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APPENDIX D-7 SOIL ASSESSMENT

1.0 INTRODUCTION 

This section describes the soils within the proposed Power Resources Gas Hills Project, 
which is located approximately 50 miles southeast of Riverton, Wyoming. The 1996 and 
1997 fieldwork and report was completed by BKS Environmental Associates, Inc. of Gillette, 
Wyoming; the 1996 and 1997 laboratory analyses were completed by Energy Labs in Casper, 
Wyoming; and the acreage determinations were completed by BRS, Inc. for the December 
1996 submittal, with minor revisions by BKS for the 1997 report.  

This area has been previously surveyed on a large scale by the U.S. Department of 
Agriculture (USDA), Natural Resource Conservation Service (NRCS), formerly the SCS.  
The major objective of the 1996-97 assessments was to define the existing topsoil resource 
within the proposed permit area by: 

1. Verifying the existing NRCS Order 3 mapping and making changes where 
appropriate; 

2) Identifying suitable stripping depths for each map unit within the proposed permit 
area; and, 

3) Providing chemical data to ensure that the outlined suitable stripping depths are 
appropriate.  

The mapping of the soil units and ISL mine units (potential disturbed lands), within the 
proposed permit area, are shown on Plates D7-1E and D7-1W (East and West). The base 
mapping used for the presentation of data is an approximate 1"=500' rectified aerial photo 
taken on August 24, 1996. Field mapping of soil units was completed on this base map.  
Total and potential disturbed acreages were measured on Plates D7-1E and D-1W and 
compared to total permit acreage determined from topographic mapping at the same scale.  
Distortion of the rectified photo due to the relief in the area created an approximate 3% error 
in the photo base and the acreages reported in Table 1 were adjusted accordingly.  
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2.0 METHODS

2.1 Review of Existing Literature 

The soils in this portion of Fremont County and Natrona County were studied and mapped 
to an Order 3 scale by the USDA, NRCS, in Riverton and Casper, respectively. The recently 
published Eastern Fremont County survey was reviewed for the 1996 and 1997 fieldwork, 
and forms the basis for the mapping throughout appropriate portions of the proposed permit 
area. Natrona County mapping is generally in a loose-leaf format; appropriate sections of 
the extreme eastern portion of the permit area were covered by this mapping. NRCS 
mapping unit descriptions and series descriptions were reviewed for concurrence with 
designated units within the proposed permit area.  

Of the NRCS typical profile locations within the Eastern Fremont County mapping, two are 
near the project area, i.e., Cragosen and Milren. The Cragosen typical profile location is in 
Section 16 T33 N R89W near Umetco.  

The NRCS map unit descriptions and the NRCS soils series descriptions, are included as 
Addenda D7-4 and D7-5, respectively.  

2.2. Soil Survey 

Development of the proposed permit area soil map followed techniques and procedures of 
the National Cooperative Soil Survey. Guideline No. 1 (November 1984) of the Wyoming 
Department of Environmental Quality, Land Quality Division was followed wherever 
applicable during the fieldwork.  

An initial reconnaissance of the proposed permit area in 1996 was used to familiarize field 
personnel with the soils in the general area and the existing Order 3 mapping. Soil profiles 
were examined on a widely scattered basis according to physiographic forms to determine 
which soils were likely to occur on specific landscape positions.  

Following the general reconnaissance survey, approximate boundaries between the existing 
Order 3 map units were verified in 1996 and during additional sampling in 1997. Refer to 
the attached soil maps, Plates D7-1E and D7-lW. Actual soil boundaries were delineated 
in the field by exposing soil profiles to determine the nature and extent of soil series present 
on the proposed permit area. Soil map unit boundaries were delineated and/or verified in the 
field on a 1 "=500' photographic map. Refer to Plates D7- 1 E and D7-1W for 1996/1997 
verification points, as well as 1996/1997 soil sampling locations (for analysis). Refer to 
Addendum 2 for the field notes associated with these point and sample locations.  
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2.3. Field Sampling

No formal field sheets were compiled in 1996 for existing series verification points. The 
locations were recorded on the attached Plates D7-1E and D7-1W. Field sheets were 
compiled for those areas where samples were collected for analysis in 1996 and 1997. Soils 
were visually assessed by viewing backhoe pits in 1996 where the material was excavated 
to the paralithic contact or a visually estimated cutoff limit. Samples were gathered from an 
exposed wall after photographs were taken of the profile. In 1997, a truck-mounted Giddings 
or hand auger was used to view profiles. The physical, and when possible, the chemical 
natures of each horizon within the profile were noted in the field. No permanent markings 
of series verification or sampling points were placed.  

2.4. Laboratory Analysis 

Laboratory analysis was conducted on samples collected within the various map units that 
comprise the major portion of the disturbed area. In selected locations, full profiles were 
sampled, e.g., Site S. In 1996, samples were collected below the visually estimated cutoff 
limits for suitable topsoil. Visual characteristics denoting the probable bottom of suitable 
material included: paralithic contact; excess lime content; and questionable salts. Analyses 
generally followed WDEQ Guideline 1 Topsoil Suitability, Table 1-2. Lime estimate analysis 
was also included in 1996 based on field results. In 1997, some surface samples were also 
included in similar analysis to verify suitability. Also, additional samples were collected in 
1997 for reduced parameter analysis that included lime and neutralization potential, as well 
as texture including very fine sand percentages.  
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3. RESULTS AND DISCUSSION 

3.1. Soil Survey - General 

The soils that occur within the Permit Area are typical of the semiarid areas of the western 
United States. The greatest proportion of the upland soils are residual (i.e., developed in 
place) and are formed from weathered sedimentary bedrock. Most developed soils reflect 
the character of the bedrock. The areas of sandy and medium-textured friable soils are 
underlain by sandstone and loamstone, while the heavy clay soils are underlain by shale.  
These soils vary widely in both depth and the suitability of the material for topsoil, which 
depends primarily on the parent material from which the soils have formed.  

The ephemeral stream channels of the permit area are characterized by alluvial soils. These 
soils are developed from a variety of material washed from the uplands and then redeposited 
along the stream courses. The soils formed in alluvium reflect the character of the 
weathered, transported material.  

The soils are generally shallow near the Beaver Rim and deep within the wide valleys, which 
is characteristic of the northern portion of the proposed permit area. Generally, the depth of 
suitable material can be estimated from the landscape position, e.g., ridge vs. alluvial 
drainage. However, sometimes extensive suitable topsoil appears on an atypical landscape 
position, i.e., the south facing slope of the ridge within the southern half of Section 21. A 
more highly dissected landscape was evident in the southwestern portion of the permit area.  
The percent of finer material, clay or silt, was generally greater within this portion of the 
proposed permit area, as is the potential for runoff and subsequent erosion.  

3.2. Soil Mapping Unit Interpretation 

The map unit "M" was added to Plates D7-1E and D7-1W as an Unnamed Torrifluvent. It 
is located in surface areas that have been impounded and/or wet areas that were designated 
possible wetland vegetation types. Oftentimes, the impoundments were created from past 
road construction activity, where the culverts are nonexisting or dysfunctional. In these 
areas, the soil profile has been modified and the quality of the topsoil depends upon the 
amount of salinization. Due to the nature of these areas, disturbance from construction 
activity is unlikely. This map unit was sampled in 1997 as sample locations 130 and 131.  
Topsoil quality varies in these soils, as shown by the laboratory analyses, summarized on 
Table 2b.  

The 1996 or 1997 mapping resulted in no additional mapping units within the Permit Area, 
however, the boundaries did change within and between mapping units. Numerous pedons 
were exposed during the mapping verification of the entire Permit Area. The 1996 and 1997 
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verification series locations and the sample locations, are noted on the attached soil survey 
map. The map unit acreages, which are based on the 1996-97 fieldwork, are provided in 
Table 1. The estimates of the potential disturbed acreage are also included in that table.  

3.3. Evaluation of Soil Suitability as a Plant Growth Medium 

Within the Permit Area, the suitability of soil as a plant growth medium is generally limited 
by physical factors. These include; sandy or high clay textures, and chemical factors such 
as high electrical conductivity (EC), sodium adsorption ratio (SAR), or pH. The marginal 
material is likely found in steep, shale sloped areas near the Beaver Rim, in its immediate 
outwash area or in lowland flats where salt accumulation may be a problem. Higher 
percentages of fine sands in designated areas would make them more susceptible to erosion 
or surface pavement production.  

The most common visual characteristic that limits potential use as a plant growth medium 
appears to be lime content. Often there were strong to violent reactions with diluted 
hydrochloric acid noted in the field, especially at depths greater than approximately 18 
inches. The shallower soils are often limited by the amount of cobble at or near the surface, 
high lime, and high clay or silt percentages. The deeper soils found within or near either 
current or prehistoric drainages contain large amounts of alluvial sand or cobble.  

Three sample locations displayed particularly poor characteristics for a plant growth medium.  
Sample Point T contained high amounts of sodium (reflected in the high SAR's) and a large 
amount of fine material. Birdsfoot sagebrush was common at the surface near this sample 
location, which indicates a general high presence of salts in the profile. Sample Point 130 
indicated relatively high saturation percentages, lime content, and neutralization potential.  
Sample Point 119 indicated high lime and a relatively high percentage of very fine sands.  
The overall series limitations are presented in Table 4.  

Within Mine Unit No.3, the percentage of Rock Outcrop outlined in Table 5 is approximately 
40%. Not every soil series within the Permit Area was sampled for suitability, depending 
on the extent of proposed disturbance and its extent within the entire area. The samples were 
concentrated within those series that were anticipated to be disturbed to the greatest degree.  

Table 2 is a summary table denoting the laboratory analysis. The taxonomic classification 
of each of the sampled series is provided in Table 3. The actual laboratory sheets from 
Energy Laboratories in Casper are attached as Addendum D7-3.  
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3.4. Topsoil Protection

During the delineation drilling, the wellfield installation, and the monitor ring installation, 
the topsoil will be segregated and replaced contemporaneously. Following the delineation 

drilling phase, wellfield designs will be prepared which define the extraction or economic 
limits of the ore body. The wellfield design will include injection, recovery, monitor well 

locations and surface facilities (e.g. header houses, pipelines and power lines). The topsoil 

resource management during the wellfield installation and operation is further discussed in 

Section 3.1.9 of the Operations Plan.  

Since ISL mining does not require the removal of topsoil and overburden for mining, 

calculation of topsoil volumes is not appropriate for all disturbed areas. Estimates of 

salvageable topsoil volumes required for the development of Mine Unit No. 1, including 

facilities and roads is presented on Table OP 6-1 of the Operations Plan.  

The topsoil removal will be directed by qualified personnel utilizing soils mapping and other 

data provided herein. The estimated suitability ranges for the dominant soil series within the 
Permit Area are found in Table 4. The percent of each series within the corresponding 
mapping units is found in Table 5.  
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TABLE 1 
ACREAGES OF SOIL MAPPING UNITS

Proposed Proposed 
Soil Mapping Unit Permit Area Disturbed Area 

ACRES ACRES % 
116 Blackhall-Rock Outcrop Complex, Steep 2427 371 34.3 
131 Coalmont-Milren-Cragosen Complex, Rolling 1605 129 11.9 
136 Cragosen-Carmody-Blazon Complex, Hilly 245 57 5.2 
137 Brownsto-Lupinto Complex, 6-40%* 492 93 8.6 
142 Diamondville-Forelle Association, Rolling 266 0 
148 Forelle-Poposhia Association, 2-12% 73 47 4.3 
157 Havre-Absher-Forelle Loams, 0-6% 01 0 
158 Havre-Forelle-Glendive Complex, 0-3% 1168 240 23.8 
174 Milren-Bosler-Rock River Sandy Loams, 1-12% 808 0 
186 Poposhia-Blazon-Carmody Complex, Hilly 216 0 
208 Sinkson-Almy-Thermopolis Association, Rolling 01 0 
229(D) Disturbed Area 318 41 3.8 
229(R) Reclaimed Area 837 94 8.7 
256 Rock Outcrop-Ustic Torriorthents, shallow- 0' 0 

,, Rubble Land Complex, 30-100%* 
M Unnamed Torrifluvent 28 10 1.0 
R Water Surface (Reservoir) 17 0 

TOTAL 8500 1081 

*Natrona County Mapping Unit 

1 - Not included within Permit Area 
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TABLE 2a 
1996 ANALYZED SOIL INFORMATION AT SAMPLE LOCATIONS 

FOR THE PRI GAS HILLS PROJECT.  

Site Depth SAR Coarse EC pH Sat. Texture B Se 
(in.) Frag.% %

C 54-66 1.9 2.26 
E 36-48 6.2 11.3 
I 24-36 5.8 3.34 
K 36-44 5.4 3.45 
L 16-24 1.83 4.62 
N 0-8 2.22 6.75 
0 0-18 0.33 31.3 

8-18 0.43 2.67 
18-30 1.21 1.71 

R 0-6 0.14 24.6 
S 0-18 1.67 4.37 

18-27 6.72 3.10 
27-40 10.05 4.41 
40-52 10.25 2.30 

T 0-14 26.55 9.30 
14-26 33.93 5.27 

U 0-6 0.84 14.5 
V 0-12 1.12 2.72 

12-22 3.81 7.79 
22-34 9.62 12.1 

Y 0-18 9.57 5.23 
BB 0-18 0.55 4.11 

18-25 2.58 6.17 
25-37 5.10 8.37

0.54 8.5 
0.6 8.8 
0.75 8.7 
2.17 8.4 
1.339 8.38 
.649 8.63 
.732 8.54 
.563 8.53 
.457 8.50 
.625 8.43 
.569 8.50 
.561 8.86 
.242 8.53 
5.312 8.27 
2.837 8.85 
10.6018.38 
.823 8.50 
.535 8.62 
.463 8.71 
.769 8.53 
.583 8.89 
.521 8.45 
.450 8.20 
.595 8.72
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32 
28.5 
37.2 
47.2 
46.8 
40.2 
49.5 
42.9 
39.4 
40.5 
56.0 
53.6 
66.3 
50.8 
66.8 
68.2 
49.1 
57.1 
50.8 
37.2 
53.2 
30.3 
34.3 
32.3

SCL 
SCL 
L 
CL 
SCL 
SCL 
CL 
L 
L 
SCL 
CL 
CL 
CL 
CL 
C 
C 
SCL 
CL 
CL 
CL 
CL 
SCL 
SCL 
SCL

0.01 
0.04 
0.01 
0.02 
0.005 
0.042 
0.019 
0.028 
0.017 
0.011 
0.013 
0.015 
0.035 
0.046 
0.058 
0.190 
0.035 
0.017 
0.023 
0.016 
0.009 
0.010 
0.005 
0.003



TABLE 2b 
1997 ANALYZED SOIL INFORMATION AT SAMPLE LOCATIONS 

FOR THE PRI GAS HILLS PROJECT.  

Site Depth SAR Coarse EC pH Sat. Texture B Se Lime 
(in.) Frag.% %

15-33 0.32 
33-51 1.29 
6-18 0.28 
0-12 0.40 
12-24 0.51 
0-12 0.34 
36-48 5.87 
0-14 3.13 
14-28 2.72 

0-12 N/A 
12-21 N/A 
21-36 N/A 
0-3 N/A 
3-13 N/A 
0-3 N/A 
3-7 N/A 
7-18 N/A 
0-3 N/A 
3-15 N/A 
15-24 N/A

N/A 0.653 7.71 49.6 
N/A 0.890 7.76 44.8 
N/A 0.454 7.78 41.0 
N/A 0.804 7.87 54.5 
N/A 0.755 7.88 52.1 
N/A 0.318 7.88 54.6 
N/A 0.460 8.33 38.4 
N/A 0.848 8.10 71.9 
N/A 0.523 8.26 62.4 

N/A N/A N/A N/A 
N/A N/A N/A N/A 
N/A N/A N/A N/A 
N/A N/A N/A N/A 
N/A N/A N/A N/A 
N/A N/A N/A N/A 
N/A N/A N/A N/A 
N/A N/A N/A N/A 
N/A N/A N/A N/A 
N/A N/A N/A N/A 
N/A N/A N/A N/A

SCL 0.02 <0.002 2.86 
SCL 0.30 <0.002 3.00 
SCL 0.40 0.002 22.6 
SCL 0.40 0.033 1.72 
L 0.40 0.015 2.33 
SCL 0.40 0.010 0.14 
SCL 0.50 <0.002 2.91 
C 0.60 <0.002 7.19 
CL 0.40 <0.002 5.67

SL N/A N/A 
SL N/A N/A 
L N/A N/A 
SCL N/A N/A 
SCL N/A N/A 
CL N/A N/A 
CL N/A N/A 
SCL N/A N/A 
CL N/A N/A 
C N/A N/A 
CL N/A N/A

0.57 
1.76 
3.14 
0.48 
0.38 
0.48 
0.53 
0.48 
0.53 
0.53 
0.86
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110 
110 
119 
131 
131 
132 
137 
130 
130 

101 
101 
101 
102 
102 
103 
103 
103 
104 
104 
104



LEGEND FOR TABLE 2a and 2b

Site Soil MappingUni Sampled Soil Series

C 
E 
I 
K 
L 
N 
0 
R 
S 
T 
U 
V 
Y 
BB 

101 
102 
103 
104 
110 
119 
130 
131 
132 
137

136 Cragosen-Carmody-Blazon Complex, Hilly 
186 Poposhia-Blazon-Carmody Complex, Hilly 
158 Havre-Forelle-Glendive Complex, 0-3% 
158 Havre-Forelle-Glendive Complex, 0-3% 
116 Blackhall-Rock Outcrop Complex, Steep 
131 Coalmont-Milren-Cragosen Complex, Rolling 
131 Coalmont-Milren-Cragosen Complex, Rolling 
116 Blackhall-Rock Outcrop Complex, Steep 
158 Havre-Forelle-Glendive Complex, 0-3% 
186 Poposhia-Blazon-Carmody Complex, Hilly 
186 Poposhia-Blazon-Carmody Complex, Hilly 
158 Havre-Forelle-Glendive Complex, 0-3% 
116 Blackhall-Rock Outcrop Complex, Steep 
136 Cragosen-Carmody-Blazon Complex, Hilly 

158 Havre-Forelle-Glendive Complex, 0-3% 
158 Havre-Forelle-Glendive Complex, 0-3% 
158 Havre-Forelle-Glendive Complex, 0-3% 
137 Brownsto-Lupinto, 6-40% 
158 Havre-Forelle-Glendive Complex, 0-3% 
131 Coalmont-Milren-Cragosen Complex, Rolling 

.IWO 

116 Blackhall-Rock Outcrop Complex, Steep 
116 Blackball-Rock Outcrop Complex, Steep
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Rock River (inclusion) 
Cushool (inclusion) 
Forelle 

Forelle 
Coalmont (inclusion) 
Cragosen 
Carmody (inclusion) 
Cragosen (inclusion) 
Poposhia (inclusion) 
Poposhia Sodic Phase (inclusion) 
Blazon 
Havre 
Diamondville (inclusion) 
Carmody 

Havre 
Glendive 
Blazon 
Coalmont 
Forelle 
Cragosen 
Unnamed Torrifluvent 
Unnamed Torrifluvent 
Blazon 
Havre



TABLE 3 
TAXONOMIC CLASSIFICATION OF THE PREDOMINANT SOIL SERIES 

WITHIN THE PERMIT AREA

Series Name Taxonomic Classification

Blackball 
Blazon 
Carmody 
Coalmont 
Cragosen 
Diamondville 
Forelle 
Glendive 
Havre 
Milren 
Poposhia 
Rock River

Loamy, mixed (calcareous), frigid, shallow Ustic Torriorthent 
Loamy, mixed (calcareous), frigid, shallow Ustic Torriorthent 
Coarse-loamy, mixed (calcareous), frigid, Ustic Torriorthent 
Fine, montmorillonitic Borollic Paleargid 
Loamy-skeletal, mixed (calcareous), frigid, shallow Ustic Torriorthent 
Fine-loamy, mixed Borollic Haplargid 
Fine-loamy, mixed Borollic Haplargid 
Coarse-loamy, mixed (calcareous), frigid Ustic Torrifluvent 
Fine-loamy, mixed (calcareous), frigid Ustic Torrifluvent 
Fine, montmorillonitic Borollic Paleargid 
Fine-loamy, mixed (calcareous), frigid Ustic Torriorthent 
Fine-loamy, mixed Borollic Haplargid
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TABLE 4 
ESTIMATED SUITABILITY RANGES FOR THE DOMINANT SOIL SERIES 

WITHIN THE PERMIT AREA 

Soil Series Depth of Suitable Material Limiting Factors 
(inches) 
Range Median

Blazon 
Carmody 
Cragosen 
Coalmont 
Diamondville 
Forelle 
Glendive* 
Havre 
Milren* 
Poposhia 
Poposhia Sodic Phase 
Rock River 
Blackhall* 
Brownsto** 
Lupinto** 
Inclusions

6-12 
18-24 
0-6 
12-18 
12-18 
36-48 
24-30 
24-36 
24-36 
18-24 

42-60 
0-6

0-6

9 
21 
3 
15 
15 
42 
27 
30 
30 
21 

51 
3 
9 
9 
20

strong alkalinity, high pH 
strong alkalinity, high pH 
cobbles/gravels near surface 
alkalinity, high pH 
alkalinity, high pH 
alkalinity, high pH 
alluviated material 
alkalinity, high pH 
alkalinity, high pH 
sodium hazard 

3 sodium hazard 
alkalinity, high pH 
alkalinity, high pH 
alkalinity, high pH, cobbles/gravel 
alkalinity, high pH, gravel

*Not included in laboratory analysis 
** Maximum suitable depth from NRCS description 

NOTES: 1. For minor inclusions an average suitable depth of 12 inches was assumed.  
2. For map unit M, Unnamed Torrifluvent, a suitable depth of 24 inches was assumed.  
3. For reclaimed lands, 229(R), an average suitable depth of 8 inches was assumed.  
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TABLE 5 
PERCENT OF SOIL SERIES WITHIN EACH SOIL MAPPING UNIT

Soil Mapping Unit/Soil Series Percent of Series Suitable Depth 
(Feet)

116 Blackhall-Rock Outcrop Complex, Steep 
Blackhall loam, 25-45% 
Rock Outcrop 
Inclusions 

131 Coalmont-Milren-Cragosen Complex, Rolling 
Coalmont loam, 2-20% 
Milren loam, 1-8% 
Cragosen gravelly loam, 5-30% 
Inclusions 

136 Cragosen-Carmody-Blazon Complex, Hilly 
Cragosen gravelly loam, 6-40% 
Carmody gravelly sandy loam, 6-40% 
Blazon sandy clay loam, 6-40% 
Inclusions 

137 Brownsto-Lupinto Complex, 6-40%* 
Brownsto cobbly loam, 15-40% 
Lupinto gravelly loam, 6-20% 
Inclusions 

142 Diamondville-Forelle Association, Rolling 
Diamondville loam, 2-15% 
Forelle loam, 2-15% 
Inclusions 

148 Forelle-Poposhia Association, 2-12% 
Forelle loam, 2-8% 
Poposhia loam, 2-12% 
Inclusions 

157 Havre-Absher-Forelle Loams, 0-6% 
Havre loam, 0-3% 
Absher loam, 1-6% 
Forelle loam, 1-6% 
Inclusions 

158 Havre-Forelle-Glendive Complex, 0-3% 
Havre loam, 0-3% 
Forelle loam, 1-3%

0.3*
60 
25 
15 

45 
20 
15 
20 

50 
20 
15 
15 

60 
25 
15 

50 
30 
20 

45 
40 
15 

40 
20 
20 
20 

45 
20

1.3

0.7

0.8

Not Disturbed

2.4

Not Disturbed

2.4
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Glendive sandy loam, 0-3% 15 
Inclusions 20 

TABLE 5 
PERCENT OF SOIL SERIES WITHIN EACH SOIL MAPPING UNIT (CONT.) 

