improve
areas of deteriorated rangeland. Such practices Increase
water Infiltration, reduce plant competition, and allow the
desirable native plants to increase. Areas that are
heavily infested with undesirable plants can be improved
by chemical or mechanical treatment.

The vegetation ori this unit provides some food for
antelope, deer, small mammals,'and birds.

The Shingle soil is poorly suited to homesite
development. The main limitations are moderate shrink-
swell potential, slope, and depth to soft bedrock. If the
Theedle soil is used for'homesite development, the main
limitations are' moderate shrink-swell potential, slope,
and depth to soft bedrock. If the Cambria soil is used for
homesite development, the main limitations are slope
and moderate shrink-swell potential. Backfilling
excavations with coarser'textured material helps to
overcome the limitation of shrink-s'well potential. Septic
tank absorption lines in the Cambria soil operate best if
placed deep in the subsoil.'Areas of the Shingle and
Theedle soils are not suitable for use as absorption
fields. . ' '

The Shingle soil is in capability subclass VIle, and the
Theedle and Cambria soils are in capability subclass Vle,
nonirrigated. The Shingle soil Is in the Shallow Loamy,
10- to 14-inch ppt., Northern Plains range site. The
Theedle and Cambria soils are in'the Loamy, 10- to 14-
inch ppt., Northern Plains range site.

134-Sllhouette-Heldt assocIation, 0 to 6 percent
slopes. This map unit is in nearly level to undulating
areas on alluvial flats, toe slopes, and foot slopes.
Slopes are long and are plane to slightly concave: The
Silhouette soils are on foot slopes and the outer margins
of alluvial flats, and the Heldt soils are on toe slopes and
at the center of alluvial flats. The native vegetation is
mainly grasses.

This unit Is 50 percent Silhouette clay loam and 35
percent Heldt clay loam.

Included in this unit are small areas of Bidman sandy
loam,' Ulm loam, and Zigweid loam. Included areas make
up about'15 percent of the total acreage. The
percentage varies from one area to another.

The Silhouette soil is deep and well drained. It formed
in clayey local alluvium derived dominantly from
calcareous shale. Typically, the surface layer is light
brownish gray clay loam about 2 Inches thick. The upper
part of the subsoil Is pale brown clay about 20 inches
thick, and the lower part to a depth of 48 inches or more
is very pale brown clay and light gray clay loam. In a few
areas, soft shale is at a depth of 20 to'40 inches.

Permeability of the Silhouette soil Is slow. Available
water capacity is high. Effective rooting depth is 40 to 60
inches or more. Runoff is medium, and the hazard of
water erosion is moderate. The hazard of wind erosion is
slight.

The Heldt soil is deep and well drained. It formed in
clayey local alluvium derived dominantly from calcareous
shale. Typically, the surface layer is light gray clay loam
about 1 inch thick. The subsoil is light brownish gray clay
about 18 inches thick. The substratum to a depth of 60
inches or more is p'ale brown and very pale brown clay.
Cracks as much as 0.5 inch wide extend to a depth of
20 inches when the soil is dry.'
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permeability of the Heldt soil is slow. Available water
capacity is high. Effective rooting depth is 60 inches or
more. Runoff is medium, and the hazard of water erosion
is moderate. The hazard of wind erosion is moderate.

This unit is used for livestock grazing and wildlife
habitat.

The potential plant community on this unit is mainly
western wheatgrass, green needlegrass, and thickspike
wheatgrass. As the range condition deteriorates, big
sagebrush and blue grama increase. As the range
condition further deteriorates, cacti and broom
snakeweed invade. The potential plant community
produces about 1,300 pounds of air-dry vegetation in
normal years. Production varies from 1,800 pounds in
favorable years to 750 pounds in unfavorable years.

The production of forage is limited by low annual
precipitation. If the range is overgrazed, the proportion of
preferred forage plants decreases and the proportion of
less preferred forage plants increases. Therefore,
livestock grazing should be managed so that the desired
balance of preferred species is maintained in the plant
community.

The suitability of this unit for rangeland seeding is
good. Chiseling or other such practices can be used to
improve areas of deteriorated rangeland. Such practices
increase water infiltration, reduce plant competition, and
allow the desirable native plants to increase. Areas that
are heavily infested with undesirable plants can be
improved by chemical or mechanical treatment.

The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds.

If this unit is used for homesite development, the main
limitations are high shrink-swell potential and slow
permeability. Backfilling excavations with coarser
textured material reduces the shrink-swell potential.
Constructing a larger absorption field helps to
compensate for the slow permeability.

This unit is in capability subclass IVe. It is in the
Clayey, 10- to 14-inch ppt., Northern Plains range site.

135-Tassel-Shingle complex, 6 to 30 percent
slopes. This map unit is on ridgetops and shoulder
slopes in undulating to steep areas on uplands and on
partially stabilized escarpments. Slopes are medium in
length and are convex. The native vegetation is mainly
grasses and shrubs.

This unit is 50 percent Tassel fine sandy loam and 30
percent Shingle clay loam. The components of this unit
are so intricately intermingled that it was not practical to
map them separately at the scale used.

Included in this unit are small areas of Samday clay
loam, Rock outcrop, Worf loamy sand, Worfka fine sandy
loam, and Theedle loam. Also included are small areas
of Gateson Variant and Tassel Variant soils along Pine
Ridge and small areas of Shingle soils, thin solum, and
Tassel soils, thin solum, along the eastern county line.
Included areas make up about 20 percent of the total

acreage. The percentage varies from one area to
another.

The Tassel soil is shallow and well drained. It forms
in loamy residuum derived dominantly from calcareous
sandstone. Typically, the surface layer is pale brown fine
sandy loam about 3 inches thick. The underlying material
to a depth of 14 inches is pale brown and light yellowish
brown fine sandy loam. Soft sandstone is at a depth of
14 inches.

Permeability of the Tassel soil is moderately rapid.
Available water capacity is very low. Effective rooting
depth is 6 to 20 inches. Runoff is medium, and the
hazard of water erosion is moderate. The hazard of wind
erosion is moderate.

The Shingle soil is shallow and well drained. It formed
in loamy residuum derived dominantly from calcareous
shale. Typically, the surface layer is light brownish gray
clay loam about 4 inches thick. The underlying material
to a depth of 18 inches is light brownish gray clay loam.
Soft shale is at a depth of 18 inches.

Permeability of the Shingle soil is moderate. Available
water capacity is low. Effective rooting depth is 4 to 20
inches. Runoff is rapid, and the hazard of water erosion
is severe. The hazard of wind erosion is slight.

This unit is used for livestock grazing and wildlife
habitat.

The potential plant community on the Tassel soil is
mainly needleandthread, prairie sandreed, Indian
ricegrass, and little bluestem. As the range condition
deteriorates, threadleaf sedge and fringed sagewort
increase. As the range condition further deteriorates,
broom snakeweed and annuals invade. The potential
plant community produces about 1,000 pounds of air-dry
vegetation in normal years. Production varies from 1,400
pounds in favorable years to 600 pounds in unfavorable
years.

The potential plant community on the Shingle soil is
mainly western wheatgrass, bluebunch wheatgrass,
needleandthread, and little bluestem. As the range
condition deteriorates, blue grama and threadleaf sedge
increase. As the range condition further deteriorates,
broom snakeweed and cacti invade. The potential plant
community produces about 900 pounds of air-dry
vegetation in normal years. Production varies from 1,200
pounds in favorable years to 450 pounds in unfavorable
years.

The production of forage on this unit is limited by
restricted rooting depth and droughtiness. If the range is
overgrazed, the proportion of preferred forage plants
decreases and the proportion of less preferred forage
plants increases. Therefore, livestock grazing should be
managed so that the desired balance of preferred
species is maintained in the plant community.

The suitability of this unit for rangeland seeding is
poor. The main limitations are limited rooting depth and
the hazards of wind and water erosion. Areas that are
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heavily infested with undesirable plants can be improved
by chemical or mechanical treatment."

This unit is limited for livestock watering ponds and
> ,~' other water impoundments because of the seepage

potential.
The vegetation on this unit provides some'food for

antelope, deer, small mammals, and birds.
' This unit is'poorly suited to homesite development.

The main limitations are depth to soft bedrock and slope.
Absorption'fields should be constructed using selected
material.

This map unit Is in capability subclass Vile. The Tassel
soil is In the Shallow Sandy, 10- to 14-inch ppt., Northern
Plains range site. The Shingle soil is in the Shallow
Loamy, 10- to 14-inch ppt., Northern Plains range site.

136-Tassel-Terro-Rock outcrop complex, 15 to 30
percent slopes. This map unit is in hilly to steep areas
on upland ridgetops, shoulder slopes, and back slopes.
Slopes are convex and are medium In length. The native
vegetation Is mainly grasses and shrubs.

This unit is 40 percent Tassel loamy fine sand, 20
percent Terro sandy loam, and 20 percent Rock outcrop.
The components of this unit are'so intricately
intermingled that It was not practical to map them
separately at the scale used.'

Included in this unit are small areas of Tullock loamy
-sand and Turnback loamy fine sand on the upper part of
hill slopes and Keeline sandy loam on the lower part of
hill slopes. Included areas make up about 20 percent of
the total acreage. The percentage varies from one area
to another.

The Tassel soil is shallow and well drained. it formed
in loamy residuum derived dominantly from calcareous
sandstone. Typically, the surface layer Is grayish brown
loamy fine sand about 2 Inches thick. The underlying

* material to a depth of 16 inches is pale brown fine sandy
loam. Soft calcareous sandstone is at a depth of 16
inches.

Permeability of the Tassel soil is moderately rapid.
Available water capacity is very low. Effective rooting
depth is 6 to 20. inches. Runoff is medium, and the
hazard of water erosion Is moderate. The hazard of wind
erosion is severe.

The Terro soil is moderately deep and somewhat
excessively drained. It formed in loamy residuum derived
dominantly from calcareous sandstone. Typically, the
surface layer is brown sandy loam about 4 Inches thick.
The upper 6 inches of the subsoil is brown sandy loam,
and the lower 24 inches Is pale brown and light gray
sandy loam. Soft sandstone is at a depth of 34 inches. A
few areas have soft bedrock at a depth of 40 to 60
inches or more.'

Permeability of the Terro soil is moderately rapid.
Available water capacity is low. Effective rooting depth is
20 to 40 inches. Runoff is slow, and the hazard of water

erosion is moderate. The hazard of wind erosion is
moderate.' ' 7

Rock outcrop is exposures of mostly soft, calcareous
sandstone on knolls and narrow ridges.

This unit is used for livestock grazing and wildlife
habitat.

The poteiitial lant community on the Tassel soil is
mainly needleandthread, prairie sandreed, Indian
ricegrass, and little bluestem. As the'range condition
deteriorates, threadleaf sedge and fringed sagewort
Increase; As the range condition further deteriorates,
broom snakeweed and annuals invade. The potential
plant community produces about 1,000 pounds of air-dry
vegetation in normal years.'Production varies from 1,400
pounds in favorable'years to 600 pounds in unfavorable
years.

The potential plant community on the Terro soil Is
mainly needleandthread, prairie sandreed, Indian
ricegrass, and little bluestem; As the range condition
deteriorates, sageworts and needleleaf sedge increase.
As the range condition further deteriorates, annuals and
broom snakeweed invade. The potential plant community
produces about'1,600 pounds of air-dry vegetation in
normal years. Production varies from 2,100 pounds in
favorable years to 1,000 pounds in unfavorable years.

The production of forage on'this unit is limited by low
annual precipitation and limited rooting depth. If the
range is overgrazed, the proportion of preferred forage
plants decreases and the proportion of less preferred
forage plants increases. Therefore, livestock grazing
should be managed so that the desired balance of
preferred species is maintained in the plant community.

The suitability of this unit for rangeland seeding is
poor. The main limitations are the hazards of wind and
water erosion. Areas that are heavily infested with
undesirable plants can be Improved by chemical or
mechanical treatment.

This unit Is limited for livestock watering ponds and
other water Impoundments because of the seepage
potential.

The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds. -

This unit Is poorly suited to homesite development.
The main limitations are slope and depth to soft bedrock.
Mounded septic tank absorption fields should be
installed in the less sloping areas, and selected material
should be used.

This map unit Is in capability subclass Vile. The Tassel
soil is in the Shallow Sandy, 10- to 14-inch ppt., Northern
Plains range site. The Terro soil Is in the Sandy, 10- to
14-inch ppt., Northern Plains range site. Rock outcrop is
not placed in a range site. -

137-Tassel-Tullock-Vonalee association, 6 to 30
percent slopes. This map unit Is on ridges and hill
slopes in an area of rolling to steep uplands. Slopes are
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medium in length and are convex. The native vegetation
is mainly grasses and shrubs.

This unit is 40 percent Tassel loamy fine sand, 20
percent Tullock loamy sand, and 20 percent Vonalee
loamy sand. The Tassel soil has slopes of 6 to 30
percent, the Tullock soil has slopes of 6 to 20 percent,
and the Vonalee soil has slopes of 6 to 15 percent.

Included in this unit are small areas of Bowbac sandy
loam, Turnback sandy loam, and Keeline sandy loam
and small areas of sandstone Rock outcrop. Included
areas make up about 20 percent of the total acreage.
The percentage varies from one area to another.

The Tassel soil is shallow and well drained. It formed
in loamy residuum derived dominantly from calcareous
sandstone. Typically, the surface layer is grayish brown
loamy fine sand about 2 inches thick. The underlying
material to a depth of 16 inches is pale brown fine sandy
loam. Soft calcareous sandstone is at a depth of 16
inches.

Permeability of the Tassel soil is moderately rapid.
Available water capacity is very low. Effective rooting
depth is 6 to 20 inches. Runoff is medium, and the
hazard of water erosion is moderate. The hazard of wind
erosion is severe.

The Tullock soil is moderately deep and excessively
drained. It formed in sandy residuum derived dominantly
from calcareous sandstone. Typically, the surface layer
is brown loamy sand about 5 inches thick. The upper 15
inches of the underlying material is brown sand, and the
lower part to a depth of 31 inches is pale brown loamy
sand. Soft sandstone is at a depth of 31 inches. In a few
areas, bedrock is at a depth of 40 to 60 inches or more.

Permeability of the Tullock soil is rapid. Available water
capacity is very low to low. Effective rooting depth is 20
to 40 inches. Runoff is medium, and the hazard of water
erosion is moderate. The hazard of wind erosion is
severe.

The Vonalee soil is deep and somewhat excessively
drained. It formed in loamy, wind-worked residuum
derived dominantly from calcareous sandstone. Typically,
the surface layer is dark grayish brown loamy sand about
3 inches thick. The upper 16 inches of the subsoil is light
yellowish brown sandy loam, and the lower 5 inches is
pale brown sandy loam. The substratum to a depth of 60
inches or more is pale brown loamy sand. In a few
areas, soft bedrock is at a depth of 20 to 60 inches.

Permeability of the Vonalee soil is moderately rapid.
Available water capacity is low. Effective rooting depth is
60 inches or more. Runoff is medium, and the hazard of
water erosion is moderate. The hazard of wind erosion is
severe.

This unit is used for livestock grazing and wildlife
habitat.

The potential plant community on the Tassel soil is
mainly needleandthread, prairie sandreed, Indian
ricegrass, and little bluestem. As the range condition
deteriorates, threadleaf sedge and fringed sagewort

increase. As the range condition further deteriorates,
broom snakeweed and annuals invade. The potential
plant community produces about 1,000 pounds of air
vegetation in normal years. Production varies from 1,4,.
pounds in favorable years to 600 pounds in unfavorable
years.

The production of forage on the Tassel soil is limited
by restricted rooting depth and droughtiness. If the range
is overgrazed, the proportion of preferred forage plants
decreases and the proportion of less preferred forage
plants increases. Therefore, livestock grazing should be
managed so that the desired balance of preferred
species is maintained in the plant community.

The suitability of the Tassel soil for rangeland seeding
is poor. The main limitations are limited rooting depth
and the hazards of erosion by wind and water. Areas
that are heavily infested with undesirable plants can be
improved by chemical or mechanical treatment.

The Tassel soil is limited for livestock watering ponds
and other water impoundments because of the seepage
potential.

The potential plant community on the Tullock soil is
mainly prairie sandreed, sand bluestem,
needleandthread, and Indian ricegrass. As the range
condition deteriorates, sageworts increase. As the range
condition further deteriorates, annuals and broom
snakeweed invade. The potential plant community
produces about 2,000 pounds of air-dry vegetation in
normal years. Production varies from 2,500 pounds in
favorable years to 1,400 pounds in unfavorable years.

The production of forage on the Tullock soil is limit
by droughtiness. If the range is overgrazed, the
proportion of preferred forage plants decreases and the
proportion of less preferred forage plants increases.
Therefore, livestock grazing should be managed so that
the desired balance of preferred species is maintained in
the plant community.

The suitability of the Tullock soil for rangeland seeding
is poor. The main limitations are the hazard of wind
erosion, droughtiness, and slope. Areas that are heavily
infested with undesirable plants can be improved by
chemical or mechanical treatment.

The Tullock soil is limited for livestock watering ponds
and other water impoundments because of the seepage
potential.

The potential plant community on the Vonalee soil is
mainly needleandthread, prairie sandreed, Indian
ricegrass, and little bluestem. As the range condition
deteriorates, sageworts and needleleaf sedge increase.
As the range condition further deteriorates, annuals and
broom snakeweed invade. The potential plant community
produces about 1,600 pounds of air-dry vegetation in
normal years. Production varies from 2,100 pounds in
favorable years to 1,000 pounds in unfavorable years.

The production of forage on the Vonalee soil is limited
by low annual precipitation. If the range is overgrazed,
the proportion of preferred forage plants decreases and
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the proportion of less preferred forage plants increases.
Therefore, livestock grazing should be managed so that
the desired balance of preferred species is maintained ir
the plant community.

The suitability of the Vonalee soil for rangeland
seeding is fair. The main limitations are the hazards of
wind and water erosion. Chiseling or other such
practices can be used to improve areas of deteriorated
rangeland. Such practices increase water infiltration,
reduce plant competition, and allow the desirable native
plants to increase. Areas that are heavily infested with
undesirable plants can be improved by chemical or
mechanical treatment.

The Vonalee soil is limited for livestock watering ponds
and other water impoundments because of the seepage
potential.

The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds.

The Tassel and Tullock soils are poorly suited to
homesite development. The main limitations are slope,
depth to -soft bedrock, and the hazard of sand blowing. If
the Vonalee soil is used for homesite development, the
main limitation Is slope. Areas of the Vonalee soil are
most suitable for use as septic tank absorption fields.

The Tassel soil is in capability subclass Vile. The
Tullock and Vonalee soils are in capability subclass Vle.
The Tassel soil is In the Shallow Sandy, 10- to 14-inch
ppt., Northern Plains range site. The Tullock soil is In the
Sands, 10- to 14-inch ppt., Northern Plains range site.
The Vonalee soil is in the Sandy, 10- to 14-Inch ppt.,
Northern Plains range site.

138-Terro-Tullock-Orpha complex, 0 to 6 percent
slopes. This map unit is In nearly level to undulating
areas on upland summits and superimposed dunes.
Slopes are short and convex. The native vegetation is
mainly grasses and shrubs.

This unit Is 35 percent Terro sandy loam, 30 percent
Tullock loamy sand, and 20 percent Orpha loamy sand.
The components of this unit are so intricately
intermingled that it was not practical to map them
separately at the scale used.'

Included in this unit are small areas of Tumback sandy
loam, Keeline sandy loam, and Bowbic sandy loam.
Included areas make up about 15 percent of the total
acreage. The percentage varies from one area to
another.;
K The Terro soil is moderately deep and somewhat
excessively drained. It formed in loamy residuum derived
dominantly from calcareous sandstone. Typically, the
surface layer is brown sandy loam about 4 inches thick.
The upper 6 inches of the subsoil is brown sandy loam,
and the lower 24 inches is pale brown and light gray
sandy loam. Soft sandstone is at a depth of 34 inches.
In a few areas, soft bedrock is at a depth of 40 to 60
inches or more.

Permeability of the Terro soil is moderately rapid.
Available water capacity is low. Effective rooting depth is
20 to 40 inches. Runoff is slow, and the hazard of water
erosion is moderate. The hazard of wind erosion Is
moderate.

The Tullock soil is moderately deep and excessively
drained. It formed In sandy residuum derived dominantly
from calcareous sandstone. Typically, the'surface layer
is brown loamy sand about 5 inches thick. The upper 15
inches of the underlying material is brown sand, and the
lower part to a depth of 31 Inches is pale brown loamy
sand. Soft sandstone is at a depth of 31 inches.

Permeability of the Tullock soil is rapid. Available water
capacity is very low. Effective rooting depth' is 20 to 40
inches. Runoff is slow, and the hazard of water erosion
is slight. The hazard of wind erosion is severe.

The Orpha soil is deep and excessively drained. It
formed in eolian sand derived from mixed sources.
Typically, the surface layer is pale brown loamy sand
about 5 Inches thick. The underlying material to a depth
of 60 inches or more Is light yellowish brown loamy
sand. In some'areas carbonates are above a depth of 40
inches.

Permeability of the Orpha soil is very rapid. Available
water capacity is low. Effective rooting depth is 60
inches or more. Runoff Is slow, and the hazard of water
erosion Is slight. The hazard of wind erosion is severe.

This unit is used for livestock grazing and wildlife
habitat.

The potential plant community on the Terro soil is
mainly needleandthread, prairie sandreed, Indian
ricegrass, and little bluestem. As the range condition
deteriorates, sageworts and needleleaf sedge increase.
'As the range condition further deteriorates, annuals and
broom snakeweed Invade. The potential plant community
produces about 1,600 pounds of air-dry vegetation in
normal years. Production varies from 2,100 pounds in
favorable years to.1,000 pounds in unfavorable years.

The production of forage on the Terro soil is limited by
low annual precipitation.'If the range is overgrazed, the
proportion of preferred forage plants decreases and the
proportiori of less preferred forage plants increases.
Therefore, livestock grazing should be managed so that
the desired balance of preferred species is-maintained in
the plant community.

The suitability of the Terro soil for rangeland seeding
is good. The main limitation is the hazard of wind
erosion. Chiseling or other such practices can be'used to
improve areas of deteriorated rangeland.' Such practices
increase water infiltration, reduce plant cornpetition, and
allow the desirable native plants to increase. Areas that
are heavily infested with undesirable'plants can be
improved by chemical or mechanical treatment.

The Terro soil is limited for livestock watering ponds
and other water impoundments because of the seepage
potential.
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The potential plant community on the Tullock and
Orpha soils is mainly prairie sandreed, sand bluestem,
needleandthread, and Indian ricegrass. As the range
condition deteriorates, sageworts increase. As the range
condition further deteriorates, annuals and broom
snakeweed invade. The potential plant community
produces about 2,000 pounds of air-dry vegetation in
normal years. Production varies from 2,500 pounds in
favorable years to 1,400 pounds in unfavorable years.

The production of forage on the Tullock and Orpha
soils is limited by droughtiness. If the range is
overgrazed, the proportion of preferred forage plants
decreases and the proportion of less preferred forage
plants increases. Therefore, livestock grazing should be
managed so that the desired balance of preferred
species is maintained in the plant community.

The suitability of the Tullock and Orpha soils for
rangeland seeding is poor. The main limitations are the
hazard of wind erosion and droughtiness. Areas that are
heavily infested with undesirable plants can be improved
by chemical or mechanical treatment.

The Tullock and Orpha soils are limited for livestock
watering ponds and other water impoundments because
of the seepage potential.

The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds.

If this unit is used for homesite development, the main
limitations are depth to soft bedrock, the hazard of sand
blowing, and the hazard of excavations caving in. Areas
of the Orpha soil are most suitable for use as septic tank
absorption fields.

This map unit is in capability subclass Vie. The Terro
soil is in the Sandy, 10- to 14-inch ppt., Northern Plains
range site. The Tullock and Orpha soils are in the Sands,
10- to 14-inch ppt., Northern Plains range site.

139-Terro-Tullock-Orpha complex, 6 to 15 percent
slopes. This map unit is on ridgetops, shoulders, and
back slopes of rolling uplands and on superimposed
dunes. Slopes are short and convex. The native
vegetation is mainly grasses and shrubs.

This unit is 35 percent Terro sandy loam, 30 percent
Tullock loamy sand, and 20 percent Orpha loamy sand.
The components of this unit are so intricately
intermingled that it was not practical to map them
separately at the scale used.

Included in this unit are small areas of Turnback sandy
loam and Keeline sandy loam on ridges and shoulder
slopes. Also included are small areas of Tassel loamy
fine sand on ridgetops and Vonalee loamy sand on the
lower part of hill slopes. Included areas make up about
15 percent of the total acreage. The percentage varies
from one area to another.

The Terro soil is moderately deep and somewhat
excessively drained. It formed in loamy residuum derived
dominantly from calcareous sandstone. Typically, the
surface layer is brown sandy loam about 4 inches thick.

The upper 6 inches of the subsoil is brown sandy loam,
and the lower 24 inches is pale brown and light gray
sandy loam. Soft sandstone is at a depth of 34 inches,.

Permeability of the Terro soil is moderately rapid.
Available water capacity is low. Effective rooting depth is
20 to 40 inches. Runoff is medium, and the hazard of
water erosion is moderate. The hazard of wind erosion is
moderate.

The Tullock soil is moderately deep and excessively
drained. It formed in sandy residuum derived dominantly
from calcareous sandstone. Typically, the surface layer
is brown loamy sand about 5 inches thick. The upper 15
inches of the underlying material is brown sand, and the
lower part to a depth of 31 inches is pale brown loamy
sand. Soft sandstone is at a depth of 31 inches.

Permeability of the Tullock soil is rapid. Available water
capacity is very low. Effective rooting depth is 20 to 40
inches. Runoff is slow, and the hazard of water erosion
is slight. The hazard of wind erosion is severe.

The Orpha soil is deep and excessively drained. It
formed in eolian sand derived from mixed sources.
Typically, the surface layer is pale brown loamy sand
about 5 inches thick. The underlying material to a depth
of 60 inches or more is light yellowish brown loamy
sand. In a few areas, carbonates are above a depth of
40 inches.

Permeability of the Orpha soil is very rapid. Available
water capacity is low. Effective rooting depth is 60
inches or more. Runoff is slow, and the hazard of water
erosion is slight. The hazard of wind erosion is severe.

This unit is used for livestock grazing and wildlife
habitat.

The potential plant community on the Terro soil is
mainly needleandthread, prairie sandreed, Indian
ricegrass, and little bluestem. As the range condition
deteriorates, sageworts and needleleaf sedge increase.
As the range condition further deteriorates, annuals and
broom snakeweed invade. The potential plant community
produces about 1,600 pounds of air-dry vegetation in
normal years. Production varies from 2,100 pounds in
favorable years to 1,000 pounds in unfavorable years.

The production of forage on the Terro soil is limited by
low annual precipitation. If the range is overgrazed, the
proportion of preferred forage plants decreases and the
proportion of less preferred forage plants increases.
Therefore, livestock grazing should be managed so that
the desired balance of preferred species is maintained in
the plant community.

The suitability of the Terro soil for rangeland seeding
is fair. The main limitations are the hazards of wind and
water erosion. Chiseling or other such practices can be
used to improve areas of deteriorated rangeland. Such
practices increase water infiltration, reduce plant
competition, and allow the desirable native plants to
increase. Areas that are heavily infested with undesirable
plants can be improved by chemical or mechanical
treatment.
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The Terro soil is limited for livestock watering ponds
and other water impoundments because of the seepage

U potential.
The potential plant community on the Tullock and

Orpha soils is mainly prairie sandreed, sand bluestem,
needleandthread, and Indian ricegrass. As the range
condition deteriorates, sageworts increase. As the range
condition further deteriorates, annuals and broom
snakeweed invade. The potential plant community
produces about 2,000 pounds of air-dry vegetation in
normal years. Production varies from 2,500 pounds in
favorable years to 1,400 pounds in unfavorable years.

*The production of forage on the Tullock and Orpha
soils is limited by droughtiness. If the range is
overgrazed, the proportion of preferred forage plants
decreases and the proportion of less preferred forage
plants increases. Therefore, livestock grazing should be
managed so that the desired balance of preferred
species is maintained in the plant community.

The suitability of these soils for rangeland seeding is
poor. The main limitations are the hazard of wind erosion
and droughtiness. Areas that are heavily infested with
undesirable plants can'be' improved by chemical or
mechanical treatment.

These soils are limited for livestock watering ponds
and other water Impoundments because of the seepage
potential.

The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds.

If this unit is used for homesite development, the main
limitations are depth to soft bedrock and the hazard of
excavations caving in. Areas of the Terro and Tullock
soils are not suitable for use as septic tank absorption
fields.

This map unit is In capability subclass Vie. The Terro
soil Is In the Sandy, 10- to 14-inch ppt., Northern Plains
range site. The Tullock and Orpha soils are in the Sands,
10- to 14-inch ppt., Northern Plains range site.

140-Theedle-Kishona association, 0 to 6 percent
slopes. This map unit is in nearly level to undulating
areas on alluvial flats, foot slopes, and toe slopes
adjacent to rolling uplands. Slopes are medium to long in
length and are slightly convex. The native vegetation is
mainly grasses.

This unit is 45 percent Theedle loam and 35 percent
Kishona loam. The Theedle soil is in the more convex

' areas, and the Kishona soil is in the more nearly plane
areas. ,

Included in this unit are small areas of Cambria fine
sandy loam, Bahl clay, and Cushman loam. Included
areas make up about 20 percent of the total acreage.
The percentage varies from one area to another.

The Theedle soil is moderately-deep and well drained.
It formed in loamy residuum derived dominantly from
calcareous shale. Typically, the surface layer is pale
brown loam about 5 inches thick. The underlying material

to a depth of 28 inches is light gray loam and light
brownish gray clay loam. Soft shale is at a depth' of 28
inches. -

Permeability of the Theedle soil is moderate. Available
water capacity is low. Effective rooting depth is' 20 to 40

-inches. Runoff is medium, and the hazard of water
erosion is moderate. The hazard of wind erosion is
moderate. -

The Kishona soil is deep and well drained. It formed in
loamy local residuum derived dominantly from
calcareous shale. Typically, the surface layer is brown
loam about 3 inches thick. The underlying material to a
depth of 60 inches or more Is light yellowish brown and
light gray clay loam.

Permeability of the Kishona soil is moderate. Available
water capacity Is high. Effective rooting depth is 60
inches or more.' Runoff is medium, and the hazard of
water erosion is moderate. The hazard of wind erosion is
moderate.

This unit is used for livestock grazing and wildlife
habitat.

The potential plant community on this unit'is mainly
western wheatgrass, thickspike wheatgrass, and
needleandthread. As'the range condition deteriorates,
big sagebrush and blue grama increase. As the range
condition further deteriorates, cacti, annuals, and broom
snakeweed invade. The potential plant community
produces about 1,500 pounds of air-dry vegetation in
normal years. Production varies from 2,000 pounds in
favorable years to 850 pounds in unfavorable years.

The production of forage on this unit is limited by low
annual precipitation. If the range is overgrazed, the
proportion of preferred forage plants decreases and the
proportion of less preferred forage plants increases.
Therefore, livestock grazing should be managed so that
the desired balance of preferred species is maintained in
the plant community.

The suitability of this unit for rangeland seeding is
good. Chiseling or other such practices can be used to
improve areas of deteriorated rangeland. Such practices
increase water infiltration, reduce plant competition, and J
allow the desirable 'native plants to increase. Areas that J
are heavily infested with'undesirable plants can be
improved by chemical or mechanical treatment.

The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds.

If this unit is used for homesite development, the main
limitations are depth of the Theddle soil to soft bedrock
and moderate shrink-swell potential.- Backfilling
excavations with coarser textured material helps to
overcome the limitation of shrink-swell potential. Areas
of the Kishona soil are most suitable for use as septic
tank absorption fields.' ' ' ' 6 '

This map unit is in capability subclass IVe. It is in the
Loamy, 10- to 14-inch ppt., Northern'Plains range site.
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141-Theedle-Kishona association, 6 to 15 percent
slopes. This map unit is on pediment slopes in areas of
rolling uplands and on alluvial fans adjacent to upland
escarpments. Slopes are short and convex. The native
vegetation is mainly grasses.

This unit is 55 percent Theedle loam and 25 percent
Kishona loam. The Theedle soil is in the more convex
areas, and the Kishona soil is in the more nearly level
areas.

Included in this unit are small areas of Cambria sandy
loam, Savageton clay loam, and Shingle clay loam.
Included areas make up about 20 percent of the total
acreage. The percentage varies from one area to
another.

The Theedle soil is moderately deep and well drained.
It formed in loamy residuum derived dominantly from
calcareous shale. Typically, the surface layer is pale
brown loam about 5 inches thick. The underlying material
to a depth of 28 inches is light gray loam and light
brownish gray clay loam. Soft shale is at a depth of 28
inches.

Permeability of the Theedle soil is moderate. Available
water capacity is low. Effective rooting depth is 20 to 40
inches. Runoff is medium, and the hazard of water
erosion is severe. The hazard of wind erosion is
moderate.

The Kishona soil is deep and well drained. It formed in
loamy local alluvium derived dominantly from calcareous
shale. Typically, the surface layer is brown loam about 3
inches thick. The underlying material to a depth of 60
inches or more is light yellowish brown and light gray
clay loam.

Permeability of the Kishona soil is moderate. Available
water capacity is high. Effective rooting depth is 60
inches or more. Runoff is medium, and the hazard of
water erosion is severe. The hazard of wind erosion is
moderate.

This unit is used for livestock grazing and wildlife
habitat.

The potential plant community on this unit is mainly
western wheatgrass, thickspike wheatgrass, and
needleandthread. As the range condition deteriorates,
big sagebrush and blue grama increase. As the range
condition further deteriorates, cacti, annuals, and broom
snakeweed invade. The potential plant community
produces about 1,500 pounds of air-dry vegetation in
normal years. Production varies from 2,000 pounds in
favorable years to 850 pounds in unfavorable years.

The production of forage on this unit is limited by low
annual precipitation. If the range is overgrazed, the
proportion of preferred forage plants decreases and the
proportion of less preferred forage plants increases.
Therefore, livestock grazing should be managed so that
the desired balance of preferred species is maintained in
the plant community.

The suitability of this unit for rangeland seeding is fair.
The main limitation is the hazard of water erosion.

Chiseling or other such practices can be used to improve
areas of deteriorated rangeland. Such practices increase
water infiltration, reduce plant competition, and allow
desirable native plants to increase. Areas that are
heavily infested with undesirable plants can be improvee
by chemical or mechanical treatment.

The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds.

If this unit is used for homesite development, the main
limitations are slope, depth of the Theedle soil to soft
bedrock, and moderate shrink-swell potential. Backfilling
excavations with coarser textured material reduces the
limitation of shrink-swell potential. Areas of the Kishona
soil are more suitable for use as septic tank absorption
fields.

This map unit is in capability subclass Vle. It is in the
Loamy, 10- to 14-inch ppt., Northern Plains range site.

142-Ulm-Bidman complex, 0 to 6 percent slopes.
This map unit is on alluvial flats and in level to
undulating areas on foot slopes and toe slopes. Slopes
are long and are plane to concave. The native
vegetation is mainly grasses and shrubs.

This unit is 45 percent Ulm clay loam and 40 percent
Bidman sandy loam. The components of this unit are so
intricately intermingled that it was not practical to map
them separately at the scale used.

Included in this unit are small areas of Forkwood fine
sandy loam, Bahl clay, and Absted fine sandy loam.
Included areas make up about 15 percent of the total
acreage. The percentage varies from one area to
another.

The Ulm soil is deep and well drained. It formed in
clayey local alluvium derived dominantly from calcareous
shale. Typically, the surface layer is pale brown clay
loam about 4 inches thick. The upper 13 inches of the
subsoil is pale brown clay and pale brown clay loam, and
the lower part to a depth of 60 inches or more is light
yellowish brown clay loam.

Permeability of the Ulm soil is slow. Available water
capacity is high. Effective rooting depth is 60 inches or
more. Runoff is slow, and the hazard of water erosion is
moderate. The hazard of wind erosion is slight.

The Bidman soil is deep and well drained. It formed in
clayey local alluvium derived dominantly from calcareous
shale. Typically, the surface layer is light brownish gray
sandy loam about 3 inches thick. The subsurface layer is
pale brown sandy loam about 4 inches thick. The upper
13 inches of the subsoil is light brownish gray clay, and
the lower 28 inches is light brownish gray clay loam. The
substratum to a depth of 60 inches or more is light
brownish gray clay loam.

Permeability of the Bidman soil is slow. Available water
capacity is high. Effective rooting depth is 60 inches or
more. Runoff is medium, and the hazard of water erosion
is moderate. The hazard of wind erosion is moderate.
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This unit is used for livestock grazing and wildlife
habitat.

', The potential plant community on the Ulm soil is
/ mainly western wheatgrass, green needlegrass, a'nd

thickspike'wheatgrass. As the range condition
deteriorates, big sagebrush and blue grama increase. As
the range condition further deteriorates, cacti and broom
snakeweed invade. The potential plant community
produces about 1,300 pounds of air-dry vegetation in
normal years. Production varies from 1,800 pounds in
favorable years to 750 pounds In unfavorable years.

The potential plant community on the Bidman soil is
mainly western wheatgrass, thickspike wheatgrass, and
needleandthread. As the range condition deteriorates,
big sagebrush and blue grama increase. As the range

-condition further deteriorates, cacti, annuals, and broom
snakeweed invade. The potential plant community
produces about 1,500 pounds of air-dry vegetation in
normal years. Production varies from 2,000 pounds in
favorable years to 850 pounds in unfavorable years.

The production of forage on this unit is limited by low
annual precipitation. If the range is overgrazed, the
proportion of preferred forage plants decreases and the

- proportion of less preferred forage plants increases.
Therefore, livestock grazing should be managed so that
the desired balance of preferred species is maintained in
the plant community.

The suitability of this unit for rangeland seeding is
good. Chiseling or other such practices can be used to
-improve areas of deteriorated rangeland. Such practices
increase water infiltration, reduce plant competition, and
allow the desirable native plants to Increase. Areas that
are heavily infested with undesirable plants can be
improved by chemical or mechanical treatment.

The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds.

This unit is poorly suited to homesite development.
The main limitations-are high shrink-swell potential and
slow permeability. Backfilling excavations with coarser
textured material reduces the limitation of shrink-swell
potential. Constructing a larger absorption field helps to
compensate for the slow permeability.

This map unit is In capability subclass IVe. The Ulm
soil is In the Clayey, 10- to 14-inch ppt., Northern Plains
range site. The Bidman soil Is in the Loamy, 10- to 14-
inch ppt.,'Northem Plains range site.

* 143-Ulm-Renohill complex, 0 to 6 percent slopes.
This map unit is in nearly level td undulating areas on
foot slopes and toe slopes.' Slopes'are medium to long
in length and are plane to concave. The native-
vegetation is mainly grasses and shrubs.

This unit Is 50 percent Ulm loam and 40 percent
Renohill fine sandy loam. The components of this unit
are so intricately intermingled that it was not practical to
map them separately at the scale used.

Included in this unit are small areas of Forkwood fine
sandy loam, Zigweid clay loam, and Cambria fine sandy
loam. Included areas make up about 10 percent of the
total acreage. The percentage varies from one area to
another.

The Ulm soil Is deep and well drained. It formed in
clayey local alluvium derived dominantly from calcareous
shale. Typically, the surface layer is brown loam about 5
inches thick. The upper 16 Inches of the subsoil Is brown
clay loam and clay, and the lower part to a depth of 60
inches or more is pale brown clay loam and light
yellowish brown sandy clay loam. In some areas the
surface layer is sandy loam. i .

Permeability of the Ulm soil Is slow. Available water
capacity Is high. Effective rooting depth is 60 inches or
more. Runoff is slow, and the hazard of water erosion is
moderate. The hazard of wind erosion is slight.

The Renohill soil is moderately deep and well drained.
It formed In clayey residuum derived dominantly from
calcareous shale. Typically, the surface layer is pale
brown fine sandy loam about 5 inches thick. The upper
15 inches of the subsoil is brown clay, and the lower 16
inches Is pale brown clay loam. Calcareous shale is at a
depth of 36 inches. In some areas the surface layer is
thinner than is typical and has an abrupt boundary with
the subsoil.

Permeability of the Renohill soil Is slow. Available
water capacity Is moderate. Effective rooting depth is 20
to 40 inches. Runoff Is medium, and the hazard of water
erosion is moderate. The hazard of wind erosion is
moderate.

This unit is used for livestock grazing and wildlife
habitat.

The potential plant community on the Ulm soil is
mainly western wheatgrass, green needlegrass, and
thickspike wheatgrass. As the range condition
deteriorates, big sagebrush and blue grama increase. As
the range condition further deteriorates, cacti and broom
snakeweed invade. The potential plant community
produces about 1,300 pounds of air-dry vegetation in
normal years. Production varies from 1,800 pounds in
favorable years to 750 pounds in unfavorable years.

The potential plant community on 'the Renohill soil is
mainly western wheatgrass, thickspike wheatgrass, and
needleandthread. As the range condition deteriorates,
big sagebrush and blue'grama increase. As the range
condition further deteriorates, cacti, annuals, and broom
snakeweed invade. The potential plant community
produces about 1,500 pounds of air-dry vegetation in
normal years. Production varies from 2,000 pounds in
favorable years to 850 pounds in unifavorable years.

The production 'of forage on this unit is limited by low
annual precipitation. If the range is overgrazed, the
proportion of preferred forage plants decreases and the
proportion of less preferred forage plants increases.
Therefore, livestock grazing should be managed so that
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the desired balance of preferred species is maintained in

the plant community.
The suitability of this unit for rangeland seeding is

good. Chiseling or other such practices can be used to
- - improve areas of deteriorated rangeland. Such practices

increase water infiltration, reduce plant competition, and
allow the desirable native plants to increase. Areas that
are heavily infested with undesirable plants can be
improved by chemical or mechanical treatment.

The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds.

If this unit is used for homesite development, the main
limitations are high shrink-swell potential, slow
permeability, and the depth of the Renohill soil to soft
bedrock. Backfilling excavations with coarser textured
material helps to overcome the limitation of shrink-swell
potential. Constructing a larger septic tank absorption
field helps to compensate for the slow permeability.
Areas of the Renohill soil are not suitable for use as
septic tank absorption fields.

This map unit is in capability subclass IVe. The Ulm
soil is in the Clayey, 10- to 14-inch ppt., Northern Plains
range site. The Renohill soil is in the Loamy, 10- to 14-
inch ppt., Northern Plains range site.

144-Ulm-Renohill clay loams, 6 to 15 percent
slopes. This map unit is on ridges and hill slopes in
areas of rolling uplands and on adjacent foot slopes.
Slopes are short and convex. The native vegetation is
mainly grasses and shrubs.

This unit is 45 percent Ulm clay loam and 45 percent
Renohill clay loam. The components of this unit are so
intricately intermingled that it was not practical to map
them separately at the scale used.

Included in this unit are small areas of Shingle clay
loam and Worfka fine sandy loam. Included areas make
up about 10 percent of the total acreage. The
percentage varies from one area to another.

The Ulm soil is deep and well drained. It formed in
clayey local alluvium derived dominantly from calcareous
shale. Typically, the surface layer is light brownish gray
clay loam about 4 inches thick. The upper 12 inches of
the subsoil is brown clay loam, and the lower part to a
depth of 60 inches or more is light gray clay loam. In
some areas the surface layer is sandy loam, and in
some areas the subsoil is sandy clay.

Permeability of the Ulm soil is slow. Available water
capacity is high. Effective rooting depth is 60 inches or
more. Runoff is medium, and the hazard of water erosion
is severe. The hazard of wind erosion is slight.

The Renohill soil is moderately deep and well drained.
It formed in clayey residuum derived dominantly from
calcareous shale. Typically, the surface layer is light
brownish gray clay loam about 5 inches thick. The
subsoil is light brownish gray clay loam about 20 inches
thick. Calcareous, gritty shale is at a depth of 25 inches.
In some areas the surface layer is sandy loam.
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Permeability of the Renohill soil is moderately slow.
Available water capacity is low. Effective rooting depth
20 to 40 inches. Runoff is medium, and the hazard of
water erosion is severe. The hazard of wind erosion it
slight.

This unit is used for livestock grazing and wildlife
habitat.

The potential plant community on this unit is mainly
western wheatgrass, green needlegrass, and thickspike
wheatgrass. As the range condition deteriorates, big
sagebrush and blue grama increase. As the range
condition further deteriorates, cacti and broom
snakeweed invade. The potential plant community
produces about 1,300 pounds of air-dry vegetation in
normal years. Production varies from 1,800 pounds in
favorable years to 750 pounds in unfavorable years.

The production of forage is limited by low annual
precipitation. If the range is overgrazed, the proportion of
preferred forage plants decreases and the proportion of
less preferred forage plants increases. Therefore,
livestock grazing should be managed so that the desired
balance of preferred species is maintained in the plant
community.

The suitability of this unit for rangeland seeding is fair.
The main limitation is the hazard of water erosion.
Chiseling or other such practices can be used to improve
areas of deteriorated rangeland. Such practices increase
water infiltration, reduce plant competition, and allow the
desirable native plants to increase. Areas that are
heavily infested with undesirable plants can be improvp'
by chemical or mechanical treatment.

The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds.

If this unit is used for homesite development, the main
limitations are high shrink-swell potential, slow
permeability, slope, and the depth of the Renohill soil to
soft bedrock. Backfilling excavations with coarser
textured material reduces the limitation of shrink-swell
potential. Constructing a larger absorption field helps to
compensate for the slow permeability. Areas of the
Renohill soil are not suitable for use as septic tank
absorption fields.

This map unit is in capability subclass Vie. it-is in the
Clayey, 10- to 14-inch ppt., Northern Plains range site.

145-Ustic Torriorthents, reclaimed, 3 to 30
percent slopes. These deep, well drained soils consist
of reclaimed areas around coal and uranium strip mines
and porcellanite borrow areas. They formed in an
overburden derived from mining operations.

Typically, the profile to a depth of 60 inches or more is
strong brown to light gray loamy sand to clay loam. In
some areas layers of rearranged coal and shale are at a
depth of less than 60 inches.

Permeability of these soils is slow to moderately rapid.
Available water capacity is low to moderate. Effective
rooting depth is 60 inches or more. Runoff is medium to
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rapid, and the hazard of water erosion is severe. The
hazard of wind erosion is slight to severe.
' This unit is used for livestock grazing and wildlife
.,abitat.

A common plant community on this unit is mainly
western wheatgrass, thickspike wheatgrass, big
sagebrush, and fourwing saltbush. As the range
condition deteriorates, Russian-thistle, cheatgrass,
buffalobur, kochia, and Japanese brome increase.

This unit responds well to fertilizer, range seeding, and
proper grazing use. The main limitation for seeding is the
reaction of the soil, which range's from 3.8 to 8.4 in"
various layers. Areas that'are heavily infested with'
undesirable plants can be Improved by chemical or
mechanical treatment. Management practices suitable
for use on this unit Include proper range use, deferred
grazing, mowing, rotation grazing, and aerial spraying for
brush management.' Livestock grazing should be
managed to protect the soil from excessive erosion.

The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds.

This map unit is in capability subclass Vie. It is not
placed in a range site.

146-Vonalee-Terro complex, 0 to 6 percent
slopes. This map unit is in nearly level to gently sloping
areas on pediment slopes adjacent to rolling uplands
and on stream terraces. Slopes are medium to long in
length and are plane to slightly convex. The native
vegetation is mainly grasses and shrubs.

This unit is 50 percent Vonalee loamy sand and 35
?ercent Terro sandy loam. The components of this unit
are so Intricately intermingled that It was not practical to
map them separately at the scale used. ' ' '

Included in this'unit are small areas of Hiland sandy
loam, Turnback sandy loam, and Keeline sandy loam.
Included areas make up about 15 percent of the total
acreage. The percentage varies from one area to
another.,

The Vonalee soil Is deep' and somewhat excessively
drained. It formed in loamy, wind-worked residuum and
local alluvium'derived from mixed sources. Typically, the
surface layer Is yellowish brown' loamy sand about 4'
inches thick. The'upper 20 inches of the subsoil Is
yellowish brown and grayish brown sandy'loam. The
subsoil to a depth of 60 inches or more6is brown'loamy
sand and light brownish gray sandy clay loam., In some
areas soft sandstone is at a depth of 40 to 60 inches.

Permeability of the Vonalee soil is moderately'rapid.
Available water capacity is moderate. Effective rooting
depth is 60 inches or more. Runoff Is slow, and the
hazard of water'erosion is slight. The hazard of wind
erosion is severe.

,The Terro soil is moderately deep and somewhat
excessively drained. It formed in loamy residuum derived
dominantly from calcareous sandstone. Typically, the -
surface layer is brown'sandy loam about 4 inches thick.

The upper 6 inches of the subsoil is brown sandy loam,
and the lower 24 inches is pale brown and light gray
sandy loam. Soft, calcareous sandstone is at a depth of
34 inches.

Permeability of the Terro soil is moderately rapid.
Available water capacity is low. Effective rooting depth is
20 to 40 inches. Runoff is slow, and the hazard of water
erosion Is moderate. The hazard of wind erosion is
moderate.

This'unit is used for livestock grazing and wildlife
habitat.

The potential plant community on this unit is mainly
needleandthread, prairie sandreed, Indian ricegrass, and
little bluestem. As the range condition deteriorates, .
sageworts and needleleaf sedge increase. As the range
condition further deteriorates, annuals and broom
snakeweed Invade. The potential'plant community
produces about 1,600 pounds of air-dry vegetation in
normal years. Production varies from 2,100 pounds in
favorable years to 1,000 pounds in unfavorable years.

The production of forage Is limited by low annual
precipitation. If the range is overgrazed, the proportion of
preferred forage plants decreases and the proportion of
less preferred forage plants Increases. Therefore,
livestock grazing should be managed so that the desired
balance of preferred species Is maintained In the plant
community.,

The suitability of this unit for rangeland seeding Is fair.
The main limitation Is the hazard of wind erosion.
Chiseling or other such practices can be used to improve
areas of deteriorated rangeland. Such practices increase
water infiltration, reduce plant competition, and allow the
desirable native plants to increase. Areas that are -
heavily Inf6sted with undesirable plants can be improved
by chemical or mechanical treatment.

The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds.

If this unit is used for homesite development, the main
limitations are the depth of the Terro soil to soft bedrock
and the hazard of excavations caving in. Areas of the
Vonalee soil are more suitable for, use as septic tank
absorption fields.

This map unit is In capability subclass IVe. It is in the
Sandy, 10- to 14-inch ppt., Northern Plains range site.

147-Vonalee-Terro complex, 6 to 15 percent
slopes. This map unit is on ridges and back slopes of
rolling uplands. Slopes are short and convex. The native
vegetation is mainly grasses and shrubs.

This unit is 45 percent Vonalee loamy sand and 40.
percent Terro sandy loam. The components of this unit
are so intricately intermingled that it was not practical to
map them separately at the scale used. -

Included in this'unit are small areas of Bowbac sandy
loam, Tumback sandy loam, and Keeline sandy loam.
Included areas' make up about 15 percent of the total
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acreage. The percentage varies from one area to
another.

The Vonalee soil is deep and somewhat excessively
drained. It formed in loamy wind-worked residuum
derived dominantly from calcareous sandstone. Typically,
the surface layer is dark grayish brown loamy sand about
3 inches thick. The upper 16 inches of the subsoil is light
yellowish brown sandy loam, and the lower 5 inches is
pale brown sandy loam. The substratum to a depth of 60
inches or more is pale brown sandy loam.

Permeability of the Vonalee soil is moderately rapid.
Available water capacity is moderate. Effective rooting
depth is 60 inches or more. Runoff is slow, and the
hazard of water erosion is moderate. The hazard of wind
erosion is severe.

The Terro soil is moderately deep and somewhat
excessively drained. It formed in loamy residuum derived
dominantly from calcareous sandstone. Typically, the
surface layer is brown sandy loam about 4 inches thick.
The upper 6 inches of the subsoil is brown sandy loam,
and the lower 24 inches is pale brown and light gray
sandy loam and loamy sand. Soft, calcareous sandstone
is at a depth of 34 inches.

Permeability of the Terro soil is moderately rapid.
Available water capacity is low. Effective rooting depth is
20 to 40 inches. Runoff is slow, and the hazard of water
erosion is moderate. The hazard of wind erosion is
moderate.

This unit is used for livestock grazing and wildlife
habitat.

The potential plant community on this unit is mainly
needleandthread, prairie sandreed, Indian ricegrass, and
little bluestem. As the range condition deteriorates,
sageworts and needleleaf sedge increase. As the range
condition further deteriorates, annuals and broom
snakeweed invade. The potential plant community
produces about 1,600 pounds of air-dry vegetation in
normal years. Production varies from 2,100 pounds in
favorable years to 1,000 pounds in unfavorable years.

The production of forage is limited by low annual
precipitation. If the range is overgrazed, the proportion of
preferred forage plants decreases and the proportion of
less preferred forage plants increases. Therefore,
livestock grazing should be managed so that the desired
balance of preferred species is maintained in the plant
community.

The suitability of this unit for rangeland seeding is fair.
The main limitations are the hazards of wind and water
erosion. Chiseling or other such practices can be used to
improve areas of deteriorated rangeland. Such practices
increase water infiltration, reduce plant competition, and
allow the desirable native plants to increase. Areas that
are heavily infested with undesirable plants can be
improved by chemical or mechanical treatment.

This unit is limited for livestock watering ponds and
other water impoundments because of the seepage
Potential.
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The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds.

If this unit is used for homesite development, the mai
limitations are slope, depth of the Terro soil to soft k
bedrock, and the hazard of excavations caving in. Areas
of the Vonalee soil are more suitable for use as septic
tank absorption fields.

This map unit is in capability subclass Vie. It is in the
Sandy, 10- to 14-inch ppt., Northern Plains range site.

148-Wibaux-Rock outcrop-Shingle complex, 6 to
45 percent slopes. This map unit is on steep
porcellanite-capped buttes and rolling shale uplands.
Slopes are short to medium in length and are plane to
convex. The native vegetation is mainly grasses and
forbs.

This unit is 35 percent Wibaux channery loam, 30
percent Rock outcrop, and 20 percent Shingle clay loam.
The components of this unit are so intricately
intermingled that it was not practical to map them
separately at the scale used.

Included in this unit are small areas of Renohill clay
loam and Sear loam. Included areas make up about 15
percent of the total acreage. The percentage varies from
one area to another.

The Wibaux soil is shallow and somewhat excessively
drained. It formed in channery residuum derived
dominantly from fragmented porcellanite. Typically, the
surface layer is pinkish gray channery loam about 4
inches thick. The underlying material to a depth of 11
inches is light brown very channery loam. Fragmented
porcellanite in which soil partially fills voids is at a dept
of 11 to 60 inches or more.

Permeability of the Wibaux soil is moderate to a depth
of 11 inches and very rapid below this depth. Available
water capacity is very low. Effective rooting depth is 10
to 20 inches. Runoff is medium, and the hazard of water
erosion is moderate. The hazard of wind erosion is slight.

Rock outcrop is exposures of shale and siltstone on
scarp slopes.

The Shingle soil is shallow and well drained. It formed
in loamy residuum derived dominantly from shale.
Typically, the surface layer is pale brown clay loam about
4 inches thick. The underlying material to a depth of 13
inches is light brownish gray clay loam. Soft, interbedded
shale and sandstone are at a depth of 13 inches.

Permeability of the Shingle soil is moderate. Available
water capacity is very low. Effective rooting depth is 4 to
20 inches. Runoff is rapid, and the hazard of water
erosion is severe. The hazard of wind erosion is slight.

This unit is used for livestock grazing and wildlife
habitat.

The potential plant community on the Wibaux and
Shingle soils is mainly western wheatgrass, bluebunch
wheatgrass, needleandthread, and little bluestem. As the
range condition deteriorates, blue grama and threadleaf
sedge increase. As the range condition further
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deteriorates, broom snakeweed and cacti invade. The
potential plant community produces about 900 pounds of
air-dry vegetation in normal years. Production varies from

U> 1,200 pounds' in favorable years to 450 pounds in
unfavorable years.

__ The production of forage is limited by restricted rooting
depth and droughtiness. If the range is overgrazed, the
proportion of preferred forage plants decreases and the
proportion of less preferred forage plants Increases.
Therefore, livestock grazing should be managed so that
the desired balance of preferred species is maintained in
the plant community.

The suitability of these soils for rangeland seeding is
poor. The main limitations are restricted rooting depth
and the hazard of water erosion. Areas that are heavily
infested with undesirable plants can be improved by
chemical or mechanical treatment'

These'soils are limited for livestock watering ponds
and other'water impoundments because of the seepage
potential.

The vegetation on this unit provides some food for
* antelope, deer, small mammals, and birds.

This unit is poorly suited to homesite development.
The main limitation is the depth to soft bedrock or

* fragmented porcellanite. Septic tank absorption fields
should be constructed using selected material.

This map unit Is id capability subclass VIle. The
Wibaux soil is in the Shallow Loamy, 10- to 14-inch ppt.,
Northern Plains range site. Rock outcrop is not assigned
a range site. The Shingle soil is in the Shallow Loamy,

X 10- to 14-inch ppt., Northern Plains range site.

149-Worf-Shingle-Tassel complex,-3 to 30 percent
slopes. This map unit is on ridgetops and shoulder
slopes of undulating to steep uplands and on partially
stabilized escarpments. Slopes are medium in length and
are convex: The native vegetation is mainly grasses and

' shrubs.
'This unit is 35 percent Worf loamy sand, 30 percent

Shingle clay loam, and 20 percent Tassel fine sandy
loam. The components of this unit are so Intricately
intermingled that it was not'practical to rmap them.
separately at the scale used. -' I I -
- Included in this unit are small areas of Theedle loam,

Cushman loam, Samday clay loam, and Worfka fine
sandy loam. Included areas make up'about 15 percent of
the total acreage. The 'percentage varies from one area
to another.

The Worf soil is shallow and well drained.' It formed in
loamy residuum derived dominantly from interbedded
shale and sandstone. Typically,' the surface layer is light
brownish gray loamy sand about 5 inches thick. The
subsoil is brown and yellowish'brown clay loam about 10
inches thick. Calcareous shale and sandstone are at a
depth of 15 inches. .

Permeability of the Worf soil is moderate. Available
water capacity is very low. Effective rooting depth is 8 to

20 inches. Runoff is medium, and the hazard of water
erosion is moderate. The hazard of wind erosion is
severe.

The Shingle soil is shallow and well drained. It formed
In loamy residuum derived dominantly'from calcareous
shale. Typically, the surface layer is light brownish gray
clay loamab-out4 41nches thick. The underlying material
to a depth of 18 inches Is light brownish gray clay loam.
Soft shale is at a depth of 18 inches.

Permeability of the Shingle soil is moderate. Available
water capacity is low. Effective rooting depth is 4 to 20
inches.' Runoff Is rapid, and the hazard of water erosion
is severe. The hazard of wind erosion is slight.

The Tassel soil is shallow and well drained. It formed
In loamy residuum derived dominantly from calcareous
sandstone. Typically, the surface layer is pale brown fine
sandy loam about 3 Inches thick. The underlying material
to a depth of 14 inches is pale brown and light yellowish
brown fine sandy loam. Soft sandstone is at a depth of
14 Inches.

Permeability of the Tassel soil is moderately rapid.
Available water capacity is very low. Effective rooting
depth is 6 to 20 inches. Runoff is medium, and the
hazard of water erosion Is moderate. The hazard of wind
erosion is'moderate.

This unit is used for livestock grazing and wildlife
habitat.

The potential plant community on the Worf and
Shingle soils Is mainly western wheatgrass, bluebunch
wheatgrass, needleandthread, and little bluestem. As the
range condition deteriorates, blue grama and threadleaf
sedge increase. As the range condition further
deteriorates, broom snakeweed and cacti invade. The
potential plant community produces about 900 pounds of
air-dry vegetation in normal years. Production varies from
1,200 pounds in favorable years to 450 pounds in
unfavorable years.

The potential plant community on the Tassel soil is
mainly needleandthread, prairie sandreed, Indian
ricegrass, and little bluestem. As the range condition
deteriorates, threadleaf sedge and fringed sagewort
Increase. As the range condition further deteriorates,
broom snakeweed and annuals invade. The potential
plant community produces about 1,000 pounds of air-dry
vegetation in normal years. Production varies from 1,400
pounds in favorable years to 600 pounds in unfavorable
years.

The production of forage on this unit is limited by
restricted rooting depth and droughtiness. If the range is
overgrazed, the proportion of preferred forage plants
decreases and the proportion of less preferred forage
plants Increases. Therefore, livestock grazing should be
managed so that the desired balance of preferred
species is maintained in the'plant community.

The suitability of this'unit for rangeland seeding is
poor. The main limitations are restricted rooting depth
and the hazards of erosion by wind and water. Areas

Ill
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that are heavily infested with undesirable plants can be
improved by chemical or mechanical treatment.

This unit is limited for livestock watering ponds and
other water impoundments because of the seepage
potential.

The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds.

This unit is poorly suited to homesite development.
The main limitations are slope and depth to soft bedrock.
Septic tank absorption fields should be installed in the
less sloping areas, and selected material should be
used.

This map unit is in capability subclass Vile. The Worf
and Shingle soils are in the Shallow Loamy, 10- to 14-
inch ppt., Northern Plains range site. The Tassel soil is in
the Shallow Sandy, 10- to 14-inch ppt., Northern Plains
range site.

150-Zigweid-Bahl association, 0 to 6 percent
slopes. This map unit is in nearly level to undulating
areas on alluvial flats and toe slopes adjacent to rolling
uplands. Slopes are long and plane. The native
vegetation is mainly grasses and shrubs.

This unit is 55 percent Zigweid loam and 30 percent
Bahl clay. The Zigweid soil is on toe slopes, and the
Bahl soil is on alluvial flats.

Included in this unit are small areas of Cambria fine
sandy loam, Ulm clay loam, Theedle loam, and Haverdad
fine sandy loam. Included areas make up about 15
percent of the total acreage. The percentage varies from
one area to another.

The Zigweid soil is deep and well drained. It formed in
loamy local alluvium derived dominantly from calcareous
shale. Typically, the surface layer is grayish brown loam
about 2 inches thick. The subsoil is grayish brown and
light brownish gray clay loam about 33 inches thick. The
substratum to a depth of 60 inches or more is light
brownish gray clay loam. In a few areas soft shale is at a
depth of 40 to 60 inches.

Permeability of the Zigweid soil is moderate. Available
water capacity is high. Effective rooting depth is 60
inches or more. Runoff is medium, and the hazard of
water erosion is moderate. The hazard of wind erosion is
slight.

The Bahl soil is deep and well drained. It formed in
clayey local alluvium derived dominantly from calcareous
shale. Typically, the surface layer is pale olive clay about
4 inches thick. The underlying material to a depth of 60
inches or more is pale olive clay.

Permeability of the Bahl soil is slow. Available water
capacity is high. Effective rooting depth is 60 inches or
more. Runoff is medium, and the hazard of water erosion
is moderate. The hazard of wind erosion is slight.

This unit is used for livestock grazing and wildlife
habitat.

The potential plant community on the Zigweid soil is
mainly western wheatgrass, thickspike wheatgrass, and

needleandthread. As the range condition deteriorates,
big sagebrush and blue grama increase. As the range
condition further deteriorates, cacti, annuals, and brc
snakeweed invade. The potential plant community
produces about 1,500 pounds of air-dry vegetation in
normal years. Production varies from 2,000 pounds in
favorable years to 850 pounds in unfavorable years.

