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APPENDIX D7
SOILS

1.0 SCOPE AND OBJECTIVES

This report presents information on the soils occurring on Power Resources Inc. doing business as
Cameco Resources (CR) North Butte permit area. The area has been previously surveyed, on a large
scale, by the U.S. Department of Agriculture, Soil Conservation Service (SCS), and, on a smaller scale,
by SCS personnel in 1978 and 1979. In order to bring the 1978-79 work up to current standards,
additional field work was initiated in 1988. The major objective of both site-specific studies was to define
the existing topsoil resource within the survey area and determine the extent, availability, and suitability
of soils material for use in reclamation.

This report has been divided into the following additional sections: METHODOLOGY - Review of
Existing Information; 1978-79 Soil Survey; 1988 Sail Survey; Soil Sampling, Description and Analysis;
Evaluation of Soil Suitability as a Plant Growth Medium in conjunction with quantitative soil analysis;
and Topsoil, Volume Calculations; RESULTS AND DISCUSSION -including prime farmland and a
summary of the features considered to be the most significant to the 1988 study, in conjunction with
previous work. Interpretations are based on the information in site-specific series descriptions and
mapping unit descriptions, as well as previously published data of the same or similar soils by the Soil
Conservation Service.

In October, 1992, Pathfinder incorporated into the permit boundary approximately 50 acres of adjacent
lands located along the southern border of the permit area's eastern arm. Soil boundaries for this area
added to Plate D7-1 were taken from soils mapping conducted by Cleveland Cliffs in 1978-79, which
covered an area larger than the current permit boundary. As no new soils groups occur within this area,
no changes have been made to the following sections.

- 2.0 METHODOLOGY
2.1  Review of Existing Literature

The soils of this portion of Campbell County have been mapped by the USDA Soil Conservation
Service. Although the soil survey has not been published, it is available in "open file form".

Additional soil mapping of the current permit area, with the exception of the proposed access road, was
conducted in 1978-79 by a consultant for Cleveland-Cliffs Iron Co. This.previous study was used as a
basis for the current field work and subsequent report.

2.2 Soil Survey

2.2.1 The 1978-79 Soil Survey

Methodology within this earlier study was in accordance with the standards of the National Cooperative
Soil Survey Program. Soils mapping involved the inventory of soil types on the survey area, defining

associations and series boundaries by photo-interpretation, and field survey and sampling. Field
verification included examination of physical characteristics of the soils to determine depth, color,
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texture, structure, horizon boundaries, and reaction (presence of lime and approximate pH). Soil
mapping unit boundaries were delineated on aerial photographs by SCS personnel and transferred to
an aerial photo composite of the permit area at a scale of 1"=500' and corrected for distortion (Plate
. D7-1).

Soil samples were collected during the summer of 1979 for analysis. As requested by Mr. Don
Crecilius, WDEQ, sample site locations were selected to adequately represent the soils of the area to
be disturbed and taken within those areas. Soil profiles were sampled and categorized in the spring and
early summer of 1979 and samples were analyzed according to the parameters outlined in the current
WDEQ Guideline | at the time.

Personal contact with SCS personnel, at the time of the earlier work, and follow-up chemical analysis
indicated no problems such as excessive salt concentration within the soils of the survey area.

Mapping unit descriptions and profile descriptions for fifteen points including four points sampled for
analysis were compiled for the 1978-79 work.

2.2.2 The 1988 Soil Survey

Refinement of the existing soil map in 1988 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 was used as a guide during all phases of
this latter work. '

A reconnaissance of the survey area was used to determine the validity of the previous 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
existing SCS data to determine which soils were likely to occur on specific landscape positions.

Following the reconnaissance survey, a higher intensity 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 survey area.

The soil boundaries were delineated on the 1"=500' scale photo base map (Plate D7-1). The previous
SCS data for the site was available throughout the field survey.

2.3 1988 Soil Sampling, Description, and Analysis

Per discussions with state personnel, all soils were sampled and described by exposing the solum with
a shovel and then sampling below this point with a bucket auger. The physical and, where possible,
chemical nature of each horizon within the sampled profile was described and recorded in the field
using standard SCS survey techniques. The sampling site was marked in the field with a numbered
stake, and its location and number were plotted on the field map. The sampled soil material was placed
in clean, labeled, polyethylene plastic bags, and was kept cool and as dry as possible to limit chemical
changes. At the end of the sampling program, the samples were transported to Energy Laboratories in
Casper for shipment to Billings. '
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A total of 17 sites were sampled in 1988 for analysis and corresponding soil profile descriptions written.
This additional sampling and profile description would supplement the 1978-79 sampling and profile
descriptions. Soil mapping unit designations and associated acreages are presented in Table D7-1.
Soil analysis methods used for this soil sampling program are provided in Attachment D7-1.

2.4 Evaluation of Soil Suitability as a Plant Growth Medium
Refer to discussion within 1988 individual profile descriptions.

2.5 Topsoil Volume Calculations
Refer to Table D7-2.

2.6 1988 Project Participants

Westem Environmental, Inc. performed the 1988 soil survey field work and compiled that information
and analysis received from Uranerz. All soil analysis was handled under separate contract by Uranerz.

The soils map associated with this work was submitted to Uranerz for drafting.

3.0 RESULTS AND DISCUSSION

3.1  Soil Survey
3.3.1 The 1978-79 Soil Survey
No general discussion.

3.3.2 The 1988 Soil Survey

The soils occurring on the proposed North Butte permit 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 soils have developed with light-colored surfaces. Subsoil color is usually light
brown or yellowish brown.

The greatest propottion of the upland soils of the survey area are residual (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. Heavy clay soils are underlain by clayey shale. Depending primarily on the

parent material from which the soils have formed, these soils vary widely in both depth and suitability of
the material for topsoiling.

Stream channels of the survey area are characterized by alluvial soils such as the Kishona (Kim)
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 fair amount
of organic matter.
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3.2 Soil Sampling and Analysis
3.2.1 The 1978-79 Soil Survey
Applicable mapping unit descriptions and profile descriptions are provided.

3.2.2 The 1988 Soil Survey

As can be seen in the 1988 profile descriptions and analysis, several of the pH's within the soils
sampled were slightly lower than that normally found in the specified soil series. These lower pH values
are likely results of geologic conditions within the survey area.

Lab analysis of the 1988 soil samples did not include percent fine sands. This made detailed
differentiation between series partially dependent on this value somewhat difficult. However, based on
field observations of fine sands within individual peds as well as topographic position and overall lab
texture, series designation was determined.

Silt content of some of the samples was higher than expected with the resultant lab textures not
specifically matching field textures. Since many of the differences were related to clay content, it is
assumed total dispersion of the soil sample may not have been attained.

The sampled Shingle turned out to have higher clay content than that normally defined for the series.
Therefore, the sample was labeled Samday (Samsil) and the report adjusted accordingly.

No prime farmland was indicated within the North Butte permit area.

4.0 MAPPING UNIT DESCRIPTIONS
Unit BO Bowbac sandy loam

The Bowbac sandy loam map unit consists of gently sloping to moderately steep, well-drained soils that
formed in slopewash alluvium and residuum derived primarily from sandstone. Slopes range from 6 to
15 percent. The vegetation consists of various grasses and big sagebrush.

Included in this unit are small areas of Cushman clay loam. These inclusions compriSe less than 10
percent of the total acreage within this mapping unit.

Within individual profiles, permeability is moderately rapid, and the available water capacity is
moderate. The effective rooting depth is 20 to 40 inches.

These soils are used primarily for range.

Unit 75/BC Cushman loam

The Cushman loam map unit consists of sloping and moderately steep, well-drained soils that formed
in residuum weathered from loamstone on uplands. Slopes range from 3 to 10 percent. The vegetation
consists of various grasses, big sagebrush, and cactus.
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Included in this unit are small areas of Parmleed clay loam. These inclusions comprise less than 5
percent of the total acreage within this mapping unit.

Within individual profiles, permeability is moderately rapid, and the available water capacity is low to
moderate. The effective rooting depth is 20 to 40 inches. '

These soils are used for range and wildlife habitat.

Unit KI/AB Kishona loam

The Kishona loam map unit consists of nearly level, well-drained soils that formed in aliuvium on alluvial
fans and old terraces. Slopes range from 0 to 6 percent. The vegetation consists of various grasses, big
sagebrush, and cactus.

Included in this unit are small areas of Zigweid loam and Shingle clay loam. These
inclusions comprise less than 10 percent of the total acreage within this mapping unit.

Within individual profiles, permeability is moderately rapid, and the available water capacity is moderate
to high. The effective rooting depth is more than 60 inches.

These soils are used for range and wildlife habitat.

Unit PA Parmleed clay loam

The Parmleed clay loam map unit consists of nearly level to moderately steep, well-drained soils that
formed in residuum weathered from loamstone and shale on the lower parts of rolling uplands. Slopes
range from 6 to 10 percent. The vegetation consists of various grasses, cactus, and big sagebrush.

Included in this unit are small areas of Cushman clay loam and Renohill loam. These inclusions
comprise less than 10 percent of the total acreage within this mapping unit.

Within individual profiles, permeability is slow, and the available water capacity is high. The effective
rooting depth is 20 to 40 inches.

These soils are used primarily for range.

Unit Re/C Renohill loam

The Renohill loam map unit consists of nearly level to moderately steep, well-drained soils that formed
in residuum weathered from shale on upland ridges and hillsides. Slopes range from 6 to 14 percent.
The vegetation consists of big sagebrush and various grasses.

Included in this unit are small areas of Parmleed clay loam and Cushman clay loam. These inclusions
comprise less than 15 percent of the total acreage within this mapping unit.

Within individual profiles, permeability is slow, and the available water capacity is moderate. The
effective rooting depth is 20 to 40 inches.
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These soils are used for range and wildiife habitat.

Unit SH Shingle clay loam

The Shingle clay loam map unit consists of gently sloping to steep, well-drained soils that formed in
residuum derived from sandstone and loamstone on ridgetops and hillsides. Slopes range from 3 to 30
percent. The vegetation consists of various grasses and upland sedges.

Included in this unit are small areas of Cushman clay loam, Theedle loam, Kishona loam, and Zigweid
loam. These inclusions comprise less than 20 percent of the total acreage within this mapping unit.

Within individual profiles, permeability is moderately rapid to slow, and the available water capacity is
low. The effective rooting depth is 6 to 18 inches.

These soils are used primarily for range.

Unit SH-G Shingle clay loam, gullied

The Shingle, gullied map unit consists of shallow, well drained, medium to fine-textured soils that
formed in sediments of the Fort Union and Wasatch formations. They occur as actively eroding gullies
in uplands which produce extremely steep and moderately steep topography. The vegetation consists
of scattered grasses and shrubs.

Included in this unit are small areas of Theedle loam and Kishona loam. These inclusions comprise
less than 20 percent of the total acreage within this mapping unit.

Within individual profiles, permeability is slow to moderate, and available water capacity is low to
moderate. The effective rooting depth is 10 to 20 inches on the shallow sites.

These soils are used for rangeland and wildlife habitat.

Unit TA Taluce sandy loam

The Taluce sandy loam map unit consists of moderately steep to steep, excessively-drained soils that
formed in residuum weathered from sandstone on ridges. Slopes range from 15 to 40 percent. The
vegetation consists of various grasses, upland edges, and cactus.

Included in this unit are small areas of Turnercrest loam, Bowbac sandy loam, Terro sandy loam and
Shingle clay loam. These inclusions comprise less than 20 percent of the total acreage within this

mapping unit..

Within individual profiles, permeability is moderately rapid, and the available water capacity is low. The
effective rooting depth is 6 to 18 inches.

These soils are used for range and wildlife habitat.
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Unit TE Terro sandy loam

The Terro sandy loam map unit consists of gently sloping to moderately steep, well-drained soils that
formed in residuum derived primarily from sandstone. Slopes range from 6 to 15 percent. The
vegetation consists of various grasses and upland sedges.

Included in this unit are small areas of Bowbac sandy loam, Turnercrest loam, and Taluce sandy loam.
These inclusions comprise less than 10 percent of the total acreage within this mapping unit.

Within individual profiles, permeability is rapid, and the available water capacity is moderate to low. The
effective rooting depth is 20 to 40 inches.

These soils are used primarily for range.

Unit TH Theedie loam

The Theedie loam map unit consists of sloping and moderately steep, well-drained soils that formed in
residuum weathered from loamstone on uplands. Slopes range from 3 to 15 percent. The vegetation
consists of various grasses, big sagebrush, and cactus.

Included in this unit are small areas of Shingle clay loam and Cushman clay loam. These inclusions
comprise less than 10 percent of the total acreage within this mapping unit.

Within individual profiles, permeability is moderately rapid, and the available water capacity is low to
moderate. The effective rooting depth is 20 to 40 inches.

These soils are used for range and wildlife habitat.

Unit TUR Turnercrest loam

The Turnercrest loam map unit consists of gently sloping to moderately steep, well-drained soils that
formed in eolian deposits and residuum derived primarily from sandstone. Slopes range from 3 to 10
percent. The vegetation consists of various grasses and upland sedges.

Included in this unit are small areas of Bowbac sandy loam, Taluce sandy loam, and Terro sandy loam.
These inclusions comptise less than |0 percent of the total acreage within this mapping unit.

-Within individual profiles, permeability is rapid, and the available water capacity is low to moderate. The

effective rooting depth is 20 to 40 inches.
These soils are used primarily for range.

Unit Zn/B Zigweid loam

The Zigweid loam map unit consists of nearly level, well-drained soils that formed in alluvium derived
from sandstone and loamstone on alluvial fans. Slopes range from 3 to 6 percent. The vegetation
consists of various grasses.
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Included in this unit are small areas of Kishona loam. These inclusions comprise less than 10 percent
of the total acreage within this mapping unit. ‘

Within individual profiles, permeability is moderately rapid, and the available water capacity is high. The
effective rooting depth is more than 60 inches.

These soils are used for range and wildlife habitat.

5.0 1988 SOIL PROFILE DESCRIPTIONS

Bidman
Unit 354 AB Uim-Bidman association, gently sloping

Unit 50/AB Bidman clay loam, 0 to 6 percent slopes

The Bidman series is a member of the fine, montmorillonitic, mesic family of Ustollic Paleargids.
Typically, Sidman soils have very friable, medium granular, slightly acid E horizons resting abruptly on
fine textured Bt horizons having prismatic and angular blocky structure, and fine to medium-textured Bk
horizons in which secondary calcium carbonate has accumulated.

Description of Typical Profile

A typical example of the Bidman series was described and sampled for chemical analysis
approximately 2150 feet east of the west section line of Section 25 and 4060 feet south of the north
section line of Section 25, Township 44 North, Range 76 West (Sample Point No. 88-1).

E 0 to 3 inches. Light brownish gray (10YR 6/2) clay loam, dark grayish brown (10YR 4/2) moist;
weak, thin, platy structure parting to very fine granular; soft, very friable; mildly alkaline (pH 7.4);
abrupt, smooth boundary.

Bt 3 to 20 inches. Brown (IOYR 5/3) silty clay, dark brown (IOYR 4/3) moist; strong, medium,
prismatic structure parting to strong, medium, angular blocky; hard, firm, very sticky and very
plastic; mildly alkaline (pH 7.5); clear, wavy boundary.

Btk 20 to 36 inches. Light yellowish-brown (2.5Y 6/3) silty clay, light olive brown (2.5Y 5/3) moist;
weak, coarse, prismatic structure parting to moderate, coarse, angular and subangular blocky;
hard, very friable, sticky and plastic; mildly alkaline; gradual, wavy boundary.

Bk1 36 to 40 inches. Light olive-brown (2.5Y 5/3) silty clay, olive brown (2.5Y 4/3) moist; massive;
hard, very friable; sticky and slightly plastic; mildly alkaline; gradual, wavy boundary.

Bk2 40 to 60 inches. Light olive-brown (2.5Y 5/3) clay loam, olive brown (2.5Y 4/3) moist; massive;
hard, very friable; mildly alkaline; slightly sticky and slightly plastic; mildly alkaline (pH 7.4).
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Range of Characteristics on the Survey Area

Depth to calcareous material was greater than that normally found in the series.

Silt content of the 3 to 20 inch and 20 to 40 inch intervals is within or barely exceeding the upper range
for the series and may not be typical throughout the survey area.

Reaction of the E horizon is slightly higher than that generally found in the series. Reaction of the Bk
horizons is lower than that generally found in the series.

Depth of Material Appearing Suitable for Topsoil

Depth of material appearing suitable on the survey area for the Bidman series ranged from 45 inches to
60 inches, but average depth of material appearing suitable for the series was approximately 60 inches.

Bowbac
Unit BO Bowbac sandy loam, 6 to 15 percent slopes

The Bowbac series is a member of the fine-loamy, mixed, mesic family of Ustollic Haplargids. Typically,
Bowbac soils have very friable granular A horizons, moderately weil developed Bt horizons with
prismatic structure that when disturbed break to subangular blocks, and medium-textured Bk horizons
in which secondary calcium carbonate has accumulated underlain with soft, calcareous sandstone.

Description of Typical Profile

A typical example of the Bowbac series was described and sampled for chemical analysis
approximately 1850 feet east of the west section line of Section 13 and 140 feet north of the south
section line of section 13, Township 44 North, Range 76 West (Sample Point No. 88-9).

A 0 to 3 inches. Brown (10YR 5/3) sandy loam, dark brown (10YR 4/3) moist; moderate, coarse,
granular structure; slightly hard, friable, slightly sticky and slightly plastic; medium acid; clear,
smooth boundary.

AB  3to 6 inches. Brown (10YR 5/3) sandy loam, dark brown (10YR 4/3) moist; moderate, coarse,
granular structure; slightly hard, friable, slightly sticky and slightly plastic; medium acid; clear,
smooth boundary.

Bt 6 to 12 inches. Brown (10YR 5/3) sandy clay loam, dark brown (10YR 4/3) moist; moderate,
coarse, prismatic structure parting to moderate medium and coarse subangular blocky; very
hard, firm, sticky and plastic; neutral; clear, smooth boundary.

Btk 12 to 14 inches. Pale-brown (10YR 6/3) san"dy clay loam, brown (10YR 5/3) moist; weak,
medium, subangular blocky structure; hard, firm, slightly sticky and slightly plastic; mildly
alkaline; clear, smooth boundary.
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Bk 14 to 36 inches. Pale brown (10YR 6/3) sandy clay loam, brown (10YR 5/3) moist; massive;
slightly hard, friable, slightly sticky and slightly plastic; mildly alkaline (ph 7.7); abrupt, wavy .
boundary.

Cr 36 inches plus. Soft, calcareous sandstone.

Range of Characteristics on the Survey Area

Depth to paralithic contact varied from 24 to 39 inches.
Reaction of the A horizon is lower than that generally found in the series.

Depth of Material Appearing Suitable for Topsolil

Depth of material appearing suitable on the survey area for the Bowbac series was approximately 36
inches.

Cushman
Unit 75/BC Cushman loam, 3 to 10 percent slopes

The Cushman series is a member of the fine-loamy, mixed, mesic family of Ustollic Haplargids.
Typically, Cushman soils have very friable granular A horizons, Bt horizons with prismatic structure that
when disturbed break to angular and subangular blocks, and medium-textured, calcareous Bk horizons
underlain with stratified calcareous shales and loamstone. '

Description of Typical Profile

A typical example of the Cushman series was described and sampled for chemical analysis
approximately 575 feet east of the west section line of Section 25 and 275 feet south of the north
section line of Section 25, Township 44 North, Range 76 West (Sample Point No. 88-3).

A 0 to 3 inches. Light brownish gray (10YR 6/2) loam, dark grayish brown (10YR 4/2) moist; weak,
thin, platy structure parting to moderate, medium, crumb; soft, very friable; slightly sticky and
slightly plastic; neutral; clear, smooth boundary.

AB 3 to 6 inches. Brown (10YR 5/3) loam, dark brown (I0YR 4/3) moist; moderate, medium,
granular structure; soft, friable, slightly sticky and slightly plastic; neutral; clear, smooth
boundary. )

Bt 6 to 22 inches. Brown (10YR 5/3) clay loam, dark brown (10YR 4/3) moist; strong, medium,
prismatic structure parting to moderate, medium, subangular blocky; slightly hard, friable, sticky
and plastic; neutral; clear, smooth boundary.
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Btk 22 to 26 inches. Pale brown (I0YR 6/3) clay loam, yellowish-brown (10YR 5/4) moist; moderate,
medium, subangular blocky; slightly hard, friable, slightly sticky and slightly plastic; mildly
alkaline; clear, smooth boundary.

Bk1 26 to 28 inches. Pale brown (10YR 6/3) loam, yellowish-brown (10YR 5/4) moist; massive; hard,
friable, slightly sticky and slightly plastic; mildly alkaline; gradual, wavy boundary.

Bk2 28 to 36 inches. Pale brown (10YR 6/3) loam, brown (10YR 5/3) moist;
massive; hard, friable, slightly sticky and slightly plastic; mildly alkaline.

Cr 36 inches plus. Weathered, calcareous shales.

Range of Characteristics on the Survey Area

Depth to paralithic contact ranged from 24 inches to 39 inches.
Reaction of the B horizons is lower than that generally found in the series.

Depth of Material Appearing Suitable for Topsoil

Depth of material appearing suitable on the survey area for the Cushman series ranged from 24 to 39
inches, but average depth of material appearing suitable for topsoil was approximately 36 inches.

Forkwood (formerly Fort Collins)
Unit b45/AB Forkwood loam, 0 to 6 percent slopes

The Forkwood series is a member of the fine-loamy, mixed, mesic family of Ustollic Haplargids.
Typically, Forkwood soils have friable granular A horizons, Bt horizons with prismatic structure that
when disturbed break to subangular blocks, and medium-textured Bk horizons in which secondary
calcium carbonate has accumulated.

Description of Typical Profile

A typical example of the Forkwood series was described and sampled for chemical analysis
approximately 2850 feet east of the west section line of Section 24 and 2350 feet north of the south
section line of Section 24, Township 44 North, Range 76 West (Sample Point No. 88-6).

A 0 to 5 inches. Light brownish gray (10YR 6/2) loam, dark grayish brown (10YR 4/2) moist;
moderate, fine, granular structure; soft, very friable, non-sticky and nonplastic; slightly acid (pH
6.2); clear, smooth boundary. -

Bt1 5 to 8inches. Grayish-brown (10YR 5/2) loam, dark grayish brown (10YR 4/2) moist; moderate,
-fine subangular blocky structure; slightly hard, friable, slightly sticky and slightly plastic; slightly
acid; clear, smooth boundary.
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Bt2 8 to 26 inches. Brown (10YR 5/3) loam, dark brown (10YR 4/3) moist; weak, medium,
subangular blocky; slightly hard, firm, slightly sticky and slightly plastic; slightly acid; clear,
smooth boundary.