Soil Mapping Unit/Soil Series Percent of Series Suitable Depth 
(Feet)

174 Milren-Bosler-Rock River Sandy Loams,1-12% 
Milren sandy loam, 1-8% 
Bosler sandy loam, 1-8% 
Rock River sandy loam, 1-12% 
Inclusions 

186 Poposhia-Blazon-Carmody Complex, Hilly 
Poposhia loam, 3-20% 
Blazon clay loam, 6-40% 
Carmody fine sandy loam, 3-25% 
Inclusions 

208 Sinkson-Almy-Thermopolis Association, Rolling 
Sinkson loam, 2-15% 

K>Almy loam, 2-10% 
Thermopolis loam, 10-30% 
Inclusions 

229 Disturbed Area 
229(R) Reclaimed Area 
256 Rock Outcrop-Ustic Torriorthents

Rubble Land Complex, 30-100%* 
Rock Outcrop, 30-100% 
Ustic Torriorthents, shallow, 30-100% 
Rubble Land 
Inclusions 

M Unnamed Torrifluvent

Not Disturbed
45 
20 
15 
20 

35 
30 
15 
20 

45 
20 
20 
15

Not Disturbed

Not Disturbed

0 
0.7 
Not Disturbed

40 
25 
15 
20

2.0

*Natrona County Mapping Unit 
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THE STATE OF WYOMING 

JIM GERINGER 
GOVERNOR 

Department of Environmental Quality 
250 Lincoln Street 0 Lander, Wyoming 82520-2848 0 Fax (307) 332-7726 

ABANDONED MINES AIR QUALITY LAND QUALITY SOLID & HAZARDOUS WASTE WATER QUALITY 
1307) 332-5085 (307) 332-6755 (307) 332-3047 (307) 332-6924 (307) 332-3144 

June 26, 1997 

Ms. Brenda Schladweiler 
BKS Environmental Assoc., Inc.  
11.O. Box 6021 
Iaramic, WY 82070-6021 

RE: Topsoil Baseline, PRi! Gas Hills ISL Project. TFN 3 5/93.  

Dear Brenda, 

I reviewed your June 9, 1997 letter concerning soils baseline infobrmation necessary at the PR! 
Gas Hill ISL project. I regret to say I am somewhat conflused about the content of that letter.  
The following comments reflect what I expressed to you in reviews and over the phone: 

I. 1 feel my October 28, 1997 letter to you (attached) and the Soils Completeness comments 
adequately outline what is necessary for a functional soils baseline study.  

2. The major function of requiring the additional "affected area" soils data was to enable 
PRI to formulate the most accurate affected area topsoil balance as possible. This 
information is critical in the formulation of a fuinctional reclamation plan. This concept 
should be the driving force behind your baseline soils data collection program.  

3. Remapping of the soils is not necessary as long as your field efforts show that it wasn't 
grossly mis-mapped originally. I do not want you to delineate out each soils series 
contained within an association mapping unit. I lowever, your field data collection can be 
used to fine-tune the NRCS' soils series percentages bor that association or complex 
within the affected area. Again, the fine-tuning work you do is directed toward the most 
accurate topsoil stripping balance as possible for that mapping unit.  

4. I believe you have some confusion over what you term the "10 acre limit." Soils, unlike 
vegetation communities, do not have a 1 0-acre break off where data are not necessary. I 
continue to believe a minimum of three soil depth determinations would be necessary to 
formulate an accurate topsoil salvage depth for a small (10 acres was my example), 
uniform soil depth map unit. Ifa siall miap unit (Map 1Jnik "M- fir example)



PRI Gas Hills ISL, TFN 3 5/93 
Page 2 

encompasses only 5 acres of afficted land but exhibits a high degree of soil depth 
variability, some additional depth determinations or possible mapping boundary 
adjustments may be in order to arrive at an accurate estimate of the soil resource 
available. Also, if you take three soil depth measurements on a large mapping unit and 
those data are fairly uniform and correspond to the NRCS descriptions for soil depths, 
those three data points can be used to accurately formulate a soil balance for that map 
unit. Again, as stated in the vegetation comments, the field data will direct you to an 
acceptable sample size.  

I lopelfully, these comments will assist you in your baseline data collection. As you have 
probably heard, I will be transfirring to ihe Water Quality I)ivision in the immediate future. If 
you have any questions concerning this letter, please contact Mark at (307) 332-3047.  

JS:js 

attachment 

Sincerely, 

Jack Smith,.  
Sr. Inivironniental Specialist 

xc: Rick Chancellor 
Paul H-lildenbrand - PRI, 800 Werner Court. Suite 230. Casper. WY 82601 
Mark Moxley



BKS ENVIRONMENTAL 
ASSOCIATES, INC.  

P.O. Box 3467 P.O. Box 6021 
GlIltte, WY 82717-3467 Laramle, WY 82070-6021 

(307) 682-3810 (307) 721-5179 
Fax (307) 682-0125 Fax (307) 721-5179 

June 9, 1997 

Mr. Jack Smith 
WDEQ-LQD 
250 Lincoln 
Lander, WY 82520 

Dear Jack: 

Per our phone conversation today regarding the WDEQ Initial Completeness Review (dated 
February 21, 1997) for the PRI Gas Hills ISL Application, the purpose of this letter is to finalize 
proposed additional soil sampling needs for 1997 based on your discussion with BRS/PRI 
personnel. According to Table I in the December 1996 permit submittal, the majority of listed 
map units exceed 10 acres which is the acreage limit for requiring a minimum of three 
samples/map unit. which is what you had requested. The legend for Table 2 in the permit 
submittal describes the soil series sampled for laboratory analysis; eight of thirteen were series 
inclusions within the larger map units, a problem that is often associated with such large scale 
Order 3 mapping. For your general information and review, attached is a table that summarizes 
the information from both of these from the permit application.  

The major question pertaining to additional sampling needs regards the clarification of the 10 acre 
limit discussed with BRS/PRI. Based on our phone conversation today, the 10 acre limit refers to 
the map unit itself not the individual soil series within the map unit. In order to quantify the 
topsoil resource within the proposed disturbed area, two primary concerns must be addressed.  

1) What is the percentage of the major soil series within the map unit, i.e., do the individual 
percentages reflect original NRCS estimates for Eastern Fremont County? 

2) What is the variability of the major series within the map unit in regards to the typical 
profile location for that series described by the NRCS for Eastern Fremont County?



Memo to Jack Smith 
June 9, 1997 
Page Two 

As you stated, your intention is not to have PRI remnap their existing D7 map or rename series 
found within the disturbed area, if they should vary from the original NRCS series descriptions.  
Field observations to address the two issues above will be sufficient Sampling for additional 
analysis should only be done if designated stripping depths in the permit vary substantially from 
that described in the original NRCS survey. Existing soils informauion gathered in the fall 1996 
from the "permit area" and "outside the permit area" (known at that timc) will be used to reinforce 
depth findings for the soil mapping within the proposed disturbed area.  

Jack, I would appreciate any comments you may have as soon as possible since we are 
formulating surtmmer fieldwork plans. Thanik you Ibr your inipul II you have any questions, 
please Icel flee to contact me in Gillette at (307)692-38 10.  

Sincerely, 

Brenda K. Schladweiler 
BKS ENVIRONMENTAL ASSOCIATES, INC

cc. Paul Hildebrand, PRI 

Doug Beahm, BRS



THE AE OF WYOMING 

K..AERINGIER 
GOVERNOR 

Department of Environmental Quality 
250 Lincoln Street 0 Lander, Wyoming 82520-2848 0 Fax (307) 332-7726 

ABANDONED MINES AIR QUALITY LAND QUALITY SOLID & HAZARDOUS WASTE WATER QUALITY 
(307) 332-5085 (307) 332-6755 (307) 332-3047 (307) 332-6924 (307) 332-3144 

October 28, 1996 

Ms. Brenda Schladweiler 
BKS Environmental Associates, Inc.  
P.O. Box 6021 
Laramie, WY 82070-6021 

RE: Soils Work Plan, Power Resources Gas Hills Project.  

Dear Brenda, 

This letter is in response to your September 16, 1996 letter outlining a "Soils Work Plan" for 
the PRI project. The items listed below correspond to your proposed baseline soils data 
collection methods.  

Item 1. Remapping the soils onto a 1" =500' photographic base with delineations of the permit 
boundary and all proposed affected lands is acceptable.  

Item 2. Field verification to adjust and refine the soil delineation boundaries and to formulate 
a topsoil balance is necessary. I agree that the exact number will vary and PRI should 
concentrate on those areas to be affected. Soil stripping depth data need to be collected on each 
of the series and/or associations. The exact number will depend upon how accurately the soil 
mapper can delineate series boundaries from aerial photographs and the accuracy of existing 
RCS data.  

A proposal for a uniform, partial soil stripping program within the monitoring ring remains open 
pending LQD review of the specifics of such a plan. Native soils within this monitoring ring 
will still need field verification for proper baseline series/association delineation and to refine 
unit boundaries. Additionally, field verification of soil depths from within the monitoring ring 
is necessary in the formulation of the specific, uniform stripping plan. For example, verification 
of soil depths will determine if a 6 inch, 10 inch, or 4 inch uniform stripping depth proposal is 
most appropriate.  

Item 3. Lands proposed as "no strip" by the operator due to unsuitable physical or chemical 
characteristics will require some specific physical and/or chemical analysis data to demonstrate 
their unsuitability. For example, if PRI reports that 10 acres of bottomland soils will not be 
salvaged for reclamation due to unsuitable levels of sodium, the application will have to provide



PRI, Soils Baseline 
Page 2 

specific EC and SAR data collected on-site to demonstrate such unsuitability.  

Item 4. Existing RCS soil survey data can be used to describe the general physical and 
chemical nature of specific soil series/associations found within the permit and proposed affected 
area. I do suggest that caution be taken here. In most cases, RCS series descriptions are for 
the "type location" with outlier units of the same series having formed under slightly different 
physical conditions. Field verification is necessary to correlate the existing soils to their "type" 
description.  

Hopefully my views will aid you in formulating the baseline soils section for the PRI project.  
If you have any questions or comments concerning the items in this letter, please give me a call 
at (307) 332-3047.

Sincerely,

Jack Smith 
Sr. Environmental Specialist

JS:js 

xc: Mark Moxley 
Rick Chancellor
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PHOTOGRAPHS
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Left Hand Photo. Sample Point C, Rock River Series (inclusion) within Map Unit 136 

Cragosen-Carmody-Blazon Complex, Hilly.  

Right Hand Photo. Sample Point E, Cushool Series (inclusion) within Map Unit 186 Poposhia

Blazon-Carmody Complex, Hilly.



Left Hand Photo. Sample Point I, Forelle Series within Map Unit 158 Havre-Forelle-Glendive 

Complex, 0-3%.  

Right Hand Photo. Sample Point K, Forelle Series within Map Unit 158 Havre-Forelle-Glendive 

Complex, 0-3%.
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Left Hand Photo. Sample Point L, Coalmont Series (inclusion) within Map Unit 116 Blackhall

Rock Outcrop Complex, Steep.  

Right Hand Photo. Sample Point N, Cragosen Series within Map Unit 131 Coalmont-Milren-.  

Cragosen Complex, Rolling.



ft -- 1I ••.nc.aazr.&nwa -s 

Top Photo. Sample Point 0, Carmody Series (inclusion) within Map Unit 131 Coalmont-Milren

Cragosen Complex, Rolling.

Bottom Photo. Sample Point R, Cragosen Series (inclusion) within Map Unit 116 Blackhall

Rock Outcrop Complex, Steep.



> Top Photo. Sample Point S, Poposhia Series (inclusion) within Map Unit 158 Havre-Forelle

Glendive Complex, 0-3%.  

Bottom Photo. Sample Point T, Poposhia Sodic Phase (inclusion) within Map Unit 186 

< ~, Poposhia-Blazon-Carmody Complex, Hilly.



Top Photo. Sample Point U, Blazon Series within Map Unit 186 Poposhia-Blazon-Carmody 

Complex, Hilly.

Bottom Photo. Sample Point V, Havre within Map Unit 158 Havre-Forelle-Glendive Complex, 

0-3%.



Top Photo. Sample Point Y, Diamondville Series (inclusion) within Map Unit 116 Blackhall

Rock Outcrop Complex, Steep.

Bottom Photo. Sample Point BB, Carmody Series within Map Unit 136 Cragosen-Carmody

Blazon Complex, Hilly.
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fJ~rnp, oI zn.kA. 0AIvpLcz2-3"r ND &jc)1FS,-\1vr.3c



Q TOPSOIL SURVEY FIELD LOG 
n.. n n n n n n noiM ý n n m m n - P t, CA 1,06- ::3)0 'L-CZ F5'z' 1-", r• n) r _ - - -- •o

Sample# -T Sample # __Sample # AA 
Date z9•q £-p- 9 & Date Zq -- =r 9 ( Date &'/ SeP-•-9 

Soil Type fnqpu,•L, -I1u, Soil Type /V P~pjirg((I, Soil Type rnFiP utJJiT- 1-1 
Stripping Depth z Stripping Depth IZ Stripping Depth 1Z. " 

Reason w ETi 4 .C-->N G c-t Reason LWE~n.-,-r J Reason Cc • & •-•-riPr• 

r Aj 1 I C'fil•_ L~.  

Depth Texture Depth Texture Depth Texture 

0 C.L o-- 0 1 o 
7,'-7 V" 21-C'~' 12" OR f/ - 12 

12 -18" 12 -18" 12 - 18" 

18 - 24" 18 - 24" 18 - 24" 

24 -30" 24 -30" 24 - 30" 

30 - 36" 30 - 36" 30 - 36" 

36 - 42" 36 - 42" 36 - 42" 

42 - 48" 42 - 48" 42 - 48" 

48 - 54" 48 - 54" 48 - 54" 

54 - 60" 54 - 60" 54- 60" 

Comment2 Comments Comments 

tu rv- ,i- L-A ° ' L-4-%.,,-ý 
, ) " /- "o c~~CLL L i,,..L t- , ) J ,1.t Wt( rT, k;0- z /' 0-" I ''- .J.'/'=- 1

C -7 '1 ~.: 41 Ni 

Orr1 tt > 

Cýscc c +c-c ii N c zr g jc P " rzi 

C _.) " / - I• >-c ~ . C LA 

Initial -____ Initial • i-- Initial 
Yn P"L&17C -0 CD -fPL~ 1$? 

TO L 83cVwJ•--•"/Z 
(•-- /2rj-:.,,rJon'P-.q



IN

TOPSOIL SURVEY FIELD LOG 

Sample # _ _ _ _ Sample # Sample # 

Date Z '--5 C 9 ( 1 ate Date 

Soil Type/)Q,-pc,--/3( Soil Type Soil Type 

Stripping Depth __ __ Stripping Depth Stripping Depth 

Reason p J -i. S5 Reason Reason 

Devth Texture D Texture Depth Texture 

0- 0"q -_L 0 6" 0 - 6" 

4/ 6- 12" 6- 12 
1-2--18-"I- ZL 12 - 18" 12 - 18" 

I--24" Z1-37 I/ 18 - 24" 18 - 24" 

2 '-4 ---5o 37- + 24 - 30" 24 - 30" 

-"J30 36" 30 - 36" 30 - 36" 

36 - 42" 36 - 42" 36 - 42" 

42 - 48" 42 - 48" 42 - 48" 

48 - 54" 48 - 54" 48 - 54" 

54 - 60" 54 - 60" 54 - 60" 

Comments Comments Comments 

h k3(o .37 

f YxcD 0 -0LC 72,;--37 

Initial /.)/• Initial Initial 

Sc -="



.wf-Cuppc-r -r-o) 

Date 9 -__ _-9-7_ 

IS-% 
Soil Type ~ -~A~ 

Reason

Deeth Texture 

1Z.-~? ZI

36-W4

COMMENTS 

Oh7-2l% GU

SOIL SURVEY FIELD LUG 

Sample I' -)C.l~ 

Date ______ 

'C-Suil Typo J3B 
Stripping DiepthI _____________E 

Reason

Depth Texture.

A 
C-

24-36 

36-48 

48-60 

60+ 

COMJENTS 

Lu. oP ý Al >F- ZOP-ql I/ 

0.,j : 0C- C -r 

,3-I5)

Sample # O~~l~t, 

.onto 9 3 ? l~L 

Soil Typo ~f 

)Stripping Depth

Reasun _ 

.Depth 

,5--7 
12-2-4-

Texture 

A L 

FL-c QocL

0-(-
c2I

48-60 

60+ 

COMMENTS 

A.'G9,~F~-,AJCE' 4A/JCý 

c>. R/nj~V /V, C-fZ 

C~u77/In ,SG 

s""e-&jo/4.0 9&~ 
/?s /- e& Cv) 

0-3gc 

6,-?InP I- 7

p
'N

/

I



Diate -3-___ __7 

Soil Type U AnC (NxrmJTt-c 

S fripping Det(G cfo 

Reason

Depth 

3
Texture

A L-

8-twcn-2) 

GL-

1!5- ?q& 'bICL

COMM4ENTS 

V. C>)= /-/Q CA.C:ý /4 
60T~i AJ nS 

/?/ -oy C9c-C. P 7 

S9M pc~eO: -,3

15 -eq 4-

SOIL SURVEY FIELD LOG 

Sample # 0 
Date 

BuSol Typa 

)Stripping Deptli 'C 

Reason -/2C-c-cj. cJ'% .AA

Depth Texture.*.-

o-.kC A ZD#

*;Depth 

0-12

Texture 

A/7 cz, 7
0 c // &f, r,.

* II'%-.42-24 (, =C-M3

M4-36 &~2~ 

36-48 

48-60 

60+ 

COM*ENTS 

C~P)LC~ (p-L/ 

ID fO1-->- ' : C MPe-41E 

f<21 P J AkX tj a LZ 

CCA el,/OAJA-.

36-48 

£4660 

60+ 

C01OHMENTS 

dZZ

/ -.1

V.fcJ~f 

Sample In7 

UntC 9-3 97W 
9 oil Type1/?? 

Stripping Depth ..l 

Rlea sonr/c.ccV ~7~~A

12 2 3 -1 Z

Iz- 13 -24--36
4n-*24-36



SOIL SURVEY FIELD LOG 

ýýnPie 9 ns3 Sample 9 O Sample I. 0 
Dat~e 9 3 7 Date -q-____ -c)7g3.  
Soil Type Soiul Typo Jý 8 oil Typo 5 
Stripping Dieptha Stripping Diepth Stripping DepthFS' 

IGI ~~~Fz -f--(ý. G z, Reason C-AF' C. feaaonaCCcX Reason ri~o yo"' Fbc-.  

Depth Texture Dep~th Texture ."Deptis Texture 

0-12 I r2oF T- 0-12 N~o F~i -4q 

12-24e 12-24 1: 2 L 

24-36 24-36 24 36

36-48 36-48 36-48 

48-60 48-60 

60+ 60)+ 60+

*COMMENTS COMMENTS COMMEZITS 

/A -e_0r 5AeCP 7-~ &ncie r-oP 

A.07-#C) 39v



SOIL SURVEY FIELD LOG

Date____ _ 

Soil Type $ 

Sf ripping Depth _> aq 

Reason oiu"> I-/AOC)EPpdzor
LA-)

Depth 

0-~

Texture 

A

24-36 

36-48

COMMENTS 

A/\) Ad -ý ~C 7WXA0f0j 

RX ~CieoL ,'(p

!5 -: 4/ /C7

1.

Sample 0 IZ 

Date 9- - 7 

Soil Type 11U0 

Stripping Depth 0D 

Reason O ei

Depth Texture.

0-12 

12-24 

24-36 

36-48 

48-60 

60+ 

C01*IENTS 

CL) /A0- 12;c7,- er? cD

<=C:) ~ f 

Sample L 

Date g-q~o 

Soil Type 

Stripping Depth, 

Reason 'RAAJ /,ýt~n 

C>oA -" f)c AZý

*Depth 

c.9 Is

A

Texture 

(5 it

,e+6 C L

l5 -a% -f 

48-60 

60+ 

COMMENTS 

CP LfL2 9 -a8+ 
/D fC)&O 7~~- S-- Y) OcE 

Ho i- ~z 
ZT70 7C,-:r.. CoCO

A)o7- S/-,



SOIL SURVEY FIELD LUOG

PQL/Y7O AJT7 

Da te 

Soil Type J 
St ripping Depth q 

Reason ýýAtJ~\ D4 A M e.

