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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 O 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 (10YR 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.

C1 — 3-8 inches. Dark gray (10YR 4/1D, 10YR 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 (10YR 4/1D, 10YR 3/1W) 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 (10YR 4/1D, 10YR 3/1W) 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.

Cén — 54-60 inches. Dark gray (10YR 4/1D, 10YR 3/1W) 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 typlcally 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
1 or2.
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The C horizon has hue of 10YR, 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 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 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 O 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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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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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 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 S 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" o
Lab/BKS Sample 1D: 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, 10YR 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, 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 — 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; niassive; 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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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 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 § 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 O 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 (10YR 5/2D, 10YR 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 (10YR 4/4) and yellowish brown (10YR 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, 10YR 4/3W) clay loam, fractured soft shale; dark
yellowish brown (10YR 4/4) and yellowish brown (10YR 5/6) iron stains and mottles in thé
seams; moderately alkaline (pH 8.0); strongly effervescent.

" C3 - 52-60 inches. Light brownish gray (10YR 6/2D, 10YR 4/2W) silt 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 8.1). 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 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 shghtly acid to slightly alkaline. When dry, the surface is
crusted up to 1/8 inch thick.
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The Btn horizon has hue of 10YR, 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 10R 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 10R 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 10R 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 prec1p1tat10n 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 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 1/8 inch thick.
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The Btn horizon has hue of 10YR, 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 10R to 5Y, value of 5 to 8 and 3 to 5 nioist; 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 10R 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 10R 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 (SYR 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 (SYR 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 (SYR 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 (SYR 5/6D, 5YR 4/4W) loam, moist; extremely hard, frlable
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 S5YR 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 WDEQ 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 O 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, SYR 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 (SYR 4/6D, SYR 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 SYR through 10R, 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 Characteristips (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 WDEQ 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 inciuded 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 SYR 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
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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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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 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 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 ¢levation,
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.

BI1 - 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 (10YR 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 (10YR 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 (10YR 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 (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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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 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 or moderately alkaline.

The Bk horizon has hue of 5Y, 2.5Y or 10YR, 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 1D: 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 10YR 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 10YR 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
2to 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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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 (10YR 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 C1 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 10YR, 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 I0YR, 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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The C horizon has hue of 5Y, 2.5Y or 10YR, 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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PAUNsSAUGUNT
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 (10YR 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 (10YR 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 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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~ 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 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 neuitral.

" The Bt horizon has hue of 7.5YR or SYR, 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
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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 10YR 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 1D: 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 waypbint 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 S 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 10YR, 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 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, 10YR 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.

C1 — 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 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 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 O 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 1D: 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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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 I0YR 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.

The Bss horizons have hue of 2.5Y or 5Y, value of 5 or 6 and 4 or 5 moist, aﬁd 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 - Fing, 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 27-60 inches. Selenium was marginal at 15-60 inches. Strongly effervescent at
3 1nches 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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HAVERSON
CLAY LOAM

Soil Mapping Unit "Ha"
Lab/BKS Sample 1D: 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 (10YR 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 (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.

C1 — 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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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 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 (10YR 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.

Cl — 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 (10YR 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 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 10YR 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 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 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 18 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.

C1k - 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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. 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: O 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 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 (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 (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.

C1 — 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 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 i 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 10YR 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 2to 3.
It has common or many accumulations of gypsum and other saits.

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 - F ine, 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 S1 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: 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 t0 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 rharginal (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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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 (10YR 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 (10YR 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 (10YR 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 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 10YR, 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 O 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 (10YR 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, Soﬁth 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 aikaline.

The C horizon has hue of 10YR, 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.

48



1 \J

Powertech (usa) Inc.

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 1D: 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 (10YR 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 (10YR 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 (10YR 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 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 1/2 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 niarginal
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 O 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 C1 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 10YR, 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 10YR, 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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The C horizon has hue of 5Y, 2.5Y or 10YR, 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. e

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 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

. 0to 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 1 to 7.

The A horizon has hue of 10YR 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 thm 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 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 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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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 (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 (I0YR 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 (10YR 5/2) silty clay, moist; common distinct mottles of
yellowish brown (10YR 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 10YR 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 10YR, 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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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.

Clin - 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 (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 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 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 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 10YR 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
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 (10YR 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 C1 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 10YR, value of 4 to 7 and 3 to 6 moist, and chroma of

2to 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 10YR, 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 10YR, 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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SHINGLE
LOAM

Soil Mapping Unit "Sn"
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 (10YR 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 Déscription) - 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.

1
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BOnEEk
NONCALCAREOUS VARIANT

Soil Mapping Unit "Bo"
Lab/BKS Sample 1D: 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 O 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) 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.

C1 - 2-8 inches. Very dark grayish brown (10YR 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 (10YR 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 (10YR 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 (10YR 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 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 Bt1 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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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 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 10YR or 2.5Y, value of 5 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 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. .

Cik — 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 waypoirit 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 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 l0YR or 7.5Y, value of § 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 10YR 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 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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ENERGY LABORATORIES, INC. * 400 W Boxelder Rd * Gifletie, WY 82718-5315
Toll Froe 866.688.7175 * 307.686.7175 * FAX 307.682.4825 * gillette@enerygylab.com

LABORATORY ANALYTICAL REPORT

Client: Knignt Piesold and Company Report Date: 03/28/08
Project: - 451b Dewey-Burdack Soils Date Recelved: 02/28K08
Workorder: G08020803
. Anatyats om Goarse Sana sk clay Texture SAT pH-gat EC-sa Ca-sat Mg-sat Na-sat SAR-sat
paste paste paste paste paste paste
Units % [ * * % wi% su_  mmnoscm  meqi. meqiL meq/iL Unitless
Samplo (D Client Sampio ID Depth Rosufts Rozufta  Rosults Rosutrs Rosuits Reaults Rosults Rosults Rosults  Rosults Rosutts  Rosults
GOBO20803-001  Hale #17 03 <01 8 45 46 sic 78.7 58 0.51 3.00 073 0.24 0.2
GOB020803-002 Hole M17 38 <01 s < 50 sic 72,0 57 039 238 0.54 027 0.2
GOB02C803-003  Hole 817 824 <o a a 53 sic 0.0 57 078 5.44 1.49 073 0.4
GOB020803-004  Hole #17 24.40 <01 <1 a5 54 T 75.9 58 1.26 7.52 aze 202 0a
GOBO20803-005 Hole 817 40-54 0.8 <01 1 a8 51 8iC 789 5.0 349 245 230 443 0.9
GO80O20803.006 Hole 817 5460 as <0.1 ] a5 45 sic 75.7 45 3.83 234 30.8 478 09
G0B0O20803.007 Hola 827 02 25 <0.1 o 58 33 sicL 633 7.4 0.56 2.41 1.14 2.41 1.8
GOS020803.008 Hole 827 217 13 <0.1 4 a7 49 sic 835 79 460 242 103 290 10
GOB020803-009 Hole 227 17-24 12 45 « a 53 sic 775 8.0 6.16 227 14.0 50.3 117
GOSO20803-010  Hale 27 24-39 10 18 3 a7 50 sic 84.5 79 862 223 133 434 103
GOB020803-011  Hole 827 39-60 0.8 <01 s 50 45 Sic 79.0 7.9 s.88 219 15.9 447 10.3
GOBO20803-012  Holo #36 02 21 19 14 54 32 Sict 68.0 80 064 2.10 0.68 361 30
GOAO20803-013  Hale 636 2-15 13 <01 9 a8 45 sic 64.2 a0 498 238 1.1 4.0 a1
GOB020803-014  Hole 638 15-28 11 <a.1 a a8 45 sic 766 a0 615 233 16.2 47.7 107
GOB020803.015  Hola 836 26-36 os <0.1 o a1 50 sic 841 8.0 7.41 ‘286 246 604 117
. GO08020803-016 Hole €38 26-60 os <0.1 " 39 50 c 77.4 8.0 622 227 213 458 o8
GOB020803-017  Hola 839 [ =3 s <0.1 19 55 26 siL s0.0 LY ] 0.57 304 195 0.14 <01
GOBO20803-018 Hole 239 2.15 19 43 17 L) a7 sicL €37 7.3 0.49 2.40 1.58 0.42 03
GOBO20803-019  Hole 239 1522 10 17 3 3r 32 cL 58.4 a0 (X5 267 2.76 260 16
GOBOZ0803-020 Hole 439 32.52 0.7 <01 27 36 37 oL aze a0 5.14 228 512 107 18
GOB020803-021 Hole 839 52.60 oy <0.1 21 72 7 siL 754 a1 525 235 545 101 16
GOBO2080Y-022  Holo 940 o a2 <0.1 17 50 23 sicL 71.4 X} 0.50 315 1.47 0.14 0.1
GOB020803-023  Hole 240 414 24 <01 12 55 2 sicL 60.7 71 0.58 354 1.48 0.50 0a
GOS026803-024  Hole 240 14.27 1.5 <0.1 7 58 as sicL 67.8 78 0.78 426 164 1.85 1
GOBDZ0803-025  Hale 940 27.38 1.6 <01 1 52 a7 sic 748 8.1 1.62 442 201 067 54
GOSO20803-026  Hole 840 60 1.7 <at 3 51 ) sic 758 79 442 24.0 113 251 eq
GOBO20803-027 Hole 241 [ 2% a2 a9 25 56 19 siL 435 7.7 1.03 7.70 269 023 K]
G0B020803-G28 Hole #41 a1 (N} 1.7 1 54 35 SIcL 64.2 7.7 378 27.7 20.1 8.30 1.7
GOB020803-029 Holo #41 21-38 [:X.] 12 <1 85 5 &i 838 88 13.3 253 100 148 187
GOBOZUB03-030  Hole #41 36-45 o 18 18 o4 1a siL 424 a7 16.6 27.9 122 216 25.0
GO08020803-031 Hole #41 45-60 0.5 [.X ] 34 a9 17 L 336 0.7 148 259 107 175 214
GOBD20803-032 Hole w42 0.6 34 15 22 62 16 SiL. 416 7.8 7.58 28.7 542 37.2 58
GOB020803-033  Hale 842 617 1.3 &0 26 60 14 siL 40.2 83 15.4 308 194 135 129
GOS020803.034  Hola 842 17-39 LX) <0.1 28 82 10 SiL 350 86 14.5 31.2 187 125 12.0
G08020803-035 Hole 842 38-60 0.6 <0.1 3a 56 14 Sil 1Al 8.5 109 286 109 . B3s 10.1
GOB020803-036 Hole #43 0-2 17 1.1 24 48 28 cL 3.7 8.2 11 5.45 392 061 a3
GOB020803-037 Hole #43 2.14 21 <01 22 36 .2 c 688 7.4 0.89 528 27 0.87 04
GOBOZ0803-038  Hole #43 14-38 1.0 <01 32 36 32 cL 433 85 061 113 1.12 4.10 as
GOBO20803-039  Halo 243 38-60 o.a <01 50 28 22 L 298 (X 1.76 1.25 1.76 153 12,6
GOB020803-040 _Holo 50 02 23 26’ 44 38 18 L 308 86 0.37 1.97 1.10 014 0.1
Paga ol 4
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EM[?G/ ENERGY LABORATORIES, INC. * 400 W Boxelder Rd * Gillette, WY 82718-5315
TABGRATORIES Toll Free 866.686.7175 * 307.686.7175 * FAX 307.682.4625 * gillette@energylab.com
LABORATORY ANALYTICAL REPORT
Client: Knight Piesold and Company Report Date: 03/28/08
Project: 451b Devey-Burdock Soils Date Received: 02/28/08
Workorder: G08020803
Anatysis oM Coarse Sand Sit Clay Texture SAT pH-gatl EC-sat Ca-sat Mg-sat Na-sal SAR-sat
Fragments paste paste pasta paste paste paste
Units % % % % % wi% s_u_ mmhos/om meql megl meg/l unitless
Sampto ID Client Samplo ID Degth Resuits Rosults Results Rosults Rosults Rosults Results Rosults Results Rosults ~  Results Rasults Rosults
GO8020803-041  Hole £50 27 1.8 26 32 34 k1) cL 469 74 058 ar 203 0.29 02
GO8020803-042 Hola 850 7-13 1.9 24 26 38 36 cL 66.8 81 042 237 147 042 03
G08020803-043 Hole 250 1325 1.0 3.1 4" 20 27 CL 391 83 048 1.53 1.52 162 1.3
GOB0Z0B0)-044 Hole 756 o3 80 <01 16 5 28 SiCL 748 74 0.86 7.78 133 0.09 <01
G0B020803-045 Hole #56 314 25 <0.1 <t 2 28 SicL 48.0 77 1.07 8.69 1.92 029 0.1
G08020803-046 Hole $56 14-26 22 <0.1 8 60 32 SicL 50.8 76 3.08 322 8.13 142 - 03
G0B020803-047 Hole #56 26-36 20 1.5 18 56 F-:1 Sil. 46.4 15 3.43 6.7 9.58 245 0.5
G08020803-048 Hole #56 36-60 1.2 30 34 44 22 L 192 17 a70 369 121 229 05
GO8020803-049 Hoe 857 0-2 21 54 22 42 36 CcL 731 76 249 21 111 023 <01
508020803050 Hale 857 28 0.7 <01 2 38 30 cL 643 76 255 0.7 392 - 035 <0.1
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E/\E[?(._,Y ENERGY LABORATORIES, INC. * 400 W Boxclder Rd * Gillette, WY 82718-5315

