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BROADHURST
SILTY CLAY

Soil Mapping Unit "Br"
Lab/BKS Sample ID: G08020803-001_006SDF

Typical Pedon: Broadhurst silty clay- native grass. When described the soil was dry below
20 inches. (Colors are for dry soil unless otherwise stated.)

The Broadhurst series consists of very deep, well drained soils formed in clayey material derived
from acid shales on colluvial fans and terraces. These soils have very slow permeability. Slopes
range from 0 to 15 percent. Mean annual precipitation is about 15 inches, and mean annual air
temperature is about 47 degrees F.

A - 0-3 inches. Light brownish gray (1OYR 6/2) silty clay, moist; weak thick platy structure; very
hard, very firm, sticky and plastic; few roots; moderately acid (pH 5.8); abrupt-smooth boundary,
noneffervescent.

CI - 3-8 inches. Dark gray (10YR 4/1D, 1OYR 3/1W) silty clay, moist; weak coarse blocky and
subangular blocky structure; very hard, very firm, sticky and plastic; few roots; moderately acid
(pH 5.7); gradual smooth boundary, noneffervescent.

C2 - 8-24 inches. Dark gray (1OYR 4/1D, 1OYR 3/lW) silty clay, moist; massive; extremely
hard, very firm, sticky and plastic; moderately acid (pH 5.7); clear smooth boundary,
noneffervescent.

C4 - 24-40 inches. Dark gray (1OYR 4/1D, 1OYR 3/lW) silty clay, moist; massive; extremely
hard, very firm, sticky and plastic; moderately acid (pH 5.8); clear smooth boundary,
noneffervescent.

C5n - 40-54 inches. Very dark grayish brown (2.5Y 3/2 DW) silty clay, moist; massive; hard,
very firm, sticky and plastic; common fine fragments of shale; common fine nests of gypsum and
other salts; very strongly acid (pH 5.0). noneffervescent.

C6n - 54-60 inches. Dark gray (1OYR 4/1D, 1OYR 3/lW) silty clay, moist; massive; hard, very
firm, sticky and plastic; common fine fragments of shale; common fine nests of gypsum and other
salts; very strongly acid (pH 4.5). noneffervescent.

Type Location - Butte County, South Dakota; refer to waypoint 17 on map included in this report.

Range in Soil Characteristics (According to Official Series Description) - Colors throughout the
soil are largely inherited from the parent rock. The control section averages between 60 and 70
percent clay. The soil has an Ustic moisture regime that borders on Aridic. Consistence is hard to
extremely hard when dry and very firm when moist. When the soil is dry, cracks 1/2 to 1 inch
wide and several feet long extend downward for 20 inches or more. The soil typically is very
strongly acid but ranges from extremely acid to moderately acid.

A and AC horizons have hue of 1OYR or 2.5Y, value of 5 or 6 and 3 or 4 moist, and chroma of
1 or 2.
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Soil Mapping Unit "Br" 

BROADHURST 
. SILTY CLAY 

Lab/BKS Sample ID: 008020803-001_ 006SDF 

Typical Pedon: Broadhurst silty clay- native grass. When described the soil was dry below 
20 inches. (Colors are for dry soil unless otherwise stated.) 

The Broadhurst series consists of very deep, well drained soils formed in clayey material derived 
from acid shales on colluvial fans and terraces. These soils have very slow permeability. Slopes 
range from 0 to 15 percent. Mean annual precipitation is about 15 inches, and mean annual air 
temperature is about 47 degrees F. 

A - 0-3 inches. Light brownish gray (lOYR 6/2) silty clay, moist; weak thick platy structure; very 
hard, very firm, sticky and plastic; few roots; moderately acid (pH 5.8); abrupt smooth boundary, 
noneffervescent. 

C 1 - 3-8 inches. Dark gray (lOYR 411D, 10YR 311 W) silty clay, moist; weak coarse blocky and 
subangular blocky structure; very hard, very firm, sticky and plastic; few roots; moderately acid 
(pH 5.7); gradual smooth boundary, noneffervescent. 

C2 - 8-24 inches. Dark gray (lOYR 411D, 10YR 311W) silty clay, moist; massive; extremely 
hard, very firm, sticky and plastic; moderately acid (pH 5.7); clear smooth boundary, 
noneffervescent. 

C4 - 24-40 inches. Dark gray (lOYR 411 D, 10YR 311 W) silty clay, moist; massive; extremely 
hard, very firm, sticky and plastic; moderately acid (pH 5.8); clear smooth boundary, 
noneffervescent. 

C5n - 40-54 inches. Very dark grayish brown (2.5Y 3/2 DW) silty clay, moist; massive; hard, 
very firm, sticky and plastic; common fine fragments of shale; common fine nests of gypsum and 
other salts; very strongly acid (pH 5.0). noneffervescent. 

C6n - 54-60 inches. Dark gray (lOYR 411D, lOYR 311W) silty clay, moist; massive; hard, very 
firm, sticky and plastic; common fine fragments of shale; common fine nests of gypsum and other 
salts; very strongly acid (pH 4.5). noneffervescent. 

Type Location - Butte County, South Dakota; refer' to waypoint 17 on map included in this report. 

Range in Soil Characteristics (According to Official Series Description) - Colors throughout the 
soil are largely inherited from the parent rock. The control section averages between 60 and 70 
percent clay. The soil has an Ustic moisture regime that borders on Aridic. Consistence is hard to 
extremely hard when dry and very firm when moist. When the soil is dry, cracks 112 to I inch 
wide and several feet long extend downward for 20 inches or more. The soil typically is very 

, strongly acid but ranges from extremely acid to moderately acid. 

A and AC horizons have hue of 10YR or 2.5Y, value of 5 or 6 and 3 or 4 moist, and chroma of 
lor 2. 
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The C horizon has hue of 1OYR, 2.5Y, or 5Y; value of 5 or 6 and 3 or 4 moist; and chroma of 1
or 2. Few or common partially weathered very fine fragments of shale are in the C horizon in
most pedons. Nests of gypsum and other salts are few or common in the lower part of the C
horizon.

Range in Characteristics (according to field observations, lab analysis): Textures are slightly finer
than typical for the series.

Taxonomic Class - Very-fine, smectitic, acid, mesic Torrertic Ustorthents

Suitability for Topsoil (According to WDEO Guideline 1) - Marginal texture (clay) was found
from 0-60 inches. Saturation percentage was marginal at 8-24 inches. pH was unsuitable (acidic)
at 54-60 inches. Estimated stripping depth is 8 inches.

Geographic Setting (According to Official Series Description) - Broadhurst soils are on colluvial
fans and terraces. Slope gradients range from 0 to 15 percent. These soils formed in clayey
material derived from acid shales. Mean annual air temperature ranges from 43 to 48 degrees F,
and mean annual precipitation ranges from 15 to 18 inches.
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The C horizon has hue of lOYR, 2.SY, or SY; value of S or 6 and 3 or 4 moist; and chroma of 1 
or 2. Few or common partially weathered very fine fragments of shale are in the C horizon in 
most pedons. Nests of gypsum and other salts are few or common in the lower part of the C 
horizon. 

Range in Characteristics (according to field observations, lab analysis): Textures are slightly finer 
than typical for the series. 

Taxonomic Class - Very-fine, smectitic, acid, mesic Torrertic Ustorthents 

Suitability for Topsoil (According to WDEQ Guideline 1) - Marginal texture (clay) was found 
from 0-60 inches. Saturation percentage was marginal at 8-24 inches. pH was unsuitable (acidic) 
at S4-60 in?hes. Estimated stripping depth is 8 inches. 

Geographic Setting (According to Official Series Description) - Broadhurst soils are on colluvial 
fans and terraces. Slope gradients range from 0 to IS percent. These soils formed in clayey 
material derived from acid shales. Mean annual air temperature ranges from 43 to 48 degrees F, 
and mean annual precipitation ranges from IS to 18 inches. 
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KYLE
NONCALCAREOUS VARIANT

Soil Mapping Unit "Ky"
Lab/BKS Sample ID: G08020803-007_011

Typical Pedon: Kyle silty clay loam - on a west-facing plane slope of 2 percent in native grass.
(Colors are for dry soil unless otherwise stated.)

The Kyle series consists of very deep and well drained soils formed in sediments weathered from
clay shale on uplands. Permeability is very slow. Slopes range from 0 to 15 percent. Mean annual
precipitation is about 16 inches, and mean annual air temperature is about 47 degrees F.

A - 0-2 inches. Grayish brown (2.5YR 5/2) silty clay loam, moist; moderate medium and fine
granular structure; hard, firm, sticky and plastic; thin crust in upper 1/4 inch of light brownish
gray (2.5Y 6/2); common fine roots; neutral; clear wavy boundary, slightly alkaline (pH 7.4);
noneffervescent.

Bt - 2-17 inches. Olive brown (2.5Y 4/3DW) silty clay, moist; weak coarse blocky structure
parting to weak medium blocky; extremely hard, very firm, very sticky and very plastic; few
intersecting slickensides; few fine roots; gradual wavy boundary; moderately alkaline (pH 7.9);
very slightly effervescent.

Cln - 17-24 inches. Dark grayish brown (2.5Y 4/2D, 2.5Y 3/2W) silty clay, moist; weak coarse
subangular blocky structure parting to weak medium and fine blocky; extremely hard, very firm,
very sticky and very plastic; few intersecting slickensides; few fine roots; clear wavy boundary;
moderately alkaline (pH 8.0); noneffervescent.

C2 - 24-39 inches. Dark grayish brown (2.5Y 4/2D, 2.5Y 3/2W) silty clay, moist; weak medium
subangular blocky structure in upper part becoming massive in lower part; extremely hard, very
firm, very sticky and very plastic; few intersecting slickensides; common fine and medium nests
of gypsum; strong effervescence; slightly alkaline; gradual wavy boundary. moderately alkaline
(pH 7.9); noneffervescent.

C3n - 39-60 inches. Dark grayish brown (2.5Y 4/2DW) silty clay, moist; massive; very hard,
firm, sticky and plastic; few fine accumulations of carbonate and gypsum; moderately alkaline
(pH 7.9). noneffervescent.

Type Location - Fall River County, South Dakota; refer to waypoint 27 on map included in this
report.

Range in Soil Characteristics (According to Official Series Description) - The soil typically does
not have carbonates to depths of 4 to 6 inches, but some pedons contain carbonates to the surface.
When the soil is dry, cracks 1/2 inch to 2 inches wide and several feet long extend downward
through the solum. The control section averages 60 to 65 percent clay. The soil does not have a
mollic epipedon but the upper 10 inches of the solum has an average organic carbon content
between 0.6 and 1.7 percent. When the soil is dry, a porous surface crust 1/8 inch to 1/2 inch
thick with dry color value of 6 or 7 is typical. Gypsum and other salts are below depths of
20 inches.
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Soil Mapping Unit "Ky" 

KYLE 
NONCALCAREOUSVAruANT 

Lab/BKS Sample ID: G08020803-007 _011 

Typical Pedon: Kyle silty clay loam - on a west-facing plane slope of 2 percent in native grass. 
(Colors are for dry soil unless otherwise stated.) 

The Kyle series consists of very deep and well drained soils formed in sediments weathered from 
clay shale on uplands. Permeability is very slow. Slopes range from 0 to IS percent. Mean annual 
precipitation is about 16 inches, and mean annual air temperature is about 47 degrees F. 

A - 0-2 inches. Grayish brown (2.SYR S/2) silty clay loam, moist; moderate medium and fine 
granular structure; hard, firm, sticky and plastic; thin crust in upper 114 inch of light brownish 
gray (2.SY 612); common fine roots; neutral; clear wavy boundary, slightly alkaline (pH 7.4); 
noneffervescent. 

Bt - 2-17 inches. Olive brown (2.SY 4/3DW) silty clay, moist; weak coarse blocky structure 
parting to' weak medium blocky; extremely hard, very firm, very sticky and very plastic; few 
intersecting slickensides; few fine roots; gradual wavy boundary; moderately alkaline (PH 7.9); 
very slightly effervescent. 

Cln - 17-24 inches. Dark grayish brown (2.SY 4/2D, 2.SY 3/2W) silty clay, moist; weak coarse 
subangular blocky structure parting to weak medium and fine blocky; extremely hard, very firm, 
very sticky and very plastic; few intersecting slickensides; few fine roots; clear wavy boundary; 
moderately alkaline (pH 8.0); noneffervescent. 

C2 - 24-39 inches. Dark grayish brown (2.5Y 4/2D, 2.5Y 312W) silty clay, moist; weak medium 
subangular blocky structure in upper part becoming massive in lower part; extremely hard, very 
firm, very sticky and very plastic; few intersecting slickensides; common fine and medium nests 
of gypsum; strong effervescence; slightly alkaline; gradual wavy boundary. moderately alkaline 
(pH 7.9); noneffervescent. 

C3n - 39-60 inches. Dark grayish brown (2.5Y 4I2DW) silty clay, moist; massive; very hard, 
firm, sticky and plastic; few fine accumulations of carbonate and gypsum; moderately alkaline 
(pH 7.9). noneffervescent. 

Type Location - Fall River County, South Dakota; refer to waypoint 27 on map included in this 
report. 

Range in Soil Characteristics (According to Official Series Description) - The soil typically does 
not have carbonates to depths of 4 to 6 inches, but some pedons contain carbonates to the surface. 
When the soil is dry, cracks 112 inch to 2 inches wide and several feet long extend downward 
through the solum. The control section averages 60 to 65 percent clay. The soil does not have a 
mollic epipedon but the upper 10 inches of the solum has an average organic carbon content 
between 0.6 and 1.7 percent. When the soil is dry, a porous surface crust 118 inch to 112 inch 
thick with dry color value of 6 or 7 is typical. Gypsum and other salts are below depths of 
20 inches. 
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The A horizon has hue of 1OYR, 2.5Y or 5Y, value of 5 or 6 and 3 to 5 moist, and chroma of I to
3. It typically is clay but some is silty clay. It is neutral or slightly alkaline.

The Bw and Bss horizons have hue of 2.5Y or 5Y, value of 5 or 6 and 4 or 5 moist, and chroma
of 2 to 4. Both dry and moist colors of the surface of peds range from 1/2 to 1 value darker than
the crushed peds. They are extremely hard or very hard when dry and extremely firm or very firm
when moist. They are slightly alkaline or moderately alkaline.

The BCss horizon has hue of 2.5Y or 5Y, value of 5 or 6 and 4 or 5 moist, and chroma of 2 to 4.
It has few to common accumulations of gypsum and other salts in most pedons. It is slightly
alkaline or moderately alkaline.

Some pedons have a Bk horizon that has colors similar to the BC horizon. It has few to common
accumulations of carbonate. It is slightly alkaline or moderately alkaline.

The Cy horizon has hue of 2.5Y or 5Y, value of 5 or 6 and 4 or 5 moist, and chroma of 2 to 4. It
is clay and some pedons contain up to 35 percent fragments of shale below 40 inches. It has few
to many accumulations of gypsum or other salts. Unweathered shale typically is at depths greater
than 5 feet but is as shallow as 40 inches in some pedons. It is slightly alkaline or moderately
alkaline.

Range in Characteristics (according to field observations, lab analysis): Textures are slightly finer

than typical for the series.

Taxonomic Class - Very-fine, smectitic, mesic Aridic Haplusterts

Suitability for Topsoil (According to WDEQ Guideline 1) - Marginal texture (clay) was found
from 2-60 inches. Saturation percentage was marginal at 24-39 inches. Sodium absorption ratio
was marginal at 17-60 inches. Estimated stripping depth is 17 inches.

Geographic Setting (According to Official Series Description) - Kyle soils are nearly level to
strongly sloping on uplands and colluvial fans. Slopes are plane to convex, and slope gradients
range from 0 to 15 percent. Gilgai microrelief is in most areas. The soil formed in clayey
sediments weathered from calcareous clay shale. Mean annual air temperature ranges from 45 to
53 degrees F, and mean annual precipitation ranges from about 12 to 19 inches.
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The A horizon has hue of lOYR, 2.5Y or 5Y, value of 5 or 6 and 3 to 5 moist, and chroma of 1 to 
3. It typically is clay but some is silty clay. It is neutral or slightly alkaline. 

The Bw and Bss horizons have hue of 2.5Y or 5Y, value of 5 or 6 and 4 or 5 moist, and chroma 
of 2 to 4. Both dry and moist colors of the surface of peds range from 112 to 1 value darker than 
the crushed peds. They are extremely hard or very hard when dry and extremely firm or very firm 
when moist. They are slightly alkaline or moderately alkaline. 

The BCss horizon has hue of 2.5Y or 5Y, value of 5 or 6 and 4 or 5 moist, and chroma of 2 to 4. 
It has few to common accumulations of gypsum and other salts in most pedons. It is slightly 
alkaline or moderately alkaline. 

Some pedons have a Bk horizon that has colors similar to the BC horizon. It has few to common 
accumulations of carbonate. It is slightly alkaline or moderately alkaline. 

The Cy horizon has hue of 2.5Y or 5Y, value of 5 or 6 and 4 or 5 moist, and chroma of 2 to 4. It 
is clay and some pedons contain up to 35 percent fragments of shale below 40 inches. It has few 
to many accumulations of gypsum or other salts. Unweathered shale typically is at depths greater 
than 5 feet but is as shallow as 40 inches in some pedons. It is slightly alkaline or moderately 
alkaline. 

Range in Characteristics (according to field observations, lab analysis): Textures are slightly finer 
than typical for the series. 

Taxonomic Class - Very-fine, smectitic, mesic Aridic Haplusterts 

Suitability for Topsoil (According to WDEQ Guideline 1) - Marginal texture (clay) was found 
from 2-60 inches. Saturation percentage was marginal at 24-39 inches. Sodium absorption ratio 
was marginal at 17-60 inches. Estimated stripping depth is 17 inches. 

Geographic Setting (According to Official Series Description) - Kyle soils are nearly level to 
strongly sloping on uplands and colluvial fans. Slopes are plane to convex, and slope gradients 
range from 0 to 15 percent. Gilgai microrelief is in most areas. The soil formed in clayey 
sediments weathered from calcareous clay shale. Mean annual air temperature ranges from 45 to 
53 degrees F, and mean annual precipitation ranges from about 12 to 19 inches. 
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KYLE
NONCALCAREOUS VARIANT

Soil Mapping Unit "Ky"
Lab/BKS Sample ID: G08020803-012_016

Typical Pedon: Kyle silty clay loam- on a west-facing plane slope of 2 percent in native grass.
(Colors are for dry soil unless otherwise stated.)

The Kyle series consists of very deep and well drained soils formed in sediments weathered from
clay shale on uplands. Permeability is very slow. Slopes range from 0 to 15 percent. Mean annual
precipitation is about 16 inches, and mean annual air temperature is about 47 degrees F.

A - 0-2 inches. Brown (10YR 4/3D, 1OYR 4/2W) silty clay loam, moist; moderate medium and
fine granular structure; hard, firm, sticky and plastic; thin crust in upper 1/4 inch of light
brownish gray (2.5Y 6/2); common fine roots; neutral; clear wavy boundary, moderately alkaline
(pH 8.0); noneffervescent.

Btl - 2-15 inches. Brown (10YR 4/3D, 1OYR 4/2W) silty clay, moist; weak coarse blocky
structure parting to weak medium blocky; extremely hard, very firm, very sticky and very plastic;
few intersecting slickensides; few fine roots; gradual wavy boundary; moderately alkaline (pH
8.0); very slightly effervescent.

Bt2n - 15-26 inches. Dark grayish brown (2.5Y 4/2DW) silty clay, moist; weak coarse
subangular blocky structure parting to weak medium and fine blocky; extremely hard, very firm,
very sticky and very plastic; few intersecting slickensides; few fine roots; clear wavy boundary;
moderately alkaline (pH 8.0); very slightly effervescent.

Cl - 26-36 inches. Dark grayish brown (2.5Y 4/2DW) silty clay, moist; weak medium
subangular blocky structure in upper part becoming massive in lower part; extremely hard, very
firm, very sticky and very plastic; few intersecting slickensides; common fine and medium nests
of gypsum; strong effervescence; slightly alkaline; gradual wavy boundary. moderately alkaline
(pH 8.0); very slightly effervescent.

C2 - 36-60 inches. Olive brown (2.5Y 4/3DW) clay, moist; massive; very hard, firm, sticky and
plastic; few fine accumulations of carbonate and gypsum; moderately alkaline (pH 8.0); slightly
effervescent.

Type Location - Fall River County, South Dakota; refer to waypoint 36 on map included in this
report.

Range in Soil Characteristics (According to Official Series Description) - The soil typically does
not have carbonates to depths of 4 to 6 inches, but some pedons contain carbonates to the surface.
When the soil is dry, cracks 1/2 inch to 2 inches wide and several feet long extend downward
through the solum. The control section averages 60 to 65 percent clay. The soil does not have a
mollic epipedon but the upper 10 inches of the solum has an average organic carbon content
between 0.6 and 1.7 percent. When the soil is dry, a porous surface crust 1/8 inch to 1/2 inch
thick with dry color value of 6 or 7 is typical. Gypsum and other salts are below depths of 20
inches.
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KYLE 
NON CALCAREOUS VARIANT 

Soil Mapping Unit "Ky" 
Lab/BKS Sample ID: G08020803-012_016 

Typical Pedon: Kyle silty clay loam- on a west-facing plane slope of 2 percent in native grass. 
(Colors are for dry soil unless otherwise stated.) 

The Kyle series consists of very deep and well drained soils formed in sediments weathered from 
clay shale on uplands. Permeability is very slow. Slopes range from 0 to IS percent. Mean annual 
precipitation is about 16 inches, and mean annual air temperature is about 47 degrees F. 

A - 0-2 inches. Brown (lOYR 4/3D, lOYR 4/2W) silty clay loam, moist; moderate medium and 
fine granular structure; hard, firm, sticky and plastic; thin crust in upper 1/4 inch of light 
brownish gray (2.SY 6/2); common fine roots; neutral; clear wavy boundary, moderately alkaline 
(pH 8.0); noneffervescent. 

Btl - 2-1S inches. Brown (lOYR 4/3D, 10YR 4/2W) silty clay, moist; weak coarse blocky 
structure parting to weak medium blocky; extremely hard, very firm, very sticky and very plastic; 
few intersecting slickensides; few fine roots; gradual wavy boundary; moderately alkaline (pH 
8.0); very slightly effervescent. 

Bt2n - lS-26 inches. Dark grayish brown (2.SY 4/2DW) silty clay, moist; weak coarse 
sub angular blocky structure parting to weak medium and fine blocky; extremely hard, very firm, 
very sticky and very plastic; few intersecting slickensides; few fine roots; clear wavy boundary; 
moderately alkaline (pH 8.0); very slightly effervescent. 

C1 - 26-36 inches. Dark grayish brown (2.SY 4/2DW) silty clay, moist; weak medium 
subangular blocky structure in upper part becoming massive in lower part; extremely hard, very 
firm, very sticky and very plastic; few intersecting slickensides; common fine and medium nests 
of gypsum; strong effervescence; slightly alkaline; gradual wavy boundary. moderately alkaline 
(pH 8.0); very slightly effervescent. 

C2 - 36-60 inches. Olive brown (2.SY 4/3DW) clay, moist; massive; very hard, firm, sticky and 
plastic; few fine accumulations of carbonate and gypsum; moderately alkaline (PH 8.0); slightly 
effervescent. 

Type Location - Fall River County, South Dakota; refer to waypoint 36 on map included in this 
report. 

Range in Soil Characteristics (According to Official Series Description) - The soil typically does 
not have carbonates to depths of 4 to 6 inches, but some pedons contain carbonates to the surface. 
When the soil is dry, cracks 112 inch to 2 inches wide and several feet long extend downward 
through the solum. The control section averages 60 to 65 percent clay. The soil does not have a 
mollic epipedon but the upper lO inches of the solum has an average organic carbon content 
between 0.6 and 1.7 percent. When the soil is dry, a porous surface crust 118 inch to 112 inch 
thick with dry color value of 6 or 7 is typical. Gypsum and other salts are below depths of 20 
inches. 
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The A horizon has hue of 1OYR, 2.5Y or 5Y, value of 5 or 6 and 3 to 5 moist, and chroma of 1 to
3. It typically is clay but some is silty clay. It is neutral or slightly alkaline.

The Bw and Bss horizons have hue of 2.5Y or 5Y, value of 5 or 6 and 4 or 5 moist, and chroma
of 2 to 4. Both dry and moist colors of the surface of peds range from 1/2 to 1 value darker than
the crushed peds. They are extremely hard or very hard when dry and extremely firm or very firm
when moist. They are slightly alkaline or moderately alkaline.

The BCss horizon has hue of 2.5Y or 5Y, value of 5 or 6 and 4 or 5 moist, and chroma of 2 to 4.
It has few to common accumulations of gypsum and other salts in most pedons. It is slightly
alkaline or moderately alkaline.

Some pedons have a Bk horizon that has colors similar to the BC horizon. It has few to common
accumulations of carbonate. It is slightly alkaline or moderately alkaline.

The Cy horizon has hue of 2.5Y or 5Y, value of 5 or 6 and 4 or 5 moist, and chroma of 2 to 4. It
is clay and some pedons contain up to 35 percent fragments of shale below 40 inches. It has few
to many accumulations of gypsum or other salts. Unweathered shale typically is at depths greater
than 5 feet but is as shallow as 40 inches in some pedons. It is slightly alkaline or moderately
alkaline.

Range in Characteristics (according to field observations, lab analysis): Textures are slightly finer
than typical for the series.

Taxonomic Class - Very-fine, smectitic, mesic Aridic Haplusterts

Suitability for Topsoil (According to WDEQ Guideline 1) - Marginal texture (clay) was found
from 2-60 inches. Saturation percentage was marginal at 2-16 and 26-36 inches. Sodium
absorption ratio was marginal at 15-36 inches. Estimated stripping depth is 2 inches.

Geographic Setting (According to Official Series Description) - Kyle soils are nearly level to
strongly sloping on uplands and colluvial fans. Slopes are plane to convex, and slope gradients
range from 0 to 15 percent. Gilgai microrelief is in most areas. The soil formed in clayey
sediments weathered from calcareous clay shale. Mean annual air temperature ranges from 45 to
53 degrees F, and mean annual precipitation ranges from about 12 to 19 inches.
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The A horizon has hue of 10YR, 2.5Y or 5Y, value of 5 or 6 and 3 to 5 moist, and chroma of 1 to 
3. It typically is clay but some is silty clay. It is neutral or slightly alkaline. 

The Bw and Bss horizons have hue of 2.5Y or 5Y, value of 5 or 6 and 4 or 5 moist, and chroma 
of 2 to 4. Both dry and moist colors of the surface of peds range from 112 to 1 value darker than 
the crushed peds. They are extremely hard or very hard when dry and extremely firm or very firm 
when moist. They are slightly alkaline or moderately alkaline. 

The BCss horizon has hue of 2.5Y or SY, value of 5 or 6 and 4 or 5 moist, and chroma of 2 to 4. 
It has few to common accumulations of gypsum and other salts in most pedons. It is slightly 
alkaline or moderately alkaline. 

Some pedons have a Bk horizon that has colors similar to the BC horizon. It has few to common 
accumulations of carbonate. It is slightly alkaline or moderately alkaline. 

The Cy horizon has hue of 2.SY or 5Y, value of 5 or 6 and 4 or S moist, and chroma of 2 to 4. It 
is clay and some pedons contain up to 35 percent fragments of shale below 40 inches. It has few 
to many accumulations of gypsum or other salts. Unweathered shale typically is at depths greater 
than 5 feet but is as shallow as 40 inches in some pedons. It is slightly alkaline or moderately 
alkaline. 

Range in Characteristics (according to field observations, lab analysis): Textures are slightly finer 
than typical for the series . 

Taxonomic Class - Very-fine, smectitic, mesic Aridic Haplusterts 

Suitability for Topsoil (According to WDEQ Guideline 1) - Marginal texture (clay) was found 
from 2-60 inches. Saturation percentage was marginal at 2-16 and 26-36 inches. Sodium 
absorption ratio was marginal at 15-36 inches. Estimated stripping depth is 2 inches. 

Geographic Setting (According to Official Series Description) - Kyle soils are nearly level to 
strongly sloping on uplands and colluvial fans. Slopes are plane to convex, and slope gradients 
range from 0 to 15 percent. Gilgai microrelief is in most areas. The soil formed in clayey 
sediments weathered from calcareous clay shale. Mean annual air temperature ranges from 45 to 
53 degrees F, and mean annual precipitation ranges from about 12 to 19 inches . 
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HISLE
SILT LOAM

Soil Mapping Unit "He"
Lab/BKS Sample ID: G08020803-017_021

Typical Pedon: Hisle silt loam - on an east-facing plane slope of 3 percent in native grass at
3,020 feet elevation. When described the soil was moist below a depth of 2 inches. (Colors are for
dry soil unless otherwise stated.)

The Hisle series consists of moderately deep, well drained and moderately well drained soils
formed in clayey sediments weathered from clay shale on uplands. Permeability is very slow.
Slopes range from 0 to 15 percent. Mean annual precipitation is about 15 inches, and mean annual
air temperature is about 45 degrees F.

A - 0-2 inches. Light gray (10YR 7/2) silt loam, moist; weak very thin platy structure parting to
weak fine granular; soft, very friable; surface crust about 1/8 inch thick; abrupt smooth boundary;
neutral (pH 6.8); noneffervescent.

Bt - 2-15 inches. Grayish brown (1OYR 5/2D, 1OYR 4/2W) silty clay loam, moist; weak medium
prismatic structure parting to strong medium and fine blocky; very hard, firm, sticky and plastic;
gradual wavy boundary; neutral (pH 7.3); noneffervescent.

Clk - 15-32 inches. Light yellowish brown (2.5Y 6/3D, 2.5Y 4/3W) clay loam, moist; common
medium distinct dark yellowish brown (1OYR 4/4) and yellowish brown (1OYR 5/6) mottles; fine
earth is massive; hard, firm, sticky; 50 to 70 percent by volume of fragments of shale; few fine
accumulations of carbonate and salt; clear wavy boundary; moderately alkaline (pH 8.0); strongly
effervescent.

C2k - 32-52 inches. Brown (10YR 5/3D, 1OYR 4/3W) clay loam, fractured soft shale; dark
yellowish brown (10YR 4/4) and yellowish brown (10YR 5/6) iron stains and mottles in the
seams; moderately alkaline (pH 8.0); strongly effervescent.

C3 - 52-60 inches. Light brownish gray (10YR 6/2D, 1OYR 4/2W) silt loam, fractured soft shale;
dark yellowish brown (1OYR 4/4) and yellowish brown (1OYR 5/6) iron stains and mottles in the
seams; moderately alkaline (pH 8.1). slightly effervescent.

Type Location - Shannon County, South Dakota; refer to waypoint 39 on map included in this
report.

Range in Soil Characteristics (According to Official Series Description) - The depth to bedded
shale typically is about 20 to 26 inches and ranges from 20 to 40 inches. Colors of the soil
commonly are inherited from the underlying shale. A few small pebbles are on the surface and
mixed throughout the solum in some pedons.

The E horizon has hue of 1OYR or 2.5Y, value of 5 to 8 and 3 to 5 moist, and chroma of I to 3. It
is silt loam or loam and ranges from slightly acid to slightly alkaline. When dry, the surface is
crusted up to 1/8 inch thick.

7

• 

• 

• 

~.D ~ 
POWERTECIi (USA) INC. 

Soil Mapping Unit "He" 

HISLE 
SILT LOAM 

Lab/BKS Sample LD: G08020803-0 17_021 

Typical Pedon: Hisle silt loam - on an east-facing plane slope of 3 percent in native grass at 
3,020 feet elevation. When described the soil was moist below a depth of2 inches. (Colors are for 
dry soil unless otherwise stated.) 

The Hisle series consists of moderately deep, well drained and moderately well drained soils 
formed in clayey sediments weathered from clay shale on uplands. Permeability is very slow. 
Slopes range from 0 to 15 percent. Mean annual precipitation is about 15 inches, and mean annual 
air temperature is about 45 degrees F. 

A - 0-2 inches. Light gray (lOYR 7/2) silt loam, moist; weak very thin platy structure parting to 
weak fine granular; soft, very friable; surface crust about 118 inch thick; abrupt smooth boundary; 
neutral (pH 6.8); noneffervescent. 

Bt - 2-15 inches. Grayish brown (lOYR 5/2D, lOYR 4/2W) silty clay loam, moist; weak medium 
prismatic structure parting to strong medium and fine blocky; very hard, firm, sticky and plastic; 
gradual wavy boundary; neutral (pH 7.3); noneffervescent. 

Clk - 15-32 inches. Light yellowish brown (2.5Y 6/3D, 2.5Y 4/3W) clay loam, moist; common 
medium distinct dark yellowish brown (lOYR 4/4) and yellowish brown (lOYR 5/6) mottles; fine 
earth is massive; hard, firm, sticky; 50 to 70 percent by volume of fragments of shale; few fine 

, accumulations of carbonate and salt; clear wavy boundary; moderately alkaline (pH 8.0); strongly 
effervescent. 

C2k - 32-52 inches. Brown (lOYR 5/3D, 10YR 4/3W) clay loam, fractured soft shale; dark 
yellowish brown (lOYR 4/4) and yellowish brown (lOYR 5/6) iron stains and mottles in the 
seams; moderately alkaline (pH 8.0); strongly effervescent. 

C3 - 52-60 inches. Light brownish gray (lOYR 6/2D, lOYR 4/2W) silt loam, fractured soft shale; 
dark yellowish brown (lOYR 4/4) and yellowish brown (lOYR 5/6) iron stains and mottles in the 
seams; moderately alkaline (pH 8.1). slightly effervescent. 

Type Location - Shannon County, South Dakota; refer to waypoint 39 on map included in this 
report. 

Range in Soil Characteristics (According to Official Series Description) - The depth to bedded 
shale typically is about 20 to 26 inches and ranges from 20 to 40 inches. Colors of the soil 
commonly are inherited from the underlying shale. A few small pebbles are on the surface and 
mixed throughout the solum in some pedons. 

The E horizon has hue of lOYR or 2.5Y, value of 5 to 8 and 3 to 5 moist, and chroma of 1 to 3. It 
is silt loam or loam and ranges from slightly acid to slightly alkaline. When dry, the surface is 
crusted up to 118 inch thick. 
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The Btn horizon has hue of IOYR, 2.5Y, or 5Y, value of 5 to 7 and 4 to 6 moist, and chroma of
1 to 4. It is clay or silty clay averaging between 50 and 60 percent clay. It ranges from slightly to
strongly alkaline. The Btn horizon has weak or moderate, fine to coarse columnar structure
parting to moderate or strong, fine to coarse blocky structure in the upper part. Accumulations of
salts and carbonates are in the lower Btn horizon of some pedons.

The Bkz horizon has hue of 1OR to 5Y, value of 5 to 8 and 3 to 5 moist, and chroma of 1 to 4. It
is silty clay or clay. It has few to many accumulations of carbonate and typically has
accumulations of gypsum and salts. It ranges from slightly to strongly alkaline. It contains up to
15 percent fragments of shale by volume.

The C horizon has hue of I OR to 5Y, value of 5 to 8 and 3 to 5 moist, and chroma of 1 to 4. It is
clay, or silty clay. Fragments of shale increase with depth and range up to 80 percent by volume.
It ranges from slightly to strongly alkaline. Most pedons contain accumulations of carbonate and
salts.

The Cr horizon is shale and hue of 1OR to 5Y. It ranges from slightly acid to moderately alkaline.

Range in Characteristics (according to field observations, lab analysis): Textures are slightly finer
or have slightly less clay than typical for the series.

Taxonomic Class - Fine, smectitic, mesic Leptic Torrertic Natrustalfs

Suitability for Topsoil (According to WDEQ Guideline 1) - No unsuitable or marginal values
were present. Strongly calcareous at 15 inches. Estimated stripping depth is 60 inches.

Geographic Setting (According to Official Series Description) - Hisle soils are nearly level to
moderately sloping on uplands. Slope gradients range from 0 to 15 percent. Hisle soils formed in
clays transported locally or weathered in place from clay shales. The mean annual soil
temperature ranges from 45 to 53 degrees F, and mean annual precipitation ranges from 12 to
16 inches.
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The Btn horizon has hue of lOYR, 2.5Y, or 5Y, value of 5 to 7 and 4 to 6 moist, and chroma of 
1 to 4. It is clay or silty clay averaging between 50 and 60 percent clay. It ranges from slightly to 
strongly alkaline. The Btn horizon has weak or moderate, fine to coarse columnar structure 
parting to moderate or strong, fine to coarse blocky structure in the upper part. Accumulations of 
salts and carbonates are in the lower Btn horizon of some pedons. 

The Bkz horizon has hue of lOR to 5Y, value of 5 to 8 and 3 to 5 moist, and chroma of 1 to 4. It 
is silty clay or clay. It has few to many accumulations of carbonate and typically has 
accumulations of gypsum and salts. It ranges from slightly to strongly alkaline. It contains up to 
15 percent fragments of shale by volume. 

The C horizon has hue of lOR to 5Y, value of 5 to 8 and 3 to 5 moist, and chroma of 1 to 4. It is 
clay, or silty clay. Fragments of shale increase with depth and range up to 80 percent by volume. 
It ranges from slightly to strongly alkaline. Most pedons contain accumulations of carbonate and 
salts. 

The Cr horizon is shale and hue of lOR to 5Y. It ranges from slightly acid to moderately alkaline. 

Range in Characteristics (according to field observations, lab analysis): Textures are slightly finer 
or have slightly less clay than typical for the series. 

Taxonomic Class - Fine, smectitic, mesic Leptic Torrertic Natrustalfs 

Suitability for Topsoil (According to WDEQ Guideline 1) - No unsuitable or marginal values 
were present. Strongly calcareous at 15 inches. Estimated stripping depth is 60 inches. 

Geographic Setting (According to Official Series Description) - Hisle soils are nearly level to 
moderately sloping on uplands. Slope gradients range from 0 to 15 percent. Hisle soils formed in 
clays transported locally or weathered in place from clay shales. The mean annual soil 
temperature ranges from 45 to 53 degrees F, and mean annual precipitation ranges from 12 to 
16 inches. 
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HISLE
NONCALCAREOUS VARIANT

Soil Mapping Unit "He"
Lab/BKS Sample ID: G08020803-022_026

Typical Pedon: Hisle silty clay loam - on an east-facing plane slope of 3 percent in native grass at
3,020 feet elevation. When described the soil was moist below a depth of 2 inches. (Colors are for
dry soil unless otherwise stated.)

The Hisle series consists of moderately deep, well drained and moderately well drained soils
formed in clayey sediments weathered from clay shale on uplands. Permeability is very slow.
Slopes range from 0 to 15 percent. Mean annual precipitation is about 15 inches, and mean annual
air temperature is about 45 degrees F.

A - 0-4 inches. Light gray (10YR 7/2) silty clay loam, moist; weak very thin platy structure
parting to weak fine granular; soft, very friable; surface crust about 1/8 inch thick; abrupt smooth
boundary; neutral (pH 6.6); noneffervescent.

Btl - 4-14 inches. Light olive brown (2.5Y 5/3D, 2.5Y 4/3W) silty clay loam, moist; weak
medium prismatic structure parting to strong medium and fine blocky; very hard, firm, sticky and
plastic; gradual wavy boundary; neutral (pH 7.1); noneffervescent.

Bt2 - 14-27 inches. Light olive brown (2.5Y 5/3D, 2.5Y 4/3W) silty clay loam, moist; few faint
yellowish brown (10YR 5/6) mottles; weak medium and fine subangular blocky structure; very
hard, firm, sticky and plastic; many small pebbles and fragments of shale; few fine dark
concretions (Fe and Mn oxides); common fine threads and accumulations of carbonate and salt;
clear wavy boundary; slightly alkaline (pH 7.8); noneffervescent.

Bt3n - 27-38 inches. Olive brown (2.5Y 4/3D, 2.5Y 4/2W) silty clay, fractured soft shale; dark
yellowish brown (10YR 4/4) and yellowish brown (10YR 5/6) iron stains and mottles in the
seams; moderately alkaline (pH 8.1); noneffervescent.

Cn - 38-60 inches. Olive brown (2.5Y 4/3D, 2.5Y 4/2W) silty clay, fractured soft shale; dark
yellowish brown (10YR 4/4) and yellowish brown (10YR 5/6) iron stains and mottles in the
seams; moderately alkaline (pH 7.9); noneffervescent.

Type Location - Shannon County, South Dakota; refer to waypoint 40 on map included in this
report.

Range in Soil Characteristics (According to Official Series Description) - The depth to bedded
shale typically is about 20 to 26 inches and ranges from 20 to 40 inches. Colors of the soil
commonly are inherited from the underlying shale. A few small pebbles are on the surface and
mixed throughout the solum in some pedons.

The E horizon has hue of 1OYR or 2.5Y, value of 5 to 8 and 3 to 5 moist, and chroma of 1 to 3. It
is silt loam or loam and ranges from slightly acid to slightly alkaline. When dry, the surface is
crusted up to 1/8 inch thick.
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Soil Mapping Unit "He" 

HISLE 
NONCALCAREOUSVAruANT 

Lab/BKS Sample ID: G08020803-022 _026 

Typical Pedon: Hisle silty clay loam - on an east-facing plane slope of 3 percent in native grass at 
3,020 feet elevation. When described the soil was moist below a depth of2 inches. (Colors are for 
dry soil unless otherwise stated.) 

The Hisle series consists of moderately deep, well drained and moderately well drained soils 
formed in clayey sediments weathered from clay shale on uplands. Permeability is very slow. 
Slopes range from 0 to 15 percent. Mean annual precipitation is about 15 inches, and mean annual 
air temperature is about 45 degrees F. 

A - 0-4 inches. Light gray (10YR 7/2) silty clay loam, moist; weak very thin platy structure 
parting to weak fine granular; soft, very friable; surface crust about 1/8 inch thick; abrupt smooth 
boundary; neutral (pH 6.6); noneffervescent. 

Btl - 4-14 inches. Light olive brown (2.5Y 5/3D, 2.5Y 4/3W) silty clay loam, moist; weak 
medium prismatic structure parting to strong medium and fine blocky; very hard, firm, sticky and 
plastic; gradual wavy boundary; neutral (pH 7.1); noneffervescent. 

Bt2 - 14-27 inches. Light olive brown (2.5Y 5/3D, 2.5Y 4/3W) silty clay loam, moist; few faint 
yellowish brown (1 OYR 5/6) mottles; weak medium and fine subangular blocky structure; very 
hard, firm, sticky and plastic; many small pebbles and fragments of shale; few fine dark 
concretions (Fe and Mn oxides); common fine threads and accumulations of carbonate and salt; 
clear wavy boundary; slightly alkaline (PH 7.8); noneffervescent. 

Bt3n - 27-38 inches. Olive brown (2.5Y 4/3D, 2.5Y 4/2W) silty clay, fractured soft shale; dark 
yellowish brown (lOYR 4/4) and yellowish brown (lOYR 5/6) iron stains and mottles in the 
seams; moderately alkaline (pH 8.1); noneffervescent. 

Cn - 38-60 inches. Olive brown (2.5Y 4/3D, 2.5Y 412W) silty clay, fractured soft shale; dark 
yellowish brown (lOYR 4/4) and yellowish brown (lOYR 5/6) iron stains and mottles in the 
seams; moderately alkaline (pH 7.9); noneffervescent. 

Type Location - Shannon County, South Dakota; refer to waypoint 40 on map included in this 
report. 

Range in Soil Characteristics (According to Official Series Description) - The depth to bedded 
shale typically is about 20 to 26 inches and ranges from 20 to 40 inches. Colors of the soil 
commonly are inherited from the underlying shale. A few small pebbles are on the surface and 
mixed throughout the solum in some pedons . 

. The E horizon has hue of 10YR or 2.5Y, value of 5 to 8 and 3 to 5 moist, and chroma of 1 to 3. It 
is silt loam or loam and ranges from slightly acid to slightly alkaline. When dry, the surface is 
crusted up to 118 inch thick. 

9 



POWERTECh (USA) INC.

The Btn horizon has hue of 1OYR, 2.5Y, or 5Y, value of 5 to 7 and 4 to 6 moist, and chroma of
1 to 4. It is clay or silty clay averaging between 50 and 60 percent clay. It ranges from slightly to
strongly alkaline. The Btn horizon has weak or moderate, fine to coarse columnar structure
parting to moderate or strong, fine to coarse blocky structure in the upper part. Accumulations of
salts and carbonates are in the lower Btn horizon of some pedons.

The Bkz horizon has hue of 1OR to 5Y, value of 5 to 8 and 3 to 5 moist, and chroma of 1 to 4. It
is silty clay or clay. It has few to many accumulations of carbonate and typically has
accumulations of gypsum and salts. It ranges from slightly to strongly alkaline. It contains up to
15 percent fragments of shale by volume.

The C horizon has hue of 1OR to 5Y, value of 5 to 8 and 3 to 5 moist, and chroma of I to 4. It is
clay, or silty clay. Fragments of shale increase with depth and range up to 80 percent by volume.
It ranges from slightly to strongly alkaline. Most pedons contain accumulations of carbonate and
salts.

The Cr horizon is shale and hue of 1OR to 5Y. It ranges from slightly acid to moderately alkaline.

Range in Characteristics (according to field observations, lab analysis): Textures are slightly finer
than typical for the series.

Taxonomic Class - Fine, smectitic, mesic Leptic Torrertic Natrustalfs

Suitability for Topsoil (According to WDEQ Guideline 1) - Marginal texture (clay) was found
from 27-60 inches. Estimated stripping depth is 60 inches.

Geographic Setting (According to Official Series Description) - Hisle soils are nearly level to
moderately sloping on uplands. Slope gradients range from 0 to 15 percent. Hisle soils formed in
clays transported locally or weathered in place from clay shales. The mean annual soil
temperature ranges from 45 to 53 degrees F, and mean annual precipitation ranges from 12 to
16 inches.
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The Btn horizon has hue of lOYR, 2.5Y, or 5Y, value of 5 to 7 and 4 to 6 moist, and chroma of 
1 to 4. It is clay or silty clay averaging between 50 and 60 percent clay. It ranges from slightly to 
strongly alkaline. The Btn horizon has weak or moderate, fine to coarse columnar structure 
parting to moderate or strong, fine to coarse blocky structure in the upper part. Accumulations of 
salts and carbonates are in the lower Btn horizon of some pedons. 

The Bkz horizon has hue of lOR to 5Y, value of 5 to 8 and 3 to 5 moist; and chroma of 1 to 4. It 
is silty clay or clay. It has few to many accumulations of carbonate and typically has 
accumulations of gypsum and salts. It ranges from slightly to strongly alkaline. It contains up to 
15 percent fragments of shale by volume. 

The C horizon has hue of lOR to 5Y, value of 5 to 8 and 3 to 5 moist, and chroma of 1 to 4. It is 
clay, or silty clay. Fragments of shale increase with depth and range up to 80 percent by volume. 
It ranges from slightly to strongly alkaline. Most pedons contain accumulations of carbonate and 
salts. 

The Cr horizon is shale and hue of lOR to 5Y. It ranges from slightly acid to moderately alkaline. 

Range in Characteristics (according to field observations, lab analysis): Textures are slightly finer 
than typical for the series. 

Taxonomic Class - Fine, smectitic, mesic Leptic Torrertic Natrustalfs 

Suitability for Topsoil (According to WDEQ Guideline 1) - Marginal texture (clay) was found 
from 27-60 inches. Estimated stripping depth is 60 inches. 

Geographic Setting (According to Official Series Description) - Hisle soils are nearly level to 
moderately sloping on uplands. Slope gradients range from 0 to 15 percent. Hisle soils formed in 
clays transported locally or weathered in place from clay shales. The mean annual soil 
temperature ranges from 45 to 53 degrees F, and mean annual precipitation ranges from 12 to 
16 inches. 
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NEVEE
SILT LOAM

Soil Mapping Unit "Ne"
Lab/BKS Sample ID: G08020803-027_031

Typical Pedon: Nevee silt loam- on a southwest-facing slope of 8 percent in native grass. When
described, the soil was dry throughout. (Colors are for dry soil unless otherwise stated.)

The Nevee series consists of deep and very deep, well drained soils formed in reddish silty
alluvial-colluvial sediments on terraces and uplands. Permeability is moderate. Slopes range from
1 to 30 percent. Mean annual precipitation is about 16 inches, and mean annual air temperature is
about 46 degrees F.

A - 0-4 inches. Reddish brown (5YR 4/4) silt loam, moist; weak fine granular structure; soft, very
friable; many fine roots; clear smooth boundary; slightly alkaline (pH 7.7); noneffervescent.

AC - 4-21 inches. Brown (7.5YR 5/4D, 7.5YR 4/4W) silty clay loam, moist; massive; slightly
hard, very friable; common fine roots; few fine accumulations of carbonate; gradual wavy
boundary; slightly alkaline (pH 7.7); strongly effervescent.

Clk - 21-36 inches. Reddish brown (5YR 5/4D, 5YR 4/4W) silt, moist; massive; hard, very
friable; few fine roots; gradual wavy boundary; strongly alkaline (pH 8.6); strongly effervescent.

C2k - 36-45 inches. Yellowish red (5YR 5/6D, 5YR 4/4W) silt loam, moist; massive; hard, very
friable; many coarse fragments of siltstone; gradual wavy boundary; strongly alkaline (pH 8.7);
strongly effervescent.

C3k - 45-60 inches. Yellowish red (5YR 5/6D, 5YR 4/4W) loam, moist; extremely hard, friable;
strongly alkaline (pH 8.7); strongly effervescent.

Type Location - Butte County, South Dakota; refer to waypoint 41 on map included in this report.

Range in Soil Characteristics (According to Official Series Description) - Depth to bedrock
typically ranges from 40 to 60 inches or more. Depth to free carbonates is less than 10 inches.
The control section is silt loam, loam, or very fine sandy loam averaging between 10 and
18 percent clay. Some pedons have up to 35 percent coarse fragments greater than 3 inches in the
surface.

The A horizon has hue of 5YR to 10YR, value of 4 to 6 and 3 or 4 moist, and chroma of 2 to 6.
Where the color value is as dark or darker than 5.5 and 3.5 moist, the horizon has chroma of 4 or
more or is too thin for a mollic epipedon. It is typically silt loam, but some pedons are loam or
very fine sandy loam. It ranges from neutral to moderately alkaline. Some pedons have an AC
horizon. It has colors an textures of the A horizon.

The C horizon has hue of 2.5YR to 7.5YR, value of 5 to 7 and 4 to 6 moist, and chroma of 3 to 6.
It is loam, silt loam, or very fine sandy loam, but some pedons are silty clay loam in the lower
part. It typically has few to many, fine or medium accumulations of carbonate in the upper part. It
ranges from slightly to strongly alkaline.
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Soil Mapping Unit "Ne" 

NEVEE 
SILT LOAM 

Lab/BKS Sample ID: G08020803-027 _ 031 

Typical Pedon: Nevee silt 10am- on a southwest-facing slope of 8 percent in native grass. When 
described, the soil was dry throughout. (Colors are for dry soil unless otherwise stated.) 

The Nevee series consists of deep and very deep, well drained soils formed in reddish silty 
alluvial-colluvial sediments on terraces and uplands. Permeability is moderate. Slopes range from 
1 to 30 percent. Mean annual precipitation is about 16 inches, and mean annual air temperature is 
about 46 degrees F. 

A - 0-4 inches. Reddish brown (5YR 4/4) silt loam, moist; weak fine granular structure; soft, very 
friable; many fine roots; clear smooth boundary; slightly alkaline (pH 7.7); noneffervescent. 

AC - 4-21 inches. Brown (7.5YR 5/4D, 7.5YR 4/4W) silty clay loam, moist; massive; slightly 
hard, very friable; common fine roots; few fine accumulations of carbonate; gradual wavy 
boundary; slightly alkaline (pH 7.7); strongly effervescent. 

Clk - 21-36 inches. Reddish brown (5YR 5/4D, 5YR 4/4W) silt, moist; massive; hard, very 
friable; few fine roots; gradual wavy boundary; strongly alkaline (pH 8.6); strongly effervescent. 

C2k - 36-45 inches. Yellowish red (5YR 5/6D, 5YR 4/4W) silt loam, moist; massive; hard, very 
friable; many coarse fragments of siltstone; gradual wavy boundary; strongly alkaline (pH 8.7); 
strongly effervescent. 

C3k - 45-60 inches. Yellowish red (5YR 5/6D, 5YR 4/4W) loam, moist; extremely hard, friable; 
strongly alkaline (pH 8.7); strongly effervescent. 

Type Location - Butte County, South Dakota; refer to waypoint 41 on map included in this report. 

Range in Soil Characteristics (According to Official Series Description) - Depth to bedrock 
typically ranges from 40 to 60 inches or more. Depth to free carbonates is less than 10 inches. 
The control section is silt loam, loam, or very fine sandy loam averaging between 10 and 
18 percent clay. Some pedons have up to 35 percent coarse fragments greater than 3 inches in the 
surface. 

The A horizon has hue of 5YR to 10YR, value of 4 to 6 and 3 or 4 moist, and chroma of 2 to 6. 
Where the color value is as dark or darker than 5.5 and 3.5 moist, the horizon has chroma of 4 or 
more or is too thin for a mollic epipedon. It is typically silt loam, but some pedons are loam or 
very fine sandy loam. It ranges from neutral to moderately alkaline. Some pedons have an AC 
horizon. It has colors an textures of the A horizon. 

The C horizon has hue of 2.5YR to 7.5YR, value of 5 to 7 and 4 to 6 moist, and chroma of 3 to 6. 
It is loam, silt loam, or very fine sandy loam, but some pedons are silty clay loam in the lower 
part. It typically has few to many, fine or medium accumulations of carbonate in the upper part. It 
ranges from slightly to strongly alkaline. 
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The Cr horizon is reddish colored silty shale, siltstone, or sandstone and is below depths of
40 inches. It ranges from slightly to strongly alkaline.

Range in Characteristics (according to field observations, lab analysis): No significant range in
characteristics was found.

Taxonomic Class - Coarse-silty, mixed, superactive, calcareous, mesic Aridic Ustorthents

Suitability for Topsoil (According to WDEO Guideline 1) - Electrical conductivity was
unsuitable at 21-60 inches. Sodium absorption ratio was unsuitable at 21-60 inches. Boron was
unsuitable at 21-36 inches. Selenium was marginal at 21-60 inches. Strongly effervescent at
4 inches. Estimated stripping depth is 21 inches.

Geographic Setting (According to Official Series Description) - Nevee soils are nearly level to
steep on terraces, uplands, and alluvial fans. Surfaces are dominantly smooth plane, and slope
gradients range from 1 to 30 percent. The Nevee soils formed in silty alluvium weathered from
reddish colored silty shale, siltstone, or sandstone. Mean annual air temperature is 43 to
48 degrees F, and mean annual precipitation ranges from 15 to 18 inches.
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The Cr horizon is reddish colored silty shale, siltstone, or sandstone and is below depths of 
40 inches. It ranges from slightly to strongly alkaline. 

Range in Characteristics (according to field observations, lab analysis): No significant range in 
characteristics was found. 

Taxonomic Class - Coarse-silty, mixed, superactive, calcareous, mesic Aridic Ustorthents 

Suitability for Topsoil (According to WDEO Guideline 1) - Electrical conductivity was 
unsuitable at 21-60 inches. Sodium absorption ratio was unsuitable at 21-60 inches. Boron was 
unsuitable at 21-36 inches. Selenium was marginal at 21-60 inches. Strongly effervescent at 
4 inches. Estimated stripping depth is 21 inches. 

Geographic Setting (According to Official Series Description) - Nevee soils are nearly level to 
steep on terraces, uplands, and alluvial fans. Surfaces are dominantly smooth plane, and slope 
gradients range from 1 to 30 percent. The Nevee soils formed in silty alluvium weathered from 
reddish colored silty shale, siltstone, or sandstone. Mean annual air temperature is 43 to 
48 degrees F, and mean annual precipitation ranges from 15 to 18 inches. 
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BARNUM
SILT LOAM

Soil Mapping Unit "Bc"
Lab/BKS Sample ID: G08020803-032_035

Typical Pedon: Barnum silt loam-rangeland. (Colors are for dry soil unless otherwise stated.)

The Barnum series consists of very deep, well drained soils formed in calcareous alluvium from
red bed sediments. Barnum soils are on flood plains and alluvial terraces. Slopes are simple and
range from 0 to 8 percent. The mean annual precipitation is about 12 inches, and the mean annual
temperature is about 47 degrees F.

A - 0-6 inches. Reddish brown (5YR 4/4) silt loam, moist; moderate very fine granular structure;
soft, very friable; calcium carbonate disseminated; clear smooth boundary; slightly alkaline
(pH 7.8); noneffervescent.

Clk - 6-17 inches. Reddish brown (5YR 5/4D, 5YR 4/4W) silt loam, moist; massive with lenses
of unaltered parent sediment; slightly hard, very friable; calcium carbonate disseminated and as
soft masses in some lenses; moderately alkaline (pH 8.3); strongly effervescent.

C2k - 17-39 inches. Reddish brown (5YR 5/4D, 5YR 4/4W) silt loam, moist; massive with lenses
of unaltered parent sediment; slightly hard, very friable; calcium carbonate disseminated and as
soft masses in some lenses; strongly alkaline (pH 8.6); strongly effervescent.

C3kn - 39-60 inches. Yellowish red (5YR 4/6D, 5YR 4/4W) silt loam, moist; massive with
lenses of unaltered parent sediment; slightly hard, very friable; calcium carbonate disseminated
and as soft masses in some lenses; strongly alkaline (pH 8.5); strongly effervescent.

Type Location - Johnson County, Wyoming; refer to waypoint 42 on map included in this report.

Range in Soil Characteristics (According to Official Series Description) - These soils typically
contain free carbonates throughout but may be leached a few inches in some pedons. Organic
carbon ranges from .6 to 3 percent in the upper 10 inches and decreases irregularly with depth.
The mean annual soil temperature is about 47 to 53 degrees F. The particle size control section is
highly stratified and typically averages loam or light clay loam with 18 to 35 percent clay and
more than 15 percent fine or coarser sand. Strata of sandy loam, silt loam, silty clay loam, and
fine sandy loam are common. Rock fragments are variable between strata but average from 0 to
10 percent pebbles. Exchangeable sodium ranges from 4 to 15 percent throughout the soil. EC
typically ranges from 2 to 8 mmhos throughout under natural conditions but may range to
16 mmhos where poorly irrigated.

The A horizon has hue of 7.5YR through 2.5YR, value of 4 through 6 dry, 3 through 5 moist, and
chroma of 2 through 6. Reaction is slightly through strongly alkaline.

The C horizon has hue of 5YR through 1 OR, value of 4 through 7 dry, 3 through 5 moist, and
chroma of 2 through 6. Some strata have visual accumulations of salts and carbonates which are
typically discontinuous throughout the extent of the pedon. Reaction is slightly through strongly
alkaline. Some pedons may have buried horizons below 40 inches.
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Soil Mapping Unit "Bc" 
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lenses of unaltered parent sediment; slightly hard, very friable; calcium carbonate disseminated 
and as soft masses in some lenses; strongly alkaline (pH 8.5); strongly effervescent. 

Type Location - Johnson County, Wyoming; refer to waypoint 42 on map included in this report. 

Range in Soil Characteristics (According to Official Series Description) - These soils typically 
contain free carbonates throughout but may be leached a few inches in some pedons. Organic 
carbon ranges from .6 to 3 percent in the upper 10 inches and decreases irregularly with depth. 
The mean annual soil temperature is about 47 to 53 degrees F. The particle size control section is 
highly stratified and typically averages loam or light clay loam with 18 to 35 percent clay and 
more than 15 percent fine or coarser sand. Strata of sandy loam, silt loam, silty clay loam, and 
fine sandy loam are common. Rock fragments are variable between strata but average from 0 to 
10 percent pebbles. Exchangeable sodium ranges from 4 to 15 percent throughout the soil. EC 
typically ranges from 2 to 8 mrnhos throughout under natural conditions but may range to 
16 mrnhos where poorly irrigated. 

The A horizon has hue of 7.5YR through 2.5YR, value of 4 through 6 dry, 3 through 5 moist, and 
chroma of 2 through 6. Reaction is slightly through strongly alkaline. 

The C horizon has hue of 5YR through lOR, value of 4 through 7 dry, 3 through 5 moist, and 
chroma of 2 through 6. Some strata have visual accumulations of salts and carbonates which are 
typically discontinuous throughout the extent of the pedon. Reaction is slightly through strongly 
alkaline. Some pedons may have buried horizons below 40 inches. 
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Range in Characteristics (according to field observations, lab analysis): Textures are finer than
typical for the series.

Taxonomic Class -Fine-loamy, mixed, superactive, calcareous, mesic Ustic Torrifluvents

Suitability for Topsoil (According to WDEO Guideline 1) - Electrical conductivity was
unsuitable at 6-39 inches. Sodium absorption ratio was unsuitable at 6-39 inches. Selenium was
unsuitable at 6-17 inches. Strongly effervescent at 6 inches. Estimated stripping depth is 6 inches.

Geographic Setting (According to Official Series Description) - Barnum soils are on flood plains
and alluvial terraces. These soils formed in calcareous alluvium derived from red beds containing
siltstone, shale, and sandstone. Slopes are 0 to 8 percent. Elevations are 4,000 to 6,600 feet. The
mean annual precipitation is about 12 inches and ranges from 10 to 14 inches with about half
falling as snow or rain in April, May, and early June. The mean annual temperature is about 43 to
49 degrees F. The frost-free season is estimated to range from 110 to 135 days depending upon
elevation, aspect, and air drainage
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Ascalon
CLAY LOAM

Soil Mapping Unit "As"
Lab/BKS Sample ID: G08020803-036_039

Typical Pedon: Ascalon clay loam- grassland. (Colors are for dry soil unless otherwise stated.)

The Ascalon series consists of very deep, well drained soils that formed in moderate coarse
textured calcareous material. Ascalon soils are on upland hillslopes and tableland plains. Slopes
range from 0 to 25 percent. The mean annual precipitation is about 41 centimeters (16 inches) and
the mean annual air temperature is about 10 degrees C (49 degrees F) at the type location.

A - 0-2 inches. Grayish brown (10YR 5/2) clay loam, moist; moderate very fine granular
structure; soft, very friable; 3 percent pebbles; clear smooth boundary; slightly acid (pH 6.2);
noneffervescent.

Bt - 2-14 inches. Dark grayish brown (10YR 4/2DW) clay, moist; moderate medium prismatic
structure parting to moderate medium subangular blocks; very hard, very friable; many distinct
clay films on faces of peds; 3 percent pebbles; gradual smooth boundary; slightly alkaline
(pH 7.4); noneffervescent.

Clk - 14-38 inches. Light yellowish brown (2.5Y 6/3D. 2.5Y 5/2W) clay loam, moist; weak
medium subangular blocky structure; hard, very friable; concretions, thin seams and streaks of
calcium carbonate; few faint clay films on faces of some peds; 5 percent pebbles, gradual smooth
boundary; strongly alkaline (pH 8.5); violently effervescent.

C2k - 38-60 inches. Pale yellow (2.5Y 7/3) loam, moist; massive; slightly hard, very friable;
5 percent pebbles; concretions, thin seams and streaks of calcium carbonate; strongly alkaline
(pH 8.8); strongly effervescent.

Type Location - Washington County, Colorado; refer to waypoint 43 on map included in this
report.

Range in Soil Characteristics (According to Official Series Description) - Depth to bedrock
typically ranges from 40 to 60 inches or more. Depth to free carbonates is less than 10 inches.
The control section is silt loam, loam, or very fine sandy loam averaging between 10 and
18 percent clay. Some pedons have up to 35 percent coarse fragments greater than 3 inches in the
surface.

The A horizon has hue of 5YR to 1 OYR, value of 4 to 6 and 3 or 4 moist, and chroma of 2 to 6.
Where the color value is as dark or darker than 5.5 and 3.5 moist, the horizon has chroma of 4 or
more or is too thin for a mollic epipedon. It is typically silt loam, but some pedons are loam or
very fine sandy loam. It ranges from neutral to moderately alkaline. Some pedons have an AC
horizon. It has colors an textures of the A horizon.

The C horizon has hue of 2.5YR to 7.5YR, value of 5 to 7 and 4 to 6 moist, and chroma of 3 to 6.
It is loam, silt loam, or very fine sandy loam, but some pedons are silty clay loam in the lower
part. It typically has few to many, fine or medium accumulations of carbonate in the upper part. It
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Soil Mapping Unit "As" 

Ascalon 
CLAY LOAM 
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more or is too thin for a mollic epipedon. It is typically silt loam, but some pedons are loam or 
very fine sandy loam. It ranges from neutral to moderately alkaline. Some pedons have an AC 
horizon. It has colors an textures of the A horizon. 
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It is loam, silt loam, or very fine sandy loam, but some pedons are silty clay loam in the lower 
part. It typically has few to many, fine or medium accumulations of carbonate in the upper part. It 
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ranges from slightly to strongly alkaline.

The Cr horizon is reddish colored silty shale, siltstone, or sandstone and is below depths of
40 inches. It ranges from slightly to strongly alkaline.

Mean annual soil temperature: 8 to 15 degrees C (47 to 58 degrees F).
Mean summer soil temperature: 15 to 26 degrees C (59 to 78 degrees F).
Mollic epipedon: thickness ranges from 18 to 51 centimeters (7 to 20 inches)
Depth to secondary calcium carbonate: 20 to 76 centimeters (8 to 30 inches)
Depth to the base of the Bt horizon: 38 to 76 centimeters (15 to 30 inches)
Organic carbon: ranges from .6 to 2 percent in the mollic epipedon and decreases uniformly with
depth.
Rock fragments: range from 0 to 15 percent but are usually less than 5 percent.

Range in Characteristics (according to field observations, lab analysis): Textures are slightly finer
than typical for the series.

Taxonomic Class - Fine-loamy, mixed, superactive, mesic Aridic Argiustolls

Suitability for Topsoil (According to WDEQ Guideline 1) - Marginal texture (clay) was found
from 2-14 inches. Sodium absorption ratio was unsuitable at 38-60 inches. Violently effervescent
at 14 inches. Estimated stripping depth is 14 inches.

Geographic Setting (According to Official Series Description) -
Parent material: thick, moderately coarse textured, calcareous material.
Landform: hills and plains

Slope: 0 to 25 percent
Elevation: 1219 to 1829 meters (4000 to 6000 feet).
Mean annual precipitation: 33 to 43 centimeters (13 to 17 inches), with peak periods of
precipitation occurring during the spring and summer.
Mean annual temperature: 10 to 12 degrees C (49 to 53 degrees F).
Average summer temperature: 20 to 23 Degree C (68 to 73 degrees F).
Frost-free season: about 130 to 160 days.
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ranges from slightly to strongly alkaline. 

The Cr horizon is reddish colored silty shale, siltstone, or sandstone and is below depths of 
40 inches. It ranges from slightly to strongly alkaline. 
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CUSHMAN
LOAM

Soil Mapping Unit "Cy"
Lab/BKS Sample ID: G08020803-040_043

Typical Pedon: Cushman loam - on south facing slope of about 3 percent under native grass
vegetation. (Colors are for dry soil unless otherwise stated.)

The Cushman series consists of well drained soils that are moderately deep to bedrock. These
soils formed in slopewash alluvium and residuum from interbedded shales and siltstone and fine-
grained argillaceous sandstone. Cushman soils are on buttes, fan remnants, hills, piedmonts,
ridges and terraces. Slopes are 0 to 20 percent. The mean annual precipitation is about 13 inches,
and the mean annual air temperature is about 45 degrees F

A - 0-2 inches. Light brownish gray (10YR 6/2) loam, moist; moderate medium granular
structure; soft, friable, slightly sticky and slightly plastic; common very fine, fine, and few
medium roots; clear smooth boundary; neutral (pH 6.6); noneffervescent.

Bt - 2-7 inches. Brown (10YR 5/3) clay loam, moist; weak medium prismatic structure parting to
moderate medium subangular blocky; slightly hard, friable, moderately sticky and moderately
plastic; common very fine, fine and few medium roots; few faint clay films on faces of peds and
lining pores; clear smooth boundary; slightly alkaline (pH 7.4); noneffervescent.

Btk - 7-13 inches. Brown (10YR 4/3DW) clay loam, moist; moderate coarse prismatic structure
parting to strong medium angular blocky; hard, firm, moderately sticky and moderately plastic;
few fine, medium and coarse roots; common distinct clay films on faces of peds, lining pores and
root channels; clear wavy boundary; moderately alkaline (pH 8.1); strongly effervescent.

Ck - 13-25 inches. Dark grayish brown (10YR 4/2D, 10YR 3/2W) clay loam, moist; moderate
coarse prismatic structure parting to moderate fine and very fine subangular blocky; hard, firm,
moderately sticky and moderately plastic; few fine roots; few faint clay films on faces of peds;
calcium carbonate on faces of peds and in pores as common distinct irregularly shaped filaments
and masses; clear smooth boundary; moderately alkaline (pH 8.3); strongly effervescent.

Type Location - Sheridan County, Wyoming; refer to. waypoint 50 on map included in this report.

Range in Soil Characteristics (According to Official Series Description) - Depth to a paralithic
contact and bedrock is typically about 28 to 32 inches but ranges from 20 to 40 inches. Depth to
continuous horizons of carbonate accumulation is 7 to 26 inches. Depth to the base of the argillic
horizon ranges from 10 to 26 inches. Rock fragments range from 0 to 15 percent and are soft
shale charmers or semirounded sandstone pebbles. The soil is dry in the moisture control section
more than half the time cumulative that the soil temperature at a depth of 20 inches is 41 degrees
F., which occurs about April 21-27, and is dry in all parts of the moisture control section for at
least 60 consecutive days from July 15 to October 25 and for at least 90 cumulative days during
this period. The mean annual soil temperature is 47 to 53 degrees F., and the soil temperature at a
depth of 20 inches is 41 degrees F. or more for 175 to 192 days. EC ranges from 0 to 2 mmhos
throughout.

17

• 

• 

• 

* ~ 
POWERTECIi (USA) INc. 

Soil Mapping Unit "Cy" 

CUSHMAN 
LOAM 

Lab/BKS Sample 10: G08020803-040 _043 

Typical Pedon: Cushman loam - on south facing slope of about 3 percent under native grass 
vegetation. (Colors are for dry soil unless otherwise stated.) 

The Cushman series consists of well drained soils that are moderately deep to bedrock. These 
soils formed in slopewash alluvium and residuum from interbedded shales aqd siltstone and fine­
grained argillaceous sandstone. Cushman soils are on buttes, fan remnants, hills, piedmonts, 
ridges and terraces. Slopes are 0 to 20 percent. The mean annual precipitation is about l3 inches, 
and the mean annual air temperature is about 45 degrees F 

A - 0-2 inches. Light brownish gray (lOYR 6/2) loam, moist; moderate medium granular 
structure; soft, friable, slightly sticky and slightly plastic; common very fine, fine, and few 
medium roots; clear smooth boundary; neutral (pH 6.6); noneffervescent. 

Bt - 2-7 inches. Brown (10YR 5/3) clay loam, moist; weak medium prismatic structure parting to 
moderate medium subangular blocky; slightly hard, friable, moderately sticky and moderately 
plastic; common very fine, fine and few medium roots; few faint clay films on faces of peds and 
lining pores; clear smooth boundary; slightly alkaline (pH 7.4); noneffervescent. 

Btk - 7 -l3 inches. Brown (10YR 4/3DW) clay loam, moist; moderate coarse prismatic structure 
parting to strong medium angular blocky; hard, firm, moderately sticky and moderately plastic; 
few fine, medium and coarse roots; common distinct clay films on faces of peds, lining pores and 
root channels; clear wavy boundary; moderately alkaline (pH 8.1); strongly effervescent. 

Ck - 13-25 inches. Dark grayish brown (lOYR 4/2D, lOYR 3/2W) clay loam, moist; moderate 
coarse prismatic structure parting to moderate fine and very fine subangular blocky; hard, firm, 
moderately sticky and moderately plastic; few fine roots; few faint clay films on faces of peds; 
calcium carbonate on faces of peds and in pores as common distinct irregularly shaped filaments 
and masses; clear smooth boundary; moderately alkaline (pH 8.3); strongly effervescent. 

Type Location - Sheridan County, Wyoming; refer to. waypoint 50 on map included in this report. 

Range in Soil Characteristics (According to Official Series Description) - Depth to a paralithic 
contact and bedrock is typically about 28 to 32 inches but ranges from 20 to 40 inches. Depth to 
continuous horizons of carbonate accumulation is 7 to 26 inches. Depth to the base of the argillic 
horizon ranges from 10 to 26 inches. Rock fragments range from 0 to 15 percent and are soft 
shale channers or semirounded sandstone pebbles. The soil is dry in the moisture control section 
more than half the time cumulative that the soil temperature at a depth of 20 inches is 41 degrees 
F., which occurs about April 21-27, and is dry in all parts of the moisture control section for at 
least 60 consecutive days from July 15 to October 25 and for at least 90 cumulative days during 
this period. The mean annual soil temperature is 47 to 53 degrees F., and the soil temperature at a 
depth of 20 inches is 41 degrees F. or more for 175 to 192 days. EC ranges from 0 to 2 mmhos 
throughout. 
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The A horizon has hue of 1OYR or 2.5Y, value of 4 to 6 dry, 3 to 5 moist, and chroma of 2 to 4.
Reaction is neutral or slightly alkaline.

The Bt horizon has hue of 1OYR or 2.5Y, value of 4 to 6 dry, 3 to 5 moist, and chroma of 2 to 4.
Texture of the Bt is clay loam or loam with 20 to 35 percent clay and more than 15 percent.but
less than 35 percent fine sand or coarser. Reaction is neutral to moderately alkaline.

The Btk horizon has hue of 1OYR or 2.5Y, value of 5 to 7 dry, 4 to 6 moist, and chroma of 2 to 4.
Texture is loam or clay loam with 20 to 35 percent clay. Reaction is moderately alkaline or
strongly alkaline. Calcium carbonate ranges from 3 to 12 percent.

The Bk horizon has hue of 1OYR and 2.5Y, value of 6 to 8 dry, 4 to 6 moist, and chroma of 2 to
4. Texture is loam or clay loam with 20 to 30 percent total clay of which about 2 to 4 percent is
carbonate clay. Reaction is typically moderately alkaline but may be strongly alkaline when sodic
shales are present. Calcium carbonate equivalent is 5 to 15 percent, but some horizons may
exceed 15 percent but are discontinuous or too thin to be considered as a calcic.

The Cr is weakly consolidated sedimentary rock. It is primarily calcareous shale; but siltstone or
thinly interbedded fine grained argillaceous sandstone is common. The rock is typically
moderately alkaline or strongly alkaline when crushed, but slightly alkaline or neutral shales are
not uncommon.

Range in Characteristics (according to field observations, lab analysis): No significant range in

characteristics was found.

Taxonomic Class - Fine-loamy, mixed, superactive, mesic Ustic Haplargids

Suitability for Topsoil (According to WDEQ Guideline 1) - No marginal or unsuitable parameters
were found. Strongly effervescent at 7 inches. Estimated stripping depth is 25 inches.

