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APPENDIX D-7

SOILS

1.0 HISTORIC SOIL SURVEYS

The soil baseline study for the western portion of the permit area was assembled in 1990. This study, as

agreed to with the WDEQ staff at the November 17, 1989 meeting is comprised of the Soil Survey of

Converse County, Wyoming, Northern Part published by the U.S. Soil Conservation Service (SCS). The

soil survey conducted by the SCS was an Order 3 survey.

The following information is included with the study:

* Plate D7-1 in Addendum D-7 B2 which shows the various SCS soil types in the entire permit

area and adjacent lands.

* Detailed SCS map unit descriptions for the soil types found within and adjacent to the entire

permit area and adjacent lands, in Addendum D-7 B3.

* Typical SCS soil profile descriptions of each series in Addendum D-7 B3.

• Engineering index properties in Addendum D-7 B3.

* Physical and chemical properties in Addendum D-7 B3.

Soil samples were collected in 1986 for areas contained in the eastern portion of the permit area.

Chemical analyses were conducted on 13 samples. These data are included in Addendum D-7 B3. The

locations of the soil sampling sites are shown on Plates D7-1 and D7-2 of Addendum D-7 B2. The

suitability of the soils sampled for topsoil is also shown on Table 1 of Addendum D7-B3. All soils are

shown to be suitable or marginally suitable as topsoil.

Baseline soil studies performed for the proposed Reynolds Ranch amendment area include an

Order 3 soil 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 D-7 C and

include 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.
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The 1997 soil assessment is contained in Addendum D-7 C3. 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. Figure D7-1 provides the

complete permit boundary, including the Proposed Reynolds Ranch Amendment area. Notes on the

index map indicate when individual plates and figures for Smith ranch, highland or Reynolds can

be found in the addenda.

2.0 IMPACTS TO SOIL RESOURCES

The ISR mine unit facilities will disturb only a limited amount of surface. The impact to the topsoil

resource in the western portion of the ISR permit area is relatively minor when compared to a typical

surface mine operation. The soils within the western portion of the proposed permit area have been

mapped based upon data developed by the Converse County Soil Conservation Service for the permit

area. See Table D-7.1 of Addendum D-7 Al for the mapping unit designations, approximate percentage

of slope and approximate depth of topsoil material. Addendum D-7 A3 contains a discussion of each

mapping unit. The mapping unit locations are shown on Figure D-7.1 of Addendum D-7 A2.

In general the well installation process may produce a short term disturbance to soils, but topsoil and land

recovery is initiated as soon as practicable following well completion. Soil disturbance of mine units

typically lasts approximately six months. Topsoil conservation methods to be employed during

construction and operation are discussed in Section 3.2.2 of the Operations Plan.
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Table D-7.1

SOLUTION MINING PERMIT AREA SOILS SURVEY

U.S. Department of Agriculture
Soil Conservation Service Approximate Percent Approximate Depth of Typical Topsoil

Unit Mapping Unit Slope A, B, & C Horizons (Ft) Depths' (In)

5 Clarkelen-Drasknab complex 0-3 2.0 3-21

6 Clarkelen-Haverdat-Bigwin variant complex 0-3 2.0 3-6

35 Bahl Savageton complex 0-6 1.5 2-14

64 Dwyer-Orpha complex 3-15 1.5 5-6

158 Ziegweid-Cambria Association 0-6 1.1 2-3

158C Zigweid-Cambria-Theedle Association 6-15 5.0 4-5

163 Zigweid-Bahl Association 0-6 1.3 2-24

177 Theedle-Kishona Association 0-6 1.0 3-5
01 247 Gullied Land 3-45 1.0 0-60

331 Forkwood-Ulm complex 0-6 1.7 4-5

331C Forkwood-Ulm-Renohill complex 6-15 1.7 4-5

332 Cushman-Terro complex 0-6 1.5 4
> 332C Terro-Tullock-Orpha complex 6-15 2.0 4-5

336 Forkwood-Cambria complex 0-6 1.7 2-4

336C Forkwood-Cambria-Cushman complex 6-15 1.0 2-4

341 Haverdad-Lohmiller complex 0-6 1.7 3-6

347 Shingle-Rock Outcrop-Samday complex 10-30 1.0 0-4

351 Clarkelen-Dwyer-Orpha Association 0-10 2.0 3-5

353 Kishona-Dwyer-Orpha Association 0-10 1.5 3-5

365 Ulm-Renohill complex 0-6 2.0 5

365C Ulm Renohill complex 6-15 1.7 4-5

375 Silhouette-Holdt Association 0-6 1.5 2-4

380 Hiland-Bowbac complex 0-6 2.0 3-5

-. 380C Hiland-Bowbac complex 6-15 1.7 3-4
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Table D-7.1 (Cont'd)

SOLUTION MINING PERMIT AREA SOILS SUJRVEY
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0-
(to 0

U.S. Department of Agriculture
Soil Conservation Service

Unit Mapping Unit
Approximate Percent

Slope
Approximate Depth of

A, B, & C Horizons (Ft)
Typical Topsoil

Depths' (In)

381

381C

393

401

402

404

405

409

Vonalee-Terro complex

Vonalee-Terro complex

Renohill-Wrofka-Shingle complex

Worf-Shingle-Tassel complex

Tassel-Shingle complex

Tassel-Tullock-Vonalee Association

Tassel-Terro-Rock Outcrop complex

Samday-Shingle-Worf complex

0-6

6-15

6-15

3-30

3-30

6-30

15-30

3-15

1.7

2.0

1.5

0,5

1.3

0-2.5

0-10

1.5

4

3-4

3-5

2-4

3-4

3-5

0-5

2-4

'Range of typical surface layer depths.

CD,

0--



Clarkelen-Draknab Complex, 0-3 percent slopes (Mapping Unit 5)

Clarkelen - Typically, the surface layer is sandy loam about 3
inches thick. The substratum is stratified sandy clay loam to
loamy sand to a depth of 60 inches or more.

Draknab - Typically the surface layer is loamy sand about 21
inches thick. The substratum is fine sand stratified with thin

lenses of sandy loam to a depth of 60 inches.

These soils may have low available water capacity and should be
managed to control wind erosion. Lower lying areas are subject
to occassional flooding.

Capability - IVe

Range Site - Lowland

Clarkelen-Haverdad -Bigwin Variant Complex, 0-3 percent slopes
(Mapping Unit 6)

Clarkelen - Typically, the surface layer is sandy loam about 3
inches thick. The substratum is stratified sandy clay loam to
loamy sand to a depth of 60 inches or more. Lowland

-Ieverdad - Typically, the surface layer is fine sandy loam about
6 inches thick. The substratum is loam stratified with thin
lenses of clay loam and fine sandy loam to a depth of 60 inches or
more. Lowland

Bigwin - Typically, the surface layer is fine sandy loam about 6
inches thick. The substratum is sandy loam stratified with
lenses of loamy sand and loam sand is at a depth of 19 inches,
Subirrigated

Capability - IWe

Range Site - Clarkelen & Haverdad - Lowland
Bigwin Variant - Subirrigated
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Bahl Savageton Complex, 0-6 percent slopes (Mapping Unit 35)

Bahl - Typically, the surface layer is clay about 14 inches
thick. The substratum to a depth of 60 inches or more is clay.
Savageton - Typically, the surface layer is clay loam about 2

inches thick. The substratum is clay about 30 inches thick.
Shale is at a depth of 32 inches.

These soils should be managed to control water erosion.

Capability - IVe

Range Site - Clayey

Dwyer - Orpha Complex, 3-15 percent slopes (Mapping Unit 64)

Dwyer - Typically, the surface layer is loamy sand about 5 inches
thick. The substratum is loamy sand to a depth of 60 inches,

Orpha - Typically, the surface layer is loamy sand about 6 inches
thick. The substratum is sand to a depth of 60 inches.

These soils have low available water capacity. These soils
should be managed to control both water and wind erosion.

Capability - IVe

Range Site - Sandy

Smith Ranch Permit Addendum D7 A l
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Zigweid-Cambria Association, 0-6 percent slopes (Mapping Unit 158)

Zigweid - Typically, the surface layer is clay loam about 3
inches thick. The substratum is clay to a depth of 60 inches or
more.

The soil should be managed to control water erosion.

Cambria - Typically, the surface layer is fine sandy loam about 2
inches thick. The subsoil is sandy clay loam about 12 inches
thick. The substratum is loam and sandy loam to a depth of 60
inches or more.

This soil should be managed to control wind erosion.

Capability - Ire

Range Site - Loamy

Zigweid-Cambria-Theddle
(Mapping Unit 158C)

Association, 6-15 percent slopes

Zigweid - Typically, the surface layer is loam about 4 inches
thick. The substratum is clay loam to a depth of 60 inches or
more.

This soil should be managed to control water erosion.

Cambria - Typically, the surface layer is sandy loam about 4
inches thick. The subsoil is loam about 11 inches thick. The

substratum is loam to a depth of 60 inches or more.

This soil should be managed to control water erosion.

Theedle - Typically, the surface layer is loam about 5 inches
thick. The substratum is loam and clay loam about 23 inches
thick. Shale is at a depth of 28 inches0

This soil should be managed to control water erosion.

Capability - VIe

Range Site - Loamy
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Zigweid-Bah! Association, 0-6 percent slopes (Mapping Unit 163)

Zigweid - Typically, the surface layer is loam about 2 inches
thick. The substratum -is clay loam to a depth of 60 inches or
more.

This soil should be managed to control water erosion.

Bahl - Typically, the surface layer is clay about 24 inches
thick. The substratum is clay to a depth of 60 inches or more.

This soil has low permeability which causes seasonal ponding in
some areas. This soil should be managed to control water
erosion.

Capability - IVe

Range Site - Zigweid - Loamy
Bahl - Clayey

Theedle-Kishona Association, 0-6 percent slopes (Mapping Unit 177)

Theedle - Typically, the surface layer is loam about 5 inches
thick. The substratum is clay loam about 23 inches thick.
Interbedded shale and sandstone is at a depth of 28 inches.

Theedle soils should be managed to control water erosion.
Management of Thedalund soils should take into consideration low
available water capacity.

Kishona - Typically, the surface layer is loam about 3 inches

thick. The substratum is clay loam to a depth of 60 inches or
more.

Kishona soils should be managed to control water erosion.

Capability - IV

Range Site - Loamy

Smith Ranch Permit Addendum D7 A l
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Gullied Land, 3-45 percent slopes (Mapping Unit 247)

Gullied Land - Typically, the original soil material has been
lost through erosion. Depth of the soil material ranges from 10
to more than 60 inches. Soil textures range from sandy loam to
clay loam.

These soils should be managed to control water erosion.
Extensive gullying in this unit limits use.

Capability - VIIe

Range Site - Sandy Loam Clay Loam

Forkwood-Ulm Complex, 0-6 percent slopes (Mapping Unit 331)

Forkwood - Typically, the surface layer is fine sandy loam about
4 inches thick. The subsoil is fine sandy loam and clay loam
about 16 inches thick. The substratum is clay loam to 60 inches
or more.

Ulm - Typically, the surface layer is loam about 5 inches thick.
The subsoil is clay loam and clay about 31 inches thick. The
substratum is clay loam to 60 inches or more.

These soils should be managed to control water erosion.

Capability - IVe

Range Site - Loamy

Smith Ranch Permit Addendum D7 Al
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Forkwood-Ulm-Renohill Complex, 6-15 percent slopes (Mapping Unit
331C)

Forkwood -Typically, the surface layer is fine sandy loam about
4 inches thick. The subsoil is fine sandy loam and clay loam
about 16 inches thick. The substratum is clay loam to 60 inches
or more.

Ulm - Typically, the surface layer is clay loam about 4 inches
thick. The subsoil is clay loam about 21 inches thick. The
substratum is clay loam to 60 inches or more.

Renohill - Typically, the surface layer is clay loam about 5
inches thick. The subsoil is clay loam about 20 inches thick.
Calcareous gritty shale is at a depth of 25 inches.

These soils should be managed to control water erosion.

Capability - Vie

Range Site - Forkwood - Loamy
Ulm - Clayey
Renohill - Clayey

Cushman-Terro Complex, 0-6 percent slopes (Mapping Unit 332)

Cushman - Typically, the surface layer is loam about 4 inches
thick. The subsoil is clay loam about 14 inches thick. The
substratum is loam about 8 inches thick over interbedded
sandstone and shale.

Terro - Typically, the surface layer is sandy loam about 4 inches
thick. The subsoil is sandy loam and loamy sand about 12 inches
thick. The substratum is sandy loam about 18 inches thick. Soft
calcareous sandstone is at a depth of 34 inches.

These soils should be managed to control both water and wind
erosion.

Capabiliy - IVe

Range Site - Cushman - Loamy
Terro - Sandy

Smith Ranch Permit Addendum D7 Al Ievised - April 2011
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Terro-Tullock-Orpha Complex, 6-15 percent slopes (Mapping Unit
322C)

Terro - Typically, the surface layer is sandy loam about 4 inches
thick. The subsoil is sandy loam and loamy sand about 12 inches
thick. The substratum is sandy loam about 13 inches thick. Soft
sandstone is at a depth of 34 inches.

Tullock - Typically, the surface layer is loamy sand about 5
inches thick. The substratum is sand and loamy sand about 26
inches thick. Soft sandstone is at a depth of 31 inches.

Orpha - Typically, the surface layer is loamy sand about 5 inches
thick. The substratum to a depth of 60 inches is sand.

These soils have low or very low available water capacity and
should be managed to control wind and water erosion.

Capability - Vie

Range Site - Terro - Sandy
Tullock - Orpha - Sands

Forkwood-Cambria Complex, 0-6 percent slopes (Mapping Unit 336)

Forkwood - Typically, the surface layer is fine sandy loam about
4 inches thick. The subsoil is loam and clay loam about 25 inches
thick. The substratum is loam to 60 inches or more.

Cambria - Typically, the surface layer is fine sandy loam about 2
inches thick. The subsoil is loam and clay loam about 12 inches
thick. The substratum is loam to 60 inches or more.

These soils should be managed to control water erosion.

Capability - IVe

Range Site - Loamy
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Forkwood-Cambria-Cushman Complex, 6-15 percent slopes (Mapping
Unit 336C)

Forkwood - Typically, the surface layer is sandy loam about 2
inches thick. The subsoil is clay loam and loam about 23 inches
thick. The substratum is loam to 60 inches or more.

Cambria - Typically, the surface layer is loam about 4 inches
thick. The subsoil is loam about 11 inches thick. The
substratum is loam to 60 inches or more.

Cushman - Typically, the surface layer is loam about 3 inches
thick. The subsoil is clay loam about 14 inches thick. The
substratum is loam about 8 inches thick over soft interbedded
shale and sandstone.

These soils should be managed to control water erosion.

Capability - VIe

Range Site - Loamy

Haverdad-Lohmiller Complex, 0-6 percent slopes (Mappin2 Unit 341)

Haverdad - Typically, the surface layer is fine sandy loam about
6 inches thick. The substratum to a depth of 60 inches or more is
stratified loam, clay loam and fine sandy loam.

Lohmiller - Typically, the surface layer is clay loam about 3
inches thick. The substratum to a depth of 60 inches or more is
stratified clay, sandy clay loam and sandy loam.

These soils are subject to occassional flooding.

Capability - IVe

Range Site - Lowland

0
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Shingle-Rock Outcrop-Samday Complex, 10-30 percent slopes (MapoIng
Unit 347)

Shingle - Typically, the surface layer is clay loam about 4
inches thick. The substratum is clay loam about 9 inches thick.
Soft interbedded shale and sandstone is at a depth of 13 inches.

Rock Outcrop - Typically is exposures of calcareous soft to hard
shale.

Samday - Typically, the surface layer is clay loam about 2 inches
thick. The substratum is clay about 16 inches thick.
Interbedded shale and sandstone is at a depth of 18 inches.

These soils should be managed to control water erosion. Very
shallow soil or exposed rock occur in about 30 percent of this
unit.

Capability - VIIe

Range Site - Shingle - Shallow Loamy
Samday - Shallow Clayey

Silhouette-Holdt Association, 0-6 percent slopes (Mapping Unit 375)

Silhouette - Typically, the surface layer is clay loam about 2
inches thick. The subsoil is clay about 16 inches thick. The
substratum is clay to a depth of 60 inches or more.

Holdt - Typically, the surface layer is clay loam about 4 inches
thick. The subsoil is clay to a depth of 48 inches or more.

Low permeability and in some soils, occasional flooding on parts
of this unit should be considered in management of these soils.

Capability - IVe

Range Site - Clayey

Smith Ranch Permit Addendum D7 A l
Page II

Revised - April 2011



Clarkelen-Dwyer-Orpha Association, 0-10 percent slopes-. (Mapping
Unit 351)

Clarkelen - Typically, the surface layer is sandy loam about 3
inches thick. The substratum is stratified sandy loam to loamy
sand to a depth of 60 inches or more.

This soil should be managed to control wind erosion.

Dwyer - Typically, the surface layer is loamy sand about 5 inches
thick° The substratum is loamy sand to a depth of 60 inches or
more.

This soil has low available water capacity and should be managed
to control wind erosion.

Orpha - Typically, 'the surface layer is loamy sand about 5 inches
thick. The substratum is sand to a depth of 60 inches or more.

This soil has low available water capacity and should be managed
to control wind erosion.

Capability - VIe

Range Site - Clarkelen - Lowland
Dwyer & Orpha - Sands
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Kishona-Dwyer-Orpha Association, 0-10 percent slopes (Mapping
Unit 353)

Kishona - Typically, the surface layer is loam about 3 inches

thick. The substratum is clay loam to 60 inches or more.

This soil should be managed to control water erosion.

Dwyer - Typically, the surface layer is loamy sand about 5 inches
thick. The substratum is loamy sand to a depth of 60 inches or
more.

This soil has low available water capacity and should be managed
to control wind erosion.

Orpha - Typically, the surface layer is loamy sand about 5 inches
thick. The substratum is loamy sand to a depth of 60 inches or
more.

This soil has low available water capacity and should be managed
to control wind erosion.

Capability - Kishona - IVe
Dwyer & Orpha - VIe

Range Site - Kishona - Loamy
Dwyer & Orpha - Sands

Ulm-Renohill Complex, 0-6 percent slopes (Mapping Unit 365)

Ulm - Typically, the surface layer is loam about 5 inches thick.
The subsoil is clay loam and clay about 31 inches thick. The
substratum is sandy clay loam to 60 inches or more.

Renohill - Typically, the surface layer is fine sandy loam about
5 inches thick. The subsoil is clay and clay loam about 31 inches
thick. Calcareous shale is at a depth of 36 inches.

These soils should be managed to control water erosion.

Capability - IVe

Range Site - Ulm - Clayey
Renohill - Loamy
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Ulm-Renohill Complex, 6-15 percent slopes (Mapping Unit 365C)

Ulm - Typically, the surface layer is clay loam-about 4 inches
thick. The subsoil is clay loam about 21 inches thick, The
substratum is clay loam to 60 inches or more.

Renohill - Typically, the surface layer is clay loam about 5
inches thick. The subsoil is clay loam about 20 inches thick.
Calcareous, gritty shale is at a depth of 25 inches.

These soils should be managed to control water erosion.

Capability - Vie

Range Site - Clayey

riland-Bowbac Complex, 0-6 percent slopes (Mapping Unit 380)

Hiland - Typically, the surface layer is sandy loam about 5
inches thick. The subsoil is sandy clay loam about 25 inches
thick. The substratum is sandy loam to a depth of 60 inches or
more.

Bowbac - Typically, the surface layer is sandy loam about 3
inches thick. The subsoil is sandy clay loam about 23 inches
thick. The substratum is sandy loam about 10 inches thick over
soft sandstone.

These soils should be managed to control wind and water erosion.

Capability - IVe

Range Site - Loamy
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Hiland-Bowbac Complex, 6-15 percent slopes (Mapping Unit 380c)

Hiland - Typically, the surface layer is sand clay loam about 3
inches thick. The subsoil is sandy loam and sandy clay loam
about 21 inches thick. The substratum is sandy clay loam to a
depth of 60 inches or more.

Bowbac - Typically, the surface layer is sandy loam about 4
inches thick. The subsoil is sandy clay loam about 11 inches
thick0  The substratum is find sandy loam about 13 inches thick.
Soft sandstone is at a depth of 28 inches.

These soils should be managed to control water erosion.

Capability - VIe

Range Site - Loamy

Vonalee-Terro Complex, 0-6 percent slopes (Mapping Unit 381)

Vonalee - Typically, the surface layer is loamy sand about 4
inches thick. The subsoil is loamy sand and sandy loam about 19
inches thick. The substratum is loamy sand and loam to a depth of
60 inches or more.

Terro - Typically, the surface layer is sandy loam about 4 inches
thick. The subsoil is sandy loam and loamy sand about 12 inches
thick0  The substratum is sandy loam about 18 inches thick.
Calcareous sandstone is at a depth of 34 inches.

These soils should be managed to control wind and water erosion0

Capability - VIe

Range Site - Sandy
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Vonalee-Terro Complex, 6-15 percent slopes (Mapping Unit 381C)

Vonalee - Typically, the surface layer is loamy sand about 3
inches thick. The subsoil is sandy loam about 21 inches thick.
The substratum to a depth of 60 inches is loamy sand.

Terro - Typically, the surface layer is sandy loam about 4 inches
thick• The subsoil is sandy loam and loamy sand about 12 inches
thick.. The substratum is sandy loam about 18 inches thick.
Calcareous sandstone is at a depth of 34 inches.

These soils should be managed to control wind and water erosion.

Capability - VIe

Range Site - Sandy

Renohill-Worfka-Shingle Complex, 6 to 15 percent slopes (Mapping
Unit 393)

Renohill - Typically, the surface layer is clay loam about 5
inches thick. The subsoil is clay loam about 20 inches thick.
Calcareous gritty shale is at a depth of 25 inches.

Worfka - Typically, the surface layer is fine sandy loam about 3
inches thick. The subsoil is clay and clay loam about 11 inches
thick. Interbedded shale and sandstone is at a depth of 14
inches.

Shingle - Typically, the surface layer is clay loam about 4
inches thick. The substratum is clay loam about 14 inches thick.
Shale is at a depth of 18 inches.

These soils should be managed to control erosion. Erosion
control is significant because much of the unit has bedrock
between 10 to 20 inches.

Capability - VIIe

Range Site - Renohill - Clayey
Worfka - Shallow Clayey
Shingle - Shallow Loamy
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Worf-Shihngle-Tassel Complex, 3-30 percent. slopes (Mapping Unit 401)

Wo0rf - TyPical.lyf the surface- layer is loamy sand about 2 inches
thick0  The subsoil is" clay loam about 13 inches thick.
Calcareous shale and sandstone is at a depth of 15 inches.

$hirngle Typically, the surface layer is clay loam ab.out 4
inches thick.. The substratum is clay loam about 14 inches thick.
Shale &s at a depth of 18 inches.

Tassel - Typically, the surface layer is sandy loam about 3.
inches thick. The substratum is sandy loam about 11 inches
thick0  Soft sandstone is at a depth. of 14 inches.

These soiLs are shallow and have low and very low available water
capacity0  These s5oiles should be managed to control both water
and wind erosion.

Capability - VIie

Range Site - Worf - Shallow Loamy
Shingle Shallow Loamy
Tassel - Shallow Loamy

T assel-Shingle Complex, 3-30 percent slopes (Mapping Unit 402)

Tassel - Typically, the sUrface layer is sandy loam about 3
inches thick. The substratum is sandy loam about 11 inches
thick. Soft sandstone is at a depth of 14 in:ches.

Shingle - Typically, the Surface layer is clay loam about 4
inches thick. The substratum is c:lay loam about 14 inches thick.
Soft shale is at a depth. of 18. inches.

These s~oils should be managed to control erosion.

Capability - VIIe

Ranpge S.ite - Tassel - Shallow Sandy
Shingle - Shallow Loamy

Smith Ranch Permit Addendum D7 Al
Page 17
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Tasse--Tuilock-Vonalee ..As:sociation, 6-.-"30 2p2er.cent. slop2es, L(Mapping

Tas,sel. Typically, the surface layer. is loamy fine saxnd about 5
ihcdh es th-ick.. The substratum is sandy loam about 11 inches
t-ic€dk. Soft calcareous sandstone is at a deoth of 16 inches.

a.•0sls .8s have very low. available w-ater capacity and should be
maiag:d t6o con-trol a water erosion.

TUlliodk: - i.ypically, the surface layer is loamy sand about 5
:nbhe•t.hi¢k, The SUbstratum is sand and loa my sand about 26.inches t:hick. Soft sandsstone is at a depth of 31 inches.

Tu,-.oc,6.k soiJcA have- very low .or low available water capacity and
should be manage~d to control wind land water erosifon,
Vona-le~e. - Ty ,Icy• the su.. face Iayer ifs loamy sand about 3

Tihehs tthi-dk. T•he su:bsoil is sandy loam abo.ut 21 ihnches thick.
The• *su b,: tat m t irs [. a d`epth of 6.0 inche's is loamy sand.

vornalee sc-ilýIs shoUld. be. managed to control wind. and water
e ros ion..

Capabi.i~ty - T~assel Vile:
Tu&oc k & Vonale VIe

Range i-te -Tassel - Shal ,,lw Sandy
TuIllock - S an'ds.
Vonalee - Sandy

Smith Ranch Permit Addendum D7 Al
Page 18
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T~a~sse l.'e .er qe.PýR q k.. O.ut.roe .Compl..e x., 530 ercen .slp. (l app,-:g

T'a.,.s*eJ. - .Typically, the s.,Urfa~ce layer is loamy fhe -,tnd about 5
idh(es *t"hick. The su-b~tra`tum is s".ndy loam about 11 inches
thi"ck. Qalcareous sandst.dne is at a depth of 16 inches.

T,.-..o - Typlic..a•.ally, the 8.s.brface layer i.-s sa.:ndy loam about 4 1incb.hes.
.•-b.k The sts.-l iso saf.1 loam a".d loaxty sahd about 12 inches•h~ik. :.The. utrý-t•i. ½. s:hdy -.6.am about 1-8 inches thlik.

Calcareous, sa.nd.st-bn~e. !:½ a t. !a depth of 34 inchet.

R ..k Ou*tcro.p- Exposurt6s. of- s~andst ne bedrock, oY.tcur itg. as kt.obs
an-hd "ri-afrrow r i d~ges:.
The,se soils sýho-uld be rh. •.nage-d *to. control wind anda terosion,

Ver., y sh.-al ow So-il- or exodek'. rock oc'.ur s. in abbut 2.5 pec"nL Of
t h 1-.UTIA t.

CapRab61-ýIity V-1-Te6

R~ange Sit-e TassL$3t- :Sh~--1A-w Sayd-y

:S.am,aa Slhinqle.i-ir.' Cb~& ~ -pern 1ps(~pi ~ 40,9
.stam sý...y y picaly, the s :e iS nlo. Abb,.mt. .uf3 ia• e is q . ogn ..... 2 th•e'.s

a ephh of -18 inc.h:es

__ __ _ t j*71 a 164ýh ab It 4
slcha " .a~~: i~~: The su:bstrattPl" i • U .. a... abo-ut I Iri-es tc.

hal 1- is at: -4 de-.pt -..h o 8 - i~ndc*.:q

F- Typib-ly th'i." i M(: vurfb 0 Sye sfh a~ or bu
thek 5'~y 12 'if 18.

The--ý subdsoil is -tit Ioi 5 ~Ze
Thte•r:bde;d" .s~hale arid< saiid:Stor•- is• .• a dep• "bf i8 i.n•h}s.,

Thesesoil sj~u1 e- managed 1 t.- cot tr wate f~Otr

Capabil~.t - tol

W~rfh- hlo Cay

Smith Ranch Permit Addendum D7 AlI Revised - April 201 1
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APPENDIX D7 = SOILS

1.0 GENERAL

The impact to the topsoil resource at the Highland Uranium
Project is relatively minor when compared to a typical surface
mine operation 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 well
construction is completed.

2.0 SOIL BASELINE STUDY

The soil baseline study was assembled in 1990 and covers the
entire permit area of the Highland Uranium Project and
includes lands within the proposed West Highland Amendment.
This study, as agreed to with the WDEQ staff at the
November 17, 1989 meeting is comprised of the Soil Survey of
Converse County, Wyoming, Northern Part recently published by
the U.S. Soil Conservation Service (SCS). The soil survey
conducted by the SCS is an Order 3 survey.

The following are also included with the study:

- Plate D7-1 which shows the various SCS soil types in the
entire permit area and adjacent lands.

- Detailed SCS map unit descriptions for the soil types
found within and adjacent to the entire permit area and
adjacent lands.

- Typical SCS soil profile descriptions of each series.

Engineering index properties.

- Physical and chemical properties.

3.0 SOIL CHEMICAL ANALYSES

Soil samples were collected in 1986 for areas contained in the
original permit application. Chemical analyses were conducted
on 13 samples. These data are included in Addendum D7-1. The
locations of the soil sampling sites are shown on Plate D7-1.
The suitability of the soils sampled for topsoil is also shown
in Addendum D7-1, in Table 1. All soils are shown to be
suitable or marginally suitable as topsoil.

LA C',QU'kL iYY DiViSIoN

RECEIVE D JUL 8 .1991

T N 2 1 173 "-RMVT
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ENERGY
IADRGATORIES

ENERGY LABORATORIES, INC.
1105 WEST FIRST STREET o GILLETTE• WY 82716 - PHONE (307) 686-717S

P.O. BOX 3258 D 254 NO. CENTER ST 0 CASPER. WY 82602 8 PHONE 1307) 235-0515

OVERBURDEN ANALYSIS

TO: Everest Minerals
PAGE NO.: I

LAB NO.:
DATE:
SUBMITTED:

86-9740
11-5-86
10-2-86

SAMPLE NO.
LOCATION
DEPTH, inches

I
PLAYA (locatý-bh-unknofn)

1-
4

2 3 4 5 6

PH
SATURATION, %
CONDUCTANCE, mmhos/cm
CALCIUM, meq/1
MAGNESIUM, meq/l
SODIUM, meq/l
SAR
SAND, %
SILT, Z

'CLAY, %
TEXTURE (1)

)RGANIC CARBON, %
SELENIUM, ppm
BORON, ppm
LIME, Z as CaCO3
COARSE FRAGEMENTS, %

7.2
63.8
0.69
3.34
1.36
1.97
f.29

28
28
44

C
1.2
0.01
0.3

<0.1
<2

4-
12

7.4
66.3
0.73
3.15
1.28
2.24
1.51

24
28
48
C
0.7
0.01
0.4

<0. 1
<2

12=
29

7.7
65.7
0.71
3.18
1.56
2.02
1.31

28
28
44

C
0.5

<0.01
0.7
1.0

<2

29=
47

7.9
67.8
0.88
3.19
1.67
2.92
1 .8.7

30
26
44

C
0.3.
0.02
1.1
1.1

<2

47=
63

7.9
69.5
0.89
3.21
1.61
3.21
2.07
20
30
50

C
0.2
0.02
0.5
0.9

<2

63-
80

7.9
69.6
0.91
3.27

1.58
3.10
1.99

16
29
55

0.04-
0.4
0.5

<2

NOTES: (1) USDA TEXTURAL CLASS KEY: S-SAND (Y), L-LOAM (Y), Si=SILT (Y), C=CLAYo

L.AN;DQUAL ITY DýV!SlQN

R CE V E D JJUL 8' 199-

7 l.;173 PERMIT

CORPORATE HEADQUARTERS:

ANALYTICAL

Addendum D7 B3
Page 2
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i motENERGY//OAOREENERGY LABORATORIES, INC.
11O5 WEST FIRST STREET GILLETTE, WY 82716 - PHONE (307G 686-7175
P.O. BOX 3258 0 254 NO. CENTER ST 0 CASPER. WY 82602 0 PHONE (307) 235"0515

OVERBURDEN ANALYSIS

TO: Everest Minerals LAB NO.:
PAGE NO.: 2 DATE:

SUBMITTED:

86=9740
11-=5=86

10=2-86

SAMPLE NO.
LOCATION
DEPTH, inches

pH
SATURATION, %
CONDUCTANCE, mmhos/cm
CALCIUM, meq/l
KAGNESIUM, meq/1
SODIUM, meq/l
SAR
SAND, %
SILT, %
CLAY, %

9XTURE (1)
jRGANIC CARBON, %
SELENIUM, ppm
BORON, ppm
LIME, % as CaCO3
COARSE FRAGEMENTS, %

7
Number 4 *,
0=

3

7.1
36.8
0.38
2.04
0.77
0.64
0.54

49
26
25

SCL
1.1

<0.01
0. 1

<0O.
<2

a 9 10 II 12

3-
7

7.0
39.6
0.48
2.49
0.87
0.76
0.59

43
28
29
CL

0.8
0.01
0.3

<0.1
<2

7-
13

7.3
43.7
0.53
2.58
0.95
0.93
0.70

41
26
33
CL

0.6
0.01
0.2

<0. 1
<2

13=
23

7.8
49.1
0.71
3.05
1.40
1.91
1.28

39
28
33
CL

0.7
<0.01

0.2
2.7

<2

23=
44

44-
65

8.0
43.9

1.02
2.96
2.04
4.39
2.78

41
30
29
CL

0.3
<0.01

0.3
2.8

<2

8.0
46.0

2.31
7.27
5.93
7.83
3.05

35
44
21
L
0.3
0.09
0.6
3.1

<2

NOTES: (1) USDA TEXTURAL CLASS KEY: S=SAND (Y), L=LOAM (Y), Si=SILT (Y), C=CLAY.

1-A N DQ u",L ~T Y 01 I
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8U
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* See Plate D7-1
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ENERGY
lABORATORIES

ENERGY LABORATORIES, INC.
1105 WEST FIRST STREET • GILLETTE, WY 82716 - P1-ONE (3071 686-7175

P.O. BOX 3258 0 254 NO. CENTER ST ( CASPER. WY 82602 e PHONE 13071 235-0515

OVERBURDEN ANALYSIS

TO: Everest Minerals
PAGE NO.: 3

SAMPLE NO. 13
LOCATION Numbdi, *

LAB NO.:
DATE:
SUBMITTED:

86-=9740
11-5-86
10-2-86

1814 15 16 17

Number 7A *

DEPTH, inches 65-
84

0-
3

pH
SATURATION, %
CONDUCTANCE, mmhos/cm
CALCIUM, meq/l
MAGNESIUM, meq/l
SODIUM, meq/l
SAR
SAND, %
SILT, %

AAY, %
LEXTURE (1)
ORGANIC CARBON, %
SELENIUM, ppm
BORON, ppm
LIME, % as CaCO3
COARSE FRAGEMENTS, %

7.8
74.8
4.91

29.8
19.1
14.5
2.93
5

20
75

C
0.3
0.36
0.3
1.2

<2

6.5
26.6
0.5:
2.77
0.9:
0.5
o.3

73
14
13
SL
1.1

<0.0:
0.2

<0. 1
<2

16

7.2
26.1

2 0.38
7 2.18
2 0.50
1 0.57
8 0.49

75
14
11
SL

0.4
I <0.01

0.1
<0. 1
<2

16-
31

7.8
23.5
0.74
5.32
1.09
0.62
0.35

81
10
9

LS
0.4
0.01
0.1
3.2

<2

31=
60

8.3
18.5
0.49
2.66
0.57
0.58
0.46

87
8
5

LS
0.1

<0.01
0.1

<0. 1
<2

Number 7 •
0-

4

6.9
28.4
0.41
2.01
0.59
0.83
0.73

73
20

71

1.3
<0.*01

0.2
<0. 1
<2

NOTES: (1) USDA TEXTURAL CLASS KEY: S=SAND (Y), LaLOAM (Y), Si=SILT (Y), C=CLAY.

RECE!VE D JU~. 8 9

SF N 2! 1/ 17 3 P ER N,1T
* See Plate D7-1
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ENERSY
LARORATORIES

ENERGY LABORATORIES, INC.
1105 WEST FIRST STREET - GILLETTE. WY 82716 PHONE (3071 686-7175
P.O. BOX 3258 ' 254 NO. CENTER ST 0 CASPER, WY 82602 0 PHONE (3071 235-0515

OVERBURDEN ANALYSIS

TO: E
PAGE NO.: 4

verest Minerals LAB NO.:
DATE:
SUBMITTED:

86-9740
11-5-86
10-2-86

SAMPLE NO.
LOCATION
DEPTH, inches

19
Numbýer 7 *

4-
21

20

21-
60

21

N mber 2 *

5

22 23 24

5-
13

13-
34

34-
48

pH
SATURATION, %
CONDUCTANCE, mmhos/cm
CALCIUM, meq/l
MAGNESIUM, meq/l
SODIUM, meq/l
SAR
SAND, %
SILT, %
CLAY, %
tEXTURE (1)
ORGANIC CARBON, %
SELENIUM, ppm
BORON, ppm
LIME, % as CaC03
COARSE FRAGEMENTS, %

6.8
25.4
038
2.20
0.72
0.61
0.50

71
14
15
SL

0.7
<0.01

0.1
<0O.1
<2

7.4
24.8
0.34
1.98
0.70
0.60
0.52

77
10
13
SL
0.3

<0.01
0.1

<0. 1
<2

6.4
32.4
0.33
1.46
0.75
0.56
0.53

47
34
19
L
2.4
0.01
0.2
0.2

<2

6.7
56.1
0.34
1.28
0.61
1 .38
1.42

23
26
51

C
1.3

<0.01
0.5
0.4

<2

7.8
55.0
0.63
2.08
1.10
2.83
2.24

25
30
45

C
0.9

<0.01
0.4
2.4

<2

7.5
48.9
4.79

30.2
17.5
11.2
2.29

34
25
41

C
0.4
0.06
0.5
1.2

<2

NOTES: (1) USDA TEXTURAL CLASS KEY: S=SAND (Y), L-LOAM (Y), Si=SILT (Y), C-CLAY.

L A t D Q UIA L iT 1~IV!S ION
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IANORATOHIfS
ENERGY LABORATORIES, INC.
1105 WEST FIRST STREET - GILLETTE, WY 82716 - PHONE (307" 686-7175

P.O. BOX 3258 • 254 NO. CENTER ST 0 CASPER. WY 82602 0 PHONE (307) 235-0515

OVERBURDEN ANALYSIS

TO: E
PAGE NO.: 5

verest Minerals LAB NO.:
DATE:
SUBMITTED:

86-9740
11-5-86

10-2-86

SAMPLE NO.
LOCATION

25
Numbar 2 -

26
Unknown

27 28 29 30
Number- 13

DEPTH, inches

pH
SATURATION, Z
CONDUCTANCE, mmhos/cm
CALCIUM, meq/1
MAGNESIUM, meq/1
SODIUM, meq/1
SAR
SAND, Z
SILT, Z
!LAY, %
eEXTURE (1)
ORGANIC CARBON, %
SELENIUM, ppm
BORON, ppm
LIME, % as CaCO3
COARSE FRAGEMENTS, %

48=
77

7.7
43.9
3.02

14.8
8.00
9.27
2.75

36
27
37
CL

0.3
0.11
0.2
1.6

<2

0-
2

7.6
46.7
0.75
4.98
1.32
0.46
0.26

36
33
31
CL

1.4
0.01
0.2
1.1

<2

2-
13

7.7
59.6
0.65
3.66
1.36
0.81
0.51
18
19
63
C
0.7

<0.01
0.2
1.5

<2

13-
16

7.8
56.6
0.68
3.62
1.48
1.23
0.77

22
26
52

C
0.4

<0.01
0.2
1.6

<2

16-
25

8.0
37.9
0.55
1.83
0.67
2.10
1.88

56
30
14
SL

0.1
0.01
0.2
0.6

<2

0-
3

6.3
29.0
0.46
1.98
0.82
0.43
0.36

54
34

SL,

1.5
0.01
0.2
0.3

<2

NOTES: (1) USDA TEXTURAL CLASS KEY: S-SAND (Y), L=LOAM (Y), Si-SILT (Y), C-CLAY,

V G O

7 : JL 19
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ENERGYZAR/JRATORIES99IRY ENERGY LABORATORIES, INC.
1 105 WEST FIRST STREET o GILLETTE. WY 82716 PHONE (307) 686-7175
P.O. BOX 3258 6 254 NO. CENTER ST 0 CASPER. WY 82602 0 PHONE (307) 235-0515

OVERBURDEN ANALYSIS

TO: Ev
PAGE NO.: 6

SAMPLE NO,
LOCATION

DEPTH, inches

eresc Minerals LAB NO.:
DATE:
SUBMITTED:

86=9740
11=5-86

10=2=86

3631 32

N(A mb ý j3 *
33 34 35

3-
10

109
19

19=
32

32-
41

41
55

Number 8 *

0-
3

pH
SATURATION, %
CONDUCTANCE, mmhos/cm
CALCIUM, meq/l
MAGNESIUM, meq/1
SODIUM, meq/l
SAR
SAND, %
SILT, %. •LAY, Z

tEXTURE (1)
ORGANIC CARBON, %
SELENIUM, ppm
BORON, ppm
LIME, % as CaCO3
COARSE FRAGEMENTS, %

7.1
35.4
0.60
3.17
1.22
0.54
0.36

52
26
22

SCL
1.1

<0.01
0.3
0.6

<2

7.5
31.5
0.50
2.46
0.99
084
0.64

54
28
18
SL

0.6
<0.01

0.2
0.5

<2

7.9
33.7
0,75
3.12
2.20
2.24
1.37

48
32
20

L
0.6
<00 01

0.3
0,7

<2

7.7
46.6

1.98
9.68
5.97
6.05
2.16

32
30
38
CL

0.7
<0.01

0.6
1.4

<2

7.7
56.2
3.42

23.1
13.1
8.69
2.04

14
41
45

sic
0.5
0.05
0.5
1,9

<2

6.6
35.0
0.72
3.75
1.90
1.22
0.73

52
27
21

SCL
2.2

<O.01
0.2
0.6

<2

NOTES: (1) USDA TEXTURAL CLASS KEY: S-SAND (Y), L=LOAM (Y), Si=SILT (Y), C=CLAY.
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ENFROY
!AORATORIS

ENERGY LABORATORIES, INC.
1105 WEST FIRST STREET - GILLETTE. WY 82716 - PHONE (307) 686-7175

P.O. BOX 3258 0 254 NO. CENTER ST e CASPER. WY 82602 0 PHONE 1307) 235-0515

OVERBURDEN ANALYSIS

TO:
PAGE NO.:

Everest Minerals
7

LAB NO.: 86=9740
DATE: 11=5-86
SUBMITTED: 10=2-86

SAMPLE NO.
LOCATION
DEPTH, inches

37
Nudiber 8 *

3=
11

38 39 40 41

0-
2

42

2-
7

11=
25

pH
SATURATION, %
CONDUCTANCE, mmhos/cm
CALCIUM, meq/1
MAGNESIUM, meq/i
SODIUM, meq/l
SAR
SAND, %
SILT, %
CLAY, %

•EXTURE (I)

ORGANIC CARBON, %
SELENIUM, ppm
BORON, ppm
LIME, % as CaCO3
COARSE FRAGEMENTS, %

6.8
35.7
0.52
2.86
1.26
0.71
0.49

52
25
23

SCL
1,0

<0.01
0.3
0.7

<2

7.2
28.0
0.51
2.54
1.22
0.81
0.59

60
27
13
SL

0.5
<0.01

0.1
0.7

<2

25=
56

8.1
31.0
0.68
1.89
1.78
3.16
2.33

54
31
15
SL

0.4
<0.01

0.2
2.7

<2

8.2
21.7
0.86
1 .80
1.62
5.05
3.86

76
17
7

SL
0.1

<0.01
0.4
0.9

<2

7.3
37.0
0.60
4.32
0.68
0.49
0.31

50
31
19
L
1.9

<0.01
0.2
1.0

<2

56-
79

7.4
40.7
0.62
4.82
0.63
0.48
0.29

52
23
25.

SCL*1

<0.01
0.2
2.4

<2

NOTES: (1) USDA TEXTURAL CLASS KEY: S-SAND (Y), L=LOAM (Y), Si=SILT (Y), C=CLAY.

A,,\!, DQUfjAL ~TY r.ý v,[c
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ENERSY
1ANORATMMIES

ENERGY LABORATORIES, INC.
1 105 WEST FIRST STREET - GILLETTE. WY 82716 PHONE (307) 686-7175
P.0. BOX 3258- 0 254 NO. CENTER ST e CASPER. WY 82602 0 PHONE 13071 235-0515

OVERBURDEN ANALYSIS

TO: Everest Minerals
PACE NO.: 8

LAB NO.:
DATE:
SUBMITTED:

86-9740
11-5=86
10-2-86

SAMPLE NO.
LOCATION
DEPTH, inches

pH
SATURATION, %
CONDUCTANCE, mmhos/cm
CALCIUM, meq/l
MAGNESIUM, meq/l
SODIUM, meq/l
SAR
SAND, %
SILT, %
CLAY, %
rEXTURE (1)
ORGANIC CARBON, Z
SELENIUM, ppm
BORON, ppm
LIME, % as CaCO3
COARSE FRAGEMENTS, %

43
.Number
7=
17

7.8
31.5
0.60
4.36
0.69
0.48
0.30

62
25
13
SL

0.8
<0.01

0.4
8.2

<2

44 45 46 47
A - NUmber 11 "*

17- 0- 4- 17-
25 4 17 31

8.0 6.8 6.9 7.4
28.3 26.0 31.9 26.5
0.52 0.50 0.50 0.49
3.17 2.27 2.73 2.40
0.66 0.81 1.00 0.91
0.42 0.47 0.62 0.'60
0.30 0.38 0.45 0.47

88 60 64 76
10 28 16 20

2 12 20 4
S SL SCL LS
0.2 1.4 0.6 0.5

<0.01 <0.01 0.01 <001
0.1 0.2 0.3 0.2
3.1 0.5 0.8 0.8

<2 <2 <2 <2

S-SAND (Y), L=LOAM (Y), Si-SILT (Y), C-CLAY.

31-
40

48

7.9
26.2
0.40
1.96
0.98
0.72
0.59

86
14
0
S
0.1

<0.01
0,1
0.7

<2

NOTES: (1) USDA TEXTURAL CLASS KEY:

LA" N D- Q yA DT Y oVs S 0"
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ENERGY LABORATORIES, INC.
1 10 WEST FIRST STREET o GILLETTE. WY 82716 PHONE (307G 686-7173

P.O. BOX 3258 0 254 NO. CENTER ST 6 CASPER. WY 82602 8 P1HONE (307) 235-0515

OVERBURDEN ANALYSIS

TO:
PAGE NO.:

Everest Minerals
9

LAB NO.:
DATE:
SUBMITTED:

86-9740
I1-5-86
10-2-86

SAMPLE NO.
LOCATION
DEPTH, inches

49
Number 1 *

0=
3

5O 51 52 53 54

pH
SATURATION, %
CONDUCTANCE, mmhos/cm
CALCIUM, meq/l
MAGNESIUM, meq/l
SODIUM, meq/1
SAR
SAND, %
SILT, %
CLAY, %

EXTURE (1)
ORGANIC CARBON, %
SELENIUM, ppm
BORON, ppm
LIME, % as CaCO3
COARSE FRAGEMENTS, %

6.3
36.8
0.72
3.21
2.13
0.87
0.53

46
32
22

L
1.6
0.01
0.2
0.6

<2

3-
10

7.1
57.9
0.58
3.09
1.92
1.02
0.64

36
19
45

C
1.0
0.01
0.3
1.3

<2

10=
19

7.9
55.0
0.66
2.81
2.11
1.54
0.98

32
26
42
C
0.6

<0.01
0.5
6.1

<2

19=
22

7.9
53.1
0.80
2.91
2.63
2.56
1.54

36
24
40.

C
0.5
0.01
0.6
6.1

<2

22-
32

8.1
23.8

1.00
2.84
2.83
4.04
2.40

86
10
4

LS
<0.1
<0.01

0.2
1.0

<2

32-
60

8.2
24.7
0.92
2.01
1.56
5.28
3.95

88
10
2

<0 od

<0.01

0.7
0.7

<2

NOTES: (1) USDA TEXTURAL CLASS KEY: S-SAND (Y), L=LOAM (Y), Si-SILT (Y), C-CLAY.
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ENERGY LABORATORIES, INC.
2105 WEST FIRST STREET - GILLETTE. WY 82716 - PHONE (307 686-7175
P.O. BOX 3258 1 254 NO. CENTER ST G CASPER. WY 82602 8 PHONE 1307) 235-0515

OVERBURDEN ANALYSIS

TO: Everest Minerals
PAGE NO.: 10

LAB NO.:
DATE:
SUBMITTED:

86-9740
11-5-86

10-2-86

SAMPLE NO.
LOCATION
DEPTH, inches

pH
SATURATION, %
CONDUCTANCE, mmhos/cm
CALCIUM, meq/l
MAGNESIUM, meq/i
SODIUM, meq/l
SAR
SAND, %
SILT, Z
CLAY, %
TEXTURE (1)
ORGANIC CARBON, %
SELENIUM, ppm
BORON, ppm
LIME, % as CaC03
COARSE FRAGEMENTS, %

55
Numbb•

3

7.4
50.3
0.70
4035
1.23
0.99
0.59

31
35
34
CL

1.1
0.01
0.3
1.3

<2

56

3-
14

7.7
54.5
0.90
2.34
0.85
5.39
4.27
31
31
38
CL

0.5
<0.01

0.5
2.8

<2

57 58

14-
19

7.8
50.3

1.90
4.44
2.43

14.4
7.77

39
29
32
CL

0.4
<0.01

1.4
2.2

<2

19-
26

7.8
54.7
5.38

27.3
17.2
34.9
7.40

17
47
36

SiCL
0.4
006
0.8
1.4

<2

26-
32

6.4
63.5
3.96

16.7
12.4
20.1
5.27

13
43
44

SiC
0.3
0.04
0.4
1.3

<2

59

NOTES: (1) USDA TEXTURAL CLASS KEY: S-SAND (Y), L-LOAM (Y), Si-SILT (Y), C-CLAY.
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ENERGY LABORATORIES, INC.

P.O. BOX 30916 * 1107 SOUTH BROADWAY • BILLINGS. MT 59107-0916 - PHONE (4061 252-632z

OVERBURDEN ANALYSIS

TO: Everest Minerals
PACE NO.: 2 of 8

LAB NO.:
DATE:
SUBMITTED:

86-9740
11-=20-86
10-9-86

SAMPLE NO.
LOCATION
DEPTH, inches

6
Number 9 *

7 8
---------------------

0-
4

4-
16

16-
21

pH

SATURATION, %
CONDUCTANCE, mmhos/cm

CALCIUM, meq/l
MAGNESIUM, meq/1

SODIUM, meq/l
S-AR

SAND, %
SILT, %
CLAY, %
TEXTURE (1)

ORGANIC CARBON, %

SELENIUM, ppm
BORON, ppm

LIME, % as CaC03
COARSE FRAGMENTS, %

7.6
38.5
0.61
,4.84
1.47
P.17
0.10

58
26
16
SL

1.6
<0.01

0.1
2.5

<2

7.6
29.4
0.93
7.35
1.46
0.55
0.26

76
14.
10
SL

1.3
<0.01
<0.1.

1.1
<2

7.7
32.5
0.67
5.37
1.25
0.52
0.29

68
20
12
SL

1.0
<0.01
<0.1

2.6
<2

21-
26

7.9
35.6
0.47
3.28
0.87
0.22
0.15

82
14
4

LS
0.3

<0.01
<0.1

1.5
<2

NOTES: (1) MEQ.H PER 100.g
(2) CaC03 equiv./1000 TONS DRY MATERIAL:
(3) USDA TEXTURAL CLASS KEY: S=SAND (Y),

"+" = LIME EXCESS, "-" = LIME DEFICIENC'
L=LOAM (Y), Si=SILT (Y), C=CLAY.
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9

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
soils. On the landscape, however, the soils and
miscellaneous areas are natural phenomena, and they

•e the characteristic variability of all natural
,*omena. 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
n-Rttern was so complex that it was impractical to make

igh observations to identify all the soils and
,,,,cellaneous areas on the landscape.

Addendum D

Page 14

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 ro •li obtl.t soits or
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10 Soil Surv

miscellaneous areas are somewhat similar. Zigweid-
Cambria association, 0 to 6 percent slopes, is an
example.

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 loan
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, arid 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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Converse County, Wyoming, Northern Part 11

or using selected material will help compensate for
slow and very slow permeability.

This map unit is in capability subclass VIs. 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.

"ermeability of the Aeric Haplaquepts is very slow.
Ailable 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

'ferred forage plants decreases and the proportion of
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. W

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.

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

Addendum D7 B3
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12 Soil Survey

snakeweed invade. The potential plant community
produces about 1,300 pounds of air-dry vegetation in
normal years. Production varies from 1,800 pound$ 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.

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

104-Cambria-Cushman complex, 0 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
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. 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
fields.

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

105-Cambria-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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'his unit is 50 percent Cambria sandy loam and 30
,drcent 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 Won 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

ith of 25 inches.
ermeability 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,
ivestock 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

s of deteriorated rangeland. Such practices increase
r infiltratio0, 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 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. It
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
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
limitation is moderate shrink-swell potential. Backfilling
excavations with coarser textured material helps to
overcome this limitation.

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.

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 wildlile
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 the hazard of flooding. Constructing dikes
reduces the risk of flooding. Use of septic tank

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.
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Converse County, Wyoming, Northern Part 15

ption fields could create a hazard of polluting
gruund 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
b .. nish gray sand, sandy loam, sandy clay loam, and

am that contain carbonates.
r-ermeability 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 souirces.
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

s or more. Runoff is slow, and the hazard of water
L .on 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 is
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 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 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
floodbigUse of septic tank absorption fields could
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. create a hazard of polluting ground water. If the Dwyer
and Orpha soils are used for homesite development, the
main 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., Northern Plains
range site.

109-Clarkelen-Haverdad-Bigwinder 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

in• 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 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 mn 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.
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Converse County, Wyoming, Northern Part 17

Figure 2.-Area of Clarkelen-Haverdad-Blgwl nder complex, 0 to 3 percent slope, along Box Creek. This area supports scattered
cottonwood trees.

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 ripaiian 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

in the Subirrigated, 10- to 14-inch ppt., Northern

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

vi S tl 1 yellowish brown clay loam, and the lower 18 inches.a range site. LANDQU AL1 Y 01
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* is pale brown clay loam and very pale brown loam.
Interbedded sandstone and shale 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.

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 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
snakeweed invade. The potential plant community

W 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
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

_ 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 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 subclass IVe. 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.

11 -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 mainly grasses and shrubs.

This unit is 55 percent Cushman loam 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 small areas of Shingle clay
loam and Worf fine sandy loam on 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.

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 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 more.

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.

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 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
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)sion is moderate. The hazard of wind erosion is.
,,ooderate.

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.
Tlerefore, livestock grazing should be managed so that
'he desired balance of preferred species is maintained in

a 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,
wnich 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 Vie. 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

e medium in length. The natiyp yege%•atfop•jiainly
asses and shrub . • ;

This unit is 50 percent Cushman loam, 6 to 10 percenO*
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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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 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

i Shallow Clayey, 10- to 14-inch ppt., Northern Plains
range 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 Hiland 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 pale 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 strata 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 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 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 loams, 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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1, s. Slopes are long and plane. The native
tegetation is mainly grasses and shrubs.

This unit is 55 percent Forkwood fine sandy loam and
30 percent Cambria fine sandy loam. The components of
his unit are so intricately intermingled that it was not
Dractical 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
Dercent of the total acreage. The percentage varies from
Dne area to another.

The Forkwood soil is deep and well drained. It formed
in loamy local alluvium derived dominantly from
:alcareous 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
unner 8 inches of the subsoil is brown sandy clay loam,

he lower part to a depth of 60 inches or more is
-. orown 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 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

3ve areas of deteriorated rangeland. Such practices
.ase 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 upper
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
inohes of the subsoil is pale brown and light gray clay
loam,, indthe lower 8 inches is pale yellow loam over
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interbedded shale and sandstone. Soft bedrock is at a total acreage. The percentage varies from one area to
depth of 25 inches. another.

Permeability of the Cushman soil is moderate. The Forkwood soil is deep and well drained. It formed
Available water capacity is moderate. Effective rooting in loamy local alluvium derived dominantly from
depth is 20 to 40 inches. Runoff is medium, and the calcareous shale. Typically, the surface layer is pale
hazard of water erosion is severe. The hazard of wind brown fine sandy loam about 7 inches thick. The upper
erosion is moderate. inches of the subsoil is pale brown clay loam, and the

This unit is used for livestock grazing and wildlife lower part to a depth of 60 inches or more is light
habitat. brownish gray and light gray clay loam. In some areas

The potential plant community on this unit is mainly the subsoil is sandy clay loam.
western wheatgrass, thickspike wheatgrass, and Permeability of the Forkwood soil is moderate.
needleandthread. As the range condition deteriorates, Available water capacity is high. Effective rooting depth
big sagebrush and blue grama increase. As the range is 60 inches or more. Runoff is slow, and the hazard of
condition further deteriorates, cacti, annuals, and broom water erosion is slight. The hazard of wind erosion is
snakeweed invade. The potential plant community moderate.
produces about 1,500 pounds of air-dry vegetation in The UIm soil is deep and well drained. It formed in
normal years. Production varies from 2,000 pounds in clayey local alluvium derived dominantly from calcareou,
favorable years to 850 pounds in unfavorable years. shale. Typically, the surface layer is brown loam about E

The production of forage is limited by low annual inches thick. The upper 16 inches of the subsoil is brow
precipitation. If the range is overgrazed, the proportion of clay loam and clay, and the lower part to a depth of 60
preferred forage plants decreases and the proportion of inches or more is pale brown clay loam and light
less preferred forage plants increases. Therefore, yellowish brown sandy clay loam.
livestock grazing should be managed so that the desired Permeability of the Ulm soil is slow. Available water
balance of preferred species is maintained in the plant capacity is high. Effective rooting depth is 60 inches or
community. more. Runoff is slow, and the hazard of water erosion is

The suitability of this unit for rangeland seeding is fair. moderate. The hazard of wind erosion is slight.
The main limitation is the hazard of water erosion. This unit is used for livestock grazing and wildlife
Chiseling or other such practices can be used to improve habitat.
areas of deteriorated rangeland. Such practices increase The potential plant community on this unit is mainly

* water infiltration, reduce plant competition, and allow the western wheatgrass, thickspike wheatgrass, and
desirable native plants to increase. Areas that are needleandthread. As the range condition deteriorates,
heavily infested with undesirable plants can be improved big sagebrush and blue grama increase. As the range
by chemical or mechanical treatment. condition further deteriorates, cacti, annuals, and broorr

The vegetation on this unit provides some food for snakeweed invade. The potential plant community
antelope, deer, small mammals, and birds. produces about 1,500 pounds of air-dry vegetation in

If this unit is used for homesite development, the main normal years. Production varies from 2,000 pounds in
limitations are moderate shrink-swell potential and the favorable years to 850 pounds in unfavorable years.
depth of the Cushman soil to soft bedrock. Backfilling The production of forage is limited by low annual
excavations with coarser textured material helps to precipitation. If the range is overgrazed, the proportion
overcome the limitation of moderate shrink-swell preferred forage plants decreases and the proportion of
potential. Septic tank absorption fields operate most less preferred forage plants increases. Therefore,
effectively if placed deep in the subsoil of the Cambria. livestock grazing should be managed so that the desire,
and Forkwood soils; areas of the Cushman soil are not balance of preferred species is maintained in the plant
suitable for this use. community.

This map unit is in capability subclass Vie. It is in the The suitability of this unit for rangeland seeding is
Loamy, 10- to 14-inch ppt., Northern Plains range site. good. Chiseling or other such practices can be used to

improve areas of deteriorated rangeland. Such practice!
116-Forkwood-Ulm complex, 0 to 6 percent increase water infiltration, reduce plant competition, anc

slopes. This map unit is on foot slopes and toe slopes, allow the desirable native plants to increase. Areas that
Slopes are plane and are medium to long. The native are heavily infested with undesirable plants can be
vegetation is mainly grasses and shrubs. improved by chemical or mechanical treatment.

This unit is 50 percent Forkwood fine sandy loam and The vegetation on this unit provides some food for
40 percent Ulm loam. The components of this unit are antelope, deer, small mammals, and birds.
so intricately intermingled that it was not practical to map If this unit is used for homesite development, the mai
them separately at the scale used. limitations are high shrink-swell potential and the slow

Included in this unit are small areas of Bidman sandy permeability of the Ulm soil. Backfilling excavations witI-
loam. Included areas make up about 10 percent of the coarser textured material helps to overcome the
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ation 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
"-':hes of the subsoil is pale brown clay loam, and the

/er part to a depth of 60 inches or more is light
wrownish 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 ahd 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

-hes. Runoff is medium, and the hazard of water
.osion is severe. The hazard of wind erosion is slight.

•LA;

This unit is used for livestock grazing and wildlife
habitat.

The potential plant community on the Forkwood 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 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 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,
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 Vie. 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

-fL

Addendum D7 B3 - ,

Page 28



24 Soil Surve

ridges, shoulder slopes, and back slopes on the northern
end of Pine Ridge. Slopes are convex and are medium in
length. 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
depth is 10 to 20 inches. Runoff is rapid, and the hazard
of 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 o
air-dry vegetation in normal years. Production varies fror
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. Th,
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 i
unfavorable years.

The production of forage on this soil is limited by
restricted rooting depth and droughtiness. If the range i,
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 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, shrink-swell potential, ar
depth to soft bedrock. Backfilling excavations with
coarser textured material reduces the limitation of shrinl
swell potential. Absorption fields should be constructed
of selected material.

This map unit is in capability subclass VWle. 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 steer
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 i:
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. 60 inches thick or more over bedrock. Texture
._gas 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 VIIle. 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
-treambanks.

iis unit is 50 percent Haverdad fine sandy loam and
percent Lohmiller clay loam. The components of this

urut 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

,yish brown clay loam about 3 inches thick. The next
ar is brown clay 13 inches thick. Below this to a depth
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of 60 inches or more is stratified, light yellowish brown
and brown sandy clay loam, sandy loam, and sandy clay.

Permeability of the Lohmiller soil is slow to moderately
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, 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. 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 IVw. 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 foams, 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,
Vonalee loamy sand, and Terro sandy loam. Included
areas make up about 10 percent of the total acreage.
The percentage varies from one area to another.

The Hiland soil is deep and well drained. It formed in
loamy residuum, local alluvium, and eolian material
derived dominantly from calcareous sandstone. Typically,
the surface layer is pale brown sandy loam about 5
inches thick. The upper 25 inches of the subsoil is pale
brown and light yellowish brown sandy clay loam, and
the lower part to a depth of 60 inches or more is very
pale brown sandy loam. In some areas the subsoil is
loam or light clay loam.

Permeability of the Hiland 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 slight. The hazard of wind erosion is moderate.

The Bowbac soil is moderately deep and well drained.
It formed in loamy residuum derived dominantly from
calcareous sandstone. Typically, the surface layer is
brown sandy loam about 3 inches thick. The upper 15
inches of the subsoil is brown sandy clay loam, and the
lower 18 inches is brown and light yellowish brown
sandy loam. Soft, calcareous sandstone is at a depth of
36 inches. In some areas the subsoil is loam or light clay
loam.

Permeability of the Bowbac 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.

Most areas of this unit are used for livestock grazing
and wildlife habitat. A few areas where water is available
from small reservoirs are used for irrigated alfalfa.

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

Simproved by chemical or mechanical treatment. Alfalfa

yields average about 2.0 to 2.5 tons per acre with a
moderate level of management.