The potential plant community on the Bahl soil is
mainly western wheatgrass, thickspike wheatgrass, and
green needlegrass. As the range condition deteriorates,
big sagebrush and blue grama increase. As the range
condition further deteriorates, cacti and broom
snakeweed invade. The potential plant community
produces about 1,300 pounds of air-dry vegetation in
normal years. Production varies from 1,800 pounds in
favorable years to 750 pounds in unfavorable years.

The production of forage on this unit is limited by low
annual precipitation. If the range is overgrazed, the
proportion of preferred forage plants decreases and the
proportion of less preferred forage plants increases.
Therefore, livestock grazing should be managed so that
the desired balance of preferred species is maintained in
the plant community.

The suitability of this unit for rangeland seeding is
good. Chiseling or other such practices can be used to
improve areas of deteriorated rangeland. Such practices
increase water infiltration, reduce plant competition, and
allow the desirable native plants to increase. Areas that
are heavily infested with undesirable plants can be
improved by chemical or mechanical treatment.

The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds.

If this unit is used for homesite development, the mal
limitations are the slow permeability of the Bahl soil and
shrink-swell potential. Constructing a larger absorption
field helps to compensate for the slow permeability.
Backfilling excavations with coarser textured material
helps to overcome the limitation of shrink-swell potential.

This map unit is in capability subclass IVe. The
Zigweid soil is in the Loamy, 10- to 14-inch ppt.,
Northern Plains range site. The Bahl soil is in the Clayey,
10- to 14-inch ppt., Northern Plains range site.

151-Zigweid-Cambria association, 0 to 6 percent
slopes. This map unit is in nearly level to undulating
areas on foot slopes and toe slopes adjacent to rolling
uplands. Slopes are medium to long in length and are
plane to slightly convex. The native vegetation is mainly
grasses and shrubs.

This unit is 55 percent Zigweid clay loam and 30
percent Cambria fine sandy loam. The Zigweid soil is in
the plane areas, and the Cambria soil is in the convex
areas.

Included in this unit are small areas of Theedle loam
and Bahl clay. Included areas make up about 15 percent
of the total acreage. The percentage varies from one
area to another.
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The Zigweid soil is deep and well drained. It formed in
loamy local alluvium derived dominantly from calcareous
'shale. Typically, the surface layer is brown clay loam

'about 3 inches thick. The subsoil is pale brown and light
brownish gray clay loam to a depth of 60 inches or
more. In a few areas, soft bedrock Is at a depth of 40 to
60 inches.

Permeability of the Zigweid soil is moderate. Available
water capacity is high. Effective rooting depth is 60
inches or more. Runoff is medium, and the hazard of
water erosion is moderate. The hazard of wind erosion is
slight.

The Cambria soil is deep and well drained. It formed in
loamy local alluvium and residuum derived dominantly
from shale and sanidstone. Typically,'the surface layer is
grayish brown fine sandy loam about 2 Inches thick. The
upp6r 8 inches of the subsoil is brown sandy clay loam,
and the lower 19 inches is pale brown sandy clay loam
and loam. The substratum to a depth of 60 inches or
more Is pale brown sandy clay loam.

Permeability of the Cambria soil capacity is low.
Effective rooting depth is 60 inches or more. Runoff is
medium, and the hazard of water erosion is moderate.
The hazard of wind erosion is slight.

This unit is used for livestock grazing and wildlife
habitat.

The potential plant community on this unit is mainly
western wheatgrass, thickspike wheatgrass, and
needleandthread. As the range condition deteriorates,
big sagebrush and blue grama increase. As the range
condition further deteriorates, cacti, annuals, and broom
inakeweed invade. The potential plant community

produces about 1,500 pounds of air-dry vegetation In
normal years. Production varies from 2,000 pounds in
favorable years to 850 pounds In unfavorable years.

The production of forage is limited by low annual
precipitation. If the range Is overgrazed, the proportion of
preferred forage plants decreases and the proportion of
less preferred forage plants Increases. Therefore,
livestock grazing should be managed so that the desired
balance of preferred species Is maintained in the plant
community.

The suitability of this unit for rangeland seeding is
good. Chiseling or other such practices can be used to
Improve areas of deteriorated rangeland. Such practices
increase water infiltration, reduce plant competition, and
allow the desirable native plants to increase. Areas that
are heavily infested with undesirable plants can be
improved by chemical or mechanical treatment.

The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds.

If this unit is used for homesite development, the main
limitation is moderate shrink-swell potential. Backfilling
excavations with coarser textured material helps to
overcome this limitation. Septic tank absorption fields
operative more effectively if they are placed deep in the
subsoil.

This map unit is in capability subclass IVe. It is in the
Loamy, 10- to 14-inch ppt., Northem Plains range site.

152-Zigweld-Cambrla-Theedle association, 6 to 15
percent slopes. This map unit is on pediment slopes of
rolling uplands and on adjacent foot slopes. Slopes are
short and are mostly convex; The native vegetation'is
mostly grasses and shrubs.

This unit is 35 percent Zigweid loam, 25 percent
Cambria sandy loam, and. 25 percent Theedle loam. The
Zigweid soil is on the longer, more nearly plane slopes,
the Cambria soil is on the intermediate slopes, and the
Theedle soil is on the shorter, more'convex slopes.

Included In this unit are small areas of Shingle clay
loam, Bahl clay, and Renohill clay loam. Included areas
make up about 15 percent of the total acreage. The
percentage varies from one area to another.

The Zigweid soil is deep and well drained. It formed in
loamy local alluvium derived dominantly from calcareous
shale. Typically, the surface layer is pale brown loam
about 4 inches thick. The subsoil to a depth of 60 inches
or more is pale brown and very pale brown clay loam. In
a few areas, soft bedrock is at a depth of 40 to 60
inches.

Permeability of the Zigweid soil is moderate. Available
water capacity is high. Effective rooting depth is 60
inches or more. Runoff is medium, and the hazard of
water erosion is severe. The hazard of wind erosion is
slight.

The Cambria soil is deep and well drained. It formed in
loamy local alluvium and residuum derived dominantly
from shale and sandstone. Typically, the surface layer is
brown sandy loam about 4 inches thick. The upper 4
inches of the subsoil is yellowish brown loam, and the
lower 22 inches is pale brown loam. The substratum to a
depth of 60 inches or more is brown loam.

Permeability of the Cambria soil is moderate. Available
water capacity is high. Effective rooting depth is 60
inches or more. Runoff is medium, and the hazard of
water erosion is severe. The hazard of wind erosion is
moderate.

The Theedle soil is moderately deep and well drained.
It formed in loamy residuum derived dominantly from
calcareous shale. Typically, the surface layer is pale
brown loam about 5 inches thick. The underlying material
to a depth of 28 inches is light gray loam and light
brownish gray clay loam. Soft shale is at a depth of 28
inches.

Permeability of the Theedle soil is moderate. Available
water capacity is moderate. Effective rooting depth is 20
to 40 inches. Runoff is rapid, and the hazard of water
erosion is severe. The hazard of wind erosion is
moderate.

This unit is used for livestock grazing and wildlife
habitat.

The potential plant community on.this unit is mainly
western wheatgrass, thickspike wheatgrass, and
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needleandthread. As the range condition deteriorates,
big sagebrush and blue grama increase. As the range
condition further deteriorates, cacti, annuals, and broom
snakeweed invade. The potential plant community
produces about 1,500 pounds of air-dry vegetation in
normal years. Production varies from 2,000 pounds in
favorable years to 850 pounds in unfavorable years.

The production of forage is limited by low annual
precipitation. If the range is overgrazed, the proportion of
preferred forage plants decreases and the proportion of
less preferred forage plants increases. Therefore,
livestock grazing should be managed so that the desired
balance of preferred species is maintained in the plant
community.

The suitability of this unit for rangeland seeding is fair.
The main limitation is the hazard of water erosion.
Chiseling or other such practices can be used to improve

areas of deteriorated rangeland. Such practices increase
water infiltration, reduce plant competition, and allow the
desirable native plants to increase. Areas that are
heavily infested with undesirable plants can be impro\
by chemical or mechanical treatment.

The vegetation on this unit provides some food for
antelope, deer, small mammals, and birds.

If this unit is used for homesite development, the main
limitations are shrink-swell potential, slope, and the
depth of the Theedle soil to soft bedrock. Backfilling
excavations with coarser textured material helps to
overcome the limitation of shrink-swell potential. Septic
tank absorption fields in the Zigweid and Cambria soils
operate most effectively if placed deep in the subsoil;
areas of the Theedle soil are not suitable for this use.

This map unit is in capability subclass Vle. It is in the
Loamy, 10- to 14-inch ppt., Northern Plains range site.
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Classification of the Soils
The system of soil classification used by the National

Cooperative Soil Survey has six categories (7). Beginning
vith the broadest, these categories are the order,
;uborder, great group, subgroup, family, and series.
1lassification is based on soil properties observed in the
ield or inferred from those observations or from
aboratory measurements. Table 14 shows the
:lassification of the soils in the survey area. The
:ategories are defined in the following paragraphs.
ORDER. Ten soil orders are recognized. The

lifferences among orders reflect the dominant soil-
orming processes and the degree of soil formation.
Each order is identified by a word ending in sol. An
ixample is Aridisol.
SUBORDER. Each order is divided into suborders

primarily on the basis of properties that influence soil
lene-r qnd are important to plant growth or properties

I the most important variables within the
ie last syllable in the name of a suborder

tes the order. An example is Argid (Arg, meaning
lay-rich horizon, plus id, from Aridisol).
"GREAT GROUP. Each suborder is divided into great
roups on the basis of close similarities in kind,
irangement, and degree of development of pedogenic
orizons; soil moisture and temperature regimes; and
ase status. Each great group is identified by the name
4 a suborder and by a prefix that indicates a property of
ie soil. An example is Haplargids (Hapl, meaning
Yinimal horizonation, plus argid, the suborder of the
tridisols that have a layer of clay accumulation).
:,SUBGROUP. Each great group has a typic subgroup.
)ther subgroups are intergrades or extragrades. The
ipic is the central concept of the great group; it is not
ecessarily the most extensive. Intergrades are

ransitions to other orders, suborders, or great groups.
5fragrades have some properties that are not
3presentative of the great group but do not indicate
ansitions to any other known kind of soil. Each
ubgroup is identified by one or more adjectives
receding the name of the great group. The adjective
'stol/ic identifies the subgroup that has more organic
latter and receives more precipitation than the one that
'pifies the great group. An example is Ustollic
'aplargids.
F Y. Families are established within a subgroup on

of physical and chemical properties and other
ek .eristics that affect management. Mostly the

properties are those of horizons below plow depth where
there is much biological activity. Among the properties
and characteristics considered are particle-size class,
mineral content, temperature regime, depth of the root
zone, and permanent cracks. A family name consists of
the name of a subgroup preceded by terms that indicate
soil properties. An example is fine-loamy, mixed, mesic
Ustollic Haplargids.

SERIES. The series consists of soils that have similar
horizons in their profile. The horizons are similar in color,
texture, structure, reaction, consistence, mineral and
chemical composition, and arrangement in the profile.
The texture of the surface layer or of the substratum can
differ within a series.

Taxonomic Units and Their
Morphology

In this section, each taxonomic unit recognized in the
survey area is described. The descriptions are arranged
in alphabetic order.

Characteristics of the soil and the material in which it
formed are identified for each taxonomic unit A pedon, a
small three-dimensional area of soil, that is typical or
representative of the taxonomic unit in the survey area is
described. The detailed description of each soil horizon
follows standards in the Soil Survey Manual (5). Many of
the technical terms used in the descriptions are defined
in Soil Taxonomy (7). Unless otherwise stated, colors in
the descriptions are for dry soil. Following the pedon
description is the range of important characteristics of
the soils in the taxonomic unit.

The map units of each taxonomic unit are described in
the section "Detailed Soil Map Units."

Absted Series
The Absted series consists of deep, well drained,

slowly permeable soils on alluvial flats, toe slopes, and
dissected terraces adjacent to major and minor
drainageways. These soils formed in alluvial sediment
derived from sedimentary rock. Slope is 0 to 6 percent.

Typical pedon of Absted fine sandy loam in an area of
Absted-Arvada-Bone complex, 0 to 6 percent slopes,
1,250 feet east and 950 feet north of the southwest
corner of sec. 30, T. 40 N., R. 68 W.
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E-0 to 3 inches; pale brown (10YR 6/3) fine sandy
, loam, brown (1 OYR 5/3) moist; weak medium and

coarse granular structure; slightly hard, very friable,
. slightly sticky and slightly plastic; mildly alkaline,

abrupt smooth boundary.
Bt-3 to 14 inches; brown (10YR 5/3) clay, brown (10YR

4/3) moist; strong medium and fine subangular
blocky structure; continuous thick clay films on faces
of peds; very hard, very firm, sticky and plastic;
moderately alkaline; gradual smooth' boundary.

Btnk-14 to 26 inches; grayish brown (1 DYR 5/2) clay,
dark grayish brown (1 OYR 4/2) moist; strong
medium and fine subangular blocky structure;
continuous thick clay films on faces of peds; very
hard, very firm, sticky and plastic; violently
effervescent; many medium soft masses of calcium
carbonate; strongly alkaline; gradual wavy boundary.

Bnk-26 to 36 inches; light brownish gray (IOYR 6/2)
clay, grayish brown (10YR 5/2) moist; massive; very
hard, very firm, sticky and plastic; violently
effervescent; many medium soft masses of calcium
carbonate; strongly alkaline; gradual wavy boundary.

Bck-36 to 60 inches; light brownish gray (1 OYR 6/2)
: clay, grayish brown (1OYR 5/2) moist; massive; very

hard, very firm, sticky and plastic; slightly
effervescent; few fine soft masses of calcium
carbonate; moderately alkaline.

The depth to calcium carbonate ranges from 12 to 28
qches. - -

The E horizon and the A horizon, where present, have
K> nue of 2.5Y or IOYR, value of 6 or 7 when dry and 5 or

6 when moist, and chroma of 2 or 3. Reaction is neutral
or mildly alkaline.

-The Btnk horizon has hue of IOYR, value of 5 or 6
when dry and 4 or 5 when moist, and chroma of 2 or 3.
It Is clay or clay loam that is 15 to 40 percent sand. The
Btnk and Bnk horizons are moderately alkaline or
strongly alkaline.

Aeric Hapuaquepts
Aeric Haplaquepts are deep, poorly drained, very

slowly permeable soils on playa lakebeds in areas
characterized by centripetal drainage. These soils
formed in clayey local alluvium derived from calcareous
sedimentary rock. Slope is 0 to 3 percent.

Reference pedon of Aeric Haplaquepts clay loam in an
area of Aeric Haplaquepts, 0 to 3 percent slopes, 800
feet south and 450 feet east of the northwest comer of
sec. 15,0T. 34 N;, R. 71 W.

A-0 to 3 inches; light gray (10YR 6/1) clay loam,
grayish brown (10YR 5/2) moist; weak fine granular
structure; very hard, firm, sticky and plastic; common
fine mottles; mildly alkaline; abrupt smooth
boundary.

AC-3 to 8 inches; light brownish gray (1 OYR 6/2) clay
loam, grayish brown (1 OYR 5/2) moist; weak fine
subangular blocky structure; very hard, firm, sticky
and plastic; few fine mottles; neutral; clear wavy
boundary.

C1-8 to 20 inches; light gray (10YR 6/1) clay, grayish
brown (1 OYR 5/2) moist; massive; very hard, firm,
sticky and plastic; few fine mottles; mildly alkaline;
gradual irregular boundary.

C2-20 to 30 inches; lightgray-(1OYR 7/2) clay, pale
brown (1 OYR 6/3) moist; massive; very hard, firm,
very sticky and very plastic; few fine mottles and few
medium iron and manganese concretions; strongly
effervescent; few fine calcium carbonate
concretions; mildly alkaline; gradual irregular
boundary.

03-30 to 48 inches; very pale brown (IOYR 7/3) clay,
grayish brown (10YR 5/2) moist; massive; very hard,
very firm, very sticky and plastic; few fine mottles
and few fine iron and manganese concretions; -mildly
alkaline.

Depth to bedrock typically is more than 60 inches, but
it is as little as 20 inches in the smaller playas.
Accumulation of carbonates and depth to them vary with
the parent material. The control section is fine or fine-
loamy.

The A horizon has hue of 1 OYR or 2.5Y, value of 6 or
7 when dry and 4 or 5 when moist, and chroma of 1 or
2. Texture is clay loam or clay. Reaction is neutral or
mildly alkaline.

The C horizon has hue of 1OYR or 2.5Y, value of 6 or
7 when dry and 4 to 6 when moist, and chroma of 1 to
3. Reaction is mildly alkaline to strongly alkaline.

Arvada Series
The Arvada series consists of deep, well drained,

slowly permeable soils on alluvial flats, toe slopes, and
dissected terraces adjacent to major and minor -
drainageways. These soils formed in alluvial sediment
derived from sedimentary rock. Slope is 0 to 6 percent.

Typical pedon of an Arvada loam in an area of Absted-
Arvada-Bone complex, 0 to 6 percent slopes, 1,100 feet
south and 1,000 feet east of the northwest corner of
sec. 35, T. 41 N., R. 70 W.

A-0 to 3 inches; light brownish gray (1OYR 6/2) loam,
brown (1OYR 5/3) moist; moderate fine platy
structure parting to moderate very fine granular; soft,
friable, slightly sticky and slightly plastic; slightly
effervescent; moderately alkaline; abrupt smooth
boundary. * . - - - .

Btnl-3 to 7 inches; pale brown (10YR 6/3) clay, brown
(10YR 5/3) moist; weak medium and coarse
prismatic structure parting to strong fine angular
blocky; continuous thick 'clay films on faces of peds;
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hard, friable, sticky and plastic; strongly alkaline;
slightly effervescent; clear smooth boundary.

Btn2-7 to 15 inches; light brownish gray (10YR 6/2)
clay, grayish brown (10YR 5/2) moist; strong fine
angular blocky structure; continuous thick clay films
on faces of peds; hard, friable, sticky and plastic;
very strongly alkaline; slightly effervescent; clear
wavy boundary.

Bk-15 to 22 inches; light brownish gray (1OYR 6/2)
clay, grayish brown (1 OYR 5/2) moist; weak fine
subangular blocky structure; hard, friable, sticky and
plastic; slightly effervescent; moderately alkaline;
clear wavy boundary.

C-22 to 48 inches; pale brown (1 OYR 6/3) clay, grayish
brown (10YR 5/2) moist; massive; hard, friable,
sticky and plastic; slightly effervescent; strongly
alkaline.

The depth to calcium carbonate ranges from 0 to 12
inches.

The A horizon has hue of 1 OYR, value of 5 or 6 when
dry and 4 or 5 when moist, and chroma of 2 or 3.
Reaction is mildly alkaline to strongly alkaline.

The Btn horizons have hue of 2.5Y or 1OYR, value of
5 or 6 when dry and 4 or 5 when moist, and chroma of 2
to 4. They are typically clay or clay loam and are 10 to
40 percent sand. They are strongly alkaline or very
strongly alkaline.

The C horizon is strongly alkaline or very strongly
alkaline.

Bahl Series
The Bahl series consists of deep, well drained, slowly

permeable soils on alluvial flats and toe slopes. These
soils formed in local alluvium derived from calcareous
shale. Slopes range from 0 to 6 percent.

Typical pedon of a Bahl clay in an area of Zigweid-
Bahl association, 0 to 6 percent slopes, in the
NE1/4NE1/4 of sec. 24, T. 40 N., R. 72 W.

A-0 to 4 inches; pale olive (5Y 6/3) clay, olive (5Y 5/3)
moist; weak thick platy structure parting to weak
medium and fine subangular blocky; hard, friable,
sticky and plastic; strongly effervescent; moderately
alkaline; gradual wavy boundary.

AC-4 to 9 inches; pale olive (5Y 6/3) clay, olive (5Y
5/3) moist; massive; hard, firm, sticky and plastic;
strongly effervescent; strongly alkaline; gradual wavy
boundary.

CK-9 to 40 inches; pale olive (5Y 6/3) clay, olive (5YR
5/3) moist; massive; hard, firm, sticky and plastic;
strongly effervescent; few fine soft masses and
filaments of calcium carbonate; strongly alkaline.

These soils typically are leached in the upper few
inches, but in some areas they are calcareous
throughout.

The A horizon has chroma of 2 or 3. Reaction is
neutral to moderately alkaline.

The C horizon is mildly alkaline to strongly alkaline
The control section typically is about 45 percent clay a.
15 to 25 percent sand.

Bidman Series

The Bidman series consists of deep, well drained,
slowly permeable soils on alluvial flats, toe slopes, and
foot slopes of upland hills. These soils formed in local
alluvium derived from soft calcareous shale. Slope is 0
to 6 percent.

Typical pedon of a Bidman sandy loam in an area of
Ulm-Bidman complex, 0 to 6 percent slopes, 2,500 feet
east and 300 feet north of the southwest corner of sec.
1, T. 37 N., R. 68 W.

A-0 to 3 inches; light brownish gray (10YR 6/2) sandy
loam, dark grayish brown (10YR 4/2) moist; weak
fine granular structure; soft, very friable, nonsticky
and nonplastic; neutral; abrupt smooth boundary.

E-3 to 7 inches; pale brown (10YR 6/3) sandy loam,
brown (1 OYR 5/3) moist; weak medium subangular
blocky structure; slightly hard, very friable, slightly
sticky and slightly plastic; neutral; clear smooth
boundary.

Bt-7 to 20 inches; light brownish gray (10YR 6/2) clay,
grayish brown (10YR 5/2) moist and crushed; weak
medium prismatic structure parting to strong medi
and coarse angular blocky; very hard, firm, sticky
and plastic; continuous thick clay films on faces o,
peds; neutral; clear wavy boundary.

Bk1-20 to 35 inches; light brownish gray (2.5Y 6/2)
clay loam, grayish brown (2.5Y 5/2) moist; moderate
medium and coarse angular blocky structure; very
hard, firm, sticky and plastic; few medium hard iron
concretions; strongly effervescent; common medium
and fine filaments and seams of calcium carbonate;
moderately alkaline; gradual wavy boundary.

Bk2-35 to 52 inches; light brownish gray (2.5Y 6/2)
clay loam, grayish brown (2.5Y 5/2) moist; massive;
hard, friable, slightly sticky and slightly plastic; few
medium iron concretions; strongly effervescent;
moderately alkaline; diffuse wavy boundary.

C-52 to 67 inches; light brownish gray (2.5Y 6/2) clay
loam, grayish brown (2.5Y 5/2) moist; massive;
hard, friable; slightly effervescent; moderately
alkaline.

The depth to calcium carbonate ranges from 12 to 24
inches.

The A horizon has hue of 1 OYR or 2.5Y, value of 5 or
6 when dry and 3 to 5 when moist, and chroma of 2 or
3. It is sandy loam or loam.

The Bt horizon has value of 5 or 6 when dry and 4 or
5 when moist, and it has chroma of 2 to 4. It is
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dominantly clay, but the range includes clay loam and
ndy clay. it averages 37 to 47 percent clay. Reaction
eutral to moderately alkaline.

The Bk horizon has hue of 10YR or 2.5Y, value of 5 or
6 when dry and 4 or 5 when moist, and chroma of 2 to
4. Texture Is clay loam, sandy clay loam, or clay.
Reaction is mildly alkaline to strongly alkaline.

Bigwinder Series
The Bigwinder series consists of deep, poorly drained,

moderately permeable soils on flood plains and low
stream terraces. These soils formed In recent stratified
alluvium derived dominantly from sedimentary rock.
Slope is 0 to 3 percent.

Typical pedon of a Bigwinder fine sandy loam in an
area of Clarkelen-Haverdad-Bigwinder complex, 0 to 3
percent slopes; 1,250 feet north and 1,400 feet west of
the southeast comer of sec. 24, T. 39 N., R. 75 W.

A-0 to 3 inches; light brownish gray (1 OYR 6/2) fine
-sandy loam, grayish brown (1 OYR 5/2) moist;
common fine strong brown (7.5YR 5/8) mottles
along root channels; moderate thick platy structure;
slightly hard, very friable, nonsticky and nonplastic;
strongly effervescent; mildly alkaline; clear smooth
boundary.

AC-3 to 8 inches; light gray (10YR 7/2), stratified sandy
loam and loam, grayish brown (10YR 5/2) moist;
common fine strong brown (7.5YR 5/8) mottles

KJ. along root channels; weak thick platy structure;
hard, friable, slightly sticky and plastic; strongly
effervescent; moderately alkaline; clear smooth
boundary.

C1-8 to 17 Inches; light gray (I OYR 7/2), stratified
loamy sand,'loam, and sandy loam, pale brown
(1 OYR 6/3) moist; common medium strong brown
(7.5YR 5/8) mottles'and faint organic stains on
faces of fragments; massive; slightly hard, very
friable, nonsticky and nonplastic; violently
effervescent; moderately alkaline; clear wavy
boundary.

C2-17 to 24 inches; light gray (1 OYR 7/2), stratified
sandy loam and loamy sand, light brownish gray
(1OYR 6/2) moist; single grain; slightly hard, very.
friable, nonsticky and nonplastic; slightly
effervescent; mildly alkaline; gradual smooth
boundary. '

C3-24 to 60 inches; mottled, light gray (10YR 7/2) and
reddish yellow (7.5YR 6/8), stratified loamy sand,
sandy loam, and sand, light brownish gray (10YR
6/2) and reddish yellow (5YR 6/8) moist; single
grain; loose, nonsticky and nonplastic; slightly
effervescent; mildly alkaline.

Depth to sand strata ranges from 30 to 40 inches.

The A horizon is fine sandy loam or sandy clay loam.
Reaction is neutral to moderately alkaline. It has weak or
moderate grades of platy structure.

The C horizon has value of 5 or 6 'when moist. Matrix
chroma is 2 or 3. Reaction is on mildly alkaline or
moderately alkaline. Texture of the strata ranges from
loam to sand.

Bone -Series . . -

The Bone series consists of deep, well drained, very
slowly permeable soils on alluvial flats and toe slopes of
dissected terraces adjacent to major and minor
drainageways. These soils formed in alluvial sediment
derived from sedimentary rock. Slope is 0 to 6'percent.

Typical pedon of a Bone clay loam in an area of
Absted-Arvada-Bone complex, 0 to 6 percent slopes,
1,100 feet south and 500 feet west of the northeast
comer of sec. 8, T. 36 N., R. 68 W.

E-0 to 2 inches; pale brown (10YR 6/3) light clay loam,
brown (1 OYR 5/3) moist; weak thin platy structure;
slightly hard, very friable, slightly sticky and slightly
plastic; mildly alkaline; abrupt smooth boundary.

Bt-2 to 5 inches; light brownish gray (10YR 6/2) clay
loam, brown (1 OYR 5/3) moist; moderate fine

*subangular blocky structure 'few thin clay films on
faces of peds; hard, friable, slightly sticky and
slightly plastic; moderately alkaline; clear'smooth
boundary.

8k-5 to 10 inches; light gray (10YR 7/2) clay loam,
pale brown (1OYR 6/3) moist; moderate fine
subangular blocky structure; very hard, friable, sticky
and plastic; strongly effervescent; calciumr carbonate
segregated in common fine soft masses;. moderately
alkaline; gradual smooth boundary.

C1-10 to 20 inches; very pale brown (10YR 7/3) heavy
clay loam, pale brown (10YR 6/3) moist; massive;
very hard, firm, sticky and plastic; strongly
effervescent; calcium carbonate disseminated
throughout matrix; very strongly alkaline; gradual
smooth boundary.'

02-20 to 60 inches; very pale brown' (1OYR 7/3) clay,
pale brown (10YR 6/3) moist; massive; very hard,
friable, sticky and plastic; strongly effervescent;
calcium carbonate disseminated throughout matrix;
moderately alkaline.

The profile commonly is leached to a depth of 2 to 5
inches, or to the base of the Bt horizon, but many
pedons are calcareous throughout. The solum has hue
of 2.5Y or 1OYR.

The E horizon has value of 6 or 7 when dry and 4 to 6
when moist: The Bt horizon has value of 5 or 6 when dry
and 4 or 5 when moist, and it has chroma of 2 to 4. The
Bk and C horizons are heavy clay loam or clay.

.- .-I.-I'T.I -:
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-Bowbac Series
The Bowbac series consists of moderately deep, well

drained, moderately permeable soils on shoulder slopes,
back slopes, and pediment slopes of rolling uplands.
These soils formed in residuum derived from soft
sandstone. Slope is 0 to 15 percent.

Typical pedon of a Bowbac sandy loam (fig. 3) in an
area of Hiland-Bowbac complex, 6 to 15 percent slopes,
2,450 feet north and 500 feet east of the southwest
corner of sec. 27, T. 36 N., R. 70 W.

A-0 to 3 inches; brown (10YR 5/3) sandy loam, dark
brown (1 YR 4/3) moist; weak fine granular
structure parting to single grain; soft, loose, slightly
sticky and slightly plastic; neutral; abrupt smooth
boundary.

Btl-3 to 6 inches; brown (7.5YR 5/4) sandy clay loam,
dark brown (7.5YR 4/4) moist; strong coarse
subangular blocky structure parting to strong fine
angular blocky; slightly hard, friable, sticky and
plastic; few thin clay bridges between mineral grains;
neutral; clear smooth boundary.

Bt2-6 to 18 inches; brown (7.5YR 5/4) sandy clay
loam, dark brown (7.5YR 4/4) moist; strong coarse
prismatic structure parting to strong fine subangular
blocky; hard, friable, sticky and plastic; common
moderately thick clay bridges between mineral
grains; neutral; clear smooth boundary.

Btk-18 to 26 inches; brown (10YR 5/3) sandy loam,
dark brown (10YR 4/3) moist; moderate coarse
subangular blocky structure parting to weak fine
subangular blocky; slightly hard, very friable, slightly
sticky and slightly plastic; thin clay bridges between
mineral grains; slightly effervescent; disseminated
calcium carbonate; mildly alkaline; gradual wavy
boundary.

Bk-26 to 36 inches; light yellowish brown (2.5Y 6/4)
loam, light olive brown (2.5Y 5/4) moist; weak
coarse subangular blocky structure parting to weak
very fine granular; soft, loose, slightly sticky and
slightly plastic; strongly effervescent; disseminated
calcium carbonate; moderately alkaline; gradual
wavy boundary.

Cr-36 inches; soft calcareous sandstone.

The depth to calcium carbonate ranges from 14 to 26
inches. The depth to bedrock ranges from 24 to 37
inches.

The Bt horizon has chroma of 3 or 4. Texture is
dominantly sandy clay loam that is 20 to 35 percent clay
and more than 35 percent sand that is fine or coarser.
The Bk horizon has hue of 2.5Y to 10YR, value of 6 or 7
when dry, and chroma of 2 to 4.

Figure 3.-Profile of Bowbac sandy loam. Soft sandstone is at
depth of about 2.5 feet.

-'-,i1 I I1 I
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Cambria Series
The Cambria series consists of deep, well drained,

t Moderately permeable soils on ridge crests, back slopes,
H-'foot slopes, and toe slopes of nearly level to rolling

uplands. These soils formed in mixed residuum and local
alluvium derived from shale and sandstone. Slope is 0 to
15 percent.

Typical pedon of a Cambria fine sandy loam in an area
of Forkwood-Cambria fine sandy loams, 0 to 6 percent
slopes, 2,000 feet south and 500 feet east of the
northwest corner of sec. 10, T. 36 N., R. 70 W.

A-O to 2 inches; grayish brown (10YR 5/2) fine'sandy
loam, dark grayish brown (10YR 4/3) moist;'weak
moderate subangular blocky structure parting to
weak very fine granular; soft, very friable, slightly
sticky and slightly plastic; neutral; clear wavy
boundary.

Btl-2 to 4 inches; brown (10YR 5/3) sandy clay loam,
dark brown (1 OYR 4/3) moist; moderate coarse

; subangular structure parting to weak fine granular;
soft, very friable, slightly sticky and slightly plastic;
few thin clay films on faces of peds; neutral; clear
wavy boundary.

Bt2-4 to 10 inches; brown (1 OYR 5/3) sandy clay loam,
dark brown (10YR 4/3) moist; strong coarse
prismatic structure parting to moderate medium
subangular blocky; slightly hard, friable, sticky and
plastic; many moderately thick clay films on faces of

> peds; mildly alkaline; clear wavy boundary..
y> Elk-10 to 14 inches; pale brown (IOYR 6/3) loam,

brown (1OYR 5/3) moist; moderate coarse
subangular blocky structure parting to moderate fine
subangular blocky; slightly hard, friable, sticky and
plastic; few thin clay films on faces of peds; strongly
effervescent; common fine irregularly shaped
calcium carbonate masses In the form of filaments
and threads; moderately alkaline; gradual wavy
boundary.

Bk1-14 to 29 inches; pale brown (10YR 6/3) loam,
brown (1 YR 5/3) moist; massive; soft, very friable,
slightly sticky and slightly plastic; violently
effervescent; few fine soft masses of calcium
carbonate; moderately alkaline; gradual wavy
boundary.

Bk2-29 to 60 Inches; pale brown (10YR 6/3) loam,
brown (lOYR 5/3) moist; massive; soft, very friable,
slightly sticky and slightly plastic; strongly
effervescent; moderately alkaline.

The A'horizon has value of 5 or 6 when dry and 4 or 5
when moist it is fine sandy loam, sandy loam, loam, or
clay loam. -' -
' The Bt horizon has hue of 2.5Y to 10YR, value of 5 or

6 when dry, and and chroma of 3 or 4. Texture is loam
or clay loam. The Bt horizon is 24 to 34 percent clay.

The Bk horizon has hue of 2.5Y to IOYR, value of 5 to 7
when dry and 4 or 5 when moist, and chroma of 2 or 3.

Cambria Variant
The Cambria Variant consists of deep, well drained,

moderately permeable soils in nearly level to undulating
areas on toe slopes and alluvial flats. These soils formed
in alluvium derived from interbedded shale and
sandstone. Slope is 0 to 6'percent.

Typical pedon of a Cambria Variant fine sandy loam in
an area of Cambria Variant-Forkwood Variant complex, 0
to 6 percent slopes; 1,150 feet west and 400 feet south
of the northeast comer of sec. 27, T. 39 N., R. '71 W.

A-0 to 2 inches; light gray (1 OYR 7/2) fine sandy loam,
grayish brown (10YR 5/2) moist; weak fine
subangular blocky and granular structure; soft, very
friable, nonsticky and nonplastic; neutral; abrupt
smooth boundary.

Bw-2 to 5 inches; light brownish gray (2.5Y 6/2) clay
loam, grayish brown (2.5Y 5/2) moist; moderate fine
subangular blocky structure; slightly hard, friable,
slightly sticky and slightly plastic; neutral; clear
smooth boundary.

Bt-5 to 9 inches; light brownish gray (2.5Y 6/2) clay
loam, grayish brown (2.5Y 5/2) moist; moderate
medium and fine subangular blocky structure; hard,
friable, sticky and plastic; common moderately thick
clay films on faces of peds; neutral; clear smooth
boundary.

Bt-9 to 16 inches; light brownish gray (2.5Y 6/2) loam,
grayish brown (2.5Y 5/2) moist; fine medium
subangular blocky structure; hard, friable, slightly
sticky and slightly plastic; slightly effervescent; few
fine soft masses of calcium carbonate; moderately
alkaline; clear smooth boundary.

2Bk1-16 to 30 inches; light brownish gray (2.5Y 6/2),
stratified clay loam, loam, and fine sandy loam,
grayish brown (2.5Y.5/2) moist; massive; hard,
friable, slightly sticky and slightly plastic; strongly
effervescent; few fine soft masses of calcium -
carbonate; moderately alkaline; gradual smooth
boundary.

2Bk2-30 to 60 inches; light brownish gray (2.5Y 6/2),
stratified loam, sandy clay loam, and sandy loam,
grayish brown (2.5Y 5/2) moist; massive; slightly
hard, friable, slightly sticky and slightly plastic;
strongly effervescent; few fine soft masses of
calcium carbonate; moderately alkaline.

Depth to carbonates ranges from 8 to 12 inches.
Depth to stratified textures ranges from 12 to 24 inches.
The profile is 0 to 5 'percent coarse fragments.

The A horizon has hue of 1OYR or 2.5Y, value of 6 or
7 when dry and 4 or 5 wh'en' moist, and chroma of 2 or
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3, Texture is fine sandy loam or sandy loam. Reaction is
neutral or mildly alkaline.

The Bt horizon has hue of IOYR or 2.5Y, value of 6 or
7 when dry and 4 or 5 when moist, and chroma of 2 or
3. Texture is fine sandy loam or sandy loam. Reaction is
neutral or mildly alkaline.

The 2Bk horizon and the C horizon, where present,
have hue of 1OYR or 2.5Y, value of 6 or 7 when dry and
5 or 6 when moist, and chroma of 2 or 3. Texture varies,
but centers on loam or clay loam with thin coarser
textured strata. Reaction is mildly alkaline or moderately
alkaline.

Clarkelen Series
The Clarkelen series consists of deep, somewhat

excessively drained, moderately rapidly permeable soils
on flood plains and low stream terraces. These soils
formed in stratified Recent alluvium derived from
sedimentary rock. Slope is 0 to 3 percent.

Typical pedon of a Clarkelen sandy loam in an area of
Clarkelen-Draknab complex, 0 to 3 percent slopes, 2,130
feet north and 285 feet east of the southwest corner of
sec. 31., T. 41 N., R. 69 W.

A-0 to 1 inch; pale brown (10YR 6/3) sandy loam,
grayish brown (1 OYR 5/2) moist; weak thin platy
structure parting to moderate very fine granular; soft,
very friable; slightly effervescent; mildly alkaline;
clear smooth boundary.

AC-1 to 3 inches; grayish brown (10YR 5/2) sandy
loam, dark grayish brown (10YR 4/2) moist;
moderate medium subangular blocky structure; soft,
very friable; slightly effervescent; mildly alkaline;
clear smooth boundary.

C1-3 to 37 inches; light brownish gray (10YR 6/2) and
pale brown (10YR 6/3), stratified sandy loam, loamy
sand, sandy clay loam, and silt loam, grayish brown
(10YR 5/2) and brown (10YR 5/3) moist; massive;
soft, very friable; slightly effervescent; mildly
alkaline; clear smooth boundary.

C2-37 to 60 inches; light brownish gray (10YR 6/2)
sand, grayish brown (10YR 5/2) moist; single grain;
loose; slightly effervescent; mildly alkaline.

The A horizon has value of 5 or 6 when dry and 4 or 5
when moist. It is sandy loam, loamy sand, or loam.

Cushman Series
The Cushman series consists of moderately deep, well

drained, moderately permeable soils on upland ridges,
back slopes, and pediment slopes. These soils formed in
residuum derived dominantly from calcareous shale and
sandstone. Slope is 0 to 15 percent.

Typical pedon of a Cushman loam in an area of
Cambria-Cushman complex, 6 to 15 percent slopes, in
the SW1/4 of sec. 15, T. 38 N., R. 72 W.

A-0 to 3 inches; pale brown (10YR 6/3) loam, dark
brown (10YR 4/3) moist; moderate medium
subangular blocky structure parting to weak fine
granular; slightly hard, friable, slightly sticky and
slightly plastic; neutral; clear smooth boundary.

Bt-3 to 9 inches; pale brown (10YR 6/3) clay loam,
dark brown (1OYR 4/3) moist; strong medium
prismatic structure parting to coarse angular blocky;
hard, firm, slightly sticky and slightly plastic;
common moderately thick clay films on faces of
peds and in pores; neutral; clear smooth boundary.

Btk-9 to 17 inches; light gray (2.5Y 7/2) clay loam,
grayish brown (2.5Y 5/2) moist; moderate coarse
angular blocky structure parting to moderate medium
angular blocky; hard, firm, slightly sticky and slightly
plastic; common thin clay films on faces of peds;
effervescent; mildly alkaline; gradual wavy boundary.

Bk-17 to 25 inches; pale yellow (2.5Y 7/4) loam, light
yellowish brown (2.5Y 6/4) moist; hard, friable,
sticky and slightly plastic; strongly effervescent;
moderately alkaline, clear smooth boundary.

Crk-25 to 35 inches; calcareous shale; common fine
soft masses of calcium carbonate, abrupt smooth
boundary.

2Cr-35 inches; calcareous sandstone.

The depth to bedrock ranges from 24 to 35 inches.
The depth to calcium carbonate ranges from 9 to 18
inches.

The A horizon has chroma of 2 or 3.
The Bt and Btk horizons have value of 5 or 6 when

and 4 or 5 when moist. Reaction is neutral to modera.
alkaline. The Bk horizon has value of 5 to 7 when dry
and 4 to 6 when moist.

Draknab Series

The Draknab series consists of deep, excessively
drained, rapidly permeable soils on flood plains. These
formed in Recent alluvium derived dominantly from
calcareous sedimentary rock. Slope is 0 to 3 percent.

Typical pedon of a Draknab loamy sand in an area of
Clarkelen-Draknab complex, 0 to 3 percent slopes, 1,900
feet north and 400 feet east of the southwest corner of
sec. 5, T. 40 N., R. 74 W.

Al - to 2 inches; yellowish brown (1 OYR 5/4) loamy
sand, brown (10YR 4/3) moist; weak medium and
fine granular structure; soft, very friable, nonsticky
and nonplastic; strongly effervescent; moderately
alkaline; abrupt smooth boundary.

AC-2 to 8 inches; yellowish brown (10YR 5/4) sandy
loam, brown (10YR 4/3) moist; weak medium
subangular blocky structure parting to weak medium
granular; soft, very friable, nonsticky and nonplastic;
slightly effervescent; moderately alkaline; clear
smooth boundary.
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C1-8 to 18 inches; very pale brown (IOYR 7/3) sand,
yellowish brown (10YR 5/4) moist; single grain;
loose; strongly effervescent; moderately alkaline (pH
8.0); clear wavy boundary.

C2-18 to 26 inches; pale brown (10YR 6/3) loamy
coarse sand, dark yellowish brown (1 OYR 4/4)
moist; massive; soft, very friable; strongly -- --

- effervescent; moderately alkaline; gradual smooth
boundary.

C3-26 to 60 inches; very pale brown (10YR .7/3),
stratified coarse sand and loamy sand, pale brown
(10YR 6/3) moist; single grain; loose; strongly
effervescent; moderately alkaline.

' :The profile typically is calcareous throughout, but
depth to calcium carbonate is as much as 10 inches.
Coarse fragment content ranges from 0 to 15 percent.

The A horizon has hue of 1 OYR or 2.5Y, value of 5 to
7 when dry and 4 to 6 when moist, and chroma of 2 to
4. Texture Is loam, sandy loam, or loamy sand. Reaction
is mildly alkaline or moderately alkaline.

The C horizon has hue of 2.5Y to 7.5YR. Most pedons
are highly stratified. Texture is loamy sand, loamy coarse

-sand, or sand. Thickness and texture of the strata are
highly variable. Reaction is mildly alkaline to strongly
alkaline.

Dwyer Series
The Dwyer series consists of deep, excessively

drained, rapidly permeable soils on dunes: These soils
! formed In eolian sand. Slope Is 0 to 15 percent. '

K.> /- -Typical pedon of a Dwyer loamy sand in an area of
Dwyer-Orpha loamy sands, 3 to 15 percent slopes, 50
feet west and 1,050 feet north of the southeast corner of
sec. 29, T; 35 N., R. 73 W.

A-0 to 5 inches; brown (1OYR 5/3) loamy sand, dark
brown (10YR 4/3) moist; weak coarse granular
structure parting to single grain; soft, loose; strongly
effervescent; moderately alkaline; gradual wavy
boundary.

AC-5 to 21 inches; pale brown (10YR 6/3) loamy sand,
brown (10YR 5/3) moist; single grain; soft, loose;
strongly effervescent; moderately alkaline; gradual
wavy boundary.

C-21 to 60 inches; pale brown (1 OYR 6/3) loamy sand,
brown (10YR 5/3) moist; single grain; soft, loose;
strongly effervescent; moderately alkaline.

Carbonates commonly are throughout the profile, but
in some pedons the carbonates are leached from the A
and AC horizons. -

The A horizon has value of 5 or 6 when dry and'4 or 5
when moist, and It has chroma of 3 or 4. It is loamy sand
to fine sand. The C horizon has value of 5 or 6 when dry
-'and 4 or 5 when moist, and it has chroma of 2 to 4. It is
mildly alkaline or moderately alkaline. In some pedons a

layer of sandy clay loam, clay loam, loam, or clay is
below a depth of 40 inches.'

Forkwood Series
The Forkwood series consists of deep, well drained,

' moderately permeable soils on foot slopes and'toe
slopes of rolling uplands. These soils formed in local
alluvium that'is derived from calcareous shale and in
some places has'a thin mantle of eolian deposits. Slope
is 0 to 15 percent.

Typical pedon of a Forkwood fine sandy loam in an
area of Forkwood-Cambria fine sandy loams, 0 to 6
percent slopes, 1,050 feet west and 1,600 feet north of
the southeast corner of sec. 35, T. 36 N., R. 68 W.

A-0 to 4 inches; pale brown (1 YR 6/3) fine sandy
loam, brown (10YR 5/3) moist; weak medium and
fine granular stnucture; slightly hard, very friable,
slightly sticky and slightly plastic; neutral; abrupt
smooth boundary.

BA-4 to 7 inches; pale brown (1 OYR 6/3) fine sandy
loam, brown (1OYR 5/3) moist; moderate medium
subangular blocky structure; slightly hard, friable,
slightly sticky and slightly plastic; neutral; clear
smooth boundary.

Bt-7 to 14 Inches; pale brown (1 OYR 6/3) clay loam,
brown (1 OYR 5/3) moist; strong medium and coarse
subangular blocky structure; thin continuous clay
films on faces of peds; very hard, firm, sticky and
plastic; neutral; clear smooth boundary. -

Bk1-14 to 20 Inches; light brownish gray (1OYR 6/2)
clay loam, grayish brown (10YR 5/2) moist;
moderate medium and coarse subangular blocky
structure; very hard, firm, sticky and plastic; strongly
effervescent; few fine calcium carbonate
concretions; mildly alkaline; gradual wavy boundary.

Bk2-20 to 27 inches; light gray (1 YR 7/2) clay loam,
grayish brown (10YR 5/2) moist; weak coarse
subangular blocky structure; very hard, friable, sticky
and plastic; strongly effervescent; common fine soft
masses and filaments of calcium carbonate; mildly
alkaline; diffuse wavy boundary.

Bk3-27 to 60 inches; light gray (1 OYR 7/2) clay loam,
grayish brown (1OYR 5/2) moist; massive; very hard,
friable, sticky and plastic; strongly effervescent;
many medium soft masses of calcium carbonate;
mildly alkaline.:

The depth to calcium carbonate typically is 12 to 20
inches, but it is as much as 30 inches'in some pedons.

The A horizon has hue 6f 1OYR or less; it typically is
2.5Y. It has value of 3 to 5 when moist. Reaction is
neutral or mildly alkaline.

The Bt horizon has hue of 10YR or 2.5Y, and it has
value of 5 or 6 when dry.
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The Bk horizon has hue of IOYR or 2.5Y. It is not
present in some pedons that are deeply leached.

Forkwood Variant
The Forkwood Variant consists of deep, well drained,

moderately slowly permeable soils in nearly level to
undulating areas on toe slopes and alluvial flats. These
soils formed in alluvium derived from shale with some
interbedded sandstone. Slope is 0 to 6 percent.

Typical pedon of a Forkwood Variant clay loam in an
area of Cambria Variant-Forkwood Variant complex, 0 to
6 percent slopes, 1,400 feet north and 1,100 feet west
of the southeast corner of sec. 21, T. 39 N., R. 71 W.

A-0 to 3 inches; light gray (10YR 7/2) clay loam,
grayish brown (10YR 5/2) moist; weak medium and
fine subangular blocky structure; slightly hard,
friable, slightly sticky and plastic; neutral; abrupt
smooth boundary.

Bt1-3 to 9 inches; pale brown (10YR 6/3) clay loam,
brown (1 0YR 5/3) moist; moderate medium
subangular blocky structure; hard, firm, sticky and
plastic; common thin clay films on faces of peds;
neutral; clear smooth boundary.

8t2-9 to 16 inches; pale brown (10YR 6/3) clay loam,
brown (10YR 5/3) moist; weak coarse prismatic
structure parting to moderate medium subangular
blocky; very hard, firm, sticky and plastic; common
thin clay films on faces of peds; neutral; clear
smooth boundary.

2Bkl-16 to 30 inches; light gray (2.5Y 7/2), stratified
loam, clay loam, and fine sandy loam, grayish brown
(2.5Y 5/2) moist; massive; hard, friable, slightly
sticky and plastic; few fine soft masses of calcium
carbonate and concretions of calcium carbonate in a
noncalcareous matrix; mildly alkaline; gradual
smooth boundary.

2Bk2-30 to 60 inches; light gray (IOYR 7/2), stratified
clay loam and loam, grayish brown (1OYR 5/2)
moist; massive; hard, firm, sticky and plastic; slightly
effervescent; few fine soft masses of calcium
carbonate and concretions of calcium carbonate;
moderately alkaline.

Depth to carbonates and stratified material ranges
from 12 to 24 inches. Coarse fragments typically are
absent, but where present they make up as much as 5
percent of the profile.

The A horizon has hue of 1OYR or 2.5Y, value of 6 or
7 when dry and 4 to 6 when moist, and chroma of 2 or
3. Texture is loam or clay loam. Reaction is neutral or
mildly alkaline.

The Bt horizon has hue of 10YR or 2.5Y, value of 5 or
6 when dry and 4 or 5 when moist, and chroma of 2 or
3. Texture is clay loam or heavy loam. Reaction is
neutral or mildly alkaline.

The 2Bk horizon has hue of 10YR or 2.5Y, value of 6
or 7 when dry and 5 or 6 when moist, and chroma of 2
or 3. Texture is stratified clay loam to fine sandy loarr
Reaction is mildly alkaline or moderately alkaline.

Gateson Variant
The Gateson Variant consists of shallow, well drained,

moderately permeable soils on upland shoulder slopes
and back slopes. These soils formed in residuum derived
dominantly from noncalcareous sandstone. Slope is 10
to 45 percent.

Typical pedon of a Gateson Variant loamy sand in an
area of Gateson Variant-Tassel Variant association, 10
to 45 percent slopes, in the NE1 /4NE1 /4SW1 /4 of sec.
12, T. 40 N., R. 77 W.

Oi-1 inch to 0; forest litter consisting largely of
undecomposed pine needles.

E-0 to 4 inches; pinkish gray (7.5YR 7/2) loamy sand,
pinkish gray (7.5YR 6/2) moist; weak medium platy
structure; soft, very friable, nonsticky and nonplastic;
neutral; clear smooth boundary.

Bt-4 to 11 inches; reddish yellow (7.5YR 6/6) sandy
clay loam, strong brown (7.5YR 5/6) moist;
moderate medium and coarse subangular blocky
structure; hard, friable, slightly sticky and plastic;
common thin yellowish red (5YR 5/6) clay films on
faces of peds; mildly alkaline; clear smooth
boundary.

2C-11 to 16 inches; pinkish gray (5YR 7/2) clay,
reddish brown (5YR 5/3) moist; massive; hard, f;
sticky and plastic; about 15 percent shale chips a,
sandstone channery fragments; mildly alkaline;
gradual smooth boundary.

3Cr-1 6 inches; soft interbedded noncalcareous
fractured sandstone and shale flagstones.

Depth to rock and thickness of the solum range from
15 to 24 inches. Coarse fragment content typically is
less than 15 percent.

The Bt horizon typically is 18 to 35 percent clay, but in
a few pedons it is as little as 15 percent clay. In some
pedons there is a BK or CK horizon.

Haverdad Series
The Haverdad series consists of deep, well drained,

moderately permeable soils on flood plains and low
terraces. These soils formed in stratified Recent alluvium
derived from sedimentary rock. Slope is 0 to 6 percent.

Typical pedon of a Haverdad fine sandy loam in an
area of Haverdad-Lohmiller complex, 0 to 6 percent
slopes, 1,300 feet east and 130 feet south of the
northwest corner of sec. 31., T. 40 N., R. 68 W.

A-0 to 6 inches; grayish brown (10YR 5/2) fine sandy
loam, dark grayish brown (10YR 4/2) moist;



76 Soil Survey

moderate medium and fine granular structure; soft,
* very friable, slightly sticky and slightly plastic; mildly

alkaline; abrupt smooth boundary.
iJ C1-6 to 10 inches; light brownish gray (1OYR 6/2) clay

loam, grayish brown (10YR 5/2) moist; weak
medium and fine subangular blocky structure;
slightly hard, friable, sticky and plastic; slightly
effervescent; moderately alkaline; abrupt smooth
boundary.

C2-10 to 60 inches; light brownish gray (10YR 6/2)
loam stratified with sandy loam, clay loam, and"
loamy sand, grayish brown (1 OYR 5/2) moist;
massive; soft, very friable, slightly sticky and slightly
plastic; slightly effervescent; moderately alkaline.

The profile typically is leached in the A horizon, but
some pedons are calcareous throughout.

The A horizon has chroma of 2 or 3. It is fine sandy
loam, loam, silt loam, or sandy loam. Reaction Is mildly
alkaline or moderately alkaline.

The control section is clay loam, loam, or very fine
sandy loam.

heldt Series
The Heldt series consists of deep, well drained, slowly

permeable soils on toe slopes and alluvial flats. These
soils formed in local alluvium derived dominantly from
calcareous shale. Slope is 0 to 6 percent.

Typical pedon of a Heldt clay loam in an area of
Silhouette-Heldt association, 0 to 6 percent slopes;
1,200 feet east and 75 feet south of the northwest
comer of sec. 15, T. 38 N.; R. 71 W.

E-0 to 1 inch; light gray (lOYR 7/2) clay loam, brown
(1 OYR 5/3) moist; vesicular crust; massive; slightly
hard, friable, sticky and plastic; slightly effervescent;

-neutral; abrupt smooth boundary.
AB-1 to 8 inches; light brownish gray (10YR 6/2) clay,

grayish brown (10YR 5/2) moist; weak fine
subangular blocky and granular structure; hard, firm,
sticky and'plastic; slightly effervescent; mildly
alkaline; clear smooth boundary.

Bw1-8 to' 15 inches; light brownish gray (10YR 6/2)
clay, grayish brown (10YR 5/2) moist; weak medium
-and fine subangular blocky structure; very hard, very
firm, sticky and plastic; slightly effervescent; mildly
alkaline; gradual smooth boundary.

Bw2-1 5 to 26 inches; light gray (1 OYR 7/2) clay, pale
brown (10YR 6/3) moist; weak medium angular
blocky structure; very hard, very firm, sticky and
'plastic; slightly effervescent; mildly alkaline; gradual
smooth boundary. - '

0-26 to 35 inches; pale brown (1 OYR 6/3) clay, brown
(10OYR 5/3) moist; massive; very hard, very firm,
sticky and plastic; common distinct pressure faces
at an angle of about 20 degrees from vertical;

slightly effervescent; mildly alkaline; gradual smooth
boundary.

Ck-35 to 60 inches; very pale brown (1 OYR 7/3) clay,
yellowish brown (10YR 5/4) moist; massive; very
hard, very firm, sticky and plastic; slightly
effervescent; common medium seams and filaments
of calcium carbonate; mildly alkaline.

Electrical conductivity typically is less than 4 millimhos
per centimeter, and cation exchange capacity per 100
grams of clay ranges from 90 to 100.

The E horizon' has hue of 1 0YR or 2.5Y and chroma of
2 or 3.

The Bw horizon has hue of 10YR or 2.5Y and chroma
of 2 or 3.

The Ck horizon has hue of 10YR or 2.5Y. It is mildly
alkaline or moderately alkaline.

Hiland Series
The Hiland series consists of deep, well drained,

moderately permeable soils on back slopes of rolling
uplands and adjacent foot slopes. These soils formed in
residuum and local alluvium derived from soft calcareous
sandstone and In eolian material. Slope is 0 to 15
percent. '

Typical pedon of a Hiland sandy clay loam in an area
of Hiland-Bowbac complex, 6 to 15 percent slopes,
3,000 feet west and 600 feet south of the northeast
corner of sec. 26, T. 35 N., R. 75 W.

A-0 to 3 inches; brown (10YR 5/3) sandy clay loam,
dark brown (1OYR 4/3) moist; weak medium
granular structure; soft, very friable, nonsticky and
nonplastic; neutral; clear wavy boundary.

BA-3 to 10 inches; brown (1 0YR 5/3) sandy loam, dark
brown (1 OYR 4/3) moist; moderate coarse
subangular blocky structure parting to weak fine
granular; slightly hard, very friable, slightly sticky and

- slightly plastic; neutral; 'clear wavy boundary.
Bt-10 to 19 inches; brown (10YR 5/3) sandy clay loam,

dark brown (1OYR 4/3) moist; strong very coarse
prismatic structure parting to moderate coarse
subangular blocky; hard, friable, sticky and plastic;
many moderately thick clay bridges between sand
grains; mildly alkaline; clear smooth boundary.

Btk-19 to 24 inches; grayish brown (1OYR 5/2) sandy
loam, dark grayish brown (1 0YR 4/2) moist;
moderate coarse subangular blocky structure; hard,
friable, sticky and plastic; rmany moderately thick
clay bndges between sand grains; strongly
effervescent; common'fine irregularly shaped
calcium carbonate filaments and threads;
moderately alkaline; gradual wavy boundary.

Bkl -24 to 36 inches; grayish brown (1 OYR 5/2) sandy
clay loam, dark grayish brown'(10YR 4/2)'moist;
moderate coarse subangular blocky structure; hard,
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friable, sticky and plastic; strongly effervescent;
common fine calcium carbonate filaments;
moderately alkaline; gradual wavy boundary.

Bk2-36 to 60 inches; light brownish gray (10YR 6/2)
sandy clay loam, grayish brown (1OYR 5/2) moist;
massive; slightly hard, friable, sticky and plastic;
strongly effervescent; common fine irregularly
shaped calcium carbonate filaments and threads;
moderately alkaline.

The depth to calcium carbonate ranges from 15 to 30
inches.

The A horizon is sandy loam or sandy clay loam.
The Bt horizon has hue of 2.5Y to 1OYR, and it has

value of 5 or 6 when dry and 4 or 5 when moist. Clay
content averages 24 to 34 percent. Reaction is neutral
to moderately alkaline. The Bk horizon has hue of 2.5Y
to 1 OYR, and it has value of 4 or 5 when moist. Reaction
is mildly alkaline or moderately alkaline.

Keeline Series
The Keeline series consists of deep, somewhat

excessively drained, moderately rapidly permeable soils
on ridges and sides slopes of rolling uplands. These
soils formed in wind-worked residuum derived dominantly
from calcareous sandstone. Slope is 6 to 15 percent.

Typical pedon of a Keeline sandy loam in an area of
Keeline-Tassel-Turnback complex, 6 to 15 percent
slopes; 2,100 feet north and 400 feet west of the
southeast corner of sec. 29, T. 40 N., R. 75 W.

A-0 to 3 inches; yellowish brown (10YR 5/4) sandy
loam, brown (1 OYR 4/3) moist; weak fine subangular
blocky and granular structure; soft, very friable,
nonsticky and nonplastic; slightly effervescent; mildly
alkaline; abrupt smooth boundary.

Bw-3 to 8 inches; pale brown (10YR 6/3) sandy loam,
brown (10YR 5/3) moist; weak medium subangular
blocky structure; slightly hard, friable, slightly sticky
and slightly plastic; strongly effervescent; calcium
carbonate disseminated throughout matrix; mildly
alkaline; clear smooth boundary.

C1-8 to 17 inches; very pale brown (1 OYR 7/3) sandy
loam, light yellowish brown (10YR 6/4) moist;
massive; soft, very friable, nonsticky and nonplastic;
strongly effervescent; calcium carbonate
disseminated throughout matrix; moderately alkaline;
gradual smooth boundary.

C2-17 to 30 inches; very pale brown (1 OYR 7/3) sandy
loam, pale brown (10YR 6/3) moist; massive; soft,
very friable, nonsticky and nonplastic; strongly
effervescent; calcium carbonate disseminated
throughout matrix; moderately alkaline; gradual
smooth boundary.

C3-30 to 60 inches; very pale brown (1OYR 7/3) sandy
loam, light yellowish brown (1 OYR 6/4) moist;
massive; soft, very friable, nonsticky and nonplastic;

strongly effervescent; calcium carbonate
disseminated throughout matrix; moderately alkaline

The profile is calcareous throughout in most pedonE,
but in some pedons the upper few inches is leached.

The A horizon has hue of 7.5YR or 10YR and chroma
of 3 or 4. Reaction is mildly alkaline or neutral.

The C horizon has hue of 7.5YR to 2.5Y. Reaction is
moderately alkaline or strongly alkaline.

Kishona Series

Kishona series consists of deep, well drained,
moderately permeable soils on upland hill slopes and on
adjacent toe slopes, foot slopes, and alluvial flats and
fans. These soils formed in calcareous local alluvium
derived dominantly from sedimentary rock. Slope is 0 to
15 percent.

Typical pedon of a Kishona loam in an area of
Theedle-Kishona association, 6 to 15 percent slopes;
2,600 feet east and 50 feet north of the southwest
corner of sec. 35, T. 38 N., R. 75 W.

A-0 to 3 inches; brown (IOYR 5/3) loam, brown (IOYR
4/3) moist; weak fine and medium granular
structure; soft, friable, slightly sticky and slightly
plastic; violently effervescent; moderately alkaline;
abrupt smooth boundary.

AC-3 to 12 inches; pale brown (lOYR 6/3) clay loam,
brown (IOYR 5/3) moist; moderate fine and medium
subangular blocky structure; hard, firm, sticky anc'
plastic; violently effervescent; moderately alkaline
clear smooth boundary.

C1-12 to 36 inches; light yellowish brown (2.5Y 6/4)
clay loam, light olive brown (2.5Y 5/4) moist;
massive; hard, friable, slightly sticky and slightly
plastic; violently effervescent; few fine soft masses
of calcium carbonate; moderately alkaline; gradual
smooth boundary.

C2-36 to 60 inches; light gray (2.5Y 7/2) clay loam,
light yellowish brown (2.5Y 6/4) moist; massive;
slightly hard, friable, slightly sticky and slightly
plastic; violently effervescent; few fine soft masses
of calcium carbonate; moderately alkaline.

The A horizon is loam or light clay loam.
The C horizon has hue of 1 OYR or 2.5Y. Reaction is

moderately alkaline or strongly alkaline.

Lohmiller Series

The Lohmiller series consists of deep, well drained,
moderately slowly permeable soils on narrow flood
plains. These soils formed in stratified Recent alluvium
derived from sedimentary rock. Slope is 0 to 6 percent.

Typical pedon of a Lohmiller clay loam in an area of
Haverdad-Lohmiller complex, 0 to 6 percent slopes,
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1,980 feet south and 1,580 feet west of the northeast
- orner of sec. 35, T. 37 N., R. 73 W.

v-O to 3 inches; grayish brown (2.5Y 5/2) clay !oam,
dark grayish brown (2.5Y 4/2) moist; moderate fine
subangular blocky structure; slightly hard, friable,
sticky and plastic; slightly effervescent; mildly
alkaline; clear smooth boundary. '

AO-3 to 16 inches; brown (10YR 5/3) clay, brown
(10YR 4/3) moist; moderate medium and fine
subangular blocky structure; hard, very firm, sticky
and plastic; slightly effervescent; mildly alkaline;
clear smooth boundary.

