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Figure 1. Location of the Clive Facility relative to other alternative (ET) cover systems for radioactive or hazardous waste in the Bonneville Basin, 
Great Basin, and arid west. 
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HANFORD SITE/US DEPARTMENT OF ENERGY 

Location: Richland, Washington Average Annual Precipitation: 172 mm/year 1994–2002

Type of Cover System: ET Position: Above grade

Design Target: < 0.5 mm/year water recharge for 1,000-year design life

Date Constructed: 1994 Status: Experimental/full-scale operational project

ET Layer Materials (upper-lower) Depth Purpose

Silt-loam soil with admix 1 m ET/stability/H2O storage

Silt-loam 1 m ET/H2O storage

Sand 0.15 m Filter

Gravel 0.30 m Filter

Basalt rock riprap 1.50 m Barrier

Gravel 0.30 m Drainage

Composite asphalt 0.15 m Barrier

Top course 0.10 m Barrier

Sandy soil n/a Fill

Materials source: Gee et al. 2002

Monitoring/Research Results Source

ET Met design target Gee et al. 2002

Drainage/hydrology Met design target Gee et al. 2002

Erosion No measurable erosion Gee et al. 2002

Hydrologic modeling Silt-loam layer H2O storage exceeds 480-mm/year Campbell et al. 1990; Gee et al. 
1993b

Irrigated gravel side slope 10:1 Less drainage than expected Sackschewsky et al. 1995; 
Ward and Gee 1997; 
U.S. Department of Energy 1999; 
Gee et al. 1993a, 2002

Irrigated basalt side slope 2:1 Less drainage than gravel

Non-irrigated gravel side slope 
10:1

Less drainage than expected

Non-irrigated basalt side slope 2:1 Less drainage than gravel

Vegetation composition Sagebrush-rabbitbrush at 2 shrubs/m2 Gee et al. 1996, 2002

Revegetation success 75% cover; 57%–97% revegetation species 
survival 

Gee et al. 1996

1,000-year event (71 mm/8 hours) Within design target Gee et al. 1997, 2002

Max precipitation (480 mm/year) Within design target Gee et al. 1997, 2002
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MONTICELLO URANIUM MILL TAILINGS DISPOSAL CELL/USDOE 

Location: Monticello, Utah Average Annual Precipitation: 390 mm/year 

Type of Cover System: ET Position: Above grade

Design Target: UMTRCA 200–1000-year design life; annual average percolation < 3.0 mm

Date Constructed: 2000 Status: Operational (2012 CERLA review)

ET Layer Materials (upper-lower) Depth Purpose

Gravel admix 20.0 cm Stability, storage

Topsoil 41.0 cm ET, storage

Fine-grained soil 41.0 cm Storage, growth medium, frost protection

Cobbles filled with fine soil 30.5 cm Animal intrusion barrier

Fine-grained soil 30.5 cm Capillary barrier

Geotextile fabric n/a Enhance ET performance

Coarse sand 30.0–38.0 cm Capillary barrier

HDPE geomembrane n/a Infiltration barrier

Compacted soil 60.0 cm Radon/infiltration barrier

Materials source: Waugh 2002; Waugh et al. 2008

Monitoring/Research Results Source

ET Percolation < 3mm/year; 150 cm loam 
and clay designs had best 
performance

Waugh 2002; Waugh et al. 2008

Climate/edaphic factors All percolation occurred during one 
exceptionally wet year

Waugh et al. 2008

Drainage/hydrology Cumulative percolation 0.6 mm/year Waugh et al. 2008

Water storage capacity 80%–90% of computed storage 
capacity based on soil water 
characteristic curves

Waugh 2002; Waugh et al. 2008

Soil hydraulic properties Percolation was 100–1,000 times less 
than conventional cover systems

Waugh 2002; Waugh et al. 2008

Vegetation establishment Success criteria of 40% not met until 
2006

Sheader and Kastens 2008; 
Waugh et al. 2008

Vegetation density Total of 28–142 shrubs/acre < target 
of 1,000 shrubs/acre

Waugh et al. 2008
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HILL AIR FORCE BASE 

