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Chemical Character of Minesoils at 

one Alaskan and twelve western conterminous 

United States coal-stripmines 

by 

R. C. Severson and L. P. Gough 

INTRODUCTION 

Current regulatory guidelines for rehabilitation of strip-mined land 

require assessment of the soil and spoil chemical quality both before and 

after mining to determine its suitability for plant growth. In the past, many 

methods have been used to characterize samples for the same chemical and 

physical properties (Bauer and others, 1978, p. 4 5 3 ) ,  and many methods of 

sample preparation have similarly been used (Berg, 1978, p. 656). Sandoval 

and Power (1977) have attempted to standardize sample preparation and analysis 

for mined-land spoils in the western United States by writing a handbook of 

recommended laboratory methods. However, published reports, concerning 

rehabilitation of strip-mined lands, contain little consistency in their 

sample preparation or analytical methods. Studies, such as those by Jacober 

and Sandoval (1971), Severson and others (1979), and Soltanpour and others 

(19761, indicate that deviations in sample preparation, soil-extraction 

technique, and analysis may be serious enough to markedly affect results and 

interpretations. In addition, samples collected by several individuals, at 

different times of the year, with contrasting objectives, and analyzed in 

various laboratories, would not provide data that are readily comparable. 

Should such comparisons be made and differences in chemistry be found, it 

would be extremely difficult to determine whether such differences were indeed 



real, or merely the results of varying sampling and laboratory technique. It 

is, therefore, generally not feasible to use much of the published data on 

soil or spoil chemistry for making comparisons between mining districts, 

hetwtl.cn states, between mines, or even between studies conducted by different 

indivi.duals within a single mine, if the objective is to make rigid 

statistical assessments of variation in chemical character of soils or spoil. 

The present study was undertaken in order to obtain extractable element 

composition data of topsoil and spoil material from a number of coal. mine 

rehabilitated areas. The mines studied were: Dave Johnstoi~, Seminoe No. 2, 

and Jim Bridger (Wyoming); Seneca No. 2 and Energy Fuels (Colorado); South 

Weulah, Velva, and Husky (North Dakota); and Rig Sky, Decker, and Absaloka, 

(Montana) (fig. 1). All samples at these 11 mincs were collected within a 

relatively short time span by one individual, they received the same 

preparation, they were analyzed by one laboratory using consistent methods, 

and they were prepared and analyzed in a randomized sequence so that any 

systematic error in preparation and analysis would he converted to a random 

error. Therefore, these data are useful for evaluating differences in the 

chemical composition of topsoil and spoil material between states and between 

mines, and should also indicate the amount of variability to be expected when 

small rehabilitated areas are sampled within a single mine. Similar 

information exists for the variability of natural soils in the northern Great 

Plains (Severson and Tidball, 1979) and in the San Juan Basin (Severson and 

Gough, 19130), for Fort Union Formation rocks in the northern Great Plains 

(Ebens and McNeal, 1977; Hinkley and Ebens, 1 9 7 7 ) ,  and for stream sediments in 

the northern Great Plains ( ~ c ~ e a l ,  1977). This information is useful for 

evaluating the background amounts of elements in these different natural 

materials. I n  conjunction with the present study, samples of rehabilitation 

plant species were also collected. 
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The r e s u l t s  of t h e  b iogeochemical  v a r i a b i l i t y  between mines ,  between s p e c i e s ,  

and between i n d i v i d u a l s  of t h e  same s p e c i e s  w i t h i n  a mine a r e  s t i l l  b e i n g  

tabu]-ated. 

I n  a d d i t i o n  t o  t h e  mines l i s t e d  above,  samples  of t o p s o i l  and s p o i l  were 

c o l l e c t e d  a t  the San Juan Mine i n  New Mexico, and samples  of n a t u r a l  s o i l  and 

spoi.1 were c o l l e c t e d  a t  t he  U s i b e l l i  Mine i n  Alaska ( f i g .  1). Even though 

t h e s e  samples were c o l l e c t e d  by t h e  same i n d i v i d u a l  a n d  p repared  and a n a l y z e d  

by t h e  same l a b o r a t o r y  u s i n g  t h e  same methods as f o r  t h e  11 mines l i s t e d  

above,  c o n t i n u i t y  between these  samples  and those  d e s c r i b e d  above i s  l a c k i n g  

because  t h e  samples  were c o l l e c t e d  w i t h  d i f f e r e n t  o b j e c t i v e s  and a t  d i f f e n t  

seasons  of t h e  y e a r .  There fo re ,  comparisons between t h e  c h e m i s t r y  of  t h e  s o i l  

and  s p o i l  m a t e r i a l s  a t  t h e  San J u a n  Mine, t h e  U s i b c l l i  Mine, and t h e  11 

wes te rn  mines shou ld  be made on ly  wi th  t h e s e  q u a l i f i c a t i o n s  i n  mind. 
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FIELD SAMPLING 

General Methods 

Based on the tabular information provided by Evans and others (1978) for 

surface mined lands, we selected 11 mines that met their criteria which 

suggested that rehabilitation had been successful and would meet the demand of 

current regulations. These criteria were, (1) the area had been rehabilitated 

in the past 3 - 5 years, (2) topsoil had been used in the rehabilitation 

process, and (3) a wheatgrass and a legume had been included in the seeding 

mixture. By limiting our sampling using these criteria, we provided a basis 

for making comparisons between rehabilitated areas. At each mine, the 

rehabilitation specialist was most cooperative in helping select a suitable 

site of about 5 - 10 ha (hectares). We found that it was not possible to 

locate rehabilitated areas meeting all of t h e  criteria at all of the mine 

sites. Most commonly, in order to meet criteria (1) above, criteria (2) 

and/or (3) were lacking. Therefore, criteria (I) and (3) were given priority 

and criteria (2) was satisfied if at all possible. Once a site had been 

selected, plants and soils were collected as follows: A random traverse 

across the site was made and at 10 locations, topsoil, spoil, and plant 

samples were collected. The actual sampling locations were dictated by the 

presence of acceptable plant material. Where grasses were sampled, the 

topsoil sample was obtained by digging around the plant clump to a depth of 

about 10 cm, extracting the plant clump with soil attached to the roots, and 

collecting the soil particles (topsoil, spoil, or a combination of both) 

adhering to the roots of the plant. Where a legume or plant other than a 

grass was sampled the topsoil material to a depth of about 10 cm was collected 

within a radius of about 20 cm of the plant. A t  each location where topsoil 

was collected, a second sample of material (called spoil material) was also 



collected. Because the "spoil" sample consisted of the material found between 

20 to 30 cm directly below where the plant clump and topsoil had been removed, 

true spoil material was sampled only at some mines where topsoil was shallow 

or altogether absent. The spoil material was sifted through a stainless steel 

screen with 1 cm openings and material larger than 1 cm was discarded. In 

order to determine what approximate percentage of the spoil material was 

greater than 2 mm in diameter, samples of about 2 to 3 kg were collected at 

four sites at each mine where spoil material was within 50 cm of the surface. 

A rehabilitated area at the San Juan Mine was sampled in the summer of 

1977. Six samples each of topsoil and spoil material were collected in the 

general vicinity of where plants were collected, but not directly below where 

they were growing as described above. The topsoil samples consisted of only 

topsoil material and the spoil samples consisted of only spoil material. A 

discussion of differences between chemistry of natural soils and these mine- 

rehabilitated soils is given in Severson and Gough (1980). 

A rehabilitated site and an adjacent undisturbed site were sampled in the 

spring of 1979 at the Usibelli Mine. Three samples each of undisturbed 

mineral soil material and spoil material were collected, but not in any 

particular location with respect to the plant samples. At the undisturbed 

site, mineral soil was collected from directly below a 15 to 20 cm mat of 

organic material. At the rehabilitated site, no topsoil had been applied and, 

therefore, the top 15 to 20 cm of spoil material was collected. 



SITE CHARACTER 

Dave Johnston Mine 

This mine is located in Converse County, Wyoming, at approximately lat 

43" 03' N. and long 105" 50' W. The rehabilitated area sampled was mined in 

1968 and then, in 1972 it was recontourad, topsoiled, and seeded. Topsail 

consisted generally of a noncalcareous sandy loam material that ranged in 

depth from 0 to 30 cm (table 1 ) .  Initally, a 15-to-30 cm veneer of topsoil 

was applied (J. R. Phillips, oral commun., September 1978) but subsequent 

erosion redistributed this material leaving some steep slopes hare of topsoil 

and some drainages containing 100 cm or more. The spoil material was quite 

variable in its lithologic composition between sampling sites (table 1). It 

ranged from sandstone to dark shale with some samples consisting of an 

estimated 60 percent coal fragments. It a l s o  ranged from noncalcareous (most 

common) to moderately calcareous. Most of the spoil fragments were less than 

2.5 cm in diameter and about 50 to 75 percent of the spoil material was less 

than 2 mrn in diameter (fig. 2). 