Toll Free 866.686.7175 * 307.686.7175 * FAX 307.682.4625 * gilletto@uenergylab.com
LABORATORY ANALYTICAL REPORT

Client: Knight Piesold and Company Report Date: 03728108
Project: 451b Dewey-Burdock Soils Date Recelved: 02/28/08
Workorder: G08020803 ‘
Anatysia B-Hot So-Hat
H2a H20
Units mgikg mgkg
Sampio ID Cliont Sampia ID Depth Rosufts Results
GOBOZOA03.001  Hole 817 oa o3 <001
G08O20803.002 Hole 217 38 03 <001
N GOSD20803.003 Hole 17 8-24 0.5 <009
GOBO20803004 Hola 217 24.40 06 <0.01
GOB020803-005 Hale M7 40-54 [:X:] <001
GO8020803-006 Hole #17 54-60 08 <001
GDB020803-007 Hoale #27 02 0.3 <001
GOD8020803-008 Hola #27 2.7 20 0.03
GOBOUBD3-009 Hobe #27 17-24 23 007
G08020803-010 Hole #27 24-39 16 .06
GO8020803-011  Hole #27 39-60 11 0.08
B08020803112 Hole #36 0-2 o4 <001
G08020803-013  Hole 238 215 17 002
G08020803-014  Hole #36 1526 23 . oM
GDBO20803-015  Hole #36 26-36 23 0.03
GOB0208D3016  Hote #36 36-60 15 a03
GOB020803-017 Holo #38 0-2 02 <001
608020803018 MHole £38 215 03 <001
G08020803-019  Hole #39 1532 04 <001
G08020803-020 Hale 839 32-52 (2] 0.04
G08020803-021 Hole 839 $2-60 25 0.02
GO8020803-022 Holo 240 o4 o3 <0.01
GO8020803-023 Hola #40 414 os <001
GOB020803-024 Hole 740 1227 0.4 <001
GOB020803-025 Hole 240 27-38 os 0.02
GOS020803-026 Hole 440 38-60 [ ¥4 0.08
GOBO20803-027 Holo 41 o4 04 <001
GOB020803-028 Holo #41 4-21 07 003
GO8020803-028 MHole 241 21.36 7.7 a2s
GOB020803-030 Hola 241 3645 a2 a24
G08020803-031  Hole 241 4560 5 0.22
G0BO20803.032 Hole #42 o8 1.0 007
GODBO208D3-033 Hole 742 617 11 0.5
GOBU20803-034 Hole #42 17-39 18 009
G08020803-035 Holo 742 39-60 12 0.04
GOB020803-038  Hole #43 o2 04 <001
GO0B020803-037 Hale #43 2-14 02 <001
GO0B8020803-038 Holo #43 14-38 05 <001
G08020803.039 Ho'e #43 38-60 o8 001
©08020803-040 Hole #50 o2 0.3 <001
. Page 3of 4
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FINERGY ENERGY LABORATORIES, INC. * 400 W Boxelder Rd * Giltette, WY 82718-5315

Toll Free 866.686.7175 * 307.686.7175 * FAX 307.682.4625 * gillette@energylab.com

LABORATORY ANALYTICAL REPORT

Client: Knignht Piesold and Company Report Date: 03/28/08
Project: 451b Dewey-Burdack Sails Date Received: 02/28/08
Waorkorder: ' G08020803
Analysis B-Hot Se-Hot
H20 H20
Unhts my/kg mglkg
Samgpto D . Client Samgle D Depth Rasufts Results
G08020603-041 Hole #50 27 0.1 <0.01
GOBO20803-042 Hole #50 7-13 0.3 «0.01
GOSO20503-043  Hole #50 13-25 0.2 <001
GOBO2GRD3044  Hola 256 03 02 <0.01
GOB020803-045 Hole #56 314 63 <001
GOS020803-046 Hale 756 14-26 03 <001
GOBO208B0I-047 Hole 756 26-36 03 <001
GOS020803.048  Hale 256 36-60 02 <0.01
GOBO20803-049  Hale A57 0-2 03 <0.01
GOBO20803-050 Halo 857 2.8 03 <0.01
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T ARORATOIRIES

ENERGY LABORATORIES, INC. * 400 W Boxelder Rd * Gillette, WY 82718-5315

Toli Free B66.686.7175 * 307.686.7175 * FAX 307.682.4625 * gillette@energylab.com

LABORATORY ANALYTICAL REPORT

Client: Knight Piesold and Company Report Date: 03/31/08
Project: 45tb Dewey-Burdack Sails Date Recelved: 02/28/08
Workorder: G0B02080S
Analysls om Coarse Send sit . Clay Texture SAT pH-sat EC-sal Ca-sat Mg-sat Na-gat SAR-sat
Fragments paste paste paste paste paste pasie
Units * 3 % ) %% wi% s_u_ mmhas/em  meqit meqg/ meg/l wnitiess
Sample (D Cliant Sampla (D Depth Ramudts Rosults Rosufts Rosults Raosults Results Rosults Roauits Rosults Results Rosuhs Roautts Rosults
GOBO20805-001  Hole 760 o3 34 as 30 40 30 cL 802 7.5 075 4.69 203 1.47 X}
G08020805-002 Holo #60 310 [E] <1 20 a8 42 c 741 84 1.85 118 1.86 138 "
GOB020805-003  Hole §60 1018 3 48 24 70 6 SiL 68.5 82 9.1 221 610 79.7 12
GOBD20BGS5-004 Hole $63 o2 30 14.3 52 36 12 L 332 84 0.79 5.94 188 0.56 03
G0OBO20805-005 Hola #63 26 L9 88 39 38 23 L 401 7.3 0.82 8.85 1.68 0.34 0.2
GOB020805-006 Hole #63 6-18 19 a2 22 51 21 cL 40.1 74 299 30.1 9.02 5.25 1.2
GOBO20805-007 Hoke 864 o6 24 <01 14 53 a3 sicL 626 71 0.57 825 4.69 035 0.2
GOB020805-008 Hale 64 &17 oy <0.1 8 59 a3 sicL 847 a1 087 287 296 1.74 1.0
GOB020805-009  Hola ¥64 17-33 o8 <0.1 6 61 33 SicL 54.2 as 227 160 5.41 16.0 a3
GOBO20805-010 Hole #64 33-42 07 <01 10 61 29 SicL 488 a0 8.02 278 61.1 50.6 76
GOBO20805-011  Hole #54 42-60 oS <01 16 57 27 SicL 45.9 8.1 762 277 50.5 452 72
GDB020805-012 Hole #72 o3 33 <0.1 17 51 32 sicL 53.4 63 052 2.98 1.09 0.32 0.2
BO20805.013  Hole 872 318 1.2 <d.1 26 as as oL 55.3 786 0.49 174 0.51 286 27
GOBO20805-014  Hole #72 1828 12 28 10 47 43 sic 0.7 7.9 4.52 202 123 30.1 7.5
GO08020805-015  Hole 572 20-43 10 17 16 69 15 SiL 69.0 82 8.21 235 $0.0 69.8 12
GODBO20805-016  Hole 872 43-60 o8 21 22 53 25 SiL 7.4 83 10.0 219 738 894.0 14
GDBO20805-017  Hale #73 03 31 <01 LTl as 2 L 51.1 74 0.99 5.50 3.21 231 11
GOB8020805-018 Hole #73 315 [ g <01 16 a“ 43 Sic 7’6 79 6.51 85 9.4 §2.4 18
GOSD20806-018  Hole #73 15.23 L} <01 2 58 40 sic 7.4 7.8 1.2 247 264 113 k-1
GOBO20B0S-020  Hole #73 2334 1.1 <01 <1 60 40 sic 95.5 8.0 129 355 35.5 134 22
GOBD20805-021 Hola #73 34.38 09 <01 ] 4z 52 sic 75.1 a0 138 30 3a.9 142 24
G0BN20805-022 Hole 873 38-60 os <Q.1 4 3t €5 c 977 80 122 33.0 nae 123 k-3
G0BO20805-023 Hole #74 o3 16 <01 59 16 25 scL 36.0 78 0.73 5.47 204 0.79 04
GOBO20806-024 Hale #74 315 08 <a1 54 19 27 scL 46.2 83 069 182 145 468 3.8
GOBO20805-025 Hole 574 1527 o6 <01 36 35 29 cL 51.5 a5 568 54 15.9 85.9 17
‘GDBO208DS-026 Hoke #74 27-38 3 <0.1 40 a7 23 L azo 85 1.7 282 95.0 182 21
GDBO208DS5-027 Hole #74 38-51 o5 <01 50 31 19 L 34.3 84 13.2 259 223 150 20
GDBO20805-028  Hole #74 51-60 04 <01 -7 17 19 sL 331 8.4 127 239 820 143 20
G0B020805-029 Hole #75 o4 25 <01 28 45 21 cL €0.4 78 0.84 482 179 213 12
GO08020805-03¢ Hole #75 4-15 22 <01 14 53 a3 SicL 83.9 .y 1.78 7.78 294 B.47 3.7
GOBO20805-031  Hole #75 1535 1.3 <0.1 16 45 29 sicL 52.2 76" 661 284 156 485 10
GDB020805-032 Hole #75 35-46 1.0 <01 15 58 27 sicL 53.0 78 846 283 241 74.1 14
G08020805-033 Hole #75 -46-60 10 <01 12 &9 29 sicL 54.5 7.8 823 27.4 242 69.8 14
GODBO20805-034 Hole 876 0.2 18 <01 48 39 13 L N5 53 1.04 370 244 275 1.8
GOBD20805-035 Hole #76 2.2 13 A 14 42 44 Sic 69.1 1.7 577 196 142 432 11
GOBD20805-036  Hole #76 21-28 0.9 27 20 39 41 [+ 67.0 6.9 6.84 235 16.7 63.1 12
GOBD20B05-037 Hole #76 2048 ta 57 19 45 K] sicL 606 7.6 487 7.22 6.07 434 17
GOBO20866-038  Hole #76 46-60 o0s <01 10 58 32 sicL 53.8 7.3 457 3.85 3.15 Q4.1 24
GOBD20805039  Hole #77 o4 20 17 a6 a7 27 cL 526 7.6 0.54 4.t0 1.14 043 0.3
GUBD20805.040 Hole #77 417 (%] <01 22 a ar cL 68.4 7.7 1.21 6.47 3.13 4.01 1.8
Page 1 of 4
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FINERGY ENERGY LABORATORIES, INC. * 400 W Boxelder Rd * Gillette, WY 82718-5315
Y soraronics Toll Free 866.686.7175 * 307.686.7175 * FAX 307.682.4625 * gillette@energylab.com
LABORATORY ANALYTICAL REPORT

Client: Knight Piesold and Company Report Date: 03/31/08
Project: 451b Dewey-Burdock Soils Date Recelved: 02/28/08
Workorder: (08020805

Anatysis oM Coarse Sand S Clay Texture SAT pH-sat £C-sat Ca-sal Mg-sat Na-sal SAR-sat

Fragments paste paste paste paste paste paste
Units % % % % % . Wi s_u_ mmhosicm  megit. meg/L megL unilless

Samplo D Client Sampio (D Depth Rosufts Results Rosuits Rosults Rosutrs Rosults Results Rosults Rosults Results Rosulta Roaults Results
GOB020805-041  Hole #77 17-36 09 <G 22 n 5 SiL 672 8.0 568 237 448 271 46
GOB020805-042 Hole #77 36-48 0.8 <01 24 61 15 SiL 649 18 662 238 626 320 49
G08020805-043 Hole #79 03 51 <01 18 485 36 SiCL 58.5 6.1 0.78 186 1.19 4.02 34
GOB020805-044 Hole #79 317 16 <0.1 12 a 47 Sic: 737 4.1 461 224 2241 229 49
GO8020805-045 Hole ¥79 17-30 09 6.8 18 a3 49 Cc 124 36 475 247 204 219 46
GOB020805-046 Hole #79 30-42 09 5.0 22 2 46 [ 651 37 250 1.4 765 9.50 34
GOB020805-047 Hole #79 4260 [1X:] 9.5 16 3z 47 Cc 61.9 36 230 10.1 6,32 EA 26
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ENERGY LABORATORIES, INC. * 400 W Boxeldor Rd * Gillotte, WY 82718-5315
Toll Free 866.686.7175 * 307.686.7175 * FAX 307.682.4625 * gillefte@energylab.com