Btk 26 to 30 inches. Pale-brown (IOYR 6/3) loam, brown (10YR 5/3) moist; weak, coarse,
subangular blocky structure; loose, friable, slightly sticky and nonplastic; mildly alkaline; clear,
smooth boundary.

Bk1 30 to 48 inches. Pale-brown (I0YR 6/3) loam, brown (I0YR 5/3) moist; massive; loose, friable,
nonsticky and nonplastic; mildly alkaline; gradual, wavy boundary.

Bk2 48 to 60 inches. Light brownish gray (2.5Y 6/2) sandy loam, dark grayish brown (2.5Y 4/2)
moist; massive; loose, very friable, nonsticky and nonplastic; mildly alkaline (pH 7.7).

Range of Characteristics on the Survey Area

Depth to paralithic ranged from 41 inches to greater than 60 inches.
Reaction throughout the profile is lower than that generally found in the series.

Depth of Material Appearing Suitable for Topsoil

Average depth of material appearing suitable for the Forkwood series was greater than 60 inches.

Forkwood (formerly Fort Collins)
Unit b45/AB Forkwood loam, 0 to 6 percent slopes

The Forkwood series is a member of the fine-loamy, mixed, mesic family of Ustollic Haplargids.
Typically, Forkwood soils have friable granular A horizons, Bt horizons with prismatic structure that
when disturbed break to subangular blocks, and medium-textured Bk horizons in which secondary
calcium carbonate has accumulated.

Description of Typical Profile

A typical example of the Forkwood series was described and sampled for chemical analysis
approximately 2050 feet west of the east section line of Section 24 and 2350 feet south of the north
section line of Section 24, Township 44 North, Range 76 West (Sample Point No. 88-13).

A 0 to 4 inches. Light brownish gray (10YR 6/2) loam, dark grayish (10YR 4/2) moist; moderate,
fine, granular structure; soft, very friable, non-sticky and nonplastic; medium acid; clear, smooth
boundary. '

AB 4 to 6 inches. Grayish-brown (10YR 5/2) loam, dark grayish brown (10YR 4/2) moist; moderate,
fine, granular structure; soft, friable, slightly sticky and nonplastic; medium acid; clear, smooth
boundary.
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Bt 6 to 18 inches. Grayish-brown (10YR 5/2) sandy clay loam, dark grayish brown (10YR 4/2)
moist; strong, medium prismatic structure parting to moderate, coarse subangular blocky; hard,
firm, slightly sticky and slightly plastic; slightly acid; clear, smooth boundary.

BC 18 to 22 inches. Brown (10YR 5/3) sandy clay loam, dark brown (10YR 4/3) moist; weak,
medium, subangular blocky; slightly hard, firm, slightly sticky and slightly plastic; slightly acid;
clear, wavy boundary.

C1 22 to 30 inches. Pale-brown (10YR 6/3) sandy clay loam, brown (10YR 5/3) moist; massive;
hard, firm, slightly sticky and slightly plastic; neutral; clear, smooth boundary.

C2 30 to 41 inches. Light brownish gray (10YR 6/2) sandy clay loam, brown (10YR 5/3) moist;
massive; hard, friable, slightly sticky and slightly plastic; mildly alkaline.

Range of Characteristics on the Survey Area

Depth to paralithic ranged from 41 inches to greater than 60 inches.
Reaction throughout the profile is lower than that generally found in the series.

Depth of Material Appearing Suitable for Topsoil

Average depth of material appearing suitable for the Forkwood series was greater than 60 inches.

Hiland (formerly Olney)
Unit a62/AB Hiland loam, O to 6 percent slopes

The Hiland series is a member of the fine-loamy, mixed, mesic family of Ustollic Haplargids. Typically,
Hiland soils have friable granular noncalcareous A horizons, moderately well developed Bt horizons
with prismatic structure, medium to coarse-textured Bk horizons in which secondary calcium carbonate
has accumulated, and medium to coarse-textured C horizons.

Description of Typical Profile

A typical example of the Hiland series was described and sampled for chemical analysis approximately
2125 feet east of the west section line of Section 24 and 75 feet north of the south section line of
Section 24, Township 44 North, Range 76 West (Sample Point No. 88-4).

A 0 to 6 inches. Grayish brown (10YR 5/2) ioam, dark grayish brown (10YR 4/2) rhoist; weak, fine,
granular structure; soft, very friable, nonsticky and nonplastic; neutral (pH 6.9); clear, smooth
boundary.

Bt1 6 to 17 inches. Light yellowish-brown (10YR 6/4) clay loam, yellowish brown (10YR 5/4) moist;
moderate, medium, prismatic structure parting to moderate, medium, angular blocky structure;
slightly hard, friable, slightly sticky and slightly plastic; neutral; clear, wavy boundary.
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Bt2 17 to 19 inches. Light yellowish-brown (10YR 6/4) clay loam, yellowish brown (10YR 5/4) moist;
moderate, medium subangular blocky structure; slightly hard, friable, slightly sticky and slightly
plastic; neutral; clear, wavy boundary.

Bk1 9to 42 inches. Very pale brown (10YR 7/3) loam, pale brown (IOR 6/3) moist; massive; slightly
hard, friable, slightly sticky and nonplastic; mildly alkaline (pH 7.7); gradual, wavy boundary.

Bk2 42 to 60 inches. Pale-brown (10YR 6/3) loam, brown (10YR 5/3) moist; massive; soft, very
friable, nonsticky and nonplastic; mildly alkaline (pH 7.7).

Range of Characteristics on the Survey Area

Within the Bt horizon at this location, the percent of clay was slightly over the range for a fine-loamy
family. Overall, this sample was heavier than that normally found in the series.

Depth of Material Appearing Suitable for Topsoil

Depth of material appearing suitable on the survey area for the Hiland series was greater than 60
inches.

Hiland (formerly Olney)
Unit a62/AB Hiland loam, 0 to 6 percent slopes

The Hiland series is a member of the fine-loamy, mixed, mesic family of Ustollic Haplargids. Typically,
Hiland soils have friable granular noncalcareous A horizons, moderately well developed Bt horizons
with prismatic structure, medium to coarse-textured Bk horizons in which secondary calcium carbonate
has accumulated, and medium to coarse-textured C horizons.

Description of Typical Profile

A typical example of the Hiland series was described and sampled for chemical analysis approximately
2350 feet east of the west section line of Section 24 and 2350 feet south of the north section line of
Section 24, Township 44 North, Range 76 West (Sample Point No. 88-7).

A 0 to 7 inches. Grayish brown (10YR 5/2) loam, dark grayish brown (10YR 4/2) moist; weak, fine,
granular structure; soft, very friable, nonsticky lan nonplastic; medium acid (pH 5.8); clear,
smooth boundary. '

Bt 7 to 24 inches. Light yellowish-brown (10YR 6/4) loam, yellowish brown (10YR 5/4) moist;
moderate, medium prismatic structure parting to moderate, medium subangular blocky; hard,
firm, slightly sticky and slightly plastic; medium acid (pH 5.9); clear, wavy boundary.

C1 24 to 42 inches. Very paje brown (10YR 7/3) loam, pale brown (10YR 6/3) moist; massive;
slightly hard, firm, slightly sticky and slightly plastic; neutral (pH 6.7); clear, wavy boundary.
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C2 42 to 48 inches. Light brownish gray (10YR 6/2) loam, brown (IOYR 5/3) moist; massive; hard,
friable, slightly sticky and slightly plastic; mildly alkaline; clear, wavy boundary.

Ck2 48 to 60 inches. Light gray (10YR 7/2) loam, light brownish gray (10YR 6/2) moist; massive;
hard, friable, slightly sticky and slightly plastic; mildly alkaline. ‘

Range of Characteristics on the Survey Area

Surface pH values were generally lower than that found within the series. In addition, the clay content of
the Bt is on the lower end of the range for the series.

Depth of Material Appearing Suitable for Topsoil

Average depth of material appearing suitable for the Hiland series was greater than 60 inches.

Kishona (formerly Kim)
Unit KI/AB Kishona loam, 0 to 6 percent slopes

The Kishona series is a member of the fine-loamy; mixed, calcareous, mesic family of Ustic
Torriorthents. Typically, Kishona soils have friable granular A horizons, weak subangular blocky Bk
horizons, and fine to medium-textured, massive C horizons.

Description of Typical Profile

A typical example of the Kishona series was described and sampled for chemical analysis
approximately 2400 feet west of the east section line of Section 24 and 1900 feet north of the south
section line of Section 24, Township 44 North, Range 76 West (Sample Point No. 88-12).

A 0 to 3 inches. Light brownish-gray (10YR 6/2) loam, dark grayish brown (10YR 4/2) moist; weak,
fine, granular structure; slightly hard, friable, non-sticky and nonplastic; medium acid (pH 5.6);
clear, wavy boundary.

Bk 3to 15 inches. Yellowish brown (10YR 5/4) loam, dark yellowish brown (10YR 4/4) moist; weak,
coarse, subangular blocky structure; slightly hard, friable, nonsticky and slightly plastic; medium
acid (pH 5.8); gradual, wavy boundary.

C1 15 to 30 inches. Yellowish brown (10YR 5/4) loam, dark yellowish brown (10YR 4/4) moist;
massive; slightly hard, friable, nonsticky and nonplastic; medium acid (pH 6.0); clear, smooth
boundary.

C2 30 to 48 inches. Yellowish brown (10YR 5/4) loam, dark yellowish brown (10YR 4/4) moist;

massive; firm, friable, nonsticky and nonplastic; slightly acid (pH 6.5); clear smooth boundary.

C2 48 to 60 inches. Yellowish brown (10YR 5/4) loam, dark yellowish brown (10YR 4/4) moist;
massive; firm, friable, nonsticky and nonplastic; neutral (pH 6.7).
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Range of Characteristics on the Survey Area

Reaction throughout the profile is lower than that generally found in the series.

Depth of Material Appearing Suitable for Topsoil

Depth of material appearing suitable on the survey area for the Kishona series was greater than 60
inches. '

Parmleed (formerly Briggsdale)

Unit PA Parmieed clay loam, 6 to 10 percent slopes

The Parmleed series is a member of the fine, montmorillonitic, mesic family of Ustollic Paleargids.
Typically, Parmieed soils have friable granular A or E horizons, Bt horizons with strong prismatic
structure, and fine-textured Bk horizons in which secondary calcium carbonate has accumulated. They
overlie interbedded shale at depths between 20 and 40 inches.

Description of Typical Profile

A typical example of the Parmleed series was described and sampled for chemical analysis
approximately 1910 feet west of the east section line of Section 13 and 225 feet north of the south
section line of Section 13, Township 44 North, Range 76 West (Sample Point No. 88-16).

E 0 to 3 inches. Light brownish-gray (10YR 6/2) clay loam, dark grayish brown (10YR 4/2) moist;
weak, thin, platy structure parting to fine granular; soft, very friable; medium acid (pH 6.0);
abrupt, smooth boundary. v

Bt 3 to 15 inches. Dark brown (7.5YR 4/2) clay loam, dark brown (7.5YR 3/2) moist; weak,
medium, pristhatic structure parting to moderate, medium, subangular blocky; hard, firm, sticky
and plastic; slightly acid; clear, wavy boundary.

Btk 15 to 18 inches. Brown (10YR 5/3) clay loam, dark-brown (10YR 4/3) moist; moderate, coarse,
subangular blocky; hard, friable; mildly alkaline; gradual, wavy boundary.

Bk1 18 to 21 inches. Brown (10YR 5/3) clay loam, dark-brown (10YR 4/3) moist; massive; hard,
friable; mildly atkaline; gradual, wavy boundary.

Bk2 21 to 30 inches. Light brownish gray (I0OYR 6/2) clay loam, dark grayish brown (10YR 4/2) moist;
massive; hard, very friable; mildly alkaline.

Range of Characteristics on the Survey Area
Depth to paralithic contact ranged from 26 to 37 inches.

Texture of the E horizon is heavier than that generally found in the series and may represent past
erosion of this layer at this particular sample site. ’
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Reaction of the E and Bt horizons is lower than that generally found in the series.

Depth of Material Appearing Suitable for Topsoil

Depth of material appearing suitable on the survey area for the Parmleed ranged from 26 inches to 37
inches, but average depth of material appearing suitable for the series was approximately 36 inches.

Parmleed (formerly Briggsdale)

Unit PA Parmleed clay loam, 6 to 10 percent slopes

The Parmileed series is a member of the fine, montmorillonitic, mesic family of Ustollic Paleargids.
Typically, Parmleed soils have friable granular A or E horizons, Bt horizons with strong prismatic

structure, and fine-textured Bk horizons in which secondary calcium carbonate has accumulated. They
overlie interbedded shale at depths between 20 and 40 inches.

Description of Typical Profile

A typical example of the Parmileed series was described and sampled for chemical analysis
approximately 2200 feet west of the east section line of Section 24 and 2000 feet north of the south
section line of Section 24, Township 44 North, Range 76 West (Sample Point No. 88-11).

A 0 to 4 inches. Light brownish gray (10YR 6/2) loam, dark grayish brown (10YR 4/2) moist;
moderate, medium, granular structure; soft, friable; slightly sticky and slightly plastic; very
strongly acid (pH 5.0); clear, smooth boundary.

Bt1 4 to 7 inches. Brown (10YR 5/3) clay loam, dark brown (IOYR 3/3) moist, weak, medium,
prismatic structure parting to moderate medium subangular blocky; slightly hard, friable, sticky
and plastic; slightly acid; clear, smooth boundary.

Bt2 7 to 14 inches. Brown (10YR 5/3) clay loam, dark brown (10YR 3/3) moist; strong, medium,
prismatic structure parting to moderate, medium, subangular blocky; hard, firm, sticky and
plastic; slightly acid; clear, smooth boundary.

Bt3 14 to 17 inches. Pale brown (10YR 6/3) clay loam, brown (10YR 5/3) moist; weak, medium,
subangular blocky; slightly hard, friable, slightly sticky and slightly plastic; slightly acid; clear,
smooth boundary.

Bk 17 to 30 inches. Pale brown (10YR 6/3) clay loam, yellowish-brown (10YR 5/4) moist; massive;
hard, friable, slightly sticky and slightly plastic; mildly alkaline (pH 7.5); gradual, wavy boundary.

Cr 30 inches plus. Weathered calcareous shale and loamstone and fragments.

Range of Characteristics on the Survey Area

Depth of paralithic contact ranged from 24 inches to 39 inches.
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This sample point represents a Parmieed inclusion within an area mapped as Cushman.

Depth of Material Appearing Suitable for Topsoil

Depth of material appearing suitable on the survey area for the Parmleed series ranged from 26 to 37
inches, but average depth of material appearing suitable for topsoil was approximately 36 inches.

Renohill

Unit Re/C Renohill clay, 6 to 14 percent slopes

The Renohill series is a member of the fine, montmorillonitic, mesic family of Ustoflic Haplargids.
Typically, Renohill soils have friable granular A horizons, Bt horizons with prismatic to blocky structure,

and moderately fine to fine textured calcareous Bk horizons in which secondary calcium carbonate has
accumulated. Sub-stratums of sedimentary bedrock generally occur greater than 40 inches.

Description of Typical Profile

A typical example of the Renohill series was described and sampled for chemical analysis
approximately 590 feet west of the east section line of Section 13 and 1650 feet north of the south
section line of Section 13, Township 44 North, Range 76 West (Sample Point No. 88-17).

A 0 to 3 inches. Light brownish gray (10YR 6/2) clay, dark grayish brown (10YR 4/2) moist; strong,
fine, granular structure; soft, very friable, sticky and plastic; slightly acid (pH 6.2); clear, smooth
boundary.

Bt 3 to 11 inches. Grayish-brown (2.5Y 5/2) clay (field estimate texture), dark grayish-brown (2.5Y
4/2) moist, moderate, medium, prismatic structure parting to moderate, medium angular blocky;
hard, friable, very sticky and very plastic; neutral (pH 7.2); gradual, wavy boundary.

Btk 11 to 15 inches. Light yellowish-brown (2.5Y 6/3) clay loam (field estimate texture), light olive-
brown (2.5Y 5/3) moist; weak, coarse, subangular blocky structure; hard, firm, plastic; mildly
alkaline; gradual, smooth boundary.

Bk 15 to 23 inches. Light yellowish-brown (2.5Y 6/3) clay loam (field estimate texture), light olive-
brown (2.5Y 5/3) moist; massive; very hard, firm; mildly alkaline.

C 23 to 30 inches. Light yellowish-brown (2.5Y 6/3) clay loam (field estimate texture), light olive-
brown (2.5Y 5/3) moist; some shale fragments; massive; slightly hard, friable, slightly sticky;
moderately alkaline.

Cr 30 inches plus. Soft, calcareous shale.

Range of Characteristics on the Survey Area

Depth to bedrock ranged from 24 to 38 inches.
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Reaction of the A and B horizons is lower than that generally found in the series. Texture of the A
horizon is heavier than that generally found in the series but may be a result of minor surface erosion at
the sample site.

Depth of Material Appearing Suitable for Topsoil

Depth of material appearing suitable on the survey area for the Renohill sefies was approximately 30
inches.

Samday* (formerly Samsil)
Unit SM Samday silty clay, 3 to 30 percent slopes

The Samday series is a member of the clayey, montmoriflonitic, calcareous, mesic, shallow family of
Ustic Torriorthents. Typically, Samday soils have friable platy A horizons with fine textured transitional
layers that grade to unweathered shale at shallow depths.

Description of Typical Profile

A typical example of the Samday series was described and sampled for chemical analysis
approximately 410 feet west of the east section line of Section 13 and 1470 feet north of the south
section line of Section 13, Township 44 North, Range 76 West (Sample Point No. 88-15).

A 0 to 3 inches. Grayish-brown (2.5Y 5/2) silty clay, dark grayish-brown (2.5Y 4/2) moist;
moderate, medium, platy structure parting to weak, fine granular structure; soft, very friable,
slightly sticky and slightly plastic; slightly acid (pH 6.4); clear, smooth boundary.

Ck 3 to 13 inches. Light yellowish-brown (2.5Y 6/4) silty clay, light olive brown (2.5Y 5/4) moist;
massive structure; hard, firm; neutral (pH 7.0); gradual, wavy boundary.

Cr 13 inches plus. Yellowish-gray, calcareous shale.
* Shingle Unit SH

Range of Characteristics on the Survey Area

Depth to bedrock ranged from 5 to 18 inches.
Reaction throughout the profile is lower than that generally found in the series.

Depth of Material Appearing Suitable for Topsoil

Depth of material appearing suitable on the survey area for the Samday series ranged from 5 to 18
inches. Average depth of material appearing suitable for topsoil was approximately 12 inches.
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Taluce (formerly Tassel)
Unit TA Taluce sandy loam, 15 to 40 percent slopes

The Taluce series is a member of the loamy, mixed, calcareous, mesic, shallow family of Ustic
Torriorthents. Typically, Taluce soils have very friable, fine granular A horizons and calcareous C
horizons underlain by sandstone bedrock.

Description of Typical Profile

A typical example of the Taluce series was described and sampled for chemical analysis approximately
2280 feet east of the west section line of Section 24 and 1125 feet south of the north section line of
Section 24, Township 44 North, Range 76 West (Sample Point No. 88-14).

A 0 to 3 inches. Yellowish-brown (10YR 5/4) sandy loam, dark yellowish-brown (10YR 4/4) moist;
moderate, medium, granular structure; loose, very friable; nonsticky and nonplastic; neutral (pH
7.3); clear, smooth boundary.

C 3 to 18 inches. Light yellowish-brown (10YR 6/4) sandy loam, yellowish-brown (10YR 5/4)
moist; moderate, medium, granular structure; soft, very friable, nonsticky and nonplastic; mildly
alkaline (pH 7.6).

Cr 18 inches plus. Soft, calcareous sandstone.

Range of Characteristics on the Survey Area
Depth of bedrock varied from 6 to 18 inches.
Reaction throughout the profile is lower than that generally found in the series.

Depth of Material Appearing Suitable for Topsoil

Depth of material appearing suitable on the survey area for the Taluce series ranged from 6 to 18
inches. Average depth of material appearing suitable for topsoil was approximately 15 inches.

Terro (formerly Terry)
Unit TE Terro sandy loam, 6 to 15 percent slopes

The Terro series is a member of the coarse-loamy, mixed, mesic family of Ustollic Haplargids. Typically,
Terro soils have friable granular A horizons, Bt horizons with weak, medium subangular blocky
structure, and medium-textured Bk horizons in which secondary calcium carbonate has accumulated.
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Description of Typical Profile

A typical example of the Terro series was described and sampled for chemical analysis approximately
2260 feet east of the west section line of Section 13 and 250 feet north of the south section line of
Section 13, Township 44 North, Range 76 West (Sample Point No. 88-10).

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, friable, nonsticky and nonplastic; neutral (pH 6.6);
clear, smooth boundary.

Bt 3 to 15 inches. Pale brown (10YR 6/3) sandy loam, brown (10YR 5/3) moist; weak, medium,
prismatic structure parting to weak, medium subangular blocky; slightly hard, very friable, slightly
sticky and nonplastic; neutral (pH 6.6); clear, smooth boundary.

Bk 15 to 38 inches. Pale-brown (10YR 6/3) loam, brown (10YR 4/3) moist; weak, fine, subangular
blocky structure; slightly hard, friable, slightly sticky and slightly plastic; mildly alkaline (pH 7.5);
gradual, wavy boundary.

Cr 38 inches plus. Soft, calcareous sandstone.

Range of Characteristics on the Survey Area

Depth to paralithic contact varied from 24 to 39 inches.

Depth of Material Appearing Suitable for Topsoil

Depth of material appearing suitable on the survey area for the Terro series was approximately 36
inches.

Turnercrest (formerly Nelson)
Unit TUR Turnercrest loam, 3 to 10 percent slopes

The Turnercrest series is a member of the coarse-loamy, mixed, calcareous, mesic family of Ustic
Torriorthents. Typically, Turnercrest soils have friable granular A horizons and medium to coarse-
textured, calcareous C horizons.

Description of Typical Profile

A typical example of the Turnercrest series was described and sampled for chemical analysis
approximately 2410 feet east of the west section line of Section 13 and 25 feet north of the south
section line of Section 13, Township 44 North, Range 76 West (Sample Point No. 88-8).