Location: Ogden, Utah Average Annual Precipitation: 436 mm/year 

Type of Cover System: ET Position: Above grade

Design Target: Lysimeter-based testing of five cover designs 

Date Constructed: ca. 1991 Status: Experimental

ET Layer Materials (upper-lower) Depth* Purpose

Vegetation Native grasses/native grasses/native 
grasses and shrubs/none/native grasses

ET, stability

Gravel mulch 0.0cm/1cm/1cm/0.0cm/0.0cm Erosion control

Sandy-loam at 1.86 g/cm compaction 0.9m/1.5m/1.5m/0.0m/1.2m ET, stability, storage

Silt-loam with 15% pea gravel 0.0m/0.0m/0.0m/1.0m/0.0m ET, erosion control, storage

Silt-loam 0.0m/0.0m/0.0m/1.0m/0.0m ET, storage

Geotextile (GT) None/GT/GT/GT/GT Barrier

Sand 0.0m/0.0m/0.0m/0.15m/0.3m Drainage

Gravel 0.0m/0.3m/0.3m/0.15m/0.0m Barrier

Clay at 4% slope 0.0m/0.0m/0.0m/0.0m/0.6m Lateral water diversion

* Depths listed for five cover types: Control (ET) cover/capillary barrier cover with grasses only/capillary barrier cover with grasses 
and shrubs/Hanford-type cover/modified RCRA cover; materials source.

Monitoring/Research Results Source

ET n/a

Drainage/hydrology 41 cm/24.0cm/30.0cm/0.0cm/0.01cm Warren et al. 1997

Erosion n/a

Biointrusion/bioturbation n/a

Drainage All cover types had drainage possibly due 
to high soil density/low water holding 
capacity, limited plant root growth, and/or 
above-average snowfall and subsequent 
snowmelt

Warren et al. 1997
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KIRTLAND AIR FORCE BASE/SANDIA NATIONAL LABORATORIES 

Location: Albuquerque, New Mexico Average Annual Precipitation: 220 mm/year

Type of Cover Systems: 
Capillary barrier/anisotropic/ET

Position: Above grade

Design Target: Testing of rates of annual percolation from traditional and alternative cover systems

Date Constructed: 1995–1996 Status: Demonstration project

Capillary Barrier Materials (upper-lower) Depth Purpose

Topsoil 0.30 m Growth medium, storage

Sand 0.15 m Filter

Gravel 0.22 m Drainage

Compacted native soil (fine) 0.45 m Capillary barrier

Sand (coarse-grained) 0.30 m Capillary barrier

Anisotropic Capillary Barrier Materials (upper-
lower)

Depth Purpose

Topsoil and pea gravel mixture 0.15 m Stability, erosion control

Native soil (fine-grained) 0.60 m Anisotropic capillary barrier

Fine sand 0.15 m Wicking layer

Pea gravel (coarse-grained) 0.15 m Anisotropic capillary barrier

ET Cover Materials (upper-lower) Depth Purpose

Topsoil with gravel veneer 0.15 m Stability, erosion control

Native soil 0.90 m ET barrier

Materials source: Dwyer 1997, Scanlon et al. 2005

Monitoring/Research Results Source

Capillary barrier system Average annual percolation of 0.87 mm; percolation 
higher than expected first year, slowed as vegetation 
developed.

Dwyer 1998, Dwyer et al. 2000; Scanlon 
et al. 2005

Anisotropic capillary barrier Average annual percolation of 0.16 mm; percolation rate 
decreased as vegetation developed.

Dwyer 1998, Dwyer et al. 2000

ET cover system Average annual percolation of 0.19 mm; percolation rate 
was lowest of the test systems by third year of testing; 
most effective at controlling infiltration. Drainage of 0.1-
0.4 mm/year occurred only in the first 2 years of 5-year 
study.

Dwyer 1998, Dwyer et al. 2000; Scanlon 
et al. 2005

Vegetation cover Drill-seeding with cool-season and warm-season native 
grasses was successful. Opportunistic shrubs (Atriplex 
spp.) also developed on the cover.

Scanlon et al. 2005

Hydrologic modeling HELP/UNSAT-H (neither program was sufficiently 
accurate for regulatory settings).