LABORATORY ANALYTICAL REPORT -

Client: Knight Piesold and Campany Report Date: 03/31/08
Project: 451b Dewey-Burdack Soils 02728/08
Workorder: GO8s020805
Anatysls B-Hot Se-Hat
H20 H20
Uales mgrg mgkg
Sampia ID CBom Samele ID Depth  Rosutts  Rosufts
GOBO20805-001  Holo 060 o3 0.2 <0.01
GOSO20A05.002  Hola £60 310 D4 0.01
GOS020805-003  Hole 200 10-18 1.5 0.1
GO8020805-004 Hole 963 [>33 0.1 <001
GOB020805-005  Hola 863 26 <01 <0.01
Hole 863 618 03 <0.01
GO8020805-007 Hole 964 o6 <01 <0.01
GOBOVB05-008  Hole 064 417 0.2 <0.01
GOB020805-009 Hole 264 17-33 (R} a.03
GOBO20805-010  Hole 964 3342 27 a.t2
GOBO20805-011  Hole 964 4260 1.5 LX)
GOBD20805-012  Hole 872 03 0.2 <0.01
GDAO208D5-013  Hole 872 3.8 02 <0.01
GOBDZ0805-014  Hole 872 18-28 1.1 .12
GOB020805.015  Hole 872 268-43 20 027
GOB020805-016 Hole 872 43-60 1.6 .10
GO8020805-017 Hole 873 oa 0.2 <0.01
GOS020805-018  Hole 873 315 X ] oce
G08020805-018 Hole 973 15-23 25 0.34
GO8020805-020 Hole #73 2334 23 0.4s
GOSO20805-021 Hola 273 3438 1.7 042
GOB020805.022 Hole 973 38-60 18 0.37
GOBOZ0805-021 Hole 974 0.3 02 <0.01
GDB020805-024 Holo 974 35 0.2 <001
GO8020805-025  Hole 874 15-27 11 008
GOB020805-026 Hole 974 2738 25 021
GOBO20805-027 Hole £74 38-51 .7 020
GOBO208D5-028  Hola 474 51-00 L3 o8
GOBD20805-020  Hole 975 -2} 0.3 <a.01 N
GOBD20805-030  Hole #75 4.5 0.4 <a.01
GOBD20605-031  Hole 575 15-35 05 <0.01
GO8020805-032 Hole 975 35-46 07 <0.01
G08020805-031  Hole 275 46-60 0.9 0.01
GOB020805-034 Holo 476 02 0.2 <0.01
GOB020805-035 Hola 476 2.21 12 0.02
GODBO20805-036  Hola 476 21-29 os <0.01
GOB020805-037  Hole 876 2048 0.6 004
GOBO20805.038  Hole 676 46-60 os a.17
GD8020805-039 Hole 477 o4 02 <0.01
GOBD20B05-040 _Hole 877 417 [-X] <001
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ENERGY LABORATORIES, INC. * 400 W Boxelder Rd * Gillette, WY 82718-5315

Toll Free 866.686.7175 * 307.686.7175 * FAX 307.682.4625 * gillette@energylab.com

) LABORATORY ANALYTICAL REPORT
Client: Knight Piesold and Company Report Date: 03/31/08
Project: 451b Dewey-Burdock Soils Date Received; 02/28/08
Workorder: G08020805
Analysis B-Hot Se-Hat
H20 H20 N
Units mg/kg mprky
Sampla ID Cliont Sample ID Depth  Rosults Results
GO8020805-041 Hole #77 17-36 44 403
GO8D20805-042 Hole #77 36-48 63 004
GOBD20805-043 Hole #79 o3 06 <0.01
GOB020805-044 Hole #79 A7 as <0.01
GOBO20805-045 Hole #79 17-30 o6 <001
G0B020805-046 Hole #79 30-42 04 «0.01
GDBO2080S-047  Hole #79 42-60 03 <001
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ENERGY LABORATORIES, INC, * 400 W Boxelder Rd * Gillette, WY 82718-5315

evaTareasy Toll Free 866.686.7175 * 307.686.7175 * FAX 307.682.4625 * gillette@energylab.com
. LABORATORY ANALYTICAL REPORT
Client: Knight Piesold and Company Report Date: 04/07/08
Project: 451b Dewey-Burdock Solts Date Recelved: 02/28/08
Workorder: G08020806
Anatysls Sanyg St Clay Texnxe SAT pH-aatl EC-sat Ca-sat Mg.sat Na-sa SAR-sat
paste paste paste paste paste pasta
Units % [y % wid a_u_ mmhos/em | meqiL magn. meg/L unitless
Sampla WD Clont Samplo 1D Dopth Roautis  Rosuhs Rosudts  Rozults Resutts Rosults Rosulta Rasulta Roaults Rosults  Rosults
GOSOZ0806-001  Hola 282 [ ¥} 51 3z 17 L 387 53 1.78 8.96 .91 0.10 0.08
GOBOZ06806-002  Holo #82 4-12 0 27 33 cL 493 7.4 1.16 5.93 357 1.85 0.89
GOGO0B06-003  Hole #82 1217 54 24 22 SaL 407 76 0.98 5.10 338 1.46 071
Hale 082 17-28 54 24 22 scL .0 79 0.99 3.00 3.19 375 2.2
GOBOZOB0E-005 Hole 982 28.43 58 22 20 scL 0.2 79 208 6.88 128 141 455
GOBN208DE-006  Hole 883 o 1 53 aa sicL 533 48 0.43 1.23 a.72 1.20 1.22
GO8O20806-007  Hola 283 217 “ PE 3 sic 522 48 0.31 040 0.23 1.82 323
GOSOZ0B06-008  Holo 283 17-33 L] a7 4a sic 694 52 4.8 253 25.0 223 4.44
GOBOZ0806-003  Hole 883 33-42 6 69 25 Sit 78.1 7.6 5.71 285 35.1 304 5.47
GOB020606-010  Hole #83 42-52 8 69 22 SiL 823 79 6.61 26.0 46.3 38.3 . 6.37
GOBO2080G-011  Hole #83 52-60 12 70 L] SsiL 74.9 79 8.67 244 427 426 738
GOBO20606-012  Holo 484 o5 4 59 az SicL 87.0 7.4 1.87 1.83 6.48 127 .22
GOSU20806-013  Hole 284 518 o 52 £ sicL 832 82 18 248 106 12 14.0
COSN20806.014  Hole 284 18.37 12 48 «2 sic 768 84 14.0 228 149 148 159
GDSO20806-015  Hole 584 37.47 e 55 39 sicL ms 83 1.6 235 103 108 135
GOBO20606-016  Holo 084 47-60 32 ar an cL 59.7 8.1 B.14 218 €0.2 616 2.03
GOBO20806-017  Holo #85 o2 32 48 20 L 51.5 63 0.43 237 1.44 0.23 0.16
GOBO20806-018  Hola 585 2.7 20 41 39 sicL 806 7.3 071 4.24 239 0.73 040
GOBO20806-019  Hoke 285 17 16 48 38 sicL 8.9 79 (R4 258 1.79 2.3 1.98
GOBO20806-020  Hole #85 17.30 22 «0 38 cL 654 80 1.7 481 408 0.28 4.39
GOBO20806-021  Hole 088 a2 . 7 L3 a3 cL 647 67 0.54 3.27 1.99 0.43 0.26
GOSO20B06-022  Hole 268 2.9 18 <g.1 1 4 46 sc 778 78 0.80 404 1.88 248 1.44
GOSHZ0806.-023  Hole 288 o-18 13 <61 14 B2 . si 779 76 399 ate 133 136 288
GOSN20806-024  Hole 249 02 44 31 12 54 3¢ SicL 724 54 0.80 478 249 0.32 0.17
GOBO20806-025 Holo 889 2-18 24 37 9 s <6 sic 873 7.7 1.41 588 412 567 254
GOBO20806-026  Holo #83 18-31 1.5 <a.1 6 43 51 sic 837 7.8 378 238 4.0 163 375
GOSB20806-027 Holo #89 31.37 1.5 <@ 3 49 48 8iC 86.0 7.7 3.98 27.7 155 16.0 3.44
GOB020806-128 Mole #90 o2 25 <01 1 a8 51 sic 841 68 0.37 225 0.69 0.42 0.34
GOB020806-029  Hole #90 2.8 18 <0.1 2 a4 S4 =t 89.8 74 0.44 282 0.78 076 0.56
GUBO20806-030 Hole 290 8-20 1.5 <0.1 L 4t 53 sic 89.0 7.7 0.78 484 1.35 1.86 1.06
GOBIZ0806-031  Hala #91 04 20 <01 2 4 30 cL 653 78 121 109 322 0.85 024
GOBO20806-032 Hole 891 419 12 <g.1 22 87 " siL 853 7.8 465 253 14.5 26.3 5.89
GOB020806-033  Hole 891 19-40 0.5 <01 16 74 10 SiL 799 84 127 2.7 C817 144 190
GOBO0B06-034  Hole 891 40-48 08 <0.1 19 47 34 SicL 80.9 a4 13.7 234 8.1 158 20.0
GOBO20806-035  Hole 991 48-60 X} <a.t 10 68 22 siL 4.3 a3 14.4 25.1 109 170 207
GOSO20806-036  Hole 282 o7 23 <0.1 18 4 a8 sicL 749 7.5 6.7 4.99 1.58 2.0 1.15
GOSN20806-037  Hole #52 7-19 16 <01 12 48 40 sic 882 76 332 276 9.68 10.4 2.42
GOB020806-038  Hole #93 o4 29 <01 50 38 12 L 418 72 077 813 1.04 0.22 0.1
GOBU20S06-039  Holo #93 4.8 2.1 <01 50 a2 18 L 9.4 7.5 [%4] 6.25 1.80 0.14 0.07
GOBOZ0806-040 __Hole £94 -2 6.3 <a. [} 48 44 SEC 85.7 6.8 0.92 4.54 322 1.08 0.54
Pago 1 of 4
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NG € ENERGY LABORATORIES, INC. * 400 W Boxelder Rd * Gillette, WY 82718-5315

Toll Free 866.686.7175 * 307.686.7175 * FAX 307.682.4625 * gillette@energylab.com

LABORATORY ANALYTICAL REPORT

Client: Knight Piesold and Company Report Date: 04/07/08
Project: * 451b Dewey-Bundack Soils Date Recelved: 02/28/08
Workorder: G08020806
Analysls oM Coarse Sand Sin Clay Texure SAT pH-gat EC-sat Ca-sat Mg-sat Na-sat SAR-sat
Fragments paste paste paste paste paste paste
Unhts % % % % % Wit s_u_ mmhas/em  megL megq/L megil. unitless
Sampto ID Cliont Sample ID Deptty Resutts Rosults Rosults Rosults Rosults Results Rosults Rasufts Rasuhs Rasults Rosults Rosaults Results
G08020806-041 Hole £34 28 8 <01 ] 48 44 SiC 878 76 0.66 .55 1.58 161 1.00
G08020806-042 Hole #94 8-20 1.2 6.0 19 41 40 Sic 85.6 75 227 206 5.30 a8 1.08
G08020806-043 Hole 794 20.32 1.0 34 16 45 39 SicL 826 76 3.00 260 9.46 6.36 1.27
GO08020806-044 Hole 294 32-44 1.2 a8 9 49 42 Sic 87.2 76 e 282 18.1 134 284
G0A020806-045 Hole #34 4460 0S8 - 5.0 12 47 41 Sic 87.0 78 522 237 275 294 582
G0B020806-046 Hole #95 02 36 <01 39 43 18 L 46.4 74 0.70 533 236 010 0.05
GOR020806-047 Hola 795 2-8 20 <01 “ 39 20 L 438 76 0.83 7.16 264 0.40 0.18
GOR020806-048 Hole #95 817 1.2 <01 40 4 19 L 395 7.9 065 356 2.66 0.7 0.40
GOR020806-043  Hole £35 17-24 07 <01 35 9 2% L 51.3 83 0.80 1.18 230 873 434
GO8020808-050 3 33 cL €2.7 a3 €.10 158 77 4.7 8.08