A 0 to 4 inches. Brown (IOYR 5/3) loam, dark brown (10YR 3/3) moist; weak, fine, granular
structure; soft, very friable, nonsticky and nonplastic; neutral (pH 7.3); clear, smooth boundary.
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Bw 4 to 10 inches. Brown (10YR 5/3) loam, dark brown (10YR 4/3) moist; weak, medium,
subangular blocky; soft, friable, slightly sticky and slightly plastic; mildly alkaline; gradual, smooth
boundary.

Cl 10 to 24 inches. Light gray (2.5Y 7/2) loam, light brownish gray (2.5Y 6/2) moist; massive;
slightly hard, friable, slightly sticky and slightly plastic; mildly alkaline; clear, wavy boundary.

C2  24to39inches. Light gray (2.5Y 7/2) sandy loam, light brownish gray (2.5Y 6/2) moist; massive;
slightly hard, friable, nonsticky and nonplastic; mildly alkaline (pH 7.5); clear, wavy boundary.

Cr 39 inches plus. Soft, calcareous sandstone.

Range of Characteristics on the Survey Area

Depth to paralithic ranged from 30 to 39 inches.
Reaction of the A horizon is slightly lower than that generally found in the series.

Depth of Material Appearing Suitable for Topsoil

Depth of material appearing suitable on the survey area for the Turnercrest series was approximately
36 inches.

ULM*
Unit UL Ulm silty clay, 3 to 6 percent slopes

The Uim series is a member of the fine, montmorillonitic, mesic family of Ustollic Haplargids. Typically,
Uim soils have friable granular A horizons, well developed Bt horizons, and medium-textured,
calcareous Bk horizons.

Description of Typical Profile

A typical example of the Ulm series was described and sampled for chemical analysis approximately
1350 feet east of the west section line of Section 25 and 1350 feet south of the north section line of
Section 25, Township 44 North, Range 76 West (Sample Point No. 8 8-2).

A 0 to 3 inches. Light brownish-gray (10YR 6/2) silty clay, dark grayish-brown (10YR 4/2) moist;
moderate, fine, granular structure; soft, very friable, slightly sticky and slightly plastic; neutral;
clear, smooth boundary.

Bw 3 1to 9 inches. Light brownish gray (10YR 6/2) silty clay, dark grayish brown (10YR 4/2) moist;
moderate, fine subangular blocky parting to moderate, medium granular; slightly hard, friable,
slightly sticky and slightly plastic; neutral; clear, smooth boundary.
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Bt 9 to 24 inches. Brown (10YR 5/3) silty clay, dark brown (10YR 4/3) moist; strong, medium
prismatic structure parting to strong, fine angular and subangular blocky; very hard, friable,
sticky and slightly plastic; mildly alkaline; gradual, smooth boundary.

Btk 24 to 30 inches. Light olive-brown (2.5Y 5/3) silty clay, olive brown (2.5Y 4/3) moist; moderate,
medium subangular blocky; very hard, friable, sticky and slightly plastic; mildly alkaline; gradual,
smooth boundary.

Bkl 30 to 36 inches. Light yellowish-brown (2.5Y 6/3) silty clay, light olive-brown (2.5Y 5/3) moist;
massive; hard, friable, sticky and slightly plastic; mildly alkaline; gradual, wavy boundary.

Cl 36 to 48 inches. Light yellowish-brown (2.5Y 6/4) silty clay, light olive-brown (2.5Y 5/4) moist;
massive; hard, friable, sticky and slightly plastic; mildly alkaline; gradual, wavy boundary.

C2 48 to 60 inches. Light yellowish-brown (2.5Y 6/4) silty clay, light olive-brown (2.5Y 5/4) moist;
massive; hard, friable, slightly sticky and slightly plastic; mildly alkaline (ph 7.4).

Range of Characteristics on the Survey Area

Analyzed textures varied significantly from field textures. It is assumed that total sample dispersion may
not have been achieved and the silt content of the resultant analysis may be too high.

Depth of Material Appearing Suitable for Topsoil

Depth of material appearing suitable on the survey area for the Uim series was greater than 60 inches.

Ziegweid
Unit Zg/B Zigweid loam, 3 to 6 percent slopes

The Zigweid series is a member of the fine-loamy, mixed, mesic family of Ustollic Camborthids.
Typically, Zigweid soils have friable granular A horizons, weakly developed Bw horizons, and medium-
textured, calcareous Bk horizons.

Description of Typical Profile

A typical example of the Zigweid series was described and sampled for chemical analysis
approximately 700 feet east of the west section line of Section 24 and 800 feet south of the north
section line of Section 24, Township 44 North, Range 76 West (Sample Point No. 88-5).

A 0 to 6 inches. Light brownish-gray (2.5Y 6/2) loam, dark grayish brown (2.5Y 4/2) moist; strong,
medium, granular structure; soft, very friable, slightly sticky and slightly plastic; neutral (pH 7.3);
clear, smooth boundary.

Cameco Resources Appendix D7 . North Butte ISR Project
Revised October 1992 23 WDEQ Permit #632 Update



Bw 6 tol 1inches. Light olive-brown (2.5Y 5/3) silty clay loam, olive-brown (2.5Y 4/3) moist; weak,
medium, prismatic structure paring to moderate, medium, subangular blocky; hard, friable,
slightly sticky and slightly plastic; mildly alkaline (pH 7.5); gradual, smooth boundary.

Bk1 11 to 30 inches. Light brownish-gray (2.5Y. 6/2) loam, grayish brown (2.5Y 5/2) moist; massive;
slightly hard, friable, slightly sticky and slightly plastic; mildly alkaline (pH 7.5); gradual, wavy
boundary.

Bk1 30 to 48 inches. Light brownish-gray (2.5Y 6/2) loam, grayish brown (2.5Y 5/2) moist; massive;
slightly hard, friable, slightly sticky and slightly plastic; mildly alkaline (pH 7.6); gradual, wavy
boundary.

Bk2 48 to 60 inches. Light brownish-gray (2.5y 6/2) silty clay loam, grayish-brown (2.5Y 5/2) moist;
massive; hard, friable, slightly sticky and slightly plastic; mildly alkaline (pH 7.4).

Range of Characteristics on the Survey Area

Depth to calcareous material was greater than that normally found in the series.
Reaction throughout the profile is lower than that generally found in the series.

Depth of Material Appearing Suitable for Topsaoil

Depth of material appearing suitable on the survey area for the Zigweld series was greater than 60

inches. _ . ‘
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6.0

1988 SOIL ANALYTICAL RESULTS

Bidman Clay Loam (Sample Point 88-1)

' Depth Mechanical Analysis —
inch . 0
(inches) Sand Silt Clay Texture Fragments (%)
0-3 32 41 27 CL <2
3-20 12 45 43 Sic <2
20-40 8 47 45 Sic <2
40-60 32 39 29 CL <2
Depth B Se Organic Satur. Lime
. Carbon o
{inches) (ppm) {ppm) (%) (%) {ppm)
0-3 0.3 0.01 3.75 34.0 2.3
3-20 0.4 <0.01 4.40 43.1 3.8
20-40 1.0 0.01 4.54 50.7 5.6
40-60 0.6 0.19 3.05 30.6 3.6
Saturation Extract
Depth Cations
Elect. Cond.
{inches) PH paste (m?:;osc;::\) Ca Mg Na SAR
(mg/L) (mg/L) (mg/L) {mg/1)
0-3 7.4 0.92 7.0 1.89 0.37 0.18
3-20 7.5 0.75 3.70 2.08 0.76 0.45
20-40 7.6 0.97 3.55 2.97 3.39 1.88
40-60 7.4 3.90 27.0 21.3 10.2 2.08
Bowbac Sandy Loam (Sample Point 88-9)
Depth Mechanical Analysis —
. si
(inches) Sand ilt Clay Texture Fragments (%)
0-6 60 23 17 SL <2
6-14 54 25 21 SCL <2
14-36 50 27 23 SCL <2
Depth B Se Organic Satur. Lime
. Carbon o
{inches) (ppm) (ppm) (%) (%) (ppm)
0-6 0.3 <0.01 3.07 40.0 0.5
6-14 0.1 <0.01 3.17 40.3 2.1
14-36 <0.1 <0.01 2.89 40.5 6.2
Saturation Extract '
Depth ‘Cations
{inches) PH paste (iﬁ::;?:::) Ca Mg Na SAR
(mg/L) {mg/L) (mg/t) (mg/L)
0-6 6.0 0.63 3.69 1.12 0.15 0.10
6-14 7.0 0.76 5.22 1.19 0.16 0.09
14-36 7.7 0.55 1.95 1.61 0.83 0.62
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Cushman Loam (Sample Point 88-3)

Depth Mechanical Analysis —
(inches) Sand Silt Clay Texture Fragments (%)
0-6 38 43 19 L <2
6-26 38 34 28 CL <2
26-36 48 30 22 L <2
Depth B Se Organic Satur. Lime
. Carbon o
{inches) (ppm) {ppm) (%) (%) (ppm)
0-6 <0.1 <0.01 2.79 26.8 0.8
6-26 <0.1 <0.01 3.28 34.6 1.1
26-36 0.2 <0.01 2.76 39.5 7.5
Saturation Extract
Depth Cations
. t lect. .
{inches) PH paste (i:;;oic/’:;) Ca Mg Na SAR
{mg/L) {mg/L) (mg/L) {mg/L)
0-6 7.1 0.66 3.78 1.68 0.28 0.17
6-26 7.1 0.80 4.31 2.35 0.46 0.25
26-36 76 0.74 3.13 2.68 0.87 0.51
Forkwood Loam (formerly Fort Collins) (Sample Point 88-6)
Depth Mechanical Analysis = —
. i
(inches) Sand Silt Clay Texture Fragments (%)
0-5 50 34 16 L <2
5-26 44 31 25 L <2
26-48 40 37 23 L <2
48-60 58 27 15 SL <2
Depth B Se Organic Satur. Lime
. Carbon o
{inches) {ppm) (ppm) (%) (%) (ppm)
0-5 0.1 <0.01 2.40 21.8 <0.1 .
5-26 0.1 <0.01 3.08 39.8 <0.1
26-48 0.1 <0.01 3.54 40.0 5.2
48-60 0.3 <0.01 2.33 33.3 2.2
Saturation Extract
Depth Cations
H t Elect. .
(inches) pri paste (memct‘oic;:r:) Ca Mg Na SAR
(mg/L) (mg/L) (mg/t) (meg/L)
0-5 6.2 0.44 2.15 1.06 0.18 0.14
5-26 6.5 0.54 2.51 1.24 0.22 0.16
26-48 7.6 0.53 2.37 1.60 0.82 0.58
48-60 7.7 0.82 2.53 2.19 2.77 1.80
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Hiland Loam (formerly Olney) (Sample Point 88-4)

hani -
Depth Mechanical Analysis —
{inches) Sand Silt Clay Texture Fragments (%)
0-6 42 28 20 L <2
6-19 22 42 36 CL <2
19-42 40 36 24 L <2
42-60 46 32 22 L <2
Depth B Se Organic Satur. Lime
. Carbon o
(inches) (ppm) (ppm) (%) (%) (ppm)
0-6 0.1 <0.01 2.99 27.9 0.8
6-19 0.1 0.01 3.89 41.8 1.0
19-42 0.2 <0.01 3.04 331 6.2
42-60 0.4 0.02 2.62 29.0 4.3
Saturation Extract
.D epth pH paste Elect. Cond. Cations
{inches) (mmhos/cm) Ca Mg Na SAR
(mg/L) (mg/L) (mg/L) {mg/L)
0-6 6.9 0.88 4.85 2.29 0.17 0.09
6-19 6.9 0.87 4.58 2.54 0.51 0.27
19-42 7.7 0.64 2.00 1.86 1.36 0.98
42-60 7.7 1.20 3.21 3.63 4.11 2.22
Hiland Loam (formerly Olney) (Sample Point 88-7)
hani -
Depth Mechanicat Analysis —
(inches) Sand Silt Clay Texture Fragments (%)
0-7 48 37 15 L <2
7-24 48 32 20 L <2
24-42 42 36 22 L <2
42-60 48 30 22 L <2
Depth B Se Organic Satur. Lime
. . Carbon o
(inches) {ppm) {ppm) %) (%) (ppm)
0-7 0.3 <0.01 4.37 41.7 <0.1
7-24 Q.2 0.01 2.74 339 <0.1
24-42 0.3 <0.01 2.51 39.7 <0.1
42-60 0.2 <0.01 2.70 © 399 1.0
Saturation Extract
Depth Cations
(inches) | PHPaste (f::;:{ocs?::) ca Mg Na SAR
{mg/L) (mg/L) (mg/L) {mg/L)
0-7 5.8 0.50 2.80 1.18 0.14 0.10
7-24 5.9 0.48 2.70 1.05 0.20 0.15
24-42 6.7 0.58 2.76 1.10 0.25 0.18
42-60 7.4 0.67 3.44 1.46 0.30 0.19
Cameco Resources Appendix D7 . North Butte ISR Project

Revised October 1992 27 WDEQ Permit #632 Update



Forkwood Loam (formerly Fort Collins) (Sample Point 88-13)

. vei
Depth Mechanical Analysis —
(inches) Sand Silt Clay Texture Fragments (%)
0-6 50 32 18 L <2
6-22 48 26 26 SCL <2
22-41 50 26 24 SCL <2
Depth B Se Organic Satur. Lime
. Carbon o
{inches) (ppm) (ppm) %) (%) {ppm)
0-6 0.3 <0.01 2.18 325 0.2
6-22 0.1 <0.01 3.41 39.0 0.3
22-41 0.1 <0.01 3.00 36.6 1.7
Saturation Extract
Depth Cations
H . .
(inches) PH paste (2\?:;027::1) Ca Mg Na SAR
(mg/L) {mg/L) (mg/L) (mg/L)
0-6 5.8 0.68 3.28 1.58 0.18 0.12
6-22 6.2 0.38 1.98 0.94 0.17 0.14
22-41 7.0 1.80 9.26 4.77 0.43 0.16
Kishona Loam (formerly Kim) (Sample Point 88-12)
Depth Mechanical Analysis —
inch .
{inches) Sand Silt Clay Texture Fragments (%)
0-3 36 39 25 L <2
3-15 38 37 25 L <2
15-30 42 35 23 L <2
30-48 48 31 21 L <2
48-60 48 29 23 L <2
Depth B Se Organic Satur. Lime
. Carbon o
(inches) (ppm) (ppm) (%) (%) {ppm)
0-3 0.3 0.02 6.33 61.9 0.5
3-15 0.2 <0.01 3.51 42.4 0.9
15-30 0.3 <0.01 2.89 36.7 0.3
30-48 0.3 <0.01 2.62 . 35.7 0.3
48-60 0.3 <0.01 2.51 34.2 03
Saturation Extract
Depth Cations
H t . .
(inches) pH paste (E:i::loic/’:;) Ca Mg Na SAR
(mg/t) (mg/L) (mg/L) (mg/L)
0-3 5.6 1.10 7.00 2.73 0.28 0.13
3-15 5.8 0.50 2.82 0.97 0.11 0.08
15-30 6.0 0.28 1.66 0.47 0.11 0.11
30-48 6.5 0.31 1.73 0.51 0.18 0.17
48-60 6.7 0.40 2.42 0.66 0.14 0.11
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Turnercrest Loam (formerly Nelson) (Sample Point 88-8)

Depth Mechanical Analysis —
inch ilt |
(inches) Sand Si Clay Texture Fragments (%)
0-4 50 32 18 L : <2
4-24 56 23 21 L <2
24-39 60 21 19 SL <2
Depth B Se Organic Satur. Lime
, Carbon o
{inches) (ppm) {ppm) (%) (%) (ppm)
0-4 0.2 © <0.01 2.54 36.0 0.5
4-24 0.1 <0.01 2.27 42.5 1.1
24-39 0.1 0.02 2.13 34.7 1.1
Saturation Extract
Depth Cations
H past lect. .
{inches) pH paste (En?:;oi‘;::\) Ca mg Na SAR
' (mg/L) (mg/L) (mg/L) (mg/L)
0-4 7.3 0.63 3.69 0.99 0.17 0.11
4-24 7.5 0.53 3.13 0.98 0.52 0.36
24-39 7.5 1.30 8.18 2.67 1.55 0.67
Parmleed Loam (formerly Briggsdale) (Sample Point 88-11)
Depth Mechanical Analysis —
{inches) Sand Silt Clay Texture Fragments (%)
0-4 36 39 25 L <2
4-17 20 37 43 C <2
17-30 36 33 31 CL <2
Depth B Se Organic Satur. Lime
. Carbon .
(inches) {ppm) (ppm) (%) (%) {(ppm)
0-4 0.2 <0.01 4.15 44.7 0.5
4-17 0.2 <0.01 4.32 59.8 0.8
17-30 0.2 <0.01 3.51 48.3 3.7
Saturation Extract
Depth Cations
(inches) | PHPaste :"::L'Oi‘;::") Ca Mg Na SAR
{mg/L) (mg/L) {mg/1) {mg/L)
0-4 5.0 0.93 4.25 2.23 0.20 0.11
4-17 6.3 0.83 3.77 2.12 0.46 0.27
17-30 7.5 0.73 3.45 2.14 Q.55 0.33
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Parmileed Clay Loam (formerly Briggsdale) (Sampie Point 88-16)

ical -
Depth Mechanical Analysis ——
inch .
(inches) Sand Silt Clay Texture Fragments (%)
0-3 40 30 30 CL <2
3-18 30 32 38 CL <2
18-30 38 32 30 CL <2
Depth 8 Se Organic Satur, Lime
. Carbon o
(inches) {ppm) {(ppm) %) (%) (ppm)
0-3 0.3 <0.01 3.94 45.5 0.3
3-18 0.4 <0.01 4.16 51.4 0.3
18-30 - 0.3 0.02 3.18 44.3 1.1
Saturation Extract
Depth Cations
t lect. .
{(inches) pH paste (;i::\o?;:i) Ca Mg Na SAR
(mg/L) (mg/L) (mg/t) (mg/L)
0.3 6.0 0.56 2.60 1.34 0.20 0.14
3-18 6.3 0.37 1.47 0.76 0.29 0.27
18-30 7.4 0.60 2.63 1.46 1.13 0.79
Renohill Clay (Sample Point 88-17)
Depth Mechanical Analysis —
(inches) Sand Silt Clay Texture Fragments (%)
0-3 20 34 46 C <2
3-15 NS NS NS NS <2
15-30 NS NS NS NS <2
Depth 8 Se Organic Satur. Lime
. Carbon o
(inches) (ppm) {ppm) (%) (%) {ppm)
0-3 0.4 <0.01 5.12 56.2 0.8
3-15 NS NS NS 60.4 NS
15-30 NS NS NS 74.9 NS
Saturation Extract
Depth Cations
. H t Elect. .
(inches) PH paste (mii:“:;:i) Ca Mg Na SAR
(mg/L) (mg/L) (mg/L) (mg/L)
0-3 6.2 0.48 1.83 1.46 0.65 0.51
3-15 7.2 0.48 1.76 1.42 2.16 1.72
15-30 7.5 1.50 4.06 4.27 8.15 3.99
NS = Insufficient Sample
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Samday Silty Clay (formerly Samsil) (Sample Point 88-15)

Depth Mechanical Analysis —
(inches) Sand Silt Clay Texture Fragments (%)
0-3 18 42 40 SiC <2
3-13 16 42 42 SiC <2
Depth B Se Organic Satur. Lime
. Carbon N
{inches) {ppm) lppm) - %) (%) (ppm)
0-3 0.3 <0.01 4.74 59.9 0.6
3-13 0.3 <0.01 4.74 51.3 1.0
Saturation Extract
Depth : . Cations
. H past lect. .
(inches) pri paste (;?::w?;::‘.) Ca Mg Na SAR
{(mg/L) (mg/L) (mg/L) (mg/L)
0.3 6.4 0.82 3.04 2.72 1.06 0.62
3-13 7.0 0.70 2.09 1.59 2.19 1.61
Taluce Sandy Loam (formerly Tassel) (Sample Point 88-14)
Depth " Mechanical Analysis- —
{inches) Sand Silt Clay Texture Fragments (%)
0-3 72 16 12 SL <2
3-18 76 12 12 SL <2
Depth B Se 2;?2:': Satur. Lime
{inches) (ppm) (ppm) (%) (%) {ppm)
0-3 0.3 <0.01 3.14 35.5 1.0
3-18 <0.1 <0.01 - 2.29 32.4 2.4
. Saturation Extract
Depth Cations
lect. .
(inches) pH paste (Sner:hocsc;::x) Ca Mg Na SAR
(mg/L) (mg/L) {mg/L) (mg/y)
0-3 7.3 0.78 5.64 0.61 0.16 0.09
3-18 7.6 0.45 3.12 0.35 0.11 0.08
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Terro Sandy Loam (formerly Terry) (Sample Point 88-10)

Depth Mechanical Analysis —
{inches) Sand Silt Clay Texture Fragments (%)
0-3 62. 23 15 SL <2
3-15 62 21 17 SL <2
15-38 50 29 21 L <2
Depth B Se Organic Satur. Lime
. Carbon o
{inches) (ppm) (ppm) (%) (%) {(ppm)
0-3 <0.1 <0.01 2.61 35.8 0.5
3-15 0.2 <0.01 2.52 35.8 0.6
15-38 0.1 <0.01 2.96 40.2 3.8
Saturation Extract
Depth Cations
lect. d.
(inches) PH paste (iwi::\ocs(;:m) Ca Mg Na SAR
(mg/L) (mg/L) (mg/L) (mg/L)
0-3 6.6 0.49 3.00 0.99 0.15 0.11
3-15 6.6 0.45 3.01 0.87 0.13 0.09
15-38 7.5 0.55 3.51 0.93 0.16 0.11
Ulm Silty Clay (Sample Point 88-2) -
Depth Mechanical Analysis —
(inches) Sand Silt Clay Texture Fragments (%)
0-9 10 49 41 SiC <?
9-30 6 49 45 SiC <2
30-48 51 45 SiC <2
48-60 1 56 43 SiC <2
Depth B se Organic satur. Lime
R Carbon o
{inches) {(ppm) (ppm) (%) (%) {ppm)
0-9 0.2 <0.01 4.60 46.0 1.1
9-30 0.3 <0.01 4.45 47.5 4.5
30-48 0.9 0.04 4.45 49,7 5.9
48-60 . 0.4 0.29 452 46.0 4.7
Saturation Extract
Depth Cations
H paste Elect. .
(inches) PR P (m?::wc;;::‘) Ca Mg Na SAR
(mg/L) (mg/L) (mg/L) (mg/L)
0-9 6.9 0.74 4.10 2.13 0.59 0.34
9-30 7.5 0.72 3.26 2.04 1.11 0.68
30-48 7.6 1.50 5.53 4.75 5.05 2.23
| 48-60 7.4 3.80 26.8 19.0 8.9 1.86
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Zigweld Loam (Sample Point 88-5)

. Depth Mechanical Analysis —
(inches) Sand Siit Clay . Texture Fragments (%)
0-6 30 44 26 ’ L <2
6-11 20 52 28 SiCL <2
11-30 26 48 26 L <2
30-48 32 42 26 L <2
48-60 14 58 28 SiCL <2
Depth B Se Organic Satur. Lime
. Carbon
{inches) {ppm) {ppm) (%) (%) (ppm)
0-6 0.2 <0.01 3.48 35.0 4.8
6-11 0.2 <0.01 3.33 35.3 5.8
11-30 0.2 <0.01 3.24 33.6 6.1
30-48 <0.1 0.01 3.04 32.1 5.5
48-60 0.1 0.02 3.37 35.0 5.0
Saturation Extract
Depth Cations
(inc::es) PH paste (E:::;o?;::;) Ca Mg Na SAR
(meg/L) (mg/L) (mg/L) (mg/L)
0-6 7.3 0.65 4,28 0.96 0.19 0.12
6-11 7.5 0.55 3.67 0.73 0.38 0.26
11-30 7.5 0.64 3.73 0.78 0.41 0.27
30-48 7.6 0.77 4.92 1.44 0.24 0.13
48-60 7.4 2.80 27.3 8.96 0.69 0.16

(. 7.0 1978-79 MAPPING UNIT DESCRIPTIONS

1A - Haverson loam, 0 to 3 percent slopes*

The Haverson soil is a deep, well-drained loamy soil. It developed in highly stratified, calcareous recent
alluvium derived from mixed sources. It occurs on floodplains and low terraces of stream and drainages
at elevations of 3,800 to 5,000 feet. The average annual rainfall ranges from 10 to 14 inches. Average
annual air temperature is about 44°F., and the average frost-free season is about 140 days. Small
areas of Glenburg fine sand were included in mapping.