Seminoe No. 2 Mine 

This mine is located in Carbon County, Wyoming, at approximately lat 41 " 

53'  N, and long 106" 33' W. The area sampled was mined, regraded, and seeded 

in 1976 (Gary Herold, oral commun., September 1978). In this area, no topsoil 

was applied; therefore, both the "topsoil" and spoil samples are of spoil 

material, differing only in the depth from which they were collected. The 

spoil material consists of a diverse mixture of lithologies; however, 

fragments of coal were very sparse in this material (table 1). Consolidated 

sandstone fragments about 10 to 15 cm in diameter were present on the surface 

and throughout the mine-soil profiles. These fragments were not included in 

the samples collected for chem-lcal analyses or for particle size analysis; 

however, they are estimated to be about: 5 to 10 percent of the spoil volume. 

Very friable calcareous siltstone and weakly calcareous Lo noncalcareous shale 

was the major matrix of the samples collected. Very 1i.ttle erosion of 

regraded spoil was observed, probably because of the mixture of lithologies 

and particle sizes present. From 30 to 50 percent of the spoil material was 

less than 2 mm in diameter (fig. 3). 



Jim Bridger Mine 

This mine is located in Sweetwater County, Wyoming, at approximately lat 

41" 46' N. and long 108' 45' W. In 1975, coal was strip mined from the 

rehabilitation area we chose for sampling (Area No. 302). The area was 

regraded in 1976. In the fall of 1976, native soil was removed from an 

unmined site and spread over the area--no stockpiling of topsoil was involved 

(Harley P. Meuret, oral commun., September 1978). The area was also seeded at 

this time. The topsoil material consisted of a noncalcareous to weakly 

calcareous, yellowish-brown, silt loam material (table 1). It ranged in 

thickness from 10 to 25 cm. The spoil material contained very few coal 

fragments (table 1) and consisted of a a noncalcareous to weakly calcareous, 

gray, brown, and reddish-brown silt loam matrix. Fragments of 

well-consolidated siltstone and very fine grained sandstone, which were less 

than 2.5 cm in diameter, accounted for about 20 percent of the spoil material 

volume. No shale material was found. From about 50 to 60 percent of the 

spoil material was less than 2 mm in diameter (fig. 4 ) .  





Seneca No. 2 Mine 

This mine is located in Routt County, Colorado, at approximately lat 40' 

26' N. and long 107" 06' W. The rehabilitated area we sampled was mined, 

regraded, and seeded in 1975 (ROY Karo, oral commun., September 1978). No 

topsoil was applied to this area. Therefore, both "topsoil" and spoil samples 

are of spoil material differing only in the depth from which they were 

collected. The area contains many large consolidated pieces of sandstone (up 

to 0.5 m in diameter) both on the surface and within the mine-soil profile. 

Similar large pieces of friable black shale were  also observed. Together they 

constituted an estimated maximum of 25 percent of the spoil material volume. 

Pieces of rock larger than 10 cm in diameter were not included in the samples 

for particle size analysis. The matrix of the spoil material consists of 

weakly to moderately calcareous, brown to black loam and finer textured 

materials (table I). Small fragments of coal were commonly persent in the 

samples collected. From about 30 to 40 percent of the spoil material (not 

including fragments greater than 10 cm in diameter) was less than 2 mm in 

diameter (fig. 5). 



Energy Fuels Mine 

This mine i s  located in Routt County, Colorado, at approximately lat 40" 

20' N. and long 107" 04' W. The area we sampled was mined in 1968. In late 

1975 the spoil piles were graded and 20 to 25 cm of topsoil was applied. In 

early 1976 the area was seeded (Kent Crofts, oral commun., September 1978). 

At our sampling locations the topsoil ranged in thickness from 20 to 40 cm and 

consisted of a non-calcareous, dark brown and black, clay and silty clay 

material (table 1). The spoil material consisted of coarse fragments (about 

10 to 15 percent were greater than 2.5 cm in diameter) of brown and black 

shale and siltstone, and gray sandstone (table 1). The sandstone was massive 

and well consolidated, and the shale and siltstone fractured easily into 

plates about 1 cm thick and 5 cm in length. The matrix of the spoil consisted 

of a nancalcareous, black, silty material, probably from the p h y s i c a l  

disintegration of the shale and siltstone, and a small. amount of coal 

fragments (estimated to be less than 5 percent of the spoil volume). From 

about 35 to 50 percent of the spoil material was less than 2 rnrn in diameter 

(fig. 6). 



Figure 6 .  P a r t i c l e  size dis tr ibut ion  o f  four 
samples of spoi l  c o l l e c t e d  at the 
Energy Fue l s  Mine. 

Figure 7 .  Particle sf ze d i s t r i b u t i o n  o f  four 
samples of s p o i l  c o l l e c t e d  a t  the  
South ~ e u l a h  Mine. 
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South Beulah Mine 

This mine is located in Oliver County, North Dakota, at approximately lat 

47" 14' N. and long 101" 46' W. In the area we studied, coal was extracted in 

about 1972, spoil piles were graded in 1973, and 15 to 20 cm of topsoil was 

then applied (Dale Morman, oral commun., September 1978). The area was first 

seeded in 1974 and rpseeded in Late 1976. At the location sampled, the 

topsoil ranged in thickness from 10 to 20 cm and consisted of a moderately 

calcareous, dark-brown, silt loam material (table 1). The spoil material 

contained no fragments of rock larger than 2.5 cm in diameter. This is 

because the area has only 3 to 4 m of overburden, and all of this material has 

probably been physically and chemically weathered. Erratics were observed on 

the land surface indicating the area has also been glaciated; however the 

mantle of glacial till was very thin and almost completely removed. The spoil 

material is noncalcareous to moderately calcareous and consists of gray, 

brown, and black, weakly consolidated siltstone and shale (table 1). The 

spoil matrix is a silt loam and finer in texture. Very little coal was 

observed in the samples of spoil material. From about 40 to 55 percent of the 

spoil material was less than 2 mm in diameter (fig. 7) .  



Velva Mine 

This mine is located in Ward County, North Dakota, at approximately lat 

47" 57' N. and long 101" 00' W. The mine has been operating since 1929 under 

various owners and therefore mining and rehabilitation records are not readily 

available (Dwayne Hartwig, oral commun., September 1978). However, in the 

area we sampled, the spoil piles were graded, topsoiled, and seeded in 1973 or 

1974. It is difficult to distinguish the topsoil material from the spoil 

material because both appear to be of glacial till (table 1). The material 

identified as spoil does, however, contain a moderate amount of coal fragments 

and a very small amount of weakly consolidated black shale. Evidently, this 

material now nearest the surface was the last overburden to be strip mined 

before the coal seam was encountered. The topsoi.1 material, containing no 

coal, ranged from 5 to 25 cm in depth. The matrix of both the topsoil and 

spoil is a moderately calcareous, yellowish-brown, clay loam. Only about 20 

to 30 percent of the spoil material was less than 2 mm in diameter (fig. 8). 

However, virtually 100 percent of t h i s  material was weakly consolidated and 

less than 2.5 cm in diameter and, with a moderate disaggregation force, would 

be broken down to much smaller aggregates. Because disaggregation was used to 

prepare the samples for chemical analyses, it is estimated that greater than 

90 percent of the material was actually included for the analyses. 
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Husky Mine 

This mine is located in Stark County, North Dakota, at approximately lat 

46' 51' N .  and long 102' 41' W. The rehabilitated area we sampled was graded, 

subsoil and topsoil applied, and seeded in 1975 (Dale Elberg ,  oral commun., 

September 1978). The area is reported to have 30 cm of topsoil over 120 cm of 

subsoil. Where we sampled, the topsoil ranged from 15 to 50 cm in thickness 

and the subsoil was always greater than 70 cm (table 1). The topsoil 

consisted of a noncalcareous to weakly calcareous, dark-brown, clay loam 

material. The spoil material consisted of replaced subsoil rather than fresh, 

fragmented, sedimentary rock. This material was noncalcareous to weakly 

calcareous and ranged from a dark-brown, clay loam (similar to the topsoil) to 

a yellow-brown, very fine sandy loam. Almost all coarse fragments in the 

"spoil" material were less than 2.5 cm in diameter (fig. 9). The fraction of 

the spoil material less than 2 mm in diameter was from 60 to 70 percent; 

however, one sample was only 30 percent. These coarse fragments were weakly 

consolidated and most would be easily disaggregated to less than 2 mm. 