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

If this unit is used for homesite development, the me
limitation is depth to soft bedrock in the Bowbac soil.
Areas of Hiland soil should be selected for absorption
fields.

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

122-Hiland-Bowbac complex, 6 to 15 percent
slopes. This map unit is on ridges and back slopes of
rolling uplands. Slopes are short and convex. The natiK
vegetation is mainly grasses and shrubs.

This unit is 60 percent Hiland sandy clay loam and 3
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.

Included in this unit are small areas of Vonalee loam
sand, Renohill clay loam, Terro sandy loam, and Worf
fine sandy loam. Included areas make up about 10
percent of the total acreage. The percentage varies frc
one area to another.

The Hiland soil is deep and well drained. It formed ir
loamy residuum and eolian material derived dominantly
from calcareous sandstone. Typically, the surface layei
is brown sandy clay loam about 3 inches thick. The
upper 21 inches of the subsoil is brown sandy loam an
sandy clay loam, and the lower part to a depth of 60
inches or more is grayish brown and light brownish gra
sandy loam and sandy clay loam. In some areas the
subsoil is loam or light clay loam.

Permeability of the Hiland soil is moderate to
moderately rapid. 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.

The Bowbac soil is moderately deep and well draine,
It formed in loamy residuum derived dominantly from
calcareous sandstone. Typically, the surface layer is
brown sandy loam about 4 inches thick. The upper 11
inches of the subsoil is brown and dark yellowish brow•
sandy clay loam, and the lower 13 inches is light
yellowish brown fine sandy loam. Soft calcareous
sandstone is at a depth of 28 inches. In some areas th
subsoil is loam or light clay loam.

Permeability of the Bowbac soil is moderate. Availab
water capacity is low. Effective rooting depth is 20 to 4
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 t~is unit is mainly
western wheatgrass, thickspike wheatgrass, and
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dleandthread. As the range condition deteriorates,
uig 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 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

absorption fields.
his map unit is in capability subclass Vie. It is in the

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

123-Keetlne-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.
ilable water capacity is moderate. Effect•'- "o9ping
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hazard of water erosion is slight. The hazard of wind
erosion is moderate.

The Tassel soil is shallow and well drained. It formed
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. 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 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
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.

This map unit is in capability subclass Vie. 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-Kishona-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 loamy 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. Availat
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 erosior
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 sa
about 5 inches thick. The underlying material to a dept
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 wat
capacity is low. Effective rooting depth is 60 inches or
more. Runoff is slow, and the hazard of water erosion
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 dep
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 watE
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 ik
mainly western wheatgrass, thickspike wheatgrass, an
needleandthread. As the range condition deteriorates,
big sagebrush and blue grama increase. As the range
condition further deteriorates, cacti, annuals, and broo
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 limit
by low annual precipitation. If the range is overgrazed,
the proportion of preferred forage plants decreases ar
the proportion of less preferred forage plants increase
Therefore, livestock grazing should be managed so th.
the desired balance of preferred species is maintainec
the plant community.

The suitability of this soil for rangeland seeding is
good. Chiseling or other such practices can be used tf
improve areas of deteriorated rangeland. Such practic
increase water infiltration, reduce plant competition, al
allow the desirable native plants to increase. Areas th;
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 ran
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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I years. Production varies from 2,500 pounds in
avorable years to 1,400 pounds in unfavorable years.

The production of forage is limited by droughtiness. If
he range is overgrazed, the proportion of preferred
orage plants decreases and the proportion of less
)referred forage plants increases. Therefore, livestock
]razing should be managed so that the desired balance
)f preferred species is maintained in the plant
:ommunity.

The suitability of these soils for rangeland seeding is
>oor. The main limitations are the hazard of wind erosion
and droughtiness. Areas that are heavily infested with
jndesirable 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
- and Orpha soils are in capability subclass Vie.

,_ 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
, capacity is very low. Effective rooting depth is 10

.J 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, calcareous
and noncalcareous, soft and 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. 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 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 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. a
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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
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-Renohtll-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 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 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

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 ir
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 c
air-dry vegetation in normal years. Production varies fror
1,200 pounds in favorable years to 450 pounds in
unfavorable years.

The production of forage is limited by restricted rootin
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 ii
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 fo
livestock watering ponds and other water impoundment!
because of the seepage potential.
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Converse County, Wyoming, Northern Part 31

few small, nearly level areas of this unit have a
.er 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
rfka fine sandy loam, and 20 percent Shingle clay

-Am. 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.
lterbedded shale and sandstone are at a depth of 14
;hes.

LANDQWUALIT Y UVýSOý

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 that
the desired balance of preferred species is maintained in
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

R2~V MiA.R 1
7 ,

Addendum D7 B3
Page 36
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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
years.

The production of forage on the Worfka and Shingle
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.

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 develop.ment.
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-
to 14-inch ppt., Northern Plains range site.

129-Samday-Shingle-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.

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 c
air-dry vegetation in normal years. Production varies fror
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 1,20C
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
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ith undesirable plants can be improved by
n,,-. or mechanical treatment.
)is unit is limited for livestock watering ponds and
r water impoundments because of the seepage
,ntial.
ie vegetation on this unit provides some food for
lope, deer, small mammals, and birds.
iis unit is poorly suited to homesite development.
main limitations are high shrink-swell potential,
e, and depth to shale. Backfilling excavations with
*ser textured material helps to overcome the
ation of shrink-swell potential. Absorption fields
ild be constructed using selected material.
iis map unit is in capability subclass Vile. The
iday and Worf soils are in the Shallow Clayey, 10- to
nch ppt., Northern Plains range site. The Shingle soil
the Shallow Loamy, 10- to 14-inch ppt., Northern

ns range site.

30-Sear-Wibaux complex, 0 to 15 percent
3es. This map unit is in nearly level areas on the
inmit of buttes and in undulating to rolling areas on
le uplands. Slopes are short and are plane to convex.
! native vegetation is mainly grasses and forbs.
his unit is 45 percent Sear loam and 35 percent
,aux channery loam. The components of this unit are
ntricately intermingled that it was not practical to map
-n separately at the scale used.
)- '-id in this unit are small areas of Shingle loam,

.;lay loam, and Rock outcrop. Included areas
ýe up about 20 percent of the total acreage. The
centage varies from one area to another.
he Sear soil is very shallow and well drained. It
ned in channery loamy residuum derived dominantly
n fragmented porcellanite. Typically, the surface layer
hinkish gray loam about 2 inches thick. The subsoil is
wn channery loam about 7 inches thick. Fragmented
cellanite with soil material partially filling voids in it is
ween depths of 9 and 60 inches or more.
lermeability of the Sear soil is moderate to a depth of
iches and very rapid below this depth. Available water
)acity is low. Effective rooting depth is 5 to 10 inches.
ioff is medium, and the hazard of water erosion is
derate. The hazard of wind erosion is slight.
'he Wibaux soil is shallow and somewhat excessively
ined. It formed in channery loamy residuum derived
ninantly from fragmented porcellanite. Typically, the
face layer is pinkish gray channery loam about 4
hes thick. The underlying material to a depth of 11
hes is light brown very channery loam. Fragmented
cellanite with soil material partially filling voids in it is
ween depths of 11 and 60 inches or more.
lermeability of the Wibaux soil is moderate to a depth
11 inches and very rapid below this depth. Available
ler capacity is low. Effective rooting depth is 10 to 20

Runoff is medium, and the hazard of water
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, western
wheatgrass, and needldandthread. 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 Vile. 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 thescale used.
Included in this unit are small areas of Theedle loam

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.

Rock 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

O 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

Syears.

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. Als,
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 fron
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. Th!
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 t
10 inches. Runoff is rapid, and the hazard of water
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,ion is severe. The hazard of wind
...derate.
Rock outcrop is soft, mostly noncalc

sandstone with seams of coal and iron
The Tassel soil is very shallow and Y

formed in loamy residuum derived dom
noncalcareous sandstone. Typically, th
pale brown loamy fine sand about 2 in
underlying material to a depth of 8 inch
yellowish brown and light olive brown s
to noncalcareous sandstone ranges fro

Permeability of the Tassel soil is moc
Available water capacity is very low. Eft
depth is 5 to 10 inches. Runoff is medi
hazard of water erosion is moderate. TI
erosion is severe.

This unit is used for livestock grazing
habitat.

The Shingle and Tassel soils are poo
production of timber. The site index for
ranges from 20 to 30. These soils can
per acre in a stand of trees that averag
diameter at a height of 1 foot. The mair
producing and harvesting timber are thE
the stands, the very shallow depth of th
regeneration, the hazard of erosion, an
harvesting. Plant competition delays nat
but does not prevent the eventual deve

"ked, normal stand of trees. Minimizi
jion is essential in harvesting timber

available water capacity generally influe
survival in areas where understory plant
Conventional methods of harvesting tim
to use because of slope.

The potential understory plant commu
Shingle and Tassel soils is mainly need
prairie sandreed, little bluestem, and blu
wheatgrass. As the range condition deti
threadleaf sedge and fringed sagewort i
range condition further deteriorates, anr
potential understory plant community pr
600 pounds of air-dry vegetation in norr
Production varies from 800 pounds in fa
400 pounds in unfavorable years.

About 20 percent of this unit is scatte
clearings that support mainly range veg
potential plant community in these clear
prairie sandreed, bluebunch wheatgrass
and western wheatgrass.

If the plant communities are overgraz
of preferred forage plants decreases an
of less preferred forage plants increase•
livestock grazing should be managed so
balance of preferred species is maintain
community. Brush management improve

-is that are producing more woody sI
;ent in the potential plant community

erosion is

areous shale and
stone.
vell drained. It
inantly from
e surface layer is
:hes thick. The
"es is light
andy loam. Depth

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.

im 5 to 10 inches. 133-Shingle-Theedle-Cambria association, 6 to 30
derately rapid. percent slopes. This map unit is on ridge crests, back
fective rooting slopes, and pediment slopes of rolling to steep uplands.
urm, and the Slopes are medium in length and are convex. The native
he hazard of wind vegetation is mainly grasses and forbs.

This unit is 40 percent Shingle clay loam, 25 percent
and wildlife Theedle loam, and 25 percent Cambria sandy loam. The

Shingle soil is in the more convex, moderately steep and
irly suited to the steep areas. The Theedle and Cambria soils are in the
ponderosa pine less convex, moderately sloping areas.
produce 6 cords Included in this unit are small areas of Samday clay
e 5 inches in loam and Rock outcrop. Included areas make up about

concerns in 10 percent of the total acreage. The percentage varies
low density of from one area to another.

ie soils, slow The Shingle soil is shallow and well drained. It formed
I difficulty of in loamy residuum derived dominantly from calcareous
rural regeneration shale. Typically, the surface layer is light brownish gray
lopment of a fully clay loam about 4 inches thick. The underlying material
ng the risk of to a depth of 18 inches is light brownish gray clay loam.
. The very low Soft shale is at a depth of 18 inches.
nces seedling Permeability of the Shingle soil is moderate. Available
s are numerous. water capacity is low. Effective rooting depth is 4 to 20
ber are difficult inches. Runoff is rapid, and the hazard of water erosion

is severe. The hazard of wind erosion is slight.
unity on the The Theedle soil is moderately deep and well drained.
leandthread, It formed in loamy residuum derived dominantly from
iebunch calcareous shale. Typically, the surface layer is pale
eriorates, brown loam about 5 inches thick. The underlying material
ncrease. As the to a depth of 23 inches is light gray loam and light
iuals invade. The brownish gray clay loam. Soft shale is at a depth of 28
oduces about inches. In some areas shale is at a depth of 40 to 60
nal years. inches or more.
Lvorable years to Permeability of the Theedle soil is moderate. Available

water capacity is moderate. Effective rooting depth is 20
red 5- to 10-acre to 40 inches. Runoff is rapid, and the hazard of water
etation. The erosion is severe. The hazard of wind erosion is
ings is mainly moderate.

little bluestem, The Cambria soil is deep and well drained. It formed in
loamy local alluvium and residuum derived dominantly

ed, the proportion from shale and sandstone. Typically, the surface layer is
d the proportion brown sandy loam about 4 inches thick. The upper 4
s. Therefore, inches of the subsoil is yellowish brown loam, and the
that the desired lower part to a depth of 60 inches or more is pale brown

ed in the plant and brown loam. In a few areas, bedrock is at a depth of
as deteriorated 40 to 60 inches.
hrubs than were Permeability of the Cambria soil is moderate. Available
'. Livestock 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
moderate.

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 on 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-swell 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 Vie,
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-Silhouette-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 feA
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 6(
inches or more. Runoff is medium, and the hazard of
water erosion is moderate. The hazard of wind erosion i!
slight.

The Heldt soil is deep and well drained. It formed in
clayey local alluvium derived dominantly from calcareou,
shale. Typically, the surface layer is light gray clay loam
about 1 inch thick. The subsoil is light brownish gray cia
about 18 inches thick. The substratum to a depth of 60
inches or more is pale 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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irmeability of the Heldt soil is slow. Available water
..acity 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

-oved by chemical or mechanical treatment.
,e 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

" el soils, thin solum, along the eastern county line.
ded areas make up about 20 percent of the total
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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 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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38 Soil Survey

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.

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 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 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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I m in length and are convex. The native vegetation
is .cdinly 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

is of the underlying material is brown sand, and the
, 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

irass, and little bluestem. As the range condition
riorates, threadleaf sedge and fringed sagewo6rt

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 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 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 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 pond,,
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. II
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 Vie.
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 Turnback sand)
loam, Keeline sandy loam, and Bowbac sandy loam.
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.
In a few areas, soft bedrock isoat a depth of 40 to 60

A inches or more. LA D Q U

Permeability of the Terro soil is moderately rapid.
Available water capacity is low. Effective rooting depth is

1 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
s 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
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 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 by chemical or mechanical treatment.

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

A L 1T Mbtot, i4i1t S 10

Addendum D7 B3
Page 45T

I



/

Converse County, Wyoming, Northern Part 41

. potential plant community on the Tullock and
0ipa 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.

It this unit is used for homesite development, the main
limitations are depth to soft bedrock, the hazard of sand

I -ig, and the hazard of excavations caving in. Areas
L i 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
ntermingled that it was not practical to map them
weparately at the scale used.

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

The Terro soil is moderately deep and somewhat
mxcessively drained. It formed in loamy residuum derived

'antly from calcareous sandstone. Typically, the
;e 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
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
O 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
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 of the Theedle 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.

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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0.41=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.
II 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
',)amy local alluvium derived dominantly from calcareous

iale. 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 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 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 Vie. 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 UIm 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, 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 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., Northern Plains range site.

143-Ulm-Renohill complex, 0 to 6 percent slopes.
This map unit is in nearly level to 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.

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 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 tha
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3 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-UIm-Renohill clay Ioams, 6 to 15 percent
slopes. This map unit is on ridges and hill slopes in
areas of rolling uplands and on adjacent foot slopes.

%opes are short and convex. The native vegetation is
,ainly 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

'ck. Calcareous, gritty shale is at a depth of 25 inches.
some areas the surface layer is sandy loam.

Permeability of the Renohill soil is moderately slow. W
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 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 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, 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
habitat.

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 ranges 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
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 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 more is 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 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 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 lVe. 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, Turnback sandy loam, and Keeline sandy loam.
Included areas make up about 15 percent of the total

0,
I

Addendum D7 B3
Page 51

QALIT Y &0VSlO

12 i/ 1 73 P~



/ t 

4

ý4

Converse County, Wyoming, Northern Part 47

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
•nakeweed 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.

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 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 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 depth
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
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 in 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,
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 map them
separately at the scale used.

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 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 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
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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-Zlgweid-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 per.cent
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 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 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 main
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 sandstone. 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 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
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
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 lVe. It is in the
Loamy, 10- to 14-inch ppt., Northern 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 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 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 Vie. It is in the
Loamy, 10- to 14-inch ppt., Northern Plains range site.
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i Classification of the Soils
The system of soil classification used by the National

Cooperative Soil Survey has six categories (7). Beginning
with the broadest, these categories are the order,
suborder, great group, subgroup, family, and series.
Classification is based on soil properties observed in the
field or inferred from those observations or from
laboratory measurements. Table 14 shows the

X classification of the soils in the survey area. The
categories are defined in the following paragraphs.

ORDER. Ten soil orders are recognized. The
differences among orders reflect the dominant soil-
forming processes and the degree of soil formation.
Each order is identified by a word ending in sol. An
example is Aridisof.

SUBORDER. Each order is divided into suborders
primarily on the basis of properties that influence soil
genesis and are important to plant growth or properties
that reflect the most important variables within the
orders. The last syllable in the name of a suborder
indicates the order. An example is Argid (Arg, meaning
clay-rich horizon, plus id, from Aridisol).

GREAT GROUP. Each suborder is divided into great
groups on the basis of close similarities in kind,
arrangement, and degree of development of pedogenic
horizons; soil moisture and temperature regimes; and
base status. Each great group is identified by the name
of a suborder and by a prefix that indicates a property of
the soil. An example is Haplargids (Hapl, meaning
minimal horizonation, plus argid, the suborder of the
Aridisols that have a layer of clay accumulation).

SUBGROUP. Each great group has a typic subgroup.
Other subgroups are intergrades or extragrades. The
typic is the central concept of the great group; it is not
necessarily the most extensive. Intergrades are
transitions to other orders, suborders, or great groups.
Extragrades have some properties that are not
representative of the great group but do not indicate
transitions to any other known kind of soil. Each
subgroup is identified by one or more adjectives
preceding the name of the great group. The adjective
Ustol/ic identifies the subgroup that has more organic
matter and receives more precipitation than the one that
typifies the great group. An example is Ustollic
Haplargids.

FAMILY. Families are established within a subgroup on
the basis of physical and chemical properties and other
characteristics 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 (10YR 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 (IOYR 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 (10YR 5/2) clay,
dark grayish brown (10YR 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 (10YR 6/2)
clay, grayish brown (IOYR 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 (IOYR 6/2)
clay, grayish brown (IOYR 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
inches.

The E horizon and the A horizon, where present, have
hue 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 1OYR, 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 Haplaquepts

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 corner of
sec. 15, T. 34 N., R. 71 W.

A-0 to 3 inches; light gray (IOYR 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 (10YR 6/2) clay
loam, grayish brown (10YR 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 (10YR 5/2) moist; massive; very hard, firm,
sticky and plastic; few fine mottles; mildly alkaline;
gradual irregular boundary.

C2-20 to 30 inches; light gray (10YR 7/2) clay, pale
brown (10YR 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.

C3-30 to 48 inches; very pale brown (10YR 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.
Accumulatiorn 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 1OYR 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 (10YR 6/2) loam,
brown (10YR 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 (IOYR 6/2)
clay, grayish brown (10YR 5/2) moist; weak fine
subangular blocky structure; hard, friable, sticky and
plastic; slightly effervescent; moderately alkaline;
clear wavy boundary.

0-22 to 48 inches; pale brown (10YR 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 10YR, 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 10YR, 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 pedori 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. S'-

690
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 and
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 (10YR 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 medium
and coarse angular blocky; very hard, firm, sticky
and plastic; continuous thick clay films on faces of
peds; neutral; clear wavy boundary.

Bki-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 IOYR 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 0
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dominantly clay, but the range includes clay loam and
sandy clay. It averages 37 to 47 percent clay. Reaction
is neutral 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 corner of sec. 24, T. 39 N., R. 75 W.

A-0 to 3 inches; light brownish gray (1OYR 6/2) fine
sandy loam, grayish brown (10YR 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
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 (10YR 7/2), stratified
loamy sand, loam, and sandy loam, pale brown
(10YR 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 (10YR 7/2), stratified
sandy loam and loamy sand, light brownish gray
(10YR 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 (1OYR
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
corner of sec. 8, T. 36 N., R. 68 W.

E-0 to 2 inches; pale brown (10YR 6/3) light clay loam,
brown (10YR 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 (10YR 5/3) moist; moderate fine
subangular blocky structure; few thin clay films on
faces of peds; hard, friable, slightly s ticky and
slightly plastic; moderately alkaline; clear smooth
boundary.

Bk-5 to 10 inches; light gray (1OYR 7/2) clay loam,
pale brown (1OYR 6/3) moist; moderate fine
subangular blocky structure; very hard, friable, sticky
and plastic; strongly effervescent; calcium 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.

C2-20 to 60 inches; very pale brown (10YR 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 IOYR.

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.

PJ r

Addendum D7 B3
Page 61

- - rw-..- --



Converse County, Wyoming, Northern Part 71

Bowbac Series

The Bowbac series consists of moderately deep, well .t C F
drained, moderately permeable soils on shoulder slopes, C
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 comprex, 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 (1 0YR 5/3) sandy loam, dark
brown (1OYR 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 (1OYR 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 •1
inches. The depth to bedrock ranges from 24 to 37
inches.

The Bt horizon has chroma of 3 or 4. Texture is Figure 3.-Proflle of Bc
dominantly sandy clay loam that is 20 to 35 percent clay depth of about 2.5
and more than 35 percent sand that is fine or coarser.
The Bk horizon has hue of 2.5Y to IOYR, value of 6 or 7
when dry, and chroma of 2 to 4.
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Cambria Series

The Cambria series consists of deep, well drained,
moderately permeable soils on ridge crests, back slopes,
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 carns, 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-0 to 2 inches; grayish brown (1OYR 5/2) fine sandy
loam, dark grayish brown (IOYR 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 (IOYR 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 (IOYR 5/3) sandy clay loam,
dark brown (IOYR 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.

Btk-10 to 14 inches; pale brown (IOYR 6/3) loam,
brown (10YR 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 (10YR 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 (10YR 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 1OYR, 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 1OYR, 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 corner of sec. 27, T. 39 N., R. 71 W.

A-0 to 2 inches; light gray (IOYR 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 when 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 1OYR 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 (1OYR 6/3) sandy loam,
grayish brown (10YR 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 (IOYR 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), stratifie d 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 (1OYR 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 (1OYR 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 (10YR 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 dry

and 4 or 5 when moist. Reaction is neutral to moderately
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.

A1-0 to 2 inches; yellowish brown (10YR 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. 0
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WC01-8 to 18 inches; very pale brown (10YR 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 (1OYR 6/3) loamy
coarse sand, dark yellowish brown (10YR 4/4)
moist; massive; soft, very friable; strongly
effervescent; moderately alkaline; gradual smooth
boundary.

C3-26 to 60 inches; very pale brown (!0YR 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 10YR 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.

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 (10YR 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 (lOYR 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 Ioams, 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 (10YR 6/3) fine sandy
loam, brown (IOYR 5/3) moist; weak medium and
fine granular structure; slightly hard, very friable,
slightly sticky and slightly plastic; neutral; abrupt
smooth boundary.

BA-4 to 7 inches; pale brown (10YR 6/3) fine sandy
loam, brown (10YR 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 (IOYR 6/3) clay loam,
brown (lOYR 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 (10YR 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 0YR 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 (10YR 7/2) clay loam,
grayish brown (lOYR 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 of 1 OYR 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 10YR 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.

Btl-3 to 9 inches; pale brown (10YR 6/3) clay loam,
brown (10YR 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.

Bt2-9 to 16 inches; pale brown (1OYR 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 (10YR 7/2), stratified
clay loam and loam, grayish" brown (10YR 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.
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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 loam.
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-1 1 to 16 inches; pinkish gray (5YR 7/2) clay,
reddish brown (5YR 5/3) moist; massive; hard, firm,
sticky and plastic; about 15 percent shale chips and
sandstone channery fragments; mildly alkaline;
gradual smooth boundary.

3Cr-16 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;

Di Vb-So 0
Addendum D7 B3

Page 66



76 Soil Survey

moderate medium and fine granular structure; soft,
very friable, slightly sticky and slightly plastic; mildly
alkaline; abrupt smooth boundary.

C1-6 to 10 inches; light brownish gray (10YR 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 (IOYR 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
corner of sec. 15, T. 38 N., R. 71 W.

E-0 to 1 inch; light gray (1OYR 7/2) clay loam, brown
(10YR 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.

Bwl-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.

Bw2-15 to 26 inches; light gray (10YR 7/2) clay, pale
brown (!0YR 6/3) moist; weak medium angular
blocky structure; very hard, very firm, sticky and
plastic; slightly effervescent; mildly alkaline; gradual
smooth boundary.

C-26 to 35 inches; pale brown (10YR 6/3) clay, brown
(IOYR 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 (10YR 7/3) clay,
yellowish brown (1OYR 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 1OYR or 2.5Y and chroma of
2 or 3.

The Bw horizon has hue of 1OYR or 2.5Y and chroma
of 2 or 3.

The Ck horizon has hue of 1OYR 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 (lOYR 4/3) moist; weak medium
granular structure; soft, very friable, nonsticky and
nonplastic; neutral; clear wavy boundary.

BA-3 to 10 inches; brown (IOYR 5/3) sandy loam, dark
brown (10YR 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 (10YR 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 (10YR 5/2) sandy
loam, dark grayish brown (10YR 4/2) moist;
moderate coarse subangular blocky structure; hard,
friable, sticky and plastic; many moderately thick
clay bridges 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 (10YR 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 10YR, 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 1OYR, 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
',eeline-Tassel-Turnback complex, 6 to 15 percent
lopes; 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 (10YR 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
6locky 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 (10YR 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 (10YR 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 (10YR 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.

The profile is calcareous throughout in most pedons,
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 (10YR 5/3) loam, brown (10YR
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 (1OYR 6/3) clay loam,
brown (10YR 5/3) moist; moderate fine and medium
subangular blocky structure; hard, firm, sticky and
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 yelliowish 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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P 1,980 feet south and 1,580 feet west of the northeastcorner of sec. 35, T. 37 N., R. 73 W.

A-0 to 3 inches; grayish brown (2.5Y 5/2) clay loam,
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.

AC.-3 to 16 inches; brown (IOYR 5/3) clay, brown
(1OYR 4/3) moist; moderate medium and fine
subangular blocky structure; hard, very firm, sticky
and plastic; slightly effervescent; mildly alkaline;
clear smooth boundary.

CI-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.
W The C horizon has hue of 2.5Y or 1OYR. Reaction is

moderately 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 I0YR 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. 67 W.

A-0 to 6 inches; grayish brown (10YR 5/2) loamy sand,
dark grayish brown (1.OYR 4/2) moist; weak
moderate and coarse granular structure parting to
single grain; loose; mildly alkaline; gradual wavy
boundary.

C-6 to 60 inches; light brownish gray (10YR 6/2) sand,
grayish brown (IOYR 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 D errneable soils on upland ridgetops,AHDQUALUT Y S 10 kgO
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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 (IOYR 6/3) fine sandy
loam, brown (10YR 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 (lOYR 5/3) clay, dark brown
(lOYR 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 (1OYR 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 10YR 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 (lOYR 6/2) clay
loam, grayish brown (10YR 5/2) moist; moderate
coarse platy structure parting to weak fine granular;
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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-i18 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 and
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
BahI-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
(lOYR 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.

Bkl-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 (10YR 5/2) clay,
dark brown (10YR 4/2) moist; massive; hard, firm,
sticky and plastic; strongly effervescent; common
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.

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 corner 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 10YR, 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 has 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-i18 inches; calcareous shale.

The A horizon has hue of 1OYR 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 1OYR 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 (10YR 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 (10YR 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 (1OYR 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 (10YR 5/2) loamy
fine sand, dark grayish brown (1 DYR 4/2) moist;
weak medium and coarse granular structure; soft,
very friable, nonsticky and nonplastic; slightly
effervescent; disseminated carbonates; mildly
alkaline; gradual wavy boundary.
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AC-2 to 5 inches; light brownish gray (10YR 6/2) fine
sandy loam, grayish brown (10YR 5/2) moist; weak
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 loam
in an area of Gateson Variant-Tassel Variant association,
10 to 45 percent slopes, in the S1/4 of sec. 11, T. 40 N.,
R. 77 W.

A-0 to 4 inches; light yellowish brown (10YR 6/4) very
fine sandy loam, dark yellowish brown (10YR 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'lo or very fine sandy loam.
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The Ck horizon has hue of 5YR to 1OYR, value of 5 or
6 when dry and 4 or 5 when moist, and chroma of 1 to
3. 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 (IOYR 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 (IOYR 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 (lOYR 6/3) sandy
loam, brown (lOYR 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 (IOYR 7/2) sandy loam,
light brownish gray (1OYR 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 (1OYR 8/2) calcareous coarse-
grained soft sandstone.

The depth to continuous carbonates ranges from 15 to
30 inches. Depth to bedrock ranges from 26 to 39
inches.

The A horizon has value of 5 or 6 when dry and

chroma of 2 or 3. It is sandy loam or fine sandy loam. Figure 4.-Profile of Terro sandy loam. Soft sandstone Is at

The Bt horizon has value of 5 or 6 when dry and of 2 feet; some roots have penetrated to depths of 3 fe

chroma of 3 or 4. Reaction is neutral to moderately softer soils.
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 LANDQU ALIT Y O vs S
moderately alkaline. PCENED MAR
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Converse County, Wyoming, Northern Part 83

Theedle Series

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 (1OYR 6/3) loam, brown
(10YR 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 (IOYR 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 (IOYR 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 (IOYR 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 1 OYR 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 (10YR 5/3) loamy sand, dark
brown (1 OYR 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 (10YR 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 10YR 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 (1OYR 6/3) loamy fine
sand, brown (10YR 5/3) moist; weak fine granular
structure; loose, nonsticky and nonplastic; few fine
calcium carbonate seams; moderately alkaline; clear
smooth boundary.

Bw1-4 to 8 inches; pale brown (10YR 6/3) sandy loam,
yellowish brown (10YR 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
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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 (10YR 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 0 to 15 percent.

Typical pedon of an Ulm loam in an area of Ulm-
Bidman complex, 0 to 6 percent slopes, 751 feet west

W and 203 feet north of the southeast corner of sec. 32, T.
35 N., R. 70 W.

A-0 to 5 inches; brown (1OYR 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 (10YR 5/3) clay loam, dark
brown (10YR 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 (10YR 5/3) clay, dark brown
(10YR 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.

Bkl-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 IOYR 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-0 to 5 inches; brown (10YR 5/3) sandy loam, brown
(10YR 4/3) moist; massive; slightly hard, friable,
slightly sticky and slightly plastic; moderately acid;
clear wavy boundary.

C1-5 to 9 inches; light gray (1OYR 7/2) loamy sand,
light brownish gray (10YR 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 (10YR 7/2) loamy sand,
light brownish gray (10YR 6/2) moist; massive;
loose, very friable, nonsticky and nonplastic; very
strongly acid.

Reaction ranges from extremely acid to moderately
alkaline. LMe:,(Ol•,•totb isiga fOA: 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 (1OYR 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 (IOYR 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 (10YR 5/4) sandy
loam, dark yellowish brown (10YR 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 (10YR 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 (10YR 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

85

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.SYR 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-1I to 28 inches; dark yellowish brown (1OYR 4/6)
fragmented porcellanite grading to strong brown
(7.5YR 5/6) in the lower part; single grain; yellowish
brown (10YR 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 of 5
or 6 when dry and 4 or 5 when moist, and chroma of 2
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 NW1/4NW1/4NWI/4 of sec. 29, T. 35 N., R. 73 W.

A-0 to 2 inches; grayish brown (10YR 5/2) fine sandy
loam, dark grayish brown (1 OYR 4/2) moist; weak
thin platy structure parting to weak fine granular; j
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86 Soil Survey

soft, loose, slightly sticky and slightly plastic; neutral;
clear wavy boundary.

Btl--2 to 8 inches; brown (1OYR 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 (10YR 5/3) sandy clay loam,
dark brown (IOYR 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-1 8 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
4. It is sandy clay loam, clay loam, or loam and is 22 to
34 percent clay. Reaction is neutral to moderately
alkaline.

The Bk horizon has hue of 2.5Y or 1OYR, 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 (10YR 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 (lOYR 6/3) clay, brown
(10YR 5/3) moist; strong coarse subangular blocky
structure parting to moderately fine 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 (10YR 6/4)
clay loam, pale brown (IOYR 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 10YR, 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.

Zigweid 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 corner of sec. 4, T. 38 N., R. 74 W.

A-0 to 3 inches; brown (IOYR 5/3) clay loam, dark
grayish brown (10YR 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 (10YR 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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Converse County, Wyoming, Northern Part 87

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 IOYR or 2.5Y and chroma
of 2 to 4. Reaction is neutral to moderately alkaline.

The Bk horizon has hue of 2.5YR or 10YR. Reaction
centers on moderately alkaline. A Ck horizon is present
in some pedons.
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Converse County, Wyoming Northern Part 159

0
TA.9LE 11 -EDGINEERING INE PROPERTIES

[The symbol < means less than; > means more than. Absence of an entry indicates that data were not estimated]

Classification Frea- - Percentage passing

$oil name and IDePthl tSDA texture TI ts I sieve number-- Liquid I Plas-
map symbol I I Unified I AASHTO > 3 I I I ' I limit I ticity

1 i e 1 10 4 0 '200 , index

• rct

101*:
Absted ----------

Ar-vada ...........

Bone ------------

102 --------------
Aeric
haplaquepts

103•:

Savageton ------

104*:
Cambria ---------

Cushman ---------

105*:
Cambria --------

Cushma .---------

106*:
Cambria Variant-

0-3 'Fine sandy loam ISM
306I~a, clay la CH , CL30-60C1aC lay loam ~ C

0-3 'Loam ------------- CL-ML
3:22'Clay CL CH

22-60 Clay ICLC

0-2 IClay loam--......CL2-5 IClay loam---- . CL CH
5-601Clay loam, clay CL, CH

0-8 IClay loam -------- CL
8-601Clay ------------- CL, M

A-4
A-7

'A-4
' A-7
'A-7

IA-
A-7

'A-7

'A-6, A-7
'A-7
'A-6, A-7

'A-7

A-7IA-7

0-5 85°100o0 85-100

0 190-100
0 180-100
0 180-100

85-100
85-100

65-80
80-100

0
0
0

0
0

90-100
90-100
90-100

100
10O

100
100

100
100

95-100i85-95
75-100 70-I0G
75-100170-100
190-100'80-90

90-100180-90
90-100 80-90

90-100 85-95
100 !90-100

,r%; L

35-50
70-95

70-80
65-95
55-90

70-80
70-80
70-80

75-90
80-95

0-4 Cla----------- CL
4-I0 Clay------------ - CL CH

0-2
2-32
32

Clay loam --------
Clay -------------
Unweathered
bedrock.

CL, CH
CL, CH

0-2 1Fine sandy loam 1SN
2-10'Sandy clay loam 'CL-ML,

10-60ILoam ------------- ICL-MLI

0-4 Loam -------------- CLHML,
4-15,Clay loam -------- CL

15-33 Sandy clay loam, ICL
clay loamb {

33 iWeathered bedrocki I -

0-4 ISandy loam-......SM
4:8 ILoam ------ CL-ML,

8-60Loan -------------- 'CL-ML,

0-3 'Loam ---------- CL-ML
3-17'Clay loam ------- CL

17-25'Loam --------------'CL

5 Weathered bedrockl ---

0-2 1 Fine sandy loam I
2-161Clay loam, loam CL

16-60'Stratified clay 'CL
I loam to sandy
I loam.
II

A-4
CL 'A-4,
CL A-4,

ML A-4
'A-6
IA-6

A-6~
A-6

0
0

0
0

0
0
0

0
0
0

95-100 95-100'95-100'95-100
195-100195-100

90-100190-100
90-100190-100~90-100•90-100

95-100
100

100
100

90-100'85-95
90-100 85-95

'A-4
HLI A-4
CL IA-4, A-6

I

IA-6

'A-4
IA-6
11A-6

0
0
0

0
0
0

0
0
0

85-100'60-80
90-100 85-95

95-100 95-100
95-i00 95-100
95-100' 95-100

90-100190-100
90-100 90-100
90-100 90-100

60-80
75-85
85-95

70-85
80-90
80-90

60-80
75-85
75-85

70-85
80-90
80-90

60-80
75-85
75-85

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

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

20-25
20-30
25-40

20-30
30-40
30-40

30-40
25-35

NP-5
20-30

5-10
20-35
20-25

10-15
20-35
20-35

15-25
25-40

15-25
20-35

20-35
20-35

--- 0
NP-5

5-15
5-15

NP-10
10-20
10-20

NP-5
NP-10

5-15

NP-0
10-20
10-20

NP
10-15
10-15

95-100
95-100
95-100

95-1(00
95-100
95-100

See footnote at end of table.
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160 Soil Survey

TALE1. --DJGINEERING INDEX PTR0PETIES--Cottinued

Classification [Frag- Percentage passing i
Soil nae d Depth USDA texture ments sieve number-- Liquid Plas-

Sma symbol Un i AASHTO 3 - limit ticity
map sb Uni'fied I inches 4 1 4 200 -

____________ _ -= 4-•__O _0_0o index
In

106*:
Forckvood Variant

i07*:
Clarkelen-.....

Drainab-

108*:
Clarkelen•------

0-3 •Clay loam --------
3-161Clay loam --------

16-60IStratified fine
I sandy loam to

clay loam.

CL
CL
CL-HL,

A-6
A-6
A-4,CL A-6

0-3
3-60

0-2
2-60

0-3
3-60

Sandy loam ------- 'SM
Stratified sand 'SM
to silt loam I

!

A-2, A-4
A-2

A-2
A-1, A-2,
A-3

Loamy sand -------
Stratified sandy

loam to sand.

Sandy loam -
Stratified sand

to silt loam.

SM
SM, SP-SM

Orpha -----------

109*:
Cla.rkelen -------

Haverdad ........

Bigwinder-----.

110*:
Cushman-

Terro -----------

1ii*:

0-5 Loamy sand-
5-60Loamy sand -------

0-5 'Loamy sand -------
5-60 Sand-

I

0-3 'Sandy loam -------
3-60 Stratified sand

to silt loam.

0-6 lFine sandy loan
6-60'Stratified fine

I sandy loam to
clay loam.

SM A-2, A-4
SM A-2

SM 'A-2
SP-SM, SM A-3, A-2

SM (A-2
SM 'A-2

0qL-

0
0

0

0-5

0
0-5

0
0-5

0
0

0
0

0
0-5

0
0

0
0

0

0-1

0-15
0-15

0
0

100 '95-100 50-70
95-100185-100 45-60

95-100
95-100
95-100

95-100
95-100
95-100

100
95-100

100
85-100

100
100

100
95-100

95-l00o55-75
90-100 55-70

100 65-80
75-100150-80

95-100150-60
95-100160-80

95-100155-75
90-100[55-70

10 100155-75
95-10.90-100155-70

75-90
80-95
.60-80

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

SM A-2, A-4Sm A-2

SM, ML fA-4
CL-HL, CL A-4, A-6

25-40
30-40
20-35

20-25

20-25

20-25

15-20
25-35

15-30

20-30
30-40
30-40

20-25
20-25

20-30
30-40
30-40

10-15
10-15
5-15

HP-5
NP

NP
NP

NP-5
NP

NP
NP

NP
NP

NP-5
NP

NP-5
5-15

Np
NP-10

KP-l0
10-20
10-20

NP
NP-5
NP-5

NP-10
10-20
10-20

75-100 75-100 60-90
75-100175-100170-90

0-3
3-24

Fine sandy loam
Stratified sand
to loam.

SM
SM, SM-SC

0-4 1Loam ------------ ICL-ML,4-15'Clay loam -------- ICL
15-33ILoam, clay loam 'CL
33 Weathered bedrocki ---

0-4 ISandy loam ------- SM
4-23I5andy loam ------- ISM

23-34 Sandy loam ------- SM
SWeathered bedrock ---

1 1
0-3 Loam --------- CL-ML,
3-171Clay loam -------- ICL

17-25 Loam ------------- ICL
25 'Weathered bedrock -

'A-2
A-4

A-4
A-6IA-6

IA-2, A-4
[A-2, A-4
'A-2, A-4

FA-4
FA-6
A-6

100
100

'90-100
190-100

100
100

F100

90-i00

190-100

90-IDO 70-85
90-100 80-90
90-100 80-90

100 160-90
100 '60-90
100 60-90

95-100'65-80 125-35
95-100 50-70 35-45

160-70
F70-80
70-80

30-45
30-45
30-40

160-70
170-80
170-.80

Cushman 90-100
90-100
90-100

70-85
80-90
80-90

I

See footnote at end of table.
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Converse County, Wyoming Northern Part

TABLE 11. -EN~GINEERING INDEX P0OPETILS--Continued

c-assi.Iacation Ffrag- Percentage pass ing

Soil name and IDepthl USDA texture i sneeI u rlimit . ., inI

ma symbo t I I Unified >AW' 13 limit Iticity
__________ __________ _____ _____ inches 4 0 =40 200

III*:
Terro -----------

112*:.
Cushman ---------

Worf ------------

113*z
Dwyer ----------

Orpha -----------

Forkwood --------

Cambria--------

115':

Forkwood --------

Cambria --------

Cushman-

116":
Forkwo~od --------

117': J
Forkwoo~d---

0-4
4-23

23-34134

0-3
3-17

117-25
1 25

Sandy loam ------- SH
Sandy loam--------.SM
Sandy loam------- ISM
Weathered bedrock'

lat_•

A-2, A-4
A-2, A-4
A-2, A-4

ct-

Loam-------
Clay loam -------
Loam -----.-------
Weathered bedrock

CL
CL

0-2 'Fine sandy loam 'SM
2-_1 Sandy clay loam 'CL
18 i Weathered bedrock'

0-5 Loamysand- - Ism
5-60ILoamy sand -------.ISP-Sm,

0-6}(Loamy sand ------- I SM

I I6-- --------------------- SM

0-7 IFine sandy loam ISM
7-60'Clay loam ------- 'CL
0-2 IPine sandy loam I

2-10ISandy clay loam 'CL-ML
20-60' Loam ------------- ICL-ML,

I I

0-5 'Fine sandy loam ISM
5-18IClay loam------- CL

18-60 Loam ----------- CL

0-4 'Sandy loan--:JS
8-60 Loan ----- CL-ML,'

C-I.
0-3 Loam CL-ML
3-171Clay loam ------ CL

172Loam---------- CL
25 Weathered bedrock'

ML A-4
A-6

IA-6

'A-4

A-6

IA:2
SM JA-3, A-2

A-2
A-2
I
A-2

'A-4
CL 'A-4 A-6
CL IA-4; A-6

A-2
A-6
A-6

IA-4
ML IA-4
CL IA-4 A-6

MLA-4
ML A:

1A-6

A-2
A-6

A-4
A-6, A-7
A-6
IA-6

A-2
A-6

A-6

0-15
0-15
0-15

0

0
0

0
'00

'0

0
0
0

'0

0

0

0

00

0

0
0

0-5
0-5
0-5
0-5

0
0

0-5
0-5
0-5

100
100
100

90-100o90-100 70-85
i9O-lOO 90-100 B 0-9090-l00 90-100 80-90

100 o 95-100 70-95
100 195-100 65-85I-o - o-

I

100 100 165-80
85-100 75-100150-80

100 195-100160-60

751075 100 J50-85

95-100 95-100160-80

95-100 195-100'75-85
95-100 95-100 185-95

75-100175-100 50-85
75-100 75-D1 70-90
75-100175-100 70-90

95-100 95-100160-80
95-100 95-100 75-85
95-100195-100185-95

100
100
100

60-90
60-90
60-90

'30-45
130-45
i30-40

60-70
70-80
170-80

35-45
60-75

20-35
5-35

120-30
'15-35

120-35
55-75

35-45
55-75
-70-80

20-35
55-75
55-75

35-45
60-70
70-80

60-70
70-80
70-80

20-35
55-75

70-80
60-80
60-80
40-55

20-35
55-75

70-80
60-80
60-80

20-25
20-25

20-30
30-40
30-40

25-40

0-7 Fine sandy loam
7-60Clay loam --------
0-5 Loam ----------

5-211Clay loam, clay
21-361Clay loam ......
36-60ISandy clay loam

0-7 Fine sandy loam
7-601Clay loam --------

'SN!CL

90-100
90-100
90-100

75-100
75-100

95-100
75-100
75-100
75-100

90-100
90-100
90-100

70-85
80-90
80-90

75-1O0150-85
75-100170-90

20-2525-35

20-25
25-40
25-40

20-25
25-35
25-40

20-25
20-30
25-40

20-30
30-40
30-40

20-25
25-35

20-30
35-45
30-40
30-40

20-25
25-35

30-40
35-45
30-40

NP
HP-5
NP-5

NP-10
10-20
10-20

NP
10-20

NP
NP

NP
NP

NP-5

5-15
5-15

NP-5
10-20
10-25

NP-5
NP-I0

5-15

NP-I0
10-20
10-20

NP-5
10-20

5-10
20-30
15-20
10-20

N•P-5
10-20

10-20
20-30
15-20

CL-HL
CL
CL
CL, SC

95-100180-100
75-100
75-100
75-100

75-100
75-100
70-90

Sm
CL

7 5: 1 0 0 17 5 -1 00 508
75 100,75-100 70-90

0-4
4-161

16-60

Clay
Clay
Clay

loam------- ICL 95-100
75-100
75-100

95-100180-100
75-100175-100
75-100,75-100

See footnote at end of table.
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162 Soil Survey

TABLE 11. -- ENGINEERING INDEX PROPERTIES--Continued

- - 1 Classification 'Frag" Percentage passing i

Soil name and Depth USDA texture Uments sieve number-- ILiquid Plas-

map sym_ _nfied A nHTO > 3 2 ticityinch i es, 4 10 40..o , 200 inde
~cL

85-100
85-100

1180:
Gateridge -----

Tassel Variant~

119*o

Gullied land

120*:
Haverdad---...

Lobmiller-------

121*:
liland------

Bowbac ---------- 1

122*:
Hiland ---

Bowbac----....

I

123': I
Keeline --

0-5
5-2.
25

0-4
4-11

16

0-4

4-9

9

0-6
6-60

0-3
3-60

5 Clay loam --------
Clay loam --------
Unweathered
bedrock.

CL
CL

Loamy sand----- .. .SM
ljSandy clay loam ISC CL

Clay ------------- CL, CH
Weathered bedrocki =

Very fine sandy ism
Sloam.
--Loa- ---- ------------ CL-ML,ISM-SC

A-6
A-6

I

bedrock.

A-2
iA-6
IA-7, A-6

'A-4

IA-4

IA-4
IA-4, A-6

0
0

0

0o)

0-5

0
0

0

0
0

0
0
0
0

0
0

100
100
100

100

100

'80-100
80-I00

85-100
185-100
' 80-1DO

80-95
80-95

75-90
80-100
'80-10O

70-90
70-80

15-30
35-55
60-90

35-45

45-55

I

95-100 80-95

95-100 70-85

30-40

30-40
30-40

25-35
130-'60

15-25

20-30

10-20
15-25

NP
10-20
15-35

NP--

5-10

Fine sandy loam
Stratified fine

sandy loam to
clay loam.

Clay loam --------
Stratified sandy

loam to clay.

SM, ML
CL-ML, CL

75-100
75-100

75-100160-90
75-100,170-90

35-65
50-60

CL
CL,

1o(00 95-ID0090-100I 70-85
95-1 095-IDO,~90-100 65-9.5CH

15-20
25-35

35-50
35-60

20-25
30-40
20-25

15-25
25-40
25-35

NP-5
5-15

12-25
12-30

NP-5
I0-20
NP-5

NP-5
10-20
5-15

0-5 ISandy loam ------- iSm
5-30ISandy clay loam 'SCCL

30-60ISady Loam ISM

0-3 ISandy loam ------- SM
3-18'Sandy clay loam 'CL

18-361Sandy loam -- SM-ML,

36 Weathered bedrockL ---

0-3 Sandy clay loam 'SC
3-6O1 Sandy clay loam SC, CL

0-3 Sandy loam ------- SM
3l28ISandy clay loam 'CL

18-36[Sandy loam-...... SM, ML,
SM-SC,
CL-ML

36 Weathered bedrock

0-8 Sandy loam:----- SM
B-60 Sandy loama.......-SM. SM-I

A-2,

A-6
IA-4

A-2

A-6
'A-4,

A-4

A-6

A-6

A-6

A-4
A-4

95-100
95-100
85-100

90-100
90-100
90-100

90-100 65-7590-100 60-8O
75-100 45-75

90-100165-80
90-100 70-85
90-100 60-80

30-40
40-60
15-30

35-50
50-60
45-55

0
0

0
0
0

95-100 90-100
95-l00'90-I00

65-85
60-80

90-100
90-100
90-100

90-100165-80
9D-100 70-85
90-l01060-80

95-100 55-75
95-100 60-85

30-45
40-60

35-50
5D-60
45-55

25-40
25-50

30-35
30-40

15-25
25-40
25-35

10-15
10-20

NP-5
10-20
5-15

0
0

100
100

20-25
20-30

NP-5NP•-10SC

I I '

See footnote at end of table.
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Converse County, Wyoming Northern Part

TABLE 11. -EGINEZ=NG INDEX PROPERTIES--C-ontinued

Soil name arid Depthi USDA texture i Cifas ion_ .erag- I Percentage pass.ng .
maean symbol USDe ements sieve number-- jLiquid Plas-

map symbol { •_I Unified M3 i he I t4c.ity
_________________ ____ 4nchesl 4 10 40 :200 index

LU

123*:
Tassel - .-----

Turnback --------

124*:
Kisbona ---------

0-2
2-16
16

0-4
4-30
30

Loamy fine sand
Fine sandy loam,
Onweathered
bedrock.

Loamy fine sand
Sandy loam ------
Weathered bedrock

Sm
ML,

SM

0-3 Loa ----------- I
3-6OICl oa--------,

0-5 1Loamy sand --.--- ISM
5-60 ILoamy sand-----. ISP-SM,

0-5 1Loamy sand ------- SM
5-60ILoamy sand ------ SM

0-4 iClay lom--...... CL
4-20'Clay -....--- c
20 lUnveathered I --

bedrock.

IA-2
'A-4

IA-2
(A-2,_A-4

A-4
CL 1A-4, A-6

'A-2
Sm IjA-3, A-2

IA-2

IA-2

A-7
125*:
Orella--------

Rock outcrop.

Samday ---------

126*.
Pits

127':
Renobill1--....

Worfka -

.bingle -

128*:

Worfka-. -. .

0-2
2-18
i8

0-5
5-20

20-36
36

0-6
6-18
18

0-4
4-18
is

0-5
5-25
25

0-3
3-14
14

Clay loam----
Clay
Unweathered
bedrock.

Fine sandy loam
,clay --- - - - -
Clay loam------;.
Unweathered
bedrock.

Fine sandy loam
1Clay loam, clay
Weathered bedrock

Clay loam -------
Clay loan---.
Unweathered
bedroc-k.

Clay loam ---
Clay loam.---
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~

0o

0-50o

0o

0

0

0

95-100 90-100'65-95
95-100 90-100165-95

_ _ I --- I - -

85-I00
85-100

100
85-100

100
100

100
100

100
100

85-100
95-100
85-100

85-100

95-100

100
100

100
75-100

95-100
95-100

100
100

90-100
95-100

8o-io0
90-DOO
80-100

80-100
90-100

85-95075-90
85-1O0 75-95

75-100165-85
75-100,70-90

95-100 75-90
95 100 60-80_ _I°° ---

95-100170-95
90-100 75-95

15-30
40-65

20-35
30-40

55-75
65-85

20-35
5-35

20-30
15-35

25-30
20-30

<35

65-80
5D-80

50-60
60-80

S4, ML
CL, CH
CL

A-4
A-7,
A-6

A-6
70-80
90-100
80-95

70-80
85-95

35-55
75-95
70-80

35-55
75-90

38-65
50-70

35-50
40-55

20-25
35-65
30-40

20-25
35-45

35-40
30-40

30-40
30-40

20-25
35-45

NP
NP-7

NP
NP=5

SNP-5

5-15

NP
HP

NP
NP

20-40
30-50

15-30
20-30

NP-S
20-35
15-25

NP-5
NP

15-20
10-20

10-20
15-25

NP-SNP

CL
CL

I D

A-6, A-7

A-6
A-6

A-6
IA-6__

75-100170-100 j5120050-8075-10017.5-001665-100' 50-80

CL
CL

85-100 BD-100 '80-95
85-100 80-100 80-95

185-100 D10 70-80
, .. . -777,,

70-90
70-80

35-55
75-90

Fine sandy loam ISM, ML
Clay loam, clay 'CL
Weathered bedrock -

A-4A-6,__A-7

0-

See footnote at end of table.
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164 Soil Survey

TABLE 11. -- NGINEEING INDEX PROPERTIE-Continued

Liasi±icati.on iFrag Percentage passingy
Soil name and Depth USDA texture t i ments I sieve number- pLiquid Plas-
mp sol Unified AASHTO 3 - - limit tiPity

____________ I______________incbesl 4 10 40 200exmap 0ybo -J-

128*2
Shingle ---- =---

129*a

Worf--------

130*:
Sear- ----

0-4 Clay loam --------
0-2 Clay loam --------
18 Unweathered

bedrock.

0-2 Clay loam .-------2-181 Clay-----

18 Unweathered

bedrock.0-4 Clay la ...
4-81Clay loam --------
18 Unweathered

bedrock.

CL
CL

A-6
A-6

CL
CL, CH

A-6, A-7
A-6

CL
CL

SM
CL

A-6
A-6

A-4
A-6

131':
Shingle---

Rck outcrop.

0-2 Fine sandy loam
2-18 Sandy clay loam

8S Weathered bedrock

0-2 Loam -------------
2-9 Channery loam

9-60 FragmentalSmaterial.

0-4 Cbannery loam----

4-11 Extremely
channery loam.

11-60 Fragmental

I material.

0-4 Clay loam---4-13 IClay loam --------
13 lUnveathered

I bedrock.

0-2 Clay loan --------
2-18 Clay -------
18 Unweathered

bedrock.

0-2 Loam ------------
2-9 Clay loam--..--

9 Unweathered
bedrock.

0-2 Loamy fine sand
,- Sandy loam----

bedrock.

CL,
CL,

GP

CL-ML A-6,
CL-MLA-6,

,GM-GCI
IA-I

CZI-GC,
SM-SC

GM-GC

GP

CL
CL

A-4

A-2

A-i

A-6
A-6

A-4
A-4

0

o

0

0

0

0

0

10-25

0-5

0-25

0-25

0-5

0-2

0-2

0-

05

0

0

0

75-100
75Bi00

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

75-100
75-100

95-100
95-100

70-i10
?5-100

90-100185-95 175-90
95-100' 85-100 175-95

- I --- I --

75-100
55-75

0-10

50-70

25-50

0-5

70-100
75-100

65-100150-80
65-100 50-80

65-0010-8

65-80
50-65

0-5

40-60

20-35

0-5

95-10017D-95
95-100j65-85

35-40
30-40

35-50
40-55

35-40
30-40

25-40

25-40
25-40

iat-

35-45
60-75

60-70
40-55

0-5

35-45

20-30

0-3

50-80
50-80

75-90
75-95

25-35

25-35

15-20
10-20

15-30
20-30

15-20
10-20

NP
10-20

5-15
5-15

NP

5-10

5-10

NP

15-20
10-20

15-30
20-30

70-100 65-100
75-100 65-IOO

CL
CL,

I

A-6
-7

CH

Shingle-----

Tassel-----

ML
CL

A-4
A-6

90-100
95-100

75-100
75-100

90-100
90-100

85-95
85-100

170-95
65-100

65-95
65-95

35-40
30-40

35-50
40-55

25-35
30-40

(35

55-75
50-80

15-30
40-65

HP-10
10-20

Np
HP-7

SM A-2
ML, -SH A-4

See footnote at end of table.
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Converse County, Wyoming Northern Part

TABLE 11. -- ENGINEMING INDEX FROPERTIES-Contitued

Soil name and
map symbol

133*:
Shingle -----

Tbeedle---

Cambria ---------

134*:
Silhouette---]

Heldt -----------

135*:
Tassel ----------

Shingle- -

136*:

Tassel- --

Terro ----------

Rock outcrop.

137*-.

Tassel ----------

Tullock --------

Depth USDA texture nifi,

! Unific
4 4 -

In

0-4 iClay loam ------ 'CL
4=18 IClay loam-----...CL
18 lUnweathered I

I bedrock.

S0-5 'Loa----- ------- CL-ML

28 JWeathered bedrock,,

1 0-4 'Sandy loam------..SM
4-8 'Loam -CL-ML,
8-60 Loam ------------- CL-ML,

0-2 lClay lon-- -.-- CL2-22 •Clay -............ 1CL, CH
22-60IClay loam, clay ICL

0-1 'Clay loamn-------- CL
1-601Clay -,--------- CL

0-3 1Fine sandy loam ML SM
3-141Fine sandy loam 1L: SM

CL

ML
CL

I ft

ssitication Frag- ' Percentage passing
I Mts sieve number-- 'Liquid Piels
d AASHTO 3 > 3 1'~ ' limit ticit

_____ inchesl 4 1-10 ý_40 200Dine

0-4
4-18
is

0-2
2-16
16

0-4
4-34
34

0-2
2-161

31

'nweatberd

bedrock.

Clay loam --------
Clay loam --------
tUnweathered
bedrock.

Loany fine sand
IFine sandy loam
Unweathered

I bedrock.
LSany lea nd-
ISandy loamloam
Unweathered
bedrock.

I
I
Loamy fine sand
Fine sandy loam
Unweathered

bedrock.

ýLean sand ------
Loamy sand, sand

loamy sand,
sand.

Unweathered
bedrock.

I A-6IA-6

A-4
I A-4, A-6

I

1A- A:4
'A_4

'A46, A-6

IA:? A-7

1A 7

IA-4,A-

IA-6

IA-4
(A-4

IA-2,A-

1A-6,-

IA-2
IA-4

A-2

0-5

0

0

0
0
0

0

'0

05

0

0
0

0

0

0-15
0-15

0!

195-100 95-100
95-100 95-100

95-1- I95--
95-100 95-100
95-ID0w 95-100

151095-100

190-100' 90-100

100 195-100

10 l° 195"l0°

75-100
75-100

70-100 65-100 150-80
75-100I65:100,50-60

70-85
70-85

60-80
75-85
85-95

'85-95

95-100 95-100
95-100 95-100

85-100 '85-95
'85-1001 75-95

95-1001 75-95
95-100175-95

75-100 40-65
65-95 140-65

95-100' 90-100
9510'90-100

60-70
60-70

35-45
60-70
70-80

75-90

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

'CL
CL

15-20
10-20

5-10
5-20

NP-5
NP-10

5-15

15-30
20-35
15-30

20-30
25-35

75:10070-10165:10 BD-0

SM
ML, SM

95-100 90-100 65-95
95-100 90-100 65-95

S11

SM

ML,

10O
10O

100
100

60-90
60-90

15-3040-65

30-45
30-45

15-30
40-65

25-35
10-35

35-40
30-40

<35

20-25

<35

15-2010-20

NP
NP-5

NP
HP-7

NP
NP

95-100 90-100165-95
95-100 90-100 65-95

- - I _ _ _

100
100

100
100

75-90
70-90

See footnote at end of table.
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166 Soil Survey

TABLE i1 -- ENGINEERING INDEX PROPERTlES--Continued

Soil name and IDepthl USDA texture
map symbol flnifi(

I I

137*:
Vonlee --------- 10-3 Loamy sand -------.. SM

3-241Sandy loam--...... Sc
124-60ILoamy sand ------. -SM

138*, 139*:
Terro ----------- 0-4 ISandy loam ----- :S

4-34 'candy loam ------ SM
34 vUnweathered I

I I bedrock. I

Tullock --------- 0-51 Loamy sand ------- SM
5-31 Loamy sand, sand ISM
31 Unweathered I

bedrock. I
Orpha ----------- 0-5 Loamy sand -......

5-60 Sand ------------- SM

140*, 141*:
Theedle----- 0-5 Loan -------------.

I5-28Loam, clay loam ICL-ML,
1 28 Ieathered bedrock ---

Kishona --------- 0-3 Loam ------------- I
3-60'Clay loam -------- CL-ML,

142*: 1
Ulm............. 0-4 Clay loam -------- ICL

- 4-17IClay loam, clay ICL
117-60IClay loam--------CL

Bidman ---------- 0-7 ISandy loam ------- SM
7-20IClay ---- 'CH

120-60f Clay loam -------- CL

143*t: I
Ulm ------------- 0-5 Loam ------------- CL-ML

5-21'Clay loam, clay CL
121-36'Clay loam --------. CL
'36-603Sandy clay loam CL, SC
I I I

Renohill -------- 0-5 'Fine sandy loam ISM, ML
15-20 C1a---------------'CL, CH
'20-36'Clay loam ------ CL

36 lUnweathered I

bedrock. I

A-2
A-2

A-2
A-2

A-4
A-4, A-6CL

A-4
CL IA-4, A-6

A-6
IA-6, A-7
IA-6

'A-2, A-4
'A-7
'A-6, A-7

IA-4
'A-6, A-7
IA-6
IA-6

'A-7, A-7
'A-6
A-6

IA-6, A-6

IA-6

IA-6

A-6

0
0

0
0

0
0

00-5

0-5
0-5
0-5

0
0
0

0-5
0-5
0-5
0-5

0
00

0-5
0-5
0-5

0
0

I1O
100

100
100

95-100 i50-60
95-100,60-80

-m ments sieve number-- Liquid
ed AASHTO >3 ----- - --- -1lmit

I 'inches' 4 O 10 40 200 ..

'A-2 0 100 95-100 70-90 120-30
SM IA-2 A-4 0 100 190-100 55-75 130-40 20-30

IA-2 0 1O 190-100170-90 120-30 ---

IA-2 A-4 1 0-15 1100 100 160-90 130-45 1 ---
A-2, A-4 0-15 10 0 160-90 130:45 20-25

II II I

95-100'
95-100'

85-100

95-100
75-100
75-100

80-100
80-100

180-100

95-100
75-100
75-100
75-100

95-100
185-100

195-100
175-100
175-100

185-100
185-100

95-100 70-85 '60-70
95-100170-85 '60-70

65-85 55"75
75-100'1 70-90 '65-85

95-100 BO-100170-80
75-100 75-100160-80
75-100 75-100'60-80

80-100 50-75 130-40
80-100180-100170-90
80-100'75-100165-80

1 I

95-100180-100170-80
75-100 75-100160-80
75-100175-100160-80
75-100170-90 140-55

80-100170-80 13 5- 5 5
90-1001 9 0- 10 0 75-95
80-100180-95 70-80

95-100 80-100170-80
75-100175-100160-80
75-looi 75-10060-80

100
100

75-90
70-90

20-30
25-40

25-30
20-30

30-40
35-45
30-40

50-60
35-45

20-30
35-45
30-40
30-40

20-25
35-65
30-40

30-40
35-45
30-40

30-40
30-40

25-35
10-35

20-30
15-35

Plas-
ticity
index

NP
NP- 10
NP

NP

NP
NP

NPNP

5-10
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

144*:
Ulm ----------....

Renohill --------

145 --------------
Ustic
Torriorthents

0-4,jClay loam--------.CL
4-16!Clay loam----- ---.CL

16-60lCIay loam -------- CL

0-5
5-25
25

0-60

Clay loam --------
Clay loam--------
Unweathered
bedrock.

Variable ---------

CL
CL

80-100 80-95
80-100180-95

70-90
70-80

See footnote at end of table.
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Converse County, Wyoming Northern Part

TABLE 11.-ENGINEERING INDEX PROPERTIES--Con tinued

167

0
tiSDAo I Yre-rcentage pass g

Soil name and Depth US texture I Aents sieve number-- 'Liquid Plas-
map symbol Unified S > 3 1)3 limit tioity

I I I I inhes 4 ,4o 0 1
-4- inde

-in

146*:
Vonalee -------- D-4 oysand --.---- Sm42Sandy loam -----.-- S-SC

124_4 Loamy sand ------- SM
,44 -01is

I Sandy loam-. 1. M

0-4 ISandy loam------.SM
4-341Sandy loam ------- SM
34 lUnweathered I

bedrock

I

147*:
Vonalee

Terro---- -

148*:
Wibaux ----------

Rock outcrop.