In a typical profile the surface layer is light brownish gray loam about 6 inches thick. The subsoil and
substratum are light brownish gray loam stratified with thin lenses of clay loam and fine sandy loam
about 54 inches thick.

Permeability is moderate. Available water capacity is moderate to high. Effective rooting depth is 60
inches or more. Surface runoff is slow to medium and erosion hazard is moderate.

This soil is used for rangeland and wildlife habitat.
Capability unity IVe2, dryland; Lowland range site (10 to 14 inch precipitation zone).

*1A - Haverdad loam, 0 to 3 percent slopes
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b45 - Fort Collins loam. 0 to 6 percent slopes*

The Fort Collins soil is a deep, well-drained loamy soil which occurs throughout the county. it developed
in thick, calcareous alluvial fan and valley-filling fan sediments derived from sedimentary bedrock and is
on uplands and elevations of 3,800 to 5,000 feet. The average annual rainfall ranges from 10 to 14
inches.

Average annual air temperature is about 44°F., and the average frost-free season is about 140 days.
Although the slopes range from 0 to 6 percent, they are mostly about 3 percent. Small areas of
Stoneham loam were included in mapping.

In a typical profile the surface layer is light brownish gray loam about 4 inches thick. The subsoil is light
brownish gray light clay loam about 11 inches thick. The substratum is light yellowish brown light clay
loam about 45 inches thick and is underiain with shale bedrock at depths of 40 to 60+ inches.

Permeability is moderate. Available water capacity is moderate to high. Effective rooting depth is 40 to
60+ inches. Surface runoff is slow to medium, and the erosion hazard is moderate.

* This soil is used for rangeland, wildlife habitat, and dryland cultivation.
Capability unit IVe2, dryland; Loamy range site (10 to 14 inch precipitation zone).

*b45/AB — Forkwood loam, 0 to 6 percent slopes

50/AB — Bidman loam. 0 to 6 percent slopes

The Bidman soil is a deep, well-drained, loamy soil which occurs throughout the county. It developed in
thick, calcareous, alluvial fan and valley-filling fan sediments derived from sedimentary bedrock and is
on uplands at elevations of 3,800 to 5,000 feet. The average rainfall ranges from 10 to 14 inches, the
average annual air temperature is about 44°F., and the average frost-free season is about 140 days.
Although the slopes range from O to 6 percent, they are mostly about 3 percent. Small areas of Um
loam were included in mapping.

in a typical profile the surface layer is light gray loam about 4 inches thick. The subsoil is brown clay
about 15 inches thick. The lower portion of the subsoil is light olive brown clay. The substratum is
calcareous, grayish brown clay to 60 inches in depth.

Permeability is slow. The available water capacity is moderate. Effective rooting depth is 60 inches or
more. Surface runoff is slow to medium and erosion hazards is moderate. -

This soil is used for rangeland, wildlife habitat, and dryland cultivation.

Capability unity IVe2, dryland; Loamy range site (10 to 14 inch precipitation zone).
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a62/AB - Olney fine sandy loam, 0 to 6 percent slopes*

The Olney soil is a deep, well-drained sandy soil which occurs throughout the county. It developed in
thick, moderately coarse-textured, calcareous parent matetials on nearly level to gently annual rainfall
ranges from 10 to 14 inches, and the average annual air temperature is about 44°F. The average frost-
free season is about 140 days. Small areas of Vona fine sandy loam were included in mapping. Locally,
the parent materials may have been reworked.

In a typical profile the surface layer is light gray fine sandy loam about 4 inches thick. The subsoil is pale
brown sandy clay loam about 23 inches thick. The substratum is light yellowish brown sandy loam
about 21 inches thick. '

Permeability is rapid. Available water capacity is moderate. Effective rooting depth is 60 inches or more.
Surface runoff is slow and the erosion hazard is severe.

This soil is used for rangeland, wildlife habitat, and dryland cultivation.
Capability unit IVe5, dryland; Sandy range site (10 to 14 inch precipitation zone).
*a62/AB — Hiland loam, O to 6 percent slopes

a62/C - Olney fine sandy loam, 6 to 10 percent slopes*

The Olney soil is a deep, well-drained sandy soil which occurs throughout the county. It developed in
thick, moderately coarse-textured, calcareous parent materials derived from sandier strata of the
Wasatch beds on side slopes at elevations of 3,800 to 5,000 feet. The average annual rainfall ranges
from 10 to 14 inches. The average annual air temperature is about 44°F. The average frost-free
season is about 140 days. Small areas of Pugsley sandy loam were included in mapping. Pugsley soils
usually occur on the upper pottions of the side slopes. It has sandy clay loam subsoils and is underlain
with bedrock at depths of 20 to 40 inches.

In a typical profile the surface layer is light gray fine sandy loam about 4 inches thick, The subsoil is pale
brown sandy clay loam about 23 inches thick. The substratum is light yellowish brown sandy loam
about 21 inches thick.

Permeability is rapid. The available water capacity is moderate. Effective rooting depth is 60 inches or
more. Surface runoff is slow to medium, and erosion hazard is severe.

This soil is used for rangeland, wildlife habitat, and dryland cultivation.
Capability unit Vie5, dryland; Sandy range site (10 to 14 inch précipitation zone).

*A62/C — Hiland fine sandy loam, 6 to 10 percent slopes
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75/B - Cushman very fine sandy loam, 3 to 6 percent slopes*

The Cushman soil is @ moderately deep, well-drained loamy soil in the southern portion of Campbell
County. It developed from calcareous sediments derived from sedimentary bedrock and is on gently
sloping upland basins and large valley-filing fans at elevations between 3,800 and 5,000 feet. The
average annual rainfall ranges from 10 to 14 inches. The average annual air temperature is about
44°F., and the average frost-free season is about 144 days. Small areas of Fort Collins loam were in-
cluded in mapping.

In a typical profile the surface layer is Iight brownish gray very fine sandy loam, about 4 inches thick.
The subsoil is brown very fine sandy clay loam 17 inches thick. The substratum is grayish brown very
fine sandy clay loam about 6 inches thick and is underlain with soft, very fine-grained sandstone and
loamstone bedrock at a depth of 23 inches.

The Cushman soil has a moderate permeability. Effective rooting depth is 20 to 40 inches. Available
water capacity is moderate. Surface runoff is medium and the hazard of erosion is moderate.

This soil is used for rangeland, wildlife habitat, and dryland cultivation.
Capability unit IVe2, dryland; Loamy range site (10 to 14 inch precipitation zone).

*75/BC Cushman loam, 3 to 10 percent slopes

15I/DE — Shingle-Rock outcrop complex, 10 to 60 percent slopes

This association consists of moderately steep to very steep soils and Rock outcrop on side slopes and
ridge tops at elevations between 3,800 and 5,000 feet. This complex is about 60 percent Shingle clay
loam, 10 to 60 percent slopes, and about 40 percent Rock outcrop, 10 to 60 percent slopes. The
Shingle soil doesn’t occupy any particular position in the landscape but will occur on the ridge tops and
lower portions of the side slopes. The side slopes are usually dissected by numerous deep gullies
which drain into nearby intermittent streams.

Included with this complex are areas of Thedalund and Kim soils. The Thedalund soil usually occurs in
association with the Shingle soils. It has loam substrata which are underlain with shale bedrock at a
depth of 20 to 40 inches. The Kim soils usually occur on the lower portions of the side slopes. It has
clay loam substrata and is underlain with shale bedrock at depths of 40 to 60+ inches. These inclusions
make up about 20 percent of the total acreage.

The Shingle soil is a shallow, well-drained soil. It formed in calcareous, moderately alkaline sediments
derived from moderately fine-textured sedimentary shales. The average annual precipitation ranges
from 10 to 14 inches, and the average annual air temperature is about 44°F.

In a representative Shingle profile the surface layer is light brown gray clay loam about 4 inches thick.
The substratum is light yellowish brown clay loam about 11 inches thick which is underlain with soft,
calcareous shale at a depth of 15 inches.
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The Shingle soil has a moderate permeability. Effective rooting depth ranges from 10 to 20 inches.
Available water capacity is low. Surface runoff is rapid, and the hazard of erosion is severe.

The Rock outcrop consists of muiti-colored, calcareous to noncalcareous, medium to fine-textured, soft
to hard shales and siltstones. It usually occurs on side slopes where geologic erosion has prevented
soils from developing. :

This complex is used for rangeland and wildlife habitat.

Shingle soils: Capability unit Vile14, dryland: Shallow Loamy range site (10 to 14 inch precipitation
zone).

Rock outcrop: Capability unit Ville83; Range site not assigned.

347/D - Shingle-Rock outcrop-Samsil complex, 10 to 30 percent slopes*

This complex consists of sloping to moderately steep soils on side slopes and ridge crests in the
uplands at elevations between 3800 and 5000 feet. This complex is about 50 percent Shingle clay
loam, 10 to 30 percent slopes, about 30 percent Rock outcrop, 10 to 30 percent slopes, and about 20
percent Samsil clay, 10 to 30 percent slopes. Neither soil nor Rock outcrop occupies any particular
position in the landscape in relation to each other but is dependent upon the type of parent material
present. The side slopes in this unit may be dissected by numerous smali drainages in some areas.
The Shingle soil has clay loam subsoils which are underiain with soft, calcareous shale bedrock at a
depth of 10 to 20 inches. The Samsil soil has clay substrata which is underain with soft, calcareous
shale bedrock at depths of 10 to 20 inches.

Included with this complex in mapping are areas of Thedalund loam. and Kim clay
loam. The Thedalund soils have loam substrata which are underain with soft, calcareous bedrock at
depths of 20 to 40 inches and usually occur on the upper portions of the side slopes. The Kim soils
have clay loam soils and usually occur on the lower portions of the side slopes. These inclusions make
up about 15 percent of the total acreage.

The Shingle soil is a shallow, well-drained soil. It formed in calcareous, moderately alkaline sediments
derived from moderately fine-textured sedimentary shales. The average annual precipitation range from
10 to 14 inches, and the average annual air temperature is about 44°F. '

In a representative Shingle profile the surface layer is light brownish gray clay loam about 4 inches
thick. The substratum is light yellowish brown clay loam about 11 inches thick which is underlain with
soft, calcareous shale at a depth of 15 inches.

The Shingle soil has a moderate permeability. Effective rooting depth ranges from 10 to 20 inches.
Available water capacity is low. Surface runoff is rapid and the hazard of erosion is severe.

The Rock outcrop consists of multi-colored, calcareous to noncalcareous, medium to fine-textured, soft
to hard shales and siltstones.
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The Samsil soil is a shallow, well-drained soil. It formed in fine-textured, calcareous, moderately alkaline
matetrials derived from sedimentary bedrock. The average annual precipitation is about .10 to 14
inches, and the average annual air temperature is about 44°F.

In a representative Samsil profile the surface layer is light brownish gray clay about 5 inches thick. The
substratum is light yellowish brown clay about 9 inches thick which is underlain with calcareous clayey
shale at a depth of 14 inches.

The Samsil soil has a slow permeability. Effective rooting depth ranges from 10 to 20 inches. Available
water capacity is low to moderate. Surface runoff is rapid and the hazard of erosion is severe.

This complex is used for rangeland and wildlife habitat.

Shingle soils: Capability unit Vile14, dryland; Shallow Loamy range site (10 to 14 inch precipitation
zone).

Rock outcrop: Capability unit Ville83; Range site not assigned.

Samsil soils: Capability unit VII314, dryland; Shallow Clayey range site (10 to 14 inch precipitation
zone).

*347/D - Shingle-Rock outcrop-Samday complex, 10 to 30 percent slopes.

354/AB — Ulm-Bidman association, gently sloping

This association consists of nearly level to-gently sloping soils on valley-filling fans and side slopes at
elevations between 3,800 and 5,000 feet. This association is about 60 percent Ulm loam, 0 to 6 percent
slopes, and about 40 percent Bidman loam, 0 to 6 percent slopes. Neither soil occupies any particular
position in the landscape. The UIm soil has heavy clay loam subsoils and is underlain with bedrock at
depths of 40 to 60+ inches. The Bidman soil has clay subsoils and is underlain with bedrock at depths
of 40 to 60+ inches. '

Included with this association in mapping are areas of Briggsdale and Absted soils. The Briggsdale soil

usually occurs on the upper portions of valley-filing fans and side slopes. It has clay subsoils and is
underlain with bedrock at depths of 20 to 40 inches. The Absted soil usually occurs on the lower
portions of the valley-filling fans and side slopes. It has clay subsoils and is underlain with bedrock at
depths of 40 to 60+ inches. These inclusions make up about 10 percent of the total acreage.

The Uim soil is a deep, well-drained soil. [t formed in calcareous, moderately alkaline materials derived
from sedimentary shales. The average annual precipitation ranges from 10 to 14 inches, and the
average annual air temperature is about 44°F

In a representative Ulm profile, the surface layer is light brownish gray loam about 5 inches thick. The
subsoil is brown heavy clay loam about 17 inches thick. The substratum is light yellowish brown clay
loam about 38 inches thick.
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The Ulm soil has a slow permeability. Effective rooting depth ranges from 20 to 40 inches. Available
water capacity is moderate. Surface runoff is moderate, and the hazard of erosion is moderate.

The Bidman soil is a deep, well-drained soil. It formed in calcareous, moderately alkaline materials
derived from sedimentary shales. The average annual precipitation ranges from 10 to 14 inches, and
the average annual air temperature is about 44°F.

In a representative Bidman profile the surface layer is light gray loam about 4 inches thick. The subsoil
is brown clay about 15 inches thick. The lower portion of the subsoil is light olive brown clay. The
substratum is calcareous grayish brown clay to 60 inches in depth.

The Bidman soil has a slow permeability. Effective rooting depth ranges from 40 to 60+ inches.
Available water capacity is moderate. Surface runoff is moderate and the hazard of erosion is
moderate.

This association is used for rangeland, wildlife habitat, and dryland cultivation.

Capability unit IVe2, dryland; Loamy range site (10 to 14 inch precipitation zone).

394/CD — Cushman-Bowbac association, rolling

This association consists of rolling soils on upland hills, ridges, and valley side slopes at elevations
between 3,800 and 5,000 feet. This association is about 55 percent Cushman loam, 6 to 15 percent
slopes, and about 45 percent Bowbac sandy loam, 6 to 15 percent slopes. Neither soil occupies any
particular position in the Iahdscape in relation to each other, and their occurrence is dependent upon

-the type of parent material present. The Cushman soil has light sandy clay loam subsoils and is

underlain with bedrock at depths of 20 to 40 inches. The Bowbac soil has sandy clay loam subsoils and
is underlain with bedrock at depths of 20 to 40 inches.

Included with this association in mapping are small areas of Tassel and Thedalund soils. The Tassel
soil usually occurs in association with the Bowbac soil. It has a paralithic contact between 10 and 20
inches. The Thedalund soil usually occurs in association with the Cushman soil. It lacks an argillic
horizon and has paralithic contact at depths of 20 to 40 inches. These inclusions make up about 10
percent of the total acreage.

The Cushman soil is a moderately deep, well-drained soil. It formed in calcareous, moderately alkaline
materials derived from sedimentary shales. The average annual precipitation ranges from 10 to 14
inches, and the average annual air temperature is about 44°F.

In a representative Cushman profile the surface layer is light brownish gray loam about 4 inches thick.
The subsoil is light brown very fine sandy clay loam about 13 inches thick. The substratum is grayish
light brown very fine sandy loam about 6 inches thick and is underlain with soft very fine-grained
sandstone and loamstone bedrock at a depth of 23 inches.
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The Cushman soil has a moderate permeability. Effective rooting depth ranges from 20 to 40 inches.
Available water capacity is moderate. Surface runoff is moderate to rapid and the hazard of erosion is
moderate to severe. '

The Bowbac soil is a moderately deep, well-drained soil. it formed in polylithologic parent materials
derived from sedimentary bedrock. The average annual precipitation ranges from 10 to 40 inches, and
the average annual air temperature is about 47°F.

In a representative Bowbac profile the surface layer is brown sandy loam about 4 inches thick. The
subsoil is brown sandy clay loam about 13 inches thick. The substratum is light gray very fine sandy
clay loam about 12 inches thick which is underlain with calcareous interbedded shale and sandstone at

a depth of 29 inches.

The Bowbac soil has a rapid permeability. Effective rooting depth ranges from 20 to 40 inches.
Available water capacity is moderate. Surface runoff is moderate and the hazard of erosion is severe.

This association is used for rangeland, wildlife habitat, and dryland cultivation.
Cushman sails: Capability unit Vle2, dryland; Loamy range site (10 to 14 inch precipitation zone).
Bowbac soils: Capability unit Vie5, dryland; Sandy range site (10 to 14 inch precipitation zone).

8.0 1978-79 SOILS SERIES DESCRIPTIONS

Haverson Series* _
Typical Pedon: Haverson clay loam — rangeland (colors are for dry soil unless otherwise noted)

A1 04" Brown (10YR 5/3) clay loam, dark brown (1OYR 4/3) moist; medium and fine subangular
blocky structure; hard, very friable, sticky and plastic; slightly calcareous; mildly alkaline
(pH 7.6); clear smooth boundary.

AC 412" Grayish brown (10YR 5/2) clay loam, dark grayish brown (10YR 4/2) moist; massive; very
hard, firm, sticky and plastic; slightly calcareous; mildly alkaline (pH 7.6); clear smooth
boundary.

C112-22” Yellowish brown (10YR 5/4) clay loam, dark brown (10YR 4/3) ‘moist; massive; hard,
friable, sticky and plastic; slightly calcareous; mildly alkaline (pH 7.8); clear smooth
boundary. . . :

C222-40" Yellowish brown (10YR 5/4) clay loam, dark brown (10YR 4/3) moist; massive; slightly
. hard, very friable, very sticky and plastic; slightly calcareous; mildly alkaline (pH 7.8); clear
smooth boundary.

C340-92" Light olive brown (2.5Y 5/4) clay loam, olive brown (2.5Y 4/4) moist; massive; hard, friable,
very sticky and plastic; slightly calcareous; mildly alkaline (pH 7.8); gradual wavy

boundary.
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C4r 92-100”

Calcareous olive brown soft weathered claystone.

Type Location: TL-1 North Butte Area, Campbell County, Wyoming.

Note: Ali soil horizons were sampled at this type location. The C3 (40-92") horizon was subsampled:
40-58", 58-68", 68-84", and 84-92".

* Haverdad

Fort Collins Series*

Typical Pedon: Fort Collins loam — Rangeland (colors are for dry soil unless otherwise noted)

A10-4”

Bi 4-7"

B14-7

B21t 7-16”

B22t 16-27”

B3ea 27-42”

Cca 42-60”

Brown (10YR 5/3) loam, dark grayish brown (10YR 4/2) moist; weak medium and fine
subangular blocky structures; slightly hard, very friable, slightly sticky and slightly plastic;
mildly alkaline (pH 7.4); clear smooth boundary.

Brown (10YR 5/3) loam, dark grayish brown (10YR 4/2) moist; moderate medium and fine
subangular blocky structure; hard, very friable, sticky and slightly plastic; neutral (pH 7.2);
clear smooth boundary.

Brown (10YR 5/3) loam, dark grayish brown (10YR 4/2) moist; moderate medium and fine
angular structure; hard, very friable, sticky and slightly plastic; neutral (pH 7.2); clear
smooth boundary. :

Brown (10YR 5/3) loam, dark grayish brown (10YR 4/2) moist; moderate coarse and
medium prismatic structure that parts to moderate coarse and medium subangular blocks;
hard, friable, sticky and plastic; few patches of glossy coatings on faces of peds; mildly
alkaline (pH 7.4); clear smooth boundary.

Yellowish brown (10YR 5/4) clay loam, dark brown (10YR 4/3) moist, moderate coarse
and medium prismatic structure that parts to coarse and medium angular blocks; very
hard, firm, sticky and plastic; patches of wax-like coatings on faces of peds, in root
channels and lips of the larger pores; mildly alkaline (pH 7.5): clear smooth boundary.

Yellowish brown (10YR 5/4) sandy clay loam, dark brown (10YR 4/3) moist; weak
medium and fine subangular blocky structure; slightly hard, very friable, sticky and slightly
plastic; very few patches of glossy coatings on faces of peds; calcareous only in locations
of large soft rounded masses; mildly alkaline (pH 7.6); gradual smooth boundary.

Light yellowish brown (10YR 6/4) sandy clay loam, yellowish brown (10YR 5/4) moist;
massive; soft, very friable, slightly sticky and slightly plastic; strongly calcareous, lime
mainly disseminated; mildly alkaline (pH 7.8).

Type Location: TL-2 North Butte Area, Campbell County, Wyoming.