C1-16 to 19 inches; light yellowish brown (2.5Y 6/4)
clay loam, light olive brown (2.5Y 5/4) moist;
massive; hard, friable, slightly sticky'and nonplastic;
slightly effervescent; moderately alkaline; clear wavy
boundary.

C2-19 to 60 inches; light yellowish brown (2.5Y 6/4)
and brown (10YR 5/3), stratified sandy clay loam,
sandy loam, and sandy clay, light olive brown (2.5Y
5/4) and brown (10YR 4/3) moist; massive; hard,
friable, slightly sticky and plastic; slightly
effervescent; moderately alkaline.

The profile commonly is calcareous throughout, but in
some pedons the upper few inches is leached.'

The A horizon has hue of 2.5Y or IOYR, value of 5 or
6 when dry and 4 or 5 when moist, and chroma of 2 or
3. Reaction is mildly alkaline to strongly alkaline.
' The C horizon has hue of 2.5Y or 10YR. Reaction Is

* .ioderately alkaline or strongly alkaline. The control
section Is heavy clay loam or silty clay.

Orella Series
The Orella series consists of shallow, well drained,

slowly permeable soils on back slopes and ridgetops of
uplands. These soils formed In residuum derived from
sodic shale. Slope is 3 to 25 percent.

Typical pedon of an Orella clay loam' In an area of
Orella-Rock outcrop-Samday complex, 3 to 30 percent
slopes,'1,800 feet north and 1,200 feet west of the
southeast corner of sec. 2, T. 40 N., R. 71 W.

A-0 to 4 inches; light gray (2.5Y 7/2) clay loam, light
brownish gray (2.5Y 6/2) moist; weak fine
subangular blocky structure; slightly hard, friable,
sticky and plastic; few medium and fine roots;
slightly effervescent; moderately alkaline; clear
smooth boundary.

ACk-4 to 13 inches; light gray (2.5Y 7/2) light clay, light
brownish gray'(2.5Y 6/2) moist; moderate fine
angular blocky structure; hard, firm, sticky and
plastic; few fine roots; content of shale fragments
increases with increasing depth; strongly
effervescent; common medium seams of calcium

carbonate; moderately alkaline; gradual smooth
boundary.

Ck-13 to 20 inches; light brownish gray (2.5Y 6/2) clay
between weathered shale fragments, grayish brown
(2.5Y 5.2) moist; common medium yellowish red
(5YR 5/6) oxide stains on shale fragments; massive;
-hard, firm, very sticky and very plastic; few fine and
very fine roots; noneffervescent; few medium and
fine calcium carbonate concretions; moderately
alkaline; gradual smooth boundary.

Cr-20 to 60 inches; light gray (2.5Y 7/2) shale, grayish
brown (2.5Y 5.2) moist; common medium and fine
olive yellow (2.5Y 6/8) and brownish yellow (10YR
6/8) oxides and oxide stains; noneffervescent.

The depth to shale ranges from 10 to 20 inches. The
profile commonly is calcareous throughout, but in some
pedons it is leached to a depth of as much as 10 inches.

The A horizon has hue of 10YR or 2.5Y, value of 6 or
7 when dry and 5 or 6 when moist, and chroma of 2 or
3. It is typically clay loam or clay.

The Ck horizon has hue of 2.5Y or 10YR, value of 6 or
7 when dry and 5 or 6 when moist, and chroma of 2 or
3. It is clay or heavy clay loam.

Orpha Series
The Orpha series consists of deep, excessively

drained, very rapidly permeable soils on dunes. These
soils formed in eolian sand. Slope is 0 to 15 percent.

Typical pedon of an Orpha loamy sand in an area of
Dwyer-Orpha loamy sands, 3 to 15 percent slopes, 200
feet west and 1,250 feet south of the northeast corner of
sec.31,T.41 N.,R.67W.

A-0 to 6 inches, grayish brown (1 OYR 5/2) loamy sand,
dark grayish brown (110YR 4/2) moist; weak
moderate and coarse granular structure parting to
single grain; loose; mildly alkaline; gradual wavy
boundary.

0-6 to 60 inches; light brownish gray (1OYR 6/2) sand,
grayish brown (1OYR 5/2) moist; single grain; loose;
mildly alkaline.

Depth to calcium carbonate ranges from 40 to 60
inches or more.
' The A horizon has value of 5 or 6 when dry and 4 or 5

when moist, and it has chroma of 2 or 3. It is loamy sand
or sand.

The C horizon has value of 6 or 7 when dry and 5 or 6
when moist, and it has chroma of 2 to 4. Clay content
ranges from 3 to 10 percent. Reaction is neutral or mildly
alkaline.

Renohill Series
The Renohill series consists of moderately'deep, well

drained, slowly permeable soils on upland ridgetops,
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back slopes, and foot slopes. These soils formed in
residuum derived from soft shale. Slope is 0 to 15
percent.

Typical pedon of a Renohill fine sandy loam in an area
of Ulm-Renohill complex, 0 to 6 percent slopes, 2,640
feet south of the northeast corner of sec. 31, T. 38 N.,
R. 68 W.

A-0 to 5 inches; pale brown (10YR 6/3) fine sandy
loam, brown (1OYR 5/3) moist; weak fine and
medium granular structure; soft, very friable, slightly
sticky and slightly plastic; neutral; clear smooth
boundary.

Bt-5 to 20 inches; brown (10YR 5/3) clay, dark brown
(1OYR 4/3) moist; strong coarse prismatic structure
parting to coarse subangular blocky; very hard, very
firm, sticky and plastic; common moderately thick
clay films on faces of peds; mildly alkaline; gradual
wavy boundary.

Bk-20 to 36 inches; pale brown (1 OYR 6/3) clay loam,
brown (10YR 5/3) moist; moderate medium and
coarse subangular blocky structure; hard, firm, sticky
and plastic; slightly effervescent; few fine soft white
filaments and threads of carbonates; moderately
alkaline.

Cr-36 inches; calcareous shale.

The depth to bedrock ranges from 20 to 40 inches.
The depth to calcium carbonate ranges from 10 to 20
inches.

The A horizon has value of 5 or 6 when dry and 4 or 5
when moist, and it has chroma of 2 or 3. It is fine sandy
loam or clay loam.

The Bt horizon has hue of 1 OYR or 2.5Y, value of 4 to
7 when dry and 4 or 5 when moist, and chroma of 2 to
4. It is clay or clay loam and averages 37 to 46 percent
clay. Reaction is neutral to moderately alkaline.

The Bk horizon has value of 6 or 7 when dry and
chroma of 2 to 4. It is moderately alkaline or strongly
alkaline.

The Cr horizon is calcareous shale or sandstone.

Samday Series
The Samday series consists of shallow, well drained,

very slowly permeable soils on summits, shoulder slopes,
and ridges of upland hills and on scarps where the shale
beds have been exposed by geologic erosion. These
soils formed in residuum derived from soft calcareous
shale. Slope is 3 to 30 percent.

Typical pedon of a Samday clay loam in an area of
Samday-Shingle-Worf complex, 3 to 15 percent slopes,
2,500 feet north and 1,600 feet west of the southeast
corner of sec. 36, T. 37 N., R. 69 W.

A-0 to 2 inches; light brownish gray (1 OYR 6/2) clay
loam, grayish brown (lOYR 5/2) moist; moderate
coarse platy structure parting to weak fine granular;

slightly hard, friable, sticky and plastic; effervescent;
disseminated carbonates; moderately alkaline;
gradual wavy boundary.

C-2 to 10 inches; light brownish gray (10YR 6/2) clay
grayish brown (10YR 5/2) moist; strong coarse
subangular blocky structure parting to moderate fine
subangular blocky; hard, firm, sticky and plastic;
strongly effervescent; disseminated carbonates;
moderately alkaline; gradual wavy boundary.

Cky-10 to 18 inches; light brownish gray (10YR 6/2)
clay, grayish brown (10YR 5/2) moist; massive;
hard, firm, sticky and plastic; strongly effervescent;
gypsum crystals and many fine soft filaments and
threads of carbonates and gypsum crystals; about
20 percent soft weathered shale chips; moderately
alkaline, clear wavy boundary.

Cr-1 8 inches; calcareous shale and sandstone.

The A horizon has value of 6 or 7 when dry and 5 or 6
when moist. It is clay loam or clay.

The AC horizon has value of 6 or 7 when dry and 5 or
6 when moist, and it has chroma of 2 or 3. Reaction is
moderately alkaline or strongly alkaline.

The Cky horizon has value of 5 or 6 when moist.
Reaction is neutral to moderately alkaline.

The Cr horizon is calcareous shale or sandstone.

Savageton Series
The Savageton series consists of moderately deep,

well drained, slowly permeable soils on toe slopes an
alluvial flats. These soils formed in residuum or local
alluvium derived from calcareous shale. Slope is 0 to 6
percent.

Typical pedon of a Savageton clay loam in an area of
Bahl-Savageton complex, 0 to 6 percent slopes, 400 feet
north and 750 feet west of the southeast corner of sec.
31, T. 37 N., R. 68 W.

A-0 to 2 inches; gray (10YR 5/1) clay loam, dark gray
(10YR 4/1) moist; moderate medium platy structure
and moderate medium granular; slightly hard, friable,
sticky and plastic, mildly alkaline; clear wavy
boundary.

Bw-2 to 22 inches; light brownish gray (2.5Y 6/2) clay,
grayish brown (2.5Y 5/2) moist; moderate coarse
prismatic structure that parts to moderate medium
subangular blocky; hard, firm, sticky and plastic;
slightly effervescent; moderately alkaline; abrupt
wavy boundary.

Bk1-22 to 28 inches; light brownish gray (10YR 6/2)
clay, grayish brown (10YR 5/2) moist; moderate
coarse subangular blocky structure parting to fine
subangular blocky; hard, firm, sticky and plastic;
many moderately thick clay films on faces of peds;
strongly effervescent; common fine irregularly
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shaped filaments or threads of calcium carbonate;
moderately alkaline; clear smooth boundary.

Bk2-28 to 32 inches; grayish brown (1 OYR 5/2) clay,
dark brown (10YR 4/2) moist; massive; hard, firm,
' sticky and plastic; strongly effervescent; cbmmon
fine irregularly shaped filaments or threads of
calcium carbonate; moderately alkaline; abrupt wavy
boundary.

Cr-32 inches; calcareous platy shale.

-The depth to calcium carbonate ranges from 10 to 22
inches. Depth to bedrock ranges from 32 to 39 inches.

The A horizon has value of 4 to 6 when- dry and
chroma of 1 or 2.
I The Bw horizon has value of 5 or 6 when dry. It

averages 35 to 40 percent clay.

Sear Series
The Sear series consists of very shallow, well drained,

moderately permeable soils on hill slopes and on the
summit of buttes. These soils formed in residuum
derived from porcellanite. Slope is 0 to 15 percent.

Typical pedon of a Sear loam in an area of Sear-
Wibaux complex, 0 to 15 percent slopes, 1,825 feet
north and 1,650 feet west of the southeast comer of
sec. 2, T. 40 N., R. 71 W.

A-0 to 2 inches; pinkish gray (7.5YR 6/2) loam, brown
(7.5YR 4/2) moist; weak fine granular structure; soft,
very friable, slightly sticky and slightly plastic;
common fine and very fine roots and few medium
roots; about 15 percent reddish yellow (5YR 6/8)
and red (2.5YR 6/8) porcellanite fragments 0.25 to
1.0 inch in diameter; neutral; clear smooth boundary.

Bt-2 to 9 inches; brown (7.5YR 5/4) channery loam,
dark brown (7.5YR 4/4) moist; weak medium

. prismatic structure parting to moderate medium
;subangular blocky; slightly hard, friable, sticky and
.,slightly plastic; few thin clay films on faces of peds;
common fine and very fine roots; about 30 percent
red (2.5YR 6/8) and brown (7.5YR 5/4) porcellanite
fragments 0.25 inch to 2.0 inches in diameter,
neutral; clear irregular boundary.

Bkl-9 to 35 inches; red (2.5YR 6/8) and reddish yellow
(5YR 6/8) porcellanite fragments 0.5 inch to 4.0
inches in diameter; light brown (7.5YR 6/4) loam fills
voids in upper part of horizon and decreases to a
trace in lower part; calcium carbonate coating on
undersides of larger fragments; diffuse wavy
boundary., -

Bk2-35 to 60 inches; red (2.5YR 5/6 and 5/8)
porcellanite fragments 1 inch to 4 inches in
diameter; traces of red (2.5YR 5/6) sandy loam in
vertical and horizontal fractures in upper part.

Depth to calcium carbonate ranges mainly from 5 to
10 inches, but it is as much as 20 inches in some

pedons. Fragmented porcellanite makes up 90 percent
or more of all horizons below a depth of 10 inches.

The A horizon has hue of 7.5YR or 1OYR, value of 5
or 6 when dry and 4 or 5 when moist, and chroma of 2
or 3. Reaction is neutral or mildly alkaline.

The Bt horizon has hue of 5YR to 10YR, value of 5 or
6 -when dry and 4 or 5 when moist, and chroma of 2 to
4. It is clay loam or loam and is 10 to 35 percent
porcellanite fragments. Reaction is neutral to moderately
alkaline.

The Bk horizon bas traces of soil material between
porcellanite fragments.

Shingle Series
The Shingle series consists of shallow, well drained,

moderately permeable soils on ridgetops, shoulder
slopes, and back slopes of uplands and on scarps in
areas where the shale beds have been exposed by
geologic erosion. These soils formed in residuum derived
from soft calcareous shale. Slope is 3 to 45 percent.

Typical pedon of a Shingle clay loam in an area of
Worf-Shingle-Tassel complex, 3 to 30 percent slopes,
1,320 feet west and 550 feet north of the southeast
corner of sec. 30, T. 40 N., R. 68 W.

A-0 to 4 inches; light brownish gray (2.5Y 6/2) clay
loam, grayish brown (2.5Y 5/2) moist; moderate very
thin and thin platy structure parting to moderate very
fine and fine granular, slightly hard, friable, slightly
sticky and slightly plastic; slightly effervescent;
disseminated carbonates; moderately alkaline; clear
wavy boundary.

C-4 to 18 inches; light brownish gray (2.5Y 6/2) clay
loam, grayish brown (2.5Y 5/2) moist; massive;
hard, firm, sticky and plastic; strongly effervescent;
disseminated carbonates; about 15 percent shale
fragments; strongly alkaline, clear wavy boundary.

Cr-18 inches; calcareous shale.

The A horizon has hue of 10YR or 2.5Y, value of 5 to
7 when dry and 4 or 5 when moist, and chroma of 2 to
4. It is clay loam, very fine sandy loam, loam, or sandy
clay loam.

The C horizon has hue of 10YR or 2.5Y, value of 5 to
7 when dry and 4 to 6 when moist, and chroma of 2 to
4. It is mildly alkaline to strongly alkaline.

Silhouette Series
The Silhouette series consists of deep, well drained,

slowly permeable soils on foot slopes and alluvial flats.
These soils formed in local alluvium derived dominantly
from calcareous shale. Slope is 0 to 6 percent.

Typical pedon of a Silhouette clay loam in an area of
Silhouette-Heldt association, 0 to 6 percent slopes, 150
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feet west and 600 feet south of the northeast corner of
sec. 20, T. 39 N., R. 71 W.

A-0 to 2 inches; light brownish gray (10YR 6/2) clay
loam, brown (l10YR 5/3) moist; weak medium and
fine granular structure; slightly hard, very friable,
slightly sticky and slightly plastic; slightly
effervescent; mildly alkaline; abrupt smooth
boundary.

BA-2 to 6 inches; pale brown (10YR 6/3) clay, brown
(10YR 5/3) moist; weak medium subangular blocky
structure; hard, friable, sticky and plastic; slightly
effervescent; moderately alkaline; clear smooth
boundary.

Bwl-6 to 14 inches; pale brown (1OYR 6/3) clay,
grayish brown (10YR 5/2) moist; weak fine prismatic
structure; hard, friable, sticky and plastic; slightly
effervescent; moderately alkaline; clear smooth
boundary.

Bw2-14 to 22 inches; pale brown (10YR 6/3) clay,
grayish brown (10YR 5/2) moist; weak fine angular
blocky structure; very hard, firm, slightly sticky and
slightly plastic; slightly effervescent; moderately
alkaline; gradual smooth boundary.

Bkl-22 to 34 inches; very pale brown (10YR 7/3) clay,
light brownish gray (10YR 6/2) moist; massive; very
hard, firm, slightly sticky and slightly plastic; slightly
effervescent; common medium seams and filaments
of calcium carbonate; moderately alkaline; gradual
smooth boundary.

Bk2-34 to 60 inches; light gray (10YR 7/2) clay loam,
light brownish gray (10YR 6/2) moist; massive; very
hard, very firm, slightly sticky and slightly plastic;
slightly effervescent; few medium soft calcium
carbonate masses and iron concretions; mildly
alkaline.

Electrical conductivity typically is less than 4 millimhos
per centimeter, and cation exchange capacity per 100
grams of clay ranges from 80 to 90.

Tassel Series
The Tassel series consists of shallow, well drained,

moderately rapidly permeable soils on shoulder slopes
and ridgetops of uplands. These soils formed in
residuum derived from soft calcareous sandstone. Slope
is 3 to 30 percent.

Typical pedon of a Tassel loamy fine sand in an area
of Tassel-Tullock-Vonalee association, 6 to 30 percent
slopes, 1,950 feet east and 375 feet south of the
northwest corner of sec. 8, T. 40 N., R. 68 W.

A-0 to 2 inches; light brownish gray (1 OYR 5/2) loamy
fine sand, dark grayish brown (10YR 4/2) moist;
weak medium and coarse granular structure; soft,
very friable, nonsticky and nonplastic; slightly
effervescent; disseminated carbonates; mildly
alkaline; gradual wavy boundary.

AC-2 to 5 inches; light brownish gray (10YR 6/2) fine
sandy loam, grayish brown (10YR 5/2) moist; wc
medium and coarse granular structure; soft, very
friable, nonsticky and nonplastic; slightly
effervescent; disseminated carbonates; mildly
alkaline; gradual wavy boundary.

C-5 to 16 inches; pale brown (10YR 6/3) fine sandy
loam, brown (10YR 5/3) moist; weak very fine and
fine subangular blocky structure; soft, very friable,
slightly sticky and nonplastic; common very fine
pores; slightly effervescent; disseminated
carbonates; mildly alkaline, clear wavy boundary.

Cr-16 inches; soft, calcareous, light gray (5Y 7/1)
sandstone.

The profile is neutral to moderately alkaline. It
commonly has calcium carbonate throughout, but in a
few areas it is noncalcareous.

The A horizon is loamy fine sand, loamy sand, sandy
loam, or fine sandy loam.

The C horizon has chroma of 3 or 4. The control
section is fine sandy loam or sandy loam.

Tassel Variant

The Tassel Variant consists of very shallow, well
drained, moderately rapidly permeable soils on ridges of
rolling and hilly uplands. These soils formed in residuum
derived from calcareous sandstone interbedded with
shale. Slope is 10 to 30 percent.

Typical pedon of a Tassel Variant very fine sandy i
in an area of Gateson Variant-Tassel Variant associatioin
10 to 45 percent slopes, in the S1 /4 of sec. 11, T. 40 N.,
R. 77W.

A-0 to 4 inches; light yellowish brown (10YR 6/4) very
fine sandy loam, dark yellowish brown (1 OYR 4/4)
moist; weak fine subangular blocky structure; soft,
very friable, nonsticky and nonplastic; strongly
effervescent; mildly alkaline; clear smooth boundary.

Ck-4 to 9 inches; gray (5YR 5/1) loam, dark gray (5YR
4/1) moist; massive; slightly hard, friable, slightly
sticky and slightly plastic; strongly effervescent; few
fine soft masses and filaments of calcium carbonate;
moderately alkaline; gradual wavy boundary.

Cr-9 inches; interbedded sedimentary rock, dominantly
shale.

Depth to soft sedimentary rock ranges from 5 to 10
inches. Content of coarse fragments does not normally
exceed 5 percent, but in some areas as much as 10
percent of the surface is covered with ironstone
flagstones.

The A horizon has hue of 10YR or 2.5Y, value of 6 or
7 when dry and 4 or 5 when moist, and chroma of 2 to
4. Texture is fine sandy loam or very fine sandy loam.
Reaction is neutral or mildly alkaline.
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'' The Ck horizon has hue of 5YR to IOYR, value of 5 or
when dry and 4 or 5 when moist, and chroma of 1 to
: .Texture is loam or sandy loam. Reaction is mildly

alkaline or moderately alkaline.

Terro Series

The Terro series consists of moderately deep,
somewhat excessively drained, moderately rapidly
permeable soils on ridges, hill slopes, and pediment
slopes of uplands. These soils formed in residuum
derived from soft calcareous sandstone. Slope is 0 to 30
percent. '

Typical pedon of a Terro sandy loam (fig. 4) in an area
of Vonalee-Terro complex, 0 to 15 percent slopes, 1,000
feet west and 1,250 feet south of the northeast corner of
sec. 17, T. 31 N., R. 74 W.

A-0 to'4 inches; brown (10YR 5/3) sandy loam, dark
brown (IOYR 4/3) moist; weak medium and fine
granular structure; loose, slightly sticky and slightly
plastic; neutral; clear smooth boundary. '

Btl-4 to 10 Inches; brown (10YR 5/3) sandy loam, dark
brown (10YR 4/3) moist; moderate coarse
subangular blocky structure; slightly hard, very
friable, slightly sticky and slightly plastic, clear
smooth boundary..

Bt2-10 to 23 Inches; pale brown (1 OYR 6/3) sandy
loam, brown (10YR 5/3) moist; weak coarse -
subangular blocky structure; slightly hard, very
friable, slightly sticky and slightly plastic;'common
thin clay. bridges between sand grains; mildly
alkaline; clear smooth boundary.

Bk-23 to 34 inches; light gray (11 YR 7/2) sandy loam,
light brownish gray (10YR 6/2) moist; weak medium
and coarse subangular blocky structure; slightly
hard, very friable, slightly sticky and slightly plastic;
violently effervescent; many fine irregularly shaped
soft'masses of'calcium carbonate; moderately
alkaline; clear Irregular boundary. -

Cr-34 inches; white (10YR 8/2) calcareous coarse-
grained soft sandstone.

The depth to continuous carbonates ranges from 15 to
30 inches. Depth to bledrock ranges from 26 to 39
inches.. -

The A horizon has valu6 of 5 or 6 when dry and
chroma of 2 or 3. It Is sandy loam or fine sandy loam.

The Bt horizon has value of 5 or 6 when dry and
chroma of 3 or 4. Reaction is neutral to moderately
alkaline.

The Bk horizon has value of 6 or,7 when dry and 5 or
6 when moist, and it has chroma of 2 to 4. It Is neutral to
moderately alkaline.

Figure 4.-Profile of Terra sandy loam. Soft sandstone Is at depth
of 2 feet; some roots hive penetrated to depths of 3 feet In
softer solts.

- - - - II iT 'T I-I -- T I-- --
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The Theedle series consists of moderately deep, well

drained, moderately permeable soils on ridges, hill
slopes, and pediment slopes of uplands and on alluvial
fans and foot slopes adjacent to major and minor
drainageways. These soils formed in residuum derived
from calcareous shale. Slope is 0 to 30 percent.

Typical pedon of a Theedle loam in an area of
Zigweid-Cambria-Theedle association, 6 to 15 percent
slopes, 1,580 feet south and 10 feet west of the
northeast corner of sec. 19, T. 35 N., R. 67 W.

A-0 to 2 inches; pale brown (10YR 6/3) loam, brown
(1 OYR 5/3) moist; weak fine granular structure;
slightly hard, very friable, slightly sticky and slightly
plastic; strongly effervescent; calcium carbonate
disseminated throughout matrix; mildly alkaline; clear
wavy boundary.

AC-2 to 5 inches; pale brown (1 OYR 6/3) loam, brown
(10YR 5/3) moist; weak medium and fine
subangular blocky structure; hard, friable, slightly
sticky and slightly plastic; strongly effervescent;
calcium carbonate disseminated throughout matrix;
mildly alkaline; gradual wavy boundary.

Ck-5 to 20 inches; light gray (10YR 7/2) loam, very
pale brown (10YR 7/4) moist; massive; hard, friable,
slightly sticky and slightly plastic; strongly
effervescent; common fine masses and seams of
calcium carbonate; moderately alkaline; gradual
wavy boundary.

Ck2-20 to 28 inches; light brownish gray (1 OYR 6/2)
clay loam, grayish brown (10YR 5/2) moist; massive;
very hard, friable, sticky and plastic; strongly
effervescent; few fine soft masses and seams of
calcium carbonate; strongly alkaline; clear wavy
boundary.

Crk-28 to 48 inches; gray (10YR 5/1) clay shale
changing with depth to light gray (1OYR 6/1)
noncalcareous; common medium seams and
filaments of calcium carbonate that decrease in
number and size as depth increases.

The C horizon has hue of 1OYR to 5Y and value of 5
or 6 when moist. Reaction is moderately alkaline or
strongly alkaline. Texture is loam or light clay loam.

Tullock Series
The Tullock series consists of moderately deep,

excessively drained, rapidly permeable soils on shoulder
slopes, back slopes, and ridges of upland hills. These
soils formed in residuum derived from calcareous
sandstone. Slope is 0 to 30 percent.

Typical pedon of a Tullock loamy sand in an area of
Tassel-Tullock-Vonalee association, 6 to 30 percent
slopes, 1,200 feet west and 1,000 feet north of the
southeast corner of sec. 29, T. 35 N., R. 73 W.

A-0 to 5 inches; brown (1 OYR 5/3) loamy sand, dark
brown (10YR 4/3) moist; weak medium and fine
crumb structure; soft, loose; slightly effervescent
disseminated calcium carbonate; mildly alkaline;
clear wavy boundary.

AC-5 to 20 inches; brown (10YR 5/3) sand, dark brown
(10YR 4/3) moist; massive; soft, loose; strongly
effervescent; disseminated calcium carbonate; mildly
alkaline; clear wavy boundary.

C.-20 to 31 inches; pale brown (1 OYR 6/3) loamy sand,
brown (10YR 5/3) moist; massive; soft, loose;
strongly effervescent; disseminated calcium
carbonate; mildly alkaline; clear wavy boundary.

Cr-31 inches; soft calcareous sandstone.

The depth to bedrock ranges from 24 to 36 inches.
The A horizon has hue of 1 OYR or 2.5Y, value of 5 or

6 when dry and 4 or 5 when moist, and chroma of 2 to
4. Reaction is mildly alkaline or moderately alkaline.

The AC horizon has hue of 10YR or 2.5Y, value of 5
or 6 when dry and 4 or 5 when moist, and chroma of 2
to 4. It is loamy sand, fine sand, loamy fine sand, or fine
sandy loam. Reaction is mildly alkaline or moderately
alkaline.

The C horizon has hue of 10YR or 2.5Y, value of 6 or
7 when dry and 5 or 6 when moist, and chroma of 2 to
4. Reaction is mildly alkaline or moderately alkaline.

The Cr horizon is dominantly soft calcareous
sandstone, but in some pedons it is interbedded with
seams of calcareous shale.

Turnback Series
The Turnback series consists of moderately deep, well

drained, moderately rapidly permeable soils on upland
ridgetops and shoulders. These soils formed in wind-
worked residuum derived from calcareous sandstone.
Slope is 6 to 15 percent.

Typical pedon of a Turnback loamy fine sand in an
area of Keeline-Tassel-Turnback complex, 6 to 15
percent slopes, 2,500 feet east and 1,900 feet north of
the southwest corner of sec. 19, T. 39 N., R. 74 W.

A-0 to 4 inches; pale brown (IOYR 6/3) loamy fine
sand, brown (1OYR 5/3) moist; weak fine granular
structure; loose, nonsticky and nonplastic; few fine
calcium carbonate seams; moderately alkaline; clear
smooth boundary.

Bwl-4 to 8 inches; pale brown (1OYR 6/3) sandy loam,
yellowish brown (1OYR 5/4) moist; weak medium
and fine subangular blocky structure; loose,
nonsticky and nonplastic; violently effervescent; few
fine calcium carbonate seams; moderately alkaline;
clear smooth boundary.

Bw2-8 to 20 inches; light yellowish brown (2.5Y 6/4)
sandy loam, light olive brown (2.5Y 5/4) moist; weak
medium subangular blocky structure; soft, very

7' -1r1' M -
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friable, slightly sticky and slightly plastic; strongly
.effervescent; common medium and fine calcium
carbonate seams; moderately alkaline; clear wavy
boundary.

'Bkl-20 to 30 inches; pale yellow (2.5Y 7/4) sandy
loam, light olive brown (2.5Y,5/4) moist; massive
with some inherited rock structural planes;-soft,-very
friable, slightly sticky and slightly plastic; strongly
effervescent; few medium and coarse soft masses
of calcium carbonate and few fine calcium*
carbonate seams; moderately alkaline; gradual wavy
boundary.

Cr-30 Inches; yellow (IOYR 7/8) soft calcareous
sandstone; moderately alkaline; very slightly
effervescent.

The profile commonly is leached in the upper few
inches, but in some pedons it is calcareous throughout.

'Coarse fragment content is typically less than 5 percent.

Ulm Series
The Ulm series consists of deep, well drained,

moderately permeable to slowly permeable soils on
alluvial flats and toe slopes and on foot slopes of rolling
uplands. These soils formed in' local alluvium derived
from soft calcareous shale. Slope is O to 15 percent.

Typical pedon of an Ulm loam in an area of Ulm-
Bidman complex, 0 to 6 percent slopes, 751 feet west
and 203 feet north of the southeast corner of sec. 32, T.
35 N., R. 70 W.

.- O to 5 inches; brown (10YR 5/3) loam, dark brown
(10YR 4/3) moist; weak fine and medium
subangular blocky structure parting to moderate
medium granular, slightly hard, very friable, slightly
sticky and slightly plastic; neutral; gradual wavy'
'boundary.'

Btl-5 to 9 inches; brown (1OYR 5/3) clay loam, dark
brown (IOYR 4/3) moist; moderate fine and medium
prismatic structure parting to moderate fine and
medium subangular blocky; hard, friable,'sticky and
plastic; few thin clay bridges between mineral grains;
neutral; clear wavy boundary.

Bt2-9 to 21 inches; brown (11 YR 5/3) clay, dark brown
(110YR 4/3) moist; strong fine and medium prismatic
structure parting to strong fine and medium
subangular blocky; very hard, very firm, very sticky
and very plastic; many moderately thick clay films on
faces of peds; mildly alkaline; gradual wavy
boundary. -

Bk1-21 to 36 inches; pale brown (10YR 6/3) clay loam,
brown (10YR 5/3) moist; moderate fine and medium
prismatic structure parting to moderate'fine and
medium subangular blocky; very hard, very firm,
sticky and plastic; strongly effervescent; common
medium masses'of carbonates; moderately alkaline;
clear wavy boundary. '

Bk2-36 to 60 inches; light yellowish brown (10YR 6/4)
sandy clay loam, yellowish brown'(10YR 5/4) moist;
massive; hard, friable, sticky and plastic; violently
effervescent; common fine masses of carbonates;
moderately alkaline.

--The depth to calcium carbonate ranges from 15 to 28
inches.

The A horizon has value of 4 to 7 when dry and 4 or 5
when moist, and it has chroma of 2 or' 3. It is loam or
clay loam.

The Bt horizon has value of 5 or 6 when dry and 4 or
5 when moist, and it has chroma of 2 to 4. Texture is
clay, clay loam, or sandy clay that averages 37 to 45
percent clay. Reaction is neutral or mildly alkaline.

The Bk horizon has hue of 10YR or 2.5Y, value of 5 to
7 when dry and 4 to 6 when moist, and chroma of 1 to
4. Texture is clay loam, fine sandy loam, sandy loam,
loam, or sandy clay loam. Reaction Is moderately
alkaline or strongly alkaline.

Ustic Torriorthents
Ustic Torriorthents are mainly deep, well drained soils

of variable permeability around coal and uranium strip
mines and porcellanite borrow areas. These soils formed
in recently reclaimed overburden from mining operations.
Slope Is 3 to 30 percent.'

Reference pedon of Ustic Torriorthents, reclaimed, 3
to 30 percent slopes, 800 feet south and 250 feet west
of the northeast corner of sec. 10, T. 35 N., R. 75 W.

A-O to 5 inches; brown (10YR 5/3) sandy loam, brown
(1OYR 4/3) moist; massive; slightly hard, friable,
slightly sticky and slightly plastic; moderately acid;
clear wavy boundary.

C1-5 to 9 inches; light gray (10YR 7/2) loamy sand,
light brownish gray (IOYR 6/2) moist; massive;
loose, very friable, nonsticky and nonplastic;'
extremely acid; gradual broken boundary.

C2-9 to 15 inches; reddish yellow (7.5YR 6/8) loamy
sand, strong brown (7.5YR 6.8) moist; massive; -
loose, very friable, nonsticky and nonplastic;
extremely acid; gradual broken boundary.

C3-15 to 20 Inches; light brownish gray (10YR 6/2)
loamy sand, grayish brown (10YR 5/2) moist;
massive; loose, very friable, nonsticky and
nonplastic; about 10 percent fine coal fragments;
extremely acid; gradual broken boundary.

C4-20 to 60 inches; light gray (11 YR 7/2) loamy sand,
light brownish gray (10YR 6/2) moist; massive;
loose, very friable, nonsticky and noniplastic; very
strongly acid. ' -

Reaction ranges from extremely acid to moderately
alkaline. The control section is loamy sand to clay loam.
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Thin seams of mostly shale or coal fragments are
present in some pedons.

Vonalee Series
The Vonalee series consists of deep, somewhat

excessively drained, rapidly permeable soils in undulating
to rolling areas on uplands and high terraces. These
soils formed in eolian sand and wind-reworked
sandstone residuum. Slope is 0 to 15 percent.

Typical pedon of a Vonalee loamy sand in an area of
Vonalee-Terro complex, 6 to 15 percent slopes, 100 feet
west and 1,600 feet north of southeast corner of sec. 29,
T. 35 N., R. 73 W.

A-0 to 4 inches; yellowish brown (10YR 5/4) loamy
sand, dark yellowish brown (10YR 4/4) moist;
moderate thin platy structure parting to weak fine
granular; soft, loose, nonsticky and nonplastic;
neutral; gradual wavy boundary.

BA-4 to 10 inches; yellowish brown (1OYR 5/4) sandy
loam, dark yellowish brown (10YR 4/4) moist;
moderate coarse subangular blocky structure; soft,
very friable, nonsticky and nonplastic; neutral;
gradual wavy boundary.

Btl-10 to 17 inches; grayish brown (1OYR 5/2) sandy
loam, dark grayish brown (10YR 4/2) moist;
moderate coarse subangular blocky structure; soft,
very friable, slightly sticky and slightly plastic; few
thin clay bridges between sand grains; mildly
alkaline; gradual wavy boundary.

Bt2-17 to 24 inches; yellowish brown (1OYR 5/4) sandy
loam, dark yellowish brown (1 OYR 4/4) moist;
moderate coarse subangular blocky structure;
slightly hard, very friable, slightly sticky and slightly
plastic; few thin clay bridges between sand grains;
moderately alkaline; clear wavy boundary.

Bkl -24 to 44 inches; brown (1 OYR 5/3) loamy sand,
dark brown (10YR 4/3) moist; moderate coarse
prismatic structure; soft, loose, nonsticky and
nonplastic; slightly effervescent; mildly alkaline; clear
wavy boundary.

Bk2-44 to 60 inches; light brownish gray (1 OYR 6/2)
loam, grayish brown (10YR 5/2) moist; massive;
slightly hard, friable, sticky and plastic; violently
effervescent; many fine and medium irregularly
shaped threads and filaments of calcium carbonate;
moderately alkaline.

Wibaux Series
The Wibaux series consists of shallow, somewhat

excessively drained, moderately permeable soils on hill
slopes, buttes, and ridge crests of uplands. These soils
formed in residuum derived from porcellanite. Slope is 0
to 45 percent.

Typical pedon of a Wibaux channery loam in an area
of Sear-Wibaux complex, 0 to 15 percent slopes, 1,450

feet west and 1,300 feet south of the northeast corner of
sec. 2, T. 40 N., R. 71 W.

A-0 to 4 inches; pinkish gray (7.5YR 6/2) channery
loam, brown (7.5YR 5/4) moist; weak fine granular
structure; soft, friable; about 35 percent red (2.5YR
4/8) porcellanite fragments 0.5 inch to 1.5 inches in
diameter; mildly alkaline; clear smooth boundary.

AC-4 to 11 inches; light brown (7.5YR 6/4) very
channery loam, brown (7.5YR 4/4) moist; very weak
fine granular structure; soft, very friable; about 75
percent brown (7.5YR 4/4) porcellanite fragments
0.5 inch to 2.0 inches in diameter; neutral; clear
smooth boundary.

C-11 to 28 inches; dark yellowish brown (1 OYR 4/6)
fragmented porcellanite grading to strong brown
(7.5YR 5/6) in the lower part; single grain; yellowish
brown (1 OYR 5/6) sandy loam occupies narrow
voids between 1- to 3-inch fragments; neutral;
gradual wavy boundary.

Ck-28 to 60 inches; red (2.5YR 5/6) porcellanite
flagstones underlain by red (2.5YR 5/6) fractured
porcellanite; traces of light reddish brown (2.5YR
6/3) sandy loam, mostly along vertical fractures,
extend to a depth of about 45 inches; calcium
carbonate coatings on underside of larger
flagstones.

Depth to calcium carbonate and porcellanite ranges
from 10 to 20 inches.

The A horizon has hue of 2.5YR to 7.5YR, value
or 6 when dry and 4 or 5 when moist, and chroma 0!

to 4. Reaction is neutral or mildly alkaline. Texture is
commonly loam that has 20 to 60 percent porcellanite
fragments.

The C horizon has hue of 1OR to 5YR, value of 5 or 6
when dry and 4 or 5 when moist, and chroma of 3 to 6.
Reaction is neutral to moderately alkaline. The horizon
commonly is fractured porcellanite with loam or sandy
loam in the voids in the upper part grading to largely in
place fractured porcellanite with traces of soil in voids in
the lower part.

Worf Series
The Worf series consists of shallow, well drained,

moderately permeable soils on shoulder slopes, back
slopes, and ridges and other summits of rolling uplands.
These soils formed in residuum derived from interbedded
shale and sandstone. Slope is 3 to 30 percent.

Typical pedon of a Worf fine sandy loam in an area of
Worf-Shingle-Tassel complex, 3 to 30 percent slopes, in
the NW1 /4NW1 /4NW1/4 of sec. 29, T. 35 N., R. 73 W.

A-O to 2 inches; grayish brown (1 OYR 5/2) fine sandy
loam, dark grayish brown (10YR 4/2) moist; weak
thin platy structure parting to weak fine granular;
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soft, loose, slightly sticky and slightly plastic; neutral;
clear wavy boundary.

- t1-2-to-8 inches; brown-(10YR-5/3) sandy-clay loam,
dark brown (10YR 4/3) moist; moderate coarse
subangular blocky structure; slightly hard,'friable,
sticky and plastic; few thin clay films on ped faces;
mildly alkaline;'clear wavy boundary. '

Bt2-8 to 14 inches; brown (1OYR 5/3) sandy clay loam,
dark brown (10YR 4/3) moist; strong coarse
prismatic structure parting to moderate fine and
medium subangular blocky; hard, firm, sticky and
plastic; common moderately thick clay films on ped
faces; mildly alkaline; clear wavy boundary.

Bk-14 to 18 inches; light yellowish brown (2.5Y 5/3)
sandy clay loam, light olive brown (2.5Y 5/4) moist;
massive; hard, firm, sticky and plastic; strongly
effervescent; disseminated calcium carbonates and
few fine calcium carbonate filaments; moderately
'alkaline; abrupt wavy boundary.

Cr-18 inches; soft calcareous shale.

Depth to calcium carbonate ranges from 7 to 18
inches, and depth to bedrock ranges from 14 to 19
inches. Rock fragment content is 0 to 18 percent but
typically is less than 3 percent. In some areas gravel
covers 15 percent of surface.

The A horizon has value 5 or 6 when dry and 3 to 5
when moist, and it has chroma of 2 or 3. It is fine sandy
loam, sandy loam, or loam.

The Bt horizon has hue of 2.5Y to 7.5YR, value of 5 to
7 when dry and 4 or 5 when moist, and chroma of 2 to

It Is sandy clay loam, clay loam, or loam and is 22 to
K> 384 percent clay. Reaction is neutral to moderately

alkaline.
The Bk horizon has hue of 2.5Y or 10YR, value of 5 to

7 when dry and 4 to 6 when moist, and chroma of 2 to
4.

The Cr horizon is soft, interbedded shale and
sandstone.

Worfka Series
The Worfka series consists of shallow, well drained,

slowly permeable soils on summits and back slopes of
undulating to rolling uplands. These soils formed in
residuum derived from interbedded shale and sandstone.
Slope Is 0 to 15 percent.

Typical pedon of a Worfka fine sandy loam in an area
of Renohill-Worfka-Shingle complex, 6 to 15 percent
slopes, 2,640 feet south and 300 feet east of the
northwest corner of sec. 21., T. 36 N., R. 70 W.

A-0 to 3 inches; grayish brown (10YR 5/2) fine sandy
loam, dark grayish brown (1 OYR 4/2) moist; weak
coarse subangular blocky structure parting to
moderate very fine granular; soft, very friable,
slightly sticky and slightly plastic; neutral; abrupt
smooth boundary.

Bt-3 to 8 inches; pale brown (1OYR 6/3) clay, brown
(10YR 5/3) moist; strong coarse subangular blocky

--- -structure parting-to-moderatelyf-ine-subangular
blocky; slightly hard, friable, sticky and plastic; many
moderately thick clay films on faces of peds; mildly
alkaline; gradual wavy boundary.

Btk-8 to 14 -inches; -light yellowish brown (1OYR 6/4)
clay loam,' pale' brown (1OYR 6/3) moist; strong
coarse subangular blocky structure parting to weak
fine subangular blocky; slightly hard, friable, sticky
and plastic; many moderately thick clay films on
faces of peds; strongly effervescent; common fine
irregularly shaped calcium carbonate in seams;
moderately alkaline; gradual wavy boundary.

Cr-14 inches; soft calcareous shale.

Depth to bedrock ranges from 10 to 20 inches.
The A horizon has value of 5 or 6 when dry and 4 or 5

when moist, and it has chroma of 2 to 4. Texture is fine
sandy loam, sandy loam, loam, or clay loam.

The Bt horizon has value 5 or 6 when dry and 4 or 5
when moist, and it has chroma of 2 to 4. It is clay or clay
loam. Reaction is neutral to moderately alkaline.

The Btk horizon has hue of 2.5Y to 1 OYR, value of 5
to 7 when dry and 5 or 6 when moist, and chroma of 2
to 4. It is mildly alkaline to strongly alkaline.

The Cr horizon is soft interbedded shale and
sandstone.

Zigweld Series
The Zigweid series consists of deep, well drained,

moderately permeable soils on foot slopes, toe slopes,
and alluvial flats. These soils formed in local alluvium
derived dominantly from calcareous shale. Slope is 0 to
15 percent.

Typical pedon of a Zigweid clay loam in an area of
Zigweid-Cambria-Theedle association, 6 to 15 percent
slopes, 300 feet east and 1,800 feet north of the
southwest comer of sec. 4, T. 38 N., R. 74 W.

A-0 to 3 inches; brown (1 YR 5/3) clay loam, dark f'
grayish brown (1OYR 4/2) moist; weak medium platy
structure parting to weak fine subangular blocky;
hard, friable, sticky and plastic; neutral; abrupt
smooth boundary.

Bw-3 to 9 Inches; pale brown (110YR 6/3) clay loam,
grayish brown (10YR 5/2) moist; moderate medium
and fine subangular blocky structure; hard, friable,
sticky and plastic; strongly effervescent; neutral;
clear smooth boundary.

Bkl-9 to 28 inches; light brownish gray (2.5Y 6/2) clay
loam, grayish brown (2.5Y 5/2) moist; weak fine
subangular blocky structure; hard, friable, sticky and
plastic; violently effervescent; common fine soft
masses and filaments of calcium carbonate;
moderately alkaline; gradual smooth boundary.
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Bk2-28 to 60 inches; light brownish gray (2.5Y 6/2)
clay loam, grayish brown (2.5Y 5/2) moist; massive;
slightly hard, friable, sticky and plastic; violently
effervescent; few fine soft masses and filaments of
calcium carbonate; moderately alkaline.

The A horizon has hue of 10YR or 2.5YR. Some
pedons have weak platy structure in the surface layer.

Texture is loam or clay loam. Reaction is neutral to
moderately alkaline.

The Bw horizon has hue of 10YR or 2.5Y and chrr'
of 2 to 4. Reaction is neutral to moderately alkaline.

The Bk horizon has hue of 2.5YR or 1OYR. Reactions-
centers on moderately alkaline. A Ck horizon is present
in some pedons.
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YJ inbol < means less than; > means more than. Absence of an entry indicates that data were not estimated]

' -I j Classification Free- Percentage passing
Soil name and Depth USDA texture .ments sieve nu0 ber-- Ltd Plas-
map symbol Unified AASHTO > 3 limit ticity

I_ I inches 4 1 10 40 -200 index
I n

101*:
lbsted -

Arvada-

SM
CH, CL

MVL

0-3
30-60

rct

Fine sandy loam
Clay, clay loam

0-3 ILoam--
3-22 Clay

22-60 Clay

CLfML
CL, CH
CL

0-2
2-5
5-60

Clay loam-
Clay loam---
Clay loam, clay

CL
CL,
CL,

CH
CH

CH
102------
Aeric
laplaquepts

103*:
ahl i- ---

Savageton--

Cambria-----

CusuMsn

105*:
Cambria---- -

Cushman

106*:
Cambria Variant-

0-8 I Clay loam -- a CL
8-60 Clay - CL,

0-4 Clay--- JCL
4-60 Clay-- ICL, CH

0-2
2-32
32

Clay loam
Ciay…------
Unweathered
bedrock.

CL, CH
CL, CH

A-4
A-7

A-4
A-7
A-7

A-6
A-7
A-7

A-6, A-7
A-7

A-6, A-7
A-7

A-7
A-7

A-4
A-4, A-6
A-4, A-6

A-4
A-6
A-6

__
A-4
A-4
A-4, A-6

A-4
A-6
A-6

A-4
A-6
A-6

0-5
0

0
0
0

0
0
0

0
0

0
0

0
0

0
0
0

0
0
0

85-100
85-100

90-100
80-100
80-100

90-100
90-100
90-100

100
100

100
100

100
100

95-100
95-100
195-10

90-100
90-100
90-100

85-100
85-100

95-100
75-100
75-100

90-100l
90-100
90-1001

85-95
70-100
70-100

80-90
80-90
80-90

95-100
100

100
100

95-100
95-100
95-100

90-100
90-100
90-100

65-80 13-50
80-100 70-95

85-100160-80
90-100185-95

90-100 85-95
100 190-100

70-80
65-95
55-90

70-80
70-80
70-80

75-90
80-95

15-20
40-60

15-25
40-65
40-45

30-40
40-55
40-55

35-50
45-65

35-45
40-60

40-55
40-55

20-25
25-40
25-40

20-30
30-40
30-40

NP-5
20-30

5-10
20-35
2v-25

10-15
20-35
20-35

15-25
25-40

15-25
20-35

20-35
20-35

NP-5
5-15
5-15

NP-10
10-20
10-20

0-2 FiDe sandy loam
2-10 Sandy clay loam

SM
CL-ML,

90-100
90-100

60-80
75-85
85-95

70-85
80-90
80-90

nn I " IJAuVu

0-4
4-15

15-33

33

0-4
4-8
8-60

0-3
3-17

17-25
25

0-2
2-16

16-60

.*s,

Loam- ij L.LZU,
Clay loam---- CL
Sandy clay loam, |CL
clay loam

Weatbered bedrock' -

Sandy loam---- SM
Loa --- Ct-ML,
Loa---_ CL-ML,

r-nmrT-.-

CL
CL

ML

ML
CL

85-95
85-95

35-45
55-75
70-80

60-70
70-80
70-80

35-45
60-70
55-75

60-70
70-80
70-80

35-45
60-70
55-65

ML.,

Clay loam- CL
iCL

0
0
0

0
0
0

0
0
0

95-100
95-100
95-100

90-100
90-100

j90-100

1- 1

95-100'
95-100l
95-100;

95-100
i95-100
95-100

90-100
90-100
90-100

95-100
95-100
95-100

60-80
75-85
75-85

70-85
80-90
80-90

60-80
75-85
75-85

20-25
20-30
25-40

20-30
30-40
30-40

___

30-40
25-35

NP-5
NP-10
5-15

NP-IO
10-20
10-20

NP
10-15
10-15

Weathered bedrock

Fine sandy loam
Clay loam, loam
Stratified clay

loam to sandy
loam. .

SM
CL
CL

See footnote at end of table.
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TABLE 11.-ENGINEERING INDEX PROPMUIES--Continued
- - Y�I

f' *1 name and tDepthi
Classification

USDA texture
'J syl

106*:
Forkwood

abol Unified AASHTO

frag-
oents
> 3

inches

Percentage passing
sieve number- Liquid

limit
4 10 40

Plas-
ticity
index200

4-4 4 t��4II4�y4

Variant

107*:
Clarkelen

Dralcnab--

108*:
Clarkelen---

Dwyer-----

Orpha a-

109*:
Clarkelen--

Kerdeada

Bigwinder-

110*:
Cusbman'

Terro- --

111*:--' .
Cushiian----

IDi

0-3
3-16

16-60

I

0-3
3-60

0-2
2-60

0-3
3-60

Clay loam---
Clay loam-----
Stratified fine
sandy loam to
clay loam.

'CL
CL

1c-i~L, CL

Sandy loam--
Stratified sand
,to silt loam

Loamy sand--
Stratified sandy

loam to sand.

Sandy loam-
Stratified sand
to silt loam.

SM
SM, SP-SM

A-6
A-6
A-4, A-6

A-2, A-4
A-2

A-2
A-1, A-2,
A-3

A-2, A-4
A-2

A-2
A-3, A-2

A-2
A-2

A-2, A-4
A-2

A-4
A-4, A-6

0-5 I rsand-- I-SM
5-6 Loay sand-- SP-SM, SM

0-5 ]Loamy sand SM
5-60 Sad- --- SH

0-3
3-60

0-6
6-60

0-3
3-24

0-4
4-15

15-33
33

044-23
23-34
34

0-3 -
3-17

17-25
25

Sandy loam---
Stratified sand
to silt loam.

Fine sandy loam
Stratified fine
sandy loam to
clay loam.

... I

SM
SM

SM, ML.
CL-ML, CL

0
0
0

0
0-5

0
0-5

0
0-5

0
0

0
0

0
0-5

0
0

0
0

:0
0

' 0

015
0-15
0-15

0-1

0
0

100 95-100155-75
95-lW0j 90-100 55-70

95-100
95-100
95-100

100
195-100

100
85-100

100
100

100
95-100

100 165-80
75-100150-80

95-100
95-100
95-100

95-100
95-100

95-100
90-100

50-60
60-80

55-75
55-70

75-90
80-95
60-80

95-100155-75
90-100 55-70

100 195-100150-70
95-100185-100145-60

55-70
65-80
50-65

25-40
25-35

20-35
5-25

25-40
25-35

20-35
5-35

20-30
15-35

25-40
25-35

35-65
50-60

25-35
35-45

60-70
70-80
70-80

30-45
30-45
30-40

60-70
70-80
70-80

20-25

kct

25-40
30-40
20-35

20-25

75-100175-100 60-90
75-10075-100 70-90

Fine sandy
Stratified
to loam.

A-2
A-4

loam SM
sand S1, SM-SC

Loam--"
Clay loam---
Loam, clay loam'
Weathered bedrock

Sandy loam----
Sandy-loam -
Sandy lo
Weathered bedrock

.- I

CL-NL, ML1
CL
CL

_ I

A-4
A-6
A-6

A-2, A-4
A-2, A-4-
A-2, A-4

A-4
A-6
A-6_

100
100

90-100
90-100
90-100

100
100 '
100
1W0

I

.1
90-100
90-100
90-100

__I

95-100
95-100

90-100
90-100
90-l00

100
100
100

9D-100
90-100
90-100

65-80
50-70

70-85
80-90
80-90

60-90
60-90
60-90 -

70-85
80-90
80-90

I_

20-25

15-20
25-35

15-30

20-30
30-40
30-40

20-25
20-25

20-30
30-40
30-40

I 10-15
I 10-15

5-15

NP-5
NP

NP

NP
NP

NP
'NP

NP
NP

NP-5
NP -:

NP-5
5-15

NP
NP-10

NP-10
10-20
10-20

NP
NP-5
NP-5

NP-10
10-20
10-20

MLI SA M --- s-I VL-MI. -

Clay loam- EL
Loi -- CL
Weathered bedrock

I.,I . - .. I

See footnote at end of table.
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TABLE ll. -EGINEERING INDEX PROPERTIES--Continued

Classil
Soil name and IDepthi USDA texture i

map symbol I e I Unified

I- I I
111*: '
Terro - 0-4 |Sandy loam---- SM

4-23 Sandy loam------- 5M
123-34ISandy loam----- SM
1 3 |Weathered bedrock ---I I

112*: I I
Cushman --------- | 0-3 ILoam ---------- lCL-ML1 ML

3-17IClay loam-- C
,17-25'Loam------ CL

25 IWeathered bedrockjI I
Worf------------ 0-2 IFine sandy loam ISM

2-18'Sandy clay loam jCL
I18 Weathered bedrock, ---

113*: ' j
Dwyer---------- 0-5 ILoamy sand-- - SM

5-60'Loamy sand----- SP-SM, SM

Orpha ----- ---- 0-6 Loaiy sand------- SM
1L6-60lSand-- -SM

114*:
Forkwood------- 0-7 Fine sandy loam SM

7-60 Clay loam-----_ CL
I I I

Cambria- --- 0-2 Fine sandy loam ISM
2-10 Sandy clay loam jCL-ML, CL

'10-60 Loa- CL-ML, CL

115*:
Forkwood-----| 0-5 |Fine sandy loam SM

5-18 Clay loam----- CL
118-60 Loa1 - - -- CL

Cambria-----| 0-4 Sandy loam----- SM
,4-8 ILoamr--- ------ CLML, ML
8ffO 1LCHM -- -__ --- ICL-ML, CL

CusbVMn------- 0-3 ILoa…--… __-ICL-ML, ML
3-171Cla loam------- LCL

!17'.-;ITL - ----------IC-1L

. . . _ ;

.fication Frag-
ments
> 3

, inches

Percentage passing
sieve number-- 1 Liquid

-! limit!

, 7

-'F-.-.-

AASHTO
P1
tic,.
index4 10 40 200

s .
,

r"

A-2, A-4
|A_2, A-4
A-2, A-4

I -

IA-4
A-6
IA-6

IA_
I'A-4
IA-6

|A_2
IA-3, A-2

0-15
0-15
0-15

0
0
0

0
0

___

100
100
100

90-100
90-100
90-100

___

100
100
100
___

60-90
60-90
60-90

30-45
30-45
30-40

60-70
70-80
70-80

Pct

20-25
20-25

20-30
30-40
30-40

I NP
NP-5
NP-5

NP-10
10-20
10-20

90-100 1 70-85
90-100180-90
90-1lOO80-90

100 195-100
100 195-looi

100 I 100
85-100175-100

100 195-100
100 195-100

I '

I --

70-95
65-85

35-45
60-75 25-40

0
0

0
0

|A-2
IA-2

|A-2IA-6|
I A-4I
|A-4, A-6
jA-4, A-6

IA-2
A-6
IA-6|

IA-4
jA-4 A
jA-4, A-6|

,A-6
jA--6 j
I .. ._

65-80 120-35
50-80 5-35

50-60 (20-30
60-80 115-35

0 '75-100
0 175-100

0 95-100
0 195-100
0 195-100

1

75-100
75-100

95-100
95-100
95-100

75-100
75-100
75-100

150-85
70-90

60-80
75-85
85-95

50-85
70-90
70-90

116*:
Forkwood-----

Ulmm-------- --

117*:
Forkwood-----

25 Weathered bedrock ---

-| 0-7 |Fine sandy loam ISM
7-60IClay loam------| CL

0-5 'Loam---------I CL-NL
5-21 Clay loa,_clay ICL

121-361 Clay loam---___ICL
|36-60 Sandy clay loam ICLF SC

0-7 Fine sandy loam 'SM
7-60|Clay loam---- CL

0-4 'Clay loam----- CL
4-16 Clay loam------ CL

16-60 Clay loam------CL

jA-2
IA-6

IA-4
'A-_6
'A-6
'A-6

|A-2
A-S6

IA-6
IA-6

0
0
0

0
0
0

0
0
0

0
0

0-5
0-5
0-5
D-5

0
0

0-5
0-5
0-5

75-100
'75-100
175-100
195-100
95-100
95-100

90-100
90-100
90-1001 ___

175-100
175-100

195-100
(75-100
,75-100

95-100

90-100
90-100
90-100

75-lo00
75-100

95-1001
75-100
75-1001

95-100 60-80
95-100 75-85

20-35
55-75

(35-45
155-75
070-80

20-35
55-75

135-45
60-70
70-80

60-70
70-80
70-80

20-35
55-75

70-80
60-80
60-80

85-95

70-85
80-90
80-90

20-25
25-35

20-25
25-40
25-40

20-25
25-35
25-40

20-25
20-30
25-40

20-30
30-40
30-40

__I

20-25 1
25-35

20-30
35-45
30-40
30-40

20-25
25-35

30-40
35-45
30-40 !

INP
'10-20

'NP
NP

'NP
INP

NP-5
10-20

NP-5
5-
5.

NP-5
10-20
10-25

NP-5
NP-10

5-15

NP-10
10-20
10-20

NP-5
10-20

5-10
20-30
15-20
10-20

NP-5
10-20

10-20
20-30
15-20

50-85
70-90

80-100
75-100
75-100

A-7

A-7

I75-100 75-01070-90 140-55

'75-100'75-100'50-85 '20-35
175-100 75-IO0 70-90 55-75

95-100 95-100 80-100 70-80
175-100 75-100 75-100 60-80
175-100 75-100 75-100 60-80
1 1

See footnote at end of table.
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TABLE 11.-ENGINEERING INDEX PROPERTIES--Continued

I1- T f- .
,, L_ __ SZ___ L4_ U_

*e and
Abol

DeptS USDA texture
zrag-
meats

> 3
inches_

rercentrage passing
sieve number-- - Liquid

limitUnified AASHT0
4 4n

Plas- -
ticity

in 20n
I �1. A A I � - I I ____ I _______ I _ .

_ . . .

7*:
lenohill---

.8*:
ateridge-

'assel Variant--

.9*.
;ullied land

!0*:
laverdad d-

Sland

iombac--
!1*:

Liland--

bwbac--

!2*: -
Zeeline~

AUn.

.0-5
5-25
25

0-4
-4-11
11-16

16

0-4

4-9

0-3
3-60

0-5
5-30

30-60

0-3
3-18

18-36

36

0-3
3-60

0-3
3-18

18-36

36

0-8
8-60

Clay loam-
Clay loam----
Unveathered
bedrock.

Loamy sand--
Sandy clay loam
Clay-
Weathered bedrock

Very fine sandy
loam.

Loam---

Umreathered
bedrock.

Fine sandy loam
Stratified fine
sandy loam to
clay loam.

Clay loam--
Stratified sandy

loam to clay.

Sandy loam-
Sandy clay loam
Sandy Loam

.CL
.CL

SM
SC, CL
CL, CH

SM

CL-ML,
SM-SC

SM, ML
CL-IlL, CL

CL
CL, CH

SM
SCCL
SM

SH
CL
SM-HL,

SM-SC,
CL-ML

SC.
SC, CL

A-6
A-6

I-:
A-2 '
A-6
A-7, A-6

A-4

A-4

A-4
A-4, A-6

A-6, A-7
A-6, A-7

A-2, A-4
A-6
A-2

A-2;
A-6
A-4, A-6

A-2, A-6
A-6

A-2
A-6
A-4, A-6

0
0 -

0
0
0

0-5

0

80-95 70-90

85-100
85-100i

100
100
100

1W0

80-800
80-1001

80-100

85-1W0
85-100
80-100

95-100

95-100

80-95
80-95

75-90

70-90
70-80

15-30

30-40
30-40

.25-35
30-60

15-25

20-30

80-100135-55
80-100160-90

__ I_

80-95

70-85

35-45

145-55

10-20
15-25

NP
10-20
15-35

NP-5

5-10

NP-5
5-15

12-25
12-30

NP-5
10-20
NP-5

NP-5
10-20
5-15

0
0

0
0

0
0
0

0
0
0

75-100175-100160-90
75-100175-100170-90

35-65
50-60

100 95-100 190-100170-85
95-100195-100 90-100 65-95

15-20
25-35

35-50
.35-60

20-25
30-40
20-25

15-25
25-40
25-35

95-100
95-100
85-100

90-100
90-100
75-100

65-75
60-80
45-75

30-40.
40-60
15-30

35-50
50-60
45-55

Sandy
Sandy
Sandy

loam--
clay loam
loam--

90-100190-100165s-80
90-100J90-100
90-1001 90-100

70-85
60-80

Weathered bedrock

Sandy
Sandy

clay loam
clay loam

0
0

0
0
0

95-100 90-100 65-85
95-100190-100160-80

Sandy loam--
Sandy clay loam
Sandy 'loam--

SM
CL
SM, ML,

SN-SC,
CL-HE

I

I

90-100
90-100
90-100

Weathered bedrock

90-100
90-100
90-100

95-100
95-100

65-80
70-85
60-80

55-75
60-85

30-45
40-60

35-50
50-60
45-55

30-35
30-40

15-25
25-40
25-35

10-15
10-20

NP-5
10-20
5-15

NP-5
NP-10

Sandy lo -
Sandy loam--

SMi
SM, SM-SC

A-2, A-4
A-2, A-4

.0
0 '

100
100

25-40
25-50

20-25
20-30

See footnote at end of table.
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TABLE 11. -ENGINEERING INDEX PROPERTIES--Continued

163

' Classification 'Frag- Percentage passing I --
Soil name and Depthl USDA texture I Iments i sieve number-- jLiquid Plasc
map symbol i I I Unified i AASHTO > limit t tici

I sbo i I inchesi 4 10 : 40 | 200 l ticndex
ILn r'.L.

123*:
Tassel---

Turnback--------

124*:
Kishona- --

65-95
65-95

-'.

0-2 'Loamy fine sand 'SM
2-16 Fine sandy loam IML, SM
16 |Unweathered | __

bedrock. I

0-4 |Loamy fine sand iSm
4-30 Sandy loam---- SM
30 |Weathered bedrocki ---

0-3 Loam ---------- _INL
3-60|Clay loam - __CLNL,

0-5 ILoamy sand----- ISM
5-60'Loamy sand-----SP-SM,I I
0-5 ILoamy sand------…ISM
5-60'Loamy sand-----ISM

I I
0-4 'Clay loam-----ICH, CL
4-20|Clay----------CCH
20 'Unweathered

I bedrock.

A-2
A-4

___

A-2
A-2, A-4

___

Orpha- - ------

125*:
Orellal----- --

Rock outcrop.