Big Sky Mine 

This mine is located in Rosebud County, Montana, at approximately lat 45' 

49 '  N. and long 106" 36 '  W. Grading of the spoil piles, application of 60 cm 

of topsoil, and seeding were done in 1974 (Reg Hoff,  oral commun., September 

1978). This area was also reseeded in 1975.  In the area we sampled, topsoil 

was from 1 0  to 30 cm deep and consisted of a moderately calcareous, yellowish- 

brown, silt loam and very fine sandy loam material (table I ) .  The spoil 

material was noncalcareous to weakly calcareous, gray, silty clay material 

(table 1). Little or no coal was observed in samples of this spoil 

material. Most of the coarse fragments (estimated as greater than 90 percent) 

in the spoil were less than 2.5 cm in diameter and were weakly consolidated. 

From 20 to 40 percent of the spoil material was less than 2 mm in diameter 

(fig. 1 0 ) ;  however, upon disaggregation most aggregates were reduced in size 

to less than 2 mm. 





Decker Mine 

This mine is located in Big Horn County, Montana, at approximately lat 

45" 03' N. and long 106" 03' W. The area in which samples were collected was 

regraded, topsoiled, and seeded in 1976. Before mining, the upper 15 cm of 

soil material (topsoil) was stockpiled as well as all soil material below this 

depth (which was considered nontoxic for plant growth) (Dwight Layton, oral 

comnun., September 1978). Wherc we sampled, there was very little visible 

difference between the topsoil and subsoil. Their cumulative depth exceeded 

90 cm. This material consisted of a yellowish-brown, calcareous, clay loam 

with some lenses of fine sand intermixed (table 1). At some sampling 

locations, the material below 30 cm was mottled with orange and gray colors, 

indicating it was largely unoxidized. No fragments of coal, and very few 

coarse fragments (greater than 2.5 cm in diameter) of sedimentary rocks, were 

found in any sample. No bulk samples were collected for particle size 

analysis because of the fineness and uniformity of the material. 



Absaloka Mine 

This mine is located in Big Horn County, Montana, at approximately lat 

45" 49 '  N. and long 107" 06'  W. Samples were collected from an area that was 

regraded, topsoiled, and seeded in 1975 (David Simpson, oral commun., 

September 1978). Topsoil consisted of a brown, calcareous, sandy loam 

material with a few segregated clayey aggregates less than 3 cm in diameter 

(table 1). The topsoil ranged in thickness from 25 to 40 cm. Marcasite 

concretions coated with carbonate (2 to 8 cm in diameter) were found on the 

surface at infrequent intervals. Screening of bulk samples of spoil material 

showed it to be quite variable in particle size. From about 70 to 90 percent 

of the spoil material was less than 2.5 cm in diameter and about 20 to 35 

percent was less than 2 mm in diameter (fig. 11). The spoil material 

consisted of a mosaic of colors and textures--fragments of coal, shale, 

clinker, sandstone, and siltstone were common, and the matrix was largely a 

sandy loam material high in organic matrer other than coal fragments (table 

1). 

San Juan Mine 

This mine is located in San Juan County, New Mexico at approximately lat 

36" 45'  N. and long 108" 23' W. Samples were collected from an area that was 

regraded, topsoiled, and seeded in 1974 (R.  W. Allen, oral commun., August 

1977). The topsoil was uniformly about 20 cm deep and consisted of a 

moderately calcareous, yellowish-brown, fine and medium loamy sand (table 

I). The spoil material was a weakly to moderately calcareous, loam to clay 

loam material containing small amounts of coal (table I). Coarse fragments of 

sedimentary rock were present but they were not described or their abundance 

estimated. No data were collected on the spoil particle size distribution. 



Usibelli Mine 

This mine is located near Healy, Alaska (about 150 km south of Fairbanks) 

at approximately lat 63' 53' N. and long 148" 45' W.. The rehabilitated area 

sampled was r e g r a d e d  and seeded, bu t  not topsoiled, in 1972 (C. P. Boddy, oral 

commtln., June 1979). The spoil material was a neutral, dark-brown, s i l t  loam 

and v e r y  fine sandy loam material (table 1) t h a t  appeared t o  be derived from a 

mica schist. Coarse fragments made up about 20 percent of the spoil volume. 

The natural soil. material sampled was from below a 15 t o  20 c m  organic mat and 

was a noncalcareous, light-brown, medium to coarse loamy sand (table 1). 



LABORATORY METHODS 

Sample Preparation 

A11 samples were air dried at ambient temperature. The dry samples were 

disaggregated in a motor-driven mortar and pestle and the fraction passing a 

2-mm (10 mesh) sieve was saved. Greater than about 90 percent of all samples 

of topsoil material passed the 2-mm sieve after disaggreating, except for 

samples collected at the Jim Bridger Mine (about 80 percent). For spoil 

material samples, the fraction passing the 2-mm sieve was quite variable from 

site to site. Figures 2 through 11 show the particle size distribution of the 

true spoil material (sampled at sufficient depths so that no topsoil material 

was included) at various mine sites. The data used to construct the figures 

were obtained by dry sieving an approximate 2-to-3 kg sample of the air-dried 

spoil material which had not been previously disaggregated. The percentages 

passing the 2-mm sieve, therefore are less than the amount of material passing 

the sieve after disaggregating. However, many samples labelled as being of 

spoil material are actually mixtures of topsoil and spoil (table 2) because of 

the sampling criteria used. These samples, therefore, have varying amounts of 

material passing the 2-mm sieve after disaggregating and the amount is 

somewhat greater than the values indicated in figures 2 through 11 for each 

mine. 

After the samples had been disaggregated, the fraction saved was split 

into two parts. One split was ground in a ceramic mill to pass a lOO-mesh 

sieve (less than 149 urn), and the other part received no further processing. 

All samples were processed in a random sequence so that any systematic bias 

would be converted to random error. 



Chemical Analyses 

The unground (less than 2 mm) material w a s  used for all extractable 

element content determinations. Organic matter content w a s  determined on the 

ground (less than 149 urn) material as weight loss on ignition (Dean, 1974). 

Methods for extractable element determinations are described in Crock and 

Severson (1980) where Cd, Co, Cu, Fe, Mn, Ni, Pb, and Zn were determined in a 

DTPA extract; B was determined from a hot water extract; and pH w a s  

determined on a 1:l  soil to water paste. Extractable element content was 

determined on samples from the Usibelli Mine using the DTPA-NH4HC03 extract of 

Soltanpour and Schwab (1977) as described in Severson and others (1980). 



STATISTICAL ANALYSES 

Estimates of variance components for states, mines, samples, and analyses 

were computed as shown in figure 12. These estimates are based on a four- 

level, unbalanced, nested, analysis-of-variance design. The samples of 

topsoil and spoil included in this analysis represent only the 11 western 

mines described previously (Field Sampling section). Figure 12 shows that 

unbalancing did not create any large differences in the coefficients used to 

compute mean-square estimates for the different levels. Therefore, the F- 

ratio used to test for significant differences between levels should reflect 

differences in natural variation and not differences in the coefficients used 

to estimate the mean-square values. The last level of the design, between 

analyses, estimates that part of the total observed variation which is due to 

sample preparation and analysis. When this variation is large (greater than 

50 ~ercent) relative to the natural variation, it is judged to be excessive 

and interpretations of such results are qualified. 

Determinations of elements present in trace quantities commonly result in 

censored data--concentrations are reported as less than the lower limit of 

determination for the analytical method used. Statistical tests require 

completely numeric data sets; therefore, these censored values were replaced 

by small arbitrary values equal to 0.7 times the lower limit of 

determination. The small number of replaced values (tables A through D )  

should not significantly alter the statistical tests. Elements occurring in 

trace quantities tend to exhibit positively skewed frequency distributions. 

Therefore, a logarithmic transformation of the data prior to statistical 

analysis improves the estimates of central tendency because the frequency 

distribution of the log-transformed data is more nearly normal. 