* Forkwood
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OLNEY SERIES*
Typical Pedon: Olney sandy loam — Rangeland (colors are for dry soil unless otherwise noted)

A10-2

Bt 2-4”

B2t 4-15"

B3 15-25

Cca 25-60"

Brown (10YR 5/3) sandy loam, dark grayish brown (10YR 4/2) moist; weak fine and very
fine granular structure; soft, very friable, slightly sticky, neutral (pH 7.2); clear smooth
boundary.

Brown (10YR 5/3) sandy loam, dark brown (10YR 4/3) moist; moderate coarse and
medium subangular blocky structure; slightly hard, very friable, sticky and slightvly plastic;
mildly alkaline (pH 7.4); clear smooth boundary.

Reddish brown (10YR 5/6) sandy clay loam, dark yellowish brown (10YR 4/4) moist;
strong coarse prismatic structure that parts to strong coarse subangular blocks; hard,
friable, sticky and plastic; patches of wax-like coatings on faces of peds, along root
channels and lips of large pores; mildly alkaline (pH 7.5); clear smooth boundary.

Reddish brown (10YR 5/6) sandy clay loam, dark reddish brown (10YR 4/6) moist;
moderate coarse prismatic structure that parts to moderate coarse and medium
subangular blocks; hard, very friable, sticky and plastic; calcareous in a few spots; mildly
alkaline (pH 7.6); gradual smooth boundary. '

Reddié.h brown (10YR 5/6) sandy loam, dark reddish brown (10YR 4/6) moist; massive;
soft, very friable, slightly sticky and slightly plastic; strongly calcareous, lime mainly
disseminated; moderately alkaline (pH 8.0). '

Type Location: TL-3 North Butte Area, Campbell County, Wyoming.

* Hiland

CUSHMAN SERIES
Typical Pedon: Cushman loam — Rangeland (colors are for air dry soil unless otherwise noted).

Al 0-2"

B12-5”

B2t 5-15"

Brown (10YR 5/3) loam, dark brown (10YR 4/3) moist; weak medium and fine subangular
blocky structure; slightly hard, very friable, slightly sticky and slightly plastic; neutral (pH
7.2); clear smooth boundary.

Brown (10YR 5/3) clay loam, dark brown (10YR 4/3) moist; weak medium prismatic
structure that parts to moderate medium and fine subangular blocks; hard, friable, sticky
and plastic; mildly alkaline (pH 7.4); clear smooth boundary.

Yellowish brown (10YR 5/4) clay loam, dark yellowish brown (10YR 4/4) moist; moderate
coarse prismatic structure that parts to moderate coarse and medium subangular blocks;
hard, friable, sticky and plastic; patches of glossy and wax-like coatings on faces of peds
and lips of large pores; mildly alkaline (pH 7.5); clear smooth boundary.
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B3 15-23"  Light reddish brown (10YR 6/6) sandy clay loam, yellowish brown (10YR 4/4) moist; weak
medium and fine subangular blocky structure; hard, very friable, sticky and plastic;
calcareous in spots; mildly alkaline (pH 7.6); gradual smooth boundary.

C123-34" Light reddish brown (I0YR 6/6) sandy clay loam, yellowish brown (10YR 5/4) moist;
massive; slightly hard, very friable, sticky and slightly plastic; calcareous in spots; mildly
alkaline (pH 7.6); clear wavy boundary.

C2r 34-46" Soft weathered calcareous sandstone.
Type Location: TL-4 North Butte Area, Campbell County, Wyoming.

BOWBAC SERIES
Typical Pedon: Bowbac sandy loam — Rangeland (colors are for air dry soil unless otherwise noted)

At 0-2" Brown (10YR 5/3) sandy Ioérh, dark brown (10 YR 4/3) rhoist; weak fine granular
structure; soft, very friable, slightly sticky; neutral (pH 7.2); clear smooth boundary.

B12-4” Yellowish brown (10YR 5/4) sandy loam, dark brown (10 YR 4/3) moist; moderate
medium and fine subangular blocky structure; slightly hard, very friable, slightly sticky and:
slightly plastic; mildly alkaline (pH 7.4); clear smooth boundary.

B2t4-15"  Yellowish brown (10YR 5/4) sandy clay loam, dark yellowish brown (10YR 4/4) moist;
moderate coarse prismatic structure that parts to moderate coarse and medium
subangular blocks; slightly hard, very friable, sticky and plastic; thin nearly continuous
glossy coatings and patches of wax-like coatings on faces of peds; clay bridging between
sand grains; mildly alkaline (pH 7.5); gradual smooth boundary.

B3 15-21"  Yellowish brown (10YR 5/4) sandy clay loam, dark yellowish brown (10YR 4/4) moist;
weak medium and fine subangular blocky structure; slightly hard, very friable, slightly
sticky and slightly plastic; mildly alkaline (pH 7.6); gradual smooth boundary.

Cica 21-35" Light yellowish brown (10YR 6/4) sandy loam, yellowish brown (10YR 5/4) moist
massive, soft, very friable, slightly sticky; strongly calcareous; lime mainly disseminated;
moderately alkaline (pH 8.0); gradual wavy boundary.

C2r 35-50" Soft weathered brown calcareous sandstone.

Type Location: TL-5 North Butte Area, Campbell County, Wyoming.
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THEDALUND SERIES* ‘
Typical Pedon: Thedalund loam — Rangeland (colors are for air dry soil unless otherwise noted)

A1 0-4 Brown (10YR 5/3) loam, dark brown (10 YR 4/3) moist; weak fine and very fine
subangular blocky structure; slightly hard, very friable, sticky and plastic; mildly
calcareous; moderately alkaline (pH 8.0); clear smooth boundary.

C14-22"  Yellowish brown (10YR 5/4) loam, dark yellowish brown (10YR 4/4) moist; massive; hard,
friable, sticky and plastic; strongly calcareous; moderately alkaline (pH 8.0); gradual wavy
boundary.

C2r22-32" Soft weathered calcareous brown loamstone.
Type Location: TL-6 North Butte Area, Campbell County, Wyoming.
Note: This series was sampled at this location. Each sail horizon was sampled.

The resultant laboratory data shows less clay in the 10 to 22 inch textural control section (14.6%) than
the 18% lower limit allowed for the Thedalund Series. Experience has shown, however, that higher silt
and lower clay readings are obtained by the hydrometer method used here. Better correlation is
obtained between the pipette method and field textures, especially in areas of montmorillonite clays.

* Theedle

CUSHMAN SERIES
Typical Pedon: Cushman loam — Rangeland (colors are for air dry soil unless otherwise noted)

A10-2 Light brown (10YR 6/3) loam, brown (10 YR 5/3) moist; weak, medium and fine
subangular blocky structure; slightly hard, very friable, slightly sticky and slightly plastic;
mildly alkaline (pH 7.6); clear smooth boundary.

B2t 2-10"  Light yellowish brown (10YR 6/4) loam, brown (10YR 5/3) moist; moderate medium
prismatic structure that parts to moderate medium and fine subangular blocks; hard,
friable, sticky and plastic; patches of glossy and wax-like coatings on faces of peds, in root
channels, and lips of large pores; calcareous in spots; mildly alkaline (pH 7.6); clear
smooth boundary.

B3ca 10-18" Light yellowish brown (10YR 6/4) loam, brown (10YR 5/3) moist; moderate coarse and
medium subangular blocky structure; hard, very friable, sticky and plastic; strongly
calcareous; mildly alkaline (pH 7.8); gradual smooth boundary.

C1ica 18-34" Light yellowish brown (10YR 6/4) loam, brown (10YR 5/3) moist; massive; slightly hard,
very friable, sticky and plastic; strongly calcareous; moderately alkaline (pH 8.0); gradual
wavy boundary.

North Butte ISR Project Appendix D7 Cameco Resources
WDEQ Permit #632 Update 44 Revised October 1992




C2r 34-46" Soft weathered calcareous brown loamstone.
Type Location: TL-7 North Butte Area, Campbell County, Wyoming.
Note: This series was sampled at this location. Each soil horizon was sampled.

The resultant laboratory data shows less clay in the 2 to 18 inch textural control section (weighted
average 16.6%) than the 18% lower limit allowed for the Cushman Series. Experience has shown,
however, that higher silt and lower clay readings are obtained by the hydrometer method used here.
Better correlation is obtained between the pipette method and field textures, especially in areas of
montmorillonite clays.

TASSEL SERIES*
Typical Pedon: Tassel sandy loam — Rangeland (colors are for air dry soil unless otherwise noted)

A10-3 Brown (10YR 5/3) sandy loam, dark brown (10 YR 4/3) moist; weak, very fine granular
structure; soft, very friable, mildly alkaline (pH 7.4); clear smooth boundary.

C1 312 Brown (10YR 5/3) sandy loam, dark brown (10YR 4/3) moist; massive; soft, very friable;
slightly calcareous; mildly alkaline (pH 7.6); gradual wavy boundary.

C2r 12-20" Calcareous yellowish brown soft weathered sandstone.
Type Location: TL-4 North Butte Area, Campbell County, Wyoming.
* Taluce

NELSON SERIES *
Typical Pedon: Nelson sandy loam — Rangeland (colors are for air dry soil unless otherwise noted)

A10-3" Brown (10YR 5/3) sandy loam, dark brown (10YR 4/3) moist; weak fine granular structure;
soft, very friable; mildly alkaline (pH 7.4); clear smooth boundary.

C13-23"  Yellowish brown (10YR 5/4) sandy loam, dark yellowish brown (10YR 4/4) moist; soft,
very friable; slightly calcareous; mildly alkaline (pH 7.5); gradual wavy boundary.

C2r 23-30" Slightly hard calcareous yellowish brown weathered sandstone.
Type Location: TL-9 North Butte Area, Campbell County, Wyoming.

* Turnercrest
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BIDMAN SERIES *
Typical Pedon: Bidman loam — Rangeland (coloks are for air dry soil uniess otherwise noted)

A2 0-3” Light grayish brown (10YR 5/2) loam dark grayish brown (10YR 4/2) moist; think viscular
crust, weak fine granular structure; soft, very friable, slightly sticky and slightly plastic;
neutral (pH 7.2); abrupt smooth boundary.

B2t3-21"  Brown (10YR 5/3) clay, dark grayish brown (10YR 4/2) moist; strong coarse prismatic
structure that parts to strong coarse and medium angular blocks; extremely hard, very
firm, very sticky and plastic; nearly continuous wax-like coatings on faces of peds; mildly
alkaline (pH 7.4); clear smooth boundary.

B3ca 21-26" Light brown (10YR 6/3) clay loam, brown (IOYR 5/3) moist; moderate coarse prismatic
structure that parts to moderate coarse and medium angular blocks; very hard, firm, sticky
and plastic; strongly calcareous; moderately alkaline (pH 8.0); gradual smooth boundary.

C1ca 26-52" Light brown (10YR 6/3) loam, brown (10YR 5/3) moist; massive; slightly hard, very friable,
sticky and plastic; strongly calcareous; moderately alkaline (pH 8.2); gradual wavy
boundary.

C2r 52-60" Slightly hard, weathered, mixed calcareous sandstone, siltstone and shale.
Type Location: TL-10 North Butte Area, Campbell County, Wyoming.
Note: This series was sampled at this location for soil analysis. All soil horizons were sampled.

BRIGGSDALE SERIES*

Typical Pedon: Briggsdale fine sandy loam -- Rangeland (colors are for air dry soil unless otherwise
noted).

A2 0-2” Light grayish brown (10YR 6/2) fine sandy loam, dark grayish brown (10YR 4/2) moist;
moderate fine and very fine granular structure; soft, very friable; neutral (pH 7.2); abrupt
smooth boundary.

B21t2-6:  Dark yellowish brown (10YR 4/4) clay, dark brown (10YR 3.5/3) moist; moderate coarse
prismatic structure, parts to moderate coarse angular blocks; hard, firm, sticky, plastic; thin
nearly continuous glossy coating on faces of peds; mildly alkaline (pH 7.4); clear smooth
boundary.

B22t6-11" Dark yellowish brown (10YR 4/4) clay, dark brown (10YR 3.5/3) moist; strong coarse
prismatic structure that parts to strong coarse and medium angular blocks; very hard, very
firm, very sticky and plastic; thin nearly continuous glossy coatings and patches of wax-
like coatings on all faces of peds; mildly alkaline (pH 7.4); clear smooth boundary,
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B311-20" Yellowish brown (10YR 5/4) loam, dark vyellowish brown (10YR 4/4)
moist; weak coarse prismatic structure that parts to weak coarse and medium angular
blocks; hard, friable, sticky and plastic; mildly alkaline (pH 7.5); clear smooth boundary.

C1ca 20-30" Very pale brown (I0YR 7/3) sandy clay loam, light brown (10YR 6/3) moist; weak coarse
subangular blocky structure; hard, friable, sticky and slightly plastic; very strongly
calcareous; moderately alkaline (pH 8.0)' gradual wavy boundary.

C2r 30-60" Soft calcareous weathered pale brown sandy shale.
Type Location: TL-11 North Butte Area, Campbell County, Wyoming.
* Parmleed

BIDMAN SERIES
Typical Pedon: Bidman loam — Rangeland (colors are for air dry soil unless otherwise noted)

A2 0-2 Light grayish brown (10YR 6/2) fine dandy loam, dark grayish brown (10YR 4/2) moist;
moderate fine and very fine granular structure; soft, very friable, neutral (pH 7.2); abrupt
smooth boundary.

B21t2-7"  Dark grayish brown (10YR 4.5/2) clay loam, dark grayish brown (10YR 4/2) moist;
moderate coarse prismatic structure that parts to moderate coarse and angular blocks;
very hard, firm, very sticky and plastic; thin nearly continuous glossy coatings on faces of
peds; mildly alkaline (pH 7.4); clear smooth boundary.

B22t 7-16" Dark yeliowish brown (10YR 4/4) clay, dark brown (10YR 3.5/3) moist; strong medium
prismatic structure that parts to strong medium and fine angular blocks; very hard, very
firm, very sticky and plastic; thin nearly continuous glossy coatings and patches of wax-
like coatings on all faces of peds; mildly alkaline (pH 7.4); clear smooth boundary.

B3 16-22"  Yellowish brown (10YR 5/4) loam, dark yellowish brown (10YR 4/4) moist; weak coarse
prismatic structure that parts to weak coarse and medium angular blocks; hard, friable,
sticky and plastic; mildly alkaline (pH 7.5); clear smooth boundary.

C1ca 22-40” Very pale brown (10YR 7/3) sandy clay loam, light yeliowish brown (10YR 6/3) moist;
weak coarse subangular blocky structure; hard, friable, sticky and plastic; very strongly
calcareous; moderately alkaline (pH 8.0); gradual wavy boundary.

C2r 40-52" Soft calcareous weathered pale brown sandy shale.

Type Location: TL-12 North Butte Area, Campbell County, Wyoming.
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BIDMAN SERIES
Typical Pedon: Bidman loam — Rangeland (colors are for air dry soil unless otherwise noted)

A2 0_3"

B21t 3-7"

B22t 7-14"

B3 14-18”

Clca 18-40"

C2r 40-50"

Light grayish brown (10YR 6/2) loam dark grayish brown (10YR 4/2) moist; moderate fine
and very fine granular structure; soft, very friable; neutral (pH 7.2); abrupt smooth
boundary.

Dark yellowish brown (10YR 4/4) clay loam, dark brown (10YR 3.5/3) moist; moderate
coarse prismatic structure that parts to moderate coarse and medium angular blocks;
hard, firm, sticky and plastic; thin nearly continuous glossy coatings on faces of peds;
mildly alkaline (pH 7.4); clear smooth boundary.

Dark yellowish brown (10YR 4/4) clay, dark brown (10YR 3.5/3) moist; strong medium
prismatic structure that parts to strong medium and fine angular blocks; very hard, very
firm, very sticky and plastic; thin nearly continuous glossy coatings and patches of wax-
like coatings on all faces of peds; mildly alkaline (pH 7.4); clear smooth boundary.

Yellowish brown (10YR 5/4) loam, dark yellowish brown (10YR 4/4) moist; weak coarse
prismatic structure that parts to weak coarse and medium anguiar blocks; hard, friable,
sticky and plastic; mildly alkaline (pH 7.5); clear smooth boundary.

Very pale brown (10YR 7/3) sandy clay loam, light yellowish brown (10YR 6/3) moist;
massive; hard, friable, sticky and plastic; very strongly calcareous; moderately alkaline
(pH 8.0); gradual wavy boundary.

Soft calcareous weathered pale brown sandy shale.

Type Location: TL-13 North Butte Area, Campbell County, Wyoming.

FORT COLLINS SERIES*
Typical Pedon: Fort Collins sandy loam — Rangeland (colors are for air dry soil unless otherwise noted)

A10-2"

B21t 2-5"

Brown (10YR 5/3) sandy loam, dark brown (10YR 4/3) moist; moderate fine and very fine
granular structure; slightly hard, very friable, slightly sticky, noncalcareous; clear smooth
bopndary.

Brown (7.5YR 5/4) sandy clay loam (having less than 35% fine or coarse sands), dark
brown (7.5YR 5/4) moist; moderate very coarse prismatic structure that parts to moderate
very coarse and coarse sub-angular blocks; hard, friable, slightly sticky and slightly plastic;
clay bridging between sand grains; noncalcareous; clear smooth boundary.
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B22t 5-11" Brown (10YR 5/4) sandy clay loam (having less than 35% fine sand or coarser), dark

brown (7.5YR 4/4) moist; strong coarse prismatic structure that parts to strong coarse and
. medium angular blocks; hard, friable; slightly sticky and slightly plastic; clay bridging
between sand grains; noncalcareous; clear smooth boundary.

B3 11-35" Light brown (7.5YR 6/4) sandy clay loam, brown (7.5YR 5/4) moist; weak coarse and
moderate subangular blocky structure; slightly hard, very friable, slightly sticky and slightly
plastic; noncalcareous; gradual smooth boundary. '

Cca 35-50" Light brown (7.5YR 6/4) sandy clay loam, brown (7.5YR 4/4) moist; massive; soft, very
friable, strongly calcareous.

Type Location: TL-15 North Butte Area, Campbell County, Wyoming.
* Forkwood |

9.0 1978-79 SOIL ANALYTICAL RESULTS
Bidman (Sample Point TL-10)

Depth Mechanical Analysis
(inches) Very Fine Sand Sand Silt Clay Texture
(%) (%) (%) (%)
0-3 16.4 15.2 52.8 15.6 SiL
3-21 50 . 16.6 37.8 40.6 C
. 21-26 12.6 37.0 26.8 23.6 SCL
(. 26-52 17.9 28.9 30.4 22.8 L
Depth Se Organic Matter Saturation
(inches) (ppm) (%) (%)
0-3 <0.1 2.60 49.0
3-21 0.1 1.68 61.5
21-26 0.3 0.95 46.6
26-52 <0.1 0.87 50.4
Saturation Extract B
Depth Cations
(incﬁes) pH paste (E:\er:tocsc;::;) Ca Mg Na SAR
(mg/L) (mg/L) (mg/L) {mg/L)
0-3 6.5 0.5 4.0 2.0 0.1 0.1
3-21 6.1 0:3 1.7 1.0 0.2 0.1
21-26 7.7 0.3 1.9 1.3 0.2 0.1
26-52 7.9 0.3 1.5 1.5 0.7 0.6
Samples analyzed by Core Laboratories for Cleveland Cliffs — August 1979.
®
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Haverson* (Sample Point TL-1)

Depth Mechanical Analysis
(inches) Very Fine Sand Sand Silt Clay Texture
(%) (%) (%) (%)
0-4 6.0 30.8 34.8 28.4 CL
4-12 7.5 23.3 39.2 30.0 CL
12-22 11.1 27.7 31.2 30.0 CL
22-40 11.0 19.8 37.2 32.0 CL
40-58 10.9 29.9 28.0 31.2 CL
58-68 11.1 13.7 42.0 33.2 CL
68-84 8.3 24.5 32.0 35.2 CL
84-92 8.3 36.5 26.0 29.2 CL
Depth Se Organic Matter Saturation
{inches) {ppm) {%) (%)
0-4 0.1 3.84 64.4
4-12 0.1 2.75 59.5
12-22 <0.1 1.30 50.3
22-40 0.1 1.30 52.4
40-58 <0.1 1.47 49.6
58-68 <0.1 0.87 58.1
68-84 <0.1 0.92 52.8
84-92 <0.1 0.58 44.7
Saturation Extract
Depth Cations
(inches) | PHPaste (i:‘:;:"oc;;::") Ca Mg Na SAR
(mg/L) (mg/L) {mg/L) (mg/L)
0-4 6.8 0.7 6.2 1.8 0.3 0.1
4-12 6.9 0.6 5.3 1.4 0.1 <0.1
12-22 7.5 0.3 2.8 0.7 0.1 0.1
22-40 7.7 0.3 2.3 0.6 0.1 0.1
40-58 7.7 0.2 2.0 0.6 0.1 0.1
58-68 7.7 0.2 1.7 0.5 0.1 0.1
68-84 7.8 0.2 1.6 0.5 0.1 0.1
84-92 7.8 0.3 1.8 0.5 0.1 0.1

Samples analyzed by Core Laboratories for Cleveland Cliffs — August 1979.