Geographic Setting (According to Official Series Description) - Cushman soils are on buttes, fan
remnants fan piedmonts, hills and ridges. Slopes range from 0 to 20 percent. The soils formed in
moderately fine textured slopewash alluvium and residuum. Surface erosion is common in
overgrazed areas, and some thin eolian deposits overlie these soils in some areas. Elevations are
3,500 to 6,000 feet. The mean annual precipitation is 13 inches and ranges from 10 to 14 inches
with over half of the annual precipitation falling in April, May, and June and less than one inch
falling in each month of July, August, September and October. The mean annual temperature is
43 to 51 degrees F. The frost-free season is about 105 to 130 days depending upon elevation,
aspect, and air drainage.
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The A horizon has hue of 10YR or 2.5Y, value of 4 to 6 dry, 3 to 5 moist, and chroma of 2 to 4. 
Reaction is neutral or slightly alkaline. 

The Bt horizon has hue of 10YR or 2.5Y, value of 4 to 6 dry, 3 to 5 moist, and chroma of 2 to 4. 
Texture of the Bt is clay loam or loam with.20 to 35 percent clay and more than 15 percent, but 
less than 35 percent fine sand or coarser. Reaction is neutral to moderately alkaline. 

The Btk horizon has hue of 10YR or 2.5Y, value of 5 to 7 dry, 4 to 6 moist, and chroma of 2 to 4. 
Texture is loam or clay loam with 20 to 35 percent clay. Reaction is moderately alkaline or 
strongly alkaline. Calcium carbonate ranges from 3 to 12 percent. 

The Bk horizon has hue of 10YR and 2.5Y, value of 6 to 8 dry, 4 to 6 moist, and chroma of 2 to 
4. Texture is loam or clay loam with 20 to 30 percent total clay of which about 2 to 4 percent is 
carbonate clay. Reaction is typically moderately alkaline but may be strongly alkaline when sodic 
shales are present. Calcium carbonate equivalent is 5 to 15 percent, but some horizons may 
exceed 15 percent but are discontinuous or too thin to be considered as a calcic. 

The Cr is weakly consolidated sedimentary rock. It is primarily calcareous shale; but siltstone or 
thinly interbedded fine grained argillaceous sandstone is common. The rock is typically 
moderately alkaline or strongly alkaline when crushed, but slightly alkaline or neutral shales are 
not uncommon. 

Range in Characteristics (according to field observations, lab analysis): No significant range in 
characteristics was found. 

Taxonomic Class - Fine-loamy, mixed, superactive, mesic Ustic Haplargids 

Suitability for Topsoil (According to WDEQ Guideline 1) - No marginal or unsuitable parameters 
were found. Strongly effervescent at 7 inches. Estimated stripping depth is 25 inches. 

Geographic Setting (According to Official Series Description) - Cushman soils are on buttes, fan 
remnants fan piedmonts, hills and ridges. Slopes range from 0 to 20 percent. The soils formed in 
moderately fine textured slopewash alluvium and residuum. Surface erosion is common in 
overgrazed areas, and some thin eolian deposits overlie these soils in some areas. Elevations are 
3,500 to 6,000 feet. The mean annual precipitation is 13 inches and ranges from 10 to 14 inches 
with over half of the annual precipitation falling in April, May, and June and less than one inch 
falling in each month of July, August, September and October. The mean annual temperature is 
43 to 51 degrees F. The frost-free season is about 105 to 130 days depending upon elevation, 
aspect, and air drainage . 
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ZIGWEID
SILTY CLAY LOAM

Soil Mapping Unit "Zn"
Lab/BKS Sample ID: G08020803-044_048

Typical Pedon: Zigweid silty clay loam - on a 3 percent southwest facing slope utilized as
rangeland. (Colors are for dry soil unless otherwise stated.)

The Zigweid series consists of very deep, well drained soils formed in alluvium from mixed
sedimentary sources on fan aprons, alluvial fans, fan piedmonts, fan remnants, terraces, ridges
and hills. Slopes range from 0 to 20 percent. Permeability is moderate. The mean annual
precipitation is about 13 inches, and the mean annual air temperature is about 46 degrees F.

A - 0-3 inches. Light brownish gray (10YR 6/2) silty clay loam, moist; moderate fine and
medium granular structure; slight hard, friable, nonsticky and nonplastic; many very fine and fine
roots throughout; clear smooth boundary; slightly alkaline (pH 7.4); noneffervescent.

BI - 3-14 inches. Brown (10YR 5/3D, 10YR 4/2W) silty clay loam, moist; moderate medium
prismatic structure parting to moderate fine and medium subangular blocky; slightly hard, friable,
slightly sticky and slightly plastic; many very fine and fine roots throughout and few medium
throughout; carbonates are disseminated throughout; gradual wavy boundary; slightly alkaline
(pH 7.7); very slightly effervescent.

B2 - 14-26 inches. Dark grayish brown (1OYR 4/2DW) silty clay loam, moist; moderate medium
prismatic structure parting to moderate fine and medium subangular blocky;'slightly hard, friable,
slightly sticky and slightly plastic; many very fine and fine roots throughout; common fine
irregular light gray (1OYR 7/2) carbonate threads throughout; gradual wavy boundary; slightly
alkaline (pH 7.6); very slightly effervescent.

CI - 26-36 inches. Yellowish brown (10YR 5/4D, 1OYR 4/3W) silt loam, moist; moderate
medium prismatic structure parting to moderate fine and medium subangular blocky; slightly
hard, friable, slightly sticky and slightly plastic; many very fine and fine roots throughout;
common fine irregular light gray (10YR 7/2) carbonate threads throughout; gradual wavy
boundary; slightly alkaline (pH 7.5); very slightly effervescent.

C2 - 36-60 inches. Brown (10YR 5/3D, 1OYR 4/2W) loam, moist; moderate medium subangular
blocky structure; slightly hard, friable, slightly sticky and slightly plastic; common very fine and
fine roots throughout; common fine irregular light gray (10YR 7/2) carbonate threads throughout;
slightly alkaline (pH 7.7); strongly effervescent.

Type Location - Campbell County, Wyoming; refer to waypoint 56 on map included in this
report.

Range in Soil Characteristics (According to Official Series Description) - Depth to carbonates
ranges from 0 to 8 inches. Depth to the Bk horizon and the base of the cambic horizon ranges
from 10 to 22 inches. The particle-size control section and soil profile are clay loam or loam.
Clay ranges from 18 to 35 percent, silt from 20 to 55 percent, and sand from 15 to 50 percent with
more than 15 percent but less than 35 percent fine sand or coarser. Rock fragments range from
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Soil Mapping Unit "Zn" 

ZIGWEID 
SILTY CLAY LOAM 

Lab/BKS Sample ID: G08020803-044_048 

Typical Pedon: Zigweid silty clay loam - on a 3 percent southwest facing slope utilized as 
rangeland. (Colors are for dry soil unless otherwise stated.) 

The Zigweid series consists of very deep, well drained soils formed in alluvium from mixed 
sedimentary sources on fan aprons, alluvial fans, fan piedmonts, fan remnants, terraces, ridges 
and hills. Slopes range from 0 to 20 percent. Permeability is moderate. The mean annual 
precipitation is about 13 inches, and the mean annual air temperature is about 46 degrees F. 

A - 0-3 inches. Light brownish gray (lOYR 6/2) silty clay loam, moist; moderate fine and 
medium granular structure; slight hard, friable,. nonstickyand nonplastic; many very fine and fine 
roots throughout; clear smooth boundary; slightly alkaline (pH 7.4); noneffervescent. 

Bl - 3-14 inches. Brown (10YR 5/3D, 10YR 4/2W) silty clay loam, moist; moderate medium 
prismatic structure parting to moderate fine and medium sub angular blocky; slightly hard, friable, 
slightly sticky and slightly plastic; many very fine and fine roots throughout and few medium 
throughout; carbonates are disseminated throughout; gradual wavy boundary; slightly alkaline 
(pH 7.7); very slightly effervescent. 

B2 - 14-26 inches. Dark grayish brown (lOYR 4/2DW) silty clay loam, moist; moderate medium 
prismatic structure parting to moderate fine and medium subangular blocky;'slightly hard, friable, 
slightly sticky and slightly plastic; many very fine and fine roots throughout; common fine 
irregular light gray (10YR 7/2) carbonate threads throughout; gradual wavy boundary; slightly 
alkaline (pH 7.6); very slightly effervescent. 

Cl - 26-36 inches. Yellowish brown (lOYR 5/4D, 10YR 4/3W) silt loam, moist; moderate 
medium prismatic structure parting to moderate fine and medium subangular blocky; slightly 
hard, friable, slightly sticky and slightly plastic; many very fine and fine roots throughout; 
common fine irregular light gray (10YR 7/2) carbonate threads throughout; gradual wavy 
boundary; slightly alkaline (pH 7.5); very slightly effervescent. 

C2 - 36-60 inches. Brown (IOYR 5/3D, 10YR 4/2W) loam, moist; moderate medium subangular 
blocky structure; slightly hard, friable, slightly sticky and slightly plastic; common very fine and 
fine roots throughout; common fine irregular light gray (1 OYR 712) carbonate threads throughout; 
slightly alkaline (pH 7.7); strongly effervescent. 

Type Location - Campbell County, Wyoming; refer to waypoint 56 on map included in this 
report. 

Range in Soil Characteristics (According to Official Series Description) - Depth to carbonates 
ranges from 0 to 8 inches. Depth to the Bk horizon and the base of the cambic horizon ranges 
from 10 to 22 inches. The particle-size control section and soil profile are clay loam or loam. 
Clay ranges from 18 to 35 percent, silt from 20 to 55 percent, and sand from 15 to 50 percent with 
more than 15 percent but less than 35 percent fine sand or coarser. Rock fragments range from 
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0 to 15 but are typically less than 5 percent and are mostly soft shale chips. The moisture control
section is usually dry in all parts for 90 cumulative days following the summer solstice and for
60 consecutive days during this period. The mean annual soil temperature is 47 to 53 degrees F.
The soil temperature at a depth of 20 inches is 41 degrees F. or warmer for 175 to 192 days.

The A horizon has hue of 5Y, 2.5Y or IOYR, value of 4 to 6 dry, 3 to 5 moist, and chroma of 2 or
3. It is loam or clay loam. Reaction is neutral to moderately alkaline.

The Bw horizon has hue of 5Y, 2.5Y or 1OYR, value of 5 or 6 dry, 4 or 5 moist, and chroma of
2 to 4. It is loam or clay loam. Reaction is slightly alkaline or moderately alkaline.

The Bk horizon has hue of 5Y, 2.5Y or 1OYR, value of 5 to 7 dry, 4 to 6 moist, and chroma of
2 to 4. It is loam or clay loam. It has 5 to 14 percent calcium carbonate equivalent and may have a
few scattered crystals of calcium sulfate. Reaction is moderately alkaline or strongly alkaline.

Some pedons have a C horizon with similar properties as the Bk horizon. Some pedons may have
sandy clay loam textures below 40 inches. It typically has 3 to 5 percent less calcium carbonate
than the overlying Bk horizon.

Range in Characteristics (according to field observations, lab analysis): Textures are slightly finer
than typical for the series.

Taxonomic Class - Fine-loamy, mixed, superactive, mesic Ustic Haplocambids

Suitability for Topsoil (According to WDEQ Guideline 1) 7 No marginal or unsuitable parameters
were found. Strongly effervescent at 36 inches. Estimated stripping depth is 60 inches.

Geographic Setting (According to Official Series Description) - These soils are on fan aprons,
alluvial fans, terraces, fan piedmonts, fan remnants, ridges and hills. In many areas they are
dissected. Slopes range from 0 to 20 percent. These soils formed in calcareous, moderately fine
textured sediments derived from interbedded shale and soft sandstone. Elevations are 3,500 to
6,600 feet. The mean annual precipitation is 13 inches with over half of the annual precipitation
falling in April, May, and June and less than one inch falling in each month of July, August,
September, and October. Precipitation ranges from 10 to 14 inches. The mean annual temperature
is about 46 degrees F., and ranges from 43 to 51 degrees F. The frost-free season is about 105 to
130 days.
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o to 15 but are typically less than 5 percent and are mostly soft shale chips. The moisture control 
section is usually dry in all parts for 90 cumulative days following the summer solstice and for 
60 consecutive days during this period. The mean annual soil temperature is 47 to 53 degrees F. 
The soil temperature at a depth of 20 inches is 41 degrees F. or warmer for 175 to 192 days. 

The A horizon has hue of 5Y, 2.5Y or 10YR, value of 4 to 6 dry, 3 to 5 moist, and chroma of 2 or 
3. It is loam or clay loam. Reaction is neutral to moderately alkaline. 

The Bw horizon has hue of 5Y, 2.5Y or 10YR, value of 5 or 6 dry, 4 or 5 moist, and chroma of 
2 to 4. It is loam or clay loam. Reaction is slightly alkaline 9r moderately alkaline. 

The Bk horizon has hue of 5Y, 2.5Y or lOYR, value of 5 to 7 dry, 4 to 6 moist, and chroma of 
2 to 4. It is loam or clay loam. It has 5 to 14 percent calcium carbonate equivalent and may have a 
few scattered crystals of calcium sulfate. Reaction is moderately alkaline or strongly alkaline. 

Some pedons have a C horizon with similar properties as the Bk horizon. Some pedons may have 
sandy clay loam textures below 40 inches. It typically has 3 to 5 percent less calcium carbonate 
than the overlying Bk horizon. 

Range in Characteristics (according to field observations, lab analysis): Textures are slightly finer 
than typical for the series. 

Taxonomic Class - Fine-loamy, mixed, superactive, mesic Ustic Haplocambids 

Suitability for Topsoil (According to WDEQ Guideline 1) ~ No marginal or unsuitable parameters 
were found. Strongly effervescent at 36 inches. Estimated stripping depth is 60 inches. 

Geographic Setting (According to Official Series Description) - These soils are on fan aprons, 
alluvial fans, terraces, fan piedmonts, fan remnants, ridges and hills. In many areas they are 
dissected. Slopes range from 0 to 20 percent. These soils formed in calcareous, moderately fine 
textured sediments derived from interbedded shale and soft sandstone. Elevations are 3,500 to 
6,600 feet. The mean annual precipitation is 13 inches with over half of the annual precipitation 
falling in April, May, and June and less than one inch falling in each month of July, August, 
September, and October. Precipitation ranges from 10 to 14 inches. The mean annual temperature 
is about 46 degrees F., and ranges from 43 to 51 degrees F. The frost-free season is about 105 to 
130 days . 
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BUTCHE
CLAY LOAM

Soil Mapping Unit "Bw"
Lab/BKS Sample ID: G08020803-049_050

Typical Pedon: Butche clay loam - on a west-facing convex slope of 25 percent under native
grass. When described the soil was moist to 10 inches. (Colors are for dry soil unless otherwise
stated.)

The Butche series consists of shallow, well drained to excessively drained soils formed in loamy
materials weathered from sandstone. Permeability is moderate or moderately rapid. Slopes range
from 1 to 60 percent. Mean annual precipitation is about 17 inches, and mean annual temperature
is about 46 degrees F.

A - 0-2 inches. Dark grayish brown (2.5Y 4/2DW) loam, moist; weak fine granular structure;
soft, very friable; coarse fragments make up about 20 percent by volume; clear wavy boundary;
slightly alkaline (pH 7.6); noneffervescent.

C - 2-8 inches. Grayish brown (2.5Y 5/2DW) sandy loam, moist; weak medium and coarse
subangular blocky structure; slightly hard, very friable; coarse fragments make up about
30 percent by volume; abrupt wavy boundary; slightly alkaline (pH 7.6); very slightly
effervescent.

Type Location - Custer County, South Dakota; refer to waypoint 57 on map included in this
report.

Range in Soil Characteristics (According to Official Series Description) - The soil has an Ustic
moisture regime that borders on Aridic. Depth to sandstone ranges from 7 to 20 inches. Coarse
fragments ranging in size from channery sandstone fragments up to massive slabs of sandstone
about 3 feet in diameter are on the surface and mixed throughout the A and C horizons. Some
pedons also have rounded cobble and stones of igneous and metamorphic rocks unrelated to the
underlying sedimentary sandstone. The coarse fragments and flagstones make up 10 to 35 percent
by volume of the soil mass. The control section typically is loam averaging between 15 and
25 percent clay and more than 15 percent fine sand or coarser.

The A horizon has hue of 1OYR or 7.5YR, value of 4 to 6 and 2 to 4 moist, and chroma of 1.5 to
3 dry or moist. Where the color value is as dark or darker than 5.5 and 3.5 moist, the A horizon is
too thin for a mollic epipedon. The A horizon is cobbly loam, cobbly fine sandy loam, stony
loam, stony fine sandy loam, channery loam, loam, sandy loam, or fine sandy loam. It is slightly
acid or neutral.

The C horizon typically has 1OYR hue, but some pedons have hue of 7.5YR or 5YR due to
variations in color of the underlying sandstone, value of 5 to 7 and 4 to 6 moist, and chroma of
2 to 6. The C horizon is cobbly loam, channery loam, stony loam, stony fine sandy loam,
channery fine sandy loam, loam, sandy loam and fine sandy loam. It ranges from slightly acid to
slightly alkaline. In some pedons there is an incipient cambic horizon 1 to 2 inches thick that is
intermediate in color between the A and C horizon and has more pronounced structure than the C
horizon. It is not continuous and is irregular in its shape and occurrence.
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Soil Mapping Unit "Bw" 

BUTCHE 
CLAY LOAM 

Lab/BKS Sample ID: G08020803-049 _050 

Typical Pedon: Butche clay loam - on a west-facing convex slope of 25 percent under native 
grass. When described the soil was moist to 10 inches. (Colors are for dry soil unless otherwise 
stated.) 

The Butche series consists of shallow, well drained to excessively drained soils formed in loamy 
materials weathered from sandstone. Permeability is moderate or moderately rapid. Slopes range 
from 1 to 60 percent. Mean annual precipitation is about 17 inches, and mean annual temperature 
is about 46 degrees F. 

A - 0-2 inches. Dark grayish brown (2.5Y 412DW) loam, moist; weak fine granular structure; 
soft, very friable; coarse fragments make up about 20 percent by volume; clear wavy boundary; 
slightly alkaline (pH 7.6); noneffervescent. 

C - 2-8 inches. Grayish brown (2.5Y 5/2DW) sandy loam, moist; weak medium and coarse 
subangular blocky structure; slightly hard, very friable; coarse fragments make up about 
30 percent by volume; abrupt wavy boundary; slightly alkaline (pH 7.6); very slightly 
effervescent. 

Type Location - Custer County, South Dakota; refer to waypoint 57 on map included in this 
report. 

Range in Soil Characteristics (According to Official Series Description) - The soil has an Ustic 
moisture regime that borders on Aridic. Depth to sandstone ranges from 7 to 20 inches. Coarse 
fragments ranging in size from channery sandstone fragments up to massive slabs of sandstone 
about 3 feet in diameter are on the surface and mixed throughout the A and C horizons. Some 
pedons also have rounded cobble and stones of igneous and metamorphic rocks unrelated to the 
underlying sedimentary sandstone. The coarse fragments and flagstones make up 10 to 35 percent 
by volume of the soil mass. The control section typically is loam averaging between 15 and 
25 percent clay and more than 15 percent fine sand or coarser. 

The A horizon has hue of lOYR or 7.5YR, value of 4 to 6 and 2 to 4 moist, and chroma of l.5 to 
3 dry or moist. Where the color value is as dark or darker than 5.5 and 3.5 moist, the A horizon is 
too thin for a mollic epipedon. The A horizon is cobbly loam, cobbly fine sandy loam, stony 
loam, stony fine sandy loam, channery loam, loam, sandy loam, or fine sandy loam. It is slightly 
acid or neutral. ' 

The C horizon typically has lOYR hue, but some pedons have hue of 7.5YR or 5YRdue to 
variations in color of the underlying sandstone, value of 5 to 7 and 4 to 6 moist, and chroma of 
2 to 6. The C horizon is cobbly loam, channery loam, stony loam, stony fine sandy loam, 
channery fine sandy loam, loam, sandy loam and fine sandy loam. It ranges from slightly acid to 
slightly alkaline. In some pedons there is ~m incipient cambic horizon 1 to 2 inches thick that is 
intermediate in color between the A and C horizon and has more pronounced structure than the C 
horizon. It is not continuous and is irregular in its shape and occurrence . 
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The R horizon is very hard sandstone and is hard and difficult to penetrate. It lacks free
carbonates.

Range in Characteristics (according to field observations, lab analysis): No significant range in
characteristics was found.

Taxonomic Class - Loamy, mixed, superactive, nonacid, mesic Aridic Lithic Ustorthents

Suitability for Topsoil (According to WDEO Guideline 1) - No marginal or unsuitable parameters
were found. Estimated stripping depth is 8 inches.

Geographic Setting (According to Official Series Description) - Butche soils are sloping to very
steep on uplands with gradients ranging from 1 to 60 percent. The Butche soils are formed in
loamy materials weathered from noncalcareous sandstone. The mean annual temperature ranges
from 45 to 49 degrees F, and mean annual precipitation from 13 to 18 inches. Elevations range
from 3000 to 5500 feet.
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The R horizon is very hard sandstone and IS hard and difficult to penetrate. It lacks free 
carbonates. 

Range in Characteristics (according to field observations, lab analysis): No significant range in 
characteristics was found. 

Taxonomic Class - Loamy, mixed, superactive, nonacid, mesic Aridic Lithic Ustorthents 

Suitability for Topsoil (According to WDEQ Guideline 1) - No marginal or unsuitable parameters 
were found. Estimated stripping depth is 8 inches. 

Geographic Setting (According to Official Series Description) - Butche soils are sloping to very 
steep on uplands with gradients ranging from 1 to 60 percent. The Butche soils are formed in 
loamy materials weathered from noncalcareous sandstone: The mean annual temperature ranges 
from 45 to 49 degrees F, and mean annual precipitation from 13 to 18 inches. Elevations range 
from 3000 to 5500 feet. 
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SAMSIL
CLAY LOAM

Soil Mapping Unit "Sa"
Lab/BKS Sample ID: G08020805-001_002

Typical Pedon: Samsil clay loam - on a convex, southwest-facing slope of 15 percent in native
grass. When described the soil was moist to 12 inches, dry from 12 to 21 inches, and moist below
21 inches. (Colors are for dry soil unless otherwise stated.)

The Samsil series consists of shallow, well drained soils formed in alluvium or residuum
weathered from shale. Permeability is slow. Slope ranges from 2 to 60 percent. Mean annual
precipitation is about 15 inches, and mean annual air temperature is about 47 degrees F.

A - 0-3 inches. Light brownish gray (2.5Y 6/2) clay loam, moist; moderate fine granular
structure; slightly hard, friable, sticky and plastic; common fine roots; few very fine fragments of
shale; clear wavy boundary; slightly alkaline (pH 7.5); noneffervescent.

AC - 3-10 inches. Gray (10YR 5/1D) clay, moist; weak medium subangular blocky structure
parting to weak medium granular; hard, friable, sticky and plastic; common fine roots; common
fine fragments of soft shale; clear wavy boundary; moderately alkaline (pH 8.4); strongly
effervescent.

Ck - 10-18 inches. Very dark gray (1 OYR 3/1D) silt loam, moist; massive; hard, friable, sticky
and plastic; common fine roots; about 50 percent by volume of fragments of soft shale; common
distinct olive yellow (2.5Y 6/6) stains on faces of shale fragments; few fine and medium
accumulations of carbonate; gradual wavy boundary; moderately alkaline (pH 8.2); strongly
effervescent.

Type Location - Pennington County, South Dakota; refer to waypoint 60 on map included in this
report.

Range in Soil Characteristics (According to Official Series Description) - The control section is
clay and contains 50 to 65 percent clay. The depth to bedded shale ranges from 6 to 20 inches.
Horizons above the shale range from loose to hard when dry, and friable or firm when moist.
These horizons contain free carbonates. Effervescence ranges from slight to strong and reaction is
slightly alkaline or moderately alkaline. The Cl and C2 horizons and upper part of the Cr
horizons commonly have accumulations of carbonate, gypsum, and other salts. Colors
throughout, including mottles and stains, are inherited from the shale.

The A horizon has hue of 5Y, 2.5Y, or 1OYR, value of 4 to 7 and 3 to 6 moist, and chroma of 2
to 4. It is clay, silty clay, silty clay loam or clay loam and commonly contains few to common
fragments of shale ranging from 2 to 25 mm in diameter. It has fine or medium subangular blocky
or fine or very fine granular structure. The upper 1/4 to 1/2 inch commonly is a fragile crust or
mulch or very fine granules when dry.

The AC horizon has hue of 5Y, 2.5Y, or 1OYR, value of 4 to 7 and 3 to 6 moist, and chroma of
1 to 4. It contains up to 35 percent fragments of shales by volume that range from less than 2 mm
to 30 mm in diameter.
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Soil Mapping Unit "Sa" 

SAMSIL 
CLAY LOAM 

Lab/BKS Sample LD: G0802080S-00 1_002 

Typical Pedon: Samsil clay loam - on a convex, southwest-facing slope of IS percent in native 
grass. When described the soil was moist to 12 inches, dry from 12 to 21 inches, and moist below 
21 inches. (Colors are for dry soil unless otherwise stated.) 

The Samsil series consists of shallow, well drained soils formed in alluvium or residuum 
weathered from shale. Permeability is slow. Slope ranges from 2 to 60 percent. Mean annual 
precipitation is about IS inches, and mean annual air temperature is about 47 degrees F. 

A - 0-3 inches. Light brownish gray (2.SY 6/2) clay loam, moist; moderate fine granular 
structure; slightly hard, friable, sticky and plastic; common fine roots; few very fine fragments of 
shale; clear wavy boundary; slightly alkaline (pH 7.S); noneffervescent. 

AC - 3-10 inches. Gray (lOYR SlID) clay, moist; weak medium subangular blocky structure 
parting to weak medium granular; hard, friable, sticky and plastic; common fine roots; common 
fine fragments of soft shale; clear wavy boundary; moderately alkaline (pH 8.4); strongly 
effervescent. 

Ck - 10-18 inches. Very dark gray (lOYR 3/lD) silt loam, moist; massive; hard, friable, sticky 
and plastic; common fine roots; about SO percent by volume of fragments of soft shale; common 
distinct olive yellow (2.SY 6/6) stains on faces of shale fragments; few fine and medium 
accumulations of carbonate; gradual wavy boundary; moderately alkaline (pH 8.2); strongly 
effervescent. 

Type Location - Pennington County, South Dakota; refer to waypoint 60 on map included in this 
report. 

Range in Soil Characteristics (According to Official Series Description) - The control section is 
clay and contains SO to 6S percent clay. The depth to bedded shale ranges from 6 to 20 inches. 
Horizons above the shale range from loose to hard when dry, and friable or firm when moist. 
These horizons contain free carbonates. Effervescence ranges from slight to strong and reaction is 
slightly alkaline or moderately alkaline. The C 1 and C2 horizons and upper part of the Cr 
horizons commonly have accumulations of carbonate, gypsum, and other salts. Colors 
throughout, including mottles and stains, are inherited from the shale. 

The A horizon has hue of SY, 2.SY, or lOYR, value of 4 to 7 and 3 to 6 moist, and chroma of 2 
to 4. It is clay, silty clay, silty clay loam or clay loam and commonly contains few to common 
fragments of shale ranging from 2 to 2S mm in diameter. It has fine or medium subangular blocky 
or fine or very fine granular structure. The upper 1/4 to 112 inch commonly is a fragile crust or 
mulch or very fine granules when dry. 

The AC horizon has hue of SY, 2.SY, or 10YR, value of 4 to 7 and 3 to 6 moist, and chroma of 
1 to 4. It contains up to 3S percent fragments of shales by volume that range from less than 2 mm 
to 30 mm in diameter. 
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The C horizon has hue of 5Y, 2.5Y or 1OYR, value of 4 to 7 and 3 to 6 moist, and chroma of
1 to 4. It is clay. The C horizon contains from 35 to more than 50 percent fragments of shale by
volume that range from less than 2 mm to 35 mm in diameter.

The Cr horizon has the same range in color as the overlying C horizons. It ranges from medium
acid to moderately alkaline.

Range in Characteristics (according to field observations, lab analysis): Textures are slightly finer
and have less clay than typical for the series.

Taxonomic Class - Clayey, smectitic, calcareous, mesic, shallow Aridic Ustorthents

Suitability for Topsoil (According to WDEQ Guideline 1) - Marginal texture (clay) was found
from 3-10 inches. Electrical conductivity was marginal at 10-18 inches. Sodium absorption ratio
was marginal at 3-18 inches. Selenium was marginal at 10-18 inches. Strongly effervescent at 3
inches. Estimated stripping depth is 3 inches.

Geographic Setting (According to Official Series Description) - Samsil soils are on gently sloping
to very steep hills, ridges and breaks of dissected shale plains. Surfaces mainly are convex, and
slope gradients range from 2 to 60 percent or more. The soil formed in alluvium or residuum
weathered from shale. Mean annual air temperature ranges from 45 to 48 degrees F, and mean
annual precipitation ranges from 14 to 19 inches.
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The C horizon has hue of 5Y, 2.5Y or lOYR, value of 4 to 7 and 3 to 6 moist, and chroma of 
1 to 4. It is clay. The C horizon contains from 35 to more than 50 percent fragments of shale by 
volume that range from less than 2 mm to 35 mm in diameter. 

The Cr horizon has the same range in color as the overlying C horizons. It ranges from medium 
acid to moderately alkaline. 

Range in Characteristics (according to field observations, lab analysis): Textures are slightly finer 
and have less clay than typical for the series. 

Taxonomic Class - Clayey, smectitic, calcareous, mesic, shallow Aridic Ustorthents 

Suitability for Topsoil (According to WDEQ Guideline 1) - Marginal texture (clay) was found 
from 3-10 inches. Electrical conductivity was marginal at 10-18 inches. Sodium absorption ratio . 
was marginal at 3-18 inches. Selenium was marginal at 10-18 inches. Strongly effervescent at 3 
inches. Estimated stripping depth is 3 inches .. 

Geographic Setting (According to Official Series Description) - Samsil soils are on gently sloping 
to very steep hills, ridges and breaks of dissected shale plains. Surfaces mainly are convex, and 
slope gradients range from 2 to 60 percent or more. The soil formed in alluvium or residuum 
weathered from shale. Mean annual air temperature ranges from 45 to 48 degrees F, and mean 
annual precipitation ranges from 14 to 19 inches. 
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PAUNsAUGUNT

LOAM

Soil Mapping Unit "Pa"

Lab/BKS Sample ID: G08020805-004_006

Typical Pedon: Paunsaugunt loam-rangeland. (Colors are for dry soil unless otherwise stated.)

The Paunsaugunt series consists of well drained, moderately permeable soils that are shallow to
limestone. They formed in residuum from limestone and calcareous sandstone. Paunsaugunt soils
are on mesas and hillsides with slopes ranging from 2 to 70 percent. The average annual
precipitation is about 15 inches. The mean annual temperature is about 43 degrees F.

A - 0-2 inches. Brown (lOYR 5/3) loam, moist, crushed; weak medium subangular blocky
structure that parts to weak fine granular structure; soft, friable, common fine and medium roots;
common fine and very fine interstitial pores; 30 percent cobbles; strongly calcareous; carbonates
are disseminated; clear smooth boundary; slightly acid (pH 6.4); noneffervescent.

Bo - 2-6 inches. Dark yellowish brown (10YR 4/4D) loam, moist, crushed; weak medium
subangular blocky structure that parts to weak fine granular structure; soft, friable, common fine
and medium roots; common fine and very fine interstitial pores; 30 percent cobbles; strongly
calcareous; carbonates are disseminated; clear smooth boundary; neutral (pH 7.3);
noneffervescent.

Ck - 6-18 inches. Very pale brown (lOYR 7/4D) clay loam, moist; crushed; weak fine subangular
blocky structure parting to weak fine granular structure; soft, friable; many medium and coarse
roots; few fine and very fine pores; 45 percent cobbles; strongly calcareous; carbonates are
disseminated; abrupt wavy boundary; moderately alkaline (pH 7.4); strongly effervescent.

Type Location - Garfield County, Utah; refer to waypoint 63 on map included in this report.

Range in Soil Characteristics (According to Official Series Description) - The mean annual soil
temperature is 41 to 47 degrees F., and a mean summer soil temperature immediately above
bedrock of about 59 to 64 degrees F. The soil moisture regime is typic ustic.

The mollic epipedon is 4 to 12 inches thick and constitutes over one-third the thickness of soil

above bedrock. The depth to bedrock ranges from 10 to 20 inches. Rock fragments average
35 to 60 percent in the particle-size control section. Clay content ranges from 15 to 27 percent.

The A horizon has hue of 7.5YR or 10YR, value of 3 to 5 dry, and chroma of 1 to 3 dry and
moist. Reaction is mildly to moderately alkaline.

The C horizon has hue of 7.5YR or 1OYR, value of 5 to 7 dry, 3 to 5 moist and chroma of 2 or 3.
It is very channery, very gravelly or very cobbly loam, or very cobbly sandy loam.

Range in Characteristics (according to field observations, lab analysis): Textures are slightly finer
than typical for the series.
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Soil Mapping Unit "Pa" 

PAUNsAUGUNT 
LOAM 

Lab/BKS Sample ID: G08020805-004_006 

Typical Pedon: Paunsaugunt loam-rangeland. (Colors are for dry soil unless otherwise stated.) 

The Paunsaugunt series consists of well drained, moderately permeable soils that are shallow to 
limestone. They formed in residuum from limestone and calcareous sandstone. Paunsaugunt soils 
are on mesas and hillsides with slopes ranging from 2 to 70 percent. The average annual 
precipitation is about 15 inches. The mean annual temperature is about 43 degrees F. 

A - 0-2 inches. Brown (lOYR 5/3) loam, moist, crushed; weak medium subangular blocky 
structure that parts to weak fine granular structure; soft, friable, common fine and medium roots; 
common fine and very fine interstitial pores; 30 percent cobbles; strongly calcareous; carbonates 
are disseminated; clear smooth boundary; slightly aCid (pH 6.4); noneffervescent. 

Bo - 2-6 inches. Dark yellowish brown (lOYR 4/4D) loam, moist, crushed; weak medium 
subangular blocky structure that parts to weak fine granular structure; soft, friable, common fine 
and medium roots; common fine and very fine interstitial pores; 30 percent cobbles; strongly 
calcareous; carbonates are disseminated; clear smooth boundary; neutral (pH 7.3); 
noneffervescent. 

Ck - 6-18 inches. Very pale brown (lOYR 7/4D) day loam, moist; crushed; weak fine subangular 
blocky structure parting to weak fine granular structure; soft, friable; many medium and coarse 
roots; few fine and very fine pores; 45 percent cobbles; strongly calcareous; carbonates are 
disseminated; abrupt wavy boundary; moderately alkaline (PH 7.4); strongly effervescent. 

Type Location - Garfield County, Utah; refer to waypoint 63 on map included in this report. 

Range in Soil Characteristics (According to Official Series Description) - The mean annual soil 
temperature is 41 to 47 degrees F., and a mean summer soil temperature immediately above 
bedrock of about 59 to 64 degrees F. The soil moisture regime is typic ustic., 

The mollic epipedon is 4 to 12 inches thick and constitutes over one-third the thickness of soil 
above bedrock. The depth to bedrock ranges from 10 to 20 inches. Rock fragments average 
35 to 60 percent in the particle-size control section. Clay content ranges from 15 to 27 percent. 

The A horizon has hue of 7.5YR or lOYR, value of 3 to 5 dry, and chroma of 1 to 3 dry and 
moist. Reaction is mildly to moderately alkaline. 

The C horizon has hue of 7.5YR or 10YR, value of 5 to 7 dry, 3 to 5 moist and chroma of 2 or 3. 
It is very channery, very gravelly or very cobbly loam, or very cobbly sandy loam. 

Range in Characteristics (according to field observations, lab analysis): Textures are slightly finer 
than typical for the series. 
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Taxonomic Class - Loamy-skeletal, mixed, superactive, frigid Lithic Haplustolls

Suitability for Topsoil (According to WDEQ Guideline 1) - No marginal or unsuitable parameters
were found. Strongly effervescent at 6 inches. Estimated stripping depth is 18 inches.

Geographic Setting (According to Official Series Description) - The Paunsaugunt soils are on
undulating mesas, gently sloping to very steep hills, and mountainsides. Elevations range from
6,000 to 8,400 feet. The soils formed in residuum on limestone and calcareous sandstone. Slope
gradients are 2 to 70 percent. The average annual precipitation is 16 to 22 inches and the freeze
free period ranges from 70 to 100 days. The mean annual temperature is 39 to 45 degrees F., and
the average summer temperature is 59 to 64 degrees F.
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Taxonomic Class - Loamy-skeletal, mixed, superactive, frigid Lithic Haplustolls 

Suitability for Topsoil (According to WDEQ Guideline 1) - No marginal or unsuitable parameters 
were found. Strongly effervescent at 6 inches. Estimated stripping depth is 18 inches. 

Geographic Setting (According to Official Series Description) - The Paunsaugunt soils are on 
undulating mesas, gently sloping to very steep hills, and mountainsides. Elevations range from 
6,000 to 8,400 feet. The soils formed in residuum on limestone and calcareous sandstone. Slope 
gradients are 2 to 70 percent. The average annual precipitation is 16 to 22 inches and the freeze 
free period ranges from 70 to 100 days. The mean annual temperature is 39 to 45 degrees F., and 
the average summer temperature is 59 to 64 degrees F. 
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BOnEEk
SILTY CLAY LOAM

Soil Mapping Unit "Bo"
Lab/BKS Sample ID: G08020805-007_011

Typical Pedon: Boneek silty clay loam - on a northeast-facing plane slope of 4 percent under
native grass at 3500 feet elevation. (Colors are for dry soil unless otherwise stated.)

The Boneek series consists of deep and very deep, well drained soils formed in silty sediments
underlain .by sandstone or siltstone. Permeability is moderately slow in the solum and moderate in
the underlying material. Slopes range from 0 to 15 percent. Mean annual precipitation is about
17 inches, and mean annual temperature is about 46 degrees F.

A - 0-6 inches. Dark yellowish brown (10YR 4/4D) silty clay loam, moist; moderate thin platy
structure parting to weak fine granular; slightly hard, very friable; many fine roots; clear wavy
boundary; neutral (pH 7.1); noneffervescent.

Btk - 6-17 inches. Brown (10YR 5/3D) silty clay loam, moist; moderate medium prismatic
structure parting to moderate medium and fine subangular blocky; very hard, friable, slightly
sticky and slightly plastic; common fine roots; shiny films on faces of peds; clear wavy boundary;
moderately alkaline (pH 8.1); noneffervescent.

Clk - 17-33 inches. Light yellowish brown (10YR 6/2D) silty clay loam, moist; weak medium
and coarse subangular blocky structure; very hard, friable, slightly sticky and slightly plastic; few
fine roots; common fine and medium accumulations of carbonate; gradual wavy boundary;
strongly alkaline (pH 8.5); strongly effervescent.

C2k - 33-42 inches. Grayish brown (10YR 5/2D) silty clay loam, moist; few fine and medium
prominent mottles of strong brown (7.5YR 5/8) moist; weak coarse subangular blocky structure;
very hard, friable; few fine roots; clear wavy boundary; moderately alkaline (pH 8.0); strongly
effervescent.

C3k - 42-60 inches. Light olive brown (2.5Y 5/3D) silty clay loam, moist; thin platy rock
structure; faces of fractures stained strong brown (7.5YR 5/6) moist; few coatings of carbonates
on faces of fractures, but matrix is noncalcareous; moderately alkaline (pH 8.1); strongly
effervescent.

Type Location - Butte County, South Dakota; refer to waypoint 64 on map included in this report.

Range in Soil Characteristics (According to Official Series Description) - Depth to bedrock is
40 to 60 inches or more. Depth to carbonates ranges from 11 to 24 inches. Thickness of the mollic
epipedon ranges from 7 to 15 inches and extends into the Bt horizon of some pedons.

The A horizon has hue of 1OYR or 7.5YR, value of 4 or 5 and 2 or 3 moist, and chroma of 2 or 3.
It typically is silt loam, but some pedons are loam. It is slightly acid or neutral.

The Btl horizon has hue of 7.5YR or 5YR, value of 4 or 6 and 3 or4 moist, and chroma of 2 to 4.
It is silty clay loam or silty clay. Average clay content ranges from 35 to 45 percent with less than
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Soil Mapping Unit "Bo" 

BOnEEk 
SILTY CLAY LOAM 

Lab/BKS Sample ID: G08020805-007 _011 

Typical Pedon: Boneek silty clay loam - on a northeast-facing plane slope of 4 percent under 
native grass at 3500 feet elevation. (Colors are for dry soil unless otherwise stated.) 

The Boneek series consists of deep and very deep, well drained soils formed in silty sediments 
underlain by sandstone or siltstone. Permeability is moderately slow in the solum and moderate in 
the underlying material. Slopes range from 0 to 15 percent. Mean annual precipitation is about 
17 inches, and mean annual temperature is about 46 degrees F. 

A - 0-6 inches. Dark yellowish brown (lOYR 4/4D) silty clay loam, moist; moderate thin platy 
structure parting to weak fine granular; slightly hard, very friable; many fine roots; clear wavy 
boundary; neutral (pH 7.l); noneffervescent. 

Btk - 6-17 inches. Brown (lOYR 5/3D) silty clay loam, moist; moderate medium prismatic 
structure parting to moderate medium and fine subangular blocky; very hard, friable, slightly 
sticky and slightly plastic; common fine roots; shiny films on faces of peds; clear wavy boundary; 
moderately alkaline (pH 8.1); noneffervescent. , 

C1k - 17-33 inches. Light yellowish brown (lOYR 6/2D) silty clay loam, moist; weak medium 
and coarse subangular blocky structure; very hard, friable, slightly sticky and slightly plastic; few 
fine roots; common fine and medium accumulations of carbonate; gradual wavy boundary; 
strongly alkaline (pH 8.5); strongly effervescent. 

C2k - 33-42 inches. Grayish brown (lOYR 5/2D) silty clay loam, moist; few fine and medium 
prominent mottles of strong brown (7.5YR 5/8) moist; weak coarse subangular blocky structure; 
very hard, friable; few fine roots; clear wavy boundary; moderately alkaline (pH 8.0); strongly 
effervescent. 

C3k - 42-60 inches. Light olive brown (2.5Y 5/3D) silty clay loam, moist; thin platy rock 
structure; faces of fractures stained strong brown (7.5YR 5/6) moist; few coatings of carbonates 
on faces of fractures, but matrix is noncalcareous; moderately alkaline (pH 8.1); strongly 
effervescent. 

Type Location - Butte County, South Dakota; refer to waypoint 64 on map included in this report. 

Range in Soil Characteristics (According to Official Series Description) - Depth to bedrock is 
40 to 60 inches or more. Depth to carbonates ranges from 11 to 24 inches. Thickness of the mollic 
epipedon ranges from 7 to 15 inches and extends into the Bt horizon of some pedons. 

The A horizon has hue of 10YR or 7.5YR, value of 4 or 5 and 2 or 3 moist, and chroma of 2 or 3. 
It typically is silt loam, but some pedons are loam. It is slightly acid or neutral. 

The Btl horizon has hue of 7.5YR or 5YR, value of 4 or 6 and 3 or 4 moi~t, and chroma of 2 to 4. 
It is silty clay loam or silty clay. Average clay content ranges from 35 to 45 percent with less than 
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15 percent fine sand or coarser. It is slightly acid or neutral.

The Bt2 horizon has hue of 1OYR or 7.5Y, value of 5 or 6 and 3 or 5 moist, and chroma of 2 to 4.
It is silty clay loam averaging between 30 and 40 percent clay and less than 15 percent fine sand
or coarser. It is neutral or slightly alkaline.

The Bk and C horizons have hue of 1OYR or 2.5Y, value of 5 through 7 and 4 or 5 moist, and
chroma of 1 to 3. They typically are silt loam or silty clay loam, but some pedons are loam. They
are slightly alkaline to strongly alkaline. Few to many, fine or medium accumulations of
carbonate are in the Bk horizon.

The Cr horizon has hue of IOYR or 7.5YR.

Range in Characteristics (according to field observations, lab analysis): No significant range in
characteristics was found.

Taxonomic Class - Fine, smectitic, mesic Aridic Argiustolls

Suitability for Topsoil (According to WDEQ Guideline 1) - Electrical conductivity was marginal
at 33-42 inches. pH was marginal (Alkaline) at 17-33 inches. Selenium was marginal at
33-42 inches. Strongly effervescent at 17 inches. Estimated stripping depth is 17 inches.

Geographic Setting (According to Official Series Description) - Boneek soils are nearly level to
moderately sloping on high terraces and uplands. Surfaces are plane to slightly convex and slope
gradients range from 0 to 15 percent. The soils formed in a silty mantle overlying sandstone or
siltstones, or in loess or silty alluvium. Mean annual temperature ranges from 43 to 48 degrees,
and mean annual precipitation ranges from 15 to 18 inches. Most of the precipitation comes in the
spring and summer.
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15 percent fine sand or coarser. It is slightly acid or neutral. 

The Bt2 horizon has hue of 10YR or 7 .5Y, value of 5 or 6 and 3 or 5 moist, and chroma of 2 to 4. 
It is silty clay loam averaging between 30 and 40 percent clay and less than 15 percent fine sand 
or coarser. It is neutral or slightly alkaline. 

The Bk and C horizons have hue of lOYR or 2.5Y, value of 5 through 7 and 4 or 5 moist, and 
chroma of 1 to 3. They typically are silt loam or silty clay loam, but some pedons are loam. They 
are slightly alkaline to strongly alkaline. Few to many, fine or medium accumulations of 
carbonate are in the Bk horizon. 

The Cr horizon has hue of 10YR or 7.5YR. 

Range in Characteristics (according to field observations, lab analysis): No significant range in 
characteristics was found. 

Taxonomic Class - Fine, smectitic, mesic Aridic Argiustolls 

Suitability for Topsoil (According to WDEQ Guideline 1) - Electrical conductivity was marginal 
at 33-42 inches. pH was marginal (Alkaline) at 17-33 inches. Selenium was marginal at 
33-42 inches. Strongly effervescent at 17 inches. Estimated stripping depth is 17 inches. 

Geographic Setting (According to Official Series Description) - Boneek soils are nearly level to 
moderately sloping on high terraces and uplands. Surfaces are plane to slightly convex and slope 
gradients range from 0 to 15 percent. The soils formed in a silty mantle overlying sandstone or 
siltstones, or in loess or silty alluvium. Mean annual temperature ranges from 43 to 48 degrees, 
and mean annual precipitation ranges from 15 to 18 inches. Most of the precipitation comes in the 
spring and summer. 
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ARVADA
SILTY CLAY LOAM

Soil Mapping Unit "Ar"
Lab/BKS Sample ID: G08020805-012_016

Typical Pedon: Arvada silty clay loam - rangeland. (Colors are for dry soil unless otherwise
stated.)

The Arvada series consists of very deep, well drained soils formed in alluvium and colluvium
derived from sodic shale. Arvada soils are on alluvial fans, fan remnants, fan terraces and
hillslopes. Slopes are 0 to 25 percent. The mean annual precipitation is about 12 inches, and the
mean annual air temperature is about 46 degrees F.

A - 0-3 inches. Light gray (10YR 7/2) silty clay loam, moist; moderate very thin platy structure
parting to moderate very fine granular; soft, very friable, nonsticky and nonplastic; many fine and
very fine roots; abrupt smooth boundary; slightly acid (pH 6.3); noneffervescent.

Bt - 3-18 inches. Dark, grayish brown (2.5Y 4/2DW) clay loam, moist; moderate medium
columnar structure parting to moderate medium angular blocky; extremely hard, firm, sticky and
very plastic; common medium roots; many prominent clay films on faces of peds and in root
channels; ESP is 20 percent; clear smooth boundary; slightly alkaline (pH 7.6); noneffervescent.

Btn- 18-28 inches. Dark grayish brown (2.5Y 4/2D, 2.5Y 5/2W) silty clay, moist; massive; hard,
friable, sticky and plastic; common medium soft masses of calcium carbonate and gypsum as
crystals in thin seams and as filaments or threads; 20 percent exchangeable sodium; moderately
alkaline (pH 7.9); very slightly effervescent.

Cln - 28-43 inches. Grayish brown (2.5Y 5/2D, 2.5Y 4/2W) silt loam, moist; massive; hard,
friable, sticky and plastic; common medium soft masses of calcium carbonate and gypsum as
crystals in thin seams and as filaments or threads; 20 percent exchangeable sodium; moderately
alkaline (pH 8.2); very slightly effervescent.

C2nsa - 43-60 inches. Very dark grayish brown (10 YR 3/2DW) silt loam, moist; massive; hard,
friable, sticky and plastic; common medium soft masses of calcium carbonate and gypsum as
crystals in thin seams and as filaments or threads; 20 percent exchangeable sodium; moderately
alkaline (pH 8.3); slightly effervescent.

Type Location - Sheridan County, Wyoming; refer to waypoint 72 on map included in this report.

Range in Soil Characteristics (According to Official Series Description) - Depth to effervescent
material ranges from 0 to 19 inches. Depth to layers with greater than 15 percent exchangeable
sodium is 4 to 10 inches. The depth to the base of the Bt horizon is 15 inches or more. A thin A
horizon occurs in some pedons. A light colored platy E horizon is generally present but is absent
in some pedons. Gravel is typically less than 5 percent but ranges from 0 to 15 percent. The
moisture control section is usually dry for 60 consecutive days during the 90 day period following
the summer solstice. The mean annual soil temperature is 47 to 53 degrees F., and the soil
temperature at a depth of 20 inches is 41 degrees F. or more for 175 to 195 days. The soil has an
aridic moisture regime that borders on ustic.
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Soil Mapping Unit "Ar" 

ARVADA 
SILTY CLAY LOAM 

Lab/BKS Sample ID: G08020805-012_016 

Typical Pedon: Arvada silty clay loam - rangeland. (Colors are for dry soil unless otherwise 
stated.) 

The Arvada series consists of very deep, well drained soils formed in alluvium and colluvium 
derived from sodic shale. Arvada soils are on alluvial fans, fan remnants, fan terraces and 
hillslopes. Slopes are 0 to 25 percent. The mean annual precipitation is about 12 inches, and the 
mean annual air temperature is about 46 degrees F. 

A - 0-3 inches. Light gray (lOYR 7/2) silty clay loam, moist; moderate very thin platy structure 
parting to moderate very fine granular; soft, very friable, nonsticky and nonplastic; many fine and 
very fine roots; abrupt smooth boundary; slightly acid (pH 6.3); noneffervescent. 

Bt - 3-18 inches. Dark grayish brown (2.5Y 4/2DW) clay loam, moist; moderate medium 
columnar structure parting to moderate medium angular blocky; extremely hard, firm, sticky and 
very plastic; common medium roots; many prominent clay films on faces of peds and in root 
channels; ESP is 20 percent; clear smooth boundary; slightly alkaline (pH 7.6); noneffervescent. 

Btn- 18-28 inches. Dark grayish brown (2.5Y 4/2D, 2.5Y 5/2W) silty clay, moist; massive; hard, 
friable, sticky and plastic; common medium soft masses of calcium carbonate and gypsum as 
crystals in thin seams and as filaments or threads; 20 percent exchangeable sodium; moderately 
alkaline (pH 7.9); very slightly effervescent. 

Cln - 28-43 inches. Grayish brown (2.5Y 5/2D, 2.5Y 4/2W) silt loam, moist; massive; hard, 
friable, sticky and plastic; common medium soft masses of calcium carbonate and gypsum as 
crystals in thin seams and as filaments or threads; 20 percent exchangeable sodium; moderately 
alkaline (pH 8.2); very slightly effervescent. 

C2nsa - 43-60 inches. Very dark grayish brown (10 YR 3/2DW) silt loam, moist; massive; hard, 
friable, sticky and plastic; common medium soft masses of calcium carbonate and gypsum as 
crystals in thin seams and as filaments or threads; 20 percent exchangeable sodium; moderately 
alkaline (pH 8.3); slightly effervescent. 

Type Location - Sheridan County, Wyoming; refer to waypoint 72 on map included in this report. 

Range in Soil Characteristics (According to Official Series Description) - Depth to effervescent 
material ranges from 0 to 19 inches. Depth to layers with greater than 15 percent exchangeable 
sodium is 4 to 10 inches. The depth to the base of the Bt horizon is 15 inches or more. A thin A 
horizon occurs in some pedons. A light colored platy E horizon is generally present but is absent 
in some pedons. Gravel is typically less than 5 percent but ranges from 0 to 15 percent. The 
moisture control section is usually dry for 60 consecutive days during the 90 day period following 
the summer solstice. The mean annual soil temperature is 47 to 53 degrees F., and the soil 
temperature at a depth of 20 inches is 41 degrees F. or more for 175 to 195 days. The soil has an 
aridic moisture regime that borders on ustic. 
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The E and A horizons have hue of 1OYR, 2.5Y or 5Y, value of 4 to 7, 4 or 5 moist, and chroma of
2 to 4. Texture is fine sandy loam, loam, silt loam, clay loam or very fine sandy loam. Reaction
ranges from neutral through strongly alkaline. EC ranges from 0 to 4 mmhos/cm.

The Btn horizon has hue of 7.5YR, 1OYR, 2.5Y or 5Y, value of 4 to 6 dry, 4 or 5 moist, and
chroma of 2 to 4. Texture is clay, clay loam, silty clay or silty clay loam and has 35 to 60 percent
clay, 10 to 50 percent silt, and 5 to 45 percent sand. This horizon is strongly alkaline or very
strongly alkaline (pH 8.8 to 10.0), has 15 to 34 percent exchangeable sodium, and an EC .of 4 to
16 mmhos/cm. Some pedons when buffered by gypsum are moderately alkaline. The Btkn
horizon, when present, has a calcium carbonate equivalent of 3 to 12 percent and an exchangeable
sodium percent of 10 to 30. A thin Bt horizon is present above the Btn in some pedons. Some
pedons have a Btkny horizon.

The Bkny horizon has hue of 7.5YR, 1OYR or 2.5Y, value of 5 or 6 dry, 4 or 5 moist. Textures
are clay, clay loam, silty clay or silty clay loam. Reaction ranges from strongly alkaline or very
strongly alkaline (pH 8.6 to 10.0). This horizon contains 4 to 15 percent calcium carbonate
equivalent. Some pedons when buffered by gypsum are moderately alkaline. Exchangeable
sodium typically ranges from 10 to 30 percent but decreases with increasing depth. Electrical
conductivity is 4 to 16 mmhos/cm. Some pedons have a C horizon.

Some pedons have a C horizon below 40 inches. It has properties similar to those of the Bkny
horizon.

Range in Characteristics (according to field observations, lab analysis): Textures are slightly finer
than typical for the series.

Taxonomic Class - Fine, smectitic, mesic Ustertic Natrargids

Suitability for Topsoil (According to WDEO Guideline 1) - Marginal texture (clay) was found
from 18-28 inches. Electrical conductivity was marginal at 28-60 inches. Sodium absorption ratio
was marginal at 28-43 inches and was unsuitable at 43-60 inches. Selenium was marginal at 18-
60 inches. Strongly effervescent at 3 inches. Estimated stripping depth is 18 inches.

Geographic Setting (According to Official Series Description) - The Arvada soils are on alluvial
fans, fan remnants, terraces and hillslopes. The soils formed in moderately fine textured alluvium
and colluvium derived from sedimentary rocks. Slopes range from 0 to 25 percent. Elevations
range from 2,600 to 6,000 feet. The average annual precipitation is about 12 inches but ranges
from 9 to 14 inches with about half the precipitation occurring during April, May, and early June.
The mean annual air temperature is about 43 to 53 degrees F., and the mean summer temperature
is 63 degrees F. The frost-free season is estimated to range from 100 to 160 day
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The E and A horizons have hue of lOYR, 2.5Y or 5Y, value of 4 to 7,4 or 5 moist, and chroma of 
2 to 4. Texture is fine sandy loam, loam, silt loam, clay loam or very fine sandy loam. Reaction 
ranges from neutral through strongly alkaline. EC ranges from 0 to 4 mmhos/cm. 

The Btn horizon has hue of 7.5YR, 10YR, 2.5Y or 5Y, value of 4 to 6 dry, 4 or 5 moist, and 
chroma of 2 to 4. Texture is clay, clay loam, silty clay or silty clay loam and has 35 to 60 percent 
clay, 10 to 50 percent silt, and 5 to 45 percent sand. This horizon is strongly alkaline or very 
strongly alkaline (pH 8.8 to 10.0), has 15 to 34 percent exchangeable sodium, and an ECof 4 to 
16 mmhos/cm. Some pedons when buffered by gypsum are moderately alkaline. The Btkn 
horizon, when present, has a calcium carbonate equivalent of 3 to 12 percent and an exchangeable 
sodium percent of 10 to 30. A thin Bt horizon is present above the Btn in some pedons. Some 
pedons have a Btkny horizon. 

The Bkny horizon has hue of 7.5YR, lOYR or 2.5Y, value of 5 or 6 dry, 4 or 5 moist. Textures 
are clay, clay loam, silty clay or silty clay loam. Reaction ranges from strongly alkaline or very 
strongly alkaline (pH 8.6 to 10.0). This horizon contains 4 to 15 percent calcium carbonate 
equivalent. Some pedons when buffered by gypsum are moderately alkaline. Exchangeable 
sodium typically ranges from 10 to 30 percent but decreases with increasing depth. Electrical 
conductivity is 4 to 16 mmhos/cm. Some pedons have a C horizon. 

Some pedons have a C horizon below 40 inches. It has properties similar to those of the Bkny 
horizon. 

Range in Characteristics (according to field observations, lab analysis): Textures are slightly finer 
than typical for the series. 

Taxonomic Class - Fine, smectitic, mesic Ustertic Natrargids 

Suitability for Topsoil (According to WDEQ Guideline 1) - Marginal texture (clay) was found 
from 18-28 inches. Electrical conductivity was marginal at 28-60 inches. Sodium absorption ratio 
was marginal at 28-43 inches and was unsuitable at 43-60 inches. Selenium was marginal at 18-
60 inches. Strongly effervescent at 3 inches. Estimated stripping depth is 18 inches. 

Geographic Setting (According to Official Series Description) - The Arvada soils are on alluvial 
fans, fan remnants, terraces and hillslopes. The soils formed in moderately fine textured alluvium 
and colluvium derived from sedimentary rocks. Slopes range from 0 to 25 percent. Elevations 
range from 2,600 to 6,000 feet. The average annual precipitation is about 12 inches but ranges 
from 9 to 14 inches with about half the precipitation occurring during April, May, and early June. 
The mean annual air temperature is about 43 to 53 degrees F., and the mean summer temperature 
is 63 degrees F. The frost-free season is estimated to range from 100 to 160 day 
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LOHMILLER
LOAM

Soil Mapping Unit "Lo"
Lab/BKS Sample ID: G08020805-017_022

Typical Pedon: Lohmiller loam - on a plane slope of less than 1 percent in a cultivated field.
When described the soil was moist throughout. (Colors are for dry soil unless otherwise stated.)

The Lohmiller series consists of very deep, well drained soils formed in alluvium on bottom
lands. Permeability is slow or moderately slow. Slopes range from 0 to 8 percent. Mean annual
precipitation is about 15 inches, and mean annual air temperature is about 46 degrees F.

A - 0-3 inches. Light gray (10YR 6/1) loam, moist; moderate medium granular structure; hard,
friable; many fine roots; neutral; clear smooth boundary; slightly alkaline (pH 7.4);
noneffervescent.

AC - 3-15 inches. Dark grayish brown (2.5Y 4/2W) silty clay, moist; weak thin platy structure
parting to weak fine granular; very hard, firm; common fine roots, clear smooth boundary;
moderately alkaline (pH 7.9); noneffervescent.

Cl - 15-23 inches. Dark grayish brown (2.5Y 4/2W) silty clay, moist; massive; very hard, firm;
thin bedding planes evident; common very fine roots; slighty alkaline (pH 7.8); noneffervescent.

C2n - 22-34 inches. Dark grayish brown (2.5Y 4/2W) silty clay, moist; massive; very hard, firm;
thin bedding planes evident; common very fine roots; moderately alkaline (pH 8.0); very slightly
effervescent.

C3k - 34-38 inches. Grayish brown (2.5Y 5/2W) silty clay, moist; massive; very hard, firm; thin
bedding planes evident; common very fine roots; moderately alkaline (pH 8.0); very slightly
effervescent.

C4n - 38-60 inches. Dark grayish brown (2.5Y 4/2W) clay, moist; massive; very hard, firm; thin
bedding planes evident; common very fine roots; moderately alkaline (pH 8.0); very slightly
effervescent.

Type Location - Fall River County, South Dakota; refer to waypoint 73 on map included in this
report.

Range in Soil Characteristics (According to Official Series Description) - Carbonates are within
10 inches of the surface. The control section averages from 35 to 50 percent clay.

The A horizon has hue of 1OYR or 2.5Y, value of 5 or 6 and 4 or 5 moist, and chroma of 2 to 4.
Some pedons have value of 4 dry and 3 moist in the upper 4 inches. It typically is silty clay loam
or clay loam but is silty clay in some pedons. It ranges from neutral to moderately alkaline.

The C horizon has hue of 1OYR, 2.5Y, or 5Y; value of 5 to 7 and 4 to 6 moist; and chroma of
2 to 4. It typically is clay loam or silty clay loam but is silty clay or clay in some pedons. It is
stratified with thin layers of loamy sand, fine sandy loam, loam, sandy clay or silt loam. It is
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Soil Mapping Unit "Lo" 

LOHMILLER 
LOAM 

Lab/BKS Sample ID: G0802080S-0 1 7_022 

Typical Pedon: Lohmiller loam - on a plane slope of less than 1 percent in a cultivated field. 
When described the soil was moist throughout. (Colors are for dry soil unless otherwise stated.) 

The Lohmiller series consists of very deep, well drained soils formed in alluvium on bottom 
lands. Permeability is slow or moderately slow. Slopes range from 0 to 8 percent. Mean annual 
precipitation is about IS inches, and mean annual air temperature is about 46 degrees F. 

A - 0-3 inches. Light gray (lOYR 6/1) loam, moist; moderate medium granular structure; hard, 
friable; many fine roots; neutral; clear smooth boundary; slightly alkaline (pH 7.4); 
noneffervescent. 

AC - 3-1S inches. Dark grayish brown (2.SY 4/2W) silty clay, moist; weak thin platy structure 
parting to weak fine granular; very hard, firm; common fine roots, clear smooth boundary; 
moderately alkaline (pH 7.9); noneffervescent. 

C1 - lS-23 inches. Dark grayish brown (2.SY 4/2W) silty clay, moist; massive; very hard, firm; 
thin bedding planes evident; common very fine roots; slighty alkaline (pH 7.8); noneffervescent. 

C2n - 22-34 inches. Dark grayish brown (2.SY 4/2W) silty clay, moist; massive; very hard, firm; 
thin bedding planes evident; common very fine roots; moderately alkaline (pH 8.0); very slightly 
effervescent. 

C3k - 34-38 inches. Grayish brown (2.SY S/2W) silty clay, moist; massive; very hard, firm; thin 
bedding planes evident; common very fine roots; moderately alkaline (pH 8.0); very slightly 
effervescent. 

C4n - 38-60 inches. Dark grayish brown (2.SY 4/2W) clay, moist; massive; very hard, firm; thin 
bedding planes evident; common very fine roots; moderately alkaline (pH 8.0); very slightly 
effervescent. 

Type Location - Fall River County, South Dakota; refer to waypoint 73 on map included in this 
report. 

Range in Soil Characteristics (According to Official Series Description) - Carbonates are within 
10 inches of the surface. The control section averages from 3S to SO percent clay. 

The A horizon has hue of 10YR or 2.SY, value of S or 6 and 4 or S moist, and chroma of 2 to 4. 
Some pedons have value of 4 dry and 3 moist in the upper 4 inches. It typically is silty clay loam 
or clay loam but is silty clay in some pedons. It ranges from neutral to moderately alkaline. 

The C horizon has hue of lOYR, 2.SY, or SY; value ~f S to 7 and 4 to 6 moist; and chroma of 
2 to 4. It typically is clay loam or silty clay loam but is silty clay or clay in some pedons. It is . 
stratified with thin layers of loamy sand, fine sandy loam, loam, sandy clay or silt loam. It is 
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slightly alkaline or moderately alkaline. Some pedons have accumulations of carbonates.

Range in Characteristics (according to field observations, lab analysis): Textures have slightly
more clay than typical for the series.

Taxonomic Class - Fine, smectitic, calcareous, mesic Torrertic Ustifluvents

Suitability for Topsoil (According to WDEQ Guideline 1) - Marginal texture (clay) was found
from 3-60 inches. Saturation percentage was marginal at 15-34 inches and 38-60 inches. Sodium
absorption ratio was unsuitable at 3-60 inches. Electrical conductivity was marginal at
15-23 inches and was unsuitable at 23-60 inches. Selenium was marginal at 15-60 inches.
Estimated stripping depth is 3 inches.

Geographic Setting (According to Official Series Description) - Lohmiller soils are on flood
plains and high bottom lands of rivers and streams and on alluvial fans of foot slopes. Slopes are
typically less than 2 percent but range from 0 to 8 percent. The soils formed in calcareous
alluvium from sedimentary rock. Mean annual air temperature ranges from 45 to 48 degrees F,
and mean annual precipitation ranges from 10 to 19 inches.
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slightly alkaline or moderately alkaline. Some pedons have accumulations of carbonates. 

Range in Characteristics (according to field observations, lab analysis): Textures have slightly 
more clay than typical for the series. 

Taxonomic Class - Fine, smectitic, calcareous, mesic Torrertic Ustifluvents 

Suitability for Topsoil (According to WDEQ Guideline 1) - Marginal texture (clay) was found 
from 3-60 inches. Saturation percentage was marginal at 15-34 inches and 38-60 inches. Sodium 
absorption ratio was unsuitable at 3-60 inches. Electrical conductivity was marginal at 
15-23 inches and was unsuitable at 23-60 inches. Selenium was marginal at 15-60 inches. 
Estimated stripping depth is 3 inches. 

Geograohic Setting (According to Official Series Description) - Lohmiller soils are on flood 
plains and high bottom lands of rivers and streams and on alluvial fans of foot slopes. Slopes are 
typically less than 2 percent but range from 0 to 8 percent. The soils formed in calcareous 
alluvium from sedimentary rock. Mean annual air temperature ranges from 45 to 48 degrees F, 
and mean annual precipitation ranges from 10 to 19 inches. 
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PIERRE
SANDY CLAY LOAM

Soil Mapping Unit "Pe"
Lab/BKS Sample ID: G08020805-023_028

Typical Pedon: Pierre sandy clay loam - on a convex slope of 7 percent in native grass. (Colors
are for dry soil unless otherwise stated.)

The Pierre series consists of moderately deep, well drained soils formed in clayey residuum
weathered from shale bedrock on uplands. Permeability is very slow. Slopes range from 0 to
30 percent. Mean annual precipitation is about 15 inches, and mean annual air temperature is
about 46 degrees F.

A - 0-3 inches. Grayish brown (2.5Y 5/2) sandy clay loam, moist; moderate fine subangular
blocky structure parting to weak very fine granular; hard, firm, sticky and plastic; 1 percent
pebbles; clear smooth boundary; slightly alkaline (pH 7.8); noneffervescent.

AC- 3-15 inches. Dark grayish brown (2.5Y 4/2W) sandy clay loam, moist; moderate medium
and coarse prismatic structure; extremely hard, very firm, very sticky and very plastic; common
distinct intersecting slickensides; few fine accumulations of iron; 1 percent pebbles; gradual wavy
boundary; moderately alkaline (pH 8.3); strongly effervescent.

Clk - 15-27 inches. Grayish brown (2.5Y 5/2W) clay loam, moist; moderate coarse prismatic
structure; extremely hard, very firm, very sticky and very plastic; common distinct intersecting
slickensides; few fine nests of iron and common fine accumulations of gypsum; 1 percent
pebbles; gradual wavy boundary; strongly alkaline (pH 8.5); violently effervescent.

C2n - 27-38 inches. Dark grayish brown (2.5Y 4/2W) loam, moist; common distinct strong
brown (7.5YR 5/6) and yellowish brown (10YR 5/6) iron stains; many fine accumulations of
gypsum and carbonate; 1 percent pebbles; gradual wavy boundary; strongly alkaline (pH 8.5);
slightly effervescent.

C3k - 38-51 inches. Dark grayish brown (2.5Y 4/2W) loam, moist; common distinct strong
brown (7.5YR 5/6) iron stains; 1 percent pebbles; moderately alkaline (pH 8.4); strongly
effervescent.

C4n - 51-60 inches. Dark grayish brown (2.5Y 4/2W) sand loam, moist; common distinct strong
brown (7.5YR 5/6) iron stains; 1 percent pebbles; moderately alkaline (pH 8.4); very slightly
effervescent.

Type Location - Haakon County, South Dakota; refer to waypoint 74 on map included in this
report.

Range in Soil Characteristics (According to Official Series Description) - The soil contains
carbonates at or within 6 inches of the surface. The depth to soft shale bedrock ranges from 20 to
40 inches but commonly is at depths of 25 to 35 inches. The horizon above the shale has 0 to 60
percent, by volume soft shale fragments. The control section is 50 to 60 percent clay. When the
soil is dry, cracks 1/2 inch to 2 inches wide and several feet long extend downward through the
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Soil Mapping Unit "Pe" 

PIERRE 
SANDY CLAY LOAM 

Lab/BKS Sample ID: G08020805-023_028 

Typical Pedon: Pierre sandy clay loam - on a convex slope of 7 percent in native grass. (Colors 
are for dry soil unless otherwise stated.) 

The Pierre series consists of moderately deep, well drained soils formed in clayey residuum 
weathered from shale bedrock on uplands. Permeability is very slow. Slopes range from 0 to 
30 percent. Mean annual precipitation is about 15 inches, and mean annual air temperature is 
about 46 degrees F. 

A - 0-3 inches. Grayish brown (2.5Y 5/2) sandy clay loam, moist; moderate fine sub angular 
blocky structure parting to weak very fine granular; hard, firm, sticky and plastic; 1 percent 
pebbles; clear smooth boundary; slightly alkaline (pH 7.8); noneffervescent. 

AC- 3-15 inches. Dark grayish brown (2.5Y 4/2W) sandy clay loam, moist; moderate medium 
and coarse prismatic structure; extremely hard, very firm, very sticky and very plastic; common 
distinct intersecting slickensides; few fine accumulations of iron; 1 percent pebbles; gradual wavy 
boundary; moderately alkaline (PH 8.3); strongly effervescent. 

Clk - 15-27 inches. Grayish brown (2.5Y 5/2W) clay loam, moist; moderate coarse prismatic 
structure; extremely hard, very firm, very sticky and very plastic; common distinct intersecting 
slickensides; few fine nests of iron and common fine accumulations of gypsum; 1 percent 
pebbles; gradual wavy boundary; strongly alkaline (pH 8.5); violently effervescent. 

C2n - 27-38 inches. Dark grayish brown (2.5Y 4/2W) loam, moist; common distinct strong 
brown (7.5YR 5/6) and yellowish brown (lOYR 5/6) iron stains; many fine accumulations of 
gypsum and carbonate; 1 percent pebbles; gradual wavy boundary; strongly alkaline (pH 8.5); 
slightly effervescent. 

C3k - 38-51 inches. Dark grayish brown (2.5Y 4/2W) loam, moist; common distinct strong 
brown (7.5YR 5/6) iron stains; 1 percent pebbles; moderately alkaline (pH 8.4); strongly 
effervescent. 

C4n - 51-60 inches. Dark grayish brown (2.5Y 412W) sand loam, moist; common distinct strong 
brown (7.5YR 5/6) iron stains; 1 percent pebbles; moderately alkaline (pH 8.4); very slightly 
effervescent. 

Type Location - Haakon County, South Dakota; refer to waypoint 74 on map included in this 
report. 

Range in Soil Characteristics (According to Official Series Description) - The soil contains 
carbonates at or within 6 inches of the surface. The depth to soft shale bedrock ranges from 20 to 
40 inches but commonly is at depths of 25 to 35 inches. The horizon above the shale has 0 to 60 
percent, by volume soft shale fragments. The control section is 50 to 60 percent clay. When the 
soil is dry, cracks 1/2 inch to 2 inches wide and several feet long extend downward through the 
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solum. The soil does not have a mollic epipedon, but the upper 10 inches of the solum has an
average organic carbon content between 0.6 and 1.7 percent. The soil has a SAR of 1 to 7.

The A horizon has hue of 1OYR to 5Y, value of 4 to 6 and 3 to 5 moist, and chroma of I to 3. It
typically is clay but is silty clay in some pedons. It ranges from slightly acid to moderately
alkaline. When the soil is dry it has a light gray (2.5Y 7/2) smooth, porous, platy surface crust
ranging from 1/4 to 1 inch in thickness. Where the horizon has mollic colors, it is too thin to be a
mollic epipedon. Some pedons do not have an AB horizon.

The Bss horizons have hue of 2.5Y or 5Y, value of 5 or 6 and 4 or 5 moist, and chroma of 1 to 3.
They are extremely hard or very hard when dry and extremely firm to firm when moist. They
range from neutral to moderately alkaline.

Bk and C horizons are present in some pedons.

The Cr horizon is soft shale bedrock and ranges from slightly acid to moderately alkaline.
Bedding planes are evident in the partially weathered shale in some pedons. Gypsum and other
salts are concentrated in very thin seams within the shale in some pedons.

Range in Characteristics (according to field observations, lab analysis): Textures are coarser and
have less clay than typical for the series.

Taxonomic Class - Fine, smectitic, mesic Aridic Leptic Haplusterts

Suitability for Topsoil (According to WDEQ Guideline 1) - pH was marginal (alkaline) at
15-38 inches. Sodium absorption ratio was unsuitable at 15-60 inches. Electrical conductivity
was unsuitable at 27-60inches. Selenium was marginal at 15-60 inches. Strongly effervescent at
3 inches. Estimated stripping depth is 15 inches.

Geographic Setting (According to Official Series Description) - Pierre soils are on nearly level to
steep uplands. Slope gradient typically is 3 to 15 percent, but ranges from 0 to 30 percent. The
soils formed in residuum weathered from clay shale. Gilgai microrelief is in most areas. Mean
annual air temperature is 44 to 53 degrees F, and mean annual precipitation ranges from 12 to
16 inches. Growing season is 125 to 140 days; average growing season precipitation is 10 to
13 inches; and growing degree days are 2600 to 3100. Elevation is 1300 to 3600 feet.
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solum. The soil does not have a mollic epipedon, but the upper lO inches of the solum has an 
average organic carbon content between 0.6 and 1.7 percent. The soil has a SAR of 1 to 7. 

The A horizon has hue of 10YR to SY, value of 4 to 6 and 3 to S moist, and chroma of 1 to 3. It 
typically is clay but is silty clay in some pedons. It ranges from slightly acid to moderately 
alkaline. When the soil is dry it has a light gray (2.SY 7/2) smooth, porous, platy surface crust 
ranging from 114 to 1 inch in thickness. Where the horizon has mollic colors, it is too thin to be a 
mollic epipedon. Some pedons do not have an AB horizon. 

The Bss horizons have hue of 2.SY or SY, value of S or 6 and 4 or S moist, and chroma of 1 to 3. 
They are extremely hard or very hard when dry and extremely firm to firm when moist. They 
range from neutral to moderately alkaline. 

Bk and C horizons are present in some pedons. 

The Cr horizon is soft shale bedrock and ranges from slightly acid to moderately alkaline. 
Bedding planes are evident in the partially weathered shale in some pedons. Gypsum and other 
salts are concentrated in very thin seams within the shale in some pedons. 

Range in Characteristics (according to field observations, lab analysis): Textures are coarser and 
have less clay than typical for the series. 