Some elements were approximately normally distributed, however stati.stica1 

tests based on transformed and original data were similar. Therefore, all 

statistical results are based on log-transformed data unless otherwise stated. 
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Theoretical and observed frequency distributions for the data are given 

in figures 13 and 14. Figure 13 shows that all metals measured in the DTPA 

extract are log-normally distributed. (A possible exception is Mn, which may 

be approximated by either a normal or log-normal distribution). Boron and 

organic matter are also log-normally distributed, and pH is best described by 

a normal distribution (fig. 14). 
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RESULTS AND DISCUSSION 

A brief guide to the way in which the results are summarized and 

presented may aid the reader in evaluating the results and forming independent 

conclusions. Variation between states, mines, samples, and analyses is 

presented for topsoil and spoil material in tables 2 and 3, respectively. For 

variables exhibiting significant variation between states, a geometric mean 

and deviation was computed for each state and differences in these means are 

shown in table 4 for topsoil and in table 5 for spoil material. Means for 

variables exhibiting significant variation between mines are similarly 

presented in tables 6 and 7 for topsoil and spoil material, respectively. For 

variables showing significant variation between samples, summary statistics 

(geometric mean, geometric deviation, and observed range) for all topsoil. and 

all spoil samples are presented in tables 8 and 9, respectively, and the 

results of individual analyses are given in appendix tables A-D. 

The discussion of results given in the following section is only 

preliminary at this writing and is, therefore, subject to further 

interpretation. 



Metals in DTPA Extracts 

Components of variation are given for topsoil and spoil samples in tables 

2 and 3, respectively. The metals showing the largest total variation, and 

therefore, those exhibiting the widest range in concentration in both topsoil 

and spoil material, are Cd, Cu, Fe, and Zn. Those metals exhibiting the 

smallest amount of total variation, and therefore the smallest range in 

concentration measures, are Co and Mn. A large portion of the total variation 

in Co and Pb is between analyses, or analytical error. Data for these metals 

are reliable for providing information on average amounts, but not as reliable 

for assessing variability. 

A comparison of the average concentration of elements exhibiting 

significant variation between districts is given in table 4 for topsoil, and 

in table 5 for spoil material. For Cd, Cu, and Fe in topsoil, more than 40 

percent of the variation was estimated to be between States (table 2). The 

mines sampled in Montana appear to have much lower mean levels of these metals 

than do mines in the other three States (table 4 ) .  For Co in topsoil, 

analytical error is high and total variation is low (table 2),  and the 

differences in average concentration between states are small (table 4). More 

than 40 percent of the total variation for Cd, Fe, and Ni in spoil material 

(table 3) was estimated to be between states. Again, the mines sampled in 

Montana appear to have much lower mean levels of these metals than do mines in 

the other states (table 5). The average levels of Cd are highest in the 

Colorado mines, and the average levels of Fe and Zn are highest in the North 

Dakota mines (table 5). As in topsoil, analytical error for Co in spoil 

(table 3) is high and total variation is low and the differences in average 

concentration between states are small (table 5 ) .  



Comparisons of average concentrations of elements showing significant 

differences in variability between mines for topsoil and spoil material are 

given in tables 6 and 7. All elements, except Co (which has high analytical 

error), show significant variation between mines in both topsoil (table 2) and 

spoil material (table 3). More than 40 percent of the total variation in Zn 

in both topsoil and spoil material, and Cu in spoil material, was estimated to 

be between mines. Mines located in Montana have the lowest mean levels of Zn 

in topsoil (table 6) and two of these mines also have the lowest mean levels 

in spoil material (table 7). The highest average Zn level measured in topsoil 

was at the Energy Fuels Mine (table 6) ,  and in spoil material at the Seneca 

No. 2 Mine (table 7). The highest average Cu level measured in spoil material 

was at the South Beulah Mine (table 7). Most of the OTPA extractable metals 

show no consistent pattern for high or low levels at any single mine or within 

mines in any single State. Therefore, useful generalizations on average metal 

levels based on State units or on mines within a State would be fortuitous, 

except perhaps for those elements exhibiting a large part of their variation 

between States. 



Summary statistics for elements showing significant variation between 

samples are given for topsoil in table 8 and for spoil material in table 9. 

For Mn, more than 50 percent of the total variation (table 2) in topsoil, and 

more than 80 percent of the total variation in spoil (table 3) were estimated 

to be between samples. In tables 8 and 9 summary statistics are provided for 

all topsoil or spoil samples as a group. The between-sample-within-mine 

variability can best be observed by examining the individual analysis values 

given in appendix table A. Elements with small between-sample variability 

exhibit similar concentration levels from sample to sample within a mine 

(table A). Elements with large between-sample variability exhibit a wide 

range in concentration from sample to sample within a mine (table A ) .  For 

some elements with large between-sample variability, the range in 

concentration measured for samples from a single mine may be nearly as wide as 

the range observed for all samples from all mines (Mn, for example at the Dave 

Johnston and Seneca No. 2 Mines, table A). When such large variation is 

measured locally within a single mine, valid generalizations on average metal 

levels for that mine may be fortuitous. 

There appears to be no clear pattern for differences in levels of many 

DTPA extractable metals based on State units, mines, or even samples within a 

single mine. The mining and rehabilitation process, which mixes lithologic 

units and also includes various amounts of coal, may explain the great 

heterogeneity in our data on extractable concentrations of elements. Other 

soil variables, such as pH or organic matter content, may generally be more 

useful indicators of expected metal levels than are geographic divisions. The 

following table shows the simple correlations between pH and metal 

concentration, and between organic matter and metal concentration for the 110 



samples of topsoil and spoil material. 

SIMPLE CORRELATION COEFFICIENTS 

PH log-organic matter 

topsoil spoil topsoil spoil 

With this ntunber of samples, a correlation coefficient of about 0.3 is 

considered significant at the 0.0001 probability level. From the table it can 

be seen that concentrations of many metals are directly related to organic 

matter content, and inversely related to pH. Admittedly, the amount of 

variation explained (r2)  by the simple correlation coefficients (r) is less 

than 50 percent in all cases. Elowever, further interpretations using these 

two properties, and some other as yet undefined properties, to generate 

multiple-regression equations may enhance the prediction of metal 

concentrations in topsoil and spoil material samples from rehabilitated areas 



of coal-strip mines. 

Other Variables 

Boron 

Greater than 60 percent of the variation measured for hot water 

extractable B in both topsoil and spoil samples was estimated to be at the 

between-mines level (tables 2 and 3). The Jim Bridger Mine has the highest 

concentration of B in both topsoil and spoil (tables 6 and 7). All other 

mines have similar levels (the lowest-to-highest values differing by a factor 

of about two) in both topsoil and spoil. The significant variation between 

samples of spoil (table 3) is also largely a result of the wide range in 

values measured at the Jim Bridger Mine (tables 9 and H ) .  Simple correlations 

between log-B and pH in topsoil (r= .08), and in spoil (r= - . 3 1 )  indicate that 

pH has little value for predicting B levels in topsoil, but may be important 

in combination with other as yet undefined variables for spoil. Simple 

correlations between log-B and log-organic matter in topsoil (r= . 3 7 )  and in 

spoil (r= .47)  indicate that organic matter (possibly coal fragments) may be 

more useful than pH as a component of a prediction equation, when combined 

with other variables. 



Variation between States, mines, and samples for both topsoil (table 2) 

and spoil material (table 3) is approximately the same for each of the three 

analysis of variance levels. This indicates that similar ranges in pH were 

measured between samples representing each level and, for samples from each o f  

the levels, pH differed by a similar amount. In both topsoil and spoil pH was 

lowest for samples from Wyoming and highest for samples from Montana (tables 4 

and 5). (In table 4, mean pH values for topsoil are included because of their 

relatively large variance component (table 2). They are not statistically 

compared, however, because they do not show significant variation at the 

between-state level.) Significant variation between mines and between samples 

for both topsoil (table 2) and spoil (table 3) indicates that generalizations 

at these levels may be inaccurate. Topsoil at the Dave Johnson Mine had the 

lowest mean pH measured (except for the Usibelli Mine) and t he  highest mean pH 

was measured at all Montana mines and the San Juan Mine (table 6). The lowest 

DTPA extractable metal levels were measured for the mines having the highest 

average pH, but the highest average metal levels were not consistently 

associated with those mines having the lowest average pH. In spoil material 

(table 7) ,  the lowest average pH was measured at the Dave Johnston Mine and 

the highest average pH in the Montana mines. A similar relation between pH 

and DTPA extractable metals was observed for spoil as for topsoil. 1 
I 

Significant variation between samples for both topsoil and spoil (tables 2 and 

3 )  suggest that even within a single mine site a wide range in pH is to be 

expected. In table C, pH values for samples of topsoil from a single mine are 

shown to range as much as 2.5 uni.ts (Dave Johnston ~ i n e )  or as little as 0.3 
I 

llnits (Jim Rridger Mine). Similar ranges are shown for samples of spoi.1 I 



material within a single mine (table D l .  In table 1, from observations on 

topsoil samples from the Dave Johnston and Jim Rridger Mines, one would expect 

that the Dave Johnston Mine samples would be more uniform in their composition 

than Jim Bridger Mine samples. The opposite relation was observed, however. 