Shingle."-----

149*:
Worf ............

0-4 Loamy sand -------
4-24!Sandy loam-----.

24-60ILoamy sand, loam

0-4 Sandy loam------
4-34ISandy loam-.....

34 Unweathe 
red

bedrock.

0-4 Channery loam---

4-11cExtremely

,, channery loam.
11-60 Fragmental

material.

0-4 IClay4-13IClay loas -------

Ibedroc~k.
I

I
0-5 ILoamy sand-......
5-15Clay oam ..--------
15 IWeathered bedrock

0-4 Clay loan-
4 -18 C la y l o am ---- . . . .I
18 tUnweathered

I bedrock.

0-3 Fine sandy loam
3-14 Pine sandy loam
14 'Unweathered

bedrock.

SM
IS-SC, Sn

SM

GM-GC,SSM-SC
GM-GC

CL
CL

SM
CL

CL
CL

HL, SM
ML, SM

'A-2
A-,A-4

'A-2 A-

'A-2, A-4

1 A-2 A-4

1A-2
'A-2, A-4
'A-2

'A-2, A-4
'A-2, A-4

IA-4

'A-2

A-6

A-6

A-2

A-6

A-6
A-6

A-4
A-4

0
0

C)
0

0-15
0-15

0
0
0

0-15

0-15

0-5

0-25

0-25

0-5

0

0

100100
1100
100

100
100

100
100
100

100

55-75

30-55

0-10

95-100
90-100
90-100

100)
100

50-70

25-50

0-5

'70-9055-75
70-90

60:90
160.90

40-60

20-35

0-5

65-100
65-100

95-100 70-90
90-100155-75
90-100170-90
95-100160-90

I100 160-90
100 16D-90

130-40
120-30
130-4512o3

130-45
30-45

20-30
30-40
20-30

30-45
30-45

135-45

120-30

0-5

50-80
150-80

20-30

20-25

20-30

20-25

25-35

25-35

NP
NP-l0
NP
NP

NP
NP-S

HP
NP-10

HP

HP
NP-S

5-10

.5-1*

NP

15-20
10-20

NP
10-20

15-20
10-20

NP-7
NP-7

10-20
10-20

15-25
20-35

11cr_

75-100 70-100
75-100 75-100

100
100

75-100
75-100

95-100170-90 '20-30
95-00I 65•85 60-75

70-100165-100 50-8075.-1.o0 165100oo 5.0-_o

Tassel ----------

150*:
Zigweid -.......

95-100190-100175-100
95-100 90-100165-951

0-2 1 CL
2-60 Clay loam -----.. CL

0-4 1 Clay --- CL
4-601Clay ------- ICL

I I

A-6
IA-6

A-6,
IA-7 A-7

40-65
40-65

60-70
60-70

60-80
85-95

35-40
30-40

25-40

35-40
30-40

<35
<35

25-40
25-40

35-45
40-60

75-100
75-100

I00
100

75-100170-85
75-100170-85

CH
95-100185-100'

100 i90-1001
1

See footnote at end of table.
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168 Soil Survey

TABLE 11. -- flNGINMING INDEX PROPEPTIE--Continued

T Classification rag- Percentage passing T
Soil name and Deptnt USA texture mwen ts sieve number- Liquid Plas-
map sybol Unified AASHTO > 3 limit ticity
__ _sy__ol _ _ Unified_ _ _ ~inches, 4 . 10. 40 1 20 index__________ _________ ______ ___ _ 10 40 2D0 index

151*:

Zigweid-------- D-3 Clay loam -------- CL 'A-6 0 75-100 75-100 70-85 60-70 25-40 10-20
3-60 Clay loam -------- CL A-6 0 75-100 75-1O 70-85 160-70 25-40 10-20

Cambria- 0-2 Fine sandy loam SM AL4 0 95-100 95-100 60-80 135-45 20-25 NP-5
2-60' Clay loam, sandy '-ML, CL ' A-6 00 95-100 95-100 75-85 155-75 25-40 5-15

clay loam, loamo I

152:I
52v*: -Loam -CL IA:6 0 75-100 75-100 70-85 60-70 25-40 10-20Zivio0-4 Loam.0 25L4051002

4-60Clay loam -..---- CL 1A-6 0 75-100 75-100170-85 16D-70 25-40 I0-20

Cambria--- D-. 4 Sandy loam-....SM 'A-4 0 195-100 95-100 60-80 135-45 20-25 NP-5
4-8 Loam -- C-ML. ML A-4 0 95-I00 95-100 75-85 60-70 20-30 NP-10

8-601iL>am CL-ML CL 1A-4, A-6 0 195-100 95-100'85-95 170-BO 25-40 5-15

Te e ...----------- 0-5 0 ............. cA-4 95-100 95-100 70-85 -70 20-30 5-10
5-28ILoam, clay loam ICL-ML, CL )A-4, A-6 V0 95100195100 70-85 160-70 25-40 5-20

28 IWeathered bedrockl I-- I

See description of the map tuit for camposition and behavior characteristics of the map unit.

LAS, QUALHY ID VPS O

V E. M AR I '
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Converse County, Wyoming Northern Part

TABLE 12.--PHYSICAL AND CHE[ICAL 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)

169

Ie Ia e III' ErosionoWind
Soil name and epth PermeabilityAvailable' Soil Salinity Shrink factors'erodi- 'Organic
map symbol Cwater IreactionI I swell I I Ibilityl matter

I Icapacitj 1 i •potential K IT Igroup
in I'M_. In/Elr InAinl PH imMn0S/Cm

101*-:
Absted ----------

Arvada ----------

Bone ------------

102--------------
Aeric

Haplaquepts

103*.
Babl------------

Savageton -------

104*:
Cambria ---------

Cushman ---------

105*:
Cambria ---------

Cushman ---------

106*:
Cambria Variant-

Forkwood Variant

107*:
Clarkelen -------

Dranab-

0-3
3-60'

0-3
S3-22
122-601

0-2
2-5

1 5-601

0-8 1
1 8-601

0-4
4-601

0-2 1
2-32132

0-2
2-101

10-460

0-4
4_151

15-331
33

0-4
4-8
8-601

0-3 1
3-171

17-251
25 1

I

0-2 1
2-16'

16-601

0-3 1
3-161

16-6011
0-3 1
3-601
0-2 1
2-601

1
1

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
<o.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

0o16-0 1816 6-9.0
0°07-0.09'>7 .8
0.09-0111 >7.8

0.16-0.1816.6-7.8
0.12-0 151 >7 8
0.08-0.101 >7:8

0.15-0 2016.6-9,0
0.14-0.1716.6-9.0

0.17-0 2016.6-8.4
0.15-0.2017.4-9.0

0.15-0.20 6.6-8 4
0.15-0.2017:9-9.0

0.12-0 1416 6-8.4
0:15-0'2017:4-8.4
0.17-0.20 7.9-9.0

0.16-0.1816.6-7.8
0.17-0o2016'6-8.4
0.17-0:2017:9-9.0

0. 12-0 1416 6-8.4
0.16-0:18 7:4-8.4
0.15-0.2017 4-8.4

0.16-0 1816 6-7.8
0.17-0:20 6:6-8.4
0.17-0.2017.9-9.0

0.12-0 1416.6-7.8
0.17-0.2016.6-8.4
0. 15-0. 20 17.4-8.4

0.17-0.2016.6-7.8
0.17-0 2016.6-7.8
0. 14-0.2017 7 4-8.4

0. 12-0 141? 4-8.4
0.12-0:151 74-9.0
0. 07-0 09 17.4-8.4
0.06-0.09 7.4-9.0
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<2
>16

<4
2-8
<4

<2
2-8
4-16

<2
<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
<4

2-4
2-4

Low .------- 032',High ------ 0.551

'LaW--------10 321
'High ' . 0:32
'High- 10.321

'Moderate '0 32'
'High- ' _10 371
High ----- D0.431
I 1 1
'High ---- 10 32'
'High - '--- 0:32'1 1 I

'Moderate '0.321
'High ---- 10.371
I 1 1
'High --- : o321
'High---:10371II
II I

Laow- '---- 10 32'
'Moderate '0.371
'Moderate 10:371
1 1 I
Low ------- 10 32'

'Moderate 10o371
'Moderate '0'37
1 .---------- I_...I
I I I
I II
ILow ------- 0.32!

'Moderate '0:37'

Loa ------ 10.321
'Moderate 0 37
'Moderate 10.371
1 .------- "I

1 I
'Low ------- 10321
'Moderate '0*371
'Moderate '0:371

'Moderate '0 32'
'Moderate 10371
'Moderate 0.037'1 1~ I

Loy ------ 0.. 24'
Low a-------- .281
Low ------- 10.201

I I? r7-:p 1

3

5

5

6

6

6

3

5

3

5

3

6

ýMcr

1-2

o5-1

<.5

2-4

1-2

1-2

1-2

1-2

1-2

1-2

1-2

1-2

3 1 -
r4~~5-

See footnote at end of table.



170 Soil Surve

0
TABLE 12.--PHYSICAL AND CHEMICAL PR•OPERTIES OF THE SOILS--Continued

- Ir T 1 T Eros• n ---..--
Soil name and IDeptbI Clay I PermeabilitytAvailable' Soil ( inity, Sbrink- factors erodi-,Organicmap symbol '' ' J twater 'rea•tioni swel - T-. rnt tt

ma yb l I- I I Ic swel --- r-.--.-.....-.-.
I I ' capacity.L ,P otential I K T o

Cakln----10-3 1 5:15 1 2.0-6.0 '0 12:0.14 7 4:8..4 < 2 1Low -------'0.241 5 3 1-2

I I I ' I I - -

1r3-6e1  5S-18 2.0-6.0 0'0120.1517"4 9.0 (4 Lll..----'0.281'

Dwyer .......... 0-5 1 3-8 1 6.0-20 0.08-0.1 6.1-9.0 1 <2 ILO------- 0 32 5 2 1-3s~ I 1-8 6.0-20 ~ 4-~ 17.90. (2 'Low---..-. 032512l
15-601 1- ':- 0 1004-0 1117 9-9 0 ( 2 ILow ------- 10:321
1 - 1o1 10 1Orpha -----------' 0-5 1 5-10 1 >20 10 06-0:0716:6-7*8 ( 2 ILaw------- 10171 5 2 1-
5-601 3-8 1 >20 0:06-.07166-78 (2 'Low- 10--- I022

109*: 11 01 ( 5 1 1
Cla.rkelen -------- 0-3 1.5-15 2.0.0 o- 12-01.174-8.04. <4 Lo•aw--- 1028• . 5 3-

3-60 1 5-18 1 2.0-6.0 10:1-0:1174-90 < I~o --- 02

Haverdad ------- 10-6 5-20 0.6-2.0 1013-0.15 7.4-9.0 <8 Low ------- 0.28 5 3
d-6-601 20-35 0.6-2.0 0:16-0.1817.9-9.0 <8 Low ------- 0.37

Bigwinder. 0-3 5:15 2.0-6.0 0 12-0 1416 6-718 (2 Law - 028 243g60i 5-20 n 0.6-6.0 10:12-0:1617:4=8.4 <2 !LIw ...... 0.32!

110*-
Cushman-----

111C:
Cusman ....

0-4
4-15

15-33
33

0-4
4-231

23-341
34

0-3
3-171

17-251
25

0-4
4-231

23-341
34 1

25

0-2
2-18'

18

0-6 1
6-601

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

112*:
Cushman -----

Worf ------------

113*:
Dwyer ----------

Orpha -----------

I At*.

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
0.6-2.0
0.6-2.0

2.0-6.0
2.0-61 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

A

0.09-0.14
O0 12-0.14
0. 12-0.14

0.16-0.1816.6-7.80.17-0.2016.6-8.4ioID.17O.207.9-9.o

0.09-0.14 16.6-7.8
10 12-0.1416.6-7.8
0.12-0.14 7.4-8.4

'0 16-0.1816.6-7.8
0o17-0 2016 6-8.4
10. 170.:201 7:99:0

'0 13-0 1516.6-7.8
0:19-0:2116.6-8.4

1 -- I --

0 :08-0o 11 6.1-9.0
0.04-0.11 7.9-9.0

10 06-0 0716.6-7.8

10:06-0:0716.6-7.8

'0 16-0 186 6-7 *8
0 17-0.20 6.6-8.4

10•17-0.20179-90
1 

17.9-9.

6.6-7.8
6.6-7.8
7.4-8.4

<2
<2
<2

<2
<2
<2

<2
<2
<2

<2
<2
<2

<2
<2
<2

<2
<2

<2
<2

<2
<2

Low ------ 10 321
'Moderate '0:37'
'Moderate I0.371

I ~I
Low ------- 10.281

'Low -------. 028'
Laow-------10*32'

1 1-... 1o*-- !
'Low ------ 'ý0 321
'Moderate 10'371
'Moderate 10:371

1 -- -- - I_: _L a -----
0 0281

Low .-------0 .281

'Law -------10.321

IModerate 10 371

'Moderate ' 0:371
1 ---------- I

'Low ------ 0.028
Moderate '03!7'
---------------------------------------1- -1

I o----i10.32'
ILow-------4 0 172
!Low ........ 1 0.17
.Low -----. -. 0.28,

5

3

5

3

5

3

2

2

3

3

1-3

1-3

1-2

,ItForkood, 0-7 10-20
F 7-60 27-30

Cambria --------- 0-2 5-15
2-10 20-35
10-60, 18-27

St •1

f6ee footnote at end pf table.

0.13-0.15 6.6-8.4 12-4
0. 19-0.21 6.6-8.4 2-4

16.12-0 14 6 6-8.4 <2
o.15-0:2017:4-8.4 <2
o .17-0 2017 9-9.0 1 <2,

,ddendum D7 B3

Low ------ 10.24
Moderate 0.32
Low ------- 0.32

Moderate 10.37
• No~erate 0.37

"' 1

5

5
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Converse County, Wyoming Northern Part

TABLE 12.oPlHYSICAL AND CHEMICAL PROPERTIES OF THE SOILS--Continued

171

Soil na ean d De b Clay- - ---

map symbol water
115* ttcapacity

soil Salinity
reaction

Shrink-
swell

notential

ros ion i
factors erodI- Organic

I bilityl matter
AK Jgroup ,

Forkwood ----

Cambria ----

Cushman-----

116*:
Forkwood --------

Ulm -------------

117*:
Forkwood ........

Renobill --------

' 0-5
'25-60

0-4
4-8
8-60

0-3
3-17

117-25
25

0-7
7-60~

0-5
5-211

121..361
36-601

0-771-601

0 -4
4-161

16-60'

0-5
5-251
251

0-4
4-111

11-161
16

0-4

0-6
6-601

3061

0-3
3-60

.0-5
5:301

30 601

0-3
3-181

18-361
36

-er

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

a.0-6.0

0.6-2.0

0 6-2 00.6-2o0
0,6-200

0.6-2.0

0.6-2.0

2.0-6.0
0.6-2.0

0.6-2.0
0o06-2.0
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

iniin

10 13-0 1516.6-8.4
10:19-0o21 6.6-8.4
0 .16-0 .1817.9-9.0

10 12-0 1416.6-8.4
10 16-0:1817.4-8.4
10 17-0.207 .9-9.0

'0 16-0 1816 6-7,8
10o17-0.2016.6-8.4
'0 17-0 2017.9-9.0

0.13-0°1516.6-8.4
0.19-0.2116.6-8.4

0 16-0 1816.6-7.8
0:19-0:21166.6-.84
0 19-0 21 7.9-9.0
10:12-0o i5179-9.0
I' 1

0. 13-0.15 6.6-8.4
10.19-0.21 6.6-8.4

0 *16-0 18 6.6-7.8
10 19-0.21 66-8.410:19-0.2117.9-9:0

1 10.17-0 2116.6-7.8
0.19-_0.2117.9-9..0

2-4
2-4
2-4

<2
<2
<2

<2
<2
<2

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

IModerate
ILI'-------

Low -------
IModerate

Low -------
Moderate

IModerate

Low ------ 10.24
Moderate 10.32

R mmbos/cm

L .--------

IModerate
Moderate

Low -------

Moderate

IModerate
'High ------
Moderate

IModerate
Moderate

ILow .......

'Moderate
'High ------

0.32
0.37
0.37
0.37

0.24
0.32

0.32
0.37
0.37

0.37
0.37

0.10
0.24
0.37

0.24
0.32
0.28

0.32
0.37
0.37

0.32
0.37
0.37

3

3

5

3

6

'3

6

'6

2

3

3

4L

3

3

1-2

1-3

118*:
Gateridge -------

Tassel Variant-

119*,
Gullied land

120*:
.Haverdad --------

Lohmiller -------

121*:
Hiland ----------

Bowbac ----------

1-2

1-2

0 .11-0.13
0.13-0.15
0.19-0.21

6.6-7.8
6.6-7.8
6.6-7.8

0.13-0 17i6.6-7.8
0.11-0.18 7.4-8.4

Low ------:.0.32
Loaw- - 0.37

1-3

1-3

1-2

1-2

1-2

1-3

1-2

1-2

LOW --- ----
LOW -----

'0.13-0.15'0.16-0.18

'0.14-0.17
0.14-0.16

10.07-0.12
0.12-0.15
0.07-0.14

0.12-0.14
0.14-0.16
0.12-0.17

7.4-9.0
7.9-9.0

6.6-8.4
7.4-8.4

6.6-8.4
7.9-9.0
7.9-9.0

6.6-8.4
7.4-8.4
7.9-9.0

0.28
0.37

IModerate 0.32High 0 . .321

Low .--------.201 5

ILaw--------0.281
Low a-------0.20

ILow -----. . 32 2
!Moderate0371 L o --- --- 0 3 - -1 2

K )V) I t
See footnote at end of table. 7

Addendum D7 B3
Page 93



172 Soil Survey

TABLE 12.--PHYSICAL AND CHEMICAL PROPERTIES OF THE SOILS--Continue

Soil name and iDePth Cla Permeability Available Soil Salinit Shrink-
map symbol I ' ' water reactioni swell

____ ___ ___ In i n -' I otential

122*: 1
Hiland ---------- 0-3 20-25 1 2.0-6.0 10 13-0 1516 6-8 4 <2 Moderate

3-60 20-35 1 0"6-2.0 1014-0:1616:6-8°4 <2 'Moderate

owbac ..........-- 0-3 5-15 0°6-2.0 10 120.14 6-8.4 --- Low.Ib3-18- 0-35 0.6-2.0 l024-0l6I7.484 <2 Moderate

118-361 15-20 06-2.0 10 12 - 0 : 1 7 17 9 :.9 . 0 1 <2 .
I 36 . ............ .....

d - ---- 0

ros nr
factors erodi-IOrganic

r- bilityl matter
T ..yr u I

0.241 5
0.281

1
0 * 32 2
13.371
0 * 371

-- I

1
0.241 5
0.2811

123*"
Keeline ---------

°

Turnback,-------

124*•:
Kisbona ---------

Dwyer -----------

Orpha -----------

125*:
Orella ----------

Rock outcrop.

Samday ----------

126*"
Pits

127*:
Renohill --------

B-60

0-2
2-16
16

0-4
4-30
30

0-3
3-60

0-5
5-60

C-5
5-601

0-4
4-201
20 1

0-2
2-18
is

0-5
5-201

20-361
36

0-6
6-181

0-4
4-18
18

0-5
5-251

" " I

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

B-18
40-50
30-40

B-18
35-45

27-35
27-35

27-35
30-40

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

1O0 12-0.11 l 66-8o40 o09-0. 1417:9-9o0
1 1
'0.10-0.1217.4-8.4
0.15-0o1717.4-8o4

0 .08-0 1017 4-8.4
10 12-01417:4-8.4

10 16-0 1817 4-8 4
10:10-0:1717:9-9:0

<4
<4

<2
<2

<2
<2

I

I - -

Low-------

IL0a-------

Low-------

Low-------

1Moderate
LOW 

-------

ILow ......

LO .......

I

0.17
0.24

0.32
10.37

2

2

I

<4
2-8

<2
<2

0 28 5
0: 3 21

1 321 5
OC:321

0.08-0.11 6l1-9.0
0.04-0.1117.9-9.0

'0.06-0.07 6.6-7.8
0.06-0.07 6.6-7.8

0 .12-0 141 74-8.4
0o09-0:1117:4-9.0
1

< 2 Low -------
<2 LOW -------

<4 1High-----
4-16 lHigb--
--- I ------ :--::

0.17
0.28

0.32
0 ' 32

0.15-0.20
0.14-0.18

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

< 2
< 4 High ------ 10 ' 37

High ------ 0 32
---------- I-:--

2

3

I

5
3

3

2

4L

2

2

4 L

6

3

3

6

6

.5-1

1-2

1-2

1-2

Shingle

128*:
Renohill --------

I

0.6-2.0
0.6-200

0.2-0.6
0.2-0.6_

2.0-6.0 '0.13-0.15
0.06-0.2 '0.14-0.16
0.2-0.6 10.19-0.21

I . - -

2.0-6.0 '0 13-0.15
0.06-0.2 0.19-0.21

!0.19-0 *2117 4-9.0
0.,16-0.2117*4-9.0

<2 1 Low ------- I Co28
<2 High ------ 10.32
<4 IModerate 10.37

---------- I

<2 ILOV ------- 1 0.28
<2 Moderate 0.37

--- I ---------- I ----

<2 Moderate 1 0.32
<2 IModerate 0.49

---------- 

----

X-2 Moderate 0.37.1 <4 , IModerate 10.37

---------- ----

3

1-3

See footnote at end of table.
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Converse County, Wyoming Northern Part

TABLE 12o--PHYSICAL AND CHEMICAL PROPERTIES OF THE SOILS--Continued

173

Soil name and 2 Depth

map symbol
128*:-'

128*:
Worfka ----------

Shingle ---------

129*:
Samday ----------

Shingle ---------

Worf ------------

130*:
Sear ............

Wibaux•-........

131*:
Shingle ---------

Rock outcrop.

Samday ----------

132*:
Shingle ---------

Rock outcrop ----

Tassel---------

133*:
Shingle ---------

Tbeedle ---------

mbria---------

0-3

14i

is
0-4

Ioo, &
4-181

is
0-2
2-18i

0-2

4-111

11-601

1

0-4

13

0-2

2-9

0-601

0-2
2-8

0-4

4-131

05

0-4
418
a-60

Clay

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
27:35I

30-40
40-50

18-27
27:35)

PerneabilityAvailable Soil Isalinity Shrink- lfactors erodi- Organic

water reactioni swell I lbilityl mattercpacity I ITtetil K

I Sz-i I rc I
2.0-6.0 0.13-0.1516.6-7.8 <2 Low - -'---- 0.281 2 3 1-2

0.06-0.2 10o19-0o2117 4-9:0 <2 'Moderate 0.37 1

0.6-2.0 10 19-0.21 7 4-9 0 <2 'Moderate 0.321 2 6 1-3

0.6-2.0 O0:16:0.21 7o4-9o0 <2 'Moderate 0 49
---------- :

0.2-0.6 10 15-0 2016 -8 4 1 <2 1High ----- 10.37 1 6 1-2
0.06-0.2 1014-0.1817:4-9*0 <4 High--......0.32

0.6-2.0 '0 19-0.21 17.4-90 <2 Moderate 10. 31 2 6 1-30:-20 0160.17.-90 <2 '~drt 0.49' 2

2.0-6.0 10 13-0 15166:7.8 <2 Low--------10.28121 3 1-
0.6-2.0 I019-0.2116o6-8.4 <2 Moderate 1037

0.6-2.0 '0.13-0.2016.6-7.8 ( 2 lbov--------10.321 1 7 1-2
0.6-2.0 10.10-0.1316.6-8.4 (2 'LOW ------- 0.151

>20 0. 17.4-8.4 1 <2 'Dow---------0 00'

0.6-2.0 0 09-0 1116 6-7 8 <2 ---- o--- .- -i 0: 1 5  1 8 1-3
0.6-2.0 '0:04-0:0616:6-7:8 <2 --- -------- 10,15 1

>20 . <2 I ----------- - 0:00'

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

0o6-2.0
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 19-0 21'7.4-9.0
0. 16-0:21 7.4-9.0

O.16-0.1817.4-9.0

10.16-0.18 7.4-9.0
10.16:0.2117.4-9.0

10 9-0217.4-9.0

I'
'0 10-0 2127?4-8.4

10-12:0.1416.6-8.4
0 165-0 1871 74-8.4
1 -

10 19-0 2017?.4-9.0'0~~ ~16-2 7-.

<2
<2

<2
<4

<2
<2

<2

<2
<2

<2
<2

<2

<2
<2
<2

Moderate 0.32
Moderate '

2

1

2

6

6

5

High - '---- 10 37
High.------ 0'032

Low - ----- J0.32
Moderate 0 49
---------- I_:__

1-3

1-2

1-3

.5-1

1-3

2-8
5-12

27-35
27-35

10-20
18-35

5-15
10-25
18-27

'Low ------ 10.17
'Low ---- 10.24
1 --------- --

Moderate 1 032
'Moderate 10.49

Lo -------- 0.32
'Moderate 10.37

1o --------- Io ,
1 L , y---- 0.32

I bitob" 'f

2

2

2

5

6

5

3

See footnote at end of table. Addendum D7 B3
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174 Soil Survey

TABLE 12.--PHYSICAL AND CHEM4ICAL PROPERTIES OF THE SOILS--Continue

Soil nare and 'Depth Cla
map symbol lay- -th-+

Permeability lAvailable' Soil Salinity
Iwater I reactio1 1

0.2-0°6 0.15:0.2017 4-8 4 <2
0.06-0.2 10.14-0.18 7:4-9.0 <4
0.2-0.6 10:15-0:2017:4'8.4 <2

Shrink-
swell

potential

ed

Sfactors erodi- Organic
l--r -biltyl tI e

L~~~ matter_•_
ýLou-

134*:
Silhouette ------

Heldt -----------

135*:
Tassel ------

Shingle--------

136*:
Tassel ----------

Terro -----------

Rock outcrop.

137*:
Tassel ----------

Tullock ---------

Vonalee ---------

138*, 139*:
Terro -----------

Tull-ock ---------

Orpha -----------

140*, 141'*"
Theedle- 1

Kishona ---------

142*-
Dim -------------

I I

1 0-2.2-22
'22-60

1 0-1

1-60

0-3
3-14
14

0-4
4-18
18

0-2
2-161
16

0-4
4..341
3 I

0-2
2-161
16

0-5
5-311
31

0-3
3-241

24-601

0-4

34

0-5
5-31'

5-60'

0-5
5-281

28
3-60j

0-4
4-171

17-601

30-45
40-50
30-45

30-40
40-50

5-12
5-12

2.7-35
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

0
0

1

.06-0.6 10.12-0.17
0.06-0.6 10.12-0.17

2.0-6.0 10.16-0.18
2.0-6.0 10.15-0.17

0.6-2o0 0:19-0:211
0.6-2:0 0:16-0 211

7.9-9.0
7.9-9.0

7.4-8.4
7.4-8.4

7.4-9.0
7.4-9.0

<8
<8

l
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

6.0-20
2.0-6.0
6.0-20

2.0-6.0
2.0-6.0

6.0-20
6.0-20

0o10-0.12 7.4-8.4
0.15-0.17 7.4-8.4

10.09-0.1416.6-7.8
0.12-0.14 6.6-7.8

0 10-0.12 7.4-8.4
015-0.17 7.4-8.4
I.---. I

0.10-0 1217.4-8.4
0.10-0=1217.4-8*4

<2
<2

<2
<2

<2
<2

<2
<2

<2
<2

<2
<2

<2
<2
<2

<2
<2

<2
<2

<2
<2

<2
<8

<4
2-8

High ----- 10.32
High ----- 10.37
High----- 10.37

High - 1---- 0.28
High - 10.... O=28

Low -.--- 10.24
Lo.-------- 0.24

Moderate 10,32
Moderate 0,49

Low -------10.17
-Lo - . . . . ..-- -- 0 : 2 4

Low ----- 0.28
Low--- -- 0.28

'LOW- ---

Low -------

ILO -y------

'Low----- -
--La- ---LOW -------
LOW -------Low -------

0.17
0.24

2

2

2

2

2

2

0. 07-0.09
10.12-0.14
0.07-0.09

o0.09-0.14
0. 12-0.14

1 -- "

0.10-0.12
10.10-0.12

>20 '006-0.0

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

Low-------
LOW ----

Low-------

>20 0 06-0.07
12 0.06-0.071

0.6-2.0 10 17-0.20
0:6-2.0 0o17-0.20

0.6-2 0 10 16-0 181
0.6-2.0 .10H-0:171

LOWa-- -----

Low.-- ----

0o17 30.17

0.24 5
0.32
0.24

0.28 2
0.28'

0.17 3
0.17

0.17 5

0:28

0.32 20:37

0.281 5
0.325
0- :171
b•21 5

6

4

3

6

2

3

2

2

2

3

2

2

5

4L

6

1-2

.5-2

1-3

.5-1

1-2

.5-1

1-2

1-2

1-2

1-2

1-2

1-2

.5-1

1-3

Lowe----
Moderate

Loa-------
Moderate

I
0.6-2 0

0.06-2.0
0.6-2.0

10. 16-0. 1816 -•! ' ,47
4V (<2

'0:19-0:2117.9-9 0

endum D7 B3

M'4eralte
Higb----
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Converse County, Wyoming Northern Part

TABLE 12.o-PHYSICAL AND CHEMICAL PROPERTIES OF THE SOILS--Continued

175

Soil nameand i~pt-l Clay
map symbol

142*: I
Bidm.an ---------- 0-7 5-15

PrmabilitY ,Availbe Si lnity, Shrink-
'water 1reactioni swell
capacity " Iotential

-- -• -- _I 1--l-..-o.. . . .

0.6-2,0 1016-0 1816o -7.3 <2 Low -------
0.06-0o2 10.14-0°1616 6-7*8 <2 'High----..
0.2-0.6 10 19-0.21i7 .9-9_0 <2 Hlgh-......

I
0.6-2.0 10 16-0 1816 6-7 8 <2 ILov -------

0.06-2.0 '0 19-0.2116.6-8.4 <2 'High ------
0.6-2.0 1019-0.2117.9-9 0 <2 iModerate
0.6-2.0 10o12-0o:15 7o9-9o0 <2 Moderate

sio Windfatoserodi-'Ogai

E bility m~ater

I

/'&U
20-60

143*:
143":Ulm ------------- 0-55-21

121-36
136-60

Renohil----......-0-5
5-20

144*:120-36
!36

.&U--0v

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

10 28
1032

1o 043

10.32
10.37
10.37

5

5

144*:
Tin --------------

Renohill --------

145 --------------
Ustic
Torriorthents

146*:
Vonalee ---------

Terro -----------

147*:
Vonalee ---------

Terro ----------

148*:
Wibaux -----------

Rock outcrop.

Shingle ---------

149*:
Worf ------------

0-4
4-16

0-5
5-25
25

0-60

0-4
4-24

24-44
44-60

0-4
4-34
34

C-3
3-24

24-60

0-4
4-341
34

0-4
4-111

11-6011
0-4 1
4-131
13

c-5
5-151
151

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

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

0.13-0.15
0.14-0.16
0.19-0.21

16-0.1816.6-7.8
0•19-0.21 6.6-8.4
10.19-.2117.9-.0

10 17-0 2116 6-7 8
10:19 01 7-9.0

-:0217.

'0 07-0 0916 6-7.8
1012-0014166-8'4
1007:0.09174-9.0
1009-0.14166-7.8

0o09-0 1416.6-7.8
10.12-0.1416.6-7.8

6.6-7.8
6.6-8.4
7.9-9.0

<2
<2
<4

<2
<2
<2

<2
<4

Low ------- 10.28
High - 1---- 10.32
Moderate 10.37
-i-------- I---

Moderate i0.32
High ------ 0.37

IModerate 10.37

'Moderate 10.37
IModerate 1'037
1 --------- __
I I

3

6

3

6

6

5

3

0o07-0.09
012-0.14
0.09-0.14

1-3

1-2

1-3

1-3

6.6-7.8
6 6-8.4
17.4-9.0

0.09-0 1416.6-7.8
0.12-0:14 6.6-7.81 __ i --

<2
<2
<2
<2

<2
<2

<2
<2
<2

<2
<2

<2
<2
<2

<2
<2

<2
<2

Low-------

LOW -------ILOW -------

'Low -----.(Low-...

'.C24

0.32
0.24
0.28

0.28
0.28

'0.09-0.11
0.04-0.06

0.19-0.21
0.16-0.21

0.17-0. 19
0. 19-0.21

6.6-7.8
6.6-7.8

'7.4-9.0
7.4-9.0

16.6-7.8
'6.6-8.4

Low ----.-- 0.24'LOW .::..... .32ILow ------- 0.32

Low ------- 0.284

I I

Low -.... !:s
L-------- 01

------I0:00I
I~
I

Moderate 10.321
Moderate 0.491

Low -------I. Co241
'Mod late ..0 O.3,7

2

3

2

3

8

6

2 .

1. Z

1-2

1-2

1-2

1-2

1-3

1-3

1-2

See footnote at end of table.
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176 Soil Survey

TABLE 120 -- PH'SICAL AND CHEMIC.4L PROPERTIES OF THE SOILS--Continued

'I ay'~~T77 1 LiYYSmkl ros -_ ind
1 DeptbP Al eaSo ni Shrnk factors "erodi- t organlicmap symbol I d water reaction swell bilityI matterma capacit I tential K T croup

±0£ kCT- Lilt nr

149*:
Shingle ---------

Tassel--

150*:
Zigweid

151* - -- --- --1

151*:
Zigweid ---------

Ca bria ---------

152*:
Zigweid ---------

0-4
4-18
18

0-3
3-14
14

0-2
2-601
0-4

4-601

0-3
36I

3-60i

0-2

0-4 1

0-4
4-8
8-601

0-5 1
5-281
28 1

27-35
17-35

5-12
5-12

18-35
27-35

40-45
40-55

27-35
27-35

5-15
18-35

18-27
27-35

5-15
10-25
18-27

10-20
18-35

0.6-2.0
0.6-2.0

2.0-6.02°0-6.0

0,6-2.0
0.6-2.0

0.06-0.2
0.06-0.2

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

nit 2-13

0.19-0.21
0.16-0.21

0.16-0.18
0.15-0.17

7.4-9.0
7.4-9.0

7,4-8.4
7.4-8.4

'0.16-0.21 '6,6-8.4
10:16 0.211 79-9:0

I. I,

0.17-0.20 6.6-8.4
0.15-0.20 7.4-9.0

10116-0121 6.6-8.4
10.16-0.21 7.9-9.0

10 12-0.1416.6-8.4
1015-0.2017:4-8.4

0.16-0.2116.6-8.4
10.16-0.21 7.9-9.0

0. 12-0 14 16.6-8.4
10.16-0.18 17.4-8,4
0.17-0.20 7.9-9.0

0 17-0 20 7.4-8.4
0.17-0.20 7.4-8.4

%x,,

<2
2-4

<2
<2

<2
<2

<2
<2

<2
<2
<2

<2
<8

<2

<2
<2

--<2-

<2 S"

Moderate
Moderate

LOW---

Moderate
Moderate

Moderate
High- -----

Moderate
Moderate

LoW -.-----
Moderate

Moderate
Moderate

0.24
0.24

0.32
0.43

'0.32
0.37.

0.32
10.43

0.32
0.37

0.32
ý0.43!

6

3

6

6

6

3

6

3

5

1-3

.5-1

1-2

1-2

1-2

1-2

1-2

1-*

1-2

)Low ------- 0.32
ILow ------- 0.37
'Moderate 10.37
Low ------- 0.32

'Moderate 0. 37
--------

Theedle---------

J • J---------------- t-

* See description of the map unit for composition and behavior characteristics of the map unit.
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APPENDIX D-7

SOILS

PROPOSED REYNOLDS RANCH AMENDMENT AREA
CONVERSE COUNTY WYOMING

1.0 General

The impact to the topsoil resource at the Reynolds Ranch amendment area will
be relatively minor when compared to typical surface mining operations as the in-
situ recovery process results in very limited topsoil disturbance. Accordingly,
most of the required topsoil salvage is restricted to constructed access roads and
building sites.

2.0 Soil Baseline Studies

Baseline soil studies performed for the amendment area include an Order 3 soil
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.
(BKS) in 1997 for Rio Algom Mining Corporation (RAMC).

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-Cl 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-C2. 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.

Smith Ranch Permit Addendum D-7 C Revised - April 2011
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ADDENDUM D7 C3

SOIL SURVEY OF CONVERSE COUNTY, WYOMING,
NORTHERN PART

U.S. SOIL CONSERVATION SERVICE

ntai ed Soil Map Units

e mao units delineated on the detailed maps at the
of this survey represent the soils or miscellaneous

s ;n the survey area. The map unit descriptions in
secion, along with the maps, can be used to

rmine the suitability and potential of a unit for

:ific uses. They aiso can be used to plan the

acemenT needed for those uses. More information

acn map unit is given under "Use and Management
e Soiis."
map unit delineation on a map represents an area

inated by one or more major kinds of soil or

eilaneous areas. A map unit is identified and named

)rdino to the taxonomic classification of the dominant

or misceilaneous areas. Within a taxonomiic class

?.--re precisely defined limits for the properties of the

the landscape, however, the soils and
ous areas are natural phenomena, and they

characteristic variability of all natural

,,,iena. Thus, the range of some observed
mav extend beyond the limits defined for a

lass. Areas of soils of a single taxonomic
Sr!,if ever, can be mapped without including

3 of other taxonomic classes. Consequently, every

unit is made uo of the soils or miscellaneous areas

hich it is named and some "Included" areas that
,c to other taxonomic classes.

;st :nciuded soils have properties similar tC those of

ominant soii or soils in the map unit, and thus they

)T affect use and management. These are called

:ntrasring, or simiiar, inciusions. They may or may
e mentioned in the map unit description. Other

ied soils and misceilaneous areas. however, have

u-ries and oenaviori divergent encuon to affect use

recuire different management. These are calec

=_sting, or dissimiiar, inclusions. nev aeneraily are

ail areas and couid not be mappeo seoaraleiy

;se of the scale used. Some small areas of sTrongiy

.stung sou-s or misceilaneous areas are 'aentifiec .cv

cuai symool cn the maps. The incduced .areas or

islinn sofis or misceiianeous areas are mentioned

maD unit descriptions. .4 ew inciuaed areas may

:ye oeen observeo. ndc consecuenTIV ihe\/ are not

-on 'Ile "-,escriorions. "soec~aiav wnere the
ics so complex thai i 'was imoracticai Lo make

...se.rains :o identify ail the soiis and

'laneus .areas cn the landscape.

The presence of included areas in a mad 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 deveiopment 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 m ap 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 soll seifes. 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 underiying layers. They also can differ in

characteristics that affect their use. On the basis of such
differences, a soil series is divided into soil phases. Most
of the areas shown on the detailed soil maps are onases
of soii series. The name of a soil phase commoniv
indicates a feature thai affects use or manacement. .or
example, Shingle loam, thin solum. is one of severai
phases in the Shingie series.

Most maD units are made uo of two or more maior
soiis or miscellaneous areas. These mar unins are
comoiexes or associations.

mem•iex consists ,f Nwo or more sois or
misceilaneous areas in sucrn an :nitricaie paTtern :7r

Such small areas thaT they cannot be snown scoararei.,
,n the macs. J.The c-attern -and proponuor of cr -- cois
misceflaneous areas are somewnat simlar in -ai ress
"lm-enoniil "--mcve. ýtc percent sces. ;s n

=xamoie.
An assocTiro, S mace uc ;-- two or more

oeograonicadly assocuated soils oar miscellaneous areas
that are shown as one unit on the maps. Because of

oresent or anticioated uses of the map unils in Mhe
survey area, it was not consioered practical or necessary

.o map the Soils or misceflaneous areas separaieiy. The
cattern and relative propormion of ,he soils or
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.miscellaneous areas are somewhat similar. Zigweid-
imbria association, 0 to 6 percent slopes, is an

xample,
This survey includes misce//aneous 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 (imitations,
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 Abst.ed fi-ne 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 c!ay.
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.

Smith Ranch Permit A .........

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 saitbush. 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. O

The production of forage in most areas is limited byle
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 poientiai, slow
and very slow permeability, and slow runoff. Backfilling
excavations with coarser textured material reduces the
shrink-sweil potential. Constructing a larger absorption
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field or using selected material will help compensate for
( e slow and very slow permeability.

'his map unit is in capability subclass VIs. Most of the
.hit is in the Saline Upland, 10- to 14-inch ppt., Northern

'-lains ranee site. The areas on the lower parts of stream
*.rraces adjacent to the Cheyenne River are in Saline
W0"owland, 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.
,ailable water capacity is high. Effective rooting depth
50 inches for water-tolerant plants but is limited to

_.epths between 0 and 12 inches for non-water-tolerant
plants. Runoff is very slow, and the hazard of water

•ion is slight. The hazard of wind erosion is slight. A
Wp~onal 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
iess 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 6U
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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qnakeweed invade. The potential plant community
duces about 1,300 pounds of air-dry vegetation in

,rmal years. Production varies from 1,800 pounds in
,avorable 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 complex, 0 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

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. 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.

Smith Ranch Permit

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 brownand
light yellowish brown clay loam, and the lower 18 inches
is pale brown clay loam and very pale brown sandy cla
loam. Interbedded shale and sandstone are at a depth is
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 practic
increase water infiltration, reduce plant competition, a
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
fields.

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

105-Cambria-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
,ercent Cushman loam. The components of this unit are

intricately intermingled that it was not practical to map
,,em separately at the scale used.
included in this unit are small areas of Renohill clay

arm and Worf fine sandy loam. Included areas make up
Woout 20 percent of the total acreage. The percentage

varies from one area to another.
The Cambria soil is deep and well drained. It formled 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 6 inches is pale
yellow loam. Interbedded shale and sandstone are at a
depth of 25 inches.

Permeability of the Cushman soil is moderate.
0ilable water capacity is low. Effective rooting depth is

j to 40 inches. Runoff is medium, and the hazard of
water erosion is severe. The hazard of wind erosion is

Aerate.

his unit is used for livestock grazing and wildlife
h itat.

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.
Thiseling or other such practices can be used to improve
ireas of deteriorated rangeland. Such practices increase
vater infiltration, reduce plant competition, and allow the

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

The vegetation on this unit providessome 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
stale 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 th e 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
' tern wheatgrass, thickspike wheatgrass, and

..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
baiance 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 seepageli
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.
This map unit is in capability subclass IVe. It isin 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 sa',ndy
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 excessi•vely
drained. It formed in loamy recently deposited alluvi um

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 Clarkefen 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 an
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 the 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
.und water.
his map unit is in capability subclass !Ve. It is in the

Lowland, 10- to 1,4-inch ppt., Northern Plains range site.

' 108-Clarkelen-Dwyer-Orpha association, 0 to 10

''e rcent 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, land 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
't loam that contain carbonates.

lermeability of the Clarkelen soil is moderately rapid.
,-vaiiable water capacity is moderate. Effective rooting
depth is 60 inches or more. Runoff is slow, and the

?rd of water erosion is severe. The hazard of wind

( ion is moderate. This soil is subject to flooding
nlng 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 lowm 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 baiance 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 piants can be improved by chemicai 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 'or
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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qreate 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 lVe. 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., Northern Plains
range site.

109-Clarkelen-Haverdad-Bigwirlder 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 and
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

Smith Ranch Permit

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 sW
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 !imited 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.
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I(

-e 2.-Area of Clarkelen.Haverdad-Bigwinder complex, 0 to 3 percent slope, along Box Creek. This area supports scattered

(@ttonwood trees;

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

ýreate a hazard of polluting ground water.
This map unit is in capability subclass IVe. The

ilarkelen and Haverdad soils are in the Lowland, 10- to

14-inch ppt., Northern Plains range site. The Bigwinder

;oil is in the Subirrigated, 10- to 14-inch ppt., Northern
11ains range site.

11O-Cushman-Terro complex, 0 to 6 percent
sdopes. This map unit is on pediment slopes of nearly
level to undulating dissected uplands. Slo'pes 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
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i"--ale brown clay loam and very pale brown loam.
idded sandstone and shale are at a depth of 33

,-•rrneability 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.

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 19 inches of the subsoil is brown and pale
brown sandy loam, and the lower 11 inches is light gray
sandy loam. Soft sanidstone 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

ndition further deteriorates, cacti, annuals, and broom
eweed invade. The potential plant community
ices about 1,500 pounds of air-dry vegetation in

,(...nal 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

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
1', 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 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 subclass IVe. 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.

111-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 mainly grasses and shrubs.

This unit is 55 percent Cushman loam 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 small areas of Shingle clay
loam and Worf fine sandy loam on 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.

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 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 more.

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.

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 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
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erosion is moderate. The hazard of wind erosion is
-,oderate.

This unit is used for livestock grazing and wildlife

)abitat.
The potential plant community on the Cushman soil is

9~ainly western wheatgrass, thickspike wheatgrass, and
lVeedleandthread. 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
'he plant community.

The suitability of this unit for rangeland seeding is fair.
,e main limitations are the hazards of wind and water

erosion. Chiseling or other such practices can be used to
i ve areas of deteriorated rangeland. Such practices
#inse water infiltration, reduce plant competition, and
I 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 VIe. The
ushman soil is in the Loamy, 10- to 14-inch ppt.,

4orthern Plains range site. The Terro soil is in the
"andy, 10- to 14-inch ppt., Northern Plains range site.

12 -- Cushman-Worf association, 6 to 15 percent

lopes. This map unit is on ridges, shoulder slopes, and

ack slopes of rolling uplands. Slopes are convex and
,e medium in length. The native vegetation is mainly
'asses 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 Wort 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 ofair-dry
vegetation in normal years. Production varies from 1,200
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- -•-junds in favorable years to 450 pounds in unfavorable
"rs.

* he production of forage on this unit is limited by

iestricted 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

'callow 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 Dvwyer 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 Hiland sandy loam in

swaies 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 pale 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 lw. 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 strata 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 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 erosion by wind
and water. Chiseling or other such practices can be usele
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 deveiopment, 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 )arns, 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
egetation is mainly grasses and shrubs.
This unit is 55 percent Forkwood fine sandy loam and

30 percent Cambria fine sandy loam. The components of
_ his unit are so intricately intermingled that it was not

ractical to map them separately at the scale used.
"W"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
iower 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 B inches of the subsoil is brown sandy clay loam,

and the lower part to a depth of 60 inches or more is

ale brown loam.
Permeability of the Cambria soil is moderate. Available

water capacity is high. Effective rooting depth is 60
"'-nhes or more. Runoff is medium, and the hazard of

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

*erate.
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 piant

community.
The suitability of this unit for rangeland seeding is

good. Chiseling or other such practices can be used to

improve areas of deteriorated rangeiand. 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 subciass IVe. It is in the
Loamy, 10- to 14-inch ppt., Northern Plains range site.

115- Forkwood-CambriaeCushman 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 caicareous 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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K :nterbedded shale and sandstone. Soft bedrock is at a
. pth 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.

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 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

Smith Ranch Permit AAA

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 uppe W
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
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 broorn
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 piant
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 thai
are heavily infested with undesirable piants can be
improved by chemical or mechanical treaiment.

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

If this unit is used for homesite deveiopment, the main
limitations are high shrink-swell potential and the slow
permeability of the UIm soil. Backfilling excavations with
coarser textured material helps to overcome the
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limitation of shrink-swell potential. Constructing a larger
_eptic 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.

I17-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
9wer part to a depth of 60 inches or more is light

orownish gray and light gray clay loam.
Permeability of the Forkwood soil is moderate.

(mailable water capacity is high. Runoff is medium, and
Whazard 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 UIm 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
.rosion 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 E
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 UIm 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 heips to
compensate for the slow permeability of the Uim and
Renohill soiis. 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 Vie. The
Forkwood soil is in the Loamy, 10- to 14-inch ppt.,
Northern Plains range site. The Ulm and Renohill soiis
are in the Clayey, 10- to 14-inch ppt., Northern Plains
range site.

1 18-Gateson Variant-Tassel Variant association,

10 to 45 percent slopes. This map unit is on upland
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Iges, shoulder slopes, and back slopes on the northern
" of Pine Ridge. Slopes are convex and are medium in
?,gth. 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.

Ihciuded 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

if 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

siooes. 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. V

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 chemidal 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, 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 Vile. 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.

1 19-Gullied land. This map unit is in rolling to steep
areas where oullies have downcut into friable soil
material. The remaining soii material is shailow to deeD
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 materiai is

0
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10 to 60 inches thick or more over bedrock. Texture
anges from sandy loam to clay loam.

included in this unit are small areas of Shingle clay
loam, Theedle loam, Samday clay loam, and Savageton.ciay 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
Jo percent Lohmiller clay loam. The components of this
unit are so intricately intermingled that it was not
-ractical to map them separately at the scale used.

(Included in this unit are small areas of Draknab loamy
•nd 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 cla,,

Permeability of the Lohmiller soil is slow to modera
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
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
Lowvland, t0- 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 oarns, 0 to 6 percent
slopes. This map unit is on foot slopes and pediment
slopes. Slopes are convex and are medium in iength.
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,
Vonalee loamy sand, and Terro sandy loam. Included
areas make up about 10 percent of the total acreage.
The percentage varies from one area to another.

The Hiland soil is deep and well drained. It fbrmed in
loamy residuum, local alluvium, and eolian material
derived dominantly from calcareous sandstone. Typically,
the surface layer is pale brown sandy loam about 5
inches thick. The upper 25 inches of the subsoil is pale
brown and light yellowish brown sandy clay loam, and
the lower part to a depth of 60 inches or more is very
pale brown sandy loam. In, some areas the subsoil is
loam or light clay loam.

Permeability of the Hiland soil is moderate. Available
water capacity is moderate. Effective roofing 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 Bowbac soil is moderately deep and well drained.
It formed in loamy residuum derived dominantly from
calcareous sandstone. Typically, the surface layer is
brown sandy loam about 3 inches thick. The upper 15
inches of the subsoil is brown sandy clay loam, and the
lower 18 inches is brown and light yellowish brown
sandy loam. Soft, calcareous sandstone is at a depth of
36 inches. In some areas the subsoil is loam or light clay
loam.

Permeability of the Bowbac soil is moderate. Available
water capacity is low. Effective tooting depth is 20 to 40
inches. Runoff is medium; and the hazardof water
erosion is moderate. The hazard of wind erosion is
moderate.

Most areas of this unit are used for livestock grazing
and wildlife habitat. A few areas where water is available
from small reservoirs are used for irrigated alfalfa.

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. Alfalfa

yields average about 2.0 to 2.5 tons per acre with a
moderate level of management.

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

If this unit is used for homesite development, th
limitation is depth to soft bedrock in the Bowbac so'
Areas of Hiland soil should be selected for absorption
fields.

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

122-Hiland-Bowbac 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 60 percent Hiland sandy clay loam and 30
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.

Included in this unit are small areas of Vonalee loamy
sand, Renohill clay loam, Terro sandy 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 Hiland soil is deep and well drained. It formed in
loamy residuum and eolian material derived dominantly
from calcareous sandstone. Typically, the surface layer
is brown sandy clay loam about 3 inches thick. The
upper 21 inches of the subsoil is brown sandy loam and
sandy clay loam, and the lower part to a depth of 60
inches or more is .grayish brown and light brownish gr
sandy loam and sandy clay loam. In some, areas th
subsoil is loam or light clay loam. 4

Permeability of the Hiland soil is moderate to
moderately rapid. 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.

The Bowbac soil is moderately deep and well drained.
It formed in loamy residuum derived dominantly from
calcareous sandstone. Typically, the surface layer is
brown sandy loam about 4 inches thick. The upoer 11
inches of the subsoil is brown and dark yellowish brown
sandy clay doamr, and the lower 13 inches is light
yellowish brown fine sandy loam. Soft calcareous
sandstone is at a depth of 28 inches. in some areas the
subsoil is loam or light clay loam.

Permeability~of the Bowbac 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.

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 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 Vie. 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 ca'pacity 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 neeo,
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 forrangeland 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
deteriorates, threadleaf sedge and fringed sagewort
ncrease. 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.

This map unit is in capability subclass VIe. 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-=Kishona-Dwyer-Orpha association, 0 to 10
percent siopes. 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 loamy 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 througho.t~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 erosioe
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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n -ormal years. Production varies from 2,500 pounds in
arable years to 1,400 pounds in unfavorable years.
*he production of forage is limited by droughtiness. If

the range is overgrazed, the proportion of preferred

0rage plants decreases and the proportion of less
eferred forage plants increases. Therefore, livestock

arazing 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.
)f 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 mair limitations are the hazard of
cutbanks cavino in, sand blowing, and slope. Backfilling
excavations with coarsertextured material helps to
overcome the limitation of shrink-swell potential in the

Kishona soil.
The Kishona soil is in capability subclass IVe, and the

Owyer and Orpha soils are in capability subclass VIe.
ie Kishona soil is in the Loamy, 10- to 14-inch ppt.,

,qorthern Plains range site. The Dwyer and Orpha soils
are in the Sands, 10- to 14-inch ppt., Northern Plains

- site.

'25-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 haza'rd of water

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

Rock outcrop is exposures of multicolored, calcarer
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 tk
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-sweil 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 Dits
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

( ;ome interbedded shale and coal seams. Physical and
-hemical properties of the pit wall and displaced spoil

oanks 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 ciayey.

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.WorfkaoShingle 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
-,oft shale. Typically, the surface layer is pale brown fine
andy loam about 5 inches thick. The upper 15 inches of

(he 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 caicareous
shale. Typicaily, 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 2
inches. Runoff is medium, and the hazard of water W
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 rangeiand 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
•igher percentage of Renohill soil than is typical; these

eas are used for nonirrigated wheat. Yield averages

about 15 to 20 bushels per acre every other year with a
o oderate level of management. Because precipitation is

Wot 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

am. The components of this unit are so intricately
ftermingled that it was not practical to map them

separately at the scale used.
,•cluded in this unit are small areas of Samday clay

•n, Worf fine sandy loam, and Cushman loam.

'f!uded 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
infheS.

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 slighti

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 tf
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-dnr
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, biuebunch 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

Smith Ranch Permit Addendum D-7 C3 Page 23 of 85



community produces about 900 pounds of air-dry
vegetation in normal years. Production varies from 1,200
-)ounds in favorable years to 450 pounds in unfavorable
,ears.

The production of forage on the Worfka and Shingle
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.

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

129-Samday-Shingle-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 Sarnday 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 materi*
to a depth of 18 inches is light brownish gray clay boa*
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.

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
air-dry vegetation in normal years. Production varies froi
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 shouid 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
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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
ner water impoundments because of the seepage

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

ntelope, deer, small mammals, and birds.
This unit is poorly suited to homesite d.evelopment.

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
shouid be constructed using selected material.

This map unit is in capability subclass Vile. The
Sarnday and Worf soils are in the Shallow Clayey, 1 0- 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

-ake up about 20 percent of the total acreage. The
;rcentage varies from one area to another.
The Sear soil is very shallow and well drained. It

fnrmed in channery loamy residuum derived dominantly
(AM fragmented porcellanite. Typically, the surface layer
Iqkish 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 slioht.

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 furfher deteriorates, annuals invade. The
potential plant community produces about 600 pounds ofair-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 bemanaged so that the desired balance of preferred
species is maintained in the plant community.

The suitability of this unit for rangeland seeding ispoor. 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 Vile. 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 siopes. This map unit is on ridgetops,
shoulders, and back slopes of rolling to steep upiands
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
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.

Rock 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 1.8
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 b
managed so that the desired balance of preferred m
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 Ol
the survey area. Slopes are medium in length and arm
convex. The native vegetation is mainly ponderosa pi
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. !t
formed in loamy residuum derived from interbedded,
noncalcareous shale and sandstone. Typically, the
surface layer is light gray loam about 2 inches thic:ý, -he
underlying material to a depth of 9 inches is grayish
brown clay loam.

Permeability of the Shingle soil is moderate. Availabie
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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erosi on is severe. The hazard of wind erosion is

-oderate.
Rock outcrop is soft, mostly noncalcareous shale and

sandstone with seams of coal and ironstone.. nThe Tassel soil is very shallow and well drained. It

rmed in loamy residuum derived dominantly from

norcalcareous 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
-,osion is essential in harvesting timber. The very low

liable water capacity generally influences seedling
,jrvival in areas where understory plants are numerous.
Conventional methods of harvesting timber are difficult

(* because of slope.
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 10-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

:f preferred forage plants decreases and the proportion
Df less preferred forage plants increases. Therefore,
ivestock grazing should be managed so that the desired

)alance of preferred species is maintained in the plant
•ommunity. Brush management improves deteriorated
treas that are producing more woody shrubs than were
-resent 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. Availab
water capacity is low. Effective rooting depth is 4 to 2•
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
moderate.

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 on 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
limitations are moderate shrink-swell potential, slopes
and depth to soft bedrock. If the Cambria soil is used,
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-swell 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 Vie,
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 sand•
loam, Ulm loam, and Zigweid loam. Included areas m
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 pale 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
acity is high, Effective rooting depth is 60 inches or

,ore. Runoff is medium, and the hazard of water erosion
moderate. The hazard of wind erosion is moderate.
This unit is used for livestock grazing and wildlife

4abitat.
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
"-oroved by chemical or mechanical treatment.

he vegetation on this unit provides some food for
Aftelope, deer, small mammals, and birds.

If this unit is used for homesite development, the main
Mitions are high shrink-swell potential and slow

qleability. 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 lVe. 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, Wort 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.

,eluded 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 formr
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 .,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.

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

This unit is used for livestock grazing and wildlife
habitat. 0

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 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 an*
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 materiai
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
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

,wer part to a depth of 31 inches is pale brown loamy
,and. 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
( ,acity is very low to low. Effective rooting depth is 20
"'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 seeoaoe
potential.

The potential plant community on the Vonalee soil is
mainly needleandth read, 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. lf 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 in
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 Vie.
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 Turnback sandy

loam, Keeline sandy loam, and Bowbac sandy loam.

Included areas make up about 15 percent ofthe 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.

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 excessiv
drained. It formed in sandy residuum derived dominant
from calcareous sandstone. Typically, the surface layer
is brown loamy sand about 5 inches thick. The upper IS
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 soii 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 increalf,
As the range condition further deteriorates, annuals
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 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 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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, rThe potential plant community on the Tullock and
ha soils is mainly prairie sandreed, sand bluestem,

.dleandthread, and Indian ricegrass. As the range

.ondition deteriorates, sageworts increase. As the range
O1 dition further deteriorates, annuals and broom
Wakeweed invade. The potential plant community

produces about 2,000 pounds of air-dry vegetation in

nornal 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

'- (.owing, and the hazard of excavations caving in. Areas
he Orpha soil are most suitable for use as septic tank

.iorption fields.
This map unit is in capability subclass Vie. The Terro

in the Sandy, 10- to 14-inch ppt., Northern Plains
* site. The Tullock and Orpha soils are in the Sands,

110 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

veoetation 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

3xcessively drained. It formed in loamy residuum derived

Jominantly from calcareous sandstone. Typically, the

"-urface 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

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 lirmited.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.Kishfona 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. Availble
water capacity is low. Effective rooting depth is 20
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*
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
imprc.ved 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 Theedle soil to soft bedrock
and moderate shrink-swell potential. Backfiliing
excavations with coarser textured material helps to
overcome the limitation of shrink-swell potential. Areas
of the Kishona soil are most suitable ior use as seotic
tank absorption fields.

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 to15 percent
-)pes. This map unit is on pediment slopes in areas of

,I/ing uplands and on alluvial fans adjacent to upland
escarpments. Slopes are short and convex. The native

fegetation is mainly grasses.
WThis 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

ches thick. The underlying material to a depth of 60
iches or more is light yellowish brown and light gray

clay loam.
Permeability of the Kishona soil is moderate. Available

(or capacity is high. Effective rooting depth is 60
Wes 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 rnain limitation is the hazard of water erosion.

Chiseling or other such practices can be used to improve
areas of deteriorated rangeland. Such practices increasp
water infiltration, reduce plant competition, and allow
desirable native plants to increase. Areas that are
heavily infested with undesirable plants can be improveo
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 Vie. 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, Bahi 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 s(iaht.

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 orav
sandy loam about 3 inches thick. The subsurface iaver 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 lighi
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, 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 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., Northern Plains range site.

1430Ulm-Renohill complex, 0 to 6 percent slopes.
This map unit is in nearly level to 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
clayey local alluvium derived dominantly from calco 5.J.
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, arid 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.

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, andlW
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 yedrs to 850 pounds in unfavorable years.

The production of forage on this unit is limited by !ow
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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i";e desired balance of preferred species is maintained in
plant community.

The suitability of this unit for rangeland seeding is

good. Chiseling or other such practices can be used to

rove areas of deteriorated rangeland. Such practices

Wncrease 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-lUlm-Renohill clay loarns, 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

ainly grasses and shrubs.
This unit is 45 percent Ulm clay loam and 45 percent

Renohill clap loam. The components of this unit are so
'.cately intermingled that it was not practical to map

separately at the scale used.
n'ncluded 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.

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 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, 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-4
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. Itis 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 6.0 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

Smith Ranch Permit Addendum D-7 C3 Page 37 of 85



rapid, and the hazard of water erosion is severe. The
hazard of wind erosion is slight to severe.

K 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 ranges 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
pDercent 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 more is 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 r6oting dept
20 to 40 inches. Runoff is slow, and the hazard of wat
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 infested with undesirable plants can be improvelo
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, Turnback sandy loam, and Keeiine sandy loam.
Included areas make up about 15 percent of the total
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,,-- ,reage. The percentage varies from one area to

'her.
,)e Vonalee soil is deep and somewhat excessively

,rained. It formed in loamy wind-worked residuum
Oived dominantly from calcareous sandstone. Typically,

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
%itat.
,he potential plant community on this unit is mainly

need) eandthread, prairie sandreed, Indian ricegrass, and
.bluestem. As the range condition deteriorates,

(Norts and needleleaf sedge increase. As the range
'W ition 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.

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

If this unit is used for homesite development, the maj
limitations are slope, 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 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. Availabie
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 siight.

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
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 in 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,
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 map them
separately at the. scale used.

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 calcareo,
shale. Typically, the surface layer is light brownish
clay loam-about 4 inches thick. The underlying mate
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 pound•
air-dry vegetation in normal years. Production varies frW
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
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that are heavily infested with undesirable plants can be
-nproved 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 ShallowLoamy, 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
siopes. 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
iercent of the total acreage. The percentage varies from
ine area to another.

The Zigweid soil is deep and well drained. It formed in
-,•amy local alluvium derived dominantly from calcareous

(•le. Typically, the surface layer is grayish brown loam
Wut 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 manr
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
-hale. Typically, the surface layer is brown clay loam
ibout 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 sandstone. 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 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
needleandthreadý As the range condition deteriorates,
big sagebrush and blue grama increase. As the range
condition further deteriorates, cacti, annuals, and broom
mnakeweed 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., Northern Plains range site.

1152-Zigweid-Cambria-Theedle association, 6 to 15
percent slopes. This map unit is on pediment slopes of
rolling uplands and on adjacent foot slopes. Slopes ar•
short and are mostly convex. The native vegetation isO
mostly grasses and shrubs. W

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 o r 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
depth of 60 inches or more is brown loam. W

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,
ý-7 sagebrush and blue grama increase. As the range

1dition further deteriorates, cacti, annuals, and broom
;nakeweed invade. The potential plant community
rroduCes about 1,500 pounds of air-dry vegetation in

~rmal years. Production varies from 2,000 pounds in
Ovorable 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 improN
by chemical or mechanical treatment.