Haole £95 24-38 1.0 <0.1 M

10
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ENERGY LABORATORIES, INC. * 400 W Boxelder Rd * Gillette, WY 82718-5315
Toll Froe 866.686.7175 * 307.686.7175 * FAX 307.682.4625 * gillette@energylab.com

LABORATORY ANALYTICAL REPORT

Client: Knight Piesald and Company 040708
Projact: 451b Dewey-Burdock Sods 0228108
Workosder: G08020806

Anatysls B-Hot Se-Hot

H20 H20
Units mg/kg mgkg
Samplo 1D Client Sampic ID Oopth  Reaults  Roaufta
GOBN20806.001 Hole 582 D 03 <0.01
GOB0208068.002 Hole 782 412 03 =001
GO8020806.003 Hole #82 12-17 0.3 <0.01
GOB020B08-004 Hole #62 17-28 03 <0.01
GOB0N20806-005 Hole #82 26-43 o5 <001
G06020806-006 Holo #63 03 03 <0.01
GOB0Z0806-007 Halo #83 317 03 <0.01
GOBO20806-008 Hole #83 17-33 1.9 <0.01
GO8020806-008 Hole #83 33-42 54 002
GOSG20806-G10  Hala 283 42-52 84 004
GOSN20806.011  Hole 883 52.60 52 oa?
GOSO20806-012  Hole #84 o5 1.0 <0.01
G0B020806-013 Hola 254 518 1.6 a2
GOBO20800-014  Holo #04 18.37 28 005
GOBD20806-015  Hola AB4 37-47 29 002
GOS020806-016  Hale #84 47-60 1.8 <0.01
GOB020806-017  Hole #85 02 02 <601
GOS020806-018 Hole #85 27 0.2 <0.01
GOB020806.018  Hole £85 7.17 0s <001
GOBD20B06.020 Hole #85 17-30 os <001
GOSN20808-021  Hole 588 0-2 o2 <0601
G08020806-022 Hole 288 29 04 <Q.01
GOBD20806-023  Hole #88 918 12 <001
GOS020806-024 Hole 789 0-2 03 <001
GO8020806-025  Hole #89 2.18 0s <0.01
GOSO20806-0268 Hale 789 18-31 1.3 002
GOB020806-027 Hole 289 31.37 .5 0.01
GO8020806.028 Hole £00 02 03 <0.01
GOS020806-029  Hale 290 2.2 04 <«<Q 0t
GOBU20B0G-030 Hole 290 820 oa <0.01
GOB020806-031  Hole 291 2% 0.2 <601
GO8020806-032 Hola 891 4-19 02 0.02
G08020806-013  Hola #81 19-40 1.5 0.07
GO80206806-034 Hoale 91 40-48 1.0 0.08
GOS020806-035 Hale #91 48-60 1.0 0.10
GOBN20806-036  Hole 502 07 0.2 <0.01
GO8020806-037 Hole 292 719 0.7 <0.01
GO8020808-038 Hale 283 0-4 <01 <001
‘GOBD20806-039 Hole 293 4-8 0.1 <0.01
GOSD20B06-040 _Hole 894 02 [-X:] <0.01
Page 3of 4
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LARORATORIES
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ENERGY LABORATORIES, INC. * 400 W Boxelder Rd * Gillette, WY 82718-5315
Toll Free 866.686.7175 * 307.686.7175 * FAX 307.682.4625 * gillette@energylab.com

LABORATORY ANALYTICAL REPORT

Client: Knight Piesald and Company Report Date: 04/07/08
Project: 451b Dewey-Burdock Soils Date Received: 02/28/08
Waorkorder: (08020806
Analysis 8-Hot Se-Hot
H20 H20
Unlts ma/kg mg'kg
Samplo D Ctiont Sampto (D Depth  Rosults  Rosults
G08020806-041 Hale 204 248 04 <0.01
GO3020806-042 Hole £'94 8-20 0.5 <0.01
G0B020306-043 Hole £94 20-32 07 <0.01
GOBD20806-044 Hale 294 32-44 1.1 <0.01
GOB020806-045 Hale 794 44-60 0.8 0.02
G0B8020806-046 Hole #35 0-2 0.2 < 0.01
GO8020806-047 Hole 295 28 [ R ] <001
GOB020B06-048 Hole #95 8-17 ot <0.01
GOB020806-048 Hole #95 17-24 0.2 <0.01
GOB020806-050 Hole #95 24-38 1.5 0.15



Powertech (usa) Inc.

APPENDIX 2.6-E
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Unitod States Department of Agriculbure

ONRGS

Matural Retourites Consenvalion Sendon
200 Fouith Slraat S Phane: (805} 382.1200
Huran, South Dakala  &7I80 Fax: (G05) 355-15T0

Septermber 5, 2008

Mr, Adayn Baitke
BIS Ervdronnmgntal Assaclates, Ine.
PO, Box 3487

Glilette, Wyaming 82737

RE: Maps for Custor and Fall River Coualies, South Dakota {SO)

_Drear Mr, Beilke:

Attzched are e prime and important farmlasd maps you reguested for the Sections in Townghip 8 and 7
Nosth and Range 1 East in Cusler and Fall River Counfias in SD.

* important farmiand s land, i 3Sdition (0 peine and unijue farmiands, ihat is of statewide importance for

tive production of food, feed, fiber, forage, and oif seed erops. Critera for dedining and dehnaatlng this
land are 1o be detesmined by the appropriate siate agency or agencies.

Genemﬂy additlons! farmiands of atatewida impartance includa thossa thal ara nearly peimo fanmiand and
that economically praduce high yields of crops when reated and managed according to acceptabie
farming mathads. Some may preduce as high a yield as prime farmiands i conditllons are favarable.
Below i the crileria wa use in detarmining Important farmiand By South Dekota;

A map unil is "Farmland of Slalewide Impostance® If SO percent or more of named Componenls mest the
Criterla and the Lend Capabiity Cigss of all named componants is Class 4 or lass.

Mesic or frigid emperatura regima
Available Watar Gapacily (AWC): 5.00 or Better (high) in lop 40 inches,
pH: 4.5 - 8.4 in lop 24 inchws
EC: less han 8 in 1op 34 inches
SAR: 233 than 15 in top 24 Inches
Surface Fragments > ¥ in; legs than 10%
 \Water eroslon: Kw'slope Representative Value < 3.
Wind Esasion: I*C < &D.
Flooding ar Ponding: Less than Frequent
Wainess: High Waler table > 6 inches,
Mapunit is not prima famland under all conditions

IF 1 ¢am B 2 further assistance, do not hesitate o led me know.
Sincerefy,

"‘“2’{7%/ g

DANIEL SHURTLIFF
Acting Stale Soll Sclentist

Attachments

cc: Kory Bossart, DC, NRCS, Hot Springs FO

Helping Paapla Help (e Land
A Bl Cpposaity foavdiy dad Sirpiiyey
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Farmiand Classification-Cusier and Penningion Counties, Black Hills Parts, South Dakota: and Fall River County, South Dakota

(BKS Env 7S 1E)
MAP LEGEND MAP INFORMATION
Area of Interest (AON) [E Prime tamiand ¥ = Oceans Qﬂwmmmmmmﬂﬁp\m
Area of nteres: subsoied, e Viewing scale and printing scale, however, may vary from
e remoning the root | — Gy the original. Please rely on the bar scake on each map sheet for
Solls Mty e g Transportation Proper map measurements.
Soil Map Units [] Prime tarmiand & =
and e prochuct of | {soil Hth Ralls Source of Map:  Natural [ s
Soil Ratings ‘erodibiity) x C Roads. Web Soil Survey URL:  hitp /fwebsoilsurvey.rros usda gov
[C] Mot prime fanmiand facton) does not exceed 00 = = UTM Zone 13N
[C)  Frime arotand ¥ imiguted
[0 A sress e prime and rectamed of pxoess US Routes This product is generated from the USDA-NRCS certified data as
sl arcd Soien e of the version date(s) listed below.
B o Surmioct ¥ dninen) [0 Farniand of statevdde Shule Highvys Soil Survey Arsa:  Custer and Pennington Counties, Black Hills
[]  Prime tarmiand § -_h-:fm ~~  Local Roads Parts, South Dakota
mﬁﬂhﬂlﬂuﬁqw [} Fasmiad e — Survey Area Data:  Version @, Feb 8, 2008
dring the growing semscn []  Fammiand of unique Soil Survey Area.  Fall River County. South Dakota
[]  Prioe tarmiand # imigated Survey Area Data:  Version 10, Feb 6. 2008
[C]  Prima farrmiand # draines! ok sated v vt sl Your area of interest (AOI) incdludes more than one ol survey
and edher Political Fi area These survey areas may have been mapped at different
floading or not frequendly Public Land Survey scales, with a different land use in mind, at different imes, or at
Sooded during the growing o1 o a mumummm_.lnn-pumﬁ
— e U od that do not S
'::‘w"‘w [ Secton mnmwmmwﬁnﬂu
[] Prime tamiand & Municipaliies Date(s) serial images were photographed:  1061; 1984
::,w"' e bty @ i The orthophato or other base map on which the 5ol ines were
flooded during the growing [0 tanAmeas led and y differs from the background
season tre - As a resull, some minor shifing
Veater Faatures dmmwibw\dumﬂwb-wm

Maiural Resowrces
Conservation Service

HNational Cooperative Sod Survey

Wb Soil Survey 2.0

Page 20 5



Farmiand Classiication-Custer and Penninglon Countizs, Black Hils Paris,
Soulh Dakats; and Fab River Counly, South Cakota

BeS Tw 75 1E

Farmland Classification

. _Magunifname || Rtig
Apvats Sickspals Mat préne fanriand

compiex, 0203 :
pescant slopes

BeB Sarrem-res Nat peins fammiand 54 G1%
conpier, Oie 6
pegeeEnt slopes

BrE Sulflatelt fozm, 3t & | Mot prme fammiand 12 (0%
pescent siopes

BsS Sulfiat-Coteeten sl | Mot préme famiand 27 0%
laane, 256 B pancent
slpEs

CoF CanyorrRock ouiesop | Mot peime famedand &7 L%
compex, 15z €0
pescant slopes

Dol Demar-Gaummi- Nat prama fammiand 582 1%
Slckepets conplex, O
o & percent B0PeE .

GD Grummit-Rock oulcrop | Mot preme familand 15 0%
complex, 61 15 :
percent siopes

&F Grummit-Rock ou'csop | Mot prame farmiand ua [L2%
complex, 1512 €0
peseant elopes

HaA Haversonoam, 0422 | Petme famwiand (f ar L%
pescent slepes imgalsg

NE Ninli-2igweld complax, | Nzt prms famiand 13 [.0%
1510 S0 pancen: '
5pEE

ngC Plesra-Grammit clays, 2 | Mot prme famriand 7.3 Ei%
to 9 percen. 60pEE

51 Salanka-Arvada Met primz tamiand 23 0%
compiex, 246
peseant siopes

™ Titord slttoam, 206 | Putme fammland It 335 1%
pescant slepes imgaizd

Fiyie) Zigweid-hIhil complex, € | Mot prime fammiand 15 0%,
I 15 percent EXpes

Aac Fstme fanrdand If £a3 1.5%
o9 pefcent E0peE tmigatzd

AT Anvads foam Mot prams fariand €80 10%

A5S Ascalonfine sandy baam, | Frime fammiand If €64 10%
[ta & percent slopes | Imigatzd

A Nafursl Resourcae: ‘Wzt Soll Surcey 2.8 SIE003
Consarvation Sarvice Nalienas Cozpersiive Sofl Suney PageSals



Powertech (usa) Inc.