Therefore, basing chemical extrapolations on field observations of physical 

characteristics may be misleading, especially when estimates of chemical 

homogeneity (variability) are being made. 



Organic Matter 

Significant variation in topsoil (table 2) and spoil (table 3) organic 

matter content was estimated to occur between mines and between samples, but 

not between states. In both topsoil and spoil, the samples with high amounts 

of organic matter probably reflect the amount of coal intermixed with the 

mineral fraction (table I ) .  However, some samples at the South Beulah, Energy 

Fuels, and Absaloka Mines (table 1) contained organic matter that was not 

coal. As discussed previously (Field Sampling--General Methods section) the 

designations "topsoil" and "spoil" refer to the depth at which the samples 

were taken and, in some cases, are not good descriptors of the type of 

material that was actually sampled (table 1). In tables 6 and 7, the mines 

showing the highest amounts of organic matter in both topsoil and spoil 

material are from samples of true spoil material and these high values do 

reflect mainly coal fragments (table 1). Samples of both topsoil and spoil 

which are lowest in organic matter (tables 6 and 7) are samples of natural 

soil material applied to the regraded overburden as topsoil or subsoil (table 

1). In the section on DTPA extractable metals, it was shown that simple 

correlations between organic matter and most of these metals may be useful in 

predicting their levels in topsoil and spoil. Even better predictions may 

result if those samples containing coal fragments, and those samples without 

coal  fragments, are segregated for prediction purposes because coal and soil 

organic matter have differing properties. 



PRELIMINARY CONCLUSIONS 

Extractable elements composition data was obtained for topsoil and spoil 

samples from rehabilitated areas of the following coal-strip mines: Dave 

Johnston, Seminoe No. 2, and Jim Bridger (Wyoming); Seneca No. 2 and Energy 

Fuels (Colorado); South Beulah, Velva, and Husky (North Dakota); Big Sky, 

Absaloka, and Decker (Montana); San Juan (New Mexico); and Usibelli 

(Alaska). Differences in levels of many DTPA-extractable metals could not be 

consistantly related to States or mines. For some metals, the range in 

concentration measured within a small rehabilitated area at a single mine was 

nearly as large as the range measured at all mines. Generally, topsoil and 

spoil material appeared unlform in physical properties from sample site to 

sample site at any single mine; extractable metals, however, did not show 

similar uniformity. Broad-scale regulations for "suspect" or "toxic" levels 

based on a DTPA-soil extracts may be inappropriate because the data presented 

here show that large differences can be expected to occur between States,  

between mines, and even between small areas within a single mine. Rather than 

specific "suspect" or "toxic" levels for a metal based on DTPA extract of a 

few samples, it may be more realistic to evaluate areas using multiple 

prediction equations which include measurements of soil pH, organic matter and 

coal content, with other soil physical and chemical properties. 
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f a b l e  1. F i e l d  obse rva t ions  on samples of t o n s c i l  and s p o i l  c o l l e c t e d  
from r e h a b i l i t a t e d  a r e a s  of coal  s t r i p  mines 

iBecause  o f  t h e  methods used t o  co l l ec :  t h e  samples ,  each sample may be a mixture  of  t o p s o i l ,  s u b s o i l .  and s p o i l .  t h e  r a t l o  value  I n  
t h e  t a b l e  ( i n  pe rcen t )  i n d i c a t e s  t h e  amount of t o p s o i l  i n  t n e  sample--:he remaining p o r t i o n  i s  spa!; un le s s  i n d i c a t e d  as  being 
s u b s o i l  ma te r i a l  by an  "5" e n c l o s e d  i n  p a r e n t h e s i s ,  Al l  d a t a  i n c l u d e  i n  t h e  t a b l e  a r e  based o r  f i e l d  obse rva t ions  and ~ b o u l d .  
t h e r e f o r e ,  be used a s  s e m i - q u a n t i t a t i v e  est i n a t e s  only, 7-x d a t a a i T a b ,  - - - 

- 
Rat io  of Amount of Coarse Fragments 

Sample type t o p s o i  1  Depth coal  i n  F ine  e a r t h  ma t r ix  ( g r e a t e r  t h a n  1 cm) 
and f i e l d  t o  s p o i l  t o  s p o i l  sample ( l e s s  t h a n  2 ma) 

- 
h u n t  

ntnnber i n  s a n p l e  (cm) (pe rcen t )  Reac t ion  ~ e s c k p t i o n  ( p e r c e n t )  Desc r ip t i on  

Dave Johns ton  r i n d  
Topsoi 1  

DJACOl n e u t r a l  y e l l o v i s h b r o w n , s a n d y  0  
loam t o  loam 

n e u t r a l  brown, f i n e  sand t o  0 
loamy f i n e  sand 

neutral  ye l l owi sh  brown, sandy 0 
loam 

n e u t r a l  ye l l owi sh  brown, sandy 0 
loam t o  loam 

n e u t r a l  ye l l owi sh  brown, sandy 0  
loam t o  loam 

Spoi 1  
DJACOl 

DJACO3 

DJACOS 

DJAC07 

DJAC09 

n e u t r a l  c l a y  loam t o  s i l t y  5 
c l a y  l oan  

n e u t r a l  sandy loam t o  loamy 5 
sand 

n e u t r a l  sandy loam t o  loarr~y 5 
sand 

n e u t r a l  ye l l owi sh  brown, sandy C 
1  oan t o  l oan  

n e u t r a l  sandy loan t @  loamy 5 
sand 

very  f r i a b l e  s h a l e  

ve ry  f r i a b l e  s h a l e  

very f r i a b l e  s h a l e  

---  

very f r i a b : e  s h a l e  

Semi noe No. 2 Mine 

Topsoi 1  
SMACOl weak t o  sandy loam t o  loamy 

moderate ly  sand 
c a l c a r e o u s  

c0nsolida:ed san:stonc 
weak t c  modercte?y 
ca l ca reous  f r i h b l e  
s h a l e ,  moderatel.? 
ca l ca reous  f - i  ab l e  gra)  
s l  i t s t o n e  

dC. 
c o n s ~ l i a a t e c  s anas tone .  
weak t o  moderate ly  
c a l c a r e o u s  f r i a S : e  
s h a l e ,  m o d e r z t e : ~  
c a l t a r e o u s  dark brown 
s i l t s t o n e  
c o n s o l i a a t e d  s a n a s t o n t ,  
weak :c moderate:! 
c a l c a r e o u s  f r i a b l e  
s h a l e .  moderatel y 
c a l c a r e o u s  f r i a b l e  grzy 
s i l t s t o n e  

do. 

do. 
do. 

do. 
do. 

do .  

SMAC09 
Spoi 1  

SMACOl 
SHAG03 
SMAC05 

do. do. 

do. 
do. 
do. 

do. 
do. 
do. 

do. 
d6. 

conso l ida t ed  s ands tone ,  
weak t o  moderate ly  
c a l c a r e o u s  f r i a b l e  
s h a l e ,  s t r o n g l y  
c a l c a r e o u s  f r i a b l e  
l i g h t  gray s i l t s t o n e  
c o n s o l i d a t e d  sandstone.  
weak t o  moderate ly  
c a l c a r e o u s  f r i a b l e  
s h a l e ,  moderate ly  
c a l c a r e o u s  f r i a b l e  
gray s i l t s t o n e  

do. do. 

J im B r i g e r  Mine 
Topsoi 1  

JBFSOl n e u t r a l  t o  ye l l owi sh  brown 
weakly s i l t  loam 
c a l c a r e o u s  

do. do. 
do. l i g h t  ye l l owi sh  

brown s i l t  loam 
do. do. 
do. do. 

very  f r i a b l e  s i ! t s t one  

JBFS03 
JBFSOS 

do. 
do. 

do. 
do. 



Table 1. F i e l d  observations on samples of t o p s o i l  and s p o i l  c o l l e c t e d  
from r e h a b i l i t a t e d  areas of coal s t r i p  mines. (Continued) 

Rat io  o f  h o u n t  o f  Coarse Fragments 
Sample t ype  topsoi  1  Depth coal i n  Fine e a r t h  m a t r i x  (greate- than  1 cm) 
and f i e l d  t o  s p o i l  t o  s p o i l  sample less  than  2 mrn) h u n t  
nunber i n  sample (cm) (percent)  React !on Desc r ip t i on  (percent)  Desc r ip t i o r  

Spoi 1  
Jim Br ige r  Mine, (cont inued)  

20 20 5 neutra l  t o  brown s i l t  loam 20 consol idated f i n e  
weakly gra ined sandstone, 
calcareous n e u t r a l  t o  weab.1~ 

calcareous consoi i r  
s i l t s t o n ?  