Sanday ------

126*.
Pits

127*:
Renohill----

Worfka-- ----

Shingle--- ----

128*:
Renohill------i

I
Worfka-- - ---- |!

JA-4
CL IA-4, A-6

IA-2
SM |A-3, A-2

A_6, A-7
IA-7 ..
I _

0-2
2-18
18

Clay loam------
Clay - - - ---_
Unweathered
bedrock.

CL
CL, CH

___

A-6, A*
A-6

-7

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0
0

0
0

0-5
0

___

0
0

---

100
'100

85-100
85-100

100
85-100

100

100

1001
100

1001
100

85-100

85-100j

85-100

95-100'

75_1001
75-1001

1--

85-100j

100
i100I -

90-100
95-100

80-100
90-100
80-100

185 95
§85-100

--__

I

70-80
90-1001
80-95

--I0-5 Fine sandy loam 1SM, ML
5-20 Clay - ------ … - ECL, CH

20-36 Clay loam- --- CL
36 Unveathered I -

bedrock. I

0-6 IFine sandy loam ISM, ML
6-18IClay loam, clay CL
18 'Weathered bedrock ---

0-4 |Clay loam------ CL
4-18 Clay loam---- _CL
18 Unweathered

bedrock. I

95-100175-90
195-100160-80I ~ ~ 0 I 6 0

75-100 65-85
75-1 00 70-90

100 65-80
75-100150-80

95-100! 50-60
95-100160-80

120-35
130-40

1---

155-75
165-85

120-351 5-35
120-30
!15-35

95-100190-100
195-100 1 90-100

115-30
140-651 - <35

15-25

25-30
20-30

95-100170-95
190-100 75-95
1 - I -

I

'A-4
'A-7, A-6
jA-6

I

|A-4
IA-6, A-7

IIA-6!A-6

'75-90
175-95

1--

135-55
75-95
70-80

75-90

!50-80

38-65
i 50 70

35-50
40-55

20-25
35-65
30-40

20-25
35-45

35-40
30-40

30-40
30-40

20-2535-451--- !

NP
NP-7

NP
NP-5

NP-5
5-15

NP
NP

NP
NP

20-40
30-50

15-720-~

NP-S
20-35
15-25

NP-5
NP

15-20
10-20

10-20
15-25

NP-5
NP

80-1001l70-8090-100185-95
I - -

70-100165-100
75-100165-100,

0-5 15-251
25

0-3 13-14114

Clay loa…----- - -
Clay loam---
Unweathered
bedrock.

CL
CL

A-6
A-6

A-4
A-6, A-7

80-100
80-100

80-95
80-95

70-90
70-80

Fine sandy loam 'SM, ML
Clay loam, clay i CL
Weathered bedrock' ---

' 185-100180-100170-80 '35-55
0 "95-100,90-10018595 ?5-90

-- !85- I --- 9
I I I IIl

See footnote at end of table.
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TABLE 11. -ENGINEERING lNDEX PROPERTIES--Continued

-_ I Classification Frag- kercentage passing -

eme and Depth USDA texture . I ments -sieve number- - Liquid Plas-
~..Iymbol i . Unified , AASHT0 > 3 . I , limit | ticity

- I -_ -- inc es 4 10 40 200 index

L!U

128*:
Shingle e--

129*:
Sadayd-

Shingle

nuvL-

130*: .
Sear--

F' - -

131*:
Shingle -

Rock outcrop.

I 0-4
4-18
18

0-2
2-18
18 -

I0-4
4-18
18

0-2
2-18
18

0-2
2-9

9-60

0-4

4-11

11-60!

0-4i
4-13
13

0-2
2-18
18

*0-2
2-9
9

0-2
2-8

8

A-6
A-6

Clay loam---
Clay loam--
Unveathered
.bedrock.

Clay loazn----
Clay---
Unweathered
bedrock.'

Clay loam--
May loam ---
Unweathered

bedrock.

Fine sandy loaM
Sandy iclay loam
Weathered bedrock

Loam-
Channery loam

Fragmental.
material.

Channery loam--

Extremely
chamnery loam.

Fragmental
material.

cMay loam-
Clay loar ---
Unweathered
bedrock.

Clay loam----
Clay---
Unweathered
bedrock.

Loam- -
Clay loam--
Unweathered
bedrock.

Loamy fine sand
Sandy loam--I
Unweathered
bedrock.

CL
CL

CL
ICL, CH

cL
CLCL.

SM.
CL I

3CL, CL-ML
CL, CL-ML,

OC, oi-GC
GP

SH-SC
GH-GC

;GP

CL
CL

A-6, A-7
A-6

A-6
A-6
A-6

A-4
A-6

A-6, A-4
A-6, A-4

A-I

A-4

A-2

A-1

A-6
A-6

0-5
- 0

0
0

0-5
' 0

*0

0
0

10-25

0-5

0-25

0-25

0-5
0

0
0

75-100170-100 65-100
75-100175-100 65-100

100
100

75-100
75-100

100
100

75-100
55-75

0-10

55-75

30-55

0-10

75-100
75-100

100
100_W

90-100 85-95
95-100185-100

_ __-

70-100
75-100

65-100
65-100

95-100 70-95
95-100 65-85

50-80
50-80

.I .

75-90
75-95

50-80
50-80

35-45
60-75

60-70
40-55

0-5

35-45

20-30

0-5

35-40
30-40

35-50
40-55

35-40
30-40

25-40

25-40
25-40

75-100
55-75

0-10

50-70

25-50

0-5

70-100
75-100

,_1

90-100
95-100

___

"I". =r.

65-80
50-65

0-5

40-60

20-35

0-5

25-35

25-35

! 15-20
10-20

15-30
20-30

15-20
10-20

HP'
10-20

5-15
5-15

NP

5-10

5-10

NP

15-20
10-20

15-30
20-30

NP-io
10-20

NP
);P-7

65-100150-80
65-100 50-80

- ._

Samday -

132*: -
Shingle- -

Tassel---

I. I

CL
CL,

A-6, A
A-6

-7 85-95
85-100

CL
A-4
A-6

0-5
0

0
0

75-100 75-100
75-100 75-100

_-

HL, sM
A-2
A-4

70-95
65-100

65-95
65-95

75-90
75-95

_

55-75
50-80~

15-30
40-65

35-40
30-40

35-50
40-55

25-35
30-40

<35
95-100
95-100

90-100
90-100

, footnote at end of table.



Converse County, Wyoming Northern Part 165

TABLE ll.--ENGINEERING INDEX PROPERTIES-Continued

Soil name and
map symbol

1DepthI USDA texture
_

_ ,
LaaSSXacatLXon

Unified

, rrag-
lmentsh
I > 3
!inchesl

Percentage passing
sieve number-- i Liquid

-l limit !AASHTO
10 40 200

in

133*:
Shingle - -- |

Theedle----------

Cambria---------I

134*:
Silhouette------ !

0-4 'Clay loam…--------CL
4-181Clay loam- ------- CL
18 Unweathered -C -

I bedrock. I

0-5 oa-----ILM
I5-28 ILoam, clay loam ICL-ML,

28 |Weathered bedrockI ---

i 0-4 ISandy loam-- -ISM
4-8 ILoam---------- J|CL-ML,1 8-60|Loam -- …- CL-M L,

I I
i0-2 IClay loam------ -|CL

2-22'Clay ----------- CL, CH
122-60 Clay loam, clay |CL
0-1 IClay loam -------ICL
1-60|Clay ------------ … jCH CL

0-3 iFine sandy loam 1ML, SM
3-14'Fine sandy loam IML, SN
14 Unweathered ---

I bedrock. I
I 1

0-4 Clay loam-- - ICL
4-18 Clay loam- -- -ICL
18 Unweathered

bedrock.

A-6
A-6

A-4
A-4, A-6

___
CL

Heldt---------

135*:
Tassel----…

Shingle-----

136*:
Tassel --------

Terro--------

Rock outcrop. |

137*: 1
Tassel…-------|

I

Tullock------- i

IA-4
ML IA-4
CL |A-4 A-6

I'

|A_6, A-7
A-7
IA-6, A-7

|A_7, A-6
IA-7

|A-4
A-4

IA-6
A-6

|A-2
'A-4

A-2, A-4
1A-2, A-4

|A-2
IA-4

IA-2
|A-2

0-5
0

0
0

0
0
0

0
0
0

0
0

0
0

0-5
0

0
0

0-15
0-15

0
0

0
0

I95-100195-100170-85 160-70
195-100 95-10 70-85 160-70

F __ F_ I __ --__
195-100195-100160-80 135.45
195-100195-100l75-85 160-70
195-100195-100185-95 170-80

90-100 90-100 85-95 '75-90
100 95-100 85-100 85-95

1100 195-100 85-100 75-95

95-100 95-100 95-100 75-95
'95-100 95-100 95-100175-95

195-100 90-100 75-100140-65
195-100 90-100 6S-95 140-65

175-100
175-100

I70-100
175-100

'50-80
50-80

65-100
65-100

rct

35-40
30-40

20-30
25-40

20-25
20-30
25-40

35-50
40-55
35-50

35-45
45-55

<35
<35

35-40
30-40

___

___

<35
___

20-25
<35

<35
--- !

IP1
ticz L
index

15-20
10-20

5-10
5-20

NP-5
NP-10
5-15

15-30
20-35
15-30

20-30
25-35

NP-7
NP-7

10-=.

NP
NP-7

NP
NP-S

NP
NP-7

NP
NP

75-100170-100
75-100 75-100
1--- ! ---

!I
0-2 1 Loamy fine sand
2-16'Fine sandy loam
16 Unweathered

bedrock.

0-4 ISandy loam------
4-34|Sandy loam-----
34 lUnweathered

| bedrock.

0-2 |Loamy fine sand
2-16'Fine sandy loan
16 'Unweathered

| bedrock.
I

0-5 ILoamy sand----
5-31|Loamy sand, sand

loamy sand, s
sand.

31 Unveathered
bedrock.

ML, SM
I

I
I SH
|SM

I

IS

I SM

95-100
95-100

I I_

100
100

22

90-100
90-100

100

100
100

65-100
65_100

65-95
65-95

60-90 I
60-90 1

-- I

65g5 1
65-95 1--- I

75-90
70-90 1

'50-80
150-80

115-30
140-65
I ---

30-45
130-45

15-30
40-65

25-35
10-35

95-100'90-100
9I5-100!90-100

100
100

100
100

See footnote at end of table.



166 Soil Survey

TABLE 11.-ENGINEERING INDEX PROPERTIES-Continued

QŽapsne and
map symnbol

_ _ 1* - - - - - -�-.-.-. *1 �*�-- I � ---- -

Depth USDA texture.
LIUSS1TICaTlIo.

Unif ied AAMMT

zrag-
ments
> 3

.inces

Percentage passing
sieve number- I Liquid

I limit- , - 1

4 10 40 1 200

Plas-'
ticity
index

- __ __ ___

mfl k'ct

137*:
Vonalee---

138*, 139*:
Terro----------

0-3
3-24

24-60

Loamy sand-
Sandy loan-------
Loamy sand-------

SM
MS-SC, SM

A-2
A-2, A-4
A-2

0
0
.0

0-15
0-15

CL

CL

.A-2, A-4
A-2, A-4

A-2
A-2

A-2
A-2

A-4
A-4, A-6

A-4
A-4, A-6

A-6
A-6, A-7
A-6

A-2, A-4
A-7
A-6, A-7

A-4
A-6, A-7
A-6
A-6

A-4
A-7, A-6
A-6_m__

A-6
A^6, A-7
A-6

A^6
A-6

j O

.1O

0
.0

0
. O

. __

'0

0-5

0-5
0-5

.0

0
0

.0-5

0-5

1 0-5

I0
,0

100
100
100 .'

100
100

100
100

100
100

95-100
95-100

95-100
90-100
90-100

100

100

100
100

15~00

95-100

95-100
95-l00

)70-90
155-75-
70-90

60-90
60-90

75-90
70-90
___

50-60
60-80

70-85
70-85
___

65-85
'70-90, .

80-100
75-100
75-100

50-75
80-100
75-100

80-100
75-100
75-100
70-90

. i

85-100 75-100
85-100175-100

95-100
75-100
75-100

80-100
80-100
80-100

95-100
75-100
75-100
j75-1001

85:100]
95-1001
85-100:

95-100
75-100
75-100

80-100I
80-100i
80-1001

95-100
75-100
75-100
75-100

20-30
30-40
20-30

30-45
30-45

25-35
10-35

20-30
15-35

60-70
60-70

155-75
65-85-

70-80
M60-80
60-80

30-40
70-90s
65-8-0

70-80
60-80
60-80
40-55

35-55 1
75-95
70-980'

70&80
60-80
60-80

70-90
70-80

Pct

20-30
_-_

___

2u-25
___

I.20-30
25-40

25-30
20-30

30-40
1 35-45

1 30-40

50-60
35-45

20-30
35-45
30-40
30-40

20-25
35-65
30-40

I _

30-40
35-45
30-40

30-401
30-40 j

_ _ I

NP
NP-10

NP

!NP
jNP-5

I

NP
NP

I__

NP

1510
} 5-20

NP-5
5-15

10-20
20-30
15-20

NP
30-40
20-30

! 5-10
20-30
15-20
10-20

NP-5
20-35
15-25

10-20
20-30
15-20

10-20
15-25

80-100 70-80
90-100190-100
80-100180-95

144*:
Ulm---- ----

Renobll- ----

145…----------
Ustic
"^-riorthents

0-4
4-16

16-60

0-5
5-25
25

Clay
Clay
Clay

loam---
loam------
loam--u--

CL
CL
CL

Clay loam- --
Clay loam----
Unweathered
bedrock. . .-

CL
CL,

95-100
75-100
75-100

85-100
85-100

--I

95-100
75-100
75-100

80-100
80-100

80-100
75-100
75-100

80-95
80-95

* I -, , .Ib -

0-60!varlable~-----I- ---

K .ee footnote at end of table.



Converse County, Wyoming Northern Part

TABLE 11. -ENGINEERING INDEX PROPERTIES--Continued

167

Soil name and
map symbol

Depth
Classific

USDA texture
Unified

cation jFrag-
iments

AASHTO I > 3
!inches

Percentage passing
sieve number-- |Liquid

I. limitI -
10I

F
P1 _
ticndy
index4 40 200

146*: 9 9
In

146* I
Vonalee----

Terro-----------

147*:
Vonalee-------

Terro------ ---

148*:
Wibaux-----

Rock outcrop.

Shingle-----|

149*:

Shingle---------…

Tassel----

150*:
Zigweid-----

Bahl------

0-4 1Loamy sand-------lSM14-241 Sandy loam------ SM-SC,
24-44ILoamy sand ------- SM
44-60Sandy loam-------ISM

0-4 ISandy loam-------ISM
434-3Sandy loam------- SM
34 IUnweathered

! bedrock

|A-2
SM IA-2 A-4

IA-2
IA-2 A-4I'
IA-2 A-4
A-2, A-4

0-4
4-24

24-60

0-4
4-34
34

0-4

4-11

11-60

0-4
4-13
13

Loamy sand------- I'SM
Sandy loam-------SM-SC,
Loamy sand, loam ISM

Sandy loam…------- SM
Sandy loam------I'SM
Unveathered I ---
bedrock. I

SM

Channery loam---

Extremely
channery loam.

Fragmental
material.

Clay loam---
Clay loam-------
Unweathered
bedrock.

GM-GC,
SM-SC

GM-GC

GP

CL
CL

IA-2
IA-2 A-4
IA-2

IA-2 A-4
|A-2 A-4
I

I

|A-4

IA-2

|A-1

IA-6

'A-6

I

|A-2

'A-6

I

IA-6
IA-6 I

IA-4

I

IA-6

|A-61|A-6 ...
IA-4

i k'ct

I

I 0
1 0

0-15
0-15

0-15
0-15

1 0-5

0-25

1 05
1 0

0

0-5
0

I 0__

1 0-5
0

I __

1 0
1 - _

, O

100
100
100
100

100
100

100
100
100

100
100

15575

130-55

0-10

75-100
75-100

100
100

75-100
75-100

95-100
95-100l

75-1001
75-100

100
100

95-100170-90
90-100155-75
90-100'70-90
95-100160-90

I I
100 260-90
100 160-90

, - I_ ---_

95-100
90-100
90-100

100
100

50-701

25-50

0-5

70-90
55-75
70-90

60-90
60-90

40-60

20-35

0-5

120-30
130-40
120-30
130-45

130-45
130-45

i20-30
3 0- 4 0120-30

130 45
130-45

135_45

1 0-5

20-30
___

20-25
___

20-30

20-25

25-35

25-35

NP
NP-10

NP
'NP

'NP
'NP-5

'NP
NP-10

'NP

'NP
NP-5

5-10

5-10

'NP

15-20
10-20

I NP
10-20I --

15-20
10-20

NP-7
NP-7

10-20
10-20

15-25
20-35

70-100165-100150-80
75-10 65-100150-80

0-5 -Loamy sand------SM
5-15-Clay loa------- CL
15 1Weathered bedrock ---

0-4 |Clay loam …'-__|CL
4-18 Clay loam…--------CL
18 Unweathered I

bedrock.I I

0-3 'Fine sandy loam ML, SM
3-14'Fine sandy loam ML, SM
14 'Unweathered M __

| bedrock. II1
0-2 ILoa--------mCL
2-60IClay loam……...... CL

0-4 IClay … --- CL
4-60Clay…-----------…ICL, CHI I

I I

95-100 70-90 '20-30
95-100 65-85 160-75

- ___ I ___

70-100 65-100150-80
75-100165-100150-80

35-40
30-40

25-40

35-40
30-40

<35

<35
<35

25-40
25-40

35-45
40-60

90-100
90-100

75-100
65-95

40-65
40-65

75-100 70-85 160-70
75-100 70-85 160-70

95-100 85-100160-80
100 '90-100185-95

I 1

See footnote at end of table.



168 Soil Survey

TABLE ll.--ENGINEERING INDEX PROPERTIES-Continued

6 r" n LVrn- IJ , . aA a

K( name and
..)p symbol

|Depth| USDA texture
______ ______ ___ -I

Unified

.&.W-

AASNTO
ments
> 3

inches

ieeu er z.

sieve number-- -. -
. . .

Liquid
limit

200

Plas-
ticity
index4 . 10 40

9 -?

An -

151*:
Zigweid-

Cambria---

152*:
Zigeeidi-

0-3 Clay loo --- ICL
3-60 Clay loam---- CL.

A-6
IA-6

'A-4
A-4, A-6

0-2 1 Fine sandy loam ;'SM
2-60 Clay loamt sandy 1CL-,ML

clay loam, loam.|
CL

0-4 Loam--
4-601 Clay loam=-

I-O-
I I

I.0
10

0.

0

0

0
0
0
0
0

O

75-100175-100
75-100175-100

70-85
70-85

95-100195-100 60-80
95-1001 95-100175-85

60-70
60-70

35-45
55-75

60-70
60-70

35-45
60-70
70-80

60-70
60-70

0-4
4-8
8-60

0-5
5-28
28

Sandy loam-r
LoamU----
Loam----

Loamr ------
Loam, clay loam'
Weathered bedrock

CL
CL

Sm
CL-ML, ilL
CL-HL, CL

CL-ML, CL

A-6
A-6

A-4
A-4
A-4, A-6

A-4 '
A-4, A-6

75-100
75-100

95-100
95-100
95-100

95-100
95-100

75-100
75-1OW

95-1 W
95-1 W
95-100

70-85
70-85

60-80
75-85
85-95

25-40
25-40

20-25
25-40

25-40
25-40

-20-25
20-30
25-40

20-30
25-40

_ _ I

10-20
10-20

NP-5
5-15

10-20
10-20

NP-5
NP-10
5-15

5-10
5-20

Theede --- .95-100170-85
95-100170-85

- - -

* See description of the map unit for ccmposition and behavior characteristics of the map unit.
, -1 .

. I
I I
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Converse County, Wyoming Northern Part 169

TABLE 12.--PHYSICAL AND CHE2ICAL PROPERTIES OF THE SOILS

[The symbol < means less than; > means more than. Entries under "Erosion factors--T" apply to the entire
profile. Entries under "Wind erodibility group" and "Organic matter" apply only to the surface layer.
Absence of an entry indicates that data were not available or were not estimated]

' ' ' Erosion'Wind

Soil name and IDepthl Clay I Permeability Available' Soil 1 Salinityl Shrink- factorserodi- Organic
IreactIon wl I -bIlit

map symbol i water reaction swell | j bili matter
I I .capacity p 'otential'K I R T

- - 05Imj I
in P'ct Ininr ln/in

101*:
Absted----------

Arvada----------

Bone------------

102
Aeric
Haplaquepts

103*:
Bahl ---------

Savageton-------

104*:
Cambria---------

Cushman---------

105*:
Cambria --------

Cushman---------

106*:
Cambria Variant-

Forkwood Variant

107*:
Clarkelen-------

Draknab---------

0-3 1
3-601

0-3 j
3-221

22-601

0-2
2-5 1
5-601

0-8
8-601

0-4
4-601

0-2
2-321
32

0-2 1
2-101

10-601

0-4
4-151

115_331
33 I

0-4
4-8 1
8-601

0-3
3-171

117-251
25

0-2 11 2-161
11.6-601

0-3
3-161

116-601

10-3 1
I3-601
10-2

2-601

! !

8-18
35-50

15-27
40-60
40-45

27-35
35-40
35-50

30-40
40-60

40-45
40-55

35-40
40-50

5-15
20-35
18-27

10-20
27-35
20-35

5-15
10-25
18-27

10-20
27-35
20-27

5-15
20-35
15-30

27-35
27-35
10-27

5-15
5-18
0-10
0-10

2.0-6.0
0.06-0.2

0.6-2.0
<0.06

0.06-0.2

0.6-2.0
<0.06
<0.06

<0.06
<0.06

0.06-0.2
0.06-0.2

<0.06
<0.06

0.6-2.0
0.6-2.*0
0.6-2.0

0.6-2.0
0.6-2.*0
0.6-2.0

0.6-2.0
0.6-2.0
0.6-2.0

0.6-2.0
0.6-2.0
0.6-2.0

2.0-6.0
0.6-2.0
0.6-2.0

0.6-2.0
0.6-2.0
0.6-2.0

2.0-6.0
2.0-6.0
6.0-20
6.0-20

0.11-0 13'6.6-7.8
0.11-0:13' >7.8

10.16-0.18'16.6-9.0
10 07-0:091 '>7.8
0.09-0.111 >7.8

10.16-0.1816 6-7.8
12-0 15 >7.8

10 08-0 101 >7.8

'0 15-0 2016.6-9.0
10.14-0.1716.6-9.0F . 1

I 1
'0 17-0 2016.6-8.4
1015-0.2017.4-9.0F. F

<2 'LOW0------- .32
>16 'High0------10.55
I I

| <4 'Low-------… 0 32
2-8 ,High0------ 032

| <4 'High0------0.32

<2 lModerate 10.32
2-8 IHigh------10.37
4-16 'High…----… 10.43F F

1 <2 lHigh'------0 32! <2 IHigh------10:32

I

rce

'0.15-0.20
0.15-0.20

--__

6.6-8.4
7.9-9.0

'0.12-0.1416 6-8.4
'0 15-0 2017.4-8.4
10.17-0.2017.9-9.0

0.16-0 1816 6-7.8
'0 17-0.2016.6-8.4
10:17-0:2017.9-9.0

'0 12-0 1416.6-8.4
10.16-0.1817.4-8.4
10.15-0.201'7.4-8.4

10.16-0 1816.6-7.8
10 17-0.2016.6-8.4
0.17-0:2017.9-9.0

I __ I__

O.12-0.1416.6-7.8
'0 17-0 20 16.6-8.4
10.15-0.2017.4-8.4

'0 17-0 2016 6-7.8
10.17-0.2016.6-7,8

0 .14-0:2017.4-8.4

10 12-0.1417 4-8.4
0.12-0.15 7.4-9.0

'0 07-0 0917.4-8.4
!0.06-0:09s7.4-9.0

<2
2-4

<2
<2
<2_

<2
<2
<2

<2
<2
<2
__2

<2
<2
<2

<2
<2
<2

<2
<2
<2

<2
<2
<2

<2

<4
2-4
2-4

IModerate 10.321
IHigh3------ 70.37

'High ------ 10321
EHigh0------10371

I I
I I

ILow____ '_10 321
IModerate 10.371
'Moderate 10:371

ILow ------- '0.321
'Moderate 10.371
'Moderate 10371

1---------- I_:__III I

'Low'-------0 32
'Low …- - -1'0371
'Moderate '0:37'

ILow …0------ -32
Moderate 10.37
'Moderate 10 37'
I…
I
'Low------- 10.32'
'Moderate 10 37'
'Moderate '0:371
I 1 I
'Moderate '0 321
'Moderate 10.37'
'Moderate 10:371

Low …0------ 024'
'Low0-------1028'
ILo0------ 0.201
ILow0-------1015'
! ! !

1-2

.5-1

<.5

2-4

1-2

1-2

1-2

1-2

1-2

1-2

1-2

1-2

1-2

.5-1

5

5

I

See footnote at end of table.
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TABLE 12.--PHYSICAL AND CNMfICAL PROPERTIES OF THE SOIlS--Continued

n______- |_|_WI _ _1___ ___m
_ _ . _ ...... .

I Il name and
Q' iap symbol

,Depth Clay Permeability| Available
water

capacity

Soil Salinity
reaction y

_ _ _ _ _ _ _ _ _ _ '-- -. - - - -10*

108*:
Clarkelen

Dwyer-…---------

Orpha-----------

109*:
Clarkele- -

Haverdad- -----

Bigwinder-

110*:
Cushman-------

Terro- ------

In I
_

0-3
3-601

0-5
5-60I

0-5
5-601

0-3
3-60I

0-6
6-60

0-3
3-60

0-4
4-15

15-33
33

0-4
4-23

23-34
34

C-3
3-17

17-25
25

0-4
4-23

23-34
34

111*:
Cushman--

Terro--------

112*:
Cushman - --

Worf- ---------

113*:
Dwyer------- .-

Orpha----- i__

114*:
Forkwood------

I'M

I5-15
5-18

3-81
1-8

5-10
3-8

5-15
5-18

5-20
20-35

5-15
5-20

10-20
27-35
20-35

8-12
10-18
10-18

10-20
27-35
20-27

8-12
10-18
10-18

10-20
27-35
20-27

10-15
20-35

3-8
1-8

-, 5-10
3-8

210-20
27-30

5-15
20-35
18-27

2.n/nr

2.0-6.0
12.0-6.0

6.0-20
6.0-20

>20
>20

2.0-6.0
2.0-6.0

0.6-2*0
0.6-2.0

2.0-6*0
0.6-6.0

0.6-2.0
0.6-2.0
0.6-2.0

2.0-6.0
2.0-6.0
2.0-6.0

0.6-2.0
0.6-2o0
0.6-2.0

2.0-6.0
2.0-6.0
2.0-6.0

-. 0.6-2.0
0.6-2.0
0.6-2.0

2.0-6.0
0.6-2.0

6.0-20
6.0-20

>20
* >20

2.0-6.0
0.6-2.0

0.6-2.0
0.6-2.0
0.6-2.0

ln/ln ms. z aos/c. ,,,, ,"
_ 1__

Shrink-
swell

potential_

Low----
Low----

Low-----

0.12-0.14 7.4-8.4
0.12-0.15 7.4-9.0

0.08-0.11
0.04-0.11

0.06-0.07
0.06-0.07

0.12-0.14
0.12-0. 15

0.13-0. 15
0.16-0.18

0.12-0.14
0.12-0.16

0.16-0.18
0.17-0.20
0.17-0.20

0.09-0.14
0.12-0.14
0.12-0.14

0.16-0.18
0.17-0.20
0.17-0.20

0.09-0.14
0.12-0.14
0.12-0.14

}0.16-0.18
0.17-0.20
0.17-0.20

0.13-O.i5
0.19-0.21

0.08-0.11
'0.04-0.11I

0.06-0.07
0.06-0.07

6.1-9.0
7.9-9.0

6.6-7.8
6.6-7.8

7.4-8.4
7.4-9.0

7.4-9.0
7.9-9.0

6.6-7.8
7.4-8.4

6.6-7.8
6.6-8.4
7.9-9.0

6.6-7.8
6.6-7.8

6.6-7.8
6.6-8.4
7.9-9.0

!6.6-7.8
6.6-7.8
7.4-8.4

6.6-7.8
6.6-8.4
7.9-9.0

6.6-7.8
6.6-8.4

6.1-9.0
7.9-9.0

6.6-7.8
6.6-7.8

6.6-8.4
6.6-8.4

6.6-8.4
7.4-8.4
7.9-9.0

<2
<4

<2
<2

<2
<2

<2
<4

<8
<8

<2
<2

<2
<2
<2

<2
<2
<2

<2
<2
<2

<2
<2
<2

__2

<2
<2
<2
<2_

<2
<2

<2
<2

<2
<2

2-4
<2

<2
<2

0.24
0.28

0.32
0.32

Low----- O.17
Lo°Y----,0.28

I

I
I
I
I
I
I

Low------ 10.24

Low------'0 28
ILOV-----00.37

L --- 10.28
ILOY----- l .32

'Low---
oderate

Moderate

'Low--
Low--

jLw---

Moderate
Moderate

Lo_____
Low---
Low----

LoW---
Moderate
Moderate

Moderate

,low--
LOW---

Low-----

Low---
Moderate

Low--|

Moderate
Moderate

0-3
3-17

17-25
25

0-2 -
2-18
18

0-5 '
5-60

i0-6
16-60

I 0-7.I
I 7-60

2-10I

110-60

0.32
.0.37
0.37
0.37

0.28
0.28
0.32

0.32
0.37
0.37

0.28
0.28

10.32

0.32
0.37
0.37
l----X

0.28
0.37

0.32
0.32

0.17
00.281

10.24
'0.321

0.322

°.37i
°.37]

I

5

5

5

.S

5!

2

2

2

'2

5

3

2

2

3

3

3

5

3

I5

3

EBrsion'Wind I.
factors erodi- jOrganic

I blity1 matter

R I I

5

3

2

2

3

3

1-2

1-3

1-2

1 1-2

1-2

2-4

1-2

1-2

i 1-2

1-2

i 1-2

1-3

1-3

1-2

1-2

1-2

0.13-0.15
10.19-0.21

5

50.12-0.14
0.15-0.20
0.17-0.20

See footnote at end of table.
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TABLE 12.--PHYSICAL AND CHEMICAL PROPERTIES OF THE SOILS--Continued

* �ros1onwina

Soil name and
map symbol

I.DepthI Clay PermeabilityAvailable1 Soil Salinity
water 'reaction

!canacity ,

I Shrink-
Ioetell

!iPotential

I'Erosioni~ind ,
i factors erodi-'Organi
Ic Ibiltyl matteqro
K ! T IIgcroup 1

- - - - -

115*:
Forkwood--------

Cambria---------

CUshman ---------

116*:
Forkwood--------

Ulm -------------

117*:
Forkwood--------

Ul -------------

Renohill--------

118*:
Gateridge-------

Tassel Variant--

119*.
Gullied land

120*:
Haverdad--------

Lobmiller-------

121*:
Hiland----------

Bowbac----------

-n -1-

0-5
5-18

25-60

0-4
4-8
8-60

0-3
3-17

17-25
25

0-7
7-60

0-5
5-21

21-36
36-60

0-7
7-60

0-4
4-16

16-60

0-5
5-25
25

0-4
4-11

11-16
16

0-4
4-9

9

0-6
6-60

0-3
3-60

0-5
5-30

30-60

0-3
3-18

18-36
36

. d _ , . 1-- - ____
Pct

10-20
27-35
20-27

5-15
10-25
18-27

10-20
27-35
20-27

10-20
27-30

20-25
35-50
30-40
25-35

10-20
27-30

28-35
35-40
30-40

27-35
30-40

5-10
20-35
40-50

5-15
5-20

5-20
20-35

30-40
35-50

8-18
15-25
8-16

5-15
20-35
15-20

In/hr

2.0-6.0
0.6-2.0
0.6-2.0

0.6-2.0
0.6-2.0
0.6-2.0

0.6-2.0
0.6-2.0
0.6-2.0

2.0-6.0
0.6-2.0

0.6-2.0
0.06-2.0
0.6-2.0
0.6-2.0

2.0-6.0
0.6-2.0

0.6-2.0
0.06-2.0
0.6-2.0

0.2-0.6
0.2-0.6

6.0-20
0.6-2.0

0.06-0.2

2.0-6.0
0.6-2.0

0.6-2.0
0.6-2.0

0.06-0.6
0.06-0.6

6.0-20
0.6-2.0
2.0-6.0

0.6-2.0
0.6-2.0
0.6-2.0

!i ln/ ln

'0 13-0 1516.6-8.4
0.19-0.2116.6-8.4
0 .16-0.1817.9-9.0

'0 12-0.1416.6-8.4
10.16-0.18 7.4-8.4
10.17-0.2017.9-9.0

'0 16-0 1816.6-7.8
0.17-0.2016.6-8.4
0. 17-0.2017.9-9.0

'0 13-0 1516.6-8.4
10.19-0.2116.6-8.4

0 16-0.1816.6-7.8
10.19-0.21I6.6-8.4
0 19-0.2117.9-9.0
o012 0.1517.9-9.0

10 13-0.15i6.6-8.4
0019-0.2116.6-8.4

10.16-0.1816.6-7.8
'019-0 21 6.6-8.4
0.19-0 .21 17.9-9.0

0.17-0.21 6.6-7.8
0.19-0.2117.9-9.0

I I
'0 11-0 1316 6-7.8
10 13-0 15'6.6-7.8
0.119-0.2116.6-7.8

0.13-0 1716.6-7.8
0.11-0.1817.4-8.4

I I

'0 13-0 1517 4-9.0
0 16-0 1817.9-9.0

'0 14-0 1716.6-8.4
10.14-0.1617.4-8.4I. I

0.07-0.1216.6-8.4
0 12-0 1517.9-9.0
0.07-0.141 7.9-9.0

10.12-0.14i6.6-8. 4
0 14-0 1617.4-8.4
0.12-0.1717.9-9.0
! --- !

_ Te7I Ub

I I
1 2-4 ILOw…-------
1 2-4 |Moderate

2-4 Low-------

I -----T--- T - 1F--M4--
r>_ __

<2
<2
<2

<2
<2
<2

0.24
0.32
0.28

0.32
0.37
0.37

-LOW -------
LOW-------
Moderate

iII
i

I

2-4
2-4

<2
<2
<2
<2

2-4
2-4

<2
<2
<2

<2
<4

<2
<2
<2

<2
<2

<8
<8

<4
<8

<2
<4
<4

<2
<2

ILoW---… 10 321
IModerate 10.371
|Moderate 10 371

I I
I I

tLow-------10 241
|Moderate '0.321I 1 1
|Lo… ------- 1 32'
'High'------ 0371
'Moderate 10.37'
|Moderate 10:371
1 I1

LOW------- 0 241
'Moderate 10.321
|Moderate (0.321
High…------ 0371

|Moderate 10.371
Ndrt 1
Moderate '0 371
Moderate 1'037'

I I
I I

LOW------I0 10'
'Moderate 10241
'Higb-----…10.371

I I

Low---…10 321
'Low-------…1'371

LOW0------- 0 281
'Low-------…0371

'Moderate 10 321
'High…------ 10.32'I1 I

ILoOW------- I 201
ILOW…'------10281
ILow0------ 10.201I 1 I
LOw…------- 10 321
Moderate 10371

-Low-------10:37!

5

5

2

5

5

5

5

3

1

1

5

5

5

2

3

3

5

3

6

3

61

6 1

21

31

4L

I

31

3 1

1-2

1-2

1-2

1-2

1-3

1-2

1-3

1-3

1-2

1-2

1-2

1-3

1-2

1-2

See footnote at end of table.



172 Soil Survey

TABLE 12..-PHYSICAL AND CHEMICAL PROPERTIES OF THE SOILS--Contlnued

--- ___ --- T---

K- I name and
_dp symbol

122*:
Hiland ---------

Bowbac--------

123*:
Keeline- ------

Tassel---------

Turnback…------

124*:
Kishona-----

* I

125*: ,
Orella -------

Rock outcrop.

Samday--------

126*.
pits

127*:
Renohill --

Worfka-------

Shingle---

128*:
Renohill ---

Deptb Clay Permeability Available Soil -

water , reaction
I capacity'