The vegetation on this unit proyides 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 Vie. It is in the
Loamy, 10- to 14-inch ppt., Northern Plains range site.
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67

;iassification of the Soils

-he system of soil classification used by the National
operative Soil Survey has six categories (7). Beginning
1 the broadest, these categories are the order,
)order, great group, subgroup, family, and series.
.ssification is based on soil properties observed in the
d or inferred from those observations or from
oratory measurements. Table 14 shows the
ssification of the soils in the survey area. The
egories are defined in the following paragraphs.
)RDE)E. -Ten soti! orders are recognized. The

erences among orders reflect the dominant soil-
ming processes and the degree of soil formation.
-h order is identified by a word ending in so/. An
imple is Aridisol.
;UBORDER. Each order is divided into suborders
prily on the basis of properties that influence soil

qnd are important to plant growth or properties
the most important variables within the

,e last syllable in the name of a suborder
cates the order. An example is Argid (Arg, meaning
/-rich horizon, plus id, from Aridisol).
iREAT GROUP. Each suborder is divided into great
ips on the basis of close similarities in kind,
ingement, and degree of development of pedogenic
zons; soil moisture and temperature regimes; and
e status. Each great group is identified by the name
suborder and by a prefix that indicates a property of

soil. An example is Haplargids (Hap!, meaning
mal horizonation, plus argid, the suborder of the
isols that have a layer of clay accumulation).
UBGROUP. Each great group has a typic subgroup.
ar subgroups are intergrades or extragrades. The
;is the central concept of the great group; it is not
ýssarily the most extensive. intergrades are
'itions to other orders, suborders, or great groups.
agrades have some properties that are not
?sentative of the great group but do not indicate
itions to any other known kind of soil. Each
roup is identified by one or more adjectives
3ding the name of the great group. The adjective
1//c identifies the subgroup that has more organic
2r and receives more precipitation than the one that
ýs the great group. An example is Ustollic
,rgids.

Y. Families are established within a subgroup on
of physical and chemical properties and other

-,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 coior,
texture, structure, reactioni 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 (IOYR 5/3) moist; weak medium and
coarse granular structure; slightly hard, very friable,
slightly sticky and slightly plastic; mildly alkaline;

* abrupt smooth boundary.
t-3 to 14 inches; brown (1OYR 5/3) clay, brown (1OYR

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 (10YR 5/2) clay,
dark grayish brown (1OYR 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 (10YR 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 YR 6/2)
clay, grayish brown (IOYR 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
nches.

The E horizon and the A horizon, where present, have
nue of 2.5Y or t0YR, value of 6 or 7 when dry and 5 or

, when moist, and chroma of 2 or 3. Reaction is neutral
( mildly alkaline.
WThe Btnk horizon has hue of 1OYR, 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 Haplaquepts

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 corner of
sec. 15, T. 34 N., R. 71 W.

A-0 to 3 inches; light gray (1OYR 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; fight brownish gray (!0YR 6/2) clay
loam, grayish brown (1OYR 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 (IOYR 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 (IOYR 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.

C3-30 to 48 inches; very pale brown (10YR 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 1OYR or 2.5Y, valueof 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 (1 OYR 5/3) moist; moderate fine platy
structure parting to moderate very fine granular; soft,
friable, slightly sticky and slightly plastic; siightly
effervescent; moderately alkaline; abrupt s'nooth
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.

1 2--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- 1 5 to 22 inches; light brownish gray (10YR 6/2).
clay, grayish brown (10YR 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 (10YR 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 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 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
,Ikaline.

.ahl 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 (SY 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 L.
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 (IOYR 6/2) sandy
loam, dark grayish brown (1 OYR 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 (10YR 5/3) moist; weak medium subang ular
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.

Bkl--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 1OYR 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

neutral to moderately alkaline.
The Bk horizon has hue of 10YR or 2.5Y, value of 5 or

i~when dry and 4 or 5 when moist, and chroma of 2 to
W. Texture is clay loam, sandy clay loam, or clay.

Reaction is mildly alkaline to strongly alkaline.

Sigwinder 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 ClarkeleniHaverdad-Bigwinder complex, 0 to 3
percent slopes; 1,250. feet north and 1,400 feet west of
the southeast corner of sec. 24, T. 39 N., R. 75 W.

A-0 to 3 inches; light brownish gray (lOYR 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 (1OYR 7/2), stratified sandy
loam and.loam, grayish brown (10YR 5/2) moist;
common fine strong brown (7.5YR 5/8).mottles
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 (10YR 7/2), stratified
loamy sand, loam, and sandy loam, pale brown
(10YR 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 (IOYR 7/2), stratified
sandy loam and loamy sand, light brownish gray
(10YR 6/2) moist; single grain; slightly hard, very
friable, no.nsticky and nonplastic; slightly
effervescent; mildly alkaline; gradual smooth
boundary.

C3-24 to 60 inches; mottled, light gray (lOYR 7/2) and
reddish yellow (7.5YR 6/8), stratified loamy sand,
sandy loam, and sand, light brownish gray (1 OYR
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
corner of sec. 8, T. 36 N., R. 68 W.

E-0 to 2 inches; pale brown (1 OYR 6/3) light clay loam,
brown (IOYR 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 (I 0YR 6/2) clay
loam, brown (10YR 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.

Bk-5 to 10 inches; light gray (IOYR 7/2) clay loam,
pale brown (lOYR 6/3) moist; moderate fine
subangular blocky structure; very hard, friable, sticky
and plastic;. strongly effervescent; calcium 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.

C2-20 to 60 inches; very pale brown (10YR 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
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gowbac 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. M

A-0 to 3 inches; brown (IOYR 5/3) sandy loam, dark
brown (IOYR 4/3) moist; weak fine granular
structure parting to single grain; soft, loose, slightly
sticky and slightly plastic; neutral; abrupt smooth
boundary.

Btl-3 to6 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.

Mt2-6 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.

*k-18 to 26 inches; brown (IOYR 5/3) sandy loam,
dark brown (IOYR 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 Figure 3-Profile of Bowbac sandy loam. Soft sandstone is at

dominantly sandy clay loam that is 20 to 35 percent clay depth of about 2.5 feet.
and more than 35 percent sand that is fine or coarser.
The Bk horizon has hue of 2.5Y to 1OYR, value of 6 or. 7
when dry, and chroma of 2 to 4.
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Cambria Series

The Cambria series consists of deep, well drained,
oderately permeable soils on ridge crests, back slopes,

foot slopes, and toe slopes of nearly level to rolling
Jiplands. These soils formed in mixed residuum and local
Wlluvium derived from shale and sandstone. Slope is 0 to

1 5 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-0 to 2 inches; grayish brown (10YR 5/2) fine sandy
loam, dark grayish brown (IOYR 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 (1OYR 5/3) sandy clay loam,
dark brown (10YR 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 (IOYR 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.

(k-10 to 14 inches; pale brown (IOYR 6/3) loam,
brown (IOYR 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 (IOYR 6/3) loam,
brown (10YR 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 (1OYR 6/3) loam,
brown (10YR 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 1OYR, 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, o
to 6 percent slopes; 1,150 feet west and 400 feet south
of the northeast corner of sec. 27, T. 39 N., R. 71 W.

A-0 to 2 inches; light gray (10YR 7/2) fine sandy loam,
grayish brown (IOYR 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.

2Bk1l-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 10YR or 2.5Y, value of 6 or
7 when dry and 4 or 5 when moist, and chroma of 2 or
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3, Texture is fine sandy loam or sandy loam. Reaction is
jtral or mildly alkaline.
'he Bt horizon has hue of I0YR or 2.5Y, value of 6 or

when dry and 4 or 5 when moist, and chromo 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 IOYR 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 (IDYR 6/3) sandy loam,
grayish brown (10YR 5/2) moist; weak thin platy

structure parting to moderate very fine granular; soft,
very friable; slightly effervescent; mildly alkaline;

clear smooth boundary.
-1 to 3 inches; grayish brown (10YR 5/2) sandy

loam, dark grayish brown (lOYR 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 (lOYR 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 sha.le 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

'he SW1/4 of sec. 15, T. 38 N., R. 72 W.

A-0 to 3 inches; pale brown (I0YR 6/3) loam, dark
brown (IOYR 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 (1 0YR 6/3) clay loam,
dark brown (10YR 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.

Oraknab 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.

A1-0 to 2 inches; yellowish brown (10YR 5/4) loamy
sand, brown (1OYR 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 (1OYR 7/3) sand,
,K 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 (10YR 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 1OYR 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. rReaction
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.

Typical pedon of a Dwyer loamy sand in an area of
(•pwyer-Orpha loamy sands, 3 to 15 percent slopes, 50

•IWewet 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 (10YR 5/3) loamy sand, dark

brown (1oYR 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 (1CYR 6/3) loamy sand,

brown (1OYR 5/3) moist; single grain; soft, loose;

strongly effervescent; moderately alkaline; gradual

wavy boundary.
C-21 to 60 inches; pale brown (IOYR 6/3) loamy sand,

brown (1 OYR 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 (IOYR 6/3) fine sandy
loam, brown (1 0YR 5/3) moist; weak medium and
fine granular structure; slightly hard, very friable,
slightly sticky and slightly plastic; neutral; abrupt
smooth boundary.

BA-4 to 7 inches; pale brown (1OYR 6/3) fine sandy
loam, brown (IOYR 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 (10YR 6/3) clay loam,
brown (10YR 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 (10YR 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 (10YR 7/2) clay loam,
grayish brown (1 OYR 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 (10YR 7/2) clay loam,
grayish brown (10YR 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 of 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 1 0YR or 2.5Y. It is not
esent in some pedons that are deeply leached.

-orkwood 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, 0O 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 (IOYR 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.

Btl-3 to 9 inches; pale brown (10YR 6/3) clay loam,
brown (10YR 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.

Bt2-9 to 16 inches; pale brown (IOYR 6/3) clay loam,
brown (lOYR 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.

2Bk1<-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 (lOYR 7/2), stratified
clay loam and loam, grayish brown (IOYR 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 1OYR or 2.5Y, value of 5 or
6 when dry and 4 or 5 when moist, and chroma of 2 dr

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. 77W.

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, yery 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-1 1 to 16 inches; pinkish gray (5YR 7/2) clay,
reddish brown (5YR 5/3) moist; massive; hard, fi
sticky and plastic; about 15 percent shale chips a,
sandstone channery fragments; mildly alkaline;

gradual smooth boundary.
3Cr-i 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 pedohs 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;
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moderate medium and fine granular structure; soft,
very friable, slightly sticky and slightly plastic; mildly
alkaline; abrupt smooth boundary.

*C 1-6 to 10 inches; light brownish gray (10YR 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 (1OYR 6/2)
loam stratified with sandy loam, clay loam, and
loamy sand, grayish brown (lOYR 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
3ilhouette-Heldt association, 0 to 6 percent slopes;
1,200 feet east and 75 feet south of the northwest

( rner of sec. 15, T. 38 N., R. 71 W.

0 to 1 inch; light gray (10YR 7/2) clay loam, brown
(10YR 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.

Bwl-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.

Bw2-15 to 26 inches; light gray (IOYR 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.

C-26 to 35 inches; pale brown (1OYR 6/3) clay, brown
(1oYR 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 (10YR 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 1OYR 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 1OYR 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 (1OYR 5/3) sandy clay loam,
dark brown (10YR 4/3) moist; weak medium
granular structure; soft, very friable, nonsticky and
non plastic; neutral; clear wavy boundary.

BA-3 to 10 inches; brown (10YR 5/3) sandy loam, dark
brown (10YR 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 (1OYR 5/3) sandy clay loam,
dark brown (10YR 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 (10YR 5/2) sandy
loam, dark grayish brown (10YR 4/2) moist;
moderate coarse subangular blocky structure; hard,
friable, sticky and plastic; many moderately thick
clay bridges between sand grains; strongly
effervescent; common fine irregularly shaped
calcium carbonate filaments and threads;
moderately alkaline; gradual wavy boundary.

Bki--24 to 36 inches; grayish brown (10YR 5/2) sandy
clay loam, dark grayish brown (10YR 4/2) moist;
moderate coarse subangular blocky structure; hard,
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K friable, sticky and plastic; strongly effervescent;
common fine calcium carbonate filaments;
moderately alkaline; gradual wavy boundary.

ýK2_36 to 60 inches; light brownish gray (1OYR 6/2)

sandy clay loam, grayish brown (10YR 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 IOYR, 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 0YR, 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-TasseI-Turnback complex, 6 to 15 percent

-pes; 2,100 feet north and 400 feet west of the

itheast corner of sec. 29, T. 40 N., R. 75 W.

A-O to 3 inches; yellowish brown (IOYR 5/4) sandy

loam, brown (10YR 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 (0OYR 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.

Ct1-8 to 17 inches; very pale brown (1OYR 7/3) sandy

loam, light yellowish brown (IOYR 6/4) moist;

massive; soft, very friable, nonsticky and nonpiastic;

strongly effervescent; calcium carbonate

disseminated throughout matrix; moderately alkaline;

gradual smooth boundarY.
C2-17 to 30 inches; very pale brown (IOYR 7/3) sandy

loam, pale brown (AOYR 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 (1 CYR 7/3) sandy

loam, light yellowish brown ( OYR 6/4) moist;

massive; soft, very friable, nonsticky and nonplastic;

strongly effervescent; calcium carbonate
disseminated throughout matrix; moderately alkalin-

The profile is calcareous throughout in most pedon5

but in some pedons the upper few inches is leached.

The A horizon has hue of 7.5YR or 10YR and chromaW
of 3 or 4. Reaction is mildly alkaline or neutral,

The C horizon has hue of 75YR 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 (1OYR 5/3) loam, brown (1OYR
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 (10YR 6/3) clay loam,
brown (10YR 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 10YR 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.

-0 to 3 inches; grayish brown (2.5Y 5/2) clay loam,
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.

AC-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 loamn, 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 1OYR. Reaction is
.ioderately alkaline or strongly alkaline. The control

section is heavy clay loam or silty clay.

OQrefla 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 1OYR, 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. 67 W.

A--O to 6 inches; grayish brown (1 OYR 5/2) loamy sand,
dark grayish brown (10YR 4/2) moist; weak
moderate and coarse granular structure parting to
single grain; loose; mildly alkaline; gradual wavy
boundary.

C-6 to 60 inches; light brownish gray (10YR 6/2) sand,
grayish brown (10YR 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
-' -iduum derived from soft shale. Slope is 0 to 15

;ent.
1ypical pedon of a Renohill fine sandy loam in an area

jf 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-O 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
(lOYR 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 (10YR 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.
-nches.

-he A horizon has value of 5 or 6 when dry and 4 or 5
en moist, and it has chroma of 2 or 3. It is fine sandy

.am or clay loam.
The Bt horizon has hue of 10YR 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 (10YR 6/2) clay

loam, grayish brown (10YR 5/2) moist; moderate

coarse platy structu.re 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) claý,
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-18 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. W

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
(1OYR 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.

Bki--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;
moderateiy alkaline; clear smooth boundary.

Bk2-28 to 32 inches; grayish brown (10YR 5/2) clay,
dark brown (10YR 4/2) moist; massive; hard, firm,
sticky and plastic; strongly effervescent; common
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.

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 corner of
sec. 2, T. 40 N., R. 71 W.

A-0 to 2 inches; pinkish gray (7.5YR 6/2) loam, brown
(7.SYR 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.

A •t--21to 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 6/6) and reddish yellow
(SYR 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.SYR 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 s 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 has traces of soil material between
porcellanite fragments.

Shirngle 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 airea 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-I16 inches; calcareous shale.

The A horizon has hue of 1OYR 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 1OYR 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 alkaiine to strongly alkaline.

Silhouette Series

The Silhouette series consists of deep, well drained,
slowly permeable soils on foot slopes and alluviai 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
ec. 20, T. 39 N., R. 71 W.

A-O to 2 inches; light brownish gray (IOYR 6/2) clay
loam, brown (1OYR 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.

OA-2 to 6 inches; pale brown (1OYR 6/3) clay, brown
(IOYR 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 (IOYR 6/3) clay,
grayish brown (1 YR 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 (1OYR 6/3) clay,
grayish brown (tOYR 5/2) moist; weak fine angular
blocky structure; very hard, firm, slightly sticky and
slightly plastic; slightly effervescent; moderately
alkaline; gradual smooth boundary.

Blk1-22 to 34 inches; very pale brown (IOYR 7/3) clay,
light brownish gray (1OYR 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.

,,.- c2-34 to 60 inches; light gray (IOYR 7/2) clay loam,
light brownish gray (IOYR 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 pedonof 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 (1OYR 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 boulndary.

AC-2 to 5 inches; light brownish gray (10YR 6/2) fine
sandy loam, grayish brown (1OYR 5/2) moist; w(
medium and coarse granular structure; soft, ver,
friable, nonsticky and nonplastic; slightly U
effervescent; disseminated carbonates; mildly
alkaline; gradual wavy boundary.

C-5 to 16 inches; pale brown (1OYR 6/3) fine sandy
loam, brown (1OYR-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 t
in an area of Gateson Variant-Tassel Variant associatio,*
10 to 45 percent slopes, in the $1/4 of sec. 11, T. 40 N.,
R. 77 W.

A-0 to 4 inches; light yellowish brown (10YR 6/4) very
fine sandy loam, dark yellowish brown (1 YR 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 (SYR 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 I0
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.

S
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The Ck horizon has hue of 5YR to 1OYR, value of 5 or
when dry and 4 or 5 when moist, and chroma of 1 to

.3. Texture is loam or sandy loam. Reaction is mildly
' lkaline 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 (IOYR 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 (1OYR 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 bedrock ranges from 26 to 39
inches.

The A horizon has value 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.

S
Smith Ranch Permit A•,,•,

Figure 4.-Profile of Terro. sandy loam. Soft sandstone is at depth
of 2 feet; some roots have penetrated to depths of 3 feet in
softer soils.
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Theedle Series
Fhe Theedle series consists of moderately deep, well

,rained, 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 (IOYR 6/3) loam, brown
(1 0YR 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 (IOYR 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 (IOYR 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.

'k2-20 to 28 inches; light brownish gray (10YR 6/2)'
clay loam, grayish brown (IOYR 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 (1OYR 5/1) clay shale
changing with depth to light gray (lOYR 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 1 OYR to 5Y and value of 5
or 6 when moist. Reaction is moderately alkaline or
strongly alkaline. Texture is loam or light clay loam.

Tulock 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-Tuilock-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 (10YR 5/3) loamy sand, dark
brown (10YR 4/3) moist; weak medium and fine
crumb structure; soft, loose; slightly effervescen!
disseminated calcium carbonate; mildly alkaline;
clear wavy boundary. '

AC-5 to 20 inches; brown (1OYR 5/3) sand, dark brown
(1OYR 4/3) moist; massive; soft, loose; strongly
effervescent; disseminated calcium carbonate; mildly
alkaline; clear wavy boundary.

C-20 to 31 inches; pale brown (1OYR 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 10YR 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 IOYR 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 1OYR 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.

Tumback 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 (10YR 6/3) loamy fine
sand, brown (10YR 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 (10YR 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
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friable, slightly sticky and slightly plastic; strongly
effervescent; common medium and fine calcium
carbonate seams; moderately alkaline; clear wavy
boundary.

Bk1 -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
triable, 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 (1OYR 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 0 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.

.- 0 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 (IOYR 5/3) clay loam, dark
brown (10YR 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 (1OYR 5./3) clay, dark brown
(1 OYR 4/3) moist; strong tine 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.

Bkl-21 to 36 inches; pale brown (1.OYR 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 (IOYR 6/4)
sandy clay loam, yellowish brown (1OYR 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 1OYR 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-0 to 5 inches; brown (IOYR 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 (lOYR 7/2) loamy sand,
light brownish gray (lOYR 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.

C3-1 5 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 (IOYR 7/2) loamy sand,
light brownish gray (10YR 6/2) moist; massive;
loose, very friable, nonsticky and nonpiastic; very
strongly acid.

Reaction ranges from extremely acid to moderately
alkaline. The control section is loamy sand to cday loam.
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Thin seams of mostly shale or coal fragments are

-)resent 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 (lOYR 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 (IOYR 4/4) moist;
moderate coarse subangular blocky structure; soft,
very friable, nonsticky and nonplastic; neutral;
gradual wavy boundary.

Bti-10 to 17 inches; grayish brown (10YR 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.

t3t2-17 to 24 inches; yellowish brown (IOYR 5/4) sandy
loam, dark yellowish brown (10YR 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 (10YR 5/3) loamy sand,
dark brown (ICYR 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 (10YR 6/2)

loam, grayish brown (1OYR 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-C to 4 inches; pinkish gray (7.5YR 6/2) channery
loam, brown (7.5YR 5/4) moist; weak fine granul!
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-1I to 28 inches; dark yellowish brown (1OYR 4/6)
fragmented porcellanite grading to strong brown
(7.5YR 5/6) in the lower part; single grain; yellowish
brown (10YR 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 o
to 4. Reaction is neutral or mildly alkaline. Texture is 5
commonly loam that has 20 to 60 percent porcellanite
fragments.

The C horizon has hue of 1R 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 Wort series consists of shallow, well drained,
moderately permeable soiis 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-0 to 2 inches; grayish brown (1 YR 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.

-tl-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-i18 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
24 percent clay. Reaction is neutral to moderately

*mi<aln me.
(/he Bk horizon has hue of 2.5Y or 10YR, value of 5 to
• ,hen 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 (IOYR 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 (10YR 6/3) clay, brown
(1OYR 5/3) moist; strong coarse subangular blocky
structure parting to moderately fine 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 (10YR 6/4)
clay loam, pale brown (10YR 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 1OYR, 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.

Zigweid 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 corner of sec. 4, T. 38 N., R. 74 W

A-0 to 3 inches; brown (1OYR 5/3) clay loam, dark
grayish brown (IOYR 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 (10YR 6/3) clay loam,
grayish brown (lOYR 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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, k2-28 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 I0YR 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 10YR. ReactioW
centers on moderately alkaline. A Ck horizon is present
in some pedons.
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1 2-5 Clay loam- ----- I CH
I 5-601Clay loam, clay CL, CH
I 1 IF

2 -------------- 1 0=8 IClay loam--- CL
aric 8-60IClay --------..... CL PH
iaplaquepts I I

ihl - - - - --- 10-4 IClay-- - - - _CL

I4 60'Clay -------- CLF CH
I I,

ivageton ...-. 1 0-2 Clay loam--- ---- CLP CH

2-32Clay --- CLF CH
32 'Unweatbered -

I I bedrock.

----- 0-2 'Fine sandy loam sm

, 2-O 10Sandy clay loam ICL-ML C
'0-60'Loam CL- F

sh~n-- --- 0-4 ILom ------- CL-ML0 P

4-15 Clay loam -- .-C
115-33'Sandy clay loamF ICL
I I clay loam

33 'Weathered bedrocki --
I I I

bria -- ---- 1 0-4 iSandy loam-------
4-8 'Loam---... - CLML M
8-60ILoam ------------.. CL-ML C

3hman --------- 0-3 Loam------- ICL-ML M
31 Clay loam- ...... ICL

17-25 Loam ------------- ICL

25 Weathered bedrock'i --I II I

ibria Variant- 0=2 'Fine sandy loam sm
1 2-161Clay loam, loan 'CL

16-60IStratified clay 'CL
I I loam to sandy

'loam.

See footnote at end of table.

IA=4

A=7

A-4
A-7
A-7

A-6
A-7
A-7

'A-7

A-6
A:7

IA 7

'A-4

'A-4 A
'A-4o A

A-4
A-6

'A-7

'Pct_

0-5

0

0

'0

10
'0

0

A-7 0

0

-7 0

'0

'0

'0

0
1-6 ' 0

10
'0

to

0

0

o)

-7 0

0
7 0

0

0
0

'0

85-100185-100165-80 135-50
85-1001 85 =10 0 1080-100170-95

90-100195-100 85-95 170-80
80-100175-100170-100165-95
80-100 75-100170-100155-90

90-100190-100180-90 70-80
90-100'90-100180=90 '70=80

90-100190-100180-90 170-80

100 190-100185-95 175-90
100 100 190=100180=95.

100 95-100185-100160-80
100 100 190-100 85-95

100 100 190-100185-95
100 100 90-10085-95

I.

15-20 NP-5
40-60 20-30

15-25 5-10
40-65 20-35
40-45 20-25

30-40 10-15
40-55 20-35
40-55 20-35

35-50 15-25
45-65 25-40

35-45 15-25
40-60 20-35

40-55 20-35
40-55 20-35

20-25 iP-5
25-40 5-15
25-40 5-15

20-30 NP-10
30-40 10-20
30-40 10-20

20-25 NP-5
20-30 NP-li
25-40 5-15

20-30 NP-10
30-40 10-20
30-40 ' 10-20

30-40 10-15
25-35 10-15

MIL
95-100 95-100

195-100195-100

'90-100190-100

'90-100 90-100

190-100190-100

60-8075-85
85-95

70-85
80-90
80-90

35-45155-75
170-80

60-70

170-80

*'A-4
I, IA-4
L A-4 A

I.
A-6

IA-6

1 A-4
IA-6

A-6

95-100
95-100
95-100

90-100:
90-100
90= 100ý

95-100'
95-100'
95-100

195-100I95-100
195-100
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

35-45
160-70
155-75

160=70

170-80170=8071o

35-45
160-70
55-65
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TABLE 21.-INGIN=~NG INDEX PROPERTIES--Continued

'Oorro'rt~nc fl~OCiflfl 5

name and IDeptl
syMbol

USDA texture
~~C~asificaion 'zeag-

Unified AASHTO > 3
I . ches!

sieve number- 'Licm-id
lImit

ilas-ticity
!index! 40 I 200

4 10
4 index

I ~ I I

;o6.: I
L06*:
Fork-wood Variant1 0-3 IClay loam ------- I CL

3-16'Clay loam -------- ICL
16-60IStratified fine 'CL-NL, CL
I I sandy loam to

clay loam.
I

L07a: i
Clarke~efle .... 0-3 ISandy loam --- - SM

I 3-60IStratified sand ISM
I to silt loam

- 0-2 'Loamy sand ------ iSMDraab---- -I 2-60IStratified sandy 'SMO SI•SM
I loam to sand.

I I
L08*:
Clarkelen ------- 0-3 ISandy loam .------ SM

3-60 IStratified sand SM
I to silt loam. I

Dwye --------- 0-5 'Loamy ad - m
I 5-60'Loay .sand.--.. SM

s --d--'S-- M sm

Orpha ---------- 0-5 ILoamy sand- ------- SM5-60 Sand----S-

.09*-:
"rkelan ------- 0-3 'Sandy loam ------- Sm

3-60'Stratified sand ISM
to silt loam.

n=verdad --------. 0.6 'Fine sandy loam 'SM ML
6-60 Stratified fine lCIML, CL

sandy loam to
clay loamo

Bigwinder ..... 0-3 'Fine sandy loam ISM
3-24 Stratified sand ISM SM-SC

to loam.

0Cushman . -- Loam 04 CL-ML ML
4-15IClay loam --------- CL

115-331Loam, clay loam ICL

33 'Weathered bedrock I o-
I I

Terro-'-------------0-4 'Sandy loam-------. SM

I 4-23 'Sandy loam--- -. .SM
1a3-341Sandy loam ----- SM
1 34 'Weathered bedr.rokj

I1 I

1* 0-3 DLo=m- ----------- ICLIML XL
-ubmn ----- 13-17'Clay loam - -----CL(

117-251LOam -------------- ICL i
1 25 lWeathered bedrock' I

I I II

A-6
'A-6

4A-4

'A-2
'A-2

'A-2
A-2

A-3

'A-2

IA-2

IA-2
IA-2•
IA-2

IA-4
A-4e

T 9. 1

010
A-6 0

A-4 0

10
A-2,1 0-5

A-4 0
0-5

0
A-2 0

0

0

A-6 0

0
0

o I
0-1

A-4 0-15
k-d 0-15

k_4 0-15

'0
0
10'

105-100
1'95-100

95-10095-100
95-100

75-90 155-70
80-95 165570
60-80 '50-65

&

.25-40
30=40
20-35

20=25

I

0
10-1510-15
5-15

100 195-l00'55-75
95o-100'90-1001 5570

100 195-100o50-70
9.5-10018.5-100145-60

100
95-100

100
85-100

100
100

100
95-100

75-100
75-100

100
100

90-100
90-1009Ool100

95-1001 55:7590-100 55-70

100 165-80
75-100150-80

95-100 50-60
95-100 60-80

95-100 155-75
90-100155-70

75-100160-90

75-100 70-90

95-100165-80
95-100150-70

90-100170-85
90-100'80-90

90-l00180-90

100 160-90
100 160-90

100 160-90

'25-40
125-35

'20-35

5-25

125-40
12535

'20-35
5-35

120-30
15-35

25S40
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
70880

20=25

NP-5NP

NP
NP

NP-5
NP

NP
NP

NP
NP

NP-5
NP20-25

15-20 NP-525-35 5-15

IA-2
IA-4

IA-4
IA-6
A-6

A-2

A-4
A-6

100
100ioo100

15-30

20-30
30=40

30=40

20-25
20-25

20o3M
30-40
30-40

NP
NP-10

NP-10
10-20
10-20

NP
NP-5
NP-5

NP-i0
10-20
10-20'90-0100190-100

70-8580-90
80-90

See footnote at end of table.
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161

TABLE i1. -I-NGINEERNG INDEX PROPERIES--Continued

Classif3icatiofl [rag-

.,oil name and
map symbol

Der)th USDA texture niidments
Unified AASHTO > 3~!inches

Liquid 71.
sieve number-- Liquid

limit
a 

40
10 200

tic_.
index

4 40 !

I
Terro 0-a Sandy loam------ SM

4-23 Sandy loam------- SM

123-34 Sandy loam.-... ISM

34 Weathered beok o -i

CUso ... afl.. 0-3 ieandy -oa- 'C
2S3-17C cla y loa'------- CL

117-25(Loam ' ------- CL
125 iWeathered bedrock -'

Worf!e 0-2 (Fine sandy loam IS"
2-180Sandy clay loam ICL
18 60 eatLaered b.. .. ck
I

113*- 1

D ------r 0-5 1 Loamy Snd11 ----- I"
Dwyer~ I 5-6Ot Loa-my sand----- IJpSMSN

I II
Orph~a--------------0-6 'Loany sand ----- Ism

6-60ISand-------------IS

Forkwood ----- 1 0-7 iFine sandy5 loa... 'S
t7-60IClay loam-----C

,mbria -- ------- I0-2 'Fine sandy1 loam ISM
I2-l0'SandY clay loan 'CL-PAL,
!l0-601Loan --'------------!CL-ML,

inches I 4

A-2, A-4
A-2, A-4
A-2, A-4

0-15_

0-150- i•
5

'W ood---

ram ria~~ - -

cush a- --------

116*:
Forkwood -- --

ML A-4A-6

A-4

'A-6

'A-2
SM 'A-•, A-2

A-2
A-2

IA-2

A-A
CL IA-4, A-6
CL IA-4, A-6

I
IA-2
IA-6
A-6

'A-4
ML 'A-4
CL IA-4, A-6

ML A-6
A-6
'A-6

IA~
IA-2
A-6

A-4
IA -6 A-7

A-6
IA-6
I
A-2

!A-6I

IA-?
IA6, A-7IA-6

I

0
0
0

0
0

0

0

0

0

0

0

0
0

0

0

0

0

0
0
0

0

05
0-

0-5

05

0-5

0-5
0-5

0-°

100
100
100

90-1001
90-100

100
100

100

85-100

100
100

100100
100

90-100
90-100
90-100

95-100o70-9595-100165-85

100 165-8075-100 50-80

95-100 50-6095-I00160-80

60-9060-90

60-90

70-85
80-90
80-90

130-45)30-45
13O_40

160-70
170-80
170-80

135-45
'60-75

120-35

15-35

120-30
'15-35

120-35
155-75

135-45
155-75
170-80

120-35
155-75
I55-75

.35-45
160-70
170-80

160-70
'70-80
170i-

20c__

20-25
20-25

20-30
30-40
30-40

25-40

20-25
25-35

20-25
25-40
25-40

20-25
25-35
25-40

20-25
20-30
25-40

75-100175-100'50-85
75-1001751(0!,70-90

95-10095-100
95-100

95-10095-100
95-100

60-8075-85
85-95

75-100175-100'50-85
75-100 7 70-90
75-i100'75-100i70-90

95-100195-1001 60-80
95-100195-100175-85
95-100195-100185-95

I 1 1
90-1001 90-100' 70-85
90-1001 90-100180-90

NP
NP-S
NP-S

NP-10
10-20
10-20

NP
10-20

NP
NP

I

117*:

Forkwood .......

Dim--------------

0-7 lFine sandy loam 'SP

7-60IClay loam ------- .CL

0-5 'Loam ------------- CL-ML
5-211Clay loamn clay 'CL

21-36•Clay loam------- ICL
36-60ISandy clay loam JCLa S

0-7 'Fine sandy loam IsM
7-60'Clay loam- ICL

0-4 'Clay loam- ------ ICL4-16 l~l a m .....--- ICL
1-6 Clay loam- ------ ICL

C

II r
75-100175-100150-85 '0-35
75 1001 75-100170o90 "55-75

195°!oo 5-o00o 80-100 70-80
175-i00' 75-i00 75-i00I60•80
75-1001 75-10057r-100 60-80

'75-100 75-i00 70-,90 140-55

17-100175-100150-85 120-35
7i-lI0'75-100oo70-90 55-75

1 I I I
IQ5-' 00195-l00180-100170-80
1ý5:i01' '5-l00179-100 '60-80
1 7'5100I.75-100175-100160-80

1- 1 1

20-30
30-40
30-40

20-25
25-35

20-30
35-45
30-40
30-40

20-25
25-35

30-40
35-45
30-40

NP-510-20

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

0NP-5
10-20

10-20
20-30
15-20

See footnote at end of table.
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TABLE 11. -ENG21MR~lING INDM PROPRT IES- -Continued

C assifIca-10n ..ra-ercen
P and Deth USDA textre Ments sieve

Unified 
AASHTO 

>3

--bo Iinchesl, 4 10

tage passing
tage passingnumber-- Liquid

limit
ac 0_ 2 00 0

Plas-ticity
index

~ct

iohiil -------- 1 0-5 'Clay loan------- CL

I 5-25'Ciay loam - - ICL
25 'Unweathered I

bedrock.
I

;eide ---- 04 Lomysand----'-SM
I 4-114Sandy clay loam ISC CL
111161Clay -.----------- JCL CH

16 iWeathered bedrock'

3sel Vaxiaflt- 0-4 lVery fine sandy
I loam.

4-9 'Loam --- ICLML,
ISM-SC

9 Ufnweathered
bedrock.

'lied land

erdad ....... 0-6 (Fine sandy loam iSM, ML

6-60 Stratified fine ICL=MLA CL
sandy loam to

I clay loam=

....... 0-3 clay loam--------CL
3-60'Stratified sandy 'CL CH

I oam to clay.

I I I

a a ......... 1 0-5 ISandy loam------ I SM

I 3"30ISandy clay loam ISC CL
130-60 sandy Loa-m sm

bac ----------- 0-3 1Sandy loam --.---. SM
3-18'Sandy clay loam 'CL

18-36 ISady . .

36 IWeathered bedrocki ---
Ii

and -.-.------- 3 0 Sandy clay loam SC
360 1Sandy clay loam 'SC CL

bac ------- 0-3 ISandy loam-. .. 'SM
3-18ISandy clay loam ICL

18-36 1Sandy loam-----.ISM ML,
II s-sc'

36 'Weatnered bedro&'

I I
ine --------- 0=8 ISandy loam----...SM

"860 Sandy loam ------- ISM, SM-SC

f zootnote at end of table.

'A-6
'A-6..

'A-2
I A-6
IA-7 _A-6

I'A-4

I-

IA-4
IA4 -

I-
IA6 -

IA-6
'A-6 -

I A-6 -

IA-6

[ Pct

0 '85-100
0 185-10.0

10 1100
0 100
0 100

0-5 100

0 100

'80-100
180-100

185-100
185-100~
180-0OD

I

80-95
80-95

75-90
80-100

70-90

170-80
1

115-30 1
135-55 1

160-90

135=45

145-55 1

30-40 10-20
30-ý0 15-25

25-35 10-20
30-60 15-35

15-25 NP-5

20=30 5-10

15-20 NP-5
25-35 5-15

D5

)

95-100,180-95

95-100170-85

0
0

0
'0

0
10

'0

0
~0

75-100
75-100

75=100o
75-100'

60-9070-90 35-6550-60

100 95-100190-100170-85
95-100 95-100190-100,65-95

95-100 90-100165 -75

0
0

0
0
0

j95-iUU' 9-10O 60-8085-100 75100145-75

190=100190-100165-80
'90-1001 90-100170-85

i90-100o90-100160-80

19-10,9-1060-80

i.I I

S I I

i95-100' 90-100'65-85
90-.100 190-100160-85

190-100190-' O1~6 0-80

100 195-100155-75
100 1195-100160-85

130-4040=60
15-30

35-50
50-60
45-55

35-5035-60

20=25
30-40
20-25

15-25
25-40
25-35

12-2512-30

NP-5
10-20
NP-5

NP-5
10-20
5-15

'30-45140-60

1.35-50
150-60
!45-55

30-3530-40

1 "25
25-40
25-35

10-1510-20

MP-S
I0-20

NP-5
NP-10IA-2,

'ýA-29
I

A-4
A-4

0
0

12)5-40
125-50

20-2520-30
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TABLE l1.~--H:NGi)NETJNG INDEX PROPERTIES--Conti~nued

~rag- Percentage passing -- Plas
_ _ s ification

name and IDei~th I USDA texture
symbol Unified AASHTOI _____.. . . . I __ __ _

23:02 fine sand IA-2Tassel~ ..... O2 Loamy fnsad SM 'A-42

2-16IFine sandy loam, ML, SM IA-4

16 lUnweathered I

'bedrock. I

ThrnbaCk 0-4 Loamy fine sand SM A-2
4-30ISandy loam ------'SM A-2, A-4

30 IWeatbered bedrockI
124*: 

A-4
[cishona --------- 0-3 ILoam -------------- I ML I

3-60IClay Ioa. fCL-KL CL IA4, A-6

Dyer --.-..-.--. 0-5 Loamy sand ------- Is pA-2
5-60 Loamy sand-- . S. SM, S iA-3 A-2
I I I'

Orpha ----------- 0-5 Loamy sand ------ ISM A-2

5-60Loamy sand. . 1SM IA-2
I I

125*-:10e115": 0-4 CClay loa.. . i, CL A-6p A-7
I 4-20IClay -------------. IA-7

20 iUnweatbered 'C - ---

f bedrock. I

rrag-ments
>3

inches

rcen age pas-si---g•
sieve number-- Liquid

I --- l i m i t
4 20 40 AD 200

tici.
Plae
tici.
index

Z i

0 I

o

-k outcrop.

'Y -7---------

26*.
Pits

27*:
Renohiil ......

0-2
2-18
18

Clay loam
clay ---- - = ------
3Unweathered
bedroCk.

CL
CL,

0-5 !Fine sandy loam if,
I Clay ----------- CL

20-36 .Cly loam ---- CL

36I.nweatbered
Ibedrock.

0-6 iFine sandy loam ISMf
6-18'Clay loam, clay ICL

is lWeathered bedrock '

0-4 _Clay loam . CL
I ----- I

~A--6, A-7
A-6

IA-4
IA-7 A-6

'A-66

IA-4
IA-6t A-7

JA--6

A-6

'A-6

IA-7

00

0
0

0
0

0
0

0
0

0
0

D

0-5
0

0
0

0
0

95-100'
95-100,

100
100

85-100
85-100

10085-100

100
100

100
100

100
100

85-100
95-100
85-100

!

90-100 65-9590-100 65-95

95-100175-90

95-100 60-80

75-100165-85

75-100 70-90

100 165-80

75-100150-80

95-100 50-60

95-100160-80

15-30
40-65 <35

20-35
30-40 15-25

55-75 25-30
65-85 20-30

20-35

5-35

20:30
15-35

70-95 38-65

75-95 50-70

75-90 35-50

75-95 40-55

35-55 20-25

75-95 35-65

100

90-100.
95-100

80-100

90-100
80-100

1I

190-100~

NPNP- 7

NP
NP-5

NP-S
5-15

NP
NP

NP
NP

20-40
30-50

15-,"

20-'

NP-5
20-35
15-25

NP-5
NP

15-20
10-20

70-8090-I00I
80-95 1

85-9585-100

,70-80 30-40

85-100

75-100

180-100170-80
90-100 185=95

75-100 ! 65=100

35-5575-90

50-80
50-80

*nohi11-'~

A-18 Clay loam.... -, -
I8 Unveatbered

bedrocro

O-5 iClay loam ------ -CL
5-25 Clay loam .-.--... ICL
25 Unweathered I

bedrock. I

0-3 IFine sandy loam {SM, ML
3141C•ay loam, cla o CL"

1 Weathered be~jXockl ---

I I

Is5-o100180-10 180-95
185-100180-100,180-95

185-100k 80-100'70-80

70-9070-80

35-55
75-90

20-2535-45

35-40
30-40

30-40

20-25
35-45

10-2015-25

NP-5
NP

;ee footnote at end of table.
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TABLE 11. -- ENG1NXERING INJDE ?PROPETIES--Continued

F~7T5ssi cation Percentage passing

, me and IDepthl USDA texture
,ymbol I

i = asi1catrion trag-ments
Unified AASHTO > 3

lincbes

I Percentage pass-i-ngsieve number-- I Liquid
' ' • limit

4 10 40 !200

Plas-
ticity
index

~ct

8*.
bingle--- --

9*.
ýamday ------

hbingle-----

orf - - - - - -

1 0-4 Clay loam -------- ICL
A-181Clay loaCL
18 Unweathered

I I bedrock.

0-2 
1Clay loam -------- CL

1 2-181Clay ----------- - CL
18 lUnweathered

I bedrock.

0-4 'Clay loam-: - 'L._ _ICL
A-18 l Clay loam--- .. .. .CL
18 lUnweathered

I bedrock. i

0-2 'Fine sandy loam ISM
2-18ISandy clay loam ICL
18 Weathered bedrock

0-2 'Loam ------------- CLP
2-9 'Channery loa-m CL,

1GC
9-60'Fragmental IGP

Imaterial.

0-4 'Channery loam----.GM-G
SM=

4-111 Extremely IGM-G
chamnery loam.

1i-60iFragmental jGP

material.

IA-6
'A-6__

(A-6 A
'A-6'_CH

-7

A-6
A-6

o
0-5

1 0

1'0

o

0-5

0

0

0

0

10-25

0-5

0-25

0-25

75-10075-100

100
100

I

70-100'65-100
75-100 65-100

90-100185-95

95-i 00185-100

50-8050-80

75-90
75-95

35-40 15-20
30:40 10-20

35-50 15-30
40-55 20-30

35-40 15-20
30-40 10-20

25-40 10-20

25-40 5-15

75-100 70-100 65-100 150-8075-100 75-100 65-100 50-80

A-4!A-6

CI-ML IA-69 A-4
CL-ML, A-6, A-4
GM-GC1

IA-I

CA A-4

Sc

C IA-2

!A1

100
100

75-100
55-75

0-10

55-75

30-55

0-10

75-100
75-100

ý75-100155-75

0-10

95-1001 70-95 135-.45
95-100165-85 J60-75

5--00

65-8050-65

0-5

1*.

~ck outcrop.

50-70 40-60

'25-50 120-35

F i0-5 G-5

70-100'65-100
75-100 65-100

60-7040-55

0-5

35-45

20-30

0-5

50-80
50-80

25-35

25-35

NP

5-10

5-10

NP

15-20
10-200-4 Clay loam -.....--

4-13JClay loam-- - CL
13 lUnweathered

I bedrock.

0-2 'Clay loamCL
2-18 Cl1ay ... -.. jCL,

I bedrock.

CH

A-6 0-5
A-6

IA-6 A-7 1 0

IA-4A1 0-5
IA-6 1

iA-4 0

100
100

75-100
75-100

90-10095-100

75-100
75-100

85-95
85-100

70-95

65-100ingl ........

ssei .. . .. .

0-2
2-9

9

'Loam----
Clay loam-
Unweathered
bedrock.

ML
CL

35-4030-40

175-90
175-95

k55.75
1~50-80

G4-65

34

2
3

~5-50 53
10-55 .20-31(

~5-35 NP-jo

0-0 10-20

<35 P-

00

0
0

0-2 ILoamy fine sand
2-8 Sandy loam -------

8 'nweathered
F bedrock.

SM
SM

95-100N 90-100 65-9595-100 90:100165:95

footnote at end of table.
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TABLE 1i.--ENGINZEING INDEX FROPERTIES--Continued

il nane and IDepth USDA texture
m.ap symbol -

I F

SClasslifcation .11ag-
Unified AASHI>TO

,inches

Percentage passieve nulmber•-

4 Io10 40
~ct

133*: I

Shingle --------- 0-4 IClay loan -------- CL4-18 •Clay loam -------- ICL

18 Unweatheredibedrock.

Theedle ---------- 0-5 ILoam ------------- 1CL-ML

5-28ILoam, clay loam CL-ML,
28 Weathered bedrock ---

cambria ---------- 0-4 ISandy loam -------. SM
4-8 ILoam .-..--------- CL-ML
8-60 'Loam --------.....- CLWML,

134'. 1 1
Silhouette -..... 0-2 IClay loam.---.. 'CL

I2-22IClay - - CL CH

(22-60Clay loam, clay FL

Heldt-- 0-1 'Clay loam --------- CL
1-60Cay--- ICHC CL

Tassel-----------I 'Fine sandy loa.m...
I3-14IFine sandy loan L SM

14 'Unweathered
bedrock_

agle ------------ 0-4 IClay loam - -- CL
4-18'Clay loam-------..CL
18 'Unweathered

bedrock.

Tassel ---------- 02I~ o fine sand ISE
I2-16Fine sandy loam - ML SM
16 l Unweatbered I

Terro .......... 0-4 ISandy lo m S
14-34 ISandy loam-....--S
34 Unweathered IS"-

bedrock.

1 I
Rock outcrop.

37* I
Tasse Loamy fine sand ISM

I 2-l61 Fine sandy loam IML, SM
U6 Unweathered I

bedrock. I

-- -0-5 Loamy sand.......- ' SM
5-31- Loamy sand, sand I M

loamy sand, I

'sand.I
31 'Unweathered I

bedrock. I

See footnote at end of table.

Smith Ranch Permit

'A-6
A-6

'A-4

CL iA-4' A-6

1A-4
ML 'A-4
CL AA-4, A-6

A-6?A=

IA-7, A-7
A-7
IA-4

'A-7, A-6

'A-?

'A-4
IA-4

'A-2
'A-4

I iA-4
-,A-4

0-5I

o0
0

0

0
0

'0
0
0

0
0

0

0-5
0

'0
'0

0-15
0-15

75-100170-100

'95-100195-100

• 95 1oo 9 2oo
195-100 95-100

195-100 95-100
'95-100195-100

190-100190-100

I00 195-1001
i00 !95-1001

65-i00
65-100

70-85
70-85

f60-80175-85

)85-95

85-95
85-100
85-100

sin

'ig Liquid
limit

1 50-80 135-40

5200

F5-8 35-40

1

160-70 20-30

160-70 25-40
1F
135-45 F 20-25
160-70 20-30
'70-80 F 25-40

175-90 35-50
185-95 F 40-55
175-95 35-50

1 1
175-95 35-45
175-95 145-55
1 1
40-65 <35

140-65 <35

1

50-8o0 35-40
50-80 '30-40

15-30 ---
40-65 <35

95-100
95-100

95-100195-100
95-100195-100

9o-loo'75-1oo!
90-100165-9595-100195-100

75-100
75-100 701065:1001

95-100190-100165-9595100 90-100 1 6-95

tici

15-20
10-20

5-lO
5-20

'P-5
NP-10
5-15

10O
100

100
100

A-4

IA-2
IA-2

'0

F0
0

0

95-o10090-100
195-100i90-100

II

100 I100
100 100

FI
I F

I60-.
160-90

165-9
~65-95

,70-90

130-45'i-d52

15-30 "

40-65

25-35

10-35

20-25

<35~

15-3020-35
15-30

20-30
25-35

NP-7
MP-7

15.
Fi0-~.

NP
NP-7

NP
NP-5

NP

NP
HP
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TABLE 21. -- ENGINEERING INDEX PR0PERTIES--Continued

~----------.1-~ Cassific~aton jrag7 ercentage passing

,ae and IDeptbI USDA texture I--ments sieve number-- Liquid Plas-
Unified AASHTO > 3 . limitap symbol I Iinches_ 4 10 40 200 tindex

1 II
7*.-
onalee -........ 0-3 ILoamy sand -------- SM A-2 1 0 200 195-100170-90 120-30 --- NP

3-24ISandy loan .--------SM-SC, SM IA-2 A-4 0 100 190-100'55-75 130-40 20-30 NP-10
124-60 ILoamy sand ------- SM IA-2 1 0 200 90-100170-90 20-30 - NPI

8*- 130-4 ISandy loam --------. S 'A-2, A-4 0:15 100 I 100 60-90 130-45 - NP
04 -4-- ism .A-2, A-4 0-15 100 100 160-90 130-45 20-25 NP-5

1ro 4-.341Sandy 2

'34 Unweathered ..-....I I bedrock. II

ollock ......... 0-5 ILoamy sand, sand.. SM 'A-2 0 100 100 175-90 125-35 1 NP
h -5-315Loamy sand, sand ISM 'A-2 20 100 15100I50ý90 120-30 -31 3! Unweathered ... .. . .. ... .

II bedrock.

0 IPipa------10-5 ILoamy sand.......SY1 IA-2 10 1i00 195-100150-60 120-3 1 1 P

I 5-60'Sand ------------- SM A-2 1 0 200 19510016080 115-35 --- INP•I" 1 1 I I I I I

.*eedle -------- 0-5 ILoam ------------- CL-ML I A-4 1 0 195-100195-100170-85 160-70 20-30 1 5-10
5-28 aeLoam, clay loam 1CL-ML CL IA-4 A-6 0 195-100195-100170-85 160-70 25-40 5-20

28 lWeatbered bed-rock' --- - - - - -

,-hona --------- 0-3 ILoam --------------. I A-4 o0 85-100175-100165-85 155-75 1 25-30 NP-5
3-60.C.aY loam --------- CL-ML CL IA-4, A-6 0 185-100175-100170-90 165-85 20-30 1 5-15

----- 0-4 'Clay loam -------- CL 'A-6 1 0-5 195-100195-100180-100170-80 30-40 10-20
4-171Clay loam, clay 'CL IA-6 A-7 0-5 75-10075-100175-100160-80 35-45 1 20-30

17-60IClay loam -------- CL A-6 0-5 175-I00175-100i75-100160-80 1 30-40 15-20
- 0-7 Sady loam -------- sM A-2 A-4 0 180-100180-100150-75 130-40 --- P

idman------- 7-20-Clay------------- I CH A17 180-100I80-o00180-100170-.o90 50-60 1 30-40

20-60IClay loam --------- CL IA6, A-7 0 180-1001 80-100175-100165-80 1 35-45 20-30
3"I ' I I

i3 ............. 0-5 ILoam -------------- CL-ML IA-4 ' 0-5 95-100195-100180-I00170-80 ' 20-30 5-10
1 5-211Clay loam, clay 'CL IA-6 A-7 0-5 175-100175-100175-100160-80 1 35-45 20-30

12136IC.lay loam -------- CL IA-6 0-5 175100175-100175-100160-80 30-40 15-20
cCL SC 'A-6 0-5 175-100I75-100i70-90 '40-55 30-40 10-203-60 Sandyclyo C C0-

enobil ---------- 0-5 'Fine sandy loan 'SM ML IA-4 o0 85-100180-100170-80 135-55 20-25 NP-5
5-20Clay --------------. CL, CH 'A-7 A-6 1 0 195-100190-100190-100175-95 35-65 20-35

120-361Clay loam --------- CL. A6 0 .85-100180-100180-95 170-80 30-40 15-25
'36 'Unweathered ... ' .. .. ...

I bedrock. '

m----- ---- ' -aClay loam---------CL 'A6 1 0-5 195-100195-100180-100170-80 130-40 110-20
4-161Clay loam --------- CL A-6, A-7 0-5 75-100175-100175-l00160-80 ' 35-45 20-30

Ii,6-60IClay loam --------- ICL IA-6 0-5 75-10075-100175-100160-80 20-40
1 ' 1 III

.nohill -------- 0-5 lClay loam --------- CL 'A-6 0 185-lOI80-oo0180-95 '70-90 30-40 10-20
5-25Clay loam-------- -CL 'A-6_ 1 0 185 iB C.80-95 70-80 30-40 15-25

25 ' Unweathered I -. -- --

bedrock.

-------------- 060' Variable -----------. ... . ..

riorthents

,ee footnote at end of table.
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WALE 11. -DGINFERIG INDEX PRPERPTl ES- -Continued

Ia~sifidat~on ercentage passing --

Ail name and
map symbol

IDepth'
I I

USDA texture
ments

Unified AASHTO >3
inches

siev ge passing
sieve number-- Limii f

• ..:--- •:, :7:- ,- • .... , -l-T=--
Pa,

110 1 40 200

rct

" l

Vl e -1 0-4 Loamy sand ------ 1SM

onalee 14-241Sandy loam ------- SM-SC,

1 '244
1Loamy sand------ 'SM

144-60!Sandy loan ------ ism

Terro ----------- 1 0-4 ISandy-loam .------ ISM

4-34ISandy loam ------- SM

.34 lUnweathered I

bedrock

147-!:
Vonalee --------- 0-4 ILoamy sand ------- SM

4-24ISandy loam---- I SM-SC

124-60'Loamy sand, loam 'SM

Terr --- - 0-4 ISandy loam ------ ISM
4-34ISandy loa-m------- . SM

134 Utnweatbered
bedrock.

I .
1481" 

1

0-4 IChannery loam---- IGM-GC#
I I .SM-SC

4-11 Extremely IGM-GC
channery loam. I

I1l-60
1 Fragmental IGP

I I material.

xock outcrop.

le ------ 10-4 IClay la -- C
( 4-13'Clay loam--om - 'CL

13 fUnweathered I
bedrock.

149*-: ---- Ism
Worf14: --- 0-5 ILoamy sand-------'CL

5-15 IClay loam .CL
15 IWeathered bedrock -

I f
Shingle --------- 0-4 'Clay loam -------- CL

4-18IClay loam -------- CL
18 lUnweathered I

I I bedrock.

Tassel ------- 03Iie sandy loam 'IML? 51

3-141Fine sandy loam ML,_SM
14 'Unweathered I

I bedrock. I
I

150*:. I
5igweid--- 0-2 ILoam' - ------- 'CL

2-60IClay loamCL

S0-4 Clay --------- CL

Ba -----.-...... -4-60Clay -- CL- CH

See footnote at end of table.

IA-2
SM IA-2, A-4

IA-2

IA-2, A-4

IA-2 A-4
A-2, A-4

A-2
SM IA-2, A-4

'A-2 4

A-2, A-4

A-4

iA-2

IA-

0 i100
0 100
0 100
0 I100

0-15 100
0-15 I00

0 100
0 100
0 100

0-15 I100
0-15 100

0-5 155-75

0-25 130-55.

0-25 1 0-10

0-5 175-100o 175-100
100i~!°

95-100
90-100
90-100

195 100

100

170-90
155-75

170-90
160-90

160-9016D-90

20-30

95-100 70-90
90-100 55-75

'20-30130-40
)20-30
130 45

130-45
130-45

20-30
'30-40
'20-30

30-45

30-45

35-45

20-30

0-5

90-100
100
100

150-70

25-50

0-5

70-100o

75-1001

70-90

60-90
60-90

NP
NP-la
NP
NP
NP

40-60

20-35

0-5

65-100150-8065-100 150-80

20-25 NP-5

'--NPI 20-30 (P-lO

20-25 NP-5

25-35 5-10

25-35 5-10

35-40 15-20
30-40 10-20

NP
25-40 10-20

35-40 I15-20
30-40 10- 2 0

<35 NP-7
<35 NP-7

25-40 10-20
25-40 10-20

35-45 15-25
40-60 20-35

IA-2
IA-6

'A-6
I A-6

'A-4
IA-4

00 100
100,

75-100

95-I00I70-9095-100o'65-85

70-100165-100
75-100165-10075-100

20-3060-75

50-80

50-80

40-65
40-65

0 195-100

0

0 175-100
0 175-100

0 100
0 'i OO

90-100
90-100

75-100
65-95

A-6

I6.A-7

1 160-70
75-100170-85 160-70
75-100I70-85 67

95-100185-100160-80
100 '90-100185-95
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TABLE 1l. --ENGINEERING INDEX P1R0PETIES--Coftilued.

- - iFraa= Percefltage passing Plas-=

came and
• symbol

--------- rag

.51*:
zigweid-----

Cambria:-

.52*:.
zigveid-----

Cambria-----

Theedle-----

Depth ' USDA texture i
- I I Onifi'

0-3 Clay loam ........ CL

3=60olClay loam ........ CL

0-2 Fine sandy loam SM

2-60Clay loam, sandy CL=ML,
clay loam, loamo

0-4 
1 Locam -------------- IC

4-60(Clay loam --------- CL

0=4 ISandy loam ------- SM

0-5 Loam ------------- ICL-ML

5-28
1 LOam,, clay loam ,CL-.L,

28 
1Weathered bedrock'

ed

CL

ML
CL

CL

AASHTO

A-6
A-6

IA-4
'A-4, A-6

IA-6

IA-6

IA-4

iA-4
I A-4, A-6

> 3
~inches,

0
0

0

0

0

0

0

0
0

0

0

o

Prcen age passingsieve number-- Liquid

10 !40 I 2001 limit

75-100

75=10075=10075-100 70=8570=85

60-80
75-85

60-7060-70

135-45
55-7595-100!95-100

95-!001.95=1001

ticity
index

25-40
25-40

20-25
25-40

25-40
25-40

20=25
20-30
25-40

20-30
25-40

75-10075=100

95-100
95-100
95-100

95=100
95-100

I

!

75-100170-8575-100 70-85

95-1001 60-80
95-100 75-85
95-100185=95

.95-100 70-85
95-100170-85

160-7060=70

10-2010-20

NP-5
5-15

10-20
10-20

NP-0MP-10
5-15

5-10
5-20

35-4560=70
70=80

60-70
60=70

* See description of the map unit for ccpositiOn and behavior characteristics of the map unit.
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TABLE 12.--PHYSICAL AND CMIICAL PROPERTIES OF THE SOILS

.a symbol < means less than; > means more than. Entries under "Erosion factors--TV 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)

Soil name and Depth7 C1
map symbol I I

In I
I

101*:
Absted.. . 0-3 8

3- 6 0 1 35

Avada -0-3 15
3-221 40

122-60' 40

Bone ---------- 1 0-2 27
2-5 35
5-60i 35.

102 ---------------- 0-8 30

Aeric 8-60 40

Haplaquepts

103*: 1
--------- 0-4 1 40-

Savae........3... 4-60 -

Savageton ------- 0-2 5-
2-321 40-32 1 -

I
I

Cambria --------. 0-2 1 5-12-101 20-
110-60, 18-

-- 0-4 110-
4-157 27-

115-331 20-1 33 1 --

105*: 
1

Cambria -ar-ant--- 0-2 1
4-8 1 10-E8--601 18-:

Cushman .aria.t.. 0-3 2 10-
3-171 27-2

107*:

i1- 5-20-

mria Var t-' 0-2 0-
a a 2-161 20-3
(16-601 15--3

FokodVariantl 0-3 1 27-a
For~o1 3-616 27-3

116-601 10-2

i07*:0o 5-
Clarkelen ------ 0-3 5-

Irakmab .........-- 6 O-,

-18
-50

-27
-60
-45

-35
-40
-50

-40
-60

.45
-55

-40
50

-15
35
27

20
35
35

15
25
27

20
35
27

15
5

35

27

[5
.8
0
10

2.0-6.0
0M06-0.2

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
0o6-2.0
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

10.21-0 1316.6-7.8

0.21-0.13 >7.8

0I 16-0.1816.6-9.0
0:07-0.091 >7.8
0.09-0.11' >7.8

1
'0 16-0 18)6 6-7.8
10 1-0.151 >7.8
10:o8-o.10' >7.8

'0.15-0 20'6.6-9.0
10.14-0:1716.6-9.0

1 1

'0-17-0.2016.6-8.4
0. 15-0.2017.4-9.0

0 15-0 2016.6-8.4

10.15-0:20'17.9-9.0

I I
O.12-0.14

16.6-8.4
'0 15-0 20 7.4-8.4
1017-0201 79-9.0

', 16-0 1816.6-7.8
1017-020 16.6-8.4
1017-0.201 79-9.0

'0.12-0.1416.6-8.4
10.16-0o18 7.4-8.4
0.15-0.20 7.4-8.4

'0.16-0.1816 6-7.8
0.17-0.20!6,6-8.4

10o17-0.20'7 9-9.0

<2
>16

<4
2-8

<4

<2
2-8
4-16

<2
<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
<4

2-4
2-4

1Lo, ------- '0 0.32
High ------ 0.551

1Lo--------. 32'
High ------- 032'

'High ------- 0321

Moderate 10 321
High ------ 10 371
High ------- 043'

lHigh - '---- 0 32'
'High --.... 0132'

I I'

'Moderate '0 32'
'High ----- 10"371

'High - '---- 0.321
'High -- '- 0 371

'La---------
I I

I
'Low -------- 0 321
'Moderate 10'37
'Moderate 10o

Low -------- 032IModerate 10.371
I oderate 0*371
'Low---------0 32'
I I

5

5

5

5

5

3 1-2

5 .5-1

5 5

6

6

6

3

2-4

1-2

1-2

1-2

1-22

5

2

0.12-0.14
0.17-0.20
0.15-0.20

0.17-0.20
0.17-0.20
0.14-0.20

0.12-0.14
0.12-0.15
0.07-0.09
0o06-0.09

5

6.6-7 8

6:6:8:4
7.4-8,4

6.6-7 8
6.6-7:8
7.4-8.4

7.4-8,4
7:4-9,0
7 4-8 1
7.4-9.0

Low ------- Q 37
'Moderate 0'371

ILo .--------0 321
'Moderate 10o371
'Moderate 0.371

Low ------- 0.321
'Moderate 0 37'
'Moderate 0O 37'

'Moderate '0 32'
'Moderate 10'371
IModerate 1'037'

I I
'Low -------- '0 24
'Low -------- 028!
Low --------. 020

ILow ------- 0.15

3 1-2

5 1-2

3 1-:

6 1-2

3 1-2

2 .5-1

5

5

5

footnote at end of table.
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TABLE 12.--PHYSICAL AND CHEMICAL PROPERTIES OF THE SOILS--Continued

7 p~~r~at -t -S- r-in-K - aEtors 'eo i-1 gac

.1 name and Depth1  Clay PermeabilitylAvailable Soil Salinityl Srink- factorsyerodi-1Organic

-Jap symbol I water Ireaction swell c oI r- bi-ity- Matter

F ,P 1 / _ capaclty ,otential K 1_ T 101D •

I 
n__r____ I ns 

;-

I08*: F 1

Clarkelen ------- 0-3 5-15 2.0-6.0 0.12-0.1417 4-84 <2 L L .. -0.24 .5 1 1-2

3-601 5-28 2.0-6.0 012-0.151 7:-9.0 < 1Low------- . 0o281 1 1

1 1 ~ 1 1 1 1 1

iwyer ---------- 0-51 3-8 6.0-20 1008:0 1116.1-9.0 <2 LO .----- 10321 5 2 1-3

5-601 1-8 6.0-20 0o04o0oll7.9-9.0 <2 Low ------- 10:321 F -3

F 1 1 1 t I I I~ I

Frpha-- ....... 0-5 5-10 >20 0 06:0°07?16°6-78 <2 L ....-... 10.171 5 F 2 F 1-2

5-60' 3-8 >20 F0:06-0:0716:6-7.8 <2 FLow ------ 10281 F1 F

FoF ....... F 241 5 F -

109*:
ClarJkelc-n -------- 0-3 515 2.0-6.0 12-01417 4-.4 1 <2 Low----:--10 241 5 F 3 1-2

F3-601 5-18 2:0-6.0 10o12-0.1517o4-9.0 <4 1 ----- F0:281 1 F
I . I I i I F I

Haverdad --------- 0-6 1 5-20 0.6-2.0 10o13-0 157 4-9 o0 <8 Low ....... 10 281 5 1 3 1-2

6-60' 20-35 0.6-2.0 10o16-0o18179-90 1 <8 ILow ------ 10371 1

Bigwinder---------0-3 1 5-15 1 2.0-6.0 0.12-0.146 6°-7°8 (2 }Low ------- 0.281 5 3 2-4

B 3-601 5-20 0.6-6.0 1012-0.167 4-8°4 1 <2 'Low ------- 10321 2

110*: F 1 I I I

Cushman ---------- 0-4 110-20 1 0.6-2.0 10 16-0 1816 6-7 8 < 2 ILow ------- 10 321 2 1 1 1-2

4-151 27-35 1 0.6-2.0 17-0°2016o6-8o4 <2 'Moderate 10o371 F
115-331 20-35 1 0.6-2.0 '0 .17-0.2017:9-190 (2 oere l37 I F

F I . .. .. . ... . .. . . . i I...