Farmland ClassMicaiion—Custar and Renrdngian dcunues, Biack Hils Pars,

! BlS e 7S tE
Sault Dakolz, 3nd Fal River Counly, South Dekois
) Nfgnfnlalddmlmuslm: r— Surmmsny: by Map Unif — Fallwmiar‘cgqgtfs_aum D"Eimf jola )
- Mspumitsymbal. | Mspunifnams [ Rafimg  MeseelnaADl | PardentdlAOL |
Be Samramm siticam Mat prame fanmiand 2817 5%
BeB Saneek sftfoam, 20 & | Fitme famdand If a1 E3%
pesoant slopes mgatza
HpB Saneek sit [oam, Fetme famviand It £6.2 Ea%
tedrock subsiralum, 2| Lvigaiza
o § perceqd 50pes
B Saoakdhurst clay, Zta 15 | Not pms fameiand E6.4 10%
pescent siopes.
nd Colby-Noria slt loame, €| Not prama fanmiand £as 1.5%
o 13 percent eXapes
w3 Divyer [ozmy fine sand, 2 | Mot prme fammiand &7 L%
to 5 percent sOpEE
EaC Scklzy taam;, e o Not pramz faimiand 31 %
pesoent elopes.
GE Grumant-Rock oucsop | Not peena fanmiand onrt] 0%
complex, 3 o 40
pesuent slopee
GsD Grunrnt-Snorna Says, 3| Not préne fammiland £23.3 To%
to 15 perpant slopes
Ha Haverson 0am Pytme famiand if 200 2%
tmgalzd
HE Hisle-Sickspols camplex | Not pame famiand 7339 11.1%
KyaA syleday, B to 2 gersend | Fammland of siaixwide 4662 T 1%
£0pE6 _ tmporiance
KyS ¥yle day, 2 to 4 percen). | Farmland of siatswide 4311 4%
EXIpEE Imperiance
Lo Lohmites €lty clay ioam | Farmiand of sialswite 215 20%
Importance
WEB Manzanoia siky clay Farmiand of siaizwide T 11%
lgam, 2 1o 6 parcerd Imperiance
sXIpEE
WeE Mathias-Midaay-Rock | Not pame fanmiand sg22 %
oulcrop complex, 1St
20 parcen Hopas
No& Norka st lgam, 2 o€ | Patme fammiand If 22K 1.48%
pesent slopee tmgatze
KA, Nunnclsylgam, 0?2 | Fitme famnana If = e
pestent slopes imgatad :
KuE Nunniclay lnam, 206 | Pitme famidand If 1€QS 28%
pescant elopes tmgated
KNug Nunnclay lesm, 509 | Farmiang of siatzwice 233 E%
pescent sigpee nporiance
Pzl Pregre clay, ipa peseent | Farmiand of siatewide Az 1.9%
GXIPEE. Imporiance
RgE Pleqra-Grammmit clays, 5 | Nt pams famiand 7470 1M1.3%
to 25 pertent s}apes
PsZ Plegre-Sarnsll gy, 60 | Not prme famdand 2885 4.5%
25 perceri Sopas
L5 Nafurs] Resaurcas: ‘Wab Soll Survey 2.0 SiE1108
=mll Congervation Sarvics Mallana Cozperathva Soil Sunvey Pagedals
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Farmiand Classication-Custer and Penringion Countizs, Black Hils Pars,
Soulh Dakots; and FaB Rver Counly, South Dekcla

BKZ Zm TS 1E

Rof Aoek cutcrop-Mathias- | Not peme fammiand 527 [03%
Butche compi=x, 30 ta
TS parcen; sfopas
804 Satanta lozm, Eta-2 Futme famiand if 133 2%
pescentslopes - tmigatad
st3 Satantd foam, o § Pulms fasmiand if &8 [LE%
pegcent slopes. Iigatzd
8¢l Saiantaloam, Etad Fammland of sizlewide a L%
pescent siapee lmporiance
SmE Bohamber-Eckiry Mot peéms famaland T4 b 1%
_complex, Qipdk
pefeent slopes
SnE Shingle-Pergese-Rock | Not prame fammiand 1887 28%
CUFCITp COmpEX, 151
AG perceri: slopes
St Satter ofay Fanmiand of siatzwie 2640 BE%|.
imporiance
TaA Tiford slisoam, 02 | Petme tamsand It 427 - 5%
pesTEnt slopee Imlgatzd
Taz Titord siitoam, 230 € | Frime fsmiand If TR0 1.1%
pescent slapes. Imigatzd
w walsr Mot prams farmiand ag 1%
mE Zigwverc-NIRID complex, €| Nat prime fammiand 1605 %
to 0 pervant slapes
| Totats tor Area of anterest jach) £,808.1 100
Description
Fammland classification idendifies map units as gprime farmiand, farmland of
statewide imporfance, farmland of local importance, or unique farmland. [tidentifies
the location and extent of the soils that are best suited to foad, feed, fiber, forage,
and cilseed crops. MRCS policy and procedures an prime and unique farmiands
are published im the "Federal Register,” Vol. 43, No. 24, January 31, 1978,
Rating Options
Aggregation fdethod: No Apgregation Necessary
Tie-break Fule: Lower
L5 Wafursl Rescurcee Web Soll Surey 2.0 BIE008
Conservation Sarvics walionat Coaperziive Soil Suney PageSof &
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Prime and ather Impostar Farmlande~Cusizr and Fermingion Counties, Blact EHS S 75 1E
Hils Pars, South Dakata; and Fall River County, Sou'h Dawota

Prime and other Important Farmiands

This {akle lisis the map units in the survey area that are considered impartant
farmlands. Important éarmlands consist of grime farmland, unigee farmiand, and
farmland of statewide or local impontance. This list does not constitute a
reccmmendation for a particwlar land use.

In an effer to identify the exteni and lecation of important farmlands, the Natural
Resources Conservation Senvice, in cooperation with other interested Federal,
Siate, and local govemment organizations, has inventeried land that can be wsed
for the production of the Nation's food supply. )

Prime farmiandis of major impertance in meeting the Nalion’s short- and leng-range
needs for food and fiber. Because ihe supply of high-quality farmland is limited, the
U.5. Department of Agriculéure recagnizes that responsible levels of governmend,
as well as individuals, should encourage and facfitate the wise use of cur Nalion's
prime farmland.

Prime farmland, as defined by the U.5. Deparimeni of Agriculture, is land that has
the best combinatian of physical and chemical characteristics fer producing focd,
{eed, farage, fiker, and cilseed crops and is available for these wses. |t couwld be
cultivated land, pasiuraland, foresiland, or other land, but it is not urkan or built-up
land orwates areas. The soil quality, growing season, and medsture supply are those
needed for the s¢d fo econemically praduce susiained high yislds of crops when
proper management, including water management, and acceptable faming
methods are applied. In general, pime farmland has an adequate and dependatle
supply of meisiure from precipifation or imigation, 3 favorakble temperature and
groaving season, accepiable acidity or alkalinity, an accepiabls sall and sodium
contend, and few or no rocks. The water supply is dependable and of adequale
quality. Prime farmland is parmeable fo water and air. it is. not excessively eradible
af saiurated vith waier for long periods, and i either is noi frequently floaded during
the growing season of is protected from floading. Slope ranges mainly fram 0 to &
percent. Meore detailed informaticn about the criteria for prime farmland is available
ai the local office of the Natural Rescurces Conservalicn Service.

For some of the sgils identifizd in the table as prime farmland, measures that
overcame a hazard or limitation, such as fieoding, wetness, and droughtiness, are
ne=eded. Onsite evalualion is needed to determ’ne whether or not the hazard or
limitation has been cvercames by carrective measures.

A recent trend iy land use in sames areas has been the loss of same prime farmiand
to indusirial and urkan uses. The loss of prime farmiand to other uses puis pressure
onmarginaliands, which gensrally are more eradible, droughty, andless productive
and camnot be easily culfivated.

Unique farmiznd is land other than prime farmdand that is used far the production
of specific high-value feed and fiber crops, such as citrus, tree nuts, olives,
cranberries, and other fruits and vegetables. It has the special combination of seil
quality, growing seascn., moisture supply, temperature, humidity, air drainage.
elevation, and aspect needed for the sl to econemicaly produce sustainable high
yields of these crops when progerly managed. The water supply is dependable and
of adequate qualily. Nearmess to markeis is an additional consideration. Unigue
farmland is not bassd an national eriteria. it commonly is in areas where there is a
special microclimate, such as the wine couniry in Calfornia.

WD Nafiumsl Resqurcas . Wk S0l Survey 20 /108
=il  Congorvation Sarvice Naitona Cooperative Soll Sursey : Page 1ar4



Pgme and ather Importani Famlands—Cusizr and Fernington Coundes, Blact E&S 2w 7S tE
HHs Pars, South Dakats; and Fak River County, Scus Dawota
tn scme areas, land that does not meet the criteria for prime or vnique familand is
considered io be farmiand of siafewide imporfanse for the preduction of food, feed,
fiber, forage, and oilsesd creps. The criteria for defining and defineating farmland
of statewide imporiance are determined by the approgriate State agencies.
Generally, this land fnchrdes areas of sails that nearly meet the requirements for
prime famland and that ecenomically produce high yields of crops when treated
and managed according to acceptable farming methads. Some areas may produce
as high a yield as prime farmiand if condificas are favorakle. Farmland of séatewide
impeortance may inalude dracts of land that have been designated for agriculure by
State law.
In seme areas thai are nei identified as having naticnal or statewide imperance,
land is considersd to be farmland of local imporiance for the groduwetion of fecd,
feed, fiber, forage, and cZsesd crops. This farmland is identified by the appropriate
lccal agenties. Fammland of local imperiance may include tracts of land that have
been designated for agriculture by local crdinance.
Report—Prime and other Important Farmlands
~ Prims and athe Impostant Farmiande- Custes and Penmingban Courttea, Biack Hllls Parts, Soidh Dakota
Mapsymbal | mepumteame 0000 | FormandClassification
A5 Arad3-SIcKspos complex, 0 1o 2 parcert slopes Nol prme farmiang
Bel Bamum-sVinzill compie, Bto & percent slopes Nat prime farmilang
BrE Bufifiat sif daany, 3 io € parcent slopes Mat prica farmiang
Bs3 Bulfiat-Coadeston SiH lgams, 2 ig & patcent slopes Nat prime farmiang
CuF Cariyon-Rock aulcrop complex, 15 40 Shparcent slopes Naot prime farmlang
DgEi Cemar-Grummit-Siicispots compiex, O 1o 6 pancert sopas Nol pamz farmiand
&0 Grurmmi-Rogt auttop complex, & 90 15 percent slopes Mot peme (armiland
Gif Gaurnmy-Rosk aulerop complex, $5 ta S0 peseent slopes Nat prime farmiand
HaA, Haversan loam, 0 1o 2 percer! Slopas Frme farmland if mgated
NE NIniE-Zigweid complay, 1S to Shpement alepes Naot prisz farmiang
Pgc Pere-Crummit clays, 2 to 9 peroen] slopes Nal peima farmiland
o] Satania-Arvads coempfex, 2 1o 6 parceni sicpas Mot primz2 fammland
hL=) Titerd 81 Igam, 2 10 6 percend siopes Prrna farmiand if Imgated
D Agwseid-NHI complex, & to 15 pestent slupee Mot priFn2 farmlang
— ~ Prime andother imgortant Farmiands—Fal River County, South Dakats.
;| /MapSymbat |  pvepunitName: ~ Farmiland/Claseificalion; )
Aac Afce fine sandy foamy, & fo I pesvent slopes Prime farmiand if Imigated
Ar Anvada 0am Nal prime farmiand
ABS AscEion T2 sandy loam, 0 1o 6 parcent sopas Frime farmiland if Imigated
BC Barmurm el foIm Mol peme tarmland
Bed Beneex sli toam, 2 0 & peseent skopes Frirna farmiland i Imigated
BpB BoneeX glii tnam, badrock sutetratum, 2 io & percerd slopas Prima farmiand if imigated
sl Mafurs] Resourcas ek Soll Survey 2.0 BE/2003
Congzervation Sarvics Nallona) Coopesative Soll Sarvey Dage2afl4
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2¢tme ard ather Importan: Famlands~Custzr and Fermingion Countles, Blasy