* Haverdad
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Cushman (Sample Point TL-7)

¢. Depth Mechanical Analysis
(inches) Very Fine Sand Sand Silt Clay Texture
(%) (%) (%) (%)
0-2 22.9 27.9 38.8 10.4 L
2-10 16.2 32.6 35.8 15.4 L
10-18 11.5 41.3 29.2 18.0 SL
18-34 12.7 38.5 32.8 15.6 L
Depth Se Organic Matter Saturation
(inches) (ppm) (%) (%)
0-2 0.1 2.23 50.5
2-10 0.1 2.20 55.0
10-18 0.1 1.01 49.3
18-34 0.1 0.78 46.0
Saturation Extract ]
Depth Cations
{inches) pH paste (E:::;OC:;::") Ca Mg Na SAR
{mg/L) {mg/L) (mg/L) {mg/L)
0-3 7.2 0.6 5.2 1.3 0.1 <0.1
3-21 7.1 0.4 4.0 1.1 0.1 <0.1
21-26 7.7 0.3 2.7 1.2 0.1 0.1
26-52 7.9 0.3 2.0 1.3 0.1 0.1
Samples analyzed by Core Laboratories for Clevefand Cliffs — August 1979.
Thedalund* (Sample Point TL-6)
) Mechanical Analysis
<. (::::::) Very Fine Sand Sand Silt Clay Texture
(%) (%) (%) (%)
0-4 23.4 24.2 40.8 11.6 L
4-22 21.9 21.7 41.8 14.6 L
Depth Se Organic Matter Saturation i
{inches) {ppm) (%) (%)
0-4 <0.1 2.83 53.9
2-22 <0.1 1.88 57.9
Saturation Extract
Depth Cations
inches) | Pripaste (f:‘:z'oi‘;::;) Ca T Mg Na SAR
(mg/L) (mg/L) (mg/U) (mg/L)
0-4 74 0.5 4.8 0.8 Q0.1 <0.1
4-22 7.4 0.4 3.1 0.8 0.1 0.1
Samples analyzed by Core Laboratories for Cleveland Cliffs — August 1979,
* Theedle
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Table D7-1

Table D7-2

Soil Mapping Unit Acreages
Ma Description
Designz':tion (soil series, slgpe percent) Acreage Percent
50/AB Bidman ciay loam, 0 to 6 89.5 9.0
BO Bowbac sandy loam, 6 to 15 89.6 9.1
PA Parmleed clay loam, 6 to 10 49.0 4.9
75/8C Cushman loam, 3 to 10 114.1 11.5
b45/AB Forkwood loam, 010 6 44.9 9.6
1A Haverdad, O to 3 11.3 1.1
Ki/AB Kishona loam, 0 to 6 5.7 0.6
ab2/AB Hiland loam, O to 6 31.7 3.2
ab2/C Hiland fine sandy loam, 6 to 10 12.9 1.3
Re/C Renohifl iloam, 6 to 14 2.8 0.3
SH Shingle clay loam, 3 to 30 15.8 1.6
SH-G Shingle clay loam, gullied 131.6 13.3
151/DE Shingle-Rock Outcrop, 10 to 60 29.8 3.0
347/D Shingle-Rock Outcrop-Samday, 10 to 30 152.1 15.4
TA Taluce sandy loam, 15 to 40 55.1 5.6
TH Theedle loam, 3 to 15 23.0 2.3
TE Terro sandy loam, 6 to 15 18.5 1.9
TUR Turnercrest loam, 3 to 10 6.5 0.7
354/AB Ulm-Bidman assoc., gently sloping 33.2 3.4
394/CD Cushman-Bowbac assoc., rolling 12.9 1.3
Zg/8 Zigweld loam, 3to 6 3.9 0.4
D Disturbed 5.1 0.5
TOTALS 989.0 100.0
North Butte Topsoil Volume Determination
Map Description Acreage Depth Estimated Volumes
Designation (inches) {cubic yards)
50/AB Bidman clay loam 60 721,967
BO Bowbac sandy loam 36 433,664
PA Parmleed clay loam 36 237,160
75/8C Cushman loam 36 552,244
b45/AB Forkwood loam 60 765,527
1A Haverdad 30 45,577
KI/AB Kishona loam 60 45,980
a62/AB Hiland loam 60 255,713
a62/C Hiland fine sandy loam 60 104,060
Re/C Renohill loam 30 11,293
SH Shingle clay loam 15 31,863
SH-G Shingle clay loam, gullied 6 106,157
151/DE Shingle-Rock Outcrop 6 24,039
347/D Shingle-Rock Outcrop-Samday 6 122,694
TA Taluce sandy loam 15 111,118
TH Theedle loam 36 111,320
TE Terro sandy loam 36 89,540
TUR Turnercrest loam 36 31,460
354/AB Uim-Bidman 60 267,813
394/CD Cushman-Bowbac 36 62,436
Zg/B Zigweld loam, 3to 6 60 31,460
D Disturbed 0 0
TOTALS 4,163,085
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Q_ f?ﬂiﬁ GY/ eneray LABORATORIES, INC.

/ sABURATORIES P.O. BOX 30816 * 1107 SOUTH BROADWAY * BILLINGS, MT 59107-0818 + PHONE (406, 252-6325
SO0IL & OVERBURDEN ANALYSIS FEE SCHEDULE
1987
Page |
PARAMETER METHOD UNIT PRICE
Acid-base Potential (1) p 43-51 T CaC03/100T  $15.00
Acid Potential, TFurnace Oxidation (1) p 43-51 meq H/100g 10.00
Ammonia as N, NaCl ext. (3) met. 84-2 Ppm 5.00
Arsenic, Hot Water ext. (3) met 80-3 PPmM ' 8.00
Barfum (4) p 600-2 ppm 5.00
Base Saturation : % 20.00
Beryllium - (4) p 600=2 PPm 5.00
Boron (3) met 75-4 ppm 5.00
Cadmium (4) p 600-2 ppm 5.00
Calcium, sat. paste (5) met 2,3a meq/l 5.00
Cation Exchange Capacity (3) met 57-2 meq/100g 15.00
Chromium (4) p 600-2 ppu
Coarse Fragments - (10) 205,213-216 %
Conductivity, sat. paste ~ (5) met 3a,4b mmhos/cm
,~ Copper (4) p 600-2 ppm
) 'vanide (2) 335.2 cLP-M PPm
(. sxchangeable Sodium Percentage (8) %
Iron (4) p 600-2 PPm
Lead ) (4) p 600-2 ppum
Lime (5) met 23c A
Magnesium, saturated paste ext. (4) met 2,3a meqg/1
Manganese (4) p 600-2 Ppm
Mercury (2) 245,5 PPm
Molybdenum (MT) amm. oxal. (3) met 74-2 PPm
Molybdenum (WY)(NH4)2C03 (6) PPu
Molybdenum (WY) ABDTPA - (9) ppm
Neutralization Potential (1) p 43-51 T CaC03/100T
Nickel (4) p 600~2 PpPR
Nitrate as N . (3) met 84-2 PPm
Total Nitrogen
Organic Carbon’ (3} 29-3 %
Organic Matter (5) p 105 %
pH, saturated paste (5) met 2la Std, units
Phosphorus, Sodium Bicarbonate (3) met 73-4 pPpPm
Porassium (3) met 71.3 PPM
SAR (includes Ca, Ng, Na) (5) met 20b , unitless
Saturation Percentage (5) 2,3a 4
Selenium (3) met 80-3 PPm
‘Silver (2) 245.5 PPm
Sodium, extractable (5) met 18 meq/100g
- .Sodium, available (5) met 18 meq/100g
( 3odium, sat, paste ext. (5) met 2,3a meq/1
"Sulfur Forms, Furnace Oxidation (8) %
“I‘exture (PSA) sand, silt, clay 7 %
Very Fine Sand 140/270 mesh %
Zinc (4) p 600-2 ppm
Cameco Resources Appendix D7 (attachments) . North Butte ISR Project
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SOIL & OVERBURDEN ANALYSIS FEE SCEEDULE

1987
Page 2
REFERENCES
(1) Mine Spoil Pot. Soil/Water Quality, R.M. Smith
(2) EPA-600/4-~79-020, USEPA 1979
(3) Methods of Soil Analysis, ASA Mono #9
(4) Soil Sclence Soclety of America, vol. 35 #4, 1
(5) USDA Handbook #60, USDA 1954
(6) Procedure from WY D.E.Q., VLEK, 1975
(7) USDA Handbook #18
(8) TField & Laboratory Methods, Sobek, 1978

¢9)~Procedure from WY D.E.Q.

) Soil Survey Manual
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ADDENDUM D7-1
SOILS UPDATE

1.0 INTRODUCTION

The “North Butte Uranium ISR Project” has been permitted for commercial operation
(WDEQ/LQD Permit #632) since March of 1989 (revised in 1990). Power Resources,
Inc. dba Cameco Resources (CR) is updating the existing permit (Appendix D7). A
Soils Update Report (Addendum D7-1) has been prepared for the approximate 1010-
acre permit area and is intended to be compatible with: Wyoming Department of
Environmental Quality (DEQ), Land Quality Division (LQD) requirements and standards
as described in LQD Rules and Regulations Chapter 11 Section 3(a)(iii) and (iv);
Guideline No.4 (In-Situ Mining) Attachment Il (Topsoil and Subsoil Management and
the Associated Erosion Control at Uranium In Situ Leaching Operations); and guidance
provided in LQD Guideline No.1 (Topsoil and Overburden).

Plate D7-1.1 is a revised soils map that supersedes the previous soils map (Plate D7-1,
Soils, revised 4-15-93). Recommended soil salvage depths, for both topsoil and subsoil
are included in Table D7-1.1 (Update) in the soils update report (Addendum D7-1).
Similar to the preexisting study, depth of “suitable” soil for each soil series and map unit
was provided. In this case (Table D7-1.1) topsoil and subsoil depths are differentiated.
Landowner preferences have been incorporated into the topsoil salvage plan and are
presented in the Operations Plan. The initial soils update work included a thorough
review of the existing Appendix D-7 soils information (both soil map unit and soil series
descriptions provided in each of the two previous soil survey reports for the North Butte
project) and soils mapping as shown on the previous soils map. A check for any new
soils regulatory information issued since 1990 was also completed. Soil suitability and
- recommended salvage depths were also rechecked and revised as appropriate. A
determination of whether additional soil sampling was necessary was made. Finally, a
revised project soils map was completed. Some lands adjacent to the project area were
also included in the soils mapping.

The identification and proper management of the soil resources is essential for the
success of reclamation in the affected areas and the achievement of the post-action
land use. The information presented in this update report is designed to aid in
formulating a practical and successful soils management and reclamation plan. For this
report, information concerning soil survey methodology is incorporated directly into the
applicable Results sections.

2.0 BRESULTS

The North Butte Permit Area is considered to have an average annual precipitation
range of 10 to 14 inches and therefore is within an “ustic-aridic” soil precipitation
regime. Average annual air temperature is about 47 degrees Fahrenheit (F) and

Cameco Resources Addendum D7-1 North Butte ISR Project
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therefore is within a “mesic” soil temperature regime. About 105 to 130 annual frost free
days (growing season) exist within the North Butte permit area (Westerman and Prink,
2004). In addition, no prime farmland was previously found to exist on the permit area
and none exists today as well (SCS, 1988).

2.1 Review of Previous Soils Information

Two previous soil surveys (1978/1979 and 1988) have been completed on the North
Butte permit area and the full reports are contained in the existing North Butte
Appendix D7. In October 1992, approximately 50 acres of adjacent lands along the
southern border of the permit area’'s eastern arm were mapped and incorporated into
the permit boundary. The primary objective of both soil surveys was to define the
existing topsoil resource within the survey area and to determine the extent, availability,
and suitability of soil materials for use in reclamation. Since that time, the NRCS
(formerly the Soil Conservation Service) has published the “Soil Survey of Campbell
County, Wyoming, Southern Part” which includes the North Butte area (Westerman and
Prink, 2004).

1978/1979 Soil Conservation Service (SCS)/Cleveland Cliffs Soil Survey

Soil Conservation Service personnel (now the Natural Resources Conservation Service,
NRCS), working with a Cleveland Cliffs Iron Company consultant, completed a soil
survey in 1978 and 1979 on an aerial photo composite base map of the permit area,
corrected for distortion, at a detailed scale of 1"=500’. Ten established SCS Campbell
County soil mapping units were utilized for the survey. The following is a list of those
map unit symbols, names, and slope ranges. A few new soil names have been inserted,
where appropriate, to show which names have changed and been recorrelated to new
names:

Map Unit 1A: Haverson (now Haverdad) loam, 0 to 3% siopes

Map Unit b45: Fort Collins (now Forkwood) loam, 0 to 6% slopes

Map Unit 50/AB: Bidman loam, 0 to 6% slopes

Map Unit a62/AB: Olney (now Hiland) fine sandy loam, 0 to 6% slopes

Map Unit a62/C: Olney (now Hiland) fine sandy loam, 6 to 10% slopes

Map Unit 75/BC: Cushman very fine sandy loam, 3 to 6% slopes

Map Unit 151/DE: Shingle-Rock Outcrop complex, 10 to 60% slopes

Map Unit 347/D: Shingle-Rock Outcrop-Samsil (now Samday) complex,
10 to 30% slopes

Map Unit 354/AB: Ulm-Bidman association, gently sloping

Map Unit 394/CD: Cushman-Bowbac association, rolling

Fifteen typical soil profile descriptions (TL-1 through TL-15) were completed for these
soils and four of the soils were sampled for laboratory analysis (TL-1, Haverson; TL-86,
Thedalund, now Theedle; TL-7, Cushman; and TL-10, Bidman). The sample site
locations were specifically selected to adequately represent the soils of the areas to be
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disturbed and were taken from within those areas. The soils were analyzed according to
the parameters listed in the current DEQ Guideline 1 at that time. The 1978/1979 soil
survey included complete map unit descriptions, soil series profile descriptions, and all
laboratory data for the sampled soils, including pH, EC, saturation percent, SAR,
organic matter percent, Selenium (ppm), and texture including very fine sand percent.
Evaluation of the field and laboratory data, as well as discussion with SCS (now NRCS),
indicated no problems regarding soil suitability, including the fact that there were no
salinity problems with the soils of the survey area.

1988 Western Environmental, Inc. Soil Survey —Summary

Western Environmental, Inc. (Randy White) completed a new detailed Order 1-2 soil
survey of the North Butte permit area in 1988 according to specifications in DEQ
Guideline 1 (November 1984). The original Western Environmental study is included in
Appendix D7. The soil boundaries were delineated on a 1”=500" scale photo-base map
(updated as Plate D7-1.1) and the previous 1978/1979 soils description and sampling
sites were retained on the map. All 10 of the previous soil map units were retained in
the 1988 survey and 13 new map units were set up and delineated in the new survey as
well as Disturbed (Map Unit D). The following is a list of those map unit symbols,
names, and slope ranges.

Map Unit BO: Bowbac sandy loam, 6 to 15% slopes

Map Unit PA: Parmleed (formerly Briggsdale) loam, 6 to 10% slopes
Map Unit KI/AB: Kishona loam, 0 to 6% slopes

Map Unit Re/C: Renohill loam, 6 to 14% slopes

Map Unit SH: Shingle clay loam, 3 to 30% slopes

Map Unit SH-G: Shingle clay loam, gullied

Map Unit SM: Samday (formerly Samsil), silty clay, 3 to 30% slopes
Map Unit TA: Taluce (formerly Tassel), 15 to 40% slopes

Map Unit TH: Theedie (formerly Thedalund) loam, 3 to 15% slopes
Map Unit TE: Terro sandy loam,6 to 15% slopes

Map Unit TUR: Turnercrest (formerly Nelson) loam, 3 to 10% slopes
Map Unit UL: Ulm silty clay, 3 to 6% slopes

Map Unit Zg/B: Zigweid loam, 3 to 6% slopes

Seventeen typical soil profile descriptions (88-1 through 88-17) were completed for
these soils and all 17 were sampled for laboratory analysis (88-1, Bidman; 88-2, Ulm;
88-3, Cushman,; 88-4, Hiland (formerly Olney); 88-5, Zigweid; 88-6, Forkwood (formerly
Fort Collins); 88-7, Hiland (formerly Olney); 88-8, Turnercrest (formerly Nelson); 88-9,
Bowbac; 88-10, Terro (formerly Terry); 88-11, Parmleed (formerly Briggsdale); 88-12,
Kishona; 88-13, Forkwood (formerly Fort Collins); 88-14, Taluce (formerly Tassel); 88-
15, Samday (formerly Samsil); 88-16, Parmleed (formerly Briggsdale); and 88-17,
Renohill.
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The sample site locations were staked in the field and their locations plotted on the field
map. The soils were analyzed according to the parameters listed in the DEQ Guideline
1 at that time. The 1988 soil survey included complete map unit descriptions, soil series
profile descriptions, and all laboratory data for the sampled soils, including pH, EC,
saturation percent, SAR, organic carbon percent, calcium carbonate (lime) percent,
Selenium (ppm), Boron (ppm), texture (percent sand, silt, and clay), and coarse
fragment content (percent).

Soil suitability was evaluated for each sampled soil and an “average depth of material
appearing suitable” was listed for each soil series in its profile description. The updated
recommended soil salvage depths are listed in Table D7-1.1. Soil salvage commitments
are presented in the Operations Plan.

2.2 Completion of Revised Soils Baseline Map

A primary objective of the soils update report was to confirm, revise (as necessary), and
transfer the soils mapping (the soil map unit delineations — polygons) from the existing
base map to a new, more current, and better base map (Plate D7-1.1). As stated above,
the existing soils base map was a 1”’=500’ scale photo-base map dated at least 1988 or
older. Although the permit area topography has not changed since that date, map
technology has, and this older map does not meet modern map standards. The previous
map was produced as a plastic “mylar” with inked soil delineation lines and map unit
symbols. Map copies were produced as “blue-line” copies which were printed from the
original inked mylar. Either because the original mylar was very dark to begin with, or
the image was perhaps “screened” for some reason, the resulting blue-line copies were
so dark that in some areas the soil lines could not be distinguished from the dark
background.

An additional factor which affected the readability of the map was the inclusion of a
circuitous, curvilinear “wellfield outline” boundary line very similar in line width and
density to the soil lines. In many locations, it was very difficult to tell whether a
particular line was a soil delineation line or a wellfield boundary line. For this reason as
well as the need to provide an updated, more readable soils map, a new or updated
soils map was created (Plate D7-1.1).

The new base map was created using the most recently available photo imagery,
specifically flown for this project and dated July 2010. Five foot contours and land
survey (sections) overlays are presented on this map. The resulting 1”"=500" scale base
map is excellent and is also an electronic file. The base map was created by Data Map,
Inc. (Flight Date: July 27, 2010).

Jim Nyenhuis, Certified Professional Soil Scientist/Soil Classifier (ARCPACS 2753),
took the new base map and completed the soils mapping task in the field. The previous
soils map was used to the full extent possible. Soil delineation lines (polygons) that
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were legible were field checked and then transferred to the new base map. All previous
soil description/sample sites that were legible were also transferred to the new base
map. Several sample site locations were added later through measurement based on
the written location information contained in the original soil profile descriptions. Some
areas with significant illegibility were remapped to the Order 1-2 level using the existing
soils legend and standard field work methods, as specified in Guideline No.1 (WDEQ,
1996) and the procedures and standards of the National Cooperative Soil Survey (Soil
Survey Staff, 1993 and 1999; and Schoeneberger et al., 2002). Several areas adjacent
to the permit area were also included in the soils mapping. No new soils were identified
and no additional soil samples were collected for reasons explained in the following
sections of this update report.

2.3 DEQ New Regulatory Soils Management Specifications

DEQ has provided new guidance for the management of topsoil and subsoil resources
at In-Situ Recovery Operations (ISR) as described in their Guideline No.4 (In-Situ
Mining) “Attachment iil — Topsoil and Subsoil Management and the Associated Erosion
Control at Uranium In Situ Leaching Operations” (WDEQ, 2000). T-Chair Livestock
Company, the private surface landowner, has presented very specific requirements
towards the salvage and handling of topsoil. These requirements are in letters provided
by the landowner, which are provided as an addendum to the Operations Plan. These
letters require that topsoil stockpiles be minimized and that CR and DEQ recognize and
employ the landowner’s method of road construction. This prescribed methodology is
presented in the Operations Plan. Topsoil and subsoil salvage concepts are
summarized in the following sections. Erosion control is discussed in the Operations
and Reclamation pilans.

Attachment [l was finalized subsequent to the approval of the North Butte ISR permit
document and is referenced as part of the CR soils update report. DEQ requires
approval of any alternative soil handling procedures prior to use of those procedures in
the field, or before approval of any permitting actions, it alternative soil handling
procedures are proposed. The objective of the DEQ topsoil and subsoil management
plan for ISR projects is to “minimize disturbance to the topsoil/subsoil and premine
vegetation resource, thereby allowing the postmining land use conditions to be
established”.

Attachment Il stresses that the mining company limit areas of disturbance during
wellfield delineation, construction, and operation by minimizing temporary access roads,
and segregating topsoil and subsoil materials during mud pit, pipeline, weilfield
construction, and other excavations. Topsoil and subsoil are generally not stripped and
stockpiled for the entire wellfield area. Soil salvage in specific wellfield areas where
traffic is concentrated (within the wellfield pattern area) may be necessary in site
specific situations. Commitments and procedures for limiting surface disturbance are
provided in the Operations Plan.
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Attachment I (Section IV, Baseline Characterization of the Soil Resource) states that
initially the entire permit area should be soil surveyed to at least the Order 3 level of
intensity (the standard level of intensity for an NRCS county soil survey). In areas
where disturbance may take place, the Applicant shall complete either an Order 1-2 soil
survey or a program of digging soil verification holes on a 3-acre grid spacing. For the
North Butte permit area, the Western Environmental Inc. 1988 soil survey was done to
the detailed Order 1-2 level and the current soils update (this report) mapping
confirmation/revision and transfer to the new orthophoto base map was also done to the
Order 1-2 level of detail. As part of the 1978/1979 and 1988 soil surveys, a total of at
least 31 typical soil profiles have been described and 21 of these profiles have been
fully sampled by major horizons and subhorizons for subsequent laboratory analysis.
Many of these sampled soils are located within areas of projected surface disturbance
according to current North Butte project specifications.

As a result of the previous, detailed North Butte Order 1-2 soil survey and the extensive
soil sampling for (aboratory analysis, and because all previous soils laboratory results
indicate “suitable” soil material, it was suggested that no additional soil sampling was
necessary as part of the North Butte soils update process. This issue was discussed
with Mr. Jon Sweet, WDEQ Soil Scientist, and he concurred that no additional soil
sampling seemed necessary at this time (Sweet, 2010).

2.4 Topsoil/Subsoil Salvage Specifications at Facilities Areas and Roads

Permanent or Long-Term Facilities Areas

Concerning soil salvage, DEQ Attachment Ill states that suitable topsoil (A and E
horizons) and subsoil (B and C horizons) should be salvaged from “permanent or long-
term facilities areas, associated pad (parking) areas, and long-term storage areas”.
Salvaged soil should be stored in long-term stockpiles. For this permit purposes, long-
term is defined as surface disturbance that lasts longer than one year; short-term
surface disturbance typically lasts less than six months but may extend up to one year.
For the North Butte project, long-term facilities would include the proposed plant site
and parking area, the proposed surge pond area, ancillary buildings and satellite
facilities. All topsoil salvage commitments are included in the Operations Plan.

Temporary Structures and Storage Areas

Attachment Il goes on to state that topsoil and subsoil are generally not salvaged from
areas having temporary structures used for short-term construction activity or storage.
However, “topsoil and perhaps subsoil should be stripped where it is likely that the soil
will be adversely affected by compaction due to repetitive traffic or contaminated by
fuel, oil, grease, drilling mud or other such construction materials”. Furthermore,
Attachment lll states “The LQD should be consulted when such sites are planned for
storage. The conditions, characteristics, duration, and types of items to be stored
should be considered before a decision is made to strip soil from these storage areas”.
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All topsoil salvage commitments are included in the Operations Plan.