Taxonomic Class - Fine, smectitic, mesic Aridic Leptic Haplusterts 

Suitability for Topsoil (According to WDEQ Guideline 1) - pH was marginal (alkaline) at 
IS~38 inches. Sodium absorption ratio was unsuitable at IS-60 inches. Electrical conductivity 
was unsuitable at 27-60 inches. Selenium was marginal at IS-60 inches. Strongly effervescent at 
3 inches. Estimated stripping depth is IS inches. 

Geographic Setting (According to Official Series Description) - Pierre soils are on nearly level to 
steep uplands. Slope gradient typically is 3 to IS percent, but ranges from 0 to 30 percent. The 
soils formed in residuum weathered from clay shale. Gilgai microrelief is in most areas. Mean 
annual air temperature is 44 to S3 degrees F, and mean annual precipitation ranges from 12 to 
16 inches. Growing season is 12S to 140 days; average growing season precipitation is 10 to 
13 inches; and growing degree days are 2600 to 3100. Elevation is 1300 to 3600 feet. 
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HAVERSON
CLAY LOAM

Soil Mapping Unit "Ha"
Lab/BKS Sample ID: G08020805-029_033

Typical Pedon: Haverson clay loam - grassland. (Colors are for dry soil unless otherwise stated.)

The Haverson series consists of very deep, well drained soils that formed in alluvium from mixed
sources. Haverson soils are on floodplains and low terraces and have slopes of 0 to 9 percent. The
mean annual precipitation is about 15 inches and the mean annual air temperature is about
49 degrees F.

A - 0-4 inches. Brown (1OYR 4/3D, 1OYR 4/2W) clay loam, moist; strong fine granular structure;
slightly hard, very friable; clear smooth boundary; slightly alkaline (pH 7.8); noneffervescent.

AC - 4-15 inches. Brown (10YR 4/3D, 10YR 4/2W) silty clay loam, moist; weak coarse
subangular blocky structure; very hard, friable; clear smooth boundary; slightly alkaline (pH 7.7);
very slightly effervescent.

Cl - 15-35 inches. Brown (10YR 4/3D, 10YR 4/2W) silty clay loam, moist; massive; hard,
friable; gradual smooth boundary; slightly alkaline (pH 7.6); slightly effervescent.

C2n - 35-46 inches. Brown (10YR 4/3D, 10YR 4/2W) silty clay loam, moist; massive; slightly
hard, very friable; few fine irregularly shaped masses and seams of lime; slightly alkaline
(pH 7.8); slightly effervescent.

C3 - 46-60 inches. Brown (10YR 4/3D, 10YR 4/2W) silty clay loam, moist; massive; slightly
hard, very friable; few fine irregularly shaped masses and seams of lime; slightly alkaline
(pH 7.8); slightly effervescent.

Type Location - Weld County, Colorado; refer to waypoint 75 on map included in this report.

Range in Soil Characteristics (According to Official Series Description) - Mean annual soil
temperature ranges from 47 to 55 degrees F. and mean summer soil temperature ranges from
59 to 78 degrees F. Organic carbon ranges from 0.5 to 2.0 percent in the surface horizon but
decreases irregularly with depth. The particle-size control section is stratified with strata ranging
from sandy loam to clay loam, but averaging approximately loam. On a weighted average basis,
clay ranges from 18 to 35 percent, silt from 10 to 50 percent, and sand from 20 to 60 percent with
more than 15 percent but less than 35 percent being fine or coarser sand. Rock fragments are
generally less that 5 percent and range from 0 to 20 percent. Some visible calcium carbonate may
occur at any depth in these soils, but it is not concentrated into any consistent horizon of
accumulation. This soil is not dry in all parts of the moisture control section for more than one-
half the time the soil temperature is above 41 degrees F. (195 to 210 days) and is not dry for
45 consecutive days following July 15.

The A horizon has hue of 2.5Y or 10YR, value of 4 to 6 dry, 3 to 5 moist and chroma of 2 or 3.
When the value of the surface horizon is as dark as 5 dry and 3 moist, the horizon is thin enough
so that if mixed to 7 inches it is too light colored or contains too little organic carbon to qualify as
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Soil Mapping Unit "Ha" 

HAVERSON 
CLAY LOAM 

Lab/BKS Sample iD: G08020805-029 _ 033 

Typical Pedon: Haverson clay loam - grassland. (Colors are for dry soil unless otherwise stated.) 

The Haverson series consists of very deep, well drained soils that formed in alluvium from mixed 
sources. Haverson soils are on floodplains and low terraces and have slopes of 0 to 9 percent. The 
mean annual precipitation is about 15 inches and the mean annual air temperature is about 
49 degrees F. 

A - 0-4 inches. Brown (1 OYR 4/3D, 10YR 4/2W) clay loam, moist; strong fine granular structure; 
slightly hard, very friable; clear smooth boundary; slightly alkaline (pH 7.8); noneffervescent. 

AC - 4-15 inches. Brown (lOYR 4/3D, 10YR 4/2W) silty clay loam, moist; weak coarse 
subangular blocky structure; very hard, friable; clear smooth boundary; slightly alkaline (pH 7.7); 
very slightly effervescent. 

Cl - 15-35 inches. Brown (lOYR 4/3D, 10YR 412W) silty clay loam, moist; massive; hard, 
friable; gradual smooth boundary; slightly alkaline (pH 7.6); slightly effervescent. 

C2n - 35-46 inches. Brown (lOYR 4/3D, IOYR 4/2W) silty clay loam, moist; massive; slightly 
hard, very friable; few fine irregularly shaped masses and seams of lime; slightly alkaline 
(pH 7.8); slightly effervescent. 

C3 - 46-60 inches. Brown (lOYR 4/3D, lOYR 4/2W) silty clay loam, moist; massive; slightly 
hard, very friable; few fine irregularly shaped masses and seams of lime; slightly alkaline 
(pH 7.8); slightly effervescent. 

Type Location - Weld County, Colorado; refer to waypoint 75 on map included in this report. 

Range in Soil Characteristics (According to Official Series Description) - Mean annual soil 
temperature ranges from 47 to 55 degrees F. and mean summer soil temperature ranges from 
59 to 78 degrees F. Organic carbon ranges from 0.5 to 2.0 percent in the surface horizon but 
decreases irregularly with depth. The particle-size control section is stratified with strata ranging 
from sandy loam to clay loam, but averaging approximately loam. On a weighted average basis, 
clay ranges from 18 to 35 percent, silt from 10 to 50 percent, and sand from 20 to 60 percent with 
more than 15 percent but less than 35 percent being fine or coarser sand. Rock fragments are 
generally less that 5 percent and range from 0 to 20 percent. Some visible calcium carbonate may 
occur at any depth in these soils, but it is not concentrated into any consistent horizon of 
accumulation. This soil is not dry in all parts of the moisture control section for more th::m one­
half the time the soil temperature is above 41 degrees F. (195 to 210 days) and is not dry for 
45 consecutive days following July 15. 

The A horizon has hue of 2.5Y or 10YR, value of 4 to 6 dry, 3 to 5 moist and chroma of 2 or 3. 
When the value of the surface horizon is as dark as 5 dry and 3 moist, the horizon is thin enough 
so that if mixed to 7 inches it is too light colored or contains too little organic carbon to qualify as 
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a mollic epipedon or are finely stratified. The A horizon usually has granular primary structure
but it has subangular blocky structure in some pedons. It is soft or slightly hard. It is neutral
through moderately alkaline.

The C horizon has hue of 2.5Y, 1OYR or 7.5YR, value of 5 or 6 dry, 4 or 5 moist and chroma of
2 or 3. It is slightly alkaline to very strongly alkaline. It has from less-than-one to about 15
percent calcium carbonate equivalent, which differs erratically from stratum to stratum.

Range in Characteristics (according to field observations, lab analysis): Textures are finer and
have more clay than typical for the series.

Taxonomic Class - Fine-loamy, mixed, superactive, calcareous, mesic Aridic Ustifluvents

Suitability for Topsoil (According to WDEQ Guideline 1) - Sodium absorption ratio was
marginal at 15-35 inches and unsuitable at 35-60 inches. Estimated stripping depth is 35 inches.

Geographic Setting (According to Official Series Description) - The Haverson soils are on
floodplains and low terraces of major rivers. Slope is 0 to 9 percent. The soils formed in highly
stratified, calcareous, recent alluvium derived from mixed sources. At the type location the
average annual precipitation is 14 to 18 inches with peak periods of precipitation occurring during
the early spring and summer. The mean annual air temperature ranges from 47 to 52 degrees F.
and the mean summer temperature is 77 degrees F. The frost-free season is 125 to 180 days.
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a mollic epipedon or are finely stratified. The A horizon usually has granular primary structure· 
but it has subangular blocky structure in some pedons. It is soft or slightly hard. It is neutral 
through moderately alkaline. 

The C horizon has hue of 2.5Y, 10YR or 7.5YR, value of 5 or 6 dry, 4 or 5 moist and chroma of 
2 or 3. It is slightly alkaline to very strongly alkaline. It has from less-than-one to about 15 
percent calcium carbonate equivalent, which differs erratically from stratum to stratum. 

Range in Characteristics (according to field observations, lab analysis): Textures are finer and 
have more clay than typical for the series. 

Taxonomic Class - Fine-loamy, mixed, superactive, calcareous, mesic Aridic Ustifluvents 

Suitability for Topsoil (According to WDEQ Guideline 1) - Sodium· absorption ratio was 
marginal at 15-35 inches and unsuitable at 35-60 inches. Estimated stripping depth is 35 inches. 

Geographic Setting (According to Official Series Description) - The Haverson soils are on 
floodplains and low terraces of major rivers. Slope is 0 to 9 percent. The soils formed in highly 
stratified, calcareous, recent alluvium derived from mixed sources. At the type location the 
average annual precipitation is 14 to 18 inches with peak periods of precipitation occurring during 
the early spring and summer. The mean annual air temperature ranges from 47 to 52 degrees F. 
and the mean summer temperature is 77 degrees F. The frost-free season is 125 to 180 days. 
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DEMAR
LOAM

Soil Mapping Unit "Dg"
Lab/BKS Sample ID: G08020805-034_038

Typical Pedon: Demar loam - on a plane slope of less than I percent. When described the soil
was moist to 5 inches and dry below. (Colors are for dry soil unless otherwise stated.)

The Demar series consists of deep or very deep, moderately well drained soils formed in clayey
alluvium from acid clay shales. These soils are on terraces. They have very slow permeability.
Slopes range from 0 to 6 percent. Mean annual precipitation is about 15 inches, and mean annual
air temperature is about 47 degrees F.

A - 0-2 inches. Pale brown (1OYR 6/3) loam, moist; weak thin platy structure parting to weak fine
granular; slightly hard, friable, slightly sticky; many roots; abrupt wavy boundary; strongly acid
(pH 5.3); noneffervescent.

Bt - 2-21 inches. Grayish brown (2.5Y 5/2D) silty clay, moist; moderate medium blocky
structure; very hard, very firm, sticky and plastic; very few roots; clear-smooth boundary; slightly
alkaline (pH 7.7); noneffervescent.

Btn - 21-29 inches. Very dark grayish brown (2.5Y 3/2D) clay, moist; few fine prominent
yellowish brown (10YR 5/6) mottles; weak coarse subangular blocky structure; very hard, very
firm, sticky and plastic; very few roots; common fine nests of gypsum and other salts; gradual
boundary; neutral (pH 6.9); very slightly effervescent.

CI - 29-46 inches. Dark grayish brown (2.5Y 4/2D) silty clay loam, moist; many coarse
prominent brownish yellow (10YR 6/6) mottles; weak coarse subangular blocky structure; very
hard, very firm; partially weathered shale fragments make up about 40 percent by volume;
common bands of crystals of gypsum; gradual boundary; slightly alkaline (pH 7.6); very slightly
effervescent.

C2 - 46-60 inches. Grayish brown (2.5Y 5/2D) silty clay loam, moist; many coarse prominent
brownish yellow (1OYR 6/6) and yellowish brown (1OYR 5/6) iron stains along fractures; neutral
(pH 7.3); very slightly effervescent.

Type Location - Butte County, South Dakota; refer to waypoint 76 on map included in this report.

Range in Soil Characteristics (According to Official Series Description) - The depth to bedded
shale ranges from 40 to 60 inches or more. These soils range from neutral to strongly acid in the
upper 12 inches and from very strongly acid to extremely acid below this depth.

The E horizon has hue of 1OYR or 2.5Y, value of 5 or 6 and 4 or 5 moist, and chroma of 2 or 3. It
typically is loam but is clay loam in some pedons.

The Bt horizon has hue of 1OYR or 2.5Y, value of 5 or 6 and 4 or 5 moist, and chroma of 2 or 3.
The clay content of the Bt horizon is between 35 and 60 percent. Structure of the Bt horizon
ranges from weak or moderate, medium or coarse columnar in the Btl horizon and moderate or
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Soil Mapping Unit "Dg" 
Lab/BKS Sample ID: G08020805-034_038 

DEMAR 
LOAM 

Typical Pedon: Demar loam - on a plane slope of less than 1 percent. When described the soil 
was moist to 5 inches and dry below. (Colors are for dry soil unless otherwise stated.) 

The Demar series consists of deep or very deep, moderately well drained soils formed in clayey 
alluvium from acid clay shales. These soils are on terraces. They have very slow permeability. 
Slopes range from 0 to 6 percent. Mean annual precipitation is about 15 inches, and mean annual 
air temperature is about 47 degrees F. 

A - 0-2 inches. Pale brown (lOYR 6/3) loam, moist; weak thin platy structure parting to weak fine 
granular; slightly hard, friable, slightly sticky; many roots; abrupt wavy boundary; strongly acid 
(pH 5.3); noneffervescent. 

Bt - 2-21 inches. Grayish brown (2.5Y 5/2D) silty clay, moist; moderate medium blocky 
structure; very hard, very firm, sticky and plastic; very few roots; clear smooth boundary; slightly 
alkaline (pH 7.7); noneffervescent. 

Btn - 21-29 inches. Very dark grayish brown (2.5Y 3/2D) clay, moist; few fine prominent 
yellowish brown (10YR 5/6) mottles; weak coarse subangular blocky structure; very hard, very 
firm, sticky and plastic; very few roots; common fine nests of gypsum and other salts; gradual 
boundary; neutral (pH 6.9); very slightly effervescent. 

C 1 - 29-46 inches. Dark grayish brown (2.5Y 4/2D) silty clay loam, moist; many coarse 
prominent brownish yellow (10YR 6/6) mottles; weak coarse subangular blocky structure; very 
hard, very firm; partially weathered shale fragments make up about 40 percent by volume; 
common bands of crystals of gypsum; gradual boundary; slightly alkaline (pH 7.6); very slightly 
effervescent. 

C2 - 46-60 inches. Grayish brown (2.5Y 5/2D) silty clay loam, moist; many coarse prominent 
brownish yellow (10YR 6/6) and yellowish brown (lOYR 5/6) iron stains along fractures; neutral 
(pH 7.3); very slightly effervescent. 

Type Location - Butte County, South Dakota; refer to waypoint 76 on map included in this report. 

Range in Soil Characteristics (According to Official Series Description) - The depth to bedded 
shale ranges from 40 to 60 inches or more. These soils range from neutral to strongly acid in the 
upper 12 inches and from very strongly acid to extremely acid below this depth. 

The E horizon has hue of lOYR or 2.5Y, value of 5 or 6 and 4 or 5 moist, and chroma of 2 or 3. It 
typically is loam but is clay loam in some pedons. 

The Bt horizon has hue of lOYR or 2.5Y, value of 5 or 6 and 4 or 5 moist, and chroma of 2 or 3. 
The clay content of the Bt horizon is between 35 and 60 percent. Structure of the Bt horizon 
ranges from weak or moderate, medium or coarse columnar in the Btl horizon and moderate or 
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strong, medium or coarse blocky in the Bt2 horizon.

The Bz horizon has hue of 1OYR or 2.5Y, value of 5 or 6 and 4 to 5 moist, and chroma of 2 to 3.
It has common or many accumulations of gypsum and other salts.

The C horizon has hue of 1OYR or 2.5Y, value of 5 or 6 and 4 or 5 moist, and chroma of 2 or 3. It
contains 20 to 50 percent fragments of shale.

Range in Characteristics (according to field observations, lab analysis): No significant range in
characteristics was found.

Taxonomic Class - Fine, smectitic, mesic Torrertic Haplustalfs

Suitability for Topsoil (According to WDEQ Guideline 1) - Marginal texture (clay) was found
from 2-29 inches. Sodium absorption ratio was marginal at 2-29 inches and unsuitable at
29-60 inches. Selenium was marginal at 46-60 inches. Estimated stripping depth is 2 inches.

Geographic Setting (According to Official Series Description) - Demar soils are on micro-highs
on nearly level to gently sloping alluvial terraces having pronounced micro-relief. Slope gradients
range from 0 to'6 percent. These soils formed in clayey alluvium derived from acid clay shales.
The mean annual air temperature ranges from 45 to 49 degrees F, and mean annual precipitation
ranges from 12 to 18 inches.
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strong, medium or coarse blocky in the Bt2 horizon. 

The Bz horizon has hue of lOYR or 2.5Y, value of 5 or 6 and 4 to 5 moist, and chroma of 2 to 3. 
It has common or many accumulations of gypsum and other salts. 

The C horizon has hue of 10YR or 2.5Y, value of 5 or 6 and 4 or 5 moist, and chroma of 2 or 3. It 
contains 20 to 50 percent fragments of shale. 

Range in Characteristics (according to field observations, lab analysis): No significant range in 
characteristics was found. 

Taxonomic Class - Fine, smectitic, mesic Torrertic Haplustalfs 

Suitability for Topsoil (According to WDEQ Guideline 1) - Marginal texture (clay) was found 
from 2-29 inches. Sodium absorption ratio was marginal at 2-29 inches and unsuitable at 
29-60 inches. Selenium was marginal at 46-60 inches. Estimated stripping depth is 2 inches. 

Geographic Setting (According to Official Series Description) - Demar soils are on micro-highs 
on nearly level to gently sloping alluvial terraces having pronounced micro-relief. Slope gradients 
range from 0 to'6 percent. These soils formed in clayey alluvium derived from acid clay shales. 
The mean annual air temperature ranges from 45 to 49 degrees F, and mean annual precipitation 
ranges from 12 to IS' inches. 
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PENROSE
CLAY LOAM

Soil Mapping Unit "Pg"
Lab/BKS Sample ID: G08020805-039_042

Typical Pedon: Penrose clay loam-grassland. (Colors are for dry soil unless otherwise stated.)

The Penrose series consists of shallow, well and somewhat excessively drained,
moderate to slowly permeable soils formed in thin, calcareous, loamy materials
weathered in place from limestone and interbedded limy materials. Penrose soils are on hills,
plains, ridges, hogbacks, cuestas, and mesa tops. Slopes are 1 to 65 percent. Mean annual
precipitation is about 13 inches and mean annual temperature is about 51 degrees F.

A - 0-4 inches. Light brownish gray (2.5Y 6/2) clay loam, moist; moderate fine granular
structure; soft, very friable, slightly sticky and slightly plastic; 25 percent channers; calcareous;
clear smooth boundary; slightly alkaline (pH 7.6); slightly effervescent.

Clk - 4-17 inches. Dark grayish brown (10YR 4/2D) clay loam, moist; massive; slightly hard,
very friable, slightly sticky and slightly plastic; 20 percent limestone channels; calcareous; abrupt
smooth boundary; slightly alkaline (pH 7.7); strongly effervescent.

C2k - 17-36 inches. Grayish brown (10YR 5/2D) silt loam, limestone bedrock; moderately
alkaline (pH 8.0); very slightly effervescent.

Cr - 36-48 inches. Grayish brown (10YR 5/2D) silt loam, limestone bedrock; slightly alkaline

(pH 7.8); very slightly effervescent.

Type Location - Fremont County, Colorado; refer to waypoint 77 on map included in this report.

Range in Soil Characteristics (According to Official Series Description) -

Soil moisture: The soil moisture control section is moist intermittently April through August;
aridic moisture regime bordering on ustic.
Mean annual soil temperature: 52 to 59 degrees F.
Mean summer soil temperature: 68 to 76 degrees F.
Depth to lithic contact: 10 to 20 inches to limestone
Depth to secondary calcium carbonate: 0 to about 5 inches and is not more than 1/4 the thickness
of the control section
Gypsum content: 0 to 1.5 percent by weight
Calcium carbonate equivalent: 40 to 75 percent
Electrical conductivity: 0 to 14 millimhos/cm in a major part of the control section
Continuous subhorizons of secondary calcium carbonate and/or sulfate do not occur within the
control section although some visible accumulation occurs in some pedons

Particle-size control section (weighted average):
Clay content: 18 to 35 percent
Sand content: 15 to 70 percent
Rock fragments: 0 to 35 percent, dominantly to 10 inches in diameter.
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PENROSE 
CLAY LOAM 

Soil Mapping Unit "Pg" 
Lab/BKS Sample ID: G08020805-039 _ 042 

Typical Pedon: Penrose clay loam-grassland, (Colors are for dry soil unless otherwise stated.) 

The Penrose series consists of shallow, well and somewhat excessively drained, 
moderate to slowly permeable soils formed in thin, calcareous, loamy materials 
weathered in place from limestone and interbedded limy materials. Penrose soils are on hills, 
plains, ridges, hogbacks, cuestas, and mesa tops. Slopes are 1 to 65 percent. Mean annual 
precipitation is about 13 inches and mean annual temperature is about 51 degrees F. 

A - 0-4 inches. Light brownish gray (2.5Y 6/2) clay loam, moist; moderate fine granular 
structure; soft, very friable, slightly sticky and slightly plastic; 25 percent channers; calcareous; 
clear smooth boundary; slightly alkaline (pH 7.6); slightly effervescent. 

C1k - 4-17 inches. Dark grayish brown (lOYR 4/2D) clay loam, moist; massive; slightly hard, 
very friable, slightly sticky and slightly plastic; 20 percent limestone channels; calcareous; abrupt 
smooth boundary; slightly alkaline (pH 7.7); strongly effervescent. 

C2k - 17-36 inches. Grayish brown (10YR 5/2D) silt loam, limestone bedrock; moderately 
alkaline (pH 8.0); very slightly effervescent. 

Cr - 36-48 inches. Grayish brown (lOYR 5/2D) silt loam, limestone bedrock; slightly alkaline 
(pH 7.8); very slightly effervescent. 

Type Location - Fremont County, Colorado; refer to waypoint 77 on map included in this report. 

Range in Soil Characteristics (According to Official Series Description) -

Soil moisture: The soil moisture control section is moist intermittently April through August; 
aridic moisture regime bordering on ustic. 
Mean annual soil temperature: 52 to 59 degrees F. 
Mean summer soil temperature: 68 to 76 degrees F. 
Depth to lithic contact: 10 to 20 inches to limestone 
Depth to secondary calcium carbonate: 0 to about 5 inches and is not more than 114 the thickness 
of the control section 
Gypsum content: 0 to 1.5 percent by weight 
Calcium carbonate equivalent: 40 to 75 percent 
Electrical conductivity: 0 to 14 millirnhos/cm in a major part of the control section 
Continuous subhorizons of secondary calcium carbonate and/or sulfate do not occur within the 
control section although some visible accumulation occurs in some pedons 

Particle-size control section (weighted average): 
Clay content: 18 to 35 percent 
Sand content: 15 to 70 percent 
Rock fragments: 0 to 35 percent, dominantly to 10 inches in diameter. 
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A horizon:
Hue: 7.5YR through 2.5Y
Value: 5 through 8, 3 through 6 moist
Chroma: 1 through 4.
Calcium carbonate equivalent: 35 to 70 percent
Reaction: mildly alkaline or moderately alkaline.
Rock fragments: 0 to 35 percent

C horizon:
Hue: 7.5YR through 2.5Y
Textures of the fine earth fraction: loam, silt loam, clay loam
Clay content: 18 to 35 percent
Rock fragments: 0 to 35
Calcium carbonate equivalent: 40 to 75 percent
Reaction: moderately alkaline or strongly alkaline.

Range in Characteristics (according to field observations, lab analysis): Textures are slightly finer
than typical for the series.

Taxonomic Class - Loamy, carbonatic, mesic Lithic Ustic Torriorthents

Suitability for Topsoil (According to WDEO Guideline 1) - Boron was unsuitable at 36-48
inches. Strongly effervescent at 4 inches. Estimated stripping depth is 36 inches.

Geographic Setting (According to Official Series Description) -
Parent material: residuum and slope alluvium derived from limestone and interbedded limy
materials.
Landform: hills, mesas, and ridges
Slopes: 1 to 65 percent
Elevation: 3,000 to 6,500 feet
Mean annual temperature: 50 to 53 degrees F
Mean annual precipitation: 11 to 15 inches
Precipitation pattern: peak periods between April and August, dries between November and
February
Frost-free period: 125 to 165 days.

40

• 

• 

• 

c%h . .J)"'" 

~ 
POWERTECIt(USA) iNC. 

A horizon: 
Hue: 7.5YR through 2.5Y 
Value: 5 through 8, 3 through 6 moist 
Chroma: 1 through 4. 
Calcium carbonate equivalent: 35 to 70 percent 
Reaction: mildly alkaline or moderately alkaline. 
Rock fragments: 0 to 35 percent 

C horizon: 
Hue: 7.5YR through 2.5Y 
Textures ofthe fine earth fraction: loam, silt loam, clay loam 
Clay content: 18 to 35 percent. 
Rock fragments: 0 to 35 
Calcium carbonate equivalent: 40 to 75 percent 
Reaction: moderately alkaline or strongly alkaline. 

Range in Characteristics (according to field observations, lab analysis): Textures are slightly finer 
than typical for the series. 

Taxonomic Class - Loamy, carbonatic, mesic Lithic Ustic Torriorthents 

Suitability for Topsoil (According to WDEQ Guideline 1) - Boron was unsuitable at 36-48 
inches. Strongly effervescent at 4 inches. Estimated stripping depth is 36 inches. 

Geographic Setting (According to Official Series Description) -
Parent material: residuum and slope alluvium derived from limestone and interbedded limy 
materials. 
Landform: hills, mesas, and ridges 
Slopes: 1 to 65 percent 
Elevation: 3,000 to 6,500 feet 
Mean annual temperature: 50 to 53 degrees F 
Mean annual precipitation: 11 to 15 inches 
Precipitation pattern: peak periods between April and August, dries between November and 
February . 
Frost-free period: 125 to 165 days. 
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DEMAR
SILTY CLAY LOAM

Soil Mapping Unit "Dg"
Lab/BKS Sample ID: G08020805-043_047

Typical Pedon: Demar silty clay loam - on a plane slope of less than 1 percent. When described
the soil was moist to 5 inches and dry below. (Colors are for dry soil unless otherwise stated.)

The Demar series consists of deep or very deep, moderately well drained soils formed in clayey
alluvium from acid clay shales. These soils are on terraces. They have very slow permeability.
Slopes range from 0 to 6 percent. Mean annual precipitation is about 15 inches, and mean annual
air temperature is about 47 degrees F.

A - 0-3 inches. Pale brown (1OYR 6/3) silty clay loam, moist; weak thin platy structure parting to
weak fine granular; slightly hard, friable, slightly sticky; many roots; abrupt wavy boundary;
slightly acid (pH 6.1); noneffervescent.

Bt - 3-17 inches. Very dark grayish brown (10YR 3/2D) silty clay, moist; moderate medium
blocky structure; very hard, very firm, sticky and plastic; very few roots; clear smooth boundary;
extremely acid (pH 4.1); noneffervescent.

Cl - 17-30 inches. Dark grayish brown (tOYR 4/2D) clay, moist; few fine prominent yellowish
brown (1OYR 5/6) mottles; weak coarse subangular blocky structure; very hard, very firm, sticky
and plastic; very few roots; common fine nests of gypsum and other salts; gradual boundary;
extremely acid (pH 3.6); noneffervescent.

C2 - 30-42 inches. Dark grayish brown (10YR 4/2D) clay, moist; many coarse prominent
brownish yellow (10YR 6/6) mottles; weak coarse subangular blocky structure; very hard, very
firm; partially weathered shale fragments make up about 40 percent by volume; common bands of
crystals of gypsum; gradual boundary; extremely acid (pH 3.7); noneffervescent.

Cr - 42-60 inches. Dark grayish brown (10YR 4/2D) clay, moist; many coarse prominent
brownish yellow (10YR 6/6) and yellowish brown (10YR 5/6) iron stains along fractures;
extremely acid (pH 3.6); noneffervescent.

Type Location - Butte County, South Dakota; refer to waypoint 79 on map included in this report.

Range in Soil Characteristics (According to Official Series Description) - The depth to bedded
shale ranges from 40 to 60 inches or more. These soils range from neutral to strongly acid in the
upper 12 inches and from very strongly acid to extremely acid below this depth.

The E horizon has hue of IOYR or 2.5Y, value of 5 or 6 and 4 or 5 moist, and chroma of 2 or 3. It
typically is loam but is clay loam in some pedons.

The Bt horizon has hue of 1OYR or 2.5Y, value of 5 or 6 and 4 or 5 moist, and chroma of 2 or 3.
The clay content of the Bt horizon is between 35 and 60 percent. Structure of the Bt horizon
ranges from weak or moderate, medium or coarse columnar in the Btl horizon and moderate or
strong, medium or coarse blocky in the Bt2 horizon.
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Soil Mapping {)nit "Dg" 

DEMAR 
SILTY CLAY LOAM 

Lab/BKS Sample ID: G08020805-043_047 

Typical Pedon: Demar silty clay loam - on a plane slope of less than 1 percent. When described 
the soil was moist to 5 inches and dry below. (Colors are for dry soil unless otherwise stated.) 

The Demar series consists of deep or very deep, moderately well drained soils fonned in clayey 
alluvium from acid clay shales. These soils are on terraces. They have very slow penneability. 
Slopes range from 0 to 6 percent. Mean annual precipitation is about 15 inches, and mean annual 
air temperature is about 47 degrees F. 

A - 0-3 inches. Pale brown (10YR 6/3) silty clay loam, moist; weak thin platy structure parting to 
weak fine granular; slightly hard, friable, slightly sticky; many roots; abrupt wavy boundary; 
slightly acid (PH 6.1); noneffervescent. 

Bt - 3-17 inches. Very dark grayish brown (lOYR 3/2D) silty clay, moist; moderate medium 
blocky structure; very hard, very finn, sticky and plastic; very few roots; clear smooth boundary; 
extremely acid (pH 4.1); noneffervescent. 

Cl - 17-30 inches. Dark grayish brown (10YR 4/2D) clay, moist; few fine prominent yellowish 
brown (10YR 5/6) mottles; weak coarse subangular blocky structure; very hard, very finn, sticky 
and plastic; very few roots; common fine nests of gypsum and other salts; gradual boundary; 
extremely acid (pH 3.6); noneffervescent. 

C2 - 30-42 inches. Dark grayish brown (lOYR 4/2D) clay, moist; many coarse prominent 
brownish yellow (lOYR 6/6) mottles; weak coarse subangular blocky structure; very hard, very 
finn; partially weathered shale fragments make up about 40 percent by volume; common bands of 
crystals of gypsum; gradual boundary; extremely acid (pH 3.7); noneffervescent. 

Cr - 42-60 inches. Dark grayish brown (10YR 4/2D) clay, moist; many coarse prominent 
brownish yellow (I OYR 6/6) and yellowish brown (I OYR 5/6) iron stains along fractures; 
extremely acid (pH 3.6); noneffervescent. 

Type Location - Butte County, South Dakota; refer to waypoint 79 on map included in this report. 

Range in Soil Characteristics (According to Official Series Description) - The depth to bedded 
shale ranges from 40 to 60 inches or more. These soils range from neutral to strongly acid in the 
upper 12 inches and from very strongly acid to extremely acid below this depth. 

The E horizon has hue of 10YR or 2.5Y, value of 5 or 6 and 4 or 5 moist, and chroma of 2 or 3. It 
typically is loam but is clay loam in some pedons. 

The Bt horizon has hue of lOYR or 2.5Y, value of 5 or 6 and 4 or 5 moist, and chroma of 2 or 3. 
The clay content of the Bt horizon is between 35 and 60 percent. Structure of the Bt horizon 
ranges from weak or moderate, medium or coarse columnar in the Btl horizon and moderate or 
strong, medium or coarse blocky in the Bt2 horizon. 
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The Bz horizon has hue of 10YR or 2.5Y, value of 5 or 6 and 4 to 5 moist, and chroma of 2 to 3.
It has common or many accumulations of gypsum and other salts.

The C horizon has hue of 1OYR or 2.5Y, value of 5 or 6 and 4 or 5 moist, and chroma of 2 or 3. It
contains 20 to 50 percent fragments of shale.

Range in Characteristics (according to field observations, lab analysis): No significant range in
characteristics was found.

Taxonomic Class - Fine, smectitic, mesic Torrertic Haplustalfs

Suitability for Topsoil (According to WDEQ Guideline 1) - Marginal texture (clay) was found
from 3-60 inches. pH was unsuitable (acidic) at 3-60 inches. Estimated stripping depth is
3 inches.

Geographic Setting (According to Official Series Description) - Demar soils are on micro-highs
on nearly level to gently sloping alluvial terraces having pronounced micro-relief. Slope gradients
range from 0 to 6 percent. These soils formed in clayey alluvium derived from acid clay shales.
The mean annual air temperature ranges form 45 to 49 degrees F, and mean annual precipitation
ranges from 12 to 18 inches.
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The Bz horizon has hue of 10YR or 2.5Y, value of 5 or 6 and 4 to 5 moist, and chroma of 2 to 3. 
It has common or many accumulations of gypsum and other salts. 

The C horizon has hue of lOYR or 2.5Y; value of 5 or 6 and 4 or 5 moist, and chroma of 2 or 3. It 
contains 20 to 50 percent fragments of shale. 

Range in Characteristics (according to field observations, lab analysis): No significant range in 
characteristics was found. 

Taxonomic Class - Fine, smectitic, mesic Torrertic Haplustalfs 

Suitability for Topsoil (According to WDEQ Guideline 1) - Marginal texture (clay) was found 
from· 3-60 inches. pH was unsuitable (acidic) at 3-60 inches. Estimated stripping depth is 
3 inches. 

Geographic Setting (According to Official Series Description) - Demar soils are on micro-highs 
on nearly level to gently sloping alluvial terraces having pronounced micro-relief. Slope gradients 
range from 0 to 6 percent. These soils formed in clayey alluvium derived from acid clay shales. 
The mean annual air temperature ranges form 45 to 49 degrees F, and mean annual precipitation 
ranges from 12 to 18 inches. 
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SATANTA
LOAM

Soil Mapping Unit "Sc"
Lab/BKS Sample ID: G08020806-001_005

Typical Pedon: Satanta loam - in a cultivated field. (Colors are for dry soil unless otherwise
stated.)

The Satanta series consists of very deep well drained soils that formed in eolian deposits. These
soils are on plains or high stream terraces in the Central High Tablelands (MLRA 72). Slopes
range from 0 to 15 percent. Mean annual temperature is 13 degrees C. (56 degrees F.) and mean
annual precipitation is 48 centimeters (19 inches) at the type location.

A - 0-4 inches. Dark grayish brown (10YR 4/2) loam, moist; weak fine granular and weak
medium platy structure; friable, slightly hard; many fine and medium roots throughout; clear
smooth boundary; strongly acid (pH 5.3); noneffervescent.

Bt - 4-12 inches. Dark yellowish brown (10YR 3/4D) clay loam, moist; weak medium platy
structure; friable, slightly hard; many fine and medium roots throughout; abrupt smooth
boundary; neutral (pH 7.1); noneffervescent.

BC - 12-17 inches. Brown (10YR 4/3D) sandy clay loam, moist; moderate medium subangular
blocky and weak medium platy structure; friable, slightly hard; common fine roots throughout;
10 percent continuous distinct clay films on faces of peds; gradual smooth boundary; slightly
alkaline (pH 7.6); strongly effervescent.

Clk - 17-28 inches. Brown (10YR 5/3D) sandy clay loam, moist; moderate medium subangular
blocky and moderate medium prismatic structure; friable, hard; common fine roots throughout;
common fine moderate continuity tubular pores; 10 percent continuous distinct clay films on
faces of peds; gradual smooth boundary; moderately alkaline (pH 7.9); strongly effervescent.

C2k - 28-43 inches. Grayish brown (10YR 5/2D) sandy clay loam, moist; moderate medium
prismatic and moderate medium subangular blocky structure; friable, hard; common fine roots
throughout; common fine and medium moderate continuity tubular pores; 10 percent continuous
distinct clay films on faces of peds; clear smooth boundary; moderately alkaline (pH 7.9);
strongly effervescent.

Type Location - Haskell County, Kansas; refer to waypoint 82 on map included in this report.

Range in Soil Characteristics (According to Official Series Description) -

Calcium carbonate equivalent in the series control section: less than 15 percent
Coarse fragments: 0 to 10 percent gravel by volume
Depth to carbonates: 30 to 91 centimeters (12 to 36 inches)
Mollic epipedon thickness: 20 to 51 centimeters (8 to 20 inches)
Phases recognized: Sandy substratum, gravelly substratum, dry, elevation greater than
1219 meters (4,000 feet)
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Soil Mapping Unit "Sc" 

SATANTA 
LOAM 

Lab/BKS Sample ID: G08020806-00 1_005 

Typical Pedon: Satanta loam - in a cultivated field. (Colors are for dry soil unless otherwise 
stated.) 

The Satanta series consists of very deep well drained soils that formed in eolian deposits. These 
soils are on plains or high stream terraces in the Central High Tablelands (MLRA 72). Slopes 
range from 0 to 15 percent. Mean annual temperature is 13 degrees C. (56 degrees F.) and mean 
annual precipitation is 48 centimeters (19 inches) at the type location. ' 

A - 0-4 inches. Dark grayish brown (10YR 4/2) loam, moist; weak fine granular and weak 
medium platy structure; friable, slightly hard; many fine and medium roots throughout; clear 
smooth boundary; strongly acid (pH 5.3); noneffervescent. 

Bt - 4-12 inches. Dark yellowish brown (10YR 3/4D) clay loam, moist; weak medium platy 
structure; friable, slightly hard; many fine and medium roots throughout; abrupt smooth 
boundary; neutral (pH 7.1); noneffervescent. 

BC - 12-17 inches. Brown (1 OYR 4/3D) sandy clay loam, moist; moderate medium subangular 
blocky and weak medium platy structure; friable, slightly hard; common fine roots throughout; 
10 percent continuous distinct clay films on faces of peds; gradual smooth boundary; slightly 
alkaline (pH 7.6); strongly effervescent. 

Clk - 17-28 inches. Brown (10YR 5/3D) sandy clay loam, moist; moderate medium subangular 
blocky and moderate medium prismatic structure; friable, hard; common fine roots throughout; 
common fine moderate continuity tubular pores; 10 percent continuous distinct clay films on 
faces of peds; gradual smooth boundary; moderately alkaline (pH 7,9); strongly effervescent. 

C2k - 28-43 inches. Grayish brown (10YR 512D) sandy clay loam, moist; moderate medium 
prismatic and moderate medium subangular blocky structure; friable, hard; common fine roots 
throughout; common fine and medium moderate continuity tubular pores; 10 percent continuous 
distinct clay films on faces of peds; clear smooth boundary; moderately alkaline (pH 7.9); 
strongly effervescent. 

Type Location - Haskell County, Kansas; refer to waypoint 82 on map included in this report. 

Range in Soil Characteristics (According to Official Series Description) -

Calcium carbonate equivalent in the series control section: less than 15 percent 
Coarse fragments: 0 to 10 percent gravel by volume 
Depth to carbonates: 30 to 91 centimeters (12 to 36 inches) 
Mollic epipedon thickness: 20 to 51 centimeters (8 to 20 inches) 
Phases recognized: Sandy substratum, gravelly substratum, dry, elevation greater than 
1219 meters (4,000 feet) 
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A horizon:
Hue: lOYR
Value: 4 to 5, 2 to 3 moist
Chroma: 2 to 3
Reaction: slightly acid to slightly alkaline
Texture: loam, very fine sandy loam, clay loam, fine sandy loam
Comments: Some pedons have a BA horizon that is intermediate in color and texture between the
A and Bt horizons.

Bt horizon:
Hue: 7.5YR to 2.5Y
Value: 4 to 6, 3 to 5 moist
Chroma: 2 to 4
Reaction: neutral to moderately alkaline
Texture: loam, sandy clay loam, clay loam with 15 to 35 percent fine and coarser sand and less
than 50 percent sand

Bk or 2Bkb horizons:
Hue: 7.5YR to 2.5Y
Value: 4 to 6, 3 to 5 moist
Chroma: 2 to 6
Reaction: slightly to strongly alkaline
Texture: loam, sandy clay loam, clay loam with 15 to 35 percent fine and coarser sand and less

* than 50 percent sand

C or 3Ck horizons:
Hue: 1OYR, 2.5Y
Value: 5 to 7, 4 to 6 moist
Chroma: 2 to 6
Reaction: slightly or moderately alkaline
Texture: loam, silt loam, clay loam, sandy clay loam, very fine sandy loam, loamy fine sand, fine
sandy loam
Comments: Some pedons have a BCk horizon that has few carbonates that occur as seams,
threads or concretions.

Range in Characteristics (according to field observations, lab analysis): Textures are coarser than

typical for the series.

Taxonomic Class - Fine-loamy, mixed, superactive, mesic Aridic Argiustolls

Suitability for Topsoil (According to WDEQ Guideline 1) - pH was marginal (acidic) at 0-4
inches. Strongly effervescent at 12 inches. Estimated stripping depth is 43 inches.

Geographic Setting (According to Official Series Description) -
Landscape: terraces on nearly level to undulating plains
Landform: plains, high stream terraces
Slopes: 0 to 15 percent
Elevation: 610 to 1372 meters (2000 to 4500 feet)
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A horizon: 
Hue: 10YR 
Value: 4 to 5, 2 to 3 moist 
Chroma: 2 to 3 
Reaction: slightly acid to slightly alkaline 
Texture: loam, very fine sandy loam, clay loam, fine sandy loam 
Comments: Some pedons have a BA horizon that is intermediate in color and texture between the 
A and Bt horizons. 

Bt horizon: 
Hue: 7.5YR to 2.5Y 
Value: 4 to 6, 3 to 5 moist 
Chroma: 2 to 4 
Reaction: neutral to moderately alkaline 
Texture: loam, sandy clay loam, clay loam with 15 to 35 percent fine and coarser sand and less 
than 50 percent sand 

Bk or 2Bkb horizons: 
Hue: 7.5YR to 2.5Y 
Value: 4 to 6, 3 to 5 moist 
Chroma: 2 to 6 
Reaction: slightly to strongly alkaline 
Texture: loam, sandy clay loam, clay loam with 15 to 35 percent fine and coarser sand and less 
than 50 percent sand 

C or 3Ck horizons: 
Hue: 10YR, 2.5Y 
Value: 5 to 7,4 to 6 moist 
Chroma: 2 to 6 
Reaction: slightly or moderately alkaline 
Texture: loam, silt loam, clay loam, sandy clay loam, very fine sandy loam, loamy fine sand, fine 
sandy loam 
Comments: Some pedons have a BCk horizon that has few carbonates that occur as seams, 
threads or concretions. 

Range in Characteristics (according to field observations, lab analysis): Textures are coarser than 
typical for the series. 

Taxonomic Class - Fine-loamy, mixed, superactive, mesic Aridic Argiustolls 

Suitability for Topsoil (According to WDEQ Guideline 1) - pH was marginal (acidic) at 0-4 
inches. Strongly effervescent at 12 inches. Estimated stripping depth is 43 inches. 

Geographic Setting (According to Official Series Description) -
Landscape: terraces on nearly level to undulating plains 
Landform: plains, high stream terraces 
Slopes: 0 to 15 percent 
Elevation: 610 to 1372 meters (2000 to 4500 feet) 
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Parent material: eolian deposits
Mean annual air temperature: 7 to 14 degrees C. (45 to 57 degrees F.)
Mean annual precipitation: 35 to 56 centimeters (14 to 22 inches)
Frost-free period: 140 to 200 days
Thornthwaite Annual PE Index: 25 to 40
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Parent material: eolian deposits 
Mean annual air temperature: 7 to 14 degrees C. (45 to 57 degrees F.) 
Mean annual precipitation: 35 to 56 centimeters (14 to 22 inches) 
Frost-free period: 140 to 200 days 
Thomthwaite Annual PE Index: 25 to 40 
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SNOMO
SILTY CLAY LOAM

Soil Mapping Unit "Gs"
Lab/BKS Sample ID: G08020806-006_011

Typical Pedon: Snomo silty clay loam- on an 8 percent north-facing slope in scattered trees with
native grass understory. (Colors are for dry soil unless otherwise stated.)

The Snomo series consists of deep or very deep, well drained soils formed in clayey materials
weathered from acid shale on the uplands. These soils have moderate permeability. Slopes range
from 2 to 20 percent. Mean annual precipitation is about 17 inches and mean annual air
temperature is about 45 degrees F.

A - 0-3 inches. Light gray (IOYR 6/1) silty clay loam, moist; weak thick platy structure parting to
weak fine granular; hard, friable, slightly sticky and slightly plastic; many fine and medium roots;
clear smooth boundary; very strongly acid (pH 4.8); noneffervescent.

Btl - 3-17 inches. Grayish brown (10YR 5/2D) silty clay, moist, rubbed dark grayish brown
(10YR 4/2) moist; weak coarse prismatic structure parting to weak medium and fine subangular
blocky; very hard, friable, sticky and plastic; common fine roots; clear smooth boundary; very
strongly acid (pH 4.8); noneffervescent.

BtC - 17-33 inches. Dark grayish brown (10YR 4/2D) silty clay, moist; weak coarse prismatic
structure parting to weak medium subangular blocky; hard, friable, sticky and plastic; few fine
roots; few fine fragments of shale; clear wavy boundary; moderately acid (pH 5.7);
noneffervescent.

Cln - 33-42 inches. Grayish brown (10YR 5/2D) silt loam, moist; few fine distinct mottles of
yellow (2.5Y 8/6) massive; slightly hard, friable, sticky and plastic; few fine roots; many fine
fragments of shale, abrupt wavy boundary; slightly acid (pH 7.6); noneffervescent.

C2n - 42-52 inches. Brown (IOYR 5/3D) silt loam, moist; massive; slightly hard, friable, sticky
and plastic; many coarse fragments of brittle shale; extremely acid; clear wavy boundary;
moderately acid (pH 7.9); noneffervescent.

C3n - 52-60 inches. Pale brown (1OYR 6/3D) silt loam, moist; yellow (5Y 8/6) and yellowish red

(5YR 5/8) coatings on fracture faces of shale; moderately acid (pH 7.9); noneffervescent.

Type Location - Butte County, South Dakota- refer to waypoint 83 on map included in this report.

Range in Soil Characteristics (According to Official Series Description) - Bedded shale typically
is between a depth of 40 and 60 inches but is below 60 inches in some pedons. Colors throughout
the soil are inherent to the shale.

The A horizon has hue of 1OYR, value of 5 to 7 and 3 or 4 moist, and chroma of 1 or 2. It is silty
clay or clay and contains 0 to 15 percent by volume of fine fragments of shale less than 3 mm in
size. It is extremelyacid to slightly acid. Some pedons have a thin distinct E horizon as evidenced
by prominent clean silt and sand grains.
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Soil Mapping Unit "Gs" 

SNOMO 
SILTY CLAY LOAM 

Lab/BKS Sample ID: G08020806-006_0l1 

'Typical Pedon: Snomo silty clay loam- on an 8 percent north-facing slope in scattered trees with 
native grass understory. (Colors are for dry soil unless otherwise stated.) 

The Snomo series consists of deep or very deep, well drained soils formed in clayey materials 
weathered from acid shale on the uplands. These soils have moderate permeability. Slopes range 
from 2 to 20 percent. Mean annual precipitation is about 17 inches and mean annual air 
temperature is about 45 degrees F. 

A- - 0-3 inches. Light gray (1 OYR 611) silty clay loam, moist; weak thick platy structure parting to 
weak fine granular; hard, friable, slightly sticky and slightly plastic; many fine and medium roots; 
clear smooth boundary; very strongly acid (pH 4.8); noneffervescent. 

Btl - 3-17 inches. Grayish brown (10YR 5/2D) silty clay, moist, rubbed dark grayish brown 
(10YR 4/2) moist; weak coarse prismatic structure parting to weak medium and fine subangular 
blocky; very hard, friable, sticky and plastic; common fine roots; clear smooth boundary; very 
strongly acid (pH 4.8); noneffervescent. 

BtC - 17-33 inches. Dark grayish brown (lOYR 4/2D) silty clay, moist; weak coarse prismatic 
structure parting to weak medium subangular blocky; hard, friable, sticky and plastic; few fine 
roots; few fine fragments of shale; clear wavy boundary; moderately acid (pH 5.7); 
noneffervescent. 

C1n - 33-42 inches. Grayish brown (lOYR 5/2D) silt loam, moist; few fine distinct mottles of 
yellow (2.5Y 8/6) massive; slightly hard, friable, sticky and plastic; few fine roots; many fine 
fragments of shale, abrupt wavy boundary; slightly acid (pH 7.6); noneffervescent. 

C2n - 42-52 inches. Brown (lOYR 5/3D) silt loam, moist; massive; slightly hard, friable, sticky 
and plastic; many coarse fragments of brittle shale; extremely acid; clear wavy boundary; 
moderately acid (pH 7.9); noneffervescent. 

C3n - 52-60 inches. Pale brown (lOYR 6/3D) silt loam, moist; yellow (5Y 8/6) and yellowish red 
(5YR 5/8) coatings on fracture faces of shale; moderately acid (pH 7.9); noneffervescent. 

Type Location - Butte County, South Dakota; refer to waypoint 83 on map included in this report. 

Range in Soil Characteristics (According to Official Series Description) - Bedded shale typically 
is between a depth of 40 and 60 inches but is below 60 inches in some pedons. Colors throughout 
the soil are inherent to the shale. 

The A horizon has hue of 10YR, value of 5 to 7 and 3 or 4 moist, and chroma of 1 or 2. It is silty 
clay or clay and contains 0 to 15 percent by volume of fine fragments of shale less than 3 mm in 
size. It is extremely acid to slightly acid. Some pedons have a thin distinct E horizon as evidenced 
by prominent clean silt and sand grains . 
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The Bw horizon has hue of 1OYR, 2.5Y, and 7.5YR, value of 5 or 6 and 3 or 4 moist, and chroma
of 2 to 4. Moist value typically is one unit higher when rubbed. It has 0 to 20 percent by volume
of fine fragments of shale less than 3 mm in size. It is strongly acid to extremely acid.

The BC and C horizons have hue of 10YR or 2.5Y, value of 5 or 6 and 3 to 5 moist, and chroma
of 1 to 3. Moist value typically is one unit higher when rubbed. They have 15 to 50 percent by
volume of fine to coarse fragments of shale ranging from 1 to 25 mm in size. They are very
strongly acid or extremely acid.

The Cr horizon is multicolored in hue of 1OYR, 2.5Y, or 5Y; and is very hard and brittle but has a
hardness of less than 3 on the Mob's scale of hardness. It is very strongly acid or extremely acid.

Range in Characteristics (according to field observations, lab analysis): Textures are slightly finer
and have less clay than typical for the series.

Taxonomic Class - Very-fine, smectitic, mesic Torrertic Dystrustepts

Suitability for Topsoil (According to WDEQ Guideline 1) - Marginal texture (clay) was found
from 3-33 inches. pH was unsuitable (acidic) at 0-17 inches. Saturation percentage was marginal
at 45-52 inches. Boron was unsuitable at 33-60 inches. Estimated stripping depth is 0 inches.

Geographic Setting (According to Official Series Description) - Snomo soils are on gently
sloping to moderately steep uplands. Slope gradients range from 2 to 20 percent. The soil formed
in clayey materials weathered from acid shale. Mean annual temperature ranges from 43 to
48 degrees F, and precipitation from 14 to 18 inches.
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The Bw horizon has hue of 10YR, 2.5Y, and 7.5YR, value of 5 or 6 and 3 or 4 moist, and chroma 
of 2 to 4. Moist value typically is one unit higher when rubbed. It has 0 to 20 percent by volume 
of fine fragments of shale less than 3 mm in size. It is strongly acid to extremely acid. 

The BC and C horizons have hue of 10YR or 2.5Y, value of 5 or 6 and 3 to 5 moist, and chroma 
of 1 to 3. Moist value typically is one unit higher when rubbed. They have 15 to 50 percent by 
volume of fine to coarse fragments of shale ranging from 1 to 25 mm in size. They are very 
strongly acid or extremely acid. 

The Cr horizon is multicolored in hue of lOYR, 2.5Y, or 5Y; and is very hard and brittle but has a 
hardness of less than 3 on the Moh's scale of hardness. It is very strongly acid or extremely acid. 

Range in Characteristics (according to field observations, lab analysis): Textures are slightly finer 
and have less clay than typical for the series. 

Taxonomic Class - Very-fine, smectitic, mesic Torrertic Dystrustepts 

Suitability for Topsoil (According to WDEQ Guideline 1) - Marginal texture (clay) was found 
from 3-33 inches. pH was unsuitable (acidic) at 0-17 inches. Saturation percentage was marginal 
at 45-52 inches. Boron was unsuitable at 33-60 inches. Estimated stripping depth is 0 inches. 

Geographic Setting (According to Official Series Description) - Snomo soils are on gently 
sloping to moderately steep uplands. Slope gradients range from 2 to 20 percent. The soil formed 
in clayey materials weathered from acid shale. Mean annual temperature ranges from 43 to 
48 degrees F, and precipitation from 14 to 18 inches. ' 
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LOHMILLER
SILTY CLAY LOAM

Soil Mapping Unit "Lo"
Lab/BKS Sample ID: G08020806-012_016

Typical Pedon: Lohmiller silty clay loam- on a plane slope of less than 1 percent in a cultivated
field. (Colors are for dry soil unless otherwise stated.)

The Lohmiller series consists of very deep, well drained soils formed in alluvium on bottom
lands. Permeability is slow or moderately slow. Slopes range from 0 to 8 percent. Mean annual
precipitation is about 15 inches, and mean annual air temperature is about 46 degrees F.

A - 0-5 inches. Light gray (10YR 6/1) silty clay loam, moist; moderate medium granular
structure; hard, friable; many fine roots; neutral; clear smooth boundary; slightly alkaline
(pH 7.4); noneffervescent.

Cln - 5-18 inches. Very dark grayish brown (10YR 3/2D) silty clay loam, moist; massive; very
hard, firm; thin bedding planes evident; common very fine roots; moderately alkaline (pH 8.2);
noneffervescent.

C2n - 18-37 inches. Brown (1 OYR 4/3D) silty clay, moist; massive; very hard, firm; thin bedding
planes evident; common very fine roots; moderately alkaline (pH 8.4); noneffervescent.

C3n - 37-47 inches. Brown (10YR 5/3D) silty clay loam, moist; massive; very hard, firm; thin
bedding planes evident; common very fine roots; moderately alkaline (pH 8.3); very slightly
effervescent.

C4n - 47-60 inches. Dark grayish brown (10YR 4/2D) clay loam, moist; massive; very hard,
firm; thin bedding planes evident; common very fine roots; moderately alkaline (pH 8.1); very
slightly effervescent.

Type Location - Fall River County, South Dakota; refer to waypoint 84 on map included in this
report.

Range in Soil Characteristics (According to Official Series Description) - Carbonates are within
10 inches of the surface. The control section averages from 35 to 50 percent clay.

The A horizon has hue of 1OYR or 2.5Y, value of 5 or 6 and 4 or 5 moist, and chroma of 2 to 4.
Some pedons have value of 4 dry and 3 moist in the upper 4 inches. It typically is silty clay loam
or clay loam but is silty clay in some pedons. It ranges from neutral to moderately alkaline.

The C horizon has hue of 1OYR, 2.5Y, or 5Y; value of 5 to 7 and 4 to 6 moist; and chroma of 2 to
4. It typically is clay loam or silty clay loam but is silty clay or clay in some pedons. It is
stratified with thin layers of loamy sand, fine sandy loam, loam, sandy clay or silt loam. It is
slightly alkaline or moderately alkaline. Some pedons have accumulations of carbonates.

Range in Characteristics (according to field observations, lab analysis): No significant range in
characteristics was found.
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Soil Mapping Unit "Lo" 

LOHMILLER 
SILTY CLAY LOAM 

Lab/BKS Sample ID: G08020806-0} 2_016 

Typical Pedon: Lohmiller silty clay loam- on a plane slope of less than 1 percent in a cultivated 
field. (Colors are for dry soil unless otherwise stated.) 

The Lohmiller series consists of very deep, well drained soils formed in alluvium on bottom 
lands. Permeability is slow or moderately slow. Slopes range from 0 to 8 percent. Mean annual 
precipitation is about 15 inches, and mean annual air temperature is about 46 degrees F. 

A - 0-5 inches. Light gray (lOYR 6/1) silty clay loam, moist; moderate medium granular 
structure; hard, friable; many fine roots; neutral; clear smooth boundary; slightly alkaline 
(pH 7.4); noneffervescent. 

Cln - 5-18 inches. Very dark grayish brown (lOYR 3/2D) silty clay loam, moist; massive; very 
hard, firm; thin bedding planes evident; common very fine roots; moderately alkaline (pH 8.2); 
noneffervescent. 

C2n - 18-37 inches. Brown (lOYR 4/3D) silty clay, moist; massive; very hard, firm; thin bedding 
planes evident; common very fine roots; moderately alkaline (pH 8.4); noneffervescent. 

C3n - 37-47 inches. Brown (lOYR 5/3D) silty clay loam, moist; massive; very hard, firm; thin 
bedding planes evident; common very fine roots; moderately alkaline (pH 8.3); very slightly 
effervescent. 

C4n - 47-60 inches. Dark grayish brown (lOYR 4/2D) clay loam, moist; massive; very hard, 
firm; thin bedding planes evident; common very fine roots; moderately alkaline (pH 8.1); very 
slightly effervescent. 

Type Location - Fall River County, South Dakota; refer to waypoint 84 on map included in this 
report. 

Range in Soil Characteristics (According to Official Series Description) - Carbonates are within 
10 inches of the surface. The control section averages from 35 to 50 percent clay. 

The A horizon has hue of 10YR or 2.5Y, value of 5 or 6 and 4 or 5 moist, and chroma of 2 to 4. 
Some pedons have value of 4 dry and 3 moist in the upper 4 inches. It typically is silty clay loam 
or clay loam but is silty clay in some pedons. It ranges from neutral to moderately alkaline. 

The C horizon has hue of 10YR, 2.5Y, or 5Y; value of 5 to 7 and 4 to 6 moist; and chroma of2 to 
4. It typically is clay loam or silty clay loam but is silty clay or clay in some pedons. It is 
stratified with thin layers of loamy sand, fine sandy loam, loam, sandy clay or silt loam. It is 
slightly alkaline or moderately alkaline. Some pedons have accumulations of carbonates. 

Range in Characteristics (according to field observations, lab analysis): No significant range in 
characteristics was found. 
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Taxonomic Class - Fine, smectitic, calcareous, mesic Torrertic Ustifluvents

Suitability for Topsoil (According to WDEO Guideline 1) - Marginal texture (clay) was found
from 18-37 inches. Saturation percentage was marginal at 0-18 inches. Sodium absorption ratio
was marginal at 5-18 inches and 37-47 inches and was unsuitable at 18-37 inches. Electrical
conductivity was marginal at 5-18 inches and 37-60 inches and was unsuitable at 18-37 inches.
Estimated stripping depth is 5 inches.

Geographic Setting (According to Official Series Description) - Lohmiller soils are on flood
plains and high bottom lands of rivers and streams and on alluvial fans of foot slopes. Slopes are
typically less than 2 percent but range from 0 to 8 percent. The soils formed in calcareous
alluvium from sedimentary rock. Mean annual air temperature ranges from 45 to 48 degrees F,
and mean annual precipitation ranges from 10 to 19 inches.
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Taxonomic Class - Fine, smectitic, calcareous, mesic Torrertic Ustifluvents 

Suitability for Topsoil (According to WDEQ Guideline 1) - Marginal texture (clay) was found 
from 18-37 inches. Saturation percentage was marginal at 0-18 inches. Sodium absorption ratio 
was marginal at 5-18 inches and 37-47 inches and was unsuitable at 18-37 inches. Electrical 
conductivity was marginal at 5-18 inches and 37-60 inches and was unsuitable at 18-37 inches. 
Estimated stripping depth is 5 inches. 

Geographic Setting (According to Official Series Description) - Lohmiller soils are on flood 
plains and high bottom lands of rivers and streams and on alluvial fans of foot slopes. Slopes are 
typically less than 2 percent but range from 0 to 8 percent. The soils formed in calcareous 
alluvium from sedimentary rock. Mean annual air temperature ranges from 45 to 48 degrees F, 
and mean annual precipitation ranges from 10 to 19 inches. 
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KYLE
LOAM

Soil Mapping Unit "Ky"
Lab/BKS Sample ID: G08020806-017_020

Typical Pedon: Kyle loam- on a west-facing plane slope of 2 percent in native grass. (Colors are
for dry soil unless otherwise stated.)

The Kyle series consists of very deep and well drained soils formed in sediments weathered from
clay shale on uplands. Permeability is very slow. Slopes range from 0 to 15 percent. Mean annual
precipitation is about 16 inches, and mean annual air temperature is about 47 degrees F.

A - 0-2 inches. Grayish brown (2.5YR 5/2) loam, moist; moderate medium and fine granular
structure; hard, firm, sticky and plastic; thin crust in upper 1/4 inch of light brownish gray
(2.5Y 6/2); common fine roots; neutral; clear wavy boundary; slightly acid (pH 6.3);
noneffervescent.

Btl - 2-7 inches. Very dark grayish brown (1OYR 3/2D) silty clay loam, moist; weak coarse
blocky structure parting to weak medium and fine blocky; very hard, very firm, sticky and plastic;
common fine roots; gradual wavy boundary; neutral (pH 7.3); noneffervescent.

Bt2 - 7-17 inches. Brown (1OYR 4/3D)silty clay loam, moist; weak coarse subangular blocky
structure parting to weak medium and fine blocky; extremely hard, very firm, very sticky and
very plastic; few intersecting slickensides; few fine roots; clear wavy boundary; moderately
alkaline (pH 7.9); strongly effervescent.

Ck - 17-30 inches. Brown (1OYR 4/3D) clay loam, moist; weak coarse subangular blocky
structure parting to weak medium and fine blocky; extremely hard, very firm, very sticky and
very plastic; few intersecting slickensides; few fine roots; clear wavy boundary; moderately
alkaline (pH 8.0); strongly effervescent.

Type Location - Fall River County, South Dakota; refer to waypoint 85 on map included in this
report.

Range in Soil Characteristics (According to Official Series Description) - The soil typically does
not have carbonates to depths of 4 to 6 inches, but some pedons contain carbonates to the surface.
When the soil is dry, cracks 1/2 inch to 2 inches wide and several feet long extend downward
through the solum. The control section averages 60 to 65 percent clay. The soil does not have a
mollic epipedon but the upper 10 inches of the solum has an average organic carbon content
between 0.6 and 1.7 percent. When the soil is dry, a porous surface crust 1/8 inch to 1/2 inch
thick with dry color value of 6 or 7 is typical. Gypsum and other salts are below depths of
20 inches.

The A horizon has hue of 1OYR, 2.5Y or 5Y, value of 5 or 6 and.3 to 5 moist, and chroma of
1 to 3. It typically is clay but some is silty clay. It is neutral or slightly alkaline.

The Bw and Bss horizons have hue of 2.5Y or 5Y, value of 5 or 6 and 4 or 5 moist, and chroma
of 2 to 4. Both dry and moist colors of the surface of peds range from 1/2 to 1 value darker than
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Soil Mapping Unit "Ky" 
Lab/BKS Sample lD: G08020806-017_020 

KYLE 
LOAM 

Typical Pedon: Kyle loam- on a west-facing plane slope of 2 percent in native grass. (Colors are 
for dry soil unless otherwise stated.) 

The Kyle series consists of very deep and well drained soils fonned in sediments weathered from 
clay shale on uplands. Penneability is very slow. Slopes range from 0 to 15 percent. Mean annual 
precipitation is about 16 inches, and mean annual air temperature is about 47 degrees F. 

A - 0-2 inches. Grayish brown (2.5YR 512) loam, moist; moderate medium and fine granular 
structure; hard, finn, sticky and plastic; thin crust in upper 114 inch of light brownish gray 
(2.5Y 6/2); common fine roots; neutral; clear wavy boundary; slightly acid (pH 6.3); 
noneffervescent. 

Btl - 2-7 inches. Very dark grayish brown (lOYR 3/2D) silty clay loam, moist; weak coarse 
blocky structure parting to weak medium and fine blocky; very hard, very finn, sticky and plastic; 
common fine roots; gradual wavy boundary; neutral (pH 7.3); noneffervescent. 

Bt2 - 7-17 inches. Brown (10YR 4/3D)silty clay loam, moist; weak coarse subangular blocky 
structure parting to weak medium and fine blocky; extremely hard, very finn, very sticky and 
very plastic; few intersecting slickensides; few fine roots; clear wavy boundary; moderately 
alkaline (pH 7.9); strongly effervescent. 

Ck - 17-30 inches. Brown (lOYR 4/3D) clay loam, moist; weak coarse subangular blocky 
structure parting to weak medium and fine blocky; extremely hard, very finn, very sticky and 
very plastic; few intersecting slickensides; few fine roots; clear wavy boundary; moderately 
alkaline (pH 8.0); strongly effervescent. 

Type Location - Fall River County, South Dakota; refer to waypoint 85 on map included in this 
report. 

Range in Soil Characteristics (According to Official Series Description) - The soil typically does 
not have carbonates to depths of 4 to 6 inches, but some pedons contain carbonates to the surface. 
When the soil is dry, cracks 1/2 inch to 2 inches wide and several feet long extend downward 
through the solum. The control section averages 60 to 65 percent clay. The soil does not have a 
mollic epipedon but the upper 10 inches of the solum has an average organic carbon content 
between 0.6 and 1.7 percent. When the soil is dry, a porous surface crust 1/8 inch to 1/2 inch 
thick with dry color value of 6 or 7 is typical. Gypsum and other salts are below depths of 
20 inches. 

The A horizon has hue of lOYR, 2.5Y or 5Y, value of 5 or 6 and.3 to 5 moist, and chroma of 
1 to 3. It typically is clay but some is silty clay. It is neutral or slightly alkaline. 

The Bw and Bss horizons have hue of 2.5Y or 5Y, value of 5 or 6 and 4 or 5 moist, and chroma 
of 2 to 4. Both dry and moist colors of the surface of peds range from 112 to 1 value darker than 
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the crushed peds. They are extremely hard or very hard when dry and extremely firm or very firm
when moist. They are slightly alkaline or moderately alkaline.

The BCss horizon has hue of 2.5Y or 5Y, value of 5 or 6 and 4 or 5 moist, and chroma of 2 to 4.
It has few to common accumulations of gypsum and other salts in most pedons. It is slightly
alkaline or moderately alkaline.

Some pedons have a Bk horizon that has colors similar to the BC horizon. It has few to common
accumulations of carbonate. It is slightly alkaline or moderately alkaline.

The Cy horizon has hue of 2.5Y or 5Y, value of 5 or 6 and 4 or 5 moist, and chroma of 2 to 4. It
is clay and some pedons contain up to 35 percent fragments of shale below 40 inches. It has few
to many accumulations of gypsum or other salts. Unweathered shale typically is at depths greater
than 5 feet but is as shallow as 40 inches in some pedons. It is slightly alkaline or moderately
alkaline.

Range in Characteristics (according to field observations, lab analysis): Textures are slightly finer
and have less clay than typical for the series.

Taxonomic Class - Very-fine, smectitic, mesic Aridic Haplusterts

Suitability for Topsoil (According to WDEQ Guideline 1) - Saturation percentage was marginal
at 2-7 inches. Strongly effervescent at 7 inches. Estimated stripping depth is 30 inches.

Geographic Setting (According to Official Series Description) - Kyle soils are nearly level to
strongly sloping on uplands and colluvial fans. Slopes are plane to convex, and slope gradients
range from 0 to 15 percent. Gilgai microrelief is in most areas. The soil formed in clayey
sediments weathered from calcareous clay shale. Mean annual air temperature ranges from
45 to 53 degrees F, and mean annual precipitation ranges from about 12 to 19 inches.
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the crushed peds. They are extremely hard or very hard when dry and extremely firm or very firm 
when moist. They are slightly alkaline or moderately alkaline. 

The BCss horizon has hue of 2.5Y or 5Y, value of 5 or 6 and 4 or 5 moist, and chroma of 2 to 4. 
It has few to common accumulations of gypsum and other salts in most pedons. It is slightly 
alkaline or moderately alkaline. 

Some pedons have a Bk horizon that has colors similar to the BC horizon. It has few to conimon 
accumulations of carbonate. It is slightly alkaline or moderately alkaline. 

The Cy horizon has hue of 2.5Y or 5Y, value of 5 or 6 and 4 or 5 moist, and chroma of 2 to 4. It 
is clay and some pedons contain up to 35 percent fragments of shale below 40 inches. It has few 
to many accumulations of gypsum or other salts. Unweathered shale typically is at depths greater 
than 5 feet but is as shallow as 40 inches in some pedons. It is slightly alkaline or moderately 
alkaline. 

Range in Characteristics (according to field observations, lab analysis): Textures are slightly finer 
and have less clay than typical for the series. 

Taxonomic Class - Very-fine, smectitic, mesic Aridic Haplusterts 

Suitability for Topsoil (According to WDEQ Guideline 1) - Saturation percentage was marginal 
at 2-7 inches. Strongly effervescent at 7 inches. Estimated stripping depth is 30 inches. 

Geographic Setting (According to Official Series Description) - Kyle soils are nearly level to 
strongly sloping on uplands and colluvial fans. Slopes are plane to convex, and slope gradients 
range from 0 to 15 percent. Gilgai microrelief is in most areas. The soil formed in clayey 
sediments weathered from calcareous clay shale. Mean annual air temperature ranges from 
45 to 53 degrees F, and mean annual precipitation ranges from about 12 to 19 inches. 
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SAMSIL
NON CALCAREOUS VARIANT

Soil Mapping Unit "Sa"
Lab/BKS Sample ID: G08020806-021_023

Typical Pedon: Samsil clay loam- on a convex, southwest-facing slope of 15 percent in native
grass. When described the soil was moist to 12 inches, dry from 12 to 21 inches, and moist below
21 inches. (Colors are for dry soil unless otherwise stated.)

The Samsil series consists of shallow, well drained soils formed in alluvium or residuum
weathered from shale. Permeability is slow. Slope ranges from 2 to 60 percent. Mean annual
precipitation is about 15 inches, and mean annual air temperature is about 47 degrees F.

A - 0-2 inches. Light brownish gray (2.5Y 6/2) clay loam, moist; moderate fine granular
structure; slightly hard, friable, sticky and plastic; common fine roots; few very fine fragments of
shale; clear wavy boundary; neutral (pH 6.7); noneffervescent.

AC - 2-9 inches. Light yellowish brown (2.5Y 6/3D) silty clay, moist; weak medium subangular
blocky structure parting to weak medium granular; hard, friable, sticky and plastic; common fine
roots; common fine fragments of soft shale; clear wavy boundary; slightly alkaline (pH 7.8);
noneffervescent.

C - 9-18 inches. Grayish brown (2.5Y 5/2D) silt, moist; massive; hard, friable, sticky and plastic;
common fine roots; about 50 percent by volume of fragments of soft shale; common distinct olive
yellow (2.5Y 6/6) stains on faces of shale fragments; few fine and medium accumulations of
carbonate; gradual wavy boundary; slightly alkaline (pH 7.6); noneffervescent.

Type Location - Pennington County, South Dakota; refer to waypoint 88 on map included in this
report.

Range in Soil Characteristics (According to Official Series Description) - The control section is
clay and contains 50 to 65 percent clay. The depth to bedded shale ranges from 6 to 20 inches.
Horizons above the shale range from loose to hard when dry, and friable or firm when moist.
These horizons contain free carbonates. Effervescence ranges from slight to strong and reaction is
slightly alkaline or moderately alkaline. The Cl and C2 horizons and upper part of the Cr
horizons commonly have accumulations of carbonate, gypsum, and other salts. Colors
throughout, including mottles and stains, are inherited from the shale.

The A horizon has hue of 5Y, 2.5Y, or IOYR, value of 4 to 7 and 3 to 6 moist, and chroma of
2 to 4. It is clay, silty clay, silty clay loam or clay loam and commonly contains few to common
fragments of shale ranging from 2 to 25 mm in diameter. It has fine or medium subangular blocky
or fine or very fine granular structure. The upper 1/4 to 1/2 inch commonly is a fragile crust or
mulch or very fine granules when dry.

The AC horizon has hue of 5Y, 2.5Y, or 1OYR, value of 4 to 7 and 3 to 6 moist, and chroma of
1 to 4. It contains up to 35 percent fragments of shales by volume that range from less than 2 mm
to 30 mm in diameter.
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SAMSIL 
NON CALCAREOUS VARIANT 

Soil Mapping Unit "Sa" 
Lab/BKS Sample ID: G08020806-021_ 023 

Typical Pedon: Samsil clay loam- on a convex, southwest-facing slope of 15 percent in native 
grass. When described the soil was moist to 12 inches, dry from 12 to 21 inches, and moist below 
21 inches. (Colors are for dry soil unless otherwise stated.) 

The Samsil series consists of shallow, well drained soils formed in alluvium or residuum 
weathered from shale. Permeability is slow. Slope ranges from 2 to 60 percent. Mean annual 
precipitation is about 15 inches, and mean annual air temperature is about 47 degrees F. 

A - 0-2 inches. Light brownish gray (2.5Y 612) clay loam, moist; moderate fine granular 
structure; slightly hard, friable, sticky and plastic; common fine roots; few very fine fragments of 
shale; clear wavy boundary; neutral (pH 6.7); noneffervescent. 

AC - 2-9 inches. Light yellowish brown (2.5Y 6/3D) silty clay, moist; weak medium subangular 
blocky structure parting to weak medium granular; hard, friable, sticky and plastic; common fine 
roots; common fine fragments of soft shale; clear wavy boundary; slightly alkaline (pH 7.8); 
noneffervescent. 

C - 9-18 inches. Grayish brown (2.5Y 5/2D) silt, moist; massive; hard, friable, sticky and plastic; 
common fine roots; about 50 percent by volume of fragments of soft shale; common distinct olive 
yellow (2.5Y 6/6) stains on faces of shale fragments; few fine and medium accumulations of 
carbonate; gradual wavy boundary; slightly alkaline (pH 7.6); noneffervescent. 

Type Location - Pennington County, South Dakota; refer to waypoint 88 on map included in this 
report. 

Range in Soil Characteristics (According to Official Series Description) - The control section is 
clay and contains 50 to 65 percent clay. The depth to bedded shale ranges from 6 to 20 inches. 
Horizons above the shale range from loose to hard when dry, and friable or firm when moist. 
These horizons contain free carbonates. Effervescence ranges from slight to strong and reaction is 
slightly alkaline or moderately alkaline. The C I and C2 horizons and upper part of the Cr 
horizons commonly have accumulations of carbonate, gypsum, and other salts. Colors 
throughout, including mottles and stains, are inherited from the shale. 