Dwyer 2003; Scanlon et al. 2005
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SIERRA BLANCA 

Location: Chihuahuan Desert, Texas Average Annual Precipitation: 311 mm/year 

Type of Cover System: GABET/CBET Position: Above grade

Design Target: Monitoring of prototype engineered covers for proposed low-level radioactive waste disposal site 

Date Constructed: 1997 Status: Experimental prototypes for proposed facility

ET Layer Materials (upper-lower) Depth* Purpose

Vegetation + mulch pad of 20-mm aspen 
shavings with biodegradable net

Five perennial warm-season bunchgrass 
species. Seedlings transplanted second 
year. 

ET, stability

Sandy clay loam at 1.5 milligrams/m3 bulk 
density with gravel (24% by weight)

0.3 m/0.3 m ET, stability, erosion control, storage

Sandy clay loam at 1.8 mg/m3 bulk density ET, storage

Geosynthetic clay layer 1.3 m/none resistive barrier

Sand none/2.0 m capillary barrier

Muddy gravel none/ca. 2.3 m not specified

Gravel none/ca. 2.5 m not specified

Sand none/ca. 2.8 m capillary barrier

* Depths listed for 2 cover types: geosynthetic clay layer overlying an asphalt barrier (GABET)/capillary barrier design (CBET) 

Monitoring/Research Results Source

ET Vegetation was key in promoting rapid 
water storage and controlling water balance 
of both systems, particularly due to 
monsoonal precipitation during growing 
season.

Scanlon et al. 2005

Drainage/hydrology 0.4–0.5 mm/year estimated drainage due to 
irrigation (226–2,340 mm/year)

Scanlon et al. 2005

Erosion Scanlon et al. 2005

Biointrusion/bioturbation n/a

Drainage Capillary barriers increased water storage 
by a factor of 2.5 and prevented drainage.

Scanlon et al. 2005

Hydrologic modeling Measured water balance was successfully 
reproduced by the models. Twenty-five-
year models predicted drainage due to 
drainage events. Models were most 
sensitive to the presence/absence of 
vegetation and soil hydraulic parameters.

Scanlon et al. 2005
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Geologic and Biogeographic History of the Clive Site 



Vegetated Cover System for the EnergySolutions Clive Site: Literature Review, Evaluation of Existing Data, and Field 
Studies Summary Report 

18



Vegetated Cover System for the EnergySolutions Clive Site: Literature Review, Evaluation of Existing Data, and Field Studies Summary Report 

19

Figure 2. Location of the Clive Facility. 
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Biotic Communities 
Historic Flora  

Historic Fauna  
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Current Flora 

Current Fauna 
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Climate 
Historic Climate 

Current Climate 

Potential Future Climate 
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2012 FIELD STUDIES OF ECOLOGICAL ANALOGS TO THE 
CLIVE SITE 

Objectives 

 

Methods 
Study Plot Selection 
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Figure 3. Range of potential ecological analog study sites at and near the Clive Site within an elevational range of 1,303–1,309 m (4,275–4,295 
feet) in elevation. 
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Figure 4. The distribution of 2010 Plots 1–5 and 2012 Plots 6–13 within the study area for the Clive Facility. 
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Vegetation Study Methods 

VEGETATION COMMUNITY DISTRIBUTION 

SPECIES COMPOSITION METHODS 

Figure 5. Study plot design showing vegetation sampling transects and 
quadrat locations. 

COVER ESTIMATION METHODS 
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DENSITY ESTIMATION METHODS 

Animal Bioturbation Study Methods 

SMALL MAMMAL TRAPPING METHODS 

Figure 6. Small mammal trapping station layout, where X represents 
extra-large traps and x represents large traps. 
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MAMMAL BURROW SURVEY METHODS 

ANT MOUND SURVEY METHODS 
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ANT MOUND EXCAVATION METHODS 

OTHER BURROWING ANIMAL OBSERVATIONS 

Soils 

SOIL MAPPING AND CLASSIFICATION 
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SOIL EROSION 

SOIL SAMPLING 

Figure 7. Example random soil sample distribution relative to vegetation 
transects in study plots. 
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Table 1. Clive Site Soil Parameters

Parameter Description Effect on Vegetation

Soil texture Proportion of particles of various sizes 
in the soil

Determines nutrient, water, and air supply ability of soils.

pH Ratio of hydrogen to hydroxyl ions 
resulting in acidic, neutral, or alkaline 
conditions

Although the hydrogen ion in high concentrations may be toxic 
and may directly affect plants, the availability of some essential 
nutrients is affected by pH.