Primary Access Roads

A Primary Access Road is a road constructed at an ISR facility that may necessitate ‘cut
and fill’ activities with gravel surfacing, or other material, and is constructed for long-
term use. These roads are typicaily used for routine access to the main facility areas
including office areas, satellite facilities and include all haul roads. All topsoil salvage
commitments are included in the Operations Plan.

Secondary Access Roads

Secondary access roads are constructed progressively and will extend from primary
access roads to header houses as wellfield installation proceeds. These roads usually
include a gravel surface. All topsoil salvage commitments are included in the
Operations Plan.

Monitoring Well Access Roads

These designated travel ways are typically two-track trails that are located such that the
number and length of roads are minimized. Sensitive areas such as springs and
wetlands are avoided. Travel should be limited to light-duty vehicle use. Attachment (i
states “The topsoil and subsoil are generally not salvaged from these roads”. This is
discussed further in the Operations Plan.

Drilling Mud Pit Construction

Drilling and mud pit construction, equipment laydown, pipeline construction and traffic
are the primary wellfield disturbances during construction. These disturbances are
considered temporary. All topsoil salvage commitments are included in the Operations
Plan.

2.5 Recommended Topsoil and Subsoil Salvage Depths for Long-Term and
Short-Term Disturbances

As stated in the Introduction, the previous 1988 Western Environmental, Inc. North
Butte Order 1-2 soil survey provided a total depth of “suitable” soil material but did not
differentiate topsoil depth from subsoil depth. Suitable depths ranged from 6 to 15
inches for shallow soils (4 to 20 inches to bedrock), 30 to 36 inches for moderately deep
soils (20 to 40 inches to bedrock), and 60 inches for very deep soils (60 inches or
deeper to bedrock).

All of the soils on the North Butte permit area are “suitable” for use in reclamation
without significant physical or chemical limitations. The suitability evaluation followed
parameters and threshold values contained in Table [-2 "Criteria to establish suitability
of topsoil (or topsoil substitutes)" of Guideline No.1 "Topsoil and Overburden" (WDEQ,
1996). Unsuitability threshold values include: pH <5.0 or > 9.0, EC >12; SAR >15, or
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SAR >12 for soils with greater than 40% clay; coarse fragment content >35%; saturation
percent <25% or >80% (marginal rated); and sand, clay, or silty clay texture (marginal
rated) (WDEQ, 1996).

Because DEQ Attachment |l states that suitable topsoil should be salvaged and
stockpiled separately from suitable subsoil, a differentiation of suitable topsoil and
subsoil depths for each soil and map unit has been completed as part of the soils
update report (Addendum D7-1). The soil/subsoil depths (topsoil and subsoil) are listed
in Table D7-1.1 (Update). Topsoil volumes for salvaged soils are included in the
Operations Plan.

A revised interpretation of what is topsoil and subsoil has been applied for the North
Butte soils update based on extensive previous experience with Powder River Basin
soils. Topsoil, for soil salvage purposes, is considered the combination of not only the
surface layer (A or E horizon) but also the upper part of the underlying “B” horizon
subsoil layer, which usually is a transition layer with good organic matter content, good
soil structure, many plant roots, and good soil texture. The combined thickness of the
surface layer and underlying transition layer often ranges from about 6 to 18 inches in
depth. Subsoil includes the dominant middle part of the “B” horizon as well as the lower
part of the “B” horizon and may include the upper part of the underlying “C” horizon
substratum. This concept of subsoil excludes the lower part of the “C” horizon which
can often have hard to extremely hard, dry consistency, massive structure, little organic
matter content, few to no plant roots, and good to poor soil chemistry. This lower “C”
horizon material often will meet suitability criteria but is not being recommended for
subsoil salvage because of the better soil material that overlies it and the intent to not
dilute the better material through mixing with the lower “C” horizon material. As
additional support, it should be noted that NRCS (formerly SCS) terminology defines “C”
horizon soil as “substratum” material, not “subsoil” which is used only for “B” horizons
(SCS, 1993).

In summary, CR has reviewed and field checked the historic soils mapping and found
that the work completed in 1978/79 and 1988 was comprehensive. CR has prepared an
updated soils map that clearly presents this historic data and identified field check
locations. No new soil types were identified. CR has updated soil suitability depths in
accordance with the 2000 guidance: Guideline No.4 (In-Situ Mining) “Attachment il —
Topsoil and Subsoil Management and the Associated Erosion Control at Uranium In Situ
Leaching Operations” (WDEQ, 2000). CR has incorporated the landowner’s, (T-Chair
Ranch) desires in their topsoil handling and storage plan. All topsoil salvage
commitments are included in the Operations Plan.
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Table D7-1.1 List of Soil Map Units and Recommended Soil Salvage Summary

L 10z Arenige

532IN0S9Y 0J8WED

(sejqey) L-2Q wnpusppy

. . . Long Term* Short Term*
Map Unit . Soil Sample Total Soil Depth _ ] ) . Lo
Map Unit Name . . Topsoil/Subsoil Topsail/Subsoil Limitations to Deeper Salvage
Symbol* Location Number {in.)* i .
Salvage (in.) Salvage (in.)
) . TL-10, TL-12, Soil entirely suitable but upper
50/AB Bidman clay loam, 0 to 6% slopes 60 12/18 12/18
/ Y P TL-13 / / 30" better
BO Bowbac sandy loam, 6 to 15% slopes 88-9, TL-5 36 12/18 12/18 50',' entirely suitable but upper
; 30” better
88-11, 88-16, ilenti i
PA Parmleed loam, 6 t0 10% slopes 36 12/18 12/18 SOL entirely suitable but upper
88-11 30" better
88-3, TL-4, TR —
75/8C Cushman loam, 3 to 10% slopes 36 12/18 12/18 SOL entirely suitable but upper
TL-7 30” better
88-6, 88-13, TL-2, Soil entirely suitable but upper
b45/AB Forkwood toam, 0 to 6% slopes 60 12/24 12/24
/ codioa o sioP TL-15 / / 36" better
Soil entirely suitable but upper
1A Haverdad loam, 0 to 3% slopes T 30 12/12 12/12 N 4 PP
24” better
) Soil entirely suitable but upper
KI/AB Kishona loam, 0 to 6% slopes 88-12 60 12/18 12/18 ”
30" better
Soil entirely suitable but upper
ab2/AB Hiland loam, O to 6% slopes 88-4, TL-3 60 12/24 12/24 36" better
) . . 60 12/24 12/24 Soil entirely suitable but upper
a62/C Hiland fine sandy loam, 6 to 10% slopes 88-7 16" better
Soil entirely suitable but upper
Re/C Renohill loam, 6 to 14% slopes 88-17 30 12/12 12/12 24" better
: Soil entirely suitable but upper
SH Shingle clay loam, 3 to 30% slopes TL-14 15 6/6 6/6 12" better
) Soil entirely suitable, salvage all
SH-G Shingle clay loam, gullied sampled in SH 6 6/0 6/0 soil
. Soil entirely suitable, salvage ali
SM Samday silty clay, 3 to 30% slopes sampled in 347D 12 6/6 6/6 soil
Sh: 6 Sh: 6/0 Sh: 6/0 )
i . 9 i Salvage all Shingle 6”
151/DE Shingle-Rock Outcrop, 10 to 60% slopes sampled in SH RO: 0 RO: 0/0 RO: 0/0 g g
Sh:6 Sh: 6/0 Sh: 6/0 )
ingle- - Salvage alt Shingle and Samday
saz/p | Shineke F:OCK Outcrop-Samday, Sa: 88-15 RO:0 RO: 0/0 RO: 0/0 "
10to 30% slopes sa:6 5a: 6/0 Sa: 6/0
Soil entirely suitable but upper
TA Taluce sandy loam, 15 to 40% slopes 88-14, TL-8 15 6/6 6/6 12" better
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] ) . Long Term* Short Term*
Map Unit ] Sail Sample Total Soil Depth f X ) . Lo
Map Unit Name R . Topsoil/Subsoil Topsoil/Subsoil Limitations to Deeper Salvage
Symbol* Location Number (in.)* ) .
Salvage (in.) Salvage (in.)
Soil entirely suitable but uppe
H Theedle loam, 3 to 15% slopes L6 36 12/18 12/18 ,, v Pper
30” better
Soil entirely suitable but
TE Terro sandy loam, 6 to 15% slopes 88-10 36 12/12 12/12 L entirely suttable but upper
24" better
oil entirely suitabl
TUR | Turnercrest loam, 3 to 10% slopes 88-8, TL-9 36 12/18 12/18 soil entirely suitable but upper
30" better
) U: 88-2 Soil entirely suitable but upper
354/A8 Ulm-Bid , tly slopi 60 12/18 2/18
/ m-Bigman, gently sioping B: 88-1 / 12 30” better
sampled in75/BC and Soil entirely suitable but upper
394/CD | Cushman-Bowbac, rolling P / 36 12/18 12/18 ; Y PP
BO 30” better
Soil entirely suitable but upper
UL Ulm silty clay, 3 to 6%slopes sampled in 354/AB 60 12/18 12/18 " Y Pe
30" better
Soil entirely suitable but
i i 9 88- 12/18 12/18
Zg/8 Zigweid loam, 3 to 6% slopes 8-5 60 / / upper30” better
D Disturbed Land - -- 0 0/0 No soil to salvage
RL Reclaimed Land - - 6/6 6/6 Salvage only upper 12”
W Water - - 0 0/0 No soil to salvage

(salgey) L-2Q wnpusppy
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APPENDIX D8
VEGETATION INVENTORY

1.0 INTRODUCTION

Power Resources, Inc. doing business as Cameco Resources (CR) has updated this
section in_response to comments received from the Wyoming Department of
Environmental Quality (DEQ), Land Quality Division (LQD). Updated vegetation data is
presented in Addendum D8-1. Prior to implementing baseline studies for the licensing
of the North Butte ISL Project, meetings were held between LQD and Pathfinder to
determine the requirements for the vegetation baseline. It was determined that the
previous owner, Uranerz, would not need site specific production and cover data for the
North Butte site if they used the Extended Reference Area (EXREFA) concept. Uranerz
would, however, need to provide a vegetation map, discuss the communities and
species present and provide a comparison of vegetation studies previously conducted
in the region. '

Further, it was agreed that the existing vegetation data would be acceptable in lieu of a
new study provided that the existing data were generally confirmed, that the threatened
and endangered species surveys were updated, and that the plant species list was
updated and verified. Also, a written integration of existing vegetation surveys in the
region was agreed upon to be included along with assumptions, differences, and
deficiencies which may result from such a combination. Verification surveys of existing
North Butte data were conducted by Applied ECOsystems. The reports from the four
area vegetation investigations have previously been submitted to the LQD and the
NRC. The four investigations are as follows:

Uranerz Ruth R & D Vegetation Report; 1981
Cleveland Cliffs North Butte Vegetation Report; 1979
Cleveland Cliffs Greasewood Creek Vegetation Report; 1980

i

Cleveland Cliffs Regional Vegetation Survey Report; 1978

These reports are included in Addendum D8-1.

In October, 1992, Pathfinder incorporated into the permit boundary approximately 50
acres of adjacent lands (incidental boundary revision - IBR), located along the southern
border of the permit area's eastern arm. The vegetation within the IBR area was
previously surveyed by Cleveland Cliffs in 1978-79, when the proposed permit area was
larger than that currently in place. Plate D8-1 has been updated to include the
vegetation types within the IBR area. The updated Plate D8-1.1 is included in
Addendum D8-1. The vegetation types within the IBR area are the same as those for
the current permit area, with the exception that no juniper-grassland type is present.
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The IBR area will only be used for the installation of perimeter ore zone monitor wells,
therefore no changes have been made to Table D8-2, affected acreage.

2.0 VEGETATION TYPES (MAPPING UNITS)

For the North Butte permit area, four mapping units were used to delineate the
vegetation types (Table D8-1, Figure D8-1). The mapping units are sagebrush-
grassland, grassland, bottomland and juniper-sagebrush. The following sections provide
a description of each mapping unit. Tables D8-1 and D8-2 present acreages and
percentages for the vegetation types in the permit area and within affected areas. The
vegetation types are shown in Photographs 1 through 4, taken in 1988. Photographs
la through 4a, taken in April, 1993, show the three vegetation types present within the
IBR area. Locations for the photographs are shown on Figure D8-1.

2.1 Sagebrush-Grassiand

The sagebrush-grassland vegetation type generally occurs in both upland and lowland
areas and is characterized by the presence of big sagebrush (Artemisia tridentata) and
grasses which include western wheatgrass (Agropyron smithii), blue grama (Bouteloua
gracilis), needle-and-thread (Stipa comata), green needlegrass (Stipa viridula) and
prairie junegrass (Koeleria cristata). Other common species include threadleaf sedge
(Carex filifolia), brome (Bromus spp.), fringed sagewort (Artemisia frigida) and
pricklypear cactus (Opuntia polyacantha).

The sagebrush-grassland vegetation type comprises 646.7 acres or 62.2 percent of the
permit area. This type also comprises 207.2 acres or 60.4 percent of the affected area.

2.2 Grassland

The grassland vegetation type occupies 358.75 acres or 34.5 percent of the permit area
and 129.3 acres or 37.7 percent of the affected area. This type occurs on level to
sloping upland sites, along ridgetops and in areas where disturbances from previous
exploration activities have been reclaimed. The grassland type is characterized by the
dominance of grasses and grasslike species including western wheatgrass (Agropyron
smithii), blue grama (Bouteloua gracilis), needle-and-thread (Stipa comata), green
needlegrass (Stipa viridula) and prairie junegrass (Koeleria cristata). Other common
species include threadleaf sedge (Carex filifolia) and brome (Bromus spp.). Big
sagebrush (Artemisia tridentata) occurs in the grassland type but to a Iesser extent than
it is found in the sagebrush-grassland type.

2.3 Bottomland

The bottomland vegetation type occurs in lowland areas along streams and washes.
This type occupies 25.75 acres or 2.5 percent of the permit area and approximately 5.7
acres or 1.7 percent of the affected area. Vegetation in this type is characterized
primarily by grasses including western wheatgrass, meadow barley (Hordeum
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brachyantherum), bluegrass (Poa spp.), Timothy (Phleum pratense) and green
needlegrass. Other common species include brome, western yarrow (Achillea
millefolium), lupine (Lupinus spp), prairie clover (Petalosteman spp.) and common
dandelion (Taraxacum officinale). The Plains cottonwood (Populus deltoides) is found
as scattered individuals along Willow Creek in the bottomland type.

2.4 Juniper-Sagebrush

The juniper-sagebrush vegetation type is found on shallow soils of the steep slopes of
North Butte and on the slopes of washes near the butte. This vegetation type occupies
8.1 acres or less than one percent of the permit area and is characterized by the
presence of (Juniperus scopulorum).

2.5 Species List

Plant species observed on the North Butte permit area are listed in Table D8-3. Seven
noxious weed species quackgrass (Agropyron repens), western ragweed (Ambrosia
psliostachva), burdock (Arctium minus), Canada thistle (Cirsium arvense), Cheatgrass
brome (Bromus tectorum), Tansy mustard (Descurainia pinnata) and American licorice
(Glycyrrhiza lepidota) were encountered on the permit area. Although these species are
scattered throughout the permit area, none of them comprise a dominant species
individually or in combination over a contiguous area of greater than 3 acres. Also, one
selenium indicator, two-grooved Milkvetch (Astragalus bisulcatus) was encountered.,

3.0 STUDY COMPARISONS

This section contains a comparison of cover and productivity data from studies
conducted on the North Butte permit area and others done in the region. Information
was obtained from studies conducted at the following uranium properties:

Studies Data Collected By
Uranerz — Ruth Property NUS
Cleveland Cliffs — North Butte Property Kilbourn/NUS & CCi staff
Cleveland Cliffs — Greasewood Creek Property Mine Reclamation Consultants
Cotter Corp. — Charlie Property Mariah
Malapai Resources — Christensen Ranch Property Mariah
Wyoming Mineals - Irigaray Property Mariah

In using data from these various studies several differences in the sites and the studies
need to be pointed out. These sites, although in the same general region (see Figure
D8-1) they each have their own localized geographical settings and are located in two
different drainage basins (Powder River and Belle Fourche). Due to the different
geographical settings, differences in structural composition of the vegetation will occur
because of the different environmental conditions (soil, slope, microclimates, etc.) that
will prevail. The Ruth property is located a few miles east of Pine Ridge along the Dry
Fork of the Powder River with elevations ranging from about 4,800 to 5,000 feet. The
North Butte property is located adjacent to North Pumpkin Butte (elevation 6,050 feet)

Cameco Resources Appendix D8 North Butte ISR Project
Revised April 1993 3 WDEQ Permit #632 Update



in the Powder River drainage basin, and is bisected by numerous deeply incised
drainages. The elevation at the North Butte property ranges in elevation from 4,900 to
5,700 feet. The Greasewood Creek property is located in gently rolling uplands of the
Belle Fourche River drainage basin. Elevations on the property range from about 5,160
to 5,300 feet. The Christensen Ranch and Charlie properties are essentially the same
area. They are located just west of North Pumpkin Butte in the Powder River drainage
basin with elevations ranging from about 4,500 to 5,400 feet. The topography consists
of rolling prairie with numerous drainages and Cottonwood bottomlands. The lIrigaray
property is located just east of the Powder River and is characterized by broad valleys
and gently rolling uplands which have been extensively dissected. Elevations range
from about 4,200 feet along the Powder River to 4,700 feet.

Another difference is that these studies, done over a nine year period, were conducted
according to the DEQ Vegetation Guideline which has undergone a number of revisions
during that time period. What was considered adequate in 1978 may not be adequate in
1988, and as such, some deficiencies in data are to be expected.

These studies were also conducted by different individuals over the years which would
tend to add variability in mapping and map unit descriptions. Also, even though the
studies were conducted according to the guideline, each person setting up and
conducting a study could unknowingly be adding some bias that would cause
differences between the studies. As previously mentioned, these sites are in the same
general region, but each site may have different vegetative characteristics.

Since the referenced studies were conducted over a nine year period, seasonal
variability (wet years and dry years) could significantly affect the vegetative
productivity. Grazing practices and land use by the landowners prior to conducting the
surveys would also affect the productivity, and species composition of the study areas.

In spite of the above mentioned differences which can be expected when comparing
data from these studies, it is felt that sufficient similarity exists to provide an adequate
picture of the existing environment at the North Butte site. Even though current site
specific data and tests of sample adequacy are lacking for the North Butte site,
subsequent sampling of the EXREFA's and the reclaimed areas will provide sufficient
data to determine the success of reclamation.

In the following sections two tables compare productivity and cover data at some of the
study sites. Site specific data for the Ruth R & D study, the Cleveland Cliffs North Butte
regional and Greasewood Creek studies are provided in Attachment D8-1. Data from
the Christensen Ranch and lrigaray studies can be found in the respective license
application documents.
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3.1 Productivity
Table D8-4 presents productivity data from various studies in the region.

These production. numbers, while rather hard to compare due to different terminologies
for the vegetation types, it is apparent that the lowland/bottomiand types have the
greatest production, over 100g/m? while the upland types tend to range between 40 to
60 g/m2.

3.2 Cover Data

Total Vegetative cover data for several studies in the region are presented in Table D8-

5.

As can be seen in the Table, the riparian and bottomland types, as expected, have the
highest percentage of ground cover while grassiand and sagebrush areas are lower but
tend to be somewhat equal to each other with regards to percentage of ground cover.
These data are thought to be indicative of conditions to be found throughout the North
Butte permit area.

4.0 EXTENDED REFERENCE AREA

One Extended Reference Area (EXREFA) was selected adjacent to the North Butte
permit area. This area, shown on Figure D8-1 is located primarily in a grassland area
and will be used in determining reclamation/revegetation success after mining. This
EXREFA was located outside of the North Butte permit area to avoid disturbance during
mining activities. Two views of the EXREFA, taken in 1988, are shown on Photographs
5 and 6. A third photograph (Photograph 5a) was taken on April 5, 1993, which shows
the sagebrush/grassland vegetation type located within the southwestern/central portion
of the EXREFA.

5.0 LAND USE AND GRAZING HISTORY

The following information on land use and grazing was provided by Mr. Brown,
fandowner of the lands located within the permit area.

Livestock grazing has been the historical land use in the permit area for many years
although there has been some intermittent uranium production and exploration activity
and oil and gas activity. Cattle are the primary domestic livestock that currently utilize
the rangeland within the permit area, although sheep and horses are also grazed in the
area at times. To improve the grass on the permit area, the landowner commonly burns
sagebrush during the spring. '

6.0 VALUE OF MAJOR VEGETATION SPECIES

Vegetation species present on the permit area can provide information on the area's
ability to support the existing land use of livestock grazing. The post-mining
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reclamation/revegetation efforts will attempt to establish species that will support the
planned land use of livestock grazing. The value of some of the major vegetative
species are discussed below:

Agdropyron smithii is a native, cool-season, sod forming grass with very strong rhizomes.
This grass is palatable and nutritious when green in spring and moderately so during
other times of the year. Its vigorous rhizomes make it one of the more tolerant of the
desirable and abundant grasses to grazing pressure and drought. As a genus,
Agropyron is fairly important to livestock and wildlife.

Stipa comata is a cool-season perennial bunchgrass that begins growing in early spring.
It provides fair to good forage, especially when green. If grazed during the time awns
are present, physical injury may result to eyes, mouth, and flesh of sheep. Larger
livestock seldom are bothered. It is best grazed before awns appear or after they drop.
It is seldom planted because of the undesirable awns.

Poa secunda is one of the first grasses to green-up in early spring. During early spring
to early summer, it is palatable to all classes of livestock, becoming somewhat less
preferred in the summer when cured. By autumn, it is frequently selected by all
livestock again.

Bouteloua gracilis is a warm season sod forming short grass. Although normally low in
productivity, it is nutritious to all classes of livestock even during the winter.

Bromus iaponicus and B. tectorum are annuals common on disturbed areas. These
species are generally considered undesirable forage species and are palatable only as
a green plant in the autumn and spring.

Oryzopsis hymenoides is a native cool-season, densely tufted bunchgrass. It is an
excellent forage with both leaves and seeds relished by livestock throughout the year.

Koeleria cristata is a short-lived perennial bunchgrass occurring as small tufts. When
green it is good forage palatable to all livestock, becoming less preferred with maturity.
It is easily overgrazed because it greens earlier than most other native grasses and
becomes less abundant as grazing pressures increase.