Depth 

24 36

Texture 

C-L(

COMMEkTS 

6- oc~r~m A~J 0 
b~&e~Pit

13ý -eq

36-48 

48-60 

60+ 

COKMENTS 

£Lo cfT?t /7cD IJOLJL 

P17-

Samnple 0 1C 

Dnte -9.-q.97 
S oil Type _______/___ 

Stripping Depthl 0 / 

Reasoit O0rcJ7 --P 

;De~ttaTexture

Sample # ______ 

Date77 

Soil Type j 

Stripping DepthI 

NLReason ~-3 fre,~) 

Deptht Texture 

0- A

COMHENTS 

ST r) A- e- c.~cc

DC~o W. 7O 

1:.3 -O C 

CPA c' eo2Kiý0-00

i

0-12 

12-24 

24-36 

36-48 

48-60 

6o4.  

it EI L

24-3fr



SOIL SURVEY FIELD LOG

-I

DatLe c)L -q 

Soil Type11

Sfripping 

Reason 

Depth 

0-)idc9

Depth /7

I3

Texture 

L 
Cc

SILCu

36-48

COMMZERIS 

Coe) cc /7-.D77 

C015W~ 
P07 

I AJ)

Samiple I___ ____ 

Date 

Soil Type 

Stripping Depth IfI 0.ods 

Reason

Depth Texture

0-12 

12-24 

24-36 

36-48 

48-60 

60+ 

COI'UENTS 

\Jq 8ou //o A 

/ (Z ,s

)

Rnniple LI 

Unte 9 -e-9-9 7 
S oil Type /a /

Stripping DeptI(Qp-xAgca4 

Reason __________ 

De~p tt Texture 

24-36 

36-40 

468-60 

60+ 

COMIENTS 

/Djz /U07- 'ai) /Y) Pc.E-C

0



___SOIL SURVEY FIELD LUG

ýple9 Il/-O_ 

Date -q-- 4 

Soil Type_____ ____ 

St ripping Depth S 

Reason (::Q B->L~

Depth Texture

24-36 

36-48

* ~COWY1ETSý 

&45'o ~ 7 4'~ 0. q8o'

Sampule #i /Z 

Date ______ 

Soil Type __)_e____0 ___ 

Stripping Depth .Co'?IZI 

Reason _C 6 & F 1 -4

TextureDepth 

0-12

12-24 

24-36 

36-48 

48-60 

60+ 

COMNTIWS 

* y fflF -- i rEj'L- A-,- TOP 

klF /-(-) cL

)

Sample # [az..  
Da Le.! 9- 1-97 
Soil Type_____ ____ 

Stripping Depthl 

Reasont E, L.7 YU -EeA 

,Dep Lit Texture 

60 

VOMHEs' 
k2--2-4- ( /Ž 

Ooz 1c sic( 
24c~ 36 6

)



SOIL SURVEY FIELD LOG

6a te q 

Soil Type ____ ____ ___ 

Sfripping Depth 0 
Reason __________ __

Depth Texture

12-24, 

24-36 

36-48

COMMEWES 

/ID o Aic r- SPrm PL~7

C. � ,%,�)

24-36 

36-46 

48-60 

60+ 

COM*ENTS 

& -/Z,11 () C* C /D3~~o

)

36-48 

48-60 

60+.  

OOHMjEtTS 

L~cc~~TD A.J cDIC-D 

AbzcP1 7-~ 
/97- OFb 

7~ 33"

Samnple I IZ4______ 

Date 

:'Rol Type a 

Stripping Depth _____________

Reason_____________ 

Depth Texture

flikinjile # Li 

Unte --49-7 

S oil Type /.31 
N~tripping Depth 33 

Reason ___________ 

D epth Texture 

*15 - 335+- ýS(*Cu



Date gQL/.97 

Sail Type Il~: 
Sripping Depth 

Reason __________ __

Depth 

0
,ýdz 

co 

+

A 

0f-

Texture 

S5CL

3 6-48

COMMlENITS 

I N~ý I D 0 e: cp F 

ALA 

AAG7-5 &o /IS 

&~X q %JC -X ~ ~ / T /

SOIL SURVEY FIELD LOU 

Sample 0i aI7_____ 

Date gq-i-9-7 
Soil Typ~ 

Stripping Depth 

Reason ____________ 

Depth Texture.*

,W-24-

24-36 

36-48 

48-60 

60+ 

COMIENTS 

C- /-/Z */OAJ i//LcL.71-S (C 

18-eq"* IAJ ~ dG 

(11A & er)

S oil Type k/11, 

Stripping Dept% _____ 

Reason ~ 

Depth Texture 

24-36

36-48 

48-60 

60+ 

COHIENTS

e�)

AP



SOIL SURVEY FIELD LUG
-l

12-24 

24-36 

36-48

COMMIENTS 

p,17-

Sample #iI$ 

Date 

Soil TypeIl 

Stripping Depth 2 
Reason ýý "ý~

Da te 9-Lq779 

Soil Type _ 

Stripping Depth -7 
Reason <Q aa

Depth Texture 

-7 
0-1

Texture 

CL 

$OL

I.

24-36 

36-48 

48-60 

60+

COMJIENTS 

L uf~-C., 71CC E yt3H yc>.J 

n, D3J'~E f -Pt 
/L.8p5jD=E:Pm O' 

M A e-P1C-I 

mPzT~J0 AL-C =&J 5

-M 1

-G~y)PcC-d:J7

)

S ninple # /13 1 I 
Date 

Soil Type A 

Stripping Depth I 

ý!Rea soat SA ,1CŽLq-A1 -r

Deeth 

U-12 

12-24 

24-36

Texture

36-48 

1i8-60

60+

COMHENTS

5' gQ3 AJS 

/y)

I

Depth 

o-5in 

L2=24-

z



SOIL SURVEY FIELD LOG
-m

KýCple * ________ 

Date9-s9 

Soil Type . U.I.D 
Stripping Depth 

Reason LkJ- 7-d' 

Depth Texture 

3 
o-Ad A 'GL osl-'c.S2L

24-36 

36-48

COMMEWLS 

6uJ#= •.y C'cc2 7-o 
AJoA.-- 710" 

0-- MID"

)

.-,%

Sample U -F1____.  
Date 

Soil Type U_ .Q 
Stripping Depth 0 / 

Reason 

Depth Texture 

0-12 

12-24 

24-36 

36-48 

48-60 

60+ 

CONNENTS 

LUf) 0D67 Cc-JT

Sample .  

Dnte 

Soil Type - j() 

Stripping Depth 0 " 

Reaso __ __ _ __ _ __ _ __ _ 

-Depth Texture 

0-12 

12-24.  

24-36 

36-48 

48-60 

60+ 

COMHENTS 

/A) c•,



SOIL SURVEY FIELD LOG

Da te 9-scr 
Soil Type -UI 

Stripping Depth 

Reason __________

Dept~h Texture

L- -MZ L

12-24 

24-36 

36-48

COMMENTfS

s~z:(

/

A�c��y sci�P�

-I

Sample 0 S BD 
Date q-:5-97 
Soil Type 

Stripping Depth '0 ' 
Reason _______a__e,_____

Depth. Text~ure

U-12 

L2-24 

Z4-36 

36-48 

48-60 

COMMENTS 

T-) i o _-, t C' L --o

)

H #=EQ ? 
Snmp~le # 

Date 9 

S oil Type I I0 

Stripping Depth ______ 

Reason 43.J~ AA ATe~mA(.

D Depth 

$co-qco 
12-24

Texture 

CL

24-36 

36-48 

48-60 

60+

COMMENTS

)POES ,eOn iT) LJ 7

ry) oc-En

1\10tj 7)ý(CA--C-#131 C'4)r-



SOIL SURVEY FIELD 1.0G 

KýPie 0 Sample # _/.______39__ Sample 
Da Le _--_- ___-_ Date D•te 9--.--97 
Soil Type -- jc /r .L (FL -.L J c/ :J T soil Type . oc t -F - w i JT o u Type _--__ ________ 

Sfripping Depth C>),//It Stripping Depth Z Stripping Dept 
Reason Reason S5) eJ-soi" ________,________e__ 

Deeth Texture Depth Texture :Dep tit Texture 

0-12 U-12 ' 

12-24 12-241 12-24 

24-36 24-36 24-36 

36-48 36-48 36-48 

,_ 48-60 48-60 

60+ 60+ 60-+* 

COMMENTS COMMENTS COMMENTS 

SCýý/t-)AJ-'& - 20^cý OC T-- o 
,•q 7 Z . Ca " -, ._ _, .  

• •/ • -- • • • • • •-__-o•.

)



___SOIL SURVEY FIELD 1.0G 

K..4ple I __________ Sample # a peI_________ 
Date 9~-97 Date __________ Date_________ 
Soil Type Soil) TyeS5i Tp 

SrpigDepth Stripping__ Depth Stripping Depth______ 
Reason _______________ Reason S x"ff-p.-1 frll 11[-1 j L-eaeu ____________ 

Depth Texture Deptit Texture -*Deiah1 Texture

0-12 

12-24 

24-36 

36-48

cOI4MElfrs 

09 -C m-uJ fo'A o-

N

o-gdq

Lc~e

36-48 

48-60 

60+

COMIENTS 

A/S.  

57-A) A=a , sqee-Z 

QcZc3~,9~dCA 

/^jv~

)

0-12

)

12-24 

24-36 

36-48 

48-6U 

6U+

COMMENTS
F-

kZ-24-q 

24-3& (5



con

9 (99•



ENERGY LABORATORIES, INC.  
P.O. BOX 3258 * CASPER, WY 02602 * 2393 SALT CREEK HIGHWAY * CASPER. WY 0e601 &- rurtgz+ff£ PHONE (307) 23-O0515 * FAX (307) 234-8639

C

I S,-I+. I" B S SK SR .Teh Lob L0 . It iZ.A

I I I I ~ ~Ix aR IeIpifutxIIwu pRLrfgI I 
9so: 4321 C54 - 66 8.4 0.53 3201 2.7 -1 1.8 12 1.52 0.108 023 0.013 20 SCL _: S322 E 3. - 48 8.85 0.604 28.5 1.5 0.6 4.4 T.i8 2.02 01611 0.25 0.035 561 21 23 SMC 96: s023 124 -38 8.73 0.74 37.2 2.4 0.8 50. 4.08 2.52 0o•m 0.28 0.011 4f 25 29,L ft. 54324 K36 - 44 8.40 2.174 47.2 10.1 2.1 9.3 3.aO 3.42 0.160 0.47 0.020 39 29 32 CL 96- 54325 LIS - 24 8.38 1.339 46.A 9.7 1.7 3.11 1.29 0.57 0,031 0.10 O.O05 56 27 1TSCL 996: -26 PN0 B a 8.63 0.649 402 6.1 1.7 3.1 1.57 0.97 0.0421 0.10 0.042 52 29 19 Csm 96; 54327 0 -.. 8.54 0.732 49.5 7.1 .2 0.5 0.23 4.71 0.0511 0.17 0.019 35 30 3S CL 9e: 5,sm3 0 . 18 8.53 0.S83 42.9 4.5 0.9 0.5 0.30 11.42 0.04A 0.14 0.028 40 24 381L 96: 54329 0O18 30 8.50 0.'•7 39.M 2.8 0.7 1.1 0.86 9.771 0.0" 0.14 0.017 44 19 37L 9: 54330 R -0 8.43 0.625 403 6.3 0.9 0.2 0.10 237i 0.105 0.19 0.011 54 28 o SCL 9t 54331 So -n 1 8.50 0569 56.0 4.2 0.4 1.8 1.18 10.97 0.073 0.28 0.013 23 38 39 C I 96: 54332 818 - 27 8.m 0.51 53.6. 1.2 0.3 4.1 475 10.17 0.053 0.35 0.cOs 24 37 391CL "9: SAM 827 - 40 8.53 0.242 W6.34 10.2 0'? IS 7.111 8.77 0-3s 1.92 0.035 24 37 39 Ct.  go: 54334 840 - 52 8.27 5.3f2 50.8 38.4 1.8 31.7 7.25 9.62 0.121 2.52 0.04 27 30 43 CL 96: 54335 TO - 14 8.85j 2.:•7 68.8 3. 0.3 24.4 18.77 .17 0.242 3.84 0.058 23 45 32 C 96: 54335I 14 . 26 0.38 10.P80 68.2 I.A 700.21 23.99 6.17 0.163 4.87 0.190 22 48 32c 96: 54337 U0 - a 8.50 0.8231 49.1 6.8 5. 1.2 0.59 2.07 0.13 0.37 0.035 s 29 21 SCL 96: 54338 VO - 12 6.62 O0.35 57.1 4.1 1.1 1.3 0.79 2.82 0.077 0.44 0.017 29 36 38 CL.  9g: s5339 V/12 -22 e.71 0.463 $0.8 1.9 0.5_ 0 3. 269 8.92 0.024 0.49 0.23 29 36 35 CL 96: 54340 V'22 34 53 0.769 3721 1.5 0.S 6.8 6.81 6271 0.020 0.57 0.01 44 29 27 CL 96: 54341 YO - 1 8 8X9 0.583 53.21 0.9 0.3i 5.2 6.7? 1.171 0.021 0.24 0.009 39 40 21 -CL 9s: 54342 no0 - 18 8.45 0.521 30.31 4.S 1.31 0.7 0.39 0.521 0.048 0.19 0.010 W 20 I9 SCL M. 54343 9018 - 25 8.20 0.450 . . 1.9 0.7, 2.0 1.83 13V I t .0•2 ISV .Q 4 2 14j.CL 96: 54344 0925 - 37 8.72 0.595 32.31 1.8 0.61 4.0 3.61 2-02! 0.022 0.25, 0.003 0) 21 -- I 91CL 

- Insuff•,-•le ,, Sa e Vo,,,-

Report Approved Dr. ________ 

Ow F:%RE• M7TIE t•e 11 ,F9 •; S2t.1nJ I.s 

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICES

Rook, d84_._.



C
ENERGY LABORATORIES, INC.  Ij ý47 P.O. BOX 3258 * CASPER, WY 82602 * 2393 SALT CREEK HIGHWAY • CASPER, WY 82601 

. 7 PHONE (307) 235-0515 9 FAX (307) 234-1639

C

SOIL ANALYSIS REPORT 

Client: Power Reisoua, Inc. (RKS, Environmental) 
Repon Dat September 29,1997 

1 EI I I I Lmea N4" . Pft.. A - oron,. S V, very Fu 

Saple P Cond Sat., Ca. Mg, Na. CaCO3. tom CaCO3 l DTPA CaCI ti.. .EDPAeoi., Sand, aSnt, Clay. Toutny Sand 
Lab I.D. 0 I.D. S.U.I mmbo/m i moo/I meq/%I m7 o/1l SAR 1% V I 0ton ti'selg 'ig 1ig/p S1 .0 

97- 53171 2 10 15-33' 7.71 0.653 4946 !.80 1.12 0.60 0.32 2.861 28.6 0.057 102 < 0.002 48.0 24.8 .2 SCL 15.0 
97m !3172 110 33-51 7.76 0.0m 44.8 6.05 1.19 2.43 1.*29 3.00 30.0 0.068 .. < 0.002 46.0 27.8 26.2 SCL <1.00 
97- 53173 119 6.18" 7.78 0.454 41.0 3.42 1.07 0.41 0.28 22.6 226 0.139 140* 0.002 60.0 6.80 33.2 SCL 25.5 
97.-53174 131 0-12' 7.87 0.80 54.5 7.30 0.99 0.81 0.40 .-72 17.2 0.^57 :).JO 0.033 52.0 24.8 23.2 SCL 17.5 
97. 53173 131 2-24" 7.88 0.75 52.1 6.15 0.8m 0.96 0.51 2.33 23.3 0.165 140 0.015 47.0 29.8 :2.2 L 12.6 
97- 53176 132 0-12" 7.88 0.318 54.6 2.57 0.43 0.42 0.34 0.14 1.44 0.044 30 0.010 49.0 24.8 26.2 SCL 18.1 
97- !3177 137 36-48 8.33 0.460 38.4 0.83 0.27 4.35 5.87 2.91 29.1 .. <0.002 58.0 .11.8 :0.2 SCL 10.6 
97- •3178 130 0-14" 8.10 0.848 719 441 0.32 4.91 3.13 7.19 71.9 0. ___?_O <0.002 39.00 17.8 3.2 C 36.2 
97.'3179 130 .- 28" 8.26 0523 624 230 0.39 3.16 2.72 5.67 .7).-0 i < 0.002 36.0 78 6.2 CL 18.06

Qn1t Asuance: 
ICon•tlso.il 1n.i, 7.971 3.301 66.4 1 18.55 11.831 13.01 3.34 1 1.381 13.8 0.1 i 3501 0.1441 37.0 1 27.81 33.21 CLl 13.7I 

ITarret Rane •7 82-8.3 2.54-3.531 54.0-76.0 14.0-19.0 1 .25-11.3 1 9.43-13.6 2.82-3.62 I /q N/A I N/A I 0.-i.L" N/A 340.042.0 1 20.0-31.0 1 34.0-39.0 N/A N/"A

Report Approved by: 
dm e:Xispoow z~im.7Ablc3(%oih53171.z

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICES

Re,;iwed B-f C

A •m li• JAVI i--I,, l TI I II I

1



Billing, -Casper - Whene • Rapid Cloy

ENERGY LABORATORIES, INC.  
SHIPPING: 2393 SALT CREEK HIGHWAY - CASPER, WY 82601 
MAILING: RO. BOX 3258 • CASPER, WY 82602 
E-mail: energy@trib.com & FAX: (307) 234-1639 • PHONE: (307) 235-0515 * TOLL FREE: (888) 235-0515

SOIL ANALYSIS REPORT 

Client: Power Resources, Inc. (HIKS, Environmental) 
Report Date: September 29, 1997 

Lime as Neut. Pot., Very Fine 
Sample CaCO3, tons CaCO3/ Sand, Sill, Clay, Texture Sand 

Lab I.D. # I.D. % 1000 tons % % % % 

97- 53160 101 0-12 0.57 5.73 71.0 11.8 17.2 SL 9.60 
97- 53161 101 12-21 1.76 17.6 56.0 28.8 15.2 SL < 1.00 
97- 53162 101 21-36 3.14 31.4 46.0 42.8 11.2 1. 1.60 
97- 53163 102 0-3 0.48 4.78 50.0 21.8 28.2 Sci. 12.4 
97- 53.164 102 3-13 0.38 3.83 63.0 11.8 25.2 SCI. 8.(0) 
97- 53165 103 0-3 0.48 4.78 ,11.0 25.8 33.2 CI. 9.62 
97- 53166 103 3-7 0.53 5.25 45.0 16.8 38.2 Cl. 12.2 
97- 53167 103 7-18 0.48 4.78 56.0 12.8 31.2 SCL 12.0 
97- 53168 104 0-3 0.53 5.25 39.0 23.8 37.2 CL 14.8 
97- 53169 104 3-15 0.53 5.25 36.0 21.8 42.2 C 15.6 
97- 53170 104 15-24 0.86 8.59 39.0 22.8 38.2 CL 13.4

Quality Assurance: 
[Control Soil Analysis 1.38 13.8 37.0 27.8 35.2 CL 13.7 

T'r.,gel Range - N/A N/A I .14.0-42.0 20.0-31.0 1 .14.0-39.0I N/A N/A

Report Approved hy: / 
daic r:\reporLsclietds.97\bks Ciwvsoil\53160.xls

Reviewed By: 7M.
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___ 116=Blackhall-Rock outcrop complex, steep.$T1 This map unit is on 
hills, ridges, and knobs. Slope is 25 to 45 percent. Areas are 
irregular in shape and are 10 to 300 acrtes in size. The native 
vegetation is mainly grasses and shrubs. Elevation is 61300 to 7T500 
feet. The annual precipitation is 10 to 14 inches, the annual air 
temperature is 39 to 45 degrees F, and the frost-free period is 90 to 
110 days.  

This unit is 60 percent Blackhall loam, 25 to 45 percent slopesi and 
25 percent Rock outcrop. The Blackhall soil is on hills, ridges, and 
knobs and Rock outcrop is on escarpments. The components of this unit 
are so intricately intermingled that it was not practical to map them 
separately at the scale used.  

Included in this unit are small areas of Cra3o:en gravelly loam, 5 
to 45 percent slopes; Coalmont loam, 5 to Z0 percent slopes; and Milren 
loam, I to 8 percent slopes. Also included is Blackhall sandy loam on 
slopes of 45 to 99 percent. Included areas make up about 15 percent of 
the total acreage. The percentage varies from one area to another.  

The Slackhall soil is very shallow or shallow and well drained. It 
formed in residuum and slope alluvium derived dominantly from sandstone.  
Typicallyi the surface layer is very pale brown loam Z inches thick.  
The subsoil is very pale brown sandy loam ' inches thick. Soft 
sandstone is at a depth of 11 inches.  

K/ Permeability of the Slackhall soil is moderate. Available water 
capacity is low. Effective rooting. depth is 10 to 20 inches. Runoff is 
rapidt and the hazard of erosion by water is severe. The hazard of 
erosion by wind is moderate.  

Rock outcrop is exposures of soft sandstone and siltstone.  

This unit is used mainly for rangeland. It is also used for 
wildlife habitat.  

"The potential plant community on the Blackhall soil is mainly 15 to 
Z5 percent bluebunch wheatgrass, 5 to 15 percent Indian ricegrassi 5 to 
15 percent needleandthread, and 5 to 10 percent big sagebrush. As the 
range condition deteriorates, Sandberg bluegrass, threadleaf sedge, and 
big sagebrush increase. As the range condition further deteriorates, 
annual grasses and weeds invade. The potential plant community produces 
about 90' pounds of air-dry vegetation per acre in normal years.  
Production varies from 1,200 pounds in favorable years to TOO pounds in 
unfavorable years.
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116 (continued)

The production of vegetation suitable for livestock grazing is 
J-' limited by low precipitationv rooting depth, droughtinesst and short 
growing season. Rangeland management practices such as proper grazing 
use and deferred grazing are needed to maintain an adequate plant cover 
and protect the soil from erosion by wind and water. Additional 
management practices may be needed on rangeland tn1at has deteriorated to 
an undesirable condition. These practices include critical area 
planting, fencing, developing watering facilities, and wildlife habitat 
management. Areas where brush is managed need to have enough ground 
cover remaining to prevent erosion. Grazing should be delayed until the 
soil is firm and the more desirable forage plants have achieved 
sufficient growth to withstand grazing pressure. Slope limits access by 
livestock and results in overgrazing of the less sloping areas.  