10 12 10 neu t ra l  gray s i l t  l o a n  50 consol idated f i n e  
gra ined sandstone, 
n e u t r s l  consol i d a t t  
s i l t s t o n e  

JBFSO5 20 25 5 neu t ra l  t o  redd ish  brown 25 consol idated f i n e  
weakly s i l t  loam gra ined sandstone. 
calcareous n e u t r a l  t o  weakly 

calcareous c o n s o l i ~  

do. dark brown 
s i  l t s t o n e  

1 5  do. 
s i l t  loam 

20 25 5 neu t ra l  gray s i l t  loam 25 consol idate2 f i n e  
g r a i n &  sacdstone, 
n e u t r z l  consol ld?:c 
si1ts:one 

Seneca No. 2  ine el 
Topsoi l  

SEACOI 0 weakly brown laom 
calcareous 

? 5 consgl idate: 
sands:one, f r i a b l e  
b lack  shale 

15 d ?  L d .  5 moderately dark brown 
calcareous loam 

0 do. brown loam 
5 do. dark brown 

1 oam 
0 neu t ra l  redd ish  brown 

1 oam 

25 d l .  
3 5 dc. 

15 d:. 

Spoi 1  
SEA01 0 weakly brown loan  1 5  

calcareous 
5 moderately dark brown 1 5  

calcareous loam 
0 do. brown loam 2 5 
0 do* dark brown 3 5 

1 oan 
0 neu t ra l  redd ish  brown 15 

loam 

do. 

do. 

South Beulah  ine el 

0 moderately dark brown very 0 --- 
calcareous f i n e  sandy loam t o  

s i l t  loam, h igh  i n  
organic  mat te r  

Spoi 1  
SEA101 1 very f r i a b l e  s i l t s  

and shale 
1 do. 

1 do. 

1 do. 

1 do. 

C neutra l  dark brown 
s i l t  loam 

0 moderately gray and brown 
calcareous s i l t  loam 

5 neu t ra l  redd ish  brown 
s i l t  loam 

5 neu t ra l  dark brown t o  
b lack s i l t  loam 

5 neu t ra l  ye1 low ish  brown 
s i l t  loam 

Enerqy Fuels  ine el 
Topsoi 1  
ENACOl  0 neu t ra l  5dark brown t o  

b lack s i l t y  c l a y  
and s i l t y  c l a y  loam 

5 very f i r m  aggregat 
o f  c layey s o i l  mati 

Spoi 1  
ENACOl 0 neutra l  brown and b lack 

s i l t y  c l a y  loam 
3 5 conso l ids ted  sanos 

f r i a b l e  b lack shal 
f r i a b l e  gray s j l t s  

20 do. 
20 do. 
30 dr . 

0 neu t ra l  gray s i l t  loam 
0 neu t ra l  brown s i l t  loam 
5 neu t ra l  gray, brown, and 

b lack  s i l t  loam 
5 neu t ra l  gray s i l t  loam 



Tab le  1. Fle ld  obse rva t ions  on samples o* t o p s o i l  and r p c i l  c o l l e c t e d  
from r e h a b i l i t a t e d  a r e a s  of coal  s t r i p  mines. (ton:inued) 

Ra t io  of  Amount o f  Coarse Fragments 
S a w l e  type t ~ p s o i  1 Depth coal  i n  F i n e  e a r t h  ma t r ix  ( o r e a t e r  t h a n  1 cm) 
and f i e l d  t o  s p o i l  t o  s p c i l  sample ( l e s s  t h a n  2 mm) - 

h u n t  
number . i n  sample (cm) ( p e r c e n t )  React ion Desc r ip t i on  ( p e r c e n t )  Desc r ro t i on  

Velva Mine 

moderate ly  
c a l c a r e o u s  

ye1 lowish brown 0 
c l a y  loam g l a c i d l  
t i 1  1 

Spoil  
YEA101 moderate ly  

c a l c a r e o u s  
ye l l owi sh  brown 
c l a y  loam g l a c i a l  
t i 1  1 

do. 
do. 
do. 
do. 
do. 
do. 
do. 

ye1 1 owi sh  brown 
c l a y  loam g l a c i a l  
t i 1  1 ,  loarrly sand 
l e n s e s  
ye l l owi sh  brown 
c l a y  loam g l c c i a l  
t i  11 

2 very  f r i a b l e  b l ack  
s h a l e  

do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 

2 do. 
2 do. 
2 do. 
2 do. 
2 do. 
2 do. 
2 d l .  
2 dc. 

do. 2 dc. 

Topsoi 1 
HlHSOl 

Husky Mine 

n e u t r a l  dark brown c l a y  
1 oam 

n e u t r a l  brown sandy c l z y  
1 oam 

do. 
do. 
do. 
do. 

brown c l a y  l o a s  
brown c l a y  loam, 
ye l l owi sh  brown loarqy 
sand 

do. 
do. 

ye l l ow  brown very  
f i n e  sandy loam and 
s i l t  loam 

n e u t r a l  
n e u t r a l  
n e u t r a l  
n e u t r a l  
n e u t r a l  
n e u t r a l  

aisi 30 o 
o i s  j 30 o 
o ( s )  30 0 

n e u t r a l  
n e u t r a l  
weakly 
c a l c a r e o u s  

Big Sty t4ine1 
Topsoi 1 

BMSO1 
! 

BWSO3 

moderate ly  
c a l c a r e o u s  

do. 

ye l l owi sh  brown 
s i l t  loam 
l i g h t y  ye l l owi sh  
brown very f i n e  
sandy loam 

do. 
do. 
do. 

BMSOS 
BY507 
BWS09 

Spoi 1 
BSMS01 

do. 
do. 
do. 

n e u t r a l  g r ay  s i l t y  c l a y  
1 oam 

n e u t r a l  do. 
n e u t r a l  do. 
n e u t r a l  do. 
n e u t r a l  do. 

very  f r i a b l e  g r a y  
s h a l e  

do. 
do. 
do. 
do. 

Decker Mine 

0 moderate ly  ye l l ow  brown loam t o  
c a l c a r e o u s  c l a y  loam wi th  u p  t o  

30 percent  of loamy 
f i n e  sand l e n s e s  

do. 



Table I .  F i e l d  observations on samples o f  t o u s o i l  and s p o i l  c o l l e c t e d  
from r e h a b i l i t a t e d  areas of cos! s t r i p  mines. (Continued) 

Ra t io  of Amount of Coarse Fragments 
Sample t ype  topsoi  1 Depth coal i n  Fine ea r th  m a t r i x  (g rea te r  than  1 cm) 
and f i e l d  t o  s p o i l  t o  s p o i l  sam9le less  than 2 m) h o u n t  
nmber  i n  sample (cm) (percent)  Reac t ion  Desc r ip t i on  (percent)  D e s c r i p t i ,  

~ o ~ s o i  lZ 
SCAEOl 

Spoi 1 
S C A E O l  

SCAE03 
SCAEOS 
SCAE07 
S C A E 0 9  

~ o ~ s o i  1 
S J O l  

Natura l   oil^*^^ 
UMDl 

1 0 0  lo,-- 0 moderately brown sandy loam, 0 
calcareous f e w  dark brown 

s i l t y  c l a y  aggregates 

70 2 5 5 moderately dark brown t o  black 2 0  
calcareous sandy loam high i n  

organic  mat ter  o the r  
than coal  

1 0 0  3 0  0 do. do. 0 
100 40 0 do. do. 0 
1 0 0  4 0 0 do. do. 0 

6 0  2 5 5 do. do. 2 0 

San Juan Mine 

moderately ye1 lowish brown 
calcareous f i n e  and medium 

loamy sand 

weakly t o  loam t o  c l a y  loam 
moderately 
calcareous 

f r i a b l e  shale and 
s i l t s t o n e  o f  many 
co lo rs ,  c l  i nker 

- - -  
--- 
--- 

f r i a b l e  shale and 
s i l t s t o n e  o' m8iy 
co lo rs ,  c l  i n t e r  

U s i b e l l i  Mine 

100 -+ -  --- neu t ra l  1 i ght brown medium G 
and coarse loamy 
sand 

0 0 --- neu t ra l  d a r k b r o w n s i l t l a a a  2 C  schist 
and very f i n e  sandy 
loam 

'~amples were c o l l e c t e d  a t  l oca t ions  adjacent  t o  one another and the re fo re ,  t h e  d e s c r i ~ t i o n  o f  :he topso;? and s:sil sacvles 

s i m i l a r  

2 ~ a t e r i a l  i s  un i form i n  composit ion from s i t e  t o  s i t e .  