Teo ...------------ 0-4 1 8-12 2.0-6.0 10 09-0 1416 6-7 8 (<2 Lo.-------1. 281 2 -2

. 4-231 10-18 1 2.0-60 1012-0.14 6°6-7o8 <2 Low ------- 10'281 2

123-341 10-18 2.0-6.0 1012-0:147.4-8: 4 <2 Low -------. 10 32

1.34.1 -..-- . ...----------.....
-. 3 IIIII I I I

Cushan ----- - 0-3 1 10-20 0.6-2.0 10 16-0 18 6 6-7.8 <2 Low -------. 10 32 2 F 1-2

s 3-171 27-35 1 0.6-2.0 10 17-.02016:6-8.4 <2 'Moderate 10371 1

17-25 20-27 0.6-2.0 0:17-0.2017.9-9.0 <2 iModerate 10371 1 F

I I --- I I I

Terro -----------. 0-4 8-12 2.0-6.0 10 09-0 1416o6-7 8 <2 'Low -------. 0 281 2 3 1-2

1 4-231 10-18 1 2.0-6.0 1012-0o14'6o6-7o8 <2 'Low------ 10o281 1

123-341 10-18 2.0-6.0 0.o12-0O1417:4-8:4 <2 Low ------- 10 321 F

I 34 
--------- 1- 1

112*: 
I I I

Cushman -----------003 110-20 0.6-2. 0 10 26-0.1816 6:7 8 1 <2 iLov ------- 10 321 2 1 5 1-

I 3-171 27-35 0.6-2.0 :170o 2 016 o6 _8 4  <2 Moderate 10' 37 11 1-

117-251 20-27 1 0.6-2.0 '0o17-02017o9-9o0 <2 Moderate 10o371 i

S25 --- .....---........... 
I

Worf-------------- -2 120-15 2.06.0 I 30.1516 67.8 1 <2 ILow-------0M 28' 3

2-2181 2035 0.62.0 io190216o6-84. (2 Moderate 10'371 1 F
I 

-- - -- -- I 
.. ... .. . . . . . .

113*: 
I I

Dwyer ------ 0-5 1 3-B8 6.0-20 10.08-0 1116 1-9 0 ( 2 1 Low ------- 10 321 5

1 5-601 - 602 10.04011:-: (2 'Low ------- 10:321oI 1I I I I I I I

Orpha ------------ 06 5-10 >20 0 06-0 0716 6-7 8 <2 Low -------. 0 171 r 1 F 1

1 6-60 3-8 >20 (006-0:0716:6-7.8 <2 'Low -------. 028' 1 -

114*: 01 I I I

Forkwood ---------- 007 10-20 2.0-6.0 013-0 1516 6-8 4 1 2-4 'Low-----10 241 5 3 1-2

7-60~ 27-30 1 0.6-2.0 10:19-0:2116:6-84 
F- IFdrt 1:2

. ....r ------- 1 02-0 5 -15 0.6-2.0 '0 12-0 1416 6-8 4 <2 1Low ----- '0•2 5 3 1 -2

2101 20-35 0.6-2.0 1015-0°2017:4-8:4 <2 1Moderate 10'3711 12

10-601 18-27 0.6-2.0 0.27-0.2017o9-9 0 (2 (Moderate 1037 1

S f,+,Fp 
I 

e o

Se• •++ at end of table. 
I I I
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TABLE 22.--PHYSICAL AND CHENICAL PROPERTIES OF THE SOILS--Continued

lEros iondB

oai2 name and IDepth 1 Clay IPE~rmeabilt Aiable 1  soil 'Salinit') Shrink- 'fact I odirgani
water ra swell l blty a

map symbol - iYA~e reaction' swei 1 MEaeroi=
a aci lpptent al ý

P t I n1b 1 11

Forkwcod-------- 0-5 1 10-20 1 a 0-6.0 '0.13-0.1516 6-8 4 1 2-4 ILow -------. . 0 24 5 13 1-2
5-181 27-35 0.6-2.0 0o19-0o21166-864 1 2-4 Moderate 0D321

125-601 20-27 1 06-2.0 1016-0:18179-9:0 1 2-4 1L .....--- 10281
I , I I I I' I I , I ' I

Cambria ........ 0-41 5-15 0.6-2.0 10.12-0.146.6-8 4 <2 Low ------- 0 321 5 3 1-2
1002 16011 -841 < Low----- 1'037'4 - 8 1 0 - 2 5 1 0 . 6 - 2 . D ~ I - o 1 7 4 8 4 2 L w . . . . 0 3

I 8-601 18-27 0.6-2.0 1017-0'20179-9.0 <2 Moderate 10o37i

Cushman --------- I0-3 ID-20 1 0.6-2.0 1016-0 1816.6-78 1 <2 ILow ----- 321 2 1 5 1 -2
1 3-171 27-35 0-6-2.0 '0o17-0o2016 6-8°4 <2 'Moderate 0*37

17-25' 20-27 0.6-2,0 !0 17-0'20.7'9-9'0 <2 Moderate I0'371 1

1 -1. --- ----- I_: __

116*: I I I I
Forkwood --------- 0-7 110-20 1 2.0-6.0 l13-0.1516.6-8.4 1 2-4 -- -------- 10.24' 3 1 1-2

1o ........ 10 7 27-3010 20 0.6-2.0 00.19-0.2116.6-84 2-4 IModerate 1. . 321 1
I I I I ~ I' 1 I I~ I I I

Ulm ------------- 0-5 20-25 0.6-2.0 1016-0.1816o6-7o8 <2 'Low ------- 0. 32 5 6 1-3
1 5-211 35-50 0o06-2 0 10 19-0.21,6o6-8o4 1 <2 1 iqh- ' .... 0 371 1

I01017*9-90 1 <2 IModerat 1037
21-36' 30-40 0 .6-20 0o19-01 e 0.37
36-60 25-35 06-2.0 10 12-0 15-79-90 1 <2 'Moderate 10°37 I

117*: 111II I
Forkwood ---------- 0-7 10-20 2.0-6.0 10 13-0-1516 6-8.4 2-4 Lo -------. 10 241 5 3 I-2

1 7-601 27-30 1 0.6-2.0 10019-0.2116°6-84 2-4 - Moderate 1'32'
I I I I~ I ~ I I I , I I I

rim -------------- - 0-41 28-35 016-2.0 10o16-0.1816.6-7.8 1 <2 'Moderate 10.32 51 6 11-3
4-161 35-40 0.06-2.0 '0 19-0 21166-8 4 1 <2 'High --.... 10 371 1

I 0 0119-021.9-90 <2 'Moderate 10:37
I1-60' 30-4o 06I-2oO I e 0 IoI• 2

Renohil .----------0-5 27-35 0.2-0.6 10o17-0.2116.6-7 8 <2 'Moderate 0.37 3 6 1-3
5-251 30-40 0.2-0.6 10'19-0°2117.9-90O <4 Moderate 0'37{ 2II. .. .... . . . . . .... =.'

1 * 25I 1 -- 1- -- - - I_ _ I I

Gateridg------- 0-4 1 5-10 6.0-20 10.11-0.1316.6-7.8 <2 'Lo ------- 10101 1 2 1 -2
4-111 20-35 0.6-2.0 '0 13-0 1516.6-7 8 1 <2 'Moderate 0°241 1

i11.161 40-50 0.06-0.2 10.9-0216.6-78 1 <2 High- 1037

. . .. . . I I . .. . . . . . I 1

Tassel Variant--' 0-4 5-15 1 2.0-6.0 '0 23-0.17O166-7 8 -<2 'L--------10 321 1 1
1 4 5-20 0.62.0 10110.1 -8o484 <2 .Low -------.- 37

1 9 ------------ I -1
119*.o 1 I
Gullied land I 1

120*1 I0
Haverdad --------- 6 0 5-20 0.6-2.0 '0 13-0.15 4-9 0 <8 'Lo .----- 28' 5 3

6-601 20-35 1 0.6-2.0 O016-018 79-90 <8 LV -------. 1037
0.odera8t7e 0 <o 32 4II I' I

Lohm er i .-------- 0:31 30-A0 1 0.06-0.6 10.14-0 17o6o6-8.4 <4 'Mo......0 32' 5 4 -3
3-601 35-50 1 0806-06 0.14-02617.4-8.4 <8 'High- 10321

121*- 100 - .21. -. <2 'Lw---- 0 2 1 3 22
Hiland ---------- 1 0-5 1 8-18 6.0-20 '0.07-0.12'66-8°4 <2 'LO --.. . 20 5 3 1-2

5-301 15-25 1 0.6-2.0 0 12-0 1517 9-9.0 <4 Low ------- 10 28'
30-601 8-16 210-6. 0'07-0:14179-9.0 <4 Loa ------- '0:201 1

1 1 1~ 1' 1 1 1

Bowbac ------- --1 0-3 1 5-15 0.6-2.0 10 12-0.1416.6-84 --- 'Low -------. 0 32' 2 13 1-
1 3-181 20-35 0.6-2.0 10o14-0.167°4-841 <2 'Moderate 1037 1 1-2
18-361 15-20 0.6-2.0 j0o 12-0.177.9-9.0 <2 Low .---- 00371

S36 .--- - - . .......... .

footnote at end of table-

Smt ac emtAdndmD70 ae7 f8
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TABLE 12.--PHYSICAL AND CHEMICAL PROPERTIES OF THE SOILS--Continued

Snam•e and 'Depth Clay Permeabllity'Available Soil

.p symbol I water Ireactio

I I R

Hi22lan d 0-3 1 20-25 2.0-6.0 0o13 0.2516.6-8 4
d 3-601 20-35 1 0.6-2.0 1.0Id4001616.6-8°4

Bowbac ----------- 0-3 5-15 0.6-2.0 0 12•0 14 6.6-8.4

3-218 20-35 0.6-2.0 10:14-0o1617.4-84
18-361 15-20 0.6-2.0 10o.1-0o2717o9-9o0

36 1 ---

123e: --------- 81 5-15 2°0-6.0 10.2-0 1416.6-8 4
Keeline 1 8-60' 5-18 2.0-6.0 1009-0 1479-90

Tassel-------- - - 0-2 2-8 6.0-20 i0o30-0 1217 4-8 4
2-161 5-12 2.0-6.0 10.15-0o1717'4-8:4
1 16 .... ------

Turnbaco--------- 041 0-5 2.0-20 o0.08-610.17o4-8o4

4-301 5-15 2.0-6.0 0.12-0• 1417°4-8:4
130 1 ---

I.

124*: 
I

Kishona ---------- 0-3 10-27 0.6-2.0 10.26-0.1817.4-8.4

3-601 27-35 0.6-2.0 10.10-0.1717.9-9.0

owy---........ 0-5 3-8 1 6.0-20 '0 08-0oll 6.2-9.0
Dwye --- 5-601 1-8 6.0-20 '10o04-03171'79-9o0

0-5 5-10 >20 0 .06-0 0716 6-7.8

a 5-601 3-8 >20 10 06-0100716.6-7.8

125*: 1
Orella .------------- 4 27-40 0.2-0.6 0 12-0-1417 4-8 4

I 4-201 40-65 <006 0o09-0 11 .490

120 1 ---
I

Rock outcrOp. I I
I

Samday---.-------- 0-2 30-dO 0.2-0.6 10 15-0 2016.6-8.4

1 2-181 40-50 0.06-0.2 10:14-0° 1817.4-9.0

126*.
Pits

127*:
Renobil .--------- 0-5 8-18 2.0-6.0 10 13-0. 1516 6-7 8

5-20 40-50 0.06-0. 2 10)14-0.o16166-.8o4
120-36 30-40 0.2-0.6 10:l9-0.2117.9-9.0

3 6 1 . . .. .I:

Worfka ----------- 0-6 1 8-18 2.0-6.0 '0 13-0 1516-6-7o8
6-181 35-45 I 0.06-0.,2 I0o19-0.2117.4-9.0
I s I . .. I

Shingle --------- 0-4 1 27-35 0.6-22.0 0 29-0 2117.4-9.0
4-18' 27-35 0.6-2o0 .16-0.2117.4-9.0

I8 ...... .....

128*:10 2
8enohil - --------- 0-5 27-35 0.2-0.6 17-0.21 6-7.8

e 5-251 30-40 0.2-0.6 !0:19-0 2117°9-9°0

25 .

See footnote at end of table.

salinity S
-. si ~ ~ind

hrink- 1 factors erodi lOrganic
swell I '- r bility' matter
tential ý K i T grout

<2
<2

<2
<2

<4

<4

<2
<2

<2
<2

'Moderate 10 24
'Moderate 10o28

'Low -------- '032
'Moderate 10'37
'Low--------1'037 -o.. . :... 03

II

Low --------- 0 24'

Low -------. 0o281
Lo-------- 1024

± i .

5

2

5

2

'Low ...

0.24

0 '32
0 °37

<4 'Low -------- 0 28
2-8 'Moderate 0*32

<2 Low ------- 10321
<2 Lo ------- 10.321

<2 Low--------10 17'
<2 Lio------- 028i

< I .

<4 'Hi 10 .32'
4-16 'Hig ----- 10 321

I

<2
<4

<2
<2
<4

<2
<2

<2
<2

<2
<4

High - '----.0 371

I I
1 ~ 11

High ------- 0321

--ia-------032

'Moderate 10o371

LoW -------. 10 2B
iModerate 10371

'Moderate ~0o32!

S1
II I

IModerate '0 371

Moderate '0371

2

5

5

2

3

2

2

3

5

3

3

2

2

4L

2

2

4L

6

3

6

6

1-2

.5-1

1-3

1-2

.5-1

1-2

1-2

o.5-

1-2

1-2

0

£

1-S
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TABLE 12.--PHYSICAL AND CHEMICAL PROPERTIES OF THE SOILS--Continued

So... and Depthl Clay I Permeabi2ity Availab e Soil 'Salinityl Shrink- factorslerodi-IOrgani

Solmap symbo wa e reaction1  svell - 'bility' matter
map symbol t In.actyh -..... Itentil - K I

128*: 0
worflz .......... 0-3 8-18 2.0-6.0 0 13-0.1516 6-7.8 <2 'Low------- 281 2 3 1-2

3-141 35-45 0.06-0.2 019-0.2117°49.0 <2 Moderate 01371

Shingle ........ 0-4 127-35 0.6-2.0 10.19-0.2117 4-9.0 <2 Moderate '0 321 2 6 1-3

4-18 27-35 0.6-2.0 0.16-0.2117:4-9.0 <2 Moderate 10401

18 . I ~I

129*: - 30-45 0.2-0.6 O.150 2016ý6-8o4 <2 High ...... 0 371 1 6 1-2

samday---------- ------- 325 0206 02- 0668~1 < -02

2-182 40-50 0°06-0.2 1.14-0o1817.4-9°0 <4 High ------ 0 32

1 ---------- 1

Shingle --------- 0-4 27-35 0.6-2.0 0 29-0 2117.4-9 0 <2 'Moderate '0321 2 6 1-3

4-18' 27-35 0.6-2.0 1016-02117.4-90 1 <2 iModerate '049' 1 -1 ---- ---- -.... ... I
I I 1 I.

Worf ------------- 0-2 I 10-15 2.0-6.0 0o 13-0 1516 6-7 8 <2 L ----.---- 10.28 2 13 1-3

2-18' 20-35 0.6-2.0 10:19 0:211,56-8°4 <2 'Moderate 10 371 I

130*: 
<2 II Io .. . . 0 I3 1 I

Sear------------. 0-2 15-35 0.6-2.0 0.13-0 2016.6-7.8 1 <2 'L- .... 0 32' 1 1 1-2

2eEr- - - - - 9- 1'.0 0 1 16 6 8 4 1 < 2 ------- ' 10- 5'
2-9 18-27 0.6-2.0 '0 10-0 13 6-84
9-60 0-2 >20 0. 7.484 <2
51 1 1 ' 1 I 1l

0-4 1525 0.6-2°0 09-0.11'6 6-78 < 2 Lo-.... 151 1 8 1-3

4-11' 15-25 0.6-2.0 10:04-0-0616o6-7:8 <2 . 0

11-60' 0 >20 
< 2

I I I

131*": I 27- 0.6-2.0 '0 19-0 21 4-9 0 <2 'Moderate 10 32' 2 I 6 1-3

alige-----0413 27-35 0.-.0 01-02 71,I I 1
1in[--......... 4-131 27-35 0,6-2.0 0:16-0o2117.4-9.0 <2 Moderate '049'

( 1- " - -
1I

Rock outcrop. I 
I

amda 0-2 30-40 0.2-0.6 0.15-0 20 6°6-8.4 <2 --'gh ------ 0.372 1 6 1-2

2-181 40-50 0°06-0.2 0.14-0 1B 7.4-9.0 High ------ 0 32

132S: 
Moderate 0.491

2-9 1 -27-35 0.6-2.0 0o16-0.2117.4-9.0 <2 'Mod '049'

Rock outcrop-.... 0-601 ......

Ta--- 0-2 2-8 6.0-20 '0.0-0 1217 4-8.4 <1 'Low ------- '0.171 z 2 1

1 2-8 5-12 2.0-6.0 0°15-0o17i7484 <2 'La---------0o241 1

' - ---Moderate 0- 32'

S3ingle --------- 0-4 27-35 0.6-2.0 0 19-0 2117.4-9 0 <2 2049 6 1

1-4-181 27-35 1 0.6-2.0 0216-0.2117.4 9o0 <2 'Moderate '49' 1
1 18 -° -- --......

e' 0-5 10-20 0.6-2.0 0 17 -0.2017°4-8o4 <2 Low ---- ---. 0 321 2 1 5 1-2

T5ed1---------- 5-28' 18-35 0.6-2.0 0o17'0°2C'7:4-8:4 <8 jModerate 1037 i

28 ..18-3. 
I

------- 0-4 5-1. 1 0.6-2.0 0.2:01416.6-8. 4 <2 IL --------- 10 321 5 3

4-8 10-25 0.6-2.0 '016_0°1817.4-84. <2 ------- 1 3
4-8-0 18-27 0.6-2.0 o°-7-o.2017-9 .-o <2 0

I I

*footnote alt end of Addndu D-Q C3
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TABLE 12.--PHYSICAL AND CFEMICAL PROPERTIES OF THE SOILS--Continued

I- r•',--I

symbol w _ __ater Ireaction'

I-n/ I. ntm

134*: 1 0 010
Silhouette 0---- 2 1 0221 30-45 0°2-0°6 05-0.2017.4-8 4 <2

2-221 40O50 0.06-0°2 0o14-0o18174-9°0 <4
I22-601 30-45 1 0°2-0.6 1015-0o2017°4-8°4 <2

Heldt ........... 0-1 30-40 0.06-0°6 10 12-0 171? 9-9 0 <8
1-601 40-50 0.06-0°6 0o12-0o1779-9'0 <8

1 1*
I Ii I I I

Tassel ------------ 0-3 5-12 2°0-6.0 10 16-0 1817 4m8.4 (2

3-141 5-12 2.0-6°0 10:15-0.1717:4:8:4 <2
14 -- = I

Shingle-- ----- 0--4 27-35 0.6:2o0 0 1190 2117 4-9 0 <2
4-181 27-35 0.6 2o0 1016-021)74-9o0 1 <218 .... ---- I ...

I I
136*: II
Tassel- ------- 2' 2-8 6o0-20 0o10-0o1217°4-8°4 <22T16- 5-12 2°0-6.0 10°15-0 177 :4-8:4 <2

Terr---------- 0-4 1 8-12 2o0-6o0 D 0.090 1416.6-7 8 <2
4-341 10-18 2o0-6o0 10 12-0o14'6.6-78 . <2
34 

----

Rock outcrop.

---- .0-2 1 2-8 6.0-20 0 I0•-0 1217 4-8 4 <2

2-16' 5-12 2.0-6.0 10.15-0:1717:4-8°4 <216 i ' - .. ..

Tullock --------- 0-5 5-10 6.0-20 0o 10-0 1217 4-8 4 <2
5-311 0-10 ' 6.0-20 0100-0'12I7.4-8°4 <2

' 31' ~31 " - I 1- I ......

Vonalee --------- 0-3 0-101 6.0-20 0o07-0o0916o6-78 1 <2
3-24 5-15 2.0-6.0 10o12-0o1416 6-8:4 <2

24-601 0-101 6&0-20 '0 07-0'0917.4-9.0 1 <2 ,

38 * 139 *- 1
Cerro ----------- 0-4 8-12 2.0-6°0 '0 09-0.1416 6-7 8 <2

4-34i 10-18 2.0-6.0 0o12-0-1416.6-7o8 1 .<2
4 -- -

?ulock --------- 0-5 1 5-10 6.0-20 10 10-0 1217.4:8 4 <2 (
5-31 0-10 6.0-20 10o10-0.1217 4-8o4 <2 ,
31 ......

S----------- 0- 5-10 >20 '0.06-0.0716 6-7 8 <2

5-601 3-8 >20 10 . 0 6 -0.0716:6-7°8 <2 1

0*, 141*:
beedle --------- 0-5 1 10-20 0o6-2.0 10.17-0.2017.4:8 4 1 <2 1

5-281 18-35 . 0.6-2.0 o0 17-0 207 .4-8:4 1 _ <8

28 -. i--I I 01 6 2° 0 6 0 18{° o
Lsbona --------- 0---3 10-27 0.6-2.0 '0 16-0.1817 4-8 4A <4 1

3-601 27-35 0.6-2.0 ý0o0-01717.9-9.0 2-8 1

---------- 1 0-4 1 28-35 0.6-2.0 0o26-0 1816.6-7.8 <2
4:171 35:50 0.06-2.0 0.19-0.21!6.6-8.4 <2

17-601 30-40 0.6-2.0 0.19-0.2117.9-9.0 <2
S font 1

i 1iI

See footnote at end of table.

Shrink- factors erodi- Organic
SVe11 -- r--bilty matter

Ipotential- K T I

High - ----- 10 321 5 1 6 1-2
High ------ 0 :37 1 1

High ...... I I
1High-....-'0 28' 5 4 .5-2
High-------028

I' I

.-------0 0241 2 3 .5-1

L ----- 1'0241 1

Moderate 10 321 2 6 , 1-3
Moderate 0A91

Low ------ 10o171 2 2 .5-1

Low ------- 10241

Low -------. 1028' 2 3 1-2
LOW------- 10* 28 1 1
--- I I

I I I

Low ------- }0.171 3 1 2 I -2

1 I
Lv ------- 10 171 2 15

--- -- - I _ _ I

Low------ 0.241 5 2 1-2
Low -------. . 321
Low ------- 10241

I. I I I
I I II

o 0I 028I 2 3 1-2

Low------ 10.281 1

I I I
Low -------- 0.17 3 2 1 1-2

LOW ----- 0171 1

ow -------.. 0... 5 1 2 2
Low-------0281 1 -

I I I

Low ------- 10 321 2 15 -2
Moderate 10o371 1
----- I=J 1

I I I1
Low ------- 10 281 5 4L 5-1
Moderate 0:321 1'1

Moderate 10.321 5 6 1-3
Hig-h...-10 371 I
Moderate '037'

1 1
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TABLE 12.--PHYSICAL AND CHEMICAL PROPERTIES OF THE SOILS--Continued

30oil name and IDepthl Clay I PermeabilitylAvailable Soil Salinity Shrink- factors erodi- Orani

map symbol CIay I watef Ireaction1  I swell - erodi Or .
_ capacity otential ,I _T blity Mattel

!n/hr TI--I T/-inn4-: I / I I

142*" I I I I I 1
Bidman ------------- 0-7 1 5-15 1 0.6-2.0 10 16-0.186. 1-7.3 1 <2 ILow -------0I 281 5 13 2 -2

17-20 40-50 1 Iigh ------ I32!
1660) O2-35 0 06-02216o678 (2

1 7 1 02-0.6 1019-0.2li7:9-90 1 <2 '1{igb ------ I Q.431

143*-
Ul0-5 20-25 0.6-2.0 i0.16-0.18166-7 8 (2 L------10321 6 -3

1 5-211 35-50 0.06-2.0 0 19-0.2116 6-8 <2 IHighe------ 0371
121-361 30-40 I 0.6-2.0 0:19-0.2117o9-9°0 <2 IModerate 0.37I
36-601 25-35 <2 Moderate 0371 1

1 1 1 l1 1I 1 1 1 1 1
Renobill -------- 0-5 1 8-18 2.0-6.0 10.23-0 15166-7.8 1 <2 Low -------. . 281 3 3

1 5-201 40-50 0.06-0.2 0 14-0°16166-8 4 (<2 'High-------321 1
120-361 30-40 0.2-0.6 0:19-0.21179-9°0 <4 IModerate 10 3 7  1
136 . I ... ... ----------. I I

144*-: I I I I
u 0-4 1 28-35 0.6-2.0 10.26-0.1816.6-7.8 <2 'Moderate 0 32 5 6 1

4-.16 40-50 0.06-2.0 0°19-02166-84 <2 'High-- 037' 2-3
16-60 3040 1 0.62.0 b019-021179-90 <2 Moderate 1037 1

Renohill -------- 1 0-5 27-35 0.2-0.6 0 017-0.2116 6-7 8 <2 Moderate 10 371 3 6 1-35-251 30-40 0.2-0.6 0 019-0-21179-9:0 1 <4 IModerate I037 I
25 .. ---------.........

145 -------------- 0-601 ..............
Ustic I
Torriorthents I

Vonalee --------- 0-4 0-10 6.0-20 0.07-0 0916 6-7 8 <2 LoU -------. . 0241 1-2S4-.24l 5-15 2.0-6.0 10 12-0°14166-8:4 <2 'Lo -------- 032
124-441 0-10 6.0-20 1007-0*0917o4-9.0 <2 'Low•------- 024
144-601 8-12 2.0-6.0 10 09-0o146'66-7o8 1 <2 LOW ------- 0.281

Terro ----------- 10-04 1 812 1 2.0-6.0 10 09-0 1416 6-7 8 1 <2 1Low-------'10 281 2 3 11-1 4-341 10-18 2.0-6.0 1012-0'14166-78 <2 L --------- 1028 1-2
134 1 .. I-- ---------.I.. ..... I

147*: 1 101
Vonalee ----------1 03I 0D10 °6.020 07-0 09166-7 8 <2 Low-------'0 241 5 2 -

13-241 5-15 2.0-6.0 109-0214166-8:4 <2 1Low--------0321 1
124-601 0-10 0.6-6.0 09-0147.49.0 <2 Low .-------- 241

I 1 I' 1 1 1 1 j1 * I
Terr----------- 1 0-4 1 8-12 1 2.0-600 lO°09-0o14166-7.8 <2 'Low -------. C.28 1 2 3 1-21 4-341 10-18 1 2.0-6.0 0' 22-0 14 6'6-7°8 1 <2 Low .------- 1028' 1 1-

134 ......... -- - ---- I

148*: I II I
Wibaux--------- 1 0-4 125-25 0.6-2.0 0O9-0. 116.6-7 8 1 <2 'Low ----- 0.151 1 a

1 -4-11 15-25 1 0.6-2.0 0°04-0.061-6.6-7°8- <2 ..... .... I
'22-601 0 I >20 <2 0.~ ( 'o----------1 0 -1l 1

I II I1~I
Rock outcrop- I
Shingle --------- 0-4 1 27-35 1 0o6-2.0 0 19-0 2117 4-90 <2 IModerate 0 32' 1-3

1 4-131 27-35 0.6-2.0 10:16-0o21174-9o0 <2 'Moderate 0°49 I -1j3  I ........ ...... ....... L... .1 ...

249*: " I I
'qorf•------------ C-5 1 010 6.0-2.0 o0.17-0.1916.6-7.8 <2 Lc ...----- 0 2 a242 1-25-15 ' 27-35 0.6-2.0 10 19-0ý 21166-684 <2 Moderate '037' 1 1

i 5 -..... I I I

footnote at end of tax.
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TABLE 12.--PHYSICAL AND CHEMICAL PROPERTIES OF THE SOILS--Continued

. 'oi J n a e and DI pth l C' y I Pe rme abiity l va ilablle Soil 'Sali t ' Shri nk- erod i- Org ni c

.ýClay eyane aiy Shik fatr rd-IOgnjr
mal symbol I water Ireaction1  I swell j bility1 matter

- I I -t K I I - K

149*: I I I I l
Shingle,----------- 0-4 27-35 1 0.6-2.0 10.19-0.2117.4-9.0 1 <2 'Moderate 10 321 2 16 11-3

4-181 17-35 0.6-2.0 0.26-0.2117.4-9.0 1 <2 IModerate 0'491 1
l I III I I I I l

Tassel ----------- 3 1 512 2.0-60 '0o16-0 1817.4-8.4 <2 Low -------.'0 241 2 3 .5-3-141 5-12 2.0-6.0 1015-0.1717.48.4 1 <2 Low------- 1'24 1

kSO I I I I
gigweid 0-2 1 18-35 0.6-2.0 '0 16-0 2116 6-8 4 <2 'Moderate 10 321 5 6 1-2

2-601 27-35 0.6-2.0 0°16-0o21)7°9-9o0 <2 'Moderate 0:431 1
1 11 1 1 1 1

Bahl ------------- 0-4 1 40-45 0.06-0.2 10 17-0.2016 6-8 4 <2 'Moderate 10 321 5 1 6 1-24-601 40-55 0 0.06-0.2 1015-0.2017°4-9°0 2-4 'High ---- 10:37 1  I

51*: I I
Zigweid ----------- 0-3 27-35 I 0.6-2.0 10 16-0.2116.6-8.4 <2 'Moderate '0.321 5 1 6 1 1-2

3-601 27-35 1 0.6-2.0 10°16-0.211%9-90 1 <2 'Moderate 10o431 1 2

52*:1 01 82 1 06°O 0o6o21 1o-o 2 Moderate14-o •I oI'O o•-°2 .o. < I° I I
C0-2 5-15 0.6-2.0 10.12-0:1416 6-8.4 1 <2 'Low ...---. 0.321 5 3 1-2
2-601 18-35 0.6-2.0 '0 15-0o207°4-8.4 O <2 'Moderate 10.371

.. . . . - II 0. o o ... .. 5
52*:I 11

50-4 18-27 ' 0.6-2.0 1016-0 .216 6-8 4 1 <2 Moderate 10.321 5 17 6 1 1-
4-601 27-35 I .6-2.0 1016-0.21179-90 <2 IModerate 10:43 1 _ I

ia.----------' 0-4 5-15 0.6-2.0 '0.12-0 1416 6-8.4 1 <2 ILow ------- '10.321 5 1 3 1 1-2
4-8 1 10-25 0.6-2.0 '0 16-0:18)7:4-8 4 1 <2 'Low----- 10 371 1

1 8601 18-27 0.6-20D '0a17-0 . 20t f. o9-90 a <2 h Moderate 10:371 n i

rheedlei---------e-- 5 1020 ' 0620 '0 17-0 2017 4-8.4 1 <2 'Low ------- '0321 2 5 1-2
5-28' 18-35 1 0.6-2.0 i 0:17 -0:2 01 7:4 - 8. <8 IModerate '0 371 ' I

'28' - ---------- I.***.* I
I I I

*See description of the map unit for composition and behavior characteristics of the map uinit.
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107 Clarkelen-Draknab complex, 0 to 3 percent slopes Complex 15692 Not prime farmland 13016 35148
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127 RenohilI-Worfka-Shingle complex, 0 to 6 percent slopes Complex 3650 Not prime farmland 13016 351505

1-28 Renohill-Worfka-Shingle complex, 6 to 15 percent slopes Complex 15686 Not prime farmland 13016 351506
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1. iNTRO1DUCTION

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 deterrmned 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
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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 October1l 5, 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 lirrut 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

0
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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 I 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. R-ESULTS 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
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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 chermcal 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 I Soil Series 1997 Sample Summary for the Reynolds Ranch Extension Area.

Map Unit/
Soil Series

Reynolds Ranch
Existing Permit
Acreage (%)

No. of
Chemical
Analysis
Locations

Number of
Samples/
Location

Total
Number
of
Samples

Aeric Haplaquept
Bowbac
Cambria
Cushman
Clarkelen
Draknab
Dwyer
Exposed

Sandstone
Forkwood
Haverdad
Hiland
Kishona
Renohill
Shingle
Taluce
Terro
Theedle
Tullock
Ulm
Vonalee
Worf

16.7 (<I)
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)
I3 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

31
3
1

0

1
1

2
2
2

2

27

4
4+
4
3+
5

6
4
0

6
4
6
6
4
1+
1+

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

107TOTALS

**NOTE Disturbed acreage is not lcnown 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% 0
13B Vonalee, 3-6%
13AB Vonalee, 0-6%
14A Kishona, 0-3%
ISA Cambria, 0-3%
15B Cambria, 3-6%
16A Hiland, 0-3%
I6AB Hiland, 0-6%
17A Terro, 0-3%
17B Terro, 3-6%
17AB Terro, 0-6%
17BC Terro, 3-15%
18A Dwyer, 0-31%
19A Forkwood, 0-3%
20A Ulm, 0-3%
21A Cushman, 0-3%
21B Cushman, 3-6%
2 1AB ,Cushman, 0-6%
222A Renohill, 0-3%
23A Bowbac, 0-3%
23B Bowbac, 3-6%
23AB Bowbac, 0-6%
2,)C Bowbac, 6-15%
25A Tullock, 0-3%
25B Tullock, 3-6%
25AB Tullock, 0-6%
30A Shingle, 0-3%
31A Worf 0-3%
3liB Worf, 3-6%
31IBC Worf2 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)
51A 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 Mao Unit Description Salvage Depth

113 Vonalee 48-60
14 Kishona 48
15 Cambria 48
16 Hiland 48-60
17 Terro 30
18 Dwyer 12-30
19 Forkwood 48-60
-0 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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ADDENDUJM I
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FIL CgOPY
B-KS ENVIRONMENTAL

ASSOCIATES, INC.

P.O. Box 3467
Gillette, WY 82717-3467

(307) 682-3810
Fsx (307) 682-0125

P.O. Box 6021
Laramle, WY 82070-6021

(307) 721o5179
Fax (307) 721-5179

October 15, 1997

Mr. Matt Jankovsky
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 Spackxnan 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. If you have any questions, please feel free to contact
me in Gillette at (307)682-3810.

Sincerely,

ZýIz-eý

Brenda.K. Schladweiler
BKS ENVIRONMENTAL ASSOCIATES, rNC.

cc. Pam French, Rio AJgom Mining Corporation

0
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1997 Soil Sampling Methodology
Rio Algom Mining Corporation's Reynold's Ranch Property

October 8, 1997

General
It is assumed the original baseline soils inventory for the Smith Ranch permit area, Permit
No.304C was limited and conducted in the 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 Existing Literakure
The northern portion of Converse County has been mapped by the 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 (Novemb&r, 1984) of the Wyoming Department of
Environmental Quality, Land Quality Division will be used as a general guide during all phases of
the study.

A reconnaissance of the Reynolds Ranch extension area was used to determine the validity of the

previous N-RCS 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 basemap. The acreages of individual map units

were compiled in Table 1.

Soil Saanlinlg Descriation, 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.
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1997 Soil Sampling Methodology
Rio Algorn Mining Corporation's Reynold's Ranch Property

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 the mapping unit exceeds 10% of 1he total p)ernhit area or 1,344
acres, 3 pedons will be sampled for analysis. If the combined acreage ranges from 5-710% ofthe
total permit area, 2 pedons will be sampled, and, if that acreage is less than 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:
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Table I Soil Series Sample Summary for the Reynolds Ranch Extension Area

Map Unit/
Soil Series

Aeric .Haplaquept
Bowbac
Cambria
Cushrnar
Clarkelen
Dwyer
Exposed Sandstone
Fork wood(I

I faverdamt

1Iilai1l
KisI•ioa
RJenohill
Shingle
Taluce
'Yerro
Tu Io ck
UIn

(* Vonalee
Worf

TOTALS

Reynolds Ra nch
Existing Permit
Acreage (%)

16.76 (<1)
3797 74 (28)
430.9 (3)
2319,5 (17)
56.2 (<1)
18 0 (<1)
98 5 (1)
So() 3 (4)

f4 8 ('- I )
()83 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)

No. of (hemical
Anmlysis I ocantoins

3

3

()

2

2

27

**NOTE: Disturbed acreage is not known at this time.
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Lowell Spackman, 11:43 AM 10/23/9, Reviiew of Soil Sampling M

)ate: Thu, 23 Oct 1997 ll:43:38 -0600.
rom: Lowell Spackman <LSPACK@Missc.state.wy.us>

fo: schlad@vcn.com
Cc: gcash@rnissc.state.wy.us, jwagne@m.i.ssc.state.wy.us
Subject: Review of Soil Sampling Methodology, Rio Algom Amendment,
TFN

3 5/131 (e-mail)
Content-Disposition: inline
X-UIDL: 54fbb9028f7d2c87fae4a9fa c04dcl5

Dear Brenda (BKS Environmental Associates, !NC):

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 fou.r
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
he soil will dictate how much of the soil will need to be stripped
,r 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.

Lowell K. Spackman
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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 Slit 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
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/liter ---------------

0

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 0.59
0.75 0.39
1.36 0.65
1.14 0.54

0.13
0.14
0. 23
0.22

0.14
0.19
0.23
0.22

NOTE:
WDIEQ

The saturation % at 0 -12'
Guideline No. 1.

and the texture at 0 -12" and 12-24" are marginal according to
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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) -meq/liter ---------------

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.-2
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
770

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 B Se Very Fine Satur.
(inches) ppm ppm Sand % %

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) 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
31-40

56.0
44.0
49 0
54.0

197
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
(inches)

B
ppm

Se
ppm

Very Fine Satur.
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.
(mmrhos/cm)

Cations
Ca Mg Na SAR

-meq/liter ---------------

0-3)
3-15
15-31
_3!-4o

8.25
8.3•8

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.j1
0.44
1.14

Note: The pH at 15-31" and 31-48" are marginal according to W-DEQ Guideline No. 1
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Clarkelen
(Location 50)

Mechanical .Analysis
0

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
g5.0

. -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
(inches)

B
ppm

Se
ppm

Very Fine
Sand %

Satur.

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/liter

0-3
3-15
15-32
32-38
3•o-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 56.0 29.8 14.2 S L <2.0
5-18 43.0 28.8 28.2 CL <2.0
18-31 56.0 21.8 22.2 SCL <2.0

Depth B Se Very Fine Satur.
(inches) ppm ppm Sand % %

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) n----meq/liter ---------------

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.!9
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 B Se Very Fine Satur.
(inches) ppm ppm Sand % %

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
(inches)

pH
S.U.

Elect.
Cond.
(rnmhos/cm)

Cations
Ca Mg Na SAR

---.....-rneq/liter-

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
FragmentsTexture

0-3 59.0 21.7 19.3 SL <2.0
3-15 58.0 20.7 21,3 SCL <2.0
15-20 42.0 30.7 27.3 CL 5.48
20-36 50.0 24.7 25.3 SCL 2.39

Depth B Se Very Fine Satur.
(inches) ppm ppm Sand % %

0-3
3-15
15-20
20-36

<0.2
<0.2
<0.2
<0.2

0.003
0.003
0.002

<0.002

3.52
7.12
8.88
13.5

44.6
52.6
60.1
57.3

Saturation Extract

Depth pH Elect. Cations
(inches) S.U. Cond. Ca Mg Na SAP,

(mmhos/cm) meq/liter ---------------

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
4.00
3.65
1.65

1.15
1.38
1. 31
1.08

0.07
0.10
0.11
0 .1 _3

0.05
0,06
0.07
0,11
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Draknab
(Location 5 1)

Mechanical Analysi.s
S

Depth
(inches)

Sand Sift Clay Coarse
FragmentsTexture

0-6 70.0 12.3 17.7 S L 2.44
6-14 63.0 13.3 2.3,7 SCL 7.54
14-30 88.0 0.70 LS 4.22
30-36 42.0 20.3 37.7 CL 6.33

36-44 88.0 3.30 8.70 LS 2.34
44-48 30.0 29.3 40.7 C 9.21

Depth B Se Very Fine Satur.
(inches) ppm ppm Sand % %

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
44-48 <0.2 0.022 .10.5 78.0

Saturation Extract

Depth pH Elect. Cations
(inches) S.U. Cond. Ca Mg Na SAR

(mnihos/cm) ---------- meq/liter ---

0-6
6-14
14-30
30-36
36-44
44-48

8.28
80.22
7.89
8.11
8.02
8.15

1.19
0.69
0.72
0.39
0.31.
0.36

9.70
4.85
4.75
2.40
1.77
2.20

4.58
2.08
2.00
1..08
0.82
1.02

0.66
0.57
0.48
0.30
0.30
0.28

0.25
0.30
0.26
0.22
0.26
0.2_2

Note: The saturation % at
WDEQ Guideline No. 1.

14-30"' and 36-44" and the texture at 44-48" are marginal according to
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Dwyer
(Location 72)

Mechanical Analysis

Depth
(inches)

Sand Silt Clay Coarse
FragmentsTe,,cture

0-5
5-20
20-30
30-60

39.0
62.0
81.0
g5.0

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
4.2 5
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
30-45
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
3-7
7-26
26-30
30-45
45-60

<0.2
<0.2
<0.2
<0.2
<0.2
0.2

0.011
0.009

0.012
0.022
<0.002
0.017

7.42
10.4
14.3
15.4
19.3
18.3

52.1
47.6
62.3
64.0
69.7
71.0

Saturation Extract

Depth
(inches)

pH
S.U

Elect.
Cond.
(mmhos/cm)

Cations
Ca Mg Na SAR

.--------- meq/liter ---------------

0-3
3-7
7-26
26-30
"0-45
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 Anabysis

Clay
% Tex•-tre

Depth
(inches)

Sand Silt
%/

Coarse
Frag•ments

0-4
4-18
18-26
26-34

34-54

77 0
76.0
68.0
68.0
78.0

158
1.4.8
16.8
19.8
12.8

7.20
9.20
15.2
12.2

9.20

SL
SL
S L

SL

<2-0
<2. 0
<2. 0

<2.0
<2.0

Depth
(inches)

B

ppm
Se
ppm

Very Fine
Sand %

Samr.

0-4 <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 <5 <0 <0M002 22.1 44.5

Saturation Extract

Depth pH Elect. Cations

(inches) S&U. Cond. Ca Mg Na SAR
(rnrnhos/cm ) - Meq/l iter ---------------

0-4
4-18

].8-26
26-34

34-54

7.8
7.6
7.53
8.0!

0.87
0.41
0,40
0.35
0.31

5.75
3.40

2.85

2.0

2.3

1.23

1.03
1.11

0.13
0.12
0.19
0.17
0.18

0.07
0.08
0.13
0.i3
0.!4
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Hiland
(Location 64)

Mechanical Analysis
0

Depth
(inches)

Sand
%/

Silt Clay Coarse
FragmentsTexture

0-3
3-10
10-24
24-30
30-48
48-60

60.0
60.0
62.0
60.0
60.0
60.0

16.7
18.7
15.7'
16.7
177
18.7

23.3
21.3
22.3
23.3
22.3
21.3

SCL
SCL
SCL
SCL
SCL
SCL

<2.0
<210
<2.0
<2.0
<2.0
<210

Depth
(inches)

B
ppm

Se
ppm

Very Fine
Sand %

Satur.

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
30-48 <0.2 0M002 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

(m m hos/cm )" ---------- m eq/liter -------........

0)-3
3-10
10-24
24-30
30-48
48-60

7.67
7.60
8.10
8.25
8."3
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
0.1i
0.11
0.13
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Kishona
(Location 52)

Mechanical Analysis

Depth
(inches)

Sand
0/

Silt Clay Coarse
FragmentsTexture

0-6
6-19
19-30
30-44
44-54

36.0
30.0
38.0
37.0
48.0

33.3

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 SAP.

(mmhos/cm) meq/liter.

0-6
6-19
19-30
30-44
44-54

8.2
8.23
823
0.332
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.D33

1.65
2.90
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Renohill
(Location 58)

Mechanical Analysis

0

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 B Se Very Fine Satur.
(inches) ppm ppm Sand % %

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
(inches)

pH
S.U.

Elect.
Cond.
(mmhos/cm)

Cations
Ca Mg Na SAR

--meq/liter

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
4.25

1.42

0.14
0.17
0.37
0.41

0.09
0.!3
0.16
0.32
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Shingle
(Location 1)

Mechanical Analysis

Depth
(inches)

Sand slit Clay Coarse
FragmentsTexture

0-6 43.0 290 27.2 CL 4.81

Depth
(inches)

B
ppm

Se
ppm

Very Fine
Sand %

S at~r

0-6 <0.2 0.009 22.7 69 1

Sararation Extract

Depth.
(inches)

pH'
S. U.

Elect.
Cond.
(mmhos/cm)

Cations
Ca Mg Na SAR

-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 5210 20 7 27.3 SCL <2.0
3-10 48.0 23.7 20._3 SCL 2.42

Depth B Se Very Fine Satur.
(inches) ppm ppm Sand % %

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

8.178.11
0.43
0.74

2.70
7.05

1,83
1.42

0.38
0.09

0,25
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 B Se Very Fine Satur.
(inches) ppm ppm Sand % %

0-6 <0.2 0.007 6.18 32.0

Saturation Extract

Depth pH Elect. Cations
(inches) S. U. Cond. Ca Mg Na SAR

(m m hos/cm ) ---------- m eq/liter ---------------

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
%O

Clay Coarse
FragmentsTexture

0-5 68.0 14.4 17.6 SL 3 96

5-16 60.0 18.4 21.6 SCL <2.0

Depth B Se Very Fine Satur.

(inches) ppm ppm Sand % %

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

(mmnhos/cm) ---------- meq/liter ------------..

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 Satur.
Sand % %

0-5
5-20
20-38

<0.2
<0.2
<0.2

0.011
0.006
0.002

15.4
11.3
5.46

37.7
37.2
41.4

Saturation Extract

Depth
(inches)

pH
S.U.

Elect.
Cond.
(mrnhos/cm)

Cations
Ca Mg Na SAR

-meq/liter.

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
0.1.4
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 67.0 18.7 14.3 S L <2.0
3-10 54.0 25.7 20.3 SCL <2.0
18-27 70.0 16.7 1.3.3 S L <2.0
27-40 83.0 6.70 10.3 LS <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 pH Elect. Cations
(inches) S.U Cond. Ca Mg Na SAR

(mmhos/cm) meq/liter ---------------

0-3
3-18
18-27
27-40

7.78
0.09
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

Smith Ranch Permit Addendum D-7 C3 Page 42 of 120



Theedle
(Location 63)

Mechanical Analysis

Depth
(inches)

Sand Silt Clay Coarse
FragmentsTexture

0-s
3-12
12-30

46,0
42.0
44.0

25.7
29.7
30.7

28,3
20.5.3
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
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Tullock
(Location 36)

Mechanical Analysis

Depth
(inches)

Sand Silt Clay
0/

Coarse
FragmentsTexture

0-4
4-21
21-39

63.0
66.0
52.0

22.8
18.8
31.0-) C

14.2
15.2
16.2

SL
SL
L

<2.0
<2.0
2.11

Depth
(inches)

B
ppm

Se
ppm

Very Fine
Sand %

Satur

0-4 <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 pH Elect. Cations
(inches) S.U. Cond. Ca Mg Na SAR

(mnmhos/cm) - meq/liter ---------------

0-4
A.4"1
ý1-39

7.51
7.79
Q.18

f) -7n~
1ý . IV'

0.44
0 "67

6.80
-_'.55
"2 '1K
.1 .L 0• k,

1.17 r) 10
Q-,. IL 9

1 . -11

.v U,.

0.12
0h ("1
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Ulm
(Location 57)

Mechanical Analysis

Depth
(inches)

Sand Silt Clay Coarse
FragmentsTexture

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

237
41 7
39.7
40.7
38 7

SCL
C
CL
C
SC

<2.0
<2.0
<2.0
2197
5 35

Depth
(inches)

B
PPM

Se
ppm

Very Fine . Satur
Sand % %

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 1,0 0.017 30.2 73 6

Saturation Extract

Depth pH Elect, Cations

(inches) S, U, Cond. Ca Mg Na SAR
(mnu hos/cm) meq/liter ---------------

0-3
3 -20
20-24
?4-42
42-48

7.78
8.27
8.09
8.13
8.08

0.77
0.66
0.82
0,97
1.5i

4.80
3.32
2.80
2.85
5.10

3.17
2.83
3.00
3.17
5 75

0.1.6
0.91
2.00
3.87
5.52

0.08
0.52
117

2 93
9.3'7

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 62.0 19.4 18.6 SL <2.0
4-17 59.0 19.4 21.6 SCL 2.41
17-28 51.0 22.4 26,6 SCL 2.95
28-42 50.0 25.4 24.6 SCL <2.0
42-60 52.0 27.4 20.6 SCL <2.0

Depth B S e Very Fine Satur
(inches) ppm ppm Sand % %

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

(mnmhos/cm) m-eq/liter ---------------

0-4
4-17
17-28
28-42
42-60

.008
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
310

0.23
0.24

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 55ý0 22.8 22.2 SCL <2.0
2- 6 50.0 24.8 25.2 SCL <2.0
6-11 49,0 23.8 27.2 SCL <2.0

Depth B Se Very Fine Satur.
(inches) ppm ppm Sand %

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 SAP.

(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 49ý0 21.4 296 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--------

0-6
6-15

8.13
8.15

0.79
0.63

6.65 2.08
4.55 2.18

0.12
0.21

0.06
0.11
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ENERGY LABORATORIEPJNC.I
P.O. BOX 3258 o CASPER. WY 82602 2-393 SALT CREEK HIGHWAY - CASPER, WY 82601

PHONE (307) 235-0515 o FAX (307) 234-1639¶

I

U)

Clwt -pl.gpy TOPSOoILtalIn
0K Irjet Ri ige eyod Rx

-~ Reportatc~ lsocinbr: 1997

CD

CL

(D

C)

CD

0
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97- 67762 1 0-6' 8 r.09 0.96 69.1 8.00 2.58 0.18 0.08 < 0.20 0.009 CL 22.7 4.81 43.0 29.80 27.2
97- 67763 2 0-2' 7.96 0.52 46-8 4.35 1.85 0.14 0.08 < 0.20 0.007 SCL 14.9 < 2.00 55.0 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 0.007 SCL 22.4 < 2.00 50.0 24:8 25.2
97- 67765 2 6-1t' 8.01 0.67 62.9 5.20 2.78 0.24 0.12 < 0.20 0.0106 SCL 23.4 < 2.00 49.0 23.8 27.2
97- 67766 4 0-5' 7.96 0.60 46.8 4.32 2.18 0.19 0.10 < 0.20 0.012 'SL 26.3 2.00 56.0 29.8 14.2
97- 67767 4 5-9'8 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- 671768 4 18-31' 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 77.01 15.8 7.20
97- 67770 7 4-18' 7.80 0.41 36.91 3.40 1.33 0.12 0.08 < 0.20 0.006 SL 20.6 < 2.00 76.0 14.8 9.20
97- 6-1771 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 26-34' 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 19.8 12.2
97- 67773 7 34-54' 8.01 0.31 44.5 2.10 I 14 0.18 0.14 < 0.20 < 0.002 SL 22.1 < 2.00 78.0 12.8 9 20
97- 67774 23 0-12' 7.40 0.25 80.1 0.99 0.59 0.13 0.14 < 0.20 0.007 C 13.8 5.71 36.0 20.8 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 2-4-33' 7.66 0.25 67,5 1.36 0.65 0.23 0.23 < 0.20 0t.0o9 CL 13.7 2.38 43.0 23.8 33.2
97- 67777 23 33-48' 7.81 0.22 64.1 1.14 0.54 0.22 0.24 < 0.20 < 0.002 SCL 19.0 < 2.00 49.0 21 .8' 29.2
97- 67778 29 0-6' 7.93 0.88 32.0 8.50 4.23 0.14 0.07 < 0.20 0.007 LS 6.18 4.29 81.0 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 21.0 < 2.00 63.0 22:8 14.2

97- 67780 3 6 4-21' 7.79 0.4-4 38.6 3.55 I 17 0.19 0.12 < 0.20 0.002 SL 19.3 < 2.00 66.0 18.8 15.2.

97- 67781 " 36 21-39' 8.18 0.67 44.6 3.26 2.55 1.57 01 9 2 < 0.20 < 0.002 L 26.5 2.11 52.0 31.8 16.2
97- 67782 40 0-5' 7.93 0.38 37.7 2.95 4.17 0.09 0.07 < 0.20 0.011 5L 15.4 < 2.00 71.0 16.8 12.2
97- 67783 40 5-20' 8.24 0.56 37.2 4.80 1.75 0.44 0.08 < 0.20 0.006 SL 11.3 < 2.0o 70.0 14.4 15.6

97. 67784 40 20-38' 8.15 0.43 41.4 2.75 4 75 0.13 0.09 < 0.20 < 0.002 SL 5.46 < 2.0o 68.0 13.4 18.6

97- 67785 43 0-5' 8.09 t.14 37.9 10.1 2.92 0.18 0.07 < 0.20 0.004 SL 7.95 3.96 68.0 4 4.4 47.6
97- 67786 43 5-16' 8.24 0.43 44.9 3.90 1.25 0.17 0.41. K 0.20 0.007 SCL 7.38 < 2.00 60.0 8.4 21.6

97- 67787 45 0-4 7.88 0.90 4"0.2 8.60 3.00 0.23 0.40 < 0.20 0.029 SL 9.59 < 2.00 62.0 19.4 48.6
97- 67199 45 4-17' 8.12 0.53 44.8 4.55 1.60 0.24 0.44 < 0.20 0.020 SCL it.2 2.41 59.0 19.4 21.6
97- 67789 45 17-28' 8.45 0.45 60.0 3.55 1.42 0.29 0.18 < 0.20 0.015 SCL 24.4 2.95 51.0 22.4 26.6
97- 67790 45 2842' 8.13 0.34. 52.9 2.20 1.53 0.31 0.23 < 0.20 0.005 SCL t45.2 < 2.00 50.0 " .5.4 24.6
97- 67791 45 42-60' 8.13 0.52 54.6 2.55 3.10 0.81 0.48 < 0.20 0.049 SCL 45.6 < 2.00 52.0 27.4 20.6
97- 67792 47 0-6' 8.13 0.79 60.5 .6.65 2.08 0.12 0.06 < 0.20 0.007 SCL 13.5 2.39 4.9.0 2.4 29.6

97- 67793 47 6-15' 8.15 0.63 53.6 4.55 2.18 0.24 0.11 < 0.20 0.005 CL 10.8 < 2.00 43.0 28.4 28.6
97- 67794 48 0-3' 7.91 0.29 52.1 1.65 0.94 0,11 0.10 ( 0.20 0.011 L 7.42 < 2.00 4,4.0 34.4 24.6
97- 67795 48 3-7' 7.33 0.20 47.6 (.00 0.56 4 0.13 0.15 < 0.20 10.09 SCL 40.4 < 2,00 50.0 23.4 26.6
97- 67796 48 7-26' 7.99 0.30 62.3 1.40 0.92 J 0.70 0.65 < 0.20 0.012 CL 14.3 2.43 45.0 22.4 32.6
97- 67T97 48 26-30' 8.12 0.45 64.0 1.50 1.2753 1.83 1.56. < 0.20 0.022 CL 45.4 ...93 41.0 .29.4 29.6
97- 67798 48 30-45I 8.27 0.60 69.7 1.55 1.503 3.39 2.75 < 0.20 < 0.002 CL 19.3 4.55 34.0 30.4 35.6
97- 67799 48 45-60' 8.42 1.08 74.0 3.00 3.123 5.52 3.16 0.20 0.017 CL 48.3 2.44 34.0 33.4 32.6

48~l r:5-60' u8.lin .g~k [2 1.0oi71.0 3".42 32.
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97-67800 5 0-3' 7.66 0.35 52.4 ..21 3.08 0.50 0.013 S 1.00 < 2.00 7 12.7

, 97- 67801 49 3-10' 8.33 0.60 73.9 4.35 2.67 0.20 0.1 - 0.20 0.0{0S5 207642.0 10. 13.797 6 8 49 ,10-16- 9,26 0.60 69.5 . .70 -2.50 -0.3•0-" ... .17 < 0 .20 0.0 L9.931 42.0 ; 19.4 -! 38.6

9-7- 67803 49- 1-I(27 .8,38 0.29 64.5 -1.47 -1.30 -0.75 -0.64 < 0-20, 0-006• CL! 6.0g 2- 0 43-_21_- _ 3.

97- 67804 50 -38 -- 8.03 0.82 60.1 5.65 2.08" 0.30 0,12 < 0.20 0.002 LS .0SCL -2.85 .00 85.0 8.3 93.70

97- 67805 50 3-15' 8.21 1.01 54.7 9.70 2.25 0.13 0.062 0.20 0.019 SL 1.56 ' < 2.00 60.0 2.3 19.7
97- 67806 -50 15-32' 8.19 1.26 33.4 I0.1 3.08 0.52 * 0,2~0 -< .(2 0' 0.013 - SL - < 1.00, < .0 /. 1 . 1.
97- 67807 50 32-38' 9.11 1.22 32.5 9.35 2.9r2 0.3 02 .0 007S .5 < 2-00 76.0 10.3 12.7

• .9 -67809 0 3 -6 . 82 0.82 25.7 5 65 2.08 0 JS 0,18 < 0.20 0.002 LS < 1 .00 "< 2,00 8a5.0 -5.30 -970

g7 to0 1 06'82 .9 27 9 7 4.5"8 0.66 0,25 < 0.20 0 .02)9 SL < 1.00 2,44 - 70.0 - 12.3 17.7

97- 67110 5I 6-14' 8.22 0.69 40.1 4.85 2.08 0.57 0.30 < 0.20 0.022 SCL < 1.00 7.54 630 13.3 237

97- 67811 1 14-30' 7.89 0.72 21.7 4.75 2.00 0.48 0.26 < 0.20 0.004 LS ' 1.00 4.32 88.0 3.30 8.170

97- 67112 51 30-36' 8.11 0.39 66.3 2.40 1.08 0.30 0.22 < 0.20 0.047 CL 2.11 6.33 -42.0 20.3 3737

r
E

97/- O8l3 51 3J6-4 8.02 0.31 20.9 1.77 0.82 0.30 0.26 < 0.20 0.007 LS < 1.00 2.34 8 ..0 3.30 1.70
97- 67814 5I 44-48' 8.15 0.36 78.0 2.20 1.02 '0.28 ' 0.22 0.20 "0.022 C10.5 9,21 [ 30.0 3 40.7

97- 67815 52 0-6' 8.20 0.87 59.4 7.20 2.58 0.11 0.05 < 0.20 0.006 CL 8.31 2.55 36.0 33.3 30.7

- 97- 67816 52 6-19" 8.23 0.50 53.9 3.55 2.17 0.17 0.10 < 0.20 0.006 CL 7.45 4.71 30.0 38.3 31.7

97- 67817 52 19-30: 8.23 0.42 54.5 1.81 2,25 0.47 0.33 < 0.20 < 0.002 CL 16.7 . < 2.00 38.0 32.3 29.7
97- 67818 52 3084' 1.32 0.35 57.0 0.98 1.15 1.70 1.65 < 0.20 < 0.002 CL 15.7 < 2.00 37.0 35.3 27.7

97- 67819 52 44-54' 8.218 0.45 48.9 0.94 1.08 2.91 2.90 0.20 0.003 L 14.3 < 2.00 48.0 29.3 22.7

) 97- 67820 57 0-3' 7.78 0.77 43.0 4.80 3,17 0.16 0.08 < 02.0 0.009 SCL 2,42 < 2.00 52.0 24.3 23.7

' 97- 67821 57 3-20' 8.27 0.66 73.9 3.32 2.83 0.91 0.52 < 0.20 0.003 C 6.94 < 2.00 38.0 30.3 41.7

97- 67822, 57 20-24' 8.09 0.82 75.8 2.80 3.00 2.00 1.17 < 0.20 < 0.002 CL 11.2 < 2.00 38.0 22.3 39.7

97- 67823 57 24-42' 8.13 0.97 73.3 2.85 3.17 3.87 2.23 < 0.20 0.004 C 9.78 2,97 34.0 25.3 40.7

97- 67824 57 42-8' 8.08 .1.51 73.6 5.10 5.75 5.52 2.37 0.20 0.017 SC 30.2 5.35 5t.0 10.3 38.7

97- 67825 58 0-3' 7.09 0.53 42.9 3.40 1.92 0.14 0.09 < 0.20 0.012 SL 7.30 < 2.00 55.0 25.7 19.3

97- 67826 58 3-20' , 7.92 0.40 62.3 2.30 1.25 0.17 0.13 < 0.20 0,012 SCL 10.9 2.00 48.0 21.7 30.3

97-. 67827 58 20-26' 8.05 1.16 58.4 7.05 4.25 0.37 0.16 < 0.20 0.003 CL 14.3 4.16 42.0 28.7 29.3
97- 67828 58 26-33' 8,17 0.36 66.1 1.95 1.42 .0.41 0.32 < 0.20 0,002 CL 14.6 4.53 .38.0 30.7 31.3

97- 67829 .60 0-3" 8.00 0.37 44,6 2.55 1.15 0.07 0.05. K 0.20 0.003 SL 3.52 K 2.00 59.0 21.7 19.3

97- 67830 60 3-15' 8.15 0.49 52,6 4.00 1.38 0.10 0.06 < 0.20 0.003 SCL 7.12 < 2.00 58.0 20.7 21.3

97- 67831 60 15-20' 8.19 0.46 60.1 3.65 1.31 0.11 0.07 < 0.20 0.002 CtL 8.88 5.48 42.0 30.7 27.3

9"7- 67832 60 20-36' 8.29 0125 57.3 1.65 1.08 0.13 0.11 < 0.20 <O.002 SCL 13.5 2.39 50.0 24.7 25.3

97- 67833 61 0-3' 8.14 0.55 64.8 4.50 1.32 0.07 0.04 < 0.20 0.005 SCL 12.2 < 2.00 46.0 25.7 18.3

97- 67834 61 3-12' 8.11 0,58 66.0 4.50 1.67 0.11 "0.06 < 0.20 0.005 CL 17.6 5.10 42.0 29.7 28.3

97- 67835 61 12-30' 8.30 0.30 58.1 t'40 L183 0.27 0.21 < 0.20 0.004 L" 21.1 < 2.00 44.0 30.7 25.3

8. 7- 67836 63 0-T 13 0.51 42.2 4.45 1.62 0.09 0.05 K 0.20 0.010 SL 1.98 < 2.00 61.0 23.7 15.3

0 97- 67837 63 3-20' 8.00 0.52 51.1 3.60 1.32<) 0.19 0.12 K 0.20 0.008 St 7.36 K 2.00 61.0 23.7 15.3

0
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97- 67838 3 20--26 7.97 0.82 42.8 5.85 2.00 0.23 0.11 0.20 0.002 SL 1.00 265.0 177 17.3
97- 67839 63 26-32' 802 0.49 38.7 3.50 .23 0.19 0.12 C 0.20 0.003 SCL < 1.00 < 2.00 62.0 15.7 22.3

97- 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 23.3

97- 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 21.3

97- 67842 64 -0-24- 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 15.7 22.3

97- 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 23.3

97- 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 22.3

97- 67845 64 48-60' 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 21.3

9- 67846 66 0-3' 8.25 0.31 42.6 1.95 1.31 0.09 0.07 < 0.20 0.012 SCL 7,55 < 2.00 56.0 19.7 24.3

97- 67847 "66 3-I5 8.38 0.89 69.8 5.65 4.08 0.24 0.11 K 0.20 0.009 CL [2.4 4.47 44.0 22.7 33.3
97- 67848 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 26.3

97- 67849 2 1-48' " 8.52 0.35 55.8 0.76 2.13 1.37 0.03 < 0.20 < 0.002 SCL 17.1 < 2.00 954. 24.7 21.3
977- 67850 72 0-5' 8.16 0.80 64.4 6,70 1.92 0.07 0.03 < 0.20 0.0026 CL 15.94 2.06 39,0 32.7 28.3
97- 6785 72 5-20' 8.09 0.57 .41,5 4,80 (.14 0.10 0.06 < 0.20 0.005 SL 3.59 0 2.00 6 ,0 20.7 17.3

97- 67852 72 20-30' 8.03 0.55 27.6 4.25 1.25 0.16 0.10 < 0.20 0.002 SL < 1.00 < 200' Lo.0 6.70 12.3

97- 67853 72 30-60' 8.17 0.43 20.1 3.10 1.24 0.31 0.21 < 0.20 < 0.002 ý LS < 1.00 4.25 85,0 5.70 9.30

97.67854 77 0-3- 7.78 0.48 38 .9 3.25 116 0.09 0.06 < 0.20 0:005 SL K 1.00 < 2.00 67.0 18.7 14.3

97- 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 20.3
97- 67856 77 18-2T7 8.21 0.34 29.0 2.80 0.83 0.10 0.07 < 0.20 0.005 SL 2.26 < 2.00 70,0 16.7 13.3

97- 67857 77 27-40-. 8.03 0.67 28.6 5.05 1.58 0.13 0.07 < 0.20 < 0.002 LS < 1.00 < 2.00 83.0 6.70 10.3

97- 67858 78 0-3' 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 16.3

97- 67859 78 3-20' 7.79 0.41 42.8 9 2.65 1.08 0.17 0.13 < 0.20 0.003 SL 2.80 < 2.00 75.0 8.70 16.3

97- 67860 " 78 20-28' 7.50 0.82 31.9 5.00 2,25 0.34 0.18 < 0.20 K 0.0021 SL < 1.00 < 2.00 80.0 5.70 14.3

97- 67861 78 28-36' 7.93 0.69 42.7 4.20 2.33 0.40 0.22 < 0.20 K 0.0021 SL K (.00 K 2.00 77.0 (2.7 (0.3

Quality Assur acc;
.Controf Soil Analysis 8.27 3.01 73.2 (8.2 11.2 2.3 3.21 < 0.20 0. 15 CLI N.A N/A 1 40.0 N/A N/A

ITarget Range - - 7.82-8.39 2.5,.3.53 54-76 155-250 851-14"1 8.24-18.9 2.20-4.53 0.l-l.2 0.03-0.13 N"A N/A N/A 34-42 N/A N/A
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ENERGY LABORATORIES, INC.
P.O. BOX 3258 • CASPER, WY 826,02 o 2393 SALT CREEK HIGHWAY CASPER, WY 82601
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97- 68262 62 0-3' 8.171 043 561 2.70 1.83 0.38 0.25 < 0-20 0.007 SCL 5.400 <2.00 52.0 20.7. 27.
97- 68263 62 3-18' 8.11 0.74 54.7 7.0 .42 0.09 0.04 0.20 0:009 SL2 2640 .42 48.01 23.71 28.