$IOIThe Blackhall soil is in capability subclass VIIe, dryland; and Rock 
outcrop is in capability class VIII, dryland. The Slackhall aoil is in 
the Shallow Sandy, 10 to 14-inch ppt., High Plains Southeast range site.  
Rock outcrop has no range site assigned.
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131=CoaImont-Milren-Cragosen complex, rolling.ST1 This 
map unit is on hills, fan aprons, and terraces. Slopes are 
1 to 30 percent. Areas are irregular in shape and are 40 to 
300 acres in size. The native vegetation is mainly grasses 
and shrubs. Elevation is 6,300 to 7,500 feet. The annual 
precipitation is 10 to 14 inches, the annual air temperature 
is 39 to 45 degrees F, and the frost-free period is 90 to 
110 days.  

This unit is 40 percent Coalmont loam, ' to 20 percent 
slopes; 25 percent Milren loam, 1 to S.percent slopes; and 
15 percent Cragosen gravelly loam, 5 to 30 percent slopes.  
The Coalmont soil is on ridges and hillslopes, the Milren 
soil is on fan aprons, and the Cragosen soil is on terrace 
escarpments and hillslopes. The components of this unit ire 
so intricately intermingled that it was not practical to map 
them separately at the scale used.  

Included in this unit are small areas of Bowler fine 
sandy loam, 1 to 8 percent slopes, and Forelle loam, 1 to 20 
percent slopes, in areas of Mirren; and Cushool sandy loam, 
5 to 25 percent slopes, in areas of Coalmont. Also included 
is a soil similar to Milren that does not have the abrupt 
textural chan3e, in areas of Milren. Included areas make up 
about 20 percent of the total acreage. The percentage 
varies from one area to another.  

The Coalmont soil is moderately deep and well drained.  
It formed in residuum and slope alluvium derived dominantly 
from shale interbedded with sandstone. Typically, the 
surface layer is grayish brown loam 2 inches thick. The 
upper 14 inches of the subsoil is olive clay. The lower 7 
inches is olive clay loam. The substratum is olive clay 
loam 7 inches thick. Soft shale is at a depth of 30 inches.  

Permeability of the Coalmont soil is slow. Available 
water capacity is moderate. Effective rooting depth is 20 
to 40 inches. Runoff is mediumv and the hazard of erosion 
by water is severe. The hazard of erosion by wind is 
moderate.  

The Milren soil is very deep and well drained. It 
formed in alluvium derived dominantly from mixed sources.  
Typically, the surface layer is brown loam 3 inches thick.  
The upper 15 inches of the subsoil is yellowish brown sandy 
clay. The next 5 inches is yellowish brown clay. The lower 
part to a depth of 30 inches is pale brown loam. The 
substratum to a depth of 60 inches or more is very pale 
brown loam.  

Permeability of the Milren soil is slow. Available 
water capacity is high. Effective rooting depth is 60 
inches or more. Runoff is slow, and the hazard of erosion
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131 (continued)

by water is slight. The hazard of erosion by wind is 
moderate.  

The Cragosen soil is shallow and well drained. It 
formed in residuum and slope alluvium derived dominantly 
from sandstone.and conglomerate. Typically, 30 percent of 
the surface is covered with gravel and cobbles. The surface 
layer is pale brown gravelly loam 2 inchis thick. The 
subsoil is light yellowish brown very gravelly loam about 10 
inches thick. Soft sandstone is at a depth of 12 inches.  

Permeability of the Cragosen soil is moderate.  
Available water capacity is low. Effective rooting depth is 
10 to ZO inches. Runoff is rapid, and the hazard of erosion 
by water is severe. The hazard of erosion by wind is 
slight.  

This unit is used mainly for rangeland. It is also used 
for wildlife habitat.  

The potential plant community on the Coalmont soi-I and 
the Milren soil is mainly 40 to 50 percent thickspike 
wheatgrass, 15 to Z5 percent green needlegrassq 5 to 10 
percent bluebunch wheatgrasss 5 to 10 percent bottlebrush 
squirreltail and 5 to 10 percent big sagebrush. As the 
range condition deterioratesq rhizomatous wheatgrassesq 
canby bluegrassi and big sagebrush increase. As the range 
condition further deteriorates, annual grasses and weeds 
invade. The potential plant community produces about 1,000 
pounds of air-dry vegetation per acre in normal years.  
Production varies from 19300 pounds in favorable years to 
500 pounds in unfavorable years.  

The potential plant community on the Cragosen soil is 
mainly 15 to Z5 percent bluebunch wheatgrass, 15 to Z5 
percent western wheatgrass, 5 to 10 percent mutton 
bluegrass, and 5 to 10 percent big sagebrush. As the range 
condition deteriorates, threadleaf sedge? and big sagebrush 
increase. As the range condition further deteriorates, 
annual grasses and weeds invade. The potential plant 
community produces about 900 pounds of air-dry vegetation 
per acre in normal years. Production varies from 1,200 
pounds in favorable years to 700 pounds in unfavorable 
years.  

The production of vegetation suitable for livestock 
grazing is limited by low precipitation, short growing 
seasons and, on the Cragosen soil, also by droughtiness and 
rooting depth. Rangeland management practices such as 
proper grazing use and deferred grazing are needed to 
maintain an adequate plant cover and protect the soil from 
erosion by wind and water. Additional management practices 
may be needed on rangeland that has deteriorated to an 
undesirable condition. These practices include brush
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131 (continued) 
management, critical area planting, fencings developing 
watering facilitiest and wildlife habitat management. Areas 
where brush is managed need to have enough ground cover 
remaining to prevent erosion. Range seeding may be needed if a sufficient amount of desirable plants is not present to adequately seed the area naturally. Grazing should be delayed until the soil is firm and the more desirable forage plants have achieved sufficient Srowth to withstand graz'ing 
pressure. Slope limits access by livestock and results in 
overgrazing of the less sloping areas.  

The Coalmont soil is in capability subclass VIe, dryland; the Milren soil is in capability subclass IVet 
dryland; and the Cragosen soil-is in capability subclass 
VIIs, dryland. The Coalmont soil and the Milren soil are in the Clayeyt 10 to 14-inch ppt.s High Plains Southeast range 
site and the Cragosen soil is in the Shallow Loamy, 10 to 
14-inch ppt., High Plains Southeast range site.
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136=Cragosen-Carmody-Blazon complex, hilly.$T1 This map 
unit is on hills and ridges. Slope is 6 to 40 percent.  
Areas are irregular in shape and are 40 to 320 acres in 
size. The native vegetation is mainly grasses and shrubs.  
Elevation is 6,000 to 7,500 feet. The annual precipitation 
is 10 to 14 inchesy the annual air temperature is 39 to 45 
degrees F, and the frost-free period is 90 to 110 days.  

This unit is 50 percent Cragosen gravelly loam, 6 to 40 
percent slopes; Z0 percent Carmody gravelly sandy loam, 6 to 
40 percent slopes; and 15 percent Blazon sandy clay loam, 6 
to 40 percent slopes. The Cragosen soil and Blazon soil are 
on hill and ridge summits and the Carmody soil is on back 
slopes of hills and ridges. The components of this unit are 
so intricately intermingled that it was not practical to maD 
them separately at the scale used.  

Included in this unit are small areas of Blackhall fine 
sandy loam, 6 to 40 percent slopes, and Coalmont fine sandy 
loam, Z to 20 percent slopes. Also included are small areas 
of Bosler fine sandy loam- 1 to 8 percent slopes, and'Milren 
sandy loam, 1 to 8 percent slopes, on fan aprons; and a soil 
similar to Cragosen gravelly loam, 6 to 40 percent slopes, 
with bedrock deeper than 20 inches. Included in some areas 
are Cragosen gravelly loam, 40 to 60 percent slopes.  
Included areas make up about 15 percent of the total 
acreage. The percentage varies from one area to another.  

The Cragosen soil is shallow and well drained. It 
formed in residuum and slope alluvium derived dominantly 
from sandstone and conglomerate. Typically, 30 percent of 
the surface is covered with gravel and cobbles. The surface 
layer is pale brown gravelly loam Z inches thick. The upper 
4 inches of the subsoil is pale brown gravelly loam. The 
lower part to a depth of 1Z inches is light gray very 
gravely sandy loam. Soft sandstone is at a depth of 12 
inches.  

Permeability of the Cragosen soil is moderate.  
Available water capacity is low. Effective rooting depth is 
10 to 20 inches. Runoff is rapido and the hazard of erosion 
by water is severe. The hazard of erosion by wind is 
slight.  

The Carmody soil is moderately deep and well drained.  
It formed in residuum and slope alluvium derived dominantly 
from sandstone. Typically, the surface layer is pale brown 
gravelly sandy loam 1 inch thick. The upper 5 inches of the 
underlying material is yellowish brown sandy loam. *The 
lower part to a dApth of 22 inches is very pale brown fine 
sandy loam. Soft sandstone is at a depth of 2Z inches.  

Permeability of the Carmody soil is moderate. Available 
water capacity is low. Effective rooting depth is 20 to 40
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136 (continued) 

inches. Runoff is rapidv and the hazard of erosion by water 
is severe. The hazard of erosion by wind is moderate.  

The Blazon soil is very shallow or shallow and well 
drained. It formed in residuum and slope alluvium derived 
dominantly from shale. Typically, the surface layer is dark 
yellowish brown sandy clay loam 3 inches thick. The 
underlying material to a depth of 15 inches is light olive 
gray clay loam. Soft shale is at a depth of 15 inches. In 
some areas the surface layer is gravelly sandy clay loam.  

Permeability of the Blazon soil is moderately slow.  
Available water capacity is low. Effective rooting depth is 
4 to 20 inches. Runoff is rapidi and the hazard of erosion 
by water is severe. The hazard of erosion by wind is 
moderate.  

This unit is used mainly for rangeland. It is also used 
for wildlife habitat.  

The potential plant community on the Cragosen soi.l is 
mainly 15 to 25 percent bluebunch wheatgrass, 15 to Z5 
percent western wheatgrass, 5 to 10 percent mutton 
bluegrass, and 5 to 10 percent big sagebrush. As the range 
condition deteriorates, threadleaf sedge and big sagebrush 
increase. As the range condition further deteriorates, 
annual grasses and weeds invade. The potential plant 
community produces about 900 pounds of air-dry vegetation 
per acre in normal years. Production varies from 1,ZOO 
pounds in favorable years to 700 pounds in unfavorable 
years.  

The potential plant community on the Carmody soil is 
mainly ZO to 30 percent needleandthread, 15 to 25 percent 
rhizomatous wheatgrasses, 10 to 20 percent Indian ricegrass, 
and 5 to 10 percent silver sagebrush. As the range 
condition deteriorates, silver sagebrush and threadleaf 
sedge increase. As the range iondition further 
deteriorates, annual grasses and weeds invade. The 
potential plant community produces about 1,200 pounds of 
air-dry vegetation per acre in normal years. Production 
varies from 1,500 pounds in favorable years to 700 pounds in 
unfavorable years.  

The potential plant community on the Blazon soil is 
mainly 20 to 40 percent rhizomatous wheatgrasses, 5 to 15 
percent bluebunch wheatgrass, 5 to 10 percent bottlebrush 
squirreltail, and 5 to 10 percent winterfat. As the range 
condition deteriorates, bluegrasses and big sagebrush 
increase. As the range condition further deteriorates, 
annual grasses and weeds invade. The potential plant 
community produces about 800 pounds of air-dry vegetation 
per acre in normal years. Production varies from 1,000
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136 (continued) 

pounds in favorable years- to 500 pounds in unfavorable 
years.  

The production of vegetation suitable for livestock 
grazing is limited by low precipitation, droughtinessi short 
growing seasons andq on the Cragosen soil and Blazon soils 
also by rooting depth. Rangeland management practices such 
as proper grazing use and deferred grazi'ng are needed to.  
maintain an adequate plant cover and protect the soil- from 
erosion by wind and water. Additional management practices 
may be needed on rangeland that has deteriorated to an 
undesirable condition. These practices include critical 
area plantings fencingg developing watering facilitiesi and 
Wildlife habitat management. Range seeding may be needed if 
a sufficient amount of desirable plants is not present to 
adequately seed the area naturally. Delay grazing until the 
soil is firm and the more desirable forage plants have 
achieved sufficient growth to withstand grazing pressure.  
Slope limits access by livestock and results in..overgrazing 
of the less sloping areas.  

The Cragosen soil is in capability subclass VIIs9 
dryland; and is in the Shallow Loamy, 10 to 14-inch ppt., 
High Plains Southeast range site. The Carmody soil is in 
capability subclass VIe, dryland; and is in the Sandyi 10 to 
14-inch ppt.9 High Plains Southeast range site. The Blazon 
soil is in capability subclass VIle, dryland; and is in the 
Shallow Clayeyq 10 to 14-inch ppt.i High Plains Southeast 
range site.
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137--Brownsto-Lupinto complex, 6 to 40 percent slopes.  

This map unit is on rolling to steep ridges and hillsides.  
The native vegetation is mainly short and mid grasses, 
forbs, and shrubs. Elevation is 5,900 to 7,000 feet. The 
average annual precipitation is 10 to 14 inches, the average 
annual air temperature is 39 to 40 degrees F, and the 
average frost-free period is 100 to 110 days.  

This unit is 60 percent Brownsto cobbly loam and '5 percent 
Lupinto gravelly loam. Brownsto soils are on slopes of 15 
to 40 percent, and Lupinto soils are on slopes of 6 to ZO 
percent. The components of this unit are so intricately 
intermingled that it was not practical to map them 
separately.  

Included in this unit are small areas of Blazon gravelly 
loam and Cragosen gravelly loam on ridges. Also included 
are areas of Brownsto cobbly loam with slopes less than 15 
percent. A few areas have inclusions of soils with thick 
dark surfaces in swales which receive additional snow pack.  
Included areas make up 15 percent of the total acreage.  

The Brownsto soil is very deep and well drained. It formed 
in colluvium and high energy alluvium derived from mixed 
sources. Typically, the surface layer is grayish brown 
cobbly loam about 3 inches thick. The subsoil is grayish 
brown gravelly loam about 4 inches thick. The upper 9 
inches of the substratum is light brownish gray violently 
effervescent gravelly loam, the next 14 inches is light 
brownish gray violently effervescent very gravelly loam, and 
the lower part to a depth of 60 inches or more is light 
olive brown, violently effervescent very gravelly loam.  

Permeability of the Brownsto soil is rapid. Available water 
capacity is low. Effective rooting depth is 60 inches or 
more. Runoff is rapid and the hazard of water erosion is 
moderate.  

The Lupinto soil is deep and well drained. It formed in 
gravelly alluvium derived from mixed sources. Typically, 
the surface layer is yellowish brown gravelly loam about 3 
inches thick. The subsoil is yellowish brown gravelly clay 
loam about 5 inches thick. The upper 33 inches of the 
substratum is pale yellow, violently effervescent very 
gravelly loam. The lower part to a depth of 60 inches or 
more is very pale brown, violently effervescent very 
gravelly sandy loam. In some areas the surface layer is 
very gravelly loam.  

Permeability of the Lupinto soil is moderate. Available 
water capacity is low. Effective rootin3 depth is 60 inches 
or more. Runoff is rapid and the hazard of water erosion is 
moderate.  

This unit is used mainly for livestock grazing and wildlife 
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137 (continued) 
habitat.  

The potential plant community on this unit is mainly 
bluebunch wheatgrass, mutton bluegrass, needleandthread, and 
black sagebrush. As the range condition deteriorates, 
threadleaf sedge, prairie junegrass, and sagebrush increase.  
As the range condition further deteriorates, annuals invade.  
The potential plant community produces about 900 pounds of 
air dry vegetation in normal years. ProdUction varies from 
1,200 pounds in favorable years to 700 pounds in unfavorable 
years. The production of vegetation suitable for livestock 
grazing is limited by available water capacity. Slopes, 
above 30 percent, limit access by livestock and results in 
overgrazing of the less sloping areas. This unit is limited 
for livestock watering ponds and other water impoundments 
because of the seepage potential.  

This unit provides food and cover for antelope arnd deer; for 
small mammals; and for sa3e grouse and other birds.  

This map unit is in capability subclass VIe.  

The Brownsto and the Lupinto soils are in the Shallow Loamy, 
10- to 14-inch ppt., High Plains Southeast range site.  
Inclusions of Blazon and Cragosen soils in this unit are in 
the Shallow Loamy, 10- to 14-inch ppt., Hi3gj Plains 
Southeast range site. Inclusions of soils with thick dark 
surfaces in this unit are in the Loamy, 15- to 19-inch ppt., 
Foothills and Mountains Southeast range site.
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142=Diamondville-Forelle association, rolling.ZTI" This map unit is 
on hillslopes and fan aprons. Slope is ' to 15 percent. Areas are 
irregular in shape and are 40 to 640 acres in size. The native 
vegetation is mainly grasses and shrubs. Elevation is 51300 to 7,500 
feet. The annual precipitation is 10 to 14 inches, the annual air 
temperature is 39 to 45 degqees F, and the frost-frea period is 90 to 
110 days.  

This unit is 50 percent Diamondville loam, 2 to 15 percent slopes, 
and 30 percent Forelle loam, 2 to 15 percent slopes. The Diamondville 
soil is on hillslopes. The Forelle soil is on toe slopes and fan 
aprons.  

Included in this unit are small areas of Blackhal fine sandy loam, 
5 to 45 percent slopes; Blazon clay loamr 3 to 40 percent slopes; and 
Carmody fine sandy ltemm, 2 to 40 percent slopes. Aiso included ar
small areas of Poposhia loam, 1 to 15 percent slopes; Rock River fine 
sandy loam, 1 to 8 percent sl.pes; and Cushool sandy loam, 2 to 15 
percent slopes. The Blackhall Blazon, Carmody, and Cushool soils are 
in areas of the Diamondville soil and the Poposhia and Rock River soils 
are in areas of the Forelle soil. Included areas make up ab.out 20 
percent of the total acreage. The percentage varies from one area to 
another.  

The Diamondville soil is moderately deep and well drained. It 
formed in residuum and slope alluvium derived dominantly from sandstone.  

•_yTypicallyq the surface layer is pale brown loam 2 inches thick. The 
upper 11 inches of the subsoil is brown and light brown clay loam. The 
lower part is pale brown and light yellowish brown loam 11 inches thick.  
Soft sandstone is at a depth of 24 inches.  

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

The Forelle soil is very deep and well drained. It formed in 
alluvium derived dominantly from mixed sources. Typically, the surface 
layer is grayish brown loam 6 inches thick. The upper 12 inches of the 
subsoil is brown clay loam. The next part is pale brown clay loam 4 
inches thick. The lower part to a depth of 26 inches is pale brown 
loam. The substratum to a depth of 60 inches or more is pale brown 
loam.  

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

This unit is used mainly for rangeland. It is also used for 
wildlife habitat.
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142 (continued) 

The potential plant community on this unit is mainly 30 to 40 
percent western wheatgrass, 5 to 15 percent needleandthread, 5 to 15 
percent bluebunch wheatgrass, and 5 to 15 percent big sagebrush. As the 
range condition deteriorates, big sagebrush and rabbitbrush increase.  
As the range condition further deteriorates, annual grasses and weeds 
invade. The potential plant community produces about 1,1003 pounds of 
air-dry vegetation per acre in normal years. Production varies from 
1,400 pounds in favorable years to 6500 pounds i'n unfavorable years.  

The production of vegetation suitable for livestock grazing is 
limited by low precipitation and short growing season. Rangeland 
management practices such as proper grazing use and deferred grazing are 
needed to maintain an adequate plant cover and protect the soil from 
erosion by wind and water. Additional management practices may be 
needed on rangeland that has dfteriorated to an undesirable condition.  
These practices include brush mar-¼ement, critical area plantin3, 
fencing, developing watering facilities, and wildlife habitat 
management. (See Figure 2.) Areas where brush is managed need to have 
enough ground cover remaining to prevent erosion. Range seeding may be 
needed if a sufficient amount of desirable plants is not present to 
adequately seed the area naturally. Delay grazing until the soil is 
firm and the more desirable forage plants have achieved sufficient 
growth to withstand grazing pressure.  

This map unit is in capability subclass IVe, dryland; and is in the 
Loamy, 10 to 14-inch ppt.,. High Plains Southeast range site.
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148=Forelle-Poposhia association, 2 to 12 percent slopes.$T1 This 
ý,•map unit is on toe slopes and fan aprons. Areas are irregular in shape 

and are 80 to 1,000.acres in size. The native vegetation is mainly 
grasses and shrubs. Elevation is 5v300 to 77500 feet. The annual 
precipitation is 10 to 14 inches, the annual air temperature is 39 to 45 
degrees F, and the frost-free period is 90 to:' 110 days.  

This unit is 45 percent Forelle loam, 2 to 8 percent slopes, and 40 
percent Poposhia loam, 2 to 12 percent slopes. The Forelle soil is on 
fan aprons. The Poposhia soil is on toe slopes and fan-aprons.  

Included in this unit are small areas of Absher fine sandy loam, 1 
to 8 percent slopes; Diamondville loam, 2 to 12 percent slopes on 
included hillslopes; and Elkol silty clay loam, 0 to 3 percent slopes.  
Also included are small- areas of Blazon clay loam, 15- to 30 percent 
sg .es, on included hillslopes. Included areas make up about 15 percent 
of the total acreage. The percentage varies from one area to another.  

The Forelle soil is very deep and well drained. It formed in
alluvium derived dominantly from mixed sources. Typically,.the surface 
layer is brown loam 2 inches thick. The upper 14 inches of .the subsoil 
is brown clay loam. The next 8 inches is light yellowish brown loam.  
The substratum to a depth of 60 inches or more is very pale brown sandy 
loam stratified with thin lenses of loam and loamy sand.  

Permeability of the Forelle soil is moderately slow. Available 
•_,Rater capacity is high. Effective rooting depth is 60 inches or more.  

Runoff is slowt and the hazard of erosion by water is slight. The 
hazard of erosion by wind is moderate.  