The A horizon has hue of 5Y, 2.5Y, or lOYR, value of 4 to 7 and 3 to 6 moist, and chroma of 
2 to 4. It is clay, silty clay, silty clay loam or clay loam and commonly contains few to common 
fragments of shale ranging from 2 to 25 mm in diameter. It has fine or medium subangular blocky 
or fine or very fine granular structure. The upper 1/4 to 112 inch commonly is a fragile crust or 
mulch or very fine granules when dry. 

The AC horizon has hue of 5Y, 2.5Y, or lOYR, value of 4 to 7 and 3 to 6 moist, and chroma of 
I to 4. It contains up to 35 percent fragments of shales by volume that range from less than 2 mm 
to 30 mm in diameter . 
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The C horizon has hue of 5Y, 2.5Y or lOYR, value of 4 to 7 and 3 to 6 moist, and chroma of I to
4. It is clay. The C horizon contains from 35 to more than 50 percent fragments of shale by
volume that range from less than 2 mm to 35 mm in diameter. >

The Cr horizon has the same range in color as the overlying C horizons. Ii ranges from medium
acid to moderately alkaline.

Range in Characteristics (according to field observations, lab analysis): Textures are slightly finer
and have less clay than typical for the series.

Taxonomic Class - Clayey, smectitic, calcareous, mesic, shallow Aridic Ustorthents

Suitability for Topsoil (According to WDEQ Guideline 1) - Marginal texture (clay) was found
from 2-9 inches. Estimated stripping depth is 18 inches.

Geographic Setting (According to Official Series Description) - Samsil soils are on gently sloping
to very steep hills, ridges and breaks of dissected shale plains. Surfaces mainly are convex, and
slope gradients range from 2 to 60 percent or more. The soil formed in alluvium or residuum
weathered from shale. Mean annual air temperature ranges from 45 to 48 degrees F, and mean
annual precipitation ranges from 14 to 19 inches.
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The C horizon has hue of 5Y, 2.5Y or lOYR, value of 4 to 7 and 3 to 6 moist, and chroma of 1 to 
4. It is clay. The C horizon contains from 35 to more than 50 percent fr~gments of shale by 
volume that range from less than 2 mm to 35 mm in diameter. )r 

The Cr horizon has the same range in color as the overlying C horizons. Ii ranges from medium 
acid to moderately alkaline. 

Range in Characteristics (according to field observations, lab analysis): Textures are slightly finer 
and have less clay than typical for the series. 

Taxonomic Class - Clayey, smectitic, calcareous, mesic, shallow Aridic Ustortlients 

Suitability for Topsoil (According to WDEQ Guideline 1) - Marginal texture (clay) was found 
from 2-9 inches. Estimated stripping depth is 18 inches. 

Geographic Setting (According to Official Series Description) - Samsil soils are on gently sloping 
to very steep hills, ridges and breaks of dissected shale plains. Surfaces mainly are convex, and 
slope gradients range from 2 to 60 percent or more. The soil formed in alluvium or residuum 
weathered from shale. Mean annual air temperature ranges from 45 to 48 degrees F, and mean 
annual precipitation ranges from 14 to 19 inches. 
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PIERRE
SILTY CLAY LOAM

Soil Mapping Unit "Pe"
Lab/BKS Sample ID: G08020806-024_027

Typical Pedon: Pierre silty clay loam - on a convex slope of 7 percent in native grass. (Colors are
for dry soil unless otherwise stated.)

The Pierre series consists of moderately deep, well drained soils formed in clayey residuum
weathered from shale bedrock on uplands. Permeability is very slow. Slopes range from 0 to
30 percent. Mean annual precipitation is about 15 inches, and mean annual air temperature is
about 46 degrees F.

A - 0-2 inches. Grayish brown (2.5Y 5/2) silty clay loam, moist; moderate fine subangular blocky
structure parting to weak very fine granular; hard, firm, sticky and plastic; 1 percent pebbles;
clear smooth boundary; strongly acid (pH 5.4); noneffervescent.

Bt- 2-18 inches. Brown (10YR 5/3) silty clay, moist; moderate medium and coarse prismatic
structure; extremely hard, very firm, very sticky and very plastic; common distinct intersecting
slickensides; few fine accumulations of iron; 1 percent pebbles; gradual wavy boundary; slightly
alkaline (pH 7.7); strongly effervescent.

Cln - 18-31 inches. Grayish brown (10YR 5/2) silty clay, moist; moderate coarse prismatic
structure; extremely hard, very firm, very sticky and very plastic; common distinct intersecting
slickensides; few fine nests of iron and common fine accumulations of gypsum; 1 percent
pebbles; gradual wavy boundary; slightly alkaline (pH 7.8); strongly effervescent.

C2n - 31-37 inches. Light brownish gray (2.5Y 6/2) silty clay, moist; common distinct strong
brown (7.5YR 5/6) and yellowish brown (10YR 5/6) iron stains; many fine accumulations of
gypsum and carbonate; 1 percent pebbles; gradual wavy boundary; slightly alkaline (pH 7.7);
very slightly effervescent.

Type Location - Haakon County, South Dakota; refer to waypoint 89 on map included in this
report.

Range in Soil Characteristics (According to Official Series Description) - The soil contains
carbonates at or within 6 inches of the surface. The depth to soft shale bedrock ranges from
20 to 40 inches but commonly is at depths of 25 to 35 inches. The horizon above the shale has
0 to 60 percent, by volume soft shale fragments. The control section is 50 to 60 percent clay.
When the soil is dry, cracks 1/2 inch to 2 inches wide and several feet long extend downward
through the solum. The soil does not have a mollic epipedon, but the upper 10 inches of the solum
has an average organic carbon content between 0.6 and 1.7 percent. The soil has a SAR of I to 7.

The A horizon has hue of 1OYR to 5Y, value of 4 to 6 and 3 to 5 moist, and chroma of 1 to 3. It
typically is clay but is silty clay in some pedons. It ranges from slightly acid to moderately
alkaline. When the soil is dry it has a light gray (2.5Y 7/2) smooth, porous, platy surface crust
ranging from 1/4 to 1 inch in thickness. Where the horizon has mollic colors, it is too thin to be a
mollic epipedon. Some pedons do not have an AB horizon.
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Soil Mapping Unit "Pe" 

PIERRE 
SILTY CLAY LOAM 

Lab/BKS Sample ID: G08020806-024_027 

Typical Pedon: Pierre silty clay loam - on a convex slope of 7 percent in native grass. (Colors are 
for dry soil unless otherwise stated.) 

The Pierre series consists of moderately deep, well drained soils formed in clayey. residuum 
weathered from shale bedrock on uplands. Permeability is very slow. Slopes range from 0 to 
30 percent. Mean annual precipitation is about 15 inches, and mean annual air temperature is 
about 46 degrees F. 

A - 0-2 inches. Grayish brown (2.5Y 5/2) silty clay loam, moist; moderate fine subangular blocky 
structure parting to weak very fine granular; hard, firm, sticky and plastic; 1 percent pebbles; 
clear smooth boundary; strongly acid (pH 5.4); noneffervescent. 

, 
Bt- 2-18 inches. Brown (10YR 5/3) silty clay, moist; moderate medium and coarse prismatic 
structure; extremely hard, very firm, very sticky and very plastic; common distinct intersecting 
slickensides; few fine accumulations of iron; 1 percent pebbles; gradual wavy boundary; slightly 
alkaline (pH 7.7); strongly effervescent. 

C In - 18-31 inches. Grayish brown (10YR 5/2) silty clay, moist; moderate coarse prismatic 
structure; extremely hard, very firm, very sticky and very plastic; common distinct intersecting 
slickensides; few fine nests of iron and common fine accumulations of gypsum; 1 percent 
pebbles; gradual wavy boundary; slightly alkaline (pH 7.8); strongly effervescent. 

C2n - 31-37 inches. Light brownish gray (2.5Y 6/2) silty clay, moist; common distinct strong 
brown (7.5YR 5/6) and yellowish brown (lOYR 5/6) iron stains; many fine accumulations of 
gypsum and carbonate; 1 percent pebbles; gradual wavy boundary; slightly alkaline (pH 7.7); 
very slightly effervescent. 

Type Location - Haakon County, South Dakota; refer to waypoint 89 on map included in this 
report. 

Range in Soil Characteristics (According to Official Series Description) - The soil contains 
carbonates at or within 6- inches of the surface. The depth to soft shale bedrock ranges from 
20 to 40 inches but commonly is at depths of 25 to 35 inches. The horizon· above the shale has 
o to 60 percent, by volume soft shale fragments. The control section is 50 to 60 percent clay. 
When the soil is dry, cracks 112 inch to 2 inches wide and several feet long extend downward 
through the solum. The soil does not have a mollic epipedon, but the upper 10 inches of the solum 
has an average organic carbon content between 0.6 and 1.7 percent. The soil has a SAR of 1 to 7. 

The A horizon has hue of lOYR to 5Y, value of 4 to 6 and 3 to 5 moist, and chroma of 1 to 3. It 
typically is clay but is silty clay in some pedons. It ranges from slightly acid to moderately 
alkaline. When the soil is dry it has a light gray '(2.5Y 7/2) smooth, porous, platy surface crust 
ranging from 114 to 1 inch in thickness. Where the horizon has mollic colors, it is too thin to be a 
mollic epipedon. Some pedons do not have an AB horizon. 
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The Bss horizons have hue of 2.5Y or 5Y, value of 5 or 6 and 4 or 5 moist, and chroma of I to 3.
They are extremely hard or very hard when dry and extremely firm to firm when moist. They
range from neutral to moderately alkaline.

Bk and C horizons are present in some pedons.

The Cr horizon is soft shale bedrock and ranges from slightly acid to moderately alkaline.
Bedding planes are evident in the partially weathered shale in some pedons. Gypsum and other
salts are concentrated in very thin seams within the shale in some pedons.

Range in Characteristics (according to field observations, lab analysis): Textures are slightly finer
than typical for the series.

Taxonomic Class - Fine, smectitic, mesic Aridic Leptic Haplusterts

Suitability for Topsoil (According to WDEO Guideline 1) - Marginal texture (clay) was found
from 2-37 inches. pH was marginal (acid) at 0-2 inches. Strongly effervescent at 2 inches.
Estimated stripping depth is 2 inches.

Geographic Setting (According to Official Series Description) - Pierre soils are on nearly level to
steep uplands. Slope gradient typically is 3 to 15 percent, but ranges from 0 to 30 percent. The
soils formed in residuum weathered from clay shale. Gilgai microrelief is in most areas. Mean
annual air temperature is 44 to 53 degrees F, and mean annual precipitation ranges from 12 to
16 inches. Growing season is 125 to 140 days; average growing season precipitation is 10 to
13 inches; and growing degree days are 2600 to 3100. Elevation is 1300 to 3600 feet.
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The Bss horizons have hue of 2.5Y or 5Y, value of 5 or 6 and 4 or 5 moist, and chroma of 1 to 3. 
They are extremely hard or very hard when dry and extremely firm to firm when moist. They 
range from neutral to moderately alkaline. 

Bk and C horizons are present in some pedons. 

The Cr horizon is soft shale bedrock and ranges from slightly acid to moderately alkaline. 
Bedding planes are evident in the partially weathered shale in some pedons. Gypsum and other 
salts are concentrated in very thin seams within the shale in some pedons. 

Range in Characteristics (according to field observations, lab analysis): Textures are slightly finer 
than typical for the series. 

Taxonomic Class - Fine, smectitic, mesic Aridic Leptic Haplusterts 

Suitability for Topsoil (According to WDEQ Guideline}) - Marginal texture (clay) was found 
from 2-37 inches. pH was marginal (acid) at 0-2 inches. Strongly effervescent at 2 inches. 
Estimated stripping depth is 2 inches. 

Geographic Setting (According to Official Series Description) - Pierre soils are on nearly level to 
steep uplands. Slope gradient typically is.3 to 15 percent, but ranges from 0 to 30 percent. The 
soils formed in residuum weathered from clay shale. Gilgai microrelief is in most areas. Mean 
annual air temperature is 44 to 53 degrees F, and mean annual precipitation ranges from 12 to 
16 inches. Growing season is 125 to 140 days; average growing season precipitation is 10 to 
13 inches; and growing degree days are 2600 to 3100. Elevation is l300 to 3600 feet. 
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GRUMMIT
SILTY CLAY

Soil Mapping Unit "Gr"
Lab/BKS Sample ID: G08020806-028_030

Typical Pedon: Grummit silty clay - on a convex slope of 5 percent in native grass. When
described, the soil was moist to bedded' shale. (Colors are for dry soil unless otherwise stated.)

The Grummit series consists of shallow, well drained soils formed in clayey residuum from acid
shale on uplands. Permeability is moderate or moderately slow. Slopes range from 2 to
60 percent. Mean annual precipitation is about 15 inches, and mean annual temperature is about
46 degrees F.

A - 0-2 inches. Light brownish gray (1OYR 6/2) silty clay, moist; moderate fine granular
structure; loose, friable; many fine roots; many very fine fragments of shale; clear smooth
boundary; neutral (pH 6.8); noneffervescent.

AC - 2-8 inches. Grayish brown (1OYR 5/2) silty clay, moist; weak coarse subangular blocky
structure; hard, friable; many fine roots; 25 percent very fine fragments of shale; gradual wavy
boundary; slightly alkaline (pH 7.4); noneffervescent.

C - 8-20 inches. Grayish brown (1OYR 5/2) silty clay, moist; common distinct mottles of
yellowish brown (1OYR 5/6); weak coarse subangular blocky structure; hard, friable; partially
weathered fragments of shale make up 35 percent by volume; common roots; clear smooth
boundary; slightly alkaline (pH 7.7); noneffervescent.

Type Location - Butte County, South Dakota; refer to waypoint 90 on map included in this report.

Range in Soil Characteristics (According to Official Series Description) - Depth to shale ranges
from 10 to 20 inches. Colors throughout the soil are inherited from the shale. The horizons
overlying the bedded shales typically average 50 to 65 percent clay but ranges from 35 to
65 percent clay. The low clay percentage is due to sand-size shale fragments. Consistence ranges
from loose to hard when dry but is friable when moist. The soil ranges from strongly acid to
extremely acid.

The A horizon has hue of 1OYR or 2.5Y, value of 5 or 6 and 3 or 4 moist, and chroma of 1 or
2 dry or moist. It typically is clay but is clay loam in some pedons. It has weathered fragments of
shale that make up 5 to 35 percent by volume. The A horizon contains less than 1 percent more
organic matter than the C.

The C horizon has hue of lOYR, 2.5Y, or 5Y; value of 5 or 6 and 3 or 4 moist; and chroma of
1 or 2. Weathered fragments of shale make up 20 to over 50 percent by volume of the C horizon.

The fissile shale is very hard and brittle and will not disperse in water or in sodium

hexametaphosphate.

Range in Characteristics (according to field observations, lab analysis): Textures are slightly finer
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Soil Mapping Unit "Gr" 

GRUMMIT 
SILTY CLAY 

Lab/BKS Sample ID: G08020806-028 _030 

Typical Pedon: Grummit silty clay - on a convex slope of 5 percent in native grass. When 
described, the soil was moist to bedded' shale. (Colors are for dry soil unless otherwise stated.) 

The Grummit series consists of shallow, well drained soils formed in clayey residuum from acid 
shale on uplands. Permeability is moderate or moderately slow. Slopes range from 2 to 

, 60 percent. Mean annual precipitation is about 15 inches, and mean annual temperature is about 
46 degrees F. 

A - 0-2 inches. Light brownish gray (10YR 6/2) silty clay, moist; moderate fine granular 
structure; loose, friable; many fine roots; many very fine fragments of shale; clear smooth 
boundary; neutral (pH 6.8); noneffervescent. ' 

AC - 2-8 inches. Grayish brown (10YR 5/2) silty clay, moist; weak coarse subangular blocky 
structure; hard, friable; many fine roots; 25 percent very fine fragments of shale; gradual wavy 
boundary; slightly alkaline (pH 7.4); noneffervescent. 

C - 8-20 inches. Grayish brown (lOYR 5/2) silty clay, moist; common distinct mottles of 
yellowish brown (lOYR 5/6); weak coarse subangular blocky structure; hard, friable; partially 
weathered fragments of shale make up 35 percent by volume; common roots; clear smooth 
boundary; slightly alkaline (PH 7.7); noneffervescent. 

Type Location - Butte County, South Dakota; refer to waypoint 90 on map included in this report. 

Range in Soil Characteristics (According to Official Series Description) - Depth to shale ranges' 
from 10 to 20 inches. Colors throughout the soil are inherited from the shale. The horizons 
overlying the bedded shales typically average 50 to 65 percent clay but ranges from 35 to 
65 percent clay. The low clay percentage is due to sand-size shale fragments. Consistence ranges 
from loose to hard when dry but is friable when moist. The soil ranges from strongly acid to 
extremely acid. 

The A horizon has hue of lOYR or 2.5Y, value of 5 or 6 and 3 or 4 moist, and chroma of 1 or 
2 dry or moist. It typically is clay but is clay loam in some pedons. It has weathered fragments of 
shale that make up 5 to 35 percent by volume. The A horizon contains less than 1 percent more 
organic matter than the C. 

The C horizon has hue of lOYR, 2.5Y, or 5Y; value of 5 or 6 and 3 or 4 moist; and chroma of 
lor 2. Weathered fragments of shale make up 20 to over 50 percent by volume of the C horizon. 

The fissile shale is very hard and brittle and will not disperse in water or in sodium 
hexametaphosphate. 

Range in Characteristics (according to field observations, lab analysis): Textures are slightly finer 
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than typical for the series.

Taxonomic Class - Clayey, smectitic, acid, mesic, shallow Aridic Ustorthents

Suitability for Topsoil (According to WDEQ Guideline 1) - Marginal texture (clay) was found
from 0-20 inches. Estimated stripping depth is 20 inches.

Geographic Setting (According to Official Series Description) - Grummit soils are gently sloping
to very steep on uplands. Slope gradients range from 2 to 60 percent. The soil formed in clayey
residuum weathered from acid shales. Mean annual temperature ranges from 43 to 50 degrees F,
and mean annual precipitation is about 12 to 18 inches.
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than typical for the series. 

Taxonomic Class - Clayey, smectitic, acid, mesic, shallow Aridic Ustorthents 

Suitability for Topsoil (According to WDEQ Guideline 1) - Marginal texture (clay) was found 
from 0-20 inches. Estimated stripping depth is 20 inches. 

Geographic Setting (According to Official Series Description) - Grummit soils are gently sloping 
to very steep on uplands. Slope gradients range from 2 to 60 percent. The soil formed in clayey 
residuum weathered from acid shales. Mean annual temperature ranges from 43 to 50 degrees F, 
and mean annual precipitation is about 12 to 18 inches. 
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BONEEK
CLAY LOAM

Soil Mapping Unit "Bo"
Lab/BKS Sample ID: G08020806-031_035

Typical Pedon: Boneek clay loam - on a northeast-facing plane slope of 4 percent under native
grass at 3500 feet elevation. (Colors are for dry soil unless otherwise stated.)

The Boneek series consists of deep and very deep, well drained soils formed in silty sediments
underlain by sandstone or siltstone. Permeability is moderately slow in the solum and moderate in
the underlying material. Slopes range from 0 to 15 percent. Mean annual precipitation is about
17 inches, and mean annual temperature is about 46 degrees F.

AC - 0-4 inches. Very dark grayish brown (10YR 3/2D) clay loam, moist; moderate thin platy
structure parting to weak fine granular; slightly hard, very friable; many fine roots; clear wavy
boundary; slightly alkaline (pH 7.6); very slight effervescent.

Cln - 4-19 inches. Dark grayish brown (10YR 4/2D) silt loam, moist; moderate medium
prismatic structure parting to moderate medium and fine subangular blocky; very hard, friable,
slightly sticky and slightly plastic; common fine roots; shiny films on faces of peds; clear wavy
boundary; slightly alkaline (pH 7.8); slight effervescent.

C2n - 19-40 inches. Brown (1OYR 4/3D) silt loam, moist; weak medium and coarse subangular
blocky structure; very hard, friable, slightly sticky and slightly plastic; few fine roots; common
fine and medium accumulations of carbonate; gradual wavy boundary; moderately alkaline (pH
8.4); noneffervescent.

C3n - 40-48 inches. Dark yellowish brown (10YR 4/4D) silty clay loam, moist; few fine and
medium prominent mottles of strong brown (7.5YR 5/8); weak coarse Subangular blocky
structure; very hard, friable; few fine roots; clear wavy boundary; moderately alkaline (pH 8.4);
noneffervescent.

C4n - 48-60 inches. Very dark grayish brown (10YR 3/2D) silt loam, moist; thin platy rock
structure; faces of fractures stained strong brown (7.5YR 5/6) moist; few coatings of carbonates
on faces of fractures, but matrix is noncalcareous; moderately alkaline (pH 8.3); noneffervescent.

Type Location - Butte County, South Dakota; refer to waypoint 91 on map included in this report.

Range in Soil Characteristics (According to Official Series Description) - Depth to bedrock is
40 to 60 inches or more. Depth to carbonates ranges from 11 to 24 inches. Thickness of the mollic
epipedon ranges from 7 to 15 inches and extends into the Bt horizon of some pedons.

The A horizon has hue of 1OYR or 7.5YR, value of 4 or 5 and 2 or 3 moist, and chroma of 2 or 3.
It typically is silt loam, but some pedons are loam. It is slightly acid or neutral.

The Btl horizon has hue of 7.5YR or 5YR, value of 4 or 6 and 3 or 4 moist, and chroma of 2 to 4.
It is silty clay loam or silty clay. Average clay content ranges from 35 to 45 percent with less than
15 percent fine sand or coarser. It is slightly acid or neutral.
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Soil Mapping Unit "Bo" 

BONEEK 
CLAY LOAM 

Lab/BKS Sample ID: G08020806-031_035 

Typical Pedon: Boneek clay loam - on a northeast-facing plane slope of 4 percent under native 
grass at 3500 feet elevation. (Colors are for dry soil unless otherwise stated.) 

The Boneek series consists of deep and very deep, well drained soils formed in silty sediments 
underlain by sandstone or siltstone. Permeability is moderately slow in the solum and moderate in 
the underlying material. Slopes range from 0 to 15 perc:ent. Mean annual precipitation is about 
17 inches, and mean annual temperature is about 46 degrees F. 

AC - 0-4 inches. Very dark grayish brown (10YR 312D) clay loam, moist; moderate thin platy 
structure parting to weak fine granular; slightly hard, very friable; many fine roots; clear wavy 
boundary; slightly alkaline (pH 7.6); very slight effervescent. 

Cln - 4-19 inches. Dark grayish brown (lOYR 4/2D) silt loam, moist; moderate medium 
prismatic structure parting to moderate medium and fine subangular blocky; very hard, friable, 
slightly sticky and slightly plastic; common fine roots; shiny films on faces of peds; clear wavy 
boundary; slightly alkaline (pH 7.8); slight effervescent. 

C2n - 19-40 inches. Brown (10YR 4/3D) silt loam, moist; weak medium and coarse subangular 
blocky structure; very hard, friable, slightly sticky and slightly plastic; few fine roots; common 
fine and medium accumulations of carbonate; gradual wavy boundary; moderately alkaline (pH 
8.4); noneffervescent. 

C3n - 40-48 inches. Dark yellowish brown (10YR 4/4D) silty clay loam, moist; few fine and 
medium prominent mottles of strong brown (7.5YR 5/8); weak coarse subangular blocky 
structure; very hard, friable; few fine roots; clear wavy boundary; moderately alkaline (pH 8.4); 
noneffervescent. 

C4n - 48-60 inches. Very dark grayish brown (10YR 312D) silt loam, moist; thin platy rock 
structure; faces of fractures stained strong brown (7.5YR 5/6) moist; few coatings of carbonates 
on faces of fractures, but matrix is noncalcareous; moderately alkaline (pH 8.3); noneffervescent. 

Type Location - Butte County, South Dakota; refer to waypoint 91 on map included in this report. 

Range in Soil Characteristics (According to Official Series Description) - Depth to bedrock is 
40 to 60 inches or more. Depth to carbonates ranges from 11 to 24 inches. Thickness of the mollic 
epipedon ranges from 7 to 15 inches and extends into the Bt horizon of some pedons. 

The A horizon has hue of 10YR or 7.5YR, value of 4 or 5 and 2 or 3 moist, and chroma of 2 or 3. 
It typically is silt loam, but some pedons are loam. It is slightly acid or neutral. 

The Btl horizon has hue of 7.5YR or 5YR, value of 4 or 6 and 3 or 4 moist, and chroma of 2 to 4. 
It is silty clay loam or silty clay. Average clay content ranges from 35 to 45 percent with less than 
15 percent fine sand or coarser. It is slightly acid or neutral. 
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The Bt2 horizon has hue of lOYR or 7.5Y, value of 5 or 6 and 3 or 5 moist, and chroma of 2 to 4.
It is silty clay loam averaging between 30 and 40 percent clay and less than 15 percent fine sand
or coarser. It is neutral or slightly alkaline.

The Bk and C horizons have hue of 1OYR or 2.5Y, value of 5 through 7 and 4 or 5 moist, and
chroma of 1 to 3. They typically are silt loam or silty clay loam, but some pedons are loam. They
are' slightly alkaline to strongly alkaline. Few to many, fine or medium accumulations of
carbonate are in the Bk horizon.

The Cr horizon has hue of 1OYR or 7.5YR.

Range in Characteristics (according to field observations, lab analysis): Textures have slightly
less clay than typical for the series.

Taxonomic Class - Fine, smectitic, mesic Aridic Argiustolls

Suitability for Topsoil (According to WDEQ Guideline 1) - Saturation percentage was marginal
at 4-19 inches and 40-60 inches. Sodium absorption ratio was unsuitable at 19-60 inches.,
Electrical conductivity was unsuitable at 19-60. Selenium was marginal at 48-60 inches.
Estimated stripping depth is 19 inches.

Geographic Setting (According to Official .Series Description) - Boneek soils are nearly level to
moderately sloping on high terraces and uplands. Surfaces are plane to slightly convex and slope
gradients range from 0 to 15 percent. The soils formed in a silty mantle overlying sandstone or
siltstones, or in loess or silty alluvium. Mean annual temperature ranges from 43 to 48 degrees,
and mean annual precipitation ranges from 15 to 18 inches. Most of the precipitation comes in the
spring and summer.
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The Bt2 horizon has hue of lOYR or 7.5Y, value of 5 or 6 and 3 or 5 moist, and chroma of2 to 4. 
It is silty clay loam averaging between 30 and 40 percent clay and less than 15 percent fine sand 

. or coarser. It is neutral or slightiy alkaline. 

The Bk and C horizons have hue of lOYR or 2.5Y, value of 5 through 7 and 4 or 5 moist, and 
chroma of 1 to 3. They typically are silt loam or silty clay loam, but some pedons are loam. They 
are· slightly alkaline to strongly alkaline. Few to many, fine or medium accumulations of 
carbonate are in the Bk horizon. 

The Cr horizon has hue of lOYR or 7.5YR. 

Range in Characteristics (according to field observations, lab analysis): Textures have slightly 
less clay than typical for the series. 

Taxonomic Class - Fine, smectitic, mesic Aridic Argiustolls 

Suitability for Topsoil (According to WDEQ Guideline 1) - Saturation percentage was marginal 
at 4-19 inches and 40-60 inches. Sodium absorption ratio was unsuitable at 19-60 inches. 
Electrical conductivity was unsuitable at 19-60. Selenium was marginal at 48-60 inches. 
Estimated stripping depth is 19 inches. 

Geographic Setting (According to Official .Series Description) - Boneek soils are nearly level to 
moderately sloping on high terraces and uplands. Surfaces are plane to slightly convex and slope 
gradients range from 0 to 15 percent. The soils formed in a silty mantle overlying sandstone or 
siltstones, or in loess or silty alluvium. Mean annual temperature ranges from 43 to 48 degrees, 
and mean annual precipitation ranges from 15 to 18 inches. Most of the precipitation comes in the 
spring and summer. 
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SAMSIL
SILTY CLAY LOAM

Soil Mapping Unit "Sa"
Lab/BKS Sample ID: G08020806-021_023

Typical Pedon: Samsil silty clay loam - on a convex, southwest-facing slope of 15 percent in
native grass. When described the soil was moist to 12 inches, dry from 12 to 21 inches, and moist
below 21 inches. (Colors are for dry soil unless otherwise stated.)

The Samsil series consists of shallow, well drained soils formed in alluvium or residuum
weathered from shale. Permeability is slow. Slope ranges from 2 to 60 percent. Mean annual
precipitation is about 15 inches, and mean annual air temperature is about 47 degrees F.

AC - 0-7 inches. Dark grayish brown (1OYR 4/2D) silty clay loam, moist; moderate fine granular
structure; slightly hard, friable, sticky and plastic; common fine roots; few very fine fragments of
shale; clear wavy boundary; slightly alkaline (pH 7.5); very slightly effervescent.

C - 7-19 inches. Dark grayish brown (10YR 4/2D) silty clay, moist; weak medium subangular
blocky structure parting to weak medium granular; hard, friable, sticky and plastic; common fine
roots; common fine fragments of soft shale; clear wavy boundary; slightly alkaline (pH 7.6);
slightly effervescent.

Type Location - Pennington County, South Dakota; refer to waypoint 92 on map included in this
report.

Range in Soil Characteristics (According to Official Series Description) - The control section is
clay and contains 50 to 65 percent clay. The depth to bedded shale ranges from 6 to 20 inches.
Horizons above the shale range from loose to hard when dry, and friable or firm when moist.
These horizons contain free carbonates. Effervescence ranges from slight to strong and reaction is
slightly alkaline or moderately alkaline. The Cl and C2 horizons and upper part of the Cr
horizons commonly have accumulations of carbonate, gypsum, and other salts. Colors
throughout, including mottles and stains, are inherited from the shale.

The A horizon has hue of 5Y, 2.5Y, or 1OYR, value of 4 to 7 and 3 to 6 moist, and chroma of
2 to 4. It is clay, silty clay, silty clay loam or clay loam and commonly contains few to common
fragments of shale ranging from 2 to 25 mm in diameter. It has fine or medium subangular blocky
or fine or very fine granular structure. The upper 1/4 to 1/2 inch commonly is a fragile crust or
mulch or very fine granules when dry.

The AC horizon has hue of 5Y, 2.5Y, or 1OYR, value of 4 to 7 and 3 to 6 moist, and chroma of
1 to 4. It contains up to 35 percent fragments of shales by volume that range from less than 2 mm
to 30 mm in diameter.

The C horizon has hue of 5Y, 2.5Y or 1OYR, value of 4 to 7 and 3 to 6 moist, and chroma of
1 to 4. It is clay. The C horizon contains from 35 to more than 50 percent fragments of shale by
volume that range from less than 2 mm to 35 mm in diameter.
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Soil Mapping Unit "Sa" 

SAMSIL 
SILTY CLAY LOAM 

Lab/BKS Sample ID: G08020806-02l_023 

Typical Pedon: Samsil silty clay loam - on a convex, southwest-facing slope of 15 percent in 
native grass. When described the soil was moist to 12 inches, dry from 12 to 21 inches, and moist 
below 21 inches. (Colors are for dry soil unless otherwise stated.) 

The Samsil series consists of shallow, well drained soils formed in alluvium or residuum 
weathered from shale. Permeability is slow. Slope ranges from 2 to 60 percent. Mean annual 
precipitation is about 15 inches, and mean annual air temperature is about 47 degrees F. 

AC - 0-7 inches. Dark grayish brown (lOYR 4/2D) silty clay loam, moist; moderate fine granular 
structure; slightly hard, friable, sticky and plastic; common fine roots; few very fine fragments of 
shale; clear wavy boundary; slightly alkaline (pH 7.5); very slightly effervescent. 

C - 7-19 inches. Dark grayish brown (lOYR 4/2D) silty clay, moist; weak medium subangular 
blocky structure parting to weak medium granular; hard, friable, sticky and plastic; common fine 
roots; common fine fragments of soft shale; clear wavy boundary; slightly alkaline (pH 7.6); 
slightly effervescent. 

Type Location - Pennington County, South Dakota; refer to waypoint 92 on map included in this 
report. 

Range in Soil Characteristics (According to Official Series Description) - The control section is 
clay and contains 50 to 65 percent clay. The depth to bedded shale ranges from 6 to 20 inches. 
Horizons above the shale range from loose to hard when dry, and friable or firm when moist. 
These horizons contain free carbonates. Effervescence ranges from slight to strong and reaction is 
slightly alkaline or moderately alkaline. The C I and C2 horizons and upper part of the Cr 
horizons commonly have accumulations of carbonate, gypsum, and other salts. Colors 
throughout, including mottles and stains, are inherited from the shale. 

The A horizon has hue of 5Y, 2.5Y, or lOYR, value of 4 to 7 and 3 to 6 moist, and chroma of 
2 to 4. It is clay, silty clay, silty clay loam or clay loam and commonly contains few to common 
fragments of shale ranging from 2 to 25 mm in diameter. It has fine or medium subangular blocky 
or fine or very fine granular structure. The upper 114 to 1/2 inch commonly is a fragile crust or 
mulch or very fine granules when dry. 

The AC horizon has hue of 5Y, 2.5Y, or lOYR, value of 4 to 7 and 3 to 6 moist, and chroma of 
1 to 4. It contains up to 35 percent fragments of shales by volume that range from less than 2 mm 
to 30 mm in diameter. 

The C horizon has hue of 5Y, 2.5Y or lOYR, value of 4 to 7 and 3 to 6 moist, and chroma of 
1 to 4. It is clay. The C horizon contains from 35 to more than 50 percent fragments of shale by 
volume that range from less than 2 mm to 35 mm in diameter. 
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The Cr horizon has the same range in color as the overlying C horizons. It ranges from medium
acid to moderately alkaline.

Range in Characteristics (according to field observations, lab analysis): Textures are slightly finer
than typical for the series.

Taxonomic Class - Clayey, smectitic, calcareous, mesic, shallow Aridic Ustorthents

Suitability for Topsoil (According to WDEQ Guideline 1) - Marginal texture (clay) was found
from 7-19 inches. Saturation percentage was marginal at 7-19 inches Estimated stripping depth is
7 inches.

Geographic Setting (According to Official Series Description) - Samsil soils are on gently sloping
to very steep hills, ridges and breaks of dissected shale plains. Surfaces mainly are convex, and
slope gradients range from 2 to 60 percent or more. The soil formed in alluvium or residuum
weathered from shale. Mean annual air temperature ranges from 45 to 48 degrees F, and mean
annual precipitation ranges from 14 to 19 inches.
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The Cr horizon has the same range in color as the overlying C horizons. It ranges from medium 
acid to moderately alkaline. 

Range in Characteristics (according to field observations, lab analysis): Textures are slightly finer 
than typical for the series. 

Taxonomic Class - Clayey, smectitic, calcareous, mesic, shallow Aridic Ustorthents 

Suitability for Topsoil (According to WDEQ Guideline 1) - Marginal texture (clay) was found 
from 7-19 inches. Saturation percentage was marginal at 7-19 inches Estimated stripping depth is 
7 inches. 

Geographic Setting (According to Official Series Description) - Samsil soils are on gently sloping 
to very steep hills, ridges and breaks of dissected shale plains. Surfaces mainly are convex, and 
slope gradients range from 2 to 60 percent or more. The soil formed in alluvium or residuum 
weathered from shale. Mean annual air temperature ranges from 45 to 48 degrees F, and mean 
annual precipitation ranges from 14 to 19 inches. 
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SHINGLE
LOAM

Soil Mapping Unit "Snt"
Lab/BKS Sample ID: G08020806-021_023

Typical Pedon: Shingle loam-rangeland. (Colors are for dry soil unless otherwise stated.)

The Shingle series consists of well drained, soils that are very shallow or shallow to bedrock.
They formed in residuum and colluvium derived from interbedded shale and sandstone or in
alluvium from mudstone. Shingle soils are on bedrock controlled hillslopes and ridges. Slopes are
0 to 80 percent. The mean annual precipitation is about 13 inches, and the mean annual
temperature is 45 degrees F.

A - 0-4 inches. Light brownish gray (1OYR 6/2) loam, moist; moderate very fine granular
structure; soft, very friable, moderately sticky and moderately plastic; calcium carbonate
disseminated; clear smooth boundary; neutral (pH 7.2); very slightly effervescent.

C - 4-8 inches. Light yellowish brown (2.5Y 6/3) loam, moist; weak medium subangular blocky
structure; hard, friable, moderately sticky and moderately plastic; calcium carbonate
disseminated; gradual smooth boundary; slightly alkaline (pH 7.5); strongly effervescent.

Type Location - Goshen County, Wyoming; refer to waypoint 93 on map included in this report.

Range in Soil Characteristics (According to Official Series Description) - Depth to soft bedrock
and paralithic contact ranges from 4 to 20 inches. The mean annual soil temperature is 47 to
53 degrees F. The soils commonly are calcareous throughout, but some pedons are leached to
6 inches. The particle size control section averages 20 to 35 percent clay and has more'than
15 percent but less than 35 percent fine or coarser sand. The soil is usually dry. The moisture
control section is usually moist in April, May and early June. It is dry for 60 consecutive days or
more during the 90 day period following the summer solstice. EC is 0 to 2 mmhos throughout.

The A horizon has hue of 5Y through 7.5YR, value of 5 through 7 dry, 3 through 6 moist, and
chroma of 1 through 6. Reaction is neutral through strongly alkaline. Some pedons have a light
gravel lag on the surface. Texture is loam, silt loam, clay loam, silty clay loam, cobbly loam, and
gravelly clay loam. Rock fragments or shale channers range from 0 to 35 percent.

A Bw or AC horizon, when present, has the combined properties of the A and C' horizons.

The C horizon has hue of 5Y through 7.5YR, value of 4 through 7 dry, 3 through 6 moist, and
chroma of I through 6. It is loam, silt loam, clay loam or silty clay loam. Rock fragments or shale
channers range from 0 to 35 percent. Reaction is slightly alkaline through strongly alkaline.

Range in Characteristics (according to field observations, lab analysis): Textures have less clay

than typical for the series.

Taxonomic Class - Loamy, mixed, superactive, calcareous, mesic, shallow Ustic Torriorthents
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Soil Mapping Unit "Sn" 
Lab/BKS Sample ID: G08020806-02l_ 023 

SHINGLE 
LOAM 

Typical Pedon: Shingle loam-rangeland. (Colors are for dry soil unless otherwise stated.) 

The Shingle series consists of well drained, soils that are very shallow or shallow to bedrock. 
They formed in residuum and colluvium derived from interbedded shale and sandstone or in 
alluvium from mudstone. Shingle soils are on bedrock controlled hills lopes and ridges. Slopes are 
o to 80 percent. The mean annual precipitation is about 13 inches, and the mean annual 
temperature is 45 degrees F. 

A - 0-4 inches. Light brownish gray (1 OYR 6/2) loam, moist; moderate very fine granular 
structure; soft, very friable, moderately sticky and moderately plastic; calcium carbonate 
disseminated; clear smooth boundary; neutral (pH 7.2); very slightly effervescent. 

C - 4-8 inches. Light yellowish brown (2.5Y 6/3) loam, moist; weak medium subangular blocky 
structure; hard, friable, moderately sticky and moderately plastic; calcium carbonate 
disseminated; gradual smooth boundary; slightly alkaline (pH 7.5); strongly effervescent. 

Type Location - Goshen County, Wyoming; refer to waypoint 93 on map included in this report. 

Range in Soil Characteristics (According to Official Series Description) - Depth to soft bedrock 
and paralithic contact ranges from 4 to 20 inches. The mean annual soil temperature is 47 to 
53 degrees F. The soils commonly are calcareous throughout, but some pedons are leached to 
6 inches. The particle size control section averages 20 to 35 percent clay and has more than 
15 percent but less than 35 percent fine or coarser sand. The soil is usually dry. The moisture 
control section is usually moist in April, May and early June. It is dry for 60 consecutive days or 
more during the 90 day period following the summer solstice. EC is 0 to 2 mmhos throughout. 

The A horizon has hue of 5Y through 7.5YR, value of 5 through 7 dry, 3 through 6 moist, and 
chroma of 1 through 6. Reaction is neutral through strongly alkaline. Some pedons have a light 
gravel lag on the surface. Texture is loam, silt loam, clay loam, silty clay loam, cobbly loam, and 
gravelly clay loam. Rock fragments or shale channers range from 0 to 35 percent. 

A Bw or AC horizon, when present, has the combined properties of the A and C horizons. 

The C horizon has hue of 5Y through 7.5YR, value of 4 through 7 dry, 3 through 6 moist, and 
chroma of 1 through 6. It is loam, silt loam, clay loam or silty clay loam. Rock fragments or shale 
channers range from 0 to 35 percent. Reaction is slightly alkaline through strongly alkaline. 

Range in Characteristics (according to field observations, lab analysis): Textures have less clay 
than typical for the series. 

Taxonomic Class - Loamy, mixed, superactive, calcareous, mesic, shallow Ustic Torriorthents 
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Suitability for Topsoil (According to WDEQ Guideline 1) - No marginal or unsuitable parameters
were found. Strongly effervescent at 4 inches. Estimated stripping depth is 8 inches.

Geographic Setting (According to Official Series Description) - The Shingle soils occur on all
hillslope positions. Slopes are 0 to 80 percent. These soils formed in colluvium and residuum
weathered from soft, interbedded sandstone and shale or in alluvium from mudstone. Elevation is
3,200 to 6,500 feet. The mean annual precipitation is about 10 to 14 inches, most of which falls in
April, May, and June. The mean annual temperature is about 45 degrees F.but ranges from 43 to
51 degrees F. The frost-free season is about 105 to 130 days.
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Suitability for Topsoil (According to WDEQ Guideline 1) - No marginal or unsuitable parameters 
were found. Strongly effervescent at 4 inches. Estimated stripping depth is 8 inches. 

Geographic Setting (According to Official Series Description) - The Shingle soils occur on all 
hillslope positions. Slopes are 0 to 80 percent. These soils formed in colluvium and residuum 
weathered from soft, interbedded sandstone and shale or in alluvium from mudstone. Elevation is 
3,200 to 6,500 feet. The mean annual precipitation is about 10 to 14 inches, most of which falls in 
April, May, and June. The mean annual temperature is about 45 degrees F.but ranges from 43 to 
51 degrees F. The frost-free season is about 105 to 130 days . 
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BOnEEk
NONCALCAREOUS VARIANT

Soil Mapping Unit "Bo"
Lab/BKS Sample ID: G08020806-040_045

Typical Pedon: Boneek silty clay - on a northeast-facing plane slope of 4 percent under native
grass at 3500 feet elevation. (Colors are for dry soil unless otherwise stated.)

The Boneek series consists of deep and very deep, well drained soils formed in silty sediments
underlain by sandstone or siltstone. Permeability is moderately slow in the solum and moderate in
the underlying material. Slopes range from 0 to 15 percent. Mean annual precipitation is about
17 inches, and mean annual temperature is about 46 degrees F.

A - 0-2 inches. Brown (IOYR 5/3) silty clay, moist; moderate thin platy structure parting to weak
fine granular; slightly hard, very friable; many fine roots; clear wavy boundary; neutral (pH 6.9)
noneffervescent.

Cl - 2-8 inches. Very dark grayish brown (1OYR 3/2D) silty clay, moist; weak coarse subangular
blocky structure; hard, very friable; many fine roots; clear wavy boundary; slighty alkaline
(pH 7.6); noneffervescent.

C2n - 8-20 inches. Very dark grayish brown (1OYR 3/2D) silty clay, moist; moderate medium
prismatic structure parting to moderate medium and fine subangular blocky; very hard, friable,
slightly sticky and slightly plastic; common fine roots; shiny films on faces of peds; clear wavy
boundary; slighty alkaline (pH 7.5); noneffervescent.

C3n - 20-32 inches. Very dark grayish brown (1OYR 3/2D) silty clay loam, moist; weak medium
and coarse subangular blocky structure; very hard, friable, slightly sticky and slightly plastic; few
fine roots; gradual wavy boundary; slighty alkaline (pH 7.6); noneffervescent.

C4n - 32-44 inches. Very dark grayish brown (1OYR 3/2D) silty clay, moist; weak coarse
subangular blocky structure; very hard, friable; few fine roots; violent; clear wavy boundary;
slighty alkaline (pH 7.6); noneffervescent.

C5n - 44-60 inches. Dark brown (1OYR 3/3D) silty clay, moist; thin platy rock structure; faces of
fractures stained strong brown (7.5YR 5/6) moist; few coatings of carbonates on faces of
fractures, but matrix is noncalcareous; slighty alkaline (pH 7.8); noneffervescent.

Type Location - Butte County, South Dakota; refer to waypoint 94 on map included in this report.

Range in Soil Characteristics (According to Official Series Description) - Depth to bedrock is
40 to 60 inches or more. Depth to carbonates ranges from 11 to 24 inches. Thickness of the mollic
epipedon ranges from 7 to 15 inches and extends into the Bt horizon of some pedons.

The A horizon has hue of 1OYR or 7.5YR, value of 4 or 5 and 2 or 3 moist, and chroma of 2 or 3.
It typically is silt loam, but some pedons are loam. It is slightly acid or neutral.

The Btl horizon has hue of 7.5YR or 5YR, value of 4 or 6 and 3 or 4 moist, and chroma of 2 to 4.
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Soil Mapping Unit "Bo" 

BOnEEk 
NON CALCAREOUS V ARlANT 

Lab/BKS Sample lD: G08020806-040 _ 04S 

Typical Pedon: Boneek silty clay - on a northeast-facing plane slope of 4 percent under native 
grass at 3SOO feet elevation. (Colors are for dry soil unless otherwise stated.) 

The Boneek series consists of deep and very deep, well drained soils formed in silty sediments 
underlain by sandstone or siltstone. Permeability is moderately slow in the solum and moderate in 
the underlying material. Slopes range from 0 to IS percent. Mean annual precipitation is about 
17 inches, and mean annual temperature is about 46 degrees F. 

A - 0-2 inches. Brown (10YR S13) silty clay, moist; moderate thin platy structure parting to weak 
fine granular; slightly hard, very friable; many fine roots; clear wavy boundary; neutral (pH 6.9) 
noneffervescent. 

CI - 2-8 inches. Very dark grayish brown (lOYR 3/2D) silty clay, moist; weak coarse subangular 
blocky structure; hard, very friable; many fine roots; clear wavy boundary; slighty alkaline 
(pH 7.6); noneffervescent. 

C2n - 8-20 inches. Very dark grayish brown (lOYR 3/2D) silty clay, moist; moderate medium 
prismatic structure parting to moderate medium and fine subangular blocky; very hard, friable, 
slightly sticky and slightly plastic; common fine roots; shiny films on faces of peds; clear wavy 
boundary; slighty alkaline (pH 7.5); noneffervescent. 

C3n - 20-32 inches. Very dark grayish brown (10YR 3/2D) silty clay loam, moist; weak medium 
and coarse subangular blocky structure; very hard, friable, slightly sticky and slightly plastic; few 
fine roots; gradual wavy boundary; slighty alkaline (pH 7.6); noneffervescent. 

C4n - 32-44 inches. Very dark grayish brown (lOYR 3/2D) silty clay, moist; weak coarse 
subangular blocky structure; very hard, friable; few fine roots; violent; clear wavy boundary; 
slighty alkaline (pH 7.6); noneffervescent. 

CSn - 44-60 inches. Dark brown (10YR 3/3D) silty clay, moist; thin platy rock structure; faces of 
fractures stained strong brown (7.SYR 5/6) moist; few coatings of carbonates on faces of 
fractures, but matrix is noncalcareous; slighty alkaline (pH 7.8); noneffervescent. 

Type Location - Butte County, South Dakota; refer to waypoint 94 on map included in this report. 

Range in Soil Characteristics (According to Official Series Description) - Depth to bedrock is 
40 to 60 inches or more. Depth to carbonates ranges from 11 to 24 inches. Thickness of the mollic 
epipedon ranges from 7 to IS inches and extends into the Bt horizon of some pedons. 

The A horizon has hue of 10YRor 7.SYR, value of 4 or Sand 2 or 3 moist, and chroma of2 or 3. 
It typically is silt loam, but some pedons are loam. It is slightly acid or neutral. 

The Btl horizon has hue of7.5YR or SYR, value of 4 or 6 and 3 or 4 moist, and chroma of2 to 4. 
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It is silty clay loam or silty clay. Average clay content ranges from 35 to 45 percent with less than
15 percent fine sand or coarser. It is slightly acid or neutral.

The Bt2 horizon has hue of 1OYR or 7.5Y, value of 5 or 6 and 3 or 5 moist, and chroma of 2 to 4.
It is silty clay loam averaging between 30 and 40 percent clay and less than 15 percent fine sand
or coarser. It is neutral or slightly alkaline.

The Bk and C horizons have hue of 1OYR or 2.5Y, value of 5 through 7 and 4 or 5 moist, and
chroma of 1 to 3. They typically are silt loam or silty clay loam, but some pedons are loam. They
are slightly alkaline to strongly alkaline. Few to many, fine or medium accumulations of
carbonate are in the Bk horizon.

The Cr horizon has hue of 1OYR or 7.5YR.

Range in Characteristics (according to field observations, lab analysis): Textures have slightly
more clay than typical for the series.

Taxonomic Class - Fine, smectitic, mesic Aridic Argiustolls

Suitability for Topsoil (According to WDEO Guideline 1) - Marginal texture (clay) was found
from 2-20 inches and 32-60 inches. Saturation percentage was marginal at 0-60 inches.
Estimated stripping depth is 2 inches.

Geographic Setting (According to Official Series Description) - Boneek soils are nearly level to
moderately sloping on high terraces and uplands. Surfaces are plane to slightly convex and slope
gradients range from 0 to 15 percent. The soils formed in a silty mantle overlying sandstone or
siltstones, or in loess or silty alluvium. Mean annual temperature ranges from 43 to 48 degrees,
and mean annual precipitation ranges from 15 to 18 inches. Most of the precipitation comes in the
spring and summer.
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It is silty clay loam or silty clay. Average clay content ranges from 35 to 45 percent with less than 
15 percent fine sand or coarser. It is slightly acid or neutral. 

The Bt2 horizon has hue of lOYR or 7.5Y, value of 5 or 6 and 3 or 5 moist, and chroma of2 to 4. 
It is silty clay loam averaging between 30 and 40 percent clay and less than 15 percent fine sand 
or coarser. It is neutral or slightly alkaline. 

The Bk and C horizons have hue of lOYR or 2.5Y, value of 5 through 7 and 4 or 5 moist, and 
chroma of 1 to 3. They typically are silt loam or silty clay loam, but some pedons are loam. They 
are slightly alkaline to strongly alkaline. Few to many, fine or medium accumulations of 
carbonate are in the Bk horizon. 

The Cr horizon has hue of 10YR or 7.5YR. 

Range in Characteristics (according to field observations, lab analysis): Textures have slightly 
more clay than typical for the series. 

Taxonomic Class - Fine, smectitic, mesic Aridic Argiustolls 

Suitability for Topsoil (According to WDEQ Guideline 1) - Marginal texture (clay) was found 
from 2-20 inches and 32-60 inches. Saturation percentage was marginal at 0-60 inches. 
Estimated stripping depth is 2 inches. 

Geographic Setting (According to Official Series Description) - Boneek soils are nearly level to 
moderately sloping on high terraces and uplands. Surfaces are plane to slightly convex and slope 
gradients range from 0 to 15 percent. The soils formed in a silty mantle overlying sandstone or 
siltstones, or in loess or silty alluvium. Mean annual temperature ranges from 43 to 48 degrees, 
and mean annual precipitation ranges from 15 to 18 inches. Most of the precipitation comes in the 
spring and summer. 
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BONEEK
LOAM

Soil Mapping Unit "Bo"
Lab/BKS Sample ID: G08020806-046_050

Typical Pedon: Boneek loam - on a northeast-facing plane slope of 4 percent under native grass at
3500 feet elevation. (Colors are for dry soil unless otherwise stated.)

The Boneek series consists of deep and very deep, well drained soils formed in silty sediments
underlain by sandstone or siltstone. Permeability is moderately slow in the solum and moderate in
the underlying material. Slopes range from 0 to 15 percent. Mean annual precipitation is about
17 inches, and mean annual temperature is about 46 degrees F.

A - 0-2 inches. Brown (10YR 5/3) loam, moist; moderate thin platy structure parting to weak fine
granular; slightly hard, very friable; many fine roots; clear wavy boundary; neutral (pH 7.1)
noneffervescent.

Bt - 2-8 inches. Brown (7.5 YR 4/3D) loam, moist; weak coarse subangular blocky structure;
hard, very friable; many fine roots; clear wavy boundary; slighty alkaline (pH 7.6);
noneffervescent.

Clk - 8-17 inches. Brown (7.5 YR 5/3D) loam, moist; moderate medium prismatic structure
parting to moderate medium and fine subangular blocky; very hard, friable, slightly sticky and
slightly plastic; common fine roots; shiny films on faces of peds; clear wavy boundary;
moderately alkaline (pH 7.9); strongly effervescent.

C2k - 17-24 inches. Brown (1OYR 5/3D) loam, moist; weak coarse prismatic structure parting to
moderate medium subangular blocky; very hard, friable, slightly sticky and slightly plastic;
common fine roots; many fine and medium accumulations of carbonate; gradual wavy boundary;
moderately alkaline (pH 8.3); strongly effervescent.

C3k - 24-38 inches. Dark grayish brown (10YR 4/2D) clay loam, moist; weak medium and
coarse subangular blocky structure; very hard, friable, slightly sticky and slightly plastic; few fine
roots; common fine and medium accumulations of carbonate; gradual wavy boundary;
moderately alkaline (pH 8.3); strongly effervescent.

Type Location - Butte County, South Dakota; refer to waypoint 95 on map included in this report.

Range in Soil Characteristics (According to Official Series Description) - Depth to bedrock is
40 to 60 inches or more. Depth to carbonates ranges from 11 to 24 inches. Thickness of the mollic
epipedon ranges from 7 to 15 inches and extends into the Bt horizon of some pedons.

The A horizon has hue of IOYR or 7.5YR, value of 4 or 5 and 2 or 3 moist, and chroma of 2 or 3.
It typically is silt loam, but some pedons are loam. It is slightly acid or neutral.

The Btl horizon has hue of 7.5YR or 5YR, value of 4 or 6 and 3 or 4 moist, and chroma of 2 to 4.
It is silty clay loam or silty clay. Average clay content ranges from 35 to 45 percent with less than
15 percent fine sand or coarser. It is slightly acid or neutral.
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Soil Mapping Unit "Bo" 
Lab/BKS Sample ID: G08020806-046 _ 050 

BONEEK 
LOAM 

Typical Pedon: Boneek lo.am - on a northeast-facing plane slope of 4 percent under native grass at 
3500 feet elevation. (Colors are for dry soil unless otherwise stated.) 

The Boneek series consists of deep and very deep, well drained soils formed in silty sediments 
underlain by sandstone or siltstone. Permeability is moderately slow in the solum and moderate in 
the underlying material. Slopes range from 0 to 15 percent. Mean annual precipitation is about 
17 inches, and mean annual temperature is about 46 degrees F. 

A - 0-2 inches. Brown (lOYR 5/3) loam, moist; moderate thin platy structure parting to weak fine 
granular; slightly hard, very friable; many fine roots; clear wavy boundary; neutral (pH 7.1) 
noneffervescent. 

Bt - 2-8 inches. Brown (7.5 YR 4/3D) loam, moist; weak coarse subangular blocky structure; 
hard, very friable; many fine roots; clear wavy boundary; slighty alkaline (pH 7.6); 
noneffervescent. 

Clk - 8-17 inches. Brown (7.5 YR 5/3D) loam, moist; moderate medium prismatic structure 
parting to moderate medium and fine subangular blocky; very hard, friable, slightly sticky and 
slightly plastic; common fine roots; shiny films on faces of peds; clear wavy boundary; 
moderately alkaline (pH 7.9); strongly effervescent. 

C2k - 17-24 inches. Brown (10YR 5/3D) loam, moist; weak coarse prismatic structure parting to 
moderate medium subangular blocky; very hard, friable, slightly sticky and slightly plastic; 
common fine roots; many fine and medium accumulations of carbonate; gradual wavy boundary; 
moderately alkaline (pH 8.3); strongly effervescent. 

C3k - 24-38 inches. Dark grayish brown (10YR 4/2D) clay loam, moist; weak medium and 
coarse subangular blocky structure; very hard, friable, slightly sticky and slightly plastic; few fine 
roots; common fine and medium accumulations of carbonate; gradual wavy boundary; 
moderately alkaline (pH 8.3); strongly effervescent. 

Type Location - Butte County, South Dakota; refer to waypoint 95 on map included in this report. 

Range in Soil Characteristics (According to Official Series Description) - Depth to bedrock is 
40 to 60 inches or more. Depth to carbonates ranges from 11 to 24 inches. Thickness of the mollic 
epipedon ranges from 7 to 15 inches and extends into the Bt horizon of some pedons. 

The A horizon has hue of 10YR or 7.5YR, value of 4 or 5 and 2 or 3 moist, and chroma of 2 or 3. 
It typically is silt loam, but some pedons are loam. It is slightly acid or neutral. 

The Btl horizon has hue of7.5YR or 5YR, value of 4 or 6 and 3 or 4 moist, and chroma of2 to 4. 
It is silty clay loam or silty clay. Average clay content ranges from 35 to 45 percent with less than 
15 percent fine sand or coarser. It is slightly acid or neutral. 
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The Bt2 horizon has hue of 1OYR or 7.5Y, value of 5 or 6 and 3 or 5 moist, and chroma of 2 to 4.
It is silty clay loam averaging between 30 and 40 percent clay and less than 15 percent fine sand
or coarser. It is neutral or slightly alkaline.

The Bk and C horizons have hue of 1OYR or 2.5Y, value of 5 through 7 and 4 or 5 moist, and
chroma of 1 to 3. They typically are silt loam or silty clay loam, but some pedons are loam. They
are slightly alkaline to strongly alkaline. Few to many, fine or medium accumulations of
carbonate are in the Bk horizon.

The Cr horizon has hue of 1OYR or 7.5YR.

Range in Characteristics (according to field observations, lab analysis): Textures are coarser and
have less clay than typical for the series.

Taxonomic Class - Fine, smectitic, mesic Aridic Argiustolls

Suitability for Topsoil (According to WDEQ Guideline 1) - Selenium was marginal at
24-38 inches. Strongly effervescent at 8 inches. Estimated stripping depth is 24 inches.

Geographic Setting (According to Official Series Description) - Boneek soils are nearly level to
moderately sloping on high terraces and uplands. Surfaces are plane to slightly convex and slope
gradients range from 0 to 15 percent. The soils formed in a silty mantle overlying sandstone or
siltstones, or in loess or silty alluvium. Mean annual temperature ranges from 43 to 48 degrees,
and mean annual precipitation ranges from 15 to 18 inches. Most of the precipitation comes in the
spring and summer.
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The Bt2 horizon has hue of LOYR or 7 .SY, value of S or 6 and 3 or S moist, and chroma of 2 to 4. 
It is silty clay loam averaging between 30 and 40 percent clay and less than IS percent fine sand 
or coarser. It is neutral or slightly alkaline. 

The Bk and C horizons have hue of 10YR or 2.SY, value of S through 7 and 4 or S moist, and 
chroma of 1 to 3. They typically are silt loam or silty clay loam, but some pedons are loam. They 
are· slightly alkaline to strongly alkaline. Few to many, fine or medium accumulations of 
carbonate are in the Bk horizon. 

The Cr horizon has hue of lOYR or 7.SYR. 

Range in Characteristics (according to field observations, lab analysis): Textures are coarser and 
have less clay than typical for the series. 

Taxonomic Class - Fine, smectitic, mesic Aridic Argiustolls 

Suitability for Topsoil (According to WDEQ Guideline 1) - Selenium was marginal at 
24-38 inches. Strongly effervescent at 8 inches. Estimated stripping depth is 24 inches. 

Geographic Setting (According to Official Series Description) - Boneek soils are nearly level to 
moderately sloping on high terraces and uplands. Surfaces are plane to slightly convex and slope 
gradients range from 0 to IS percent. The soils formed in a silty mantle overlying sandstone or 
siltstones, or in loess or silty alluvium. Mean annual temperature ranges from 43 to 48 degrees, 
and mean annual precipitation ranges from IS to 18 inches. Most of the precipitation comes in the 
spring and summer. 
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ENERGY LABORA TORIES. INC. *400 WBoxeldo, Rd - Gillette. WY 82718-5315
Toll F1oe 866.686.7175 *307.686.7175 -FAX 307.682.4625 gi9tleteenergylab.com

LABORATORY ANALYTICAL REPORT

Client: Knight1 Piesold and Comlpany
emject: 1451b Oewey-B-dloctt Soils

Wo~rkorder: GOW120803

Report Date: 03/28108

Date Received: 02128108

AnalysIs CPA Coarse Sand 55 Clay Toad. SAT PH-oat EC.oat Ca.sal Mg-oat Nfl-sat SOS-sat
Analysis Ca" C--rs Sand st, cl-ill T.-Jr SAT PH-Smt EC-sat C.-• Mg-t Na-,a •4•-sa

Ftagtmuntu Paula paste pae pats paste paol.

Itnts % % % - auTo U too~tcm te/tt metL %ey4L u-tlqess

Degpth Ras• t Rs Rt Re- Results Roes Reults Reuts Results s sults Rea ReluIts Results ResultsSatemls 1D cluent Sample ID

G08020803,0131 HO• :170002'0•H3-02 tole #17

Mtu020003-003 Pluto #17
C00000003004 - 17

008020803-405 Hole :17
C08O208M3OOlt I-lte #7
C08020003-007 Huts 7
G00020103-001 Hout #2?
. 2 1-6 Huts .27
G08020001 0 Hte 027
C06020803"19 Huts =27

06020003-020 Hale #"

002003-013 Hout

G00020003-0tO HOtS #20
000020003-Ol3 IHtut #30

0017 Hule #49
G002C00-012 Hle #20

G00208003020 H'te #30

G0000 21 Hul 0419

008020802-023 HatS a"4
0050210I03-021 Hole #40

3.0 Hots #40

0000208002.0 Huts 040
000020603-027 Hole "10

003-02 Hole #41
G00020003-0 2 Hate "I4
G0207803-032 Hale #4G000020003-031 Hude 0,41

G000803-032 Hole "42
00,00208003-03 Hole #4200002003203 Hate #462

G080200 3035 Hole #4,2

080020803.035 Hole #43

G00020003-037 Hole #43
G00020803.03 Hole 0,3
G000020003-039 Hole 0,63

0-3 3&0 0.1

24-40 13 0.1
40-So 0.L 0.1

54-60 0.9 0.1
0-2 2.S 00.1
2-17 1*3 001

17-24 1.2 4.5
23-39 10 1.0

39.0- 0.0 00.1
.- 2 2.1 1.9
2-19 1.3 0.1
l5-26 1.1 0.1

30`00 0.0 0.1

0,2 4. 0.413

2-15 1.9 4.3

32-5 - 0.2 00.1

2730 1. 001
502.0 017 00.1
0-4 4.2 3.9
4-4 ý4 < 0.1
1,1-27 1-5 0.1
27-3 16 10,
380 t,7 ".o 1

4N4 4.2 3..

4-21 1.1 1.7
21-30 0.0 1.2

30.43 0.0 1.0
4.0 0.5 0.9

0-. .4 1 .S
6-17 1.3 6.0
17-39 0.0 0.1
30-60 0.6 , 00.1

0-2 1 1.7 1.1
2-14 2.1 05.1
14-3 1.0 00.1
30-0 0.8 0 0.1

4
3

14

3
2
21
1712
17

3
2

11

22
26
32

24

46 46
55 05 3
54

48 31
40 45

47 49
43 53
47 so

50 45

40 45

41 SO

59 30

46 37
37 32
36 37

GO 33

58 35
52 47

56 19
54 35
95 5

62 10

56 t4
48 28

20 42

,c 75.7
SuC 72.0
CC s000

CC 75.9
siC 70.0
siC 757

CCL 63.3
MC M3.5
Cc 77.5

CC 04.5

siC 79.0
GiCL w80

SI1C 700
SIC 84.t

IL 0o0
SCL 6:17
CL M8.4

CL 62.0
aIL 754

&CL 71.4
4CL 60,7

QCL 67.0
siC 74.8
Sic 75
M•L 455

sCL 64.2
81 638

OIL 42.4
L 336

OIL 446

SIL 40.2
SIL 35.0
SIL 37.1

CL 63.7
C 68.0

CL 433
L 396

5.0
5.7
5.7
5.8
5.0
4.5

7.0
7.0

8.0
7.9
7.9
8.0
0.0
7.0
8.0
7.0

7.3
8.0
7.7
8.1
6.6

7.1
7.0
a.2
7.9
7.7
7.7
8.a
8.7

.7a

e.3
8.6
8.5
8.2
7.4
8,5

0.51 3.00 0.73 0.24 0.2

0.39 2.30 0.54 027 0.2

0.70 5.44 1.49 0.73 0.4

1.28 7.52 3.76 2.02 0.8
3.40 24.0 23.0 4,43 0.9
3.03 23.4 30.8 4.78 0.9

0.56 2.41 1.14 2.41 1.8
460 24.2 10.3 29 0 7.0

6.1t 227 14.0 503 11.7
5.62 22.3 13.3 43.4 10.3
5.00 21.9 15.9 4-.7 10.3
0'4 2At0 0.00 3.61 3.0

4.90 23. 11.1 34.0 8.1

Ots 23.3 10.2 47.7 10.7
741 "208 24. 06 4 11.7
622 22.7 21.3 45.8 9.8
0.57 304 1.9 0.14 . 01
0.40 2.40 1.58 042 0.3

.03 2.07 2.76 2.00 1.6
5.14 22. 51.2 10.7 1.8

525 23.5 54.5 10.1 1.6
050 3.15 1.47 0.14 0.1

0.58 3.54 1.40 0.50 0.3
0.76 4.29 1.04 1.06 1.1
152 442 2001 007 54

442 24.0 11.3 251 60
1.03 7.70 2.09 0.23 0.1

3.70 27.7 20.1 0.30 1.7
13.3 25,3 tOO I4 .
10.0 27.4 t22 210 25.0
14.0 25.9 107 175 21.4

7.56 20.7 54.2 37,2 S.0
15.4 30.9 1tt 135 12.9
14.5 31.2 187 125 12.0

10.9 205 109 B035 10.1

1.11 5.45 3.2 - 0.01 0.3
0.89 5.20 3.27 5.07 0.4

001 1.13 1 .1 2 4.1 0 3.
176 1.25 1.76 1.3 12.5
037 1.97 1.10 0.14 0.1
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Client: 

Project: 
Worlcorder: 

ENERGY LASORA TORIESk INC • .. 400 W Saxe/del" Rd .. Gllletto, WY 82718-5315 
Toll Froe 886.686.7175·307.686.7175" FAX 307.682.4625" gillefte@energyiab.com 

Knight Piesold end Company 
. 451b Dewey-BurdoCk Soils 
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LABORATORY ANALYTICAL REPORT 

S. TeldUf"o SAT 

.. " " ... ...,. 
pH-sot EC·sat Ca-sat 
paste poD.te paste 

Report Date: 03128108 

Date Received: 02128108 

Mg.sat 
pllste 

meqJL 

No-sal 
paste 

SAR-sar 
past. 

Clktnt SIIImpio 10 Depth Rosun:s Results Rosulls Rosults R_uSb Rosults Results R.sults R.sulls Results Rosults Rasults Results 

G080208Q3..001 Hole ~17 
G0802Q803..002 Hole 017 

~3 HoIe",7 
~004 HoIo.,7 
~5 HoIe.,7 
G0802Q803,.OO6 Hole 017 
G080208O~7 Hole 027 
G08020803-008 Hole 027 

G08020803-OO9 Hate 027 
G08Q20803..010 HOle fl.27 

~" HOietl27 
G08020803-012 Hole CI36 

G080208Q3-013 Hole 038 
G0802Q803..O, .. HoI. 038 
~15 HoIet136 
G08020803-016 HoIo It38 
G08020803-017 HOle tJ39 

G08020803-018 Hole IJ39 

G0802Q803..019 Hole 039 

~ ..-""" 
GOIS02Q803.021 Hole 039 
G08020803-022 Hole &'40 

G08020803-023 Holo 040 
G080208(n.024 Hole 040 
G0802Q803..025 Hole #40 

G08020803-028 Hole #40 
G08D20803-027 Hole ~ 1 
G08Q20803-028 Hole IMI 
G08Q2Q803..029 Holo N 1 

G08020803-030 Holo 041 
G0802Q803-031 Hole CL41 
G08020803-032 Holo 11M2 
~033 Hole #42 

G080208I»-034 Hote 11M2 

G08020803-035 Hote 042 

G08020803-038 Hole 043 
GOS020803-037 Hole 1M3 
G08020803-038 Halo 1M3 
G0802Q803.039 Hole 043 

G08Q208Q3..040 Hote #50 

0-3 
3-8 

8-2< 
24-40 
40-54 
04-60 

0-2 
2·17 
17·24 
24-39 

3"'" 
0-2 
2·15 
15-28 
26-38 
>&-60 

0-2 
2·15 

15-32 
32·52 . 
52..., 

0-< 

4-" 
14.27 
27·38 
38-60 

0-< 
4-21 

21-3e 

""45 
.5-60 

0-. 
6-17 
17·39 
39-60 

0-2 
2·14 
14-38 
38-60 

0-2 

"" 1.0 
L7 
1.3 

D .• 
0.9 
2.5 
I.' 
1.2 
1.0 

D .• 
2.1 

1.' 
1.1 

0.. 
0.. 

1.' 
1.0 
0.7 
0.7 
<.2 ... 
1.5 
1.6 
1.7 
4.2 
1.1 

D." 
D •• 
0.5 
H 

I.' 
0.0 
o. 
11.1 
2.1 
1.0 
a .• 
2.3 

<0.1 
<0.1 
<0.1 
< 0.1 
<0.1 
<0.1 
<0.1 
<0.1 

< .• 
1.8 

< 0.1 

I.' 
< 0.1 
<0.1 

<0.1 
<0.1 
<0.1 
4.3 
1.7 

<0.1 
<0.1 
<0.1 

<0.1 
<0.1 
<0.1 
<0.1 
3.0 
1.7 

I.' 
1.8 
0.0 
1.5 
6.0 

<0.1 

<0.1 

1.1 
of.: 0.1 
<0.1 
<0.1 

2.. 

• 
5 

14 

S 

11 
IS 

17 

31 
27 
21 
17 
12 

25 
11 

18 
34 
22 

"" 2. 
30 
24 
22 
32 
50 

4< 

46 
45 .. ... 
." .. 
58 
47 
43 
.7 
50 
54 .. .. 
<I 

•• 
55 ... 
37 .. 
72 
50 
55 
58 
52 

51 
56 
54 
95 

54 

4' 
112 
60 
82 
5& 
48 
36 
36 
2B 

38 

... 
50 
53 
54 
51 
45 

33 
49 
53 
50 
45 
3. 
<5 
<5 

60 
50 

"" 37 

3' 
37 

33 
33 
35 
<7 ... 
19 
35 
5 
1. 
17 1. 
14 

10 

" 2B 
<2 
32 
22 1. 

SIC 
SIC 

SIC 
SIC 

SIC 
SIC 
SlCL 
SIC 
,"C 
,"C 
,"C 

,"CL 

SIC 
SIC 
SIC 
C 

SlL 
SlCL 

CL 
CL 
SIL 

SlCL 

SlCL 
SlCL 
,"C 
,"C 

SlL 
,"CL 

$I 

SIL 

SIL 
SIL 

SIL 
SIL 

CL 
C 
CL 

7!i.7 
72.0 
.00 
75.9 
78.9 
75.7 
63.3 

83.' 
77.5 .... 
79.0 
680 
842 
7 •• 

".1 
77.' 
SOD 
63.7 .... 
""6 
75.4 
71.4 
60.7 
57.8 
74.8 
75 • 
45.5 

64.' 
63.8 
42.4 
336 

"6 
40.2 
35.0 

. 37.1 

63.7 
68 .• 
43.3 
3 •• 
30 .• 

... 
5.7 
5.7 
5.8 
5.0 
4.5 
7.4 

7." 
B.O 
7.S 
7.S 
6.0 
•. 0 
..0 
8.0 
8.0 
8 .• 
7.3 

B.O 
..0 
•. 1 
8.6 
7.1 
7 .• 
B.1 

7.9 
7.7 

7.7 
8.' 
•. 7 
•. 7 
7 .• 
•. 3 
•. 0 
•. 5 
8.2 

7.' ... ... 
•. 0 

0.51 
0.39 
0.78 
1.25 
3.49 
3.83 
0.56 

'60 
6.16 

'.62 .... 
0.64 
4.98 
6.15 
741 
622 

0.57 
0.49 

0.83 
5.14 .2. 
as. 
0." 
0,76 
152 
442 
1.03 
3.78 
13.3 
16.8 
14.8 
7.58 
15.4 
14.5 
10.9 
1.11 
0.69 0., 
1.76 
037 

3.00 
2.36 
5 ..... 
7.52 
24.5 
23.4 
2.41 
24.2 

22.7 
22.3 
21.9 
2.10 
23.8 
23.3 

'28.6 
22.7 
304 
2.40 
2.67 
22.B 
23.5 
3.15 
3.54 
.... 25 
•• 2 
24.0 
7.70 
27.7 
25.3 
27.9 
25.9 
2B.7 
30.9 
31.2 
26.5 
5.45 
5.28 
1.13 
1.25 
1.97 

0.73 
0.54 
1 .... 9 
3.78 
23.0 
30.8 

10.3 

' .... 0 
13.3 
15.9 
0.88 
11.1 
lB.2 
24.6 
21.3 
1.95 

1.58 
2.76 
51.2 
5 .... 5 
1.47 
1 .... e 
1.8'" 
201 
113 
2..S 
20.1 
100 
122 
107 
54.2 
I •• 

•• 7 

'0' 
3.92 
3.27 
1.12 
1.76 
1.10 

0.24 
027 
0.73 
2.02 
4 .. 43 
4.78 
2.41 
290 

503 
43.4 
.... 7 
3.61 
34.0 
47.7 
604 
45.8 
01. 

0.42 
2.60 

'07 

0.14 
0.50 
1.95 
•• 7 2., 
0.23 
8.30 

'" 210 
17. 
37.2 
13 • 

12 • 

83.' 
0.61 
0.87 
4.10 
15.3 
0.14 

0.2 
0.2 
0.4 
0 .• 
O.S 
O.S 

1 .• 
7.0 
11.7 
10.3 
10.3 
3.0 
8.1 
10.7 
11.7 
S .• 

"" 0.1 
0.3 
1.0 
1.. 

I." 
A.' 
0.3 
1.1 
5.4 

80 
0.1 
1.7 

18.7 
25.0 
21.4 
5 .• 
12.9 
12.0 
10.1 

0.3 
0.4 
3.S 
12.5 
0.1 

Pmgetof4 



POWERTECh (USA) INc.