' BHS Env 75 1E
Hils Paris, South Dakols; and FaB River County, Souh Dawoda
Broadhurst gy, 2 %0 15 panceni siopes Nat prme farmlandg
Colby-Norka sl Isame, 6 o 15 parcent siopas Naof prima farmilang
Dwayes loarny fine sand, 2 %0 § percent slopes. Mal prme tarmiand
-| Eciley lgam, O o 9 parcent slopes Nal prme farmiand
Grurnmi-RoCT auitnop compiex, 3 to 21 percent siopes Mot prame farmiang
Gaurmi-Sroms clays, 3 i 15 parcen: slopas Nat pemez farmland
Ha Haersan losm Prirne farmiand if imgated
He Hlgle- SICKEpCLE complEx Mal prrna fasmiana
KyA kvle ciay, [ to2 peseent siopes Farmiand of stetoaice Impartance
Kyg Kyle clay, 2t & pestant slapes Farmiand of stxewite Impartanca
Lax Lehmllier sty dlay bam Farmiang of sti=wite ImpanEnoe
WEE Warzanola sy elay loam, 2 to 5 percent Sipes Fammian of stewice Imparance
WE Watrfae-Midway-Rock outorep compiex, 13 10 30 percant slopsE | Nol pree farmiang
Ne& Worka &3t losm, 2 o 5§ percent s0pes ' Prime fanmiland If Imgated
Kué Nurm g3y leam, 4 to 2 pervent slapes Prime farmiand if mgated
NuS Nurin iy loam, 2 to 5 percend 8Xpss Frim2 farmmiand If Imigated
NuC Kuria oy loam, & 10 9 percend 80pSE Famniand of stewice Impartance
Pog Pl olgy, 2 1o 6 percer siopes Farmiand of stalewite Impartance
RgE Pleare-Crumnt cdays, & to 25 percent sapes Mat prme fanmland
= Plssre-Samsll clavs, 5 i 35 parcent sfopes Nol prre fammlang
Fu Fiis, min2 Nal peme farmilang
ReE Rock outorap-Maltas-Sutshe compler, 30 1o 75 percent slopas. | Not prime fanmiand
) Salarda taam, 010 2 percent slopes : Prrna frmiand if Imgated
563 Satsria toam, 2 i € parcent slopes Prme farmiang It imgated
s Salaria boam, 6 ¥ & parcent slopes Fanmiand of strewte Impartance
SmE. Senamber-Sckisy complex, & fo Ak parcent slopes Not prrne farmiand
SnE Shingle-Pennose-Rock CIEETTP compkx, 15 to 41 pesoent slapes. | Nal prma farmilanag
st Sisther ctay Farmiand of sta'entce Inparance
TaA Tittord sitt ivam, 010 2 parcert siopes Pr¥nz fanmiang if Imgated
Tas Tittzed st ioam, 2 10 6 percent sfopes Frima fapmland if Imgated
iY) Water Mot pRme farmland
i Agweld-NTIl campizy, & bo 28 peseant slapes. Not prira farmland
LEDY.  Mafurs) Resgurces: ‘Web S0l Survey 2.0 SE2I08
Congarvation Sarvice Nalionai Cooperalive Soil Survey PageFard



‘Peme and oihier Imponart Farmiands-Cusier and Permingion Coundes, Black EH(S SV 75 1E

Hils Pars, South Daksts; and Fal Rver County, Stun Caloka

Data Source Information

Soil Survey Area:  Cusder and Fennington Counties, Black Hills Parts, South
Eakota

Survey Apza Data:  Version B, Feb 6, 2008

Sail Survey &rea:  Fall River County, Scuth Dakaia

Survey Area Data:  Version i, Feb 8, 2003

LED:  Mahrs] Resources ] et Soll Survey 28 ArEzans
a=l . Congorvaticn Servica Malional Coaperalive Soi Surey Pagedaf4
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Farmisnd Classification—Custer and P gicn Countes, Black Hills Parts, South Dakcta: Fall River Courty, South Dakota; and Miobrara County, Wyoming
(BHS_Farmiand_4)

A ] 3000 £,000 Mo 000

Natural Resources Web Sod 20 w2008
ConmervaSon Service Naticnal Cooperative Soil Survey Page 1065



F fion-Cusier and Penni Counies, Black Hills Parts, South Dakola; Fall River County. South Dakota; and Nicbrara County, Wyoming

(BKS_Farmiand_4)
MAP LEGEND MAP INFORMATION
Area of Interest (MDY Prime tarmland & = Cceans, Oviginal 5ol survey map sheets P ot
Area of Interest (AD() subsodled, completely - scale Viewing scale and prinfing scale. however, may vary from
removing e rool e S——Co the onginal. Please rely on fhe bar scale on each map sheet for
Soils ubiing sol Lnyer Transpontation proper map
Sall Map Unis []  Prime tamiand ¥ imigated Rt .
and the product of | {soil "y Source of Map:  MNatwal Resources Conservation Service
Sod Raings erndibility) x C {climate Roads ‘Web Soil Survey URL:  hitpoiwebsollsunvry. nics. usda. gov
O] Mot prime tarmband ‘Eactor) does not exceed B0 Coordinate Systern.  UTM Zone 130
[]  Prime tameiand ¥ inigated il i e -
] A aress are pre and reciamed of exess . US Roules Thes produc is generated from the USDA-NRCS certified data as
it and sodem of the version date(s) lisied below.
G v Sl ¥ il [[]  Farmiand of statevice S Moo Soil Suvey Arear  Custer and Pennington Counies, Black Hills
[ Prome tarmband O F = ~  Local Roxds Parts, Soulh Dakota
o = Other Rnack Survey Area Data:  Version 10, Aug 28, 2008
.! F 0 F o uricy Sail Survey Area:  Fall River County, South Dekuta
] Prine e P Survey Area Datas  Version 10, Feh 8, 2008
[0]  Prove tarmiane! f crained WL el el e Soil Survey Atea. Niobrar County,
arei elther F Survey Area Data:  Version 8, Mar 4, 2008
flcoding o not irecuertly
lmu:-uhm VoLt Sty Your area of terest (AOH) ndudes more than one sl survey
wasen [] Township and Rarge area These survey arsas may have been mapped at different
Prime tamatand § amgated ] Sedion scales, with & different Land use in mind, st different imes, or at
ard drasreedd. different levels of detail. This mary resull in map unit symbols, sod
D Pri Tiviembant 1 inteepe Tk dios st agren
arcl pdtwe profected fon. o Cies Bcross 50d survey arma boundaries.
finoding or ot irecuendly
Bended e e vy D Untian Areas. Dateys) 1001; 1004
Wisley Features The arfhophoto or other base map on which the soil Bnes were
compiled and digitzred probably differs from the background
imagery displayed on these maps. As a resull some minor shifing
of map i be evident
% Natural Resowrces. Web Soil Survey 2.0 WED08

Conssyvation Service National Cooperative Soil Suney Page 2of 5
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Farmiand Clagstcation-Custar and Penrindion Countizs, Black Hils Pars,
SautheDaketa; Fal Aves Souridy, South Davoss; andNicbrara oy, Wyoming

B¥5_Fammand_4

Farmland Classification

=

an JBIRCK il Parbs, South Dak
of | Mapunfname | 2 Rafng InAOI | ParceptafiAc
Arvacs yargnd foany, & o | Net prme famdand &3
Z parcert slcpes
A5 ArvataSicksools Mot pame fammiand &909 5%
camplex, O3p 2
‘ pestant slopes
Bds Samum vary fine sandy | Petme fammiand If ETA 1.2%
laam, Q {o 3 peroert tmigatad
§l0pas.
Bel Samamm-yires) Nat prime famiand 37 1.5%
campex, 0o € .
pestant slopes
BaE Suihe-Rock culcrap Nat prame famiand 260 3.5%
COMmpyEx, 9 i 6l
resvant slopee
Dg& Demar-Crurmi- Mot peEne fasmiand 8623 ES%
Slickspcts compiex, O
{0 & percent sl0peE
D Grumrnt-Fock ouorop | Mot préme tarmiand 13460 15.6%
campex, 6ip 45 :
pestant elopes
GiF Grumit-Rock owlosop | Mot prime fammiand 1,857.3 2%
COmpEY, 151 €0
pestent elopes
Hah Haversondoam, G iz 2 |Putme famviand it 887 Eg%
Featent elapes. trigalzd
WE SNif-Zigaeid compliex, | Mot preme fammiand I S3%
15 Y0 50 pancent
5apsE
mc Plegre-Grammit clays, 3 | Mot prame famiand &E7.2 6T%
i 9 percea] BOPEE
R A, quamias Mot préme famiand 195 1.7%
S Salantz-Arvada Mat préne famifand Iraa 5%
oomplex, 206
pescent siopes
=] TiEod sitfoam 20 € | Foims tamsland if e 1.8%
pescent siopes imigated
w Warler Mot primz famiand &1 E1%
ZC Agwaid-C3wan Net prame famdand 83 5%
camplex, 24p 95 :
pestant sinpes
bt Digweic-NINID comple, € | Mot prms famiand 333 L%
to 15 percent eapes |
Nakural Resourcee Web Sall Survey 240 AEAI03
Consarvation Servica Natienal Cogperalive Soll Surey Page3ars
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Farmiand Classiicaiion-Custsr and Penringion Countizs, Black Hils Paris,
SaulvDakota; Fal Alves Sourey, South Cavosa; and Nigbrara County, VWyoming

SKS_Fammand_4

~ |Farmisnd Clssattatdn-- Summary by ap Unit — FaIiRIVer County, South Dekioda. -
- imepiumifaymbol | Mapunifname Ratng | AceesinaOl | Parcerts
Bz Samam sltloam Not prime famiand 7.2
GE Srurmnit-Rock ouicrop | Mot prm: famiand v
COmplEx, 3 fo 4k
peseent slopes.
GeD CIUMI-SNoma oays, 3 | Not pame famelang &3 (2%
to 13 peroent slopes
Ha Haverson toam Fitme fameland if as Ol
trigatzd
He Hisle-Slckspats complex | Nat pame fasmriand Qar E3%
KyA Kyleclay, T to 2 pervam | Farmiand of sigtswige a1 jcla )
EXpE6 tmporiance
P8 Plegra clay, 218 pestent | Farmiand of siatzwide 24a GO%
EXp2E tmpceiance
PgE Heqre-Grammit clays, 5 | Not peme fameiand 47 Gi%
to 25 percant slapes
Pu Hite, mine Mot prame familand Qa1 B
5c3 S3lantafoam, 20 & Ftme famaland i 13 0%
pestent siopes trigatad
TaA TiEard sittoam, Odo 2 |Petme famiand If ‘44 1%
FEsTENL Elopes tmaatza
e 2igweid-NIhIb complex, €| Mot prms famsland 13 LO%
Io 27 percant slopes
o [Farmiand|ClassiMoation— Summary by Map/Unit — KSobrara Coundy, Wyoming: )
| mapunifeymbal [ Mapunifname. | Rafng | Accesinsor [ Parcestorsgr
150 Lehmiles-Haverdad Mot paime fammiand aa L%
camplex, saltng, 140 4
pestent slopee
160 Manzanoraslydlay Mot peme fammiand 1.1 Rl
Igam, 0 to € paroen
EXIp26 .
176 Sleqre-Gramimit clays, § | Not prms fammiand 41 L%
lo 25 perpent slapes . .
185 Samtftay-Savageton- | Naot prme famiand 0.4 G0
Hahi 3sseelatian, Ata :
10 percent siopas
P Utm-Forkwood foame, I | Not prme faimiand &35 1%
to & percent sXpRE
To'als fog Area of frleresi {ACH) 71333 ety
Description
Fammland classification idendifies map units as grime farmiand. farmland of
statewide importance, farmland of local impertance, or unique farmland. ltidentifies
the location and extent of the seils that are best suited to joad, feed, fiber, forage,
and cilseed crops. NRCS golicy and procedures cn prime and unigue farmiands
are published im the “Federal Register,” Wol. 43, No. 21, January 31, 1976,
% Nsfural Resqurces Wab Soll Sursey 2.4 SO0
Conssrvatian Sarvice Naliandl Coaperstiva Soll Suniey Pagedals
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. Farmiland Classication-Custar and Penringion Courlizs, Black Hiis Pars, . SK5_Famand_4
SoulhDakola; Fal RivenCouny, South Davods; and Misbrar County, Vyoming

Rating Opt‘ions

Aggregaiion ffeihod: No Aggrepation Necessary
Tie-break Rufe: Lower

LS~ Naflmall Rasourcas Web Soll Survey 2.0 2008
Conservation Sarvics Maliona) Cooperaive 5ol Surey PagESOTS
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Pitme ard ather Importand Farmitands-Custar and Fermington Counties, Blask
Hiis Pars, South Dakots; Fall River Ceunty, South Cakata; and Nicbrara

Couridy, Wyoming

SX5_Famtard_4

Prime and other Important Farmlands

This akle lisis the map units in the survey area that are censidered important
farmlands. Important farmlands consist of prime farmland, xnique farmiand, and
tarmiand of stalewide cr lacal impertance. This lisi does not constitute a
recammendation for a particwlar land use.

tr an effard to identify the exient and lecation of imgoriant farmlands, the Natural
Resources Conservation Service, in cooperation with other interested Federal,
Siate, and local gowermnment organizations, has inventaried land that can be wsed
for the production of the Mation's fod supply.

Primve farmiand is of major impertancs in meeting the Natien's short- and long-range
needs for food and fiber. Because the supply of high-quality farmland is limited, the
U.5. Department of Agriculiure recagnizes that responsibie lsvels of government,
as well as individuals, should encourage and facTtate the wise use of our Nation's
peime fammiand.