Salinity ECe Measure of soil salinity and indicative 
of an aqueous solution to carry an 
electric current

Plants may be affected physically and chemically by excess 
salts. Reclamation in soils with high salinity should avoid salt-
sensitive plants. Salinity can be defined in terms of suitable plant 
species for a reclamation site. 

SAR Comparative concentrations of Na+

(sodium ion), Ca2+ (calcium ion), and 
Mg2+ (magnesium ion) in soil solutions

Soils that are high in Na+ relative to other salts may cause plants 
to have difficulty absorbing water. This typically occurs when the 
SAR rises above 12–15. (Ecosystem Restoration 2004)

Phosphorous, 
potassium, 
nitrate-nitrogen, 
sulfate-sulfur

Macronutrients Essential elements used by plants in relatively large amounts that 
are important constituents for growth. Concentrations of these 
elements determine the need for the type and amount of soil 
amendments.

Zinc, iron, copper, 
and manganese

Micronutrients Essential elements used by plants in relatively small amounts 
that are important constituents for growth.

Organic matter The percentage of recognizable 
organic material and humus in the soil 

Organic matter influences physical (open and loose) and 
chemical (source of nutrient elements) properties of soil, which 
affect plant growth.

Metals (cadmium, 
chromium, nickel, 
and lead)

Heavy metals Essential elements that are essential for healthy plant growth but 
that may be toxic to plants at high levels. 

CORRELATION ANALYSES 
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ORDINATION ANALYSES 

Results 

Vegetation Sampling Results 
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Figure 8. Typical vegetation community near the Clive Site: a mosaic of black 
greasewood and shadscale saltbush dominated by biological soil crust. 

VEGETATION COMMUNITY DISTRIBUTION RESULTS 
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Figure 9. SWReGAP vegetation community distributions near the Clive Facility. 
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LAND COVER DESCRIPTIONS 

Inter-Mountain Basins Greasewood Flat 

Inter-Mountain Basins Mixed Salt Desert Scrub 

Developed/Disturbed 

SPECIES COMPOSITION, COVER, AND DENSITY RESULTS 
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Table 3. Average Plant Species Cover and Density, and Average Ground 
Cover for All Plots

Species or Cover Type Average Cover
(%)

Average Plant Density
(plants per square meter)

Black greasewood
Sarcobatus vermiculatus

14.3 0.9

Sandberg bluegrass
Poa secunda

5.9 40.4

Shadscale saltbush
Atriplex confertifolia

3.2 7.3

Mojave seablite 
Suaeda torreyana

2.8 2.2

Fourwing saltbush 
Atriplex canescens

1.8 3.6

Gray molly
Bassia americana

1.6 2.9

Clasping pepperweed
Lepidium perfoliatum

1.6 28.3

Bug sage
Picrothamnus desertorum

1.3 1.0

Halogeton
Halogeton glomeratus

1.0 12.3

Fivehorn smotherweed
Bassia hyssopifolia

0.6 0.7

Herb Sophia
Descurainia sophia

0.5 3.0

Burningbush
Bassia scoparia

0.1 1.0

Average 2.9 8.6

Biological soil crust 79.2 –

Litter 7.9 –

Bare ground 7.8 –

Cobble 6.7 –
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Bioturbation 

SMALL MAMMAL TRAPPING RESULTS 

Table 4. Summary of Small Mammal Species and Number Captured
(number of recaptures) for 2012 Study Plots and 2010 Study Plot 3 

Study Plot
Deer Mice

(Peromyscus maniculatus)
Kangaroo Rats

(Dipodomys species)

Plot 3 (2010) 2 (1) 0

Plot 6 11 (3) 0

Plot 7 6 (0) 0

Plot 8 0 0

Plot 9 13 (3) –

Plot 10 4 (2) 0

Plot 11 22 (6) 0

Plot 12 47 (13) 1

Plot 13 12 (4) 0
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Figure 10. Kangaroo rat captured at Plot 12. 