W ENERGY LABORATORIES, INC. " 400 WfBoxelder Rd* Gillette, WV 82718-5315
971THEF AW Toll Free 866.686.7175 '307.686.7175 * FAX 307.682.4625 "gillette~energytab.com

LABORATORY ANALYTICAL REPORT

Client: Knight PieSold and Company
Project: 451b Dewey-Surdock Sods
Workorder: G08020803

Report Date: 03/28108
Dale Received: 02128/08

Anatysts OM Coae Sand Sit Clay Tester SAT pl4-sat EC-sal Ca-sat Mg-sat Na-sal SAR-sat
Fragets pas•e past Pas paste paste paste

Uiait % % % % % wt,% s_u_ m.,os/oa eeqA. ..eq/L metL unifless

S.l.&la ID Clent Sassplo ID Depth Reslts Resalts Results Res"lts Resubs Results Res•slt Ralts Results Results Results Results Results

C08020803-041 Hole ast
G08020803-042 Hole M58
G08020803-043 Hoe Oe80
G08020803-0 HOWe 856
C08020803-045 IHle 858
G08020803,046 Hale 056
G08020003-047 Hole M5
008020803-04a Hole 85
C-0800803-049 Hole 807
G08020803-050 HOW 057

2-7 1L8 2.6 32
7-13 1.9 2.4 26
13-25 1.0 3.1 44

0-3 6.0 0.1 16
3-14 2.5 <0.1 <1
14-26 2.2 <0.1 8
26-36 2.0 1.5 18
36-80 i.2 3.0 34

4-2 2A 5.4 22
2-8 0.7 5 0.1 32

34
38

29'
56
72
60
56
44

42
38

34 CL 48.9 7.4 0.58 3.72 2.03 0.29 02.
36 CL 66.8 8.1 042 2.37 .1.47 0.42 0.3

27 CL 391 8.3 048 I.53 1.52 1.62 1.3
28 SiCL 74,9 7.4 0.96 7.78 1.33 0.09 <0.1
28 SiCM 480 7.7 1.07 8.69 1.92 0.29 0.1
32 SICL 50.8 7.6 3.08 32.2 8.13 1.42 1 0.3

26 SiL 46.4 7.5 3.43 36.7 9.58 2.45 0.5
22 L 39.2 7.7 3.70 30.9 12.1 229 0.5

38 CL 73-1 7.8 2.49 32-1 1.11 023 sO0A
30 CL 64.3 7.6 255 30.7 3.92 0.35 < 0.1

2

• 

• 

• 

• 
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POWERTECk (USA) INC. 

;;: W ENERGY LABORA TORlES, INC . • 400 W Boxelder Rd • Gillelte, WY 82718-5315 
TaU Free 866.686.7175·307.686.7175· FAX 307.682.4625· gillelte@energyfab.com 

LABORATORY ANALYTICAL REPORT 

Client: KnIght Piesoid and Company 

Project: 451 b Dewey.a.xdod< So~s 

WOrkorder: G08020803 

AnalysIs OM Coo ... Sand sm Clay Te ..... SAT 
Fragments 

IIrIIts % % % % % -SonoplolD CIIont Somplo ID Depth -- Results Results Ros.ults Roaulb Results Resutls 

~1 .-<050 2·7 1.8 2.6 32 34 34 CL <6.9 
~ .-OSO 7-13 1.9 2.4 26 38 36 CL 00.8 

~3 .-OSO 13-25 1.0 3.1 •• 29' 27 CL 39.1 
~ ~- ().3 6.0 < 0.1 16 56 2B SiCl 74.9 

~5 ~- 3-14 2.5 <0.1 < 1 72 2B SiCl 4B.O 
G08020803-()46 .-- 14-26 2.2 < 0.1 60 32 S1CL SO.8 

~7 .-- 26-36 2.0 1.5 1. 56 26 SiL <6.4 
~ ~- 36-60 1.2 3.0 3. .. 22 39.2 
~9 .-tlS7 ()'2 2.1 5.4 22 42 36 CL 731 
G080208()3.()SO .-tlS7 2-8 0.7 < 0.1 32 38 30 CL 64.3 

2 

Report Date: 03128108 

Dale Received: 02128108 

pH-saI EC-sa1 Co-sat Mg-sat Na-sal SAR-sat 
pasIe paste pasIe paste paste paste 

s_u_ mmhoslan meq/l. meqA. meqll unitless 

RosuII. _uhs RClSUlts Rasults Rosults Rosults 

H 0.58 3.72 2.03 0.29 0.2 
8.1 042 2.37 .1."7 0.42 0.3 

8.3 048 1.53 1.52 1.62 1.3 

7.' 0.96 7.78 1.33 0.09 <0.1 

7.7 1.07 B.69 1.92 0.29 0.1 
7.6 3.08 32.2 8.13 1.42 0.3 
7.5 3.43 36.7 9.58 2.45 0.5 
7.7 3.70 38.9 12.1 229 0.5 
7.6 249 32.1 1.11 023 < 0.1 
7.6 255 30.7 3.92 0.35 < 0.1 



POWERTECh (USA) INC.

ENEAGYLABORA TORIES INc 400 W Boxoldor Rd "GiIlotto. WY82718-5315
Toe) F-o 866o686r7175 ' 307.686.7175 -FAX 307.682.4625 "glleeenoff prgylab.om.

LABORATORY ANALYTICAL REPORT

Client: Knilght Pietiold and Comlpany
Ptoject: 451 b Dooney-13urdook Sods
Workondes: G0032003

Repo"t Date: 03/28108

Date Received: 02/2/080

atyst B-Hot -
V20 H20

UnIt. g/fkg wg

0epa, Resais RessoftSmarat ID co-,t Sample ID

600020804-001 tIle#1
008020103.002 Hoe #17

600a3.003 Hole #1 7

000 530 H-oale :17

6O06{02003005 Hole 617
G08020803-005 Hole 127
600020803-00 HMl 172
G08020803.008 Hole #27
GO6020803.00 Hole 027
01020030 HOle #27

G08020110010 Hole 027

G08020003-012 Hole #38
G00020803-013 Hole s38
G00020803-014 Hole 133
GOO2 0803.015 Hole #38
G08020803-016 Hole M38

60802080"-617 Hol #29
G080208D3-018 Hole#3

0*8020803-019 Hole 139
6020803-020 Hole
G08020800-021 Hole 030
60802,0803.022 Hole #4;0

G08902003.023 Hole #00
G0802080024 H040 0140
G08020803-025 Hole #-0
608020803032e Hole#4

G08020e032 27 Hole #1
G08020817028 Ho1l #01
600020803020 He #0

G08020803030 Hole #M"
608020803-031 Hole #01

60802080-02 Hol #02
60802003.03 Holie #02
G0032080302 Hole #02
G608 033 Hole #42
08020 3-034 HOle "3600283032 Hole #03

G08020800-038 Hole #03
G080 03039 Hole #03

0.3 0.3 0.01
3-& 023 00.01
0.24 0. • 00.01

24-0O 0.6 0001
40-54 0.8 00.01
548-80 M0 00.01
0-2 0.3 00.01
2.17 2.0 0.03
17-24 2.3 0.07
24-3M t.e 0.00

39,0- t.1 0.00
0-2 0.4 0 0.01

2-15 .7 0.02
15-26 2.3 0.03
20W38 2.3 0-03
30-0 t. 0.03

0-2 02 00.01
2.15 0a3 0O.0l

15-32 0.4 00.01
32-52 0.9 0.04
62-00 2.5 0.03

0-4 0.3 00.01
4-4 03 •0

14-27 0.4 00.01
27-38 0.8 0.02
38.0 oe7 0.08

0-4 0.4 0 001
4-21 0.7 003
21-38 7.7 02S
3-4.0 402 024
4S-.0 1.5 0."2

0-8 7.0 007
6-17 7.7 0.75

17.38 1 t. 0.00
39-0 t.2 0.04
0-2 04 -0001
2.14 0.2 0 0.01
14-38 0. 0.01
38-60 0.8 0.01

P-ge 04

3

• 

• 

• 

~ 
POWERTECk (USA) INC; 

~I~~~~wr ENERGY LABORA TORIES. INC. • 400 W Boxe/do, Rd • Glliotto. WY 82718-5315 
~ To/I Free 866.686.7175 .. 307.686.7175 • FAX 307.B82A625 • giIJette@onorgy/ab.com 

CI_nt: 

ProJfl:ct: 
Wotitorder: 

........ ID 

~, __ 3-002 

G08Il20803-003 -G<l8OOO803-OOs __ 3-008 

G08020803-007 
G08020803-008 
GOBC20803-009 
G080208D3-010 
GOSD2080:i-Ol1 
008020803-012 
GOBD20803-013 
G080208Ol-Q,4 

GDB020803-01 S 
008020803-016 
GOB020803-017 
GOSD20803,.018 
GOe02Q803.019 
G080208~020 

008020800-021 
GOB02OB03-.Q22 

G08020803-023 
G08020803-Q24 
G0802Q803.-025 

G08020803-02tI 
GOB020803-C127 
G08020803-()28 
GOI!0208o.3-029 
008020803-<130 
G0802080~31 

G08Ct2()803,.Q32 

GIl80208o3-<I33 

"""""""'3-034 
GOSQ208o3..035 

GIl80208o3-<IJ8 
G08Q208oJ..037 
G08020803-038 
G08CI20803-039 
GOSQ208()3..Q40 

Knight Piesold and Company 
451 b Dewey..sun.1ock Soils 

G08020803 

Ana ..... 

"", .. 8-Hot 
H2O 

""""" cacmt Sompkt 10 - --Mote .17 ... 3 D.' 
Hole #17 ... O' 
Hole "'7 8-24 D.' 
Hole 11;17 24·40 O. 
HoIe,,17 .... 54 0.8 
Holetl17 S4-«l 0.8 
Hole 027 0-2 D .• 
Hclat#27 2·17 2.0 
Hole tl27 17-24 2.3 
HoIo#27 24-3'9 , .• 
Holo'#l27 3 ..... 
Hole 036 0-2 D.' 
Ho ..... 2·15 1.7 
Hole #36 , .... 2.3 
Ho ..... 2&-36 2.3 
Hole""" 30-60 ,-S 
HoleR39 0-2 02 

Hole""" 2·15 0.3 

Ho" 039 ' .. 32 D.' 
Ho ..... 32·52 D.' 
Hole 039 52·60 '.S 
Hokl#40 0-4 0.3 

HoIe"O 03 
Hole 040 14-27 D.' Ho .. _ 

27·38 a." Ho .. _ 
3B-6O 0.7 

Hole .. , 0-4 O' 
Hole ... , "·21 0~7 

Hole .. , 21.36 7.7 
HoIeM, .... <5 '.2 
Holetu1 40-60 '.5 
Hole'" 0-8 , a 
Hole ... , 6-17 '-' 
Hote#42 17.39 ,." 
Holetl-42 39-<50 12 
Hole 1M3 0-2 O' 
Hole ""'3 2·14 0.2 

HoIe"3 , .. 38 O.S 
HokI#43 3B-6O 0.8 

Hole"SO 0-2 D.' 

LABORATORY ANALYTICAL REPORT 

-H2O --......... 
<0.01 

'" 0.01 
< 0.01 
<0.01 

<0.01 
<0.01 
<0.01 
0.03 
0.07 
0.06 
0.08 

<0.01 
0.02 
0.Q3 

0.03 
0.03 

<0.01 
<0.01 
<0.01 
0.04 
0.03 

<0.01 
<001 
<0.01 
0.02 
0.08 

<0.01 

0.03 
0.25 
024 
0.22 
007 
0.15 
0.09 
0.04 

<0.01 

'" 0.01 
cO.01 
0.01 

<0.01 

3 

Report Date: 03128108 

Date Received: 02128108 
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POWERTECh (USA) INc.

ENERGY LABORATORIES, INC. *400 W Boxelder Rd - Gillette, WY 82718-5315
Toll Free 866.686.7175 * 307.686. 7175 * FAX 307.6824625 'gilieneoenergylab.com

LABORATORY ANALYTICAL REPORT

Client: Knight PResod and Company
Project: 451b Dewey-Surdock Soils
Workordn': G08020803

Report Date: 03128/08

Date Received: 02128108

Analysis 8-H-I Se-Hot
H20 H20

Unets mglkg mgrg

Depth Results ResultsSampe ID I Clunt srmpl ID

CD00041 I'k• MS
G08020803-042 Hole #50

008020803-043 i-le #50
1080208103-044 Hole no6
G08020803-45 Hole Mo
C080208034186 Hoe #56
G08020803-47 Hole #56
G08020803-048 Hole ON
G08020803-049 Hole 057
G08020803-050 Hole #057

2-7 - 01 '0.01
7-13 0.3 <0.01
13-25 0.2 <0,01

0-3 0.2 <M.01
3-14 0.3 <0.01

14-26 0.3 '001
26-36 03 ' 0.01
36-60 0.2 ' 0.01

0-2 0.3 < 0.01
2-8 0.3 0.01

4

• 

• 

• 

~ 
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POWERTECk (USA) INC. 

Client: 

Project: 
Workonle<: 

S. ...... ID _, 
_2 
_3 
G08020803-044 
_5 
G08020803-046 
_7 
G080208OJ.(J48 

G08020803-049 
GIl8020803-G50 

ENERGY LABORATORIES, INC . • 400 W Boxe/der Rd' Gillette, WY 82718-5315 
Toll Free 866.686.7175' 307.686.7175' FAX 307.682.4625' gillette®energylab.com 

Knight Piesold and Company 

451 b Oewey-Burdock Soils 

G08020803 

Analysl. 

IInhs 

B-HoI 
H2O 

mg/kg 

C8cnt Samplo ID Depth Ro ..... 

Hole 05() 2·7· tU 
Hale05() 7·13 0.3 
Hai.05() 13-25 0.2 
Hale 056 0-3 0.2 
Hole 056 3-14 0.3 
Hole 056 14·26 0.3 
Hole 056 26-36 0.3 
Hole 056 36-00 0.2 
Hole 057 0-2 0.3 
Hole 057 2·8 0.3 

LABORATORY ANALYTICAL REPORT 

Se-Hot 
H2O 

rngII<g 

Results 

< 0.01 
<0.01 
<0.01 
<0.01 

<0.01 
<0.01 

<0.01 
< 0.01 

<0.01 
< 0.01 

4 

Report Date: 03128108 

Date Received: 02128108 



POWERTECII (USA) INC.

ENERGY LABORATORIES. INC. *400 W Boxelder Rd 'Gillette, WY 82718-5315
.az ýua•;•m Toal F~e 866.686.7175 * 307.686.7175 aFAX 307.682.4625 * gifletteaenorgylab.com

LABORATORY ANALYTICAL REPORT

Client: Knight Piesold and Company
Projec: 451b Dseooy-l0tadoc Soft
Woiltorder: G08020005

Report Date; 03131108
Date Receiv-d: 02J28108

Af"ys.s ON Coors Sand Sin Clay Te--re SAT pH-at EC-Oat Ca-sat Mg-sat N.-sa. SAR-setFto•wne~tts paste poste poste paste paste paste

U-It % I % % %, w1i s r lcm ste3t4 m-14l- . neqWL snil..S

Dept1 h Ressts Resufe Resu ltsts ftsu Results Results Results Reselts RePut Ro-ts Reselts ResultsS.0,plP 03 Client Sa.Mpls ID

G080205.1 HoIIle 00
G08 2 Pk*&O

G08020805-003 lse0
G00020005-004 o151 063
G08020005.005 Hole 063
G00020005-0M H.-. 103
Goso208of,007 P6a4

G0802005-0 HPle 064
G08020805-10 I-IoeM4

G 5-011 Hole 06,6
GO 0 ý05012 Hcý #72

G0 006013 I-le 072
G08020805.014 Hole 072
000200B05-015 Iýsl5 #72

G 1080 16 1-"kle 072

G0802080-S01 7 Hole 1073
G09020805-018 IFis 073
G000208006019 Hole #73
G08at HO #73

G00020005-021 Hole #73
G080208 (1-22 Hole #73

G-B027005-023 Hole 074
G00020800-024 Hole #74
D00020005-025 Hole 074

000020006-02 14o5 #70G0002005-020 7 1P #74
G 820805•11 Ho-.I74
G08020805`6il Hol #75

G00020805-030 Hole #75
G08020000-031 Hole #7S
G080 0&00-032 Hole 075
G08020110ý033 ý .75
G0800805-034 1-01 P76
Q08020805-035 H046e 076
G 82080",36 Hole 076
G08[1201105•37 Hoe#76
G08O0806-038 0o 76
G0O020805,39 nO 7

0-3 3,4 3ý513-10 1ý8 < OA
.0,18 1.3 4 8

0-2 30 14.3

2-6 .9 V 0.
6-18 6.9 0.2
0-6 0.4 <00.1

6-17 6.7 o. 1
17-33 0-8 <0.1

33-42 07 -0.1

42-M 0M6 01
0-3 33 -0.1

3-18 C.2 00.1

I0.3 1.- 100
43-6 08 001

0.3 31 6 0.1
3-15 17. 0.1
I&-2 0.9 <01

16-35 1.1 .0.1
ýw Ms09 0 .1
2-21 t09 00.1
0-3 1-6 0 0..1

3-15 0.8 <0.1
IS-27 06 OA.
27-8 1._3 0.1
3851 0,5 <0.1
51-60 M4 0.1

0,4 2-5 0_1
4-15 22 <0-1
15-3 1.3 . Ol
3346 1.o -0o1

0.2 1_9 .10
2-21 1.3 < 0.1
21-29 0.9 27

0-4 2.0 .7

30
20
24

52

14

10

16

59

36

20

14
16

15
2

19

14

40

38
70
36

38

57
so
61
61
57
51

39

37

69

53
35
41

42

35
37
31

17
45

53
455

42

12
23
27

33

2733

215

43

65

27

33

35

27

is

27
21

52;

27

CL 60-2
0 74.1

SiL 68.5
33.2

cL 40.1

CL. 40.1
OIL 626

Q-CL 641•7

OCL 7.42
&iCL 40A

SICL 759
SICL 534

CL 0S.3
MC 69.7

SCIL 690
S(L 67,9

L 51.1
sic 77,A

siC 07.4
sic 95.5
&C 7"5A

c 97 7
SCI- 36.0

SIOL 3.92

CLE 512.

L 54.
L 34,3

CL 60A

GCL 639

GCL 52,2
SiCL 54.5

iLc 31.5
sc 69A

C 67.0
SiCL 606
&CL 53.a
CL 52.6

7.5 0.7s 4.60 2.03 1.47
8.4 1.55 1-18 1.66 13,5

0.2 9.21 22.1 61.0 797
0.4 0.70 5.94 I08 056
7.3. 0.92 0.85 1.68 0.34
7.4 Z.99 30.1 9.02 5.25
7.1 0.@7 &.2 4.69 0.35
8.1 067 2.87 2.116 1.74

0.5 227 1.60 501 16.0
0.0 8.02 27.0 61.1 50.6

0.1 7.62 27.7 50.5 45.2
6.3 0.52 2.98 1.09 0.32

7.6 0.49 1.74 0.61 2.86
7.9 4.52 20.2 12.3 WA1

0.3 0.21 23.5 50.0 698
0.3 l0.0 21,9 73'5 9!.0
7.4 g99 5150 3,21 2.3t

7.9 6.51 0.5 9.4 524
7.8 11.2 24.7 26.4 113
8.0 12.8 35.5 35.5 134

A.0 13.6 34.0 38.9 142
8.0 13.2 33.0 31.8 123

7.8 0.73 5.47 2.04 0.79
0.3 0.69 1.62 1.45 4.66
8 5 5 68 5 4 15,1 55.9

0.5 13.7 202 95.0 162
0.4 13.2 25.9 92.3 150
8.4 12.7 2&.9 1120 I43

7.0 0.04 4.62 1.79 2.13

7.7 1.78 7.76 2.94 0.47
7.6- 661 204 156 4a5
7.0 8046 20.3 24.1 74.1
7.0 8.23 27.4 24.2 690
5.3 1.04 3.70 2.44 275
7.7 577 196 142 432

6.9 6.84 23.5 16.7 53.1
7.6 487 7.22 6.07 434
7.3 4,S7 3.85 3.15 44,1
7.6 0.54 4.t0 1A14 0,43

12

0.3

0.2
1.2
0.2
1.0
8.3

7.0

7.2
0.2

2.7
7.5
12

10

22
22

24

0.4
3.8
17
21

20

12

3.7

10
14
14

11

12

I7
24
0.3
1.0

page-,rW4G 2OWS-040 on -7 .5 101 41 37 CL W 4 77 121 647 3 13 401
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POWERTECIt (USA) INC. 

Client: 
Project: 
Work-order: 

ENERGY LABORATORIES. INC • .. 400 W Saxelder Rd· GilleHe. WY 82718-5315 
Toll Flee 866.686.7175" 307.686.7175· FAX 307.682.4625· gillette@energylab.com 

Knight Piesoid and Company 
451b Dewey-ButdoCk Soils 

G<l8020805 

Un" 
OM 

'" 

LABORATORY ANALYTICAL REPORT 

Coarse Sand Clay TekllA'ft SAT F_ 
... ... wI'" 

pH-sat EC·sat ca-sat 
paste paste paste 

Report Date: 03131108 
Date Received: 02128108 

Mg-sat 
paste 

moqlL ~q1L 

SAR-sal 
paste 

unlll"ss 

SOIimplaID CUont Sampkt 10 Depth RosuIts Rasurts Rasldts Rosults Results Rosults Results Rosults RDSUlts Rosulls Rosuhs Rosulta Rosults 

GOB020BOS-001 Hole G60 
G08020805-002 Halo 060 

008020605-003 Hole IJ60 
G08D2080S·Q04 Hole lCI63 
G0802080s..005 Hole lCI63 
G08020805-006 Hole J:J63 
G08020805-007 Hole #6ot 
G08020805-OOa Hole 064 

G06020805-009 HOle #6.f 
GOB02080s.<J1Q Hole 1164 
G08020805-011 Hole ~ 
G08020805-012 Hole #72 
G080208Ofo...013 Hole '472 
G0802080$.0,4 Hcio #72 
G080206Q5-015 Hole '472 
G08020805-016 Hole #72 
G08020805-017 Hole #73 
G08020805-018 Hole #73 
G08020805-019 Hole #73 
G0802080S-020 Hole #73 

G08020805--021 Hole #73 
G080208QS.022 Hole #73 

GOB02080S.Q23 Hole #74 
G0802080s..G24 Hole #7. 
G08020805-Q2S Hole '11-74 
G0802080S-026 Hcio tn4 
G08020805-027 Hokt #74 
GD80208D5-02B Hole '474 
G0802080~ Hole #75 

G08020805-03O Hole #75 
G0802080S-031 Hole 1iJ75 
GD802080&-032 Hofa 075 
G08020605-033 Hate 1t75 
G08020805-034 HokJ 076 
G0802D80S-035 Hole OM 
G08D20805-036 Hole #M 
G08020B05-037 Hole 1iJ76 
G08D20805-038 Hole #76 
008020805-039 Hole #77 

G08D2D805-040 Hote #77 

0-3 
3-'. 
10-1S 
0-2 
2-6 

,,"'8 
0-6 

6-17 

17·33 
33--42 
42-<10 

0-3 
3-'8 
18-28 
211-43 
43-60 

0-3 
3-'5 
15-23 
23-34 

34-38 

3S-6O 
0-3 
3-15 
15-.77 
27·38 

38-5' 
&1-60 
0-. 

4-15 
15-35 
35-... 
-... 

0-2 
2·.2.1 

21·29 -....... 
0-. 

4-17 

3.' 
1.8 

1.3 
M 

I.' 
I.' 
2.' 
1.7 

0.8 
0.7 
1>6 
33 
1.2 
1.2 

1.0 
08 

3' 
U 
0.' 
1.1 

0.' 
O. 
1.6 
0.8 
06 

I.' 
0.5 

0.' 
2.S 
22 
'.3 
'.0 
'.0 ... ..• 
0.' 
10 
0.6 
2 .• 

I.S 

3.S 
<0.1 

•• 
'4.3 
8 .• 
8.2 

<1>, 

<0.' 

<0.' 
<D.' 
<D.' 
<D.' 
<0.' 
2.8 

'.7 
2.1 

<0.1 

<0.' 
<D.' 
<0.1 

<0.1 

.0:0.' 

<D.' 
<0.1 
<0.1 

<0.1 
<0.1 

<0.1 
<0.1 

<0.1 
. <0.' 

<D.' 
<0.1 
<0.1 

<D.' 
2.7 
5.7 

<0.1 

'.7 
<0.1 

30 
20 
2. 
52 
39 
22 ,. 
8 

6 

'0 ,. 
17 

26 .. 
'6 
22 .. 
'6 

• 
59 
54 
36 .. 
50 

64 
2. ,. , . 
'5 
'2 .. ,. 
20 ,. ,. 
36 

22 

'0 
38 7. 
36 
38 
51 
53 
5. 

6' 
6. 
57 
5. 
39 
.7 

69 
53 
35 ., 
58 
• 0 

.2 
31 
10 
19 
35 
37 .. 
17 
.5 
53 
55 
58 
59 
39 
.2 
39 
.5 
58 
37 

30 
.2 

• 
12 
23 
27 
33 
33 

33 
29 

27 
32 
35 
43 

15 
25 
21 

'3 
'0 .. 
52 
65 
25 
27 
29 

23 
19 

'9 
27 
33 
29 
27 
29 
13 .. ., 
3. 
32 
27 
37 

5 

CL 
C 

SlL 
L 

CL 
SiCL 
.. CL 
SlCL 
SiCL 
SiCL 
SlCL 
CL 

"C 
SIL 
SIL 

L 

SIC 
SIC 
SIC 
SIC 

C 
SOL 

SOL 
CL 

SL 
CL 

SlCL 
SiCL 
SlCL 
SlCL 

L 
SiC 

C 
SiCL 
SiCL 
CL 
CL 

682 

7 .... ' 
69.' 
33.2 
40.1 
40.1 
626 
..... 7 

54.2 
48.8 
-45.9 .,. 
55.3 
69.7 
69.0 
67.4 

51.1 
776 
97.4 
9S.S. 
75.1 
97_7 

36.0 
4<2 

51' 
37.9 
34.3 
331 

"".4 
63.' 
52.2 
53 .• 

54.' 
31.5 
69.1 

67.0 
606 
53.8 
52.6 
684 

7.' 
8.' 
8.2 
< .• 
7.3· 
7.' 
7.1 
8.1 

8.' 
8.0 

8.1 
6.3 
7.< 
7.9 

8.2 
8.3 

7.' 
7.' 
7.8 
8.0 

8.0 

8.0 

7.8 
8.3 
85 

8.' 
8.' 
8.' 
7.8 
7.7 
7.6 . 

7.8 
7.8 

'.3 
7.7 
5.9 
7 .• 
7.3 
7.< 
7.7 

0.75 
1.55 

9.21 
0.79 

0.92 
2.99 
0.97 
0.67 
2.27 
8.02 

7.62 
052 
0.49 
4.52 
8_21 
10.0 

0.88 
6.51 
11.2 
12.. 
13.8 

12.. 
0.73 
0.69 

'68 
13.7 
13.2 

12.7 

0.84 
1.78 
661 
8.46 
8.23 
1.04 

'77 
6.84 
4.87 

4.57 
0.54 
1.21 

4.69 
1.18 

22.1 .... 
8.8S 
3D." 
<.25 
2.87 
1.60 
27.8 

27.7 
2.88 
1.74 
20.2 
23_S 
21.9 

5.50 

8.S 
24.7 

35.5 
34 .• 
33.0 
5.47 

'.62 
5. 
282 
25.9 
23.9 
4.62 
7.78 
284 

28.3 
27.4 
3.70 
196 

23.5 
7.22 
3.8S 
".10 
6.47 

2..03 
1.86 

61.0 
1.88 

1.68 
9.02 
".69 
2.96 

5.81 
61.1 

SO.S 
'.09 
0.51 
12.3 

SO.O 
73.S 
3.21 

'.4 
26.4 
35.S 
36.9 
31.8 
2.04 
1."S 
15.9 
95.0 
92.3 

82.0 
1.79 
'.94 
15. 

2".1 
2".2 
2 ..... 
14.2 

16.7 
6.07 

3.'S 
1.14 

3.13 

1.47 
13.S 
79.7 
0.56 
0.34 
5.2S 
0.3S 
1.74 

16.0 
SO.6 
45.2 
0.32 
2.86 
30.1 
69.8 
94.0 
2.31 
52.4 
113 ... 
142 

'23 
0.79 .... 
55.9 

182 
1SO 

143 
2.13 

8.47 
•• 5 
74.1 
69.8 
2.15 
43.2 
53.1 ... 
4 •. 1 
0 .• 3 

4.01 

0.8 
\I 

12 
0.3 

0.2 
'.2 
0.2 
1.0 

8.3 
7.S 
7.2 
0.2 
2.7 
7.S 
12 .. 
1.1 
18 

22 
22 
24 

22 
0.' 
3.8 
17 

21 
20 
20 
1.2 
3.7 
10 

14 

1.6 
11 

12 
17 

2. 
0.3 

1.8 
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POWERTECh (USA) INC.

ENERGY LABORA TORIES, INC. - 400 W Boxelder Rd * Gillette, WY 82718-5315
SETAWW-eWWW" Toll Free 866.686.7175 * 307.686.7175 ' FAX 307.6824625 "gillette~energylab.com

LABORATORY ANALYTICAL REPORT

Client:
Project:
Workorder.

Knight Piesold and Company
451b Dewey-Burdock Soils
G00025805

Report Date: 03131M0

Date Received: 022808

Analysi 06M Coarse Sand Si Clay Tetutue SAT p1H-sal EC-sat Ca-sal Mg-sal Na-sal SAR-sat

Fragroerds paste paste paste paste paste paste

Uuiks % % % % % .1% s3u- mmhosvcem memlt meq& eqt1. ueloess

Saopo tI Cheet Sample ID Depth ResUets Results Resut. Resuts Reset Resumts Resuts Rsul•s Results Result Results Results Results

GO020805-041 Hole a77
G08020005-042 Hole #77

C0t020805-044 Hole #79

G08020805-045 Hole #79
0802005-046 Hole #79

G00020B05-047 Hole 079

17-36 0a9 0.1 22 73
36-48 0.8 '0.1 24 St

0-3 5.1 0 1 18 40
3-17 1.6 ' 0.1 12 41
17-30 0.9 6.8 18 33
30-42 0.0 5.0 22 32
42-0 0.9 9.5 16 37

5 &L 67.2 8.0 5.66 23.7 44.8 27.1 4.6
15 SL 64.9 7.8 6.62 23.8 62.6 32.0 4.9
36 SiCL 585 8.1 0.7B 1.65 1.10 4.02 3.4
47 SiC 73.7 4.1 4.61 22.4 22.1 22.9 4.9
49 C 72.4 3.6 4.75 24.7 20.4 21.0 4.6
46 C 65.1 3.7 2.50 11.4 7.65 9.50 3.1
47 C 01.9 3.6 2.30 10.1 6.32 7.31 2.6

6

• 
•• 

0,' 
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POWERTEd. (USA) INC. 

ENERGY LAB ORA TORlES, INC . • 400 W aoxelder Rd • Gillette, WY 82718-5315 
Toll Free 866.686.7175 • 307.686.7175' FAX 307.682.4625' gillelte@energylab.com 

LABORATORY ANALYTICAL REPORT 

Client Knight Piesold and Company Report Date: 03/31/08 

Project: 451b Dewey·Burdock Sods Date Received: 02128/08 

Wor1<~ G08020805 

Analysis OM Coarse Sand s. Clay Texture SAT pH-sal EC-s.at Ca-sat Mg· ... No .... SAR·'" 
Fragments paste past. pa." past. pa"e past. 

Units % % 'It % % wl'lt s_u_ mmhosfcm meq/l meqll meq/l uniUess 

SampiolD Cliom Somplo 'D Deptl1 Ro,uIts ResuIlS Results ResuIlS Results Results """"lIS Results Results Rosults Rosults Rosults Results 

G0802IJ8OS.()41 H,*,OTI 17-36 0.9 <:0.1 22 73 Sll 67.2 8.0 5.66 23.7 .... 8 27.1 4.6 
G0802OOQS.042 HoIe#TI 36-48 0.8 <0.1 24 61 15 Sll &4.9 7.8 •. 62 23.8 62.6 32.0 4.9 
G0802IJ8OS.()43 Hole '79 ()'3 5.1 <D.' '8 .. 36 SlCl 58.5 8.1 0.78 1.65 1.19 4.02 3.< 
G0802080!>044 Hole .79 3-17 1.6 <0.1 12 •• <7 SIC· 73.7 <.1 4.61 22.4 22.1 22.9 <.9 

G08020805-045 HokII79 17·30 0.9 6.8 .8 33 49 C 72.' 3.6 4.75 24.7 20.4 21.9 4.6 
G08021l805-046 Hole t79 3Q.42 0.9 5.0 22 32 .. C 65.1 3.7 2.50 lt.4 7.65 9.50 3.1 
G0802OOQS.047 HoIet79 42-60 0.9 9.5 16 37 47 C 61.9 3.6 2.30 10.1 6.32 7.31 2.6 

• 

6 

• 



POWERTECh (USA) INC.

ENERGY LABORA TORIES, INC. - 400 W Boxoldor Rd ' Gillotto, WY 82718-5315
TOl Fr-o 86. 686.7175 * 307.686.7175 * FAX 307.682.4625 * gilltetene-gylob.comt

LABORATORY ANALYTICAL REPORT

Client 1rdgM'1 Piesold and Company

Project: 451b Dewey-Burdock Sods

Workoraer- GGS000205

Repoot Date: 03/3108
Date Rece8ied: 02)28/08

Ana6ysis R-.H•.0 8

Dets m ýftsgr
Sanlp 30 ct l Samplo ID

G080208054101 Hole 0W
C08020805-002 t01e coo

003020305.004 110M33
0 007 1O01064

-Ale eat
000)85.3 1m01633

ý 010 e S
0 0110Ho334

0030050A280.0 e 072•13 HO•.72

G08020605.0,6 Hole 072C0802080" 17 ~ 072

o080•028017 I-10 .73
G08020805.02010 08e37
G0802080".0 Ho0e 673

ý21 . 73

G000203050020 1-074

-A He .74

003020805.031 ~ 10037.

G08020805033 11 01074
0 027 . t00 077

ý 02a ý *74
GO08•0ý02e H*Aa 07S
o080 5•:• 30 l 075
GO0810 T•31 MO g/
G08O0•¢0 3 Ho 7S
CAM 5-33 Hol. .75

G0802•503s . 7a

•2080•037 -OO.,76

G0802080ý039 f*e 077
GOSO20606-040 ý 077

0-3 0.2 0001
3-10 -4 0.01
f0-18 1.5 0.11
0.2 0.1 0.01
2. 00.1 00.03
a-18 0.3 0001

8.3 0.2 0.03
3-17 0.2 3 0.10

17-34 1.1 0.03

343-4 3.7 0.42

32-60 1.3 0.03
-3 0.2 00.01

27.33 1.0 0.12
0 20 007

43-80 
1.0 0.100.3 0.2 0 001ý 15 Ma8 0.06

15-23 2.5 0.34

23-20 2.3 0044
4-38 1.7 0.42

3-O 1.8 0.37
0,3 02 <001

3-15 0.2 < 0.01

27-38 2.5 0.21
38-51 1.7 0.2
51400 1.3 0,6

-4 0.3 o+01
4-15 0A4 ý 0.01
15.35 0. o 0 .0l
25-eB 0.7 < 0.0

400 01A 0.01
0-2 0.2 < 0.0l
2'.21 12: 0.02

21-29 0.8 < 0.01
29-, 0.6 0.04

4• 0. 0.17
ý4 0.2 0 <.01

4-7 0.5 <0.01
Page 3 W4
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POWERTEdt (USA) INC. 

Client 

Protect: 
Workorder: 

"".-ID 
G08Q2IlOOS.OO, 

GOIID2()8()5.DD2 

G<lII02()OO5.00' 
G08Q2IlOOS.OO4 

GD8D2Df!05.OO' 
GD8tI2DI!<)5.OO 

GD8D2Df!05.007 
GD8D2Df!05.OO8 
GOIID2()8()5.OD9 

~.o 

GOIID2()8()5.O " 
GOIID2()8()5.O'2 
~'3 
GD802OO(I5.O •• 

GOIID2()8()5.Q '5 
G08D2()8t)S.O'6 
GD802OO(I5.O '7 
G08020805-018 
G08020805-019 
G080208(I5.02D 

GOII0206O!>D2' 
GOIID2()8()5.02 

GOIID2()8()5.Q23 
GOIID2()8()5.Q24 

GOIID2()8()5.02. 
GQ6020605.D26 
G08020805-027 
G08020805-Q28 
G08020805-029 
G0602!lI!IJ<>.03D 
G08020805-031 
G08020805-032 
GQ80208()5.(J33 
G08Q2Q805.()34 
G080208QS..03S 

G08020805-036 
G0802Q805..037 
G08Q208Q5.038 

G08020805-039 
~D 

ENERGY lASORA TORIES, INC. ·400 W Boxcldor Rd • Gillotto, WY 82711J..5315 
Toll Free 866.686.7175" 307.686.7175· FAX 307.682.4625· glllotte@energylob.com 

Kr'Ught Pie50Id and Company 
451b Oewey-&xdock Soils 

G08020805 -- 8-Hot 
H2O ...... 

CIIDnt SiIImpIo ID Depth ......... 
.--... 0.3 0.2 -- >.'0 D.' -- I().,a , .. 
_ .. 3 

0.2 D.' 
_"3 M '" 0.1 _ .. 3 

&.'8 0.3 -- 1>6 "'0.1 -- "'17 0.2 .--- 17-33 1.1 -- ,..." 2-7 .--- 42.eo , .. 
Hole 012 0.3 0.2 
Hole 472 ;>"8 02 
Hole 072 . .. ,. ,., 
Hole 0.72 ,...., '.0 
HokIo72 4:>.60 ,." 
Hole 073 0.3 0.2 
Hole 073 ;>.,. D.> 
_073 ' .. 23 2.' 
HoIe.73 2:>.34 2.' 
Hokt 1t73 >4-38 1.7 
Hole 073 3a.6O '.8 
Hole 074 0.3 02 
HolD 074 ;>.,. 0.2 
Hole "-74 ' .. 27 

,., 
Hole 0-74 27':~ ..• 
Hole .74 ".., L7 
Hole 074 5''''' I., 
Hole .,75 0.. D.' 
Hole #15 4·15 D.' 
_07, ' .. 35 O. 
Hole 075 ,..'" 0.7 
Hole 875 - 0.' _.'" 0.2 0.2 

~.'" 2'.21 I.' 
~.'" 21·29 0.8 

~.'" ... '" 0.6 

~.'" 
......, 05 

Hoea "77 0.. 0.2 
Hole 077 4-17 0.' 

LABORATORY ANALYTICAL REPORT 

__ 
H2O ....... ...... ... 
<0.01 
0.01 
0.11 

<0.01 
<0.01 
<0.01 
<0.01 
c 0.01 
0.03 
0.12 

0.06 
<0.0' 
<0.01 
0.12 
027 
0.10 

<0.01 
0.08 
0.34 
0.44 

0.42 
0.37 

<001 
<0.01 
0.08 
0.21 
0.20 
0.18 

<0.01 
<0.01 
<0.01 
<0.01 
0.01 

,",0.01 
0.02 

< 0.01 
0.04 
0.17 

cO.D1 

<0.01 

7 

Report Date: 03131108 

Dale Received: 02128108 
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POWERTECh (USA) INC.

W ENERGYLABORATORIES, INC. * 400 WBoxelder Rd *Gillette, WY82718-5315
Aammaý.,•,,z T Toll Free 886.686.7175 '307.686.7175 *FAX 307.6824625 ' gillelte~energylab.com

LABORATORY ANALYTICAL REPORT

Client: Knight Piesold and Company

Project: 451b Dewey-Burdock Soils
Workorder: G08020805

Report Date: 03131/08

Date Received: 021Z8/08

Analysts B-Hat Oe-Hat
H20 H20

Uies MQAQ mgD"

Depth Results ResultsSamplo ID CIeont Samplo ID

G08020800-,41 Hole #77
G-08020805-042 Hole #77
G08020805-043 Hole #79
G08020805-044 Hole #79

G08020805-045 Hole #79
G08020808-046 Hole #79

G0802t900-t47 Hole #79

17-38 4.4 0.03
3&-48 0`3 0.04
0-3 0.6 0e1
3-17 0_S * 0.01

17-30 0_6 <0.01
30-42 2.4 <0.91

42-nt 0`3 <0a01

8
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• 

• 
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POWERTECIt (USA) INC. 

'ililrlr ENERGY LASORA TORIES, INC . • 4(){) W Soxeldel Rd • Gillette, WY 82718-5315 
~ Toll Free 866.686.7175 • 307.686.7175' FAX 307.682.4625' gi/lette@energy/ab.com 

Client: 

Project: 

Wor1<order: 

SIImpiolD 

G08020805-041 
G08020805-042 

G08020805-043 
~ 

008020805-045 
0081l208O5-O46 
GOB020805-047 

Knight Piesold and Company 
451 b Dewev,Burdock Soils 

G08020805 

Analpls 

Units 

B-HoI 
H2O 

mgI1<g 

Cllont SIImplo 10 Ilep\II -
Hole #77 17·36 H 
HoIetl77 36-<8 6.3 
Hole #79 0-3 0.6 
Hole #79 3-17 0.9 
Hole #79 17·30 0.6 
Hote#79 30-42 0.4 
Hole #79 42-60 0.3 

LABORATORY ANALYTICAL REPORT 

Se-Ho1 
H2O 

mg.l<g 

R .... 1ts 

0.03 
0.04 

<0.01 

<0.0" 
<0.01 
<0.01 
<I; 0.01 

8 

Report Date: 03131Kl8 

Date Received: 02J28/08 



POWERTECh (USA) INC.

ENERGY LABORA TORIES, INC. '400 Wfloxelder Rd S Gillete, WY 82718-5315
Toll Free 866.686. 7175 * 307.686* 7175 'FAX 307.682.4625 * g.lletteanevrgyfab.com

LABORATORY ANALYTICAL REPORT

Client: Kidgrt Pieosd and Company Report Date: 04107108

Project: 451 b Dewoy-uldockt Sets Date Received: 02/28108

Vorkordec G00020806

AalyWe 0m Conia Sona sa Clay Te.atas SAT pHtI-sa EC-aol Ca-sot Mg-,to Na-eat SAR-sot

F geonr'•a palle poet. polio p.ste pane paota

Units % % % 1 %% a1% o . mhotoe-V. meq,. moq& meL anLttnaa

Soome M0 te Sam plpe Ito Dept0h R-eo- Retails Rettotia Rosette Reset R ttaa Resell Reolts Re-tt. Rosali Rouetta Roca tt Results

080ý 001 - olbe 0-4 30 0.9 51 3 17 L 35.7 5.3 1.78 e.95 4.91 al19 0.0n
0820806-0112 4-12 1.9 2.0 40 27 33 CL 40.3 7.1 1.16 0.93 3.57 1tO5 0.89
G4206006003 l-tole 0 2 12-17 1.0 <0.1 54 24 22 S0 40.7 7.8 0.08 AOt 3.30 1.46 0.71
G080201106-004 Hole t82 17-28 1.3 <0.1 &1 24 22 5 30.0 7.0 0.00 3,0 3.10 3.75 2.12

50 Hle 002 20-43 0.7 n0.1 58 2 20 C 302 7.9 2.0a 6068 12.0 14.1 455
Go08020I]O0 -H1le "3 0-3 32 0t1 14 3 33 StCL 533 48 043 1.23 0.72 1.20 1.22
C020806-007 A83 3-17 0.1 an.t 14 43 43 SiC 512 40 0.31 0.40 0.23 f.02 323
G0802o06004 ý 083 17.33 1.0 <0.1 9 47 a. SC 6.04 5.7 4.05 25.3 25.0 23.3 4.44

0802080- tiI3 33-42 0.6 00.1 6 69 25 oiL 78.1 7.0 5.71 20.5 35.1 30.4 5.47
G00020606-010 Hobea83 42-52 0.5 <0.1 0 69 23 SiL 02.3 7.9 6.61 26.0 46.3 38.3. 8.37
G0020 5011 0 o5 08' 3 52-60 0.4 <01 12 7M 97 0. 74.09 7.0 667 24.4 42.7 42.0 7.30
013020806012 `'toi 054 0-5 8.0 <0.1 4 59 37 &CL 07.0 7.4 1.87 1.83 6.48 12.7 0.22

00802000-013 kio- 4064 5-11 1.8 <0.1 0 52 39 GCL 832 0.3 11.0 24.5 100 112 14.0
080208 14 N4oe0.4 tO-37 08 <0:1 12 40 42 SC 760 84 140 220 149 148 15.9

G08e2•061"15 I-de 014 37-47 1.1 <0.1 6 55 28 ,lC- 708 &3 11.6 235 103 10a 13.5
160l -l-•et4 47-60 0.8 nO. 3 3 7 31 CL 59.7 .1 8.14 21.e 00.2 61.6 9.03
l0802080"17 o1l0 "s 0,2 4.2 n0t 32 48 20 L 51.5 6.3 0.43 2.37 1.44 0.23 0.16

00020 0l 1a oiseOs 2-7 2.3 <0.1 20 41 35 SCL m0.0 7.3 0.71 4.24 2.39 0.73 0.40
G000020-015 1- 0ee5 7-17 l.0 <0.1 10 40 38 ,CL lta0.0 7.9 0.71 2.50 1.79 2.93 1.S0
G08020806-020 1tole "S 17-30 l.3 <0.1 22 40 30 CL 85.4 8.0 1.71 4.81 4.08 0.28 4.39
G0802080•-021 tiol 088 002 3.0 2.1 21 40 33 CL 64.7 6.7 0.54 3.27 1.99 0.43 0.20
G]020806-02 1-4.800 2-5 .8 <0.1 11 43 4 s Ric 77.9 78 080 4.04 1.80 2.48 1.44
G0080208.• 3 Hole8 0-0l 1.3 <01 14 02 4 Si 77.9 7. 3.90 31.4 13.3 136 2a.
608 ý02024 P408889 0-2 4.4 3.1 12 54 34 OtCL 72.4 5.4 0.00 4.75 2.49 0.32 0.17
G08020806.025 14085 2-18 2.4 3ý7 45 40 SC 07.3 7.7 1.41 5.88 4.12 5.67 2.54

0000-0 4o088 1:1 1.5 <0.1 8 45 51 MC 83.7 7.0 3.73 23.8 14.0 18.3 3.75
G08 020 7 144 08" 31-37 t.5 <0.1 3 40 40 SiC 86.0 7.7 3.08 27.7 15.5 16.0 3.44
c-0s0w08 -028 tt'08oo0 0-2 2.5 <0.1 1 40 51 &C a4.1 8.0 0.37 2.25 000 0.42 0.34
G08020106-029 e 890 2-8 1.8 <0.1 2 44 Q4 SiC 89.8 7.4 044 2.82 0.78 0.76 0.56
G0802080"30 -o 0 00 1.5 <0.1 6 4t 53 SiC 00.0 7.7 0.70 4.84 1.5 1.86 1.06

08020•0-•031 1-04ia81 0-4 2.0 <0.1 20 44 30 CL 65.3 7.0 1.21 10.9 3.22 0.65 024
G0[0208063 Ho'0.81 4-19 1.2 n0.1 23 67 11 SL 00.3 7.8 4.,5 25.3 14.5 20.3 5.89
0828-33 Hoba881 19-40 0.5 <0.1 18 74 10 SAL 790. 0.4 12.7 2.7 a0l.7 144 10.8

4090209034 1"0. 91 40,48 0.0 <0.-1 10 47 34 ".L 300. 0.4 13.7 M3A4 00.7 1.5 20.0
(308020811,35 laOt A191 40-80 00 <0.1 10 00 23 SI U4.3 8.3 14.4 20.1 l09 170 20.7
0080002-030 Hol 0.802 0-7 2.3 <0.1 18 44 30 04CL 74.9 7.5 0.70 4.90 1.58 2.00 1.15

t308e2080-0 037 l40e882 7-10 4.6 a.t 12 48 40 SiC 8.2 7.8 3.32 27.6 0.68 10.4 2.42
G00002e00-30 He 093 0-4 2.0 <0.1 5s 3M 12 L 41.8 7.2 0.77 0.t3 1.04 0.23 0.11
6 ý " 08020 -030 1-0•o3 4-0 2.1 <0.1 so 22 18 L 39.4 7.5 0.71 0.25 1.00 0.14 0.07
00200 0 ie]84 0-2 8.3 <0.1 0 48 44 SiC 5.7 6.9 0.92 4.54 3.22 1.06 0.54
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• POWERTECh (USA) INC. 

Client: 
Prqjec:t: 
Wor1torder: 

ENERGY LASORA TORIES. INC • .. 400 W Boxelder Rd .. Gillene, WY 82718-5315 
Toll Free 866.686.7175 "307.686.7175" FAX 307.682.4625" gllJette@ene'fJylab.com 

KnIght Piesoid and Company 
451 b Oewey--BurdOCk SoUS 

G0802oaoe 

Unit> .. 

LABORATORY ANALYTICAL REPORT 

Coorse SaRlI sm SAT F_. .. ... .. .. pH-sat EC-sat C8-sot 
paste paste palle 

Report Dale: 04107/08 

D~ue Received: 02128108 

moqJL 

NoIl-SllI 
pasee 

moqIL 

SAR·sat 
paste 

uniliess 

""_10 Depth Rosulls Resubs Ran.... Rosuhs Rasulls Rasutts Rosult!l Re.uIts Rosults Rosull. Roaults Rosults Rosult. 

G0802080&-001 f1DkI #8.2 G08020806-OO2 __ ... 

G0802OB06-OOl f1DkI #82 

G<l1!0208IJI>.Q -- .... 
C'"..MQ20806 005 Hole CNl2 
GI'l8Q2!')8tlfj-008 Hole #83 
GIJ8D208Q6..OO7 "'#83 
.... --08020806-008 Hole 1J83 

r..Nto~ HoIe#83 
G0802Q806.010 Hole #83 

G080208Q6.(I11 Hole A3 
G080208Q6..012 Hole IJ84 

G08020806-013 Hole ~ 
G08020806-(J14 Hole ~ 
G0802Q806..015 Hole.,.. 
G0802080&-016 Hole #84 

G08O:208Q&..(J17 Hole #85 
G0eQ208:06.018 Hole #85 
G08020806-019 Hole AS 
G08020806.Q2O Hale AS 
G08020806-Q21 tiDIe tJ88 
G08020806-Q22. Hole tJ88 
G08020806-Q23 Hole #88 
G08020806-024 Hole ag 

~--... G08020608-026 __ ... 

G08Q20806..(l27 Hole #89 
G08020806-Q28 Hale #90 G081J201I06.029 __ ... 

G08Q20806..030 Hole CI90 
G0802Q806..031 Hale GS1 
G08020806-032 Hole #91 
G0802080&-033 Hole #91 

GOa020806-O:J4 ,...",., #9' 
G08020806-03S Hole 1tS1 

G08CJ20806...036 Hole #92 
G08020806-037 Hole #92 

G080208Q6...038 Hole 1tS3 
G080208Q6..039 Hole #93 

G080208Q6-040 Hole tJ94 

().. 

,,'2 
12-17 
17-28 
28-.. 

()'3 

3-17 
17·33 

33-'2 
42·52 
52-60 

().5 

5-" 
18--37 
37.47 
47-60 

()'2 
2·7 
7-17 
17·30 
()'2 

2." 

()'2 

2-18 
18-31 

3'·37 
D-2 
2-8 
8-20 
D-. ... " 

.9-40 
.fQ..fB 
• 8-60 

()'7 

7.19 
().. ... 
D-2 

3.0 

I." 
I.e 
'.3 
0.7 
32 
'.8 
1.0 

0.0 
0.5 

0.' 
8.0 

1.8 
08 

1.1 
0.0 

'.2 
2.3 
1.6 

'.3 
3.0 

'.8 
'.3 ... 
2.' 
1.5 
1.5 

2.' 
1.8 

I.' 
2.0 
1.2 

D.' 
O.S 
o. 
2.3 
•. e 
2." 
2.' 
0.3 

0.' 
2.0 

<0.1 
<0.1 
<0.1 .0. 
<0.1 
<0.1 

<D.' 

<0.' 
<0.1 
<0.1 

<0 .. ' 
<0.1 

<0.1 

<D.' 
<0.1 

<D.' 
<0.1 
<0.1 

2.' 
<0.1 

• 0. 
3.' 
3.7 

<0.1 
<0.1 

<0.1 

"'" 0.1 
cO.l 

<0.1 
<0.1 
<0.1 

<0.1 
<0.1 

<0.1 
<0.1 

"'" 0.1 
<0.1 
<0.1 

5. 
40 

54 
54 
58 .. 
" 
'2 

'2 

• 
32 
32 
20 

•• 
22 
2. 
11 .. 
'2 

• 
26 
22 

•• •• 
'0 .. 
'2 
so 
so 

32 
27 

2' 
2' 
22 
53 
43 
.7 .. 
•• 
79 
69 
52 .. 
55 
37 

'B' 
4. .. 
.0 .. 
43 
B2 
54 .. 
.3 

•• .. .. .. .. 
.7 
7. 
.7 .. .. .. .. 
32 

• 8 

17 
33 
22 
22 
20 
33 

'3 .. 
25 
23 

37 
39 
.2 
39 
3. 
20 
39 
38 
38 
33 .. . 
34 .. 
5' .. 
5' 
54 
53 
30 
11 
.0 
34 
22 
38 

'0 
'2 
.8 .. 

9 

L 

CL 

sa. 
sa. 
sa. 
SlCl 
SIC 
SIC 
SlL 
SlL 
Sll 

SiCL 
SiCL 
SIC 

SlCL 
CL 
L 

SiCL 
s/CL 
CL 
CL 
SIC 

Sl 
SiCL 
SIC 
SIC 
SiC 
SIC 

"'C 
SlC 
Cl 
Sil 
SiL 

SlCL 
SiL 

SiCL 
SIC 

SiC 

:IS.1 
49,3 

40.7 
30.0 
30. 
533 
5>.2 ... 
78.1 
82.3 
74.9 
87.0 

83.2 
788 
708 
69.7 
51.5 
80 .• ..... 
85 .• 
84.7 
n.. 
n .• 
12.' 
87.3 

83.7 
86.0 
84 .• 
89.8 

89.0 
85.3 
85.3 
79.9 .., .. 
.... 3 
74.9 
8 .... 
41.8 

39.4 
85.7 

5.3 

7.' 
7.8 
7." 
7." 

•• •• 
'.7 
7.0 

1.' 
7 .• 

7.' 
8.2 
8' 
8.3 

8.' 
0.3 
7.3 

7.' 
..0 
8.7 
7.8 
7.8 

5.' 
7.7 
7.0 
7.7 
6.8 

7.' 
7.7 
7.8 
7.8 
B.' 
S .• 

8.3 
7.5 
7.8 
7.2 
7.5 
8.9 

1.18 
1.16 

0.98 
0.99 
2.08 

0'3 
0.31 
4.85 
5.71 
6.81 
6.67 
1.87 

11.8 
•• 0 
11.6 

0.<43 
0.71 
0.71 
1.71 
0.54 
080 
3.99 
0.60 
1.41 

3.75 

3." 
0.37 
0.« 
0.78 
1.21 

'.65 
• 2.7 

13.7 , ..... 
0.79 
3.32 
o.n 
0.71 
0.92 

8.90 
5.93 
5.10 
3.08 
6.68 
1.23 
0.0 
25.3 
28.S 
28.0 

24." 
1.83 
24.6 
228 
23. 
21.8 
2.31 
4.24 

2.58 
4.81 
3.27 
'.04 
31.4 

4.78 
5.88 
23.8 
27.7 
2.25 
'.82 
'.84 
10.9 
25.3 
23.1 

23.' 
25.' 
4.99 
27.6 
6.13 
6.25 .... 

4.91 

3.57 
3,38 
3.19 

'2.5 
0.72 
0.23 
25.0 
35.1 
48.3 
42.7 
8.48 
.OS ... 
.03 
80.2 
1 ... 4 

2.39 
1.79 

".08 
1.99 
1.88 

13.3 
2.49 
4.12 
14.0 
15.5 

0.89 
0.78 
1.35 

'.22 
'4.5 
81.7 
98.1 
.08 
1.58 
9.68 
1.94 
1.80 
3.22 

0.19 
1.95 
1.46 

3.75 
14.1 
1.20 

'.82 
22.3 
30.4 
38.3. 
42.6 
12.7 
112 
148 

.08 
61.6 
0.23 
0.73 
2.93 

".28 
0.43 
2.48 

13.6 
0.32 
5.67 
18.3 
18.0 
0.42 
0.76 
1.86 
0.65 
28.3 ... .... 
170 
2.08 
10.4 
0.22 
0.14 

1.06 

0.08 
0.89 
0.71 
2.1:'2 
4.55 
1.22 
323 
4.44 
5.47 
B.37 
7.36 
6.22 
14.0 
15.9 
13.5 
9.63 
0.16 
0.40 

1.98 
4.39 

0.2. .... 
288 
0.17 
2.54 
3.75 
3.44 

0.34 
0.58 
1.08 
0.2. 
5.89 
19.8 
20.0 
20.7 
1.15 
2.42 
0.11 
0.07 
0.54 

Pogolof4 



POWERTECh (uSA) INC.

rn ENERGY LABORATORIES, INC. "400 WBoxelder Rd Gillette, WY 82718-5315
Toll Free 866.686.7175 6307.686.7175 *FAX 307.682.4625 *gillette@energylab.com

LABORATORY ANALYTICAL REPORT

Client: Knight Piesold and Company
Project: 451b Dewey-Budock Sols
Workorder: G08020806

Report Date: 04/07108

Date Received: 02128/08

Analysis 0M Coare Sand Sill Clay Tetudre SAT PH-sat EC-sat Ca-sal Mg-sat Na-sal OAR-sat
Fragnesrds paste paste pasle paste paste paste

UetIts % % % % WV% sltu mmhosltoc meq&L meqdL meO/L unitless

Sample) CeDnet Saemisp ID Depth Resfltes Resulls R Reasus Resulls R essllt R Rsults Res sult Resais Results Results Results Reaults Ressils

G08020806-041 Hole #84
G08020806-042 Hole 094

G080208064043 i-lde 694
G0902080684, Ho-e O
G080208068-045 Hole #94
G08020806-046 Holt #85

000020806-047 Hate #95

G08020808-049 Hole 895

G08020806-050 H-le #•5

2-8 18 < 0.1 8
8-20 1.2 6.0 19

20.32 L.0 3.1 16
32-44 1.2 8.9 9
44-60 08 - 5.0 12

0-2 16 5 0.1 39
2-8 20 5 0.1 41
&-17 1-2 50.1 40
17-24 0-7 s0.1 35
24-38 10 < 0.1 34

48
41

45
49
47
43

39
41

39
33

44 siC 87.8 7.6 0.66 3.55 1.58 1.61 1.00
40 SiC 8.56 7.5 227 20.6 5.30 3.89 1.08

39 SICL 82.8 7.6 3.00 26.0 9.46 5.36 1.27
42 SiC 87.2 7.6 3.81 26.2 18.1 13.4 2.84

41 SiC 87.0 7.8 5.22 23.7 27.5 29.4 5.82
18 L 46.4 7.1 0.70 5.33 2.36 0.10 0.00
20 L 43.8 7.6 O.83 7.16 2.64 0.40 0.18
19 L 39.5 7.9 0.65 3.56 2.66 0.71 0.40
26 L 51.3 8.3 0.90 1.18 2.30 5.73 4.34
33 CL 62.7 8.3 618 15.6 377 41.7 8.08
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• POWERTEcI .. (USA) INC. 

Client: 

Project: 
Wor1<order: 

SomplalD 

G08O~1 

~2 

~3 

G0802061l6-O<< 

G08O~5 

G08O~6 

~7 

~8 

G08O~9 

G08020806-OSO 

ENERGY LABORATORIES, INC . • 400 W Boxe/der Rd' Gillelte, WY 82718-5315 
Toll Free 866.686.7175' 307.686.7175' FAX 307.682.4625' gillelle@energylab.com 

Knight Piesdd and Company 

451b Dewey-llurdnck Sois 

G08020806 

AnalysIs 

Un ... 

OM 

% 

C80nt Somplo 10 DojIIfI ""sub 
Hole 094 2-8 1.8 
Hole 094 11-20 1.2 
Hole 1194 20-32 1.0 
Hole 094 32-44 1.2 
Hole 094 ~ 0.9 
Hole 1195 0-2 3.6 
HoIoI1I95 2-8 20 
HoIoI1I9S 8-17 1.2 
Hole 1195 17-24- 0.7 _ ... 5 

24-38 \.0 

Coo .... 
Fmgmont. 

% 

Results 

<0.1 
6.0 
3.1 
8.9 
5.0 

<0.1 

<0.1 
<0.1 

<0.1 

<0.1 

LABORATORY ANALYTICAL REPORT 

Sand Sill Clay Texture SAT 

% % % wt% 

RosuftS Rosults Rosulb Rosults RnuUs 

48 •• SiC 87.B 
19 " 40 SIC 85.6 
16 45 39 SiCl 826 
9 49 42 SIC 87.2 
12 47 '1 SIC 87.0 
39 43 lB 48.4 
41 39 20 43.B 
40 .. 19 39.5 
35 39 26 51.3 
34 33 33 CL 627 

10 

Report Date: 04/07/08 

Dale Received: 02128/08 

pH.sat EC-sat Ca-sat Mg.sat Na-sat SAR,-sat 
p""" po"'- pasl- pa"'. po". paste 

5_U_ mmhoSlcm meqn. meqll mOqlL unitless 

Results Rasuhs Rosults Rosults Ro.ults Results 

7.6 0.66 3.55 1.58 1.61 1.00 
7.5 221 20.6 5.30 3.89 1.08 

7.6 3.00 26.0 9.46 5.36 1.27 
7.6 3.BI 26.2 18.1 13.' 2.84 
7.8 5.22 23.7 21.5 29.' 5.82 
7.1 0.70 5.33 238 0.10 O.OS 
7.6 0.93 7.16 264 0.40 0.18 
7.9 0.65 3.58 2.00 0.71 D.40 
8.3 0.90 1.18 2.30 5.13 4.34 
8.3 6.10 15.6 37.7 .(1.7 8.08 



POWERTECh (USA) INC.

W ENERGY LABORATORIES, INC. 400W BooxldoRd d Gillotte, WY82718-5315
wafr-ro T Toll Froo 066.686.7175 *307.686.7175 *FAX 307.682.4625 gmette~onergylab.com

LABORATORY ANALYTICAL REPORT

Client: Knight Pmesaold and Company

Prq0.t: 451 b Dew0y.044udock Sods

Wo-kooder, G08020806

R86011 Date: 04/07108

081. R8081n.d: 052f2808

Annay40o 0.-1- S0.l-It

120 1-120

Unht nGfkg mg0,ftc

SaenpI ID Cto e S.ln.pfeO OID h RDepth S R6.0.

0080200o0.00 e 11a8o 0D. 0.3 0.01
(00020806.002 Hole 082 4-12 03 001

G0002080003 Hole 082 12-17 0.3 0.01
00002060.004 10f1Q02 17.20 02 a 0.01

G020SCS-005 Ho1* 12 2-43 05 •0001
020600. 1*1 083 0.3 0.3 0,01

G08020806-007 1*k0003 3-17 0.3 0.01
006020000 1-1,, 3 17-33 1..a 0.01
000020006 1*10 083 33.42 5.4 0.02

G0002000. 0 0- M03 42.A2 6.4 0.04
G0802080".11 1*10003 52.80 52 007
01102080"12 le100014 0.5 1.0 a 0.01

G0802080"0013 Ho1*104 S-18 1.6 0.02
G06020130". 14 I1, I0&84 1.37 2.0 0.05

G00020064015 1-010004 37-47 2.9 0.02
602001•0" •0 4 47.00 1.6 00.01

,0802080"17 M110I5 0.2 02 0.01
008020000.01 1-010005 2.7 0.2 00.01
G080206•.019 0 40135 7.17 0.5 00.01
008020006.0"0 Hole 085 17-30 08 <0.01

100020800001 14010 Se 0.2 02 .001

G0802086.= 10W0 2.9 0.4 0.01
(00020860003 l0t1 0000 9,16 1.2 40.01
(00020560.24 1-1, 000 0.2 0.3 0.01
.08020=0.025 o1e 009 2.18 05 0.01

H0•00200800 1*00 18,31 1.3 0.02
0408020600.27 4000t) 31-37 1.5 0.01

G0002080028 1.0 0.2 0.3 00.01
H0000020800 14l0 1000 2.0 04 0001

08020805-30 100 030 0.6 0 0.04
008020600.031 1*00091 0.4 0.2 0.01

G000208054)32 Hole i1 4.10 0.3 0.02
006020600.033 1*40001 6.40 1.5 0.07

C0802050"0.34 10le001 40.48 1.0 0.01
G080208-03610 1 I1 40.60 1.0 0.10

000208003 l-l 1"2 0.7 0.2 00.01
G000206 037 ole 002 7.19 0.7 0.01

00802011053 1 3 0.4 001 0001
G0002080039 0 1*1003 4-8 0.1 0.01

o006020 600.0 1*1004 0.2 0.6 0.01
Poge 30o4
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• POWERTEClt (USA) INC. 

ENERGY LABORATORIES~ INC. ·400 W Boxoldor Rd .. Gi/lotte, WV 8271£1..5315 
Toll Froo 866.686.7175 .. 307.686.7175" FAX 307.682.4625" gillette@energylab.com 

LABORATORY ANALYTICAL REPORT 

Client: Knight Pieso!ct and Company 

Protect: 451 b Oewey-BurdoCk Sods 

Worttonler: G08020806 

An2lys1. B-Hot So·Hot 
H2O H2O 

Units """". ....... 
Sompla ID CUant s.rnpto ID 

0. .. _ ......... R_ulls 

G<>80208D8-OO' ..... """ 1).' 0.3 cO.01 
G08020808-002 

_ 082 
4-12 O. <001 

G08020808-003 Hole 082 12·17 0.3 <0.01 
G08020808-OOO ..... 082 17.28 03 <0.01 

GIl&I208<l<>OO. Ho .. """ 28-'3 D. oeO.01 
G08020806-006 HoIa083 1).3 0.3 <0,01 

GOIIQ20806.OO7 HaIa#83 3-17 0.3 <0.01 
G0802()8(I&.OO8 Hole'" 17-33 1.9 <0.01 
G08<I208(I8.<I09 Hole .. 3 33-.2 ... 0.02 
G0802<lI!Oe<I' 0 

_ .. 3 
42·52 a .• 0.04 

G08<I208(I8.<I, , HoIe .. 3 "-"0 •• 0.07 
G08<I208(I8.<I,2 HO""" ... '.0 <0.01 

G080208tJ6.O '3 -- 5-'8 '.8 0.02 
G08<I208(I8.<I,. ........ 18-37 ... 0.05 

"""""""",. -- 37·47 ... 0.02 
G080208tJ6.O,a Hole'" 47-60 '.8 cO.Ot 
G080208Q6..017 HolaH5 ... O. <0.01 
""""",,",,'8 Hole .. , '.7 0.' <0.01 

""""""",,,' -... 7.'7 0.' <0.01 
G0802OI!Ilt.G2O Hole ... 17·30 o. <0.01 
G08(I2()8Il6.(J , Hole ... ... O. <001 
G08(I2()8Il6.(J 

_ ... 
'·D 0.' <0.01 

G08(I2()8Il6.(J3 Hole'" 9-'. . .. <0.01 
G080208tJ6.02. Hole ... ... 0.3 <G.Ol 
G08fl208OI>.02. Hole ... 2,'8 O. <0.01 

G080208tJ6.028 Hole ... '8-3' I., 0.02 
G08fl208OI>.027 -... 31.37 . .. 0.01 

G08Il2OIIOe<I.8 ..... - 1).2 0.3 <0.01 
G08(I2()8Il6.(J Hole...., '·8 O. <001 
G08<I208(I8.<I30 Hole...., 8-20 0.8 <0.01 

G08020808-031 Hole .. , ... 0.' ... 0.01 

G08020808-03. Hole .. , 4-,' 0.3 0.02 
G080208Q6..Q33 Hole .. , '9-40 ..• 0.07 

G08020808-034 Hole"., 40-48 '.0 0.08 
G08020806-035 Hole .. ' .8-80 1.0 0.10 
G08020808-038 Hole ... 1).7 0.' <0.01 
G08020806-037 Hole #92 7·'9 0.7 <0.01 

G08020808-038 _#93 ... < 0' <001 
G08020808-039 

_ .. 3 
4-8 0.' <0.01 

G08020808-040 Ho ..... .. 2 0.6 <0.01 

11 

Report Date: 04/07/08 
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POWERTECh (USA) INC.

ENERGY LABORA TORIES, INC. * 400 W Boxelder Rd * Gillette, WY 82718-5315
Toll Free 866.686 7175 * 307.686. 7175 * FAX 307.682.4625 "gillefteoenergylab.com

LABORATORY ANALYTICAL REPORT

Client Knight Piesoid and Company

Project: 451b Dewey-&rdock Sods

Workorder: G000208M6

Report Date: 04107/08

Date Received: 02028908

Analysis B-Hot Se4-Ho
H20 H20

Ueps eodink mlt

Npi Ramaus ResultsSar0b Im cian Samp tm

00802080&041 HOle 04
G0002080&042 Hole 094

G08020800-043 Hole 094
G00020806-044 Hole 094
G006020806-045 Hale 094
G08020606-40 IHole 095
G08020808-047 Hole 095
G08020809-049 Hale 095
G08020800-049 HIle 095
G9D20806.050 I-ole 095

2-1 0.4 <0.01
9-20 0.5 0.01
20-32 07 o 0.01
32-44 11 < 0.01

44-00 all 0.02
0-2 0.2 0.01

2-8 0.1 <0.501
8-17 0.1 <9.01
17-24 0.2 <0.01
24-38 1.5 0.15

12
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POWERTECh (USA) INC. 

Client: 

Project: 
WOtIcorder: 

SorapiolD 

~1 

G08II208Q6.()42 

G0802Q808-(JoO 3 
G080208Q6.O<< 
G080208Q6.045 
~ 

~7 

GIl8Q20806.048 

GIl8Q20806.049 
GIl80208U6-OSO 

ENERGY LASaRA TORIES, INC . • 400 W Saxelder Rd • Gillette, WY 82711J.5315 
Toll Free 866.686.7175' 307.686.7175' FAX 307.682.4625' gillelte@energy/ab.com 

Knight Piesoid and Company 

451 b Dewey-Burdock SoUs 

G08020806 

Analysis 

Unhs 

B-HOI 
H2O 

mgIkg 

CIIom Sompla ID Dopth Results 

Hole OIM 2-a 0.' 
Hole OIM 8-20 0.5 
Hole OIM 21).32 0.7 
Hole OIM 32 .... 1.1 

Hole OIM 44-60 0.8 
Hole 095 G.2 0.2 

Hole 095 2-8 0.1 
Hole 095 8-17 0.1 
Hole 095 17·24 0.2 
Hole 095 24-38 1.5 

LABORATORY ANALYTICAL REPORT 

Se-Ho1 
H2O 

mgo1<g 

Rasuhs 

<0.01 
<0.01 

<0.01 
< 0.01 

0.02 
... 0.01 

<0.01 
<0.01 
<0.01 
0.15 

12 

Report Date: 04/07/08 

Date Received: 02128/08 
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APPENDIX 2.6-E

PRIME FARMLAND DESIGNATION
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POWERTECh (USA) INC.

United Stat•s Department S1 Aaiuk•uzlte

SNRCS
Nijbnl Resautrcn Con~seivetian ServoB
200 Fjurtlh Street SW Ph2ne: 4t8O5Ki.12U-Yj
Huron, South Daklia 57300 Fax: 05) 3.52-1.V70

September r5,2008

Mr. Adam Blekfe
BKS E•nvronmetrlal Associates, Inc.
P.O. Box 34S7
Clltelte, Wyoming 82717

RE: Maps for Custer and FafDl Rivr Cou•lies, South Dakoa (SOD)

Dear M4r, 3elIke:

Attached are the prime and important farmland maps you requested fed the Sedlios In Township 6 and 7
North and Range 1 East in Custler and Fall River Counlios in SD,

Important farmland is land, itt addition t0 prine and unique farmlands, ihat Is of statewide Importance for
the production of food, feed, fiber, forage, and altseed c-rops. Criteria for defining and delineating this
lard are to be determined by the appropriate slate ag.ency or agencies.

GeneraJly, additional fsmrdanda of statewide importance include those that are nearly pfirno farmland and
that economically produce high yields of crops when treated arid maonjed according to eoceplet,*e
farming methods. Some may produce as high a yiefd as prie farmelands ,condillons are flavomabe.
Belov is the criletla wo use In dotormining Important farmland 1n South Deaota;

A map unlt is "Fansiand of Slatlmede Imporktmoe If 60 percent or more of named Components meet the
Criterfa and ihe Land Capabiity Class of all named components is Class 4 or less.

Mesic or frigid temperature regime
Available Water Capacily (AWC): 6.00 or Better (hIq0) In top 40 rnfches.
pH: 4.5 - 8.4 in top 24 inches
EC: less •an a In top 24 inches
SAR: less than 1 5 4! top 24 Ifn!tes
Smface Fropnents > 3 in; less than 10%
Waler erosion: K'tsiope Representative Value < 3.
Wind Erosion: I*C < 60.
Flooding or Pondirig: Less than Frequent
Wetness: High Water table > G inches,
Mapunit is not prime farmland under all conditions

If I can be a further assistance, do not hesitate to let me know.

Sincerely. . •

DANIEL SIURTLIF'

Acting Stale Sail Scientlst

Atlachments

cc: Kcny Bossed. DC. NRCS, Hot Springs FO

HeJplng People Hetp fhe Land

At~d CfiI t~fl~y R*MMis did EYOWrce

I
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POWERTECJt (USA) INC. 

~NRCS 
NilWtll1 Re<!ru,~ C<l~S>e,vaijCI'\ SoE<r.ioo 
~ Rruflh SIr;W SIN 
Huro". Sotllh o..l:aIi! 573BO 

Mr. Adam BG~~.() 

Unlllcd 5.,,"*,,,. Dllpartment vi Apkul ....... 

BKS ErM'ronmett1al A$ooclate$, Inc. 
P.O. Box 3467 

. Gilielte. Wyoming 82711 

RE: Maps fur Custetl' and Fat! Rive; COI,I;\lies, SOulh Dak,"a (SO) 

Dear Mr. Selllte: 

!'han,,, (1ltl5t ;]l5:2.1ZC10 
Fe~: (;;Q!.;) 3!ioll-1:;ml 

Att:~hed are ~ prim~ I;mdi important farmland maps you requElSted fO.tth~ SOCIlonsln TO'lln:lil1lp a and 7 
Nmth and Range 1 Easl in Custer and Fall River Countics in SO. 

ImpDrtant farmland is larid, in ~.ddltlon 10 ptb),e an(l unique t~fmland!\., 1hs:lt Is of sta1e\Mde ImpOrlance for 
tiw prOdtidiOfl of food, feed, rU)er, forage. an<J 011 !lead c~. Crtterta for deflnfng and delineating this 
land are to be detem1lnedi by Che approPfll'!te s-ll'!le !lg"1;TII:Y or agencies. 

Generally, addilianel farntlands of atatevrlde importance' include those thaI are naarly primo {aml/and _,nO 
that economically Pfoduce high yields of crops ... n-.on b'eatM and manage<!: &:cO\'dlng to a<x;epl~ 
farming methods. Some may prcdluce as high a yil3fd as primo fam1lands i! OOl1(lillQns are {1'!~'Q~t)ee. 
BelOI" is the ctilElfia WQ U!SQ In dG400nrnlng Importan1 farmland tn SQuth Dt>.'k.ota.: 

A map un[4 is "f'atlThl3nd of $Ialevnde ImpOtI:at'loo' If 50 ~rcenl or more of named Components m.eet Ihe 
Cr1!erl81 and 1he ltllld ~'Pab)lty Class. of all named components [s Class 4 or lass. 