The Poposhia soil is very deep and well drained. It formed in 
alluvium derived dominantly from mixed sources. Typically, the surface 
layer is brown loam 3 inches thick. The subsoil is pale brown clay loam 
1Z inches thick. The substratum to a depth of 60 inches or more is. pale 
brown loam.  

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

This unit is used mainly for rangeland. It is also used for 
wildlife habitat.  

The potential plant community on the Forelle soil is mainly 30 to 40 
percent western wheatgrass, 5 to 15 percent needleandthread, 5 to 15 
percent bluebunch wheatgrass, and 5 to 15 percent big sagebrush. As the 
range condition deteriorates, rubber rabbitbrush and big sagebrush 
increase. As the range condition further deteriorates, annual grasses 
and weeds invade. The potential plant community produces about 1,100 
pounds o:,f air-dry vegetation per acre in normal years. Production 

k /aries from 1,400 pounds in favorable years to 600 pounds in unfavorable 
ýýears.
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148 (continued)

The potential plant community on the Poposhia soil is mainly 40 to 
•> 50 percent thickspike wheatgrass, 15 to 25 percent green needlegrass, 5 

to 10 percent bluebunch wheatgrass, 5 to 10 percent bottlebrush 
squirreltail, and 5 to 10 percent big sagebrush. As the range condition 
deteriorates, rhizomatous wheatgrasses, canby bluegrass, and big 
sagebrush increase. As the range condition further deteriorates, annual 
grasses and weeds invade. The potential plant community produces about 
1,000 pounds of air-dry vegetation per acre in normal years. Production 
varies from 1,300 pounds in favorable years to 500 pounds in unfavorable 
years.  

The production of vegetation suitable for livestock grazing is 
limited by low precipitation and short growing season. Rangeland 
management practices such as proper grazing use and deferred grazing are 
needed to maintain an adequate plant cover and protect the soil from 
erosion by wind and water. Additional management practices may be 
needed on rangeland that has deteriorated to an undesirable condition.  
These practices include brush management, critical area planting, 
fencing, developing watering facilities, and wildlife habitat 
management. Areas where brush is managed need to have enough ground 
cover remaining to prevent erosion. Range seeding may be needed if a 
sufficient amount. of desirable plants is not present to adequately seed 
the area naturally. Delay grazing until the soil is firm and the more 
desirable forage plants have achieved sufficient growth to withstand 
grazing pressure.  

The Forelle soil is in capability subclasses IVe, dryland; and is in 
the Loamy, 10 to 14-inch ppt.9 High Plains Southeast range site. The 
Poposhia soil is in capability subclass IVe, dryland! and is in the 
Clayey, 10 to 14-inch ppt., High Plains Southeast range site.
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157 = Havre-Absher-Forelle loams, 0 to 6 percent slopes.  

This map unit is on flood plains, terraces, and toe slopes. Areas 
are irregular in shape and are 5 to 640 acres in size. The native 
vegetation is mainly grasses and shrubs. Elevation is 5,300 to 
7,500 feet. The annual precipitation is 10 to 14 inches, the 
average annual air temperature is 39 to 45 degrees F, and the 
frost-free period is 90 to 110 days.  

This unit is about 40 percent Havre loam, 0 to 3 percent slopes; 20 
percent Absher loam, 1 to 6 percent slopes; and 20 percent Forelle 
loam, 1 to 6 percent slopes. The Havre soil is on flood plains, 
the Absher soil is on terraces and toe slopes, and the Forelle soil 
is on toe slopes. The components of this unit occur as areas so 
intricately intermingled that mapping them separately was not 
practical at the scale used.  

Included in this unit are small areas of slick spots; Alkyl silty 
clay loam, 0 to 3 percent slopes; Glendive sandy loam, 0 to 3 
percent slopes; and Poposhia loam, 1 to 3 percent slopes. Also 
included are small areas of Diamondville loam, 1 to 6 percent 
slopes, on hillslopes and small areas of Haplaquols, 0 to 3 percent 
slopes and Aquic Ustifluvents, 0 to 3 percent slopes, in the DuNoir 
drainage area, near Dubois. Included areas make up about 20 
percent of the total acreage. The percentage varies from one area 
to another.  

The Havre soil is very deep and well drained. It formed in 
alluvium derived from various sources. Typically, the surface 
layer is brown loam 3 inches thick. The underlying material to a 
depth of 60 inches or more is light olive brown loam stratified 
with lenses of fine sandy loam, clay loam, and silty clay loam.  

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

The Absher soil is very deep and well drained. It formed in 
alluvium derived from various sources. Typically, the surface 
layer is brown loam 3 inches thick. The upper 15 inches of the 
subsoil is brown, sodium-affected silty clay loam. The next 6 
inches is grayish brown, sodium-affected silty clay loam. The 
substratum to a depth of 60 inches or more is pale brown silty clay 
loam stratified with lenses of loam, clay loam, and clay.  

Permeability is very slow in the Absher soil. Available water 
capacity is moderate. The effective rooting depth is 60 inches or 
more. Runoff is slow, and the hazard of water erosion is moderate.  
The hazard of wind erosion also is moderate.
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157 (continued)

The Forelle soil is very deep and well drained. It formed in 
alluvium derived dominantly from mixed sources. Typically, the 
surface layer is yellowish brown loam 8 inches thick. The upper 16 
inches of the subsoil is yellowish brown clay loam. The lower 8 
inches is light yellowish brown clay loam. The substratum to a 
depth of 60 inches or more is very pale brown clay loam.  

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

This unit is used mainly for rangeland and wildlife habitat. It is 
also used for irrigated hay and pasture.  

The potential plant community on the Havre soil is mainly 25 to 35 
percent rhizomatous wheatgrasses, 10 to 20 percent slender 
wheatgrass, 10 to 20 percent needlegrasses, and 5 to 10 percent big 
sagebrush. As the range condition deteriorates, bluegrasses and 
big sagebrush increase in abundance. As the range condition 
further deteriorates, annual grasses and weeds invade. The 
potential plant community produces about 1,800 pounds of air-dry 
vegetation per acre in normal years. Production ranges from 2,200 K.., pounds in favorable years to 1,200 pounds in unfavorable years.  

The potential plant community on the Absher soil is mainly 15 to 30 
percent alkali sacaton, 10 to 20 percent basin wildrye, 5 to 10 
percent rhizomatous wheatgrasses, and 10 to 25 percent greasewood.  
As the range condition deteriorates, inland saltgrass and 
greasewood increase in abundance. As the range condition further 
deteriorates, annual grasses and weeds invade. The potential plant 
community produces about 1,800 pounds of air-dry vegetation per 
acre in normal years. Production ranges from 2,500 pounds in 
favorable years to 1,200 pounds in unfavorable years.  

The potential plant community on the Forelle soil is mainly 30 to 
40 percent western wheatgrass, 5 to 15 percent needleandthread, 5 
to 15 percent bluebunch wheatgrass, and 5 to 15 percent big 
sagebrush. As the range condition deteriorates, big sagebrush and 
rabbitbrush increase in abundance. As the range condition further 
deteriorates, annual grasses and weeds invade. The potential plant 
community produces about 1,100 pounds of air-dry vegetation per 
acre in normal years. Production varies from 1,400 pounds in 
favorable years to 600 pounds in unfavorable years.
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157 (continued)

The production of vegetation suitable for grazing is limited by low 
precipitation and a short growing season and by alkalinity in the 
Absher soil. Proper grazing used and deferred grazing are needed 
to maintain an adequate plant cover and to control wind erosion and 
water erosion. Additional management practices may be needed on 
rangeland that is in an undesirable condition. These practices 
include brush management, critical area planting, fencing, 
developing watering facilities, and wildlife habitat management.  
Areas where brush is managed need to have enough /ground cover 
remaining to prevent erosion. Range seeding may be needed if a 
sufficient amount of desirable plants is not present to adequately 
seed the area naturally. Delay grazing until the soil is firm and 
the more desirable forage plants have achieved sufficient growth to 
withstand grazing pressure.  

This unit is moderately well suited to irrigated hay and pasture.  
The main limitations are a short growing season and alkalinity in 
the absher soil. Proper stocking rates, pasture rotation, and 
restricted grazing during wet periods help to keep the pasture in 
good condition and control erosion. Irrigation water can be 
applied by the flood or sprinkler method. Leveling helps to ensure 
a uniform application of the water. To prevent overirrigation and 
the leaching of plant nutrients and to control water erosion, 

•.' applications of irrigation water should be adjusted to the 
available water capacity and rate of water intake in the soils.  
Annual applications of nitrogen and phosphate fertilizer are needed 
to maintain the production of high-quality forage.  

The Havre soil is in capability subclasses IVc, nonirrigated and 
IIIc, irrigated. It is in the Loam Overflow, 10 to 14- inch 
precipitation, High Plains Southeast range site. The Absher soil 
is in capability subclass VIs irrigated and nonirrigated. It is in 
the Saline Lowland, 10- to 14- inch precipitation, High Plains 
Southeast range site. The Forelle soil is in capability subclasses 
IVe, nonirrigated and IIIe, irrigated. It is in the Loamy, 10- to 
14-inch precipitation, High Plains Southeast range site.
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158=Havre-Forelle-Glendive complex, 0 to 3 percent slopes.ST1 This K_>map unit is on flood plains and toe slopes. Areas are long and narrow 
in shape and are 30 to 400 acres in size. The native vegetation is 
mainly grasses and shrubs. Elevation is 51300 to TO00 feet. The annual precipitation is 10 to 14 inches, the annual air temperature is 39 to 45 degrees F9 and the frost-free period is 90 to 110 days.  

This unit is 45 percent Havre loam, 0 to 3 •ercent slopes; "0 
percent Forelle loam, 1 to 3 percent slopes; and 15 percent Glendive 
sandy loam, 0 to 3 percent slopes. The Havr.e and Glendive soils are on flood plains and the Forelle soil is on toe slopes. The components of this unit are so intricately intermingled that it was not practical to 
map them separately at the scale used.  

Included in this unit are small areas of Bosler sandy loam, 1 to 3 percent slopes, and Rock River san*1' loamsi 1 to 3 percent slopes. Also included is a somewhat poorly drained soil coarse textured soil in the 
Green Mountain area. Included areas make up about 20 percent of the 
total acreage. The percentage varies from one area to.another.  

The Havre soil is very deep and well drained. It-formed in alluvium 
derived dominantly from mixed sources. Typically, the surface layer is brown loam 4 inches thick. The underlying material to a depth of 60 inches or more is yellowish brown and light yellowish brown sandy clay loam stratified with lenses of very fine sandy loam, fine sandy loam, 
and clay loam.  

Permeability of the Havre soil is moderate. Available water 
capacity is high. Effective rooting depth is 60 inches or more. Runoff is slow, and the hazard of erosion by water is slight. The hazard of 
erosion by wind is moderate. The Havre soil receives additional 
moisture as run-in from higher lying areas.  

The Forelle soil is very deep and well drained. It formed in alluvium derived dominantly from mixed sources. Typically, the surface layer is very pale brown loam 5 inches thick. The subsoil is pale brown clay loam 14 inches thick. The substratum to a depth of 60 inches or 
more is light yellowish brown sandy loam.  

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

The Glendive soil is very deep and well drained. It formed in alluvium derived dominantly from mixed sources. Typically, the surface 
layer is brown sandy loam 4 inches thick. The underlying material to a 
depth of 60 inches or more is pale brown sandy loam stratified with thin 
lenses of loamy sand, loam, and sandy clay loam.
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158 (continued) 
Permeability of the Glendive soil is molerately rapid. Available 

water capacity is moderate. Effective rooting depth is 60 inches or 
more. Runoff is sl-ow, and the hazard of erosion by water is slight.  
The hazard of erosion by wind is severe. The Giendive soil receives 
additional moisture as run-in from higher lying areas.  

This unit is used mainly for rangeland. It is also used for 
wildlife habitat.  

$I0lThe potential plant community orn the Havre soil and the Glendive 
soil is mainly Z5 to 35 percent rhizomatous wheatgrassesi 10 to 26 
percent slender wheatgrassi 10 to 20 percent needleorasses, and 5 to 10 
percent big sagebrush. As the range condition deteriorates, bluegrasses 
and big sagebrush increase. As the range condition further 
deteriorates, annual grasses and weeds in vade. The potential plant 
co".aunity produces about 1 ,30CI pounas of air-dry vejetation per acre in 
normal years. Production varies from 2,20( pounds in favorable years to 
1,ZOO pounds in unfavorable years.  

The potential plant community on the Forelle soil is mainly 30 to 40 
percent western wheatgrassi 5 to 15 percent needleandthread, 5 to 15 
percent bluebunch wheatgrass, and 5 to 15 percent big sagebrush. As the 
range condition deteriorates, rabbitbrush and big sagebrush increase.  
As the range condition further deteriorates, annual grasses and weeds 
invade. The potential plant community produces about 1,100 pounds of 
air-dry vegetation per acre in normal years. Production varies from 
1,400 pounds in favorable years to 600 pounds in unfavorable years.  

The production of vegetation suitable for livestock grazing is* 
limited by low precipitation and short growing season. Rangeland 
management practices such as proper grazing use and deferred grazing are 
needed to maintain an adequate plant cover and protect the soil from 
erosion by wind and water. Additional management practices may be 
needed on rangeland that has deteriorated to an undesirable condition.  
These'practices include brush management, critical area planting, 
fencing, developing watering facilities, and wildlife habitat 
management. Areas where brush is managed need to have enough ground 
cover remaining to prevent erosion. Range seeding may be needed if a 
sufficient amount of desirable plants is not present to adequately seed 
the area naturally. Delay grazing until the soil is firm and the more 
desirable forage plants have achieved sufficient growth to withstand 
grazinrg pressure.  

This map unit is in capability subclass IVc, dryland. The Havre 
soil and the Glendive soil are in the Loamy OverFlow, 10 to 14-inch 
ppt., High Plains Southeast range site. The Forelle soil is in the 
Loamy, 10 to 14-inch ppt., High Plains Southeast range site.
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174=Milren-Bosier-Rock River sandy loams, 1 to 12 percent slopes.$T1 
This map unit is on terraces and fan aprons. Areas are irregular in 
shape and are 100 to 19200 acres in size. The native vegetation is 
mainly grasses and shrubs. Elevation is 69500 to 7,500 fevt. The 
annual precipitation is 10 to 14 inches, the annual air temperature is 
39 to 45 degrees F, and the frost-free period is 90 to 110 days.  

This unit is 45 percent Milren sandy loami I- to S percent slopes; Z0 
percent Bosler sandy loam, 1 to 8 percent slopes; and 15 percent Rock 
River sandy loam, 1 to 12 percent slopes. The Milren soil and Bosler 
soil are on terraces and the Rock River soil is on fan aprons. The 
components of this unit are so intricately intermingled that it was not 
practical to map them separately at the scale used.  

Included in this unit are small areas of Blackhall fine sandy loam, 
5 to 30 percent slopes, on included hills; Cragosen gravelly loam, I to 
45 percent slopes, on included hills and escarpments; and Diamondville 
sandy clay loam, 1 to 15 percent slopes, on hi llslopes and fan aprons.  
Also included are small areas of Milvar stony loam, 1 to 6 percent 
slopes, in areas of the Milren soil. Included areas make up about 20 
percent of the t otal acreage. The percentage varies from one area to 
another.  

The MiIren soil is very deep and well drained. It formed in 
alluvium derived from mixed sources. Typically, the surface layer is 
brown sandy loam Z inches thick. The subsurface layer is ptle brown 

•/ sandy loam 1 inch thick. The upper S inches of the subsoil is brown 
sandy clay. The next 5 inches is pale brown sandy clay loam. The lower 
part to a depth of Z3 inches is very pale brown loam. The upper 33 
inches of the substratum is very pale brown and pale brown fine sandy 
loam. The lower part to a depth of 60 inches or more is very pale brown 
loamy fine sand. In some areas the surface layer is loam or sandy clay 
loam.  

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

The Bosler soil is very deep and well drained. It formed in 
alluvium derived dominantly from mixed sources. Typicallyi 15 percent 
of the surface is covered with gravel. The surface layer is yellowish 
brown sandy loam 2 inches thick. The upper 18 inches of the subsoil is 
dark yellowish brown sandy clay loam. The lower part to a depth of 60 
inches or more is light gray very gravelly loamy sand. In some areas 
the surface layer is loam or sandy clay loam.  

Permeability of the Bosler soil is moderate. Available water 
capacity is low. Effective rooting depth is 60 inches or more. Runoff 
is slow, and the hazard of erosion by water is slight. The hazard of 
erosion by wind is severe.
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174 (continued) 

The Rock River soil is very deep and well drained. It formed in 
ý,/alluvium derived dominantly from mi:xed sources. Typically, the surface 

layer is brown sandy loam 3 inches thick. The upper part of the subsoil 
is dark yellowish brown sandy clay loam 1. inches thick. The lower part 
to a depth of 34 inches is pale brown sandy clay loam. The substratum 
to a depth of 60 inches or more is pale brown sandy clay Ioam.  

Permeability of the Rock River soil is moderate. Avai lable water 
capacity is high. Effective rooting depth is 60 inches or more. Runoff 
is slow and the hazard of erosion by water is slight. The hazard of 
erosion by wind is severe.  

This unit is used mainly for rangeland. It is also used for 
wildlife habitat.  

The potential plant community - the Milren soil is mainly 30 to 406 
percent western wheatgrass, 5 to 15 percent needleandthread, 5 to 15 
percent bluebunch wheatgrass, and 5 to 15 percent big sagebrush. As the 
range condition deteriorates, big sagebrush and rabbitbrush increase.  
As-the range condition further deteriorates, annual grasses and weeds 
invade. The potential plant community produces about.1,100 pounds of 
air-dry vegetation per acre in normal years. Production varies from 
1,400 pounds in favorable years to 600 pounds in unfavorable years.  

The potential plant community on the Bosler soil and the Rock River 
soil is mainly 20 to 30 percent needleandthread, 15 to 25 percent 

.... hizomatous wheatgrasses, 10 to 20 percent Indian ricegrass a and 5 to 
10 percent silver sagebrush . As the range condition deteriorates, 
threadleaf sedge and silver sagebrush increase. As the range condition 
further deteriorates, annual grasses and weeds invade. The potential 
plant community produces about 1,200 pounds of air-dry vecetation per 
acre in normal years. Production varies from 1,500 pounds in favorable 
years to 700 pounds in unfavorable years.  

The production of Vegetation suitable for livestock grazing is 
limited by low precipitation and short growing season. Rangeland 
management practices such as proper grazing Lse and deferred grazing are 
needed to maintain an adequate plant.cover and protect the soil from 
erosion by wind and water. Additional management practices may be 
needed on rangeland that has deteriorated to an undesirable condition.  
These practices include brush management, critical area planting; 
fencing, developing watering facilities, and wildlife habitat 
management. Areas where brush is managed need to have enough ground 
cover remaining to prevent erosion. Range seeding may be needed if a 
sufficient amount of desirable plants is not present to adequately seed 
the area naturally. Delay grazing until the soil is firm and the more 
desirable forage plants have achieved sufficient growth to withstand 
grazing pressure.  

This map unit is in capability subclass IVe, dryland. The Milren 
soil is in the Loamy, 10 to) 14-inch ppt., High Plains Southeast range 
site. The Bosler soil and the Rock River soil are in the Sandy, 10 to 

ý_14-inch ppt., High Plains Southeast range site.
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18 6 =Poposhia-Blazon-Carmody complex, hilly.$T1 This map unit is on 
,iOlls, ridges, and fan aprons. Slope is 3 to 40 percent. Areas are irregular in shape and are 20 to 500 acres in size. The native vegetation is mainly grasses and shrubs. Elevation is 5,300 to 79000 feet. The annual precipitation is 10 to 14 inches, the annual air temperature is 39 to 45 degrees F, and the frost-free period is 90 to 
110 days.  

This unit is 35 percent Poposhia loam, 3 to 20 percent slopes; 30 percent Blazon clay loam, 6 to 40 percent slopes; and 15 percent Carmody fine sandy loam, 3 to 25 percent slopes. The Poposhia soil is on fan aprons. The Blazon soil and Carmody soil are on hills and ridges. The components of this unit are so intricately intermingled that it was not 
practical to map them separately at the scale used.  

Lncluded in this unit are small areas of Blackhall sandy loam, 5 to 40 percent slopes; Diamondville loam, 3 to 15 percent slopes; Forelle loam, 3 to 20 percent slopes; and Cushool sandy loam, 3 to 20 percent slopes. Included areas make up about 20 percent of the total acreage.  
The percentage varies from one area to another.  

The Poposhia soil is very deep and well drained. It formed in alluvium derived dominantly from mixed sources. Typically, the surface layer is yellowish brown loam 3 inches thick. The upper subsoil is light olive brown loam T inches thick. The substratum to a depth of 60 
inches or more is light yellowish brown clay loam.  

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

The Blazon soil, is very shallow or shallow and well drained. It formed in residuum and slope alluvium derived dominantly from soft shale. Typically, the surface layer is dark yellowish brown clay loam 4 inches thick. The underlying material to a depth of 17 inches is yellowish brown and light olive brown clay loam. Soft shale is at a 
depth of 17 inches.  

Permeability of the Blazon soil is moderately slow. Available water capacity is low. Effective rooting depth is 4 to 20 inches. Runoff is rapid, andi the hazard of erosion by water is severe. The hazard of 
erosion by wind is moderate.  

The Carmody soil is moderately deep and well drained. It formed in residuum and slope alluvium derived dominantly from sandstone.  
Typically, the surface layer is brown fine sandy loam 5 inches thick.  The underlying material to a depth of 28 inches is light yellowish brown fine sandy loam. Soft sandstone is at a depth of 2 inches.  

Permeability of the Carmody soil is moderate. Available water 
ipacity is low. Effective rooting depth is 20 to 40 inches. Runoff is ý_diurnt and the hazard of erosion by water is moderate. The hazard of 

erosion by wind is severe.
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186 (continued) 

> This unit is used mainly for rangeland. It is also used for 
wildlife habitat.  