Sallnity Shrink-
swell

potential

Erosion Nina
factorsierodi-

R IbTlityu

i1 .

~~~--S--. r-1. ___ __ ,_

I In

0-3
3-60

0-3
3-18

18.-36
36

I * -

8-60

,0-2,
'2-16
16

0-4'
4-30
3.301

0-3
3-60'

0-5 I
5-60

C-S

0-4
4-20
20

'0-2
2-18
18 '

Mt

20-25
20-35

5-15
20-35
15-20

___

5-15
5-18

2-8
5-12

0-5
5-15

10-27
27-35

3-8
1-8

5-10
3-8

27-40
40-65

30-40
40-50

Iln/nr Inhn

2.0-6.0
0.6-2.0

0.6-2.0
0.6-2.0
0.6-2.0

2.0-6.0
2.0-6.0

6.0-20
2.0-6.0

2.0-20
2.0-6.0

0.6-2.0
0.6-2.0

6.0-20
6.0-20

>20
>20

0.2-0.6
<0.06

0.2-0.6
0.06-0.2

2.0-6.0
0.06-0.2
0.2-0.6

2.0-6.0
0.06-0.2

0.6-2.0
0.6-2.0

0.2-0.6
0.2-0.6

0.13-0.1516.6-8.4
0.14-0.16 6.6-8.4,

0.12-0.14
0.14-0.1f
0.12-0.14

0.12-0.14
0.09-0.14

0.10-0.12
0.15-0.17

0.08-0.1C
10. 12-0.14

0.16-0.18
0.10-0.17

0.08-0.11
0.04-0.11

0.06-0.07
0.06-0.07

0.22-0.14
0.09-0.11

0.15-0.20
0.14-0.18

0.13-0.15
0.14-0.16
0.19-0.21'

0.13-0.151
0.19-0.211

t0.19-0.21
0.16-0.21

0.17-0.21
0.19-0.21

1 6.6-8.4
;7.4-8.4
F7.9-9.0

!6.6-8.4
7.9-9.0

7.4-8.4
7.4-8.4

7.4-8.4
7.4-8.4

7.4-8.4
7.9-9.0

6.1-9.0
7.9-9.0

6.6-7.8
6.6-7.8

7.4-8.4
7.4-9.0

5 1-

, 6.6-8.4
7.4-9.0

6.6-7.8
6.6-8.4
7.9-9.0

6.6-7.8
7.4-9.0

7 4-9- 0

;. __ *

6.6-7.8
7.9_9.0

mmhos7fcm

<2
<2

<2

<4
<4

<2

<2

<2

<4
2-8

<2
<2,

<2
<2

<4
4-16J

<2
<4

<2 I

Q, _

<4 I

<2 1
<2 1

<2 I
<2 1

<2 1
<4 I

Moderate
Moderate

!I.,
Low-----

IModerate
ILow-----

Low------___

|Low----'I.I
iLow------
Low---

…~I
I------ --- I
I !

Low-----I
Moderate -

0.24
0.28

0.32
10.37
80.371
1---1

0.24
0.281

10.17
10.24l
0.32
0.370

0.28
0.32!

5

.

3

32

5

2

2

5

Low---- 10.32
Low- - -- 0o.32

5

Low --- !0.17
Lov- -- - 10.28

5,

High---
High--

High_ --
High-- --

Low-~
|ulgh --
qfoderate

Noderate
____- __.

J_
0-5
5-20

20-36
36

0-6
6-18
18

'0-4'
4-18

0-5
5-25
25

8-18
40-50
30-40

___7

. .. 8-18
35-45

27-35
27-35

..27-35
30-40

0.32
0.32

10.37
0.321

0.28
0.32
0.37

0.28
0.37

0.32
0.49i

0.371
0.37
____

2

3

2

2

4L

2

2

4L

6

3

3

6

6

Organic
matter

1-2

I 1-2

1-2

1-2

.5-1

1-3

1-2
.5-1

1-2

1-2
1-2

1-3

1-3

3

1

2

Moderate
toderate
__________

loderate
Moderate
__________

2

3

1: I

See footnote at end of table.
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TABLE 12.--PHYSICAL AND CHEMICAL PROPERTIES OF THE SOILS--Continued

Soil name and !Depth
r---
j Clay

map symbol
jPermieability Available| Soil |Sallnity|

water reaction1

_ _5a |captyI I
I nn iI-i I p Immbis-c_12__8*:_4 4 _

--------

128*:
Worfka----------

Shingle---------

129*:
Samday-----

Shingle---------

Worf------------

130*:
Sear------------

Wibaux-------j

131*:
Shingle…--------

Rock outcrop.

Samday----------

132*:
Shingle---------

Rock outcrop----…

Tassel----------

133*: I
Shingle ---------

Theedle---------j

Cambria---------

V-in - -In

0-3
3-14
14

F 0-4
4-18
18

0-2
2-18
18

C-4
4-18'
18

0-2
2-18,
18

0-2
2-9
9-601

0-4
4-111

11-601

0-4
4-13'
13 j

0-2
2-18'
18

0-2
2-9
91

0-601

0-2
2-8

81

I
P'ct

8-18
35-45

27-35
27-35

30-45
40-50

27-35
27-35

10-15
20-35

15-35
18-27

0-2

15-25
15-25

0

27-35
27-35

30-40
40-50

18-27
27-35

2-8
5-12

27-35
27-35

10-20
18-35

5-15
10-25
18-27

!
2.0-6.0 J0.13-0.15

0.06-0.2 0.19-0.21

0.6-2.0 10 19-0 211
0.6-2.0 10 16-0 211

- I _ --- I

17.4-9.0

'7.4-9.0
17.4-9.0
7 _4-

16.6-8.4
17.4-9.o

i7.4_9.0
7.4_9.0

--__

<2
<2

0.2-0.6
0.06-0.2

0 6-2.0
0.6-2.0

2.0-6.0
0.6-2.0

0.6-2.0
0.6-2.0

>20

0.6-2.0
0.6-2.0
>20

0.6-2.0
0.6-2.0

0.2-0.6
0.06-0.2

0 6-2.0
0.6-2.0

6.0-20
2.0-6.0

0 6-2.0
0.6-2.0

0.6-2.0
0.6-2.0

0.6-2.0
0.6-2.0
0.6-2.0

0.15-0.20
0.14-0.18
0-021

0.19-0.21
0.16-0.21

--__

'0.13-0 15|6.6-7.8
I0.19-0.21 6.6-8.4II
I I
'0 13-0 2016 6-7.8

10o-0 013 166-8.4I 0. 17.4-8.4

10 09-0 1116 6-7.8
!0:04-0:0616:6-7.8

'0.19-0.21
,0.16-0.21

0.15-0.20
0.14-0.18

17.4-9.0
17.4-9.0

16.6-8.4
17.4-9.0

1 -

<2
<2

<2
<4
<2_

<2
<2

<2
<2

<2
<2

<2
<2
<2

<2
<2
<2

<2
<2

<2

<2

<2
<2

__2

<2

<2
<2

<2
<2
<2_<2
<2

<2

<2
<2

'Low-------… 0.28'
|Moderate '0.37'1

,_I __I
Moderate 10 321
Moderate '049'

'High------ 0.371
Hlgh------ 10.321

M~oderate 0 .321
|Moderate 491

I F
|Low------- 0.281
'Moderate '0371

,LOW------- 0.1
Low=… '---- O321

Low0------- O 15'
'Low------- 00150 …----------… 000

Moderate 10 32'
1Moderate ' 49'-- …- -- I_ __

2

2

2

I

1

1

6

6

6

3

71

81

6 F

8 I

1-3

1-2

1-3

1-3

1-2

1-3

1-3

1-2

1-3

2

0.16-0 1817 4-9.0
0.16-0.2117.4-9.0F- I ---

0.10-0.12
0.15-0.17

--

7.4-8.4
7.4-8.4

…H gh------|0 37| 1
I~i~h----10.321

I _ _ _ I_ _ ,
Low'------- 0.321 2
'Moderate 0.491

------- --- - ---17

|Low------- I 17' 2

'Moderate '0 321 2
Moderate 0.491
1----------1-1

'Low------- 0.32' 2
'Moderate 0.371

ILOW-------I0 321 5
ILow'------- 037 1
IModerate |.371
! ! I
I

0-4 1
4-181
18 118

0-5 1
5-281
28 1

0-4 1
4-8 1
8-601

!

I0 19-0 21,17.4-9.0

10.16-0.2117.4-9.0

I i -
10.17-0.2017 4-8.4
'0 17-0.2017 4-8.4

F F

10.12-0. 1416 6-8.4
O.16-0 1817.4-8.4

10.17-0.2017.9-9.0

1 F

2

6

5

3

.5-1

1-3

1-2

1-2

See footnote at end of table.



Soil Survey

TABLE 12.--PHYSICAL AND CHEMICAL PROPERTIES OF THE SOILS-Continued

_________ -- -- I �rosion wino
__ ~. ..... .... I

!name and
7'. symbol .'

|Depth I Clay Permeability
I .i

Available
; water

ranaeltv

Soil 'Salinityl Shrlnk-
reaction1  swell

potential

I Eaosron
£actorsI7

Ierodl-
bility
group

I
Organic
matter

- - - - - - Y:.- 4-i A I ..

134*:
Silhouette----

Heldt

135*:
Tassel------

Shingle-------

136*:
Tassel- -----…

Terro---------

Rock outcrop.

Tullock-------

Vonalee------- -

138*, 139*:
Terro----------

Tullock --------

Orpha -------

140*, 141*:
Theedle------…

Kishona-------

Rlso---------

In

0-2
2-22

22-60

0-1
1-60

0-3
3-14
14

0-4
4-18
18

2-16
16

0-4
4-34
34

0-2
2-16
16

0-5
5-31
31

0-3
3-214

2 4 - 6 0
.

0-4 '
4-34
34

0-5
5-311
31

0-5
5-60

0-5
5-28
28

0-3
3-60I

0-4
4-17

17-60

Pct

30-45
40-50
30-45

30-40
40-50

5-12
5-12

27-35
27-35

2-8
5-12

8-12
10-18

2-8
5-12

5-10
0-10

0-10
5-15
0-10

8-12
10-18

5-10
0-10

5-10
3-8

10-20
18-35

10-27
27-35

28-35.
35-50
30-40

*- ID/hrx

O.i-0.6
0.06-0.2
0.2-0.6

0.06-0.6
0.06-0.6.

2.0-6.0
2.0-6.0

0.6-2.0
0.6-2.0

6.0-20
2.0-6.0

2.0-6.0
2.0-6.0

6.0-20
2.0-6.0

__-

6.0-20

6.0-20

2.0-6.0
6.0-20

2.0-6.0
2.0-6.0

.6.0-20
6.0-20

>20
>20

0.6-2.0
0.6-2.0

0.6-2.0
0.6-2.0

0.6-2.0
0.06-2.0
0.6-2.0

su su_ _ , ,v;>, -,

-
_

0.15-0.20
0.14-0.18
0.15-0.20

7.4-8.4
7.4-9.0
7.4-8.4

0.12-0.17 7.9-9.0
0.12-0.17 7.9-9.0

0.16-0.18
0.15-0.17

0.19-0.21
0.16-0.21

7.4-8.4
7.4-8.4
7-9

7.4-9.0
17.4-9.o

___

0.10-0.1227.4-8.4
0.15-0.1717.4-8.4

0.09-0.14
0.12-0.14

0.20-0.12
0.15-0.17

0.10-0.12
0.10-0.12

0.07-0.09
0.12-0.14
0.07-0.09

0.09-0.14
0.12-0.14

0.10-0.12
0.10-0.12

O.06-0.07
0.06-0.07

0.17-0.20
0.17-0.20

0.16-0.18
0.10-0.17

0.16-0.18
0.19-0.21
0.19-0.21

6.6-7.8
6.6-7.8

7.4-8.4
7.4-8.4

7.4-8.4
7.4-8.4

6.6-7.8
6.6-8.4
7.4-9.0

6.6-7.8
6.6-7.8

7.4-8.4
7.4-8.4

6.6-7.8
6.6-7.8

7.4-8.4
7.4-8.4

7.4-8.4
7.9-9.0

6.6-7.8
6.6-8.4
7.9-9.0

<2
<4
<2

<8
<8

<2
<2

<2
<2

<2
. <2

<2
<2

<2
<2
<2
<2

<2
<2
<2

j <2
<2

j <2
<28

<4

2-8

<2
1 <2 ,

<2"

.' <2

I <2

,<2'

Low-----
low-----

Moderate'
Moderate

Low---
Low-----

Low-----

Low---

Low----

Low--_

Low----

LoV---
Low---

LoW---
Lw---

LOW----
Low----

Low----

Low--

0.24
10.24

10.32
10.49

'0.17,
0O.24,

-:--'

0 281

,0.28

10.17
10.24

11---I

10.171
|0.17F

10.24
g0.32§
10.24

10.28

0.-28
F- - I

0.17
0.17

0.17
0.28

High--- 10.28
High----- 0.28

1 !

High-----
High-----

0.32
0.37
0.37

5

5

2

2

2

2

.2

1-2

.5-2

.5-1

I

1-3

.5-1

1-2

.5-1

1-2

1-2

.3

5 .j 2

2

3

5

3

2

2

5

4L

6

1-2

1-2

I

I

Low-----10.321 2
Moderate 10.371 ,

Low----
Moderate

Moderate
High--
Moderate

0.28
0.32

0.32
0.37
0.37

15

5

1-2
1 --

.1-2

.5-1

1-3

See footnote at end of table.



Converse County, Wyoming Northern Part 175

TABLE 12.--PHYSICAL AND CHEMICAL PROPERTIES OF THE SOILS--Continued

Soil name and IDepth! Clay I Perneabllity Available' Soil 1Salinityt Shrink- factors'erodi- Organi

map symbol I water 'reaction c I swell o' 1 billty mattei
---- ---- acty I _ e t a 1

In rct In/hr In/in Pct

142*:
Bidman_--------- 0-7

7-20
20-60

143*: I
Ulm -- -------- C 05

5-21
121-36'
136-601I I

Renohill0--------| 0-5
5-201

120-361
1 36

144*: ! !
Uflm -------

Renohilll--------

145--------------
Ustic
Torriorthents

146*:
Vonalee---------

Terro-----------

147*:
Vonalee---------

Terro-----------j

148*:
Wibaux----------

Rock outcrop.

Shingle---------

149*:
Worf------------

1 0-4 1
1 4-161
116-6011 I
1 0-5 '
I 5-25'
1 25I 1
1 0-60

1 0-4
i 4-241
124-441
144-601I 1

0-4
I 4-341
34 1

I I

0 0-3 1
3-241

124-601

0-4 1
4..341
3434

0-4 1
4-111

11-601

0-4 1
4-131
13'

C-5
5-15'
15

5-15
40-50
27-35

20-25
35-50
30-40
25-35

8-18
40-50
30-40

28-35
40-50
30-40

27-35
30-40

0-10
5-15
0-10
8-12

8-12
10-18

0-10
5-15
0-10

8-12
10-18

15-25
15-25

0

27-35
27-35

0-10
27-35

0.6-2.0
0.06-0.2
0.2-0.6

0.6-2.0
0.06-2.0
0.6-2.0
0.6-2.0

2.0-6.0
0.06-0.2
0.2-0.6

0.6-2.0
0.06-2.0
0.6-2.0

0.2-0.6
0.2-0.6

6.0-20
2.0-6.0
6.0-20
2.0-6.0

2.0-6.0
2.0-6.0

6.0-20
2.0-6.0
0.6-6.0

2.0-6.0
2.0-6.0

0.6-2.0
0.6-2.0

>20

0.6-2.0
0.6-2.0

6.0-2.0
0.6-2.0

0.16-0.18
0.19-0.21
0.19-0.21

0.17-0.21
0.19-0.21

--__

16.6-7.8
i6.6-8.4
17.9-9.0

6.6-7.8
i7.9-9.0
I ---

I __

'0 16-0 1816.1-7.3
0.14-0 1616.6-7.8
0.19-0.2117.9-9.0

0.16-0.1816.6-7.8
0.19-0.21 6.6-8.4
0.19-0 2117.9-9.0
0.12-0.1517.9-9.0

0.13-0 1516 6-7.8
0.14-0.16'6.6-8.4
0.19-0.2117.9-9.0

<2
<2
<2

<2
<2
<2
<2

<2
<2
<4

<2
<2
<2

<2
<4

___

I I
'0.07-0.0916.6-7.8
'0 12-0.14 6.6-8.4
0 07-0 0917 4-9.0
'0.09-0.1416.6-7.8

0 .09-0 1416.6-7.8
10.12-0.1416.6-7.8

10.07-0.0916.6-7.8
'0 12-0 1416 6-8.4

10 09-0:1417'4-9.0

10 09-0.1416 6-7.8
10.12-0.1416:6-7.8I --- I

<2
<2
<2
<2

<2
<2

__2

<2
<2
<2

<2
<2

<2
<2
<2<2

<2
<2

___

<2
<2

ILow------- 10.28
tHigh:----- 0 32
High-----10.43

Low0------- 0.32
High0------ 0.37
'Moderate 10.371
|Moderate 10 371

Low ------- 0.28
High0------ 0.321
Moderate 10.371

1 I
Moderate 10 321
|High'------ 10371
Moderate 10o371I I 1
Moderate 10 371
…oderate 10|371

}------------1
I I I

ILow------- 0.241
ILOW ----- - 321
Low0-------0.241
Low-------10.281

1…'Low------'0 284LOW ------- 10.281
i----------1-1

|LOW------- 10 241
'Low0------ 10321
'Low---'---016.241

I l~ I
1Low------- 10281
'Low -----… '0281

---------- Ioo

Noe e I. I
I I I

Low'------- 10 15
ILow…------ 10151

|Moderate 10 321
'Moderate 10Q491
I … I
I I I

'Low …-- C- 10 241
'Moderate 10'371
1----------l

I
I

5

5

3

3

6

3

6

6

1-2

1-3

1-2

1-3

1-3

5

3

5

2

5

2

2

3

2

3

8

6

2 'I

1-2

1-2

1-2

1-2

1-3

1-3

1 1-2

10.09-0.11
10.04-0.06
i ---

I

0.19-0.21
0.16-0.21

6.6-7.8
6.6-7.8

7.4-9.0
7.4-9.0

1

2

10.17-0 19'16.6-7.8
0.19-0.21 6.6-8.4

-- I .

See footnote at end of table.



176 Soil Survey

TABLE 12.--PHYSICAL AND CIHMICAL PROPERTIES OF THE SOILS--Continued

_ f ~- ---- I Erso1- -I1ioin
Soil name and IDepthl Clay Permeability Avallable Soil 'Salinity Shrlnk- factors erodl- Organlc
map symbol I water reactionj swell bility matter

I I capacity -- I ItentlaL . K T groupPc
g n -c: -rD7EF_ -nlon M! -os:-s2a 7 P_

149*: I . T
Shingle --- … 0-4 27-35 0.6-2.0 0.19-0.21 7.4-9.0 <2 Moderate 0.32 2 6 1-3

4-18 17-35 0.6-2.0 0.16-0.21 7.4-9.0 <2 Moderate 0.49118 -- --- -- ----- __ -__

TasselI---------- 0-3 5-12 2.0-6.0 0.16-0.1817.4-8.4 <2 LCW----- 0.24 2 3 .S-1
3014 5-12 2.0-6.0 .2 .15-0.177.4-8.4 <2 LOY 0.24

150*:I I
Zlgweld --------- 0-2 18-35 0.6-2.0 0.16-0.21 6.6-8.4 <2 Moderate 0.32 5 6 1-2

2-60 27-35 0.6-2.0 0.16-0.21 7.9-9.0 <2 Moderate 0.43

Bahlr---------- 0-4 40-45 0.06-0.2 0.17-0.20 6.6-8.4 <2 Moderate 0.32 5 6 1-2
4-60 40-55 0.06-0.2 0.15-0.20 7.4-9.0 2-4 Hogh---- 0.37

151*:
Z1gwe5d--------- 0-3 27-35 0.6-2.0 0.16-0.21 6.6-8.4 <2 Moderate 0.32 5 6 1-2

3-60 27-35 0.6-2.0 0.16-0.21 7.9-9.0 <2 Moderate 0.43

Cambria - - ----- 4 0-2 5-15 0.6-2.0 0.12-0.14 6.6-8.4 <2 LoY - 0.32 5 3 1-2
2-60 18-35 0.6-2.0 0.15-0.20 7.4-8.4 <2 Moderate 0.37

152*: I
Zigweid - -------l 0-4 118-27 0.6-2.0 0.16-0.21 6.6-8.4 1 <2 gModerate 0.32 5 6 1-2

14-601 27-35 0.6-2.0 10.16-0.21 799.0 | <2 |Moderate 0.43

Cambria------- -- 0-4| 5-15 0.6-2.0 |0.12-0.14 6.6-8.4 <2 |Low-- 10.32 5 3 1-2
,4-8 10-25 0.6-2.0 0.16-0.18 7.4-8.4 <2 ILOwY - -0.37
8-60| 18-27 0.6-2.0 10.17-0.20 7.9-9.0 <2 Moderate 0.37

Theedle----- 0-5 10-20 0.6-2.0 |0.17-0.20 7.4-8.4 <2 Low-- 0.32 2 5 1-2
5-281 18-35 0.6-2.0 0.17-0.20 7.4-8.4 <8 1Moderate 0.37
j28 I _ _ J2=_

_ _-- See oa
*See description of the map unit for composition and behavior characteristics of the map unit.
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II
31

- --Abstedc-Arv .
Aeric Hapls
Bahl-Savag,

4one complex, 0 to 6 percent slopes k
i, 0 to 3 percent slopes

.somplex, 0 to 6 percent slopes

- | |

Comolex 5739!
Comle 4 1 9

Consociation 286l3F�
�Ij�

= s

Not prime farmland 1_ 13011
Not prime farmland 13011

51
51
51~.-1481I- 4. I

- l =Complex 11 6' NJot prime farmland 13011
104 Cambria-Cushman complex, 0 to 6 percent slopes Complex 7191 Not prime farmland 13016 351482
105 Cambrda-Cushman complex, 6 to 15 percent slopes Complex 8124 Not prime farmland 13016 351483
106 Cambria variant-Forkwood variant complex. 0 to 6 percent slopes Complex 2543 Not prime farmland 13016 351484
107 Clarkelen-Draknab complex, 0 to 3 percent slopes Complex 15692 Not prime farmland 13016 351485
108 Clarkelen-Dwyer-Orpha association, 0 to 10 percent slopes Association 11390 Not prime farmland 13016 351486
109 Clarkelen-Haverdad-Bigwinder complex. 0 to 3 percent slopes Complex 13794 Not prime farmland 13016 351487
110 Cushman-Terro complex, 0 to 6 Percent slopes Complex 663 Not prime farmland 13016 351488
111 Cushman-Terro complex, 6 to 15 percent slopes Complex 1444 Not prime farmland 13016 351489
112 Cushman-Worf association, 6 to 15 percent slopes Association 14050 Not prime farmland 13016 351490
113 Dwyer-O ha loamy sands, 3 to 15 percent slopes ' Complex 31539 Not prime farmland 13016 351491
114 Forkwood-Cambria fine sandy foams, 0 to 6 percent sloes Complex 51477 Not prime farmland 13016 351492
115 Forkwood-Cambria-Cushman complex, 6 to 15 percent slopes Complex 26989 Not prime farmland 13016 351493
116 Forkwood-Ulm complex, 0 to 6 percent slopes Complex 30340 Not prime farmland 13016 351494
117 Forkwood-Ulm-Renohill complex, 6 to 15 percent slopes Complex 8780 Not prime farmland 13016 351495
118 Gateridg Blacksheep association, 10 to 45 percent slopes Association 2751 Not prime farmland 13016 351496
119 Ustic Torriorthents, gullied Consociation 28930 Not prime farmland 13016 351497
120 Haverdad-Lohmiller complex, 0 to 6 percent slopes Complex 20662 Not prime farmland 13016 351498
121 Hilarld-Bowbac sandy loams, 0 to 6 percent slopes Complex 88990 Not prime farmland 13016 351499
122 Hiland-Bowbac complex, 6 to 15 percent slopes Complex 184664 Not prime farmland 13016 351500
123 Keeline-Tassel-Tumback complex. 6 to 15 Percent slopes Complex 19672 Not prime farmland 13016 351501
124 Kishona-Owyer-Orpha assocIation, 0 to 10 Percent slopes Association 3238 Not prime farmland 13016 351502
125 Orella-Rock outcrop-Samday complex, 3 to 30 percent slopes Complex . 16853 Not prime farmland 13016 351503
126 Pits,mine Consociation 93 Not prime farmland 13016 351504
127 Renohill-Worfka-Shingle complex, 0 to 6 percent slopes Complex 3650 Not prime farmland 13016 351505
128 Renohill-Worfka-Shingle complex, 6 to 15 percent slopes Complex 15686 Not prime farmland 13016 351506
129 Samday-Shingle-Worf complex, 3 to 15 percent slopes Complex 70850 Not prime farmland 13016 351507
130 Sear-Wibaux complex, 0 to 15 percent slopes Complex 2935 Not prime farmland 13016 351508
131 Shingle-Badland-Samday complex. 10 to 30 Percent slopes. Complex 176746 Not Prime farmland 13016 351509
132 Shingle, thin solum-Rock outcrop-Tasselthin solum complex, cool, 6 to 45 percent slopes Complex 5282 Not prime farmland 13016 351510
133 Shingle-Theedle-Cambria association, 6 to 30 percent slopes Association 6636 Not prime farmland 13016 351511
134 Silhouette-Heldt association, 0 to 6 percent slopes Association 9251 Not prime farmland 13016 351512
135 Tassel-Shingle complex, 2 to 30 percent slopes Complex 33590 Not prime farmland 13016 351513
136 Tassel-Terro-Rock outcrop complex, 15 to 30 percent slopes Complex 21942 Not prime farmland 13016 351514
137 Tassel-Tullock-Vonalee association, 6 to 30 percent slopes Association 72041 Not prime farmland 13016 351515
138 Terro-Tullock-Orpha complex. 0 to 6 percent slopes Complex 972 Not prime farmland 13016 351516
139 Terro-Tullock-Orpha complex, 6 to 15 percent slopes - Complex 8199 Not prime farmland 301G6 351517
140 Theedle-Kishona loams, 0 to 6 percent slopes Complex 4973 No prime farmland 1351518

'141 Theedle-Kishona loams, 6 to 15 percent slopes _ Complex 16372 Not prime farmland 13016 351519
142 Ulm-Bldman complex, 0 to 6 percent slopes Complex 25050 Not prime farmland 13016 351520
143 Ulm-Renohill complex, 0 to 6 percent slopes omplex 57813 No Prime farmland 1301 35152
144 Ulm-Renohill clay loams, 6 to 15 percent slopes Complex 28079 Not prime farmland 13016 351522
145 Ustic Torriorthents, reclaimed, 3 to 30 percent slopes Consociation 3494 Not prime farmland 13016 351523
146 Vonalee-Terro complex, 0 to 6 percent slopes Complex 4025 Not prime farmland 13016 351524
147 Vonalee-Terro complex, 6 to 15 percent slopes Complex 9060 Not prime farmland 13016 351525
148 Wibaux-Rock outcrop-Shingle complex, 6 to 45 percent slopes Complex . 20474 Not prime farmland 13016 351526
149 Worf-Shingle-Tassel complex, 3 to 30 percent slopes Complex 1_ 125455 Not prime farmland 13016 351527
150 Zigweid-Bahl association, 0 to 6 percent slopes Association I_ I 6525 Not prime farmland 13016 351528



-

- r

222 1

igweic-C7' -a assocIation, 0 to 6 percent slopes
1gweld-Cb . .'Theedle association, 6 to 15 percent slopes

Denied ace
Water -

As!

Cow

soclation 12487 INot prime farmland
sociation 1175.
msoaationnsociation 8174I r

.. _ . . -
Not prime farmland 13016 530

.3l i . 1531Jot prime farmland~~~~- 4-vSzl- -- 4rnsociation 173z Not prime farmland 1. 13016 I 35153;
200 Arvada, thick surface-Arvada-Slickspots complex, 0 to 6 percent slopes Complex 113 Not prime farmland 13016 361268
201 Embry-Orpha complex, 3 to 15 percent slopes Complex 242 Not prime farmland 13016 361270
203 Forkwood-Cushman foams, 6 to 15 percent slopes Complex 306 Not prime farmland 136 361272
207 Keeline-Tullock-Niobrara, dry, complex, 3 to 30 percent slopes Complex 221 Not prime farmland 13016 361273
204 Forkwood-Ulm loams, 0 to 6 percent slopes Complex 82 Not prime farmland 13016 361274
205 Hiland-Bowbac fine sandy loams, 6 to 15 percent slopes Complex 1740 Not prime farmland 13016 361275206 Hilight-Wags-Badland complex, 3 to 45 percent slopes Complex _2704 Not prime farmland 13016 361279
2 Samda -Shinle-Badland cornlex. 10 to 45 ercent slopes Complex 324 Not prime farmland 13016 36128020 Shingle-Taluce complex, 3 to 30 percent slopes Complex 316 Not prime farmland 13016 361281
210 Theedle-Kishona-Shingle foams, 3 to 30 percent slopes Complex 614 Not prime farmland 13016 361282
211 Ulm clay loam, 0 to 6 percent slopes Consoclation 995 Not prime farmland 13016 361283
212 Ustlc Torriorthents, gullied Consoclation 552 Not prime farmland 13016 361284
213 Wibaux-Wibaux, thin solum complex, 6 to 40 percent slopes Complex 92 Not prime farmland 13016 361285
214 Wibaux-Shingle-Badland complex, 6 to 60 percent slopes Complex 723 Not prime farmland 13016 361286
216 Theedle-Kishona loams, 6 to 20 percent slopes - Complex 28 Not Prime farmland 13016 361287
217 Renohill-Worfka clay loams, 3 to 15 percent slopes Complex 42 Not prime farmland 13016 361288
218IRenohill-Shingle-Worf complex. 3 to 15 percent slopes Association 9 Not prime farmland 13016 361289
219 ShInqle-Worf bars. 3 to 30 percent slopes Complex 80 Not prime farmland 13016 361290
221 Haverdad loam, 0 to 3 percent slopes Consociation 32 Not prime farmland 13016 361295
202 Forkwood-Cambria boams, 0 to 6 percent slopes Complex 489 Not prime farmland 13016 361296
223 Absted-Arvada corplex. 0 to 3 ercent slopes Complex 934 Not prime farmland 13016 1427841
224 Clarkelen fine sandy loam, overflow, 0 to 3 percent slopes Consociation 57 Not prime farmland 13016 1427842
225 Cushman-Forkwood foams, 0 to 6 percent slopes Complex 142 Not prime farmland 13016 142784322Endoaquolls-Torifluvents complex, 0 to 3 percent slopes Complex 4 Not prime farmland 13016 1427844
227 Forkwood-Cambria-Cushman loams, 6 to 15 percent slopes Complex 365 Not prime farmland 13016 1427845
228 Haverdad loam, overflow, 0 to 4 percent slopes Consoclation 541 Not prime farmland 13016 1427846
229 Kishona-Cambria bars, 0 to 6 percent slopes Complex 206 Not prime farmland 13016 1427847
230 Kishona-Cambria-Theedle loams, 6 to 15 percent slopes Complex 158 Not prime farmland 13016 1427848
231 Taluce-Shingle complex, 3 to 20 Percent slopes Complex 593 Not prime farmland 13016 1427849
232 Taluce-Tullock-Rock outcrop complex, 3 to 45 percent slopes Complex 151 Not prime farmland 13016 1427850
233 Taluce-Tumercrest-Kedline fine sandy loams, 3 to 20 percent slopes Complex _ 221 Not prime farmland 13016 1427851235 Ulm-Bidman loams, 0 to 6 percent slopes Complex 393 Not prime farmland 13016 1427852
236 Hiland-Bowbac associaton, 6 to 15 percent slopes Association _ 495 Not Prime farmland 13016 1427893
237 Hiland-Bowbac sandy loams, thick surface, 0 to 6 percent slopes Complex 1259 Not prime farmland 13016 1427894
238 Hiland-Bowbac complex, 0 to 10 percent slopes Complex 5 Not prime farmland 13016 1427895239 Bidman-Ulm association, undulatin Association 297 Not prime farmland 13016 1427896
240 Lohmiller-Haverdad complex,1 to 4 percent slopes Complex 101 Not prime farmland 13016 1427897
241 Absted-Bone complex. 0 to 6 percent slopes Complex 27 Not prime farmland 13016 1427898
242Dwyer fine sand, 3 to 15 percent slopes Consociation 112 Not prime farmland 13016 1427899
243 Parmleed-Renohill complex, 0 to 6 percent slopes Complex 235 Not prime farmland 13016 1427900
244 Samday-Shingle-Worf complex, northeast, 3 to 15 percent slopes Complex 10 Not prime farmland 13016 1427901

t245 Forkwood-Cambria-Cushman loams, 0 to 12 percent slopes Complex 169 Not prime farmland 13016 1427902
1246 Forkwood-Zigweid association, sloping Association 118 Not prime farmland 13016 1427903
,247 Cushman-Forkwood association, rolling Association 757 Not prime farmland 13016 1427904
248 Theedle-Shingle-Kishona complex, 6 to 40 percent slopes, gullied Complex 540 Not prime farmland 13016 1427905
249 Zigweid-Theedle loams, 3 to 15 percent slopes Complex 29 Not prime farmland 13 42790



7-Alickspots complex, 0 to 6 percent slopes
Hiland-Bom ne sandy loams, 0 to 6 percent slopes
Ulm-Reno, .y Ioams, 0 to 6 percent slopes
Orpha-Tullock loamy sands. 6 to 30 oercent sloDes

.I Complex I | 41 INot prime farmland | 130161
- FComplex 4 x 368INot prime farmland 4 13016

I
t, 907

908
.. _1909Complex 450INot prime farmland 13016

Comolex 271Not orime farmland 13016 1427910254 Cushman-Worf loams, 3 to 15 percent slopes Complex 180 Not prime farmland 13016 1427911255 Savageton-Silhouette clay loams. 0 to 6 percent slopes Complex . 13 Not prime farmland 13016 1427912256 Bldman-Ulm foams, 0 to 6 percent slopes Complex _ _3051 Not prime farmland 13016 1427913

I



THIS PAGE IS AN
OVERSIZED

DRAWING OR
FIGURE

THAT CAN BE VIEWED AT
THE RECORD TITLED:

"REYNOLDS'.'RANCH
URANIUM. PROJECT.

SOILS MAP"
PLATE D7 1'

WITHIN THIS PACKAGE.....

D-O1



ADDENDUM D7-2

ORDER 1-2 BASELINE SOIL ASSESSMENT, 1997

BKS ENVIRONMENTAL ASSOCIATES, INC.

(Prepared for Rio Algom Mining Corporation)



Baseline Soil Assessment
of the 1997 Reynold's Ranch

Permit Extension Area

Prepared for:

RIO ALGOM MINING CORPORATION
P.O. Box 1390

Glenrock, WY 82637

Prepared by:

BKS ENVIRONMENTAL ASSOCIATES, INC.
P.O. Box 3467

Gillette, WY 82717-3467

July 1998



-

TABLE OF CONTENTS

Page
No.

1. INTRODUCTION..................................................................................................I

2. METHODOLOGY..................................................................................................I

2.1. Review of Existing Literature . .................................................... :. 1

2.2. 1997 Project Participants ..................................................... 2

2.3. Soil Survey ..................................................... 2

2.4. Field Sampling ..................................................... 3

2.5. Laboratory Analysis .................................................... 4

3. RESULTS AND DISCUSSION .................................................. 4

3.1. Soil Survey - General ..................................................... 4

3.2. Soil Mapping Unit Interpretation ..................................................... 5

3.3. Analytical Results ..................................................... 6

3.4. Evaluation of Soil Suitability as a
Plant Growth Medium ..................................................... 6

3.5. Topsoil Volume Calculations ..................................................... 7

3.6. Prime Farmland Assessment ..................................................... 7

4. REFERENCES .................................................... 11

ADDENDUM 1, CORRESPONDENCE .................................................... 12

ADDENDUM 2, SUMMARY OF 1997 SOIL ANALYTICAL RESULTS .............. 18

ADDENDUM 3, SOIL MAPPING UNIT DESCRIPTIONS .................................... 50

ADDENDUM 4, 1997 SOIL SERIES DESCRIPTIONS ...................................... 72

ADDENDUM 5, 1979 SOIL SERIES DESCRIPTIONS ...................................... 101



LIST OF TABLES

Table Page
No. Description No.

1 Soil Seriesl 997 Sample Summary for the Reynold's Ranch
Extension Area ....................................... 8

2 Key to Soil Mapping Units within the Reynold's Ranch
Extension Area .9

3 Approximate Salvage Depths for the Reynold's Ranch Extension Area . 10



1. INTRODUCTION

This report presents information on the soils occurring on the Reynold's Ranch permit extension

area to the Smith Ranch Facility which is located approximately 40 miles northwest of Douglas,

Wyoming. The area has been previously surveyed, on a large scale, by the U.S. Department of

Agriculture (USDA), Natural Resource Conservation Service (NRCS) in 1982. The major

objective of the 1997 assessment was to define the existing topsoil resource within the extension

area and determine the extent, availability, and suitability of soils material for use in reclamation.

The mapping and reporting for the 1997 extension area incorporated map unit information from

previous site-specific soil surveys. 1997 soil sampling needs were determined from overall Smith

Ranch permit sample numbers from 1979. However, this report has been compiled in order that

the current extension area soil survey can be a stand-alone document.

2. METHODS

2.1. Review of Existing Literature

The soils in this portion of Converse County were studied and mapped to an Order 3 scale by the

USDA, NRCS in 1982. The NRCS has recently centralized dissemination of nationwide soil

series descriptions; county-wide information is available on the Internet through a site at Iowa

State. Soil mapping of the original Smith Ranch Facility was conducted in 1979 by Woodward-

Clyde Associates of Denver, Colorado.
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2.2 1997 Project Participants

BKS Environmental Associates, Inc. performed the 1997 soil survey field work. All soil analysis

was handled by Rio Algom Mining Corporation under separate contract with Energy Laboratories

of Casper, Wyoming.

2.3. Soil Survey

Construction of the extension area soil map was accomplished according to techniques and

procedures of the National Cooperative Soil Survey. Guideline No. 1 (November, 1984) of the

Wyoming Department of Environmental Quality, Land Quality Division (WDEQ-LQD) was

followed during all phases of the work.

A reconnaissance of the extension area was used to determine the validity of the previous NRCS

soil survey and to familiarize the field personnel with the area. Soil profiles were examined on a

widely scattered basis according to physiographic configuration. Information derived from these

profiles was compared with previous mapping information to determine which soils were likely to

occur on specific landscape positions. Previous mapping information for the extension area was

available throughout the field survey.

Following the reconnaissance survey, an Order 1-2 soil survey was conducted. Actual soil

boundaries were delineated in the field by exposing additional soil profiles to determine the nature

2



and extent of soil series present on the extension area. Soil map unit boundaries were delineated

on a 1 "=400' photographic base map. Refer to Table 1 for soil mapping unit designations and

associated acreage. Table 2 describes the soil map units in terms of actual map designations and

slope percentage.

2.4. Field Sampling

Per written communication with WDEQ-LQD personnel on October 15, 1997, all soils were

sampled and described by exposing the solum with a shovel and then sampling below this point

with a hand auger or by coring with a mechanical auger, i.e., truck-mounted Giddings. Refer to

Addendum 1, Correspondence. The physical and, where possible, chemical nature of each

horizon within the sampled profile was described and recorded in the field. The field location was

plotted on the map. At least two quarts of sampled soil material were placed in clean, labeled,

polyethylene plastic bags and kept cool and as dry as possible to limit chemical changes. Due to

the timing of the sampling (i.e., fall 1997), ambient air temperatures were not considered

excessive. Samples were kept out of direct sunlight and transported to the Gillette office of

Energy for shipment to the Casper office for analysis. In general, samples were taken to Energy

within two weeks of actual collection.

A total of 27 sites on the extension area was sampled in 1997 for analysis and corresponding soil

profile descriptions written. These 27 locations supplemented previous permit sampling in 1979.

3
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2.5. Laboratory Analysis

Upon receipt at the Casper office of Energy, topsoil samples were logged into the computer

system. Samples were placed into lined aluminum pans to air dry. Coarse fragments were

measured with a 10 mesh screen prior to grinding; the entire sample was then hand ground to pass

10 mesh. An approximate 20 ounce subsample was obtained through splitting with a series of

riffle splitters and subsequently analyzed. A second subsample was maintained in storage at

Energy. Approximately 20 percent of the samples are run for duplicate analysis.

Actual laboratory analysis follows the methodology outlined in WDEQ-LQD Guideline 1. Refer

to the end of Addendum 2, Summary of Soil Analytical Results. In general, samples were

analyzed within 30 days of receipt of the samples. All analytical data is also found in Addendum

2, Summary of Soil Analytical Results.

3. RESULTS AND DISCUSSION

3.1. Soil Survey - General

The soils occurring on the Reynold's Ranch extension area are typical of the semi-arid grasslands

of the western United States. Due to prevailing climate and vegetation conditions, organic matter

is accumulated slowly and is confined primarily to the surface horizon(s) resulting in light-

coloration. Subsoil color is usually light brown.
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The greatest proportion of the upland soils of the extension area are residual (i.e., developed in

place) and are formed from weathered sedimentary bedrock, mostly sandstone and shale. Most

developed soils reflect the character of the bedrock. Areas of sandy and medium-textured friable

soils are underlain by sandstone and sandy shale. Typical toposequences under such conditions

may be Taluce on the shallow end to Bowbac (moderately deep) to Hiland on the deep end.

Heavy clay soils are underlain by clayey shale. A typical toposequence under such conditions

may be Shingle on the shallow end to Cushman (moderately deep) to Forkwood on the deep end

for medium textured soils. These soils vary widely in both depth and suitability of the material for

topsoiling depending primarily on the parent material from which the soils have formed.

Major stream channels of the extension area are characterized by alluvial soils such as the Kishona

(formerly Kim) series, Clarkelen series, and Draknab series. Smaller ephemeral channels in

unstable landscapes are characterized by the moderately deep Theedle (formerly Thedalund) series

or the deep Kishona series. These soils are developed from a variety of material washed from the

uplands and redeposited along the stream courses. The soils formed in alluvium reflect the

character of the weathered, transported material. These soils often have a generally dark friable

surface that contains a larger amount of organic matter than upland soils.

3.2. Soil Mapping Unit Interpretation

The 1997 mapping did result in a number of new series, previously unmapped in the existing 1979

baseline, being described within the extension area. Previously derived mapping units within the
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existing permit area and their existing series descriptions were utilized wherever possible. Refer

to Addendums 3, 4, and 5.

Since the actual amount of affected land within the extension area was not known at the time of

the survey, it was difficult to base soil sample location numbers on an actual percent of the

combined total affected area between the proposed extension and the main permit areas. Instead,

sample numbers were based on percent of total permit acreage. The maximum number of soil

pedons according to WDEQ Guideline 1 were sampled, wherever possible.

3.3. Analytical Results

Lab analyses of the 1997 soil samples did include percent very fine sands. The very fine sand

fraction was useful in the differentiation between series. Laboratory information was used in part

with field observations of fine sands within individual peds as well as topographic position to

determine series designation. None of the 1997 samples exceeded 50% very fine sand. Refer to

Addendum 2, Summary of Soil Analytical Results for a complete collection of original laboratory

data.

3.4. Evaluation of Soil Suitability as a Plant Growth Medium

Within the extension area, suitability of soil as a plant growth medium is generally limited by

physical factors such as texture (sand or clay) or saturation percentage or chemical factors such as

pH. In general, questionable chemical quality material is found within the high clay horizons

6



found at depth within deeper soils or sandy alluviated/residual material. No unsuitable material,

according to WDEQ Guideline 1, was found. Marginal or unsuitable parameters are found in the

following soil series and sample points:

Series

Aeric Haplaquept

Draknab sandy loam

Ulm loam

Cambria loam

Sample Point #

23

51

57

66

Parameter '

saturation %/ texture (marginal)

saturation %/texture (marginal)

texure (marginal)

pH (marginal)

3.5. Topsoil Volume Calculations

Based on the extension area field work and subsequent chemical analysis, topsoil depths of

previous permit sample locations were confirmed for the individual mapped soil series and

revised, if necessary. Since the disturbed area was not known at the time of the survey, no

volumes were determined. Every attempt was made to conform to previously determined

stripping depths for a particular series; however, for purposes of the 1997 extension area, listed

stripping depths may or may not match exactly to previously determined depths. Table 3 lists

approximate stripping depths for each map unit.

3.6. Prime Farmland Assessment

No prime farmland determination was conducted since no cropland or hayland is located within

the proposed extension area.
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Table 1. Soil Series 1997 Sample Summary for the Reynolds Ranch Extension Area.

Map Unit/ Reynolds Ranch No. of I Number of Total
Soil Series Existing Permit Chemical Samples/ Number

Acreage (%) Analysis Location of
Locations Samples

Aeric Haplaquept
Bowbac
Cambria
Cushman
Clarkelen
Draknab
Dwyer
Exposed

Sandstone
Forkwood

k>, Haverdad
Hiland
Kishona
Renohill
Shingle
Taluce
Terro
Theedle
Tullock
Ulm
Vonalee
Worf

TOTALS

16.7 (<1)
3770.0 (28)
428.7 (3)
2307.9 (17)
55.9 (<1)
45.1 (<1)
17.9 (<1)
98.0 (1)

497.8 (4)
54.5 (<1)
978.3 (7)
13.1 (<1)
269.2 (2)
94.5 (1)
1984.5 (15)
1032.0 (7)
25.7 (2)
537.8 (4)
9.7 (<1)
267.2 (2)
928.5 (7)

13440 (100.00)

1
3
1
3
I
1
1
0

4
4+
4
3+
5
6
4
0

1
I
I
I
I
2
2
2
I
I
1
I

*2

6
4
6
6
4
1+
1+
3+
3
3
5
5
2+

4
13
4
11
5
6
4
0

6
4
6
6
4
3
3
7
3
3
5
5
5

27 107

**NOTE: Disturbed acreage is not known at this time.
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Table 2. Key to Soil Mapping Units within the Reynold's Ranch Permit Extension Area

Map Designation Description (including slope percentages)

13A Vonalee, 0-3%

13B Vonalee, 3-6%

13AB Vonalee, 0-6%

14A Kishona, 0-3%

15A Cambria, 0-3%

15B Cambria, 3-6%

16A Hiland, 0-3%

16AB Hiland, 0-6%

17A Terro, 0-3%

17B Terro, 3-6%
17AB Terro, 0-6%

17BC Terro, 3-15%

18A Dwyer, 0-3%
19A Forkwood, 0-3%

20A Ulm, 0-3%

21A Cushman, 0-3%

21B Cushman, 3-6%

21AB Cushman, 0-6%

22A Renohill, 0-3%

23A Bowbac, 0-3%

23B Bowbac, 3-6%

23AB Bowbac, 0-6%

23C Bowbac, 6-15%

25A Tullock, 0-3%

25B Tullock, 3-6%

25AB Tullock, 0-6%

30A Shingle, 0-3%

31A Worf, 0-3%
31B Worf, 3-6%
31BC Worf, 6-15%

32A Taluce (Tassel), 0-3%

32B Taluce (Tassel, 3-6%

32AB Taluce (Tassel), 0-6%

32C Taluce (Tassel), 6-15%

32D Taluce (Tassel), 15-30%

49A Theedle, 0-3%
50 Exposed Sandstone (Rock Outcrop)

5 1A Draknab, 0-3%

52A Haverdad, 0-3%

53A Clarkelen, 0-3%

56A Aeric Haplaquept, 0-3%
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Table 3. Approximate Soil Salvage Depths for the Reynold's Ranch Extension Area.
Approximate

Map Symbol Map Unit Description Salvaie Depth

13 Vonalee 48-60
14 Kishona 48
1 5 Cambria 48
16 Hiland 48-60
17 Terro 30
18 Dwyer 12-30
19 Forkwood 48-60
20 Ulm 48
21 Cushman 30
22 Renohill 24
23 Bowbac 30
25 Tullock 30
30 Shingle 12
31 Worf 12
32 Taluce 6-12
49 Theedle 30
50 Exposed Sandstone (Rock Outcrop) 0
51 Draknab 12
52 Haverdad 12-30
53 Clarkelen 12-30
56 Aeric Haplaquept 0
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FILE COPY
BKS ENVIRONMENTAL

ASSOCIATES, INC.

P.O. Box 3467
Gillette, WY 82717-3467

(307) 682-3810
Fax (307) 682-0125

P.O. Box 6021
Laramle, WY 82070-6021

(307) 721-5179
Fax (307) 721-5179

October 15, 1997

Mr. Matt Jankdvsky
WDEQ-LQD
Herschler Building
122 West 25th
Cheyenne, WY 82001

Dear Matt:

Attached is the soil methodology including proposed sample numbers associated with the Reynold's
Ranch baseline soil assessment for Rio Algom Mining Corporation. The field mapping phase of this
assessment has been completed and the sampling phase should be completed this fall. I am assuming
you will have Lowell Spackman review this methodology.

I would appreciate any "short turn-around" comments you may have since we are formulating fall
1997 sampling plans. Thank you for your input. Ifyou have any questions, please feel free to contact
me in Gillette at (307)682-3810.

Sincerely,

8gAt/z

Brenda K. Schladweiler
BKS ENVIRONMENTAL ASSOCIATES, INC.

cc. Pam French, Rio Algom Mining Corporation

13



1997 Soil Sampling Methodology
Ku Rio Algom Mining Corporation's Reynold's Ranch Property

October 8, 1997

General
It is assumed,the original baseline soils inventory for tle Smith Ranch permit area, Permit
No.304C was limited and conducted in tile same timeframe as the baseline vegeation assessment,
i.e., late 1970's and possibly 1990. As part of the limitations, it is assumed that the previous soil
work is a general reproduction of previous Natural Resource Conservation Service (NRCS),
formerly Soil Conservation Service (SCS), mapping and that little or no soil analytical data is
available for the current Smith Ranch property. The Reynolds Ranch permit extension was
proposed in 1996 and consists of approximately 13,440 acres that lie adjacent to the existing
Smith Ranch permit area.

)review of Existine Literature
The northern portion of Converse County has been mapped by (lie NRCS. This material, as well
as the existing soils section for the current permit area, if any, was reviewed prior to summer
1997 fieldwork.

Soil Survey
Field soil mapping will be accomplished according to techniques and procedures of the National
Cooperative Soil Survey. Guideline No. I (November, 1984) of the Wyoming Department of
Environmental Quality, Land Quality Division will be used as a general guide during all phases of

i> J the study.

A reconnaissance of the Reynolds Ranch extension area was used to determine the validity of the
previous NRCS soil survey and to familiarize the field personnel with the area. Soil profiles were
examined on a widely scattered basis according to physiographic configuration. Information
derived from these profiles was used to determine which soils were likely to occur on specific
landscape positions.

Following the reconnaissance survey, a higher intensity Order 1-2 soil survey was conducted.
Actual soil boundaries were delineated in the field by exposing additional soil profiles to
determine the nature and extent of soil series present on the extension area. The soil boundaries
were delineated on the 1"=400' scale topographic basernap. The acreages of individual map units
were compiled in Table 1.

Soil Sampling, Description. and Analysis
Profile sampling and description for the original baseline survey was limited, based on
requirements of non-coal facilities. It is assumed that little or no previous analytical data exists
and that existing profile descriptions, would be a general reproduction of existing NRCS
information. Since the 1997 assessment is an Order 1-2 survey, sampling for analysis and profile
descriptions has been included.

K
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1997 Soil Sampling Methodology
Rio Algom Mining Corporation's Reynold's Ranch Prop)erty

October 8, 1997 (cont.)

The extent of proposed disturbed area within the Reynold's Ranch permit extension is not known
at this time. Therefore the proposed sample numbers proposed in Table I are based on total
permit acreages. Sampling requirements for those series found within the Reynolds Ranch
extension area will generally follow the acreage recommendations in Guideline 1, page 5
(November 1984). However, since actual disturbed acreage is not known at this time, the
following sampling scheme is proposed:

If the extension area acreage of thie mapping unit exceeds 10% or tile total perimit area or 1,344
acres, 3 pedons will be sampled for analysis. If tlc combined aercage ranges from 5-10% or tile
total permit area, 2 pedons will be sampled, and, if that acreage is less thaan 5% of the total permit
area, I pedon will be sampled.

All soils will be sampled and described by exposing the solum with a shovel and then sampling
below this point with a bucket auger to a maximum depth of 60". The physical and, where
possible, chemical nature of each horizon within the sampled profile will be described and
recorded in the field using standard NRCS survey techniques. Soil backhoe pits will not be
utilized for sampling.

Necessary sample locations for written profile descriptions will be marked on the topographic
base map and marked in the field with steel fence posts. The sampled soil material will be placed
in clean, labeled, polyethylene plastic bags, and kept sealed to limit sample drying. Samples will
not be iced down but will be kept as cool as possible. In addition, samples will be forwarded to
the laboratory as soon as possible after collection to limit chemical changes. At the end of the
sampling program, the samples will be transported to Energy Laboratories in Gillette or left at the
mine site for Energy Laboratories in Casper to obtain. Analytical information will following
Guideline 1, Table 1-2, Topsoil Suitability.

This soil assessment methodology correctly documents previous agreements as stated above
and is hereby approved.

Lowell Spackman
WDEQ, Land Quality Division

Date:_

2
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Table 1. Soil Series Sample Summary for the Reynolds Ranch Extension Area.

Malp Unit/
Soil Series

Reynolds Ranch
Existing Permit
Acreage (%)

No. orCheinical
Analysis locations

.... . . .........__.___._

Aeric Hlaplaquept
Bowbac
Cambria
Cushman
Clarkelen
Dwyer
Exposed Sandstone
1o okwood
I laver(da(l
I lila nd
Kislhona
Renohill
Shingle
Taluce
Terro
Tullock
Ulm
Vonalee
Worf

TOTALS

16.76 (<I)
3797.74 (28)
430.9 (3)
2319.5 (17)
56.2 (<1)
18.0 (<1)
98.5 (1)
500.3 .(4)
54.8 (<1)
983.2 (7)
13.2 (<I)
270.6 (2)
95.0 (1)
1995.5 (15)
1038.0 (8)
540.5 (4)
9.7 (<1)
268.5 (2)
933.2 (7)

13440 (100.00)

3

3

.i

2
3

2

2

27

**NOTE: Disturbed acreage is not known at this time.

3
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Lowell Spackman, 11:43 AM 10/23/9, Review of Soil Sampling M 1

qDate: Thu, 23 Oct 1997 11:43:38 -0600
rom: Lowell Spackman <LSPACK@missc.state.wy.us>
Lo: schlad@vcn.com
Cc: gcash@missc.state.wy.us, jwagne@missc.staLe.wy.us
Subject: Review of Soil Sampling Methodology, Rio Algom Amendment,
T FN

3 5/131 (e-mail)
Content-Disposition: inline
X-UIDL: 54fbb9O28f7d2c87fae4a9fa4cO4dcl5

Dear Brenda (BKS Environmental Associates, INC):

I have reviewed the methodology for the Reynold's Ranch Property to
be
amended to the Rio Algom's Smith Ranch Permit. This methodology was
outlined in your letter of October 15, 1997, to Matt Jankovsky.

I recently did an evaluation of the Smith Ranch permit soil survey
information, to evaluate the effects of stripping only the upper four
to six
inches of the soil in the construction of access roads. There are no
suitability data nor quality data in the permit for soils. My review
suggested that each soil needs to be evaluated for quality. The
quality of
the soil will dictate how much of the soil will need to be stripped

or each
)ad. I think it is essential that soil suitability be evaluated for

this insitu
mine.

Without having a map and specifics on the disturbance boundary, I
concur with your sampling scheme for the Reynolds Ranch Amendment
area. The general scheme is acceptable and should meet the
requirement of the Noncoal Rules and Regulations/Guideline No. 1.
Thank
you for the opportunity to comment on these methodologies before they
are implemented.

q

Lowell K. Spackman

I Printed for schlad@vcn.com
_ __
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ADDENDUM 2
SUMMARY OF 1997 SOIL ANALYTICAL RESULTS
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Aeric Haplaquept
(Location 23)

Mechanical Analysis

Depth
(inches)

Sand Silt Clay Coarse
FragmentsTexture

0-12
12-24
24-33
33-48

36.0
38.0
43.0
49.0

20.8
21.8
23.8
21.8

43.2
40.2
33.2
29.2

C

CL
SCL

5.71
4.96
2.38
<2.0

Depth
(inches)

B
PPM

Se
ppm

Very Fine
Sand %

Satur.

0-12 <0.2 0.007 13.8 80.1
12-24 <0.2 0.006 13.5 75.3
24-33 <0.2 0.009 13.7 67.5
33-48 <0.2 <0.002 19.0 64.1

Saturation Extract

Depth pH Elect. Cations
(inches) S.U. Cond. Ca Mg - Na SAR

(mmhos/cm) meq/iter-

0-12
12-24
24-33
33-48

7.40
7.37
7.66
7.81

0.25
0.19
0.25
0.22

0.99
0.75
1.36
1.14

0.59
0.39
0.65
0.54

0.13
0.14
0.23
0.22

0.14
0.19
0.23
0.22

NOTE: The saturation % at 0 -12" and the texture at 0 -12" and 12-24" are marginal according to
WDEQ Guideline No. 1.
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Bowbac
(Location 63)

Mechanical Analysis

Depth
(inches)

Sand Silt Clay Coarse
FragmentsTexture

0-3
3-20
20-26
26-32

61.0
61:0
65.0
62.0

23.7
23.7
17.7
15.7

15.3
15.3
17.3
22.3

SL
SL
SL
SCL

<2.0
<2.0
<2.0
<2.0

Depth
(inches)

B
ppm

Se
ppm

Very Fine
Sand %

Satur.

0-3 <0.2 0.010 1.98 42.2
3-20 <0.2 0.008 7.36 51.1
20-26 <0.2 0.002 <1.0 42.8
26-32 <0.2 0.003 <1.0 38.7

Saturation Extract

Depth pH Elect. Cations
(inches) S.U. Cond. Ca Mg Na SAR

(mmhos/cm) m meqfliter-

0-3
3-20
20-26
26-32

8.13
8.00
7.97
8.02

0.51
0.52
0.82
0.49

4.45
3.60
5.85
3.50

1.62
1.32
2.00
1.23

0.09
0.19
0.23
0.19

0.05
0.12
0.11
0.12
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Bowbac
(Location 78)

Mechanical Analysis

Depth
(inches)

Sand Silt Clay Coarse
FragmentsTexture

0-3
3-20
20-28
28-36

65.0
75.0
80.0
77.0

18.7
8.70
5.70
12.7

16.3
16.3
14.3

-10.3

SL
SL
SL
SL

<2.0
<2.0
<2.0
<2.0

Depth
(inches)

B
ppm

Se
ppm

Very Fine
Sand %

Satur.

0-3 <0.2 0.006 6.21 33.4
3-20 <0.2 0.003 2.80 42.8
20-28 <0.2 <0.002 <1.0 31.9
28-36 <0.2 <0.002 <1.0 42.7

Saturation Extract

Depth pH Elect. Cations
(inches) S.U. Cond. Ca Mg Na SAR

(mmhos/cm) m meq/liter-

0-3
3-20
20-28
28-36

7.78
7.79
7.50
7.93

0.44
0.41
0.82
0.69

3.15
2.65
5.00
4.20

1.42
1.08
2.25
2.33

0.11
0.17
0.34
0.40

0.07
0.13
0.18
0.22
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Cambria
(Location 66)

Mechanical Analysis

Depth
(inches)

Sand Silt Clay Coarse
FragmentsTexture

0-3
3-15
15-31
31-48

56.0
44.0
49.0
54.0

19.7
22.7
24.7
24.7

24.3
33.3
26.3
21.3

SCL
CL

SCL
SCL

<2.0
4.47
<2.0
<2.0

Depth B Se Very Fine Satur.
(inches) ppm ppm Sand % %

0-3 <0.2 0.012 7.55 42.6
3-15 <0.2 0.009 12.4 69.8
15-31 <0.2 <0.002 15.0 59.3
31-48 <0.2 <0.002 17.1 55.8

Saturation Extract

Depth
(inches)

pH
S.U.

Elect.
Cond.
(mmhos/cm)

Cations
Ca Mg Na SAR

meq/iter-

0-3
3-15
15-31
3148

8.25
8.38
8.53
8.52

0.31
0.89
0.30
0.35

1.95
5.65
1.40
0.76

1.31
4.08
1.67
2.13

0.09
0.24
0.55
1.37

0.07
0.11
0.44
1.14

Note: The pH at 15-31" and 31-48" are marginal according to WDEQ Guideline No. 1.

22



Clarkelen
(Location 50)

Mechanical Analysis

Depth
(inches)

Sand Silt Clay Coarse
FragmentsTexture

0-3
3-15
15-32
32-38
38-60

58.0
60.0
77.0
76.0
85.0

18.3
20.3
10.3
10.3
5.3

23.7
19.7
12.7
13.7
9.70

SCL
SL
SL
SL
LS

<2.0
<2.0
<2.0
<2.0
<2.0

Depth B Se
""wm

Very Fine
.ROvA 0/,

Satur.
ova

tIFilS3 F111 U"pill -IV .0 /0

0-3 <0.2 0.014 2.85 60.1
3-15 0.2 0.019 1.56 54.0
15-32 <0.2 0.013 <1.0 33.4
32-38 <0.2 0.007 1.15 32.5
38-60 <0.2 0.002 <1.0 25.7

Saturation Extract

Depth pH Elect. Cations
(inches) S.U. Cond. Ca Mg Na SAR

(mmhos/cm) - meq/literi

0-3
3-15
15-32
32-38
38-60

8.03
8.21
8.19
8.11
8.20

1.30
1.01
1.26
1.22
0.82

11.0
8.70
10.1
9.35
5.65

2.92
2.25
3.08
2.92
2.08

0.30
0.13
0.52
0.53
0.35

0.12
0.06
0.20
0.21
0.18
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Cushman
(Location 4)

Mechanical Analysis

Depth
(inches)

Sand Silt Clay Coarse
FragmentsTexture

0-5
5-18
18-31

56.0
43.0
56.0

29.8
28.8
21.8

14.2
28.2
22.2

SL
CL

SCL

<2.0
<2.0
<2.0

Depth
(inches)

B
ppm

Se
ppm

Very Fine
Sand %

Satur.

0-5 <0.2 0.012 26.3 46.8
5-18 <0.2 0.006 22.8 66.9
18-31 <0.2 <0.002 19.1 59.8

Saturation Extract

Depth pH Elect. Cations
(inches) S.U. Cond. Ca Mg Na SAR

(mmhos/cm) meqfliter-

0-5
5-18
18-31

7.96
7.92
8.05

0.60
0.55
0.58

4.32
4.00
3.55

2.18
2.21
2.67

0.19
0.33
0.43

0.10
0.19
0.24
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Cushman
(Location 49)

Mechanical Analysis

Depth
(inches)

Sand Silt Clay Coarse
FragmentsTexture

0-3
3-10
10-16
16-27

45.0
42.0
42.0
43.0

22.4
19.4
23.4
21.4

32.6
38.6
34.6
35.6

CL
CL
CL
CL

<2.0
8.64
3.16
<2.0

Depth
(inches)

B
ppm

Se
ppm

Very Fine
Sand %

Satur.

0-3 <0.2 0.012 9.06 52.4
3-10 <0.2 0.010 12.0 73.9
10-16 <0.2 0.007 9.79 69.5
16-27 <0.2 0.006 6.08 64.5

Saturation Extract

Depth pH Elect. Cations
(inches) S.U. Cond. Ca Mg Na SAR

(mmhos/cm) meq/liter t

0-3
3-10
10-16
16-27

7.66
8.33
8.26
8.38

0.35
0.60
0.60
0.29

2.20
4.35
3.70
1.47

1.38
2.67
2.50
1.30

0.19
0.20
0.30
0.75

0.14
0.10
0.17
0.64
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Cushman
(Location 60)

Mechanical Analysis

Depth
(inches)

Sand Silt Clay Coarse
FiagmentsTexture

0-3
3-15
15-20
20-36

59.0
58.0
42.0
50.0

21.7
20.7
30.7
24.7

19.3
21.3
27.3
25.3

SL
SCL
CL
SCL

<2.0
<2.0
5.48
2.39

Depth B Se Very Fine Satur.
(inches) ppm ppm Sand % %

0-3 <0.2 0.003 3.52 44.6
3-15 <0.2 0.003 7.12 52.6
15-20 <0.2 0.002 8.88 60.1
20-36 <0.2 <0.002 13.5 57.3

Saturation Extract

Depth
(inches)

pH
S.U.

Elect.
Cond.
(mmhos/cm)

Cations
Ca Mg Na SAR

meqfliter

0-3
3-15
15-20
20-36

8.00
8.15
8.19
8.29

0.37
0.49
0.46
0.25

2.55 1.15 0.07 0.05
4.00 1.38 0.10 0.06
3.65 1.31 0.11 0.07
1.65 1.08 0.13 0.11
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Draknab
(Location 51)

Mechanical Analysis

Depth
(inches)

Sand Silt Clay Coarse
FragmentsTexture

0-6
6-14
14-30
30-36
3644
4448

70.0
63.0
88.0
42.0
88.0
30.0

12.3
13.3
3.30
20.3
3.30
29.3

17.7
23.7
8.70
37.7
8.70
40.7

SL
SCL
LS
CL
LS
C

2.44
7.54
4.22
6.33
2.34
9.21

Depth
(inches)

B
ppm

Se
ppm

Very Fine
Sand %

Satur.

0-6 <0.2 0.029 <1.0 32.7
6-14 <0.2 0.022 <1.0 40.1
14-30 <0.2 0.004 <1.0 21.7
30-36 <0.2 0.047 2.81 66.3
36-44 <0.2 0.007 <1.0 20.9
4448 <0.2 0.022 10.5 78.0

Saturation Extract

Depth pH Elect. Cations
(inches) S.U. Cond. Ca Mg Na SAR

(mmhos/cm) -- meq/liter- -

0-6
6-14
14-30
30-36
3644
4448

8.28
8.22
7.89
8.11
8.02
8.15

1.19
0.69
0.72
0.39
0.31
0.36

9.70 4.58 0.66 0.25
4.85 2.08 0.57 0.30
4.75 2.00 0.48 0.26
2.40 1.08 0.30 0.22
1.77 0.82 0.30 0.26
2.20 1.02 0.28 0.22

Note: The saturation % at
WDEQ Guideline No. 1.

14-30"' and 3644" and the texture at 4448" are marginal according to
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Dwyer
(Location 72)

Mechanical Analysis

Depth
(inches)

Sand Silt Clay Coarse
FragmentsTexture

0-5
5-20
20-30
30-60

39.0
62.0
81.0
85.0

32.7
20.7
6.70
5.70

28.3
17.3
12.3
9.30

CL
SL
SL

LS

2.06
<2.0
<2.0
4.25

Depth
(inches)

B
ppm

Se
ppm

Very Fine
Sand %

Satur.

0-5 <0.2 0.006 5.94 64.4
5-20 <0.2 0.005 3.59 41.5
20-30 <0.2 0.002 <1.0 27.6
30-60 <0.2 <0.002 <1.0 20.1

Saturation Extract

Depth pH Elect. Cations
(inches) S.U. Cond. Ca Mg Na SAR

(mmhos/cm) meq/liter-

0-5
5-20
20-30
30-60

8.16
8.09
8.03
8.17

0.80
0.57
0.55
0.43

6.70
4.80
4.25
3.10

1.92
1.14
1.25
1.24

0.07
0.10
0.16
0.31

0.03
0.06
0.10
0.21
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Forkwood
(Location 48)

Mechanical Analysis

Depth
(inches)

Sand Silt Clay Coarse
FragmentsTexture

0-3
3-7
7-26
26-30
3045
45-60

44.0
50.0
45.0
41.0
34.0
34.0

31.4
23.4
22.4
29.4
30.4
34.0

24.6
26.6
32.6
29.6
35.6
32.6

L
SCL
CL
CL
CL
CL

<2.0
<2.0

2.43
4.93
4.55
2.44

Depth
(inches)

B
ppm

Se
ppm

Very Fine
Sand %

Satur.

0-3 <0.2 0.011 7.42 52.1
3-7 <0.2 0.009 10.4 47.6
7-26 <0.2 0.012 14.3 62.3
26-30 <0.2 0.022 15.4 64.0
3045 <0.2 <0.002 19.3 69.7
45-60 0.2 0.017 18.3 71.0

Saturation Extract

Depth pH Elect. Cations
(inches) S.U. Cond. Ca Mg Na SAR

(mmhos/cm) meq/liter-

0-3
3-7
7-26
26-30
3045
45-60

7.91
7.33
7.99
8.12
8.27
8.12

0.29
0.20
0.30
0.45
0.60
1.08

1.65
1.00
1.40
1.50
1.55
3.00

0.94
0.56
0.92
1.25
1.50
3.12

0.11
0.13
0.70
1.83
3.39
5.52

0.10
0.15
0.65
1.56
2.75
3.16
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Hiland
(Location 7)

Mechanical Analysis

Depth
(inches)

Sand Silt Clay
Texture

Coarse
Fragments

0-4
4-18
18-26
26-34
34-54

77.0
76.0
68.0
68.0
78.0

15.8
14.8
16.8
19.8
12.8

7.20
9.20
15.2
12.2
9.20

SL
SL
SL
SL
SL

<2.0
<2.0
<2.0
<2.0
<2.0

Depth
(inches)

B
ppm

Se
ppm

Very Fine
Sand %

Satur.

04 <0.2 0.017 20.3 35.9
4-18 <0.2 0.006 20.6 36.9
18-26 <0.2 0.007 21.2 47.4
26-34 <0.2 0.002 24.2 52.6
34-54 <0.2 <0.002 22.1 44.5

Saturation Extract

Depth pH Elect. Cations
(inches) S.U. Cond. Ca Mg Na SAR

(mmhos/cm) meq/liter--

0-4
4-18
18-26
26-34
34-54

8.3
7.8
7.6
7.53
8.01

0.87
0.41
0.40
0.35
0.31

5.75 2.13 0.13
3.40 1.33 0.12
2.85 1.23 0.19
2.38 1.03 0.17
2.10 1.11 0.18

0.07
0.08
0.13
0.13
0.14
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Hiland
(Location 64)

Mechanical Analysis

Depth
(inches)

Sand Silt Clay
Texture

Coarse
Fragments

0-3 60.0 16.7 23.3 SCL <2.0
3-10 60.0 18.7 21.3 SCL <2.0
10-24 62.0 15.7 22.3 SCL <2.0
24-30 60.0 16.7 . 23.3 SCL <2.0
30-48 60.0 17.7 22.3 SCL <2.0
48-60 60.0 18.7 21.3 SCL <2.0

Depth B Se Very Fine Satur.
(inches) ppm ppm Sand % %

0-3 <0.2 0.006 1.60 43.4
3-10 <0.2 0.008 6.87 40.3
10-24 <0.2 0.006 8.61 53.6
64-30 <0.2 0.004 5.92 58.0
3048 <0.2 0.002 9.24 52.8
48-60 <0.2 <0.002 11.5 59.0

Saturation Extract

Depth pH Elect. Cations
(inches) S.U. Cond. Ca Mg Na SAR

(mmhos/cm) meq/liter r

0-3
3-10
10-24
24-30
30-48
48-60

7.67
7.60
8.10
8.25
8.34
8.33

0.47
0.36
0.35
0.49
0.40
0.26

2.55
2.10
2.15
3.40
3.15
1.90

1.21
0.86
0.91
1.21
1.13
1.03

0.11
0.07
0.13
0.17
0.17
0.16

0.08
0.06
0.11
0.11
0.11
0.13
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Kishona
(Location 52)

Mechanical Analysis

Depth
(inches)

Sand Silt Clay Coarse
FragmentsTexture

0-6
6-19
19-30
3044
44-54

36.0
30.0
38.0
37.0
48.0

*33.3
38.3
32.3
35.3
29.3

30.7
31.7
29.7
27.7
22.7

CL
CL
CL
CL
L

2.55
4.71
<2.0
<2.0
<2.0

Depth
(inches)

B
ppm

Se
ppm

Very Fine
Sand %

Satur.

0-6 <0.2 0.006 8.31 59.4
6-19 <0.2 0.006 7.45 53.9
19-30 <0.2 <0.002 16.7 54.5
30-44 <0.2 <0.002 15.7 57.0
44-54 0.2 0.003 14.3 48.9

Saturation Extract

Depth pH Elect. Cations
(inches) S.U. Cond. Ca Mg Na SAR

(mmhos/cm) meq/liter-

0-6
6-19
19-30
3044
44-54

8.2
8.23
8.23
8.32
8.28

0.87
0.50
0.42
0.35
0.45

7.20
3.55
1.81
0.98
.0.94

2.58
2.17
2.25
1.15
1.08

0.11
0.17
0.47
1.70
2.91

0.05
0.10
0.33
1.65
2.90
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Renohill
(Location 58)

Mechanical Analysis

Depth
(inches)

Sand Silt Clay Coarse
FragmentsTexture

0-3
3-20
20-26
26-33

55.0
48.0
42.0
38.0

25.7
21.7
28.7
30.7

19.3
30.3
29.3
31.3

SL
SCL
CL
CL

<2.0
2.0
4.16
4.53

Depth
(inches)

B
ppm

Se
ppm

Very Fine
Sand %

Satur.

0-3 <0.2 0.012 7.30 42.9
3-20 <0.2 0.012 10.9 62.3
20-26 <0.2 0.003 14.3 58.4
26-33 <0.2 0.002 14.6 66.1

Saturation Extract

Depth pH Elect. Cations
(inches) S.U. Cond. Ca Mg Na SAR

(mmhos/cm) meq/literi

0-3
3-20
20-26
26-33

7.09
7.92
8.05
8.17

0.53
0.40
1.16
0.36

3.40
2.30
7.05
1.95

1.92
1.25
4.25
1.42

0.14
0.17
0.37
0.41

0.09
0.13
0.16
0.32
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Shingle
(Location 1)

Mechanical Analysis

Depth
(inches)

Sand Silt Clay Coarse
FragmentsTexture

0-6 43.0 29.8 27.2 CL 4.81

Depth
(inches)

B
ppm

Se
ppm

Very Fine
Sand %

Satur.

0-6 <0.2 0.009 22.7 69.1

Saturation Extract

Depth pH Elect. Cations
(inches) S.U. Cond. Ca Mg Na SAR

(mmhos/cm) meq/liter-

0-6 8.09 0.965 8.00 2.58 0.18 0.08
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Shingle
(Location 62)

Mechanical Analysis

Depth
(inches)

Sand Silt Clay Coarse
FragmentsTexture

0-3
3-18

52.0
48.0

20.7
23.7

27.3
28.3

SCL
SCL

<2.0
2.42

Depth
(inches)

B
ppm

Se
ppm

Very Fine
Sand %

Satur.

0-3 <0.2 0.007 5.40 56.1
3-18 <0.2 0.009 2.64 54.7

Saturation Extract

Depth pH Elect. Cations
(inches) S.U. Cond. Ca Mg Na SAR

(mmhos/cm) meq/liter

0-3
3-18

8.17
8.11

0.43
0.74

2.70 1.83 0.38 0.25
7.05 1.42 0.09 0.04
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Taluce
(Location 29)

Mechanical Analysis

Depth
(inches)

Sand Silt Clay Coarse
FragmentsTexture

0-6 81.0 8.80 10.2 LS 4.29

Depth
(inches)

B
PPM

Se
ppm

Very Fine
Sand %

Satur.

0-6 <0.2 0.007 6.18 32.0

Saturation Extract

Depth pH Elect. Cations
(inches) S.U. Cond. Ca Mg Na SAR

(mmhos/cm) -mreqfliter

0-6 7.93 0.88 8.50 1.23 0.14 0.07
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Taluce
(Location 43)

Mechanical Analysis

Depth
(inches)

Sand Silt Clay Coarse
FragmentsTexture

0-5
5-16

68.0
60.0

14.4
18.4

17.6
21.6

SL
SCL

3.96
<2.0

Depth
(inches)

B
Pvm

Se
ppm

Very Fine
Sand %

Satur.

0-5 <0.2 0.004 7.95 37.9
5-16 <0.2 0.007 7.38 44.9

Saturation Extract

Depth pH Elect. Cations
(inches) S.U. Cond. Ca Mg Na SAR

(mmhos/cm) - meq/litert -

0-5
5-16

8.09
8.24

1.14
0.43

10.1
3.90

2.92
1.25

0.18
0.17

0.07
0.11
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Terro
(Location 40)

Mechanical Analysis

Depth
(inches)

Sand Silt Clay Coarse
FragmentsTexture

0-5
5-20
20-38

71.0
70.0
68.0

16.8
14.4
13.4

12.2
15.6
18.6

SL
SL
SL

<2.0
<2.0
<2.0

Depth
(inches)

B
ppm

Se
ppm

Very Fine
Sand %

Satur.

0-5 <0.2 0.011 15.4 37.7
5-20 <0.2 0.006 11.3 37.2
20-38 <0.2 0.002 5.46 41.4

Saturation Extract

Depth pH Elect. Cations
(inches) S.U. Cond. Ca Mg Na SAR

(mmhos/cm) meq/liter r

0-5
5-20
20-38

7.93
8.24
8.15

0.38
0.56
0.43

2.95
4.80
2.75

1.17
1.75
1.75

0.09
0.14
0.13

0.07
0.08
0.09
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Terro
(Location 77)

Mechanical Analysis

Depth
(inches)

Sand Silt Clay Coarse
FragmentsTexture

0-3
3-18
18-27
27-40

67.0
54.0
70.0
83.0

18.7
25.7
16.7
6.70

14.3
20.3
13.3
10.3

SL
SCL
SL
LS

<2.0
<2.0
<2.0
<2.0

Depth B Se Very Fine Satur.
(inches) ppm ppm Sand % %

0-3 <0.2 0.005 <1.0 38.9
3-18 <0.2 0.008 5.89 40.7
18-27 <0.2 0.005 2.26 29.0
27-40 <0.2 <0.002 <1.0 28.6

Saturation Extract

Depth
(inches)

pH
S.U.

Elect.
Cond.
(mmhos/cm)

Cations
Ca Mg Na SAR

meq/liter-

0-3
3-18
18-27
2740

7.78
8.09
8.21
8.03

0.48
0.45
0.34
0.67

3.25
3.50
2.80
5.05

1.16
1.00
0.83
1.58

0.09
0.08
0.10
0.13

0.06
0.06
0.07
0.07
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Theedle
(Location 61)

Mechanical Analysis

Depth
(inches)

Sand Silt Clay Coarse
FragmentsTexture

0-3
3-12
12-30

46.0
42.0
44.0

25.7
29.7
30.7

28.3
28.3
25.3

SCL
CL
L

<2.0
5.10
<2.0

Depth
(inches)

B
ppm

Se
ppm

Very Fine
Sand %

Satur.

0-3 <0.2 0.005 12.2 64.8
3-12 <0.2 0.005 17.6 66.0
12-30 <0.2 0.004 21.1 58.1

Saturation Extract

Depth pH Elect. Cations
(inches) S.U. Cond. Ca Mg Na SAR

(mmhos/cm) meq/liter-

0-3
3-12
12-30

8.14
8.11
8.30

0.55
0.58
0.30

4.50
4.50
1.40

1.32
1.67
1.83

0.07
0.11
0.27

0.04
0.06
0.21

.40



Tullock
(Location 36)

Mechanical Analysis

Depth
(inches)

Sand Silt Clay Coarse
FragmentsTexture