Me!>ic (]f" frigid temperature regime 
A\'ailable Watar Capacily (AWe): 5,00 or Beller (hl~n) rn lop 4() ~e!.l. 
pH: 4.5 - 8.4 in top 24 inchos 
EC: less lI\an 6 In lop 24 inches 
SAR: less Ih ... m 1 $ ~ top 24 Ineile!), 
&mare frogrnent$:' 3 in; !e!>~ than 10% 
Walei' ero!iloo: KYI's.lope RePfesentatlve Value..: 3. 
\It,'TrocI Erosion: I·e..: 00. 
Flooding or Ponding: Less ttlan Frequent 
Welness: High Wal<ll' table'" 5 lriches, 
Mapunlt is not !lrlm~ farmland under all cQnd:itions 

If I ~JfI 00 a ful1her. e<ssISI~, dQ not h~ltate 10 let me krunv. 

AttachmenUi 

cc: Kory Bosseri, DC. NRCS, Hot Springs FO 

H&lpinl} PsopIs Hslp fIrs Land 
MIl<p"~uiI)'P._ .. ·". fit_ 

1 



POWERTECh (USA) INC.

Favr.rrltd Oasicalmn-Cuslr and Pvernagke. Co.,rdies. Bo Hits Paris, South Dakow. and Fal River Courdy. Southr DakoU
(BI(S 0E. 7S 1E)

N

A
a ..

m
2.GM XEW

w03
flow

Web Sol Svrvey 2.0
N00eraI Coop.-Alv S0.] Sorvy

I a..

P.zO. 1 of 5
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Farrrland ClassiflQ~tEr and P~g1On CountiEs. Black Hils Parts, South Dako1a: and Fan River County. South OMota 
(BKS Env 7S 1 E) 

_ .......... 
~-

Web Soil SvNe.y 2.0 
Niltional Coopet'".stive Soil SurvPl 

2 



POWERTECII (USA) INC.

Fawdand ClaliloloI-Qbow .d P-g.on Co,*M Blod Hft Parts. South nD..kf and Fall Rkro County. Sout, Dammam
(BKS Env S IE)

EJA- of W*.o(A

pohll ItI.

r-J Pmaatmakarmli*-sc

pH.oo boatal

- W~atq--

MAP LEGEND

atS.p a fI Od
.).dM.C -cab

C:] Faan of~

ED F.amolncllb"

P"Irtl~ - 1
ED TatmA aif b

IDl
w*kl-lli

maow

0-
Sit w anl

laat

MAP INFORMATION

COpna sod a'.oy nW sheft~ -w pmop~on ot publicatio
aomlaý Vtdinohg .W.0 anc pnI-W ..oan. hoýoo. -n.y y fror,
if,. orgnl Pl.-w ney on the b- .0.1 on ... h .oop oh.t fo
ploW lout rnwoww

Scurcoo ofmp, Naou lRasoowoCoatio..Senac
l.h 90W SOOV URL, httpAmatim1-.oy -d-gow

C-11-h. Syobo,. LUT Z-o 13N

Tt, p~oduct ia gimnnhdttf- tt. USI~.-#RCS c-frvd ce.as-
of th.eo dalm(s) Wad bl10.

&AVy A,.. tir0 Vansiong.Feb 0 2109

Soil Suoy An- Fall Rio, Counly. South OoIKot
S.asoyA-o. 0.1 Vansio10.Fob 0.2000

Your of int-st (CAO) incbft. -.0 Ithan, -0 si -- y
a- ThO u- 0 area rny himoa bami rnapped at clifer.I

dliffera krft. of dbtmi This rnay a reul n rns unit synroti. mot
Wparlia. -nc that10on do & not -. VW*iO~ qF

own,5101 and di~t10d probably. dift..n too, i. b~dkgwo,,
Innayclmlyd. d an theottnmpsAs.oa . .0.,.L mor *od901&0
of n,.p unit bour.diadie nwoy bo sofdo

Consevalil sm--m
Wmb 901l Su-ayt 20

Nationa CoPffbw od 901 ,aoo
2flV2008

Page2 ol5
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POWERTEC!t (USA) INC. 

F.mIWtdi ~ _ nd P&f1l'1ingfl:x1 ~. 91-* Hik Parts, South Dakota: and Fal mv.r County, South o.kota 
(BKS Enw 7S 1 E) 

ArM aI fl'lllllNSt CAOIa 

J """"'-(AOI) -J SoiI_ ..... Sai_ 0--­o =.-prme 
(g] ".....1IrnUnd ~ chined 

0 fI'Iow-~. 
~ Ian IoacIng or "",......--
cbinu thegn:Ming....-. 

0 
...... _ ......... 

0 Prw.1IrmIaNI iI~ 
iInd ... ~tran -..., .. -......--_ ... -

0 ...... _ ......... --0 --_.---..---..., .. _--_ ... --.. 

MAP LEGEND 

0 ....... _. --.............. -n-.g--
0 --_.-

- ... ..-",,(SDiI 
_).C(_ 
CIicalr)dDII!!s nat eceedGO 

0 --_.-
.-1d..::lairnRd~~ ---0 F~~~ -0 F~ulblIOII -0 F~oI~ -NcI""OI"nat~ _F ___ _ ..... --o T __ _ 

0-' -. .,.... 
OJ .-.---

3 

MAP INFORMATION 

Original 50i s.un.oey mIIp sheets were pn!~ .. publication 
scaI .. Viewing seale..w:t printing sc.aIe:. ~. may vary from 
the origin_ PIe ....... y on the ber ~ on .-=11 fn8p shaet for 
propel'" map 1'nI!...-.nents. 

Source of u.p: ,.....,..., Resources Conservation Service 
Web Soil S~ URL: http://I.trMbsoilsu"¥ey.r''IRa.usda..gov 
Coon::Iin .. ~: UTM z.,.,. 13N 

This pruducI: is gener.c.d from tt.. USOA-NRCS c:ertifil!d dMa as 
of the venian datR(s) liaRd bRiow. 

Soil &.n.y Alwa: Custer Mld Pt!rrington Cou1ties., Black ..as _ SouIh IWoaIa 

Survey An!. o.t.: V..-sian g , Feb O. 200B 

Soil 5d'vey Ant&: F .. River County, South o.kota 
Suvey Aft. o.ta: Version 10. Fti) tl. 2008 

Your ..... d.,.r.st (AOI) indudu mo .... than Dr'Mt soil ~ 
area. "These SU"V~ .....s rrwy have bH!n ...-pped at ciften!nt 
scaf@s, with • ~ 1.-.dI UN: in mind • .t ~ times. or .. 
diiffMt!nI ~ at ct.t.iL TlWs may ~ in m.p unit ~. soil 
prop«ties . .-"d intNp~ INIt do not ~ -aree­
across soil su~ .... ~es.. 

Oate(s).eriaI im.ges wefW pflCAogi ..... -=d: 1QQ1: 1994 

The orthophoto or Cl4hv base m.., on..niatl the soil lines 'Me:f1! _.nddV-__ """'_-....nd 
I~ dlsplayllad on these maps. A5 • ~ some nW'1or sNftiing 
01 map .... boundaries m.y be evident. 

8/812008 
Page2of5 



POWIERTIECII (USA) INC.

;I'milad CkmffI 1W-C~le7 ani Purdi~g~on Countle-r. E8laclfi .01 Pan~s,
Soulh Datalaý amal Fal Weer Couinty. SamI mota

BKS BIV 7S IE

Farmland Classification

Fatijiland Claas11lca1ton-~ surmialy b5rMap Unit -C~rnterand Pennhigf~m1 Co~un0ma~ flhac~ hula Parta~ laithi D~o1a

AS W1-Ukpti Nat pI~amfa"nrd 11-1 0
C42~x WEto0S0
PeMfont SIOPEA

EIB5a-3TIMMIAM7 Not pikne fara~nd 5.0 0.1%
CcurE6i, OED 6

_____________ PoAnlt FJOPES ______

B5 BMat e~lttown, 3to 5 Nat FcnafMi~riand 1.2 Ek0%
FpmenItE __________

B& ut-Cafidetatn dl Nat plane- tainlad 2-7 0.0%
loana, 2 fog paernt:

CFCanywRaloutamp Nat p~ne faviand 6.7 0.1%
oOnRpEX, 15 10 EO
pemmt salpea _______

DgB Oemw-GmanW, Noat psn - fwwa fiad U 001%
SIMErPMt oofroiela 0
10 6 PErcNO aQDpe ________

GED Gr~-xX0.F Nat Ko-fe fan1land 1.5 RM0
arWEX, 6:-.0 15
pement siapes ______

GtýGnrrU M.-ROCK &craW Nat p-IPa taiMflad 14.- .2

Pe~ifnt SlOPEo6
t-sA .9amemmaonkta 0 t-, 2 Pruma tnnofland If 0.7 0.0%

pem-nt MJpes hugalea

M~E NM1~IW4Ad CcUMlX. Not pinlefAnr~id 1.3 00%

pgcRer e.Grun-Irt clays 2 Nat pronme faarbland 738 01t%
ID 9 petcea 63opes

Sm Salanta-Arvada Not pine tainbland 2-5 M.%
ocaIerlx 2 ta, 6
pement Slaw ________

TME T'l~rd sam boank 2ta, 6 FPtna- fnriand If 5.5.%
____________ PeGant SICFES Intqald

Znl D gpd-NMhuf GOoioe, 6 Not prIn lanrland 1.500
to 15 peroent =pa~er. ____________ ____

ýCly anp Ulirit-mFn-mI, -by, MR p 'Sau.M9.0-

AaG ,Alce Mie sandy loam, 2 FiLms- tanodand It r M9 135%

IAT Aqva= roam Nat pitmearwirand 69.0 1.0%

AsS Asadm 1n esa ndy O m n. FM Pnlefanuandltf E&4 101l tO W 6 erC5It 6loPES [Mglgaed _______________

RAM~ Natural Reaources
- consemaios~n Sarvice

Web Sail Surdly 2.0
Nabnal Conper-aif Sol] SoviA' -page at 5
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POWERTECJt (USA) INC. 

farmland Classlfl::aj!Oll-Cu6ter am PEfm!ng:an OJunUes, Black HDls Paris. 
SOutn. Dak>J1Ei anUi Fa) ~'ier COOnly, Sootn ~cta 

Farm.land Classification 

. f~p:~i!!~fIO.ii_: 
AsA 

BeB 

BrB 

Bs3 

Ct!F 

Dg8 

Gi'D 

SF 

t-:afl. 

1\1E 

P-gC 

S1B 

115 

2nD 

AaC 

.·_i~:i;iiJif~ 1 ~t1i1g 1 

Alivall'a-S[ct!l?C1& Not ~ fam1and 
Cllrrrp1Ii'X, 0;-11>;) 
p6'C£I1t ElCJ:E6 

5ammn-Wlneil! NDt~fam1and 
oorrrp1li'x. 0 lll' e, 
~ntElcJ:E6 

surnat sit roam, ;) to s Nct FfIiM fam1and 
p6'CEnt EleJ:E6 

Su'1Iat-Ccfileeloo at, 
ICaJVlE, 2 ~-II> 9 pelCEllt 

Not ~ fam1and 

&klP;!& 

CQIlytlll-Ro::k oufi:l.'tp 
oorrrp1li'x. 15 ill eo 

Nat FfIiM ram-jand 

~i!nt ElIlJ:E6 

!)ema;-GrummJi. Net ~ fallrjand 
SII:II&PCls OOIlip!ex. a 
III 6 percent &.6 

Grurnrn1t·RocIl w.o.-ap 
OOrrrp1Ii'X. 6 iD15 

Not~ram-jand 

~ntacJ:E6 

GnInrrn1t-RocII w.c;op Net ~ fam1and 
OOrrrp1Ii'X. 1511l EO 
p6'CEntEloJ:E6 

Haverwn!lOarm,. 0 ill :1 Pi1m!! fam1and If 
~!!nt5lcJ:E6 IiI1ga1EII 

NflIll-2lgt.'eld ~leX. 
15 to 5no pe!tEIii 

Nct~fam1and 

&kIp;!& 

?/eiI'e-Grumrn'lt ~'S, 2 Nct~fam1and 
III 9 percent &lOpe& 

sa1anl3-ltrI'a:Ia 
OOrrrp1li'x.2i-!l<6 

Nct FfIiM fam1and 

~!!nt ElcJ:E6 

lll:OrlI5IH!IOam, 2 ~[l6 Pi1m!! fam1and If 
~-c!!nt ElcJ:E6 1iI1ga1i!1II 

Zlg1ol'efd-NlhW OOI11p!ex. e. Not ~ l'am1and 
III 15 peroent &kIpe6 

Alice nil!! sand)' loam, 2 Pi1m!! ram-jand If 
III 9 percem &bpi!6 1iI1ga1i!1II 

.lIscAIoo nnli' 6anl!y !lOam. Pi1m!! falnrIand If 
[. to 5 ~!!nt elOpes 1iI1ga1i!d 

Web SOIl sur.'e)' 2.6 
Natlcna1 OJIlp;raU\oe SC4! &mey 

4 

~ji~)Ap)l 

~1.1 

5.0 

1.2 

2.7 

6.7 

5.2 

1.5 

14.6 

0.7 

HI 

7.a 

2..5 

3~5 

1.5 

e·9.0 

BKS5m'7S ~E 

IF;III~~riti~~Cl!· 
D2% 

D.1% 

1!o.0% 

[~O% 

[<\.1% 

['.1% 

[<\.O% 

[ .... "% 

[<\.O% 

1lo.0% 

[<\.1% 

1lo.0% 

[<\.1% 

1lo.0% 

1 
... 1 

1.0% 

111% 

·9Jtr':l1JDS 
?agli'SafS 



POWERTECh (USA) INC.

",a-rdand CItolkauWter and P3enr.igan Counles, EIack. -IG Par0S,
&trth DaWkol amnd Fall K rCouniy, Scuth Mk=

BKS 5M, 7S IE

Faislinidaa caon--Sunomiy by Map Unit -- FaFlh-llvfrCqWrjty, SoUth MAqia

- Map umitSymubol Mapumlfcmn , Raftng Acm inAoI - - P reiztc(AOIlt

Be 5arrJnm sit ioan Nnt Me. fa•riand 251.7 2.3%

Boa 52neEk& sf [oain, 2 to6 3 F Mm- aniandIT 191 9_3%
pe,-enJt donpe h'rloal_=

Bps ,oneek sEt ro-n, rime farm•and If E562 99%
ted•rc, subdlraiurr 2 h-lgale=
t 6 PErcrnt sbpes

BrD 5-adurst clay, 2 to 15 Not pi.e fanland EGL. I.%
PEareit slopes _______ _______

Cno COMh.NNorka sit lMars 5 Notpi-Wtufarand -9Ž5 1.5%
bD13 Peroeant slapma

IYB Ceq-roairyfinesarnd2 Notpt fs•tnrand 13-7 9.2%
to 6 perces topes

EaC 5ClEYl aM, 0 tO 9 Not lfef-aMflnd S.A EK1%
pe•ccent elopes ________ ________

GrE Grumrrt-RlcK ct cp Not pTre famuland 327.9 &.0%
corrpe!x 35 to 41
psrtentSIOpes ______ ______

Sac Grurvnt-Swrim daM, 3 Not pf•me fairrtand 523.3 7.9%
to 15 peroent slopes

"f tiaversoal loam Films. tanulad If IMO. 1Ž0%

He .9-SI51Ek"Soms vex Not pWneanrland 733.9 11.1%

KVA K)le cla. 0 to 2 percent F'nnLand or salere -- 4E&2 7.1%
sl.pes . hUparlance

KVy K•1e dlay, 2 to 6 peroa-d Farmland o.2 1,-alle 421.1 E.-,
slpes Imporlance

L, tolllir r t cllyay Wai FanoLand o•1 atlevtrde 131.5 2Ža%
unrpance

MmMannnaa sil .y dlay Farmlaind of, A.ishue 715.0 1.1%
Ioar,, 2 iD 6 perco'd Impariarice
soipes

MWrE MatIlasmwauxy-9act Not pfln farmland 5122 7.7%
a•.op oamplex, 1S to
2,0 percI dopes

MB Ncr4M3 sht Iar I 2 F 6 Pmn eanland If P-5 A.,%
pewEentsiopes. Inigaled

NK'A Nunn clay loam, 0 to 2 Films aifland If 2&.0 9.,%
p-cent slopes Inigalred

,UB Nunn clay loam, 2 tD 6 P eFis alruand It tEE5 2I'%

ucNunndcaylocam, 6 t09 Fannhnanorstal-svdAe 25.3 IX4%
-_npemst slnpc- ignpoulance

Pea P;eare cl3y. 21o6 pm-ent Farlnand os sals•de 3220 4.q%
_ lopes. Unpolance

P:3E Xeir@Grumrvit clia•, 6 Not p'f anriand 747.0 11.3%
to 2.5 percent slopes.

PE- Pe;reSanoll da}ap, 6 to Not pins fa•r fld 29.6 4.-4%
,_ aperc-d lopes
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fanrJanlll Classllka'ilOOl-O..lst& aoo Penr4ng:an COunlJe6, Black :lUl6 par.s, 
Sautl10 Daka1a( ami Fall"5'IB"COllnly, Sooth DalIDta 

EKS:m'7S~E 

Fa:n:nISldcl6S:8I11l1:a1»an-SUlJllll!Bl)" b'j~p Umlf - Fan!~lYBriCQt!"ij1y; sol.lth [];;jj;~t4a 
IM8pll!lflaymbol -

Be 

808 

EIjl8 

810 

QiO 

IAv3 

EaC 

GiE 

GoO 

h .. 

I·fe 

KyA 

Ky3 

UI' 

MtB 

MITE 

t-'llB 

1(1/,6, 

N'uB 

t-'UC 

P£8 

~E 

Ps: 

~~ Naluml Rssoorcss 
- ConseJV8~iIIn Ssrvtoa 

~'lml(;nams RBflng 

BilITl'.nn 61t loan Nct tnJI!!. falIt1anCl 

Baneell elIt foam, 2 ttl 6 F'iiIiTE falmand Ir 
~-c£nt SlCpe6 1mga1!!1lI 

SOneell elIt loam, F'iiIiTE falmand Ir 
ted!td; 6ub61ralUm. :2 1mga1!!d 
ID 6pEfCE1'l15bpe6 

3.-oaiIl'Jurst clay, 2 to 1:, Net tnJI!!. fam"land 
~!!IItSlnpe6 

COlIlY'Ner~ 61t Ic~ 6 Net tnJI!! falmand 
ID 15 peroent &IilPefi 

[)\vyerl~ nne &ami. 2 
ID 6 JlEfCE1'I16.~6 

Not ~ fam"land 

5:II1i!y~m, o til> 9 Net tnJI!! falIt1and 
J:e:t:£nt Slcpe6 

Grunrrn!t-1iX)Ck ruCiq) 
CCl1'pl~lr. J; til> 4[" 

Not ~ falIt1and 

I=€re!!llt Slcpe6 

Grurrntt-SIWI'IIO da)'S, J; Nat tnJI!! falmand 
ID 15 peroent 61ilJlefi 

iiii!JersoJI ~11iI ~falmand Ir " 1mga1!!11 

HI5le-SICI<:sp:n&.CCfljplex Nat tnJI!! falmand 

:;"')led~', o ttl 2 Jleroe.'I1 FiiIllilanlll or·s'ialE"l'lf1te 
6IIlJli!6 ImJlalance 

lK)le d~', 2 ttl 6 Jleroe.-n FiiIllilanll or s':atE"l'lflte 
6IIlJli!6 ImJlooance 

!.illll,lIlei elI!.'1 day roam FiiIllilanll or r.'ial!!1I11te 
ImJlooance 

MallunOl'a Slliy da.y FiiIllilanll or 5":atE"l'lf1te 
lOam.. 21D 6 pi!roerti Impalance 
6IIlJli!6 

Malllla&Mkt.\'ii;y-~Ck 
ruCRlP ccml=l~x. t51D 
~O pi!roerti Sltpe5 

Not tnJI!! falmand 

NCfkas.1Hlca~21D6 PiImf! falmand Ir 
~ntSlapEE. 1mga1!!11 

oNunn day loarn, 0 1D:2 Pi1Jne. t'alTUland Ir 
J:6l:£nt Slape6 1mga1!!11 

oNunn da.y loam, :2 ID 6 PiImf!·1'amiIand Ir 
J:e.t:!!IIt SlCpe6 1mga1!!11 

oNunn da.y leam, 61D 9 Fii/iI11lanll OJ s':atE"l'nlte 
~£ntSlape6 Irnpalance 

?~em! clay. 21D6 ~i!nt Fii/iI11lanll ors'ialE"l'lf1te 
6IIlJli!6 IrnJlooance 

?ie.'Te-Grumfljll clay&., 6 Net tnJI!! falIt1and 
ID 2·5 peroent 6bPefi 

?leJ1'e-SarnsU di3)'E, 6 to 
25 pi!rcEf'li SltpeS 

Net J:&ne fairr4and 
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75.0 
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aritlandCL ~i~aLoi-C and i Pelirflgflfl 0OuflUE, Blaok"HEIrif Pa0s,
Soulh 03da;na and Fall MduCourrly, Somii DR=~I

&0EM1•,7B $E

7d,-iiiar- by -tp Un- 'Fai Rhe ort aliDA
M fhamsIU -0 Rating Acee

Pu Am~ rnfn Not prom tantiand 214,a 2

R ROCK OUO~a-Malhlar- Not pin-e l~fflland 1127,Ea
Muidle complex, MY to
7-5 pfferr~iafcpeS _____

SOA -S43ata foam, 0 ta 2 PrM~e ranrIad It1&3E2
____ ____ ____ peMET'nt eopES Iniqlatd

W:$ Salaria roam 1, 2 to S PR~n fanMtand If
______________ FeIMEnt E113PES UrqaEd

U;Iralata Foami, 6 to' Famlnd W'ell~lfe aa cU
_________ Percenft Slopes Un~portance

sinE- Sharnier.Eaitby Not prM amilaod 7.1 CKM1
DO FtEX, 9 to4D

_______ ______ egcent Jopes __ ______ _ _ _ _ _ _ _

SrIE SM~glaPnoe-Rock Ndtpinetainand ISBYZ4
ovtcrsp oonrp4ex 15 ID
40 perowd slopes ______________

SI 1teler"a Famlng r kA~ie "m i03
_____________________ h~~~nporlanice _____________________

TaA Trsltanik0to2 P~rne famrland It 42-7
_____________ pemnt Slopes hfligaled _______

Tas TIMM011roarrn,2 ro PRlmenefa=andl It .1
pemoert slopes bIWgaEd______________

W M-'vae Not pineFanirlad 93 .1%

BIE ~~~zlgtWd-"hlD Con.x 6 Not pine- Wtamnd E524
to 22 percent Mlapese _ _ _ _ _ _ _ _ _

Tolats toi Area of Wierest I.A) I I

Description

Farmland classifimalfon identifies map units as prime farmland. farmland of
statewte importance, farmland of local Enlportance, or unique farmland. It identifies
the location and extent of the soils that are best suited to ioodc, feed. fiber, forage,
and oilseed crops. NRCS policy and procedures on prime and unique farmlands
are published in the 'Federal Register," Vol- 43, N'o. 21, January 31, tG78.

Rating Options

Aggremgfan Mefthod: No Aggregation Nfecessary

Tre-bsakRu.e: Lower

Uimk~ MdE=wa tRaeUrclis-" Conservation Sar'vlce ,,1allonai 3Coper-llm Soil surwyv
&3geMor
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.raJillilamil C~ton-cu&e; and Pennlngi:m COuntlt!s, BlaCk Hms Paris. 
SoJUlho Dakal~ and Fall~UErCounly, Sooth Daliota 

, -i~lJ:ii!l!ifi8Y,lu1~" I~@ill~ !'C¥@1if 1---_~Jlli;AQI -I. - i!'!f.cBiiltgr,#{oJ_ 
Pu ?Its. mil:! Nllt \BIH! fami1and 214..a 3.2% 

Rtf' Rcct cUtcrap-!<.i3\hla&- Net jr"lE 1'aiTIi£and ~·27 C'..3% 
BuJ:clle complex, Jill to 
75 percenl &rcpes 

SCA satanta 1000000, 11' to 2 PoIm!!' fami1and If 13-·3 

SC3 

SmE 

SnE 

S1 

Ta3 

pe.-c~nt 51a~ IilfgaiEm 

S31anta roam, :i: to ti 
~6C~nt5lD~ 

Satanta r03l11, e, to 'B 
~nt5la~ 

Sd1amt~-Eclll:¥ 
OIIlIipfe-X, 9 tll14r' 
'~~nt5le~ 

Farmland 0:'r.1aIe\wlfe 
Impooance 

Nnt~, fami1and 

StlMlge-PElui,)se-Roct Nllt \BIH! 1'aiTIi£and 
oo:m::p OIIm~e-Jr, ~51D 
40 percenl &!cpes 

Farmlan!! 0:' ri'l3f2~wlfe 
Impooance 

1ll:Old 51ti.i!aaIl'" 0 '!c.:i: F\itmt!·1'aiTIi£and If 
~6C2nt 511l~ ~1tgalEIi 

llrGld 51n 1Oa1l'~ 2 to e. PiiLlE 1'aiTIi£and IT 
~nt5lC~ Iilfgal2!! 

\V31a Nilt \BIH! fami1and 

Z1gwerd-Nlhm OIIIlipfeJ!, 6 Net \BIH! 1'aiTIi£and 
ID 2J pa;cent Sl>:lPEfi 

Description 

38.6 

0.0 

7.1 

~~8.7 

36.0 

42.7 

75.0 

9.9 

te0.5 

6,ti:\9.11 

Fannland classification cdeniifies map units as prime farmland. farmlaillid of 
sta1E·.wre importance. farmland of local importance. or unique farmland. It ide.ntifies 
the loca~ion and exten! of the soils thai a.re best suited to fooo, feed. fibe.r; forage, 
and oilseed crops. NRCS polic~' and procedures on prim.e a.nd uniq)ue farmlands 
are published in the "Fede.ral Register;" \101. 43, No. 2~, Janua.r~' 31,1Q78. 

Rating Options 

Aggregat.lon !l'feth'Od: No Aggregation N'ecessary 

Tie-break Rule: Lower 
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Ntine and oilfer IrnpoilJard nilan~diCus~er and Permpnic Countiesi, ElaftBK Encav 7S IE
:iuis Parý, South Oakatac anti Fall Miner CcJnty, SuM DaMcU

Prime and other Important Farmlands

This table lisis the map: units in the survey area that are =csidered important
farmlands. Important farmlands consist of prime farm5and, unique farmland, and
farmland of statewide cr local importance. This lisi does not constitute a
recommendation for a particular land use.

In an effcir to identify the exlent and location of important farmlands, the Natural
Resources Conservation Service, In cooperalion with other interested Federal,
Slate, and local govemment organizations, has inventoried land that can be used
for the production of the Nation's food supply.

Pfrme farmland is of major importance In meetig the Nation's short- and long-range
needs for food and fiber. Because ihe supply ofl high-quality farmland is limited, the
U.S. Department of Agriculture recognizes that responsible levels of government
as well as Individuals, should encourage and fac•tate the wise use of our Nalicn's
prime farmland..

Prime farmland, as defined by lhe U.S. Depariment of Aguiculture, is land that has
the best combinaton of physical and chemical characteristfcs for producing food,
feed, forage, fiber, and oilseed crops and is available for these uses. It could be
cultivated land. paslureland, foresiland, or other land, but it is not urban or built-up
land orwateir areas. The soil quality, growing season, and moisture supply are those
needed for the scO to economically produce sustained high yields of crops when
proper management, including water management, and acceptabL- fanning
methods are applied. In general, prime farmland has an adequate ard dependable
supply of mcisiure from precipitation or irrgation. a favorable temperature and
grouvfrng season. acceplabte aciýity or alkalinity, an accep1a3be salt and sodium
content and few or no rocks. The water supply is depencdabbe and of adequate
quality. Prime farmland is permeabLe to waier and air. ft is not excessively erodible
or satlurated •ith waler for long periods, and it either is not frequently flooded during
the growing season or is proiected from flooding. Slope ranges mainly from 0 to
percent. More detailed information about the criteria for prime farmland is available
at the local office of the Natural Resources Conservation Service.

For some of the soils identified in the table as prime farmland, measures that
overcome a hazard or limitation, such as. fooding, wetness, and droughtiness, are
needed. Onsite evaluatlicn is needed to determine whether or not the hazard or
limitation has been overcome by corrective measures.

A recent tbend In land use in same areas has been the loss of some prime farm-and
to industrial and urban uses. The loss of prime farmland to other uses puts pressure
on marginal lands, which generally are more erodible, droughty, and less productive
and cannot be easily cultivated.

Un;que armiAnd is land other than prime farmland that is used for the production
of specific high-value food and fiber crops, such as citrus, tree nuts, olives,
cranberries, and other fruits and vegetables. It has the special combination of soil
quality, growing season., moisture supply, temperature, humidity, afr drainage,
elevation, and aspect needed for the scO to econcmicaly produce sustaina~ble high
yields of these crops when prcpedy managed. The water supply is dependable and
of adequate quality. Nearness to markets is an additionall consideration. Unique
farmland is not based on national criteria, It commonly is in areas where there is a
special microclimate, such as the wine country In Calfornia.

t.9IA Natfual Resources Web SUl Suri•- 2.0 .5It2JDB
Coneiarvatn servioc Naufral COCFeri'he SOIl .•JY -page 1 cr4
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?i1me am atner Im~lIArd famlandE.-Cu&ll!r anlll Pero11rg1!:n COunties, Bla!:\ 
:iDIS Par..s.. souln Da~{lti; anti Fam RtlEf D:i'Jnty, S~ Da:Kt3 

Prime and other Important Fa.rmlands 

This lalble lisis ihe map· unfits in ihe survey area tha~ are COITIsfdered important 
farmlands. Important farmlands consist 01 prime farm~and, uniq!U:e farmlaJnd. and 
farmland of s1a1ewide Clf loc.al importance. This lisi does nol constitute a 
recommendation for a. partioolar land use_ 

en an effort to identify 1ite ex1ent and locaiion cf important farmlands, the Natural 
Resources Conseriation SelVice. rn ccoperajicn with other interested Feder~, 
State. and local gO"'emment organizatiol]s, has invenl:alfiedlaneil thai can Ibce- used 
for the production of ihe l'14ation"s feod suppl~'. 

Prime farmland is cf major impcrlance in meeting1ite Naticn"s shari:" and ICl1<g-range 
needs for €Dod and fiber. Because ihe supply of high-quaJlity farmland is limited, the 
U.S. Dep'ar1ment of Agriculture reccgnizes that responsibCe levens, of 91oltemmeni. 
as YleDI as rrldilliduals, should enCOUi<litle and facataie the wise use cf our Na1icn's 
prime farmland .. 

Prtme farmland, as defined b)' ihe U.S. Oeparlmenl of Awiooltlcre, is land that has 
the best combinat1on of physical and chemical characterist~cs fer producing focd, 
feed, ferage·, fiber, and oilseed crops and is available €orthes.e uses .. It cculd be 
cultiltateti Dand, pas1ureland, fcres1land, or other land, but i\ is iliot urban or built-up 
land or'illater areas. The soil quality. growing sea.son, and mC3sture suppi:y are those 
needed €Dr the sOCl to econcmicailly produce sus!aine<il nitlh yrelds of crops when 
proper management, including ""ater manageme.nt, and acceptabCe farming 
methods are applied. In general, prime farm!!and has an adequate and dependable 
suppay of mC3sture from precipiiation or irrigat~on. a fallOrable lEmpeJature aneil 
gro114ing season. <liCceplabCe acf:,;fity or alkalinit)·, an acceplabCe sa[1 and sodium 
conient, and fe'll or no reeks. The walEr supply is dependabCe and of a.d':equa.ie 
quality_ Prime farmland is peImeabCe. to wa~er and air_ It is nol excessive.1y erodrble 
or salu~a1ed 11.ri:1h "'/a~er for long periods, and it either is nat freque.ntly flocded du.ring 
the groY,il11l seasoo or is proiected from flocding_ Slope raRges mainly from {I 10 6 
peIcent. More de1aiCed infermalicn about the criteria for prime farmland is a·,·aila.ble 
at the local office of the Natural Resources Conservaiicn Sel'4'iC>e. 

For some of the soils identified en ihe ~able a.s prime farmland, measures tlh.at 
overcome a hazard or limitation, such as· flooding, wetness, and droughtiness, are 
needed. On site ellalualicn is needed 10 delErm~e \'meti1.er or not ihe hazard or 
limitation has been overrome by corrective measures. 

A recenl trend in laneil use in scme area.s inas been the loss of some prime farmlland 
to ind'llls~riaJI and urban uses. The loss. cf prime farmHand to other uses puis pressure 
on marginaJIlands, which generally are more erodible, droutlhly, and) Ces.s producti~'e 
and cannol be easily cul;iltate.d. 

Urll'que fa\fJl?.land is land other than prime farmland that is, used for ihe production 
of specific high-vaDue feod and fiber crops, such as citrus, tree nuts, olilles, 
cranberries. and other fruits and vegetables. It ha.s the specia.l combCilllat!on of soil 
q'lllality, growing seascn., moisture supply, temperature, humidity, arr drainage, 
eCevation, and 3iSpect needed for the sce] to eooncmicaCy produce sJUiSlaina!ble high 
yields ofthese crops when propert)· managed_ The water suppay is depeneilable and 
of adequate quality. Nearness to markets is an additional! consideration. Unique 
farmland is not based on national criteria_ it commlonl)' is ,in area.s where there is a 
special microclimate, such as the wine country iJJ1I CalSfcmia_ 
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R~n~e FriohrIrlo1 a~rmlands-Custer anti PEinargtnr Counties, MWLaT
ills Pars Mot a~l~ an Fall Wier C00inty'. S"u W4a~i
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In some areas, land that does not meet ihe criteria for prime or unique farmland is
considered to be farrntarir of sfafe,¥de impon.ance for the production of food, feed,
fiber, fcrage, and oilseed crops. T•he cKleria for defining and delineating farmland
of statewide impcrtance are determined by the appropriate State agencies.
Generaliy, this land Mudes areas of soils that nearly meet the requEemeems for
prime farmland and that economically produce high yields of crops when treated
and managed accordng to accptable farming methods. Some areas may produce
as high a yield as prime farnmand if condcifics are favorable. Farmland of statewide
impcrtance may include tracts of land that have been designated for agriculture by
State law.

In some areas that are not idenlified as having national or statewide importance,
land is considered to be farnWand of locaO imparfance for the production of food,
feed, fiber, forage, and oeiseed crops. This farmland is identified by the appropriate
local agencies. Farmland of local imporance may .ncdude tracts of land 1hat have
been designated for agriculture by local ordinance.

Report-Prime and other Important Farmlands

Prime 9and othar rMnpods~t Farrmland- CUStterad PsnnLngtorlCouniteeB= Htc ills Pads, SOLithDslwt

.MAA Ad•-ac3-S•lYpot. coerex. 0 io 3 pereslpes Not. pfIe f-amiland

SO Bamun-Wb.erU comipex, D t 6 percnt sWoEs W 0al e frmland
MB Buiffat sir l r, 3 * tz 6 pe-cent slWpe Nat ffe f'rmland

B55 Butifat-Coceeton slI. Warme, 2 ̀ o 9 pe-'rOt Slopes Not p[ln-_ efa and

cn= :a -DI :RA outcrop complex, I5 t. ED percet dopes Not prli.e 1armland

D9B Cernar-GanR nfl-SD , potsccOex. O lo 6 percenrd gapes Not Itne. farmland
GOunun.-Rora Irop compnlex, 5 l 15 percent slopes Not pm~ie r-land

G1= n-Gr o.-f-cx outa'p complex, $E; to ED p10cent slopes Not pio far'land

.-2A F'rr:wson Iamn, a to 2 perceat s0opes Prp-e farmland If In'tgald

ME Kln|lt-zlm•Il Cornplex, 15 to EDt percent eglpes Not prafna ar'nland

PgC P•ATre-G-rurnJrt clay., 2 to q9 percesrt. sroes Not prne- farmlandl

Sib S -1'6rtdB Ceonger. 21to 6pexcent Slopes Not FIMP- ZiJ an~d

TOE TIWrd SIll loam. 2 Io 6 pe-rcert Mopes Mae fnrdand Ir InrigaLed

DID, _ _ weI-Nlll complex, 5 to 155pement ldpes Not prMr rarmianid

Prime, ang:,etherlImportant Fsrmtsndsý.- Falli RWOeUsrantioubakt

SMwrl] MapunIt NameFrln Clsassllcadan,

.AaC Alce fine •eax, toarr, 2 .ao S Percent slopes PrIdm farmland If IngaLed

Ar AnedacIoam Nat prame farrmland
AsB Astogo Up- sandy loam, 01o 6 perc,*l siopes Rftlm farmland If Iti'lgad

fo Baanum sit roan Not •'ae farmland

Bo1B BEnee. slit. kDarr, 2 to E, perent e orpes PrMe fa=rmland r' In"galed

bpS boartse. slt S~M11W, beidrcli Gu~tsraum. 2 to 6 paferent -- stcpes Filnie a and ir ffIngale
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~n scme areas., land that dloes not mee~ lhe criteria for prime or unique iarmland is. 
considered 10 be farmfam! ofsfa·fewide impotfame fer fue production cf ~ood, reed, 
fiber, ferage, and oilsee<il creps. The cri1eria for definrn,g and de!!ineafi-ing farmland 
cf statewide irnpcnan~ are d'eteIminedi by the apprepriale State agencies. 
Ge:neraDIy. !has land! iiumdes area.s of soils !hat nea.rly rnee:i the requilem,enis for 
pr1me farmland and tibat economically produce high yieldls 01 crops. when treaied] 
and m,anaged acc:ord1il1ig to ac:~ptable farming methods.. Some areas may produce 
a.s higJh a yiel};j as prime fannBand if c:ondUlicflls are fa ... orable. Farmland of slatel\'ide 
irnpcrtan~ rna)' inclwe irac!s of land! thai have been desigJnated fer agiTiooJrure by 
Slate law. 

tn scme areas ihal are not iden~ifled as having na1ional or statewide impcnanc.e, 
land os considered to be farmiii'mi of local impo.!1iilll~ for the production o.f food. 
feed. fiber, forage, and oeJseed crops_ This farmland! is ide.ntified by the appropriaie 
local agencies. Farmland of local imporlance rna); rnc:lude tracts of land ihat ha\le 
been designated for agrioolrure by local ordiinance .. 

Report-Prime and other Important Farmlandls 

prlm9,a~ atner Il:npooant f'a~,~,and P8f111blglaniC9\lrltr.,.a,,~ItHIlI8 p~i SQl#.IlD~!a 
,-

IMllp!lUm ~B/IIII. ~nma_n.d1~8Inc~l@ , r.fgJ8ym1xl1 
i 

.1losA Ar,~SllGII&potE. COOi!tex. 0 ~ ~. ~ S1cpes Nat. ~iil1le 1'amiland 

BfB BamUffi"WRElU oomJ:¥.!x, [~to 5 J:ERlI!IIt SlapE6 Nat ~ 1'amiland 

Bre Bufiliiit $Iii wm. 3 til' e. ps;cent EIa~ Nat ~ 1'ami/and 

853 BuUftiit-co."l!eeton &111 IcallilS, 2 io 9 pe."OO1l: 51Cj:eS Nat ~iil1le 1'amiland 

CtIf C<I'rj."O.'-Ro!:l aulcrop oom~i!x, 15 to tiD peICEf1t S1ll1=es Nat pr.m: t'..rrnland 

Dg6 Canar-Grumml!,SllC~ COOIp~ 0 10 6 peJta'il5lCp2s Nat. ~iil1le familand 

GoD Grurmn~-~ oot~ .:o.."I1pleX,& 1D 15- J:Eroi!l1t 51DPE6 Nat ~ 1'amiland 

GiF Grummlf-~ ootC'q) .:o.."I1plex. ~5 to tiD peliCi!nt EIa~es Nat ~ 1'amiland 

rom'>. ti'aiEfliOn Icam. 0 II) 2 perrem stopes RillIe familand If IrrlgalEd 

1\1E t«lhll-ZI!lIYekl canplex. t5 to 5D pe.-c-ent EIa~ Nat pr:nF.! familand 

PgC P!e.."R'C-rullirnit clays. 2m 9 peroen1. sropes r«rl. ~ 1'amilanlll 

SIB 8atm':a-,6I\l3!Iiil ~ex.. 2 lD' e, peICEI"ll 51cpes Nat ~f.m: 1'amilanll 

TIB 1lllCrd r.1l1lcam. 21D 6 percEl'li &ropes P!irJE fiim'Jamllf ImlgalEd 

2)"ID· Z1!1\',ii!!(HII1hl1l canplEX. ti to 15, ~nt 51CpE6 Nat I=filni! l'imnlana 

.. 

iMlip ~bal ,MaPiUnItINBma· . 

. P.aC Alce nne $iI'KI]o' roarr~ 2 to '3 ~~nt 51Cpe6 

Nat pr.m:! 1'amiland 

AsS A9::a!CfI ~ lianG'! Icam, 0 II) 6 percem 5!opE!s F1ilM fiim'dand If IrrlgalEd 

Be Bamum 51~ roam 

F1ilM 1'amiland If IIrlgalEd 

BpB Benae.l $Iii roam. bedro::k sutElra1wm. 211) 6 pef'Ce'1i 5!~S 

\'Jet, SOli SUM!)' 2.(J. 
NaJlIInal OJaFErall\'e SoU SoJrvey 
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-nbe ar t~ r F~aun1 ancdCuhenr and Pfarm-gtn Caurdles, 813a~
M-i Prs. aU aoa andý Fall Rhjer Couinty. Sou-Ih DaUct

BI3 m,7S $E

BrD mhu~rs day, 2 tco IS percer.19rlpes Nat VMPli farmland

MaD Colty-Noflasill loanrE. 6"'.D 15 perceni, 9cte Nat pf~n-a frmrland

DOS ___ DwNer, Iaanr~r tre samid, 2 M E Femr t 
slapes NAt pr~pe fdamland

Eac E-Olley loam. 010D9 peeren afopes Wa p~ip- farmland

GIE GummiWýFoac Wwlap complex, 3. to 4D perent slupes Nat. VPilrn farmland

GSD GuMMfft-Sro=n oCayal 3 10 v5 pemr" Sl aopes Nat F4~e farmland

F-a H'aiersan loan- Fr27e farimland If ln~alad

I-fe hlae-Sl~Icapola uolex Nal V27a fadriland
K)'A Kle clay, Di ta 2 percent sUIpE- Farmlnd: of s 1ufe~ lnrportanoe

KyS Kyfe dlay. 2 toa3 pKS Fon t elo-pe-S Famnflaind ofsat ~e* Inrporloe

LOLofirfllmr sli dxcayr bloam Faninlaind of t alaM1 lqr~i~rtane

V113 Murm= 911yed4 loam, 2 to 6 peroeNd slope FarMflad0 Stf atWldt1 lnrpatanoe

MWE V= -%4Ma),Rnck outromp ccrrgex 15 to 30 peiman skWe Nal prl-Ae farMland

NT8cota alt lam., 2 ID 6 percezi stpee F"-n frdmland If IlgraMa

NO.ir KV-I cmy low, 0 to 2 percnt sa~pes FnMV farmland It InlpaEad

KUE, KtInm Ca loam, 2 to 6 percent eMapeE RFitn farmland It Inflat-d

KuC I.!wn day l oam, 5 to 9 pervent eopmes Farmland ot =O'eAM- lri-p~rtance

RED rnew clay, 2 Ia 6 percen t lpes Farfnilam ot asaHe'M lrrp3rtoe

Pg ~ Rme-C-rnrnt ciaysý , to 125 peroeni. E2pes Not pfame faunrand

ME Pbr~e-SSMnI clavz 6 i 25- percern. gcpes Nat pitne f armland

PU P414 rnIPe Nat pfrtrie farmland

ROF RO cdo firaraButre ccrL-pexl W01o75 p-reren sop.Ee Not pitne farmland

GASalin-M 53afrr 00 a2 percent elopes FRae fariland If Iroga:E-d

Scs Satarf,3 toam. 2 ta 6 perce11t Slopes FPrnm farMland It Irr~atEd

SCSatariea Doarný 6-, cgo pecentslopes Faffnlmta of Weeld~e-1 Iruprlzane

STRE Si r- eeni4~ ta 4D percent slopes Not pltne farmland

SnE Snflmga-Fermre-Ftoc oiroropT complex, 15 to .4D pe-rcent elopes. Wa. prane farmland
St SteltbE c13y FaflTIa~a aaeadInrrac

Taa Wallrd sin loami a la 2 pe-rcerr- stopes Fitne- farmland It Irrgatr-d

W5l TIIfhrd dli loam, 2 Ia 6 percerni sfcpes PFitne faMland It Irrigated

10 MWae Not plame rdnrdand

ME___ 2lgwald-NIIII ecrplex, 5 to 2D percent slopes. Nat PaMn faMland

NVAR1& alulRIM,,,ce
Coitseivation Servioei

Wieb Soll Survey 2.0
Nationa =aPenaffve soil &Surw Page 3 a1.4
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?;lillE! arid alliEr lm~ ~am;lands-Cu&1=r and PEr1i11rg\Ilfll OJurol1eti, 81acl 
HlI!i par'.$. SOultk Dat-:l1iiC antli Fal R~iEf" COlInty, SI:'.Jj! DalOOl 

.. - --'- - -" -- _._- - .-._ ... 

BID 

CI!D 

D;.v3 

EaC 

~ 

GsO 

HiD 

He 

K}'A 

K}'3 

lO 

JoI.t6 

1\{nrE 

1\'l:6 

1\'ll'''. 

1'{lJ8 

l'iuC 

FlEB 

IlgE 

I'S: 

!lU 

RtF 

SCA 

SC3 

sec 
SmE 

SnE 

st 

Tall, 

Ta3 

\'l 

2h: 

_ !~J:!'Ujm~~ I ~~rti;I~B!IIC~~' 

BroalIhursi Cia~', 2 to!:. 15 percallS!ilpe5 

Cdt;Y-NortaS1H Illafli'lS, 6 ro 15 perceni ~5 

DYJ)'el' klanr,' trre samli, 2::05 ~eliCl!nt SlOpE!> 

Ec.lJey l!lam, aiD 9 ~1.Slq:te5 

Girufilllllt-Roc:!: artl:lCP co..-nplex, 3 to.!;1} pert:"..nt SllIpES 

GirurnmJ:-SrOll'l-l) cJays, 3111> 15 pel'OE\lrl Slopl!5 

h"aiEfliOn ItliiJtl 

tilJ;(e-SltIHiPC~ oonrpl'!!x 

"1fe d~; [. to2 ~l!nt stllJlES 

K}fe day, 2 to 5· ~eliC=nt Slopee. 

Loomllle:r Silt,' day lOam 

l'liil'lUllJla SHyday loam, 2 to 6 p:roem S~S 

Milt413IH,,4k1wa)·Rtct; oomp ~ex. 151D 3Q perce,'I1 ~S 

Kena. slt loam, 21D 6 percent SlOpeS 

1\'IJ1iI ~'Ioam, \I< to 2 peroem Sbpe& 

1\trill~' loam, 2 to 6 peroem. mpe& 

I'iU'ill Wfloam.5 to 9 peroem. Sbpe& 

Pere c'a)', 210 6 pelten'i S!tpe5 

~-rurnrnlt clays. 5. ID 25 peroem. 6bpes 

1'!STh..<:am&11 ClayS. 6111> Z5 peroem.Slopes 

pJl5",mile 

Rodl Watlp-Il;;ttIa&-5Wme OOllip!E!X,.30 io 75 perc:enl l'ilOpeS 

salan":a ~rri,. a to() 2 percent SlIJ!:~ 

satm':a~ .. :2 i1l e, percent SlIJ!:e& 

salarr:a mrr., 6 t-c. 9 percent Slcp:& 

Sl:larroer-5:!I1eyccm~ex, 5' ::04[' pa-ceru SlIJ!:e& 

ShlilgllLPe:lrose-Fi:o::II outorcp co.-np:ex, '1!50 to ~I} ~"Cent SlOpES 

steifer clay 

llllnrd SlIlICiiJtl. a 10 2 p!!l'OEf'ii Slopes 

llllnrd 51" 1000"1, :210 6 peroerii SlopeS 

\'l.1~ 

21g11iEld-NiI1ll1 oompl!!X •. 1; to 21} ~"Cent SlllJlee. 
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Nat. p-.rJE familanll 

Nat p-d'lE 1'amilanll 

Nat. pr.tne 1'amilanll 

Na1 ~ 1'amilanlll 

Nat. ~ 1'amilanlll 

Nat ~«rt= 1'amilaml 

PrillIe 1'amiland If IIlfgaIEd 

Nat. p-dinl! 1'amilanlll 

Famnlaml' or stte'l.lt!e Il'IipJltanlle 

Famnla.ill1i or st;f.e·""It!e Il'IipJltanlle 

Famnla.ill1 or SIa'£lo1t!e Il'IipJltanlle 

Famnla.ild or ~t!e Il'IipJltanlle 

Na1. j:f<l1le 1'amiIanll 

PrillIe 1'amiland If IIlfgaIEd 

PrillIe 1'amilanllllf IIlfgaIEd 

PrillIe 1'amiland If IIlfgaIEd 

Famnla.ild' or stte'tt1t!e Inrpoltanlle 

Famnla.illli or stte'Mt!e Il'IipJltanlle 

Na11=fillE fam'danll 

Nat.1=fillE 1'amiIanlll 

Nat. ~ l'amilanll 

NatI=fillE 1'aJ:mland 

PrillIe 1'aJ:mlanllllf IIlfgaIEd 

Frdinl! 1'amiIanllif IIlfgaIEd 

Falillla.illli or stte't.1t!e Il'IipJltanlle 

Nat j:f<l1le 1'aJ:mlanlll 

Nat. p-dTh:! 1'amilanll 

Falillla.ild or stte'"It!e Il'IipJltanlle 

F1im:! l'amiland If IIlfgaIEd 

PrillIe 1'amiIanlllif IIlfgaIEd 

Na1 ~ fam'danlll 

Nat. ~ 1'amiIanll 
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V,. Me am Other lrnponam.armianci-Cubler anto Pennrgln Counties, EI51af
"iia Parts, South Oak" =4 aim Fat Rhjer County, S001l DWnA3

EKS AV 7S IE

Data Source Information

Soil Survey Area: Custer and Pennfagton Counties, Black Hills Parts. South
Dakota
Survey Area Datx: Verson 9, Feb 6, 20D8

Soil Survey Area: Fall River County, South Dac.oia
Survey Area Data.: Version 1f0, Feb8. 2,DU

LrI am~~ura1 Reaeeurcell- comseaevtion service
WEI) SUI SUR~'e 2.01

Page•4 aI4
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:?iIm~ end alliEf Importmti fa:mJantE-Cu61!!r anlll PernJJr9k:1lI CoufiUEfi, Blacl 
litIS F'arts.,sautn Da)o;~~ amf Fall Rliet CO~nty, S~ Dalct3 

Data Source Illfolimation 

Soil Sur .. e:;- Area: CU501er and Penniirligton Counties, Black Hills P'arts, South 
lDali:ota 
Survey Area Data:: Version !ll, Feb 6,20[18 

Soil Sur.·ey .c..rea: Fall R&'lIer Count)', South Oa);o.1a 
Survey Area Data.: Version i£f, Feb 6, XlDS 

W~b SOIl sur~'E!)' 2.G 
NCUllfl>a1 ox:peraltloe Sell sur.c,' 
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FamUnd~"'PenningtunCounties, Blacl!.l-iIsParIs., Sout.. Dakota;: Fan RiverCcudy, South DMma;'" Niabnwa County, Wyoning 
(BKS_ F .......... _.) 

-"-CMII --1 ...... _(0'01) 
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lDDIIiI1Ia-nalhqiIB1Ir -_ ... -

MAP LEGEND 

0 P\Tne:~1 -....-,..,.,... .. Rd 
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;nI ........... '!"" 
IftJCIIIiIIr)zC(c*niIII! 
~does"'_!11 

0 ...... _.-
an:tl'ldilirntddll!Jl:tll5S _;nI_ 
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MAP INFORMATION 

0riginaI5DiI se..r..y rrwp s.hIMt5 MHlP ~ at puI:Jicaion 
scale. Viewing scafe and pinIing ~ ~. may v., hum 
the original Please rely on"''''' ~ on each map shMt fa" -map-
Scuae d Map~ NftJraI ~Cans8vID:Jn~ 
WebSoil5wYeyURL: ~.NCS..usda..gcN 
c:oc.oo.S.-., lIIUz..n..3N 
This product f!i ~ &om the lJSOIIr-NRCS CRft&d datil M 

of ~ ver.oion dd!(s) IistiM below. 
Sail_An". c.s. __ ~ __ 

P.t5., Soutt o.koCa 
~ Ale. o.ta: Venitn 10. Aug 28, 2008 

Soil Stntty Arwa: F.w Rivw CounIy. SouIl o.kota 
s..wy An!a o.ta: VersIcn 10. Feb ft. 2006 SaiI_...... -.Coo.rdy. __ 
Swwy J!Ifta o.ta: Venicn 8, .... 4. 200B 
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scales. wie\ a difJerftt lind use h rrAnd . .. ~ imes, or at: 
~ lewis ddi!bil. TId".., ~ ntnllp ri sytrixIh. 50iI 

~.and~fhltdonal:~ .... 
atroSS soil ~ arM bcu'IdIries. 

Dall!(s)aerial imageW81!!~ 19U1; 191M 

The DI1haphato or ae.r base map an which !:he soiIlIn!s 'M!fe """"""'---_ ...................... tm.gerytispa.y.don~INpS..As.~!iON! minal"SIdng 
of map lriII tJoundMies may be MiI!nt 
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W ~ Familand CIKaW.lWha .W -cla&M Pefrrdngon Couniteii, filackHE1Ir Pans *5KPFarar4 Aj

Farmland Classification

?amad:Cssfcla-Snnl yMpuizans~niPjnnuar ~n~a8si W

AFVad~w.=doajrrOtD Natp-mne-Mnrdad 6.8lK%
2 peltert V~j __________

AEA ArvcaStdKpaIs Nat pro-~asMI~and 6 .5

F*Ment rilapeS

Bdk Barmurn very' fine sanct Putme =anirad If E;,512%
loawu Q lo 3 perowdi htlgled

50 Baimn-Wrofll Nat pMr- fwnriad W1 43%

___________ pement slapes

5fE -njrh--Rm cutaaop Nat p-mm twiniland 2%-&Om-
mup,9 to E11

________________ ESTflt aJUPE-6
Dg5 DEMaT-GuMIMIL Nat pr"-- tairiand E -. 4

Sbilspct aniupex, 0

CiD aMt-Rokofteap Nctp iefaMrland 1,116-1 1E&6
aoirgex 6 to is

_____________ reitent slapes _______ ______

CG77 mrun-R~Dc mrwop Nat pr~ov famrland U 573.282
or. upex, IS 1i EG

_____________ Pe~iaent EdaPE-S ______ _______

MIA Hamsm bannOf o 2 FitmetahnclanIf 19
______________ FlaeiCnt SIFE-E. h1rgaled _______

KME Nmi1I-Zq~II Cu~a*X. Nat p-~nE tarfard 701E2

pgc ?Rem-Grummiut caMa 2 Nat panme fxmniand 497.295
ID q Pefceml. EOpes

131 AM qurri~e5 Nut pMR tamrland 119-5 1.

sm ~ Sata=-Ary~aj Nat prallenuland31 4Ls

cuandex 2 to 6

TIE. T~sfltoafrk,2to6 Pilmetalr.UTlad If I c99 113%

M aEr NutpxMnFam~rtdaU ltI%

zc~c ZlgwerdCailn Not VpSnr rafnMand355D5

to, i percent E)2pes ________ ________ ________

a N,4=uRa eecurce
COIsBTvatiOI1 So9Nce

ME) woI sumey 2.0
NJatIcnal E~alfrce soil sJuiof ,age • ar5
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fimilanCl CIa5sm'...a:!ctn-Custel" and Penring'.on COunlEs. Black HDis p.ar.s. 
sautn{l~ Fa~ M'e;Coontt •. scu1l1 Daw:a; anlfN!OOra;cCCI.JlIIy. VoYOIlidng 

Farmland CI:a55 ificatioli1' 

;f~'@d~!aSMn~~n4·~tJ~I!Iiy~IiY~P~·Y!ili=~~~njIl.~~,ij@ii~t:mti~e;!B'iI~liiJ~·!?aiis..:~:~hla.· . 
'MBp,lt!l1lr~Ilo:JT' ~~If~l' '~.qng.i,lllClieei)I~~O)· ~Pir:C.B!ll,of!AQf . 

• P.p.o!. A'V3C11I'iiJiialII roam. 0 to Net j:4iIim! failt1and 6..3 (-.1% 

A5A 

6:1 .... 

B!!B 

eAt: 

Dge 

G!D 

G;F 

f;"a16. 

1\1E 

FlgC 

PI 

SIB 

TIB 

VI 

ZcC 

lnD 

Natura'l RfiaUrCIiR 
C0l1819lVBtlrln SaMoa 

2: perca-t SiC~ 

A'V3I1'a-SFctsplllIi Net p"ime failt1and 
Clln;p1l?1f, at>c 3 
p~!!nt SiepeE-

Slm'.lll1 vert line san~ Pi1IIH!. famiiand If 
Icwm,. a 10 3 p;:rcem IiT1gal!!d 
SkJpes 

SlTl1'Jill-Wlretli 
oomp!l?1f, 0 ~.~ 6 

Net pEte famiiand 

~!!nt 61epeE-

51ilm!!-RlX:k culIfap-
oomp.'"e-x. 9 tll' EO 

Net pEte famiiand 

p~!!nt 61cpeE-

Oema;-GrummJ:- Net pEte ra.'liland 
SI~sJlcIE oon;p:ex. 0 
to 611eroen11ibp!!S 

GrurETII1.t-fix)ck O\f.c."q) 
oomp;l?li; 6 ro i5 

Net ~ talnidand 

~l!nt 61CpeE-

Q"unrrnlt·fix)ck O\f.c."q) Nct pEte famiiand 
cCl11j:{l?x. 1510 EO 
~!!nt 61epeE-

Hii'lErWn ~11iI, 0 10 2: Pitin!!. talnidand If 
pe.-c!!nt 61ej:EE. Irrfgal!!d 

NIl1JI-ZlgA~C1 CaJQIlelC. 
15::0 5[.pertaT: 

NctpEtefamiiand 

6klpes 

?!6Te-Grumllilt r:!ayS. 2 Net pEte familand 
to 9 lleroen1libp!!S 

?lIE., quames Net~· talnidand 

salan.ta-ltJv.:lIa. 
OO.X.2t>ce 

Net pEte. familand 

~-'1t 611lpeE-

lll:Ord 61!l~rrl\, 2 to 6 Pi1IIH! famiiand If 
pe.-c!!nt 61cpeE- IrrfgaleCl 

WllEr Net~· talnidand 

Z1g .... efd-Ga/lyan 
oomp.'"e-x. 2 t>c 15 

Net pEte talnidand 

JlESiC£I1t 61CpeE-

Z1g.Y>?!d-NlhlO oompI€!(. E, Net ~ familand 
to 15 !=EfCent 6klJlI!Ii 

Web SOli Survey 2.0 
NaIlcnal OJcpa-"uve SIlII SUPjey 

13 

(;·10.9 

E:r.5 

3~.7 

2f.6.a 

5&28 

1.U6.a 

1.557.8 

5~i' 

lT3.1 

~97.2 

U9.5 

379..9 

~LL9..9 

8.1 

35.5 

33.5 

E;.5% 

U% 

4.-3% 

3.6% 

E;.4% 

15.6% 

23.2% 

E,9% 

E~2% 

9.7% 

1.7% 

E·~.j,% 

1.5% 

~.1% 

~.5% 

~.5% 

~aB 
?age3afS 



POWERTECh (USA) INC.

r-armlanu crasamaii,•-custr and Penrlngton Coun•E, Black 3"lIIs PaERs,
&)ulthOflata; Fal .freCouniy, South~ Da~oa; and N~trafanCoUnt, Vi'arring

5KSFarntrdAý

Farmland CIlfcbat ln-Surmixy by Map Untit - FaillRlvar comtr, SuthSdnhao

Mapilwilt-symbol " Mayuitrarsa Rating AcMIin Al- - PtraceasttAOi;

Ba 53arrezn sit loan Nat p-neramland 7.2 0, 1%

GEE Grunr't-,.d atrop Nat plan fanrinand 10.7 C.1%aarex, 3w..' 41,PeWCEnt SIoPt.

Ga Gnrnrnt-Snamo da'E, 3 Nat pane. tarrnand 13.3 EK2%
to 15 percent elopes

Ha .-aver-on 5oam F`met fariand ir 115 M1%

fe HISIe-SIckS.ms acrupIex Nat pane- fanrland 119i E.3%

KyA X.ie clay, 0 to 2 pero'l Farmlanld W .sile;%ae 0.1 w.0%
Mapeozs Inmpolance

PeiB Reae ca. 2 W6 pecent Farmmland sTka•t•lvde 2_0 CK0%
Meaoes unpatlance

PgE Re,-re-Gwrmm t clays 6 NatpaWneml-and 4.7 0.1%
to 25 percent slopes

Pu P• lsrfne Nat pat farland 0.1 0.0%

soB Salantoa oamn, 2 to 6 •FE -rinra nd If 1.310 0%
percent siapee haiqaled

TaA Tl1orde•ltboamt0c2 Fte fwnrdLnd Ir 4.9 E.1%
pement siapes lnngtiope

&1E3 gwed-MNhlD carpr Er Nat pne farrmland 1.3 110%
to 20 percent sOpes ______

Fairniland[Classlfrallon- Sunmm ary byMapUnIt - MlobraraOoui4..,,fmlq:
Mp unit symolt ma~purwilnamt Ritbi 1 A eln01'aantra

tsp tcrrllw-r-llaaendad Nat panelfanriand 0.0 0.0C%
carr•rre, saline I t 4
Fefent slopes

tD Maannola s%, clvday, Not pae-anrland 1.1 Eta%IMM'i 0 ID 6 ,OlroEO

t7E seire-Grumrrit clays, 6 Nat pane fancland 4-1 I.1%
to 25 percent s0pee

155 S3rrsay-SavagEon- Nat pane -Manrad 0.4 1.Q%
BHal assciallon, 3 to
10 peroenll Mopes

Mi5 Uhn-?crtwood foa•s, 0 Nat pwne farmland 8.5 E 1%
________ L6peroenlesbpes I I I___

ToI als tow Area otfIlereM AI I, 7,15&31sM

Description

Farmland classificalton ideniifies map units as prime fanniand, farmland of
statewfde imporlance, farmland of local Enportance, or unique farmland. It identifies
the location and extent of the soils that are best suited to food, feed, fiber, forage,
and oilseed crops. NRCS policy and procedures on prime and unique farmlands
are published in the "Federal Register." Vol. 43. No• 21, January 31, 1978.

Conservation Service
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farnilamll CJassm::aibn-Custs:" aoo PE!1n!n¢m COunllEs, Black Hms Pa~s, 
SOli1lHlUlict:l; Fai .RIVeIcooniy, 50utll O3:..o1a: and Nld::lralilCOlD'IIy, v.yMlng 

IFfI1\J1lsmdCl8s:allDi:idOOn---lIurrafl3Jy brj'Map Uml! - Flill 'RlV8rCctJnty; fllCII:rltr DIiIliD#i1 
. ~ 

IMaP,Ulllifaymbol Map unit name Ratlng Acieeiln'API 
. . 

PBtcafltcir'Acii; ~ 

B!: 93rrpJl11 sit loam Nct~l'alTL'"land 7.2 

GIE Grumrn!t·RocII rucrop 
oorupr~X, ;;; til 4[, 

Nct~l'alTL'"Iand m7 

~e."1:!!nt slcpEJ;. 

GW Grumrn!t·SntmJ da)'E; ;;; Not ~ I'alTL'"land U3 
III 15 ~nt SIOPE!6 

h"i> Haverson !eaflil PiIiTI!! I'alTL'"land It 0.5 
In1gal=d 

He HISle-Slck5pJ1s ooruprex Net ~ I'alTL'"land 19] 

KyA :K)le day, 0 III 2 peroe.'l1 Farmland o1.i11l!\\~C:e 0.1 
6lapes Imporlana. 

P=..fI ?leiiTe c~', 2106 f6C!!nt Farmland 01 r.i11l!\11lte 2..0 
6lapes Imporlana. 

PgE ?ie.-re-Grumllilt c~ .... 6 Not~l'alTL'"land 4..7 
III 25 ~nt 6lapE!6 

Pu PlIs, mila Net jDnt! I'alTL'"land 0.1 

503 sa1anta foam, 2 to II PiIiTI!! I'alTL'"Iand It 1.8 
f6C!!nt slCpEJ;. In1gal!!d 

TaA TIl:artl slH!eam. 0 til 2 PiIiTI!! I'alTL'"Iand It 4.9 
f6C!!nt slepe6 In1gal!!d 

ZnE Z1gll'e!d-N1hlD OOIlipl"e:c. e, Not jDnt! I'alTL'"Iand 1.3 
III 2Q J=Erllent SbPE!6 

,MaputJlf.~1]I(I11 Map'UI!I~1llIII1Ii! Rijfblg: 

1>59 

,fill 

t7E, 

1>55 

2~5 

tchllilllei·H .. '.eroa1ll 
OOIlipl"EX, salin!!, 1 ro "' 

Net jDnt! fan1i!and 0.0 

f6C!!nt slOpe6 

I\\arrzafio:'a SI~' CIa)' . Not jDnt!l'alTL'"Iand 
Icam 0 10 6 p€rOEfli 

1.1 

SlOpeS 

?leiiTe-Grumlliit ~'S, 6 Net jDnt! I'alTL'"Iand 4.1 
III 25 ~nt SlOpE!6 

Saml1\.'rf·Sa\'ageton- Not jDnt! I'amoiand 0.4 
Bah! asw::la1lOn, 3 to 
10 p€roeni Sftp2S 

'lJ1m·fllO.'Nood foams, 0 
III 6 JlEfOE'Il1. 6bp!!s 

Net jDnt! I'alTL'"land Et5 

7,153.31 

I)escri pti on 

Fannland cla.-ssiflca.1!on cdenlifie~ map units a~ prime faumland. farmland of 
sta.1E'IIii:2e importance, farmland of local importance, or uniq'l£e farmland. It idEmtffies 
the location and extent of the soil~ that a.re best suited to food, feed. fibe.r, forage, 
and oil~eed crops. NRCS polic~' and procedure~ on prime and uniqjue fa.rmland.s 
are published in the "Fede.ral Register," Vol. 43, No. 2'1, Janua.ry 311,197.8. 
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arm I and cCL~as111cz.n-=ert and Perrifng~an Coun Lies, I act 1I I Pa 0s,

.ouhk-aiotar FalJ .hwCc41r~y, Sauth Dalma; an NM.±rardCcuny.% Mmi~ng

Rating Options

Aggregati~on Mdethod: No Aggre-gation Necessary

Tiie -±eak Ru~e: Lower

570 Faimnard -4

I Sfl.A a~mraI nneaa Iran. ,AIaI. ~flI ~ImreA, Oft ,!htfl~fl~

ConservAlon Service NaicJnal 03aper-1M Sol] Sjrx-y Page 5 a
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,l'amllanlil Clas6ll1ca:!Oll-CU5te;; and penr~ng:on COunlles: Black Hms pal'!&. 
SQutn.~cfa; FaD ru,-er coort.,.. SCUlh onota; and NlOOl'CliOi COOlTl)'. 1'0\'00"In9 

R.ating Options 

Aggregation Met.l-lOd: No Aggl"e'lla~iDn Necessary 

Tie-break Rule: Lower 

'.!So..\ NlrtllrSl RnoIlUrcae: 
~ Coo8>9nlstIDn SaNtee 
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.atnde arid ol:i-r Ino•.tar-i daFlra-Custer and P•n-nIrit-n .Iundu, eir la.- FanTwarId.4
ills Par.. S D•utlti Dala Fall .qfrer Ccurnly, SMoult Dafl1a; i Itlc"rara

Prime and other Important Farmlands

This table lists lhe map units in the survey area that are considered important
farmlands,. Important farmlands consist of prime farmland. unique farmland, and
farmland of statewide c local importance. This list does not constitute a
recommendation for a particular land use.

In an effort to identify the extent and location of important farmlands, the Natural
Resources Conservation Service. En cooperation with other interested Federaj,
State. and local government organizations, has inventoried land that can be used
for the production ofl the Nation's food supply.

Phfne faratend is of major importance En mee~g the Nalion's short- and long-range
needs for food and fiber. Because the supply of high-quality farmland is limited, the
U.S. Department of Agdculture recognizes that responsible levels of government.
as ,well as Endividuals, should encourage and fact..tate the wise use of our Nation's
prfme faarmland.

Prime farmland, as defined by the U.S. Department of Agriculture, is land tat has
the best combinat.on of physical and chemical characteristbs for producing tood,
feed, forage, fiber, and oilseed crops and is available for these uses. It could be
cultivated land, pastureland, foresiland, or other land, but it is not urban or built-up
land orwater areas. The soil quality, growing season, and moisture supply are those
needed for the son to econcmicalLy pr-duce sustained high y~elds of crops when
proper management, including water management, and acceptabte farming
methods are applied. In general, prime farmland has an adequate and dependable
supply of moisture from precipitation or irfigation. a favorable temperature and
grovawng season. acceptable actidity or alkalinity, an acceptable saet and sodium
content, and few or no rocks. The water supply is dependabLe and of adequate
quality. Prime farmland is permeable to waier and air. It is not excessively erdible
or saturated Wth water for Icng periods, and it either is not frequently flooded during
the growing season or is protected from flooding. Slope ranges mainly from 0 to 6
percent. More detailed information about the criteria for prime farmland is available
at the local cffice of the Natural Resources Conservation Service.

For some of the soils identified En !he table as prime farmland, measures that
overcome a hazard or limitaVon, such as flooding, wetness, and dmughtiness, are
needed. Onsite evaluation is needed to determine whether or not the hazaird or
limitation has been overcome by corrective measures.

A recent trend in land use in some areas has been the loss of some prime farmnland
to industriala•nd urban uses. The lossof primne farm0and to other uses puts pressure
on marginal lands, which generally are more erodible, droughty, and Less productive
and cannot be easily cultivated.

Unique fam?.and is land other than prime farmland that is used for the production
of specific high-vatue food and fiber crops, such as citrus, tree nuts, olives,
cranberries, and other fruits and vegetables. It has the special comb8natfion of soil
quality, growing season, moisture supply, temperature, humidity, a.r drainage,
elevation, and aspect needed for the so] to econcmica~ly produce sustainable high
yields of these crops when property managed. The water supply is dependable and
of adequate qcuality. Nearness to markets is an additional consideratbon. Unique
farmland is not based on national critcria. It commonly is in areas where there is a
special microclimate, such as the wine country En Ca~fcrnia.

OMk1) Watirral Reasurce MWeb SI Surmey 2.0 VV3315
a Consuvatlan Service N4ational omperatme soil S'4'risy Page 1 of3
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Pitrn.: and allIEr Imp:>J1mj f3mlands-CUliI;!r ana PEnnlrgtCI'I OJunua;, 81£\ 
;iBIS p.ar..s, SQuill Da~t;; Fall R/\~ CGunty, SOU1h Dakala; ;::oj t\lruara 
ccuni)" w}'omlllg 

Prime and other Important Farmlands 

This laDI.: lisis ihe map units in ihe sUlVe~' area that are coosidered important 
farmlands .. Important farmlands consist of prim.: farmland. unique farmland. and 
farmland of staiewide or local importance. This Disi does no! constitute a 
recommendation for a partioolar land use. 

en an effurl to identify tile e.xleni and location of important farmlands, the Narural 
Resources Conservation Sell'~ice. en cooperaiion with other interested Federa'J, 
Siale. and local go'~emment organizations, ha.s inventoried land! that can be used 
tor the production oflhe Nation's food suppl\l. 

Prime farrno\&,nd is of major importance iiIli meetmll tile Na.iion·s S:hort· and long·range 
needs for tood and fiber. Beoause ihe supply of high·quality farml.md is limited, the 
U.S. Department of Agriculture recognizes that responsibee levels 01 go~'emmeni. 
as '/Ieni as endi'Jidua;\s, should encourage and fac5ta.ie the wise use of our Najion's 
prime farmland. 

?reme farmland, as d!efined by ihe U.S. Department of Agrioolrure, is land that has 
the best combination of pilysical and chemical characteris~c;s for producing load, 
feed, forage, fiber, and oilseed crops and is ava5lable tor these uses. It could be 
culliltated land, pasiure-Iand, foresiland, or other land, but it is n-ot urban or built-up 
land orwat3" areas. The soil qua.lity, growing season, and mo~ture supply are those 
needed for th.: so~ to eoonomical&y produce sustained! high yieJds of crops ,'men 
proper management includling water management. and a.ccepiab~ farming 
methods are applied. In general, prime farmland has an adequate and dependable 
supp9y 01 moisiure from precipi1ation or irrigation. a. favorable temperature and 
giO\'4\':ng season. a.ccep1able acidity or alkalinity, an accep1able sari and sodium 
oonten;, and fe'll or no rocks. The Itlater supply is de pend a bee and of ad'equaie 
quality. Prime farmland is permeabee to wa1er and air. Gt is not excesswely erodible 
or salurated! ''''ih 'IIa.1er for loog periods, and it either is nc1 freque.ntly Ilooded during 
the growing season or IS pro1ected from flooding. Slope ranges mainl\l from 0 to 6 
percent. More deiai£erl informa1ion about the critecria for prime farmland is a\.ailable 
a1 the local office of the Natural Resources Conservaiion Service. 

!rer some of the soils identified En ihe table as prime farmland, measures inat 
o· .. ercome a hazard or limita1fon, such a.s flooding, wetness, and droughtiness, are 
needed. Onsite e~'alualion is needed to decterm!in.e \'mether or not ihe hazard or 
limitation has been aver·come by corrective measures. 

A recent trend iiIli land use in some areas has been tile loss of some prime farm!la.nd 
to ind'lllsirial and urban uses. The loss. of prime farmlland to other uses puis pressure 
on marginal lands, which generally are more erodible, droullht~" and! less productive 
and cannot be easily cul\i'lated. 

Unique fimnkmd is land other ilian prime farmland thai is used for ihe production 
of specific high-vanue food and fiber crops, such as citrus, tree nu;s, oli','es, 
cranberries, and other fruits and! ~'egetables. It has the specia.l combfnat10n of soil 
quality, growing season, moisture suppl~', temperalure, humidity, anrd'rainage, 
eeevation, and aspect needed for the se~ to eooncmicaCy produce s\J:Slainable iligh 
yields of these crops when properly managed. The water supp9y is dependable and 
of adequate qualii\l. Nearness to markeis is an add1itIonal consideranon. Unique 
farmland! is not based on na.nonal criteria. It oommonly is in areas 'IIn.:re there is a 
special microclimate, such as the wine oouniry iin Ca1ifcrnia. 