CL
(a.
(D-

CL
2

CA)

N)
C)

Quality AssuranC m
Control Soil Analysis 8.2 3.01 73.2 18.2 11.2 12.3 3.2 < 020

RcporI AppsovcJ by:.
dine ,.!ru'ponsrtsciueur 97bsn'rrnna)•ol•86.

- drI N/Al N/Al 40.0 N/A I N/Al

Nl/A N/A I N/At 34-41 I NIA I Nil,%

t~CNiCweI By:

COMPLETE ENVIRONML. AL ANALYTICAl qD•/,----



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
46'F Mean annual soil temperature is 49°F 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% (23B): 6-15% (23C)

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 46' 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 460 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
Forkwood 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 49' 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 Sandy Loam, 0-3% (21A), 3-6% (21B'): 0-6% (2lAB).

This sodl 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 1_3 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 460 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 10 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% (5 IA)

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 liaht 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 46' 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% (ISAA)

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 46' 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) Clav Loam. 0-3% (19A)

This soil mapping unit consists of deep, well drained soils on gently sloping to nearly level alluvial W
fans. Slopes range from 0 to 3 percent. Elevation is 5200 feet.

Typically, the Forkwood 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.

0

Smith Ranch Permit Addendum D-7 C3 Page 62 of 120



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 46' 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% (16B)

This soil mapping unI.t consists of deep, well drained soils occurring on gently to moderately

sloping uplands. The soils have formed in residuumh 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 46' F Mean annual soil

temperature is 490 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.

Smith Ranch Permit Addendum D-7 C3 Page 64 of 120



Kishona (Kirm) 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 46' F Mean annual soil temperature is 490 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
Forkwood clay loam. The Theedle usually occurs above the Kishona soil on the landscape. The
Forkwood 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 i6 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)

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 46" 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% (32B3): 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 1I
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% (17A): 3-6% (17B): 6-15% (17C)

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. S.lopes range
from 0 to 15 percent. Elevation is about 5200 feet.

Typically, the Terro soil has a light brownish gray fine sandy loam sui-face 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 sandstonebedrock for a few inches. Average annual precipitation is 12 inches. The meani annual 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 49' 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 abov.e 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 46' F and the mean annual soil temperature is 49' 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 49' 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% (13B). 0-6% (13AB)

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 sofl temperature is 490 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% (3IBCI

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 46' 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

0
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The following soil series descriptions are based on sampling conducted on the proposed
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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AERC HAPLAQUEPT

Soil Mapping Unit 56
Typical Pedon. Aeric Haplaquept, rangeland.

(Colors are for dry soil unless otherwise indicated)

A- 0-3 inches. Dark gray (I0YR 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 (1OYR 4/1); strong, coarse angular blocky
structure parting to strong medium granular; hard, firm, sticky, plastic; mildly alkaline (pH 7 40),
noneffervescent.

C1 - 12-24 inches. Dark gray (IOYR 4/1) clay, dark gray (1OYR 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 (lOYR 3/3) moist; massive; hard,
firm, very sticky, very plastic; mildly alkaline (pH 7 66), noneffervescent.

C3 - 33-48 inches. Light yellowish brown (1OYR 6/4) sandy clay loam, yellowish brown (IOYPR
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 (1OYR 3/6) sandy loam, dark yellowish brown (1OYR 3/4)
moist; weak fine and very fine granular structure; soft, very friable, nonsticky, nonplastic;
moderately alkaline (pH 8. 13), noneffervescent.

Bl - 3-12 inches. Dark yellowish brown (10YR 3/6) sandy loam, dark yellowish brown (IQYR

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 (I0YR 3/4) sandy loam, dark yellowish brown (IOYR
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 (lOYR 5/2) sandy loam, dark grayish brown (10YR 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 (1OYR 6/1) sandy clay loam, gray (IOYR 5/1) moist; partially weathered

sandstone; moderately alkaline (pH 8 02), moderately effervescent.

Type Location - 21 (63 on map)

Range 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.SYR 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 SYR 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 browmsh gray (lOYR 6/2) sandy loam, grayish brown (lOYR 5/2)

moist; massive; soft, friable, slightly sticky, nonplastic; CaCO3 threads; mildly alkaline (pH 7 50),
slightly effervescent.

C - 28-36 inches. Light gray (10YR 7/1) sandy loam, gray (lOYR 6/1) moist; massive; slightly

hard, friable, nonsticky, nonplastic, moderately alkaline (pH 7 93), slightly effervescent.

Cr - 364+ 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

W 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 (1OYR.3/6) sandy clay loam, dark yellowish brown (IO0YR
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 (10YR 4/3) clay loam, dark brown (10YR 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 iniches. Brown (IO0YR 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 8.3 8), noneffervescent.

Bk - 13-15 inches. Brown (10YR 4/3) clay loam, dark brown (10YR 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 (10YR 6/1) moist; massive; soft,
very friable, slightly sticky, slightly plastic; seams and nodules of CaCO3, strongly alkaline (pH
8 52), strongly effervescent.

C - 3 1-48 inches. Light gray (10YR 7/1) sandy clay loam, gray (10YR 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 (I0YR 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 (]0YR 5/3) sandy loam, brown (10YR 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 (10YR 6/3) sandy loam, brown (10YR 5/3) moist; massive- soft,
friable, nonsticky, nonplastic; moderately alkaline (pH 8 19), noneffervescent.

C2 - 32-38 inches. Brown (10YR 5/3) sandy loam, brown (10YR 4/3) moist; loose structure;
soft, friable, nonsticky, nonplastic; moderately alkaline (pH 8 11), slightly effervescent.

C3 - 3 8-60 inches. Pale brown (IOYR 6/3) sandy loam, brown (1OYR 5/3) moist; loose structure-
soft, friable, nonsticky, nonplastic; moderately alkaline (pH 8 20), slightly effervescent.

Type 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 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 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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CUSHAMAN SERIES

Soil Mapping Unit 21
Typical Pedon: Cushman sandy loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

A - 0-5 inches. Brown (10YR 4/3) sandy loam, dark brown (IOYR 3/3) moist; weak, fine
granular structure; soft, very friable, nonsticky, nonplastic; moderately alkaline (pH 7 96),
noneffervescent.

B2t - 5-18 inches. Brown (10Y-R 4/3) clay loam, dark brown (10YR 3/3) moist; moderate,
medium angular blocky structure; slightly hard, friable, sticky, plastic; moderately alkaline (pH
7 92), noneffervescent.

Cca - 18-31 inches. Brown (10YR 5/3) sandy clay loam, dark brown (10YR 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)

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 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 (]OYR 3/4) clay loam, dark brown (1OYR 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 (1OYR 3/4) clay loam, dark brown (1OYR 3/3) moist;
moderate, medium angular blocky structure; slightly hard, slightly friable, slightly sticky, slightly
plastic; moderately alkaline (pH 8 33), noneff'ervescent.

Bk - 10-16 inches. Brown (IOYR 5/3) clay loam, dark brown (lOYR 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.

Type Location - 12 (49 on the map)

Range 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 3 5 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 I Depth of stripping would be limited by bedrock material.
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CUSHMAN SERIES

Soil Mapping Unit 21A, 21B1 21AB
Typical Pedon: Cushman sandy loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

A - 0-3 inches. Dark brown (OYR 3/3) sandy loam, very dark brown (IOYR 2/2) moist-

moderate medium granular structure; soft, friable, slightly sticky, slightly plastic; moderately

alkaline (pH ' 00), noneffervescent.

A•B - 3-8 inches. Dark brown (IOYR 3/3) sandy clay loam, very dark brown (IOYR 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 (10YR 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 (10YR 4/3) clay loam, very dark brown (10YR 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 (10YR 6/2) sandy clay loam, grayish brown (lOYR 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)

Range 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 I 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 (10YR 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 (IGYR 4/3) sandy loam, dark brown (lOYR 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 (1OYR 4/2)
moist; massive; soft, friable, slightly sticky, slightly plastic, moderately alkaline (pH 8 22), slightly
effervescent.

C2 - 14-30 inches. Grayish brown (10YR 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 (IOYR 5/1) clay loam, gray (lOYR 5/1) moist; massive structure; hard,

firm, sticky, plastic; moderately alkaline (pH 8. 11), noneffervescent.

C4 - 3 6-44 inches. Brown (I0YR 5/3) loamy sand, brown (1OYR 5/3) moist; loose structure.
soft, friable, nonsticky, nonplastic; moderately alkaline (pH 8,02), noneffervescent.

C5 -. 44-48 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.

TpeILocation - 15 (51 on the map)

Rarige 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.

Ta~xonomic Class - sandy, mixed, mesic Ustic Torrifluvent.

SuitabilitV for Topsoil - The Draknab series is generally suitable for topsoil to approximately 1
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 I.
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DWYER SERIES

Soil Mapping Unit 1 A
Typical Pedon: Dwyer loam, grassland

(Colors are for dry soil unless otherwise indicated)

A- 0-5 inches. Brown (1OYR 4/3) clay loam, very dark brown (lOYR 3/3) moist; weak fine
granular; soft, friable, slightly sticky, slightly plastic; moderately alkaline (pH 8 16), slightly
effervescent.

CI - 5-20 inches. Brown (I0YR 5/3) sandy loam, brown (1OYR 4/3) moist; massive; soft, friable,
nonsticky, nonplastic; moderately alkaline (pH 8 09), slightly effervescent.

C2 - 20-30 inches. Pale brown (10YR 6/3) sandy loam, brown (I1YR 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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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 (10YR 6/3) loam, grayish brown (10YR 5/2) moist; weak, medium

granular structure; soft, very friable, slightly sticky, slightly plastic; moderately alkaline (pH 7 91),
noneffer-vescent.

AB - 3-7 inches. Light brownish gray (10YR 6/2) sandy clay loam, grayish brown (10YR 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 (IOY-R 5/4) clay loam, dark grayish brown (10YR 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 - 30-45 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

Type 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 Forkwood series 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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I-LANTD (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.

A-B - 4-8 inches. Dark yellowish brown (10YR 3/4) sandy loam, dark yellowish brown (10YR

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 (10YR 4/3) sandy loam, brown (10YR 3/3) moist; moderate, medium

anguiar blocky structure; slightly. hard, friable, slightly sticky, slightly plastic; mildly alkaline (pH
7 80), noneffervescent.

Bt2 - 18-26 inches. Yellowish brown (lOYR 5/4) sandy loam,, dark yellowish brown (1OYR 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 (10YR4/3) 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 HIiland 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 I
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-IILAND (OLNEY) SERIES

Soil Mapping Unit 16A, 16B
Typical Pedon: Hiland (Olney) sandy loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

A - 0-3 inches. Dark brown (10YR 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.

AD - 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 (IOYR 4/4) sandy clay loam, dark yellowish brown
(I.OYR 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 (lOYR 5/4) sandy clay loam, dark yellowish brown (lOYR
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 (IOYR 5/2) sandy clay loam, dark grayish brown (IOYR 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 (25Y 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.

Type 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; Kjshona (Kim) loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

A - 0-6 inches. Brown (IOYR 4/3) clay loam, dark brown (!OYR 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 (10YR 4/6) clay loam, dark yellowish brown (10YR
3/6); moderate, medium subangular blocky structure; slightly hard, friable, sticky, slightly plastic;
moderately alkaline (pH 8.23), moderately effervescent.

C1 - 19-44 inches. Pale brown (1OYR 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 (10YR 6/4) loam, brown (10YR 5/3) moist; massive;
soft, friable, slightly sticky, slightly plastic; seams of CaCO3, moderately alkaline (pH 8.28),
strongly effervescent.

Type Location - 16 (52 on the map)

Range 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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RENOIF-LL SERIES

Soil Mapping Unit 22A
Typical Pedon: Renohill loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

A - 0-3 inches. Brown (lOYR 4/3) sandy loam, dark brown (lOYR 3/3) moist; strong fine
granular structure; soft, very friable, nonsticky, nonplastic; neutral (pH 7 09), noneffervescent

AB - 3-8 inches. Brown (lOYR 4/3) sandy clay loam, dark brown (lOYR 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 (l0YR 2/2) moist;
moderate, medium prismatic parting to moderate medium angular blocky; very hard, firm, sticky,
plastic; moderately alkaline (pH 7 92), nonreff'ervescent.

Bk - 20-26 inches. Brown (IOYR 5/3) clay loam, brown (OYR 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 (I0OYR 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, srnectitic, 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 I Depth of stripping
would be limited by bedrock material.
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S--NGLE SERIES

Soil Mapping Unit 30
Typical Pedon. Shingle loam, rangeland

(Colors are for dry soil unless otherwise indicated)

A - 0-3 inches. Yellowish brown (l0YR 5/4) clay loam, dark yellowish brown (1OYR 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 (ID0YR 6/4) clay loam, dark yellowish brown (IOYR 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.

Type Location - 1 (1 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 1 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 (IlOYR
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
limnited. 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 (2.5Y4/3) sandy loam, dark olive brown (lOYR 3/3) mhoist; weak,
fine granular structure- loose, friable, nonsticky, nonpiastic; 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 - 1'3 (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 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 24
Typical Pedon. Terro (Terry) fine sandy loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

A - 0-5 inches. Dark yellowish brown (IOYR 3/4) sandy loam, dark yellowish brown (IOYR 3/4)
moist; moderate, fine granular structure, soft, very friable, nonsticky, nonpiastic; moderately
alkaline (pH 7 93), noneffervescent.

Bt - 5-14 inches. Yellowish brown (I0YR 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), nbneffervescent.

BCk - 14-20 inches. Yellowish brown (I 0YR 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 browri~sh gray (IOYR 6/3) sandy loam, brown (I0YR 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, I7AB, 17BC
Typical Pedon: Terro (Terry) fine 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- weak

fine granular structure; soft, very friable, nonsticky, nonplastic; mildly alkaline (pH 7 78),

noneffervescent.

Bt - 3-8 inches. Brown (10YR 4/3) sandy clay loam, dark brown (10YR 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 (10YR 5/4) sandy clay loam, dark yellowish brown (10YR

4/4) 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 (1OYR 5/4) sandy loam, dark yellowish brown (IOYR 4/4)
moist, missive 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 (IOYR 6/3) sandy loam, brown (IOYR 5/3) moist; massive; soft,

friable, nonsticky, nonpiastic; moderately alkaline (pH 8.03), slightly effervescent.

Cr - 40+ inches. Soft calcareous sandstone.

Type 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 fractionis 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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THIEDLE (TFEDALU7ND) 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 83.14), slightly effervescent.

AC - 3-12 inches. Grayish brown (10YR 5/2) clay loam, dark grayish brown (10YR 4/2) moist;

weak moderate subangular structure; slightly hard, friable, sticky, plastic; moderately alkaline (pH

8. I1), moderately effervescent.

Ck - 12-30 inches. Light brownish gray (lOYR 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 (I0YR 7/1), gray (I0YR 6/1) moist; soft calcareous rmxed
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 I 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)

A l - 0-4 inches. Dark yellowish brown (IOYR 4/4) sandy loam, dark yellowish brown (I0YR
.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 (10YR 4/4)

moist; massive structure; soft, friable, nonsticky, nonplastic; mildly alkaline (pH 7 79),
noneffervescent.

C2 - 21-39 inches. Pale brown (1OYR 6/3) loam, brown (lOYR 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.

Type 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 (10YR 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 (10YR 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 (10lYR 3/3) clay loam, very dark brown (10YR 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 CaC03 threads; moderately
alkaline (pH 8.09), moderately effervescent.

Ck - 24-42 inches. Very dark grayish brown ( lOYR 3/2) clay, very dark brown (10YR 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 ( I OYR 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)

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 clay Clay content of the
control section ranges from 40 to 42 percent.

Taxonomic Class - fine, smectitic, mesic Ustic Haplargid.

Suitability for Topsoil - The U-r 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 (0OYR 3/4)

when moist; weak, fine crumb structure; loose consistence, very friable, nonsticky and nonplastic;

moderately alkaline (pH 7 88), noneffervescent.

Btl - 4-17 inches. Dark yellowish brown (IOYR 4/4) sandy clay loam, dark yellowish brown

(IOYR 3/4) moist; moderate, medium subangular block-y structure; soft, very friable, nonsticky

and nonplastic, moderately alkaline (pH 8.12), noneffervescent.

Bt2 - 17-28 inches. Yellowish brown (1OYR 5/4) sandy clay loam, dark yellowish brown (IOYR

4/4) moist; moderate, medium angular blocky structure; slightly hard, friable, slightly sticky,

slightly plastic, moderately alkaline (pH 8 15), slightly effervescent.

Bk1 - 28-42 inches. Pale brown (10YR 6/3) sandy clay loam, brown (10YR 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)

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 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 I Depth of stripping would be limited by

bedrock material.
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\.
WORF SERIES

Soil Mapping Unit 3 1
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 (l0YR 3/3) moist; moderate,
fine granular structure; soft, friable, sticky, plastic; moderately alkaline (pH 7 96),
noneffervescent.

Bt - 2-6 inches. Brown (1OYR 4/3) sandy clay loam, dark brown (10YR 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 1 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 3 I
Typical Pedon: Worf loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

A - 0-2 inches. Brown (lOY-R 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 (10YR 4/3) sandy clay loam, dark brown (IQYR 3/3); moderate, medium
angular blocky structure; slightly hard, friable, sticky, plastic; moderately alkaline (pH 8.13),
noneffervescent.

Bk - 6-15 inches. Brown (IOYR 5/3) clay loam, dark brown (1OYR 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., BB3ca 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 (IO0YR 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 (10YR 6/3) sandy loam, grayish brown (10YR 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 (1OYR 6/4) sandy loam, brown (IOYR 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.

Ranae 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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CAIIBRIA (STONEHAM) LOAM

Soil Mapping Unit 15A and 15B
Typical Pedoný Cambria (Stoneham) loam, rangeland

(Colors are'for dry soil unless otherwise indicated)

Al - 0-3 inches. Yellowish brown (10YR 5/4), heavy loam, dark grayish brown (10YR 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 (OYR 6/3) loam, brown (1OYR 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.

B33ca - 8-19 inches. Light gray (10YR 7/2) loam, brown (10YR 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 (I0YR 6/2) loam, grayish brown (I0YR 5/2) when
moist, massive structure; slightly hard consistence when dry, friable when moist, slightly sticky,
slightly plastic when wet, strongly alkaline (pH 8 6), strongly effervescent.

Range 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 I
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CUSBMAN SERIES

Soil Mapping Unit 21A, 21B, and 21C
Typical Pedon: Cushman sandy loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

A - 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 (IOYRI 5/4) clay loam, dark grayish brown (1OYR 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 Environxmental Quality Guideline 1 Depth of stripping would be limited by
bedrock material.
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FORKWOOD (FT COLLINS) SERIES

Soil Mapping Unit I0A, IOB. and I0C (19 is 1997 designation)
Typical Pedon: Forkwood (Ft. Collins) clay loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

Al - 0-4 inches. Pale brown (10YR 6/3) fine sandy loam, grayish brown (I0YR 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 (lOYR 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.

B'ca - 27-36 inches. Yellowish brown (10YR 5/4) clay loam, dark grayish brown (10YR 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 - 3 6-49 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 (10YR 6/4) loam, yellowish brown (10YR5/4) 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.

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 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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HIiLAND (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 (10YR 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 (10YR 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 ý(1OYR 6/4) sandy loam, brown (lOYR 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)

At - 0-5 inches. Pale brown (10 YR 6/3) loam, grayish brown (1OYR 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 (10YR 6/2) light clay loam, brown (10YR 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 (10YR 6/4) loam, brown (10YR 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 (1OYR 6/2) clay loam, brown (1OYR 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 (IOY-R 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 (IOYR7/2) 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 (lOYR 6/3) clay loam, yellowish brown (10YR 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, montmorillorutic mesic Ustollic Haplargid

Suitability 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 (IOYR 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.

CI - 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. 3 5 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 1 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 (IOYR 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 6/3) 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- I I 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 lirmited 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)

A I - 0-2 inches. Light brownish gray (I OYR 6/2) fine sandy loam, dark grayish brown (I YR

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 (I0YR 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 (I0YR 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.
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THEEDLE (TIAEDALUND) 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 (I0YR 7/3) sandy loam, light brownish gray (IOYR 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 (1OYR 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

*b Soil Mapping .Unit 25C
Typical Pedon: Tullock fine sandy loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

Al - 0-4 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.

CI - 4-24 inches. Pale brown (1OYR 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.

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 loamy fine sand to a
light sandy loam.

.0 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 (lOYR 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.

B 1 - 4-9 inches. Light brownish gray (1 0YR 6/2) heavy loam, dark grayish (1 0YRI 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 (lOYR 5/3) clay loam, brown to dark brown (10YR 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 (I0YR 5/2) clay loam, dark grayish brown (I0YR 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 ( 10YR 6/2) light clay loam, grayish brown (10YR 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 - 0-4 inches. Pale brown (I0YR 6/3) sandy loam, brown (I0YR 5/3) 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 (10YR 6/2) sandy loam, brown (I0YR 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), noneffeivescent.

B2t - 7-14 inches. Pale brown (1OYR 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 ( 10YR 6/3) sandy loam, brown (10YR 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 3 5 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 46" F
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WORE SERIES

Soil Mapping Unit 3 I
Typical Pedon: Worf loam, rangeland.

(Colors are for dry soil unless otherwise indicated)

Al - 0-4 inches. Light yellowish brown (lOYR 6/4) loam, yellowish brown (1OYR 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 (1OYR 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 3),
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

1.0 GENERAL

Several different baseline vegetation studies were conducted (for Kerr McGee) in the western portion of

the permit area by Woodward-Clyde Consultants in 1976, 1978 and 1979. Additional vegetation surveys

were conducted during the summer of 1990 by Beartooth Environmental (Beartooth). The results of the

1990 work, in addition to portions of the previous vegetation surveys, were submitted in Appendix D-8 to

define the vegetation baseline data available for the western part of the permit area. A final Baseline

Vegetation Assessment for the Smith Ranch Permit was prepared by BKS Environmental Associates,

Inc. in 1997 to satisfy Condition 2 of Permit No. 633.

Vegetation communities have been extensively studied and mapped in the eastern portion of the permit

area. Several studies were done on parcels of land comprising the original Highland permit area (which

was originally permitted by Everest Minerals Corporation), the approved amended permit area (Section

14 Amendment) and the West Highland Amendment area. Eggleston, Holmes and Associates completed a

vegetation assessment in the Highland permit area in 1987 (Addendum D-8 B3). United Nuclear

Corporation (UNC) completed a vegetation inventory for lands comprising the North Morton property,

and this information was utilized for the Section 14 Amendment area and for portions of the West

Highland Amendment area. Areas covered by this study are shown on Plate D8-1 of Addendum D-8 B2.

In addition, supplemental vegetation information is provided for Mine Unit-J in Addendum D-8 B3.

Figure D8-1 provides the complete permit boundary, including the Proposed Reynolds Ranch

Amendment area. Notes on the index map indicate when individual plates and figures for either

Smith Ranch, Highland or Reynolds can be found in the addenda.

2.0 VEGETATION INVENTORIES

1976 - Woodward-Clyde Consultants - Field surveys of the original Permit No. 304C permit area were

conducted by Woodward-Clyde Consultants in 1976 to obtain site-specific vegetation information. Three

areas were surveyed including site V-1, a proposed surface mine in the Hornbuckle area (3-10 Mine,

Sections 3 and 10 of T37N, R73W - to the north of current permit boundary); site V-2, a proposed site for

a uranium milling operation (Sections 13, 14, 23 and 24 of T36N, R74W - within current permit

boundary); areas D8-1 02-15-91 within Section 17, T35N, R74W and Section 34, T36N, R74W for

underground mine shafts (within current permit boundary); and site V-3, located in the southern most

portion of the original Permit 304C area, now outside of the current permit boundary. Vegetation surveys

at these locations included quantitative analysis of dominant vegetation types using the line intercept

Smith Ranch Permit D8-1 Revised - April 2011



(percent cover), belt transect and circular plot methods (density), and quadrant (standing crop) methods.

Additionally, a list of plant species observed or expected to occur on the original Permit 304C area was

compiled.

Results from the 1976 sampling are presented in; Tables D-8.1 (shrub density), D-8.1A (standing crop

estimates), D-8.2 (cover) and D-8.3 (species list) of Addendum D-8 Al. The portion of the baseline

studies, which are most applicable to this application pertains to site V-2, located within the current

permit boundary. Figure D8.1 of Addendum D-8 A2, Updated Vegetation Survey Map, shows the

location of site V2 (noted as Woodward-Clyde sampling area). Figure D-8.1A of Addendum D-8 A2,

shows the location of sites V-1, V-2 and V-3 from the Woodward-Clyde studies in relation to the original

Permit 304C boundary.

1978 - Woodward-Clyde Consultants - During 1978, Woodward-Clyde Consultants initiated additional

vegetation studies for the 304C permit area designed to achieve compliance with WDEQ Land Quality

Division Guideline No. 2 (Vegetation). Pre-mining vegetative ground cover mapping was completed for

the 3-10 Mine (V-1), located to the north of the current permit area, in September 1978. The final baseline

vegetation report for the 3-10 Mine, dated November 1978, was submitted to the WDEQ under Permit

304C. It is not included with this application.

1979 - Woodward-Clyde Consultants - In April and September, 1979, the additional vegetation studies to

achieve compliance with WDEQ Guideline No. 2 were continued at the proposed mill site (V-2) located

in the northern portion of the permit area, and the associated surface mine area (the middle pit area

located in Sections 28 and 33, T37N, R73W). Vegetation measurements included cover, annual

productivity and shrub height. Additionally, control site locations were established for future reference in

areas not expected to be disturbed by mining activities. Data collected at the proposed mill site, V-2, is

very applicable as baseline data for the current permit application due to its inclusion in the current permit

boundary (see Figure D-8.1 of Addendum D-8 A2).

Various vegetation communities were sampled in the eastern portion of the permit area in order to

determine species composition, percent cover, and vegetation production as part of the studies included in

Addendum D-8 B3 to this appendix. During meetings with the WDEQ staff in September 1988 (site visit)

and November 17, 1988 it was determined that the vegetation sampling data included in the reports in

Addendum D-8 B3 for the original permit area and North Morton property adequately represented the

entire permit area, including the West Highland Amendment area.
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1990 - Beartooth Environmental Consultants - Aerial photographs and ground truthing were used

to complete vegetation mapping in the Smith Ranch permit area. Results of the 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,

occupying 82% of the permit area. Grassland accounted for 15% of the permit area, with the other

vegetation and land use units comprising the remaining 13%.

1992 - BKS Environmental Associates, Inc. Consultants - A baseline vegetation inventory was

contracted in 1992 in compliance with Condition 2 of Permit 633. Vegetation 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.

1997 - BKS Environmental Associates, Inc. Consultants - A baseline vegetation inventory was completed

in the Smith Ranch portion of the permit area, in order to comply with Condition 2 of Permit No. 633.

Vegetative sampling was performed at locations approved by WDEQ in a letter dated January 21, 1992. A

report was submitted in November 1992. The final report was completed in March 1997 and is included

as Addendum D-8 A3. In addition to the survey described above in the Smith Ranch portion of the

permit area, BKS also completed an additional vegetation survey in the Reynolds Ranch portion of

the permit area in 1997. The final report, completed in December 1998 is included in Addendum D-

8C.

2011 - Hayden Wing and Associates, LLC - Hayden-Wing and Associates, LLC (Hayden-Wing) has

been contracted to complete an updated vegetation survey once conditions are appropriate in the

spring of 2011. Cameco Resources and Hayden-Wing met with the Wyoming Game and Fish

Department (WGFD) and the WDEQ-LQD on December 2, 2010 to discuss specific issues relative

to the combined Smith Ranch Permit. The U.S. Fish and Wildlife Service (USFWS) was invited but

declined to attend, preferring to correspond in writing. Based on this meeting and the WGFD and

USFWS correspondence letters dated June 2010, a draft Vegetation and Wetlands Survey

Methodology was written and submitted to WGFD and USFWS for approval. WGFD and USFWS

were asked to critically review and suggest any additions or modifications to the survey

*• methodology and monitoring plan submitted March 9, 2011 (correction submitted March 10, 2011).
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Dialogue with the WGFD and USFWS will continue throughout the permitting process. A copy of

all correspondence with the WGFD and USFWS is included in Attachment 1. The Vegetation and

Wetlands Survey Methodology are included in Attachment 2.

CR received a letter from the WDEQ/LQD on April 7, 2011 with comments on the Draft Vegetation

and Wetland Survey Methodology that had been submitted to USFWS and WGFD on March 9,

2011. At the time of submittal of this Combined Permit amendment, CR is awaiting feedback from

the USFWS and WGFD. When these comments are received, CR will modify the draft plan to

incorporate these agencies' comments as well as those from the LQD's April 5, 2011 letter and will

add the final plan to this appendix. A copy of the draft plan and agency correspondence are

included in the Supplemental Information portion of this appendix.

3.0 VEGETATION INVENTORY RESULTS

Results from the 1979 sampling of the V-2 site and the middle pit area in the western portion of the

permit area were combined into a report submitted to the WDEQ in late 1979. A copy of the report is

included with this application in Addendum D-8 A3. Twenty eight of the fifty six transects run on the

affected area for the mine and mill sites were located in V-2 (see Figure D-8.1 of Addendum D-8 A2).

Additionally, twelve of the twenty control area transects were located outside of the V-2 area (also see

Figure D-8.1 of Addendum D-8 A2). Although the results of the mine and mill transects are combined

on the results tables in Attachment 1, Addendum D-8 A3, individual data from the mill site (V-2) can be

identified. In summary, the 1979 vegetation studies indicated that the study area was primarily grassland,

with sagebrush/grassland vegetation present throughout the affected area, as well as the following

quantitative results:

Cover - Cover averaged approximately 68% of the ground. Grass covered approximately 56% of the

ground and accounted for about 82% of all vegetative cover. The dominant grass and grass-like species

were Western wheatgrass, Blue grama, Sedge, and Needle-and-Thread. Shrubs covered an average of less

than 8 percent of the ground in the area to be disturbed. Big sagebrush was the dominant shrub species.

Other less common shrubs included fringed sagebrush, birdfoot sagebrush, rabbitbrush, plains prickly

pear and snakeweed. Forbs were the least dominant form of vegetation on the affected area and had an

average ground cover of less than 5 percent. Rock and litter covered an average of 9 percent of the ground

on the affected area. Approximately 23 percent of the ground was void of any vegetation, litter or rock.

The total average ground cover, relative abundance of grasses, etc., and the dominant species on the

control areas were very similar to those on the affected area.
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Productivity - Vegetation productivity averaged about 560 lbs./acre for the affected area, and slightly

more than 450 lbs./acre for the control area. Western wheatgrass, Blue grarna, Sedge and Needle-and-

Thread grasses were the major species contributing to the productivity. Shrubs accounted for only .about

10 percent of the productivity.

Shrub Height - Shrub height in the affected area averaged about 6 inches. The most common shrub, big

sagebrush, averaged 8 inches. Most other shrubs were less than 3 inches in height. Shrub height on the

control areas averaged about 6 inches, similar to shrub heights on the affected areas.

4.0 VEGETATION MAPPING

1990 - Beartooth Environmental - During the summer of 1990, vegetation mapping was conducted by

Beartooth on the western portion of the permit area. Aerial photographs and ground truthing were used to

complete the mapping. Beartooth used mapping units that were different than those established in the Soil

Conservation Service Range Site Inventory. For this permit application and the establishment of baseline

conditions on the western portion of the permit area Table D-8.4 of Addendum D-8 Aland Figure D-8.3

of Addendum D-8 A2, are the most appropriate for vegetation typing.

The results of the vegetation mapping for the western portion of the permit area are shown on Figure D-

8.1 of Addendum D-8 A2. Additionally, Figure D-8.2 of Addendum D-8 A2 shows the proposed areas

of disturbance, primarily mine unit areas, in relation to the vegetation units potentially affected by the

disturbance. Table D-8.5 of Addendum D-8 Al provides the areal extent of the vegetation types and

other mapping units, as well as the percentages of each mapping unit to be potentially affected by ISR

activities in the western portion of the permit area.

The entire eastern portion of the permit area vegetation baseline has been mapped according to plant

communities on Plate D8-1 of Addendum D-8 B2. The mapping was accomplished by Applied

ECOsystems of Casper, Wyoming with the use of information contained in Addendum D-8 B3. The

mapping was ground-truthed prior to finalization. Table D8-1 of Addendum D-8 B1 contains the areal

extent and percent of area of the vegetation types for that portion of the permit area.

Mapping units used and their descriptions are as follows:

SG (SBGL) - Sagebrush/Grassland - This unit is a mixture of grasses and sagebrush. Big

sagebrush is the dominant shrub species and is present in varying densities. Common grasses and

grass-like species found were wheat grasses, bluegrass, prairie junegrass, needle and thread grass,

Al blue grama, and threadleaf sedge.
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G (GL) - Grassland - This mapping unit is composed primarily of grasses and grass-like species.

Sagebrush is also present but to a lesser extent than found in the sagebrush/grassland unit.

I (R) - Impoundment/Reservoir - This unit consists of man made impoundments that may contain

water throughout most of the year.

RO - Reclaimed Oil Well Site - This unit consists of a reclaimed oil well drill site that was seeded

with crested wheatgrass.

DL - Disturbed Land - This unit consists of lands which have been disturbed by past activities.

This includes those areas associated with the Glenrock Coal Company mine and the Bill Smith

mine.

H - Hay Meadow - This unit consists of areas along Sage Creek that are harvested by the

landowner for hay.

RD - Road Right of Way - The road right of way consists of improved roads and adjacent lands

consisting of a grassland community type.

P - Playa - The playa unit consists of shallow depressions which may contain water during a

portion of the year. The D8-1E 02-15-91 vegetation consists primarily of grasses but they may

contain scattered sagebrush around the edges.

RY - Ranch Yard - This unit consists of various buildings, corrals and grounds associated with

ranch facilities.

CW - Cottonwood/Willow - This symbol marks the location of small groups or individual

cottonwood and/or willow trees.

SB - Shelterbelt - This symbol denotes the location of shelterbelts planted around ranch facilities.

D - Drainage - The drainage unit is characterized by sagebrush, grasses, and forbs along and

adjacent to drainages and generally has a higher percentage of vegetative cover than other units.

A few scattered cottonwoods and willows are found in this unit.

AG - Agricultural - The agricultural unit consists of cultivated land used for growing small grain

and/or hay.

CW - Crested Wheat - This unit consists of lands that have been planted to crested wheatgrass.
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PLC - Pipeline Corridor - This unit can generally be considered a grassland that was created by

right-of-way clearing and reclamation after construction. These activities were associated with oil

and gas activity, not operations at the Highland Uranium Project. The primary species on these

corridors is crested wheatgrass.

RDC - Road Corridor - Road corridors consist of public roads and adjacent right-of-ways

consisting of a grassland community type.

ARDC - Abandoned Road Corridor - This unit is a grassland community which consists of an old

roadway that was in use prior to the present alignment of Highway 93.

RL - Reclaimed Land - Lands reclaimed from past disturbances.

GP - Gravel Pit - This unit consists of a small area where gravel or other material has been

excavated.

C/W - Cottonwood/Willow - This symbol marks the location of small groups or individual

cottonwood and willow trees.

RO - Russian Olive - This symbol marks the location of Russian Olive trees.

Existing disturbances at several locations across the permit area have resulted in the replacement

of the sagebrush/grassland vegetation by a variety of successional species or weeds, such as

cheatgrass, curly dock, Rocky Mountain bee plant and thistle. These successional or weedy

species are generally confined to areas near roads, old buildings, spoil piles and cattle tanks. No

noxious weeds were noted during the 1990 surveys.

5.0 PHOTOGRAPHS

Photographs of the vegetation types in the western portion of the permit area, used for mapping are

provided in Addendum D-8 A2. The photographs are typical of the Grassland, Sagebrush/Grassland, Hay

Meadow and Cottonwood/Willow vegetation types found on the permit area. Actual locations of the

photographs are indicated on Figures D-8.1 and D-8.2 of Addendum D-8 A2 by the P-1 through P-4

designations.

Color photographs of the four major vegetation types in the eastern portion of the site to be potentially

affected (sagebrush/grassland, grassland, drainage, and agricultural land) are shown in photographs D8-1

through D8-4, respectively in Addendum D-8 B2.
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6.0 THREATENED AND ENDANGERED SPECIES

The Smithsonian Institution (1975) lists several threatened and endangered plant species that may occur

in Wyoming. Although some of these species may occur in the short-grass prairie of eastern Wyoming,

none was observed on the permit area during September, 1976 field surveys. The herbarium at the

University of Wyoming at Laramie does not have any collections of these species from Converse County.

(E. Nelson, Curator, University of Wyoming, Personal Communication, 1977). It is unlikely that any

protected plant species are present on the permit area.

7.0 NOXIOUS WEEDS

Eleven species were encountered during the vegetation studies which are considered noxious weeds,

including; western ragweed, white-leaved ragweed, common burdock, Canada thistle, poverty weed, field

bindweed, quackgrass, Russian knapweed, hounds tongue, tansy mustard and wild oat. The occurrence of

these noxious species within the project area is limited, and they do not occur in such abundance or

distribution as to make them a serious range management problem.

8.0 SELENIUM INDICATOR SPECIES

As discussed in the reports included in Addendum D-8 B3, two selenium indicator species, two grooved

milkvetch and golden weed, were only occasionally found and are relatively uncommon to the project

area. Their lack of abundance precludes any agricultural or wildlife concerns.

9.0 VEGETATION IN THE REYNOLDS RANCH PORTION OF THE PERMIT AREA

Two primary native vegetation types occur within the Reynolds Ranch portion of the permit 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 1 in Addendum D8-C lists acreage for each vegetation mapping unit within the study areas

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%). Rock outcrops and plays 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.
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Department of Environmental Quality
To protect, conserve and erhance the quaityF of Wyoming's

environment for the benefit of current and future generations.

Matt Mead, Governor John Corra, Director

SF
April 5, 2011

Ms. Dawn Kolkman
Manager, Safety Health, Environment and Quality
Cameco Resources
P.O. Box 1210
Glenrock, WY 82637

AP 7 2 01A f

RE: TFN 5 6/100, Permit Combination/Amendment, Proposal for Surveys
Permits 603 & 633, Cameco Resources

Dear Ms. Kolkmian:

The Land Quality Division (LQD) received a copy of the Draft Wildlife Monitoring Plan and
Draft Vegetation and Wetland Survey Methodology sent to Wyoming Game and Fish (WGFD),
United States Fish and Wildlife Service (USFWS) and the US Army Corp of Engineers
(USACE) on March 11, 201 1. LQD staff reviewers Robin Jones, Jonathan Stauffer and Jennifer
Bowers were asked for comment at their discretion. The enclosed comments are forwarded for
your consideration.

If you have any questions, please contact me at 307-777-7048 or __ (Z__, g_ 2

Sincerely,

A1

Pam Rothwell
District I Assistant Supervisor
Land Quality Division

cc: Cameco Resources, Cheyenne, WY
Mr. John Emmerich, Deputy Director -WGFD, 5400 Bishop Blvd, Cheyenne, WY 82006
Mr. Mark Sattelberg, Ecological Services - USFWS, 5353 Yellowstone Rd., Suite 308A,
Cheyenne, WY 82009
Mr. Tom Johnson, US Army Corp of Engineers, Wyoming Regulatory Office, 2232 Dell
Range Blvd, Suite 210, Cheyenne, WY 82009-4942

Herschler Building •
ADMEN/OUTREACH ABANDONED MINES
(307) 777-7937 (307) 777-6145
FAX 777-3610 FAX 7,77-6462

122 West 25th Street - Cheyenne, Wyoming 82002. http://deq.itate.wy.i .%
AIR QUALITY 4NDUSTAfIAL SITING LAND QUALITY SOLID & HAZ. WASTE WATER QUALITY 'i
(307) 777-7391 (307) 777-7369 (307) 777-7756 (307) 777-7752 (307) 777-7781
FAX 777-5616 FAX 777-5973 FAX 777-5864 FAX 777-5973 FAX 777-5973



TFN 5 6/100, PERMIT COMB rNATION/AMENDMENT

PERMITS 603 & 633, CAMECO RESOURCES

INTRODUCTION

The Land Quality Division was copied on the Draft Wildlife Monitoring Plan and Draft
Vegetation and Wetland Survey Methodology sent to Wyoming Game and Fish (WGFD), United
States Fish and Wildlife Service (USFWS) and the US Army Corp of Engineers (USACE) on
March 11, 2011. The LQD staff reviewers Robin Jones, Jonathan Stauffer and Jennifer Bowers
were asked for comment at their discretion. The following comments are forwarded for your
consideration.

COMMENTS

1. The protocol Cameco Resources used for surveying Ute-ladies Tresses (Spiranthes
diluvialis) contained only the features that serve to disqualify potential orchid habitat.
Please include the three Categories: Surveys Required, Survey Recommended, and
Survey Encouraged, the Survey Procedures, and the description of potential habitat in this
section associated with the Ute-ladies Tresses Survey Protocol. (JB)

2. In the section of the draft proposal containing the methods to be used for each type of
survey LQD recommends more detail of the proposed survey methods and/or literature
citations of the methods to be used. The LQD Guideline 5 states "Sufficient detail should
be provided so the sample could be replicated by another investigator, or a methods
description within the literature should be cited If data are taken from another baseline
study, a description ofmethods used in that study should be included. The discussion of'
methods should indicate the intensity ofsampling and conditions under which sampling
was conducted in each habitat type, and the sample locations should be plotted on a
topographic map. ... Results and discussion should follow the methods section for each
group of animals. "Please provide sufficient detail of the methods for the wildlife and
vegetation surveys so that the surveys could be replicated by another investigator. (JB)

3. The LQD Guideline 5 requires a list of potential and actual species likely to occur in the
area. Please provide a list of potential vertebrate fauna for the area and place an asterisks
by the species observed during surveys or opportunistic observations. (JB)



CAMECO RESOURCES

Cameco 550 North Poplar
Suite f00

Casper, WY
82601 USA

Tel. (307) 237-2128
Fax: (307) 237-2142

March 10, 2011 ww.cameco.com

Mr. Mark Sattelberg
Field Supervisor
Ecological Services - USFWS
5353 Yellowstone Road, Suite 308A
Cheyenne, WY 82009

Re: Correction to draft Vegetation and Wetlands Survey Methodology Provided in Letter dated March 9,

2011

Dear Mr. Sattelberg:

On March 9, 2011, Power Resources, Incorporated (d.b.a. Cameco Resources [CR]) submitted, among

other items, a draft Vegetation and Survey Methodology document to you for your critique. I have
discovered an error in the land description on the first page of that document. Corrections to that
language are shown below with strikeout and double underline.

The combined Permit Area is located approximately 25 miles north-northwest of
Douglas and 22 miles northeast of Glenrock, Wyoming (T37N:R74W, Sections 25, 26,
35, 36; T37N:R73W, Sections 30-32; T36N:R74W, Sections 1, 2, 11-14, 22-27, 33-36;
T36N:R73W, Sections 5-7, 10-31, 34-36; T36N:R72W, Sections 7, 4-2, 16-422 29, 30;
T35N:R75W,. Sections 13, 24; T35N:R74W, Sections 2-5, 8-11, 14-18, 21).

Enclosed with this letter is a page correction for the document. The changed sentence is shown in bold.
Please replace the old first page to the plan with the corrected page and discard the incorrect version. I
apologize for the inconvenience. If you have any questions, please contact me at 307.333.7643.

Sincerely,

Miriam Whatley

Permitting Manager

Einclosure: Page I Correction to Draft Vegetation and Wetland Survey Methodology

cc: L. Spackman, WDEQ

File TFN 5 6/1,00



CAMECO RESOURCES
Development DepartmentCameco 550 North Poplar
Suite 100
Casper, WY
82601 USA

Tel: (307) 237-2128
Fax: (307) 237-2142

March 9, 2011 www.cameco.com

Mr. Mark Sattelberg
Field Supervisor
Ecological Services - USFWS
5353 Yellowstone Road, Suite 308A
Cheyenne, WY 82009

Re: Request to verify USFWS species of concern list and to review of draft Wildlife Monitoring Plan

and draft Vegetation and Wetlands Survey Methodology (WDEQ/LQD Rules and Regulations Chapter 2,

Section l(f))

Dear Mr. Sattelberg:

The Smith Ranch Highland/Reynolds Permit Area of Power Resources, Incorporated (d.b.a. Cameco

Resources (CR]) is located in the Highland Flats area of the southern Powder River Basin in Converse

County, Wyoming. CR is currently extracting uranium via an in-situ recovery process on the Highland

Uranium Permit Area (#603) and the Smith Ranch Permit Area (#633). CR is in the process of

combining these two permits and adding the Reynolds Ranch as an amendment, resulting in the

combined Smith Ranch Highland/Reynolds Permit Area (#633). The combined Permit Area is located

approximately 25 miles north-northwest of Douglas and 22 miles northeast of Glenrock, Wyoming

(T37N:R74W, Sections 25, 26, 35, 36; T37N:R73W, Sections 30-32; T36N:R74W, Sections 1, 2, 11-14,

22-27, 33-36; T36N:R73W, Sections 5-7, 10-31, 34-36; T36N:R72W, Sections 7, 16-22, 29, 30;

T35N:R75W, Sections 13, 24; T35N:R74W, Sections 2-5, 8-11, 14-19, 21). The combined Permit Area

encompasses 39,870 acres and the primary vegetation cover types are intermixed grassland and mixed

sagebrush/grassland.

As part of the permit amendment process, CR is updating their wildlife, vegetation and wetlands baseline

database for the entire Smith Ranch Highland/Reynolds Permit Area. Hayden-Wing Associates, LLC

(HWA) has been contracted to assist in this process. Species and/or issues addressed in the attached

draft Vegetation and Wetland Survey Methodology and draft Wildlife Monitoring Plan, are designed to

respond to the Land Quality Division requirements referenced above and the concerns of the United

States Fish and Wildlife Service (USFWS; see June 2010 letter of Brian T. Kelly to Pam Rothwell with

WDEQ-LQD) and Wyoming Game and Fish Department (WGFD; see June 2010 letter of John

Emmerich to Pam Rothwell [letters are attachments to the Wildlife Plan]) for the Smith Ranch-Highland

portion of this Permit (see attachments). Included are special status plant species (threatened,

endangered, and Bureau of Land Management sensitive species), general vegetation, invasive/noxious

weeds, greater sage-grouse, black-tailed prairie dogs, mountain plovers, raptors, eagles, other avian



species protected by the Migratory Bird Treaty Act, wetlands and riparian areas, and the disposal and

storage of wastewater from in-situ uranium recovery. This will include identifying wetlands and

producing an updated vegetation map and a wildlife habitat map.

CR would appreciate your formal review and critique of the draft Wildlife Monitoring Plan and draft
Vegetation and Wetlands Survey Methodology. Please advise as to additions, corrections, or methods by

which we can enhance our efforts for the wildlife and vegetation resources. Your responses will serve as

formal verification of our consultation with you in accordance with the Wyoming Department of

Environmental Quality Land Quality Division Rules and Regulations Chapter 2, Section 1(f).

Additionally, in consideration of the addition of the Reynolds Ranch to the Smith Ranch-Highland
Permit Area, I am requesting from you a list of USFWS species of concern for the combined Permit Area

in the southern Powder River Basin area of Converse County, Wyoming. To assist you in formulating

this list I have attached two area maps showing the permit area in relation to landscape features and local

topography.

If you require additional materials for your determination or have questions, please contact me at

307.333.7643.

Sincerely,

Miriam Whatley
Permitting Manager

Attachments: 1) Draft Vegetation and Wetland Survey Methodology
2) Draft Wildlife Monitoring Plan (includes letters from USFWS and WGFD to DEQ)
3) Maps

cc: L. Spackman, DEQ

%File TFN 5 6/100

NUCLEAR. The Clean Air Energy.



CAMECO RESOURCES
Development Department

C am eco 550 North Poplar
Suite 100
Casper, WY
82601 USA

Tel: (307) 237-2128
Fax: (307) 237-2142
www. careco.com

Mr. John Emnmerich
Deputy Director - WGFD
5400 Bishop Boulevard
Cheyenne, WY 82006

Re: Correction to draft Vegetation and Wetlands Survey Methodology Provided in Letter dated March 9,

2011

Dear Mr. Emmerich,

On March 9, 2011, Power Resources, Incorporated (d.b.a. Caineco Resources [CR]) submitted, among

offher items, a draft Vegetation and Survey Methodology document to you for your critique. I have

discovered an error in the land description on the first page of that document. Corrections to that

language are shown below with strikeout and double underline.

The combined Permit Area is located approximately 25 miles north-northwest of
Douglas and 22 miles northeast of Glenrock, Wyoming (T37N:R74W, Sections 25, 26,
35, 36; T37N:R73W, Sections 30-32; T36N:R74W, Sections 1, 2, 11-14, 22-27, 33-36;
T36N:R73W, Sections 5-7, 10-31, 34-36; T36N:R72W, Sections 7, --2, 16-24-22, 29, 30;
T35N:R75W, Sections 13, 24; T35N:R74W, Sections 2-5, 8-11, 14-18, 21).

Enclosed with this letter is a page correction for the document. The changed sentence is shown in bold.

Please replace the old first page to the plan with the corTected page and discard the incorrect version. I

apologize for the inconvenience. If you have any questions, please contact me at 307.333.7643.

Sincerely,

Miriam Whatley

Permitting Manager

Enclosure: Page 1 Correction to Draft Vegetation and Wetland Survey Methodology

cc: L. Spackman, WDEQ

File TFN 5 6/100



Vegetation & Wetlands Survey Methodology and Schedule for
Cameco Resources' Smith Ranch Highland/Reynolds

Uranium In-Situ Recovery Project
Converse County, Wyoming

March, 2011

1.0 INTRODUCTION

Cameco Resources (CR) is currently mining uranium via an in-situ leach process on the Highland
Uranium Permit Area (Permit #603) and Smith Ranch Permit Area (Permit #633) located in the Highland
Flats area of the southern Powder River Basin in Converse Count),. This area has been the site of
numerous uranium mining operations involving various companies since the early 1970s. CR acquired
the Highland Uranium Permit Area in 1997 and the Smith Ranch portion in 2002 (CR Operations Plan
2010).

CR is in the process of combining these two pennits and adding the Reynolds Ranch as an amendment,
resulting in the combined Smith Ranch Highland/Reynolds Permit Area (Permit #633). The combined
Permit Area is located approximately 25 miles north-northwest of Douglas, and 22 miles northeast
of Glenrock, Wyoming (T37N:R74W, Sections 25, 26, 35, 36; T37N:R73W, Sections 30-32;
T36N:R74W, Sections 1, 2, 11-14, 22-27, 33-36; T36N:R73W, Sections 5-7, 10-31, 34-36;
T36N:R72W, Sections 7, 16-22, 29, 30; T35N:R75W, Sections 13, 24; T35N:R74W, Sections 2-5, 8-
11, 14-18, 21). The proposed combined Permit Area encompasses 39,868 acres. The primary vegetation
cover types are intermixed grassland and mixed sagebrush/grassland. CR is currently updating their
Wyoming Department of Environmental Quality (WDEQ) compliance protocols and Hayden-Wing
Associates LLC (HWA), Laramie, Wyoming, has been requested by CR to assist in completing required
vegetation surveys. The following text discusses the vegetation and wetland survey methodology
proposed by H-WA to achieve this goal.

2.0 SPECIAL STATUS PLANT SPECIES

Special status plant species include: (1) threatened, endangered, proposed, experimental and candidate
plants identified for protection by the U.S. Fish and Wildlife Service (FWS) under the Endangered
Species Act (ESA) of 1973, as amended, and (2) sensitive species identified by the Bureau of Land
Management (BLM) Wyoming State Sensitive Species List (BLM 2010). HWA biologists are familiar
with all special status plant species in the Green River, Great Divide, and Powder River Basins of
Wyoming and Montana, the Uinta/Piceance Basin of Colorado and Utah, and the Judith Valley of
northern Montana. Table 1 lists the current T/E plants and animals that may occur within the Permit Area
in Converse County.



CAMECO RESOURCES
Development DepartmentCameco 550 North Poplar
Suite 100
Casper, WY
82601 USA

Tel: (307) 237-2128

March 9, 2011 Fax: (307) 237-2142

www. camecocom

Mr. John Emmerich
Deputy Director - WGFD
5400 Bishop Boulevard
Cheyenne, WY 82006

Re: Request to verify WGFD species of concern list and to review of draft Wildlife Monitoring Plan and
draft Vegetation and Wetlands Survey Methodology (WDEQ/LQD Rules and Regulations Chapter 2,
Section l(f))

Dear Mr. Emmerich,

The Smith Ranch Highland/Reynolds Permit Area of Power Resources, Incorporated (d.b.a. Cameco
Resources [CR]) is located in the Highland Flats area of the southern Powder River Basin in Converse
County, Wyoming. CR is currently extracting uranium via an in-situ recovery process on the Highland
Uranium Permit Area (#603) and the Smith Ranch Permit Area (#633). CR is in the process of
combining these two permits and adding the Reynolds Ranch as an amendment, resulting in the
combined Smith Ranch Highland/Reynolds Permit Area (#633). The combined Permit Area is located
approximately 25 miles north-northwest of Douglas and 22 miles northeast of Glenrock, Wyoming
(T37N:R74W, Sections 25, 26, 35, 36; T37N:R73W, Sections 30-32; T36N:R74W, Sections 1, 2, 11-14,
22-27, 33-36; T36N:R73W, Sections 5-7, 10-31, 34-36; T36N:R72W, Sections 7, 16-22, 29, 30;
T35N:R75W, Sections 13, 24; T35N:R74W, Sections 2-5, 8-11, 14-19, 21). The combined Permit Area
encompasses 39,870 acres and the primary vegetation cover types are intermixed grassland and mixed
sagebrush/grassland.

As part of the permit amendment process, CR is updating their wildlife, vegetation and wetlands baseline
database for the entire Smith Ranch Highland/Reynolds Permit Area. Hayden-Wing Associates, LLC
(HWA) has been contracted to assist in this process. Species and/or issues addressed in the attached
draft Vegetation and Wetland Survey Methodology and draft Wildlife Monitoring Plan, are in response
to concerns by the United States Fish and Wildlife Service (USFWS; see June 2010 letter of Brian T.
Kelly to Pam Rothwell with WDEQ-LQD) and Wyoming Game and Fish Department (WGFD; see June
2010 letter of John Emmerich to Pam Rothwell [letters are attachments to the Wildlife Plan]) for the
Smith Ranch-Highland portion of this Permit. Included are special status plant species (threatened,
endangered, and Bureau of Land Management sensitive species), general vegetation, invasive/noxious
weeds, greater sage-grouse, black-tailed prairie dogs, mountain plovers, raptors, eagles, other avian
species protected by the Migratory Bird Treaty Act, wetlands and riparian areas, and the disposal and
storage of wastewater from in-situ uranium recovery. This will include identifying wetlands and
producing an updated vegetation map and a wildlife habitat map.



CR would appreciate your formal review and critique of the draft Wildlife Monitoring Plan and draft
Vegetation and Wetlands Survey Methodology. Please advise as to additions, corrections, or methods by
which we can enhance our efforts for the wildlife and vegetation resources.

Additionally, in consideration of the addition of the Reynolds Ranch to the Smith Ranch-Highland
Permit Area, I am requesting from you a list of WGFD species of concern for the combined Permit Area
in the southern Powder River Basin area of Converse County, Wyoming. To assist you in formulating
this list I have attached two area maps showing the permit area in relation to landscape features and local
topography.

If you require.additional materials for your determination or have questions, please contact me at
307.333.7643.

Sincerely,

Miriam Whatley
Permitting Manager

Attachments: 1) Draft Vegetation and Wetland Survey Methodology
2) Draft Wildlife Monitoring Plan (includes letters from USFWS and WGFD to DEQ)
3) Maps

cc: L. Spackman, DEQ

File TFN 5 6/100

NUCLEAR. The Clean Air Energy.



Vegetation & Wetlands Survey Methodology and Schedule for
Cameco Resources' Smith Ranch Highland/Reynolds

Uranium In-Situ Recovery Project
Converse County, Wyoming

March, 2011

1.0 INTRODUCTION

Cameco Resources (CR) is currently mining uranium via an in-situ leach process on the Highland
Uranium Permit Area (Permit #603) and Smith Ranch Permit Area (Permit #633) located in the Highland
Flats area of the southern Powder River Basin in Converse County. This area has been the site of
numerous uranium mining operations involving various companies since the early 1970s. CR acquired
the Highland Uranium Permit Area in 1997 and the Smith Ranch portion in 2002 (CR Operations Plan
2010).

CR is in the process of combining these two permits and adding the Reynolds Ranch as an amendment,
resulting in the combined Smith Ranch Highland/Reynolds Permit Area (Permit #633). The combined
Permit Area is located approximately 25 miles north-northwest of Douglas and 22 miles northeast of
Glenrock, Wyoming (T37N:R74W, Sections 25, 26, 35, 36; T37N:R73W, Sections 30-32; T36N:R74W,
Sections 1, 2, 11-14, 22-27, 33-36; T36N:R73W, Sections 5-7, 10-31, 34-36; T36N:R72W, Sections 7,
12, 16-21, 29, 30; T35N:R75W, Sections 13, 24; T35N:R74W, Sections 2-5, 8-11, 14-18, 21). The
proposed combined Permit Area encompasses 39,868 acres. The primary vegetation cover types are
intermixed grassland and mixed sagebrush/grassland. CR is currently updating their Wyoming
Department of Environmental Quality (WDEQ) compliance protocols and Hayden-Wing Associates LLC
(HWA), Laramie, Wyoming, has been requested by CR to assist in completing required vegetation
surveys. The following text discusses the vegetation and wetland survey methodology proposed by HWA
to achieve this goal.

2.0 SPECIAL STATUS PLANT SPECIES

Special status plant species include: (1) threatened, endangered, proposed, experimental and candidate
plants identified for protection by the U.S. Fish and Wildlife Service (FWS) under the Endangered
Species Act (ESA) of 1973, as amended, and (2) sensitive species identified by the Bureau of Land
Management (BLM) Wyoming State Sensitive Species List (BLM 2010). HWA biologists are familiar
with all special status plant species in the Green River, Great Divide, and Powder River Basins of
Wyoming and Montana, the Uinta/Piceance Basin of Colorado and Utah, and the Judith Valley of
northern Montana. Table 1 lists the current T/E plants and animals that may occur within the Permit Area
in Converse County.
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Table 1. Endangered Species Act listed plant species that may occur within the Permit AreaA.