0-4
4-21
21-39

63.0
66.0
52.0

22.8
18.8
31.8

14.2
15.2
16.2

SL
SL
L

<2.0
<2.0
2.11

Depth B Se Very Fine Satur.
(inches) ppm ppm Sand % %

04 <0.2 0.005 21.0 41.7
4-21 <0.2 0.002 19.3 38.6
21-39 <0.2 <0.002 26.5 44.6

Saturation Extract

Depth
(inches)

pH
S.U.

Elect.
Cond.
(mmhos/cm)

Cations
Ca Mg Na SAR

meqfliter-

0-4
4-21
21-39

7.51
7.79
8.18

0.70
0.44
0.67

6.80
3.55
3.26

2.08
1.17
2.55

0.17
0.19
1.57

0.08
0.12
0.92
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Ulm
(Location 57)

Mechanical Analysis

Clay
% Texture

Depth
(inches)

Sand
I

Silt Coarse
Fragments

0-3
3 -20
20-24
24-42
42-48

52.0
38.0
38.0
34.0
51.0

24.3
20.3
22.3
25.3
10.3

23.7
41.7
39.7
40.7
38.7

SCL
C
CL
C

SC

<2.0
<2.0
<2.0
2.97
5.35

Depth
(inches)

B
ppm

Se
ppm

Very Fine
Sand %

Satur.

0-3 <0.2 0.009 2.42 43.0
3 -20 <0.2 0.003 6.94 73.9
20-24 <0.2 <0.002 11.2 75.8
24-42 <0.2 0.004 9.78 73.3
42-48 2.0 0.017 30.2 73.6

Saturation Extract

Depth pH Elect. Cations
(inches) S.U. Cond. Ca Mg Na SAR

(mmhos/cm) --- meq/liter e

0-3
3 -20
20-24
24-42
42-48

7.78
8.27
8.09
8.13
8.08

0.77
0.66
0.82
0.97
1.51

4.80
3.32
2.80
2.85
5.10

3.17
2.83
3.00
3.17
5.75

0.16
0.91
2.00
3.87
5.52

0.08
0.52
1.17
2.23
2.37

NOTE: The textures at 3-20" and 24-42" are marginal according to WDEQ Guideline No. 1.
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Vonalee
(Location 45)

Mechanical Analysis

Depth
(inches)

Sand Silt Clay Coarse
FragmentsTexture

0-4
4-17
17-28
2842
42-60

62.0
59.0
51.0
50.0
52.0

19.4
19.4
22.4
25.4
27.4

18.6
21.6
26.6
24.6
20.6

SL
SCL
SCL
SCL
SCL

<2.0
2.41
2.95
<2.0
<2.0

Depth
(inches)

B
ppm

Se
ppm

Very Fine
Sand %

Satur.

0-4 <0.2 0.029 9.59 40.2
4-17 <0.2 0.020 11.2 44.8
17-28 <0.2 0.015 24.1 60.0
28-42 <0.2 0.005 15.2 52.9
42-60 <0.2 0.0 19 15.6 54.6

Saturation Extract

Depth pH Elect. Cations
(inches) S.U. Cond. Ca Mg Na SAR

(mmhos/cm) meq/liter-

0-4
4-17
17-28
28-42
42-60

7.88
8.12
8.15
8.13
8.13

0.90
0.53
0.45
0.34
0.52

8.60
4.55
3.55
2.20
2.55

3.00
1.60
1.42
1.53
3.10

0.23
0.24
0.29
0.31
0.81

0.10
0.14
0.18
0.23
0.48
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Worf
(Location 2)

Mechanical Analysis

Depth
(inches)

Sand Silt Clay Coarse
FragmentsTexture

0-2
2- 6
6-11

55.0
50.0
49.0

22.8
24.8
23.8

22.2
25.2
27.2

SCL
SCL
SCL

<2.0
<2.0
<2.0

Depth
(inches)

B
ppm

Se
ppm

Very Fine
Sand %

Satur.

0-2 <0.2 0.007 14.9 46.8
2- 6 <0.2 0.007 22.4 66.3
6-11 <0.2 0.006 23.4 62.9

Saturation Extract

Depth pH Elect. Cations
(inches) S.U. Cond. Ca Mg Na SAR

(mmhos/cm) meq/liter

0-2
2-6
6-11

7.96
8.04
8.01

0.52
0.68
0.67

4.35
6.35
5.20

1.85
2.67
2.78

* 0.14
0.17
0.24

0.08
0.08
0.12
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Worf
(Location 47)

Mechanical Analysis

Depth
(inches)

Sand Silt Clay Coarse
FragmentsTexture

0-6 49.0 21.4 29.6 SCL 2.39
6-15 43.0 28.4 28.6 CL <2.0

Depth B Se Very Fine Satur.
(inches) ppm ppm Sand % %

0-6 <0.2 0.007 13.5 60.5
6-15 <0.2 0.005 10.8 53.6

Saturation Extract

Depth pH Elect. Cations
(inches) S.U. Cond. Ca Mg Na SAR

(mmhos/cm) meq/liter r

0-6
6-15

8.13
8.15

0.79
0.63

6.65
4.55

2.08
2.18

0.12
0.21

0.06
0.11

45



C C
ENERGY LABORATORIES, INC.7 P.O. BOX 3258 * CASPER, WY 82602 * 2393 SALT CREEK HIGHWAY * CASPER. WY 82601

, PHONE (307) 235-0515 * FAX (307) 234-1639

C.

A
- -�jwa��

Re"r Dte December7 199

I Elec St, V eryFIne CIrI y
p 8,Cond Sat., Ca , Ig, N Boron, ABDTPA et., TeIa fI sand, San Cly,

Lab I.D. I SAII&LEI.D.I S.U. mmboni I ' i mqI meqn/I meqA I SARt I f8I Wit % I % % S%

97- 67762 1 0-6' 8.09 0.96 69.1 8.00 2.58 0.38 0.08 < 0.20 0.009 CLI 22.7 4.81 43.0 - 29.80 27.2
97. 67763 2 0-Z2 7.96 0.52 46.8 4.35 3.85 0.14 0.08 < 0.20 0.007 SCL 14.9 <2.00 50 22.80 22.2
97. 67764 2 2-6' 8.04 0.68 66.3 6.35 2.67 0.17 0.08 < 0.20 0.0017 SCL 22.4 <2.00 00 24.8 25.2
97. 67765 2 6-1 V 8.01 0.67 62.9 5.20 2.78 0.24 0.12 < 0.20 0.006 SCL 23.4 < 2.00 490 23.8 27.2
97. 67766 4 0.5' 7.96 0.60 4689 4.32 2.18 0.19 0.10 <0o.20 0.012 SL 26.3 < 2.00 560 29.8 14.2
97. 67767 4 S.I8' 7.92 0.55 66.9 4.00 2.21 0.33 0.19 < 0.20 0.006 CL 22.8 < 2.00 43.0 28.8 28.2
97- 67768 4 18-3 I' 8.05 0.58 59.8 3.55 2.67 0.43 0.24 < 0.20 < 0.002 SCL 19.1 < 2.00 56.0 21.8 22.2
97- 67769 7 0.4' 8.30 0.87 35.9 5.75 2.13 0.13 0.07 < 0.20 0.017 SL. 20.3 <2.00 77.0 15.8 7.20
97- 67770 7 4-18' 7.80 0.41 36.9 3.40 1.33 0.12 0.08 <0.20 0.006 SL 20.6 <2.00 76.0 14.8 9.20
97. 67771 7 18.26' 7.60 0.40 47.4 2.85 1.23 0.19 0.13 < 0.20 0.007 SL 21.2 < 2.00 68.0 16.8 15.2
97. 67772 7 2&344 7.53 0.35 52.6 2.38 1.03 0.17 0.13 < 0.20 0.002 SL 24.2 < 2.00 68.0 M9. 12.2
97- 6T773. 7 34-54' 8.01 0.31 445 2.10 1.11 0.18 0.14 < 0.20 <- 0.00 SL 22.1 <2.00 78.0 12.8 92,0
97- 67774 23 O- 12' 7.40 0.25 80. 3 0.99 0.59 0.13 0.14 < 0-0 0.007 C 13.8 5.71 36.0 210.8 43.2
97- 67775 23 12-24' 7.37 0.19 75.3 0.75 0.39 0.14 0.19 < 0.20 0.006 C 13.5 4.96 38-0 21.8 40.2
97. 67776 23 24.33' 7.66 0.25 67.5 1.36 0.65 0.23 0.23 <0.20 0.009 CL 13.7 2.38 43.0 23.8 33.2
97. 67777 23 33-48' 7.831 0.22 64. 1 1.14 0.54 0.22 0.24 < 0.210 < 0002 SCL 19.0 < 2.00 49.0 23.8 29.2
97- 67778 29 0-6' 7.93 0.88 32.0 8.50 1.23 0.14- 0.07 < 0.20 0.007 3LS 6.38 4.29 83.0 8.80 10.2
97- 67779 36 0-4' 7.51 0.70 41.7 6.80 2.08 0.17 0.08 < 0.20 0.005 ___SL 23.0 <2.00 63.0 22.8 34.2
97. 67780 36 4.23' 7.79 0.44 38.6 3.55 1.17 0.39 0.32 < 0.20 0.002 ____SL 19.3 < 2.00 66.0 38.8 35.2
97. 67781 36 21-39- 8.38 0.67 44.6 3.26 2.55 1.57 0.92 < 0.20 < 0.002 ____ L 26.5 2.31 52.0 33.8 36.2
97. 67782 40 0-5 7.93 0.38 37.7 2.95 3.17 0.09 0.07 < 0.20 0.011 SL 15.4 < 2.00 73 .0 16.8 32.2
97- 67783 40 5.20' 8.24 0.56 37.2 4.80 1.75 0.34 0.08 < 0.20 0.006 ___SL 11.3 < 2.00 710.0 14.4 35.6
97. 67784 40 20.38' 8 IS 0.43 41.4 2.75 1.75 0.33 0.09 < 0.20 < 0.002 SL 5.46 <.2.00 68.0 13.4 18.6
97. 67785 43 0-5' 8.09 1.34 37.9 30.3 2.92 0.38 0.07 < 0.20 0.004 53. 7.95 3.96 68.0 14.4 37.6
97. 67786 43 5.16' 8.24 0.43 44.9 3.90 3.25 0.17 0.11 < 0.20 0.007 SCL 7.38 <2.00 60.0 18.4 23.6
97. 67787 45 0-4 7.88 0.90 40.2 8.60 3.00 0.23 0.30 < 0.20 0.029 SL 9.59 <2.00 62.0- 39.4 38.6
97. 677'.R 45 4.17' 8.32 0.53 44.8 4.55 3.60 0.24 0.34 < 0.20 0.020 SCL 13.2 2.41 59.0 19.4 21.6
97- 67789 45 17-28' 8 15 0.45 60.0 3.55 1.42 0.29 0.38s < 0.20 -0.015 SCL 24.1 2.95 53.0 22.4 26.6
-97- 67790 45 28.42 8.13 0.34 52.9 2.20 3.53 0.31 0.23 < 0.20 0.005 SCL 35.2 < 2.00 50.0 25.4 24.6
97. 67791 45 42-60' 8.33 0.52 54.6 2.55 3.30 0.83 0.48 < 0.20 0.019 SCL 15.6 < 2.00 52.0 27.4 20.6
97. 67792 47 0.6' 8.33 0.79 60.5 6.65 2.08 0.12 0.06 < 0.20 0.007 SCL 13.5 2.39 49.0 23.4 29.6
97- 67793 47 615' 8 35 0.63 53.6 4.55 2.38 0.23 0.33 < 0.20 0.005 .CL 10.8 < Z.00 43.0 28.4 28.6
917.67794 48 0.3' 7.93 0.29 52.1 1.65 0.94 0.11 0.10 < 0.20 0.033 L 7.42 <2.00 44.0 33.4 24.6
97. 67795 48 3.7' 7.33 0.20 47.6 1.00 0.56 0.13 0.35 < 0.20 0.009 SCL 30.4 < 2.00 50.0 23.4 26.6
97. 67796 48 7-26' 7.99 0.30 62.3 1.40 0.92 0.70 0.65 <0.2.0 002CL 14.3 2.43 45.0 22.4 3.
97. 67797 48 '26.30' 832 0.45- 64.-0 3.50 1.25 1.83 3.56 < 0.20 0 22CL 15.4 4.93 43.0 29.4 2.
97. 67798 48 30.45' 8.27 0.60 69.7 1.55 1.50 3.39 2.75 < 0.20 < 0 02CL 19.3 4.55 34.0 3043.

9 .6 7 9 48 45460' 8.32 3.08 71.0 3.00 3.32 5.52 3.36 0.20 00 7CL- 18. 2. 43403 .43 .

doc r:'repor'dmlco.9rbks ew'nos\67762.s

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICES



Lffu I c C

Client: U S En vi ron mental, Wn

R e p o r t .D. .. .D e c e.be r. ..,1 9.

( V e ry.. .. ..n e. .C o a r se. . . . ...I i i ~ L J ~ meq/3 j SAR pglg......... ~
L a b I . D . I I S A M P e i . D .i r ~ ~ o dS t I C ,M ,N , IB r n B T A e t T a u eS n ,F a m n s a d i t l

97- 67800 49 0-3~~~~~ 7.66 0~.3..5 ... 2..4. 2.0 138 01 01.0.00....906..0 30 24 3.

97- 780 493-1' 8.3 060 3.9 4.35 2.6 0.0 010 0.20 0.00 C 320 8.4 4.0 9.4 38.97- 780 49 10.6...26 0.6 69. ... 3.70 25 .0 0 .0.0..07.L..79.. 3.3420.2.4.4.
9 7 - 6 7 8 0 3 4 9 1 6 . 2 7 ' 8 . 3 8 0 ~~ . .2 9 .. . . .6 4 .5. 4 7. .. 00 7 .6 0 2 . 0 6C.. 8.2 03 0 1 43 .
97- 67804 50 0-3~~~~ 8.03 1~.30. 6.1 . 10 2.2 0.0 0.2..2 .04 SC....200..0 1.3 2.

97- 67808 40 38-60' 7.20 0.82 52A. 5.65 2.08 0.39 0.38 < 0.20 0.002 CLS< 10 <2.00 85.0 22.30 92.70
917- 67809 41 0410 8.28 0.69 732.7 9.70 4.68 0.66 0.25 < 0.20 0.029 SL 12.00 2.44 70.0 12.3 37.7
97- 678102 49 60-i6 8.26 0.69 40.1 4.85 2.506 0.37 0.30 < 0.20 0.022 SCL 9 .00 7.14 63.0 13.3 234.7
97- 678031 59 4-30' 7.389 0.729 21.7 14.7 2.00 0.45 0.264 < 0.20 0.006 CL 6< 0 1 .00 4.238.0 31.30 85.70
97- 67812 53 3O-36 8.11 0.39 66.3 2.40 2.08 0.30 0.22 < 0.20 0.014 SCL 2.81 6.33 42.0 20.3 237.7
97- 67813 53 36-44' 8.021 0.1 240. 8.70 0.825 0.130 0.26 <0.20 0.007 LS < .0 2.34 88.0 30.30 89.70
97- 67814 51 44-38' 8.35 0.36 78.0 2.20 3.02 0.528 0.22 < 0.20 0.022 C < 1.0.< 9.21 30.0 29.3 40.7
9r7- 67815 52 0.63'. 8.20 0.82 59.4 7.20 2.58 0.11 0.01 < 0.20 0.006 CLI 8.315 2.55 36.0 33.3 130.7
97- 67806 32 6-390' 8.23 0.50 253.9 3.5 2.37 0.17 0 .10 < 0.20 0.006 CLS 71.45 4.71 30.0 38.30 33.70
97- 67817 521 39.0 8.23 0.42 54.7 9.83 2.258 0.47 0.33 < 0.20 <0.0029 CL 36.7 <2.00 38.0 32.3 29.7
97- 67838 52 30.44' 8.32 0.35 57.0 0.98 2.05 0.570 1.65 < 0.20 <0.022 SCL < 5.7 7.00 637.0 135.3 27.7

97 78 9 3 144.54' 8.289 0.45 48.9 . 5 2 0 0.94108 29 02.90 0.20 0.003 LS < 4.30 < 2.0 48.0 29.30 22.70
9r7- 678120 57 30-36' 7.78 0.79 463. 24.0 3.37 0.16 0.08 < 0.20 0.009 SCL 2.82 <2.00 52.0 24.3 37.7
97- 67813 57 3644' 8.027 0.66 73.9 3.32 2.82 0.930 0.26 < 0.20 0.003 CS 61.94 2.00 38.0 20.30 41.70
97- 67822 57 244 248' 8.09 0.82 75.8 2.80 3.00 02.0 1.17 < 0.20 <0.022 CL 13.2 9.2.0 38.0 22.3 39.7
97- 67823 57 24- 42' 8.13 0.97 73.3 72.8 3.17 3.87 2.23 < 0.20 0.006 CL 9.78 2.97 34.0 35.3 30.7
97- 67824 5 7 62- 48' 8.08 1.31 73.69. 0 57 3.52 .7 0 1 2.37 0.20 0.017 SC 30.25 3.35 30.0 10.3 38.7
97- 67827 58 19-30 7.23 0.43 542.9 3.4 3.92 0.147 0.09 < 0.20 < 0.032 CL 7.30 < 2.00 55.0 325.7 19.3
97- 67826 58 30-44- 7.92 0.40 62.3 2.30 3.25 0.170 0.33 < 0.20 0.002 SCL 10.9 2.00 47.0 21.7 30.3

97- 67829 60 04-3' 8.00 0.37 4 4.6 2.55 1.35 0.07 0.905 ._ 0 2 0.003 SL 34.52 < 2.00 59.0 2 1.7 2 9.3
9r7- 67830 60 O-T5 8.35 0.49 43.6 4.00 3.38 0.30 0.06 < 0.20 0.003 SCL 7.12 < 2.00 58.0 20.7 23.3
97- 67833 57 15-20' 8.29 0.46 60.1 3.65 3.33 0.11 0.07 < 0.20 0.003 CL 8.88 5.48 42.0 30.7 217.
97- 67832 60 20-36' 8.29 0.825 757.3 3.63 108 20.1 0.11 <0.20 < 0.002 SCL 13.52.95. 472.
97- 67833 61 24-32' 8.134 0.95 64.8 4.50 31.3 0.07 0.04 < 0.20 0.005 C 12.28 <2.00 346.0 25.7 40.3

97- 67834 61 3-32' 8.01 0.58 66.0 34.0 3.67 0.13 0.06 < 0.20 0.002 CL 17.5.30 42.0 5 .0 29.7 28.3

97- 67835 63 32-30' 8.30 0.30 38.1 1.40 3.83 0.27 0.321 < 0.20 0.004 C__ _ L 214.1 <2.0 44.0 30.7 31.3
97- 67836 63 0-3' 8.13 0.537 42.21 4.45 3.615 0.O` 0.05 < 0.20, 0.003 SL 3.98 < 2.00 61.0 23.7 15.3
97. 67837 63 3-20' 8.00 0.52 31.6 3.00 1.321 0.39 0.12 < 0.20 0.008 SCL 7.36 < 2.00 61.0 230.7 33.3

97- 67a-. 60n.9\k 1520 .1 04 6.1 365 1.1 0.1 .7 6.2 T72 L .8 .4 2. 3. 2
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Report Date: Decemiber 17. 9'

E IeSa 'PAe Vera nd, Coaret.Ca . .S M L I D I S U mo lcm Sat., g, Na, 9 B--.' IABDT' A ex I T exU re Sand, " Frag ens, Sand, su Iu yoH D AW EID .. mmh/m efl meg/l meg/l SAR zg/ $[g/g%%

97- 67838 63 20.26 ~ 7.97 0.82 42.8 5.85 2.0 0.23 0.11 < 0.20 0.002 SL < 1.00 < 2.00 65.0 17.7 17.397. 67839 63 26-32' 8.02 0.49 38.7 3.50 1.23 0.19 0.12 < 0.20 0.003 SCL < 1.00 < 2.00 62.0 15.7 22.397- 67840 64 0-3' 7.67 0.47 43.4 2.55 1.21 0.11 0.08 < 0.20 0.006 SCL 1.60 < 2.00 60.0 16.7 23.397- 67841 64 3-10' 7.60 0.36 40.3 2.10 0.86 0.07 0.06 < 0.20 0.008 SCL 6.87 < 2.00 60.0 18.7 21.397. 67842 64 10-24' 8.10 0.35 53.6 2.15 0.91 0.13 0.11 < 0.20 0.006 SCL 8.61 < 2.00 62.0 1S.7 22.397. 67843 64 24-30' 8.25 0.49 58.0 3.40 1.21 0.17 0.11 < 0.20 0.004 SCL 5.92 -<2.00 60.0 16.7 23.39r7- 67844 64 30.48' 8.34 0.40 52.8 3.15 1.13 0.17 0.11 < 0.20 0.002 SCL. 9.24 < 2.00 60.0 17.7 22.397- 67845 64 48-6U 8.33 0.26 59.0 1.90 1.03 0.16 0.13 < 0.20 < 0.002 SCL 11.5 < 2.00 60.0 18.7 21.3917- 67846 66 0-3' 8.25 0.31 42.6 1.95 1.31 0.09 0.07 < 0.20 0.012 SCL 7.35 < 2.00 56.0 19.7 24.397. 67847 66 3-15' 8.38 0.89 69.8 5.65 4.08 0.24 0.11 < 0.20 0.009 CL 12.4 4.47 44.0 22.7 33.397. 67843 66 15-31 8'.53 0.30 59.3 1.40 1.67 0.55 0.44 < 0.20 < 0.002 SCL 15.0 < 2.00 49.0 24.7 26.39r7. 67849 66 31-48' 8.52 0.35 55.8 0.76 2.13 1.37 1.14 0.20 . < 0.002 SCL 17.1 < 2.00 54.0 24.7 21.30. 97- 67850 2 (.5. 8.16 0.80 64.4 6.70 1.92 0.07 0.03 < 0.20 0.006 CL 5.94 2.06 39.0 32.7 28.300 97- 67851 72 5-220 8.09 0.57 41.5 4.80 1.14 0.10 0.06 .< 0.20 . 0.005 SL 3.59 < 2.00 62.0 20.7 17.397- 67852 72 20.30' 8.03 0.55 27.6 4.25 1.25 0.16 0.10 < 0.20 002SL < 1.00 <c 2.00 81.0 6.70 12.397- 67853 72. 30-60' 8.17 0.43 20.1 3.10 1.24 0.31 0.21 < 0.20 < 0.002 LS < 1.00 4.25 85.0 5.70 9.30W7. 67854 77 0-3' 7.78 0.48 38.9 3.25 1.16 0.09 0.06 < 0.20 0.0 ___SL < 1.00 <2..00 67.0 18.7 14.397. 67855 77- 3-18' 8.09 0.45 40.7 3.50 1.00 0.08 0.06 < 0.20 . 0.008 SCL 5.89 < 2.00 54.0 25.7 20.397- 67856 77 18-27' 8.21 0.34 29.0 2.80 0.83 0.10 0.07 <C0.20 0.005 ____SL 2.26 < 2.00 70.0 16.7 13.397- 67857 77 27-10' 8.03 0.67 28.6 5.05 1.58 0.13 0.07 < 0.20 < 0.002 ____LS < 3.00 < 2.00 83.0 6.70 10.397. 67858 78 O-3' 7.78 0.44 33.4 3.15 1.42 0.11 0.07 < 0.20 0.006 SL 6.21 < 2.00 65.0 18.7 16.397- 67859 78 3-20' 7.79 0.41 42.8 2.65 1.08 0.17 0.13 < 0.20 0.003 SL 2.80 < 2.00 75.0 8.70 16.39r7. 67860 78 20-28' 7.50 0.82 31.9 5.00 2.25 0.34 0.18 <0O.-P0 < 0.002 SL < 3.00 < 2.00 80.0 5.70 14.397. 67861- 78 28-36' 7.3 0.69 42.7 4.20 2.33 0.40 0.22 < 0.20 < 0.002 SL < 1.00 < 2.001 -77.0 12. ........ 7...... 10.3
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ADDENDUM 3
SOIL MAPPING UNIT DESCRIPTIONS
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The following soil map units are based, in part, on the 1979 soil survey by Woodward-Clyde

Associates on the Mill Site for Smith Ranch. These map units were utilized during 1978-1980 on

various soil surveys related to the Smith Ranch Project. In order to maintain consistency with

these earlier studies, the 1997 mapping of Reynold's Ranch utilized these map units with slight

modifications, where appropriate for that specific area. The brief profile descriptions for the

following map unit descriptions are based primarily on 1997 information.
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Aeric Haplaguept. 0-3% (56)

The Aeric Haplaquept mapping unit consists of deep, poorly-drained soils that developed in
calcareous recent alluvium derived from mixed sources. It occurs in depressions in the landscape
at an elevation of approximately 5200. Slopes range from 0 to 3%.

A typical profile contains a 3 inch dark gray clay loam or clay surface layer with a relatively high
amount of organic matter. The B subsoil is dark gray clay and is approximately 9 inches thick.
The substratum is dark gray to brown clay to clay loam and extends to 48 inches in depth. The
substratum is generally stratified.

Permeability of the Aeric Haplaquept soil is slow to moderate. Effective rooting depth is 60
inches or more. Average annual precipitation is 12 inches and mean annual air temperature is
460F. Mean annual soil temperature is 490F. The vegetation is western wheatgrass and salt-
tolerant grasses.

Included in this map unit and making up about 15 percent of this unit are small areas of Forkwood
clay loam and Cambria loam.
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- - Bowbac Sandy Loam. 0-3% (23A): 3-6% (23B1): 6-15% (23C0

This soil mapping unit consists of moderately deep, well drained soils on rolling upland ridges and
backslopes. The soils have developed in residuum from calcareous sandstone. Slopes range from
0 to 15 percent. Elevation is about 5200 feet.

Typically, the Bowbac soil has a dark yellowish brown sandy loam surface layer about 3 inches
thick. This is underlain by a dark yellowish brown to grayish brown sandy loam or sandy clay
loam subsoil to approximately 26 inches. The substratum is a gray sandy clay loam which grades
to shale and sandstone at 32 inches.

Permeability is moderate to moderately rapid. Effective rooting depth is 34 inches, although some
roots do penetrate the shale and sandstone for a few inches. Average annual precipitation is 12
inches and the mean annual air temperature is about 460 F. Mean annual soil temperature is 490 F.
The vegetation is needleandthread, yucca, big sagebrush and blue grama.

Included in the mapping and making up about 10 percent of the unit are small areas of Taluce
sandy loam and Hiland sandy loam. The Taluce soils usually occur on ridgetops while the Hiland
soils usually occur on the lower portions of the back slopes.
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Cambria (Stoneham) Loam. 0-3% (15A): 3-6% (15B)

This soil mapping unit consists of deep well drained soils on gently sloping footslopes and
toeslopes. The soil developed from gravelly, calcareous loamy parent material. Slopes range
from 0 to 6 percent. Elevation is 5200 feet.

Typically, the Cambria soil has a yellowish brown heavy loam or loam surface layer about 3 inches
thick. The subsoil is a pale brown or light gray loam or light clay loam about 16 inches thick.
The substratum is a light brownish gray loam to approximately 60 inches thick.

Permeability is moderate. Effective rooting depth is more than 40 inches. Average annual
precipitation is 12 inches. The mean annual temperature is 46° F, and the mean annual soil
temperature is 490 F. The vegetation is typically big sagebrush and various cool-season grasses.

Included in the mapping and comprising 10 percent of the unit are small areas of Forkwood,
Kishona and Cushman soils. Cushman soils usually occur above Cambria on the landscape, while
Fork-wood and Kishona soils are mixed; however, Kishona soils tend to be on less stable
landscapes.
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Clarkelen sandy clay loam. 0-3% (53A)

This soil mapping unit consists of deep, well or somewhat excessively drained soils formed in
stratified recent stream alluvium on flood plains and terraces. Slopes range from 0 to 3 percent.
Elevation is 5200 feet.

Typically, the Clarkelen soil has a brown sandy clay loam surface layer about 3 inches thick. The
subsoil is a brown sandy loam or loam about 12 inches thick. The substratum is a brown to pale
brown sandy loam to loamy sand to approximately 60 inches thick.

Permeability is moderate. Effective rooting depth is more than 40 inches. Average annual
precipitation is 12 inches. The mean annual temperature is 460 F, and the mean annual soil
temperature is 490 F. The vegetation is various cool-season grasses and forbs with scattered
silver sagebrush.

Included in the mapping and comprising 10 percent of the unit are small areas of Draknab and
Haverdad soils. Both occur in association with the Clarkelen soils but differ in the texture of the
control sections.
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Cushman SandyLoam. 0-3% (21A): 3-6% (21B): 0-6% (21AB).

This soil mapping unit consists of moderately deep, well drained soils on rolling upland ridges and
sideslopes. The soils have formed from mixed mineralogy. Slopes range from 0 to 6 percent.
Elevation is about 5250 feet.

Typically, the Cushman soil has a light brownish gray sandy loam or loam surface horizon about 4
inches thick. The subsoil is a yellowish brown clay loam about 11 inches thick. The substratum is
a very pale brown loam about 13 inches thick which grades to a soft, partially weathered shale at
28 inches.

Permeability is moderate. Effective rooting depth is 28 inches, but some roots penetrate the soft
bedrock for a few inches. Average annual precipitation is 12 inches and the mean annual air
temperature is 46° F. Mean annual soil temperature is 490 F. Vegetation is big sagebrush,
western wheatgrass, and blue grama.

Included in the mapping and making up about IO percent of this unit are small areas of Shingle
loam and Forkwood clay loam. The Shingle soil usually occurs on the ridgetops, while the
Forkwood soil usually occurs on the lower portions of the side slopes.
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Draknab sandy loam. 0-3% (51A)

This soil mapping unit consists of deep, excessively drained soils formed in stratified recent stream
alluvium on flood plains and terraces. Slopes range from 0 to 3 percent. Elevation is 5200 feet.

Typically, the Draknab soil has a brown sandy loam surface layer about 2 inches thick. The
subsoil is a brown sandy clay loam about 4 inches thick. The substratum is a gray, grayish brown
to light olive brown sandy loam to loamy sand to approximately 60 inches thick.

Permeability is moderate to rapid. Effective rooting depth is more than 40 inches. Average
annual precipitation is 12 inches. The mean annual temperature is 460 F, and the mean annual soil
temperature is 490 F. The vegetation is various cool-season grasses and forbs with scattered
silver sagebrush.

Included in the mapping and comprising 10 percent of the unit are small areas of Dwyer,
Clarkelen and Haverdad soils. Both occur in association with the Clarkelen soils but differ in the
texture of the control sections.
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Dwver clay loam. 0-3% (1 8A)

This soil mapping unit consists of very deep, excessively drained soils that formed in eolian sand
on slopes and alluvial terraces. Slopes range from 0 to 3 percent. Elevation is 5200 feet.

Typically, the Dwyer soil has a brown clay loam surface layer about 5 inches thick. The subsoil is
a brown sandy loam about 15 inches thick. The substratum is a brown sandy loam to
approximately 60 inches thick.

Permeability is moderate to rapid. Effective rooting depth is more than 40 inches. Average
annual precipitation is 12 inches. The mean annual temperature is 460 F, and the mean annual soil
temperature is 490 F. The vegetation is various cool-season grasses and forbs with scattered
silver sagebrush.

Included in the mapping and comprising 10 percent of the unit are small areas of Draknab and
Hiland soils. Both occur in association with the Clarkelen soils but differ in the texture or textural
arrangement of the control sections.
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Forkwood (Fort Collins) Clay Loam. 0-3% (19A)

This soil mapping unit consists of deep, well drained soils on gently sloping to nearly level alluvial
fans. Slopes range from 0 to 3 percent. Elevation is 5200 feet.

Typically, the Fork-wood soil has a pale brown clay loam (or fine sandy loam) surface layer about
4 inches thick. The subsoil is a light brownish gray to yellowish brown clay loam about 32 inches
thick. The stratum is a light yellowish brown clay loam to loam that extends to 60 inches.

Permeability is moderate. Effective rooting depth is 60 inches. Average annual precipitation is 12
inches and the mean annual air temperature is 460 F. Mean annual soil temperature is 49° F.
Vegetation is blue grama, big sagebrush, western wheatgrass and Sandberg bluegrass.

Included in the mapping and comprising 10 percent of the unit is Cushman sandy loam. The
Cushman soil usually occurs above the Forkwood soil on the landscape.
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Haverdad sandy loam. 0-3% (52A)

This soil mapping unit consists of deep, well drained soils formed in loamy, recently deposited,
stratified alluvium derived dominantly from sedimentary rock and is located on flood plains and
terraces. Slopes range from 0 to 3 percent. Elevation is 5200 feet.

Typically, the Haverdad soil has a grayish brown sandy loam surface layer about 6 inches thick.
The underlying material is light brownish gray loam with lenses of clay loam and sandy loam to a
depth of approximately 60 inches.

Permeability is moderate. Effective rooting depth is more than 40 inches. Average annual
precipitation is 12 inches. The mean annual temperature is 460 F, and the mean annual soil
temperature is 490 F. The vegetation is various cool-season grasses and forbs with scattered
silver sagebrush.

Included in the mapping and comprising 10 percent of the unit are small areas of Clarkelen and
Draknab soils. Both occur in association with the Haverdad soils but differ in the texture of the
control sections.
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Hiland (Olney) Sandy Loam. 0-3% (16A); 3-6% (136B

This soil mapping unit consists of deep, well drained soils occurring on gently to moderately
sloping uplands. The soils have formed in residuum from calcareous sandstone. Slopes range
from 0 to 6 percent. Elevation is 5200 feet.

Typically, the Hiland soil has a brown fine sandy loam surface layer about 5 inches thick. The
subsoil is a pale brown to very pale brown sandy loam (or sandy clay loam) about approximately
24 inches thick (Note: typical profile location to 48 inches if B3ca is included). The substratum is
a light yellowish brown sandy loam that extends to 60 inches.

Permeability is moderate to moderately rapid. Effective rooting depth is 60 inches. Average
annual precipitation is 12 inches and the mean annual air temperature is 460 F. Mean annual soil
temperature is 49° F. The vegetation is big sagebrush, blue grama, needleandthread, and prairie
junegrass.

Included in mapping and making up 10 percent of the unit are small areas of Bowbac sandy loam.
The Bowbac soil occurs above the Hiland soil on the landscape.
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Kishona (Kim) Loam. 0-3% (14A)

This mapping unit consists of deep, well drained soils occurring on nearly level alluvial fans to
moderately steep sideslopes. The soils developed in mixed calcareous alluvial material. Slopes
range from 0 to 3 percent.

Typically, the Kishona soil has a pale brown, mildly alkaline loam surface layer about 5 inches
thick. The underlying soil is a light brownish gray to light yellowish brown, moderately alkaline
light clay loam to loam that extends to 60 inches.

Permeability is moderate. . Effective rooting depth is 60 inches. Average annual precipitation is 12
inches and the mean annual air temperature is 460 F. Mean annual soil temperature is 49° F.
Vegetation is big sagebrush, blue grama, western wheatgrass, and prairie junegrass.

Included in mapping and comprising 15 percent of the unit are small areas of Theedle loam and
Fork-wood clay loam. The Theedle usually occurs above the Kishona soil on the landscape. The
Fork-wood soil occurs in association with the Kishona soil.
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Renohill Clay Loam. 0-3% (22A)

This soil mapping unit consists of moderately deep, well drained soils on gently sloping upland
hills and ridges. The soil developed in sediments weathered residually or which were locally
transported from sedimentary bedrock. Slopes range from 0 to 3 percent. Elevation is 5200 feet.

Typically, the Renohill soil has a light brownish gray clay loam surface layer about 4 inches thick.
The subsoil is a light yellowish brown to light gray clay to heavy clay loam about 16 inches thick.
The substratum is a pale brown clay loam that grades to weathered calcareous shale at 26 inches.

Permeability is slow. Effective rooting depth is 26 inches. Average annual precipitation is 12
inches. The mean annual air temperature is 460 F and the mean annual soil temperature is 49° F.
The vegetation is western wheatgrass, green needlegrass, and Wyoming big sagebrush.

Included in the mapping and comprising 10 percent of the unit are small areas of Heldt sandy clay
loam and Shingle loam. The Heldt soil usually occurs below the Renohill soil on the landscape,
while the Shingle soil occurs on the ridgetops or ridges above the Renohill soil.
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Exposed Sandstone or Rock Outcrop (50)

Rock Outcrop occurs throughout the project area, mainly on ridgetops and sideslopes. The rock
is primarily sandstone. Included in mapping and making up about 15 percent of the unit are small
areas of Taluce and Lesset soils. These soils support yucca, pricklypear, and scattered sand
dropseed.
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Shingle Loam. 0-3% (30A)
2

This soil mapping unit consists of shallow, well drained soils that generally occur on upper
sideslopes and ridgetops. Slopes range from 0 to 3 percent. Elevation ranges from 5200 to 5300
feet.

In a typical profile, the Shingle soil has a light brownish gray loam surface about 3 inches. The
underlying soil is a light yellowish brown clay loam about 7 inches thick which grades into soft,
calcareous shale at 10 inches.

Permeability is moderate. Effective rooting depth is 10 inches, but some roots penetrate the shale
fragments. Average annual precipitation is 12 inches. The mean annual air temperature is 460 F,
and the mean annual soil temperature is 490 F. Vegetation is Wyoming big sagebrush, western
wheatgrass, and some buffalograss.

Included in mapping and making up 15 percent of the unit are small areas of Cushman sandy
loam, Taluce sandy loam and Rock Outcrop. The Cushman soil occurs on the sideslopes below
the Shingle soil on the landscape. The Taluce soil and Rock Outcrop occur in association with
the Shingle soil on ridgetops and upper sideslopes.
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Taluce (Tassel) Sandy Loam. 0-3% (32A): 3-6% (32B1): 6-15% (32C): 15-30% (32D)

This soil mapping unit consists of shallow, well drained soils occurring on sideslopes and
ridgetops. Slopes range from 0 to 30 percent. This soil formed in residuum from calcareous
sandstone. Elevations range from 5200 to 5300 feet.

Typically, the Taluce soil has a pale brown sandy loam surface layer about 4 inches thick. The
underlying soil is a pale brown sandy loam about 7 inches thick. Sandstone bedrock occurs at I I
inches.

Permeability is moderate. Effective rooting depth is 11 inches, but some roots penetrate the
weathered sandstone bedrock. Average annual precipitation is 12 inches. The mean annual air
temperature is 460 F, and the mean annual soil temperature is 490 F. Vegetation is yucca,
pricklypear, sand dropseed, and needleandthread.

Included in mapping and making up 15 percent of the unit (about 5 percent each) are small areas
of Tullock fine sandy loam and Rock Outcrop. The Rock Outcrop occurs in association with
Taluce. The Tullock soil occurs on the sideslopes below the Taluce soil on the landscape.
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Terro (Terry) Fine Sandy Loam. 0-3% (1 7A): 3-6% (1 7B): 6-15% (1 7C)

This soil mapping unit consists of moderately deep, well drained soil occurring on rolling uplands
and sideslopes. The soils were formed in residuum from soft sandstone bedrock. Slopes range
from 0 to 15 percent. Elevation is about 5200 feet.

Typically, the Terro soil has a light brownish gray fine sandy loam surface layer about 2 inches
thick. The underlying subsoil is a pale brown or very pale brown fine sandy loam to sandy loam
about 12 inches thick. The underlying substratum is a light brownish gray fine sandy loam which
grades to calcareous sandstone at 28 inches.

Permeability is rapid. Effective rooting depth is 28 inches, but some roots penetrate the sandstone
bedrock for a few inches. Average annual precipitation-is-12 inches.TTh-me a-n-Ehiial air -
temperature is 460F, and the mean annual soil temperature is 480 F. Vegetation is
needleandthread, yucca, pricklypear, and blue grama.

Included in mapping and comprising 15 percent of the unit are small areas of Taluce sandy loam
and Tullock fine sandy loam. The Taluce soil usually occurs on the ridgetops above the Terro
soil. The Tullock soil occurs in association with the Terro soil.
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Theedle (Thedalund) Loam. 0-3% (49A)

This soil mapping unit consists of moderately deep, well drained soils on gently to moderately
sloping upland hills and ridges. The soil formed in alluvium from sedimentary rock. Slopes range
from 0 to 3 percent. Elevation is 5200 feet.

Typically, the Theedle soil has a very pale brown sandy loam about 3 inches thick. The
underlying subsoil is a yellowish brown about 8 inches thick. The underlying substratum is a light
gray loam about 23 inches thick which grades to mixed paralithic sources.

Permeability is moderate. Effective rooting depth is 34 inches, but some roots penetrate the
weathered shale for a few inches. Average annual precipitation is 12 inches. The mean annual air
temperature is 460 F. and the mean annual soil temperature is 490 F. Vegetation is blue grama,
western wheatgrass, and big sagebrush.

Included in mapping and comprising 10 percent of the unit are small areas of Shingle loam and
Cushman sandy loam. The Shingle soil usually occurs above the Theedle soil on the ridgetops.
The Cushman soil occurs in association with the Theedle soil.
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Tullock Fine Sandy Loam. 0-3% (25A): 3-6% (25B)

This soil mapping unit consists of moderately deep, well drained soils occurring on sideslopes and
ridges. The soils developed in residuum from weakly consolidated calcareous sandstone. Slopes
range from 0 to 6 percent. Elevation is 5200 to 5300 feet.

Typically, the Tullock soil has a light brownish gray fine sandy loam surface layer about 4 inches
thick. The underlying soil is a pale brown to pale gray fine sandy loam about 30 inches thick
which grades to calcareous sandstone bedrock at 34 inches.

Permeability is rapid. Effective rooting depth is 34 inches, but some roots penetrate the sandstone
bedrock for a few inches. Average annual precipitation is 12 inches. The mean annual air
temperature is 460 F. and the mean annual soil temperature is 490 F. Vegetation is yucca,
pricklypear, sand dropseed, and needleandthread.

Included in mapping and comprising 15 percent of the unit are small areas of Taluce sandy loam
and Terro sandy loam. The Taluce soil usually occur above the Tullock soils on the ridgetops.
The Terro soil occurs in association with the Tullock soil.
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Ulm Clay Loam. 0-3% (20A)

This soil mapping unit consists of a deep, well drained soil occurring on alluvial fans and valley
filling foot slopes. The soil developed in alluvium mainly from sedimentary rock. Slopes range
from 0 to 3 percent. Elevation is 5200 feet.

Typically, the Ulm soil has a light brownish gray loam (or clay loam) surface layer about 4 inches
thick. The subsoil is a light brownish gray, brown, or grayish brown heavy loam or clay loam
about 20 inches thick. The substratum is a light brownish gray light clay loam that extends to 60
inches.

Permeability is low to moderate. Effective rooting depth is 60 inches. Average annual
precipitation is 12 inches. The mean annual air temperature is 460 F. and the mean annual soil
temperature is 490 F. Vegetation is western wheatgrass, green needlegrass, pricklypear, and blue
grama.

Included in mapping and comprising 10 percent of the unit are small areas of Renohill clay loam.
The Renohill soil usually occurs on the valley filling foot slopes above the Ulm soil.
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Vonalee (Vona) Sandy Loam. 0-3% (13A): 3-6% (I3B): 0-6% (I3AB)

This soil mapping unit consists of a deep, well drained soil that occurs on sideslopes. Elevation is
about 5200 feet. The soil developed in loamy, wind-worked residuum and local alluvium derived
from mixed sources. Slopes range from 0 to 6%.

Typically, the Vonalee soil has a pale brown, sandy loam surface horizon about 4 inches thick.
The subsoil is a light brownish gray to pale brown sandy loam or fine sandy loam about 18 inches
thick. The substratum is a pale brown sandy loam that extends to 60 inches.

Permeability is rapid. Effective rooting depth is 60 inches. Average annual precipitation is 12
inches. The mean annual air temperature is 460 F. and the mean annual soil temperature is 49° F.
Vegetation is needleandthread, yucca, big sagebrush and sand dropseed.

Included in the mapping and making up about 10 percent of the unit are small areas of Terro
sandy loam. The Terro soil usually occurs above the Vonalee soil on the landscape.
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Worf Loam. 0-3% (31A): 3-6% (31B): 6-15% (31BC)

The Worf soil is a shallow, well drained soil on upland ridges and sideslopes. Elevation is 5200
feet. The soil developed in loamy residuum derived dominantly from interbedded shale and
sandstone. Slopes range from 0 to 15%.

In a typical profile, the surface layer is a light yellowish brown loam about 4 inches thick. The
underlying subsoil is a pale brown clay loam about 5 inches thick. The substratum is a pale brown
loam 7 inches thick grading to partially weathered calcareous shale at 16 inches.

Permeability is moderate. Effective rooting depth is 16 inches, but some roots penetrate the
bedrock for a few inches. Average annual precipitation is 12 inches. The mean annual air
temperature is 460 F. and the mean annual soil temperature is 49° F. Vegetation is blue grama,
prairie junegrass and big sagebrush.

Included in the mapping and comprising about 15 percent of the unit are small areas of Shingle
loam, Cushman sandy loam and Rock Outcrop. The Shingle soil occurs in association with the
Worf soil. The Cushman soil usually occurs below the Worf soil on the landscape. The Rock
Outcrop occurs on the ridgetops or just below them.
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ADDENDUM 4

1997 SOIL SERIES DESCRIPTIONS
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The following soil series descriptions are based on sampling conducted on the proposed

v Reynold's Ranch Extension Area in 1997. The Haverdad series was not included in the 1997

sampling; however; that corresponding map unit consists of less than one percent of the proposed

extension area.
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AERIC HAPLAQUEPT

Soil Mapping Unit 56
Typical Pedon: Aeric Haplaquept, rangeland.

(Colors are for dry soil unless otherwise indicated)

A - 0-3 inches. Dark gray (IOYR 4/1) clay, dark gray (IOYR 4/1) moist; strong, coarse angular
blocky structure parting to strong medium granular; hard, firm, sticky, plastic; mildly alkaline (pH
7.40), noneffervescent.

B - 3-12 inches. Dark gray (IOYR 4/1) clay, dark gray (IOYR 4/1); strong, coarse angular blocky
structure parting to strong medium granular; hard, firm, sticky, plastic; mildly alkaline (pH 7.40),
noneffervescent.

Cl - 12-24 inches. Dark gray (IOYR 4/1) clay, dark gray (IOYR 4/1) moist; massive; hard, firm,
very sticky and very plastic, mildly alkaline (pH 7.37), noneffervescent.

C2 - 24-33 inches. Brown (IOYR 4/3) clay loam, dark brown (1OYR 3/3) moist; massive; hard,
firm, very sticky, very plastic; mildly alkaline (pH 7.66), noneffervescent.

C3 - 33-48 inches. Light yellowish brown (IOYR 6/4) sandy clay loam, yellowish brown (IOYR

_> 5/4) moist; massive, hard, firm, sticky, plastic; mildly alkaline (pH 7.81), noneffervescent.

Type Location - 10 (23 on the map)

Range in Soil Characteristics - Depth of bedrock ranges from 40 to 60 plus inches. Coarse
fragments are generally less than 5 percent. Clay content of the control section ranges from 35 to
45 percent. The control section texture is clay. When dry, surface cracks extend to depths of 12
inches or more.

Taxonomic Class - fine, montmorillonitic, mesic Aeric Haplaquept.

Suitability for Topsoil - The Aeric Haplaquept series is generally not suitable for topsoil due to
high clay content and the approximate recommended stripping depth is 0 foot. The Aeric
Haplaquept series rates poor according to Wyoming Department of Environmental Quality
Guideline 1.
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BOWBAC SERIES

Soil Mapping Unit 23A, 23B, 23AB, 23C
Typical Pedon: Bowbac sandy loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

A - 0-3 inches. Dark yellowish brown (IOYR 3/6) sandy loam, dark yellowish brown (IOYR 3/4)
moist; weak fine and very fine granular structure; soft, very friable, nonsticky, nonplastic;
moderately alkaline (pH 8.13), noneffervescent.

BI - 3-12 inches. Dark yellowish brown (IOYR 3/6) sandy loam, dark yellowish brown (IOYR
3/4) moist; weak medium subangular blocky structure; slightly hard, friable, slightly sticky,
slightly plastic; moderately alkaline (pH 8.00), noneffervescent.

B2 - 12-20 inches. Dark yellowish brown (I OYR 3/4) sandy loam, dark yellowish brown (1OYR
3/4) moist; moderate medium subangular blocky structure; slightly hard, friable, slightly sticky,
slightly plastic; moderately alkaline (pH 8.00), noneffervescent.

Bk - 20-26 inches. Grayish brown (IOYR 5/2) sandy loam, dark grayish brown (IOYR 4/2)
moist; weak subangular blocky; soft, friable, slightly sticky, slightly plastic; CaCO3 threads;
moderately alkaline (pH 7.97), slightly effervescent.

/

- C - 26-32 inches. Gray (IOYR 6/1) sandy clay loam, gray (IOYR 5/1) moist; partiallyweathered
sandstone; moderately alkaline (pH 8.02), moderately effervescent.

Type Location - 21 (63 on map)

Ranae in Soil Characteristics - Depth to a paralithic contact ranges from 20 to 40 inches. More
than 60 percent of the sand fraction is fine sand or coarser. Content of coarse fragments is less
than 2 percent. Texture of the control section is a sandy loam. Clay content of the control
section ranges from 15 to 17 percent which is generally less than what is typical for the series.

Taxonomic Class - fine-loamy, mixed, mesic Ustic Haplargid.

Suitability for Topsoil - The Bowbac sandy loam soil is suitable for topsoil and the recommended
stripping depth is 2.5 feet. The Bowbac series rates fair or better according to Wyoming
Department of Environmental Quality Guideline 1. Depth of stripping would be limited by
bedrock material.
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BOWBAC SERIES

Soil Mapping Unit 23A, 23B, 23AB, 23C
Typical Pedon: Bowbac sandy loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

Al - 0-3 inches. Dark brown (7.5YR 3/2) sandy loam, very dark brown (7.5YR 2/2) moist; weak
fine and very fine granular structure; soft, very friable, nonsticky, nonplastic; mildly alkaline (pH
7.78), noneffervescent.

BA - 3-6 inches. Dark brown (7.5YR 3/2) sandy loam, very dark brown (7.5YR 2/2) moist;
weak medium subangular blocky structure; slightly hard, friable, slightly sticky, slightly plastic;
mildly alkaline (pH 7.79), noneffervescent.

B - 6-20 inches. Brown (7.5YR 4/4) sandy loam, dark brown (7.5YR 3/4) moist; moderate
medium subangular blocky structure; slightly hard, friable, slightly sticky, slightly plastic; mildly
alkaline (pH 7.79), noneffervescent.

Bk - 20-28 inches. Light brownish gray (IOYR 6/2) sandy loam, grayish brown (1OYR 5/2)
moist; massive; soft, friable, slightly sticky, nonplastic; CaCO3 threads; mildly alkaline (pH 7.50),
slightly effervescent.

C - 28-36 inches. Light gray (1OYR 7/1) sandy loam, gray (1OYR 611) moist; massive; slightly
hard, friable, nonsticky, nonplastic; moderately alkaline (pH 7.93), slightly effervescent.

Cr - 36+ inches. Soft sandstone.

Type Location - 26 (78 on the map)

Range in Soil Characteristics - Depth to a paralithic contact ranges from 20 to 40 inches. More
than 35 percent of the sand fraction is fine sand or coarser. Content of coarse fragments is less
than 5 percent. Texture of the control section is a sandy loam. Clay content of the control
section ranges from 13 to 17 percent.

Taxonomic Class - fine-loamy, mixed, mesic Ustollic Haplargid.

Suitability for Topsoil - The Bowbac sandy loam soil is suitable for topsoil and the recommended
stripping depth is 2.5 feet. The Bowbac series rates fair or better according to Wyoming
Department of Environmental Quality Guideline 1. Depth of stripping would be limited by
bedrock material.
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CAMBRIA (STONEHAM) SERIES

Soil Mapping Unit 15A, 15B
Typical Pedon: Cambria (Stoneham) clay loam, rangeland

(Colors are for dry soil unless otherwise indicated)

A - 0-3 inches. Dark yellowish brown (IOYR 3/6) sandy clay loam, dark yellowish brown (IOYR
3/4) moist; weak fine granular structure; soft, very friable; slightly sticky, slightly plastic;
moderately alkaline (pH 8.25), noneffervescent.

AB - 3-6 inches. Brown (IOYR 4/3) clay loam, dark brown (IOYR 3/3) moist; moderate coarse
subangular structure parting to weak fine granular; soft, very friable, slightly sticky, slightly
plastic; moderately alkaline (pH 8.38), noneffervescent.

Bt - 6-13 inches. Brown (IOYR 4/3) clay loam, dark brown (IOYR 3/3) moist; strong coarse
prismatic structure parting to moderate medium subangular structure; slightly hard, friable, sticky,
plastic; moderately alkaline (pH 8.38), noneffervescent.

Bk - 13-15 inches. Brown (IOYR 4/3) clay loam, dark brown (IOYR 3/3) moist; moderate coarse
subangular blocky structure parting to moderate fine subangular blocky; slightly hard, friable,
sticky, plastic; seams and nodules of CaCO3; strongly alkaline (pH 8.38), strongly effervescent.

- Ck - 15-31 inches. Light gray (IOYR 7/1) sandy clay loam, gray (1OYR 6/1) moist; massive; soft,
very friable, slightly sticky, slightly plastic; seams and nodules of CaCO3; strongly alkaline (pH
8.52), strongly effervescent.

C - 3148 inches. Light gray (IOYR 7/1) sandy clay loam, gray (IOYR 6/1) moist; massive; soft,
very friable, slightly sticky, slightly plastic; seams and nodules of CaCO3; strongly alkaline (pH
8.52), strongly effervescent.

Type Location - 23 (66 on the map)

Range in Soil Characteristics - Depth to a paralithic contact is more than 40 inches. Content of
coarse fragments ranges from 0 to 5 percent. Texture of the control section is a clay loam or
sandy clay loam. Clay content of the control section ranges from 25 to 35 percent.

Taxonomic Class - fine-loamy, mixed, mesic Ustic Haplargid.

Suitability for Topsoil - The Cambria loam soil is suitable for topsoil and the recommended
stripping depth is 4 feet. The Cambria series rates fair or better according to Wyoming
Department of Environmental Quality Guideline 1.
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CLARKELEN SERIES

Soil Mapping Unit 53A
Typical Pedon: Clarkelen sandy loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

A - 0-3 inches. Brown (IOYR 4/3) sandy clay loam, dark brown (IOYR 3/3) moist; moderate,
medium granular structure; soft, friable, slightly sticky, slightly plastic; moderately alkaline (pH
8.03), noneffervescent.

AC - 3-15 inches. Brown (IOYR 5/3) sandy loam, brown (IOYR 4/3) moist; weak, medium
blocky structure; soft, friable, slightly sticky, slightly plastic; moderately alkaline (pH 8.21),
noneffervescent.

Cl- 15-32 inches. Pale brown (IOYR 6/3) sandy loam, brown (1OYR 5/3) moist; massive; soft,
friable, nonsticky, nonplastic; moderately alkaline (pH 8.19), noneffervescent.

C2 - 32-38 inches. Brown (IOYR 5/3) sandy loam, brown (1OYR 4/3) moist; loose structure;
soft, friable, nonsticky, nonplastic; moderately alkaline (pH 8.1 1), slightly effervescent.

C3 - 38-60 inches. Pale brown (1OYR 6/3) sandy loam, brown (1OYR 5/3) moist; loose structure;
soft, friable, nonsticky, nonplastic; moderately alkaline (pH 8.20), slightly effervescent.

Tvoe Location - 14 (50 on the map)

Range in Soil Characteristics - There is no bedrock present within 60 inches of the surface. More
than 35 percent ofthe sand fraction is fine sand or coarser. Content of coarse fragments is less
than 5 percent. Texture of control section is a sandy loam.

Taxonomic Class - coarse-loamy, mixed, calcareous, mesic Ustic Torrifluvent.

Suitability for Topsoil - The Clarkelen series is generally suitable for topsoil to approximately 30-
42 inches and the recommended stripping depth is 3 feet depending upon the stratification of
lower horizons. The Clarkelen series rates fair according to Wyoming Department of
Environmental Quality Guideline 1.
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Q CUSHMAN SERIES

Soil Mapping Unit 21
Typical Pedon: Cushman sandy loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

A - 0-5 inches. Brown (1OYR 4/3) sandy loam, dark brown (1OYR 3/3) moist; weak, fine
granular structure; soft, very friable, nonsticky, nonplastic; moderately alkaline (pH 7.96),
'noneffervescent.

B2t - 5-18 inches. Brown (IOYR 4/3) clay loam, dark brown (IOYR 3/3) moist; moderate,
medium angular blocky structure; slightly hard, friable, sticky, plastic; moderately alkaline (pH
7.92), noneffervescent.

Cca - 18-31 inches. Brown (lOYR 5/3) sandy clay loam, dark brown (1OYR 3/3) moist; weak,
medium angular blocky structure; slightly hard, friable, slightly sticky, slightly plastic wet; seams
of CaCO3, moderately alkaline (pH 8.05), strongly effervescent.

Cr - 31 inches plus. Soft, partially weathered shale.

Type Location - 3 (4 on the map)

Ranae in Soil Characteristics - Depth to paralithic contact ranges from 20 to 40 inches. Content
of coarse fragments is less than 5 percent. Texture of control section is a clay loam or sandy clay
loam. Clay content of control section ranges from 18 to 35 percent.

Taxonomic Class - fine-loamy, mixed mesic Ustic Haplargid.

Suitability for Topsoil - The Cushman series is suitable. for topsoil and the recommended stripping
depth is 2.5 feet. The Cushman series rates fair or better according to Wyoming Department of
Environmental Quality Guideline 1. Depth of stripping would be limited by bedrock material.
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CUSHMAN SERIES

Soil Mapping Unit 21
Typical Pedon: Cushman sandy loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

A - 0-3 inches. Dark yellowish brown (IOYR 3/4) clay loam, dark brown (IOYR 3/3) moist;
weak, fine granular structure; soft, very friable, slightly sticky, slightly plastic; mildly alkaline (pH
7.66), noneffervescent.

Bt - 3-10 inches. Dark yellowish brown (IOYR 3/4) clay loam, dark brown (IOYR 3/3) moist;
moderate, medium angular blocky structure; slightly hard, slightly friable, slightly sticky, slightly
plastic; moderately alkaline (pH 8.33), noneffervescent.

Bk - 10-16 inches. Brown (IOYR 5/3) clay loam, dark brown (IOYR 3/3) moist; weak, medium
angular blocky structure; slightly hard, friable, slightly sticky, slightly plastic; seams of CaCO3,
moderately alkaline (pH 8.26), moderately effervescent.

C - 16-27 inches. Grayish brown (IOYR 5/2) clay loam, dark grayish brown (IOYR 4/2) moist;
massive; slightly hard, slightly friable, sticky, plastic; moderately alkaline (pH 8.38), strongly
effervescent.

Cr - 27 inches plus. Soft, partially weathered shale.

TLpe Location - 12 (49 on the map)

Ranne in Soil Characteristics - Depth to paralithic contact ranges from 20 to 40 inches. Content
of coarse fragments is generally less than 5 percent. Texture of control section is a clay loam or
sandy clay loam. Clay content of control section ranges from 18 to 35 percent.

Taxonomic Class - fine-loamy, mixed mesic Ustic Haplargid.

Suitability for Topsoil - The Cushman series is suitable for topsoil and the recommended stripping
depth is 2.5 feet. The Cushman series rates fair or better according to Wyoming Department of
Environmental Quality Guideline 1. Depth of stripping would be limited by bedrock material.
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CUSHMAN SERIES

Soil Mapping Unit 21A, 21B, 21AB
Typical Pedon: Cushman sandy loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

A - 0-3 inches. Dark brown (IOYR 3/3) sandy loam, very dark brown (IOYR 2/2) moist;
moderate medium granular structure; soft, friable, slightly sticky, slightly plastic; moderately
alkaline (pH 8.00), noneffervescent.

AB - 3-8 inches. Dark brown (1OYR 3/3) sandy clay loam, very dark brown (1OYR 2/2) moist;
weak medium prismatic structure parting to moderate medium subangular; slightly hard, friable,
slightly sticky, slightly plastic; moderately alkaline (pH 8.15), noneffervescent.

Bt - 8-15 inches. Brown (I OYR 4/3) sandy clay loam, very dark brown (1OYR 3/3) moist;
moderate, coarse prismatic structure parting to strong medium angular blocky; hard, firm, sticky,
plastic; moderately alkaline (pH 8.15), moderately effervescent.

Btk - 15-20 inches. Brown (IOYR 4/3) clay loam, very dark brown (IOYR 3/3) moist; moderate
coarse prismatic structure parting to moderate fine and very fine subangular blocky; hard, firm,
sticky, plastic; seams of CaCO3, moderately alkaline (pH 8.19), slightly effervescent.

Ck - 20-36+ inches. Light brownish gray (1OYR 6/2) sandy clay loam, grayish brown (1OYR 5/2)
moist; soft, thickly stratified gray and brown calcareous shale; moderately alkaline (pH 8.29),
strongly effervescent.

Type Location - 19 (60 on the map)

Ran-Re in Soil Characteristics - Depth to paralithic contact ranges from 20 to 40 inches. Content
of coarse fragments is generally less than 5 percent. Texture of control section is a clay loam or
sandy clay loam. Clay content of control section ranges from 21 to 28 percent.

Taxonomic Class - fine-loamy, mixed mesic Ustic Haplargid.

Suitability for Topsoil - The Cushman series is suitable for topsoil and the recommended stripping
depth is 2.5 feet, although this location could be deeper. The Cushman series rates fair or better
according to Wyoming Department of Environmental Quality Guideline 1. Depth of stripping
would be limited by bedrock material.
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DRAKNAB SERIES

Soil Mapping Unit 51
Typical Pedon: Draknab sandy loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

A - 0-2 inches. Brown (IOYR 4/3) sandy loam, dark brown (IOYR 3/3) moist; moderate,
medium granular structure; soft, friable, slightly sticky, slightly plastic; moderately alkaline (pH
8.28), slightly effervescent.

AC - 2-6 inches. Brown (IOYR 4/3) sandy loam, dark brown (1OYR 3/3) moist; weak, medium
blocky structure; soft, friable, slightly sticky, slightly plastic; moderately alkaline (pH 8.28),
slightly effervescent.

Cl- 6-14 inches. Grayish brown (IOYR 5/2) sandy clay loam, dark grayish brown (IOYR 4/2)
moist; massive; soft, friable, slightly sticky, slightly plastic; moderately alkaline (pH 8.22), slightly
effervescent.

C2 - 14-30 inches. Grayish brown (IOYR 5/2) loamy sand, dark grayish brown (IOYR 4/2)
moist; loose structure; soft, friable, nonsticky, nonplastic; moderately alkaline (pH 7.89),
noneffervescent.

C3 - 30-36 inches. Gray (1OYR 5/1) clay loam, gray (IOYR 5/1) moist; massive structure; hard,
firm, sticky, plastic; moderately alkaline (pH 8.11), noneffervescent.

C4 - 36-44 inches. Brown (1OYR 5/3) loamy sand, brown (1OYR 5/3) moist; loose structure;
soft, friable, nonsticky, nonplastic; moderately alkaline (pH 8.02), noneffervescent.

C5 - 4448 inches. Light olive brown (2.5Y 5/3) clay, light olive brown (2.5Y 5/3) moist;
massive structure; hard, firm, sticky, plastic; moderately alkaline (pH 8.15), noneffervescent.

Type Location - 15 (51 on the map)

Ranie in Soil Characteristics - There is no bedrock present within 60 inches of the surface. More
than 35 percent of the sand fraction is fine sand or coarser. Content of coarse fragments is varied
and can exceed 5 percent. Texture of control section is a sandy loam. Stratification in lower
horizons is common and varied.

Taxonomic Class - sandy, mixed, mesic Ustic Torrifluvent.

Suitability for Topsoil - The Draknab series is generally suitable for topsoil to approximately I
foot and the recommended stripping depth is 1 foot depending upon the stratification of lower
horizons. The Draknab series rates poor according to Wyoming Department of Environmental
Quality Guideline 1.

83



DWYER SERIES

Soil Mapping Unit 1 8A
Typical Pedon: Dwyer loam, grassland

(Colors are for dry soil unless otherwise indicated)

A- 0-5 inches. Brown (IOYR 4/3) clay loam, very dark brown (IOYR 3/3) moist; weak fine
granular; soft, friable, slightly sticky, slightly plastic; moderately alkaline (pH 8.16), slightly
effervescent.

Cl - 5-20 inches. Brown (1OYR 5/3) sandy loam, brown (IOYR 4/3) moist; massive; soft, friable,
nonsticky, nonplastic; moderately alkaline (pH 8.09), slightly effervescent.

C2 - 20-30 inches. Pale brown (1OYR 6/3) sandy loam, brown (1OYR 5/3) moist; massive; soft,
friable, nonsticky, nonplastic; moderately alkaline (pH 8.03), slightly effervescent.

C3 - 30-60 inches. Pale brown (1OYR 6/3) loamy sand, brown (1OYR 5/3) moist; loose single
grain; moderately alkaline (pH 8.17), slightly effervescent.

Type Location - 24 (72 on the map)

Range in Soil Characteristics - Depth to a paralithic contact is more than 60 inches. Content of
coarse fragments ranges from 0 to 5 percent. Texture of the control section is a sandy loam.
Clay content of the control section ranges from 11 to 20 percent. The texture of the A horizon is
slightly heavier than typical for the series.

Taxonomic Class - mixed, mesic Ustic Torripsamment

Suitability for Topsoil - The Dwyer loam soil is suitable for topsoil and the recommended
stripping depth is approximately 1 foot. The Dwyer series rates fair according to Wyoming
Department of Environmental Quality Guideline 1.
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I- FORKWOOD (FT. COLLINS) SERIES

Soil Mapping Unit 19
Typical Pedon: Forkwood (Ft. Collins) clay loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

A - 0-3 inches. Pale brown (IOYR 6/3) loam, grayish brown (IQYR 5/2) moist; weak, medium
granular structure; soft, very friable, slightly sticky, slightly plastic; moderately alkaline (pH 7.91),
noneffervescent.

AB - 3-7 inches. Light brownish gray (10YR 6/2) sandy clay loam, grayish brown (IOYR 5/2)
moist; weak, medium angular blocky structure; slightly hard, friable, sticky and plastic; neutral
(pH 7.33), noneffervescent.

Bt - 7-26 inches. Yellowish brown (I OYR 5/4) clay loam, dark grayish brown (I OYR 4/2);
moderate, medium angular blocky structure; hard, slightly friable, sticky, plastic; moderately
alkaline (pH 7.99), noneffervescent.

Bk - 26-30 inches. Light yellowish brown (10YR 6/4) clay loam, brown (10YR 5/3); moderate,
medium angular blocky structure; slightly hard, slightly friable, slightly sticky, slightly plastic;
moderately alkaline (pH 8.12), slightly effervescent.

Ck - 3045 inches. Light yellowish brown (10YR 6/4) clay loam, yellowish brown (10YR 5/4)
moist; massive; slightly hard, friable, slightly sticky, slightly plastic; seams and nodules of
CaCO3; moderately alkaline (pH 8.27), strongly effervescent.

C - 45-60 inches. Light yellowish brown (2.5Y 6/3) clay loam, light yellowish brown (2.5Y 6/3)
moist; massive; slightly hard, friable, slightly sticky, slightly plastic; moderately alkaline (pH
8.12), strongly effervescent

Tkpe Location - 11 (48 on the map)

Range in Soil Characteristics - There is generally no bedrock present within 60 inches. Content of
coarse fragments is less than 5 percent. Texture of control section is a clay loam. Clay content of
control section ranges from 18 to 35 percent.

Taxonomic Class - fine-loamy, mixed, mesic Ustic Haplargid.

Suitability for Topsoil - The Fork-wood series is suitable for topsoil and the recommended
stripping depth is 5 feet. The Fork-wood series rates fair or better according to Wyoming
Department of Environmental Quality Guideline 1.
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HILAND (OLNEY) SERIES

Soil Mapping Unit 12
Typical Pedon: Hiland (Olney) sandy loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

A - 0-4 inches. Dark brown (10YR 3/3) sandy loam, dark brown (10YR 3/3) moist; moderate,
medium granular structure; soft, very friable, nonsticky, nonplastic when wet; moderately alkaline
(pH 8.30), noneffervescent.

AB - 4-8 inches. Dark yellowish brown (IOYR 3/4) sandy loam, dark yellowish brown (I YR
3/4) moist; moderate, medium granular structure; soft, very friable, nonsticky, nonplastic when
wet; mildly alkaline (pH 7.80), noneffervescent.

Btl- 8-18 inches. Brown (IOYR 4/3) sandy loam, brown (IQYR 3/3) moist; moderate, medium
angular blocky structure; slightly hard, friable, slightly sticky, slightly plastic; mildly alkaline (pH
7.80), noneffervescent.

Bt2 - 18-26 inches. Yellowish brown (IOYR 5/4) sandy loam, dark yellowish brown (10YR 4/4)
moist; moderate, medium angular blocky structure; slightly hard, friable, slightly sticky, slightly
plastic; mildly alkaline (pH 7.6), noneffervescent.

Bk - 26-34 inches. Brown (10YR 5/3) sandy loam, brown (10YR 4/3) moist; moderate, medium
angular blocky structure; slightly hard, friable, slightly sticky, slightly plastic; mildly alkaline (pH
7.53), slightly effervescent.

C - 34-54 inches. Light olive brown (2.5YR 5/4) sandy loam, olive brown (10YR 4/4) moist;
massive structure; slightly hard, friable, slightly sticky, slightly plastic; moderately alkaline (pH
8.03), slightly effervescent.

Type Location - 8 (7 on the map)

Range in Soil Characteristics - There is no bedrock present within 60 inches of the surface. More
than 35 percent of the sand fraction is fine sand or coarser. Content of coarse fragments is less
than 5 percent. Texture of control section is a sandy clay loam. Clay content of control section
ranges from 18 to 35 percent.

Taxonomic Class - fine-loamy, mixed, mesic Ustollic Haplargid.

Suitability for Topsoil - The Hiland sandy loam soil is suitable for topsoil and the recommended
stripping depth is 5 feet. The Hiland series rates fair or better according to Wyoming Department
of Environmental Quality Guideline 1.
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HILAND (OLNEY) SERIES

Soil Mapping Unit ] 6A, I 6B
Typical Pedon: Hiland (Olney) sandy loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

A - 0-3 inches. Dark brown (IOYR 3/3) sandy clay loam, very dark brown (IOYR 2/2) moist;
weak fine granular structure; soft, very friable, slightly sticky, slightly plastic; mildly alkaline (pH
7.67), noneffervescent.

AB - 3-10 inches. Dark brown (10YR 3/3) sandy loam, very dark brown (10YR 2/2) moist;
moderate medium subangular blocky structure; slightly hard, friable, slightly sticky, nonplastic;
mildly alkaline (pH 7.60), noneffervescent.

Bt - 10-24 inches. Dark yellowish brown (I OYR 4/4) sandy clay loam, dark yellowish brown