Mi~ Natural Rssourc8a 
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Dalme am-. otlher nImpoilarT'ani arlan-Cusatr and FS~rrlgtCn Countlla, Blanct
'ills Parts, South1 Daklm~ac Fall inlsr Ccunity, Woith DaUla; ai-d Kl'tlrara
Ocurl.) wVyoming

57KS-Fanfland 4

En scme areas, land that does not meet the criteria for prime or umique farmland is
considered to be famnfand ofstafewde krpoirfarte fcc the production of food, feed,
fber, forage, and oilseed crops. The crfiera for delintag and detneating farmland
of statewide importance are determined by the appropriate State agencies.
Generally, this land tscrdes areas of soils that nearly meet the vequi'ern.ents for
prme farmland and that economically produce high yietds of crops when treated
and managed according to acceptable farming methods. Some areas may produce
as htgh a yield as prime farmland if conditions are favorable. Farmland of statewide
importance may include tracts of land that have been desgnated for agriculture by
State law.

En some areas thai. are nct identified as having national or statewide importance,
land is considered to be farmand of tocal impc•rf•nce for the production of food,
feed, fiber, forage, and o•lseed crops. This farmrland is identified by the appropriate
Iocal agencies. Farmland of local importance may inceude tracts of land that have
been designated for agriculture by local crdinance.

Report-Prime and other Important Farmlands

Pflnua ohm tlir lnportant Farmiand[e-Cuateaxid PennhiigtionCountles,, Wait' HEW1 Padts, Saflghicamta

Iji.ymo MapUnit Narme amadCalct

Ai•v.M %va=lant loan, N to 2 perrent EMpeE NWt pn fnmiland

ASA AM03-SllUSPcA conrptex.. 010o3 percet lopcfes Not prans fa-rmland
Mlmuk B ery. aOe sandy learri, a to 3 perce-nt gpes Pr-lne fa-rland If Inrrgated

BEB HamumAVIke U o~r•rplex, 0 to 6 percent eloee Not praM farmland

RA utche-Rodi, ciucrcp ccriqex 9 to Ea p.eroea stopes Not pan-a farmland
_915 Eemar-Gna- nllrkSlL=p C•910ý 0 1D 6 perce•t lcpes NWt pr-_ ,Tdanln

G'D Grupn=i-R o orutrp complex, 6 to 13 percent slapee Not pume famland

GrI: Gumml-Rodi ou'p complex, 15 to E1 peicer, slopes Not pIe' farmland

t{IA t•=rson. lear, 0102 p-rcrat slopes Pr'ne farnydand If lntgaled

lNlE NlfthI-2lgwe) oxnplEx. 15 to 5D percent stares Not pfne farmland
PgC P.'Lars-C-rrrMt clays, 2. to 9 perceat slopes Nat Fra-- fardand

Pt Pa, quarries Not pramn farrdana

SIB Salran.a-Mada ccn•iex. 2 10 6 p-rcent slops Not pruns tannland

TIE TIlfard 9It 1:cam. 2 t0 6 peroe slopes un", 1"armland If lrngaled

W Water' No pre f-ariland

ZcC 2i,.4-Cayu.•yn co•plex 21o 15 perceit s~pes Not. pun. frmland

rf'lf wZs4'al-NdIl c'nplex, 6 to 15 Ie-cent rlapes Not pfe fannland

Pflm.o acd ellie Mm~o31t farmland%'- Fell Itert tUnty. SouffilDakota
"-' -bl Mapimtfrfltl ffa lFarmland Claaalflc-don,

. -psmI1 -- -- - -,_ _ _

BC Barumn st roam Not pi-ne ftamiand

GE Grurnm-nfo,% wutwW complex. 3 to 0 paernt slapee Not pne_ fdnridand

GEO GrunrWI-Smmo clysk 3 tot15 percent sloes Not pens- facnrdand

"Mil Noftiras Reseurces
SConwevatlam Sarvlce
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?ilme am allier Im~1Mt1 :=-amlands--Cu6lEr amS Pa1n1rP;Jllln OJunlles, Blac':( 
HIlS Parf.s. SOull1o Da~ct;,; Fall River c<:unty, SOlJIn Dakala; in:! ~Iotfara 
C!lun'i)', '1V}'Ommg 

~n scme areas, land! thai coes not meet the criteria for prime or unique iannland us 
considered 10 be farmtimd of $fa,fewid~ impo,'fafN:e fer tite productfon ef nood, feed!, 
iiber, ferage, and oilsee<il crops. The cr11eri.a. for deiinfng and del5nea.l.ing iannland! 
cf siatewide imperlance are determined by tite appropriate State agencies. 
Generally, this land! m.tl}u:des areas of soils that nearl~' mee1tite requiiem,ents 'or 
pr1me fannland and lt1.at eccnomic:all~' pioduce high yieCdis. of crops wheGlJ keated! 
and managed aecordm.1l to acceptable fanning me1itods. Some areas. may produce 
as high a yie&il as prime fannlla:nd if condh1icll1ls are ia'o'orable. Farmland of siatewide 
impcrtance rna)' inclou:<!e ira.cls of land! tha~ have been designaled fer agriooitwe by 
Siate la' .... 

tn scme areas 1hat are nc,1 ideniifled as ha~'ing naiieGlJal or siatewide impcrlance, 
land is considered to be fa .. mla'lld .of I'oeal impo.rialflt'e tor tite production cf feod, 
feed. iiber, forage, an'll c:lseed crops. This iannlandl is ide.ntified b)' ihe appropriate 
Iccal agencies. Fannland of local impcrtance ma)' Enc~ude tracts of lan'll1hat have 
been designated! for agrioolt1rre b~' Iccal crdlinance. 

Report-Prime and other Important Farmlands 

.0. ' -
PrIffi!!!!!J!II~ InIporilll\fFarll'»alllfB>-~'~d Pannfllllb:In.Countr~,~It:H.IlIIi pl!rta,l!o,,~,,:p~YI 

" 
0 0 

;'~,~I , ~pUnttNo811lt1 fa~'~81l11ciitijlm 

~ Arr..m \'3JIartt [cam, [, to 2 pERlent 6l<1pes Nol Jlf1l1E falmlanlll 

Mb. Arr~SlldI!ip~ CMpie:.. 0 1113 pelC'El"t Slcpes Nol Jlf1l1E falmlamll 

Sll"'- Bamurr, 'iEI)' 3E sanoy learn a 1ll> ~ p£fCEfl1 ilt-pes Frd'IE falmland If 1rr'.galEd 

fI!!B Bamum-W}P-!U oom~x, [. to 6 peroent 5iapee. Nol. j:f"d'IE falmlanlll 

B'i.E Butehe-ROO; IX.tCrop ccmp!ex. 9 111 eo p£rM &lopes Nol. Jlf1l1E tmrdanDl 

Ilg8 r:anar-GrummJ1.8lIc:~ ~1(,. a 1116 p£rcerti Sfcp2S Nol. j:f"d'IE t.;r:mJanDi 

GiO GruminJ:-RoIa CXI!!np complex, 5 to 1S J:EfCent SlcpEE. Nol Jlf1l1E falmlanlll 

GiF GruminJ:-RoIa CXI!!np complex, ~S to Ell pe.-cer.t SIa~es Nol Jlf1l1E farnilanlll 

h"'m6. tfa'iElliOn, IDam, a io 2 PErM &lopes Frd'IE t'am"JanDiIf 1rr'.galEd 

1\1E ~lnIE-:Zlgwel:l OO'l1plex, ~s to !it. pec!!rtt 5Ia~ Nol. ~fi'm2 falmlanDi 

PgC Ple.'Ir-C-runmt days, 2. to 9 p£rceIrl5topes Nol ~fimE tarrrdand 

PI Pi'.s.quali1!!6 Nol j:f"iJlIe tmrdand 

S1B satarr:a-/lI\ooa CCIllfiex. 2111 e, percEn1 Slcpes Nol ~.firne falmland 

TIS TllRm:l slit Icam, 210 6 p£rca-r. &lopes PriliIE falmianDiIf IlIiiJalEd 

W \'laIEr Nol. ~ falmlanDi 

ZcC Z1g1o'P-ld-Canycn cootpJex. 21D 15 p:1'I:al1 rnp!!6 Nol. ~fi'm2 falmlanlll 

zr-.n, Z1g1o'.e}:l-Nt411 complex, i to 1S ~e.-cent Slcpee. Nol Jlf1l1E falmlami 

I ---- ---

, ~rt~ !Il'illot~ 1iTil!Q!1Bnt'f,atmliln~ FaD,Rl.'t-erCOwifi'!.$outhlPill!:OIa - - _. --
---- - ----_. -- --- - -r l.~: ------

1~'~lii ----
!M8p:Urilf~ilriIB' 

"-
!'Ss/i;!il!nd qaaliljlcaftliml 

~ 

EIC Bamum Sit loam 

Gil: Grumm~-Roi:\ au1a'q:l complEX, 3 to .:!ill ~ErCEnt Slcpee. 

G6D Grummli-Soo."1ID ~ J 11115 p£rM sropt!s 

UiIJ>\ Natural Rsscurcae 
~ CO!Iaervaflan SBrvl09 
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r.trt ~ tmrdanlll 

~i'2!JDB 
:Page2af3 



POWERTECh (USA) INC.

Rane ariohr rpaarmiar=-Cusler and Fennruiginnorb untles, HIacra
"Hills pare ýuItlh Dr1aKLZ I.9fre-r Couriy, -SOuth Datota; ard Nictrara
Ocun , Y, WV10liig

5KS. Fan-arfl 4

Orims sani ofhwferhuofnntasmtancO- FaIirfUverOBLnnt, gout]h DsKlA
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Photo 1: Hole 17 Profile

Photo 2: Hole 17 General View W
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• Photo 1: Hole 17 Profile 

Photo 2: Hole 17 General View W 
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Photo 3: Hole 27 Profile

Photo 4: Hole 27 General View N
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• Photo 3: Hole 27 Profi le 

Photo 4: Hole 27 General View N 
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Photo 5: Hole 36 Profile

Photo 6: Hole 36 General View S
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• Photo 5: Hole 36 Profile 

• Photo 6: Hole 36 General View S 
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Photo 7: Hole 39 Profile

Photo 8: Hole 39 General View E
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Photo 7: Hole 39 Profile 

• 

Photo 8: Hole 39 General View E 
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Photo 9: Hole 40 Profile

Photo 10: Hole 40 General View W
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Photo 9: Hole 40 Profile 

• 

Photo 10: Hole 40 General View W 
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Photo 11: Hole 41 Profile

Photo 12: Hole 41 General View W
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Photo 11 : Hole 41 Profile 

• 

Photo 12: Hole 41 General View W 
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Photo 13: Hole 42 Profile

Photo 14: Hole 42 General View
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Photo 13: Hole 42 Profile 
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Photo 14: Hole 42 General View 
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Photo 15: Hole 43 Profile

Photo 16: Hole 43 General View NW
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Photo 15: Hole 43 Profile 
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Photo 16: Hole 43 General View NW 

• 8 



POWERTECh (USA) INC.

Photo 17: Hole 50 Profile

Photo 18: Hole 50 General View
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Photo 17: Hole 50 Profile 
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Photo 18: Hole 50 General View 
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Photo 19: Hole 56 Profile

Photo 20: Hole 56 General View
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• Photo 19: Hole 56 Profile 

Photo 20: Hole 56 General View 
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Photo 21: Hole 57 Profile

Photo 22: Hole 57 General View ESE
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• Photo 21: Hole 57 Profile 

Photo 22: Hole 57 General View ESE 
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Photo 23: Hole 60 Profile

Photo 24: Hole 60 General View W

12

POWERTECh (USA) INC • 

• 

• Photo 23: Hole 60 Profile 

Photo 24: Hole 60 General View W 
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Photo 25: Hole 63 Profile

Photo 26: Hole 63 General View N
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• Photo 25: Hole 63 Profile 

Photo 26: Hole 63 General View N 
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Photo 27: Hole 64 Profile

Photo 28: Hole 64 General View N
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• Photo 27: Hole 64 Profile 

Photo 28: Hole 64 General View N 
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Photo 29: Hole 72 Profile

Photo 30: Hole 72 General View E
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• Photo 29: Hole 72 Profile 

Photo 30: Hole 72 General View E 
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Photo 31: Hole 73 Profile

Photo 32: Hole 73 General View E
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• Photo 31: Hole 73 Profile 

• Photo 32 : Hole 73 General View E 
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Photo 33: Hole 74 Profile

Photo 34: Hole 74 General View E
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• Photo 33: Hole 74 Profile 

Photo 34: Hole 74 General View E 
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Photo 35: Hole 75 Profile

Photo 36: Hole 75 General View N
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• Photo 35: Hole 75 Profile 

Photo 36: Hole 75 General View N 
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Photo 37: Hole 76 Profile

Photo 38: Hole 76 General View N
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• Photo 37: Hole 76 Profile 

• Photo 38: Hole 76 General View N 
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Photo 39: Hole 77 Profile

Photo 40: Hole 77 General View N
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• Photo 39: Hole 77 Profile 

Photo 40: Hole 77 General View N 
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Photo 41: Hole 79 Profile

Photo 42: Hole 79 General View NE
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• Photo 41: Hole 79 Profile 

• Photo 42: Hole 79 General View NE 
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Photo 43: Hole 82 Profile

Photo 44: Hole 82 General View E
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Photo 43: Hole 82 Profile 

Photo 44: Hole 82 General View E 
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Photo 45: Hole 83 Profile

Photo 46: Hole 83 General View N
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• Photo 45: Hole 83 Profile 

Photo 46: Hole 83 General View N 
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Photo 47: Hole 84 Profile

Photo 48: Hole 84 General View SE
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• Photo 47: Hole 84 Profile 

• Photo 48: Hole 84 General View SE 
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Photo 49: Hole 85 Profile

Photo 50: Hole 85 General View S
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• Photo 49: Hole 85 Profile 

Photo 50: Hole 85 General View S 
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Photo 51: Hole 88 Profile

Photo 52: Hole 88 General View
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• Photo 51: Hole 88 Profile 

• Photo 52: Hole 88 General View 
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Photo 53: Hole 89 Profile

Photo 54: Hole 89 General View N

27

~ 
POWERTECh (USA) INC • 

• 

• Photo 53: Hole 89 Profile 

• Photo 54: Hole 89 General View N 
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Photo 55: Hole 90 Profile

Photo 56: Hole 90 General View

28

POWERTECh (USA) INC. 

• 

• Photo 55: Hole 90 Profile 

• Photo 56: Hole 90 General View 
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Photo 57: Hole 91 Profile

Photo 58: Hole 91 General View N
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• Photo 57: Hole 91 Profile 

• Photo 58: Hole 91 General View N 

29 



POWERTECh (USA) INC.

Photo 59: Hole 92 Profile

Photo 60: Hole 92 General View N
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• Photo 59: Hole 92 Profile 

Photo 60: Hole 92 General View N 
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Photo 61: Hole 93 Profile

Photo 62: Hole 93 General View N
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• Photo 61: Hole 93 Profile 

Photo 62: Hole 93 General View N 
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Photo 63: Hole 94 Profile

Photo 64: Hole 94 General View SSE
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• Photo 63: Hole 94 Profile 

Photo 64: Hole 94 General View SSE 
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Photo 65: Hole 95 Profile

Photo 66: Hole 95 General View N
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• Photo 65: Hole 95 Profile 

• Photo 66: Hole 95 General View N 
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APPENDIX 2.6-G

USGS EARTHQUAKE DATABASE RESULTS
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NEIC: Earthquake Search Results
U. S. G E O L O G I C A L S U R V E Y

EARTHQUAKE DATA BASE

FILE CREATED: Mon Apr 7 18:18:37 2008
Circle Search Earthquakes= 10
Circle Center Point Latitude: 43.300N
Radius: 100.000 km
Catalog Used: PDE
Data Selection: Historical & Preliminary

Longitude: 103.900W

Data

CAT
DIST

YEAR MO DA ORIG TIME LAT LONG DEP MAGNITUDE IEFM DTSVNWG

NFPO

TFS
km

PDE
19
PDE
66
PDE
73
PDE
34
PDE
34
PDE
76
PDE
30
PDE
30
PDE
33
PDE
96

1975

1987

1992

1994

1994

1996

1996

1996

2004

2004

05

01

11

03

03

02

04

05

01

01

16

01

02

18

20

06

09

03

05

24

055701.50

080224.07

065410.34

225143.15

071506

160836.75

024808.19

074751.53

025316.58

040901.30

43.24

42.79

42.74

43.40

43.40

43.98

43.07

43.04

43.60

44.00

-103.68

-103.48

-104.39

-103.50

-103.50

-103.73

-104.10

-104.02

-104.00

-103.20

5

5

5

5

5

5

5

5

5

3.50

3.00

2.80

2.30

3.70

3.70

3.10

2.80

2.50

LgGS

MLGS

LgGS

LgGS

LgGS

LgGS

LgGS

LgGS

LgGS

4F

3F

5F

.F

.F

5F .

3F .

I
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NEIC: Earthquake Search Results 

U. s. G E 0 LOG I CAL SUR V E Y 

EAR T H QUA KED A TAB A S E 

FILE CREATED: Mon Apr 7 18:18:37 2008 
Circle Search Earthquakes= 10 
Circle Center Point Latitude: 43.300N Longitude: 103.900W 
Radius: 100.000 km 
Catalog Used: POE 
Data Selection: Historical & Preliminary Data 

CAT YEAR MO DA ORIG TIME LAT LONG DEP MAGNITUDE IEFM DTSVNWG 
DIST 

NFPO 

• km 
TFS 

POE 1975 05 16 055701.50 43.24 -103.68 5 4F ....... 
19 
POE 1987 01 01 080224.07 42.79 -103.48 5 3.50 LgGS 3F ....... 
66 
POE 1992 11 02 065410.34 42.74 -104.39 5 3.00 MLGS 5F ....... 
73 
POE 1994 03 18 225143.15 43.40 -103.50 5 2.80 LgGS .F ....... 
34 
POE 1994 03 20 071506 43,40 -103.50 5 2.30 LgGS .F ....... 
34 
POE 1996 02 06 160836.75 43.98 -103.73 5 3.70 LgGS 5F ....... 
76 
POE 1996 04 09 024808.19 43.07 -104.10 5 3.70 LgGS 3F ....... 
30 
POE 1996 05 03 074751.53 43.04 -104.02 5 3.10 LgGS ....... 
30 
POE 2004 01 05 025316.58 43.60 -104.00 5 2.80 LgGS .F ....... 
33 
POE 2004 01 24 040901.30 44.00 -103.20 5 2.50 LgGS .F ....... 
96 
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aQ4ISGS
scec fo a c angn a ar

NEIC: Earthquake Search Results
U. S. GEOLOG I CAL SURVEY

EARTHQUAKE DATA BASE

FILE CREATED: Wed Apr 16 16:32:15 2008
Circle Search Earthquakes= 49
Circle Center Point Latitude: 43.300N
Radius: 200.000 km
Catalog Used: PDE
Data Selection: Historical & Preliminary

Longitude: 103. 900W

Data

CAT
DIST

km

PDE
19
PDE
199
PDE
150
PDE
195
PDE
169
PDE
190
PDE
143
PDE
170
PDE
195
PDE
180
PDE
187
PDE
181
PDE
182

YEAR MO DA ORIG TIME

1975 05 16 055701.50

1976 09 03 041816.20

1978 01 16 035001.70

1978 05 07 160619.60

1981 09 13 221629.74

1.983 02 13 134444.09

1983 05 06 061446.95

1983 11 15 123312.19

1984 05 29 201832.68

1984 10 18 153023.06

1984 10 18 155737.38

1984 10 18 173827.41

1984 10 19 162904.44

LAT

43.24

44.04

42.44

42.30

43.04

42.23

42.96

43.02

44.23

42.38

42.37

42.41

42.41

LONG DEP MAGNITUDE

-103.68

-106.15

-105.32

-101.93

-101.85

-105.73

-102.20

-105.96

-105.96

-105.72

-105.81

-105.77

-105.77

10

5

15

5

5

5

5

18

33

33

33

33

4.80

3.00

4.30

3.40

4.00

3.30

3.00

5.00

5.50

4.50

3.80

3.30

mb GS

MLGS

MLGS

LgTUL

MLGS

MLGS

MLGS

mb GS

MLGOL

mb GS

MLGOL

MLGS

IEFM DTSVNWG

NFPO

TFS

4F .. .......

.F. . .......

.F .. .......

5F . .. ......

5F .. .......

4F .. .......

3F .. .......

5F .. .......

6D M .......

.F .. .......
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NEIC: Earthquake Search Results 
U. S. G E,O LOG I CAL SUR V E Y 

EAR T H QUA K E DA TAB A S E 

FILE CREATED: Wed Apr 16 16:32:15 2008 
Circle Search Earthquakes= 49 
Circle Center Point Latitude: 43.300N Longitude: 103.900W 
Radius: 200.000 km 
Catalog Used: PDE 
Data Selection: Historical & Preliminary Data 

CAT YEAR MO DA ORIG TIME LAT LONG DEP MAGNITUDE IEFM 
DIST 

NFPO 
km 

TFS 

PDE 1975 05 16 055701.50 43.24 -103.68 5 4F 
19 
PDE 1976 09 03 041816.20 44.04 -106.15 10 4.80 mb GS .F 
199 
PDE 1978 01 16 035001.70 42.44 -105.32 5 3.00 MLGS .F 
150 
PDE 1978 05 07 160619.60 42.30 -101.93 15 4.30 MLGS 5F 
195 
PDE 1981 09 13 221629.74 43.04 -101.85 5 3.40 LgTUL 5F 
169 
PDE 1983 02 13 134444.09 42.23 -105.73 5 4.00 MLGS 4F 
190 
PDE 1983 05 06 061446.95 42.96 -102.20 5 3.30 MLGS 
143 
PDE 1983 11 15 123312.19 43.02 -105.96 5 3.00 MLGS 3F 
170 
PDE 1984 05 29 201832.68 44.23 -105.96 18 5.00 mb GS SF 
195 
PDE 1984 10 18 153023.06 42.38 -105.72 33 5.50 MLGOL 6D M 
180 
PDE 1984 10 18 155737.38 42.37 -105.81 33 4.50 mb GS .F 
187 
PDE 1984 10 18 173827.41 42.41 -105.77 33 3.80 MLGOL 
181 
PDE 1984 10 19 162904.44 42.41 -105.77 33 3.30 MLGS 
182 

2 

DTSVNWG 

.............. 

.............. 

.............. 

." ........... 

.............. 

.............. 

.. e._ ........ 

.............. 
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POWERTECh. (USA) INC.

PDE 1984 10 20 115108.63 42.40 -105.87 33 3.50 MLGS ... .......
189
PDE 1984 10 22 111756.30 42.40 -105.88 33 3.10 MLGS ..........
190
PDE 1984 10 24 090354.78 42.32 -105.72 21 3.20 MLGS ..........
184
PDE 1984 11 06 113852.51 42.31 -105.71 33 3.30 MLGS ..........
184
PDE 1984 12 06 040452.33 42.44 -105.82 20 2.90 MLGS ..........
183
PDE 1984 12 17 093132.24 42.36 -105.73 33 3.30 MLGS .. ........
182
PDE 1986 06 12 151434.03 42.40 -105.69 20 3.00 MLGS ..........
177
PDE 1987 01 01 080224.07 42.79 -103.48 5 3.50 LgGS 3F.........
66
PDE 1989 02 09 051545.80 42.69 -101.90 5 3.80 LgGS 5F.........
176
PDE 1990 01 28 045959.19 43.31 -102.50 5 4.00 LgTUL 5F.........
113
PDE 1990 03 02 041527 43.30 -102.50 5 3.20 MLGS 4F.........
113
PDE 1991 11 05 161849 44.35 -103.75 0 2.50 MLGS .F ..... R..
117
PDE 1992 11 02 065410.34 42.74 -104.39 5 3.00 MLGS 5F .. .......
73
PDE 1993 02 24 235217.58 43.71 -105.29 0 3.60 MLGS .F ..... E..
121
PDE 1993 06 30 065057.83 42.99 -105.37 5 3.00 MLGS ... .......
124
PDE 1993 07 23 063023.84 42.48 -105.70 5 3.70 MLGS 4F .. .......
173
PDE 1993 09 05 081235.50 44.40 -103.80 5 2.70 MLGS 3F .. .......
122
PDE 1993 10 10 041746.76 42.42 -105.87 5 3.70 MLGS 4F .. .......
188
PDE 1993 12 13 145103.05 42.33 -105.50 5 3.50 MLGS ... .......
169
PDE 1994 03 18 225143.15 43.40 -103.50 5 2.80 LgGS .F ........
34
PDE 1994 03 20 071506 43.40 -103.50 5 2.30 LgGS .F ........
34
PDE 1996 02 06 160836.75 43.98 -103.73 5 3.70 LgGS 5F .. .......
76
PDE 1996 04 09 024808.19 43.07 -104.10 5 3.70 LgGS 3F .. .......
30
PDE 1996 05 03 074751.53 43.04 -104.02 5 3.10 LgGS ..........
30
PDE 1996 10 19 132757.97 43.09 -106.06 5 4.20 MLGS .F.........
176
PDE 1998 06 18 162638.32 42.62 -103.00 5 3.40 LgGS .F ........
104
PDE 2000 04 13 181731.73 42.41 -105.81 5 3.30 MLGS ..........
185
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POE 1984 10 20 115108.63 42.40 -105.87 33 3.50 MLGS 
189 
POE 1984 10 22 111756.30 42.40 -105.88 33 3.10 MLGS 
190 
POE 1984 10 24 090354.78 42.32 -105.72 21 3.20 MLGS 
184 
POE 1984 11 06 113852.51 42.31 -105.71 33 3.30 MLGS 
184 
POE 1984 12 06 040452.33 42.44 -105.82 20 2.90 MLGS 
183 
POE 1984 12 17 093132.24 42.36 -105.73 33 3.30 MLGS 
182 
POE 1986 06 12 151434.03 42.40 -105.69 20 3.00 MLGS 
177 
POE 1987 01 01 080224.07 42.79 -103:48 
66 
POE 1989 02 09 051545.80 42.69 -101.90 
176 
POE 1990 01 28 045959.19 43.31 -102.50 
113 
POE 1990 03 02 041527 43.30 -102.50 
113 
POE 1991 11 05 161849 44.35 -103.75 
117 
POE 1992 11 02 065410.34 42.74 -104.39 
73 
POE 1993 02 24 235217.58 43.71 -105.29 
121 
POE 1993 06 30 065057.83 42.99 -105.37 
124 
POE 1993 07 23 063023.84 42.48 -105.70 
173 
POE 1993 09 05 081235.50 44.40 -103.80 
122 
POE 1993 10 10 041746.76 42.42 -105.87 
188 
POE 1993 12 13 145103.05 42.33 -105.50 
169 
POE 1994 03 18 225143.15 43.40 -103.50 
34 
POE 1994 03 20 071506 43.40 -103.50 
34 
POE 1996 02 06 160836.75 43.98 -103.73 
76 
POE 1996 04 09 024808.19 43.07 -104.10 
30 
POE 1996 05 03 074751.53 43.04 -104.02 
30 
POE 1996 10 19 132757.97 43.09 -106.06 
176 
POE 1998 06 18 162638.32 42.62 -103.00 
104 
POE 2000 04 13 181731.73 42.41.-105.81 
185 

3 
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POWIERTECI (USA) INC.

Appendix 2.7-A
Water Levels in Inyan Kara Wells

Well No. 12 38 49 607 608 609 610 613 614 615 619 622 628 631

Formation Lakota Lakota Fall River Fall River Lakota Lakota Fall River Fall River Fuson Lakota Lakota Fall River nyan Kar Fall River

SubSurface (SS) or
Free-Flowing (FF) FF FF FF SS SS SS SS SS SS SS SS SS SS SS

Targeted
Measurement
Frequency Quarterly Quarterly Quartedrl Monthly Monthly Monthly Monthly Quarterly Quarterly Monthly Quarterly Monthly Quarterly Quarterly
Surveyed Well

Casing Elevation,

ft 3641.14 3620.86 3610.55 3609.26 3700.67 3704.85 3736.93 3741.16 3741 3700.12 3753.28 3731.99 3745.37

SUCK up (Well
Casing Mark), ft -0.58 -0.07 -0.08 -0.1 -0.49 -0.45 -0.11 -0.54 0 -0.46 -0.56 -0.33

Surveyed Control
Point Elevation, ft 3637.49 3618.86

Stick Up (Control
Point), ft -2.15

Calculated
Measuring Point
Elevation, ft 3641.72 3639.64 3618.86 3610.62 3609.34 3700.77 3705.34 3737.38 3741.27 3741.54 3700.12 3753.74 3732.55 3745.7

Well No. 12 38 49 607 608 609 610 613 614 615 619 622 628 631

Units feet feet feet feet feet feet feet feet feet feet feet feet feet feet

9/2512007 3644.25 3640.54 3690.47 3692.81 3701.3 3700.14 3691.6 3695.95

912612007 3715.79
9127/2007 3653.72 3679.13 3695.72

10/2/2007
10/9/2007

10/2612001 3584.35 3690.52 3692.81

11/9/2001 3653.26 3644.02 3641.93 3584.61 1 3679.19 371585

I
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Well No. 

Formation 

SubSurface (55) or 
Free-Flowing (FF) 

ITargeted 
Measurement 
Frequency 

Il>urveyeo welT 
Casing Elevation. 
It 

IStiCk Up (Well 
Casing Mark). It 

Surveyed Control 
Point Elevation. It 

Stick Up (Control 
Point). It 

Calculated 
Measuring Point 
Elevation. It 

Well No. 

Units 

9/25/2001 

9/26/200 

9/27/200 

10/2/2007 

10/9/2007 

10/26/200 

11/9/200 

12 38 49 

Lakota Lakota Fall Rive 

FF FF FF 

Quarterly Quarterly Quarterly 

3641.14 3620.86 

-0.58 

3637.49 3618.86 

-2.15 

3641.72 3639.64 3618.86 

12 38 49 
feet feet feet 

3644.25 3640.54 

3653.72 

3653.26 3644.02 3641.93 

Appendix 2.7-A 
Water Levels in Inyan Kara Wells 

607 608 609 610 613 614 615 619 622 628 631 

Fall Rive Lakota Lakota Fall Rive Fall Rive Fuson Lakota Lakota Fall Rive nyan Kar Fall Rive 

88 88 88 88 88 88 88 88 88 88 88 

Monthly Monthly Monthly Monthly Quarterly Quarterly Monthly Quarterly Monthly Quarterly Quarterly 

3610.55 3609.26 3700.67 3704.85 3736.93 3741.16 3741 3700.12 3753.28 3731.99 3745.37 

-0.07 -0.08 -0.1 -0.49 -0.45 -0.11 -0.54 0 -0.46 -0.56 -0.33 

3610.62 3609.34 3700.77 3705.34 3737.38 3741.27 3741.54 3700.12 3753.74 3732.55 3745.7 

607 608 609 610 613 614 615 619 622 628 631 
feet feet feet feet feet feet feet feet feet feet feet 

3690.47 3692.81 3701.3 3700.14 3691.6 3695.95 

3715.79 

3679.13 3695.72 

3584.35 3690.52 3692.81 

3584.61 3679.19 3715.85 



POWERTECh (USA) INC.

Appendix 2.7-A
Water Levels in Inyan Kara Wells

Well No. 12 38 49 607 608 609 610 613 614 615 619 622 628 631

Formation Lakota Lakota Fall River Fall River Lakota Lakota Fall River Fall River Fuson Lakota Lakota Fall River nyan Kar; Fall River

11/14/2007 3690.27 3690.12 3694.86 3715.85

11119/2007 3701.07 3700.07 3691.85

11127/2007 3696.44

12/11/2007 3690.21 3693.83 3696.24

1/1112001 3701.39 3700.08 3690.42

1130/200 3585.69 3689.85 3694.98

2/3/200

215/200 3710.04

2/20/2003 3688.25 3694.6 3696.07 3715.68

2/21/200 3641.52 3585.21

3/61200 3689.55 3692.63 3701.08 3700.01 3691.08 3712.68

3/91200 3584.9

3/24/2001

3/30/200

3/311200

411/200 3691.03 3709.1

4/21/2004 3690.99 3709.52

4/22/200

4/29/200 3585.21 3584.19 3689.81 3692.64

5/8/2001

5/12/200

5/19/200 3689.45 3692.32 3713.64

5/21/2001

5/28/200 3701.23 3699.92 3690.47 3709.32

5/29/200 3695.87

51301200

6/11/2004

61912008 3585.27 3584.45

6/10/2008

6/2312008

2
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Appendix 2.7-A 
Water Levels in Inyan Kara Wells 

Well No. 12 38 49 607 608 609 610 613 614 615 619 622 628 631 
Formation Lakota Lakota Fall Rive Fall Rive Lakota Lakota Fall Rive Fall Rive Fuson Lakota Lakota Fall Rive nyan Kar Fall Rive 

11/14/200 3690.27 3690.12 3694.86 3715.85 
11/19/200 3701.07 3700.07 3691.85 
11/27/200 3696.44 
12/11/200 3690.21 3693.83 3696.24 

1/11/2001 3701.39 3700.08 3690.42 
1/30/2001 3585.69 3689.85 3694.98 
2/3/2001 

2/5/2001 3710.04 
2120/2001 3688.25 3694.6 3696.07 3715.68 
2121/2001 3641.52 3585.21 

3/6/2001 3689.55 3692.63 3701.08 3700.01 3691.08 3712.68 
3/9/200 3584.9 • 3/24/2001 

3/30/2001 

3/31/2001 

4/112001 3691.03 3709.1 
4121/2001 3690.99 3709.52 
4122/2001 

412912001 3585.21 3584.19 3689.81 3692.64 
5/8/2001 

5/12/200 

5/19/2001 3689.45 3692.32 3713.64 
5/21/2001 

5/28/200 3701.23 3699.92 3690.47 3709.32 
5/29/200 3695.87 
5/30/200 

6/11200 

6/9/2006 3585.27 3584.45 
6/10/2006 

612312006 

2 
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Appendix 2.7-A
Water Levels in Inyan Kara Wells

Well No. 12 38 49 607 608 609 610 613 614 615 619 622 628 631

Formation Lakota Lakota Fall River Fall River Lakota Lakota Fall River Fall River Fuson Lakota Lakota Fall River nyan Kar Fall River

6/24/2001

6/251200 3701.18 3699.89 3690.06 3709.14

61301200 3652.22 3643.95 3639.69 3689.09 3692.45

7/1/200

7/131200

7/14/2008 3689.69 3709.29

7/28/2008 3585.49 3584.47 3688.86 3692.22

n 3 3 4 8 3 11 11 6 6 9 2 6 7 6

Average 3653.06 3644.07 3640.92 3585.09 3584.37 3689.67 3692.86 3701.21 3700.02 3690.8 3679.16 3709.4 3695.87 3714.92

Notes: Water surface elevation (WSE) calculated by subtracting depth measurement from or adding pressure measurement (converted to water head

in feet) to measuring point elevation (MPE).

WSE = MPE +1- (measured depth or measured pressure)

Conversion of pressure measurement (psi) to head (ft) uses density of water at 4C

3
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Well No. 

Formation 

6/24/2008 

6/25/2008 

6/30/2008 

7/1/200~ 

7/13/200~ 

7/14/2008 

7/28/2008 

n 

Average 

12 

Lakota 

3652.22 

3 

3653.06 

38 49 

Lakota Fall Rive 

3643.95 3639.69 

3 4 

3644.07 3640.92 

Appendix 2.7-A 
Water Levels in Inyan Kara Wells 

607 608 609 610 613 614 615 619 622 628 631 

Fall Rive Lakota Lakota Fall Rive Fall Rive Fuson Lakota Lakota Fall Rive nyan Kar Fall Rive 

3701.18 3699.89 3690.06 3709.14 

3689.09 3692.45 

3689.69 3709.29 

3585.49 3584.47 3688.86 3692.22 

8 3 11 11 6 6 9 2 6 7 6 

3585.09 3584.37 3689.67 3692.86 3701.21 3700.02 3690.8 3679.16 3709.4 3695.87 3714.92 

Notes. Water surface elevation (WSE) calculated by subtracting depth measurement from or adding pressure measurement (converted to water head 

in feet) to measuring point elevation (MPE). 

WSE = MPE +1- (measured depth or measured pressure) 

Conversion of pressure measurement (psi) to head (It) uses density of water at 4C 

3 



POWERTECh (USA) INc.

Appendix 2.7-A
Water Levels in Inyan Kara Wells

Well No. 650 668 680 681 685 688 689 694 695 696 697 698 3026 8002 8003

Formation Lakota nyan Kart Lakota Fall River Fall River Fall Rive Lakota Fall River Fall Rivet Lakota Lakota Fall Rive Lakota Lakota Unknown

u race(
or Free-Flowing
(FF) SS FF SS FF FF SS FF FF FF FF FF SS SS FF FF
ta rg eted'

Measurement
Frequency Quarterly Quarterly Monthly Monthly Monthly Monthly Monthly Monthly Monthly Monthly Monthly Monthly Monthly Quarterly Quarterly
Surveyed WellI

Casing Elevation,

ft 3701.94 3626.99 3627.85 3701.26 3627.27 3598.29 3597.8 3597.96 3597.69 3714.25 3820.48

Stick Up (Well
Casing Mark), ft 0.26 -0.15 -0.12 -0.04 -0.12 -1.71 -3.13 -1.94 -2.56 -0.23 -0.2

SurvTey~edonroc
Point Elevation,

ft 3821.06 3624.14 3543.42 3543.16

Stick Up (Control
Point), ft -0.56 -1.17 -1.43 -1.34

Calculated
Measuring Point
Elevation, ft 3821.62 3625.31 3701.68 362714 3627.97 3701.3 3627.39 3600 3600.93 3599.9 3600.25 3714.4 3820.68 3544.85 3544.5

Well No. 650 668 680 681 685 688 689 694 695 696 697 698 3026 8002 8003

Units feet feet feet feet feet feet feet fet feet feet feet feet feat feet Feet

9/25/200

9/2612001 3574.83

9127/2001

1012/2001 3682.35

10/91200 3650.68

10/2612001

111912007 3682.35 3650.68

4
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Well No. 

Formation 

uo:>u ace I:>") 
or Free-Flowing 
(FF) 

argetea 
Measurement 
Frequency 

,::iurveyea Well 
Casing Elevation, 
ft 

Stick Up (Well 
Casing Mark). ft 

!::iurveyea (;ontro 
Point Elevation, 
ft 

Stick Up (Control 
Point), It 

Calculated 
Measuring Point 
Elevation, fl 

Well No. 

Units 

9/25/200 

9/26/200 

9/27/2007 

10/2/200 

10/9/200 

10/26/200 

11/91200 

650 

Lakota 

SS 

Quarterly 

3821.06 

-0.56 

3821.62 

650 
feet 

3682.35 

3682.35 

668 680 681 

nyan Kar Lakota Fall Rive 

FF SS FF 

Quarterly Monthly Monthly 

3701.94 3626.99 

0.26 -0.15 

3624.14 

-1.17 

3625.31 3701.68 3627.14 

668 680 681 
feet feet feet 

3650.68 

3650.68 

Appendix 2.7-A 
Water Levels in Inyan Kara Wells 

685 688 689 694 695 696 697 698 3026 8002 8003 

Fall Rive Fall Rive Lakota Fall Rive Fall Rive Lakota Lakota Fall Rive Lakota Lakota Unknown 

FF SS FF FF FF FF FF SS SS FF FF 

Monthly Monthly Monthly Monthly Monthly Monthly Monthly Monthly Monthly Quarterly Quarterly 

3627.85 3701.26 3627.27 3598.29 3597.8 3597.96 3597.69 3714.25 3820.48 

-0.12 -0.04 -0.12 -1.71 -3.13 -1.94 -2.56 -0.23 -0.2 

3543.42 3543.16 

-1.43 -1.34 

3627.97 3701.3 3627.39 3600 3600.93 3599.9 3600.25 3714.48 3820.68 3544.85 3544.5 

685 688 689 694 695 696 697 698 3026 8002 8003 
feet feet feet feet feet feet feet feet feet feet Feet 

3574.83 

4 



POWERTECh (USA) INc.

Appendix 2.7-A
Water Levels in Inyan Kara Wells

Well No. 650 668 680 681 685 688 689 694 695 696 697 698 3026 8002 8003

Formation Lakota Inyan Kar, Lakota Fall River Fall River Fall River Lakota Fall River Fall River Lakota Lakota Fall River Lakota Lakota Unknown

11/14/2007

11119/2007

11/27/2007 3652.99

12/11/2007 3579.45

1111/200 3662.69

1/301200 3662.68

2/31200 3662.73

2/5/200 3578.64 3563.35

2/20/200 3682.13

2/21/200

3/6/2001

3/9/200 3649.88 3662.41

3/24/200 3681.92

3130/200 3648.48 3634.12 3679.14 3680.02 3681.89

3/31/200 3662.33

4/11/2001

4/21/200 3660.88 3662.22

4/22/200 3630.68 3679.85 3679.98 3681.77

4/29/200

5/8/200 3685.02

5/12/200 3644.75

5/191200 3630.26

5/21/200 3648.09 3679.6 3682.13

5/28/2008 3661.26 3679.68 3681.73

5/29/200

5/30/200 3682

6/1/2001 3661.85

6/9/2001

6/10/2003 3660.56 3669.41

6/23/2001 3631.05

5
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Appendix 2.7-A 
Water Levels in Inyan Kara Wells 

Well No. 650 668 680 681 685 688 689 694 695 696 697 698 3026 8002 8003 
Formation Lakota Inyan Kar< Lakota Fall Rive Fall Rive Fall Rive Lakota Fall Rive Fall Rive Lakota Lakota Fall Rive Lakota Lakota Unknown 

11/141200 

11/19/200 

11/27/200 3652.99 
12/11/200 3579.45 
1/11/200! 3662.69 
1/30/200! 3662.68 
2I3/200! 3662.73 
215/200 3578.64 3563.35 

2/20/200! 3682.13 
2/21/200! 

3/61200 

3/9/200 3649.88 3662.41 • 3/24/200 3681.92 
3/30/200 3648.48 3634.12 3679.14 3680.02 3681.89 
3/31/200 3662.33 
411/200 

4121/200 3660.88 3662.22 
4122/200 3630.68 3679.85 3679.98 3681.77 
4129/200 

5/8/200B 3685.02 
5/12/200B 3644.75 
5/19/200B 3630.26 
5/21/200B 3648.09 3679.6 3682.13 
5/28/200B 3661.26 3679.68 3681.73 

5/29/200a 

5/30/200B 3682 
6/1/200B 3661.85 
6/9/2001 

6/10/2001 3660.56 3669.41 
6/23/200 3631.05 

5 
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POWEaTECh (USA) INC.

Appendix 2.7-A
Water Levels in Inyan Kara Wells

Well No. 650 668 680 681 685 688 689 694 695 696 697 698 3026 8002 8003

Formation Lakota Inyan KarE Lakota Fall River Fall River Fall Rive Lakota Fall Rive Fall River Lakota Lakota Fall River Lakota Lakota Unknown

6/2412004 3648.81 3680.8 3679.88 3681.85

6/2512001 3642.95 3662.45 3685.6

6/30/200 3649.65 3662.01

7/1/2001 3641.99 3685.43

7/13/2001 3631.95 3681.78

7114/2001 3639.89 3681.62 3648.63 3680.66 3679.87

7/28/2001 3662.68

n 5 5 8 4 0 6 4 4 5 0 5 5 6 3

Average 3682.2 3650.8 3662 3642.4 3663.3 3684.4 3648.5 3631.6 3680 3679.9 3681.9 3577.6 3563.4

Water surface elevation (WSE) calculated by subtracting depth measurement from or adding pressure measurement (converted to water head

in feet) to measuring point elevation (MPE).

WSE = MPE +/- (measured depth or measured pressure)

Conversion of pressure measurement (psi) to head (ft) uses density of water at 4C

Head (feet of H20) = Measured Pressure (lb / in2) X 144 (in2 / ft2) x 0.01602 (ft' / Ib)

6
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Well No. 

Formation 

6/24/2001 

6/25/200 

6/30/200 

7/1/200 

7/13/200 

7/14/200 

7/28/2008 

n 

Average 

• 

• 

Appendix 2.7-A 
Water Levels in Inyan Kara Wells 

650 668 680 681 685 688 689 694 695 696 697 698 3026 8002 

Lakota nyan Kar Lakota Fall Rive Fall Rive Fall Rive Lakota Fall Rive Fall Rive Lakota Lakota Fall Rive Lakota Lakota 

3648.81 3680.8 3679.88 3681.85 

3642.95 3662.45 3685.6 

3649.65 3662.01 

3641.99 3685.43 

3631.95 3681.78 

3639.89 3681.62 3648.63 3680.66 3679.87 

3662.68 

5 5 8 4 0 6 4 4 5 0 5 5 6 3 

3682.2 3650.8 3662 3642.4 3663.3 3684.4 3648.5 3631.6 3680 3679.9 3681.9 3577.6 
Water surface elevation (WSE) calculated by subtracting depth measurement from or adding pressure measurement (converted to water head 

in feet) to measuring point elevation (MPE). 

WSE = MPE +1- (measured depth or measured pressure) 

Conversion of pressure measurement (psi) to head (ft) uses density of water at 4C 

Head (feet of H20) = Measured Pressure (Ib 1 in') x 144 (in'l ft') x 0.01602 (ft3 /Ib ) 

6 

8003 

Unknown 

1 

3563.4 
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PDE 2003 02 01 184411.53 43.08 -106.18 5 3.70 MLGS .F
186
PDE 2003 05 25 073233.39 43.09 -101.79 5 4.00 LgGS 4F
172
PDE 2004 01 05 025316.58 43.60 -104.00 5 2.80 LgGS .F
33
PDE 2004 01 24 040901.30 44.00 -103.20 5 2.50 LgGS .F
96
PDE 2004 02 15 031818.02 42.94 -105.40 10 3.50 MLGS 3F
128
PDE 2004 08 29 184944.26 42.89 -105.49 5 3.80 MLGS 4F
136
PDE 2006 09 07 062320.02 42.98 -102.24 5 2.60 LgGS . .

140
PDE 2007 02 07 103558.70 44.03 -102.58 5 3.10 LgGS 3F
134
PDE 2007 04 24 093501.26 42.58 -102.94 5 2.70 LgGS . .

ill

4
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• POE 2003 02 01 184411.53 43.08 -106.18 5 3.70 MLGS .F ....... 
186 
POE 2003 05 25 073233.39 43.09 -101.79 5 4.00 LgGS 4F ....... 
172 
POE 2004 01 05 025316.58 43.60 -104.00 5 2.80 LgGS .F ....... 
33 
POE 2004 01 24 040901.30 44.00 -103.20 5 2.50 LgGS .F ....... 
96 
POE 2004 02 15 031818.02 42.94 -105.40 10 3.50 MLGS 3F ....... 
128 
POE 2004 08 29 184944.26 42.89 -105.49 5 3.80 MLGS 4F ....... 
136 
POE 2006 09 07 062320.02 42.98 -102.24 5 2.60 LgGS ....... 
140 
POE 2007 02 07 103558.70 44.03 -102.58 5 3.10 LgGS 3F ....... 
134 
POE 2007 04 24 093501.26 42.58 -102.94 5 2.70 LgGS ....... 
111 
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2008 PUMPING TESTS: RESULTS AND ANALYSIS
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Powertech (USA) Inc.
Dewey-Burdock Project

2008 Pumping Tests:
Results and Analysis

1.0 Introduction
Powertech Uranium Corp. (Powertech) is submitting an application to the United States Nuclear

Regulatory Commission (USNRC) for the Radioactive Source Materials License to develop and

operate the Dewey-Burdock Uranium Project using in-situ recovery (ISR) methods. The project

is located near Edgemont, South Dakota in Custer and Fall River Counties and will consist of

injection and production well fields and a central processing plant (ion exchange resin columns

and yellowcake dryer) to recover the final uranium product.

Figure 1.1 shows the project location and license boundary. The Project is located

approximately 12 miles north-northwest of Edgemont, South Dakota and spans northern Fall

River and southern Custer Counties. The project boundary encompasses approximately

11,000 acres of private land on either side of County Road 6463. The Dewey-Burdock project

will operate uranium ISR production facilities at both the Dewey and Burdock project areas, with

a central processing plant located at the Burdock site. It is anticipated that the ISR well fields at

each site will operate at an estimated flow rates of between 1500 gallons per minute (gpm) to

2000 gpm. Net withdrawal of groundwater during ISR leaching operations is expected to be

0.5 to 3 percent of total flow, or 10 to 60 gpm at each site. Total production from both sites is

expected to produce approximately 1,000,000 pounds of U30 8 per year.

1.1 Objectives

USNRC NUREG 1569 Sections 2.7.2 and 2.7.3, Hydrology, Review Procedures (3) and

Acceptance Criteria (3), describe the type of information and analyses that can fulfill the

requirements for a description of Site hydrogeology. Consistent with the examples provided in

the NUREG sections referenced above, the objective of this report is to provide the

determinations of aquifer properties obtained with two pumping tests together with the results of

laboratory tests Powertech conducted on related core samples. The pumping tests are interpreted

in the context of geological and hydrogeological data that are summarized here and presented

authoritatively in greater detail in NRC Technical Report Sections 2.6 and 2.7. The more

detailed information presented outside this Yeport consists of: (1) geologic cross-sections,

including the underlying electric log data from test pumping wells, test observation wells and
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nearby exploration boreholes; (2) isopach maps of the production zone, overlying confining units

and aquifers and underlying confining units and aquifers; and (3) potentiometric surface maps of

the major aquifers.

Other information prescribed in NUREG 1569 Section 2.7.1, Hydrology, Areas of Review (3),

notably soil survey and baseline groundwater quality information, is presented in separate
reports. It is noted that the pumping tests described here are not intended to replace well field-

scale pumping tests that are proposed to be conducted prior to startup of each particular mine

unit. The following information is included in this report:

* Site location maps

" A summary of previous pumping test results

" A synopsis of geologic and hydrogeologic information for the Project Area relevant
to the interpretation of pumping tests, including detailed conceptual stratigraphic
cross-sections illustrating the test layouts relative to ore-body features

" Presentation of the pumping test results, including raw test data (drawdown graphs)
that provide overall response characteristics for all wells monitored during the tests

" Interpretation of aquifer parameters using type curve matches and other methods of
parameter determinations

" Interpretation, based on the communication of pumping and observation wells that it
is likely feasible to conduct ISR mining within limited portions of the major aquifers

" Interpretation, based on the pumping test data and laboratory core data, that there is
likely additional vertical containment between major aquitards overlying and
underlying the major aquifers

1.2 Report Organization

This report includes seven sections. Section 1 (this section) is the introduction. Section 2

describes site-specific geologic and hydrogeologic conditions followed by a summary of

previous aquifer tests in the period 1979 to 1982. Section 3 describes the general procedures for

well installation, test equipment used, background measurements, and data processing

procedures for the pumping tests. Details of the background monitoring and analysis are

provided in Appendix A-1, and Appendix A-2 provides an overview of pumping test
interpretation methods, theoretical considerations, and spreadsheet tools used for test analysis.

Section 4 describes the results and analysis of the pumping test at the Dewey test location;

Appendix B provides backup data for the Dewey Pumping Test including well completion
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and aquifers and underlying confining units and aquifers; and (3) potentiometric surface maps of 
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notably soil survey and baseline groundwater quality information, is presented in separate 

reports. It is noted that the pumping tests described here are not intended to replace well field­

scale pumping tests that are proposed to be conducted prior to startup of each particular mine 

unit. The following information is included in this report: 
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• A summary of previous pumping test results 

• 
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A synopsis of geologic and hydrogeologic information for the Project Area relevant 
to the interpretation of pumping tests, including detailed conceptual stratigraphic 
cross-sections illustrating the test layouts relative to ore-body features 

Presentation of the pumping test results, including raw test data (drawdown graphs) 
that provide overall response characteristics for all wells monitored during the tests 

Interpretation of aquifer parameters using type curve matches and other methods of 
parameter determinations 

Interpretation, based on the communication of pumping and observation wells that it 
is likely feasible to conduct ISR mining within limited portions of the major aquifers 

Interpretation, based on the pumping test data and laboratory core data, that there is 
likely additional vertical containment between major aquitards overlying and 
underlying the major aquifers 

1.2 Report Organization 

This report includes seven sections. Section 1 (this section) is the introduction. Section 2 

describes site-specific geologic and hydrogeologic conditions followed by a summary of 

previous aquifer tests in the period 1979 to 1982. Section 3 describes the general procedures for 

well installation, test equipment used, background measurements, and data processing 

procedures for the pumping tests. Details of the background monitoring and analysis are 

provided in Appendix A-I, and Appendix A-2 provides an overview of pumping test 

interpretation methods, theoretical considerations, and spreadsheet tools used for test analysis. 

Section 4 describes the results and analysis of the pumping test at the Dewey test location; 

Appendix B provides backup data for the Dewey Pumping Test including well completion 
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diagrams, processed time-drawdown data used to perform the test analysis, and the

determinations of aquifer parameters with graphical methods not directly presented in the text.

Similarly, Section 5 describes the results and analysis at the Burdock test location and

Appendix C provides the related data for the Burdock test. Section 6 is a summary of laboratory

core testing information and Appendix D provides the laboratory data report for the core testing.

Section 7 is a summary describing major conclusions from the testing. Appendix E is a

CD-ROM that contains the raw digital pressure transducer data in binary files.

1.3 Limitations and Disclaimer

This report entitled "Powertech (USA) Inc., Dewey-Burdock Project, 2008 Pumping Tests:

Results and Analysis" has been prepared by Knight Pi6sold and Co. for the exclusive use of

Powertech (USA) Inc. No other party is an intended beneficiary of this report or the information,

opinions, and conclusions contained herein. Any use by any party other than Powertech (USA)

Inc. of any of the information, opinions, or conclusions is the sole responsibility of said party.

The use of this report shall be at the sole risk of the user regardless of any fault or negligence of

Powertech (USA) Inc. or Knight Pi6sold and Co.

The information and analyses contained herein have been completed to a level of detail

commensurate with the objectives of the assignment. This report and its supporting

documentation have been reviewed and/or checked for conformance with industry-accepted

norms and applicable government regulations. Calculations and computer simulations have been

checked and verified for reasonableness, and the content of the report has been reviewed for

completeness, accuracy, and appropriateness of conclusions. To the best of the information and

belief of Knight Pi6sold and Co. the information presented in this report is accurate to within the

limitations specified herein.

Any reproductions of this report are uncontrolled and may not be the most recent revision.
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Appendix C provides the related data for the Burdock test. Section 6 is a summary of laboratory 

core testing information and Appendix D provides the laboratory data report for the core testing. 

Section 7 is a summary describing major conclusions from the testing. Appendix E is a 

CD-ROM that contains the raw digital pressure transducer data in binary files. 

1.3 Limitations and Disclaimer 
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norms and applicable government regulations. Calculations and computer simulations have been 
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completeness,accuracy, and appropriateness of conclusions. To the best of the information and 
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2.0 Site Characterization
This section presents a synopsis of geologic and hydrogeologic information. Section 2.1

presents geologic information (see Figure 2.2) taken from Section 2.6 of the USNRC Technical

Report. Section2.2 presents hydrogeologic information presented in Section 2.7 of the

Technical Report. Section 2.3 describes the history of previous aquifer testing in relation to

uranium exploration and development.

2.1 Stratigraphy

The sedimentary rocks of interest that underlie the Dewey-Burdock Project range in age from

Upper Jurassic to Early Cretaceous. These are the Upper Jurassic Sundance Formation, the

Unkpapa Formation, and the Morrison Formation. The Early Cretaceous Lakota Formation, the

Fall River Formation, the Skull Creek Shale Formation and the Mowry Shale Formation.

Figure 2.1.

Underlying these, are rocks that range in age from Cambrian to Pennsylvanian in age. The

sediments exposed at the Dewey-Burdock Project are of Early Cretaceous age.

2. 1.1 Overlying Unit: Skull Creek Formation Shales

The combined Skull Creek Shale - Mowry Shale reaches a thickness of 400 ft (ft) in the western

part of the Dewey-Burdock project.

Mowry Shale

The Mowry Shale consists of light gray marine shale with minor amounts of siltstone, fine

grained sandstone, and a few thin beds of bentonite.

Newcastle Sandstone Formation

The Newcastle Sandstone, normally occurring between the Skull Creek Shale and the Mowry

Shale, is composed of fine-grained sandstone interbedded with siltstones. This formation is

discontinuous across the region and is absent across the project area. At the Dewey-Burdock

Project the Skull Creek Shale is directly overlain by the Mowry shale.

Skull Creek Shale Formation

The Skull Creek Shale is a sequence of dark-gray to black marine shales. The Skull Creek shale

consists of black shale, organic material, and some silt sized quartz grains. The Skull Creek
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2.1.1 Overlying Unit: Skull Creek Formation Shales 

The combined Skull Creek Shale - Mowry Shale reaches a thickness of 400 ft (ft) in the western 

part of the Dewey-Burdock project. 

Mowry Shale 

The Mowry Shale consists of light gray marine shale with minor amounts of siltstone, fine 

grained sandstone, and a few thin beds of bentonite. 

Newcastle Sandstone Formation 

The Newcastle Sandstone, normally occurring between the Skull Creek Shale and the Mowry 

Shale, is composed of fine-grained sandstone interbedded with siltstones. This formation is 

discontinuous across the region and is absent across the project area. At the Dewey-Burdock 

Project the Skull Creek Shale is directly overlain by the Mowry shale. 

Skull Creek Shale Formation 

The Skull Creek Shale is a sequence of dark-gray to black marine shales. The Skull Creek shale 

consists of black shale, organic material, and some silt sized quartz grains. The Skull Creek 
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Shale has a thickness of approximately 200 ft. The Skull Creek Shale is eroded from the eastern

parts of the project.

2.1.2 Inyan Kara Group: Fall River Formation and Lakota Formation Sandstones

Inyan Kara Group

The Early Cretaceous Inyan Kara Group consists of two formations, the Lakota and the Fall

River. The Inyan Kara is composed of interbedded sandstone siltstone and shale. The

depositional environment of the Inyan Kara is fluvial to marginal marine.

Fall River Formation

The Fall River formation is composed of carbonaceous interbedded siltstone and sandstone,

channel sandstones, and a sequence of interbedded sandstone and shale. The lower part of the

Fall River consists of dark carbonaceous siltstone interbedded with thin laminations of

fine-grained sandstone. Channels were cut into this interbedded sequence by northwest flowing

rivers and fluvial sandstones were deposited. These channel sandstones occur across various

parts of the Dewey-Burdock Project and generally contain the uranium deposits. Overlying the

channel sandstones is another sequence of alternating sandstone and shales.

Lakota Formation

The Lakota Formation consists of three members, from lower to upper is the Chilson Member,

the Minnewasta Limestone Member and the Fuson Member.

The Minnewasta Limestone Member is not present in the Dewey-Burdock Project area.

The Chilson Member is composed largely of fluvial deposits. These deposits consist of

sandstone, shale, siltstone, and shale. The unit consists of a complex of channel sandstone

deposits and their fine-grained equivalents. The unit contains uranium deposits.

The Fuson Member is the upper most member of the Lakota Formation and the shale-siltstone

portion of the Fuson has been used to divide the Lakota Formation from the Fall River

Formation.

The Fuson is described as having a lower discontinuous sandstone unit at its' base and an upper

discontinuous sandstone at the top of the member. If present the lower sandstone unit was
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Shale has a thickness of approximately 200 ft. The Skull Creek Shale is eroded from the eastern 
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2.1.2Inyan Kara Group: Fall River Formation and Lakota Formation Sandstones 

Inyan Kara Group 

The Early Cretaceous Inyan Kara Group consists of two formations, the Lakota and the Fall 

River. The Inyan Kara is composed of interbedded sandstone siltstone and shale. The 

depositional environment of the Inyan Kara is fluvial to marginal marine. 

Fall River Formation 

The Fall River formation is composed of carbonaceous interbedded siltstone and sandstone, 

channel sandstones, and a sequence of interbedded sandstone and shale. The lower part of the 

Fall River consists of dark carbonaceous siltstone interbedded with thin laminations of 

fine-grained sandstone. Channels were cut into this interbedded sequence by northwest flowing 

rivers and fluvial sandstones were deposited. These channel sandstones occur across various 

parts of the Dewey-Burdock Project and generally contain the uranium deposits. Overlying the 

channel sandstones is another sequence of alternating sandstone and shales. 

Lakota Formation 

The Lakota Formation consists of three members, from lower to upper is the Chilson Member, 

the Minnewasta Limestone Member and the Fuson Member. 

The Minnewasta Limestone Member is not present in the Dewey-Burdock Project area. 

The Chilson Member is composed largely of fluvial deposits. These deposits consist of 

sandstone, shale, siltstone, and shale. The unit consists of a complex of channel sandstone 

deposits and their fine-grained equivalents. The unit contains uranium deposits. 

The Fuson Member is the upper most member of the Lakota Formation and the shale-siltstone 

portion of the Fuson has been used to divide the Lakota Formation from the Fall River 

Formation. 

The Fuson is described as having a lower discontinuous sandstone unit at its' base and an upper 

discontinuous sandstone at the top of the member. If present the lower sandstone unit was 
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mapped as a Lakota sandstone. Similarly if the upper sandstone was present it was mapped as a

Fall River sandstone. The Lakota was deposited by a northwest flowing river system.

2.1.3 Underlying Units: Morrison Formation Shale and Unkpapa/Sundance
Formation Sandstone

Morrison Formation.

The Upper Jurassic Morrison Formation was deposited as flood plain deposits. It is composed of

waxy, unctuous, calcareous, noncarbonaceous massive shale with numerous limestone lenses and

a few thin fine grained sandstones.

Unkpapa Formation

Overlying the Sundance Formation is a sandstone unit that has been called the Unkpapa

formation. The Unkpapa is a massive fine grained sandstone that was deposited as sand dunes.

Sundance Formation

The Sundance Formation of Upper Jurassic age consists of marine rocks composed of red shales

and sandstones. The Sundance has been subdivided into five members. In ascending order they

are the Canyon Springs sandstone member, the Stockade Beaver shale member, the Hulett

sandstone member, the Lak member, and the Redwater shale member.

2.2 Hydrogeologic Conditions: Potentiometric Surface and Hydraulic Gradient

Groundwaters within the Inyan Kara formations are under artesian conditions in much of the

Dewey-Burdock area. Some wells are known to have flowed for years. Figure 2.3 is a

potentiometric surface map of the Fall River Formation aquifer within the Inyan Kara group.

The map is based on measurements made in 2008. Based on Figure 2.3, groundwater flow

direction in the Fall River aquifer is generally to the southwest, consistent with the topography of

the broad Black Hills domal uplift, with significant components either more southerly or more

westerly as reflected by the curvature of the potentiometric surface equipotential lines.

Groundwater gradient in the Fall River aquifer varies significantly throughout the project area.

Near the outcrop areas upgradient of both the Dewey and Burdock project portions of the Site,

the gradient is about 20 to 25 ft per mile (0.0038 to 0.0047 feet per foot [ft/fl]). At the Burdock

portion of the Site, the Fall River aquifer gradient flattens to about 14 ft per mile (0.0026 ft/ft)

extending downgradient to the southwestern project boundary. At the Dewey portion of the Site,
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mapped as a Lakota sandstone. Similarly if the upper sandstone was present it was mapped as a 
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formation. The Unkpapa is a massive fine grained sandstone that was deposited as sand dunes. 

Sundance Formation 

The Sundance Formation of Upper Jurassic age consists of marine rocks composed of red shales 

and sandstones. The Sundance has been subdivided into five members. In ascending order they 

are the Canyon Springs sandstone member, the Stockade Beaver shale member, the Hulett 

sandstone member, the Lak member, and the Redwater shale member. 

2.2 Hydrogeologic Conditions: Potentiometric Surface and Hydraulic Gradient 

Groundwaters within the Inyan Kara formations are under artesian conditions in much of the 

Dewey-Burdock area. Some wells are known to have flowed for years. Figure 2.3 is a 

potentiometric surface map of the Fall River Formation aquifer within the Inyan Kara group. 
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however, the groundwater gradient in the Fall River aquifer increases sharply to as much as

about 52 ft per mile [0.01 ft/ft] within the central portion of the project area.

Figure 2.4 is a potentiometric surface map of the Lakota Formation aquifer below the Fall River

aquifer within the Inyan Kara Group, based on measurements made in 2008. Groundwater flow

direction is generally to the southwest with locally more southerly component. At the Burdock

portion of the site, the groundwater gradient is relatively uniform from the outcrop area to the

project boundary, about 18 ft per mile (about 0.0034 ft/ft). At the Dewey portion of the site

Figure 2.4 indicates a somewhat flatter overall gradient, about 16 ft per mile (0.003 ft/ft).

However, within the central portion of the Dewey project area there a broad area where the

potentiometric surface elevations in the Lakota are between 3,680 and 3,690 ft above mean sea

level (amsl).

The variations in the potentiometric surfaces in both Inyan Kara formations produce variations in

the direction of vertical gradients throughout the project area. At the Burdock portion of the Site,

the potentiometric surface in the Fall River aquifer is generally close to that in underlying Lakota

(Chilson) aquifer; where there are differences, the Fall River appears to be slightly higher in

elevation by a few (less than five) feet. This indicates minimal overall vertical gradients with

possible downward flow direction between the two formations through the intervening Fuson

Member of the Lakota Formation.

By contrast, at the Dewey portion of the Site there are areas where the potentiometric surface in

the Lakota Formation is 20 to 30 ft higher than in the overlying Fall River Formation, indicating

a vertically upward gradient. This is consistent with the character of the intervening Fuson

Member in previous pumping tests, described in Section 2.6 below, where the Fuson was

described as leaky in the Burdock area but a more effective aquitard in the Dewey area. This

was also noted in earlier investigations (Keene, 1973, p. 26), which stated that "pressures in the

Lakota Formation appear greater than those of the Fall River aquifer in the northwestern

townships of the [Fall River] county. This is reasonable when one considers the higher intake

elevation of the Lakota Formation, the greater thickness of the Chilson Member than the Fall

River sands, and the smaller production from the Lakota aquifer."

Figure 2.5 is a potentiometric surface map of the Unkpapa aquifer below the Inyan Kara group,

based on measurements made in 2008 at four locations. The potentiometric surface in the

Unkpapa Formation indicates groundwater flow direction to the southwest with locally more

southerly components. Overall gradient is about 100 ft per 3 miles, which corresponds to an
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described as leaky in the Burdock area but a more effective aquitard in the Dewey area. This 

was also noted in earlier investigations (Keene, 1973, p. 26), which stated that "pressures in the 

Lakota Formation appear greater than those of the Fall River aquifer in the northwestern 

townships of the [Fall River] county. This is reasonable when one considers the higher intake 

elevation of the Lakota Formation, the greater thickness of the Chilson Member than the Fall 
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average gradient of about 0.006 ft/ft. The potentiometric surface elevation is generally about

50 to 100 ft higher in both the overlying Lakota and Fall River Formation aquifers. This

indicates vertical upward gradients between the Unkpapa Formation, the intervening Morrison

Formation and the Inyan Kara Group. The Morrison Formation thus appears to function as an

effective aquitard throughout the project area.

2.3 Summary of Previous Aquifer Testing Results

The Tennessee Valley Authority (TVA) conducted groundwater pumping tests from 1977

through 1982 as part of a uranium mine development project near the towns of Edgemont and

Dewey, South Dakota. TVA produced two summary pumping test reports, "Analysis of Aquifer

Tests Conducted at the Proposed Burdock Uranium Mine Site" (Boggs and Jenkins, 1980) and

"Hydrogeologic Investigations at Proposed Uranium Mine Near Dewey, South Dakota" (Boggs,

1983). In addition, TVA prepared a draft Environmental Impact Statement for the proposed

Edgemont Uranium Mine in 1979.

TVA first conducted two unsuccessful tests in 1977 at the Burdock test site. The results of the

1977 tests were considered inconclusive because of various problems including questionable

discharge measurements, some observation wells improperly constructed, and some pressure

gauges malfunctioned. No data from the 1977 tests are currently available.

TVA conducted -three successful pumping tests, two in 1979 near the current Burdock Project

Area, and one in 1982 about two miles north of the current Dewey Project Area. The results of

these successful tests are described in separate sections below. However, no data for these tests,

in particular electronic records of drawdown, are available, other than information contained in

the reports.

2.3.1 Dewey Project Area

The Dewey test was conducted in 1982 northeast of the Dewey Road at the location shown on

Figure 1.1. The test consisted of pumping in the Lakota formation for 11 days at an average rate

of 495 gpm. The test developed the following information:

" Transmissivity of the Lakota averaged about 4,400 gallons per day per foot (gpd/ft)
which is equivalent to 590 ft squared per day (ft2/day).

" Storativity of the Lakota was about 1.0 x 10-4 (dimensionless).
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• Storativity of the Lakota was about 1.0 x 10-4 (dimensionless). 
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" There was response between the Fall River and Lakota formations through the
intervening Fuson shale-siltstone member that was manifested at relatively late time
(3000 to 10000 minutes).

" The vertical hydraulic conductivity of the Fuson aquitard using the Neuman-
Witherspoon ratio method (Neuman and Witherspoon, 1973) was 2 x 10-4 ft/day;
storativity of the Fuson Member was not determined and specific storage was about
7 x 10-7 ft-1.

" A barrier boundary, or a decrease in transmissivity due to lithologic changes with
distance from the test site, or both, were observed; a possible geologic feature
corresponding to a barrier was noted to be the Dewey Fault Zone, located about
1.5 miles north of the test site, where the Lakota and Fall River formations are
structurally offset.

2.3.2 Burdock Project Area

The Burdock tests were conducted in 1979 near the Dewey road at the location shown on

Figure 1.1. The Burdock tests consisted of separate pumping tests from the Lakota (Chilson) and

Fall River Aquifer, respectively in April and July of 1979. The tests used the same pumping

well with packers to alternately isolate screens open to the respective formations. Test durations

were 73 hours for the Lakota test and 49 hours for the Fall River test. Pumping rates were about

200 gpm from the Lakota aquifer and 8.5 gpm from the Fall River. The reason for the

unexpected low pumping rate from the Fall River aquifer was not specified in the TVA report.

The tests developed the following information:

Interpreted transmissivity of the Lakota was based on analysis of later time data and
inferred decreasing transmissivity with distance from the test site due to changes in
lithology; overall transmissivity averaged about 1,400 gpd/ft (190 ft2/day) and
storativity about 1.8 x 1 0 4 (dimensionless); maximum transmissivity from early time
data was about 2,300 gpd/ft (310 ft2/day).

Transmissivity of the Fall River averaged about 400 gpd/ft (54 ft2 /day) and storativity
about 1.4 x 10.5 (dimensionless).

There was communication between the Fall River and Lakota formations through the
intervening Fuson shale-siltstone member; leaky behavior was observed in the Fall
River Formation and believed to exist in the Lakota although "leakage effects in the
Lakota drawdown data are masked by the conflicting effect of a decreasing
transmissivity in site vicinity" (p. 16 in Boggs and Jenkins, 1980).

The vertical hydraulic conductivity of the Fuson aquitard determined with the
Neuman-Witherspoon ratio method (Neuman and Witherspoon, 1973) ranged from

DV102.00279.01 2-6 November 2008
Dewey-Burdock 2008 Pump Test Report Rev O.doc

• 

• 

• 

Knight P{esold 
CON 'iSU LT.I N G 

There was response between the Fall River and Lakota formations through the 
intervening Fuson shale-siltstone member that was manifested at relatively late time 
(3000 to 1 0000 minutes). 

The vertical hydraulic conductivity of the Fuson aquitard using the Neuman­
Witherspoon ratio method (Neuman and Witherspoon, 1973) was 2 x 10-4 ft/day; 
storativity of the Fuson Member was not determined and specific storage was about 
7 x 10-7 ft- 1

• 

• A barrier boundary, or a decrease in transmissivity due to lithologic changes with 
distance from the test site, or both, were observed; a possible geologic feature. 
corresponding to a barrier was noted to be the Dewey Fault Zone, located about 
L5 miles north of the test site, where the Lakota and Fall River formations are 
structurally offset. 

2.3.2 Burdock Project Area 

The Burdock tests were conducted in 1979 near the Dewey road at the location shown on 

Figure 1.1_ The Burdock tests consisted of separate pumping tests from the Lakota (Chilson) and 

Fall River Aquifer, respectively in April and July of 1979. The tests used the same pumping 

well with packers to alternately isolate screens open to the respective formations. Test durations 

were 73 hours for the Lakota test and 49 hours for the Fall River test. Pumping rates were about 

200 gpm from the Lakota aquifer and 8.5 gpm from the Fall River. The reason for the 

unexpected low pumping rate from the Fall River aquifer was not specified in the TVA report. 

The tests developed the following information: 

• Interpreted transmissivity of the Lakota was based on analysis of later time data and 
inferred decreasing transmissivity with distance from the test site due to changes in 
lithology; overall transmissivity averaged about 1,400 gpd/ft (190 ft2/day) and 
storativity about L8 x 10-4 (dimensionless); maximum transmissivity from early time 
data was about 2,300 gpd/ft (310 ft2/day). 

Transmissivity of the Fall River averaged about 400 gpd/ft (54 ft2/day) and storativity 
about 1.4 x 1 0-5 (dimensionless). 

There was communication between the Fall River and Lakota formations through the 
intervening Fuson shale-siltstone member; leaky behavior was observed in the Fall 
River Formation and believed to exist in the Lakota although "leakage effects in the 
Lakota drawdown data are masked by the conflicting effect of a decreasing 
transmissivity in site vicinity" (p. 16 in Boggs and Jenkins, 1980). 

• The vertical hydraulic conductivity of the Fuson aquitard determined with the 
Neuman-Witherspoon ratio method (Neuman and Witherspoon, 1973) ranged from 
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10-3 to 10-4 ft/day; storativity was not determined, and specific storage was assumed
to be about 10-6 ft-1.
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3.0 2008 Pumping Tests: Design and Procedures

In 2008 pumping tests were performed at both the Dewey and Burdock project areas. A work

plan (Knight Pirsold, 2008) was prepared and distributed to interested representatives of State

and Federal agencies, including the South Dakota DENR and the USEPA. Individual production

zones within the Inyan Kara Group will likely be on the order of 10 to 15 ft thick to target ore

horizons in both the Fall River and Lakota aquifers. Uranium ore is often located at different

horizons in both aquifers at the same spatial locations (Drawings 4.1, 4.2, 5.1, 5.2 and 5.3).

Powertech performed geologic interpretations, well design, well installation and mechanical

integrity testing. Well completions are described in detail for the test layout at each of the

Dewey and Burdock project areas (Sections 4 and 5). Field activities for the Dewey and

Burdock pumping tests were jointly performed by Powertech and Knight Pidsold personnel.

Aquifer test analyses were performed and this aquifer testing report was written by Knight

Pi~sold.

3.1 Well Installation, Completion and Mechanical Integrity Testing

Well bores are drilled to diameters specified in SDDENR regulations. New casing is set and

15.2 pounds per gallon (lb/gal) cement is positively displaced into the annulus. After a cement

cure time not less than 24 hours, the well is pressured up with air for a minimum of 1 hour.

After the mechanical integrity test has passed, the well is developed until the water runs clear,

and the screen is then pushed into place. The casing is cut off to 2.5 ft above ground surface and

capped. Applicable reports are filed with the State. Wells are not used under conditions that do

not meet manufacturer's recommendations and specifications for its type (SDA74:02:04:42).

3.2 Pumping Test Equipment and Facilities

Powertech personnel installed the pumping and monitoring equipment prior to testing. Knight

Piisold verified the performance of the pumping test equipment by conducting step-drawdown

tests at each site. Thereafter, Knight Pi6sold performed or supervised pump operations

throughout the constant rate tests together with the datalogger programming and day-to-day

downloads of data.