Prime farmland, as defined by the U 5. Ceparmend of Agriculture, is land that has
the best combinatian of phiysical and chemical characteristics for producing food,
feed, forage, fiber, and cilseed crops and is available for these wses. |§ could ke
cultivated land, pasiureland, foresiland, or other land, but i is not urban or built-up
land or veatss areas. The soil quality, growing season, and maisture supply are thase
needed for the sc to econcmically preducs sustained high yisids of crops when
proper management, including water management, and acceptabls faming
methods are agplied. In general, prime farmiand has an adequate and dependable
supply of meisiure {rom precipifation or imigation, a {avorakle temperafure and
growing season, accepiahle acidity or alkalinity, an accepiable salt and sodium
conient, and few or nc racks. The water supply is dependable and of adequate
quality. Erime farmland is permeabls to waler and air. it is not excessively ercdible
ar saiurated with waler for long periods, and it either is noi frequently flocded during
the growing seasen ar is prelected from floading. Slope ranges mainly rem O 1o 8
percent. Mare dedailed informaticn about the criteria for prime fammland is available
at the local efiice of the Natural Resources Gonservalion Service.

For some of the soils identifizd in the table as prime farmland, measures {hat
averceme 3 hazard or limitatian, such as fizoding, wetness, and droughtiness, are
needed. Onsite evaluaticn is needed to determine whether or not the hazard or
limitation has been cvercame by corrective measures.

Acrecent rend o land use in same areas hias been the loss of seme prime farmfand
to indusirial and urkan uses. Th= loss of prime fanmiand to other uses puis pressure
cnmarginallands, which generally are more eradible, droughty, andless productive

_and cannot be easily cultivated.

Unique farmiand is land other than prime farmland that is used far the production
of specific high-value food and fiber crops, such as citrus, tree nuts, olives,
crankerries, and other fruits and vegetakles. It has the special combination of soil
quality, growing seascn, moisture supply, temperaiure, humidity, air drainage,
elevation, and aspect need=d for the 5o to econemicaly produce sustainable high
yields cf these crops when preperly managed. The water supply is dependable and
cf adequate gualily. Nearness to markeis is an additional consideration. Unigue
tarmland is not based on national criteria. it commonly is in areas where there is a
special microclimate, such as the wine couniry tv Califernia.

(5% Nalurel Resources VWEE S0 Survey 29
=B conservation Sarvice MNalional Caaperalive Soll Sumey
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Powertech (usa) Inc.
Patme and ather Impostani Famlands~-Cusizr and Fermington Cauntles, Blagk SK5_Famand_4
Hils Paris, South Dakota: Fal River County, Soulh Baksta; and Nlcbrara
Couriy, Wyoming
In scme areas, land that does not meed the criteria for prime or unique farmland is
considzred 1o ke farmiand of sisfewids imporfance for the production cf food, jeed,
fiber, forage, and oilsesd creps. The crileris for defining and defneating farmland
of statewide imporiance are determined by the approgriate State agencies.
Generally, this land mcledes areas of soils that nearly meet the requirements for
prims farmland and that economically produce high vields of erops when freated
and managed according to acceptable faming methods. Some areas may produce
as high a yield as prime farmiand if condilions are faworable. Farmland of statewide
impertance may include fractis of land that have béen designated for agricahure by
Siate law.
In scme areas that are nei identified as having nalicnal or statewide imperance,
land is considered to be farmisnd of local imparfance for the production of feod,
feed, fiber, forage, and o@sesd crops. This farmland is identified by the apprapriaie
local agencies. Farmiland of local imperiance may include tracts of land that have
heen designated for agricuture by lezal erdinance.
Report—Prime and other Important Farmlands
" Prima:an other mpoetant Farmiands— Custer and Pannington Courties, Biack HIlls Parts, SawhDakats
*Mﬁﬂsml i ] o mapumt Name 7 - ,- © Fammiand Cisssincation
Aph Anada vanant foam, G to 2 percent slapes Nai prm2 fammland
AB4, Anad3-SUECKERGEE complex, O 1o 3 parcert slcpes Mol prime farmiland
BA Barmnum very fne sanay leam, 010 3 parcent sopas Frrne fanmiand If Imgated
BeA Bamurm-¥n=itl compley, B to & percent ekipee. ot prme farmiand
BME Hulche-Rock cutcrap commplex, 3 1o €0 percent slopes Nai priree farmiand
DgE Cemar-Grummit-Slickspsts complex, O 16 percent sfopas Mol prras fammilang
G Grurmni-Rost outtrop compley, &0 15 percent slapee Not perme farmiland
GfF Grurnmi-Foct oulop compley, §6 to 50 pestent sispes Mot peirne tarmiang
Hab, Haversan. laam, 0 fo 2 peroedt sfopes Prima farmiand If imgated
NE NIIE-2gweld Gamplex, 15 ta S0 pectent skipes N3l prme farmiland
R Prar=-Grunnit clays, 2to 9 percent sopes Nal pire farmiand
o} Pis, quarizs Nat prime farmiland
S Salariz-Arvada compiex, 2 1o € pancent slopas Mot prime farmland
e Tiiford =it Izam, 2 10 6 parcer sopes Frim2 fanmiang If Imgated
W Viater Nol prrne farmiang
Z&C AguEd-Canyen compiex, 2 10 15 peroent sopes Not prme farmland
2] Agesd-M coenpley, & t0 15 pescent slopes Mot prme farmiland
1 ______ rime and afher imgortant Farmianite-— el Rbver Coa
Mepsymval | seputwame | Ferciand Class
Be Barmum sl foam- Mot prme tarmiland
GE Grurnmi-Rock autcrop commpies, 3 o £ percent slopes Mol prime farmland
GsD Geurmm-Snome clays, 3 1o 15 parcend sfopes Nat prime farmiland
WEDA  Natursl Respurces ‘Wb Sol Survey 2.0 I8
==l conservation Sarvice Naltonal Cooperaiiva Soil Suniey Page2al3
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- 2utme and oiher Impostars Farmiands-Custar and Fermngion Countles, Blagk 5X5_Famntard_4
HHs Paris, South Dakels; Fall Afver County, 2outh Cakala; ard Kicbrara
Couriy, YWyoming
Primia arig atherimgortant Farmlands— Fsll River County, South Dakata
MEPSYT“DOI ; - map: Ut Name ' Farmiand ﬁiﬁaﬂlﬂqﬂﬂlm
Hai Haversan Izam Primz fammland If Imgated
He Hisle- SICKEROte comPES Mal prime farmiand
KyA Kyle day, [t to. 2 pescent slopes Farmiand of stx'ewice Imparance
Pz Pramre oy, 2 106 parcerd siopes Farmiand of sta'saice Impatano:
PgE PlecTa-Grumist clays, &1o 235 percent slapes Mot prime tarmilang
Pu Pis, min2 Naoi prime farmilang
5c3 Salaria doam, 2 in € pancent slopes Pritna farmiand if Imgated
TaA Ttferd st leam, 010 2 parcend siopes e farmiana if imigated
= AgvsEs-NFl complex, 5 to 21 pement slopes Nat prime farmland
) ' Prims;and otner mpostant Farmlands~Niobears Couty, Wyorming S
‘Mapgymbolf  Mapuntesme 0000 | FarmiandClassification
L] Lotrlisr-Havestisd compisx, Salne, 1 io 4 peroeat slopss Nat prire farmiand
160 Wareanola sy oy lear, &to & percend. slopes Nat prima farmland
173 Pae-Crumnt days, & (025 percent spes Mot prirz farmilang
185 Samd3y-Savage’on-5ahl assodation, J i 10 percen sopes Not primne farmilanagl
2 Ulm-Foskaood foams, [ta § pescent slapes. Nat prirna fammiand
Data Source Information
Seil Survey Area:  Cusier and Pennington Counties, Black Hills Parts, South
Dakota
Survey Arsa Data:  Version 11, Awg 26, 2008
Soil Sureey Area:  Fall River County, Scuth Dakeia
Survey Area Data:  Version 10, Feb 8, 2008
Soil Survey Area: ‘Miobrara Cournty, Wycming
Survey Area Data:  Version &, Mar 4, 2008
54 Nafurs) Resgurces Web Soll Surey 2.0 AN
Sul  congorvation Sarvics Nalicnat Copperaiive Soll Suney Page3all
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ADDENDUM 2.6-F
SITE PHOTOGRAPHS
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Photo 1: Hole 17 Profile

Photo 2: Hole 17 General View W




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 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 11: Hole 41 Profile

B

Photo 12: Hole 41 General View W
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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




Photo 18: Hole 50 General View
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Photo 20: Hole 56 General View
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Photo 22: Hole 57 General View ESE
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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 28: Hole 64 General View N
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| Photo 29: Hole 72 Profile
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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 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 40: Hole 77 General View N
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. Photo 42: Hole 79 General View NE
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Photo 44: Hole 82 General View E
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. Photo 45: Hole 83 Profile
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Photo 46: Hole

L34
-

83 General View N
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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 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
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. Photo 56: Hole 90 General View
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Photo 58: Hole 91 General View N
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Photo 59: Hole 92 Profile
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Photo 60: Hole 92 General View N
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Photo 61: Hole 93 Profile
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Photo 62: Hole 93 General View N
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Photo 64: Hole 94 General View SSE
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Hole 95 Profile

Photo 65

Hole 95 General View N

Photo 66
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APPENDIX 2.6-G
USGS EARTHQUAKE DATABASE RESULTS



science for a changing world

NEIC: Earthquake Search Results

u. 8. GEOLOGICAL SURVEY

EARTHQUAKE DATA BASE

FILE CREATED: Mon Apr 7 18:18:37 2008

Circle Search Earthquakes= 10

Circle Center Point Latitude: 43.300N Longitude: 103.
Radius: 100.000 km

Catalog Used: PDE

Data Selection: Historical & Preliminary Data

CAT YEAR MO DA ORIG TIME LAT LONG DEP MAGNITUDE
DIST

km

PDE 1975 05 16 055701.50 43.24 -103.68 5

19

PDE 1987 01 01 080224.07 42.79 -103.48 5 3.50 LgGS
66

PDE 1992 11 02 065410.34 42.74 -104.39 5 3.00 MLGS
73

PDE 1994 03 18 225143.15 43.40 -103.50 5 2.80 LgGS
34 ' o

PDE 1994 03 20 071506 43.40 -103.50 5 2.30 LgGS
34 :

PDE 1996 02 06 160836.75 43.98 -103.73 5 3.70 LgGS
76

PDE 1996 04 09 024808.19 43.07 -104.10 5 3.70 LgGS
30

PDE 1996 05 03 074751.53 43.04 -104.02 5 3.10 LgGS
30 '

PDE 2004 01 05 025316.58 43.60 -104.00 5 2.80 LgGS
33

PDE 2004 01 24 040901.30 44.00 -103.20 5 2.50 LgGS

96

900w

IEFM DTSVNWG

NFPO

TFS

3F

5F

5F

3F
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'NEIC: Earthquake Search Results

ug. S. GEOLOGICAL SURVEY

EARTHQUAKE DATA BASE

FILE CREATED: Wed Apr 16 16:32:15 2008

Circle Search Earthquakes= 49 T
Circle Center Point Latitude: 43.300N Longitude: 103.900wW
Radius: 200.000 km

Catalog Used: PDE
Data Selection: Historical & Preliminary Data

CAT YEAR MO DA ORIG TIME LAT LONG DEP MAGNITUDE IEFM DTSVNWG

DIST
_ . NFPO
‘II" km )
TEFS

PDE 1975 05 16 055701.50 43.24 -103.68 5 4F . Lo.oa...
;;E 1976 09 03 041816.20 44.04 -106.15 10 4.80 mb GS )
;g; 1978 01 16 035001.70 42.44 -105.32 5 3.00 MLGS O
;gg 1978 05 07 160619.60 42.30 -101.93 15 4.30 MLGS 5F . ...
;gg 1981 09 13 221629.74 43.04 -101.85 5 3.40 LgTUL 5F . ...,
;gg, 1983 02 13 134444.09 42.23 -105.73 5 4.00 MLGS 4F . ...,
;gg 1983 05 06 061446.95 42.96 -102.20 5 3.30 MLGS .. . ..v....
;g; 1983 11 15 123312.19 43.02 -105.96 5 3.00 MLGS 3F . ...
;;g 1984 05 29 201832.68 44.23 -105.96 18 5.00 mb GS 5F_. .......
;;g 1984 10 18 153023.06° 42.38 —105.72- 33 5.50 MLGOL 6D M .......
;gg 1984 10 18 155737.38 42.37 -105.81 33 4.50 mb GS B oo
ég; 1984 10 18 173827.41 42.41 -105.77 33 3.80 MLGOL ;. C e
181

PDE 1984 10 19 162904.44 42.41 -105.77 33 3.30 MLGS

‘II' 182
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PDE
189
PDE
190
PDE
184
PDE
184
PDE
183
PDE
182
PDE
177
PDE
66
PDE
176
PDE
113
PDE
113
PDE
117
PDE
73
PDE
121
PDE
124
PDE
173
PDE
122
PDE
188
PDE
169
PDE
34
PDE
34
PDE
76
PDE
30
"PDE
30
PDE
176
PDE
104
PDE
185

1984

1984

1984

1984

1984

1984

1986

1987

1989

1990

1990

1991

1992

1993

1993

1993

1993

1993

1993

1994

1994

1996

1996

1996

1996

1998

2000

10

10

10

11

12

12

06

01

02

01

03

11

11

02

06

07

09

10

12

03

03

02

04

05

10

06

04

20
22
24
06
06
17
12
01
09
28
02
05
02
24
30
23
05
10
13
18
20
06
09
03
19
18

13

115108.