Carex filifolia is valuable as an early green forage, since it begins to green in early
April. During this time, it is highly palatable, becoming tough and dry by late June. On
medium to coarse textured soils, it increases with heavy grazing pressure by cattle but
decreases with similar pressure by sheep. On fine textured soils abundance decreases
with use by either kind of livestock.
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Artemisia tridentata, the most abundant shrub on the permlt area, is generally an
undesirable forage species for Ilvestock Its nutrmve value is frequently exceptionally
high but because of bitter resins it is often low in palatablllty

Artemisia cana, another sh_rub common on the permit a‘re'a, is ’generally of little value for
summer grazing. It does furnish go‘bd to excellent browse in fall and winter for all
classes of livestock. it is perhaps the best of the Artemrsra genus tor forage, being
particularly useful when snow cover is deep. ‘

7.0 SUMMARY

The North Butte ISL permit area is located in a se'm"'”’” id region with severe winters,
cool summers and ‘about 14. mches of precipitation a,,,,,,ually nGrasses on the site are
primarily cool-season,. sod~ formmg and - bunchgrasses ArtemtSIa tndentata is the
dominant shrub.species on ‘the permit area.. Atong Willow Creek numerous Populus
deltoides are found. Junipers are common on the slopes of North Butte and the
drainages leading away from the Butte.

~ The permit area encompasses approximately 1,039 acres and supports four vegetation

types. These types and thelr respectlve percentages on the permit area are as follows:

' Sagebrush/GrassIand ' : 62.2%

Grassland :* -~ . “ 34i5%.
"Bottomland” - "2.5% .,
3 Ju"niper/s'a"gébrush R ,',50.8% |

A total of 120 plant-species were ldentlfred on the permlt area. Of these five noxious
weed species and.one, selenlum mdrcator specres were encountered during field
surveys. No plant specres currently Irsted or. proposed for Irstmg ‘as threatened or
endangered by the U. S Frsh and Wlldllfe Servrce were observed on,the permit area.

'

One Extended Reference Area w S 6 tabllshled An. an area that wi tbe disturbed for
the life of the mme This area: Wwill be used to evaluate post;.m,rnmg revegetatron
success. : '

The permit area is currently used as rangeland for domestic livestock and provides
wildlife habitat.
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Photographs 1 and 2
Sagebrush/Grassland Vegetation Type
With Interspersed Grasslands
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Photographs 3 and 4

Grassland Mixed with Sagebrush/Grassland
Junipers Visible on North Butte
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Photograph 1a
Sagebrush/Grassland Vegetation Type
Western Portion of IBR Area; April 5, 1993

Photograph 2a
Grassland Vegetation Type
Eastern Portion of IBR Area; April 5, 1993
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Photograph 3a

Bottomland Vegetation Type
IBR Area; April 5, 1993

‘ -

Photograph 4a
Sagebrush/Grassland (Distant), bottomland (Middle) and
Grassland (Foreground) Vegetation Types
IBR Area, April 5, 1993
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Photographs 5 and 6
Views of the North Butte EXREFA
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Photograph 5a
Sagebrush/Grassland and Grasslands Vegetation Types
Reference Area; April 5, 1993
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Table D8-1 Vegetation Type Acreages for the North Butte Permit Area
Vegetation Type Acreage Percent of Permit Area
Sagebrush-Grassiand 646.7 62.2
Grasstand 358.75 34.5
Bottomland 25.75 2.5
Juniper-Sagebrush 8.1 0.8
Total 1039.3 100.0
Table D8-2 Vegetation Type Acreages for Affected Areas on the North Butte Permit Area
Vegetation Type Acreage Percent of Percent of Total
Affected Affected Acreage Vegetation Type Affected
Sagebrush-Grassland 207.2 60.4 34.2
Grassland 129.3 37.7 38.3
Bottomland 5.7 1.7 24.5
Juniper-Sagebrush 0.8 0.2 10.0
Total 343.0 100.0
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Table D8-3 Vegetation Species List
Life Form Scientific Name Common Name

Agropyron cristatum Crested Wheatgrass
Agropyron dasystachyum Thickspike Wheatgrass
Agropyron repens Quackgrass
Agropyron riparium Streambank Wheatgrass
Agropyron smithii Western Wheatgrass
Agropyron spicatum Bluebunch Wheatgrass
Agropyron spicatum-inerme Bearless Bluebunch-Wheatgrass
Agropyron trachyaulum Slender Wheatgrass
Agropyron trichophorum Pubescent Wheatgrass
Aristida longiseta Red Three-Awn
Bouteloua gracilis Blue Grama
Bramus inermis Smooth Brome
Bromus japonicas Japanese Brome
Bromus tectorum Cheatgrass Brome

Grass Calamovilfa longifolia Prairie Sandreed
Distichlis stricta Inland Saltgrass
Elymus Canadensis Canada Wildrye
Elymus ciereus Basin Wildrye
Festuca spp. Fescue
Hordeum jubatum Foxtail Barley
Koeleria cristata Prairie Junegrass
Oryzopsis hymenoides Indian Ricgegrass
Phleum pratense Common Timothy
Poa arida Plains Bluegrass
Poe canbyi Canby Bluegrass
Poa secunda Sandberg Bluegrass
Polypogon monspeliensis Rabbifoot Grass
Sitanion hystrix Bottlebrush Squirreltail
Stipa comata Needle-and-Thread
Stipa viridula Green Needlegrass
Abronia fragrans Snowball Sandverbena
Achillea millefolium Common Yarrow
Agoseris glauca Pale Agoseris
Allium textile Textile Onion
Ambrosia psliostachya Western Ragweed
Arctium minus Burdock
Asclepias spp. Milkweed
Asclepias speciosa Snowy Milkweed
Aster adscendens Longleaf Aster

Forb Aster falcatus Whiteprairie Aster
Astragalus bisulcatus Twogrooved Milkvetch
Astragalus geyeri Geyer Milkvetch
Astragalus spatulatus Tufted Milkvetch
Calochortus Eurycarpus Mariposalily
Camelina microcarpa Littlepod Falseflax
Casilleja sulphurea Sulpher Paintbrush
Cerastium arvense Starry Cerastium
Chenopodium album Lambsquarter Goosefoot
Cirsium arvense Canada Thistle
Cirsium canescens Thistle

North Butte ISR Project
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Life Form

Scientific Name

Common Name

Forb (cont’d)

Cirsium vulgare

Bull Thistle

Cleome serrulata

Bee Spiderflower

Cryptanth celosioides

Northern Cryptantha

Delphinium geyeri

Geyer Larkspur

Descurainia pinnata

Tansymustard

Erigeron ochroleucus

Fleabane

Eriogonum brevicaule

Wild Buckwheat

Eriogonum ovalifolium

Cushion Eriogonum

Gaura coccinea

Scarlet Gaura

Glycyrrhiza lepidota

American Licorice

Grindelia squarrosa

Curlycup Gumweed

Haplopappus grendeloides

Goldenweed

Helianthus annus

Common Sunflower

Heterotheca villosa

Hairy Goldenaster

Kochia scoparia

Fireweed Summercypress

Lepidium densiflorum

Prairie Pepperweed

Lesquerelia ludoviciana

Silver Bladderpod

Lithospermum incisum

Narrowleaf Gromwell

Lupins argenteus

Silvery Lupine

Lygodesmia juncea

Rush Skeletonplant

Machaeranthera canescens

Hoary Aster

Melilotus alba

White Seetclover

Melilotus officinalis

Yellow Sweetclover

Mentha arvensis Field Mint

Mertensiz linearis Bluebell

Oenothera coronopifolia Evening Primrose
Orenothera caespitosa Gumbo Lily
Orobanche fasciulata Broomrape

Oxytropis lagopus Locoweed

Penstemon angustifolia Narrowleaf Penstemon
Petalostemon occidentale Prairie Clove

Phlox hoodia Hood Phlox

Plantago patagonica

Wooly Plantain

Plantago spinulosa

Spiny Indianwheat

Psoralea esculenta

Breadroot Scurfpea

Psoralea lanceolata

Lemon Scurfpea

Psoralea tenuifiora

Slimflower Scurfpea

Ranunculus spp. Buttercup
Ratibida columinifera Coneflower
Rumex crispus Curly Dock

Salsola kali

Russianthistle

Sisymbrium altissimum

Tumbling Hedgemustard

Sisymbrium linifolium

Tumble Mustard

Sphaeralcea coccinea

Scarlet Globemallow

Taraxacum officinale

Common Dandelion

Thlaspi arvense

Field Pennycress

Tragopogon dubius Salsify
Vicia Americana American Vetch
Xanthium strumarium Cocklebur

Zigadenus venenosus

Meadow Deathcamas
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Life Form Scientific Name Common Name
Artemesia ludoviciana Louisiana Sagewort
‘ Artemisis frigida Fringed Sagewort
Sub-shrub Artemisia pedatifida Birdfoot Sagewort
? Ceratoides lanata Common Winterfat
Guiterrezia sarothrae Broom Snakeweed
Artemisia cana Silver Sagebrush
Artemisia tridentate Big Sagebrush
Atriplex canescens Fourwing Saltbrush
Chrysothamnus nauseosus Rubber Rabbitrush
Shrub Chrysothamnus viscidiflorus Douglas Rabbitbrush
Juniperus scopulorum Junipur
Prunus virginiana Chockecherry
Symphoricarpos occidentalis Snowberry
Populus deltoids Eastern Cottonwood
Tree - - - -
Pinus flexilus Limber Pine
Opuntia polyacantha Plains Pricklypear
Succulent Mammillaria vivipara Ball Cactus
‘ Yucca glauca Yucca
Bryophyte Lichen spp. Lichen
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; Table D8-4 Summary of Productivity Data
‘ Vegetation Ruth® N. Butte® Greasewoad® Charlie® lrigara? N. Butte®
Type g/m’ g/m’ g/m’ g/m’ g/m’ g/m’
Grassland 42.4 26 38 " 541
Sagebrush/Grassland 57.1 56.5 44.1
Bottomland Sagebrush 136 150
Upland Sagebrush 55.1 59 87
Bottomland 162.3 140
Upland 42.06
Lowland 131.71
Notes:
1. Uranerz 1981
2. Cleveland-Cliffs 1979
3. Cleveland-Cliffs 1980
4. Cotter Corp. 1980
5.  Wyoming Minerals 1979
6. Cleveland-Cliffs 1978
Table D8-5 Comparison of Total Vegetative Cover Data
Study/Vegetation Types Vegetat; e Cover Bare Ground Litter/Rack :/i:tgeert/al:::z
Ruth?
Grassland 62 24 14 76
Sagebrush/Grassland 76 12 12 88
[ Drainage/Bottomland 89 0 11 100
N. Butte”

‘ Grassland 66 14 20 86
Sagebrush/Grassland 57 16 25 82
Drainage/Bottomland 72 8 20 92

Malapai3
Grassland 61 32 7 69
Riparian 85 9 6 91
Bottomland Sage 78 11 10 88
Upland Sage/Grassland 68 21 11 79
Notes:
1. Uranerz 1980
2. Cleveland-Cliffs 1979
3. Malapai 1986

[‘
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SECTION 1.

Uranerz Ruth R & D Vegetation Report

1981

Cameco Resources
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INTRODUCTION
The Uranerz Ruth ISL site censists of approximately ,000 ceres in the
southeastern corner of Johnson County, Wyoming, (TAINR77w. .
Sections 13, 14, 24) 18 miles northeast of Midwest. The site lies within the
Grama-Needlegrass-Wheatgrass section of the Great Plains -Shortgrass
Prairie Province (Bailey [978).

The site is characterized by rolling terrain with two primary watee courses,
Lone Tree Draw and the Dry Fork of the Powder River, dividing it.
Elevations at the site range from aopproximately 4,800 to 4,940 fees, The
area is semi-orid with an average annual precipitation of 3.2 inches
recorded at Midwest. The dominant land use at present is sheep and cattle

grazing.

METHODS
Study Description
Two vegetation types were sampled in the 1981 study: an uplond type and
a lowland type (Figure I). The upland type (Figure 2) is the dominant
vegetation type and covers all of the study site except the droinqgewoy&
The lowland type (Figure 3) is found in the draoincgeways. A two acre,

fenced control area has been established for each type. A list of acreqge

by vegetation type is shown in Table |.

TABLE |
LIST OF VEGETATION TYPES AND ACREAGES

Acreoge
Vegetation Type Permit Area - QEIMLE_O
Upland (To be compiled) 2.0
Lowland 2.0
Total : 4.0
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Upland Vegetation Type
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Becouse sampling occurred very late in the growing season (Sepfember), it
is probeble that meny species which oceur on the site were not observed.:
Several others could not be identified to species level because they were
past flowering. A species list was made of ‘plaonts observed on the site.

Selected voucher specimens were obtained.

Sampling was conducted in accordance with Guideline No. 2 (WDEQ 1981).
Cover ond production methods were identical for affected and conirol

plots.

Quadrots were randomly located on o gridded map. Grozing exclosures
covering slightly mere than lmz were built of woven wire fencing and
ploced on the site, at the points indicated (Figure ), in spring |98! on both
the affected and control areas. Exclosures were removed and samples
were taken in the exclosure plots during the period 9-13 September 1981.

All cover, production and shrub data were acquired from the same square

meter quadrats.

Cover was ocularly estimated. Cover estimates were made for rock and
litter, bare ground and fotal vegetation os well as cover by individual
species. The summation of the rock and litter, bare ground and total
/‘ | vegetation cover values was always |00 percent. The summation of the
values for individual species maoy exceed the fotal vegetation cover
estimate because of overlapping vegetation layers. The values for each

type of cover were then averaged by vegetation type and for the offected

and control areas.

Plants were clipped to obtain production estimates. Only perennial grasses
and forbs were clipped. There was some confusion concerning the status of
several perennial forbs which resulted in not all of the appropriate plants
being clipped. Average total production and individual species production
were calculated by vegetation type and for the disturbed and affected

areas.

Shrubs and subshrubs which were observed in the affected area quadrats
were counted and their heights measured. Averages were made for shrub

North Butte ISR Project
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heights and density by species and total shrubs for each vegetation type.
Shrub data were not taken for control areas.

Sample adequacy was determined for cover, production and shrub density
parameters using the following equation (WDEQ 1981):

0. 5 252 )2
min = ———
(dx)
where z = |.28 ond d = 0. for cover and production and z = 0.84 and d = 0.2

for tree and shrub density.

Appendix D8 (attachments) Cameco Resources
Attachment D8-1 page 8 Revised May 1989

North Butte ISR Project
WDEQ Permit #632 Update



RESULTS
A list of species observed on the Uranerz Ruth ISL site during
9-13 September 198! is found in Table 2. Sampling earlier in the growing
season would have resulted in the observotion of more forb species and the
availability of more flower and seed heads for identification. No noxious
weeds, selenium indicators (WDEQ 198!) or threatened or endangered
species (USF&WS (980, Clark and Dorn [979) were observed on the study

site. Data sheets are in Appendix .

Upland Vegetation Type
The upland vegetation type was relatively dry with more than a third of the

affected area {(36.24 percent) bare ground. Litter and rock accounted for
almost a fifth of the area (19.19 percent) ond vegetation covered the
remainder (44.43 percent)(Tablé 3). The uplaond vegetation type in the area
to be affected by mining was found to be dominated by graminoids which

make up 7! percent of the vegetation cover. The most prominent

graminoid species are blue grama (Bouteloua gracilis) and needle-and-
thread grass (Stipa comata). Shrubs and subshrubs contribute 17 percent of
the vegetation cover with big sagebrush (Artemisia tridentata) the most

conspicuous.  Silver sagebrush (Artemisia cana) and fringed sagebrush

( (Artemisia frigida) are olso common. Forbs contribute only B percent of
‘ the vegetgtion cover. The low amount of forb cover may be indicative of
the tate sampling. The most common forbs are plains pricklypear (Opuntia

polvacantha) and Hood's phlox (Phiox hoodii). These forbs are documented
as being increasers on heavily grazed range (Mueggler and Stewart 1980

and Stoddart, Smith and Box 1975). Cover by species is shown in Table 4.

The co;/er data for the upland control area are similar to those for the
affected area. Bare ground accounts for 22.70 percent, litter and rock for
27.00 percent and vegetation for 50.30 percent (Table 3). Graminoids
dominate the londscope (89 percent of the vegetation cover) with blue
groma and needle-and-thread grass again the most dominant species.
Shrubs are not as cornmon as in the affected areaq, however, with only
4 percent of the vegetation cover. Big soge is the dominant shrub species.
Forbs also contribute only 4 percent of the vegetation cover with yarrow
(Achillea millefolium) being the most common species (Table4).
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The production estimate for the upland offected area reflects the drier
conditions found there as compared with the lowlond vegetation type.
Total preduction averages 42.19 g/rn2 (Table 5). Most of this is contributed
by gramineids (Table 6).

Production on the upland control arec was found fo be somewhat higher
than on the uplond offected ares. The overage total production for the
upland control area is 52.00 g/rn2 (Table 5). Of this, graminoids contribute
the greatest share (Table é).

Although the upland vegetation type is considered a grassland, shrubs are
not uncommon. The |98 study found an averoge of 22,000 shrubs and
subshrubs per hectare. The most numerous species were fringed sagebrush
and big sogebrush. Silver sagebrush ond four-wing saltbush (Atriplex
canescens) are, on the average, the tallest shrubs in the vegetation type.

Table 7 provides information on the shrubs sampled in this study.

_owland Vegetation Type
The lowland vegetation type's affected aqrea is almost one quarter

(24.18 percent) bare ground. Litter and rock cover 22.36 percent and
vegetation covers 53.45 percent (Table 3). Graminoids again dominate with

62 percent of the vegetation cover. The most conspicuous graminoid is

western wheatgrass (Agropyron smithii). Forbs, however, compose the next
most abundant group with 23 percent of the vegetation cover. Cattail
(Typha latifolia) and cocklebur (Xanthium strumarium) have the highest
average cover among the forbs, although their distribution is highly
clumped. Shrubs ond subshrubs contribute 13 percent of the vegetation
cover with silver sage ond licorice (Glycyrrhiza lepidota) the most

dominant. Cover by species is shown in Table 4.

The lowlond vegetation type's control orea has less vegetation cover
(38.30 percent) and bare ground (17.60 percent) than the affected area and
more litter and rock cover (44.10 percent) (Table 3). The vegetation cover
is again dominated by graminoids (59 percent) but the primary species are
bive grama and cheatgrass (Bromus tectorum). The next most abundant
group consists of forbs (22 percent of the végetation cover) with yellow
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swee?ciove;‘ (Melilotus officinalis) the most censpicuous species. Shrubs
contribute |18 percent of the vegetation cover with little rabbitbrush
‘,. (Chrysothamnus viscidiflorus) and fringed sage- the most common species.
Silver sage was not observed on the control area (Tables 3 and 4).

The wetter conditions of the lowland vegetation type are emphasized in the
marked increase in production for the affected arec. The meon production
for this area is 131.7] g/r’n'2 (Table 5). Of this, the largest share is
coniributed by graminoids (Table 6).

The production estimate for the lowland control area is less thon half
(49.63 g/mz) of that for the affected area (Table 5). The majority of this is
contributed by graminoids (Tablg 6).

The occurrence of shrubs on the lowlond vegetation type is very similar to
that for the upland type. Shrub density on the lowland type averages
25,000 shrubs per hectare (Table 7). Licorice is, on the average, the tallest

shrub species in the vegetation type.

Sample Adequacy

( The results of sample adequacy caiculations are found in Table 8.
‘ Adequacy as defined by WDEQ (1981) was met in the upland vegetation
type affected area for vegetation cover, total cover and shrub density.

Adequacy was not met for upland affected area production or any
parameter in the control areas, lowland affected area. The actual

confidence level which was met is shown in Table 8 for those parameters

that did not meet adequacy.
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Conclusion

The total study area has been previsiously impacted by current ranching
activities through grazing, but more importantly by spraying and range land
development that the land owner has been conducting. The September
¢lipping and study dates may have been influenced by the unusual weather
(dry and hot) and the spraying of the sage and subsequent shrubs and forbs.
The area is not in a "natural" state, but in one of range improvement, thus
influencing the results of this study. Some additional data may have to be
collected at the time of final site selection for future use, however, this
report describes the study area conditions as of 1981.
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TABLE 2

LIST OF PLANT SPECIES OBSER VED ON THE URANERZ RUTH ISL SITE
SEPTEMBER 1981

Scientific Name Common Name

Trees, Shrubs and Subshrubs

Artemisia cana Pursh
Artemisia frigidc Willd.
Artemisia tridentata Nutt.

Atriplex canescens (Pursh) Nuts.
Ceratoides lanata (Pursh) Howell

Chrysothamnus viscidiflorus (Hook.) Nutt.

Glycyrrhiza lepidota Pursh

Haplopappus spinuiosus (Pursh) DC.

Populus deltoides Marsh.

Rosa sp. L.

Graminoids

Agropyron smithii Rydb.

Agrostis sp. L.
Bouteloua gracilis (H.B.K.)

Bromus japonicus Thunb.

Bromus tectorum L.
Carex filifolia Nutt.

Festuca octoflora Walt.

Juncus balticus Willd.

Koelerio macrantha (Ledeb.) Schultes
Oryzopsis hymencides (Roem. & Schult.)
Poa pratensis L.

Poa sandbergii Vasey

Polypogon monospeliensis (L.)

Scirpus sp. L.
Spartina pectinata Link, Jahrb.

Stipe comata Trin. & Rupr.

Silver Sagebrush
Fringed Sagebrush
Big Sagebrush
Four-wing Saltbush
Winterfat

Littie Rabbitbrush
Licorice
Goldenweed

Plains Cottonwood
Wild Rose

Western Wheatgrass
Bentgrass

Blue Grama
Japanese Brome
Cheatgrass
Threadleaf Sedge
Annual Fescue
Rush

Junegrass

Indian Ricegrass
Kentucky Bluegrass
Sandberg Bluegrass
Rabbitfoot Grass
Bulrush

Prairie Cordgrass
Needle-and-thread Gross
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TABLE 2 (Centinued)

Scientific Name
Graminoids {continued)
Stipa viridula Trin.

Forbs
Achillea millefolium L.

Aster adscendens Lindl.

Aster faleotus Lindl.
Capsella bursa-pastoris (L.) Medic.

Chenopodium sp. L.
Cryptantha sp. Lehm.

Eriogonum sp. Michx.

Helianthus sp. L.

Lepidium sp. L.
Lupinus sp. L.

Lygodesmia sp. D. Don
Mefilotus officinalis (L.) Pall.

Opuntia polyacantha Haw.
Oxytropis sp. DC.
Penstemon sp. Mitch.
Phlox hoodii Richards.
Plontago patagonica Jacqg.
Polygonum sp. L.
Rudbeckia laciniata L.

Salsola kaii L.

Solidogo mollis Bartl.

Spheeraicea coccinea (Nutt.) Rydb.

Sisymbrium sp. L.
Taraoxocum officinale Weber
Typha latifolia L.

Xonthium strumarivm L.

Nomen