(IOYR 3/4) moist; strong medium prismatic structure parting to moderate medium angular
blocky; hard, firm, sticky, plastic; moderately alkaline (pH 8.10), noneffervescent.

Bk - 24-30 inches. Yellowish brown (IOYR 5/4) sandy clay loam, dark yellowish brown (IOYR
4/4) moist; moderate medium subangular blocky structure; slightly hard, friable, sticky, plastic;
seams and nodules of CaCO3; moderately alkaline (pH 8.25), moderately effervescent.

Ck - 30-48 inches. Grayish brown (10YR 5/2) sandy clay loam, dark grayish brown (10YR 4/2)
moist; massive; soft, very friable, slightly sticky, slightly plastic; threads of CaCO3; moderately
alkaline (pH 8.34), strongly effervescent.

C - 48-60 inches. Light brownish gray (2.5Y 6/2) sandy clay loam, grayish brown (2.5Y 5/2)
moist; massive; soft, very friable, slightly sticky, slightly plastic; moderately alkaline (pH 8.33),
strongly effervescent.

Tvpe Location - 22 (64 on the map)

Range in Soil Characteristics - There is no bedrock present within 60 inches of the surface. More
than 60 percent of the sand fraction is fine sand or coarser. Content of coarse fragments is less
than 5 percent. Texture of control section is a sandy clay loam. Clay content of control section
ranges from 20 to 24 percent.

Taxonomic Class - fine-loamy, mixed, mesic Ustollic Haplargid.

Suitability for Topsoil - The Hiland sandy loam soil is suitable for topsoil and the recommended
stripping depth is 4 feet. The Hiland series rates fair or better according to Wyoming Department
of Environmental Quality Guideline 1.
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KISHONA (KIM) SERIES

Soil Mapping Unit 14
Typical Pedon: Kishona (Kim) loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

A - 0-6 inches. Brown (IOYR 4/3) clay loam, dark brown (IOYR 3/3) moist; moderate, fine
granular structure; soft, friable, slightly sticky slightly plastic; moderately alkaline (pH 8.20),
slightly effervescent.

AC - 6-19 inches. Dark yellowish brown (IOYR 416) clay loam, dark yellowish brown (IOYR
3/6); moderate, medium subangular blocky structure; slightly hard, friable, sticky, slightly plastic;
moderately alkaline (pH 8.23), moderately effervescent.

Cl - 19-44 inches. Pale brown (IOYR 6/3) clay loam, brown (IOYR 5/3) moist; massive; slightly
hard, slightly friable, slightly sticky, slightly plastic; seams of CaCO3; moderately alkaline (pH
8.23), strongly effervescent.

C2 - 44-54 inches. Light yellowish brown (IOYR 6/4) loam, brown (IOYR 5/3) moist; massive;
soft, friable, slightly sticky, slightly plastic; seams of CaCO3; moderately alkaline (pH 8.28),
strongly effervescent.

Tvpe Location - 16 (52 on the map)

Ranie in Soil Characteristics - Depth to bedrock will vary from 40 to 60 inches plus. Content of
coarse fragments is less than 5 percent. Texture of control section is a clay loam. Clay content of
control section ranges from 18 to 35 percent.

Taxonomic Class - fine-loamy, mixed (calcareous), mesic Ustic Torriorthent.

Suitability for Topsoil - The Kishona loam soil is suitable for topsoil and the recommended
stripping depth is 4 feet. The C horizon suitability may have a poor rating due to a high content
of calcium carbonate. However, this property is not believed to be of serious concern to the
overall topsoil suitability. Otherwise, the Kishona series rates fair or better according to
Wyoming Department of Environmental Quality Guideline 1.
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RENOHILL SERIES

Soil Mapping Unit 22A
Typical Pedon: Renohill loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

A - 0-3 inches. Brown (1OYR 4/3) sandy loam, dark brown (IOYR 3/3) moist; strong fine
granular structure; soft, very friable, nonsticky, nonplastic; neutral (pH 7.09), noneffervescent.

AB - 3-8 inches. Brown (IOYR 4/3) sandy clay loam, dark brown (IOYR 3/3) moist; moderate
medium subangular blocky structure parting to moderate medium angular; slightly hard, friable,
slightly sticky, slightly plastic; moderately alkaline (pH 7.92), noneffervescent.

Bt - 8-20 inches. Dark brown (lOYR 3/3) sandy clay loam, very dark brown (1OYR 2/2) moist;
moderate, medium prismatic parting to moderate medium angular blocky; very hard, firm, sticky,
plastic; moderately alkaline (pH 7.92), noneffervescent.

Bk - 20-26 inches. Brown (IOYR 5/3) clay loam, brown (IOYR 4/3) moist; massive; very hard,
firm, sticky, plastic; threads of CaCO3; moderately alkaline (pH 8.05), moderately effervescence.

C - 26-33 inches. Light brownish gray (IOYR 6/2) clay loam, grayish brown (IOYR 5/2) moist;
weathered soft calcareous shale; moderately alkaline (pH 8.17), strongly effervescent.

Type Location - 18 (58 on map)

Range in Soil Characteristics - Depth to paralithic contact ranges from 20 to 40 inches. Content
of coarse fragments is less than 5 percent. Texture of control section is sandy clay loam or clay
loam. Clay content of control section ranges from 35 to 50 percent. Texture of the A horizon is
lighter than typical for the series.

Taxonomic Class - fine, smectitic, mesic Ustic Haplargid

Suitability for Topsoil - The Renohill clay loam soil is suitable for topsoil and the recommended
stripping depth is approximately 2 feet. All soil parameters of Renohill rate fair or better
according to Wyoming Department of Environmental Quality Guideline 1. Depth of stripping
would be limited by bedrock material.
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SHINGLE SERIES

Soil Mapping Unit 30
Typical Pedon: Shingle loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

A - 0-3 inches. Yellowish brown (IOYR 5/4) clay loam, dark yellowish brown (IOYR 3/4) moist;
moderate, fine granular structure; soft, very friable, slightly sticky, slightly plastic; moderately
alkaline (pH 8.09), moderately effervescent.

C - 3-6 inches. Light yellowish brown (1OYR 6/4) clay loam, dark yellowish brown (1OYR 4/4)
moist; moderate, medium granular structure; soft, friable, slightly sticky, slightly plastic;
moderately alkaline (pH 8.09), strongly effervescent.

Cr - 6 inches plus. Soft calcareous gray shale.

Tvne Location - I (I on the map)

Range in Soil Characteristics - Depth to paralithic contact ranges from 6 to 20 inches. Content of
coarse fragments is less than 5 percent. Texture of control section is a clay loam. Clay content
of control section ranges from 18 to 35 percent.

Taxonomic Class - loamy, mixed (calcareous) mesic, shallow Ustic Torriorthent.

Suitability for Topsoil - The Shingle loam soil is suitable for topsoil and the approximate
recommended stripping depth is I foot. The Shingle series rates fair or better according to
Wyoming Department of Environmental Quality Guideline 1. Depth of stripping would be limited
by bedrock material.
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TALUCE (TASSEL) SERIES

Soil Mapping Unit 32
Typical Pedon: Taluce (Tassel) sandy loam, Rangeland.

,Al - 0-5 inches. Dark yellowish brown (IOYR 4/4) sandy loam, dark yellowish brown (IOYR
3/4) moist; weak, fine granular structure; loose, friable, slightly sticky, nonplastic; moderately
alkaline (pH 8.09), noneffervescent.

C - 5-16 inches. Yellowish brown (IOYR 5/4) sandy clay loam, brown (IOYR 4/3) moist; weak,
subangular blocky structure; soft, friable, slightly sticky, slightly plastic; CaCO3 threads
throughout; moderately alkaline (pH 8.24), strongly effervescent.

Cr- 16 inches plus. Calcareous sandstone.

Typic Location - 6 (43 on the map)

Range in Soil Characteristics - Depth to paralithic contact ranges from 6 to 20 inches. More than
35 percent of the sand fraction is fine or coarser. Content of coarse fragments is less than 5
percent. Texture of the control section is sandy loam.

Taxonomic Class - fine, mixed, mesic, shallow Ustic Torriorthent.

Suitability for Topsoil - The Taluce sandy loam soil is suitable for topsoil and the recommended
stripping depth is generally 0.5 to 1 foot. The Taluce series rates fair or better according to
Wyoming Department of Environmental Quality Guideline 1. Depth of stripping would be
limited by bedrock material.
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TALUCE (TASSEL) SERIES

Soil Mapping Unit 32
Typical Pedon: Taluce (Tassel) sandy loam, Rangeland.

A - 0-3 inches. Olive brown (2.5Y 4/3) sandy loam, dark olive brown (I OYR 3/3) moist; weak,
fine granular structure; loose, friable, nonsticky, nonplastic; moderately alkaline (pH 7.93),
slightly effervescent.

C - 3-6 inches. Light olive brown (2.5Y 5/4) loamy sand, olive brown (2.5Y 4/4) moist; loose,
coarse granular structure; soft, friable, nonsticky, nonplastic; moderately alkaline (pH 7.93),
moderately effervescent.

Cr- 6 inches plus. Calcareous sandstone.

Typic Location - 13 (29 on the map)

Range in Soil Characteristics - Depth to paralithic contact ranges from 6 to 20 inches. More than
35 percent of the sand fraction is fine or coarser. Content of coarse fragments is less than 5
percent. Texture of the control section is sandy loam.

Taxonomic Class - fine, mixed, mesic, shallow Ustic Torriorthent.

Suitability for Topsoil - The Taluce sandy loam soil is suitable for topsoil and the recommended
stripping depth is generally 0.5 to I foot. The Taluce series rates fair or better according to
Wyoming Department of Environmental Quality Guideline 1. Depth of stripping would be
limited by bedrock material.
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TERRO (TERRY) SERIES

Soil Mapping Unit 24
Typical Pedon: Terro (Terry) fine sandy loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

A - 0-5 inches. Dark yellowish brown (1OYR 3/4) sandy loam, dark yellowish brown (IOYR 3/4)
moist; moderate, fine granular structure; soft, very friable, nonsticky, nonplastic; moderately
alkaline (pH 7.93), noneffervescent.

Bt - 5-14 inches. Yellowish brown (IOYR 5/4) sandy loam, dark yellowish brown (IOYR 4/4)
moist; moderate, medium angular structure; slightly hard, friable, slightly sticky and slightly
plastic; moderately alkaline (pH 8.24), noneffervescent.

BCk - 14-20 inches. Yellowish brown (IOYR 5/4) sandy loam, dark yellowish brown (IOYR 4/4)
moist; weak medium, subangular blocky structure; slightly hard, friable, slightly sticky and slightly
plastic; moderately alkaline (pH 8.24), strongly effervescent.

Ck - 20-38 inches. Light brownish gray (IOYR 613) sandy loam, brown (IOYR 5/3) moist;
massive structure; slightly hard, friable, slightly sticky and slightly plastic; moderately alkaline (pH
8. 15), strongly effervescent.

C - 38 inches. Calcareous sandstone.

Type Location - 5 (40 on the map)

Range in Soil Characteristics - Depth to paralithic contact ranges from 20 to 40 inches. More
than 35 percent of the sand fraction is fine sand or coarser. Content of coarse fragments is less
than 5 percent. Texture of the control section is sandy loam. Clay content of the control section
ranges from 7 to 18 percent.

Taxonomic Class - coarse-loamy, mixed, mesic Ustic Haplargid.

Suitability for Topsoil - The Terro sandy loam soil is suitable for topsoil and the recommended
stripping depth is 2.5 feet. The Terro series rates fair or better according to Wyoming
Department of Environmental Quality Guideline 1. Depth of stripping would be limited by
bedrock material.
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TERRO (TERRY) SERIES

Soil Mapping Unit 17A, 17B, 17AB, 17BC
Typical Pedon: Terro (Terry) fine sandy loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

A - 0-3 inches. Dark brown (IOYR 313) sandy loam,very dark brown (IOYR 2/2) moist; weak
fine granular structure; soft, very friable, nonsticky, nonplastic; mildly alkaline (pH 7.78),
noneffervescent.

Bt - 3-8 inches. Brown (IOYR 4/3) sandy clay loam, dark brown (IOYR 3/3) moist; weak
medium prismatic structure parting to weak medium subangular blocky; slightly hard, very friable,
slightly sticky, slightly plastic; moderately alkaline (pH 8.09), noneffervescent.

Btk - 8-18 inches. Yellowish brown (IOYR 5/4) sandy clay loam, dark yellowish brown (lOYR
414) moist; weak fine subangular blocky structure; slightly hard, very friable, slightly sticky,
slightly plastic; seams and nodules of CaCO3; moderately alkaline (pH 8.09), slightly effervescent.

Bk - 18-27 inches. Yellowish brown (IOYR 5/4) sandy loam, dark yellowish brown (IOYR 4/4)
moist; massive structure; slightly hard, friable, slightly sticky, slightly plastic; seams and nodules
of CaCO3; moderately alkaline (pH 8.21), slightly effervescent.

C - 27-40 inches. Pale brown (1OYR 6/3) sandy loam, brown (1OYR 5/3) moist; massive; soft,
friable, nonsticky, nonplastic; moderately alkaline (pH 8.03), slightly effervescent.

Cr - 40+ inches. Soft calcareous sandstone.

Tvpe Location - 25 (77 on the map)

Range in Soil Characteristics - Depth to paralithic contact ranges from 20 to 40 inches. More
than 35 percent of the sand fraction is fine sand or coarser. Content of coarse fragments is less
than 5 percent. Texture of the control section is sandy clay loam to sandy loam. Clay content of
the control section ranges from 12 to 20 percent.

Taxonomic Class - coarse-loamy, mixed, mesic Ustic Haplargid.

Suitability for Topsoil - The Terro sandy loam soil is suitable for topsoil and the recommended
stripping depth is 2.5 feet. The Terro series rates fair or better according to Wyoming
Department of Environmental Quality Guideline 1. Depth of stripping would be limited by
bedrock material.
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THEEDLE (THEDALUND) SERIES

Soil Mapping Unit 49A
Typical Pedon: Theedle (Thedalund) loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

A - 0-3 inches. Dark brown (7.5YR 3/3) sandy clay loam, very dark brown (7.5YR 2/2) moist;
weak fine granular structure; slightly hard, friable, slightly sticky, slightly plastic; moderately
alkaline (pH 8.14), slightly effervescent.

AC - 3-12 inches. Grayish brown (IOYR 5/2) clay loam, dark grayish brown (IOYR 4/2) moist;
weak moderate subangular structure; slightly hard, friable, sticky, plastic; moderately alkaline (pH
8.11), moderately effervescent.

Ck - 12-30 inches. Light brownish gray (IOYR 6/2) loam, grayish brown (IOYR 5/2) moist;
massive; slightly hard, friable, sticky, nonplastic; CaCO3 seams; moderately alkaline (pH 8.30),
strongly effervescent.

C - 30-32+ inches. Light gray (IOYR 7/1), gray (IOYR 6/1) moist; soft calcareous mixed
sandstone and shale.

Type Location - 20 (61 on map)

Range in Soil Characteristics - Depth to paralithic contact ranges from 20 to 40 inches but is
typically less than 32 inches. Content of coarse fragments is less than 6 percent. Texture of the
control section is clay loam or loam. Clay content of the control section ranges from 25 to 28
percent.

Taxonomic Class - fine-loamy, mixed, calcareous, mesic Ustic Torriorthent.

Suitability for Topsoil - The Theedle loam soil is suitable for topsoil and the recommended
stripping depth is 2.5 feet. The Theedle series rates fair or better according to Wyoming
Department of Environmental Quality Guideline 1. Depth of stripping would be limited by
bedrock material.
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TULLOCK SERIES

Soil Mapping Unit 25
Typical Pedon: Tullock sandy loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

Al - 0-4 inches. Dark yellowish brown (IOYR 4/4) sandy loam, dark yellowish brown (I YR
3/4) moist; weak, fine crumb structure; soft, friable, nonsticky, nonplastic; mildly alkaline (pH
7.51), noneffervescent.

CI - 4-21 inches. Yellowish brown (IOYR 5/4) sandy loam, dark yellowish brown (IOYR 4/4)
moist; massive structure; soft, friable, nonsticky, nonplastic; mildly alkaline (pH 7.79),
noneffervescent.

C2 - 21-39 inches. Pale brown (10YR 613) loam, brown (10YR 5/3) moist; weak fine crumb
structure; soft, friable, slightly sticky, slightly plastic; moderately alkaline (pH 8. 18), slightly
effervescent.

Cr - 39 inches. Weakly consolidated calcareous sandstone.

Tvpe Location - 4 (36 on the map)

Range in Soil Characteristics - Depth to paralithic contact ranges from 20 to 40 inches. Content
of coarse fragments is less than 5 percent. Texture of the control section is sandy loam.

Taxonomic Class - mixed, mesic Ustic Torripsamments.

Suitability for Topsoil - The Tullock fine sandy loam soil is suitable for topsoil and the
recommended stripping depth is 2.5 feet. The Tullock series rates fair or better according to
Wyoming Department of Environmental Quality Guideline 1. Depth of stripping would be
limited by bedrock material.
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ULM SERIES

Soil Mapping Unit 20A
Typical Pedon: Ulm clay loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

A - 0-3 inches. Brown (IOYR 4/3) sandy clay loam, dark brown (IOYR 3/3) moist; strong fine
granular structure; slightly hard, friable, sticky, plastic; mildly alkaline (pH 7.78), noneffervescent.

AB - 3-10 inches. Brown (IOYR 4/3) clay, dark brown (1OYR 3/3) moist; strong medium coarse
angular blocky; very hard, very firm, very sticky, very plastic; moderately alkaline (pH 8.27),
noneffervescent.

Bt - 10-20 inches. Dark brown (IOYR 3/3) clay, very dark brown (IOYR 2/2) moist; strong
coarse prismatic structure parting to strong medium coarse angular blocky; very hard, very firm,
very sticky, very plastic; moderately alkaline (pH 8.27), noneffervescent.

Bk - 20-24 inches. Dark brown (IOYR 3/3) clay loam, very dark brown (IOYR 2/2) moist;
moderate medium prismatic parting to strong medium angular blocky structure; very hard, firm,
very sticky, very plastic; calcium carbonate mostly disseminated with CaCO3 threads; moderately
alkaline (pH 8.09), moderately effervescent.

Ck - 2442 inches. Very dark grayish brown ( IOYR 3/2) clay, very dark brown (IOYR 2/2)
moist; massive; hard, firm, sticky, plastic; seams and streaks of CaCO3; moderately alkaline (pH
8.13), strongly effervescent.

C - 42-48 inches. Dark brown ( IOYR 3/3) sandy clay, very dark brown (IOYR 2/2) moist;
massive; hard, firm, sticky, plastic; moderately alkaline (pH 8.08), strongly effervescent.

Type Location - 17 (57 on map)

Ranige in Soil Characteristics - There is no bedrock present within 60 inches of the surface.
Coarse fragments are less than 5 percent. The control section is a clay. Clay content of the
control section ranges from 40 to 42 percent.

Taxonomic Class - fine, smectitic, mesic Ustic Haplargid.

Suitability for Topsoil - The Ulm clay loam soil is suitable for topsoil and the recommended
stripping depth is 4 feet. The suitability rating for texture from 3-20 and 24-42 inches is marginal
due to a high clay content which limits soil workability. However, this property is not believed to
be of serious concern to the overall topsoil suitability.
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VONALEE (VONA) SERIES

Soil Mapping Unit 13
Typical Pedon: Vonalee (Vona) sandy loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

A - 0-4 inches. Dark yellowish brown (IOYR 4/4) sandy loam, dark yellowish brown (IOYR 3/4)
when moist; weak, fine crumb structure; loose consistence, very friable, nonsticky and nonplastic;
moderately alkaline (pH 7.88), noneffervescent.

Bt] - 4-17 inches. Dark yellowish brown (10YR 4/4) sandy clay loam, dark yellowish brown
(IOYR 3/4) moist; moderate, medium subangular blocky structure; soft, very friable, nonsticky
and nonplastic; moderately alkaline (pH 8.12), noneffervescent.

Bt2 - 17-28 inches. Yellowish brown (10YR 5/4) sandy clay loam, dark yellowish brown (10YR
4/4) moist; moderate, medium angular blocky structure; slightly hard, friable, slightly sticky,
slightly plastic; moderately alkaline (pH 8.15), slightly effervescent.

Bkl - 2842 inches. Pale brown (IOYR 6/3) sandy clay loam, brown (IOYR 5/3) moist;
moderate, medium subangular blocky structure; slightly hard, very friable, slightly sticky and
slightly plastic; moderately alkaline (pH 8.13), moderately effervescent.

Bk2 - 42-60 inches. Light yellowish brown (10YR 6/4) sandy clay loam, brown (10YR 5/3)
moist; massive structure; slightly hard, friable, slightly sticky and slightly plastic; moderately
alkaline (pH 8.13), slightly effervescent.

Type Location - 7 (45 on map)

Ranae in Soil Characteristics - There is no bedrock present within 60 inches of the surface. More
than 35 percent of sand fraction is fine sand or coarser. Coarse fragments are less than 5 percent.
The control section is sandy clay loam with a clay content ranging from 21 to 26 percent.

Taxonomic Class - coarse-loamy, mixed, mesic Ustic Haplargid.

Suitability for Topsoil - The Vonalee sandy loam soil is suitable for topsoil and the recommended
stripping depth is 5 feet. The Vonalee series rates fair or better according to Wyoming
Department of Environmental Quality Guideline 1. Depth of stripping would be limited by
bedrock material.
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WORF SERIES

Soil Mapping Unit 31
Typical Pedon: Worf loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

A - 0-2 inches. Brown (IOYR 4/3) sandy clay loam, dark brown (IOYR 3/3) moist; moderate,
fine granular structure; soft, friable, sticky, plastic; moderately alkaline (pH 7.96),
noneffervescent.

Bt - 2-6 inches. Brown (IOYR 4/3) sandy clay loam, dark brown (IOYR 3/3); moderate, medium
angular blocky structure; slightly hard, friable, sticky, plastic; moderately alkaline (pH 8.04),
noneffervescent.

Bk - 6-11 inches. Brown (IOYR 5/3) sandy clay loam, dark brown (IOYR 3/3) moist; moderate,
medium angular blocky structure; slightly hard, friable, slightly sticky, slightly plastic; seams of
CaCO3 throughout horizon, moderately alkaline (pH 8.01), strongly effervescent.

Cr - 11 inches. Calcareous shale.

Type Location - 2 (2 on the map)

Range in Soil Characteristics - Depth of bedrock ranges from 10 to 20 inches. Coarse fragments
are less than 5 percent. Clay content of the control section ranges from 18 to 35 percent. The
control section texture is clay loam to sandy clay loam.

Taxonomic Class - loamy, mixed, mesic, shallow Ustic Haplargid.

Suitability for Topsoil - The Worf series is suitable for topsoil and the approximate recommended
stripping depth is 1 foot. The Worf series rates fair or better according to Wyoming Department
of Environmental Quality Guideline 1. Depth of stripping would be limited by bedrock material.
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WORF SERIES

Soil Mapping Unit 31
Typical Pedon: Worf loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

A - 0-2 inches. Brown (IOYR 4/3) sandy clay loam, dark brown (IOYR 3/3) moist; moderate,
fine granular structure; soft, friable, sticky, plastic; moderately alkaline (pH 8.13),
noneffervescent.

Bt - 2-6 inches. Brown (IOYR 4/3) sandy clay loam, dark brown (1OYR 3/3); moderate, medium
angular blocky structure; slightly hard, friable, sticky, plastic; moderately alkaline (pH 8.13),
noneffervescent.

Bk - 6-15 inches. Brown (1 OYR 5/3) clay loam, dark brown (I OYR 3/3) moist; moderate,
medium angular blocky structure; slightly hard, friable, slightly sticky, slightly plastic; seams of
CaCO3 throughout horizon, moderately alkaline (pH 8.15), strongly effervescent.

Cr - 15 inches. Calcareous shale.

Type Location - 9 (47 on the map)

Range in Soil Characteristics - Depth of bedrock ranges from 10 to 20 inches. Coarse fragments
are less than 5 percent. Clay content of the control section ranges from 18 to 35 percent. The
control section texture is clay loam to sandy clay loam.

Taxonomic Class - loamy, mixed, mesic, shallow Ustic Haplargid.

Suitability for Topsoil - The Worf series is suitable for topsoil and the approximate recommended
stripping depth is 1 foot. The Worf series rates fair or better according to Wyoming Department
of Environmental Quality Guideline 1. Depth of stripping would be limited by bedrock material.
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ADDENDUM 5
1979 SOIL SERIES DESCRIPTIONS
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The following soil series descriptions are based, in part, on the 1979 soil survey by Woodward-

Clyde Associates on the Mill Site for Smith Ranch. These series descriptions were utilized during

1978-1980 on various soil surveys related to the Smith Ranch Project. Note that much of the

taxonomic nomenclature is no longer accepted, e.g., B3ca is now Bk.
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BOWBAC SERIES

Soil Mapping Unit 23A, 23B, and 23C
Typical Pedon: Bowbac sandy loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

Al - 0-4 inches. Light yellowish brown (IOYR 6/4) sandy loam, yellowish brown (IOYR 5/4)
when moist; moderate fine granular structure; soft consistency when dry, very friable when moist,
slightly sticky when wet; mildly alkaline (pH7.7), noneffervescent.

B2t - 4-16 inches. Pale brown (IOYR 6/3) sandy loam, grayish brown (IOYR 5/2) when moist;
moderate medium angular blocky structure; slightly hard consistence when dry, friable when
moist, sticky and plastic when wet; mildly alkaline (pH 7.7), noneffervescent.

B3ca - 16-25 inches. Pale brown (IOYR 6/4) sandy loam, brown (10YR 5/3) when moist;
medium subangular blocky structure; slightly hard consistence when dry, friable when moist,
slightly sticky when wet; moderately alkaline (pH 8.0), strongly effervescent.

Cca - 25-34 inches. Light yellowish brown (IOYR 6/4) sandy clay loam, yellowish brown when
moist; medium subangular blocky structure; hard consistence when dry, firm when moist, slightly
sticky when wet; moderately alkaline (pH 8.4), strongly effervescent.

Cr - 34 inches. Shale and sandstone.

Range in Soil Characteristics - Depth to a paralithic contact ranges from 20 to 40 inches. More
than 35 percent of the sand fraction is fine sand or coarser. Content of coarse fragments is less
than 5 percent. Texture of the control section is a sandy clay loam. Clay content of the control
section ranges from 18 to 35 percent. There is no evidence of a water table.

Taxonomic Class - fine-loamy, mixed, mesic Ustollic Haplargid.

Suitability for Topsoil - The Bowbac sandy loam soil is suitable for topsoil and the recommended
stripping depth is 2.5 feet. The Bowbac series rates fair or better according to Wyoming
Department of Environmental Quality Guideline 1. Depth of stripping would be limited by
bedrock material.
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CAMBRIA (STONEHAM) LOAM

Soil Mapping Unit 15A and 15B
Typical Pedon: Cambria (Stoneham) loam, rangeland

(Colors are for dry soil unless otherwise indicated)

Al - 0-3 inches. Yellowish brown (IOYR 5/4), heavy loam, dark grayish brown (IOYR 4/2) when
moist; moderate medium granular structure; soft consistence when dry, very friable when moist;
sticky and plastic when wet; mildly alkaline (pH 7.7), noneffervescent.

B2t - 3-8 inches. Pale brown (1OYR 613) loam, brown (JOYR 5/3) when moist; moderate
subangular blocky structure; slightly hard consistence when dry, firm when moist, slightly sticky,
slightly plastic when wet; mildly alkaline (pH 7.8), noneffervescent.

B3ca - 8-19 inches. Light gray (IOYR 7/2) loam, brown (IOYR 5/3) when moist; moderate
subangular blocky structure; slightly hard consistence when dry, firm when moist, slightly sticky,
slightly plastic when wet; strongly alkaline (pH 8.6), strongly effervescent.

Cca - 19-60 inches. Light brownish gray (IOYR 6/2) loam, grayish brown (IOYR 5/2) when
moist; massive structure; slightly hard consistence when dry, fiiable when moist, slightly sticky,
slightly plastic when wet; strongly alkaline (pH 8.6), strongly effervescent.

Ranize in Soil Characteristics - Depth to a paralithic contact is more than 40 inches. Content of
coarse fragments ranges from 0 to 15 percent. Texture of the control section is a clay loam or
sandy clay loam. Clay content of the control section ranges from 15 to 35 percent. There is no
evidence of a water table.

Taxonomic Class - fine-loamy, mixed, mesic Ustollic Haplargid.

Suitability for Topsoil - The Cambria loam soil is suitable for topsoil and the recommended
stripping depth is 5 feet. The Cambria series rates fair or better according to Wyoming
Department of Environmental Quality Guideline 1.
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CUSHMAN SERIES

Soil Mapping Unit 21A, 21B, and 21C
Typical Pedon: Cushman sandy loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

Al - 0-4 inches. Light brownish gray (IOYR 6/2) loam, Yellowish brown (IOYR 5/4) when
moist; weak, fine granular structure; soft consistence when dry, very friable when moist, slightly
sticky, slightly plastic when wet; mildly alkaline (pH 7.8), noneffervescent.

B2t - 4-15 inches. Yellowish brown (1OYR 5/4) clay loam, dark grayish brown (IOYR 4/2) when
moist; moderate, medium angular blocky structure; slightly hard consistence when dry, friable
when moist, slightly sticky, slightly plastic when wet; mildly alkaline (pH 7.6), noneffervescent.

Cca - 15-28 inches. Very pale brown (IOYR 7/3) loam, brown (IOYR 5/3) when moist; weak,
medium angular blocky structure; slightly hard consistence when dry, friable when moist, slightly
sticky, slightly plastic when wet; seams of CaCO3, strongly alkaline (pH 8.8), strongly
effervescent.

Cr2 - 28 inches. Soft, partially weathered shale.

Range in Soil Characteristics - Depth to paralithic contact ranges from 20 to 40 inches. Content
of coarse fragments is less than 5 percent. Texture of control section is a sandy clay loam. Clay
content of control section ranges from 18 to 35 percent. There is no evidence of a water table.

Taxonomic Class - fine-loamy, mixed mesic family Ustollic Haplargid.

Suitability for Topsoil - The Cushman sandy loam soil is suitable for topsoil and the recommended
stripping depth is 2.5 feet. The Cushman series rates fair or better according to Wyoming
Department of Environmental Quality Guideline 1. Depth of stripping would be limited by
bedrock material.
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FORKWOOD (FT. COLLINS) SERIES.

Soil Mapping Unit IOA, IOB, and IOC (19 is 1997 designation)
Typical Pedon: Fork-wood (Ft. Collins) clay loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

Al - 04 inches. Pale brown (IOYR 6/3) fine sandy loam, grayish brown (IOYR 5/2) when moist;
weak, medium granular structure; soft consistence when dry, very friable when moist, slightly
sticky when wet; mildly alkaline (pH 7.4), noneffervescent.

B2t - 4-27 inches. Light brownish gray (IOYR 6/2) clay loam, grayish brown (IOYR 5/2) when
moist; moderate medium angular blocky structure; slightly hard consistence when dry, friable
when moist, sticky and plastic when wet; mildly alkaline (pH 7.7), noneffervescent.

B3ca - 27-36 inches. Yellowish brown (1OYR 5/4) clay loam, dark grayish brown (IOYR 4/2)
when moist; moderate, medium angular blocky structure; slightly hard consistence when dry,
friable when moist, slightly sticky, slightly plastic when wet; moderately alkaline (pH 8.0),
strongly effervescent.

Clca - 3649 inches. Light yellowish brown (IOYR 6/4) loam, brown (IOYR 5/3) when moist;
moderate medium angular blocky structure; slightly hard consistence when dry, friable when
moist, slightly sticky when wet; seams of CaCO3; moderately alkaline (pH 8.2), strongly
effervescent.

C2ca - 49-60 inches. Light yellowish brown (IOYR 6/4) loam, yellowish brown (IOYR 5/4) when
moist; massive structure; slightly hard consistence when dry, friable when moist, slightly sticky
when wet; seams and nodules of CaCO3; moderately alkaline (pH 8.3), strongly effervescent.

Rangze in Soil Characteristics - There is no bedrock present within 60 inches. Content of coarse
fragments is less than 5 percent. Texture of control section ranges from clay loam to a loam.
Clay content of control section ranges from 18 to 35 percent. There is no evidence of a water
table.

Taxonomic Class - fine-loamy, mixed, mesic Ustollic Haplargid.

Suitability for Topsoil - The Forkwood clay loam soil is suitable for topsoil and the recommended
stripping depth is 5 feet. The Forkwood series rates fair or better according to Wyoming
Department of Environmental Quality Guideline 1.
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HILAND (OLNEY) SERIES

Soil Mapping Unit 12A, 12B, and 12CD (16 is 1997 designation)
Typical Pedon: Hiland (Olney) sandy loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

Al - 0-5 inches. Brown (10YR 5/3) fine sandy loam, brown (10YR 5/3) when moist; moderate,
medium granular structure; soft consistence when dry, very friable when moist, slightly sticky,
slightly plastic when wet; mildly alkaline (pH 7.7), noneffervescent.

B2t - 5-29 inches. Pale brown (10YR 6/3) sandy loam, brown (l0YR 5/3) when moist;
moderate, medium angular blocky structure; slightly hard consistence when dry, friable when
moist, slightly sticky when wet; strongly alkaline (pH 8.6), strongly effervescent.

B3ca - 29-48 inches. Very pale brown (10YR 7/3) sandy loam, brown (IOYR 5/3) when moist;
moderate, medium angular blocky structure; slightly hard consistence when dry, friable when
moist, slightly sticky when wet; strongly alkaline (pH 8.6), strongly effervescent.

Cca - 48-60 inches. Light yellowish brown (10YR 6/4) sandy loam, brown (1OYR 5/3) when
moist; massive structure; slightly hard consistence when dry, friable when moist, slightly sticky
when wet; strongly alkaline (pH 8.4), strongly effervescent.

Range in Soil Characteristics - There is no bedrock present within 60 inches of the surface. More
than 35 percent of the sand fraction is fine sand or coarser. Content of coarse fragments is less
than 5 percent. Texture of control section is a sandy clay loam. Clay content of control section
ranges from 18 to 35 percent.

Taxonomic Class - fine-loamy, mixed, mesic Ustollic Haplargid.

Suitability for Topsoil - The Hiland sandy loam soil is suitable for topsoil and the recommended
stripping depth is 5 feet. The Hiland series rates fair or better according to Wyoming Department
of Environmental Quality Guideline 1.
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KISHONA (KIM) SERIES

Soil Mapping Unit 14A and 14B
Typical Pedon: Kishona (Kim) loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

Al - 0-5 inches. Pale brown (IOYR 6/3) loam, grayish brown (IOYR 5/2) when moist;
moderate, fine granular structure; soft consistence when dry, very friable when moist, slightly
sticky slightly plastic when wet; moderately alkaline (pH 8.2), strongly effervescent.

Cl - 5-13 inches. Light brownish gray (IOYR 6/2) light clay loam, brown (I OYR 5/3) when
moist; moderate, medium subangular blocky structure; slightly hard consistence when dry, very
friable when moist, slightly sticky, slightly plastic when wet; moderately alkaline (pH 8.2),
strongly effervescent.

Clca - 13-60 inches. Light yellowish brown (IOYR 6/4) loam, brown (IOYR 5/3) when moist;
massive structure; soft consistence when dry, friable when moist, slightly sticky when wet; seams
of CaCO3; strongly alkaline (pH 8.8), violently effervescent.

Range in Soil Characteristics - There is no bedrock present within 60 inches. Content of coarse
fragments is less than 5 percent. Texture of control section is a heavy loam or light clay loam.
Clay content of control section ranges from 18 to 35 percent. There is no evidence of a water
table.

Taxonomic Class - fine-loamy, mixed (calcareous), mesic Ustic Torriorthent.

Suitability for Topsoil - The Kishona loam soil is suitable for topsoil and the recommended
stripping depth is 5 feet. The Clca horizon suitability is given a poor rating due to a high content
of calcium carbonate. This property is not believed to be of serious concern to the overall topsoil
suitability. Otherwise, the Kishona series rates fair or better according to Wyoming Department
of Environmental Quality Guideline 1.
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RENOHILL SERIES

Soil Mapping Unit 22A, 22B, and 22C
Typical Pedon: Renohill clay loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

Al - 0-4 inches. Light brownish gray (I OYR 6/2) clay loam, brown (I OYR 5/3) when moist;
moderate, fine granular structure; soft consistence when dry, very friable when moist, slightly
sticky, slightly plastic when wet; neutral (pH 7.1), noneffervescent.

B2t - 4-14 inches. Light yellowish brown (IOYR 6/4) clay, yellowish brown when moist; strong,
coarse angular blocky to prismatic structure; very hard consistence when dry, very firm when
moist, sticky and plastic when wet; mildly alkaline (pH 7.6), noneffervescent.

B3ca - 14-20 inches. Light gray (IOYR 7/2) heavy clay loam, pale brown (IOYR 6/3) when
moist; strong subangular blocky structure; very hard consistence when dry, firm when moist,
sticky and plastic when wet; moderately alkaline (pH 8.1), strong effervescence.

Cca - 20-26 inches. Pale brown (IOYR 6/3) clay loam, yellowish brown (IOYR 5/4) when moist;
massive structure; very hard consistence when dry, firm when moist, sticky and plastic when wet;
moderately alkaline (pH 8.1), strongly effervescent.

C - 26 inches. Calcareous shale.

Range in Soil Characteristics - Depth to paralithic contact ranges from 20 to 40 inches. Content
of coarse fragments is less than 5 percent. Texture of control section is clay or a heavy clay loam.
Clay content of control section ranges from 35 to 50 percent. There is no evidence of a water
table.

Taxonomic Class - fine, montmorillonitic mesic Ustollic Haplargid

Suitabilitv for Topsoil - The Renohill clay loam soil is suitable for topsoil and the recommended
stripping depth is 2 feet. The suitability rating for observed dry consistence is poor below the top
4 inches. This property is not believed to be of a serious concern to the overall topsoil suitability.
All other soil parameters of Renohill rate fair or better according to Wyoming Department of
Environmental Quality Guideline 1. Depth of stripping would be limited by bedrock material.
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SHINGLE LOAM

Soil Mapping Unit 30B
Typical Pedon: Shingle loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

Al - 0-3 inches. Light brownish gray (1OYR 6/2) loam, dark grayish brown (IOYR 4/2) when
moist; moderate, fine granular structure; soft consistence when dry, friable when moist, slightly
sticky, slightly plastic when wet; moderately alkaline (pH 8.0), strongly effervescent.

Cl - 3-10 inches. Light yellowish brown (IOYR 6/4) clay loam, brown (IOYR 5/3) when moist;
moderate, medium granular structure; soft consistence when dry, friable when moist, slightly
sticky, slightly plastic when wet; moderately alkaline (pH 8.4), strongly effervescent.

C2r - 10 inches. Soft calcareous shale.

Range in Soil Characteristics - Depth to paralithic contact ranges from 10 to 20 inches. Content
of coarse fragments is less than 5 percent. Texture of control section is a clay loam. Clay
content of control section ranges from 18 to 35 percent. There is no evidence of a water table.

Taxonomic Class - loamy, mixed (calcareous) mesic Ustic Torriorthent, shallow.

Suitability for Topsoil - The Shingle loam soil is suitable for topsoil and the recommended
stripping depth is I foot. The Shingle series rates fair or better according to Wyoming
Department of Environmental Quality Guideline 1. Depth of stripping would be limited by
bedrock material.
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/ - ' . TALUCE (TASSEL) SERIES

Soil Mapping Unit 32B and 32C
Typical Pedon: Taluce (Tassel) sandy loam, Rangeland.

Al - 0-4 inches. Pale brown (IOYR 6/3) sandy loam, yellowish brown (1OYR 5/4) when moist;
weak, fine granular structure; loose consistence when dry, friable when moist, slightly sticky
nonplastic when wet; mildly alkaline (pH 7.6), strongly effervescent.

C - 4-11 inches. Pale brown (IOYR 613) sandy loam, brown (IOYR 5/3) when moist; weak,
subangular blocky structure; soft consistence when dry, friable when moist, slightly sticky,
slightly plastic when wet.

Cr- II inches. Calcareous sandstone.

Range in Soil Characteristics - Depth to paralithic contact ranges from 10 to 20 inches. More
than 35 percent of the sand fraction is fine or coarser. Content of coarse fragments is less than 5
percent. Texture of the control section ranges from 18 to 35 percent. There is no evidence of a
water table.

Taxonomic Class - fine, mixed, mesic Ustic Torriorthent, shallow.

Suitability for Topsoil - The Taluce sandy loam soil is suitable for topsoil and the recommended
stripping depth is 1 foot. The Taluce series rates fair or better according to Wyoming Department
of Environmental Quality Guideline 1. Depth of stripping would be limited by bedrock material.
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TERRO (TERRY) SERIES

Soil Mapping Unit 24C (17 is 1997 designation)
Typical Pedon: Terro (Terry) fine sandy loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

Al - 0-2 inches. Light brownish gray (IOYR 6/2) fine sandy loam, dark grayish brown (IOYR
4/2) when moist; moderate, fine granular structure; soft consistence when dry, very friable when
moist, slightly sticky, nonplastic when wet; neutral (pH 7. 1), noneffervescent.

B2t - 2-8 inches. Pale brown (1 OYR 6/3) fine sandy loam, dark grayish brown (IOYR 5/4) when
moist; moderate, medium angular structure; slightly hard consistence when dry, friable when
moist, slightly sticky and slightly plastic when wet; neutral (pH 7.1), noneffervescent.

B3ca - 8-14 inches. Very pale brown (IOYR 7/3) sandy loam, pale brown (IOYR 6/3) when
moist; weak medium, subangular blocky structure; slightly hard consistence when dry, friable
when moist, slightly sticky and slightly plastic when wet; mildly alkaline (pH 7.9), strongly
effervescent.

Cca - 14-28 inches. Light brownish gray (2.5Y 6/2) fine sandy loam, dark grayish brown (2.5Y
4/2) when moist; massive structure; slightly hard consistence when dry, friable when moist,
slightly sticky and slightly plastic when wet; moderately alkaline (pH 8.0), strongly effervescent.

C - 28 inches. Calcareous sandstone.

Range in Soil Characteristics - Depth to paralithic contact ranges from 20 to 40 inches. More
than 35 percent of the sand fraction is fine sand or coarser. Content of coarse fragments is less
than 5 percent. Texture of the control section is fine sandy loam. Clay content of the control
section ranges from 7 to 18 percent. There is no evidence of a water table.

Taxonomic Class - coarse-loamy, mixed, mesic Ustollic Haplargid.

Suitability for Topsoil - The Terro sandy loam soil is suitable for topsoil and the recommended
stripping depth is 2.5 feet. The Terro series rates fair or better according to Wyoming
Department of Environmental Quality Guideline 1. Depth of stripping would be limited by
bedrock material.

112



THEEDLE (THEDALUND) SERIES

Soil Mapping Unit 26B and 26C (49 is 1997 designation)
Typical Pedon: Theedle (Thedalund) loam, rangeland,

(Colors are for dry soil unless otherwise indicated)

Al - 0-3 inches. Very pale brown (IOYR 7/3) sandy loam, light brownish gray (1OYR 6/2) when
moist; weak, fine granular structure; soft consistence when dry, very friable when moist, slightly
sticky, slightly plastic when wet; mildly alkaline (pH 8.0), strongly effervescent.

AC - 3-11 inches. Yellowish brown (IOYR 5/4) loam, dark grayish brown when moist; moderate,
fine subangular blocky structure; soft consistence when dry, very friable when moist, slightly
sticky, slightly plastic when wet; moderately alkaline (pH 8.0), strongly effervescent.

Cca - 11-34 inches. Light gray (10YR 7/2) loam, pale brown (IOYR 6/3) when moist; massive
structure; soft consistence when dry, friable when moist, slightly sticky, slightly plastic when wet;
strongly alkaline (pH 8.5), strongly effervescent.

Cr - 34 inches. Sandstone.

Range in Soil Characteristics - Depth to paralithic contact ranges from 20 to 40 inches. Content
of coarse fragments is less than 5 percent. Texture of the control section is clay loam. Clay
content of the control section ranges from 18 to 35 percent. There is no evidence of a water
table.

Taxonomic Class - fine-loamy, mixed, (calcareous), mesic Ustic Torriorthent.

Suitability for Topsoil - The Theedle loam soil is suitable for topsoil and the recommended
stripping depth is 2.5 feet. The Theedle series rates fair or better according to Wyoming
Department of Environmental Quality Guideline 1. Depth of stripping would be limited by
bedrock material.
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TULLOCK SERIES

Soil Mapping Unit 25C
Typical Pedon: Tullock fine sandy loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

Al - 04 inches. Light brownish gray (2.5Y 6/2) fine sandy loam, dark grayish brown (2.5Y 4/2)
when moist; weak, fine crumb structure; soft consistence when dry, friable when moist, nonsticky,
nonplastic when wet; neutral (pH 7.0), noneffervescent.

Cl - 4-24 inches. Pale brown (IOYR 6/3) fine sandy loam, brown (IOYR 5/3) when moist;
massive structure; soft consistence when dry, friable when moist, nonsticky, nonplastic when wet;
mildly alkaline (pH 7.4), slightly effervescent.

C2 - 24-34 inches. Pale gray (2.5Y 6/2) fine sandy loam, dark grayish brown (2.5Y 4/2) when
moist; weak fine crumb structure; soft consistence when dry, friable when moist, nonsticky,
nonplastic when wet; neutral (pH 7.0), noneffervescent.

Cr - 34 inches. Weakly consolidated calcareous sandstone.

Ran-Re in Soil Characteristics - Depth to paralithic contact ranges from 20 to 40 inches. Content
of coarse fragments is less than 5 percent. Texture of the control section is loamy fine sand to a
light sandy loam.

Taxonomic Class - mixed, mesic Ustic Torripsamments.

Suitability for Topsoil - The Tullock fine sandy loam soil is suitable for topsoil and the
recommended stripping depth is 2.5 feet. The Tullock series rates fair or better according to
Wyoming Department of Environmental Quality Guideline 1. Depth of stripping would be
limited by bedrock material.
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ULM CLAY LOAM

Soil Mapping Unit 11 (20 is 1997 designation)
Typical Pedon: Ulm clay loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

Al - 0-4 inches. Light brownish gray (IOYR 6/2) loam, dark grayish brown (IOYR 4/2) when
moist; weak, granular structure; soft consistence when dry, very friable when moist, sticky and
plastic when wet; neutral (pH 7.2), noneffervescent.

BI - 4-9 inches. Light brownish gray (IOYR 6/2) heavy loam, dark grayish (IOYR 4/2) when
moist; moderate, subangular blocky structure; slightly hard consistence when dry, very friable
when moist, sticky and plastic when wet; neutral (pH 7.2), noneffervescent.

B2t - 9-15 inches. Brown (IOYR 5/3) clay loam, brown to dark brown (IOYR 4/3) when moist;
moderate, fine prismatic structure; very hard consistence when dry, friable when moist, sticky and
plastic when wet; mildly alkaline (pH 7.7), noneffervescent.

B3ca - 15-24 inches. Grayish brown (IOYR 5/2) clay loam, dark grayish brown (IOYR 4/2)
when moist; moderate, subangular blocky structure; very hard consistence when dry, firm when
moist, sticky and plastic when wet; moderately alkaline (pH 8.0), strongly effervescent.

Clca - 24-46 inches. Light brownish gray ( IOYR 6/2) light clay loam, grayish brown (1OYR 5/2)
when moist; massive structure; hard consistence when dry, friable when moist, sticky and plastic
when wet; moderately alkaline (pH 8.4), violently effervescent.

C2ca - 46-60 inches. Light brownish gray ( IOYR 6/2) light clay loam, grayish brown (IOYR 5/2)
when moist; massive structure; hard consistence when dry, very friable when moist, sticky and
plastic when wet; moderately alkaline (pH 8.4), violently effervescent.

Range in Soil Characteristics - There is no bedrock present within 60 inches of the surface.
Coarse fragments are less than 5 percent. The control section is a heavy clay loam or clay. Clay
content of the control section ranges from 35 to 50 percent. There is no evidence of a water
table.

Taxonomic Class - fine, montmorillonitic mixed, mesic Ustollic Haplargid.

Suitability for Topsoil - The Ulm clay loam soil is suitable for topsoil and the recommended
stripping depth is 4 feet. The suitability rating for texture from 46 to 60 inches deep is poor due to
a high clay content which limits soil workability. Stripping depth should be kept above this zone.
The suitability rating for observed dry consistence is poor in the B2t and B3ca soil horizons. This
property is not believed to be of serious concern to the overall topsoil suitability.
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VONALEE (VONA) SERIES

Soil Mapping Unit 13
Typical Pedon: Vonalee (Vona) sandy loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

Al - 04 inches. Pale brown (IOYR 6/3) sandy loam, brown (IOYR 513) when moist; weak, fine
crumb structure; loose consistence when dry, very friable when moist, nonsticky and nonplastic
when wet; neutral (pH 7.0), noneffervescent.

BI - 4-7 inches. Light brownish gray (IOYR 6/2) sandy loam, brown (IOYR 5/3) when moist;
moderate, medium subangular blocky structure; soft consistence when dry, very friable when
moist, nonsticky and nonplastic when wet; neutral (pH 7.0), noneffervescent.

B2t - 7-14 inches. Pale brown (IOYR 6/3) fine sandy loam, grayish brown (IOYR 5/2) when
moist; moderate, medium angular blocky structure; slightly hard consistence when dry, friable
when moist, slightly sticky, slightly plastic when wet; neutral (pH 7.2), noneffervescent.

B3ca - 14-22 inches. Pale brown (10YR 6/3) fine sandy loam, brown (10YR 5/3) when moist;
moderate, medium subangular blocky structure; slightly hard consistence when dry, very friable
when moist, nonsticky and nonplastic when wet; mildly alkaline (pH 7.8), strongly effervescent.

Cca - 22-60 inches. Pale brown ( 1OYR 6/3) sandy loam, brown (1OYR 5/3) when moist;
massive structure; slightly hard consistence when dry, friable when moist, slightly sticky and
slightly plastic when wet; mildly alkaline (pH 7.6), slightly effervescent.

Range in Soil Characteristics - There is no bedrock present within 60 inches of the surface. More
than 35 percent of sand fraction is fine sand or coarser. Coarse fragments are less than 5 percent.
The control section is sandy loam with a clay content ranging from 7 to 18 percent. There is no
evidence of a water table.

Taxonomic Class - coarse-loamy, mixed, mesic Ustollic Haplargid.

Suitability for Topsoil - The Vonalee soils are deep, somewhat excessively drained soils formed in
eolian and partially reworked alluvial parent materials. The mean annual precipitation is about 12
inches and the mean annual air temperature is 460 F.
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WORF SERIES

Soil Mapping Unit 31
Typical Pedon: Worf loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

Al - 0-4 inches. Light yellowish brown (IOYR 6/4) loam, yellowish brown (IOYR 5/3) when
moist; moderate, fine granular structure; soft consistence when dry, very friable when moist,
slightly sticky, slightly plastic when wet; neutral (pH 7.2), noneffervescent.

B2t - 4-9 inches. Pale brown (IOYR 6/3) clay loam, brown (IOYR 5/3) when moist; moderate,
medium angular blocky structure; slightly hard consistence when dry, friable when moist, slightly
sticky, slightly plastic when wet; seams of CaCO3 throughout horizon, mildly alkaline (pH 7.8),
strongly effervescent.

(9-16 inch interval information not available)

C2r - 16 inches. Calcareous shale.

Range in Soil Characteristics - Depth of bedrock ranges from 10 to 20 inches. Coarse fragments
are less than 5 percent. Clay content of the control section ranges from 18 to 35 percent. The
control section texture is loam or light clay loam. There is no evidence of a water table.

Taxonomic Class - loamy, mixed, mesic Ustollic Haplargid, shallow.

Suitability for Topsoil - The Worf soils are shallow, well drained soils formed residually from
sedimentary rock on upland hills and ridges. The mean annual precipitation is about 12 inches and
the mean annual air temperature is 460 F.
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APPENDIX D-8

VEGETATION

REYNOLDS RANCH AMENDMENT AREA
CONVERSE COUNTY WYOMING

1.0 General

Vegetation at Reynolds Ranch amendment area is typical northern plains short
grass prairie forage characteristic of areas of low annual precipitation. Two
primary native vegetation types occur within the amendment area. Well drained,
upland areas are characterized by grassland on ridgetops and flat areas with
sagebrush/grassland on sloped areas and drainages. Grassland is the dominant
native vegetation type (approximately 54%), followed by Sagebrush/Grassland
(approximately 45%).

2.0 Soil Baseline Studies

A baseline vegetation study was performed for the Reynolds Ranch amendment
area by BKS Environmental Associates, Inc. in 1997 for Rio Algom Mining
Corporation. This study is contained in Addendum D8-1. The proposed
amendment area has been reduced since the time of the study. Therefore, the
study covered a larger area than what is currently proposed as the Reynolds
Ranch amendment area.

An area vegetation map was developed as part of the 1997 study. However, PRI
has been unable to locate and obtain a copy of this map. Therefore, a vegetation
map is not included.



ADDENDUM D7-8

REYNOLDS RANCH BASELINE VEGETATION ASSESSMENT,
1997

BKS ENVIRONMENTAL ASSOCIATES, INC.

(Prepared for Rio Algom Mining Corporation)



Baseline Vegetation Assessment

of the

Reynolds Ranch Area

Prepared for:

RIO ALGOM MINING CORPORATION
P.O. Box 1390

Glenrock, WY 82637

Prepared by:
BKS ENVIRONMENTAL ASSOCIATES, INC.

P.O. Box 3467
Gillette, WY 82717-3467

December 1998



RIO ALGOM REYNOLDS RANCH PROPERTY
_. __ _ . _ __ __ TABLE OF CONTENTS ____ _

Page
*No.

a. INTRODUCTION ....................................................................................................... I

b. METHODOLOGY .. 2

(i) Vegetative Type Determination and Mapping ........................................... 2

(ii) Species Composition ....................... . . . . 2

(iii) Study Area Sampling Design . . . 3

(iv) Time of Sampling . . . 3

(v) Measurements .3

Collection and Analysis of Cover Data .3

Collection and Analysis of Productivity Data .4

Collection and Analysis of Shrub Density Data .4

Tree Density .4

(vi) Cropland and Prime Farmland Productivity .4

.c. RESULTS ................................................................................................................... 5
c. REUTS.

(i) Description of Vegetation Types ......................... 5

Grassland ......................... 5

Sagebrush/Grassland ......................... 5

Rock Outcrop ......................... 5

Playa ......................... 5

D it r ed L n ........................................................... .. .. ......... 6

Disturbed Land ....... 6

(ii) Vegetation Map ............... 6

(iii) Weeds, Selenium Indicators, Endangered
or Threatened Species .6

i



RIO ALGOM REYNOLDS RANCHJPROPERTY. ... _
TABLE OF CONTENTS (cont.)

Page
No.

(iv) Species Composition .............................. 6

(v) Native Vegetation Type Cover Analysis .............................. ; . 6

Grassland .............................. 6

Sagebrusb/Grassland .............................. 7

Rock Outcrop .............................. 7

Playa . ;.....8

(vi) Trees, Shrubs, Stock Ponds,Disturbed and Developed Sites .................. 8

Trees ......... 8: 8

Shrubs .......... 8

(vii) Sample Adequacy ....................... 9

d. DISCUSSION .. 9

REFERENCES....................................................................................................................... 1

ii



RIO ALGOM REYNOLDS RANCH PROPERTY
._ _ _LIST OF TABLES

, Table Page
No.

2

3

.4

5

6

7

8

9

10

Description No.

1997 Sampled Parameters ...................................... 12

Cover Summary for 1997 Reynolds Ranch Grassland ..................................... 13

Cover Summary for 1997 Reynolds Ranch Sagebrush!
Grassland ................................. 16

Cover Summary for 1997 Reynolds Ranch Rock Outcrop ............................... 20

Comparison of 1997 Major Vegetative Parameters ...................................... 23

Comparison of Relative Vegetation Cover Data,
by Lifeform, between Areas ...................................... ; 24

1997 Reynolds Ranch Grassland Shrub Density Data Summary ..................... 25

1997 Reynolds Ranch Sagebrush/Grassland Shrub Density
Data Summary ........................................... 27

1997 Reynolds Ranch Rock Outcrop Shrub Density
Data Summary ........................................... 29

Sample Adequacy of Derived Data ........................................... 30

iii



RlU ALGOM REYNOLDS RANCH PROPERTY
LIT-FADED

No.

1

2

3

Descrintion No.

Correspondence ........................................... 31

Photographs of Vegetation Types..............................41

1997 Plant Species List......................................44

iv



a. INTRODUCTION

Vegetation inventories have been conducted on the Smith Ranch Project Area since 1976. Early
studies were performed by consultants for the Kerr-McGee South Powder Basin Uranium Project
under Wyoming Permit No. 304C. Following acquisition of the mine by the Rio Algom Mining
Corporation (RAMC), additional vegetation surveys were conducted within the current Permit No.
633 boundary during 1990 and 1992. The following summary of these historical vegetation surveys
is paraphrased from the current Appendix D-8: . .

Woodward-Clyde Consultants, 1976. Original vegetation surveys ofthePermitNo. 304C
area were conducted by Woodward-Clyde Consultants in 1976. Three areas were surveyed:
site V-1, a proposed surface mine in the Hornbuckle area located to the north of the current
permit area; site V-2, a proposed site for a uranium milling operation located in the northern
portion of the permit area; and site V-3, located in the southern most portion of the original
304C permit area. Vegetation surveys included quantitative analysis of dominant vegetation
types using line intercept transects to measure cover, circular plots to measure density, and
quadrats to measure production. A list of plant species observed or expected to occur on the
original Permit 304C area was also compiled.

Woodward-Clyde Consultants, 1978. During 1978, Woodward-Clyde Consultants
performed additional vegetation studies-for the 304C permit area in compliance with
Wyoming Department of Environmental Quality (WDEQ) Land Quality Division Guideline
No. 2. The final report for this site was submitted to WDEQ under Permit 304C; however,
the sampled area is not applicable to the current Permit No. 633 area.

Woodward-Clyde Consultants, 1979. In April and September, 1979, vegetation
assessments continued at site V-2 and the associated surface mine area. Vegetation measure-
ments included cover, annual productivity and shrub height. In addition, control areas were
established for future comparison to areas disturbed by mining. Results from 1979 sampling
of site V-2 and the middle pit area indicated that the study area was primarily grassland, with
sagebrush/grassland vegetation scattered throughout the affected area.

Beartooth Environmental, 1990. During the summer of 1990, vegetation mapping was
conducted on RAMC's permit area 633. Aerial photographs and ground truthing were used
to complete the mapping. Mapping units included: Sagebrush/Grassland, Grassland,
Impoundment, Reclaimed, Disturbed, HayMeadow, Road RightofWay, Playa, Ranch Yard,
Cottonwood/ Willow, and Shelterbelt. Results of this mapping determined that the Smith
Ranch project is located in a short-grass prairie region with a regional climate characterized
by having wide ranges in temperature and relatively low annual precipitation (12-14 inches).
Vegetation was dominated by grasses such as various wheatgrasses and blue grama, with big
sagebrush as codominant in many areas. Isolated cottonwood/willow stands occurred along
local drainages. Sagebrush/ Grassland vegetation was clearly the dominant vegetation type,
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occupying 82% ofthe permit area. Grassland accounted for 15% of the permit area, with the
KJ -other vegetation and land use units comprising the remaining 13%.

BKS Environmental Associates, Inc., 1992.--BKS Environmental Associates, Inc. was
contracted in 1992 to perform a baseline vegetation inventory in compliance with Condition
2 of Permit No. 633. Vegetative sampling was performed according to the WDEQ/LQD
methodology letter dated January' 21, 1992. The original BKS report summarizing these
findings was dated October 1, 1992. A subsequent rewrite in 1996 addresses WDEQ
comments dated November 2, 1992.

BKS Environmental Associates, Inc. was contracted in 1997 to perform a baseline vegetation
inventory on a proposed permit extension to the Smith Ranch Permit No. 633, i.e., Reynold's Ranch.
Vegetative sampling was performed according to the WDEQ/LQD methodology letter dated April
10, 1997.

b. METHODOLOGY

The following information is derived primarily from written correspondence to the WDEQ/LQD
dated April 10,1997, and RichVincent's replyto Matt Jankovsky on April 29, 1997. This letterwas
compiled based on the September 1996 meeting between Rio Algom, WDEQ, and BKS
Environmnental personnel.

i) Vegetative T.pe Determination and Mapping

Preliminary baseline vegetation mapping of the Rio Algom Mining Corporation's Reynold's Ranch
Property was conducted in the Fall of 1996. Mapping unit acreages were derived by planimetering
the mapping units on the vegetation map. Table I was then constructed.

Photographs of native vegetation types (ie. Grassland and Sagebrush/Grassland) taken during 1997
fieldwork are included in Addendum 2 and photo locations illustrated on the'vegetation map.

(ii) Species Composition ;

Plant identification was confirmed by the Rocky Mountain Herbarium in Laramie, WY. All
scientific nomenclature followed current nomenclature in use at the Herbarium during 1997 with the