111756.

090354.

113852

040452.

093132.

151434.

080224

051545.

045959,

041527

161849

065410

235217

065057

063023.

081235.

041746.

145103.

225143.

63

30

78

.51

33

24

03

.07

80

19

.34

.58

.83

84
50
76
05

15

071506

160836.

024808.

074751.

132757.

162638

181731

75
19
53

97

.32

.73

42

42

42.

42

42

42

42

42.
42.
43.
43.
44,
42.
43.

42.

42

44

42

42.
43,
43,
43,
43,
43,
43,

42.

42

.40 -105.
.40 -105.
32 -105.
.31 -105.
.44 -105.
.36 -105.
.40 -105.
79 -103.
69 -101.
31 -102

30 -102

35 -103.
74 -104

71 -105.
99 -105.
.48 -105.
.40 -103.
.42 -105.
33 -105.
40 -103.
40 -103.
98 -103.
07 -104.
04 -104

09 -106.
62 -103.
.41 .-105.

87

88

72

71

82

73

69

48

90

.50

.50

75

.39

29

37

70

80

87

50

50

50

73

10

.02

06

00

81

33

33

21

33

20

33

20

.50
.10
.20
.30
.90
.30
.00
.50
.80
.00
.20
.50
.00
;60
.00
.70
.70
.70
.50
.80
.30
.70
.70
.10
.20
.40

.30

MLGS
MLGS
MLGS
MLGS
MLGS
MLGS
MLGS
LgGS
LgGS
LgTUL
MLGS
MLGS
MLGS
MLGS
MLGS
MLGS
MLGS
MLGS
MLGS
LgGS
LgGS
LgGS
LgGS
LgGS
MLGS
LgGS

MLGS

3F

5F

S5F

4F

SF .

4F

3F

4F

5F

3F .

.......

.......
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APPENDIX 2.7-A

WATER LEVELS IN INYAN KARA WELLS
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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 RiveqFall River] Lakota | Lakota |Fall RiverFall River] Fuson | Lakota | Lakota }Fall Riverjnyan KardFall 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 JQuarterly] Quarterly] Monthly | Monthly | Monthly | Monthly JQuarterly] Quarterly] Monthly JQuarterty] Monthly | Quarterly} Quarterly
urveye: ell
Casing Elevation,
ft 3641.14 3620.86 | 3610.55 | 3609.26 | 3700.67 § 3704.85 ]| 3736.93 | 3741.16 ] 3741 | 3700.12] 3753.28 | 3731.89] 3745.37
ck Up (We
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
IStick 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 R feet feet feet feet feet feet feet feet feet feet feet feet feet feet
9125/200—7] 3644.25 | 3640.54 3690.47 | 3692.81 ] 3701.3 | 3700.14] 3691.6 3695.95
9/26/200 3715.79
9/27/2007] 3653.72 3679.13 3695.72
10/2/2007]
10/9/2007|
10/26/2007] 3584.35 3690.52 | 3692.81
11/9/2007] 3653.26 | 3644.02 3641.93 ] 3584.61 3679.19 3715.85
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Appendix 2.7-A
Water Levels in Inyan Kara Wells
Eell No. 12 38 49 607 608 609 610 613 614 615 619 622 628 631
Formation Lakota Lakota JFall RiverjFall River] Lakota | Lakota |Fall RiverJFall River] Fuson ] Lakota | Lakota JFall Riverjnyan KargFali Rive
11/14/2007] 3690.27 | 3680.12 3694.86 | 3715.85
11/19/2007] 3701.07 | 3700.07 | 3691.85
11/27/2007 3696.44
1211172007 3690.21 | 3693.83 3696.24
8 3701.39 | 3700.08 | 3690.42
3585.69 3689.85 | 3694.98
3710.04
3688.25 | 3694.6 3696.07 | 3715.68
3641.52 | 3585.21
3689.55 | 3692.63 | 3701.08 | 3700.01 ] 3691.08 371268
3584.9
3691.03 3709.1
3690.99 3709.52
3585.21 | 3584.19 | 3689.81 | 3692.64
3689.45 | 3692.32 3713.64
3701.23 ] 3699.92 | 3690.47 3709.32
3695.87
3585.27 | 3584.45




o0
s

Powerrech (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 RiverjFall River] Lakota | Lakota JFall RiverjFall River] Fuson ] Lakota | Lakota |Fall Riverjnyan KardFall River]
3701.18 | 3699.89 | 3690.06 3709.14
3652.22 ] 3643.95 | 3639.69 3689.09 | 3692.45
3689.69 3709.29
3585.49 | 3584.47 § 3688.86 | 3692.22
n 3] 3| 4 8] 3 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 +/- (measured depth or measured pressure)

Conversion of pressure measurement (psi) to head (ft) uses density of water at 4C
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Appendix 2.7-A
Water Levels in Inyan Kara Wells

650 668 680 681 685 688 689 694 695 696 697 698 3026 8002 8003

Lakota [inyan Karg Lakota |Fall RiverJFall RiverjFall River] Lakota jFall RiverjFall Rive] Lakota | Lakota JFall River] Lakota Lakota | Unknown

sS FF sS FF FF ss FF FF FF FF FF ss s FF FF

Quarterly] Quarterly | Monthly | Monthly 1 Monthly | Monthly | Monthly | Monthly | Monthly | Monthly | Monthly | Monthly | Monthly | Quarterly § Quarterly

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 -0.12 171 -3.13 -1.94 -2.56 -0.23 0.2
urveyed control

Point Elevation,

ft 3821.06 | 3624.14 3543.42 | 3543.16
IStick Up (Controt

Point), ft -0.56 117 1.43 134
R [Calculated
Measuring Point
Elevation, ft 3821.62 | 3625.31 | 3701.68 | 3627.14 ] 3627.97 ] 3701.3 | 3627.39| 3600 | 3600.93] 3599.9 | 3600.25| 3714.48 | 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 feet feet feet feet feet feet feet Feet

3574.83

10/212007] 3682 35 '
10/9/2007] 3650.68

10/26/2007|

11/9/2007] 3662.35 | 3650.68
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Appendix 2.7-A

Water Levels in Inyan Kara Wells
Ee" No. 650 668 680 681 685 688 689 694 695 696 697 698 3026 8002 8003
Formation Lakota [inyan Karg Lakota |Fall River]Fall RiverJFall River§ Lakota JFall RiverJFall River] Lakota | Lakota JFall River] Lakota | Lakota | Unknown
11/14/2007]
11/19/200
11/27/200 3652.99
3579.45
3662.69
3662.68
3662.73

36578.64 | 3563.35

9 3682.13

3649.88 | 3662.41

9] 3681.92
3648.48 | 3634.12 3679.14 | 3680.02 | 3681.89
3662.33
3660.88 3662.22
3630.68 3679.85 | 3679.98 | 3681.77
3685.02
3644.75
3630.26
3648.09 3679.6 3682.13
3661.26 3679.68 | 3681.73
3682
3661.85
3660.56 3669.41
3631.05
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Appendix 2.7-A
Water Levels in Inyan Kara Welis
FVe" No. 650 668 680 681 685 688 689 694 695 696 697 698 3026 8002 8003
Formation Lakota [inyan Kargd Lakota [Fall RiverjFall RiverjFall River] Lakota JFall RiverjFall River] Lakota | Lakota JFall River] Lakota Lakota | Unknown
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
n 51 51 8| 4 0| 6] 4 4 51 0 51 5 6 3 1
Average] 3682.2] 3650.8] 3662] 3642.4) 3663.3] 3684.4] 3648.5] 3631.6] 3680] 367_9.9| 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 (Ib / in?) x 144 (in? / ft?) x 0.01602 (ft* / Ib)
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APPENDIX 2.7-B

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
0.5t 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 U30Og 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 report 'consist's 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 fbllowing information 1s 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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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 Piésold 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 nght Piésold and Co.

The information and analyses contained herein have been co;npleted 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 Pi¢sold and Co. the information présented 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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2.0 Site Charac‘terization

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.  Section 2.2 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 Penhsylvanian 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

DV102.00279.01 - 241 : November 2008
Dewey-Burdock 2008 Pump Test Report Rev 0.doc



Knight Piésold

GONS_ULTI,NG

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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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: Mornson 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/ft]). 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 Déwey portion of the Site,

3
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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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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 (ft*/day).

« Storativity of the Lakota was about 1.0 x 10" (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* fi/day;
storat1v1ty of the Fuson Member was not determined and specific storage was about
7x107 ft.

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 n
lithology; overall transmlssw1ty averaged about 1,400 gpd/ft (190 ft*/day) and
storativity about 1.8 x 10™ (dimensionless); maximum transmlsswlty from early time
data was about 2,300 gpd/ft (310 ft*/day).

Transmissivity of the Fall River averaged about 400 gpd/ft (54 ft*/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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107 to 10 ft/day; storativity was not determined, and specific storage was assumed
to be about 10 ft'.
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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 Piésold, 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 (Dréwings 4.1,4.2,5.1,5.2 and 5.3).

Powertech performed gcologié 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 Piésold personnel.
Aquifer test analyses were performed and this aquifer testing report was written by Knight
Piésold.

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 (Ib/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
Piésold verified the performance of the pumping test equipment by conducting step-drawdown
tests at each site. Thereafter, Knight Piésold performed or supervised pump operations
throughout the constant rate tests together with the datalogger programming and day-to-day
dowploads 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 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 YSI™
flow-through cell with multi-parameter probe that read ficld parameters (temperature, pH,

conductivity, dissolved bxygen 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-Situ™ Level TROLL™
pressure transducers with built in data loggers. The pressure ratings for the transducers range
from 100 to 300 pounds per squafe 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 (DB07-11-11C) 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/archiﬁe3.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
0.4 psi 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.l, 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 fi 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 WinSitu™ 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-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 Y4 NW ' Sec. 32, T.6S, R.1E, 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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« 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).
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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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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 ft*/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 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
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where is indicated, and this slope is used to determine transmissivity of 250 ft*/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 ft*/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 (> = 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
b_eeh 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 ft*/day and the mean and median are close at 251 to 255 ft*/day. The five accepted
storativity determinations ranged from 2.3 x 10” to 2.0 x 10, The geometric mean and median
storativity values are respectively 5.2 to 4.6 x 10°. The median transmissivity of 255 ft*/day and
median storativity of 4.6 x 10 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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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 Y 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. Hereafier, 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.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 fi lateral distance and 100 ft vertical distance above
the screen in pumping well 11-11C. 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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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 deléyed 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., 11-11C, 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 (AquiferWin32™ 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 wélls 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 anisotrof)y 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 1/B, which is implemented in this
analysis as follows:

< /B=1r/((TbH)K)"’
+ T transmissivity of confined Lakota aquifer (assume provisional value of 145 ft*/day)

» b’ thickness of Fuson member aquitard/confining layer (35 ft, based on Drawing 5.3)
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+ K’ vertical hydraulic conductivity of ‘Fuson (107 ft/day from the TVA test,
Section 2.3.2) '

» radial distance (r = 250 ft to well 11-14C and 1,292 ft to well 11-2)
. B well 11-14C=0.11; b well 11-2=057

Figure 5.6 shows the Hantush-Jacob analysis at observation well 11-14C where 1/B 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 /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 1/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 11-11C.
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
transmissivlity of 150 ft*/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 11-11C, 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 ft*/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 w’ > 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 ft*/day and storativity is 2.8 x 10°. 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 (r* = 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 ft*/day and the mean and median are close at 150 and 158 ft*/day. Four accepted storativity
determinations ranged from 6.8 x 10” to 1.9 x 10, The geometric mean and median storativity
values are 1.1 x 10 and 1.2 x 10®. The median transmissivity of 150 ft*)day and median
storativity of 1.2x 10 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 11-11C (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 11-11C 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 fi, 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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Hills uplift (i.c., 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 scen 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 11-11C (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 11-11C. 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 watér 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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* 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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