The potential plant community on the Poposhia soil is mainly 30 to 
40 percent western wheatgrass, 5 to 15 percent needleandthread, 5 to 15 
percent bluebunch wheatgrass, and 5 to 15 percent big sagebrush. As the 
range condition deteriorates, rabbitbrush and big sagebrush increase.  
As the range condition further deteriorates, annual grasses and weeds 
invade. The potential plant community produces about 1,100 pounds of 
air-dry vegetation per acre in normal years. Production varies from 
1,400 pounds in favorable years to 600 pounds in unfavorable years.  

The potential plant community on the Blazon soil is mainly 20 to 40 
percent rhizomatous wheatgrasses, 5 to 15 percent bluebunch wheatgrass, 
5 to 10 percent bottlebrush squirreltail, and 5 to 10 percent winte rat.  
As the range condition deteriorates, bluegrasses and big sagebrush 
increase. As the range condition further deteriorates, annual grasses 
and weeds invade. The potential plant community produces about 800 
pounds of air-dry vegetation per acre in normal years. Production 
varies from 1,000 pounds in favorable years to 500 pounds in unfavorable 
years.  

The potential plant community on the Carmody soil is mainly 20 to 30 
percent needleandthread, 15 to 25 percent rhizomatous wheatgrasses, 10 
to 20 percent Indian ricegrass, and 5 to 10 percent big sagebrush . As 

•.jthe range condition deteriorates, threadleaf sedge and big sagebrush 
increase. As the range condition further deteriorates, annual grasses 
and weeds invade. The potential plant community produces about 1,200 
pounds of air-dry-vegetation per acre in normal years. Production 
varies from 1,500 pounds in favorable years to 700 pounds in unfavorable 
years.  

The production of vegetation suitable for livestock grazing is 
limited by low precipitation and, on the Blazon soil and Carmody soil, 
also by rooting depth and droughtiness. Rangeland management practices 
such as proper grazing use and deferred grazing are needed to maintain 
an adequate plant cover and protect the soil from erosion by wind and 
water. Additional management practices may be needed on rangeland that 
has deteriorated to an undesirable condition. These practices include 
brush management, critical area plantings livestock exclusion, fencing, 
prescribed burning, developing watering facilities, and wildlife habitat 
management. Areas where brush is managed need to have enough ground 
cover remaining to prevent erosion. Range seeding may be needed if a 
sufficient amount of desirable plants is not present to adequately seed 
the area naturally. Delay grazing until the soil is firm and the more 
desirable forage plants have achieved sufficient growth to withstand 
grazing pressure. Slope limits access by livestock in the steeper areas 
and results in overgrazing of the less sloping areas.
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186 (continued) 
The Poposhia soil is in capability subclass VIe, dryland; and is in 

the Loamyv 10 to 14-inch ppt.9 High Plains Southeast range site. The Blazon soil is in capability subclass VIIe, dryland; and is in the 
Shallow Clayeyq 10 to 14-inch ppt., High Plains Southeast range site.  
The Carmody soil is in capability subclass VIe, dryland; and is in the 
the Sandy "10 to 14-inch ppt.9 High Plains Southeast range site.
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208=Sinkson-Almy-Thermopolis association, rolling.  

This map unit is on hills, ridges and fan aprons. Slopes are 2 to 
30 percent. Areas are irregular in shape and are 5 to 640 acres in 
size. The native vegetation is mainly grasses and shrubs.  
Elevation is 5,500 to 7,800 feet. The annual precipitation is 10 
to 14 inches, the average annual air temperature is 39 to 45 
degrees F, and the frost-free period is 90 to 110 days.  

This unit is about 45 percent Sinkson loam, 2 to 15 percent slopes; 
20 percent Almy loam, 2 to 10 percent slopes; and 20 percent 
Thermopolis loam, 10 to 30 percent slopes. The Sinkson and Almy 
soils are on fan aprons, and the Thermopolis soil is on hills and 
ridges.  

Included in this unit are small areas of Blackhall fine sandy loam, 
5 to 30 percent slopes; Carmody fine sandy loam, 2 to 30 percent 
slopes; and Rock outcrop on hills and ridges adjacent to the 
Thermopolis soil. Also included are small areas of Diamondville 
loam, 2 to 15 percent slopes; Forelle loam, 2 to 15 percent slopes; 
Poposhia loam, 1 to 15 percent slopes; and Tisworth loam, 2 to 8 
percent slopes, adjacent to the Sinkson and Almy soils. Included 
areas make up about 15 percent of the total acreage. The 
percentage varies from one area to another.  

K-' The Sinkson soil is very deep and well drained. It formed in 
alluvium derived dominantly from sandstone and siltstone.  
Typically, the surface layer is reddish brown loam 4 inches thick.  
The underlying material to a depth of 60 inches or more is reddish 
brown and yellowish red silt loam.  

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

The Almy soil is very deep and well drained. It formed in alluvium 
derived dominantly from sandstone interbedded with shale.  
Typically, the surface layer is yellowish brown loam 2 inches 
thick. The upper 8 inches of the subsoil is reddish brown loam.  
The next 10 inches is reddish brown clay loam. The lower 10 inches 
is light reddish brown loam. The substratum to a depth of 60 
inches or more is yellowish red loam.  

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

The Thermopolis soil is very shallow or shallow and is well 
drained. It formed in residuum and slope alluvium derived 
dominantly from sandstone and siltstone. Typically, the surface 
layer is red loam 3 inches thick. The underlying material also is 
red loam. It is 13 inches thick. Soft siltstone bedrock is at a 
depth of about 16 inches. D74-25



208 (continued)

Permeability is moderate in the Thermopolis soil. Available water 
capacity is low. The effective rooting depth is 6 to 20 inches.  
Runoff is medium, and the hazard of water erosion is severe. The 
hazard of wind erosion is moderate.  

This unit is used mainly as rangeland. It also is used for 
wildlife habitat.  

The potential plant community on the Sinkson and Almy soil is 
mainly 20 to 30 percent rhizomatous wheatgrasses, 5 to 15 percent 
needleandthread, 5 to 15 percent big sagebrush. As the range 
condition deteriorates, sedges and big sagebrush increase in 
abundance. As the range condition further deteriorates, 
pricklypear and annual grasses and weeds invade. The potential 
plant community produces about 800 pounds of air-dry vegetation per 
acre in normal years. Production ranges from 1,100 pounds in 
favorable years to 500 pounds in unfavorable years.  

The potential plant community of the Thermopolis soil is mainly 20 
to 35 percent bluebunch wheatgrass, 10 to 20 percent rhizomatous 
wheatgrasses, 5 to 15 percent needlegrasses, and 5 to 10 percent 
black sagebrush. As the range condition deteriorates, bluegrasses, 
sedges, and black sagebrush increase in abundance. As the range condition further deteriorates, annual grasses and weeds invade.  
The potential plant community produces about 500 pounds of air-dry 
vegetation per acre in normal years. Production ranges from 700 
pounds in favorable years to 350 pounds in unfavorable years.  

The production of vegetation suitable for grazing is limited by low 
precipitation and a short growing season and by doughtiness and the 
restricted rooting depth in the Thermopolis soil. Proper grazing 
use and deferred grazing are needed to maintain an adequate plant 
cover and to control wind erosion and water erosion. Additional 
management practices may be needed on rangeland that is in an 
undesirable condition. The practices include brush control, 
critical area planting, fencing, watering facilities, and wildlife 
habitat management. Range seeding may be needed on the Sinkson and 
Almy soils if the amount of desirable vegetation is not sufficient 
for natural seeding to occur. Because of the slope, the restricted 
depth to bedrock, and doughtiness, the Thermopolis soil is poorly 
suited to range seeding that involves tillage. Access by livestock 
is limited in the steeper areas. As a result, the less sloping 
areas tend to be overgrazed.  

The Sinkson and Almy soils are in capability subclass IVe, 
nonirrigated. They are in the Loamy, 10 to 14-inch precipitation, 
Foothills and Basins East range site. The Thermopolis soil is in 
capability subclass VIe, nonirrigated. It is in the Shallow Loamy, Q 10 to 14-inches precipitation, Foothills and Basins East range 
site.
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229 - Pits and Dumps

This map unit consists of areas where past mining activities 

have occurred and sites where mining or reclamation are currently 

proceeding. Included are pits, stockpiles, sediment control 

structures, roads, etc. Topsoil occurs in stockpiles or may have 

been replaced on some small areas during reclamation. This unit 

also includes small areas of undisturbed lands but these were too 

small to map out at the scale used.
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256--Rock outcrop-Ustic Torriorthents, shallow-Rubble land 
complex, 30 to 100 percent slopes.  

This map unit is on steep to extremely steep escarpments and 
hogbacks. The native vegetation is mainly short and mid 
grasses, shrubs, and trees. Elevation is 5,300 to 7,500 
feet. The average-annual precipitation is 10 to 14 inches, 
the average annual air temperature is 37 to 50 degrees F, 
and the average frost-free period is '?0 to 130 days.  

This unit is about 40 percent Rock outcrop, Z5 percent Ustic 
Torriorthents, shallow, and 15 percent rubble land. Rock 
outcrop and Ustic Torriorthents are intermingled on steep 
slopes of 30 to 100 percent and rubble land is on lower 
colluvial slopes.  

Included in this unit is about 5 percent moderately deep and 
deep soils in pockets associated with rubble land, and 15 
percent soils underlain by hard bedrock similar to Ustic 
Torriorthents, shallow. Percentages vary from one area to 
another.  

Typically, Rock outcrop is ledges and escarpments of 
sedimentary rock.  

The Ustic Torriorthents, shallow, soils are shallow to very 
shallow and well to excessively drained. They formed in 
residuum or colluvium derived dominantly from sedimentary 
rock. In a reference pedon the surface layer is-yellowish 
brown loam about one inch thick. The subsurface layer is 
yellowish brown clay loam about 3 inches thick. The 
substratum is pale brown clay loam about 6 inches thick over 
interbedded siltstone and shale at 10 inches. Textures are 
sandy loam to clay. Rock fragments range from 0 to 60 
percent. Reaction is neutral to strongly alkaline.  
Textures and other soil properties vary from one area to 
another. Most uses are severely limited by slope and depth 
to bedrock.  

Permeability of the Ustic Torriorthents, shallow, soil is 
slow to moderately rapid. Available water capacity is low 
to very low. Effective rooting depth is 3 to 20 inches.  
Runoff is rapid and the hazard of water erosion is moderate 
to severe.  

Typically, rubble land is colluvial boulders and stones.  

This unit is used for wildlife habitat. Livestock grazing 
on this unit is limited by boulders and steep slopes.  

The potential plant community on the Ustic Torriorthents, 
sha I low, so i I is main I y b I uebunch wheatorass and woody 
plants.  

This unit provides food and cover for antelope and deer; for 

smaIl mammals; and for sage grouse and other birds.  
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256 (continued) 
This map unit is in capability subclass VIII.  

The Ustic Torriorthents, shallow, are mainly in the Very 
Shallow , 10- to 14-inch ppt., High Plains Southeast range 
site, however, plant communities are highly erratic.
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Stunner-Pinelli

230--Stunner-Pinelli complex, 3 to 15 percent slopes.  

This map unit is on rolling plateaus. The native vegetation 
is mainly mid grasses, forbs, and shrubs. Elevation is 
6,300 to 7,400-feet. The average annual precipitation is 10 
to 14 inches, the average annual air temperature is 37 to 4Z 
degrees F, and the average frost-free period is 90 to 110 
days.  

This unit is about 50 percent Stunner sandy loam and 30 
percent Pinelli clay loam. Stunner soil is on convex slopes 
of 3 to 15 percent, and Pinelli soil is on concave slopes of 
3 to 10 percent. The components of this unit are so 
intricately intermingled that it was not practical to map 
them separately.  

Included in this unit is about 10 percent Brownsto gravelly 
loam on ridges and shoulders and 10 percent deep stony clay 
soils in nearly level drainage bottoms.  

The Stunner soil is deep and well drained. It formed in 
calcareous alluvium derived from mixed sources. Typically, 
the surface layer is grayish brown sandy loam about 3 inches 
thick. The upper 14 inches of the subsoil is brown clay 
loam. The lower 5 inches is yellowish brown clay loam. The 
substratum is light gray loam to a depth of 60 inches or 
more. In some areas the surface layer is loam.  

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

The Pinelli soil is deep and well drained. It formed in 
alluvium derived from mixed sources. Typically, the surface 
layer is grayish brown clay loam about 3 inches thick. The 
upper 19 inches of the subsoil is brown silty clay. The 
lower 8 inches is light brownish gray clay loam. The 
substratum to a depth of 60 inches or more is pale brown 
loam. In some areas the surface layer is loam.  

Permeability of the Pinelli soil is moderately slow.  
Available water capacity is high. Effective rooting depth 
is 60 inches or more. Runoff is slow and the hazard of 
water erosion is slight.  

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

The potential plant community on this unit is mainly 
rhizomatous wheatgrass, needleandthread, mutton bluegrass 
and big sagebrush. As the range condition deteriorates, big 
sagebrush and blue grama increase. As the range condition 
further deteriorates, annuals invade. The potential plant 
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280 (continued) 
community produces about 1,100 pounds of air dry vegetation 
in normal years. Production varies from 1,400 pounds in 
favorable years to 600 pounds in unfavorable years.  

This unit provides food and cover for antelope and deer; for 
small mammals; and for sage grouse and other birds.  

This map unit is in capability subclass IVe.  

The Stunner and Pinelli soils are in the Loamy 10- to 
14-inch ppt., High Plains Southeast range site. Inclusions 
of Brownsto and stony clay soils in this unit are in the 
Shallow Loamy 10- to 14-inch ppt., High Plains Southeast 
range site.
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Absher Series

The Absher series consists of very deep, well drained soils on 
fan aprons, toe slopes, and terraces. These soils formed in 
alluvium derived from various sources. Slopes are 0 to 8 percent.  
Elevation is 5,300 to 8,000 feet. The annual precipitation is 9 to 
14 inches, the average annual air temperature is 39 to 45 degrees 
F, and the frost-free period is 80 to 110 days.  

Typical pedon of an Absher loam that has a slope of 2 percent, 
in an area of Havre-Absher-Forelle loams, 0 to 6 percent slopes; 
about 400 feet east and 2,600 feet south of the northwest corner of 
sec. 21, T.33N., R. 98 W.  

E-0 to 3 inches; brown (10YR 5/3) loam, brown (10YR 4/3) 
moist; moderate thin platy structure parting to moderate very fine 
angular blocky; soft, very friable, slightly sticky and slightly 
plastic; many very fine and fine and few medium roots; slightly 
effervescent; disseminated carbonates; moderately alkaline; abrupt 
smooth boundary.  

Bt=3 to 6 inches; brown (10 YR 4/3) silty clay loam, brown (10 
YR 4/3) moist; moderate medium prismatic structure parting to 
moderate fine angular blocky; hard, firm, sticky and very plastic; 
continuous thick clay films on faces of peds; many very fine and 

K>• fine and few medium roots; slightly effervescent; disseminated 
carbonates; moderately alkaline; clear wavy boundary.  

Btn=6 to 12 inches; brown (10 YR 4/3) silty clay loam, brown 
(10 YR 4.3) moist, moderate medium prismatic structure parting to 
moderate medium subangular blocky; very hard, very firm, very 
sticky and very plastic; continuous thick clay films on faces of 
peds; common very fine and fine and few medium roots; strongly 
effervescent; disseminated carbonates; exchangeable sodium 
percentage of more than 15; very strongly alkaline; clear wavy 
boundary.  

Btnk=12 to 18 inches; brown (10 YR 4/3) silty clay loam, brown 
(10 YR 4/3) moist; moderate medium prismatic structure parting to 
moderate medium subangular blocky; very hard, very firm, very 
sticky and very plastic; continuous thin clay films on faces of 
peds; common very fine, fine, and medium roots; strongly 
effervescent; disseminated carbonates and common fine soft masses 
of carbonates; exchangeable sodium percentage of more than 15; very 
strongly alkaline; clear wavy boundary.  

Bk1=18 to 24 inches; grayish brown (10YR 5/2) silty clay loam, 
brown (10YR 5/3) moist; weak medium prismatic structure parting to 
moderate fine subangular blocky; hard, firm, sticky and very 
plastic; few very fine, fine, and medium roots; strongly 
effervescent; disseminated carbonates; very strongly alkaline; K>J gradual wavy boundary.
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Absher (continued)

Bk2=24 to 60 inches; pale brown (10YR 6/3) silty clay loam 
stratified with lenses of loam, clay, and clay loam; grayish brown 
(2.5Y 5/2) moist; massive; slightly hard, friable, slightly sticky 
and plastic, few very fine, fine and medium roots to a depth of 30 
inches; strongly effervescent; disseminated carbonates and common 
fine soft masses of carbonates in some lenses; very strongly 
alkaline.  

The E horizon is neutral to moderately alkaline. The Bt and 
Btn horizons have hue of 2.5Y to 7.5YR. The Bt horizon is clay, 
silty clay, silty clay loam, or clay loam. The Btn and Bk horizons 
are strongly alkaline or very strongly alkaline. The Btn horizon 
is clay loam- silty clay loam, silty clay, or clay. The Bk horizon 
has hue of 2.5Y or lOYR. It is dominantly silty clay loam, clay 
loam, or clay, but in some pedons it has thin strata of loam.
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Almy Series

The Almy series consists of very deep, well drained soils on 
fan aprons. These soils formed in alluvium derived dominantly from 
sandstone interbedded with shale. Slopes are 0 to 10 percent.  
Elevation is 5,400 to 7,800 feet. The annual precipitation is 10 
to 14 inches, the average annual air temperature is 39 to 45 
degrees F, and the frost-free period is 90 to 110 days.  

Typical pedon of an Almy loam that has a slope of 2 percent, 
in an area of Almy-Monbutte-Rallod complex, 1 to 10 percent slopes, 
about 1,800 feet north and 3,200 feet east of the southwest corner 
of sec. 6, T. 33 N., R.96W.  

A=0 to 2 inches; pale brown (10YR 6/3) loam, dark grayish 
brown (10YR 4/2) moist; weak fine granular structure; soft, very 
friable, nonsticky and nonplastic; many very fine, fine and medium 
roots; many very fine and fine vesicular pores; mildly alkaline; 
clear smooth boundary.  

Btl=2 to 5 inches; reddish brown (SYR 4/4) clay loam, dark 
reddish brown (SYR 3/4) moist, moderate coarse prismatic structure 
parting to moderate coarse subangular blocky; hard, firm, sticky 
and plastic; continuous thick clay films on faces of peds; many 

Y.> very fine, fine and medium roots; moderately alkaline; abrupt wavy 
boundary.  

Bt2=5 to 18 inches; yellowish red (5YR 4/6) clay loam, reddish 
brown (5YR 4/4) moist; moderate medium prismatic structure parting 
to moderate medium subangular blocky; hard, firm, sticky and 
plastic; few thin clay films on faces of peds; common very fine, 
fine and medium roots; moderately alkaline; clear wavy boundary.  

Btk=18 to 23 inches; light reddish brown (SYR 6.3) sandy clay 
loam, reddish brown (SYR 4.3) moist; weak medium prismatic 
structure parting to weak medium subangular blocky; hard, firm, 
sticky and plastic; few thin clay films on faces of peds; few very 
fine, fine and medium roots, strongly effervescent; disseminated 
carbonates and common medium seams and soft masses of carbonates; 
moderately alkaline; clear wavy boundary.  

Bk=23 to 28 inches; light reddish brown (SYR 6/3) sandy clay 
loam, reddish brown (SYR 4/3) moist; massive; slightly hard, very 
friable, slightly sticky and slightly plastic; few very fine, fine 
and medium roots; violently effervescent; disseminated carbonates 
and common medium soft masses of carbonates; moderately alkaline; 
gradual wavy boundary.
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Almy (continued)

C=28 to 60 inches; reddish brown (5YR 5/3) sandy clay loam, 
reddish brown (SYR 4/3) moist; massive; slightly hard, very 
friable, slightly sticky and slightly plastic; slightly 
effervescent; disseminated carbonates; moderately alkaline.  

The A horizon has hue of 10YR to 5YR. It is 0 to 25 percent 
gravel. It is mildly alkaline or moderately alkaline. The Bt, Bk, 
and C horizons have hue of 5YR or 2.5YR. The Bt and Bk horizons 
are sandy clay loam, clay loam, or loam. The Bt horizon is 20 to 
35 percent clay. It is mildly alkaline to strongly alkaline. The 
Bk horizon is moderately alkaline or strongly alkaline. The C 
horizon is dominantly sandy clay loam or loam. In some pedons, 
however, it is gravelly sandy loam below a depth of 40 inches. It 
is moderately alkaline to very strong alkaline.
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Blazon Series

The Blazon series consists of very shallow or shallow, 
well drained soils on hills, ridges, and knobs. These soils 
formed in residuum and slope alluvium derived dominantly 
from soft shale. Slopes are 3 to 40 percent. Elevation is 
5,300 to 7,500 feet. Annual precipitation is 10 to 14 
inches, and annual air temperature is 39,to 45 degrees F.  
The frost-free period is 90 to 110 days.  

Typical pedon of Blazon clay loam, 20 percent slope in 
an area of Blazon-Rock outcrop-Carmody complex:, hilly, about 
ZOO feet north and 20) feet west of the southeast corner of 
section 17, T33N, R98W.  

A=O to 2 inches; i ight brownish gray (Z.5Y 6/Z) clay 
loam, light olive brown (Z.5Y 5/4) moist; weak fine granular 
structure; slightly hard, f÷riable, slightly sticky, slightly 
plastic; common very fine and fine roots; slightly 
effervescent, carbonates disseminated; moderately alkaline; 
abrupt smooth boundary.  

C1=Z to 14 i'nches; light olive brown (2.5Y 5/4) clay 
loam, olive brown (2.5Y 4/4) moist; weak medium platy 
structure parting to weak fine subangular blocky; slightly 
hard, friable, sticky, plastic; common very fine and fine 
roots; 10 percent fine soft shale fragments; slightly 
effervescent, carbonates disseminated; moderately alkaline; 
gradual wavy boundary.  

CZ=14.to 19 inches; light brownish gray (Z.5Y 6/2) clay 
loam, light olive brown (Z.5Y 5/4) moist; massive; slightly 
hard, friable, slightly sticky, slightly plastic; few very 
fine and fine roots; slightly effervescenti carbonates 
disseminated; many fine crystals of gypsum; moderately 

.alkal ine; abrupt wavy boundary.  