exception of the genus Agropvron. Refer to Addendum 3, 1997 Species List.

Any encountered federally designated threatened and endangered species, state plants of concern,
noxious weeds and primary selenium indicators were identified.

2



(iii) Study Area Sampling Design

All sampling procedures were designed according to the Wyoming Department of Environmental
Quality, Land Quality Division, Rules and Regulations for Coal,-Appendix A (August, 1994) and
modified for WDEQILQD, Rules and Regulation for Non-Coal (1993), wherever applicable.
Sampling locations were randomly determined by placing a grid over the 1 "-500' vegetation map.
The x-axis was generally east-west, while the y-axis generally ran north and south. Grid interval at
the scale utilized was approximately 50 feet on the ground. Sampling location coordinates were
randomly generated by the HP32S hand calculator. Sample point selection was repeated until the
desired number of points for each vegetation type was attained. All sample locations are plotted on
the vegetation map.

Since the exact mine disturbance limit was not known at the time of the 1997 assessment, the
extended reference area approach was utilized in order to minimize the total number of sample
points. Sample points were located within the entire proposed Reynold's Ranch extension area by
vegetation type regardless of the location of the proposed affected area. Data summarization was
not separated for affected area and the extended reference area, i.e., the data was treated as one set.
Summarization by vegetation type was performed, i.e., Grassland, Sagebrush/Grassland, and Rock
Outcrop. Summarization for playas was dropped since those areas contained excess water and
biased any sampling results; dropping .of this data and substituting subjective descriptions was
discussed with Rich Vincent, WDEQ/LQD.

(iv) Time of Sampling

Sampling occurred for all communities at various intervals mid-August, 1997. The late season
sampling was possible due to above-normal precipitation in July and August.

(v) Measurements

Collection and Analysis of Cover Data

A minimum of 50 transects for cover were sampled within the Grassland and Sagebrush/Grassland
vegetation types, while a minimum of-4 5 were sampled within the Rock Outcrop type. Playa was
initially sampled but data summarization was dropped due to foreseen biases in the data due to
excess water. If statistical adequacy was not obtained, as defined in the WDEQ Rules and
Regulations, Appendix A, August, 1994, additional transects were sampled, in increments, up to the
maximum number of 100 for Grassland and Sagebrush/Grassland and 30 for Rock Outcrop.

Sample locations for cover within the study area were chosen by randomly selecting points within
a grid. Grid intervals did not exceed 100 feet on the ground. Random sample location coordinates
were plotted on a map and located in the field by pacing from a known location. Random numbers
between 1 and 360 were generated to orient the transect. A compass was then used in the field to
orient the transect to the nearest 1/8 of 360 degrees.
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Sample hits were read at 1 meter intervals along the entire length of the 50 meter transect. First hit
(50) readings constituted the absolute cover values for total vegetation and total cover. The first hit
information was used to compile the overall plant list for the study areas. Litter, rock, and bare
ground percentages were recorded. Transects that exceeded-designated vegetation boundaries were
randomly reoriented to be within the sampled vegetation type.

In the cover tables, "importance value" (I.V.) is the sum of relative cover and relative frequency,
giving the overall importance in a vegetation community. Lichen was included in cover sampling
and is included in the summarization oftotal vegetation cover and total coverbut not sum of species
cover. Total vegetation equals sum of species cover plus lichen. Total cover equals total vegetation
cover plus litter/rock.

Collection and Analysis of Production Data

As per the April 10, 1997 written methodology, no production data was necessary for the 1997
assessment.

Collection and Analysis of Shrub Density Data

Even though shrub density sampling is not required for non-coal sites, this data will be taken at the
time of cover sampling to ensure adequate use of field time. However, it is assumed that this area
is not part of any wildlife critical winter range.

Study area shrub density data were collected in conjunction with cover transects. All shrubs, full or
half, were counted within 50 centimeters on either side of the 50 meter cover transect (ie. I meter
x 50 meter belt transect). Sample adequacy was not calculated on shrub density transects; the
number of belt transects equaled the number of cover transects for a given vegetation type. No shrub
height measurements were collected.

Tree Density

Due to the general sparsity of trees, a complete census was taken during the 1997 fieldwork within
the study area. All tree locations within the study area were plotted on the vegetation map, if
necessary. The survey for possible trees took place during cover sampling. Tree height was
measured by use of a clinometer, if necessary, but was generally estimated. Tree diameter at breast
height was determined by using a diameter tape, if necessary, but was generally estimated.

(vi) Cropland and Prime Farmland Productivity

No cropland or prime farmland were noted within the study area.
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c. RESULTS

(i) Descrintion of Veeetation Tvpes

Two primary native vegetation types occur within the study area. Well drained, upland areas are
characterized by Grassland on ridgetops and flat areas with Sagebrush/Grassland on sloped areas and
drainages. The Playa map unit is found on poorly drained, upland areas. Rock Outcrop areas are
generally sandstone.

Table I lists acreage for each vegetation mapping unit within the study area which totals 13,400
acres. Grassland is the dominant native vegetation type (7,295 acres or 54.4 %), followed by
Sagebrush/Grassland (6,045 acres or 45.1 %/o). Rock Outcrops and Playas encompass 82 acres (0.6%)
and 17 acres (0.1%), respectively. Although a jurisdictional wetland survey was not conducted as
part of the baseline assessment, no possible areas were observed in the field, based on vegetative
characteristics alone.

Grassland

Within the study area, flat or gently rolling upland terrain is characterized by the Grassland
vegetation type with limited shrub cover, This native vegetation type covers 7,295 acres within the
study area. Dominant perennial grasses include blue grama (Bouteloua gracilis), threadleaf sedge
(Carexfilifolia), and needle-and-thread (Stipa comata). Small sand blowout areas, too small to be
mapped at the current scale, were located on shoulderslopes of ridges.

Sagebrush/Grassland

Within the study area, sloped areas and drainages are characterized by the Sagebrush/Grassland
vegetation type. This native vegetation type covers 6,045 acres within the study area. Shrub cover
varies with big sagebrush (Artemisia tridentata) on sloped areas to silversagebrush (Artemisia cana)
in drainages and on toeslopes. Ddminantperennial grasses include blue grama, thrcadleafsedge, and
needle-and-thread.

Rock Outcrop

Within the study area, the Rock Outcrop map unit is located on ridges and hilltops and occupies 82
acres. Dominant perennial grasses or grasslike plants include blue grama, threadleaf sedge and
needle-and-thread. The dominant rock is sandstone but small areas of ironstone are interspersed
within this type.

Plava

Within the study area, poorly drained upland areas are characterized by the Playa vegetation type.
This native vegetation type occupies approximately 17 acres within the study area. The majority of
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these areas are pocket depressions that hold seasonal precipitation. Dominant perennial grasses
include western wheatgrass (Agropyron smithii) and foxtail barley (Hordeumjubatum).

Disturbed Land
Within this study area, particular features of human disturbance have been mapped in order to
documnentpre-mining conditions. These previously disturbed areas include the Ross Road Highway
(old and current construction) and ranch related structures and facilities. These areas were not
sampled.

(ii) Vegetation Map

Study area vegetation types and sampling sites are outlined on the vegetation map.

(iii) Weeds Selenium Indicators, Endangered or Threatened Species

Encountered species cited as "noxious" weeds in the Agricultural Experiment Station, University of
Wyoming, 1979, Bulletin 498, "Weeds of Wvoming" include Canada thistle (Cirsium arvense).
However, it had a low frequency with extremely limited cover. Primary selenium indicator species
identified during the 1997 survey include twogrooved milkvetch (Astragalus bisulcatus).

None of the plants identified on the study area appear on the U.S. Department of Interior's
"Endangered and Threatened Species Plants", as published in the Federal Register. Legal
coordinates for the study area were run through the Wyoming Natural Diversity Database in Laramie,
Wyoming (April, 1997). No previously encountered plants of concern were found on record. Refer
to Addendum 1, Correspondence.

(iv) Species Composition

Addendum 3 lists species of plants encountered during this baseline survey. This list is arranged by
lifeform.

(v) Native Vegetation T e Cover Analysis

All native vegetation types were quantitatively sampled to determine composition and cover.

Grassland

Absolute total vegetation cover (62.84 percent) was dominated by cool season perennial grasses
(48.92 percent oftrelative cover for individual lifeform sub-totals). Major cool season perennial
species included threadleaf sedge and needle-and-thread. Warm season perennial grasses accounted
for 31.89 percent of relative species cover, and was dominated by blue grama. Perennial forbs
comprised 7.56 percent ofrelative cover. Annual grasses and annual forbs comprised 5.27 and 1.09
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percent of relative cover, respectively. Shrub species provided 2.05 percent relative species cover,
while halfshrubs contributed 2.60 percent relative species cover. Succulents provided 0.41 percent
relative species cover. Bare soil and litter/rock percentages were 19.20 and 17.96, respectively.

Utilizing the minimum sample number formula outlined in WDEQ, LQD Rules and Regulations,
Appendix A (August, 1994), sample adequacy was attained for total vegetation and total cover.
Based on sample data, 9 and 11 'points were required to attain adequacy for total vegetation and total
cover, respectively. Fifty points were actually sampled.

Refer to Table 2 for a summary ofthe Grassland study area cover data. Refer to Table 10 for sample
adequacy figures for Total Vegetation Cover and Total Cover.

Sagebrush/Grassland

Absolute total vegetation cover (66.64 percent) was dominated by cool season perennial grasses
(35.63 percent of relative cover for individual lifeform sub-totals). Major cool season perennial
species included threadleaf sedge and needle-and-thread. Warm season perennial grasses accounted
for 14.40 percent of relative species cover, and was dominated by blue grama (Bouteloua gracilis).
Perennial forbs comprised 6.73 percent of relative cover. Annual grasses provided 13.68 percent of
relative cover, while annual forbs provided 2.26 percent. Shrub species, dominated by big
sagebrush, provided 24.09 percent relative species cover. Halfshrubs, primarily fringed sagewort
(Artemisiafrigida), contributed 2.01 percent relative species cover. Succulents provided less than
one percent relative species cover. Bare soil and litter/rock percentages were 15.04 and 18.64,
respectively.

Utilizing the minimum sample number formula outlined in WDEQ, LQD Rules and Regulations,
Appendix A (August, 1994), sample adequacy was attained for total vegetation and total cover.
Based on sample data, 7 and 4 points were required to attain adequacy for total vegetation and total
cover, respectively. Fifty points were actually sampled.

Refer to Table 3 for a summary of the Sagebrush/Grassland study area cover data. Refer to Table
10 for sample adequacy figures for Total Vegetation Cover and Total Cover.

Rock Outcrop

Absolute total vegetation cover (52.25 percent) was dominated by cool season perennial grasses
(39.16 percent of relative cover for individual lifeform sub-totals). Major cool season perennial
species included threadleafsedge and needle-and-thread. Warm season perennial grasses accounted
for 30.73 percent of relative species cover, and was dominated by blue grama. One introduced
perennial grass, Kentucky bluegrass (Poapratensis) and annual grasses accounted for 0.50 and 3.97
percent of relative species cover, respectively. Perennial forbs comprised 12.14 percent of relative
cover. Shrub species, dominated by skunkbush sumac (Rhus trilobata), provided 6.20 percent
relative species cover. Halfshrubs contributed 3.35 percent relative species cover. Succulents
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these areas are pocket depressions that hold seasonal precipitation. Dominant perennial grasses
include western wheatgrass (Agropyron smithii) and foxtail barley (Hordeumjubatum).

Disturbed Land
Within this study area, particular features of human disturbance have been mapped in order to
document pre-mining conditions. These previously disturbed areas include the Ross Road Highway
(old and current construction) and ranch related structures and facilities. These areas were not
sampled.

(ii) Vegetation Map
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(iii) Weeds Selenium Indicators, Endangered or Threatened Species
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Wyoming, 1979, Bulletin 498, "Weeds of Wvoming" include Canada thistle (Cirsium arvense).
However, it had a low frequency with extremely limited cover. Primary selenium indicator species
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lifeform.

(v) Native Vegetation Type Cover Analysis
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Grassland

Absolute total vegetation cover (62.84 percent) was dominated by cool season perennial grasses
(48.92 percent of relative cover for individual lifeform sub-totals). Major cool season perennial .
species included threadleaf sedge and needle-and-thread. Warm season perennial grasses accounted
for 31.89 percent of relative species cover, and was dominated by blue grara. Perennial forbs
comprised 7.56 percent of relative cover. Annual grasses and annual forbs comprised 5.27 and 1.09
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percent of relative cover, respectively. Shrub species provided 2.05 percent relative species cover,
while halfshrubs contributed 2.60 percent relative species cover. Succulents provided 0.41 percent
relative species cover. Bare soil and litter/rock percentages were 19.20 and 17.96, respectively.

Utilizing the minimum sample number formula outlined in WDEQ, LQD Rules and Regulations,
Appendix A (August, 1994), sample adequacy was attained for total vegetation and total cover.
Based on sample data, 9 and 11 points were required to attain adequacy for total vegetation and total
cover;respectively. Fifty points were actually sampled.

Refer to Table 2 for a summary ofthe Grassland study area cover data. Refer to Table 10 for sample
adequacy figures for Total Vegetation Cover and Total Cover.

Sagebrush/Grassland

Absolute total vegetation cover (66.64 percent) was dominated by cool season perennial grasses
(35.63 percent of relative cover for individual lifeform sub-totals). Major cool season perennial
species included threadleaf sedge and needle-and-thread. Warm season perennial grasses accounted
for 14.40 percent of relative species cover, and was dominated by blue grarna (Bouteloua gracilis).
Perennial forbs comprised 6.73 percent of relative cover. Annual grasses provided 13.68 percent of
relative cover, while annual forbs provided 2.26 percent. Shrub species, dominated by big
sagebrush, provided 24.09 percent relative species cover. Halfshrubs, primarily fringed sagewort
(Artemisiafrigida), contributed 2.01 percent relative species cover. Succulents provided less than
one percent relative species cover. Bare soil and litter/rock percentages were 15.04 and 18.64,
respectively.

Utilizing the minimum sample number formula outlined in WDEQ, LQD Rules and Regulations,
Appendix A (August, 1994), sample adequacy was attained for total vegetation and total cover.
Based on sample data, 7 and 4 points were required to attain adequacy for total vegetation and total
cover, respectively. Fifty points were actually sampled.

Refer to Table 3 for a summary of the Sagebrush/Grassland study area cover data. Refer to Table
10 for sample adequacy figures for Total Vegetation Cover and Total Cover.

Rock Outcrop

Absolute total vegetation cover (52.25 percent) was dominated by cool season perennial grasses
(39.16 percent of relative cover for individual lifeform sub-totals). Major cool season perennial
species included threadleafsedge and needle-and-thread. Warm season perennial grasses accounted
for 30.73 percent of relative species cover, and was dominated by blue grama One introduced
perennial grass, Kentucky bluegrass (Poapratensis) and annual grasses accounted for 0.50 and 3.97
percent of relative species cover, respectively. Perennial forbs comprised 12.14 percent of relative
cover. Shrub species, dominated by skunkbush sumac (Rhus trilobata), provided 6.20 percent
relative species cover. Halfshrubs contributed 3.35 percent relative species cover. Succulents
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provided 2.73 percent relative species cover. Bare soil and litter/rock percentages were 33.00 and
14.75, respectively.

Utilizing the minimum sample number formula outlined in WDEQ, LQD Rules and Regulations,
Appendix A (August, 1994), sample adequacy was attained for total vegetation cover and total cover.
Based on sample data, 14 and 10 points were required to attain adequacy for total vegetation and
total cover, respectively. The maximum of sixteen points, as outlined in the WDEQ rules and
regulations, was actually sampled.

Refer to Table 4 for a summary of the Rock Outcrop study area cover data. Refer to Table 10 for
sample adequacy figures for Total Vegetation Cover and Total Cover.

Plava

Summarization for playas was dropped since those areas contained excess water and biased any
sampling results; dropping of this data and substituting subjective descriptions was discussed with
Rich Vincent, WDEQ/LQD. See Addendum 1, Correspondence.

(vi) Trees. Shrubs. Stock Ponds. Disturbed. and Developed Sites

Trees

Scattered plains cottonwood (Populus deltoides) are present in the region but not within the
boundaries of the study area. Often individuals are partially dead and trunks are twisted and
deformed. Peachleaf willow (Salix anmygdaloides), with a characteristic clumped growth habit
(several tree trunks sprouting from a central root system), are present in the region also but not
within the study area.

Shrubs

Shrub density information was collected on the study area. Raw data are presented in Tables 7
through 9.

Within the Grassland study area,. an average of 6,340.00 shrubs/hectare was determined. Fringed
sagewort was the most frequently encountered shrub (ofthe half and full shrubs), followed by silver
sagebrush (Artemisia cana) and birdsfoot sagewort (Artemisiapedatifida). Refer to Table 7.

Within the Sagebrush/Grassland study area, an average of 7,452.00 shrubs/hectare was determined.
Big sagebrush was the most frequently encountered shrub (of the half and full shrubs), followed by
fringed sagewort and silver sagebrush. Refer to Table 8.
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Within the Rock Outcrop study area, an average of6,675.00 shrubs/hectare was determined. Fringed
sagewort was the most frequently encountered shrub (ofthe half and full shrubs), followed by silver
sagebrush and skunkbush sumac (Rhus trilobata). Refer to Table 9.

(vii) Sample Adeguacv

Sample adequacy was tested for each ofthe study area vegetation types using the following formula:

nin> 2(sz
(dx)2

Where nn = minimum number of sampled line transects or clipping quadrats needed to adequately
represent a given vegetation type.

s = sample standard deviation,
z the z statistic (see table below),
d = amount of reduction desired (see table below),
x = sample mean for cover and production,

*Note* Standard deviation presented in all the tables uses"n" in the denominator rather than "n-l ".

The more recent handheld calculators use "n-I " while the LOTUS program, used to derive the table
figures, uses "n". This applies to all cover, production, and density summary tables.

z Statistic and d Table

z d
Productivity, grasslands 0.84 0.2
Productivity, shrublands 0.84 0.2
Cover, grasslands 1.28 0.1 -

Cover, shrublands 1.28 0.1

d. DISCUSSION.

Within the study area, transition between the two major vegetation types is dynamic and boundaries
are often obscure. It should be noted that map boundaries are often gross estimations of actual
boundaries due to transition zones between community types. In addition, small inclusions of
vegetation types were not mapped.

Locations of the major vegetation types were often linked to existing geologic features, topography
and resulting soil formation. Flatter topography and open uplands with generally deeper soils were
more characteristic of the west side of the study area, with the exception of Highland flats. These
areas and some ridgetops often contained sandy soil material and were associated with the Grassland

9



vegetation type. Within these areas, sand blowout inclusions, both open (unvegetated) and healing
(sparsely vegetated), were noted and occasionally sampled. The loamy or clay loamy soils located
in the varied topography of the east side supported more deeply rooted species and resulted in more
expanses of the Sagebrush/Grassland vegetation type. The Silver sagebrush phase was oflen
associated with deeper soils and was more frequently found in open drainages present along the west
side of the study area. The Sagebrush/Grassland type displayed the highest cover values of the
community types evaluated while Rock Outcrop displayed the lowest cover values. Rock Outcrop
was primarily located on the far east side of the study area. These areas contained a higher
percentage of bare ground due to their eroded nature; however, because of the rocky and sandy
substrate, the plant diversity of the study area was expanded.

Although production was not sampled, general productivity was noted as good. The study area is
used as a cattle range. Areas along the Flats displayed lower productivity, likely due to higher cattle
concentrations. In addition, specific areas along the flats, indicative of some type of disturbance,
contained annual grasses and weedy perennial forbs (i.e., curlycup gurnweed). Drainages displayed
higher productivity levels while ridges and upland slopes and hilltops displayed lower productivity
levels.

Shrub density, dominated by full shrubs, was generally higher in the Sagebrush/Grassland vegetation
type. In addition, the density of big sagebrush was nearly twice that of silver sagebrush. The rock
outcrop vegetation type demonstrated a high shrub density with both halfshrubs and full shrubs well
represented. Within the Grassland vegetation type, half shrub values (i.e., fringed sagebrush) were
much higher than full shrub density values. Birdsfoot sagebrush was very common on some upland
ridges; however, the frequency at which these dense patches were encountered was uncommon
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Table 1. 1997 Sampled Parameters.

Area Cover Production Shrub Acreage
Density

Grassland 50 0 50 7,295

Sagebrush/Grassland 50 0 50 6,045

Rock Outcrop 16 0 16 82

Playa N/A N/A N/A 17
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- - -Table 2 -- Cover -Summary-for-1991-Reynolds-Ranch -Grassland.

mean Relative Range of Percent Relative Importance
Species Cover Cover Cover Values Frequency Frequency Value Rank

(% (%) (S) (S (%)

COOL SEASON PERENNIAL GRASSES
Agropyron dasystachyum
Agropyron saithii
Carex filifolia
Koeleria sacrantha
Oryzopsis bymenoides
Poa fendleriana
Poa sandbergii
Stipa coMata
Stipa viridula

Sub-total

3.76
3.00
9.52
3.24
0.04
0.44
0.52
8.00
0.08

28.60

6. 43
5.13

16.28
5.54
0.07
0.75
0.89

13.68
0.14

48.92

0 - 24
0- 28
0 - 24
0- 8
0- 2
0- 6
0- 4
0 - 26
0- 4

68.00
54.00
q2.00
78.00
2.00

14.00
22.00
74.00
2.00

a.63
6.85
11.68
9.90
0.25
1.78
2.79
9.39
0.25

15.06
11.98
27.96
15.44
0.32
2.53
3.68

23.08
0.39

S
6
2
4
30
14
I0
3
29

WARM SEASON PERENNIAL GRASSES
Aristida purpurea
Bouteloua curtipendula
BOuteloua gracilis
Calasovilfa longifolia
Sporobolus cryptandrus

Sub-total

INTRODUCED PERENNIAL GRASSES
Agropyron cristatum

Sub-total

ANNUAL GRASSES
Brosus japonicus
Bromus tectorux
Festuca octoflora

Sub-total

PERENNIAL FORBS
Arenaria hookeri

0.04
0.04

18.44
0.08
0.04

18.64

0.12
0.12

0.80
0.36
1.92
3.08

0.24

0.07
0.07

31.54
* 0.14
0.07

31.89

0.21
0.21

1 .37
0.62
3.28
5.27

0.41

0 - 2 2.00
0 - 2 2.00
0 - 54 92.00
0 - 2 4.00
0 - 2 2.00

0 - 6 2.00

0 - 14 8.00
0 - 8 6.00
0 - 16 26.00

0 - 6 6.00

0.25
0.25
11.68
0.51
0.25

0.25

1.02
0.76
3.30

0.76

0.32
0.32

43.22
0.64
0.32

30
30

1
27
30

0.46 28

2.38 15
1.38 21
6.58 . 7

1.17 24
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Table 2(cont'd). Cover Summary for 1997 Reynolds Ranch Grassland.

Mean Relative Range of Percent Relative Importance
Species Cover Cover Cover Values Frequency Frequency Value Rank

(S) (S) (%) (%) (S)

Astragalus bisulcatus
Astragalus spatulatus
Cerastius arvense
Caura coccinea
grindelia squarrosa
Heterotheca villosa
Hysenopappus polycephalus
Lygodesaia juncea
Machaeranthera grindelioides
fachaernnthera tanacetifolis
Osnothera coronopifolia
Penstenon sp.
Phlox hoodii
Psoralea tenuiflora
Sphaeraloa coccinea
Iherbopsis rhoabifolia

Sub-total

0.04
.0.08

0.04
0.04
0.56
0.16
0.04
0.04
0.16
0.24
0.08
*0.14
1.12
0.96
0.24
0.24
4.42

0.07
0.14
0.07
0.07
0.96
0.27
0.07
0.07
0.27
0.41
0.14
0.24
1.92
1.64
0.41
0.41
7.56

0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-

2
.2
2
2
10
4
2
2
6
4
2
2

14
1 8
2
4

2.00
4.00
2.00
2.00

16.00
6.00
2.00
2.00
4.00

10.00
4.00
8.00

28.00
12.00
12.00
10.00

0.25
0.51
0.25
0.25
2.03
0.76
0.25
0.25
0.51
1.27
0.51
1.02
3.55
1.52
1.52
1.27

0.32
.0.64
0.32
0.32
2.99
1.04
0.32
0.32
0.78
1.68
0.64
1.25
5.47
3.16
1.93
1.68

30
27
30
30
13
25
30
30
26
19
27
23
9

12
17
19

ANNUAL AND BIENNIAL FORBS
.. Alyssum alyssoides

Alyssum desertorum
Cumelina microcarpa
Plantago patagonica
Sub-total

SEMI-SHRUBS OR HALF-SHRUBS
Artemisia frigida
Eriogonue microthecum
Gutierrezia sarothrae
Leptodactylon pungens
Sub-total

0.04
0.52
0.04
0.04
0.64

1.04
0.12
0.20
0.16
1.52

0.07
0.89
0.07
0.07
1.09

1.78
0.21
0.34
0.27
2.60

0 - 2 2.00
0 - 4 20.00
0 - 2 2.00
0 - 2 2.00

0 - 10 30.00
-0- 6 2.00
0 - 4 8.00
0 - 4 4.00

0.25
2.54
0.25
0.25

3.8l
0.25.
1.02
0.51.

0.32
3.43
0.32
0.32

5.59
0.46
1.36
0.76

30
I1
30
30

8
28
22
26
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Table 2(cont'd). Cover Summary for 1997 Reynolds Ranch Grassland.

iiean Relative Range of Percent Relative Importance
Species Cover Cover Cover Values Frequency Frequency Value Rank

(S (S) (%) (%) (%)

_ _ _ _ -- - _ _ _ _ -- -_

SHRUBS
Arteoisia cana
Artemisia pedatifida
Artesisia tridentata

Sub-total

0.24
0.48
0.48
1.20

0.41
0.82
0.82
2.05

0.41
0.41

0- 4 8.00
0- 10 10.00
0 - 10 8.00

0- 2 12.00

1.02
1.27
1 .02

1.52

1.43 20
2.09 16
1.84 18

1.93 17
CACTI AND SUCCULENTS

Opuntia polyacantha
Sub-total

0.24
0.24

SUn OF SPECIES COVER

Lichens

58.46

4.12 0- 18 72.00

TOTAL VEGETATION
LITTER/ROCK
BARE SOIL
TOTAL COVER

62.84 +/-
17.96 4/-
19.20 t/-
80.60 4/-

10.07
9.93
8.65
8.92

'Nusber of Species/saiple 7.8B
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K-) Table 3 Cover Saamary for 1997 Reynolds Ranch Sagebrush/rrassland.

Mean Relative Range of Percent Relative Importance
Species Cover Cover Cover Valueg Frequenny Freqii-ncy Value Rank

M5 MS MX ISI IS).

COOL S8ASOI PEREINIIAL GRASSRS
Agropyron dasystachlut
Agropyron riparius
Agropyron smithii
Carer eleoclaris
Carer filitolia
Koeleria micrantha
Orysopsis hysenoides
Poa coupress
Poa fendleriana
Po& sandbergii
Sitanion kystrix
Stipa comata
Stipa viridula

sub-total

VARN SEASON PERENNIAL GRASSES
Aristida purpurea
Bouteloma gracilia
Calamorilfa longifolia
Sporobolus cryptandrus

Sub-total

INTRODUCED PERENNIAL GRASSES
Agropyron cristatut
Agropyrot intersediun
Po& pratensis

Sub-total

ANNUAL GRASSES
Brosus jtponicus

3.52
0.44
2.69
0.08
6.36
3.22
0.04
0.04
0.12
0.10
0.04
4.64
1.18

22.66

0.04
8.48
0.56
0.08
9.16

0.20
0.04
0.20
0.44

0.76

5.53
0.69
4.21
0.13
0.on
5.06
0.06
0.06
0.19
0.31
0.06
7.30
2.01

.35.63

0.06
13.33
0.88
0.13

14.40

0.31
0.06
0.31
0.69

1.19

0 - 18 56.00
0O- 10 0.00
0 - 12 60.0n
0. t *4.00
0 -32 74.00
0- 14 68.00
0- 8 2.00
0 - 2 2.00
0- 2 6.00
0- 4 8.00
0- 2 2.00
0 - 24 64.00
0 - 14 22.00

0- 2 2.00
0- 20 91.00
0 10 16.00
0- 4 2.010

5.74
0.82
6.15
0 .41
7.58
6.97
0.20
0. 2C'
0.61
0.82
0.20
6.58
2.25

0.20
9.43
1.64
0.20

11.27
1.51

10.36
0.54

17.5B
12.03
0.27
0.27
'0.80
1.13
0.217

13.85
4.27

0.27
22.76
2.52
0.3;

8
2l
9
3 03n

32
32
28
25
32

13

32
2

31

0 - 8 4 .00 0.41
a - 2 2.00 0.20
0 - 6 6.00 0.61

0.72 29
0.27 32
0.93 26

2.83 150 - 10 16.00 1.64
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Table 3[cont'd). Cover Suseary for 1S97 Reynoldi Ranch Sagebrush/Grassland.

e . mean Relative Range of Percent Relative Importance
Species Cover Cover Cover Values Frequency Frequency Value Rank

lS MX M% MX IX

I
'8ronux tectorur
Yestuca octoflora

Sub-total

PllIllIAL FPOOS
Icilllea eillefolius
Antenauria op.
Aresaria bookeri
Arteiisia ludoviciana
Aster paludotus
Astralalus bioulcatuS
Astragalus spatulatus
Cerastie arvense
Dalea purpureL
Gaura coccinea

.Grindelia squarrosa
leterotbecl villon
Lylodesia jAncea
Niobserantiera tanacetifolia
Peasteson albidus
Peastemon op.
Phlox hoodii
Psoralea tenuiflora
Ratibida colusnaris
Solidigo missouriensis
Spiaeralcet coccine&
Tarxmcwt officinale
Thermopeis rhombifolit
Vicia a ericua

Bub-total

.ANMUAL WD BI6NIAIIL FORBS
1lyssum alyssoides

6.14
1.80
8.70

9.65
2 .83

13.68

0 - 41 36.00 3.69 13.34 5
0.- 20 30.00 . 3.07 5.90 10

0.32
0.08
0.0R
0.08
0.08
0.04
0.04
0.24
0.52
0.04
0.08
0.04
0.08
0.04
0.04
0.04
0.80
0.44
0.36
0.0O
0.40
0.04
0.24
0.08
4 .28

0.04

0.50
0.13
0.13
0.13
0.13
0.06
0.06.
0.38
0.82
0.06
0.13
0.06
0.13
0.06
0.06
0.06
1.26
0.69
0.57
0.13
0.63
0.06
0.38
0.13
6.73

0.06

0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-

0-
0-
0-
0-

4
2
2
2
2
2
2
4
10
2
2
2
4
2
2
2
12
G
4
4
4
2
4
2

10.00
4.00
4.00
4.00
4.00
2.00
2.0D
8.00
8.00
2.00
4.00
2.00
2.00
2.00
2.00
2.00

2Z.OO
14.00
16.00
2.00

18.00
2.00
8.00
l.00

1.02
0.41
0.41
0.41
0.41
0.20
0.20
0.82
0.82
0.20
0I41
C.20
0.20
0.20
0.20
0.20
2.25
1.43
1.64
0.20
1.84
0.20
0.82
0.41

1.53
0.54
0.54
0.54
0.54
0.27
0.27
1.20
l .64
0.27
0.54
0.27
0.33
0.27
0.27
0.27
3.51
2.13
2.21
0.33
2.47
0.27
1 .20
0.54

21
30
30
30
30
32
32
24
20
32
30
32
31
32
32
32
14
19
18
31
17
32
24
30

0 - 2 2.00 0.20 0 .21 32

17
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Table 3(cont'd). Cover Summary for 1997 Reynolds Ranch Sagetrush/Grassland.

Mean Relative Range of Percent Relative Importance

Species Cover Cover Cover Values Frequency Frequency Value Rank

(S Mt (%) (t%) M.)

Alyssue desertorum
Cimelina microcarpa
6naphaliue palustre
Polygonum species
Tragopogon dubius
Sub-total

1.08
0.16
0.08
0.04
0.04
.1.44

1.70
0.25
0.13
0.06
0.06
2.26

0 -

0 -
0 -
0 -

8
4
2
2
2

28.00
6.00
4.00
2.00
2.00

2.87
0.61
0.41
0.20
0.20

4.57
0.87
0.54
0.27
0.27

12
27
30
32
32

SERI-SHRUBS OR HALF-SHRUBS
Arteaisia frigida
Eriogonum microthecum
Gutierrezia sarothrae
Ltptodactylon pungens
Sub-total

SHRUBS
Artesisia cana
Artesisia pedatifida
Artemisia tridentata
Chrysothamnus viscidiflorus
Sub-total

0.96
0.08
0.20
0.04
1.28

4.00
0;44

10.84
0.04

15.32

I .51
0.13
0.31
0.06
2.01

. 6.29
0.69
17.04
0.06

24.09

0- 8 34.00
0- 2 4.00
0- 4 8.00
0- 2 2.00

0 - 22 50.00
0- 6 14.00
0 - 34 80.00
0- 2 2.00

3.48
0.41
0,82
0.20

5.12
1.43
8.20
0.20

4.99
0.54
1.13
0.27

11.41
2.13

25.24
0.27

11
30
25
32

7
19

32

CACTI AND SUCCULENTS
Opuntia polyacantha
Sub-total

SUH OF SPECIES COVER

0.32 O.S0
0.32 0.50

0- 10 8.00 0.82 1.32 23

63.60

mosses
Lichens

0.08
2.32

0- 4 2.00
0 - 14 46.00

TOTAL VEGETATION
LITTER/ROCK

66.64 4/- 9.16
18.64 4/- 6.38

18



Table 3(cont'd). Cover Summary for 1997 Reynolds Ranch Sagebrush/Grassland.

mean Relative Range of Percent Relative importance

Species Cover Cover Cover Values Frequency Frequency Value Rank

AR (S) (O) (1) (/)
I_ _ _

BARE SOIL

TOTAL COVER

Number of Species/sample

15.04 +l- 6.88
85.28 +/- 9.13

9.76

19
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Table 4 Cover Summary for 1997 Reynolds Ranch Rock Outcrop.

Mlean Relative Range of_- Percent Relative. Importance
Species Cover Cover Cover Values Frequency Frequency Value Rank

(S (%) (S (%) Mt

COOL.SEASON PERENNIAL GRASSES
Agropyron dasystachyum
Carex filifolia
Juncus balticus
Koeleria sacrantha
Poa fendleriana
Poa sandbergii
Stipa cosata
Stips viridula
Sub-total

o.sa
10.38
0.13
1.63
0.38
0.13
5.88
0.38
19.75

1.7
20.57
0.25
3.22
0.74
0.25
11.65
0.74

39.16

0- 6
0 - 20

0- 2
0- 6
0- 4
0- 2
O - 20

0- 2

31.25
93.75
6.25
50.00
12.50
6.25

81.25
18.75

3.16
9.49
0.63
5.06
1.27
0.63
8.23
I.90

4.90
30.06
0.88
8.29
2.01
0.8a

19.88
2.64

9
2

19
7
16
19
3

15

WARN SEASON PERENNIAL GRASSES
8outeloua gracilis
Calaaovilfa longifolia
Sub-total

10.50
S.O0
15.50

20.82
9.91
30.73

2 - 18 100.00
0 - 14 68.75

10.13 30.94 1
6.96 16.88 4

INTRODUCED PERENNIAL GRASSES
Poa pratensis
Sub-total

ANNUAL GRASSES
Bromus japonicus
Broaus tectorum
Festuca octoflora
Sub-total

PERENNIAL FORBS
Arenaria hookeri
Dalea candida
Dalea purpurea
Eriogonum sp.

0.25
0.25

0.25
1.38
0.38
2.00

0.25
0.13
0.7S
0.38

0.50
0.50

0.50
2.73
0.74
3.97

0.SO
0.25
1.49
0.74

0 - 4 6.25

0 - 4 6.25
0 - 8 37.50
0- 2 18.75

0- 4 6.25
0 - 2 6.25
0 - 10 12.50
0 - 2 18.75

0.63

0.63
3.60
I.90

0.63
0.63
1.27
1.90

1.13 18

I.113 la
6.52 6
2.64 15

1.13
0.88
2.75
2.64

18
19
14
15

20
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Table 4(cont'dl. Cover Sumaary for l197 Reynolds Ranch Rock Outcrop.

mean Relative Range of Percent Relative Icportance

Species Cover Cover NOver Values Frequency Frequency Value Pank
() (t! M (S) (S)

Gaura coccinpa
Haplopappus araerioides
Heterotheca villosa
Lygodesoia juncea
Denothera coronopifolia
Oxytropis sp.
Phlox hoodii
Psoralea tenufflora
Ratibida coluenaris
Thermopsis rhotbifolia
Zigadenus venenosus
Sub-total

0.38
0.13
2.38
0.13
0.13
0. 13
0.25
0.25
0.25
0. 50
0.13
6.13

0.74
0.25
4.71
0.25
0.25
0.25
0.50
0.50
0.SO
0.99
0.25

12.14

0-
0-
0-
0-
0-
0-
0-
0-
0-
0-
0-

4 12.50
2 6.25
6 62.50

2 6.25
2 6.25
2 6.25
2 12.50
4 6.25
4 6.25
2 25.00
2 6.25

1 .27
0.63
6.33
0.63
0. 63
0.63
1.27
0.63
0.63
2.53
0.63

2.01
0.88

11.04
0.88
0. 88
0.88
I :76
1.13
1.13
3.52
0. 88

16
19
S
19

19

17
18
18
I11
19

ANNUAL AND BIENNIAL FORBS
Alyssus desertorum
Cynoglossut officinale

Sub-total

0.50 0.99
0.13 0.25
0.63 . 1.24

0- 4 18.75
0 - 2 6.25

1.90
0.63

2.89 13
0.88 19

SEHI-SHRUBS OR HALF-SHRUBS
Artemisla frigida
Eriogonum nicrothecuc
Eriogonul ovalifolium
Eriogonua pauciflorus
Gutierrezia sarothrae
Leptodactylon pungens

Sub-total

SHRUBS
Artemisia cana
Artemisia pedatifida
Arteaisia tridentata
Chrysothamnus viscidiflorus

0.13
0. 13
0.13
0.50
0.38
0.44
1.69

0.50
0.13
0.25
0.25

0.25
0.25
0.25
0.99

0.74

0.87
3.35

0.99

0.25
0.50
0.50

0-
0-
0-
0-
n-
C-

2 6.25
2 6.25
2 6.25
4 18.75
4 12. 50
2 25.00

0.63
0.63
0.63
1 .90
1.21
2.53

2.53
0.63
I.27
1.27

0.88
0.88
0. 88
2.89
2.01
3.40

3.52
0.88
1.76
1.76

19
19
19
13
16
12

11

17
17

0 - 2 25.00
0 - 2 6.25
0 - 2 12. 50
0 - 2 12.50

21



Table 4(cont'd). Cover Sueiary for 1997 Reynolds RanchRo0c§0Utdrop.- -

Mean Relative Range of. Percent Relative Importance
Species Cover Cover Cover Values-Frequency Frequency Value Rank

h b2 3.9 0 10 . (5 )

Rhus trilobati 2.00 3.97 0 - 10 50.00 5.06 9.03 6
Sub-total 3.13 6.20

CACTI AND SUCCULENTS
Opuntia polyacantha
Yucca glauca

Sub-total

0.50
0.88
1.38

0.99
1.73
2,73

0- 2 25.00
0- 8 18.75

2.53
1 .90

3.52 11
3.63 10

SUN OF SPECIES COVER 50.44

Lichens 1 .63 0 - 4 56.25

TOTAL VEGETATION
LITTER/ROCK
BRRE SOIL
TOTAL COVER

Number of Species/sample

52.25 +/-
14.75 t/-
33.00 f*-
67.00 41-

10.66
5.70
9.83
9.83

9.88

;
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Table 5. Comparison of i997M j Vegetative Parameters: -

Sample Parameter
Area Total Vegetation Total Cover

(% Absolute) (% Absolute)

Grassland 62.84 80.60

Sagebrush! 66.64 85.28
Grassland

Rock Outcrop 52.25 67.00

23
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Table 6. Comparison of Relative Vegetation Cover Data, by Lifeinn,'b6fWfen--Areas.

Area Annual Perennial+ Annual* Perennial Shrubs** Cacti &
Grasses Grasses Forbs ' Forbs Succulents'

Gtrausnd 5.27 ' 81.02 1.09 7.56 4.65 0.41

Sagebrush/
Grassland 13.68 50.72 2.33 6.67 26.10 0.50

Rock Outcrop 3.97 70.39 1.24 11.90 9.79 2.73

+Includes cool season, warm season, and introduced grasses

*Includes annual and biennial forbs.

**Includes semi or half, and full shrubs.
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T" -7.-199bnlShrny Sum. ._ .. .. _ . De

Vetlns h pae: B hubi e

Vegeiatin ne te Sbmub hsidty

CAGWSPEUM
SAMPL8 NU9

1 2 3 4 5 6 7 A 9 10
11 12 13 14 15 16 17 18 19 2D
21 2 23 24 25 26 27 $ 29 ID
31 32 33 34 35 36 37 38 39 40
4t 42 43 44 45 46 47 48 49 tO

319 114 42 3 272 12 9 9 I 31
30 3 5 149 11 38 85 81 16 33
1 99 2 U22 7 218 7 4 61 1

13 9 3 31 36 76 46 4 3 90
16 137 14u 16 10 172 94 35 183 49

O O O O O D 6 0 0

0010000000 0 I 0 0 0 10 0 0 0
0 0 0 0 0 0 0 0 0 D

STANDARD
KRAN DgEVID1

64.64 81.97

0e 1.62

G&brma m

.Leptwayko putpen

O1TAL LP SHUBS

0 0 0
000
000
000
700

0 0 00 200
0 32 0 6 0 00
0 0 0 1000
00 0 0 000
00 10 0 00

0 0. 0 0 0 0 0 0 0
11 0 0 0 0 0 0 0 0 1
0 0 10 0 0 0 0 0 2 0
0 0 0 9 0 a 0 0 0 0
0 1 5 O 000 10 0

319 114 42 3 Z32 12 9 1? 337 31
41 3 6 149 43 38 91 1t 16 35

t 19 13 Z 1 2Vs 8 4 63 1
13 9 3 40 36 76 4 4 3 90
23 138 173 16 10 173 94 36 163 49

0.98 4.62

1. US.1

67.2Z 811ii

?u Shrubs

Ak cm 0 9 59 2 0 4$ 2 0 3 4I
38 0 0 83 0 2 45 12 0 3
0 O 0 0 0 2 7 1 6 0
0 0 32 0 40 1 17 0 0 2
6 79 12 0 3 4 0 29 73 0

131 27.24

17 4 0 2 0 0 108
00 00 33 0
0 0 0 0 157 18 0

13 0 0 0 15 60 0
4 0 0 0 7 11 0

000
020
100
600
000

10.9 32.0

3.2R 7.570 1 0 0 0 1 11 0 3 1
1 2 0 0 1 23 10 1 I 0
1 2 0 10 1 0 0 0 0 0

12 0 1 0 9 1 0 0 2 42
0 0 0 0 1 0.1 2 23 0

TOTAL FI SERWS 17 14 59 4 0 47 121 0 6 42
37 2 0 83 4 28 55 13 3 3
1 2 0 10 158 ;! 7 2 6 0

140 0 33 0 64 62 17 6 2 44
10 19 12 0 11 15 1 31 96 0

2734 37.68
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TOTALd SRBS 336 A 101 7 232 69 l130_ 17 343 73 94.4 8927
--- 5i-6-m 47E 146 94. 919

2 01 13 32 Its M 52 6 69 1K) 153 9 36 4 1 13 63 10 5 134
33 217 15 16 21 195 R 259 49

TOTAL SSEW AME'
63
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Sb 8. 1997 aeolds Ranch SgebrotWrGraslind Shrub Demly Dab SurAry.
-. -- - - - Pr u W R IDAll= - . *.- -- --. .. - . .. ..- - . --...- . -

Veget=in R tseine
Arear ParmbnjlGrabsaeLh
Vegelalioe ParaaW 8hrub Density

CkTmy~/Sp=

! Shrubu

caM~ kne

SAKPL8 NNER
1 2 3 4 5 6 7 8 9 10

11 12 13 14 15 16 17 18 19 30
21 22 23 24 25 26 27 38 29 30
31 32- 33 34 35 36 37 38 39 40
41 42 43 44 45 46 47 48 49 50

STAIWARD
ON DEATIoN

O 33 47 0 37 31 47 17 45 s5
25 72 15 12 3 55 21 63 0 2
1 35 22 It 65 136 17 2 0 20
I 8 133 14 8 10 2 81 12 19
2 31 0 76 26 1 18 30 34 177

0 0 0 0 0 O 00 0
0 0 0 0 0O D D OD
0 0 0 C 0 0 0 0 2 0
0 D 0 0 O 0 0 0
0 0 0 0 0 0 0 0 0 0

3270 37.41

0a 0D2

fkin mirokkmtm

caiese wrothrae

IOatyln punnge

TTAL RUV SmS

0. 0 1 0 0 0 0 0. 0 0 0.8
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 3 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0

3 8 0 1 0 .23 1 0 . 3 6 4.76
0 0. 2 12 0 0 6 0 0. 0
2 0 0 0 0 0 0 0 0 0
0 3 1 62 0 3 0 0 0 0
0 SD 0 3 0 0 0 0 0 19

0.4U

2 00 001 00 0
0 0 0 0 0 0 Z5 2 0
0 000 0A000 0
000 0 00 00 0
-0 2 0 0 0 0 0 0 0

C
0
1
0
0

0.56 .82

381 4O5 41 48 1 37 55 48 57 48 64
25 72 17 24 3 55 47 65 0 2
3 35 32 11 65 136 .17 2 2 21
I 11 137 76 8 13 2 81 12 19
2 113 0 79 26 1 lP 30 34 1;6

FuII Shrubs

Artask maimfi

ArmUk trientala

0 3 28 5 85 3
52 0 1 0 38 13
4 90 5 2 143 2

53 7 0 12 7 13
75 0 72 0 21 0

19 0 0 0 0 44
0 1 0 41 0 0
0 0 0 0 0 50
0 2 0 45 0 0
0 29 0 0 0 0

115 57 20 106 0 82
2 119 155 94 28 74

57 19 71 74 0 71
34 61 46 99 38 81
0 62 0 153 68 74

24 5 0 0
2 7776 2

16 81 4 2
69 0 ID 2
78 3 sa 0

0 0 2 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

93 128 108 122
31 1 0 0
9 0 65 39

10 107 8 64
S) 40 31 122

0 0 0 0
0 0 0 0
n 0 0 0

27

30.8 37.82

4.66 1286

57.96 419!;

aryusthanu s mua 000 0
000 0
000 0

0 0
0 0
0 0

0o.1 G.10



0 0 0 0 0 01 0 0 0 2 122 39
0 .0 0 0 0 0 13 ?S 0 0

0 0 0 0 0 0 34 0
03 0 000 000

00
00
00
00
00

0 000 0
0 000 0
0 0 0 0 . 0
00 00 0
000 0 0

0 00
0130
0 00
0 00
O cC

064 0.42

'T OTE i m a 134 0 48 III Sr 13D 117 133 110 124
64 1i 156 1E % 87 64 103 .71 9:
61 109 76 76 14 123 13 E5 69 61
87 73 46 1)1 45 95 83 107 lop .
7 951 75 153 89 714 1 43 9 122

94X 71.t2

TQTAL5DSM 139 101 9 112 122 1M 165 20 158 14t
5 192 173 159 59 142 111 1m 71 54
64 144 109 17 a 259 155 87 71 82
3 84 183 237 53 10 985 188 I1D 85
9 2D4 75 =2 115 75 156 73 123 31R

133i 58.49

Ml MiXWACR
742M
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Table 9. 1997 Reyold Rbanch Rrk Outcrop Sbrub Density Data Sumury.
Proja liatr. Rio Apo
Vegeldrn Type Bailine

ra NW Rod OuLMp
Vegelation Parweter: Shrub Density

CATEGORT/SP WS

Hl Shrubs

Artemisi frigida

rxgonum laicrohlecur

riognnun puciforuz

Gutlrrirh bhrme

Lepwtwbo n pungens

MAL FRLF SHRBS

Pull Shrubs

Arteligia ca

Arteeia pedtifida

Arteaisia Lridintata

rbryaothamnus viscidiflarus

Romsa voodi

Rhus ibbata

TOTAL FULL SRirjBS

SPNPLE NUMBER
1 2 3 4

11 12 13 14
5 6

15 16
I 8 9 10

STMADD
N mmBDYVEATION

9 52 1 8 29 9
21 S 6 10 I1 14

0 01 00
03 20 30

0 5 0 0 11 0
01 00 60

3 3 27 3 2 0
2 7 I 11 7 12

16 1 0 11 8 0
18 0 0 9 32 6

25 53 1 19 37 9
39 9 6 19 43 20

1 27 0 11 37 5
35 17 0 14 5 29

0 0 17 0 0 to
o 0 12 0 0, 0

100 0
1 6 C 1 1 0

2 0 0 D 11 0
0 0 0 1) 0 10

600007
OO 0 00

o 14 0 1I 21 0
14 2 0 4 2 1

Jo 51 17 22 63 22
50 25 12 19 8 31

39 21 35 6

0 0 0. 4

0 0 1 18

4 0n 2

17 3 20 20

17.50

0.81

263

&25

9.81

24 55 26- 27.31

13.85

1.33

4.99

683

9.17

,6S

14.73

5.t3

1.87

3.72

.Zl

1.49

19 3

0 0

2 4

8 *2

0 0

4z 29

51

0

0

0

5

0

0

0

16

15.63

2.44

1.28

Lii

0.8

1o38

71 38 57 22 3275 2.05

TOTAL SHRUBS 35 104 18 41 106 31 123
89 34 Is 38 51 51

62 112 48

TOTAL SHRUMSIRAM&
6675X
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Addendum I

Correspondence
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I )
To: Rich Vincent, LQD
From: Paige Wolken, BKS
RE: FY[- Summarization of Rio Algom Baseline Vegetation Sampling for Reynolds Ranch

Sample adequacy was obtained for cover within the minimum 50 samples for each major
vegetation type, Grassland and Sagebrush Grassland. The number of shrub density transects
equalled the number of cover transects regardless of sample adequacy.

Two minor vegetation types, Rock Outcrop and Playa were also sampled for cover and shrub
density. Sample adequacy was achieved at 16 samples for cover in the Rock Outcrop vegetation
type (a minimum of 15 samples were required). Contrary to approved methodology, the
minimum 15 cover/shrub samples were collected for the Playa vegetation type regardless of
sample adequacy due to the Following reasons:

I) During the sampling process, vegetation types previously mapped in the fall of 1996
were confirmed or adjusted. Playa acreage was previously estimated at 17.36 acres;
however, based on detailed field observations, a total orseven playas were noted. The
playas observed were small upland pockets, the largest of which was approximately 1
acre in size. The actual sizes of these scattered sites (likely averaging 0.4 to 0.5 acres
each; 3.5 acres total) within an expansive study area were, at best, inclusions.

2) In two or three cases, 50 meter transects were placed in areas 40 to 50 meters in
diameter. The smaller acreages involved did not lend themselves to higher sampling
numbers.

3) Due to frequent precipitation events, five of the seven playas contained muddy
standing water. Cover transects were sampled; however, much of the data was biased by
standing water obscuring visual hits below the water level. Water was noted as a
separate cover category in these cases.

-pe~( 4e'a ,9rear

- 5 97-2-7 &I 7--

A-PrY
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UUY-05-91 10:09 From:RIO ALGCU MINING CORP 30T356VZOI T-305 P.05/05 Job-722

MEMN)RANI)DIM

TOt MU Jankovsky, D)iuru;nt I Sonlor Analyst

FROM: Ricftrd Vlncent, NUIVOrt .Ntat Sifor Arulya RW

DkTH: April 29, 1997

SUBJECr: Row Conwnet for 'IVN 3 51131, Rio Macmn, 1997 Veedafkv Basdeine punzplln

I bavc rmviewed fht infonrtion subihiutd in die four page proposal pertamiing to we 19t Vegetation baluuin
xunpling. I thought that Brenda had =id dwring our 4/10197 telehphr, cAivorvation that ihe was proposing

to snmple production. 1 recall that during July snd September of 1996 we diacusaed omitting sampling for
vawtation production. Since this plan zappliea unly lt} samminng of this particular aineudment area a&d ouly to
baxeline nampling, I concur with die ainpling plan and recnommend approval so 1997 fiold sarnpling can.
procectd. If you have quostions about my concluhious plaaae coitset me.
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-NThre d Wyoming Natural-Diversity Database _ _ _

conservancy 1604GrandAve.,Suite2 * Laramie, Wyoming82070 (307)745-5026

April 23, 1997

Vera A. Finch and Paige M. Wolken
BKS Environmental Associates, Inc.
P.O. Box 3467
Gillette, WY 82717-3467

Dear Vera and Paige:

Per your letter of April 11, 1997, requesting data on plant species located in townships 36-
37N and ranges 73-74W for the Rio Algom Baseline Vegetation project, I have searched
our database and no records were retrieved. However, for the following reasons, this does
not mean that species of concern are not-located within the specified townranges: 1. Both
plant and animal populations are mobile, and occurrences in neighboring areas may have
moved Into your target area; 2. This area of Wyoming has not been recently surveyed for
all T/E species that may occur, 3. Suitable habitat may be present in the target area for
species found immediately outside its boundaries. Therefore, adequate pre-project TES
screening for plants requires site surveys with collecting visits scheduled throughout the
growing season.

Please feel free to call myself or Walt with any questions you may have regarding this

Sincerely

Laura Glanakos
AdminIstrative and Database Assistant
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Rio Algom MilrLing Corp.
S;:mithlRanch Uraninm-Project --- -_-.

wmela S. Paw
uperviwor, Radiation Safety & Environmental Affairs

April 14,1997

Mr. MattJankovsky
WDEQ/LQD
.Herschler Building
122 West 25th Street
Cheyenne, WY 82002

Re: Reynolds Ranch Vegetation Sampling

Dear Matt

Please find attached the "methodology letter for the vegetation sampling" for the
Reynolds Ranch area. Brenda Schladweiler and Rich Vincent have discussed the
approach as outlined, and Rich seemed comfortable with the approach.

J I apologize for the time it has taken to get this together. As we have discussed,
the methodology does not include production sampling.

If you have questions or concerns, please feel free to contact me at (307) 358-3744.

Sincerely,

Pamela S. French
Supervisor, Radiation Safety &
Environmental Affairs

cc F. W. Ferdinand
M. D. Freeman

Aff9"cM'eideF (BKS Environmental)

P.O. Box 1390 * Glenrock, Wyoming 8263735 762 Ross Road - Douglas, Wyoming 82633
Phone (307) 358-3744 or (307) 266-2449 Fax (307) 358-9201



I)
BKS-ENVIRONMENTAL. _. . ... _ . _

- ASSOCIATES, INC.

P.O. Box 3467
Gillette, WY 52717.3467

(307) 682.3810
Fox (307) 682.0125

P.O. Box 6021
Lammle, WY 82070-6021

(307) 721-5179 .
Fax (307) 721-5179

April 10, 1997

Mr. Mitt Jankovsky
WDEQ-LQD
Herschler Building
122 West 25th
Cheyenne, WY 82001

Dear Matt:

Q} Per our previous discussions, attached is the proposed vegetation methodology fbr the fieldwork
associated with the Reynold's Ranch baseline vegetation assessment for Rio Algom Mining
Corporation. This methodology does not include production sampling, per our previous
discussions and your subsequent discussion with Pam French, Rio Algom Mining Corporation.

I would appreciate any "short turn-around" comments you may have by May I since we are
formulating spring/summer 1997 fieldwork plans. Thank you for your input. If you have any
questions; please feel free to cortadt me in Laramie at (307)721-5179.

Sincerely,

&wnlaJ
Brenda K. Schladweiler
BKS ENVIRONMENTAL ASSOCIATES, INC.

cc. Pam French, Rio Algom Mining Corporation
Paige Wolken, BKS - Gillette
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1997 Vegetation Sampling Methodology
* Rio Algom Mining Corporation's Reynold's Ranch Property

April 10, 1997

General

Preliminary baseline vegetation mapping of the Rio Algom Mining Corporation's Reynold's Ranch
Property was conducted in the Fall of 1996. Based on the September 1996 meeting between Rio
Algom, WDEQ, and BKS Environmental personnel, as well as subsequent phone conversationis, the
following proposed vegetation sampling methodology is proposed. BKS Environmental Associates,
Inc. will conduct the 1997 sampling.

Mappine

All vegetation community types were delineated on a topographic base map at-a scale of 1":500'.
Small areas of mapping will be refined during cover/shrub density sampling in 1997, if necessary. A
tabular summary of the approximate acreage of each vegetation mapping unit within the proposed
permit extension area, based on this preliminary mapping, is as follows:

VeLetation TVP e Permit Extension Acreage

Grassland 7,295.35
Sagebrush Grassland 6,044.86
Rock Outcrop 82.44
Playa 17.36

TOTAL 13,440.00

Species List

A species list for the 1997 study area will be compiled. All nomenclature will follow that currently
in use at the Rocky Mountain Herbarium in Laramie, Wyoming. Any encountered federally
designated threatened and endangered species, state plants of concern, noxious weeds, and primary
selenium indicators will be identified. A computer search of the Wyoming Natural Heritage database
will be conducted prior to fieldwork to determine possible habitat for rare species.
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1997 Vegetation Sampling Methodology
Rio Algom Mining Corporation's Reynold's Ranch Property (cont.)

--April-10i--1997

Reference Area

Since the exact.mine disturbance limit is not known at this time, during the 1997 assessment, the
extended reference area approach will be utilized in order to minimize the total number of sample
points. Sample points will be located within the entire proposed Reynold's Ranch permit area by
vegetation type regardless of the location of the proposed affected area. This approach is different
than the 1992 study area which consisted of the disturbed area plus a 2000' buffer. Data
summarization will not be separated for affected area and the extended reference area, i.e., the data
will be treated as one set. Summarization by vegetation type, however, will be performed, i.e., four
vegetation types.

Ounlitative Descrintion

All disturbed areas within the 1997 proposed permit area will be qualitatively described. Possible
"wetlands", too small to be mapped at the current scale, will be delineated on the vegetation map,
wherever located. Small, unmappable pockets within ephemeral drainages will be described in the
text only and will not be included in any vegetation sampling.

Ouantitative Description

Four vegetation types will be sampled within the 1997 proposed permit area: Grassland, Sagebrush
Grassland, Rock Outcrop and Playa. Both the extended reference area and affected area will be
sampled in 1997 as one unit. Minimum and maximum sample numbers for this project will follow
those discussed during the September 1996 meeting and will be as outlined in the table below.

Cover

A minimum of 50 transects for cover will be sampled within each of the Grassland and Sagebrush
Grassland vegetation types within the combined affected area/extended reference area. A minimum
of 15 transects for cover will be sampled within each of the Rock Outcrop and Playa vegetation types
within the combined affected area/extended reference area. If statistical adequacy is not obtained
with the minimum number, additional samples will be collected in increments up to the maximum
number of 100, if necessary, for the Grassland and Sagebrush Grassland vegetation types. The
maximum number for Rock Outcrop and Playa vegetation types will be 30. All field sampling for
cover will occur after June 15, 1997, depending upon overall weather conditions.

2
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-1997-Vegetation Sampling Methodology.
Rio Algom Mining Corporation's Reynold's Ranch Property (cont.)

April 10, 1997

Cover (cont.)

Combined AFFA and EXREFA
Veectation Type Number or Cover and Shrub Density Transects

Minimum Maximum

Grassland 50 100
Sagebrush Grassland 50 100
Rock Outcrop 15 30
Playa 15 30

TOTAL 130 260

Note: Maximum number may be less, based on sample adequacy calculations.

Sample locations for cover will be chosen by randomly selecting points within a grid of the 1997
- proposed permit area.- Grid intervals will not exceed 100 feet on the ground. Random sample

location coordinates will be plotted on a map and located in the field by pacing from known localities.
Random numbers between I and 360 will be generated to orient the transect. A compass will then
be used in the field to orient the transect to the nearest 1/8 of 360 degrees.

Sample hits will be read at I meter intervals along the entire length of the 50 meter transect. These
first hit (50) readings will constitute the absolute cover values for total vegetation and total cover.
In addition, litter, rock and bare ground percentages will be recorded. Transects that exceed
designated vegetation boundaries will be randomly reoriented to be within the sampled type.

Production

No production sampling will be necessary for the 1997 baseline vegetation assessment.

Shrub Density

Even though shrub density sampling is not required for non-coal sites, this data will be taken at the
time of cover sampling to ensure adequate use of field time. However, it is assumed that this area
is not part of any wildlife critical winter range.

39



I 1

-- 1997-Vegetation Sampling-Methodology -I
Rio Algom Mining Corporation's Reynold's Ranch Property (contr)

April 10, 1997

Shrub Density (cont.)

Shrub density data will be collected in conjunction with randomly selected cover transects, wherever
possible. All shrubs, full or half, will be counted within 50 centimeters either side of the 50 meter
covier transect (I meter x 50 ineter belt transect). Sample adequacy will not be calculated on shrub
density transects; the number of belt transects will equal the number of cover transects for a given
vegetation type. No shrub height measurements will be collected.

Tree Density

Due to the general sparsity or lack of tree individuals within the proposed permit area, a complete
census will be taken, where appropriate. Tree height will be determined by use of a clinometer, where
appropriate. Tree diameter at breast height will be determined by a diameter tape, where appropriate.
All tree locations (individuals or groups) within the proposed permit area will be plotted on the
vegetation map.

Ihis vegetation sampling methodology correctly documents previous discussion as stated above
and is hereby approved.

Matt Jankovsky
WDEQ, Land Quality Division

4
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Addendum 2

Photographs of Vegetation Types
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Photo 1. Grassland

'. - - - u I f h i n -

Photo 2. Grassland Sand Blowout Inclusion
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Photo 3. Sagebrush/Grassland
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Photo 4. Rock Outcrop
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Addendum 3

1997 Plant Species List
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1997 Plant Species Encountered during the Rio Algomn Reynolds Ranch Baseline Sampling.

Scientific Name Common Name Family Name

COOL SEASON PERENNIAL GRASSES

Agropyron dasystachyum
Agropyron riparium
Agropyron smithii
Carex eleocharis
Carexfilifolia
Hordeumjubatum
Juncus balticus
Koeleria macrantha
Orysopsis hymenoides
Poa compressa
Poafendleriana
Poa sandbergii
Sitanion hystrix
Stipa comata
Stipa viridula

Thickspike Wheatgrass
Streambank Wheatgrass
Western Wheatgrass
Sedge
Threadleaf Sedge
Foxtail Barley
Baltic Rush
Prairie Junegrass
Indian Ricegrass
Canada Bluegrass
Bluegrass
Sandberg Bluegrass
Big Squirrel Tail
Needle-and-thread Grass
Green Needle Grass

Poaceae
Poaceae
Poaceae
Cyperaceae
Cyperaceae
Poaceae
Juncaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae

WARM SEASON PERENNIAL GRASSES

Aristida longiseta
Aristidapurpurea
Bouteloua curtipendula
Bouteloua gracilis
Calamovilfa longifolia
Sporobolus cryptandrus

Three-awn
Purple Three-awn
Side Oats Gramna
Blue Grama
Prairie Sandreed
Sand Dropseed

Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae

INTRODUCED PERENNIAL GRASSES

Agropyron cristatum
Agropyron intermedium
Poapratensis

Crested Wheatgrass
Intermediate Wheatgrass
Kentucky Bluegrass

Poaceae
Poaceae
Poaceae

ANNUAL GRASSES

Bromusjaponicus
Bromus tectorum
Festuca octoflora

Japanese Brome
Cheatgrass
Fescue

Poaceae
Poaceae
Poaceae
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1997 Plant Species Encountered during the Rio Algom Reynolds Ranch Baseline Sampling
(cont.)

Scientific Name Common Name Family Name

-PERENNIAL FORBS

Achillea millefolium
Antennaria sp.
Arenaria hookeri
Artemisia ludoviciana
Aster paludosus
Astragalus bisulcatus
Astragalus spatulatus
Cerastium arvense
Dalea candida
Dalea purpurea
Eriogonum sp.
Gaura coccinea
Grindelia squarrosa
Haplopappus armerioides
Heterotheca villosa
Hymrenopappus polycephalus
Lygodesmajuncea
Machaeranthera grindelioides
Machaetanthera tanacelifolia
Oenothera coronopifolia
Oxytropis sp.
Penstemon albidus
Penstemon sp.
Plox hoodii
Psoralea tenufilora
Ratibida columnaris
Solidago missouriensis
Sphaeralcea coccinea
Taraxacum officinale
Thermopsis rhombifolia
Vicia americana
Zigadenus venenosus

Common Yarrow
Pussytoes
Hooker Sandwort
Louisiana Sagewort
Singlestem Aster
Two-grooved Milkvetch
Milkvetch
Mouse-ear Chickweed
Whte Prairie Clover
Purple Prairie Clover
Daisy
Scarlet Gaura
Curlycup Gumweed
Thrifty Goldenweed
Golden Aster
L'Her
Skeleton Plant
Goldenweed
Tansy Aster
Evening Primrose
Locoweed
White Beardtongue
Penstemon
Hood's Phlox
Slimflower Scurfpea
Prairie Coneflower
Prairie Goldenrod
Scarlet Globe Mallow
Common Dandelion
Golden Banner
American vetch
Meadow Death Carnas

Asteraceae
Asteraceae
Caryophyllaceae
Asteraceae
Asteraceae
Fabaceae
Fabaceae
Caryphyllaceae
Fabaceae
Fabaceae
Polygonaccae
Onagraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Onagraceae
Fabaceae
Scrophulariaceae
Scrophulariaceae
Polemoniaceae
Fabaceae
Asteraceae
Asteraceae
Malvaceae
Asteraceae
Fabaceae
Fabaceae
Iridaceae
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1997 Plant Species Encountered during the Rio Algom Reynolds Ranch Baseline Sampling
(cont.)

Scientific Name Common Name Family Name

ANNUAL AND BIENNIAL FORBS

Alyssum alyssoides
Alyssum desertorum
Camelina microcarpa
Cynoglossum officinale
Gnaphalium palustre
Plantago patagonica
Polgonum sp.
Tragopogon dubius

SEMI-SHRUBS OR HALF SHRUB
Artemisiafrigida
Ceratoides lanata
Eriogonum microthecum
Erigonum ovalifolium
Eriogonum pauciflorum
Gutierrizia sarothrae
Leptodactylon pungens

Pale alyssum
Desert Alyssum
Littleseed Falseflax
Hound's Tongue
Diffuse Cudweed
Pursh's Plantain
Knotweed
Yellow Salsify

S
Fringed Sagewort
Winterfat
Slenderbush Wild Buckwheat
Cushion Wild Buckwheat
Wild Buckwheat
Broom Snakeweed
Prickly Gilia

Brassicaceae
Brassicaceae
Brassicaceae
Boraginaceae
Asteraceae
Plantaginaceae
Polygonaceae
Asteraceae

Asteraceae
Chenopidiaceae
Polygonaceae
Polygonaceae
Polygonaceae
Asteraceae
Polemoniaceae

SHRUBS
Arlemisia cana
Artemisia nova I
Artemisiapedatifida
Artemisia tridentata
Chrysothamnus nauseosus
Chrysothmnus viscidiflorus
Rhus trilobata
Rosa woodsii

Silver Sagebrush
Black Sagebrush
Birdfoot Sagebrush
Big Sagebrush
Rubber Rabbitbrush
Douglas Rabbitbrush
Skunkbush Sumac
Woods Rose

Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Anacardiaceae
Rosaceae

CACTI AND SUCCULENTS
Opuntia polyacantha
Yucca glauca

Plains Prickleypear
Spanish Bayonet

Cactaceae
Agavaceae

LICHENS AND MOSSES

Lichens
Mosses
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1997 Plant Species Encountered during the Rio Algom Reynolds Ranch Baseline SamplingY-> (cont.)

NOTE: According to nomenclature in use at the Rocky Mountain Herbarium in Laramie,
Wyoming, the following species of Agropyron have been changed to the following taxonomic

descriptions:
Agropyron dasystachyum= Elymus lanceolatus

var. lanceolatus
Agropyron riparium= Elymus lanceolatus

var. riparius
Agropyron smithii= Elymnus smithii
Agrop yron spicatumn Elymus spicatus

Agropyron trachycaulum= Elymus trachycaulus
var. trachycaulus
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