MAMMAL BURROW SURVEY RESULTS 
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Table 5. Summary of Mammal Burrow Survey Results by Species for 2012 Study Plots and 
2010 Study Plot 3 (average soil displacement per burrow in parentheses (liters) 

Study Plot
Mouse 

(Peromyscus spp.)
Kangaroo rat 

(Dipodomys species)
Ground squirrel

(Spermophilus sp.)
Badger

(Taxidea taxus)

Plot 3 (2010) – – – –

Plot 6 0 0 0 0

Plot 7 1 (0.0L)* 1 (0.25L) 0 1 (13.5L)

Plot 8 0 0 0 0

Plot 9 0 0 0 0

Plot 10 0 0 0 0

Plot 11 0 0 1 (45.5L) 0

Plot 12 9 (6.2L)† 6 (18.2L)‡ 0 3 (26.0L)

Plot 13 0 0 0 0

* 5 burrow entrances in complex; no soil displacement.
†9 total burrow entrances in plot.
‡30 total burrow entrances in plot.

Figure 11. Soil excavation. 
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ANT MOUND SURVEY RESULTS 

Table 6. Ant Mound Surface Area and Density for 2012 Study Plots and 2010 Study Plot 3

Study Plot Total Number of Mounds 
per 1,000-m2 Plot

Total Mound Area (cm²) 
per 1,000-m2 Plot

Total Aboveground 
Volume (cm3) per Plot

Plot 3 (2010*) 3.3 9,500.0 25,268.3

Plot 6 3 11,815.9 47,881.1

Plot 7 4 25,612.6 144,686.3

Plot 8 2 13,160.1 52,264.5

Plot 9 2 7,747.2 16,320.4

Plot 10 4 15,473.9 77,217.7

Plot 11 1 5,103.9 10,888.4

Plot 12 1 1,540.6 3,286.6

Plot 13 2 6,209.0 18,881.4

Average per plot 2.4 4,561.2 46,428.3

* The values given for Plot 3 (SWCA 2010) are averages due to the larger plot size and sample size.
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Figure 12. Large ant mound in Plot 7. 

ANT MOUND EXCAVATION RESULTS 
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Figure 13. Ant mound excavation showing some large ant chambers near the 
soil surface with very little root biomass or evidence of ant activity at or below the 
condensed clay layer at approximately 0.6 m (2 feet) below the soil surface. 

OTHER BURROWING ANIMAL OBSERVATIONS 
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Figure 14. Badger (Taxidea taxus) photographed near Plot 12 (Photograph:
Thomas Sharp, SWCA, June 2012).  

Figure 15. Seven burrowing owl (Athene cunicularia) fledglings in burrow 
immediately south of the Clive Facility (Photograph: Thomas Sharp, SWCA, June 
2012).  
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Soils 

SOIL MAPPING AND CLASSIFICATION 

Soil Map Units 
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Figure 16. Soil map units.  
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Table 7. Clive Site Soil Map Unit Characteristics

Soil Map 
Units

Elevation 
(feet)

Precipitation 
(inches)

Slope 
(%)

Mean Annual 
Air Temperature 

(°F)

Average 
Frost-Free 

Period 
(days)

Native Vegetation Land Use

Skumpah-
Yenrab-
Dynal

4,200–
5,050

6–8 0–15 45–52 120–160 Shadscale, greasewood, 
bottlebrush squirreltail
(Elymus elymoides),
Indian ricegrass
(Acnatherum 
hymenoides), and 
fourwing saltbush

Rangeland and
wildlife habitat;
controlling 
grazing is 
necessary to 
maintain forage 
production.

Tooele-
Cliffdown-
Timpie

4,200–
6,000

6–8 0–15 45–52 120–160 Shadscale, greasewood, 
Indian ricegrass, 
horsebrush (Tetradymia
spp.), and bottlebrush 
squirretail

Rangeland, 
wildlife habitat, 
and irrigated 
alfalfa hay; 
controlling 
grazing is 
necessary to 
maintain forage 
production.

Amtoft-
Rock 
Oucrop-
Checkett

4,250–
7,000

8–12 30–70 45–49 100–140 Black sagebrush, Utah 
juniper (Juniperus 
osteosperma), bluebunch 
wheatgrass
(Pseudoroegneria 
spicata), Indian ricegrass, 
and Salina wildrye
(Leymus salinus)

Rangeland and
wildlife habitat;
controlling 
grazing is 
necessary to 
maintain forage 
production.