Cr=19 inches; soft sandy shale.  

Depth to bedrock is.4 to Z0 inches.  

A horizon: Hue is Z.5Y or lOYR. Reaction is moderately 
alkaline or strongly alkaline. The horizon contains less 
than 5 percent rock fragments.  

C horizons: Hue is 5Y through lOYR. Clay content is 2T 
to 35 percent.
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Bosler Series

The Bosler series consists of very deep, well drained 
soils on fan aprons and terraces. These soils formed in 
alluvium derived from mixed sources. Slope is 1 to 8 
percent. Elevation is 6,000 to 7,500 feet. Annual 
precipitation is 10 to 14 inches, and annual air temperature 
is 39 to 45 degrees F. The frost-free period is 90 to 110 
days.  

Typical pedon of Bosler fine sandy loam, 1 percent slope 
in an area of Bosler-Ryan Park fine sandy loams, 1 to S 
percent slopes, about 40 feet east and 10 feet south of the 
northwest corner of section 15, TZ9N, R92W.  

About 10 percent of the surface is covered with gravel.  

A=O to 6 inches; grayish brown (IOYR 5/Z) fine sandy 
loam, dark grayish brown (IOYR 4/2) moist; weak fine 
granular structure; soft, very friable, nonsticky, 
nonplastic; many very fine, fine, and medium roots; mildly 
alkaline; clear smooth boundary.  

Bt=6 to 13 inches; brown (7.5YR 5/4) sandy clay loami 
yellowish brown (lOYR 5/4) moist; moderate medium prismatic 
structure parting to moderate medium subangular blocky; 
hard, very friable, slightly sticky, slightly plastic; many 
very fine, fine and medium roots; continuous thin clay films 
on faces of peds, few thin clay films brldging sand grains; 
mildly alkaline; clear wavy boundary.  

Btk=13 to 20 inches; brown (IOYR 5/3) gravelly sandy 
clay loam, yellowish brown (IOYR 5/4) moist; weak medium 
prismatic structure parting to weak medium subangular 
blocky; hard, very friable, slightly sticky, slightly 
plastic; many very fine, fine, and medium roots; 15 percent 
gravel; slightly effervescent, moderately alkaline; abrupt 
wavy boundary.  

ZBkl=20 to Z3 inches; very pale brown (lOYR 7/3) very 
gravelly loamy sand, pale brown (IOYR 6/3) moist; massive; 
hard, very friable, nonsticky, nonplastic; few very fine, 
fine, and medium roots; 45 percent gravel,. 5 percent 
cobbles; violently effervescent, carbonates disseminated and 
as common fine threads and soft masses; moderately alkaline; 
abrupt broken boundary.  

2BkZ=Z3 to 60 inches; pale brown (IOYR 6/3) very 
gravelly loamy sand, brown (IOYR 5/3) moist; single grain; 
slightly hard, weakly cemented by carbonates, very friable; 
nonsticky, nonplastic; 50 percent gravels 5 percent cobbles; 
strongly effervescent; carbonates disseminated; strongly 
alkaline.
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Bosler (continued)

Depth to the ZBk horizon ranges from 20 to 40 inches.  

A horizon: The horizon is 0 to 10 percent gravel.  
Reaction is mildly alkaline or moderately alk::aline.  

Bt horizon: Hue is l0YR or 7.SYR. Clav content is 20 
to 35 percent. Reaction is mildly alkaline or moderately 
alkaline. .  

ZBk horizon: Hue is Z.5Y or IOYR. Texture is very 
gravelly sands or very gravelly loamy sand. Rock fragment 
content is 35 to 60 percent. Reaction is moderately 
alkaline or strongly alkaline.
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Brownsto Series

The Brownsto series consists of very deep, well drained soils 
on glacial moraines, terraces and fan aprons. These soils formed 
in alluvial and glacial deposits derived from various sources.  
Slopes are 0 to 50 percent. Elevation is 6,000 to 7,500 feet; The 
annual precipitation is 10 to 14 inches, the average annual air 
temperature is 39 to 45 degrees F, and the frost-free period is 80 
to 110 days.  

Typical pedon of a Brownsto loam that has a slope of 1 
percent, in an area of Brownsto loam, 0 to 6 percent slopes; about 
1,450 feet east and 1,300 feet north of the southwest corner of 
sec. 28, T42N R105W.  

A=0 to 2 inches; light yellowish brown (10YR 6/4) loam, brown 
(7.5YR 4/4) moist; weak thin platy structure parting to moderate 
fine granular; soft, very friable, nonsticky and nonplastic; common 
fine and very fine roots; about 5 percent gravel; mildly alkaline; 
abrupt smooth boundary.  

Bwl=2 to 7 inches; brown (7.5YR 4/4) loam, brown (7.5YR 4/4) 
moist; weak course prismatic structure parting to weak medium 
subangular blocky; slightly hard, very friable, nonsticky and 
nonplastic; common fine and many very fine roots; about 5 percent 
gravel; slightly effervescent; disseminated carbonates; mildly 
alkaline; clear wavy boundary.  

Bw2=7 to 9 inches; light brown (7.5YR 6/4) sandy clay loam, 
brown (7.5YR 5/4) moist, weak coarse prismatic structure parting to 
weak medium subangular blocky; slightly hard, very friable, 
slightly sticky and slightly plastic; few fine and very fine roots; 
about 5 percent gravel; violently effervescent, disseminated 
carbonates; moderately alkaline; clear wavy boundary.  

Bkl=9 to 27 inches; very pale brown (10YR 8/3) very gravelly 
sandy loam, very pale brown (10YR 7/3) moist; massive; hard, very 
friable, nonsticky and nonplastic; few fine and very fine roots; 
about 50 percent gravel and 10 percent cobbles; violently 
effervescent; disseminated carbonates, may large irregular soft 
masses and seams of carbonates, and many thick coatings of 
carbonates on the bottom of coarse fragments; moderately alkaline; 
gradual wavy boundary.
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Brownsto Series (continued)

Bk2=27 to 60 inches; brown (7.5YR 5/4) very gravelly sandy 
loam that has discontinuous strata of gravelly sandy loam and very 
gravelly sand; brown (7.5YR 5/4) moist; massive; hard, firm, 
nonsticky and nonplastic; few medium and many very fine and fine 
roots to a depth of 34 inches; about 50 percent gravel and 10 
percent cobbles; weakly cemented with calcium carbonate; strongly 
effervescent; large irregular soft masses and seams of carbonates; 
moderately alkaline.  

The calcium carbonate equivalent is 15 to 40 percent in the 
calcic horizon.  

The A and Bw horizons have hue of 10YR or 7.5YR. They are 
mildly alkaline or moderately alkaline. The A horizon is 5 to 40 
percent rock fragments. The Bw horizon is fine sandy loam, loam, 
sandy clay loam, gravelly sandy clay loam, or gravelly loam. It is 
5 to 25 percent rock fragments.  

The Bk horizon has hue of 2.5Y to 7.5YR. It is very cobbly 
sandy clay loam, very gravelly sandy clay loam, very gravelly loam, 
very gravelly sandy loam, very cobbly sandy loam, or very gravelly 
fine sandy loam. Some pedons have thin lenses that are 15 to 35 
percent rock fragments. The average content of rock fragments is 
35 to 65 percent. Reaction is moderately alkaline or strongly 
alkaline.
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Carmody Series

The Carmody series consists of moderately-deep, well 
drained soils on hills, ridges, and knobs. These soils 
formed in residuum and slope alluvium derived dominantly 
from sandstone. Slope is 2 to 40 percent. Elevation is 
5,300 to T,500 feet. Annual precipitation is 10 to 14 
inches,.and annual air temperature is 39-to 45 degrees F.  
The frost-free period is 90 to 110 days.  

Typical pedon of Carmody fine sandy loam, 4 percent 
slope in an area of Blackhall-Carmody association, hilly, 
about 1,800 feet south and 1,150 feet east of the northwest 
corner of section 30, T34N, R95W.  

A=O to 4 inches; brown (1OYR 5/3) fine sandy loam, 
yellowish brown (IOYR 5/4) moist; weak fine granular 
structure; loose, nonstickyi nonplastic; many very fine and 
fine roots; slightly effervescent, carbonates disseminated; 
moderately alkatine; abrupt smooth boundary.  

C1=4 to 13 inches; pale brown (lOYR 6/3) very fine sandy 
loam, yellowish brown (IOYR 5/4) moist; weak medium 
prismatic structure parting to weak medium subangular 
blocky; soft, very friable, nonsticky, nonplastic; many very 
fine and fine roots; slightly effervescent, carbonates 
disseminated; moderately alkaline; clear wavy boundary.  

C2=13 to 24 inches; light yellowish brown (Z.SY 6/4) 
very fine sandy loam, light olive brown (Z.5Y 5/4) moist; 
single grain; loose, nonstickyi nonplastic; few very fine 
and fine roots; strongly effervescent, carbonates 
disseminated; moderately alkaline; gradual wavy boundary.  

Cr=24 inches; soft sandstone.  

Bedrock is at a depth of 20 to 40 inches.* The control 
section is 10 to 18 percent clay.  

C horizons: Hue is Z.5Y or IOYR. Texture is sandy 
loam, fine sandy loam or very fine sandy loam. Reaction is 
moderately alkaline or strongly alkaline.
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Coalmont Series

$1lIThe Coalmont series consists of moderately deeps well 
drained soils on ridges and hill slopes. These soils formed 
in residuum and slope alluvium derived dominantly from shale 
interbedded with sandstone.Slope is 2 to 20 percent.  
Elevation is 6,300 to 7s500 feet. Annual precipitation is 
10 to 14 inches and annual air temperatur-e is 39 to 45 
degrees F. The frost-free period is 90 to 110 days..  

Typical pedon of Coalmont loam, 15 percent slope in an 
area of Coalmont-Milren-Cragosen complex, rollingi, about 200 
feet north and Z,300 feet west of the southeast corner of 
section 15, T3ZN, R93W.  

A=O to 2 inches; grayish btown (2.5Y 5/2) loam, dark 
grayish brown (Z.5Y 4/2) moist; moderate medium granular 
structure; hard, firm, sticky, plastic; common very fine, 
fine, and medium roots; mildly alkaline; abrupt..smooth 
boundary.  

Bt=Z to 16 inches; olive (MY 5/3) clay, olive (SY 4/3) 
moist; moderate medium prismatic structure parting to 
moderate medium and fine angular blocky; very hard, firm? 
very sticky, very plastic; common very fine, fine, and 
medium roots; continuous thin and few thick clay films on 
vertical faces of peds; slightly effervescent; carbonates 
disseminated; mildly alkaline; clear wavy boundary.  

Bk=16 to 23 inches; olive (MY 5/3) clay loam, olive (MY 
5/3) moist; moderate medium and fine angular blocky 
structure; hard, firm, sticky, plastic; few very fine and 
fine roots; violently effervescent, many medium soft masses 
and seams of carbonates; few fine crystals of gypsum; 
moderately alkaline; gradual wavy boundary.  

Cy=23 to 30 inches; olive (5Y 5/3) clay loam, olive (SY 
5/6) moist; common medium strong brown (7.5YR 5/6) mottles; 
moderate medium angular blocky rock structure; hard, firm, 
sticky, plastic; strongly efferve~scent, carbonates 
disseminated; few small soft masses of gypsum; moderately 
alkaline; gradual wavy boundary.  

Cr=30 inches; soft shale.  

Bedrock is at a depth of ZO to 40 inches. Depth to the 
base of the argillic horizon ranges from 13 to 21 inches.  

A horizon: Hue is Z.SY or IOYR. Rock fragment. content 
is 0 to 15 percent.  

Bt horizon: Hue is 5Y through IOYR. Texture is clay 
loam or clay. Clay content is 35 to 50 percent. Rock
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Coalmont (continued) 

fragment content is 0 to 15 percent. Reaction is mildly 
alkaline or moderately alkaline.  

Bk and C horizon: Hue is 5Y throu3h 1OYR. Texture is 
clay or clay loam. Rock fragment content is 0 to 15 
percent.
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Cra3osen Series

. The Cragosen series consists of shallow, well drained 
soils on hills, terrace escarpments, and ridges. These 
soils formed in residuum and slope alluvium derived 
dominantly from sandstone and conglomerate. Slope is 5 to 
60 percent. Elevation is 6,000 to 7,500 feet. Annual 
precipitation is 10 to 14 inches, and annual air temperature 
is 39 to 45 degrees F. The frost-free period is 90) to 110 
days.  

Typical pedon of Cragosen gravelly loam, 20 percent 
slope in an area of Cragosen-Carmody-Blazon complex, hilly, 
about 1,100 feet south and 3,200 feet west of the northeast 
corner of section 16, T33N, R89W.  

About 30 percent of the surface is covered with gravel 
and cobbles.  

A-0 to 2 inches; pale brown (IOYR 6/:3) gravelly loam, 
brown (IOYR 5/3) moist; moderate fine granular. structure; 
slightly hard, very friable, slightly sticky, slightly 
plastic; many very fines fine and medium roots; ZO percent 
gravel, 5 percent cobbles; strongly effervescent, carbonates 
disseminated; moderately alkaline; abrupt smooth boundary.  

Bw=2 to 6 inches; pale brown (IOYR 6/3) gravelly loam, 
brown (IOYR 5/3) moist; weak fine subangular blocky 
structure parting to moderate very fine subangular blocky; 
slightly hard, very friable, slightly sticky, slightly 
plastic; many very fine, fine and medium roots; Z5 percent 
gravel, 5 percent cobbles; strongly effervescent, carbonates 
disseminated; moderately alkaline; clear wavy boundary.  

.Bk-6 to 12 inches; light gray (2.5Y t/2) very gravelly 
sandy loam, light brownish gray (2.5Y 6/2) moist; hard, very 
friable, nonsticky, nonplastic; few very fine, fine, and 
medium roots; 40 percent gravel, 5 percent cobbles; strongly 
effervescent, carbonates disseminated and as common large 
seams and soft masses; moderately alkaline; abrupt wavy 
boundary.  

Cr=12 inches; soft sandstone.  

Bedrock is at a depth of 10 to 20 inches. The control 
section is 25 to 45 percent gravel, 5 to 20 percent cobbles, 
and 10 to 18 percent clay. Thirty to 60 percent of the 
surface is covered with gravel and cobbles.  

A horizon: Hue is LOYR or 7.5YR. Reaction is mildly 
alkaline or moderately alkaline.  

Bw horizon: Rock fragment content is Z5 to 60 percent.  
Reaction is mildly alkaline or moderately alkaline.
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Cragosen (continued)

Bk horizon: Hue is 5Y through IOYR. Texture is very 
gravelly loam or very gravelly sandy loam. Rock fragment 
content is 35 to 60 percent. Reaction is mildly alkaline 
through strongly alkaline.
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Diamondville Series

The Diamondville series consists of moderately deep, 
well drainedsoils on hill slopes. These soils formed in 
residuum and slope alluvium derived dominantly from 
sandstone. Slope is I to 15 percent. Elevation is 5,300 to 
79500 feet. Annual precipitation is 9 to 14 inches, and 
mean annual air temperature is :39 to 45 degrees F. The 
frost-free period is 90 to 110 days.  

Typical pedon of Diamondville loam, 4 percent slope in 
an area of Diamondville-Forelle association, rolling, about 
2,200 feet south and 1,600 feet east of the northwest corner 
of section 24, T33N, R97W.  

A=O to Z inches; pale bre.., (IOYR 6/3) loam, brown (IOYR 
4/3) moist; weak very thin platy structure parting to weak 
very fine granular; soft, very friable, nonsticky, 
nonplastic; many very fine, fine, and medium roots; many 
very fine and fine vesicular pores; mildly alkal'ine; abrupt 
smooth boundary.  

Btl=Z to 6 inches; brown (7.5YR 5/4) clay loam, dark 
yellowish brown (IOYR 4/4) moist; weak thin platy structure 
parting to weak very fine subangular blocky; slightly hard, 
friable, slightly sticky, slightly plastic; few thin clay 
films on vertical faces of peds; many very fine, fine and 
medium roots; mildly alkaline; clear wavy boundary.  

Bt2=6 to 13 inches; light brown (7.SYR 6/4) clay loam, 
brown (7.5YR 4/4) moist; moderate prismatic structure 
parting to moderate medium subangular blocky; slightly hard, 
friable, sticky, plastic; continuous thick clay films on 
faces of peds; common very fine, fine and medium roots; 
moderately alkaline; clear wavy boundary.  

Btk=13 to 18 inches; pale brown (1OYR 6/3) loamy brown 
(T.SYR 5/4) moist; weak medium prismatic structure parting 
to moderate fine subangular blocky; slightly hard, friable, 
slightly sticky, slightly plastic; few thin clay films on 
vertical faces of peds; common fine and medium roots; 
violently effervescent, carbonates disseminated and as 
common fine soft masses and seams; moderately alkaline; 
clear wavy boundary.  

Bk=18 to Z4 inches; light yellowish brown (IOYR 6/4) 
loam, yellowish brown (IOYR 5/4) moist; weak medium 
prismatic structure parting to weak fine subangular blocky; 
slightly hard, friable, slightly stickyq slightly plastic; 
few very fine, fines and medium roots; violently 
effervescent, carbonates disseminated and as many medium 
soft masses and seams; strongly alkaline; abrupt wavy 
boundary.  

4
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Diamondville (continued)

Cr=24 inches; yellow soft sandstone.  

Bedrock is at a depth of 20 to 40 inches. Depth to 
uniformly calcareous material is 12 to 18 inches.  

A horizon: Reaction is neutral or mildly alkaline.  

Bt horizons: Hue is 7.5YR or IOYR. .Texture is sandy 
clay loam or clay loam. The control section is 20 to 35 
percent clay. Reaction is mildly alkaline or moderately 
alkaline.  

Bk horizon: Hue is 2.5Y or IOYR. The horizon is 0 to 
15 percent gravel. Texture is loam, sandy loam, or sandy 
clay loam. Reaction is moderately alkaline or strongly 
alkaline.
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Forelle Series

The Forelle series consists of very deep, well drained 
soils on fan aprons, terraces, and toe slopes. These soils 
formed in alluvium derived from mixed sources. Slope is 1 
to 15 percent. Elevation is 5,300 to 7,500 feet. Annual 
precipitation is 10 to 14 inches, and annual air temperature 
is 39 to 45 degrees F. The frost-free period is 80 to 110 
days.  

Typical pedon of Forelle loam, 3 perc2nt slope in an 
area of Diamondvi-ile-Forelle association, rolling, about 
1,050 feet north and 1,100 feet east of the southwest corner 
of section 11, T33N, R98W.  

AI=O to 2 inches; grayish brown (lOYR 5/2) loam, dark 
grayish brown (IOYR 4/2) moist; moderate fine granular 
structure; softi very friable, nonsticky, nonplastic; many 
very fine and fine and common medium roots; mildly alkaline; 
abrupt smooth boundary.  

AZ*Z to 6 inches; grayish brown (1OYR 5/2) loam, dark 
grayish brown (IOYR 4/2) moist; moderate thin platy 
structure parting to weak fine granular; slightly hard, very 
friable, slightly stickyt slightly plastic; many very fine 
and fine and common medium roots; mildly alkaline; abrupt 
smooth boundary.  

BtI=6 to 10 inches; brown (7.SYR 5/4) clay loam, brown 
(IOYR 4/3) moist; moderate medium prismatic structure 

pirting to moderate fine subangular blocky; hard, friable, 
sticky, plastic; continuous thick clay films on faces of 
peds; common very fine, fine, and medium roots; mildly 
alkaline; clear wavy boundary.  

Bt2=10 to 18 inches; brown (7.5YR 5/4) clay loam, brown 
(IOYR 4/3) moist; moderate medium prismatic structure 
parting to strong fine subangular blocky; hard, friable, 
sticky, plastic; continuous thick clay films on faces of 
peds; common very fine, fine, and medium roots; mildly 
alkaline; clear wavy boundary.  

Etk=18 to ZZ inches; pale brown (IOYR 6/3) clay loam, 
brown (lOYR 5/3) moist; weak medium prismatic structure 
parting to moderate fine subangular blocky; hardy friable, 
sticky, plastic; continuous thin clay films on faces of 
peds; few very fine, fine, and medium roots; strongly 
effervescent; carbonates disseminated and as common fine 
threads and soft masses; moderately alkaline; clear wavy 
boundary.  

Bk-ZZ to 26 inches; light gray (1OYR 7/2) loam, light 
brownish gray (IOYR 6/2) moist; weak medium subangular 
blocky structure; slightly hard, very friable, slightly
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Forelle (continued)

stickyq slightly plastic; violently effervescent, carbonates 
disseminated and as common fine threads, seamst and soft 
masses; moderately alkaline; clear wavy boundary.  

.C=6 to 60 inches; pale brown (IOYR 6/3) loam, grayish 
brown (IOYR 5/2) moist; massive; slightly hard, very 
friable, slightly sticky, slightly plastic; strongly 
effervescent, carbonates disseminated! moderately alkaline.  

A horizons: Hue is Z.SY or 1OYR. Reaction is neutral 
or mildly alkaline.  

Bt horizons: Hue is Z.5Y through 7.5YR. Clay content 
is 28 to 35 percent. Reaction is mildly alkaline or 
moderately alkaline.  

Bk horizons: Hue is Z.5Y or LOYR. Texture is loam, 
clay loam, or sandy clay loam. Reaction is moderately 
alkaline or strongly alkaline.  

C horizons: Hue is Z.5Y or IOYR. Texture is loam, 
sandy loam, sandy clay loam, or clay loam. In some pedons 
thin strata of loamy sand occur. Reaction is mildly 
alkaline through strongly alkaline.
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Glendive Series

The Glendive series consists of very deeps well drained 
soils on flood plains. These soils formed in alluvium 
derived dominantly from mixed sources. Slope is 0 to 3 
percent. Elevation is 51300 to 7,000 feet. Annual 
precipitation is 10 to 14 inchesq and annual air temperature 
is 39 to 45 degrees F. The frost-free period is 90 to 110 
days.  