Como Nam SiniiNaeFdrlHitgHbita

Blowout Penstemon haydenii E 1 G1/S1
penstemon Sand dunes or blowouts

Ute ladies'-tresses I Spiranthes diluvialus T G2/S1 Seasonally moist soils and
wet meadows of drainages

_ below 7,000 ft. elevation.

A USDI-FWS. July 2010. Federal endangered, threatened, proposed, and candidate species and designated critical habitats that occur in or may
be affected by projects in Converse County, Wyoming. httt://www~fws.eov./wyominepdfs/CountvSpecialLists/Converse.spd.o.

Blowout penstemon: Blowout penstemon (Penstemon haydenii ) is a perennial herb associated with
active sand dune blowouts. The current known populations of blowout penstemon in Wyoming are
located in the Ferris dunes of northwest Carbon County. The sand hills of Natrona and Converse
counties are part of a greater Quaternary eolian sand deposit system that stretches in an east-west line
across central Wyoming from Converse and Natrona counties into eastern Fremont County. Additional
larger sand hill formations are located in Sweetwater County (i.e., Killpecker Dunes). Smaller quaternary
sand deposits are located in areas throughout the state, with a few more extensive fields located in Platte
and Goshen Counties.

Surveys for blowout penstemon are planned. for mid-June to early-July which is the flowering period for
the plants in Wyoming (Fertig 2001, Heidel 2005). Prior to initiating these surveys, consultation with
WYNDD personnel will be initiated to determine if a proposed model of the plant's potential distribution
in Converse County is available which will be utilized and ground truthed for the surveys.

Ute ladies'-tresses: Ute ladies'-tresses (Spiranthes diluvialus) is a perennial, terrestrial orchid with white
or ivory flowers clustered into a spike arrangement at the top of the stem. HWA biologists have
conducted numerous surveys for this species throughout Wyoming beginning in 2003. Bloom at the
nearest Ute-ladies'-tresses population (Antelope Creek, Converse County) site usually occurs within the
first two weeks of August each year (12 August for both the 2009 and 2010 growing seasons).

In the event either blowout penstemon or Ute ladies' tresses are found within the Permit Area, the FWS
and appropriate land management office (if applicable) will be notified as soon as feasible to determine an
appropriate management action. The plant(s) location will be precisely documented and delineated with
GPS technology. Prior to beginning the surveys for Ute ladies'-tresses in August, potential habitat(s) for
the plants will be evaluated in conjunction with the wetland delineation component of this project. All
NWI-identified waterbody features will be evaluated and deemed suitable or unsuitable based on the
presence/absence of these specific disqualifying factors (USDI-FWS 1995):

A. Appropriate hydrology not present
upland site dominated by upland plant species,
ephemeral/intermittent draw,
water table > 12 inches, site dry by mid-July,
sub-irrigation not observed,
>15 m from perennial stream
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B. Soils strongly alkaline
Whitish (alkali) residue on ground surface where pools have receded
salt marks present along water body's shoreline and water's edge
Halophytic plants present (e.g., Saltcedar)

C. Site heavily disturbed (Stream banks channelized and stabilized by riprap, etc.)

D. Stream banks steep, transition area from upland to stream margin abrupt (typical incised
channel)

E. Apparent non-moving water where cattails, bulrushes are dominant (e.g., separated
backwater areas along river systems)

F. Riparian area or streambank vegetated with dense rhizomatous species (e.g., Reed
canarygrass, cattails, etc.)

G. Riparian areas heavily used by livestock (common where year-long grazing is allowed)

H. Potential habitat no longer in a natural condition (converted to alfalfa, native grass hay
production, etc.)

I. Wetland is a brackish playa or pothole with no fresh water source.

Potential suitable habitats will be re-surveyed during the bloom period for presence/absence of the

plant(s). In all cases, landowner permission will be obtained before surveying private lands.

3.0 VEGETATION (INCLUDING INVASIVE AND POSIONOUS PLANT SPECIES)

General vegetation

General vegetation of the combined Permit Area will be mapped using ArcGIS 10® and National
Agriculture Imagery Program (NAIP-2009) imagery. Ground truthing will occur throughout the growing
season at random computer-generated locations to verify primary cover types and to determine vegetation
vigor. Spot checking of previously surveyed mapped areas will also be performed to verify accuracy and
determine vegetation condition. The primary objective of this component is to provide updated high-
quality color vegetation maps to CR and DEQ for analysis and use.

Invasive/Noxious Weeds

Invasive/noxious weeds are very aggressive and invading infestations tend to exclude other native plant
species thereby reducing the overall forage production of desirable shrubs, herbaceous grasses and forbs.
The combined Permit Area is vulnerable to infestations of noxious weeds, especially on newly disturbed
surfaces. Extended drought conditions in Wyoming have favored the establishment of noxious weeds in
stressed or disturbed habitats. In Wyoming, some 428 species have been documented as invasive
(Hartman and Nelson 2000). Of these 428 plants, 25 are designated as noxious by the State of Wyoming
and are shown in Table 2. In addition to the 25 state-designated species, Converse County has designated
43 weed species as noxious.

Noxious weed surveys are planned to begin approximately mid-July and continue through mid
September, 2011. The primary target areas to be surveyed will include all previously disturbed sites (e.g.,
pipeline and fiber optic line rights-of-way (ROWS), access road ROWs, construction and production
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installations, topsoil piles, etc. Special attention will be given to all riparian and aquatic sites including
springs (developed and undeveloped) and seeps within the Permit Area. Based upon recent
communications with the Converse County Weed and Pest Control District, it is not anticipated that any
significant noxious weed infestations will be encountered. In addition to conducting the above mentioned
surveys, all HWA field personnel, including wildlife biologists, will report all noxious weed opportunistic
sightings in both aquatic and upland habitats that will be consequently recorded and mapped by HWA
weed survey personnel. In addition to surveying/monitoring existing disturbances, noxious weed surveys
are also highly recommended for all proposed new soil disturbing actions to prevent future infestations.

Noxious weed occurrences locations will be closely coordinated with designated CR personnel and the
Converse County Weed and Pest Control District Supervisor located in Douglas to assist in appropriate
management action decisions. All management actions that involve chemical control will be performed
by a certified Wyoming Commercial Pesticide Applicator. All HWA GIS weed survey data (shapefiles),
including surveyor tracks, will be provided to the Converse County Weed and Pest Control District for
upload into their GIS to reflect current conditions. Noxious weed surveys (dates and locations) will be
closely coordinated with designated CR personnel and the Converse County Weed and Pest Control
District Supervisor located in Douglas.

During the course of the growing season, surveys will also be conducted in conjunction with the noxious
weed component to record selenium indicator plants. Certain species of plants are considered indicators
of high selenium content of the soil, since they require high levels of selenium to thrive. The primary
selenium indicator plants are Astragalus species (including some locoweeds), prince's plume (Stanlea
sp.), woody asters (Xvlorhiza sp.), and false goldenweed (Oonopsis sp.). Several of the potential
selenium-indicator plants that may occur on the combined Permit Area are shown in Table 3. In addition
to GPS locations, data collection for selenium-accumulator plants will include the species and population
size.
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Table 2. State of Wyoming designated noxious weeds

I Como NaeSinifcNm
Field bindweed Convolvulus arvensis L.
Canada thistle Cirsium arvense L.
Leafy spurge Euphorbia esula L.
Perennial sowthistle Sonchus arvensis L.
Quackgrass Agropyron repens (L.) Beauv.
Hoary'cress (whitetop) Cardaria draba & Cardaria pubescens (L.) Desv.
Perennial pepperweed (giant whitetop) Lepidium latifolium L.
Ox-eye daisy Chrysanthemum leucanthemum L.
Skeletonleaf bursage Franseria discolor Nutt.
Russian knapweed Centaurea repens L.
Yellow toadflax Linaria vulgaris L.
Dalmatian toadflax Linaria dalmatica (L.) Mill.
Scotch thistle Onopordum acanthium L.
Musk thistle Carduus nutans L.
Common burdock Arctium minus (Hill) Bernh.
Plumeless thistle Carduus acanthoides L.

SDyers. woad Isatis tinctoria L.
Houndstongue Cynoglossum officinale L.
Spotted knapweed Centaurea maculosa Lain.

Diffuse knapweed Centaurea diffusa Lam.
Purple loosestrife Lythrum salicaria L.
Saltcedar Tamarix spp.
Common St. Johnswort Hypericum perforatum
Common Tansy Tanacetum vulgare
Russian olive Elaeagnus angusifiolia L.

Table 3. Potential selenium-accumulator plants that may occur within the combined Permit Area.

Two-grooved milkvetch Astragalus bisculatus
Shadscale Atriplex confertifolia
Winterfat Krascheninnikovia lanata
Stickleaf Mentzelia dicapetala
Princesplume Stanleya pinnata
Yellow bean (spreadseed goldenbanner) Thermopsis divaricarpa
Arrowgrass Triglochin maritima and T. palustris
Gumweed Grindelia squarrosa
Poverty weed Iva axillaris
•Woody aster Xylorhiza glabriuscula
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4.0 WETLAND IDENTIFICATION METHODOLOGY

The following protocol is based upon meeting with Mr. Thomas Johnson and Mr. Matthew Bilodeau
(ACOE, Wyoming Regulatory Office, Cheyenne, WY) on 9 February 2011, in Cheyenne. The meeting
was attended by Ms. Miriam Whatley (Permitting Manager, CR), Larry Bennett and Jon Knudsen
(HWA).

The ACOE stated that because this project is an in-situ operation that a formal wetland delineation of the
entire land surface of the Permit Area would not be required. However, the ACOE suggested a course of
action that would fulfill their mandated regulatory requirements and streamline the process. The
sequence of action as suggested by the ACOE is to:

1. Provide a letter of request to the ACOE outlining the proposed methods to conduct an Aquatic
Resource Inventory, including a general location map of the proposed Permit Area (this document).
This document will initiate correspondence between the ACOE with the Land Quality Division
(LQD) of the Wyoming Department of Environmental Quality, United States Fish and Wildlife
Service, Wyoming Game and Fish Department (WGFD) and CR.

2. Download, print and review color near-infrared (CIR) imagery of the Permit Area collected during
the 2009 agricultural growing season by the National Agriculture Imagery Program. This phase will
enable a first round identification of potential wetlands within the Permit Area with on-site
verification to follow to determine accuracy and classification of the imagery. This step will be
conducted with the office assistance of the ACOE. On-site verification of potential wetlands is
planned to occur principally during June and July, 2011

3. Review CR's plan of development and determine if any proposed project-associated disturbance will
be located in or near a CIR-identified and verified potential wetland site. If this is the case, the ACOE
would then require a formal wetland delineation of the site conducted in accordance with the Field
Guide for Wetland Delineation: 1987 Corps of Engineers Manual as supplemented by the Regional
Supplement: Great Plains Region (Version 2.0) (2010). The wetland identification methodology
outline in these manuals requires an evaluation of communities for the presence of: (1) hydrophytic
vegetation, (2) hydric soils, and (3) wetland hydrology. Under normal circumstances, for an area to
be classified as wetland by the ACOE, the presence of these three parameters is mandatory.

4. Following completion of the formal delineation process and jurisdictional determination by the
ACOE, an applicable Nation Wide Permit (NWP) may be issued for the action. A complete review of
the 2007 NWPs, conditions, further information and definitions may be found online at:

www.usace.army.miI/CECW/Pages/nw permits.aspx
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TABLE D-8.1

DENSITY OF SHRUBS AND SUCCULENTS AT THREE LOCATIONS ON THE PERMIT AREA 304-C

Scientific Name Common Name
V-1 V-2 V-3

Number/ Relative Number/ Relative Numter/ Relative
Hectare Density Hectare Density Hectare Density

0,
coJI
to Artemisia tridentata Big Sagebrush 5,100 73.4% 11,300 82.1% 9,150 96.0%

Opuntia potyacantha Plains prickly pear 1,200 17.3% 0 180 1.9%
Atriplex canescens Four-wing saltbush 420 6.0% 0
Artemisia frigida Fringed sagewort 230 3.3% 1,950 14.2% 17 0.2%
Artemisia cana
Eurotia lanata
Gutierrezia sarothrae
Chrysothamnus nauseosus

Silver sagebrush
Winterfat
Snakeweek
Rubber rabbitbrush

400
100

17

2.9%
0.7%
0.1%

180 1.9%

6,950 100.0% 13,767 100.0% 9,527 100.0%TOTALS
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TABLE D-8.1A
STANDING CROP ESTIMATES OF GRASS, FORB, AND SHRUB SPECIES

AT TWO LOCATIONS ON THE PERMIT AREA 304-C

SPECIES
------------------------

Surface Mine Site (V-i)

Grasses
Frobs
Shrubs

Estimated Standing Crop

I
rQ

369 kg/ha
48 kg/ha

826 kg/ha

1,243 kg/ha

( 330 lb/acre)
( 42 Lb/acre)
( 738 lb/acre)

C 1,110 lb/acre)TOTAL

MilL Site (V-2)
------------------------

Grasses
Frobs
Shrubs

TOTAL

426 kg/ha
50 kg/ha

1,457 kg/ha

1,933 kg/ha

( 380 lb/acre)
( 45 lb/acre)
( 1,300 tb/acre)

( 1,725 lb/acre).
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Table D-8.2

PERCENT GROUND COVER OF PLANTS AT THREE LOCATIONS ON PERMIT AREA 304C

Scientific Name Common Name V-I V-2 V-3

Shrubs and Succulents
..............................

Artemisia cana
Artemisia frigida
Artemisia tridentata
Atriplex canescens
Chrysothamnus nauseasus
Eurotia Lanata
Gutierrezia sarothrae
Opuntia potyacantha

Forbs

Grasses and Grasslike Plants
..............................

Agropyron smithii
Bouteloua gracilis
Carex
Koeleria cristata
Poa secunda
Stipa comata

Lichens

Silver Sagebrush
Fringed sagewort
Big sagebrush
Four-wing saltbrush
Rubber rabbitbrush
Winterfat
Snakeweed
Plains prickly pear

< 0.1%
4.4%

< 0.1%

< 0.1%

1.0%
0.5%

23.5%

< 0.1%
< 0.1%

< 0.1%
7.9%

< 0.1%

< 0.1%

2.5% 2.6% 13.7%

000
Western wheatgrass
Blue grama
Sedge
Prairie junegrass
Sandberg bluegrass
Needle-and-thread grass

9.5%
28.0%
3.5%
0.5%
1.8%

11.7%
4.0%
6.2%
2.9%
2.5%
2.6%

10.3%

1.6%

Total Plant Cover

Bare Ground

6.7% 0.6% 3.8%

56.9% 58.1% 37.3%

33.0% 33.8% 51.0%

14.5% 33.1% 16.6%

104.4% 125.0% 104.9%

Litter

Total Ground Cover*

t. *Total exceeds 100 percent because of overlap of shrub and herb strata.



Table D-8.3. PLANT SPECIES OBSERVED OR
AREA 304C

EXPECTED TO OCCUR ON PER4IT

Habitat Type
Scientific Name Common Name Sagebrush/

Grassland Riparian Disturbed

Trees

Populus sargenti*
Salix amygdaloides*

Plains cottonwood
Peachleaf willow

X
x

Shrubs

Artemisia arbuscula
Artemisia cana*
Artemisia frigida*
Artemisia ludoviciana*
Artemisia pedatifida
Artemisia tridentata*
Atriplex canescens*
Chrysothamnus nauseosus*
Chrysothamnus
viscidiflorus

Eurotia lanata*
Gutierrezia sarothrae*
Rhus trilobata*
Rosa sp.*
Sarcobatus vermiculatus*

Sagebrush
Silver sagebrush
Fringed sagewort
Louisiana sagewort
Birdfoot sagebrush
Big sagebrush
Four-wing saltbush
Rubber rabbitbrush

Green rabbitbrush
Winterfat
Snakeweed
Skunkbush
Rose
Greasewood

x
X

x
x
x
x
x

x

x
x
X

x

x
x
x

Succulents

Mammillaria sp.
Opuntia polyacantha*
Yucca glauca*

Fishhook cactus
Plains prickly pear
Yucca

x
x
x

Forbs

Achillea lanulosa*
Allium textile
Antennaria dimorpha
Antennaria rosea
Arenaria hookeri
Arnica fulgens
Aster sp.
Astragalus purshii
Astragalus spatulatus
Castilleja coccinea
Cerastium arvense
Chenopodium album*

Western yarrow
Prairie onion
Low pussytoes
Rose pussytoes
Hooker sandwort
Orange arnica
Aster
Pursh locoweed
Milk vetch
Indian paintbrush
Starry cerastium
Lambsquarter's
goosefoot

x
x
'C

'C

x
x
'C
x
x
X
'C

X
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Table D-8.3 (continued)

Habitat Type
Scientific Name Common Name Sagebrush/

Grassland Riparian Disturbed

Forbs (continued)

Chrysopsis spp.
Cirsium sp.*
Cleome serrulata*

Comandra pallida
Cryptantha bradburiana

Equisetum sp.*
Erigeron sp.
Eriogonum brevicauli*

Euphorbia serpens
Gaura coccinea
Grindelia squarrosa*
Helianthus annuus*
Helianthus petiolaris
Hymenopappus sp.
Kochia scoparia
Lappula redowskii
Lepidium sp.
Lesquerella ludoviciana
Leucocrinum montanum
Lewisia rediviva
Lupinus sp.
Lugodesmia juncea
Melilotus oficianalis
Mentha arvensis
Oenothera caespitosa
Penstemon sp.
Petalostemon candidum
Phlox hoodii
Plantago purshii
Psoralea esculenta
Psoralea tenuiflora
Ratibida columnifera
Rudbeckia sp.*
Rumex crispus
Sagittaria cuneata
Salsola kali
Sphaeralcea coccinea
Taraxacum officinale
Thermopsis sp.

Golden aster
Thistle
Rocky Mountain bee
plant

Bastard toadflax
Miner's candle
cryptantha

Horsetail
Fleabane
Shorstem wild

buckwheat
Spurge
Gaura
Curlycup gumweed
Common sunflower
Prairie sunflower
Hymenopappus
Summer cypress
Western stickseed
Pepperweed
Silver bladderpod
Common starlily
Bitterroot lewisia
Lupine
Rush skeletonplant
Yellow sweetclover
Mint
Tufted evening primrose
Beard tongue
White prairie clover
Hood's phlox
Woolly plantain
Breadroot scurfpea
Slimflower scurfpea
Prairie coneflower
Coneflower
Curly dock
Arrowhead
Russian thistle
Scarlet globe-mallow
Common dandelion
Thermopsis

x
x

X

x

X

x

x
x
x
x
x
x
x

x
x
x
x
x
x
x
x

x
x
x
x
X
x
x
X

X

x

x

X

X

X

x

x

x

x

x

X

xx

x

x

x

x

x

x
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Table D-8.3 (continued)

Habitat TyPe
Scientific Name Common Name Sagebrush/

Grassland Riparian Disturbed

Forbs (continued)

Tradescantia
occidentalis

Tragopogon dubius
Tragopogon pratensis
Verbena bracteata
Vicia sp.
Zigadenus sp.

Prairie spiderwort
Yellow salsify
Goatsbeard
Verbena
Vetch
Death camas

x
x
x
x

x
x x

Grasses and Grasslike Plants

Agropyron cristatum*
Agropyron dasystachyum
Agropyron smithii*
Agropyron spicatum
Agrostis sp.
Andropogon hallii
Andropogon scoparius
Aristida fendleriana*
Aristida longiseta*
Bouteloua curtipendula*
Bouteloua gracilis*
Bouteloua hirsuta
Bromus japonicus
Bromus tectorum*
Buchloe dactyloides
Calamagrostis
montanensis

Calamovilfa longifolia
Carex eleocharis
Carex filifolia
Carex spp.*
Distichlis stricta
Elymus cinereus*
Hordeum jubatum
Juncus balticus
Koeleria cristata*
Muhlenbergia
asperifolia

Muhlenbergia spp.*
Oryzopsis hymenoides*
Phleum pratense
Poa canbyi

Crested wheatgrass
Thickspike wheatgrass
Western wheatgrass
Bluebunch wheatgrass
Bent grass
Sand bluestem
Little bluestem
Fendler's threeawn
Red threawn
Side oats grama
Blue grama
Hairy grama
Japanese brome
Cheatgrass
Buffalo grass

Plains reedgrass
Prairie sandreed grass
Needleleaf sedge
Threadleaf sedge
Sedge
Desert saltgrass
Basin wildrye
Foxtail barley
Baltic rush
Prairie junegrass

Scratchgrass
Muhly
Indian rice grass
Timothy
Canby bluegrass

x
x
x
x

x
x
x
x
x
x
x
x
x
x

x
x
x
x
x

x
x

x

x
x
x
x
x

x

x

x

x
x
x

x

x
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Table D-8.3 (continued)

Habitat TvDe
Scientific Name Common Name Sagebrush/

Grassland Riparian Disturbed

Grasses and Grasslike Plants (continued)

Poa cusickii Cusick bluegrass x
Poa fendleriana Mutton bluegrass x
Poa secunda* Sandberg bluegrass x
Schendonnardus
paniculatus* Common tumblegrass x

Sitanion hystrix* Squirreltail x
Spartina pectinata* Prairie cordgrass x
Sporobolus airoides Alkali sacation x
Sporobolus cryptandrus Sand dropseed x
Stipa comata* Needle-and-thread

grass x
Stipa viridula Green needlegrass x

Sources: Harrington, 1964; Hitchcock, 1971; SERNCO,
Consultants, 1975.

1974; Woodward-Clyde

*Species observed on permit area.
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Soil Conservation Service TABLE D-8.4
WY-ECS-12
Range
January 1985

LEGEND FOR RANGE SITE

Range sites are kinds of native rangelands that differ from each other in their ability to produce significantl
different kinds or amounts of original vegetation. Soils, precipitation, and geographical location are combine,
to designate a specific range site. The following range sites are listed in the normally presumed order of the
productivity in "Excellent" condition.

Name of the range sites occurring on your
your conservation plan map.

Symbol Range Site Name

ranch are underlined;- and these sites are separated by solid lines on

Brief Description for NORTHERN PLAINS 10" - 14" p.z.

WL

Sb

SS

Wetland

Subirrigated

Saline Subirrigated

Lowland

Saline Lowland

LL

SL

This site usually occurs on soils which are poorly drained with
water tables above the surface for part of the growing season. In
excellent condition the main grasses are Nebraska sedge, northern
reedgrass, bluejoint reedgrass, and tufted hairgrass. Spike sedge,
inland sedge, Baltic rush, and forbs usually dominate this site as
condition deteriorates.

These are deep soils with water tables that are within reach of the
plant roots for most of the growing season. In excellent condition
the main grasses are prairie cordgrass, basin wildrye, slender
wheatgrass, and tufted hairgrass. Western wheatgrass, inland
sedge, forbs, and willows usually dominate the site when condition
deteriorates.

These are deep saline soils with water tables within reach of the
plant roots for most of the growing season. In excellent condition
the main grasses are alkali sacaton, alkali cordgrass, western
wheatgrass, and Nuttalls alkaligrass. Inland saltgrass, mat muhly
grass, and rubber rabbitbrush usually dominate the site when
condition deteriorates.

These are deep soils that lay adjacent to streams that have a water
table within reach of deep rooted trees and shrubs. In excellent
condition the main vegetation is green needlegrass, slender wheat-
grass, basin wildrye, and perennial forbs. Western wheatgrass,
needleandthread, forbs, cottonwoods, and wild rose dominate as
condition deteriorates.

These are deep saline soils that receive extra water from adjacent
slopes. In excellent condition the main vegetation is alkali
sacaton, western wheatgrass, and fourwing saltbush. Inland salt-
grass, bottlebrush squirreltail, alkali bluegrass, and greasewood
dominate the site when condition deteriorates.

The soils of this site are deep loams which receive extra water
from overflow of streams or adjacent slopes. In excellent condi-
tion the main vegetation is basin wildrye, green needlegrass,
Cusick bluegrass, and perennial forbs. Western wheatgrass, needle-
andthread, forbs, and silver sagebrush usually dominate this site
when condition deteriorates.

The soils of this site are fine textured loams that receive extra
water. In excellent condition the main vegetation is basin
wildrye, green needlegrass, Cusick bluegrass, and perennial forbs.
Western wheatgrass, Sandberg bluegrass, needleleaf sedge, forbs,
and snowberry usually dominate this site when condition
deteriorates.

The soils of this site are deep loose sands on level to rolling
topography. In excellent condition the main vegetation is prairie
sandreed, sand bluestem, Indian ricegrass, and perennial forbs.
Needleandthread, Sandberg bluegrass, sand dropseed. and silver
sagebrush usually dominate the site when condition deteriorates.

The soils of this site are deep sandy loans. In excellent
condition the main vegetation is Indian ricegrass, prairie
sandreed, little bluestem, perennial forbs, and needleandthread.
Western wheatgrass, blue grama, forbs, and Silver sagebrush
dominate this site when condition deteriorates.

OV Overflow

CyO Clayey Overflow

Sa Sands

Sy Sandy
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TABLE D-8.4 (Cont'd)
loamy

C ] ayey.

Dense Clay

Shallow Sandy

Shallow Loamy

Shallow Clayey

Very Shallow

Shale

Swly

The soils of this site are deep loans that occur on level to gentli
elopes. In excellent condition the main vegetation is western
wheatgrass, thickspike wheatgrass, green needlegrass, and perennia:
forbs. Needleandthread, blue grams, forbs, and big sagebrush
usually dominate this site when condition deteriorages.

The soils of this site are deep clays and fine textured loans. In
excellent condition the main vegetation is western wheatgrass,
green needlegrass, thickspike wheatgrass, and perennial forbs.
Blue grams, plains reedgrass, forbs, and big sagebrush usually
dominate this site when condition deteriorates.

The soils of this site are deep dense clays that tend to he
droughty. In excellent condition the main vegetation is green
needlegrass, thickspike wheatgrass, western wheatgrass, and winter
fat. Sandberg bluegrass, bottlebrush squirreltail, needleleaf
sedge, and birdfoot sagebrush usually dominate this site when
condition deteriorates.

The soils of this site are shallow sandy loans that usually occur
on steep slopes and ridge tops. In excellent condition the main
vegetation is needleandthread, prairie sandreed, Indian ricegrass,
and perennial forbs. Blue grams, sand dropseed, threadleaf sedge.
and big sagebrush usually dominate as condition deteriorates.

The soils of this site are shallow,well drained loams. In
excellent condition the main vegetation is bluebunch whentgrass,
needleandthread, western wheatgrass, and perennial forbs. Blue
grams, threadleaf sedge., forbs, and big sagebrush usually dominate
as condition deteriorates.

The soils of this site are shallow fine textured clay loams and
clays that usually occur on, steep slopes and ridge tops. In
excellent condition the main vegetation is green needlegrass,
western wheatgrass. and perennial forbs. Blue grams, plains
reedgrass, forbs, and big sagebrush usually. dominate as condition
deteriorates.

The soils of this site are very shallow with exposed bedrock and
pockets of deep soil. In excellent condition the main vegetation
is curlleaf mountainmahogany, bluebunch wheatgrass, western wheat-
grass, and needleandthread. Blue grams, storeyhills muhly, forbs,
and shrubs usually dominate as condition deteriorates.

The soils of this site are very shallow fine textured clays over-
clay shale bedrock. In excellent condition the rain vegetation Is
western wheatgrass, plains reedgrass, thickspike wheatgrass, and
winterfat. Threadleaf sedge. Sandberg bluegrass, forbs, and
birdfoot sagebrush usually dominate this site as condition
deteriorates.

The soils of this site are deep, slowly permeable, and alkaline.
In excellent condition the main vegetation is Gardners saltbush,
alkali sacaton, and western wheatgrass. Inland saltgrass, Sandberg
bluegrass, and greasewood usually dominate this site as condition
deteriorates.

SwCy

VS

Sh

SU Saline Upland

LEGEND FOR RANGE CONDITION

Range condition is the present stage of vegetation in relation to climax condition for the range site. Range
conditLion provides an approximate measure of any deterioration that has taken place in plant cover and serves as
a basis for predicting the degree of improvement possible.

Map Symbol

EC
GC
FC
PC

Range Condition Class

Excellent Condition
Cood Condition
Fair Condition
Poor Condition

Percent of Present Composition
that is potential for the Range Site

76 - 100
51 - 75
26 - 50

0 - 25

Range condition classes, within the same range site, are separated by a dotted line.
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TABLE D-8.5
VEGETATION MAPPING - 1990

Areal Extent of Vegetation Types
and Other Mapping Units

Mapping Unit Total Acreage

Sagebrush/Grassland 13,312.4

Grassland 2,467.9

Disturbed Land 259.9

Hay Meadow 77.7

Road and Right-of-Way 55.5

Impoundment 10.5

Ranch Yard 6.2

Cottonwood/Willow 3.8

Playa 3.1

Shelterbelt 1.7

Reclaimed Oil Site 1.2

TOTAL 16,200.0

% of Area

82.2

15.2

1.6

0.5

0.3

0.1

<0.1

<0.1

<0.1

<0.1

<0.1

100.0

Percentage of the Permit Area
Vegetation Types and Mapping Units

*Potentially Affected by Proposed Operations

Acreage Percentage

ssland 1,609.9* 79.0

Mapping Unit

Sagebrush/Gra

Grassland

Disturbed Land

Road and Right-of-Way

Total *Potential Affected Area

387.3*

34.9

5.5

2,037.6

19.0

1.7

0.03

100.0

* Acreages are generalized to encompass areas to extending out to and
beyond potential perimeter monitor well locations. Actual wellfield and
other mining related disturbances will approximate 500 acres.
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Photograph D8.1 Grassland Vegetation type,
Smith Ranch Project, 1990. Photograph location

P1 on Figure D8-1

Photograph D8.2 Grassland Vegetation type,
Smith Ranch Project, 1990. Photograph location

P1 on Figure D8-1
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Photograph D8.3 Sagebrush/Grassland Vegetation type,
Smith Ranch Project, 1990. Photograph location

P2 on Figure D8-1

Photograph D8.4 Sagebrush/Grassland Vegetation type,
Smith Ranch Project, 1990. Photograph location

P2 on Figure D8-1
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Photograph D8.5 Hay Meadow Vegetation type,
Smith Ranch Project, 1990. Photograph location

P3 on Figure D8-1

Photograph D8.6 Hay Meadow Vegetation type,
Smith Ranch Project, 1990. Photograph location

P3 on Figure D8-1
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Photograph D8.7 Cottonwood/Willow Vegetation type,
Smith Ranch Project, 1990. Photograph location

P4 on Figure D8-1

Photograph D8.8 Cottonwood/Willow Vegetation type,
Smith Ranch Project, 1990. Photograph location

P4 on Figure D8-1
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REPORT 1

PREMINING VEGETATION GROUND COVER,

PRODUCTIVITY, AND SHRUB HEIGHT

FOR THE MIDDLE PIT AREA AND MILL SITE

KERR-McGEE SOUTH POWDER RIVER BASIN

URANIUM PROJECT
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INTRODUCTION

The Wyoming Department of Environmental Quality (DEQ) has request-

ed vegetation information for the middle pit area and mill site of Kerr-

McGee's South Powder River Basin uranium project.

Vegetation studies were conducted in April and September of 1979 and

included measurements of cover, annual productivity, and shrub height. The

methods, results, and conclusions of the vegetation studies conducted at the

middle pit area and mill site are presented below.

METHODS

The sampling methods used for this study and discussed below with

regard to sample locations, cover, productivity, and shrub height were

based on DEQ Guideline Number 2 (Vegetation).

Sample Location

Sixty sample stations were located in the sagebrush-grassland

vegetation type on the middle pit area and mill site ("affected area"),

and 20 stations were located in two control areas in the same vegeta-

tion type. No other vegetation types are present in the affected area

1
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(Figures 1 and 2). The 60 mine and mill sample locations were selected

randomly by the use of a grid placed on a topographic map (1" = 500')

showing the areas to be disturbed. The size of each square in the

grid corresponded to a ground area of 2500 m2 (50 m x 50 m). Each

square in the area to be disturbed was assigned a number. Sixty squares

were randomly chosen with the use of a random numbers table. Each of

the 60 squares was also assigned two random numbers between 1 and 50

to serve as x,y coordinates. The center of each selected square was

located in the field and served as the "origin" so the x,y numbers could

be paced out to locate each sample location. Four of the 60 affected

area sites could not be relocated in September and were not sampled;

thus, the number of affected sites was reduced to 56.

The 20 control site locations were identified in the same manner

in two areas adjacent to the mill site and middle pit areas that were

not expected to be disturbed by mining activities (Figures 1 and 2).

Cover

Data on the type of ground cover at each sample location was ob-

tained by recording the first object encountered at 5-meter intervals

along a 50-meter tape centered on the randomly selected point. The

direction of the transect was selected by the use of random numbers

between 1 and 8, with the numbers corresponding to preassigned compass

directions (1 = north, 2 = northeast, 3 = east,..., 8 = northwest).

Objects were categorized as plants (and identified to species),

litter or rock, or bare ground. The percent ground cover for each

2
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category or species was calculated by dividing the total number of "hits"

for each category or species by the total number of hits possible (560

on the mine site and 200 in the control area). Staneard deviations

were calculated using n = 56 and n = 20 on the mine site and contrtol

areas, respectively.

Productivity

Data on vegetation productivity was obtained at each sample loca-

tion by placing cages on 1-meter-square plots at the randoiqy neiected

point. The cages were used to kee÷, livestock and other lzur', herTi-

vores, such as antelope, from eating the vegetati.n. Tihe cý- were

placed on hsite in April 1979 and vegetation was clippcd by maj •c •ecies

in September 1979, The entire plant was :aken for hqrbac-ous speca-s;

new growth only was clipped from shrubs. The samples were bagged and

labeled and rýetu-ned. to the l aboratory. The samples were -:.en dried

for 24 hours at 0.Q5*C and weighed. The productivity i-L grams per square

meter (g/m 2 ) for e;.ýh species -.as calculated by :divit.Lmg ý:he total

weiight for each species by the number of sample sites.

Shrub Height

The heigh-it of all shrubs (including succulent:) intercepted by each

50-meter tran•ect was recorded to the nearest 5 cnctitaltersý Tha aver-

age height and standard deviation based on the number of plants Were

calculated for each shrub species.

5
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RESULTS

Cover

Vegetation covered an average of approximately 68 percent of the

ground on the middle pit and mill site in September 1979. Greater cover

was recorded during this period than for the 3-10 mine site in September

1978, probably due to the more than 3 inches of rainfall that occurred

in late July and early August of 1979. Grass covered approximately

56 percent of the ground and accounted for about 82 percent of all vege-

tation cover. The dominant grass and grass-like species were western

wheatgrass (Agropyron smithii), blue grama (Bouteloua gracilis), sedge

(Carex filifolia), and needle-and-thread (Stipa comata).

Shrubs covered an average of less than 8 percent of the ground in

the area to be disturbed by mining (Table 1). Big sagebrush (Artemisia

tridentata) was the dominant shrub species. Other less common shrubs

included fringed sagebrush (A. frigida), birdfoot sagebrush (A. pedati-

fida), rabbitbrush (Chrysothamnus viscidiflorus), plains prickly pear

(Opunti polyacantha), and snakeweed (Gutierrezia sarothrae).

Forbs were the least dominant form of vegetation on the affected

area and had an average ground cover of less than 5 percent (Table 1).

Rock and litter covered an average of 9 percent of the ground on

the affected area. Approximately 23 percent of the ground was void of

any vegetation, litter, or rocks.

6
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The total average ground cover; relative abundance of grasses,

shrubs, and forbs; and the dominant species On the control areas were

very similar to those on the affected area (Tables 2 and 3).

Productivity

Vegetation productivity averaged about 62 g/m2 (560 lbs/acre) for

2the affected area, and slightly more than 50 g/m (450 lbs/acre) for

the control area (Tables 4, 5 and 6). Agropyron smithii, Bouteloua

gracilis, Carex filifolia, and Stipa comata were the major species

contributing to the productivity. Shrubs accounted for only about

10 percent of the productivity.

Shrub Height

Shrub height in the affected area averaged about 16 cm (6 in.)

(Table 7). The most common shrub, big sagebrush (Artemisia tridentata)

averaged 19.9 cm (8 in.). Most other shrubs were less than 10 cm

in height.

Shrub height on the control area averaged about 14 cm (6 in.)

(Table 8), which is similar to shrub heights on the affected area.

POSTMINING VEGETATION

Following mining operations, areas to be reclaimed will be revege-

tated to a condition suitable for the continuation of present land

uses, livestock grazing, and wildlife habitat. Vegetation reestablish-

ment will not only provide forage for livestock, but is also expected

8
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Table 2. COVER DATA SHEET FOR THE MINE AND MILL (CONTROL AREA, SAGEBRUSH/GRASSLAND, SEPTEMBER 1979)

Transect
Mean Freq

Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 (M) (%) S.D.

Grasses and Grasslike
Agropyron smithii 1 1 1 1 1 1 1 1 3 2 6.5 50 8.1
Aristida sp. 2 1.0 115 --
Bouteloua gracilis 3 4 2 3 3 4 3 1 3 4 6 2 4 4 3 1 2 26.0 85 16.0
Calamovilfa longifolia 1 1 2 2.0 15 5.2
Carex filifolia 1 2 1 2 1 2 1 1 1 1 2 3 9.0 60 9.1
Koeleria cristata 2 1 1 2.0 20 5.2
Poa secunda 1 0.5 115 --

Stipa comata 1 3 1 2 1 2 3 4 1 1 2 2 1 1 2 13.5 75 11.4

Forbs
Miscellaneous Forbs 1 1 2.0 20 4.1

Shrubs
Artemisia cana 1 1 2 2.0 15 5.2
Artemisia frigida 1 0.5 5 --

Artemisia tridentata 1 0.5 5 --

Chrysothamnus viscidlflorus 1 0.5 5 --

Gutierrezia sarothrae 1 0.5 5
Opuntia polyacantha 0.5 5 --

Total Hits 6 6 7 7 7 6 7 8 10 7 8 9 6 9 8 4 4 7 3 4
X S

Plant Cover (%) 60 60 70 70 70 60 70 80 100 70 80 90 60 90 80 40 40 70 30 40 66.5 18.5
Litter and Rock (%) 20 20 20 10 10 10 10 20 0 20 0 0 0 0 0 0 0 0 0 0 7.0 8.6
Bare Ground (%) 20 20 10 20 20 30 20 0 0 10 20 10 40 10 20 60 60 30 70 60 26.5 20.8



Table 3. SUMMARY OF COVER DATA FOR THE MINE AND MILL, SEPTEMBER 1979

Vegetation,

Mean Mean Litter, and Rock

Vegetation Cover (%) Litter and Rock (%) Bare Ground (%) (%) Cover

Affected Control Affected Control Affected Control Affected Control

Vegetation Type x S.D. x S.D. x S.D. x S.D.

Sagebrush/Grassland 68.4 20.0 66.5 18.4 8.9 7.0 22.9 26.5 77.1 18.9 73.5 20.8

(equals entire area)

Q-
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Table 5. PRODUCTIVITY DATA SHEET FOR THE MINE AND MILL (CONTROL AREA, SAGEBRUSHI/GRASSLAND, SEPTEMBER 1979)

Tran.ect
K 14an S.D.

Species I 2 3 4 5 6 7 8 9 t0 II 12 I) 14 15 1i 17 tB 19 20 (I) (2)

Craa.e.e.nd C,.e13ke

ýA=pro *ntht1 3.99 1.09 23.62 4.71 7.23 5.10 34.21 18.21 2.92 2.61 12.05 7.32 13.59 9.06 1.35 12.26 8.50 8.24 8.86
eouteloua graciffo 4.30 2.43 6.43 7.78 0.47 3.67 10.00 2.9? 1.55 24.94 6.97 6.92 15.49 5.53 0.62 5.0 6.23
CalaeovliIa Inngloli. 38.43 16.35 2.74 9.16
C.re- flilfolia 2.83 10.11 11.47 16.14 6.08 2.72 7.78 12.74 2.72 11.41 10.56 0.19 6.49 5.07 5.37
|lenpeorohlo. k3l13II7.58 0.38 1.69
Koeleria crlstat. 0.57 4.33 6.27 0.35 0.85 14.96 7.32 30.47 12.45 2.76 1.55 3.09 4.70
Poe aecunda 0.11 0.36 23.20 1.22 5.38

itpa comata 10.22 16.96 8.43 63.71 9.00 17.39 10.35 82.23 17.40 2.14 30.04 0.66 4.62 1.24 4.67 6.41 18.79 16.65 15.04 21.00

Forb.

43s.-el, neooa Forb. 0.39 2.87 1.61 1.15 1.22 1.54 1.79 5.69 5.05 3.40 0.36 0.67 0.25 0.21 3.88 05.19 0.74 6.34 16.35 3.74 4.75

Shrub.
Artemlta cana 8.79 7.54 30.59 0.41 9.46 32.88 1.34 14.22 4.26 8.34

Artemisil frigid. 1.11 2.08 2.20 1.81 0.72 7.02 1.18 4.61 1.04 1.84
Aeteemlla noea 0.45 0.02 0.10

Attealela p.edattlda 2.21 0.11 0.49

Artealala tridentat. 19.18 6.14 0.23 6.02 1.58 4.54

Chrysothamnus naugeosua 7.24 0.36 1.62

Total Productivity 33.19 17.02 30.00 97.85 41.22 34.83 60.88 91.43 132.35 65.75 19.54 82.08 21.30 25.38 38.96 25.78 33.86 28.14 2Z.08 64.55 51.31 31.34



Table 6. SUMMARY OF PRODUCTIVITY DATA FOR THE MINE AND MILL,
SEPTEMBER 1979

Vegetation Productivity (%)

Affected Control
Vegetation Type x S.D. x S.D.

Sagebrush/Grassland 62.33 38.77 51.31 31.34
(Equals Entire Area)
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Table 8. SHRUB HEIGHT DATA SHEET FOR THE MINE AND MILL (CONTROL AREA, SAGEBRUSH/GRASSLAND, SEPTEMBER 1979)

TranBect

Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 x S.D.
Average Height (cm) Per Transect

Artemisla Cana 13 17.5 19 16 14 18 24 19 11 17 9 18.6 9.2
Artemisla frigida 6 8 7.5 15 8 14 13 7.5 14 10 13 10 9.4 5.1
Artemlafs nova 8 20 11 8 II 10 13 7 18 t0 10.8 6.0
Artemisia tridentata 21 29 13 10 16 25 19.3 11.1
Chrysothamnus nauseosus 25 t0 13 15 13.3 4.9

Chrysothamnus viscidiflorus 20 18 20 18.7 2.5
Gutierrezia sarothrae 8 5 7.5 2.9
Opuntia polyacantha 9 5 5 10 5 8 8 6 7 7 5 10 10 6.8 2.4
Rhus trllobsta 12 10 11.7 4.1
Rosa sp. 13 15 13.3 2.9
Yucca glauca 16 15.8 7.4

I-

TOTAL* 5.9 15.0 13.5 19.1 15.0 8.9 12.0 16.1 21.1 18.2 11.6 15.8 9.6 8.4 10.7 9.0 12.2 10.0 15.0 10.5 13.6k* 8.6

*Total - average height for all individual shrubs in each transect
**Grand total - average shrub height for 20 transects



to provide suitable wildlife habitat for many of the species present in

the area prior to mining.

Data from this vegetation survey will not only serve as a guideline

for determining the appropriate reseeding mixture, but will also provide

one method for evaluation of the reclamation program's success.

The following sections discuss the adequacy of the number of samples

and the ratio of the amount of vegetation in the affected area to that

in the control areas.

Cover Data Analysis (Vegetation Only)

Estimating Adequate Sample Size. The following inequality was used to

determine if the samples sizes (affected = 56, control = 20) were sufficient

for statistical analysis:

2(sz)
2

n -- --

mi - 2'mmn (dx)

where

16
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nmin = minimum number of transects to measure in this
vegetation type

s = standard deviation

z = the z statistic

d = amount of reduction that it is desired to detect

x = sample mean of percent cover.

AFFECTED

2(20.04 x 1.28)2

nmin > ----------------- = 27.99
(0.1 x 68.57)2

nmin ) 28 transects

Thus, 56 transects in the affected area are sufficient for detecting

a 10 percent change in vegetation cover

CONTROL

2(17.95 x 1.28)2

nmin > ----------------- = 22.83
0.1 x 68.00

nmin > 23 transects

These 20 transects in the control area provide a level of confidence

of 87 percent for detecting a 10 percent change in vegetation cover.

17
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Statistical: tests provided by Department of Environmental Quality are

given below:

x1
x=-- o 2

y1

where

x = the average percent cover on land that has been reclaimed

x = average percent cover in the premining "affected" area

y, = average percent cover in the premining control area

Y2 = average percent cover in the postmining control area.

Since x, = 68.57 and y, = 68.00, then

68.57
x =---o-0 yY2 = 1.01Y 2

68.00

*Land Quality Division Guideline Number 2 (March 1978)

18
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Cover Data Analysis (Vegetation, Litter, and Rock)

Estimating Adequate Sample Size.

2(sz)
2

n >1 -----
min - 2

(dx)

AFFECTED

2(19.20 o 1.28)2

ino =------------- 20.68
(0.1 o 76.42)

n m 21 transects

Thus, 56 transects in the affected area are sufficient for detecting a

10 percent change in the cover of vegetation, litter, and rock.

CONTROL

2(20.39 o 1.28)2

nMin >. ----------------- = 24.21
0.1 o 75.00

n m = 24 transects

19
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These 20 transects in the control area provide a level of confidence of

87 percent for detecting a 10 percent change in cover of vegetation,

litter, and rocks.

2
- 1 -X 0 2

yl

Since x1 = 76.42 and yl = 75.00, then

76.42
x o------ 0 y 2 = 1.0 2 Y2

75.00

Productivity Data Analysis

Estimating Adequate Sample Size. By:

2(sz) 2

min (-•2
(dx)

where

nmin= minimum number of plots to sample in this
vegetation type

s = sample deviation

z = the z statistic

d = amount of reduction that it is desired to detect

x = sample mean of productivity per plot

20
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AFFECTED

2(38.77 o 1.28)2

nmin =----------------------2--= 126.78
(0.1 o 62.33)2

nmin > 127 plots

Thus, due to the large variability in productivity, nearly three times

as many plots would be required to detect a 10% change in productivity

at the desired confidence interval. The confidence level based on

56 plots is 80 percent.

CONTROL

2(31.34 o 1.28)2

~mn =------------------------ ; 122.11 plotsnmin (0.1 o-51.34)2

nmin = 122

Thus, as with the affected area, the control plots were highly variable

in productivity and an unusually large sample size would be needed to

obtain the desired degree of confidence. The confidence level based on

20 plots is 70 percent.

X1
x =-7o y2

Since x= 69.66 and y1 = 50.91 (from Tables 4 and 5), then

62.33
x = .- 0 Y2 = 1.21

51.31
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CONCLUSIONS AND SUMM~ARY

The data collected provides quantitative information on the

vegetation in the area that will be affected by the middle pit and mill

site areas. This information will serve as a guideline for determining

the appropriate reseeding mixture and will provide one method for

evaluation of reclamation program success.

The vegetation data collected indicates that the area is a grassland

(i.e., the total shrub cover is less than 30 percent). Sagebrush-grassland

vegetation type is present throughout the "affected" area.

The sample sizes of 56 for the "affected" area and 20 for the control

area provide a level of confidence varying from 70 to 98 percent.

22
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Document History I

Baseline Vegetation Assessment

of the
Smith Ranch Project Permit Area

Note: In areas of conflict the attached report supersedes previous reports.

The attached report is the final version of the Baseline Vegetation Assessment for
the Smith Ranch Project Area. This report reflects the changes required to satisfy
Condition 2 of the permit. This condition was placed on the permit as a result of
incomplete baseline vegetation data and reads as follows:

"The operator shall submit a final baseline vegetation study using methods
discussed in the March 20, 1991 memo from Gene Weglinski to Ursula
Wiersma and in guidelines 2 and 4. This study must be submitted to
WDEQ/LQD for review no later than October 1, 1992. Prior to field sampling,
a site visit will be arranged between the operator and a WDEQ/LQD Plant
Ecologist. The approved study shall be included into "Appendix D-8."

On June 13, 1991, the required site visit was conducted to establish criteria to
satisfy Permit Condition 2. Paige Smith, Jim Luther and Gene Weglinski and
Donna Wichers participated in the tour. Based on this site visit, the methodology
for conducting the vegetation survey and collecting the data was established.
This methodology was outlined in a letter from Roger Schaffer to Donna Wichers
dated 8/13/1991.

A letter from Marvin Freeman to Roger Schaffer dated September 3, 1991
concurred with the methodology outlined in the August 13, 1991. Rio Algom
subsequently submitted the required report on September 30, 1992. (Cover letter
from Bill Ferdinand to Pat Bauman.)

On July 22, 1996, Rio Algom received a letter from Matt Jankovsky (dated July
18, 1996) transmitting the November 1992 WDEQ/LQD comments on the
September 30, 1992 submittal.

A meeting was held with WDEQ/LQD, Rio Algom and BKS Environmental to
reach some agreement on the appropriate responses to the November 1992
comments.

The attached report reflects the agreements reached at that meeting and fulfills
the obligations in Condition 2 of the permit.
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a. INTRODUCTION a
Vegetation inventories have been conducted on the Smith Ranch
Project Area since 1976. Early studies were performed by consul-
tants 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), an additional vegetation
survey was conducted within the current Permit No. 633 boundary
during the summer of 1990. The following summary of these
historical vegetation surveys is paraphrased from the current
Appendix D-8:

Woodward-Clyde Consultants, 1976. Original vegetation surveys
of the Permit No. 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 6
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 measurements
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.

D-8-20
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a. INTRODUCTION (cont.)

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, Hay Meadow, Road
Right of Way, 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, occupying 82% of the
permit area. Grassland accounted for 15% of the permit area,
with the other vegetation and land use units comprising the
remaining 3%.

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
at locations approved by WDEQ/LQD's letter dated January 21, 1992.
The original BKS report summarizing these findings was dated
October 1, 1992. This rewrite addresses WDEQ comments dated
November 2, 1992. In response to the WDEQ comments dated November
2, 1992, tables have been revised by removing second hit informa-
tion.

b. METHODOLOGY

The following information is derived from WDEQ/LQD written
correspondence dated August 13, 1991.

In June, 1991, a tour of the Smith Ranch Project Area was conducted
to establish criteria for satisfying Permit Conditions No. 2 and
No. 3 of Permit No. 633. Permit Condition No. 2 was placed on the
permit as a result of incomplete baseline vegetation data and the
need to establish an extended reference area. Mining plans
indicated that disturbance was anticipated in two distinct portions
of the permit area. Mine related disturbance would be accompanied
by disturbance related to lined irrigation ponds, topsoil stockpile
locations, and the land application irrigation circle. The two
general areas to be affected plus a buffer zone around each was
defined as the northeast and southwest sectors. WDEQ/LQD recog-
nized that two dominant vegetation types (grassland and sage-
brush/grassland) were initially mapped and occur in each sector.

1 121/97 633
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b. METHODOLOGY (cont.)

However, since the sagebrush/grassland type varied between the two
sectors, two study areas were proposed.

A 2,000 foot buffer around the northern areas and a 2,000 foot
buffer around the one southern area were sampled for cover,
production, and shrub density. Scattered trees, if present in the
area, were surveyed by complete census. These two general areas
were sampled separately due to major differences in the sage-
brush/grassland types. No separate reference area was established
for each sampled area. Instead, the extended reference area
concept was employed; undisturbed portions of the sampled 2,000
foot buffer are considered the extended reference area and were not
sampled separately.

(i) Additional Vegetative Tyve Determination and Mapping

A sampling location map was submitted to the WDEQ/LQD on January 7,
1992, and approved by the Division on January 21, 1992, prior to
initiation of the 1992 baseline sampling. Vegetative sampling was
performed at these approved locations, including the 2,000 foot
buffer zone for the northeast and southwest sectors. These sectors
were each sampled for cover and production within the grassland and
sagebrush/grassland vegetation types. The sampling location map
contains the starting location of the cover transects. Tables 16
and 17 outlines the number of cover transects sampled for each
vegetation type.

Mapping unit acreages were derived by planimetering the mapping
units on the vegetation map. Table 1 was then constructed.

Photographs of native vegetation types (ie. Grassland and Sage-
brush/Grassland) taken during 1992 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 1992 with the exception
of the genus Agropyron. Whenever possible, voucher specimens were
collected for those species not previously encountered. Refer to
Addendum 3, 1992 Species List.

Any encountered federally designated threatened and endangered
species, state plants of concern, noxious weeds and primary
selenium indicators were identified.

D-8-22



(iii) Study Area Sampling Design

All sampling procedures were designed according to the Wyoming
Department of Environmental Quality, Land Quality Division, Rules
and Regulations, Appendix A (March, 1989).

Sampling locations were randomly determined by placing a grid over
the 1"-1000' 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 250 feet on the ground.
Sampling location coordinates were randomly generated by the HP15C
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.

(iv) Extended Reference Area Establishment

During the original vegetation assessments in 1979, control areas
were established to monitor reclamation success. During the
initial planning for the 1992 assessment, it was determined through
various discussions with WDEQ/LQD personnel that the extended
reference area (EXREFA) concept may be more appropriate.

(v) Extended Reference Area Sampling Design

The EXREFA was included in the total 1992 study area. Sampling
locations were randomly determined similar to the study area
sampling and are described in the approved methodology, Addendum 1,
Correspondence.

(vi) Time of Sampling

Production cages within the individual study areas were placed
prior to mid-April, 1992. Sampling occurred for all communities at
various intervals mid-June through July, 1992. The earlier than
normal sampling was approved by the WDEQ and confirmed by Rio Algom
letter dated May 8, 1992, due to the unusually severe drought
conditions in April and May, 1992.

(vii) Plot Size and Shape

Circular production enclosures were made from 5 foot welded wire
and placed to protect the one meter squared circular production
plot and 3-inch buffer zone. At least four 18" iron stakes were
used to secure the enclosures in the ground.

AIo
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(viii) Measurements

Collection and Analysis of Cover Data

A minimum of 20 transects for cover were sampled within each study
area vegetation type. If statistical adequacy was not obtained, as
defined in the WDEQ Rules and Regulations, Appendix A, March 1989,
additional transects were sampled, in increments, up to the maximum
number of 50. All field sampling for cover occurred after June 15,
1992.

Sample locations for cover within each study area were chosen by
randomly selecting points within a grid. Grid intervals did not
exceed 250 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.

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 impor-
tance in a vegetation community. Lichen was included in cover
sampling and is included in the summarization of total vegetation
cover and total cover but not sum of species cover. Total
vegetation equals sum of species cover plus lichen. Total cover
equals total vegetation cover plus litter/rock. In Tables 2, and
6-11 there is a discrepancy in totals due to rounding of the spread
sheet. A footnote concerning the rounding functions has been added
to the tables where it applies. The excess rounding error was not
found in Tables 3-5.

Lichen data, without second hit information, were reentered in the
latest version of RIMA in order to address 1992 WDEQ comments.
Lichen data were originally entered to specifications of the
version of RIMA software in use in 1992. As a result, the 1992
report mean cover and value range had changed during 1996 revi-
sions.

1a_96 O
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Collection and Analysis of Productivity Data

A minimum of 20 production plots were sampled within each study
area vegetation type. If statistical adequacy was not obtained, as
defined in the WDEQ Rules and Regulations, Appendix A, March, 1989,
additional plots were sampled in increments, up to the maximum
number of 50. All field sampling for production occurred after
June 15, 1991.

Sample locations for production were located three feet perpendicu-
lar to the cover transect and to its right as one faced the 50
meter end (from the 0 meter end). Plot size was one meter squared.

The dominant species in each plot were clipped for annual above
ground herbaceous biomass. Remaining minor species, if necessary,
were gathered by lifeform. Full shrubs, succulents, noxious weeds,
and cushion plants were not clipped. In addition, Appendix A,
appendix II of the DEQ Rules and Regulations, states that Artemisia
pedatifida (birdsfoot sage), Chrysothamnus nauseosus (rubber
rabbitbrush), and Chrysothamnus viscidiflorus (rabbitbrush) are
considered full shrubs and are not included in the production
tables. However, based on the discretion of field sampling
personnel, some full shrubs were inadvertently included in the
original estimates but were later deleted in the revisions.

Clipped biomass was placed in paper bags and dried in a forced air
oven (1050 C for 24 hours). Samples were weighed on a triple beam
balance scale to the nearest 0.1 gram and reported in g/m 2 and
lbs/acre. The production values were determined by multiplying the
g/m2 values with 8.9. The number 8.9 was determined by:

lbs/acre = g/m 2 x [(2.2 lbs/kg) x (lkg/1000g) x (10,000m2 /lha) x (.4047ha/i
acre)] = g/m 2 x 8.9

Trace samples were clipped samples less than 0.1 gram. Bag weight

average was calculated and subtracted from weighed samples.

(ix) Tree and Shrub Density

Due to the general sparsity of trees, a complete census was taken
during the 1992 fieldwork within the study areas. All tree
locations within the study areas were plotted on the vegetation
map, if necessary. The survey for possible trees took place during
cover and production sampling. Tree height was measured by use of
a clinometer, if necessary. Tree diameter at breast height was
determined by using a diameter tape, if necessary.

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. 1
meter x 50 meter belt transect).

e5
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(x) Cropland and Prime Farmland Productivity

No cropland or prime farmland were noted within the 2,000 foot
buffer zone study areas.

C. RESULTS

(i) Description of Vegetation T

Two native vegetation types occur within each study area. The
better drained, gently rolling upland areas are characterized by
Sagebrush/Grassland and Grassland. The Sagebrush/Grassland varies
between the north and south study areas. The north is character-
ized by silver sagebrush and the south by big sagebrush.

Table 1 lists acreage for each vegetation mapping unit within each
study area. The north study area totalled 4,452.6 acres. Sage-
brush/Grassland is the dominant native vegetation type (3,190 acres
or 71.6 %), followed by Grassland (1,161.6 acres or 26.1%).
Disturbed areas encompass 101.0 acres or 2.3%.

The south study area totalled 2,178.6 acres. Sagebrush/Grassland
is the dominant native vegetation type (1,625.3 acres or 80.6%),
followed by Grassland (236.5 acres or 11.7%). Disturbed areas
encompass 153.8 acres or 7.7%.

Grassland North

Within the north study area, rolling upland terrain is character-
ized by the Grassland vegetation type with limited shrub cover.
This native vegetation type covers 1,161.6 acres within the north
study area. Dominant perennial graminoids include blue grama
(Bouteloua gracilis), threadleaf sedge (Carex filifolia), and
needle-and-thread.(Stipa comata).

Grassland South

Within the south study area, the Grassland vegetation type occupies
236.5 acres. Dominant perennial graminoids include blue grama,
threadleaf sedge, and needle-and-thread. A small portion of the
southeast corner of the south study area consists of an "ironstone
phase" of the Grassland vegetation type. This phase is character-
ized by ironstone outcrops vegetated by birdsfoot sagebrush.

Sagebrush/Grassland North

Within the north study area, the Sagebrush/Grassland vegetation
type occupies 3,190.0 acres. Major species include big sagebrush
(Artemisia tridentata), silver sage (Artemisia cana), threadleaf
sedge, blue grama, and needle-and-th .f 3
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Sagebrush/Grassland South

Within the south study area, a variable Sagebrush/Grassland
community occupies 1,625.3 acres. Major species include big
sagebrush, blue grama, and threadleaf sedge.

(ii) Vegetation Mp

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 Wyoming" include Canada thistle (Cirsium arvense).
However, it had a low frequency with extremely limited cover.

Primary selenium indicator species identified during the 1992
survey include twogrooved milkvetch (Astragalus bisulcatus).

None of the plants identified on the two study areas 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 areas were run through the Wyoming Natural Diversity
Database in Laramie, Wyoming. Previously encountered plants of
concern found in the region include Astragalus barrii. This plant
is currently listed as a Federal Category 2 plant.

(iv) Species Composition

Addendum 3 lists species of plants encountered during this baseline
survey. This list is arranged by lifeform.

(v) Native Vegetation Type Cover Analysis

All native vegetation types were quantitatively sampled to
determine composition and cover.

Grassland North

Absolute total vegetation cover (40.53 percent) was dominated by
cool season perennial grasses (55.48 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 23.16 percent of relative
species cover, and was dominated by blue grama. Twelve species of
perennial forbs comprised 8.26 percent of relative cover, while
four annual forbs provided less than one percent of relative
species cover. One species of annual grass, cheatgrass (Bromus
tectorum), provided less than one percent of relative cover. Six 7516
shrub species, dominated by silver sagebrush (Artemisia cana) an 2
big sagebrush, provided 4.49 percent relative species cover.

SAPRi 1997
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Grassland North (cont.)

Halfshrubs, primarily fringed sagewort (Artemisia frigida ),
contributed 5.92 percent relative species cover. Succulents
provided less than one percent relative species cover. Bare soil
and litter/rock percentages were 31.13 and 28.33, respectively.

Utilizing the minimum sample number formula outlined in WDEQ, LQD
Rules and Regulations, Appendix A (March, 1989), sample adequacy
was attained for total vegetation and total cover. Based on sample
data, 25 and 16 points were required to attain adequacy for total
vegetation and total cover, respectively. Thirty points were
actually sampled.

Refer to Table 2 for a summary of the Grassland North study area
cover data. Refer to Table 16 for sample adequacy figures for
Total Vegetation Cover and Total Cover.

Grassland South

Absolute total vegetation cover (37.44 percent) was dominated by
cool season perennial grasses (59.70 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 23.77 percent of relative
species cover, and was dominated by blue grama. One introduced
perennial grass and one annual grass (Kentucky bluegrass (Poa
pratensis) and cheatgrass, respectively) each accounted for 0.1
percent of relative species cover. Eight species of perennial
forbs comprised 4.36 percent of relative cover. Four shrub
species, dominated by big sagebrush and birdsfoot sagebrush
(Artemisia pedatifida), provided 7.12 percent relative species
cover. Two halfshrubs, fringed sagewort and granite pricklygilia
(Leptodac-tylon pungens), contributed 1.15 percent relative species
cover. Succulents provided 3.67 percent relative species cover.
Bare soil and litter/rock percentages were 31.48 and 30.84, respec-
tively.

Utilizing the minimum sample number formula outlined in WDEQ, LQD
Rules and Regulations, Appendix A (March, 1989), sample adequacy
was not attained for total vegetation cover but was attained for
total cover. Based on sample data, 54 and 16 points were required
to attain adequacy for total vegetation and total cover, respec-
tively. The maximum of 50 points, as outlined in the WDEQ rules
and regulations, was actually sampled.

Refer to Table 3 for a summary of the Grassland south study area
cover data. Refer to Table 16 for sample adequacy figures for
Total Vegetation Cover and Total Cover.

6.' n
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Sagebrush/Grassland North

Absolute total vegetation cover (40.17 percent) was dominated by
cool season perennial grasses (54.99 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 11.75 percent of relative
species cover, and was dominated by blue grama. Two species of
annual grasses accounted for 1.33 percent of relative species
cover. Eight species of perennial forbs comprised 4.21 percent of
relative cover. Three shrub species, dominated by big sagebrush,
provided 24.39 percent relative species cover. Two halfshrubs,
Gardner's saltbush (Atriplex gardneri) and granite pricklygilia,
contributed less than one percent relative species cover. Succu-
lents provided 2.22 percent relative species cover. Bare soil and
litter/rock percentages were 20.92 and 38.92, respectively.

Utilizing the minimum sample number formula outlined in WDEQ, LQD
Rules and Regulations, Appendix A (March, 1989), sample adequacy
was attained for total vegetation and total cover. Based on sample
data, 22 and 3 points were required to attain adequacy for total
vegetation and total cover, respectively. Twenty-four points were
actually sampled.