3 ~ o ~ s o i l  ranges i n  depth from s i t e  t o  s i t e  as f o l l o w < :  S B A I O 1 .  20 em; S B A I O S ,  1 5  cm, S B A 1 0 5 ,  1 5  cm; S B A I 0 7 ,  1 2  c r ;  SSAIZC. 21 

4 ~ o p s o i l  ranges i n  depth from s i t e  t o  s i t e  as f o l l o w s :  ENACO1, 25 cm; ENAC03, 4 0  ce; ENACOS, 20 cm; ENACO:, 20 c r ;  ENAC35. i 

5 ~ o p s o i l  has c h a r a c t e r i s t i c s  o f  na tu ra l  s o i l s  o f  a l l u v i a l  v a l l e y  f l oo rs .  

6 ~ h e  two p lan t  species were sampled a t  separate s i t e s ,  however, the  s o i l  ma te r ia l  is un i fo rm i n  composit ion throughout t h e  2 1  

sampled. 

' ~ o p s o i l  ranges i n  depth from s i t e  t o  s i t e  as fo l l ows :  VEAIO1,  25 cm; V E A I 0 3 ,  10 cm; V E h I 0 5 ,  25 cm; V E A 1 0 7 ,  25 cm; V E R I O S ,  

VEHSO1, 20 cm; VEMS03, 8 cm; VEMCO5, 8 cm; VMS07, 12 cm; V M C 0 9 ,  10 cm. 

8 ~ o p s o i l  ranges i n  depth from s i t e  t o  s i t e  as f o l l o w s :  H U A I O 1 ,  4 0  cm. H U A I 0 3 ,  4 0  cm. HUAIOS. 55cm; HUAI07. 40 cm; HUAIC?, 331 

HIMSO1,  30 cm; H W S 0 3 ,  3 0  cm; HLMSO5, 30 cm; HLMSO7. 30 cm; H W S O 9 ,  1 5  cm. 

g ~ o i ~  mater ia l  i s  rep laced subsoi l  and n o t  t y p i c a l  s p o i l  ma te r ia l  composed o f  f resh,  f ractured,  sedimentary rock. 

1 ° ~ o p s o i l  ranges i n  depth from s i t e  t o  s i t e  as f o l l o w s :  SCAEO1, 25 cm; SCAEO3, 3 0  cm; SCAEOS, 40 cm, SCAEOS, 4,O crr,; SCAEDS, ; 

SiSF01, 30 cm; SCSF03.  30 cm; SCSFOS, 40 cm; SCSF07,  4 0  cm; SCSF09, 25 cm. 

l l ~ m p l e s  from an area which has not  been s t r i p n i n e d  o r  reclaimed- 



T a b l e  2. Var iance  components f o r  v a r i a b l e s  measured i n  t o p s o i l  
from e l e v e n  western  c o a l  s t r i p  mines 

[*, var iance  components s i g n f i c a n t  a t  the  0 .05  p r o b a b i l i t y  l e v e l ]  

Total loglo Percentaqe  o f  t o t a l  v a r i a t i o n  between; 

Var iable  v a r i a n c e  S t a t e s  Mines Samples Analyses 
. - 

Based on DTPA e x t r a c t  

f63.3 *19.8 

f24.0 0 

Based on hot  water  e x t r a c t  

0 -62.1 

Measured by s p e c i f i c  i o n  e l e c t r o d e  

30.5 *43.6 

Based on calculated parameters 

11.7 *44.9 

l ~ r i t h m e t i c  v a r i a n c e  

20rganic m a t t e r  



T a b l e  3. Variance components f o r  var iab les  measured i n  s p o i l  
from e l e v e n  western coal  strip mines 

[*, variance components s i g n f i c a n t  a t  t h e  0.05 p r o b a b i l i t y  l e v e l ]  

T o t a l  loglO Percentage o f  t o t a l  v a r i a t i o n  between; 

V a r i a b l e  var iance S t a t e s  Mines Samples Analyses 

Based on DTPA e x t r a c t  

Cd 0.1386 5 2 . 6  *15.5 *28.1 

Based on hot  water e x t r a c t  

5 -1336 0 *71.0 *2$.4 4.6 

Measured by specl f i c  i o n  e l e c t r o d e  

PH 9078 *37.8 "22.4 *31.1 

Based on c a l c u l a t e d  parameters 

,0599 20.4 *36.4 *42.4 

l ~ r i t h m e t i c  var iance 

20rganic m a t t e r  



Table 4. M u l t i  ple-mean comparison o f  v a r i a b l e s  measured i n  
t o p s o i l  t h a t  e x h i b i t  s i g n i f i c a n t  v a r i a t i o n  betneen Sta tes  

[Values f o r  a v a r i a b l e  preceded by t h e  same l e t t e r  s u p e r s c r i p t  a r e  no t  s i g n i g i c a n t l y  d i f f e r e n t  
f r om on another a t  t h e  0.05 p r o b a b i l i t y  l e v e l ]  

S ta tes  
3 o r t h  

V a r i a b l e  Dakota Montana Wyoming Colorado 

Based on DTPA e x t r a c t  

Table 5. Mul t ip le -mean comparison o f  v a r i a b l e s  measured i n  s p o i l  
t h a t  e x h i b i t  s i g n i f i c a n t  v a r i a t i o n  between States 

[Values f o r  a  v a r i a b l e  preceded by t h e  same smal l  l e t t e r  s u p e r s c r i p t  a r e  no t  s i g n i f i c a n t l y  
d i f f e r e n t  f rom one another  a t  t h e  0.05 p r o b a b i l i t y  l e v e l ]  

S t a t e s  
n o r t h  

V a r i a b l e  Dakota Montana Wyoming Colorado 

Based on DTPA e x t r a c t  

d-03 

c.2 

Fe a8 1 dl4 b43 C 2  7 

N i  5 d m  5 C.9 "1.2 

Measured by s p e c f f i c  i o n  e l e c t r o d e  

P  H C7.1 "-1 d6.4 b7.6 



Table 6. M u l t i  ple-mean comparison o f  v a r i a b l e s  measured i n  t o p s o i l  t h a t  
e x h i b i t  s i g n i f i c a n t  v a r i a t i o n  between c o a l  s t r i p  mfnes 

[Values f o r  a v a r i a b l e  preceded by t h e  same smal l  l e t t e r  s u p e r s c r i p t  a r e  n o t  significantly d i f f e r e n t  from one another a t  the 0.05 p r o b a b i l  I t y  l e v e l ]  

Ho r th  Dakota Mines Montana Mines Wyomi ng M i  nes Colorado Mines New Mexico Alaska 

South Da ve Seminoe Jim Energy Senca Sa n 
Variables Y e l v a  Beulah Husky B i g  Sky Ahsaloka Decker Johnston Nmber  2 B r i d g e r  Fue ls  Number 2 Juan Us ibe l  l i 

Based on DTPA e x t r a c t  

Cd c. 08 b. 1 l b.l~ f - 0 1  e. 02 e. 02 C.07 C. 08 '=.07 a.14 d.04 .05 0.05 

Cu ab1.5 =1.2 61.8 e.4 e m  5 e.5 =1.2 ab1.6 d.8 bc1.4 d. 9 .7 1.5 

Based on hot water e x t r a c t  

D bcl . l  cd. 9 h . 2  de. 8 dc. 8 de. 8 de. 8 bcl.l a5.4 h . 0  e. 6 .6 .05 

i Measured by spec i  f i c - i o n  e l e c t r o d e  

1 ~ 1 1 1  bc7.7 bc7.7 e7.2 a b 8 . ~  ab8.0 a8. 1 f5 .4  cde7.4 cd7.5 ~ ~ 7 . 5  de7.3 8.0 4.9 

I Based on c a l c u l a t e d  parameters 

i l ~ r i t h n l e t i c  mean, a l l  o the rs  a r e  geometr ic means 

'organic m a t t e r  

3 ~ s t i ~ n a t e d  .by mu1 t i  p ly ing organ lc  carbon by 2.72 
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Tab le  8. Average values, and observed ranges, f o r  v a r i a b l e s  measured i n  
t o p s o i  1 which e x h i b i t  s i g n i f i c a n t  v a r i a t i o n  between samples 

c o l l e c t e d  a t  e l even  western  c o a l  s t r i p  mines 

[Detec t ion  r a t i o ,  number o f  samples Tn which t h e  v a r i a b l e  was de tec ted  r e l a t i v e  t o  t h e  t o t a l  
number o f  samples analyzed] 