The tests were performed using a 5-horsepower (Hp) electrical submersible pump powered by a

portable generator. At each site the pump was set at 300 ft with 2-inch diameter drop pipe.

Surface flow monitoring equipment were Cameron 1-inch NUFLOTM flowmeters and MP-IIITM

digital flow analyzer with readout of instantaneous flow and totalizer of flow. In accordance
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15.2 pounds per gallon (lb/gal) cement is positively displaced into the annulus. After a cement 

cure time not less than 24 hours, the well is pressured up with air for a minimum of 1 hour. 
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and the screen is then pushed into place. The casing is cut off to 2.5 ft above ground surface and 
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not meet manufacturer's recommendations and specifications for its type (SDA 74:02:04:42). 

3.2 Pumping Test Equipment and Facilities 

Powertech personnel installed the pumping and monitoring equipment prior to testing. Knight 

Piesold verified the performance of the pumping test equipment by conducting step-drawdown 

tests at each site. Thereafter, Knight Piesold performed or supervised pump operations 

throughout the constant rate tests together with the data logger programming and day-to-day 

downloads of data. 

The tests were performed using a 5-horsepower (Hp) electrical submersible pump powered by a 

portable generator. At each site the pump was set at 300 ft with 2-inch diameter drop pipe. 

Surface flow monitoring equipment were Cameron I-inch NUFLO™ flowmeters and MP_III™ 

digital flow analyzer with readout of instantaneous flow and totalizer of flow. In accordance 
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with the temporary discharge permit received from South Dakota DENR, the pump discharge

water was piped to temporary holding ponds via 1 1/4-inch diameter high density polyethylene

plastic pipe. Throughout the tests, a portion of the discharge water was routed through a ySITM

flow-through cell with multi-parameter probe that read field parameters (temperature, pH,

conductivity, dissolved oxygen and turbidity) that were recorded twice daily through pumping

phases of the tests.

Water levels in each well were measured and recorded with vented In-SituTm Level TROLLTM

pressure transducers with built in data loggers. The pressure ratings for the transducers range

from 100 to 300 pounds per square inch (psi). Transducer accuracy (in comparison to known

pressure or other pressure reading devices) is stated by the manufacturer to be ±0.1 percent of

full-scale reading (i.e., 100 to 300 psi), so the limit of accuracy varies from 0.1 to 0.3 psi, or

about 0.2 to 0.7 ft. Transducer sensitivity is stated to be ±0.01 percent of full-scale, resulting in

sensitivity limits of about 0.01 to 0.03 psi, or 0.02 to 0.07 ft.

The sequence of events before and during the 2008 pumping tests is summarized in Figures 3.1

and 3.2. Figure 3.1 illustrates background pressure transducer and site barometer measurements

that are described in Section 3.3, below. Evaluation of the background monitoring data produced

several methods for correcting water levels; however, after these were applied on a test data set it

was concluded that necessary corrections to water level data were minimal and that the test

interpretations could equally well rely on uncorrected time-drawdown data.

Figure 3.2 displays output from the discharge flow data logger that is described in Section 3.4,

below.

3.3 Background Monitoring and Water Level Corrections

Pressure transducers were installed in wells at both sites by April 2, 2008 in order to obtain

background groundwater level measurements. At the Burdock test site, a transducer was

installed in the designated pumping well (DB07- 11-11 C) in the lower Lakota Formation. At the

Dewey test site, a transducer was installed in observation well (DB07-32-4C), screened in the

same zone as the pumping well in the lower Fall River Formation. The right hand axis of

Figure 3.1 graphs hourly barometric pressure measurements in millibars obtained from the

meteorological station installed at the site. The site station is maintained by South Dakota State

University (SDSU) and data are available at the following URL: "http://climate.sdstate.edu/

awdn/edgemont/archive3.asp".
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One month of background measurements were obtained from April 8 to May 9, 2008

(Figure 3.1). Background measurements shown on Figure 3.1 fluctuate over a range of about

0.4psi with the expected inverse relationship between site barometer readings and

increases/decreases in groundwater levels. There are also smaller cyclic sinusoidal variations

that occur twice daily and are attributable to Earth tide cycles. A period of two weeks (April 23

to May 8, 2008) after pump installation and initial testing produced undisturbed background

water level data.

Three types of water level correction procedures were evaluated using the background

monitoring data. The first procedure was manually correcting the transducer psi values with a

constant barometric efficiency (BE) determined for each major aquifer (e.g., Kruseman and de

Ridder, 1991). The BE is defined as the change in water level in a well versus a related change

in atmospheric pressure. Gontheir (2007) describes the historical methods of determining BE,

which by convention is dimensionless and ranges from zero to one.

The second type of correction that was evaluated considers additional factors, chiefly long-term

seasonal trends and Earth tides (Gontheir, 2007). A spreadsheet distributed by the USGS as an

open-file report (Halford, 2006) has programming that empirically factors the overall water level

response into multiple synthetically generated time series with adjustments to both phase and

amplitude of each component (see Appendix A.1, Figures A.1-3 and A.1-4). The USGS

spreadsheet was used to determine that the Dewey background water level data from April 23 to

May 8, 2008, could be closely matched as a series of four components: (1) water level increase at

a linear rate [i.e., slope], (2) variation in air pressure measured with the site barometer, (3 and 4)

two Earth tide components.

The third type of correction procedure evaluated was a computer method known as BETCO

(Sandia Corporation, 2005; Toll and Rasmussen, 2006). This software is available at

"http://www.sandia.gov/betco/". To correct data, water level, time and barometric pressure are

input and BETCO calculates corrected water level values. Compared with the manual BE

correction, the corrected water levels calculated in BETCO yielded similar results, generally

within about ± 0.01 psi.

The manual BE method was judged to be better than the BETCO computer method for the

background calibration period examined (Appendix A). Moreover, both the BETCO and USGS

methods were difficult to apply with confidence to the drawdown data after the background

monitoring period because wells with similar construction to the pumping test wells, but outside
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the area of test influence, are not available to validate the corrections. A further difficulty with

the BETCO and USGS computer methods is that they do not accommodate logarithmic

measurement times as input data.

To examine the possible importance of BE corrections on water levels, the drawdown phase of

the Dewey test was manually corrected with a BE of 0.48 (see Figure A. 1-1 in Appendix A)

relative to the site barometer over the test period. The maximum effect of the BE correction was

to add about 0.2 ft to the water levels 'at the end of the drawdown phase due to an overall

barometric pressure decline of about 15 millibars (i.e., from about 1,030 to 1,015 millibars,

Figure 3.1). Test interpretations (Theis drawdown) were made with and without the BE

corrections for the Dewey test. The corrections were found to have no discernable effect on the

visual fits to type curves. Because the changes in barometric pressure during the 3-day constant

rate tests at Burdock and Dewey were similar (Figure 3.1), the analysis determined that BE

corrections would be no greater for the Burdock test compared to the Dewey test. Therefore,

corrections to water level data were not further performed and the test interpretations rely on

uncorrected time-drawdown data.

3.4 Test Procedures, Data Collection, Data Processing

The discharge flow data logger was set to record at hourly intervals and was downloaded at the

end of the tests (Figure 3.2). The discharge flow rate was adjusted with a manual gate valve.

Step-drawdown tests were performed on May 12 and 13, 2008 (Figures 3.1 and. 3.2). The

step-drawdown tests consisted of four steps at 10 gpm, 20 gpm, 25 gpm, and 30 gpm for a

minimum of 90 minutes at each step. The step-drawdown data indicated successful performance

of all equipment at both test sites. Subsequent analysis of the step-drawdown data was not

performed due to the better quality (i.e., much longer time) data obtained from the constant rate

tests for determining both aquifer parameters and well efficiencies.

Constant rate tests were performed on May 15 to May 18, 2008 at Dewey and from May 18 to

May 21, 2008 at Burdock (Figures 3.1 and 3.2) after recovery from the step-rate tests. At both

test sites the recorded hourly flow rates during the constant rate tests varied no more* than

2 percent (between 30.0 and 30.7 gpm) throughout the tests and the pumping rates for the entire

3-day tests at each site averaged 30.2 gpm.

The data loggers in all wells were synchronized to the same clock-time immediately prior to

start-up. To collect closely-spaced measurements during the start-up of the drawdown phase of

the test, the transducers were programmed to record temperature and psi measurements at
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one-second intervals for two hours, then at ten second-intervals for 70 to 72 hours. For recovery,

the data loggers returned to a measurement frequency of one-second for two hours, during which

time the pump was .shut off, followed by ten-second measurement intervals thereafter.

The time-drawdown data output from the data loggers consisted of two hours of data at

one-second intervals followed by 72 or 74 hours of data collected at ten-second intervals, with

the sequence repeated for the recovery phase. The WinSituTM software produced drawdown

graphs that are reproduced in Sections 4 and 5. The software exported records to text ".csv" files

with approximately 60,000 to 70,000 records for each well. The time-drawdown data were

processed using a custom FORTRAN program that wrote data records to an output file based on

a template file specifying which date-time records would be written. The template file was

prepared to produce logarithmically spaced data with 30 records per log cycle (in seconds). Due

to slight variations in transducer output and the precision of the Microsoft Excel date-time

format, there are some + one-second variations in the sequences of records from well to well.

The FORTRAN program also converted transducer psi to drawdown in ft using formulas

described in Appendix A. The reference value for zero drawdown was set as the average of psi

readings from the start of the data log to the time just prior to test startup. Separate time-

drawdown files were prepared for both drawdown and recovery phases of the tests. Tables of the

processed time-drawdown data used for test interpretations are provided in Appendices B and C.

ComPlete binary files with the raw data for each well in Win-SituTM format are also provided on

a CD-ROM in Appendix E.
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The FORTRAN program also converted transducer psi to drawdown in ft using formulas 

described in Appendix A. The reference value for zero drawdown was set as the average of psi 

readings from the start of the data log to the time just prior to test startup. Separate time­

drawdown files were prepared for both drawdown and recovery phases of the tests. Tables of the 

processed time-drawdown data used for test interpretations are provided in Appendices Band C. 

Co~plete binary files with the raw data for each well in Win-Situ ™ format are also provided on 

a CD-ROM in Appendix E. 
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4.0 Dewey Project Area Pumping Test

4.1 Test Layout and Initial Potentiometric Surface Measurements

The Dewey pumping test well is located in NE ¼/ NW 14A Sec. 32, T.6S, R.lE, Custer County,

South Dakota (Figure 4.1, Table 4.1). Powertech completed the pumping well (DB07-32-3C)

with a fifteen-ft screen within the lower sandstone layer in the Fall River Formation near the roll

front ore zones (Drawings 4.1 and 4.2). Three new observation wells were similarly screened at

the same stratigraphic horizon within the lower Fall River Formation, located at radial distances

of 265, 467 and 2,400 ft away from the pumped well (Figure 4.1 Table 4.1). A pre-existing

stock watering well (GW-49) was also monitored. The stock well is located approximately

1,400 ft west of the pumped well and is believed (based on a recent electric log) to be an open

hole for about 70 ft corresponding to about the top half of the Fall River formation.

Additional information on the design of the pumping test well layout. and objectives for test

analysis are provided in Appendix A.2. Well Construction diagrams and borehole electric logs

for the Dewey test wells are provided, respectively, in Appendices B. 1 and B.2.

Within a fifty-ft radius around the pumping well, additional observation wells were completed in

a vertical nest in order to provide hydraulic data for the degree of confinement of both the test

sandstone horizon and the entire Fall River Formation aquifer. Observation well DB-07-32-9C

was screened in the upper Fall River aquifer at 41 ft lateral distance and 95 ft vertically above the

screen in pumping well 32-3C. Observation well DB-07-32-10 was located within the

underlying Lakota Formation 61 ft laterally and 130 ft vertically below the screen in the

pumping well. Observation well DB-07-32-11 was located in the underlying Unkpapa Formation

aquifer 50 ft laterally and 325 ft vertically below the screen in pumping well 32-3C.

Piezometric measurements (Eric Krantz, RESPEC, personal communication, May 2008) and

well survey data provided by Powertech were used to calculate potentiometric surface elevations

in ft above mean sea level with an estimated accuracy of ± 3 ft (Table 4.2). The potentiometric

surface elevations for the Unkpapa, Lakota, and Fall River aquifers at the wells in the vertical

well nest at the Dewey test site indicate artesian conditions. The three major geologic formations

appear to be locally hydraulically isolated with upward vertical gradients, as follows:

nearly 80 ft head difference upward (Table 4.2) between the Unkpapa and lower
Lakota aquifers
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4.0 Dewey Project Area Pumping Test 
4.1 Test Layout and Initial Potentiometric Surface Measurements 

The Dewey pumping test well is located in NE 1ft NW 1ft Sec. 32, T.6S, R.IE, Custer County, 

South Dakota (Figure 4.1, Table 4.1). Powertech completed the pumping well (DB07-32-3C) 

with a fifteen-ft screen within the lower sandstone layer in the Fall River Formation near the roll 

front ore zones (Drawings 4.1 and 4.2). Three new observation wells were similarly screened at 

the same stratigraphic horizon within the lower Fall River Formation, located at radial distances 

of 265, 467 and 2,400 ft away from the pumped well (Figure 4.1 Table 4.1). A pre-existing 

stock watering well (GW-49) was also monitored. The stock well is located approximately 

1,400 ft west of the pumped well and is believed (based on a recent electric log) to be an open 

hole for about 70 ft corresponding to about the top half of the Fall River formation. 

Additional information on the design of the pumping test well layout· and objectives for test 

analysis are provided in Appendix A.2. Well Construction diagrams and borehole electric logs 

for the Dewey test wells are provided, respectively, in Appendices B.l and B.2. 

Within a fifty-ft radius around the pumping well, additional observation wells were completed in 

. a vertical nest in order to provide hydraulic data for the degree of confinement of both the test 

sandstone horizon and the entire Fall River Formation aquifer. Observation well DB-07-32-9C 

was screened in the upper Fall River aquifer at 41 ft lateral distance and 95 ft vertically above the 

screen in pumping well 32-3C. Observation well DB-07-32-l0 was located within the 

underlying Lakota Formation 61 ft laterally and 130 ft vertically below the screen in the 

pumping well. Observation well DB-07-32-ll was located in the underlying Unkpapa Formation 

aquifer 50 ft laterally and 325 ft vertically below the screen in pumping well 32-3C. 

Piezometric measurements (Eric Krantz, RESPEC, personal communication, May 2008) and 

well survey data provided by Powertech were used to calculate potentiometric surface elevations 

in ft above mean sea level with an estimated accuracy of ± 3 ft (Table 4.2). The potentiometric 

surface elevations for the Unkpapa, Lakota, and Fall River aquifers at the wells in the vertical 

well nest at the Dewey test site indicate artesian conditions. The three major geologic formations 

appear to be locally hydraulically isolated with upward vertical gradients, as follows: 

• nearly 80 ft head difference upward (Table 4.2) between the Unkpapa and lower 
Lakota aquifers 

DV102.00279.01 4-1 November 2008 
Dewey-Burdock 2008 Pump Test Report Rev O.doc 



Knight Pi sold
CO NSU LTING

" nearly 40 ft head difference upward between the lower Lakota and lower Fall River
aquifers

" nearly 20 ft head difference upward between the wells screened in the lower Fall
River and upper Fall River formation

4.2 Pumping Rate and Duration

The pumping phase of the constant-rate test at the Dewey area was started at 10:30:09 AM on

May 15, 2008 and the pump was shut down at 12:30:59 PM on May 18, 2006, for a total duration

of 4,440 minutes or 3.08 days (Figure 3.2). Because of the artesian condition in the pumping

zone, the pumping well (32-3C) was shut-in, the pump turned on at 10:29:54 AM and the shut-in

valve opened at 10:30:09 AM, the designated starting time of the test. The artesian observation

wells had been left open for at least a day prior to startup to test for leakage from gaskets

surrounding the transducer cables. Leakage during the constant rate test was not observed at any

well except observation well 32-11 in the Unkpapa Formation, as described in Section 4.6,

below.

The average pumping rate for the 3.08 day test was 30.2 gpm (Figure 3.2). During drawdown,

there was a major flow rate adjustment where the gate valve was opened and throttled back; this

occurred from 0.4 to 1.2 minutes and produces a discontinuity on logarithmically displayed time-

drawdown data at the pumping well (Figure 4.7). Minor flow rate adjustments were also made at

21, 125, and 2777 minutes into the test that can also be seen on time-drawdown data for the

pumping well (Figure 4.7). During recovery, the pumping well was initially left open to

discharge water in piping and then shut-in when it was determined that the well was discharging

due to artesian flow; this produces a discontinuity shown on the recovery plot for the well

(Figure 4.7).

4.3 Responses at Pumping and Observation Wells

Table 4.2 summarizes the responses to pumping for the Dewey test. Figures 4.2, 4.3 and 4.4

display the transducer responses. Drawdown throughout the lower Fall River aquifer was 44.8 ft

at the pumping well and ranged from 13.0 to 1.5 ft at the observation wells. Response to

pumping varied progressively with distance from the pumping well throughout the lower Fall

River: within 3 minutes at the two observation wells at 265 and 467 ft, and response was at

140 minutes at 2,400 ft distance. Similarly, the upper Fall River stock well (GW-49) responded

at 40 minutes at 1,400 ft distance (Table 4.2).

DV102.00279.01 4-2 November 2008
Dewey-Burdock 2008 Pump Test Report Rev O.doc

• 

• 

• 

Knight Piesold 
CONSULTING 

nearly 40 ft head difference upward between the lower Lakota and lower Fall River 
aquifers 

nearly 20 ft head difference upward between the wells screened in the lower Fall 
River and upper Fall River fonnation 

4.2 Pumping Rate and Duration 

The pumping phase of the constant-rate test at the Dewey area was started at 10:30:09 AM on 

May 15,2008 and the pump was shut down at 12:30:59 PM on May 18,2006, for a total duration 

of 4,440 minutes or 3.08 days (Figure 3.2). Because of the artesian condition in the pumping 

zone, the pumping well (32-3C) was shut-in, the pump turned on at 10:29:54 AM and the shut-in 

valve opened at 10:30:09 AM, the designated starting time of the test. The artesian observation 

wells had been left open for at least a day prior to startup to test for leakage from gaskets 

surrounding the transducer cables. Leakage during the constant rate test was not observed at any 

well except observation well 32-11 in the Unkpapa Fonnation, as described in Section 4.6, 

below. 

The average pumping rate for the 3.08 day test was 30.2 gpm (Figure 3.2). During drawdown, 

there was a major flow rate adjustment where the gate valve was opened and throttled bac~; this 

occurred from 0.4 to 1.2 minutes and produces a discontinuity on logarithmically displayed time­

drawdown data at the pumping well (Figure 4.7). Minor flow rate adjustments were also made at 

21, 125, and 2777 minutes into the test that can also be seen on time-drawdown data for the 

pumping well (Figure 4.7). During recovery, the pumping well was initially left open to 

discharge water in piping and then shut-in when it was detennined that the well was discharging 

due to artesian flow; this produces a discontinuity shown on the recovery plot for the well 

(Figure 4.7). 

4.3 Responses at Pumping and Observation Wells 

Table 4.2 summarizes the responses to pumping for the Dewey test. Figures 4.2, 4.3 and 4.4 

display the transducer responses. Drawdown throughout the lower Fall River aquifer was 44.8 ft 

at the pumping well and ranged from 13.0 to l.5 ft at the observation wells. Response to 

pumping varied progressively with distance from the pumping well throughout the lower Fall 

River: within 3 minutes at the two observation wells at 265 and 467 ft, and response was at 

140 minutes at 2,400 ft distance. Similarly, the upper Fall River stock well (GW-49) responded 

at 40 minutes at 1,400 ft distance (Table 4.2). 
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However, it took 10.6 minutes for upper Fall River well (32-9C) to respond at 41 ft radial

distance and 95 ft vertical distance (Table 4.2. The delayed response at the upper Fall River well

is attributed to vertical anisotropy due to shale interbeds overlying the lower sandstone layer

(Drawings 4.1 and 4.2).

The pumping and observation wells generally had symmetrical patterns of drawdown response

and recovery response, except at the distant observation well 29-7 (Figure 4.3). There, the

drawdown began at 140 minutes into the test, and drawdown continued to a maximum of 2.1 ft at

about two days after the pump was shut down (Table 4.2). Therefore, the recovery response at

well 29-7 was not further analyzed.

4.4 Determination of Aquifer Parameters

Aquifer parameters determined with the Theis drawdown, Theis recovery, Cooper-Jacob

drawdown, Theis-Cooper-Jacob recovery, and distance drawdown methods are summarized in

Table 4.3. Appendix A provides a definition of the well function parameters (u, u'), a complete

description of the methods used, and corresponding assumptions for aquifer parameter

determinations. For the straight-line methods, analyses with u or u' > 0.01 are reported but are

not considered acceptable, as indicated in the table. Appendix B provides the graphical analyses

that determined aquifer parameters at each well listed in Table 4.3.

The following discussion and Figures 4.5 through 4.8 illustrate the overall analysis of the

pumping test and exemplify the determination of aquifer parameters with figures illustrating each

of the major graphical analysis methods used. The observation well exhibiting the most

diagnostic response is discussed first, followed by the drawdown at all observation wells, the

drawdown at the pumping well, and finally the recovery at all wells.

4.4.1 Theis Drawdown and Recovery Analysis

Figure 4.5 displays time drawdown data and analysis on the log-log Theis plot for the closest

observation well (32-5 at 265 ft distance). The data indicate a confined aquifer response fitting

the Theis type curve until latest time, where there is a barrier boundary, where the drawdown

increased above the theoretical rate of drawdown. The boundary was encountered at a time of

about 0.6 days into the test (Table 4.2). The data at the next closest observation wells (32-4C

and the stock well GW-49) also suggest a barrier boundary at times ranging from about 0.7 to

1.9 days into the test (Table 4.2).
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However, it took 10.6 minutes for upper Fall River well (32-9C) to respond at 41 ft radial 

distance and 95 ft vertical distance (Table 4.2. The delayed response at the upper Fall River well 

is attributed to vertical anisotropy due to shale interbeds overlying the lower sandstone layer 

(Drawings 4.1 and 4.2). 

The pumping and observation wells generally had symmetrical patterns of drawdown response 

and recovery response, except at the distant observation well 29-7 (Figure 4.3). There, the 

drawdown began at 140 minutes into the test, and drawdown continued to a maximum of2.1 ft at 

about two days after the pump was shut down (Table 4.2). Therefore, the recovery response at 

well 29-7 was not further analyzed. 

4.4 Determination of Aquifer Parameters 

Aquifer parameters determined with the Theis drawdown, Theis recovery, Cooper-Jacob 

drawdown, Theis-Cooper-Jacob recovery, and distance drawdown methods are summarized in 

Table 4.3. Appendix A provides a definition of the well function parameters (u, u'), a complete 

description of the methods used, and corresponding assumptions for aquifer parameter 

determinations. For the straight-line methods, analyses with u or u' > 0.01 are reported but are 

not considered acceptable, as indicated in the table. Appendix B provides the graphical analyses 

that determined aquifer parameters at each well listed in Table 4.3. 

The following discussion and Figures 4.5 through 4.8 illustrate the overall analysis of the 

pumping test and exemplify the determination of aquifer parameters with figures illustrating each 

of the major graphical analysis methods used. The observation well exhibiting the most 

diagnostic response is discussed first, followed by the drawdown at all observation wells, the 

drawdown at the pumping well, and finally the recovery at all wells. 

4.4.1 Theis Drawdown and Recovery Analysis 

Figure 4.5 displays time drawdown data and analysis on the log-log Theis plot for the closest 

observation well (32-5 at 265 ft distance). The data indicate a confined aquifer response fitting 

the Theis type curve until latest time, where there is a barrier boundary, where the drawdown 

increased above the theoretical rate of drawdown. The boundary was encountered at a time of 

about 0.6 days into the test (Table 4.2). The data at the next closest observation wells (32-4C 

and the stock well GW-49) also suggest a barrier boundary at times ranging from about 0.7 to 

1.9 days into the test (Table 4.2). 
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Drawdown analyses using the Theis method for all applicable wells (i.e., 32-3C, 32-5, 32-4C,

29-7, and GW-49) are given in Appendix B.4 (Figures B.4-1 through Figure B.4-5) and

summarized in Table 4.3. The Theis analyses in Appendix B use test analysis software

(AquiferWin32 ESI, 2003). Input data is weighted to ignore the late-time barrier boundary

using an automated curve matching procedure. The weighting for all samples is the same, as

follows: time-drawdown data before the first response are ignored, and data after the earliest

occurrence of the barrier boundary at any of the wells (0.6 days) are ignored. The aquifer

parameters transmissivity and storativity determined with Theis analyses are summarized in

Table 4.3.

Figure B.4-6 in Appendix B shows the data at observation well 32-9C, completed in the upper

Fall River 41 ft radially and 95 ft vertically from the screened interval in the pumping well.

Samples are weighted as described above. This data cannot be interpreted successfully with the

Theis analysis because only the middle-time portion of the drawdown closely follows the type

curve. The poor fit to the Theis curve for well 32-9C yields a transmissivity of 217 ft2/d, a value

within the range of other observation wells, but a high storativity value of 0.016, which is

inappropriate for a confined aquifer (e.g., Freeze and Cherry, 1979, Halford and Kuniansky,

2002). The artificially high storativity is attributed to the time-delay in response. The time-

delay is attributed to vertical anisotropy as described in Section 4.3, above. Therefore, aquifer

parameters from this well are reported in Table 4.3 but are not considered reliable determinations

and are not used in determining the overall average aquifer parameters for the test.

4.4.2 Theis-Cooper-Jacob Straight-line Analysis

Figure 4.6 displays the Theis recovery analysis at the closest observation well 32-5 using

automated straight-line fitting in AquiferWin32 TM software. Appendix A.2 provides an overview

of the theoretical basis for straight-line test analysis and definitions for the terms u', t and t'.

Samples are weighted according to (1) the theoretical criterion that u' be < 0.01, which restricts

the data to later-time (to the left on the t/t' axis); and (2) the portion of the recovery before the

change in slope due the barrier boundary. The sample weighting restricts the matched straight-

line portion of the recovery plot to the line-segment shown in Figure 4.6 and a value for the

transmissivity, but not storativity, is obtained (Table 4.3).

Figure 4.7 (top) shows a Cooper-Jacob straight-line drawdown plot for the Dewey pumping well

32-3C. This USGS graphical-analysis tool is a spreadsheet that allows manual fitting of the

straight-line (Halford and Kuniansky, 2002). The portion of the plot corresponding to later time

DV102.00279.01 4-4 November 2008
Dewey-Burdock 2008 Pump Test Report Rev O.doc

• 

• 

• 

Knight Piesold 
CON au L TIN G 

Drawdown analyses using the Theis method for all applicable wells (i.e., 32-3C, 32-5, 32-4C, 

29-7, and GW -49) are given in Appendix B.4 (Figures B.4-1 through Figure B.4-5) and 

summarized in Table 4.3. The Theis analyses in Appendix B use test analysis software 

(AquiferWin32 ™ ESI, 2003). Input data is weighted to ignore the late-time barrier boundary 

using an automated curve matching procedure. The weighting for all samples is the same, as 

follows: time-drawdown data before the first response are ignored, and data after the earliest 

occurrence of the barrier boundary at any of the wells (0.6 days) are ignored. The aquifer 

parameters transmissivity and storativity determined with Theis analyses are summarized in 

Table 4.3. 

Figure B.4-6 in Appendix B shows the data at observation well 32-9C, completed in the upper 

Fall River 41 ft radially and 95 ft vertically from the screened interval in the pumping well. 

Samples are weighted as described above. This data cannot be interpreted successfully with the 

Theis analysis because only the middie-time portion of the drawdown closely follows the type 

curve. The poor fit to the Theis curve for well 32-9C yields a transmissivity of 217 ft2/d, a value 

within the range of other observation wells, but a high storativity value of 0.016, which is 

inappropriate for a confined aquifer (e.g., Freeze and Cherry, 1979, Halford and Kuniansky, 

2002). The artificially high storativity is attributed to the time-delay in response. The time­

delay is attributed to vertical anisotropy as described in Section 4.3, above. Therefore, aquifer 

parameters from this well are reported in Table 4.3 but are not considered reliable determinations 

and are not used in determining the overall average aquifer parameters for the test. 

4.4.2 Theis-Cooper-Jacob Straight-line Analysis 

Figure 4.6 displays the Theis recovery analysis at the closest observation well 32-5 using 

automated straight-line fitting in AquiferWin32 ™ software. Appendix A.2 provides an overview 

of the theoretical basis for straight-line test analysis and definitions for the terms u', t and t'. 

Samples are weighted according to (1) the theoretical criterion that u' be < 0.01, which restricts 

the data to later-time (to the left on the tit' axis); and (2) the portion of the recovery before the 

change in slope due the barrier boundary. The sample weighting restricts the matched straight­

line portion of the recovery plot to the line-segment shown in Figure 4.6 and a value for the 

transmissivity, but not storativity, is obtained (Table 4.3). 

Figure 4.7 (top) shows a Cooper-Jacob straight-line drawdown plot for the Dewey pumping well 

32-3C. This USGS graphical-analysis tool is a spreadsheet that allows manual fitting of the 

straight-line (Halford and Kuniansky, 2002). The portion of the plot corresponding to later time 
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where is indicated, and this slope is used to determine transmissivity of 250 ft2/d and well

efficiency of 81 percent (Table 4.3).

The bottom portion of Figure 4.7 shows the USGS spreadsheet implementation of the Theis

recovery analysis for the pumping well 32-3C, referred to as the Theis-Cooper-Jacob method

(Halford and Kuniansky, 2002). Similar to Figure 4.6, the portion of the plot corresponding to

later time is indicated to the left on the t/t' axis; and this slope is used to determine transmissivity

of 270 ft2/d (Table 4.3). The recovery plot at the pumping well also shows the change in slope

with an increase in rate of drawdown at the latest times which is ignored in the manual fit of the

straight-line.

4.4.3 Distance-Drawdown Analysis

Figure 4.8 is distance-drawdown analysis plot that determines transmissivity, storativity, and

pumping well efficiency by considering all observation wells at once. The pumping well

efficiency of 93 to 95 percent is determined by extending the straight line, to the assumed

diameter of the pumping well (0.25 ft for the 6-inch diameter well casing or possibly 0.33 ft for

the 8-inch diameter borehole) relative to the actual drawdown observed at the pumping well.

The aquifer parameters and the high efficiency are somewhat questionable given the relatively

poor (r2 = 0.7) straight-line fit through all data points. However, transmissivity and storativity

values obtained are reasonable and the distance drawdown results are included in the overall

average aquifer parameters for the test (Table 4.3).

The distance-drawdown analysis also gives the maximum radius of influence of the test. Based

on Figure 4.8, the radius of influence was about 5,700 ft, about twice the radial distance to the

most distant responding well (i.e., 29-7 at 2,400 ft). The radius of influence may be compared to

the dimensions of prospective well fields in the area to evaluate whether aquifer parameters have

been adequately characterized.

4.4.4 Summary of Dewey Test - Lower Fall River Formation Aquifer Parameters

The aquifer parameters determined by the techniques described above are summarized in

Table 5.3. Ten accepted determinations of transmissivity (outlined) range from 180 to

330 ft2/day and the mean and median are close at 251 to 255 ft2/day. The five accepted

storativity determinations ranged from 2.3 x 10-5 to 2.0 x 10-4. The geometric mean and median

storativity values are respectively 5.2 to 4.6 x 105 . The median transmissivity of 255 ft2/day and

median storativity of 4.6 x 10-5 are considered the best measures of the central tendency of the

test results.
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where is indicated, and this slope is used to determine transmissivity of 250 ft2/d and well 

efficiency of81 percent (Table 4.3) .. 

The bottom portion of Figure 4.7 shows the USGS spreadsheet implementation of the Theis 

recovery analysis for the pumping well 32-3C, referred to as the Theis-Cooper-lacob method 

(Halford and Kuniansky, 2002). Similar to Figure 4.6, the portion of the plot corresponding to 

later time is indicated to the left on the tit' axis, and this slope is used to determine transmissivity 

of 270 ft2/d (Table 4.3). The recovery plot at the pumping well also shows the change in slope 

with an increase in rate of drawdown at the latest times which is ignored in the manual fit of the 

straight -line. 

4.4.3 Distance-Drawdown Analysis 

Figure 4.8 is distance-drawdown analysis plot that determines transmissivity, storativity, and 

pumping well efficiency by considering all observation wells at once. The pumping well 

efficiency of 93 to 95 percent is determined by extending the straight line. to the assumed 

diameter of the pumping well (0.25 ft for the 6-inch diameter well casing or possibly 0.33 ft for 

the 8-inch diameter borehole) relative to the actual drawdown observed at the pumping well. 

The aquifer parameters and the high efficiency are somewhat questionable given the relatively 

poor (r2 = 0.7) straight-line fit through all data points. However, transmissivity and storativity 

values obtained are reasonable and the distance drawdown results are included in the overall 

average aquifer parameters for the test (Table 4.3). 

The distance-drawdown analysis also gives the maximum radius of influence of the test. Based 

on Figure 4.8, the radius of influence was about 5,700 ft, about twice the radial distance to the 

most distant responding well (i.e., 29-7 at 2,400 ft). The radius of influence may be compared to 

the dimensions of prospective well fields in the area to evaluate whether aquifer parameters have 

~een adequately characterized. 

4.4.4 Summary of Dewey Test - Lower Fall River Formation Aquifer Parameters 

The aquifer parameters determined by the techniques described above are summarized III 

Table 5.3. Ten accepted determinations of transmissivity (outlined) range from 180 to 

330 ft2/day and the mean and median are close at 251 to 255 ft2/day. The five accepted 

storativity determinations ranged from 2.3 x 10-5 to 2.0 X 10-4
. The geometric mean and median 

storativity values are respectively 5.2 to 4.6 x 10-5
. The median transmissivity of 255 ft2/dayand 

median storativity of 4.6 x 10-5 are considered the best measures of the central tendency of the 

test results . 
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4.5 Underlying Lakota Aquifer Test Results

Observation well (DB-07-32-10, Figure 4.1, Drawing 4.2) was located within the underlying

Lakota Formation 61 ft laterally and 130 ft vertically below the screen in pumping well 32-3C.

Figure 4.4 illustrates that there was no response of observation well 32-10 to the drawdown or

recovery phases at the pumping well 32-3C. Therefore, there was no further analysis of this

observation well.

4.6 Underlying Unkpapa Aquifer Test Results

Observation well DB-07-32-11 is screened in the underlying Unkpapa Formation aquifer 50 ft

radially and 325 ft vertically below the screen in pumping well 32-3C (Table 4.1). Figure 4.4

depicts a generally rising trend in transducer response with sinusoidal variations associated with

Earth tides indicating the aquifer remained undisturbed when the pump was turned on and turned

off. Mid-way through the recovery, a shift in the pressure response on May 20, 2008 was noted

similar to when leaks in the gasket-seal were observed previously. The threaded cap and gasket

were checked on May 21, 2008 and found to be moist suggesting that a temporary leak may have

occurred.

Figure 4.4 illustrates that there was no response of observation well 32-11 to the drawdown or

recovery phases at the pumping well 32-3C. Therefore, there was no further analysis of this

observation well.
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4.5 Underlying Lakota Aquifer Test Results 

Observation well (DB-07-32-1O, Figure 4.1, Drawing 4.2) was located within the underlying 

Lakota Formation 61 ft laterally and 130 ft vertically below the screen in pumping well 32-3C. 

Figure 4.4 illustrates that there was no response of observation well 32-10 to the drawdown or 

recovery phases at the pumping well 32-3C. Therefore, there was no further analysis of this 

observation well. 

4.6 Underlying Unkpapa Aquifer Test Results 

Observation well 0"13-07-32-11 is screened in the underlying Unkpapa Formation aquifer 50 ft 

radially and 325 ft vertically below the screen in pumping well 32-3C (Table 4.1). Figure 4.4 

depicts a generally rising trend in transducer response with sinusoidal variations associated with 

Earth tides indicating the aquifer remained undisturbed when the pump was turned on and turned 

off. Mid-way through the recovery, a shift in the pressure response on May 20, 2008 was noted 

similar to when leaks in the gasket-seal were observed previously. The threaded cap and gasket 

were checked on May 21, 2008 and found to be moist suggesting that a temporary leak may have 

occurred. 

Figure 4.4 illustrates that there was no response of observation well 32-11 to the drawdown or 

recovery phases at the pumping well 32-3C. Therefore, there was no further analysis of this 

observation well. 
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5.0 Burdock Project Area Pumping Test

5.1 Test Layout and Initial Potentiometric Surface Measurements

The Burdock pumping test well is located in NE ¼ SW V4 Sec. 11, T.7S, R.1E, Fall River

County, South Dakota (Figure 5.1, Table 5.1). Powertech completed the pumping well

(DB07-11-11C) with a ten-ft screen within a lower sandstone layer in the Lakota (Chilson)

formation. Hereafter, the term Lakota is used to refer to the Chilson member of the Lakota

formation. The ten-ft screen was set near the horizon of the lower Lakota ore zone(s), indicated

by the roll fronts on Drawings 5.1 through 5.3. Three new observation wells were similarly

screened at the same stratigraphic horizon within the lower Lakota Formation, located at radial

distances of 243, 250 and 1,292 ft away from the pumped well (Figure 5.1, Table 5.1).

Additional information on the design of the pumping test well layout and objectives for test

analysis are provided in Appendix A.2. Well Construction diagrams and borehole electric logs

for the Burdock test pumping and observation wells are provided respectively, in

Appendices C. l and C.2.

Within a fifty-ft radius around the pumping well, additional observation wells were completed in

a vertical nest in order to provide hydraulic data for the degree of confinement of both the test

sandstone horizon and the entire Lakota formation aquifer. Observation well DB-07-11-19 was

screened in the upper Lakota aquifer at 50 ft lateral distance and 100 ft vertical distance above

the screen in pumping well 11-1 1C. Observation well DB-07-11-19 was located within the

overlying Fall River Formation 61 ft laterally and 180 ft vertically above the screen in the

pumping well. Observation well DB-07-11-18 was located in the underlying Unkpapa Formation

aquifer 50 ft radially and 195 ft vertically below the screen in the pumping well.

Piezometric measurements (Eric Krantz, RESPEC, personal communication, May 2008) and

well survey data provided by Powertech were used to calculate potentiometric surface elevations

in ft msl with an estimated accuracy of ±3 ft (Table 5.2). The potentiometric surfaces of the

Lakota and Fall River aquifers at the wells in the vertical well nest at the Burdock site indicate

confined and non-artesian conditions. The two major aquifers (Fall River and Lakota) appear to

be locally hydraulically connected through the intervening Fuson Member with minimal vertical

gradients because the water levels are similar within ± 2-3 ft (Table 5.2).
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5.0 Burdock Project Area Pumping Test 
5.1 Test Layout and Initial Potentiometric Surface Measurements 

The Burdock pumping test well is located in NE ~ SW ~ Sec. 11, T.7S, R.lE, Fall River 

County, South Dakota (Figure 5.l, Table 5.l). Powertech completed the pumping well 

(DB07-11-11C) with a ten-ft screen within a lower sandstone layer in the Lakota (Chilson) 

formation. Hereafter, the term Lakota is used to refer to the Chilson member of the Lakota 

formation. The ten-ft screen. was set near the horizon of the lower Lakota ore zone( s), indicated 

by the roll fronts on Drawings 5.1 through 5.3. Three new observation wells were similarly 

screened at the same stratigraphic horizon within the lower Lakota Formation, located at radial 

distances of243, 250 and 1,292 ft away from the pumped well (Figure 5.l, Table 5.l). 

Additional information on the design of the pumping test well layout and objectives for test 

analysis are provided in Appendix A.2. Well Construction diagrams and borehole electric logs 

for the Burdock test pumping and observation wells are provided respectively, in 

Appendices C.1 and C.2. 

Within a fifty-ft radius around the pumping well, additional observation wells were completed in 

a vertical nest in order to provide hydraulic data for the degree of confinement of both the test 

sandstone horizon and the entire Lakota formation aquifer. Observation well DB-07-11-19 was 

screened in the upper Lakota aquifer at 50 ft lateral distance and 100 ft vertical distance above 

the screen in pumping well II-lIe. Observation well DB-07-ll-l9 was located within the 

overlying Fall River Formation 61 ft laterally and 180 ft vertically above the screen in the 

pumping well. Observation well DB-07-ll-l8 was located in the underlying Unkpapa Formation 

aquifer 50 ft radially and 195 ft vertically below the screen in the pumping well. 

Piezometric measurements (Eric Krantz, RESPEC, personal communication, May 2008) and 

well survey data provided by Powertech were used to calculate potentiometric surface elevations 

in ft msl with an estimated accuracy of ±3 ft (Table 5.2). The potentiometric surfaces of the 

Lakota and Fall River aquifers at the wells in the vertical well nest at the Burdock site indicate 

confined and non-artesian conditions. The two major aquifers (Fall River and Lakota) appear to 

be locally hydraulically connected through the intervening Fuson Member with minimal vertical 

gradients because the water levels are similar within ± 2-3 ft (Table 5.2). 
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Piezometric surface information for the Unkpapa and Lakota/Fall River aquifers indicate that the

Unkpapa formation aquifer is artesian and hydraulically isolated with a nearly 70 ft head

difference directed vertically upward (Table 5.2).

5.2 Pumping Rate and Duration

The pumping phase of the constant-rate test at the Burdock area was started at 2:20:36 PM on

May 18, 2008 and the pump was shut down at 2:30:37 PM on May 21, 2008, for a total duration

of 4,320 minutes or 3.0 days. The average pumping rate was 30.2 gpm. A flow rate adjustment

was made at 160 minutes into the test that can be seen on logarithmic time-drawdown data for

the pumping well (Figure 5.7). The average pumping rate for the 3.0 day test was 30.2 gpm

(Figure 3.2).

5.3 Responses at Pumping and Observation Wells

Table 5.2 summarizes the responses to pumping for the Burdock test. Figures 5.2, 5.3 and 5.4

display the transducer responses. Drawdown throughout the lower Lakota aquifer was 91.1 ft at

the pumping well and ranged from 17.0 to 3.1 ft at the observation wells. Response to pumping

varied with distance from the pumping well in the Lakota aquifer in a non-systematic manner

indicating significant lateral and vertical anisotropy, as follows:

" Response was within 3.6 minutes at the observation well (11-14C) at 250 ft distance
with 17 ft of ultimate drawdown (Table 5.2).

* But the other lower Lakota observation well at 243 ft distance (11-15) took
140 minutes to respond, with 10 ft of ultimate drawdown.

" Upper Lakota observation well 11-19 took 160 minutes to respond with 3.4 ft
ultimate drawdown at 50 ft radial distance and 100 ft vertical distance.

" First response was at 280 minutes at the most distant well (11-2) at 1,292 ft distance.

The responses of close-in well 11-14C and the distant well 11-2 are interpreted as a typical

sequence of response to pumping well in a confined -aquifer with similar transmissivity

connecting all three wells. The delayed response at the upper Lakota well 11-19 is attributable to

vertical anisotropy due to shale interbeds overlying the lower sandstone layer (Drawings 5.1

through 5.3). The delayed response of the closest observation well 1 1-15 requires an explanation

in addition to lateral anisotropy. Powertech geologists were contacted and have subsequently

indicated that there may have been problems with the installation of well 11-15 because it was

subjected to intensive efforts during development.
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Piezometric surface information for the Unkpapa and Lakota/Fall River aquifers indicate that the 

Unkpapa formation aquifer is artesian and hydraulically isolated with a nearly 70 ft head 

difference directed vertically upward (Table 5.2). 

5.2 Pumping Rate and Duration 

The pumping phase of the constant-rate test at the Burdock area was started at 2:20:36 PM on 

May 18,2008 and the pump was shut down at 2:30:37 PM on May 21,2008, for a total duration 

of 4,320 minutes or 3.0 days. The average pumping rate was 30.2 gpm. A flow rate adjustment 

was made at 160 minutes into the test that can be seen on logarithmic time-drawdown data for 

the pumping well (Figure 5.7). The average pumping rate for the 3.0 day test was 30.2 gpm 

(Figure 3.2). 

5.3 Responses at Pumping and Observation Wells 

Table 5.2 summarizes the responses to pumping for the Burdock test. Figures 5.2, 5.3 and 5.4 

display the transducer responses. Drawdown throughout the lower Lakota aquifer was 91.1 ft at 

the pumping well and ranged from 17.0 to 3.1 ft at the observation wells. Response to pumping 

varied with distance from the pumping well in the Lakota aquifer in a non-systematic manner 

• indicating significant lateral and vertical anisotropy, as follows: 

• 

• Response was within 3.6 minutes at the observation well (l1-14C) at 250 ft distance 
with 17 ft of ultimate drawdown (Table 5.2). 

• But the other lower Lakota observation well at 243 ft distance (11-15) took 
140 minutes to respond, with lO ft of ultimate drawdown. 

• Upper Lakota observation well 11-19 took 160 minutes to respond with 3.4 ft 
ultimate draw down at 50 ft radial distance and 100 ft vertical distance. 

• First response was at 280 minutes at the most distant well (11-2) at 1,292 ft distance. 

The responses of close-in well 11-14C and the distant well 11-2 are interpreted as a typical 

sequence of response to pumping well in a confined 'aquifer with similar transmissivity 

connecting all three wells. The delayed response at the upper Lakota well 11-19 is attributable to 

vertical anisotropy due to shale interbeds overlying the lower sandstone layer (Drawings 5.1 

through 5.3). The delayed response of the closest observation well 11-15 requires an explanation 

in addition to lateral anisotropy. Powertech geologists were contacted and have subsequently 

indicated that there may have been problems with the installation of well 11-15 because it was 

subjected to intensive efforts during development. 
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Figures 5.2 through 5.4 indicate symmetrical patterns of drawdown response and recovery

response, such that if the drawdown response was delayed there was a generally similar time

before the recovery response (e.g., wells 11-2, and 11-19 on Figure 5.3). The anomalous

recovery response at observation well 11-17, screened in the overlying Fall River aquifer, is

discussed in Section 5.5, below.

5.4 Determination of Aquifer Parameters

Aquifer parameters determined with the Theis drawdown, Hantush-Jacob drawdown, Cooper-

Jacob drawdown, Theis-Cooper-Jacob recovery and distance drawdown methods are

summarized in Table 5.3. For the straight-line methods, analyses with u or u' > 0.01 are reported

but are not considered acceptable, as indicated in the table. Appendix A provides a complete

description of the methods used and corresponding assumptions for aquifer parameter

determinations. Appendix C provides the graphical analyses that determined aquifer parameters

at each well listed in Table 5.3.

The following discussion and Figures 5.5 through 5.8 illustrate the overall analysis of the

pumping test and exemplify the determination of aquifer parameters with figures illustrating each

of the major graphical analysis methods used. The observation well exhibiting the most

diagnostic response is discussed first, followed by the drawdown at all observation wells, the

drawdown at the pumping well, and finally the recovery at all wells.

5.4.1 Theis Drawdown Analysis

Figure 5.5 displays time-drawdown data and analysis on the log-log Theis plot for close-in

observation well 11-14C at 250 ft distance. The data indicate confined aquifer response fitting

the Theis type curve for the first 1.1 days of the test. After 1.1 days, the drawdown indicates a

recharge boundary or vertical leakage from an adjacent confining layer where the actual rate of

drawdown is less than the theoretical rate of drawdown. The drawdown at the most distant

observation well (11-2 at 1,292 ft distance) also fits the Theis type curve for the first 1.8 days of

the test (see Appendix C, Figure C.4-5) at which time a recharge boundary is encountered.

Boundary responses are summarized in Table 5.2.

Drawdown analyses using the Theis method for all applicable wells (i.e., 11-1 C, 11-15, 11-14C

and 11-29) are given in Appendix C.4 (Figures C.4-1 through Figure C.4-5) and.summarized in

Table 5.3. The Theis analyses in Appendix C use test analysis software (AquiferWin32Tm ESI,

2003). Input data is weighted to ignore the late-time recharge boundary using an automated

curve matching procedure. The weighting for all samples is the same, as follows:
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Figures 5.2 through 5.4 indicate symmetrical patterns of drawdown response and recovery 

response, such that if the drawdown response was delayed there was a generally similar time 

before the recovery response (e.g., wells 11-2, and 11-19 on Figure 5.3). The anomalous 

recovery response at observation well 11-17, screened in the overlying Fall River aquifer, is 

discussed in Section 5.5, below. 

5.4 Determination of Aquifer Parameters 

Aquifer parameters determined with the Theis drawdown, Hantush-Jacob drawdown, Cooper­

Jacob drawdown, Theis-Cooper-Jacob recovery and distance drawdown methods are 

summarized in Table 5.3. For the straight-line methods, analyses with u or u' > 0.01 are reported 

but are not considered acceptable, as indicated in the table. Appendix A provides a complete 

description of the methods used and corresponding assumptions for aquifer parameter 

determinations. Appendix C provides the graphical analyses that determined aquifer parameters 

at each well listed in Table 5.3. 

The following discussion and Figures 5.5 through 5.8 illustrate the overall analysis of the 

pumping test and exemplify the determination of aquifer parameters with figures illustrating each 

of the major graphical analysis methods used. The observation well exhibiting the most 

diagnostic response is discussed first, followed by the drawdown at all observation wells, the 

drawdown at the pumping well, and finally the recovery at all wells. 

5.4.1 Theis Drawdown Analysis 

Figure 5.5 displays time-drawdown data and analysis on the log-log Theis plot for close-in 

observation well 11-14C at 250 ft distance. The data indicate confined aquifer response fitting 

the Theis type curve for the first 1.1 days of the test. After 1.1 days, the drawdown indicates a 

recharge boundary or vertical leakage from an adjacent confining layer where the actual rate of 

drawdown is less than the theoretical rate of drawdown. The drawdown at the most distant 

observation well (11-2 at 1,292 ft distance) also fits the Theis type curve for the first 1.8 days of 

the test (see Appendix C, Figure C.4-5) at which time a recharge boundary is encountered. 

Boundary responses are summarized in Table 5.2. 

Drawdown analyses using the Theis method for all applicable wells (i.e., II-IIC, 11-15, 11-14C 

and 11-29) are given in Appendix C.4 (Figures C.4-1 through Figure C.4-5) and.summarized in 

Table 5.3. The Theis analyses in Appendix C use test analysis software (AquiferWin32TM ESI, 

2003). Input data is weighted to ignore the late-time recharge boundary using an automated 

curve matching procedure. The weighting for all samples is the' same, as follows: 
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time-drawdown data before the first response are ignored, and data after the earliest occurrence

of the recharge boundary at any of the wells (1.1 days) are ignored. The aquifer parameters

transmissivity and storativity determined with Theis analyses are summarized in Table 5.3.

The data at the close-in Lakota observation well 11-15 at 243 ft distance are successfully fitted

with the Theis curve and recharge boundary (see Appendix C, Figure C.4-2). A trial analysis of

the best fit yields a transmissivity value lower than the range of other observation wells and a

relatively high storativity value of 0.0013. Because this storativity value is high compared to

confined aquifers in general (e.g., Freeze and Cherry, 1979, Halford and Kuniansky, 2002) and

also the other Burdock test wells (Table 5.3), aquifer parameters from this well were not further

considered. The high storativity is attributable to the delayed response time (140 minutes at

243 ft distance), and the cause of the delay is attributed to problems with well construction.

At observation well 11-19, completed in the upper Lakota 50 ft radially and 130 ft vertically

from the screened interval in the pumping well, the drawdown data appear to be interpretable

with the Theis analysis and yield a transmissivity value within the range of other observation

wells (see Appendix C, Figure C.4-7). However, the very high storativity value of 0.10 is

inappropriate for a confined aquifer. As described in Appendix A.2, there are a number of

violations of the Theis test conditions when attempting to analyze drawdown due to pumping

between partially penetrating well screens set apart 130 ft vertically. The artificially high

storativity is attributed to the time-delay in response (160 minutes). The time-delay is attributed

to vertical anisotropy as described in Section 5.3, above. Therefore, aquifer parameters from this

well were not further considered.

5.4.2 Hantush-Jacob Drawdown Analysis

The AquiferWin32TM software implements the Hantush-Jacob (Hantush and Jacob, 1955)

analytical model for drawdown analysis that follows the Theis curve in early-time and calculates

a flattening recharge boundary due to vertical leakage from an assumed overlying leaky

confining layer. The vertical leakage is described in the term r/B, which is implemented in this

analysis as follows:

" r/B = r/( (T b')/K')°5

* T transmissivity of confined Lakota aquifer (assume provisional value of 145 ft2/day)

" b' thickness of Fuson member aquitard/confining layer (35 ft, based on Drawing 5.3)
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time-drawdown data before the first response are ignored, and data after the earliest occurrence 

of the recharge boundary at any of the wells (1.1 days) are ignored. The aquifer parameters 

transmissivity and storativity determined with Theis analyses are summarized in Table 5.3. 

The data at the close-in Lakota observation well 11-15 at 243 ft distance are successfully fitted 

with the Theis curve and recharge boundary (see Appendix C, Figure C.4-2). A trial analysis of 

the best fit yields a transmissivity value lower than the range of other observation wells and a 

relatively high storativity value of 0.0013. Because this storativity value is high compared to 

confined aquifers in general (e.g., Freeze and Cherry, 1979, Halford and Kuniansky, 2002) and 

also the other Burdock test wells (Table 5.3), aquifer parameters from this well were not further 

considered. The high storativity is attributable to the delayed response time (140 minutes at 

243 ft distance), and the cause of the delay is attributed to problems with well construction. 

At observation well 11-19, completed in the upper Lakota 50 ft radially and 130 ft vertically 

from the screened interval in the pumping well, the drawdown data appear to be interpretable 

with the Theis analysis and yield a transmissivity value within the range of other observation 

wells (see Appendix C, Figure C.4-7). However, the very high storativity value of 0.10 is 

inappropriate for a confined aquifer. As described in Appendix A.2, there are a number of 

violations of the Theis test conditions when attempting to analyze drawdown due to pumping 

between partially penetrating well screens set apart 130 ft vertically. The artificially high 

storativity is attributed to the time-delay in response (160 minutes). The time-delay is attributed 

to vertical anisotropy as described in Section 5.3, above. Therefore, aquifer parameters from this 

well were not further considered_ 

5.4.2 Hantush-Jacob Drawdown Analysis 

The AquiferWin32™ software implements the Hantush-Jacob (Hantush and Jacob, 1955). 

analytical model for drawdown analysis that follows the Theis curve in early-time and calculates 

a flattening recharge boundary due to vertical leakage from an assumed overlying leaky 

confining layer. The vertical leakage is described in the term riB, which is implemented in this 

analysis as follows: 

riB = r/( (T b')IK,)o.5 

• T transmissivity of confined Lakota aquifer (assume provisional value of 145 ft2/day) 

b' thickness of Fuson member aquitardlconfining layer (35 ft, based on Drawing 5.3) 
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" K' vertical hydraulic conductivity of Fuson (10-3 ft/day from the TVA test,
Section 2.3.2)

" radial distance (r = 250 ft to well 1 -14C and 1,292 ft to well 11-2)

• r/B well ll-14C =0.11; r/bwell 11-2 = 0.57

Figure 5.6 shows the Hantush-Jacob analysis at observation well 11-14C where r/B is input as

fixed and all data after initial response are equally weighted. It is noted that automated

curve-fitting in the AquiferWin32 TM software can also be set to optimize to r/B, and a value of

0.11 is also obtained, indicating that this is a good match. For distant observation well 11-2 the

software optimized to an r/B value of 0.77, so the calculated value of 0.57 was fixed (see

Figure C.4-6 in Appendix C). Transmissivity and storativity values obtained through the curve

matching at the two observation wells are entered in Table 5.3.

5.4.3 Theis-Cooper-Jacob Straight-line Analysis

Figure 5.7 (top) shows a Cooper-Jacob drawdown plot for the Burdock pumping well 11-1 IC.

This USGS graphical-analysis tool is a spreadsheet that allows manual fitting of the straight-line

(Halford and Kuniansky, 2002). Appendix A.2 provides an overview of the theoretical basis for

straight-line test analysis and definitions for the terms u, u', t and t'. The portion of the plot

corresponding to later time where u < 0.01 is indicated, and this slope is used to determine

transmissivity of 150 ft2/day and well efficiency of 65 percent (Table 5.3).

The bottom portion of Figure 5.7 shows the USGS spreadsheet implementation of the Theis

recovery analysis for the pumping well 11-11 C, referred to as the Theis-Cooper-Jacob method

(Halford and Kuniansky, 2002). The portion of the plot corresponding to later time where

u' < 0.01 is indicated to the left on the t/t' axis, and this slope is used to determine transmissivity

of 140 ft2/d (Table 5.3). A definite change in slope indicating a late time leakage/recharge

boundary is not apparent at the pumping well, but the late-time data has a slight upward

concavity indicating reduction in the rate of drawdown.

The results of Theis recovery analyses for all wells are summarized in Table 5.3, together the

u' criteria on which each transmissivity determination is based. Analyses with u' > 0.01 are

tabulated but are not considered acceptable, as indicated in the table.

5.4.4 Distance-Drawdown Analysis

Figure 5.8 is distance-drawdown analysis plot that determines transmissivity, storativity, and

pumping well efficiency by considering all observation wells at once. As shown on Figure 5.8,

DV102.00279.01 5-5 November 2008
Dewey-Burdock 2008 Pump Test Report Rev O.doc

• 

• 

• 

Knight Piesold 
C 0, N S U L TIN G 

• K' vertical hydraulic conductivity of Fuson (10-3 ft/day from the TV A test, 
Section 2.3.2) 

• radial distance (r = 250 ft to well 11-14C and 1,292 ft to well 11-2) 

• r/Bwellll-14C=0.1l;rlbwellll-2=0.57 

Figure 5.6 shows the Hantush-Jacob analysis at observation well 11-14C where rIB is input as 

fixed and all data after initial response are equally weighted. It is noted that automated 

curve-fitting in the AquiferWin32™ software can also be set to optimize to riB, and a value of 

0.11 is also obtained, indicating that this is a good match. For distant observation well 11-2 the 

software optimized to an riB value of 0.77, so the calculated value of 0.57 was fixed (see 

Figure C.4-6 in Appendix C). Transmissivity and storativity values obtained through the curve 

matching at the two observation wells are entered in Table 5.3. 

5.4.3 Theis-Cooper-Jacob Straight-line Analysis 

Figure 5.7 (top) shows a Cooper-Jacob drawdown plot for the Burdock pumping well ll-llC. 

This USGS graphical-analysis tool is a spreadsheet that allows manual fitting of the straight-line 

(Halford and Kuniansky, 2002). Appendix A.2 provides an overview of the theoretical basis for 

straight-line test analysis and definitions for the terms u, u', t and t'. The portion of the plot 

corresponding to later time where u < 0.01 is indicated, and this slope is used to determine 

transmissivity of 150 ft2/day and well efficiency of65 percent (Table 5.3). 

The bottom portion of Figure 5.7 shows the USGS spreadsheet implementation of the Theis 

recovery analysis for the pumping well 11-11 C, referred to as the Theis-Cooper-Jacob method 

(Halford and Kuniansky, 2002). The portion of the plot corresponding to later time where 

u' < 0.01 is indicated to the left on the tit' axis, and this slope is used to determine transmissivity 

of 140 ft2/d (Table 5.3). A definite change in slope indicating a late time leakage/recharge 

boundary is not apparent at the pumping well, but the late-time data has a slight upward 

concavity indicating reduction in the rate of drawdown. 

The results of Theis recovery analyses for all wells are summarized in Table 5.3, together the 

u' ~riteria on which each transmissivity determination is based. Analyses with u' > 0.01 are 

tabulated but are not considered acceptable, as indicated in the table. 

5.4.4 Distance-Drawdown Analysis 

Figure 5.8 is distance-drawdown analysis plot that determines transmissivity, storativity, and 

pumping well efficiency by considering all observation wells at once. As shown on Figure 5.8, 
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fitting a straight line to incorporate the close-in observation wells 11-14C and 11-15

simultaneously is not ideal because it averages the clearly anisotropic response between the

close-in wells. On the other hand, convention (Driscoll, 1986 and numerous other references)

dictates that a distance-drawdown analysis should be based on a minimum of three observation

wells. It is noted that if a two-well solution is used ignoring the anisotropic response at well

11-14C, transmissivity is 108 ft2/day and storativity is 2.8 x 10-5. Nevertheless, the three-well

solution with greater transmissivity and storativity is accepted as indicated on the figure and in

Table 5.3.

The pumping well efficiency of 61 to 63 percent is determined with the three-well distance-

drawdown solution by extending the straight line to the assumed diameters of the pumping well.

These efficiencies agree with the 65 percent determined in the USGS spreadsheet (Table 5.3).

The aquifer parameters are somewhat questionable given the relatively poor (r2 = 0.7) straight-

line fit through all data points. Based on the large u criterion (0.08) at one of the wells (11-15),

the transmissivity and storativity values obtained are not included in the overall average aquifer

parameters for the test (Table 5.3).

The distance-drawdown analysis also gives the maximum radius of influence of the test. Based

on Figure 5.8, the radius of influence was about 2,100 ft, somewhat greater than the radial

distance to the most distant responding well (i.e., 11-2 at 1,292 ft). The radius of influence may

be compared to the dimensions of prospective well fields in the area to evaluate whether aquifer

parameters have been adequately characterized.

5.4.5 Summary of Burdock Test - Lower Lakota (Chilson) Formation Aquifer
Parameters

The aquifer parameters determined by the techniques described above are summarized in

Table 5.3. Nine accepted determinations of transmissivity (outlined) range from 120 to

223 ft2/day and the mean and median are close at 150 and 158 ft2/day. Four accepted storativity

determinations ranged from 6.8 x 10-5 to 1.9 x 10-4 . The geometric mean and median storativity

values are 1.1 x 10-4 and 1.2 x 10-4. The median transmissivity of 150 ft2/day and median

storativity of 1.2 x 10-4 are considered the best measures of the central tendency of the test

results.

Only two wells were used to contribute to the overall storativity results because of the large

anisotropy in responses exhibited between wells 11-15 and 11-1 4C and the anomalous results at
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fitting a straight line to incorporate the close-in observation wells 11-14C and 11-15 

simultaneously is not ideal because it averages the clearly anisotropic response between the 

close-in wells. On the other hand, convention (Driscoll, 1986 and numerous other references) 

dictates that a distance-drawdown analysis should be based on a minimum of three observation 

wells. It is noted that if a two-well solution is used ignoring the anisotropic response at well 

11-14C, transmissivity is 108 ft2/day and storativity is 2.8 x 10-5
. Nevertheless, the three-well 

solution with greater transmissivity and storativity is accepted as indicated on the figure and in 

Table 5.3. 

The pumping well efficiency of 61 to 63 percent is determined with the three-well distance­

drawdown solution by extending the straight line to the assumed diameters of the pumping well. 

These efficiencies agree with the 65 percent determined in the USGS spreadsheet (Table 5.3). 

The aquifer parameters are somewhat questionable given the relatively poor (r2 = 0.7) straight­

line fit through all data points. Based on the large u criterion (0.08) at one of the wells (11-15), 

the transmissivity and storativity values obtained are not included in the overall average aquifer 

parameters for the test (Table 5.3). 

The distance-drawdown analysis also gives the maximum radius of influence of the test. Based 

on Figure 5.8, the radius of influence was about 2,100 ft, somewhat greater than the radial 

distance to the most distant responding well (i.e., 11-2 at 1,292 ft). The radius of influence may 

be compared to the dimensions of prospective well fields in the area to evaluate whether aquifer 

parameters have been adequately characterized. 

5.4.5 Summary of Burdock Test - Lower Lakota (Chilson) Formation Aquifer 
Parameters 

The aquifer parameters determined by the techniques described above are summarized 10 

Table 5.3. Nine accepted determinations of transmissivity (outlined) range from 120 to 

223 ft2/day and the mean and median are close at 150 and 158 ft2/day. Four accepted storativity 

determinations ranged from 6.8 x 10-5 to 1.9 X 10-4
. The geometric mean and median storativity 

values are 1.1 x 10-4 and 1.2 x 10-4
. The median transmissivity of 150 ft2/day and median 

storativity of 1.2 x 10-4 are considered the best measures of the central tendency of the test 

results. 

Only two wells were used to contribute to the overall storativity results because of the large 

anisotropy in responses exhibited between wells 11-15 and 11-14C and the anomalous results at 
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11-15 described above. Powertech geologists have noted that there were problems with the

installation of well 11-15.

5.5 Overlying Fall River Aquifer Test Results

Observation well 11-17 is screened in the lower Fall River 50 ft laterally and about 185 ft

vertically above the screen in pumping well 11-1lC (Table 5.2, Drawing 5.3). Piezometric

surface information for the Lakota aquifer indicates the two wells are locally hydraulically

connected with similar water levels within ± 2 ft (Table 5.2).

Figure 5.3 illustrates response of observation well 11-17 to the drawdown phase of the Burdock

well 11-11 C pumping in the Lakota Formation. The first response was a very slight increase in

pressure over a period of about 600 minutes, corresponding to a water level increase of about

0.12 ft (3.5 centimeter [cm]). The water level stopped increasing then underwent 1.1 ft of

drawdown to time of pump shut-down (2:00 PM) on May 21, 2008. Drawdown continued for

about a day to a maximum of 1.4 ft, then remained flat with erratic fluctuations for another

24 hours, until the evening of May 23, 2008 where a partial and sharply "spiked" recovery

started.

The response of a "reverse" drawdown monitored in a zone above (or below) the pumping zone

is known as the Noordbergum effect (Ohio EPA, 2006). There is uncertainty whether the water

level increase at Burdock well 11-17 is the Noordbergum effect or alternatively a barometric

response. In any case, the Noordbergum effect was observed in the 1979 TVA Lakota aquifer

pumping test at Burdock pumping at 200 gpm where increases in water levels were monitored in

the Fall River aquifer and Fuson Member observation wells for 30 to 90 minutes after the start of

the test. Judging from the water level plot figures (Boggs and Jenkins, 1980), the increases were

a fraction of a ft in the Fall River and up to about 1.5 ft in the Fuson.

In a 1985 pumping test in the Eastern Black Hills near Wall, South Dakota, pumping at 125 gpm,

a water level rise of about 1.7 ft just after pumping started, eventually declining in an "erratic

manner", was attributed to the Noordbergum effect (Rahn, 1992). There the well (Kelly Well)

with the anomalous response was open to an unknown portion of the Inyan Kara aquifer;

however it was considered to be somewhat hydraulically isolated from the pumping and other

observation wells based on differing background water levels.

The fact that substantial Noordbergum effects were observed in pumping tests in the Fuson/Fall

River and Inyan Kara (undifferentiated) monitoring wells at widely spaced locations in the Black
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11-15 described above. Powertech geologists have noted that there were problems with the 

installation of well 11-15. 

5.5 Overlying Fall River Aquifer Test Results 

Observation well 11-17 is screened in the lower Fall River 50 ft laterally and about 185 ft 

vertically above the screen in pumping well II-IIC (Table 5.2, Drawing 5.3). Piezometric 

surface information for the Lakota aquifer indicates the two wells are locally hydraulically 

connected with similar water levels within ± 2 ft (Table 5.2). 

Figure 5.3 illustrates response of observation well 11-17 to the drawdown phase of the Burdock 

well ll-IICpumping in the Lakota Formation. The first response was a very slight increase in 

pressure over a period of about 600 minutes, corresponding to a water level increase of about 

0.12 ft (3.5 centimeter [cm]). The water level stopped increasing then underwent 1.1 ft of 

drawdown to time of pump shut-down (2:00 PM) on May 21, 2008. Drawdown continued for 

about a day to a maximum of 1.4 ft, then remained flat with erratic fluctuations for another 

24 hours, until the evening of May 23, 2008 where a partial and sharply "spiked" recovery 

started. 

• The response of a "reverse" drawdown monitored in a zone above (or below) the pumping zone 

is known as the Noordbergum effect (Ohio EPA, 2006). There is uncertainty whether the water 

level increase at Burdock well 11-17 is the Noordbergum effect or alternatively a barometric 

response. In any case, the Noordbergum effect was observed in the 1979 TV A Lakota aquifer 

pumping test at Burdock pumping at 200 gpm where increases in water levels were monitored in 

the Fall River aquifer and Fuson Member observation wells for 30 to 90 minutes after the start of 

the test. Judging from the water level plot figures (Boggs and Jenkins, 1980), the increases were 

a fraction of a ft in the Fall River and up to about 1.5 ft in the Fuson. 

• 

In a 1985 pumping test in the Eastern Black Hills near Wall, South Dakota, pumping at 125 gpm, 

a water level rise of about 1.7 ft just after pumping started, eventually declining in an "erratic 

manner", was attributed to the Noordbergum effect (Rahn, 1992). There the well (Kelly Well) 

with the anomalous response was open to an unknown portion of the Inyan Kara aquifer; 

however it was considered to be somewhat hydraulically isolated from the pumping and other 

observation wells based on differing background water levels. 

The fact that substantial Noordbergum effects were observed in pumping tests in the Fuson/Fall 

River and Inyan Kara (undifferentiated) monitoring wells at widely spaced locations in the Black 
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Hills uplift (i.e., the TVA and Wall tests) suggests the effect is a characteristic of the Inyan Kara

Group. A small magnitude Noordbergum effect response observed in the 2008 test at Burdock is

attributable to the much lower pumping rate and relatively short, 10-ft screened intervals of both

pumping and observation wells. The Noordbergum effect of a 10 cm rise in water levels has been

simulated with numerical models by the USGS (Hsieh, 1997), where three-dimensional

deformation caused by groundwater withdrawal from a confined aquifer can induce positive

hydraulic head changes in adjacent aquitards (and presumably in an aquifer overlying an

aquitard).

An alternative explanation for the slight rise in water level in the Fall River (Burdock 11-17) is

found in similar patterns of water level changes seen in the Unkpapa Formation

(Burdock 11-18), underlying the Lakota Formation, at about the same time and magnitude. This

will be described further in Section 5.6 below.

Referring again to Figure 5.3, an explanation for the drawdown in the Fall River aquifer at

Burdock continuing for about a day past the pump shut-down and then stabilizing for another

day is not apparent. It is most similar to the 1.5 days of extended drawdown and poor recovery

observed at well 29-7 at the Dewey pumping test. These anomalous responses are attributed to

the observation wells having been located away from the sandstone layer with the pumping well;

it is possible the observation wells are monitoring localized effects in sedimentary facies

separated from the pumping well by numerous shale layers,

5.6 Underlying Unkpapa Aquifer Test Results

As discussed in Section 3, observation well 11-18 is screened in the Unkpapa aquifer 35 ft

laterally and 195 ft vertically below the screen in pumping well 11-1 1C (Table 5.1). Piezometric

surface information for the Unkpapa and Lakota aquifers indicate the two wells are locally

hydraulically isolated, with a nearly 70 ft head difference directed vertically upward (Table 5.1).

Figure 5.4 illustrates that there was no response of observation well 11-18 to the drawdown or

recovery phases at the pumping well 11-llC. However, comparison with the Fall River

observation well (Burdock 11-17, Figure 5.3) finds a similar pattern, timing and magnitude of

several water level changes. In addition to the early time rise in water levels (i.e. possible

Noordbergum effect described above) starting at about 2:00 PM on 5/18/08 (i.e., the time of

pump shut-down and start of recovery), there are the following similarities:

the erratic transducer readings starting at about 3:00 PM on 5/22/08
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Hills uplift (i.e., the TVA and Wall tests) suggests the effect is a characteristic of the Inyan Kara 

Group. A small magnitude Noordbergum effect response observed in the 2008 test at Burdock is 

attributable to the much lower pumping rate and relatively short, 10-ft screened intervals of both 

pumping and observation wells. The Noordbergum effect of a 10 cm rise in water levels has been 

simulated with numerical models by the USGS (Hsieh, 1997), where three-dimensional 

deformation caused by groundwater withdrawal from a confined aquifer can induce positive 

hydraulic head changes in adjacent aquitards (and presumably in an aquifer overlying an 

aquitard). 

An alternative explanation for the slight rise in water level in the Fall River (Burdock 11-17) is 

found in similar patterns of water level changes seen in the Unkpapa Formation 

(Burdock 11-18), underlying the Lakota Formation, at about the same time and magnitude. This 

will be described further in Section 5.6 below. 

Referring again to Figure 5.3, an explanation for the drawdown in the Fall River aquifer at 

Burdock continuing for about a day past the pump shut-down and then stabilizing for another 

day is not apparent. It is most similar to the 1.5 days of extended drawdown and poor recovery 

observed at well 29-7 at the Dewey pumping test. These anomalous responses are attributed to 

the observation wells having been located away from the sandstone layer with the pumping well; 

it is possible the observation wells are monitoring localized effects in sedimentary facies 

separated from the pumping well by numerous shale layers, 

5.6 Underlying Unkpapa Aquifer Test Results 

As discussed in Section 3, observation well 11-18 is screened in the Unkpapa aquifer 35 ft 

laterally and 195 ft vertically below the screen in pumping well ll-IIC (Table 5.1). Piezometric 

surface information for the Unkpapa and Lakota aquifers indicate the two wells are locally 

hydraulically isolated, with a nearly 70 ft head difference directed vertically upward (Table 5.1). 

Figure 5.4 illustrates that there was no response of observation well 11-18 to the drawdown or 

recovery phases at the pumping well 11-11 C. However, comparison with the· Fall River 

observation well (Burdock 11-17, Figure 5.3) finds a similar pattern, timing and magnitude of 

several water level changes. In addition to the early time rise in water levels (i.e. possible 

Noordbergum effect described above) starting at about 2:00 PM on 5118/08 (i.e., the time of 

pump shut-down and start of recovery), there are the following similarities: 

• the erratic transducer readings starting at about 3:00 PM on 5/22/08 
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the upward spike in transducer readings at about 7:00 PM on 5/23/08

The barometer readings for the site (Figure 3.1) were examined in detail, and there is a possible

correlation with barometric fluctuations where the water level increases start at the times of

temporary declines (troughs) in barometric pressure throughout an overall period of increasing

atmospheric pressure (i.e., going forward in time from the start of Burdock Recovery on Figure

3.1). However, throughout several days there were equally large fluctuations in barometric

pressure with no similar corresponding changes in water levels.

An explanation for the water level variations simultaneously in both wells is that the Unkpapa

monitoring well 11-18 (Figure 5.4) records a barometric and tidal response while the Fall River

monitoring well 11-17 (Figure 5.3) records a combination of both drawdown (without recovery)

and barometric response. As noted above, the existence of the Noordbergum effect at the Fall

River monitoring well is possible but uncertain.
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• the upward spike in transducer readings at about 7 :00 PM on 5/23/08 

The barometer readings for the site (Figure 3.1) were examined in detail, and there is a possible 

correlation with barometric fluctuations where the water level increases start at the times of 

temporary declines (troughs) in barometric pressure throughout an overall period of increasing 

atmospheric pressure (i.e., going forward in time from the start of Burdock Recovery on Figure 

3.1). However, throughout several days there were equally large fluctuations in barometric 

pressure with no similar corresponding changes in water levels. 

An explanation for the water level variations simultaneously in both wells is that the Unkpapa 

monitoring well 11-18 (Figure 5.4) records a barometric and tidal response while the Fall River 

monitoring well 11-17 (Figure 5.3) records a combination of both drawdown (without recovery) 

and barometric response. As noted above, the existence of the Noordbergum effect at the Fall 

River monitoring well is possible but uncertain . 

DV102.00279,01 5-9 November 2008 
Dewey-Burdock 2008 Pump Test Report Rev O.doc 