Typical pedon of Glendive sandy loam, Z percent slope in 
an area of Havre-Forelle-Glendive complex, 0 to 3 percent 
slopes, about 800 feet west and Z,100 feet north of the 
southeast corner of section 27, T34N, R97W.  

A=O to 4 inches; brown (IOYR 5/3) sandy loam, brown 
(IOYR 4/3) moist; weak fine granular structure; soft, very 
friable, nonsticky, nonplastic; many very fine and fine and 
few medium roots; slightly effervescent, carbonates 
disseminated; mildly alkaline; abrupt smooth boundary.  

C=4 to 60 inches; pale brown (1OYR 6/3) sandy loam 
stratified with thin lenses of loamy sand, loam, and sandy 
clay loam, brown (IOYR 5/3) moist; single grain; soft, very 
friable, nonsticky, nonplastic; slightly effervescent, 
carbonates disseminated; mildly alkaline.  

The control section averages 9 to 18 percent clay.  

A horizon: Hue is Z.5Y or IOYR. Reaction is mildly 
alkaline or moderately alkaline.  

C horizons: Texture is coarse sandy loam, sandy loam, 
fine sandy loam, or gravelly sandy loam stratified with thin 
lenses of loamy sand, loam, or sandy clay loam. Reaction is 
mildly alkaline through strongly alkaline.
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Havre Series

The Havre series consists of very deep, well drained 
soils on flood plains. These soils formed in alluvium 
derived dominantly from mixed sources. Slope is 0 to 3 
percent. Elevation is 5,300 to 7,500 feet. Annual 
precipitation is 10 to 14 inches, and annual air temperature 
is 39 to 45 degrees F. The frost-free period is 90 to 1.10 
days.  

Typical pedon of Havre loam, 1 percent slope in an area 
of Havre-Absher-Forelle loams, 0 toA 6 percent slopes, about 
800 feet east and Z,000 feet north of the southwest corner 
of section 21, T33N, R98W.  

A=' to 3 inches; brown (lOYR 5/3) loam, brown (IOYR 4/3) 
moist; weak thick platy structure parting to weak fine 
granular; slightly hard, very friable, nonsticky, slightly 
plastic; many very fine, fine, and few medium roots; 
slightly effervescent, carbonates disseminated; mildly 
alkaline; abrupt smooth boundary.  

C1=3 to 14 inches; light olive brown (Z.5Y.5/4) loam 
stratified with thin lenses of fine sandy loamw silty clay 
loam, and clay loam, olive brown (Z.5Y 4/4) moist; weak 
medium prismatic structure parting to weak medium subangular 
blocky; slightly hard, very friable, nonstickyt nonplastic; 
common very fine, fine, and few medium roots; slightly 
effervescent, carbonates disseminated; moderately alkaline; 
gradual wavy boundary.  

CZ=14 to 60 inches; light olive brown (Z.5Y 5/4) loam 
stratified with thin lenses of fine sandy loam, silty clay 
loam, and clay loam, olive brown (Z.5Y 4/4) moist; massive; 
slightly hard, very friable, nonsticky, nonplastic; few very 
fine, fine, and medium roots; slightly effervescent, 
carbonates disseminated; moderately alkaline.  

The control section is 0 to 15 percent rock fragment.  
The control section averages ZO to 35 percent clay.  

A horizon: Hue is 2.5Y or IOYR. Reaction is mildly 
alkaline or moderately alkaline.  

C horizons: Hue is 2.SY or IOYR. Texture is dominantly 
loam or sandy clay loam, with thin strata of loamy sand, 
fine sandy loami silty clay loam, or clay loam. Reaction is 
mildly alkaline or moderately alkaline.
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Havre Variant

The Havre Variant consists of very deep and somewhat 
poorly drained soils in swales and seep areas. These soils 
formed in alluvium derived dominantly from mixed sources.  
Slope is 0 to 3 percent. Elevation is 5,300 to TO00O feet.  
The annual precipitation is 10 to 14 inches, and the annual 
air temperature is 39 to 45 degrees F. The frost-free 
period is 90 to 110 days.  

Typical pedon of Havre Variant loam, 1 percent slope in 
an area of Havre-Havre Variant-Elkol complex, 0 to 3 percent 
slopes, about Z,000 feet west and ZOO feet north of the 
southeast corner of section 4, T33N, R96W.  

A=O to 1 inch; brown (7.5'. 5/4) loam, brown (lOYR 5/3) 
moist; weak medium.granular structure; slightly hard, very 
friable, slightly sticky, slightly plastic; common very fine 
and fine roots; strongly effervescent; carbonates 
disseminated; strongly alkaline; abrupt smooth boundary.  

C1=1 to 8 inches; very pale brown (IOYR 7/4) sand, light 
yellowish brown (lOYR 6/4) moist; common distinct medium 
yellowish brown (IOYR 6/6) mottles; single grain; loose; 
common very fine and fine roots; slightly effervescent; 
carbonates disseminated; moderately alkaline; clear broken 
boundary.  

C2=8 to 60 inches; brown (lOYR 5/2) sandy clay loam 
stratified with thin lenses of sand to clay loam, dark brown 
(1OYR 4/2) moist, common large distinct dark gray (IOYR 4/1) 
mottles; massive; slightly hard, friable, sticky, slightly 
plastic; common very fine and fine roots to 14 inches; 
slightly effervescent, carbonates disseminated; moderately 
alkaline.  

A fluctuating water table occurs between 1.5 to 3.5 feet 
from April through September.  

A horizon: Reaction is moderately alkaline or strongly 
alkaline. The electrical conductivity is :B to 1, mmhos/cm.  

C horizon: Texture is dominantly loam or sandy clay 
loam stratified with thin lenses of sand, loamy sand, fine 
sandy loam, or clay loam. The electrical conductivity is 2 
to 8 mmhos/cm.
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Lupinto Series

The Lupinto series consists of very deep, well drained soils 
on terraces. These soils formed in alluvium derived from various 
sources. Slopes are 1 to 6 percent. Elevation is 7,000 to 8,300 
feet. The annual precipitation is 10 to 14 inches, the average 
annual air temperature is 39 to 45 degrees F, and the frost-free 
period is 90 to 110 days.  

Typical pedon of a Lupinto loam that has a slope of 1 percent, 
in an area of Lupinto loam, 1 to 6 percent slopes; about 2,200 feet 
north and 300 feet east of the southwest corner of sec. 36 T42N 
R106W.  

A=0 to 2 inches; brown (10YR 5/3) loam, dark brown (10YR 3/3) 
moist; weak fine granular structure; soft very friable, slightly 
sticky and slightly plastic; many very fine and fine and few medium 
roots; about 5 percent gravel; moderately alkaline; abrupt smooth 
boundary.  

Bt-2 to 9 inches; brown (7.5YR 4/4) sandy clay loam, dark 
yellowish brown (10YR 3/4) moist; moderate medium prismatic 
structure parting to moderate medium and coarse subangular blocky; 
hard, firm slightly sticky and slightly plastic; many very fine and 
fine and few medium roots to a depth of 5 inches and common very 
fine and fine roots between depths of 5 and 9 inches; common thick 
clay films on faces of peds; about 15 percent gravel; few thin 
coatings of carbonates on pebbles; moderately alkaline; clear wavy 
boundary.  

Bkl=9 to 23 inches; white (10YR 8/1) sandy loam, very pale 
brown (10YR 7/4) moist; weak medium prismatic structure parting to 
weak medium subangular blocky; slightly hard, friable, slightly 
sticky and slightly plastic; common very fine and fine roots; about 
15 percent gravel; violently effervescent; disseminated carbonates 
and many thick coatings of carbonates on pebbles; moderately 
alkaline; gradual wavy boundary.  

2Bk2=23 to 60 inches; white (10YR 8/1) very gravelly clay 
loam, pale brown (10YR 6/3) moist; massive; slightly hard, friable, 
slightly sticky and slightly plastic; common very fine and fine 
roots; about 45 percent gravel and 15 percent cobbles; violently 
effervescent; disseminated carbonates and many thick coatings of 
carbonates on rock fragments; strongly alkaline.  

Depth to the base of the argillic horizon ranges from 8 to 10 
inches. The depth of secondary accumulations of carbonates ranges 
from 8 to 10 inches. The average content of rack fragments in the 
control section ranges from 35 to 50 percent. The average content 
of clay ranges from 20 to 30 percent. The calcium carbonate 
equivalent is 15 to 35 percent in the calcic horizon.
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Lupinto (continued)

The A and Bt horizons are mildly alkaline or moderately alkaline. The A horizon is 0 to 15 percent gravel. The Bt and 2Bk horizons have hue of 7.5YR or 10YR. The Bt horizon is clay loam, sandy clay loam, or gravelly sandy clay loam. It is 0 to 25 percent gravel. The 2Bk horizon is very gravelly clay loam or very gravelly sandy clay loam. It is 35 to 60 percent rock fragments.  It is moderately alkaline or strongly alkaline. Some pedons have a C horizon, which is very gravelly sandy loam.

D7-5-23



Milren Series

$IO1The Milren series consrsts of very deep, well drained 
soils on fan aprons and terraces. These soils formed in 
alluvium derived from mixed sources. Slope is 1 to 8 
percent. Elevation is 61300 to 7,800 feet. Annual 
precipitation is 10 to 14 inches, and annual air temperature 
is 39 to 45 degrees F. The frost-free period is 90 to 110 
days.  

Typical pedon of Milren sandy loam, 3 percent slope, in 
an area of Milren-Bosler-Rock River sandy loams, 1 *to 12 
percent slopes, about 480 feet south and 1,300 feet east of 
the northwest corner of section 4, T31N, R9OW.  

A=O to 2 inches; brown (IOYR 5/3) sandy loam, brown 
(IOYR 4/3) moist; weak medium 3ranuiar structure; soft, very 

friable, nonsticky, nonplastic; many very fine and fine 
roots! 10 percent gravel; neutral; abrupt smooth boundary.  

E=Z to 3 inches; pale brown (lOYR 6/3) sandy loam, brown 
(IOYR 4/3) moist; weak medium platy structure parting to 
weak medium granular; soft, very friable, nonsticky, 
nonplastic; many very fine, fine, and few medium roots; 10 
percent gravel; mildly alkaline; abrupt broken boundary.  

Bt=3 to 11 inches; brown (7.5YR 4/4) sandy clay, brown 
(IOYR 4/3) moist; moderate medium prismatic structure 
parting to strong medium subangular blocky; very hard, firm, 
very sticky, very plastic; common very fine and fine and few 
medium roots; continuous thick clay films on faces of peds; 
5 percent gravel; moderately alkaline; gradual wavy 
boundary.  

Btkz11 to 16 inches; pale brown (IOYR 6/3) sandy clay 
loam, brown (IOYR 5/3) moist; weak medium prismatic 
structure parting to moderate medium subangular blocky; 
slightly hardi very friable, slightly sticky, slightly 
plastic; common very fine and fine and few medium roots; few 
thin clay films on faces of peds; strongly effervescent, 
carbonates disseminated and as few large threads, seams, and 
soft masses; moderately alkaline; clear wavy boundary.  

Bk=16 to 23 inches; very pale brown (IOYR 7/3) loam, 
pale brown (IOYR 6/3) moist; massive; slightly hard, very 
friable, slightly sticky, slightly plastic; few very fine, 
fine, and medium roots; 2 percent gravel; violently 
effervescent; carbonates disseminated and as many large soft 
masses and in threads and seams; strongly alkaline; gradual 
wavy boundary.  

C1=23 to 51 inches; very pale brown (lOYR 7/4) fine 
sandy loam, yellowish brown (IOYR 5/4) moist; massive; soft, 
very friable, nonsticky, nonplastic; 2 percent gravel;
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Milren (continued)

strongly effervescent, carbonates disseminated; strongly 
alkaline; gradual wavy boundary.  

CZ=51 to 56 inches; pale brown (UOYR 6/3) fine sandy 
loam, brown (IOYR 5/3) moist; massive; soft, very friable, 
nonsticky, nonplastic; 2 percent gravel; slightly 
effervescent, carbonates disseminated; strongly alkaline; 
clear wavy boundary.  

C3=56 to 60 inches; very pale brown (1OYR 7/3) loamy 
fine sand, pale brown (IOYR 6/3) moist; massive; soft, very 
friable, nonsticky, nonplastic; slightly effervescent, 
carbonates disseminated; strongly alkaline.  

Depth to the base of the Bt horizon is 15 to 25 inches.  

A and E horizons: Hue is Z.5Y or IOYR. The horizon has 
0 to 10 percent gravel. Reaction is neutral or mildly 
alkaline.  

Bt horizon: Hue is 1OYR or 7.5YR. Texture is clay or 
sandy clay. The horizon is 0 to 10 percent gravel.  
Reaction is mildly alkaline or moderately alkaline.  

Bk horizon: Hue is 2.5Y or IOYR. Texture is fine sandy 
loam, sandy loam, sandy clay loam, loam, or clay loam. The 
horizon is 0 to 15 percent gravel.  

C horizons: Hue is 5Y through lOYR. Texture is fine 
sandy loam,, loam, sandy clay loam, gravelly loamy or 
gravelly sandy clay loam. The horizon is 0 to 15 percent 
gravel. Below a depth of 40 inches, a texture of loamy-fine 
sand may be present. Reaction is moderately alkaline or 
strongly alkaline.
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Poposhia Series

The Poposhia series consists of very deep, well drained 
soils on fan aprons and toe slopes. These soils formed in 
alluvium derived dominantly from mixed sources. Slope is 1 
to 20) percent. Elevation is 5,300 to 7,500 feet. Annual 
precipitation is 7 to 14 inches, and annual air temperature 
is 39 to 45 degrees F. The frost-free period is 90 to 110 
days.  

Typical pedon of Poposhia loam, 3 percent slope in an 
area of Forelle-Poposhia association, 2 to 12 percent 
slopes, about 800 feet east and 2,975 feet south of the 
northwest corner of section 23, T33N, R98W.  

A=O to 3 inches; brown (1OYR 5/3) loam,, brown (IOYR 4/3) 
moist; weak fine granular structure; slightly hard, very 
friable, slightly sticky? slightly plastic; slightly 
effervescent, carbonates disseminated; moderately alkaline; 
abrupt smooth boundary.  

Bk=3 to 15 inches; pale brown (IOYR 6/3) clay loam, 
light olive brown (Z.5Y 5/4) moist; weak medium prism-like 
fragments; hard, firm, sticky, plastic; common very fine and 
fine and few medium roots; slightly effervescent, carbonates 
disseminated and as few fine threads and seams; moderately 
alkaline; clear wavy boundary.  

C=15 to 60 inches; pale brown (lOYR 6/3) loam, light 
olive brown (2.5Y 5/4) moist; massive; slightly hard, 
friable, slightly sticky, slightly plastic; few very fine, 
fine, and medium roots to 22 inches, none below; slightly 
effervescent, carbonates disseminated; miderately alkaline.  

The control section averages 18 to 35 percent clay and 0 
to ZO percent gravel.  

A horizon: Hue is Z.5Y or IOYR. Electrical 
conductivity is I to 4 mmhos/cm. Reaction is mildly 
alkaline to strongly alkaline.  

Bk horizon: Hue is 2.5Y or lOYR. Texture is commonly 
loam or clay loam, but is sandy clay loam in some pedons.  
Reaction is mildly alkaline to strongly alkaline.  
Electrical conductivity is 1 to 8 mmhos/cm. This horizon is 
absent in some pedons.  

C horizons: Hue is 2.5Y or IOYR. Texture is commonly 
loam, sandy clay loam, or clay loam, but in some pedons the 
horizons below at depth of 40 inches are stratified with 
lenses of loamy sand and sandy loam. Reaction is commonly 
moderately alkaline or strongly alkaline, but ranges to very 
strongly alkaline when the soil is designated as a sodic 
phase. Electrical conductivity is 1 to 8 mmhos/cm.
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Rock River Series

The Rock River series consists of very deep, well drained soils on fan apronstoe slopes, and terraces. These soils formed in alluvium derived from mixed sources. Slope is 1 to 12 percent. Elevation is 51300 to 7,500 feet.  Annual precipitation is 10 to 14 inches, and annual air temperature is 39 to 45 degrees F. The f-rost-free period is 
90 to 110 days.  

Typical pedon of Rock River fine sandy loam, 4 percent slope in an area of Cushool-Rock River association, 1 to 15 percent slopes, about 39000 feet east and 50 feet south of the northwest corner of section 319 T34N, R95W.  

A=O to 3 inches; pale brown (1OYR 6/3) fine sandy loam, brown (IOYR 4/3) moist; weak medium platy structure parting to weak fine granular; soft, very friable, nonsticky, nonplastic; many very fine and fine and few medium roots; many very fine and fine'vesicular pores; mildly alkal.ine; 
abrupt smooth boundary.  

Bt=3 to 13 inches; brown (7.SYR 5/4) sandy.clay loaff, brown (7.5YR 4/4) moist; moderate medium prismatic structure parting to moderate medium subangular blocky; hard, friable, sticky,. plastic; continuous thick clay films on faces of peds; common very fine and fine and few medium roots; mildly.  
alkaline; clear wavy boundary.  

Btk=13 to 18 inches; brown (IOYR 5/3) sandy clay loam, brown (1OYR 5/3) moist; moderate medium prismatic structure parting to moderate medium subangular blocky; hard, friable, sticky, plastic; continuous thin and few thick clay films on faces of peds; few very fine, fine, and medium roots; strongly effervescent, carbonates disseminated and as many large soft masses and seams; moderately alkaline; clear wavy 
boundary.  

Bk=18 to 34 inches; pale brown (IOYR 6/3) sandy clay loam, grayish brown (IOYR 5/2). moist; moderate medium prismatic structure; hard, friable, sticky, plastic; few very fine, fine, and medium roots to 22 inches; strongly effervescent, carbonates disseminated and as many large soft masses and seams; moderately alkaline; clear wavy boundary.  

C=34 to 60 inches; light brownish gray (IOYR 6/2) sandy clay loam, grayish brown (IOYR 5/2) moist; massive; hard, friable, sticky, plastic; slightly effervescent, carbonates 
disseminated; moderately alkaline.  

The control section averages 20 to 35 percent clay.  

A hori=on: Hue is IOYR or 7.5YR. Reaction is mildly 
alIkaline or moderately alkaline.
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Rock River (continued).

Bt horizons: Hue is IOYR or 7.5YR. Reaction is mildly 
alkaline or moderately alkaline.  

Bk horizons: Hue is lOYR or 7.5YR. Texture is sandy loam, fine sandy loam, sandy clay loam, or gravelly sandy loam. The horizon is 0 to 25 percent gravel. Reaction is moderately alkaline or strongly alkaline..  

C horizons: Hue is Z.5Y through 7.5YR. Texture is sandy loam, fine sandy loam, or sandy clay loam. Reaction 
is moderately alkaline or strongly alkaline.
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Sinkson Series

The Sinkson series consists of very deep, well drained soils on fan aprons. These soils formed in alluvium derived dominantly from red sandstone and siltstone. Slopes are 0 to 20 percent.  Elevation is 5,500 to 8,000 feet. The annual precipitation is 10 to 14 inches, the average annual air temperature is 39 to 45 degrees F, and the frost-free period is 90 to 110 days.  

Typical pedon of a Sinkson loam that has a slope of 6 percent, in an area of Thermopolis-Sinkson association, hilly; about 2,500 feet east and 3,500 feet north of the southwest corner of sec. 11, 
T40N R91W.  

A=0 to 3 inches; yellowish red (SYR 4/6) loam, dark reddish brown (5YR 3/4) moist; weak fine granular structure; soft, very friable, nonsticky and nonplastic, common very fine and fine roots; slightly effervescent; disseminated carbonates; moderately 
alkaline; abrupt wavy boundary.  

Bky=3 to 14 inches; yellowish red (SYR 5/6) loam, red (2.5YR 4/6) moist; weak fine subangular blocky structure; soft, very friable, nonsticky and nonplastic; many very fine and fine roots; strongly effervescent; disseminated carbonates and few fine soft masses of carbonates; few fine soft masses of gypsum; moderately 
alkaline; clear wavy boundary.  

C-14 to 60 inches; yellowish red (SYR 5/6) silt loam, red (2.SYR 4/6) moist; massive; soft very friable, slightly sticky and slightly plastic; few very fine and fine roots to a depth of 20 inches and no roots below that depth; strongly effervescent; 
disseminated carbonates; moderately alkaline.  

The control section ranges from 0 to 10 percent rock fragments. It is 18 to 30 percent clay and more than 15 percent fine sand or coarser sand. The A horizon has hue of 7.5YR or 5YR.  The B and C horizons are sandy clay loam, loam, or silt loam, Some pedons do not have a B horizon.
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Thermopolis Series

The Thermopolis series consists of very shallow or shallow, 
well drained soils. on hills and ridges. These soils formed in residuum and slope alluvium derived dominantly from sandstone and siltstone. Slopes are 10 to 30 percent. Elevation is 5,500 to 7,800 feet. The annual precipitation is 10 to 14 inches, the average annual air temperature is 39 to 45 degrees F, and the 
frost-free period is 90 to 110 days.  

Typical pedon of a Thermopolis loam that has a slope of 8 percent, in an area of Sinkson-Almy-Thermopolis association, 
rolling; about 3,200 feet north and 1,900 feet east of the 
southwest corner of sec. 11, T40N R91W.  

A=0 to 3 inches; red (2.5YR 5/6) loam, red (2.5YR 4/6) moist; moderate fine granular structure; soft, very friable, slightly 
sticky and slightly plastic; few fine and medium roots; strongly effervescent; disseminated carbonates; moderately alkaline; abrupt 
smooth boundary.  

C-3 to 16 inches; red (2.5YR 5/6) loam, red (2.5YR 4/6) most; weak fine and medium subangular blocky structure; soft, very 
friable, slightly plastic, few fine and medium roots; strongly effervescent; disseminated carbonates; moderately alkaline; abrupt 
wavy boundary.  

Cr=16 inches; soft siltstone.  

The depth to bedrock ranges from 6 to 20 inches. The control section is 0 to 15 percent channery fragments. The A horizon has hue of 7.SYR to 2.5YR. It is mildly alkaline or moderately alkaline. The C horizon has hue of 5YR or 2.5Th. It is loam or 
silt loam.
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