Source: U.S. Department of Agriculture (2000)

Soil Series 
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Table 8. Soil Series Characteristics near the Clive Site

Soil Series Soil formation Drainage Number of 
Soil Samples

Amtoft-rock outcrop Residuum and colluviums derived 
from calcareous sedimentary rocks

Well drained and somewhat excessively 
drained

5

Skumpah silt loam Alluvium and lacustrine sediments 
derived from mixed rock sources

Very deep, well drained, moderately 
slowly permeable soils on lake terraces

30

Timpie-
Tooele 
Complex

Timpie 
series

Alluvium and lacustrine sediments 
derived dominantly from limestone and 
quartzite

Very deep, well drained, moderately 
slowly permeable soils on lake terraces 
and fan remnants

5

Tooele 
Series

Aeolian material, lacustrine sediments, 
and alluvium derived from mixed rock 
sources

Very deep, well drained, moderately 
rapidly permeable soils on lake terraces 
and fan remnants

Source: U.S. Department of Agriculture (2000) 

Soil Parameters 

 

Table 9. Soil Parameters Available for Soil Series near the Clive Site

Parameter Rating or Value Range

Wind Erodibility Index (tons/acre/year) 48–86

Depth to restrictive layer (cm) >200

Depth to water table (cm) >200

Drainage class Well drained

pH Strongly alkaline 
(8.5–8.8)

Range production (pounds/acre/year) 500–850

Source: NRCS SSURGO data

SOIL SAMPLING RESULTS 

Soil Analyses 
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Soil Texture 

Soil pH, Salinity, and Sodium Adsorption Ratio 

Macronutrients 

Micronutrients 

Organic Mater 

Metals 

Missing Soil Analyses 
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SOIL EROSION RESULTS 

SOIL EXCAVATION RESULTS 
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Table 11. Summary of Soil Analysis Results from the Ecological Analogue Study Sites (Plots 6–13) 
and Soil Borrow Locations at the Clive Site (Unit 4 and Adjacent Topsoil Excavations)

Soil Parameter Units Ecological Analogue Soils 
(Plots 6–13)

Borrow Soils 
(Unit 4 and on-site excavations)

Range Mean Standard 
Deviation

Range Mean Standard 
Deviation

Particle size >2mm % 0.48–13.3 2.97 4.26 2.94–17.9 8.64 4.59

Sand % 9.0–27.0 19.00 6.35 0.0–28.0 12.63 10.46

Silt % 39–53 48.63 4.34 47–61 52.00 4.78

Clay % 26–38 32.38 4.87 21–53 35.38 11.07

pH n/a 8.1–8.4 8.25 0.09 7.6–8.4 8.06 0.28

Salinity (ECE) dS/m 3.34–16.4 10.37 4.71 12.6–55.6 26.26 13.37

Phosphorus (PO4) mg/kg 5.4–11.6 7.60 1.99 2.9–37.0 8.93 11.44

Potassium mg/kg 680–899 848.75 79.76 126–899 702.63 263.74

Nitrogen (NO3) mg/kg 8.58–12.6 10.06 1.36 1.58–19.2 6.56 5.38

Zinc mg/kg 0.05–0.20 0.11 0.05 0.03–0.23 0.10 0.07

Iron mg/kg 1.88–3.28 2.51 0.40 1.69–7.19 2.96 1.77

Copper mg/kg 0.04–0.53 0.39 0.16 0.35–1.30 0.70 0.37

Manganese mg/kg 1.91–2.75 2.31 0.29 0.80–5.76 1.53 1.71

Sulfur (SO4) mg/kg 11.2–154.0 92.14 52.72 77.7–623 289.96 186.89

Organic matter % 1.2–2.9 2.09 0.58 0.8–2.1 1.40 0.48

SAR n/a 28.9–92.7 61.23 22.89 62.3–176 104.35 35.76

Soil Texture 

Soil pH, Salinity, and Sodium Adsorption Ratio 

Macronutrients 

Micronutrients 
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Organic Mater 

Metals 

CORRELATION ANALYSES 

ORDINATION ANALYSES 
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Recommendations 
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Bioturbation 

Soils 
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