Refer to Table 4 for a summary of the Sagebrush/Grassland north
study area cover data. Refer to Table 16 for sample adequacy
figures for Total Vegetation Cover and Total Cover.

Sagebrush/Grassland South

Absolute total vegetation cover (37.07 percent) was dominated by
cool season perennial grasses (48.48 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 19.51 percent of relative
species cover, and was dominated by blue grama. Five species of
perennial forbs comprised 1.52 percent of relative cover. Three
shrub species, dominated by big sagebrush, provided 24.62 percent
relative species cover. Three halfshrubs, fringed sagewort, common
name (Artemisia ludoviciana), and broom snakeweed (Gutierrezia
sarothrae), contributed less than one percent relative species
cover. Succulents provided 5.3 percent relative species cover.
Bare soil and litter/rock percentages were 30.67 and 31.93, respec-
tively.

Utilizing the minimum sample number formula outlined in WDEQ, LQD
Rules and Regulations, Appendix A (March, 1989), sample adequacy
was attained for total vegetation and total cover. Based on sample
data, 27 and 10 points were required to attain adequacy for total
vegetation and total cover, respectively. Thirty points were
actually sampled.

(X
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Sagebrush/Grassland South (cont.)

Refer to Table 5 for a summary of the Sagebrush/Grassland south
study area cover data. Refer to Table 16 for sample adequacy
figures for Total Vegetation Cover and Total Cover.

(vi) Native Vegetation Type Productivity Analysis

All native vegetation types were quantitatively sampled to
determine composition and productivity.

Grassland North

The ANP (Annual Net Production) of the Grassland north study area
averaged 47.28 g/m2 or 421 lbs./ acre. Cool season perennial
grasses accounted for 27.75 g/m2 (approx. 62%) of the total produc-
tivity; warm season perennial grasses 7.69 g/m2 (approx. 17%);
perennial forbs 6.26 g/m' (approx. 14%); and halfshrubs 3.12 g/m2

(approx. 7%). Annuals, including grasses and forbs, accounted for
0.20 g/m2 (less than 1%) of the total productivity. Perennial
species with the greatest productivity included threadleaf sedge,
needle-and-thread, blue grama and thickspike wheatgrass (Agropyron
dasystachyum).

Utilizing the minimum sample number formula outlined in WDEQ, LQD
Rules and Regulations, Appendix A (March, 1989), sample adequacy
was attained for production in the north study area. Based on
sample data, 6 sample points were required to attain adequacy for
production. The maximum number of 50 points were sampled.

Refer to Table 7 for a summary of the Grassland north study area
production data. Refer to Table 17 for sample adequacy figures for
production.

Grassland South

The ANP of the Grassland south study area averaged 36.67 g/m2 or
327 lbs./ acre. Cool season perennial grasses accounted for 25.43
g/m2 (approx. 72%) of the total productivity; warm season perennial
grasses 6.15 g/m 2 (approx. 17%); perennial forbs 1.93 g/m 2 (approx.
5%); and halfshrubs 1.15 g/m 2 (approx. 3%). Annuals, including
grasses and forbs, accounted for 0.05 g/m2 (less than 1%) of the
total productivity. Introduced perennial grasses accounted for
0.76 g/m2 (approx. 2%). Perennial species with the greatest
productivity included western wheatgrass (Agropyron smithii),
threadleaf sedge, blue grama and needle-and-thread.

Utilizing the minimum sample number formula outlined in WDEQ, LQD
Rules and Regulations, Appendix A (March, 1989), sample adequacy
was attained for production in the south study area. Based on the
variable sample data, 39 sample points were required to at
adequacy for production. The maximum number of 50 point re
sampled.
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Grassland South (cont.)

Refer to Table 8 for a summary of the Grassland south study area
production data. Refer to Table 17 for sample adequacy figures for
production.

Sagebrush/Grassland North

The ANP of the Sagebrush/Grassland north study area averaged 35.10
g/m2 or 313 lbs./ acre. Cool season perennial grasses accounted
for 26.42 g/m2 (approx. 78%) of the total productivity; warm season
perennial grasses 2.12 g/m 2 (approx. 6%); perennial forbs 2.67 g/m2

(approx. 8%); and halfshrubs 1.01 g/m 2 (approx. 3%). Annuals,
including grasses and forbs, accounted for 1.59 g/m 2 (approx. 4%)
of the total productivity. Perennial species with the greatest
productivity included needle-and-thread, prairie junegrass
(Koeleria macrantha), threadleaf sedge, and western wheatgrass.

Utilizing the minimum sample number formula outlined in WDEQ, LQD
Rules and Regulations, Appendix A (March, 1989), sample adequacy
was attained for production in the north study area. Based on
sample data, 8 sample points were required to attain adequacy for
production based on the recommended d and Z values for shrublands.
Therefore, 23 points were sampled.

Refer to Table 9 for a summary of the Sagebrush/Grassland north
study area production data. Refer to Table 17 for sample adequacy
figures for production.

Sagebrush/Grassland South

The ANP of the Sagebrush/Grassland south study area averaged 28.99
g/m2 or 258 lbs./ acre. Cool season perennial grasses accounted
for 20.15 g/m 2 (approx. 72%) of the total productivity; warm season
perennial grasses 6.46 g/m2 (approx. 23%); perennial forbs 1.07 g/m2

(approx. 4%); and halfshrubs 0.12 g/m2 (less than 1%). Annuals,
including grasses and forbs, accounted for 0.07 g/m2 (less than 1%)
of the total productivity. Perennial species with the greatest
productivity included needle-and-thread, threadleaf sedge, prairie
junegrass, and blue grama.

Utilizing the minimum sample number formula outlined in WDEQ, LQD
Rules and Regulations, Appendix A (March, 1989), sample adequacy
was attained for production in the south study area based on WDEQ
suggested d and Z values for shrublands. Based on sample data, 11
sample points were required to attain adequacy for production, and,
therefore, 21 points were sampled.

Refer to Table 10 for a summary of the Sagebrush/Grassland south
study area production data. Refer to Table 17 for sample adequacy
figures for production.

D-8-31



(vii) 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 individual study areas.
Often individuals are partially dead and trunks are twisted and
deformed. Peachleaf willow (Salix amygdaloides), with a character-
istic clumped growth habit (several tree trunks sprouting from a
central root system), are present in the region also but not within
the individual study areas.

Shrubs

Shrub density information was collected on the individual study
areas. Raw data are presented in Tables 12 through 15.

Within the Grassland north study area, an average of 18,673
shrubs/hectare was determined. Fringed sagewort was the most
frequently encountered shrub. Other shrubs, full or half,
encountered during sampling include birdsfoot sagebrush, silver
sagebrush, granite pricklygilia, wild buckwheat (Eriogonum sp.),
big sagebrush, Gardner's saltbush, green rabbitbrush (Chrysothamnus
viscidiflorus), broom snakeweed, rubber rabbitbrush (Chrysothamnus
nauseosus), black sagebrush (Artemisia nova), common winterfat
(Ceratoides lanata) and Wood's rose (Rosa woodsii).

Within the Grassland South study area, an average of 8,968
shrubs/hectare were determined. Birdfoot sagebrush and big
sagebrush were the most frequently encountered shrubs. Other
shrubs, full or half, encountered during sampling include fringed
sagewort, green rabbitbrush, granite pricklygilia, silver sage
brush, wild buckwheat, Gardner's saltbush, rubber rabbitbrush,
common winterfat, and yucca (Yucca glauca).

Within the Sagebrush/Grassland north study area, an average of
21,069 shrubs/hectare was determined. Big sagebrush and fringed
sagewort were the most frequently encountered shrubs. Other
shrubs, full or half, encountered during sampling include silver
sage, birdsfoot sagebrush, green rabbitbrush, Gardner's saltbush,
wild buckwheat, granite pricklygilia, common winterfat, broom
snakeweed, and rubber rabbitbrush.

Within the Sagegrass South study area, an average of 17,966
shrubs/hectare were determined. Big sagebrush and birdsfoot
sagebrush were the most frequently encountered shrubs. Other
shrubs, full or half, encountered during sampling include green
rabbitbrush, fringed sagewort, granite pricklygilia, broom
snakeweed, silver sagebrush, common winterfat, rubber rabbitbrush,
and Gardner's saltbush.

1 /21/97 633 ,, .
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(vi) Sample Adequacy

Sample adequacy was tested for each of the study area vegetation
types using the following formula:

n~n > 2(sz) 2

(dx)
2

Where nin = 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-i". The more recent handheld
calculators use "n-i" while the older version of LOTUS (spread
sheet) 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 two individual study areas, transition between the two
major vegetation types is dynamic and boundaries are often obscure.
Every effort was made to refine existing mapping; however, it
should be noted that map boundaries are often gross estimations of
actual boundaries. Small inclusions of either vegetation type were
not mapped. Although narrow drainage bottoms support generally
higher productivity, these areas were not delineated in mapping and
may contain actual sample points.

Locations of the major vegetation types were often linked to
existing geologic features and resulting soil formation.
Ridgetops often contained sandy soil material and were associated
with the Grassland vegetation type, specifically in the south study
area. Flatter topography with generally deeper soils were more
characteristic of the north study area. The loamy or clay loamy
soils supported more deeply rooted species and resulted in more
expanses of the Sagebrush/Grassland vegetation type. Silver
sagebrush is often associated with deeper soils and is present in
the north study area.
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d. DISCUSSION. (cont.)

Higher sampling variability was found in the Grassland south study
area, specifically with productivity. This may be due, in part, to
the topographic extremes noted in the south study area. Some
points may have fallen within the "ironstone phase" which would
result in very small productivity levels. The same variability was
noted within the Sagebrush/Grassland points for similar reasons.
Extreme required sample numbers were not noted within the Sage-
brush/Grassland vegetation type since the formula used to derive
those numbers takes into account that variability in shrublands.

Shrub density was generally higher in the north study area. Within
the Grassland vegetation type, halfshrubs were much higher in
number within the north study area. Full shrubs were approxi-
mately equal between the two study areas within the Sagebrush-
/Grassland vegetation type. However, the amount of silver
sagebrush was approximately 9-10 times higher in the north study
area.
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Table 1. Acreages of Each Vegetation Type in the Individual Study
Areas.

North South
Vegetation Type.. Study Area Study Area

Total % Total %

Grassland
Sagebrush/

Grassland
Disturbed

TOTAL

1,161.6 26.1
3,190.0 71.6

101.0 2.3

4.452.6 100.0

236.5 11.7
1,625.3 80.6

153.8 7.7

2,015.6 100.0

2111;21191- 633
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Table 2. Rio Algom Grassland North Cover Summary.

---------- - --------- - -- -------- - - -- --------- - - ----------------- ------------------

d S

Mean
Cover

Relative
Cover

Range of
Cover Values

Percent
Frequency

Relative Importance
Frequency Value Rank

W%

COOL SEASON PERENNIAL GRASSES
Agropyron dasystachyum
Agropyron smithii
Agropyron spicatum
Agropyron trachycaulum
Carey filifolia
Carex stenophylla
Koeleria macrantha
Poa canbyi
Poa fendleriana
Poa sandbergii
Stipa comata
Stipa viridula

Sub-total

WARM SEASON PERENNIAL GRASSES
Bouteloua gracilis
Calamovilfa longifolia
Snorobolus cryptandrus

Sub-total

( ]RASSES
is tectorum

Sub-total

PERENNIAL FORBS
Antennaria microuhylla
Arenaria hookeri
Astragalus simplicifolius
Gaura coccinea
Grindelia squarrosa

1.47
1.47
0.07
0.13
6.00
1.13
1.93
1,27
0.13
0.80
5.13
1.07

20,60

7,33
1.20
0.07
8.60

0.13
0.13

0,20
0.33
0.07
0.13
0.27

3.95
3,95
0,18
0.36

16.16
3.05
5.21
3.41
0,36
2.15

13.82
2,87

55.48

19.75
3.23
0.18

Z3.16

0,36
0.36

0.54
0,90
0.18
0.36
0,72

12
14
2
4

22
8
8

16

2
4

22
12

28
16
2

40.00
30.00
3,33
3.33

76.67
36.67
56.67
40.00
6.67

26.61
76.67
23.33

80.00
23.33
3.33

5.00
3.75
0,14Z
0,42
9.58
4.58
7,08
5 ,00

0.83
3.33
9.58
2.92

10.00
2.92
0.42

8.95
7.70
0.60
0.78

25.74
7.64

12.29
8.41
1.19
5.49

23.41
5.79

29.75
6.15
0.60

6
8

27
26
2
9
4
7

24
12
3
11

10
27

0 - 2 6.67

0
0
0
0
0

6
4
2
2
4

3.33
13.33
3,33
6.67

10.00

0.83

0,42
1.67
0.42
0.83
1.25

0.96
2.56
0,60
1.19
1.97

25
18
27
24
21

1.19 24

*NOTE* Total Cover does not equal Total Vegetation +
due to rounding of small numbers.

Litter/RocJý

C
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Table 2,{cont'd), Rio Algom Grassland North Cover Summary,

-------- --- - - - -- -- -- ----
Mean
Cover

Relative
Cover
M%

Range of
Cover Values

W%

Percent
Freauency

Relative Importance
Frequency Value Rank

------------------ --------- - ----------- ----- - -- -- -------- --- - ----- - ------
Haplopappus nuttallil
Heterotheca villosa
Lithosperaum incisum
Phlox hoodii
Psoralea lanceolata
Psoralea tenuiflora
Sphaeralcea coccinea

Sub-total

ANNUAL AND BIENNIAL FORBS
Achmil
Chenopodium pratericola
felilotus officinalis
Plantago Datagonica
Polygonum sp.

Sub-total

SEMI-SHRUBS OR HALF-SHRUBS
Artemisia frigida
Leptodactylon pungens

Sub-total

i misia cana
Artemisia nedatifida
Artemisia tridentata
Chrysothamnus nauseosus
Chrysothamnus viscidiflorus
Rosa woodsii

Sub-total

CACTI AND SUCCULENTS
Ovantia polyacantha

Sub-total

0.07
0.73
0.07
0.80
0.07
0.13
0.20
3.07

0.27
0.07
0.07
0.07
0.07
0.53

1.60
0.60
2.20

0.53
0.33
0.47
0.07
0.20
0.07
1.67

0.33
0.33

0.18
1.97
0.18
2.15
0.18
0.36
0.54
8.26

0.72
0.18
0.18
0.18
0.18
1.44

4.31
1.62
5.92

1.44
0.90
1.26
0.18
0.54
0.18
4.49

0.90
0.90

2
10
2

6
2
2
2

2
2

2

3.33
10.00
3,33

23.33
3,33
6.67

10.00

13.33
3,33
3.33
3.33
3.33

0,42
1.25
0.42
2.92

0.42
0.83
1.25

1.67

0.42
0.42
0.42
0.42

0.60
3.22
0.60
5 .07

0.60
1.19
1.79

2.38
0.60
0.60
0,60
0.60

27
17
27
13
27
24
22

19
27
27
27
27

0 - 10 50.00
0 - 10 16.67

0
0
0
0
0
0

4
6

4
2
2
2

23.33
6.67

20.00
3,33

10,00
3,33

6.25
2,08

2,92
0.83
2.50
0.42
1.25
0.42

1.25

10.56 5
3.70 16

4.35
1 .73
3.76
0.60
1.79
0.60

14
23
15
27
22
27

0 - 6 10.00 2.15 20

11 /21/97 -633
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Table 2,(cont'di. Rio Algom Grassland North Cover Summary.

Suecies
Mean
Cover

Relative
Cover

Range of Percent
Cover Values Frequency

3~)3

Relative Importance
Frequency Value Rank

-------- - - --------------- ------- ----- -------------- - -------- - -- -----------
SUM OF SPECIES COVER 37,13

Lichens 3.33 0 - 16 53.33

TOTAL VEGETATION
LITTER/ROCK
BARE SOIL
TOTAL COVER

40.53 +1- 11.18
28,33 +/- 14.24
31.13 +/- 13.09
67,53 +/- 13.52

Number of Species/sample 8,00

• ..
, (' -iý
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Table 3, Rio Algom Grassland South Cover Sumiary.

i. 7 Mean
Cover
(31

Relative
Cover

(xl

Range of
Cover Values

lx)

Percent
Freauency

Relative Importance
Frequency Value Rank

lx)

---- -- -- -----------

COOL SEASON PERENNIAL GRASSES
Agropyron dasystachyum
Agropyron saithii
Carex filifolia
Carex praegracilis
Carex stenophylla
Elymus canadensis
Hordeum jubatum
Koeleria macrantha
Oryzopsis hymenoides
Poa ampla
Poa canbyi
Poa juncifolia
Poa sandbergii
Stipa comata
Stipa viridula

Sub-total

WARM SEASON PERENNIAL GRASSES
Bouteloua gracilis
Y'-1,movilfa longifolia
* -total

N UODUCED PERENNIAL GRASSES
Poa uratensis

Sub-total

2.16
2.72
7.28
0.04
1.44
0.16
0.12
0.36
0,08
0.04
0.84
0.24
0.52
4.56
0.24

20.80

6.20
7.81

20.90
0,11
4,13
0.46
0.34
1.03
0.23
0.11
2,41
0.69
1.49

13,09
0,69

59.70

10
46
30
2

10
8
1
4
2
2
6

10
4

18
2

46.00
20,00
78,00
2.00

42.00
2.00
2 .00

16 .00
4 00
2.00

2600
4,00

22.00
70.00
12.00

7.49
3 .26

12.70
0.33
6.84
0.33
0.33
2.61
0.65
0.33
4,23
0,65
3.58

11,40
1.95

13.69
11.06
33.60
0.44

10.97
0.78
0,67
3.64
0.88
0,44
6.65
1.34
5.08

24,49
2.64

4
5

2i
26
24
25
15
23
26
10
21
IZ
3

16

6.84 19.63
1.44 4.13
8.28 23.77

0
0-

24
22

78.00
16.00

12.70
2,61

0.33

32,34 2
6.74 9

0.44 260,04
0.04

0.04
0.04

0.11
0.11

0.11
0.11

0 - 2 2.00

ANNUAL GRASSES
Bromus tectorum

Sub-total
0 - 2 2.00 0.33 0.44 26

n
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Table 3,(cont'd). Rio Algom Grassland South Cover Summary.

'S

Mean
Cover

Relative
Cover

Range of
Cover Values

Percent
Frequency

Relative
Frequency

Importance
Value Rank

PERENNIAL FOEBS
Achillea millefolium
Arenaria hookeri
Cerastium arvense
Cirsium arvense
Erigeron ochroleucus
Phlox hoodii
Solidago aissouriensis
Taraxacum officinale

Sub-total

SEMI-SHRUBS OR HALF-SHRUBS
Artemisia frigida
Leptodactylon pungens

Sub-total

SHRUBS
Artemisia cana
Artemisia pedatifida
Artemisia tridentata
Chrysothamnus viscidiflorus
.-.... h-total

CA .ND SUCCULENTS
Opuntia polyacantha

Sub-total

0.04
0,40
0.04
0.28
0.04
0.48
0.04
0.20
1,52

0,28

0.12
0.40

0,12
0,80
1.36
0.20
2,48

1.28

1.28

34,84

0.11
1.15
0,11
0.80
0,11
1.38
0.11
0,57
4,36

0,80
0,34
1.15

0.34
2.30
3.90
0.57
7,12

3.67
3,67

0-
0-
0-
0-
0-
0-
0-
0-

0-
0-

2
4

10
2
6
2
4

2.00
18,00
2,00
6.00
2,00

14,00
2.00
6.00

0.33
2.93
0,33
0.98
0,33
2.28
0,33
0.98

1,30
0,98

0.44
4.08
0,44
1.78
0,44
3.66
0,44
1.55

26
13

26
19
26
14
26
20

6
2

8.00
6,00

2.11 17
1.32 22

0
0
0
0

2

14
4

6.00
22,00
34,00
8.00

0,98
3.58
5.54
1,30

5,21

1.,32

5.88
9,44
1,88

22

18

0 - 8 32.00 8,89 8

SUM OF SPECIES COVER

Lichens 2.56 0 - 10 62,00

TOTAL VEGETATION 37.44 +/- 15.11

I I
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Table 3.(cont'd). Rio Algom Grassland South Cover Su3mary,

-f -- - - - - - -- - - - - - - - ----- - - - - - - - - - - - --

*.es
Mean
Cover

Relative
Cover

Range of
Cover Values

Percent
Frequency

Relative ThDortance
Frequency Value Rank

- -- --------- -

LITTER/ROCK
BARE SOIL
TOTAL COVER

30,84
31.48
67.88

+/- 10,65
+1- 14,8Z
4/- 14.80

Number of Species/saaple 6.14

1122324

1%
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Table 4. Rio Algom Sagebrush/Grassland North Cover Summary.

ý, ..es
Mean
Cover
(%)

Relative
Cover
(%I

Range of
Cover Values

(%)

Percent
Frequency

(%)

Relative Importance
Frequency Value Rank

COOL SEASON PERENNIAL GRASSES
Agropyron dasystachyum
Agropyron smithii
Carex filifolia
Carex stenophylla
Roeleria macrantha
Poa canbyi
Poa fendleriana
Poa sandbergii
Stipa comata
Stipa viridula

Sub-total

WARM SEASON PERENNIAL GRASSES
Bouteloua gracilis
Calamovilfa longifolia

Sub-total

ANNUAL GRASSES
-^"us japonicus

s tectorus
i-total

PERENNIAL FORBS
Arenaria hookeri
Astragalus missouriensis
Erigeron ochroleucus
Haplopappus nuttallii
Machaeranthera tanacetifolia
Phlox hoodii
Sphaeralcea coccinea

1 .25
2.83
5,75
0,92
2.75
0.75
0125
0,92
4,00
1.25

20.67

3,33
7,54

15.30
2.44
7.32
2,00
0.67
2.44

10.64
3,33

54,99

0
0
0
0
0
0
0
0
0
0

14
10
26
6

10
6
2
4

10
8

25.00
58.33
87.50
37.50
58.33
29,17
12.50
37.50
87.50
33.33

3.16
7,37

11.05
4.74
7,37
3.68
1,58

4,74
11.05
4,21

6.48
14.91
26.35
7.18

14.69
5.68
2,24
7.18

21,70
7,54

9
5
2
8
6

ii
16
8
3
.7

4.25 11,31
0.17 0,44
4,42 11,75

0- 48
0- 4

75.00
4.17

9.47
0.53

20.78 4
0397 18

0.17
0.33
0,50

0,17
0,08
0.08
0.17
0.08
0.50
0.42

0.44
0,89
1.33

0.44
0.22
0.22
0.44
0.22
1.33
1.11

0-
0-

0-
0""

0-
0-
0-
0-
0-

4
4

2

2

2
6
2

4.17
12.50

8.33
4.17
4.17
4.17
4.17

16.67
20,83

0.53
1.58

1.05
0.53
0.53
0.53
0.53
2.11
2,63

0.97 18
2.47 15

1.50
0.75
0.75
0.97
0.75
3.44
3.74

17
19
19
18
19
13
12

11 /21,97 -633
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Table 4,(cont'd), Rio Algom Sagebrush/Grassland North Cover Summary.

7'

I's
Mean
Cover

Relative
Cover

Range of
Cover Values

(%)

Percent
Frequency

WX

Relative ImDortance
Frequency Value Rank

Taraxacum officinale
Sub-total

ANNUAL AND BIENNIAL FORBS
Alyssum desertorum
Camelina microcarna
Plantago patagonica

Sub-total

SEMI-SHRUBS OR HALF-SHRUBS
Atriplex gardneri
Leptodactylon pungens

Sub-total

SHRUBS
Artemisia cana
Arteaisia pedatifida
Artemisia tridentata
Chrysothamnus viscidiflorus

Sub-total

~AND SUCCULENTS

ia polyacantha

ib -total

0.08
1.58

0,08
0.08
0.08
0.25

0,08
0,08
0,17

0.08
0.58
8,33
0.17
9.17

0.83

0.83

37.58

0,22
4,21

0.22
0.22
0,22
0,67

0.22
0.22
0.44

0,22
1.55

22.17
0.44

24.39

2,22
2.22

0 - 2 4.17

0
0-
0-

0-
0-

0-
0-
0-
0-

2
2
2

2
2

2
6

26
4

4.17
4.17
4.17

4.17
4.17

4,17
12.50
91.67
4.17

0,53

0,53
0.53
0,53

0.53
0.53

0.53
1.58

11.58
0.53

3.68

0.75 19

0,75 19
0,75 19
0.75 19

0.75 19
0,75 19

0175
3.13

33.75
0.97

19
14
1

18

0 - 6 29.17 5.90 10

SUM OF SPECIES COVER

Lichens 2.58 0 - 8 66.67

TOTAL VEGETATION
LITTER/ROCK
BARE SOIL

40.17
38.92
20.92

+1-
+I-
+I-

10,37
10.35

7,37

22121 Z . , VP.
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Table 4,(cont'dU, Rio Algom Sagebrush/Grassland North Cover Summary,

b-e cies
Mean
Cover

Relative
Cover
1%)

Range of Percent
Cover Values Frequency
W((%

Relative Importance
Frequency Value Rank

--- - - -- - ---- - -- - -- ----- - ----- - ----------------- - -- - ----- - -- ----- - ------------- - -- -----

TOTAL COVER

Number of Species/sample

79.08 +/- 7.37

7 ,92

D-8-44



Table 5, Rio Algom Sagebrush/Grassland South Cover Summary,

Mean Relative Range of Percent Relative Importance
j Cover Cover Cover Values Frequency Frequency Value Rank

W 3) (%) 31 (%1

COOL SEASON PERENNIAL GRASSES
Agropyron dasystachyum
Agropyron smithii
Carex filifolia
Carex stenophylla
Koeleria macrantha
Poa canbyi
Poa sandbergii
Stipa comata
Stina viridula

Sub-total

WARM SEASON PERENNIAL GRASSES
Bouteloua gracilis
Calamovilfa longifolia

Sub-total

PERENNIAL FORBS
Arenaria hookeri
Astragalus missouriensis

'Phlox hoodii'' lanceolatum
dralcea coccinea

ioub-total

SEMI-SHRUBS OR HALF-SHRUBS
Artemisia frigida
Artemisia ludoviciana
Gutierrezia sarothrae

Sub-total

2.93
1.47
5.67
1.13
0.47
0.73
0.60
3.67
0,40

17107

8.33
4.17

16.10
3.22
1.33
2.08
1.70

10.4z
1.14

48.48

0
0
0
0
0
0
0
0
0

12
8

20
8
6

4
10

53,33
33.33
66.67
33,33
13.33
16.67
23.33
73,33
16.67

8.47
5.29

10,58
5.29
2.12
2.65
3.70

11,64
2.65

16.80
9.46

26.68
8. 51
3,44
4173
5 .41

Z2.06
3.78

5
.7

3
8

13
11
9
4

12

6.53 18.56
0.33 0195
6.87 19.51

0- 24
0- 6

83.33 13.23
6.67 1.06

31.79 2
2.01 15

0.27
0.07
0.07
0.07
0.07
0.53

0.07
0.07
0.07
0.20

0.76
0.19
0.19
0.19
0.19
1.52

0.19
0.19
0.19
0.57

0
0
0
0
0

0
0
0

4
2
2
2
2

2
2
2

10.00
3.33
3.33
3.33
3.33

3,33

3,33
3.33

1.59 2
0.53 0
0.53 0
0.53 0
0.53 0

0.53 0
0.53 0
0.53 0

1/21/97,.

.34
.72
.72
.72
.72

14
17
17
17
17

.72 17

.72 17

.72 17

D-8-45



Table 5.(cont'd), Rio Algom Sagebrush/Grassland South Cover Summary.

--- - - ---------- - ------------ - ---- - -- ----------------- -- --------

,.cies
mean
Cover

W~

Relative
Cover
(%I

Range of
Cover Values

(%)

Percent
Frequency

1%)

Relative Importance
Frequency Value Rank

(3)

__ - __ - -- - ---------------- --- ------
SHRUBS

Arteiisia pedatifida
Artemisia tridentata
Chrysotbamnus viscidiflorus

Sub-total

0.60
7 .93
0.13
8.67

1.87

1.87

35.20

1.70
22.54
0.38

24.62

5.30
5.30

0
0-
0-

6
26
2

20.00
96.67
6.67

3,17
15.34
1.06

4.88
37,88
1.44

10

16

CACTI AND SUCCULENTS
Ouuntia polyacantha

Sub-total

SUM OF SPECIES COVER

0 - 6 53.33 8.47 13.77 6

Lichens 1.87 0 - 10 43.33

TOTAL VEGETATION
LITTER/ROCK
BARE SOIL
TOTAL COVER

37,07
31.93
30.67
69.13

+ I-
10.55
11.91
11.78
11.65

Number of Suecies/sasule 6.30

1112 1 /97i'633
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Table 6. Summary of Percent Absolute Cover Data.

Vegetation Type Total Veg Litter/Rock Bare Total Cover
Soil

Grassland North

Grassland South

Sagebrush/
Grassland North

Sagebrush/
Grassland South

40.53

37.44

40.17

37.07

28.33

30.84

38.92

31.93

31.13

31.48

20.92

30.67

67.53

67.88

79.08

69.13

NOTE: Numbers compiled from individual vegetation type cover
summaries, Tables 2 through 5.
All values are means plus or minus one standard deviation.

NOTE: Total Cover does not equal Total Vegetation + Litter/Rock
due to rounding of small numbers for Grassland North only.

. ; .1 -_1
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Table 7, Rio Algom Grassland North Production Summary.

--------------------------------------------------------------------------

Species
Mean

9/sq.m lbs/Acre

Ranqe of
Production

Values
(g/sq.ml

Percent of
Total

Production

COOL SEASON PERENNIAL GRASSES
Agropyron dasvstachvum
Agropvron riparium
Agropyron smithii
Agropyron spicatum
Aristida fendleriana
Calamagrostis montanensis
Carex filifolia
Carex stenophylla
Koeleria macrantha
Oryzopsis hymenoides
Poa canbvi
Poa nevedansis
Poa sandbergii
Stipa comata
Stipa viridula

Sub-total

/ ASON PERENNIAL GRASSES
vu~teloua gracilis

Calamovilfa longifolia
Sporobolus cryptandrus

Sub-total

ANNUAL GRASSES
Bromus tectorum
Festuca octoflora

Sub-total

PERENNIAL FORBS
Astraqalus missouriensis
Astragalus purshii
Astraqalus simplicifolius
Besseva wvomingensis
Comandra umbellata
Cryotantha sp.
Erigeron ochroleucu5
Erioqonum so.
Gaura coccinea

3.54
0.02
2.26
0.11
0.02
0.02
7.56
1.09
3.05
0.06
1.04
0.34
0.95
7.08
0.63

27.75

5.17
2.43
0.09
7.69

32
<1
20

<1

67
10
27
<1
9
3
8

63
6

247

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

48.70
0.90

27.40
2.80
0.90
0.90

23.50
6.60

12.90
1.90

23.70
5.80
5.90

22.20
12.10

46
22
1

68

0.00 - 21.40
0.00 - 40.50
0.00 - 4.40

7.86
0.04
5.01
0.24
0.04
0.04

16.80
2.42
6.77
0.12
2.31
0.76
2.11

15.73
1.39

61.64

11.49
5.39
0.20

17.07

0.00
0.00
0.00

0.46
0.04
0.51
0.02
0.13
0.17
0.45
1.26
0.43

0.00 <1
0.00 <1
0.00 0

0.00 - 0.03
0.00 - 0.03

0.21
0.02
0.23
0.01
0.06
0.08
0.20
0.57
0.19

2
<1
2
<1
I

2
5
2

0.00 -
0.00 -
0.00 -
0.00 -
0.00 -
0.00 -
0.00 -
0.00 -
0.00 -

3.20
0.70
2.30
0.50
2.90
1.70
1.40
7.80
3.10

4 7'

NOTE; Total Production mean does not equal the sum of sub-total
means due to rounding of small numbers.

11 /21/97 ý,633

074ýW/
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Table 7.(cont'd) Rio Algom Grassland North Production Summarv.

Species
Mean

g/sq.m lbs/Acre

Range of
Production

Values
(q/sq.m)

Percent of
Total

Production

Grindelia squarrosa
Haplopappus multicaulis
Haplopappus nuttallii
Heterotheca villosa
Hymenopappus acaulis
Ipomopsis congesta
Lesquerella arenosa
Leucocrinum montanum
Lithospermum incisum
Lygodesmia juncea
Machaeranthera tanacetifolia
Oenothera coronopifolia
Oxytropis sp,
Penstemon albidus
Picradeniopsis oppositifolia
Psoralea lanceolata
Psoralea tenuiflora
Sphaeralcea coccinea

"~oPsis rhombifolia
americana

o-total

ANNUAL AND BIENNIAL FORBS
Alvssum alvssoides
Alyssum desertorum
Chenopodium pratericola
Melilotus officinalis
Plantago patagonica

Sub-total

SEMI-SHRUBS OR HALF-SHRUBS
Artemisia frigida
Atriplex gardneri
Gutierrezia sarothrae
Leptodactylon punqens

Sub-total

-------------------------
0.26
0.00
0.15
1.91
0.15
0.27
0.03
0.02
0.00
0.08
0.09
0.01
0.06
0.08
0.01
0.26
0.58
0.37
0.26
0.11
6.26

0.00
0.02
0.01
0.03
0.14
0.20

2.40
0,26
0.06
0.39
3.12

2
(1

17
I

<I

I
<I1

<1

2
5
3
2
1

56

<1

<I

<1

2

21
I

2
2
3

28

0.00 -
0.00 -
0.00 -
0.00 -
0.00 -
0.00 -
0.00 -
0.00 -
0.00 -
0.00 -
0.00 -
0.00 -
0.00 -
0.00 -
0.00 -
0.00 -
0.00 -
0.00 -
0.00 -
0.00 -

0.00 -
0.00 -
0.00 -
0.00 -
0.00 -

0.00 -
0.00 -
0.00 -
0.00 -

8.20 0.57
0.20 0.01
2.80 0.33

24.50 4.24
7.60 0.34
7.40 0.59
1.30 0.06
1.10 0.05
0.10 0.00
2.60 0.18
1.50 0.20
0.40 0.03
1.30 0.14
1.70 0.18
0.50 0.02
9.20 0.59

17.40 1.28
1.90 0.81
6.90 0.58
1.60 0.25

13.91

0.20
0.60
0.30
1,30
3,60

15.00
7.30
2.90
3.10

0.01
0.05
0.03
0.06
0.30
0.45

5.34
0.57
0.14
0.87
6.92

TOTAL PRODUCTION 47.28 421
+I- 19.19 +/- 171

~'\~~*

/
I-.'..

/ ~

K
11 121,g7b 633

/

-a
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;able 8. Rio Algom Grassland South Production Summary.

------------------------------------------------------------------------
Mean

ýoecies
q/sq.m lbs/Acre

Range of
Production

Values
(g/sq.m)

Percent of
Total

Production

----- ----------------------------------------------------------------------

COOL SEASON PERENNIAL GRASSES
Agropyron dasystachyum
Aqropvron riparium
Agropyron smithii
Agropyron soiOatum
Agropyron trachycaulum
Aristida longiseta
Carex filifolia
Carex praegracilis
Carex stenophylla
Koeleria macrantha
Oryzopsis hymenoides
Poa ampla
Poa canbvi
Poa fendleriana
Poa juncifolia
Poa sandbergii
Schedonnardus paniculatus

i comata
, viridula

.Ab-total

WARM SEASON PERENNIAL GRASSES
Bouteloua gracilis
Calamovilfa longifolia

Sub-total

INTRODUCED PERENNIAL GRASSES
Agropyron cristatum
Poa pratensis

Sub-total

2.58
0.17
6.98
0.02
0.20
0,05
6.49
0.15
0.69
1.22
0.04
0.20
0.39
0.09
0.16
0.55
0.12
4.96
0.39

25.43

23

62
<I
2

<i
58
I
6

11
<1
2
3
i
1

44
4

227

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

- 22.30
- 8.30
-157.20
- 1.20
- 9.80
- 2.50

- 18.30
- 7.40
- 7.60
- 6.90
- 1.90
- 7.40
- 3.50
- 1.70
- 4.10
- 2.80
- 4.90
- 39.60
- 7.40

7.27
0.47

19.66
0.07
0.55
0.14

18.28
0.42
1.94
3.45
0.11
0.57
1.09
0.25
0.44
1.54
0.33

13.99
1.11

71.69

14.33
3.00

17.33

0.55
1.60
2.15

0.01
0.01
0.02

5.08 45
1.06 9
6.15 55

0.00 - 31.50
0.00 - 21.70

0.20
0.57
0.76

2
5
7

0.00 - 9.80
0.00 - 22.30

ANNUAL GRASSES
Bromus tectorum
Festuca octoflora

Sub-total

PERENNIAL FOR8S
Allium textile

0.00 <1
0.00 <1
0.01 0

0.00 - 0.10
0.00 - 0.10

0.01 (1 0.00 - 0.40 0.02

NOTE: Total Production mean does not equal sum of sub-total means
due to rounding of small numb---ers.

1112 1197 t 6,3,3
c~~~91
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Tab P-8.(cont'd) Rio Alqom Grassland South Production Summary.

Mean Range of Percent of
Species Production Total

9/sq.m lbs/Acre Values Production
(g/sq.i)

Astragalus missouriensis 0.09 1 0.00 - 2.20 0.24
Astragalus simplicifolius 0.00 <1 0.00 - 0.03 0.00
Astragalus sp. 0.03 <I 0.00 - 1.70 0.10
Cerastium arvense 0.05 <1 0.00 - 2.30 0.13
Cryptantha sp. 0.07 1 0.00 - 1.50 0,20
Erigeron ochroleucus 0.07 1 0.00 - 1.50 0.21
Erigeron ovalifolium 0.05 <I 0,00 - 2.00 0,13
Eriogonum so. 0.41 4 0,00 - 6.50 1.16
Gaura coccinea 0.25 2 0.00 - 4,50 0.70
Grindelia squarrosa 0.00 <1 0.00 - 0.03 0.00
Haplopappus nuttallii 0.06 1 0.00 - 1.50 0.16
Heterotheca villosa 0.14 1 0.00 - 3.20 0.38
IPomopsis congesta 0.01 <1 0.00 - 0.60 0.03
Lesquerella arenosa 0.00 <1 0.00 - 0.10 0.01
Lithospermum incisum 0.02 <1 0.00 - 0.60 0.05
Lomatium orientale 0.01 <1 0.00 - 0.50 0.03
Lygodesmia juncea 0.15 1 0.00 - 2.30 0.43
,neon divaricatum 0.01 <1 0.00 - 0.40 0.02

hera coronopifolia 0.07 1 0.00 - 1.80 0.21
Wropis sp. 0.08 1 0.00 - 2.80 0.21

venstemon nitidus 0.02 <1 0.00 - 1.00 0.06
Psoralea lanceolata 0.02 <1 0.00 - 0.80 0.05
Psoralea tenuiflora 0.02 <1 0.00 - 1.10 0.06
Sphaeralcea coccinea 0.09 1 0.00 - 2.40 0.24
Taraxacum officinale 0.14 1 0.00 - 4.30 0.40
Tragopogon dubius 0.00 <1 0.00 - 0.20 0.01
Vicia americana 0.06 1 0.00 - 1.50 0.17

Sub-total 1.93 17 5.43

ANNUAL AND BIENNIAL FORBS
Alyssum alyssoides 0.02 <1 0.00 - 1.00 0.07
Alyssus desertorum 0.01 <1 0.00 - 0.20 0.03
Chenopodium pratericola 0.00 (1 0,00 - 0.03 0.00
Lappula redowskii 0.00 <1 0,00 - 0.03 0.00
Plantago patagonica 0.00 <1 0.00 - 0.03 0.01
Salsola kali 0.00 1 0.00 - 0.10 0.01 •

Sub-total 0.04 0 0.12

SEMI-SHRUBS OR HALF-SHRUBS ! 9
Artemisia frigida 0.59 5 0,00- 5.80 1.67 Co

CO
ell-

1211,97 6,3
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Table 8,(cont'd) Rio Alqom Grassland South Production Summarv.

--------------------------------------------------

Species
Mean

g/sq.m lbs/Acre

Ranqe of
Production

Values
(g/sq.m)

Percent of
Total

Production

Atriplex gardneri
Gutierrezia sarothrae
Leptodactylon pungens

Sub-total

0.09
0.09
0.38

1
1
3

0.00 - 3.00
0.00 - 2.00
0.00 - 4.00

0.26
0.26
1,06
3.251.15 10

TOTAL PRODUCTION 36.67 327
+/- 38.25 +/- 341

D-8-52 3 ~c~#



Table 9. Rio Algoa Sagebrush/Grassland North Production
Sumary.

Mean Range of Percent of
Species Production Total

g/s.,m lbs/Acre Values Production
(g/sq-3)

- -- - ------------------------------------------ - --------------

COOL SEASON PERENNIAL GRASSES
Agropyron dasystachyu. 2.77 25 0.00 - 13.10 8.20
Agropyron smithii 3.83 34 0.00 - 23.60 11.33
Agropyron trachycaulum 0.07 1 0.00 - 1.50 0.19
Carex filifolia 4,06 36 0.00 - 19.00 12.01
Carex stenophylla 0,83 7 0.00 - 8.00 2,46
Koeleria macrantha 5,55 49 0.00 - 19.40 16.42
Poa canbyi 0,99 9 0.00 - 11,10 2.92
Poa fendleriana 0.93 8 0.00 - 7,60 2,74
Poa sandbergii 1.02 9 0,00 - 3.30 3.01
Stipa comata 6.01 54 0.00 - 18.00 17.78
Stipa viridula 0.37 3 0.00 - 7,20 1.08

Sub-total 26.42 235 78.14

WARM SEASON PERENNIAL GRASSES
Bouteloua gracilis 2.12 19 0.00 - 9.10 6.27

e ZED PERENNIAL GRASSES
pyron cristatum 0.00 (1 0,00 - 0.10 0.01

ANNUAL GRASSES
Bromus tectorum 1.27 11 0.00 - 14.90 3.76
Festuca octoflora 0.09 1 0.00 - 1.70 0.26

Sub-total 1,36 12 4.02

PERENNIAL FORBS
Astragalus missouriensis 0.06 1 0.00 - 1.30 0.17
Astragalus purshii 0.16 1 0.00 - 1.80 0.48
Astragalus simplicifolius 0.04 (1 0.00 - 0.60 0.12
Erigeron ochroleucus 0.43 4 0.00 - 4.70 1.29
Gaura coccinea 0.18 1 0.00 - 2.20 0.48
Grindelia souarrosa 0.13 1 0.00 - 3.10 0.40
Lesquerella arenosa 0.01 (1 0.00 - 0.20 0.03
Machaeranthera tanacetifolia 0,07 1 0.00 - 1.50 0.19
Oenothera caespitosa 0.03 (1 0100 - 0.80 0.10
Oxytropis sn, 0.11 1 0.00 - 2.50 0.32
Penstemon albidus 0.01 (1 0.00 - 0.20 0.03
Picradeniopsis oppositifolia 0.06 1 0.00 - 1.30 0.17

NOTE: Total Production mean does not equal the sum of sub-total
means due to rounding of small numbers.

1/21197 63.".

- oý-ýr
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T' .(cont'd) Rio Algoa Sagebrush/Grassland North Production
Summary.

Mean Range of Percent of
Soecies Production Total

g/sq.a lbs/Acre Values Production
(g/sqam)

Psoralea tenuiflora
SDhaeralcea coccinea
Taraxacua officinale
Vicia americana

Sub-total

0.06
0,92
0,00
0.41
2.67

ANNUAL AND BIENNIAL FORBS
Alyssum desertorum
Lappula redowskii
Plantago patagonica

Sub-total

SEMI-SHRUBS OR HALF-SHRUBS
Artemisia frigida
Atriplex gardneri
Gutierrezia sarothrae

dactylon pungens
-total

TOTAL PRODUCTION

0.00
0100
0,Z2
0.23

0,77
0.13
0,10
0,01
1.01

35,10
+/- 15.74

i

4
24

(1

2

7

9

0,00
0,00
0.00
0.00

1,20
4.90
0,10
5.70

0.00 -0,00 -

0.00 -
0.00 -

0.00 -

0,00 -

0.00 -

0.03
0,I0

2.50

7.40
2.90
2.30
0.30

0.17
2.73
0,01
1.21
7.88

0.01
0.01
0.65
0.67

2.29
0.37
0,30
0.04
3.00

313
+/- 140

1 1 /211/97 " 6 .3
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Table 10. Rio Alqom Saqebrush/Grassland South Production
Summary.

Mean Range of Percent of
SUecies Production Total

q/sq.m lbs/Acre Values Production
(q/sq.m)

COOL SEASON PERENNIAL GRASSES
AqroPVron dasvstachvum
Aqropvron smithii
Carex filifolia
Carex stenophvlla
Koeleria macrantha
Poa canbvi
Poa nevedansis
Poa sandberqii
Schedonnardus Daniculatus
Stipa comata
Stina viridula

Sub-total

WARM SEASON PERENNIAL GRASSES
Bouteloua Qracilis
C.Aamovilfa longifolia. -total

AiL GRASSES
Bromus tectorum
Festuca octoflora

Sub-total

PERENNIAL FORBS
Achillea millefolium
Astraqalus bisulcatus
Astraqalus missouriensis
Astragalus purshii
Bromus commutatus
Cerastium arvense
Comandra umbellata
Orvotantha so.
Eriqeron ochroleucus
Erioqonum so.
Heterotheca villosa
Lithosoermum incisum
Musineon divaricatum

2.79
2.23
4.71
0.88
2.17
1.07
0.16
0.82
0.02
4.81
0.49

20.15

25
20
42
8

19
10
i
7

<I
43
4

179

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

10.20
10.70
15.80
4.70
8.40
3.90
1.70
2.30
0.40

14.30
7.90

10.01
7.99

16.90
3.16
7.79
3.84
0.56
2.96
0.07

17.27
1.74

72.29

14.74
8.42

23.16

0.01
0.19
0.19

4.11 37
2.35 21
6.46 58

0.00 1I
0.05 <I
0.05 0

0.00 - 26.60
0.00 - 49.30

0.00 - 0.03
0.00 - 1.10

0.05
0.08
0.03
0.00
0.00
0.10
0.13
0.07
0.08
0.06
0.05
0.00
0.00

<1
(I
<1

<I
<I
I

<1
<1

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

1.10
1.60
0.50
0.03
0.10
2.00
2.70
1.40
0.80
1.30
0.80
0.10
0.03

0.19
0.27
0.12
0.01
0.02
0.34
0.46
0.24
0.30
0.23
0.19
0.02
0.01

1,31

NOTE: Total Production mean does not equal the sum of sub-totalmeans due to rounding of sm-ll numbers.
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Table 10.(cont'd) Rio Algom Sagebrush/Grassland South Production
Summary.

Mean Ranqe of Percent of
Species Production Total

g/sQ.m lbs/Acre Values
(9lsq,m)

Production

Oenothera coronoplfolia
Sedum lanceolatum
Sohaeralcea coccinea
Traqopoqon dubius
Vicia americana

Sub-total

ANNUAL AND BIENNIAL FORBS
Plantago pataqonica
Salsola kali

Sub-total

------------------------------------------------------
0.13
0.00
0.11
0.11
0.05
1.07

1

<I

10

0.00
0.00
0.00
0.00
0.00

2.00
0.03
1 .90
2.10
1.00

0.48
0.01
0.39
0.41
0.17
3.84

0.02 <1
0.00 <1
0.02 0

0.00 - 0.20
0.00 - 0.03

SEMI-SHRUBS OR HALF-SHRUBS
Artemisia friqida
Gutierrezia sarothrae
Leptodactylon Punqens

Sub-total

0.06
0.01
0.07

0.04
0.01
0.39
0.44

0.01
0.00
0,11
0.12

(I
<1
1

0.00 -
0.00 -
0.00 -

0.20
0.03
2.30

0ORODUCTION 28.99 258
+/- 15.51 +1- 138

......
D-8-56



Table 11. Summary of Production Data'.

Vegetation Type Herbaceous Production

g/m 2  lbs./acre

Grassland North 47.28 + 19.19 421

Grassland South 36.67 + 38.25 327

Sagebrush/ 35.10 + 15.74 313
Grassland North

Sagebrush/ 28.99 + 15.51 258
Grassland South

' All values are means plus or minus (±) one standard deviation.

NOTE: Total Production mean does not equal the sum of sub-total
means due to rounding of small numbers.

1/21197,6
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Table 12. Rio Algom Grassland North Shrub Density Summary,

e(
Project Name: Rio Algom
Vegetation Tyue: Grassland
Area Name: North
Vegetation Parameter: Shrub Density

CATEGORY/SPECIRS

Half Shrubs

Artemisia frigida

Atriulex gardneri

Ceratoides lanata

Eriogonum sp.

Eriogonum oval!folhum

Gutierrezal sarothrae

Leptodactylon pungens

TOTAL HALF SHRUBS

Full Shrubs

Artemisia cana

Artemisia nova

Artemisia pedatifida

Artmesia tridentata

Chrysothamnus nauseosus

Chrysothamnus viscidiflorus

Rosa woodsfi

1 2 3 4 5 6
16 17 18 19 20 21

SAMPLE NUMBE
7 8

22 23

ER
9 10 11 12 13 14 15

24 Z5 26 27 28 29 30

STANDARD
MEAN DEVIATION

'.4

'N
32
32
0
0
0

12

5
0
0
0
0
0

33
49

0
00

19
05

00
0

0

65
13

107
0
00
0
0
0
0
0
0

17
17

30
0
0

179
0

180
0
0
0
0
0

50
139

0
0
0
0
0
0
0
0
0
0
0
0

50
139

20
27
0
0
0
00

15
0
01
00
3

21
45

21
16
0
0
3
0
0
2
0

0
0

40
148
0
00
0

29
Z4
0
00
0
2
14

71
186

74
10
0
0
0
0
0
00
0
1
5
0

7
39
0
13
0
0
0

29
00
0
0
0

18

7
99

0
25
0
0
0
04
7
2

00

14
3

78
0
0
4

16
0
0
0
00
0
2

23
15

17
31
0
00
0
0
0
3
0

12
0
0

50
72
0
0
0
00

10
0
7
012

16

70
98

10
24
0
0
0
0
0
0
0
0
0
00

0
33
0
0
0
0
0
0
0
0
0
0
0
0

0
33

021
00

40
0

0
00
0
0

7
36
0
0
0
0
0
0
0
0
0
0
09

7

45

0
0
00
4
0

29
0
0
0
0
5
0

36
52
0
0
0
0
02
0
0

0
0
5

3759

0
11
0
00
0

2
2
0
0

13
0

22
45
0
00
0

4

64

0
05

0
14
31
64

0
0
0

37
0

20

0
0
0
0
0

31
10
0
0
0
00

13
00
3
0
0
0

34
23

65
58
0
0
0
0
00
0
0
0
36

23

71
84

131
20
0
0
0
0
5

28
0
0
00
0

122

136
170

3
00
0
0
0
0

0
12
6
0

43.17

4.03

0.13

6.27

0.03

0.70

8.63

37,20

19.26

0.72

9.50

0.18

1,64

206

c0
ccI
0{

62.97 50.89

I
21
0
0

15
130
2
0
0
0
0
0

0 1
10 0
0 9
0 0
0 0
0 00 22
2 0
0 0
0 0
0 00 0
0 0

12,33

0,30

10.37

4,53

0.43

2.33

0.10

16.06

1,62

32.95
7,90

0.99

4,39

0.54



TOTAL FULL SHRUBS

0 0 0 0 0 0 0 0 0 0 0 0 0 0

62 198 16 24 75 9 32 11 1 33 5 61 0 32 16 30.40 37.78
2 30 36 21 15 46 31 24 79 5 26 1 12 0 9

95 370 66 45 146 16 55 81 1 40 42 92 34 103 152 93.37 71.57
51 47 175 66 201 145 46 122 112 50 85 65 35 84 179

6
TOTAL SHRUB DENSITY

TOTAL SHRUBS:
2801

TOTAL SHRUBS/IMITACRE:
18673.33

CMV

m

!n

4
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,ITable 13. Rio Algom Grassland South Shrub Density Summary.
Project Name: Rio Alzom
Vegetation Tyne: Grassland
Area Name: South
Vegetation Parameter: Shrub Density

STANDARD
13 14 15 MEAN DEVIATION
28 29 30
43 44 45

ATEORY/SPECIRS

EALF SHRUBS

Artemisia friida

Atriplex gardneri

Ceratoides lanata

Eriogonum sp.

Eriogonum brevicaule

Gutierreva sarothrae

Leptodactylon pungens

Yucca .Iauca

3 4
18 19
33 34
48 49

4 0
10 7
0 7

Z5 0
028
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 00 0
0 11
0 0
0 0
0 0
0 0
030
016
0 0
0 0
0 0
50 03 3
1 3
3 0
0 0
0 0
0 0

621
36

SAMPLE NUMBER7 8
22 23 4
37 38 3!

9
9

.Y. 'L~ ~ -1Y-

8.58

0.78

0.12

1.14

0,32

1.74

4,74

0.02

11.36

0.71 0
'I

1,62

5.98

10,02

0.14



TOTAL HALF SHRUBS

FULL SHRUBS

Artemisia cana

Artemisia Dedatifida

Arteiia tridentata

Chrysothamnus nauseosus

Chrysothamnus viscidiflorus

TOTAL FULL SHRUBS

TOTAL SHRUB DENSITY

TOTAL SHRUBS:
2242

TOTAL SHRUBS/HR(TACRE
8968.00

0

0

226
14

0
0
00

337
0
0
0

53
16
5
30
0
50

37
3
3

5353
13
6

53
55
39
20

0 0

9 3413 10
1 21

28 0

0 0
0 0
0600 0
0 582
00
0 00 0
2 214

31 18
0 9
3 0
0 0
0 0
0 0
0 0

55 0
3 14
3 19

15 0

57 214
34 32
3 88

18 0

66 248
47 42
4 109

46 0

47 2 10 7
9 64 7 63

21 7 1 14

17.44 18.87

;o

C40
0
0

137
0
2

35
11
12
0
0
0

0
6
2

:15
17
14

37
81
21

00
0

7
223
75

7
167

0
0
0

0

16
8

18
23
9

2.06

44,94

17.90

0.24

7.20

8.86

141,10

33.28

0.84

14.25

27,40 33.39

44.84 40.40



0
Table 14, Rio Alcom Sagebrush/Grassland North Shrub Density Summary,

Project Name: Rio Algom
Vegetation Type: Sagebrush/Gras
Area Name: North
Vezetation Parameter: Shrub Dens

CATEGORY/SPECIE8

Half Shrubs

Artemisia frigida

AtriDlex gardneri

Ceratoides lanata

Erionnum sp.

Eriogonum pauciflorum

Gutierrezia sarothrae

Leptodactylon pungens

TOTAL HALF SHRUBS

Full Shrubs

Artemisia cana

Artemisia pedtifida

Artemisia tridentata

Chrysothamnus nauseosus

Chrysothamnus viscidiflorus

TOTAL FULL SHRUBS

1 2
16 17

3 4
18 19

SAMPLE NUMBER STANDARD
5 6 7 8 9 10 11 1Z 13 14 15 MEAN DEVIATION

20 21 22 23

c~

.

% <~~:'~

9

55
21
0
0
0
0
0
0
0
2
0
00
0

55
23

0
21
0
0

19
290
0
0
0

19
50

13
26
0
0
0
0
0
00
0
0
0
0
0

13
26

2
18
0
0
93
77
00
0
0

95
95

0
3
0
0
0
0
0
00
0
0
0
0
0

0
3

9
32
0
0
0
0
0
0
0
00
0
0
0

9
32

8 73
20 1
0 0
0 0
0 0
0 0
0 0
1 0
0 00 17
0 0
1 0
0 0
2 9

8 73
23 27

1
8
0
0
0
0
0
0
00
0
0
0
0

8

1290
9
15

0
0
0
0
0
0
00

145
17

0

0

0

0

00

9

0

0

0

0
0

0

23

0
0

0

0

0

0)

2,8

0

0

0

00

3

0

0

0

0

0

0

0

0
0

0

0

0

7

0

0

0

4

0

20,57

1.04

0.35

0.04

0.83

0.22

0.57

29.24

3.50

1.43

0.20

3,47

0.83

1.88

Cs.4
00,,

4 9 23 29 3 0 12 23.61 31.17

0
09
0

110
44
0
0
0
0

119
44

0
27
9
0

31
70
0
0
0
9

40
106

2
27
0

18
55
46
0
0
81

65
92

3
00
0

89
280
0
0
14

92
42

0 0
10 0
0 70
0 42

46 100
52 76
0 0
00

23 0
12 2

69 170
74 120

0

0

40

0
1

0

120

38

0

0

0

0
112

0

33

0

55
0

0

0

0

55

0

5

0
0

58

0

9

0

60

0

0

6.61

11.65

60.13

0.04

3.30

10.44

28.31

26,01

0.20

5.88

41 158 113 88 60 59 69 81,74 37.08



TOTAL SHRUB DENSITY

TOTAL SHRUBS:
2423

TOTAL SHRUBS/IEkACRE:
21069.57

74 108 119 49 73 165 70 315 45 167 136 117 63 59 81 105.35
73 121 47 138 115 69 82 137

57.46

Iv

(0
5

-4

-4
-4

0

c!

K.



Table 15. Rio Algom Sagebrush/Grassland South Shrub Density Summary.
Project Name: Rio Algom
Vegetation Type: Sagebrush/Grassland
Aria Name: South
Vegetation Parameter: Shrub Density T

SAMPLE NUMBER STANDARD 3{
CATEGORY/SPERS 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 MEAN DEVIATION

16 17 18 19 20 21 22 23 24 25 26 27 8 29 30

W Shrubs Y.

Artemisia frigida 1 9 8 2 7 1 10 7 0 0 0 2 13 7 1 2.47 3.67
103002000000000

Atriplexgardneri 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0.40 1.820 0 0 0 0 0 0 0 0 2 0 0 0 0 0"
Ceratoides lanata 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 00.7 0.810 3 0 0 0 0 0 0 3 0 0 0 0 0 0"-

Eriogonum sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.13 0.500 0 0 0 0 2 0 2 0 0 0 0 0 0 0
Gutierrezia sarothrae O 2 0 0 0 0 0 0 0 0 0 0 0 0 13 1,10 3.078 0 0 9 0 0 0 0 0 1 0 0 0 0 0
LeDtodactylon pungens 0 5 5 0 0 0 0 0 0 0 0 1 0 0 0 0.80 2.43

0 0 12 O 0 0 0 1 0 0 0 0 0 0 0

TOTAL HALF SHRUBS 1 16 13 2 7 1 10 7 0 0 2 3 13 7 24 5.17 5.98 1
9 3 15 9 0 4 0 3 3 3 0 0 0 0 0

Full Shrubs

Artemisiacana 0 0 2 0 0 0 0 0 0 0 0 2 0 0 0 0.73 3.24
0 0 0 0 0 18 0 0 0 0 0 0 0 0 0

Arteisiaý edatifida 0 0 0 10 0 0 14 0 0 0 2 0 0 0 16 9.70 23.78
0 0 0 0 96 0 0 0 13 65 0 75 0 0 0

Artemisia tridentata 106 35 14 52 23 142 118 57 91 91 29 44 91 12 75 66.93 38.45
118 50 63 83 IZ 41 99 38 150 69 95 0 50 70 90

Chrysothamnus nauseosus 0 2 0 2 0 0 0 0 0 0 0 0 0 0 0 0.13 0.50
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Chrysothamnus viscidiflorus 0 0 37 0 23 0 0 2 0 0 0 16 0 9 0 7.17 21.78
0 1 3 0 0 8 0 116 0 0 0 0 0 0 0

TOTAL FULL SHRUBS 106 37 53 64 46 142 132 59 91 91 31 62 91 21 91 84.67 35.65
118 51 66 83 108 67 99 154 163 134 95 75 50 70 90



TOTAL SHRUB DENSITY

TOTAL SHRUBS:
2695

TOTAL SHRUBS/HEOTACR&
17966.67

107 53 66 66 53 143 142 66 91 91 33 65 104 28 115 89,83 35.14
127 54 81 92 108 71 99 157 166 137 95 75 50 70 90

* s2~ ..)

.A

0 0



Table 16. Summary of Cover Sample Adequacy Calculations.

Computed
% Absolute Actual Adequate Confidence

Cover Sample Sample Computed Level
(x + 1 S.D.) Size Size Z-value Achieved

Total Vegetation Cover

NORTH
Grassland 40.53 + 11.18 30 25 N/A N/A
Sagebrush/ 40.17 + 10.37 24 22 N/A N/A

Grassland

SOUTH
Grassland 37.44 + 15.11 50 54 1.24 89.25
Sagebrush/ 37.07 + 10.55 30 27 N/A N/A

Grassland

Total Cover

NORTH
Grassland 67.53 + 13.52 30 16 N/A N/A
Sagebrush/ 79.08 + 7.37 24 3 N/A N/A

Grassland

SOUTH
Grassland 67.88 + 14.80 50 16 N/A N/A
Sagebrush/ 69.13 + 11.65 30 10 N/A N/A

Grassland

.7
4"~ \<~

C'%l

NOTE: Appropriate d and
Appendix A (March

Z values
1989).

determined by WDEQ, LQD, Rules and Regulations,



Al-ekTable 17. Summary of Production Sample Adequacy Calculations.

Computed
g/m2 Actual Adequate Confidence

Production Sample Sample Computed Level
(x + 1 S.D.) Size Size Z-value Achieved

NORTH
Grassland 47.28 + 19.19 50 6 N/A N/A
Sagebrush/ 35.10 + 15.74 23 8 N/A N/A

Grassland

SOUTH
Grassland 36.67 + 38.25 50 39 N/A N/A
Sagebrush/ 28.99 + 15.51 21 11 N/A N/A

Grassland

to',

r-.4

r-.4

NOTE: Appropriate d and
Appendix A (March

Z values
1989).

determined by WDEQ, LQD, Rules and Regulations,
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1
ThaIe P8-i. Vegetation type and land use acreages for the study area and thepermit area.

Study Area Permit Area
Description 2 Percent of 2 Percent of
(Map symbol) Acres Total Area Acres Total Area

Big Sagebrush (BS) 16587.7 86.5 22842.8 88.5

Upl.and Grassland (UG) 1-695.1 8.3 1.946.1 7.6

Bottornland - Stream (BE) 308.2 1.6 315.4 1.2

Playa (Bi) 10.9 0.1 35.5 0.1

Crested Wheatgrass (CW) 185.4 1.0 290.6 1.2

0

Disturbed Land (DL) 313.3 1.6 313.3 1.1

Other 3  65.4 0. 4 66.3 0.3

TOTAL 19166.0 100.0 25810.0 100.0

12 The total area used for cover and production sampling points.
To convert acres to hectares, divide by 2.471.
Includes reservoirs, dry streambed and abandoned homesteads.

(7
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The following 1 Drawing
specifically referenced
Appendix D8 Table of
Contents have been
processed into ADAMS.

These drawings can be
accessed within the ADAMS
package or by performing a
search on the
Document/Report Number.
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Photograph D8-1. Typical Sagebrush/grassland vegetation type
located in N½ Section 28 T36N R73W.

Photograph D8-2. Typical grassland vegetation type located in NA
Section 17 T36N R72W.
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Photograph D8-3. Typical drainage vegetation type located in S½
Section 21 T36N R73W.

Photograph D8-4. Typical agricultural land vegetation type located
in NWA Section 27 T36N R73W. Area is planted in mixed wheat
grasses for CRP purposes.
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