Geometric Geometr ic 
Va r i ab le  mean d e v i a t i o n  

Observed De tec t i on  
range r a t i o  

Based on DTPA e x t r a c t  

Measured by s p e c i f i c  i o n  e l e c t r o d e  

7.5 .81 4 . 1 -  8.5 110: 110 

Based on c a l c u l a t e d  parameters 

o.M.* 4.4 1.46 1 . 6 -  19.5 11O:llO 

l ~ r i t h r n e t i c  mean and d e v i a t i o n  

20rganic m a t t e r  



Table 9. Average values, and observed ranges, f o r  v a r i a b l e s  measured i n  
s p o i l  which e x h i b i t  s i g n i f i c a n t  v a r i a t i o n  between samples 

c o l l e c t e d  a t  e leven western coa l  s t r i p  mines 

[Detec t ion  r a t i o ,  n m b e r  o f  samples i n  which t h e  v a r i a b l e  was de tec ted  r e l a t i v e  t o  t h e  t o t a l  
number o f  samples analyzed] 

Geometric Geometric Observed D e t e c t i o n  
Va r i ab le  mean d e v i a t i o n  range r a t i o  
- -. 

Based on DTPA e x t r a c t  

Cd -07 2.30 .Dl  - .22 104:110 

C U  1.4 2.11 .2  - 6.7 1 1 O : l l O  

Based on ho t  wa te r  e x t r a c t  

1.1 2.20 - 5  - 26 110: 110 

Measured by s p e c i f i c  i o n  e l e c t r o d e  

PHI 7.4 .90 3.9 - 8.9 11O:l lO 

Based on c a l c u l a t e d  parameters 

O . M . ~  4.7 1.71 1.6 - 33.5 110 : l lO  

l ~ r i t h m e t i c  mean and d e v i a t i o n  

20rganic m a t t e r  



APPENDIX TABLES 

I n  each t a b l e ,  f o r  SAMPLE, t h e  e i g h t  c h a r a c t e r  i d e n t i f i e r ,  t h e  f i r s t  two 
cha rac te r s  i n d i c a t e  t h e  coa l  mine name, t h e  second two cha rac te r s  i n d i c a t e  t h e  
t y p e  o f  p l a n t  sampled (AC, c res ted  wheatgrass; AE, s lender  wheatgrass; A I ,  
i n t e rmed ia te  wheatgrass; 61, smooth brome; FS, f ou rw ing  sa l tbush ;  MS, a l f a l f a ;  
SF, sand fa in )  a t  t h a t  l o c a t i o n ,  t h e  t h i r d  two cha rac te r s  i n d i c a t e  t h e  sample 
sequence, t h e  seventh charac te r ,  i f  a  number 2, i n d i c a t e  a  repeated a n a l y s i s  
o f  t h e  p reced ing  sample w i t h  a number 1 i n  t h e  seventh p o s i t i o n ,  t h e  e i g h t h  
cha rac te r  i n d i c a t e s  t o p s o i l  (A) o r  s p o i l  ( C ) ,  except  f o r  t h e  San Juan and 
U s i b e l l i  Mines where o n l y  mine name, sample sequence, and repea ted  a n a l y s i s  
a r e  ind ica ted .  The l e t t e r s  L  and G i n  t h e  body of  t h e  t a b l e s  i n d i c a t e  t h a t  
va lue t o  be l e s s  t han  (L )  o r  g r e a t e r  t h a n  ( G )  t h e  d e t e c t i o n  l i m i t  o f  t h e  
a n a l y t i c a l  method used. I n  t a b l e s  A  and B, t h e  va lues r e p o r t e d  f o r  a l l  mines 
except t h e  U s i b e l l i  mine a r e  based on a  DTPA-calcium c h l o r i d e  e x t r a c t  as 
descr ibed  i n  Severson and Crock (1980). At t h e  U s i b e l l i  Mine, a DTPA-ammonium 
b ica rbona te  e x t r a c t  was used and t h e  r e l a t i o n  between these  two DTPA- 
e x t r a c t i o n  methods f o r  a l l  meta ls  i n  t a b l e s  A and B i s  d iscussed i n  Severson 
and o the rs  (1980). 



Table A. Variablee measured on DTPA ex t rac ts  of r o p s o i l  samples. 

SAMPLE Cd, ppm CO, ppm Cu, ppm Fe, P P ~  h, P P ~  

Velva Mine 

I South Beulah Mne 

Husky Mine 



Table  A. Variables measured on DTPA ex t rac ts  of topsoil samples.-continued 

SAMPLE Cd, ppm Ca, ppm Cu, ppm Fe, ppm ?in, P P ~  Ni, P P ~  Pb. PPm 

Big Sky H i n e  

Decker Mine 



Table A. Variable* measured on DTPA extracts  of topsoil samples.-continued 

Cd. P P ~  

Dave Johnston Kine 

Seminoe No. 2 Xlne 

J l m  Bridger f i n e  

Seneca No. 2 Mine 



Table A.  Variables measured on DTPA extrac t s  of topso i l  samples.-continued 

SAMPLE ~ d ,  ppm CO, ppm Cu, ppm Fe, ppm ?in, P P ~  P P ~  Pb* PPm Znn ppm 

Energy Fuels Y!ne 

San Juan Hine 



Table B. Variables measured on DTPA extracts of spoil samples. 

Velva Xine 

1 South Beulah Mne 
I 



Table B. Variables measured on DTPA extracts  of  spoil samples.-continued 

SAMPLE Co, ppm Cu, ppm Fe. ppm h, ppm 

Big Sky ?line 

Absaloka Ylne  

SCSFOllC 
SCSF031C 
SCSFOSIC 
SCSFO71C 
SCSF091C 

Decker Mlne 



Table B. Variables measured on RTPA extract6 of spoil samples.-continued 

SAMPLE C d ,  p p  Co, ppm Cu. ppm Fe, QPm b, QPm N l ,  PP= Pb, P P ~  Zn, PP 

Dave Johnston Mine 

Seminoe No. 2 Mine 

Jim Bridger !tine 

Seneca No. 2 Mine 



Table B. Variables measured on DTPA extracts of spoil sample..-continued 

SAMPLE cd, ppm CO, ppm CU, ppm ~ e ,  ppm h, ppm N ~ B  ppm Pb, P P ~  ppm 

Energy Fuels Hlne 

ENACO 11C 0 .07  0 . 3  1 . 3  20.6 8 . 9  0.9 0.8  1.9 
ENAC031C 0 . 1 3  0 . 3  1 .7  47 .4  16.1 1.1 1 .2  4.0 
ENACOSIC 0.07 0.2 1.1 18.1 8.3 1.0 0 .6  2 .0  
ENACO 7 1 C 0.18 0.3 2.1 33.4 11.3 1 -6  0.8  8.9 
ENAC091C 0.16  0 . 2  2.0 39.0 7 . 4  1.5 0.7 8 - 1  
EWCO92C 0.15 0 . 3  1.9 31.4 8.4 1.6 0 . 6  8 . 9  

San Juan %ne 

Usibelli Xine I 



Table C. Boron, pH, and organic matter content  of samples of topsoi l .  

SAMPLE B, PPm PH 0.M. , X 

Velva Mine 

South Beulah kfine 

Husky Mine 

HUMSOllA 2.0 7.7 6 . 3  
HUMS03 1A 2.0 7.7 6.2 
HUMS051A 1 . 5  7.3 6.4 
HUMS 07 1A 1.5 7.8 5.1 
HUMS072A 1.5 7.8 5.3 
HUMS091A 1.0 7.1 7.6 



Table C. Boron, pH, and organic matter content of samples of topsoil.-continued 

SAMPLE B, PPm PH 0.M. , % 

Big Sky Mine 

BSAEO 1 lA 3.0 7.8 3.8  
BSAEO3 1A 1.0 8.2 2.1 
BSAE051A 1.0 7.8 2.8 
BSAEO'IlA 0.5 8.2 3.0 
BSAEOglA 1.5 7.7 4.3 

BSMSOl lA 1.5 7.9 2.8 
BSMSO3lA 1.0 8.1 2.7 
BSMSOSlA 1.5 7 . 7  5.7 
BSKS071A 1.0 8.0 2.5 
BSMS091A 1.0 8.2 3 . 8  

Absaloka Mine 

Decker Mine 

DEFSOllA 1.0 8.1 3.5 
DEFS012A 1.0 7.9 3.3 
DEFSO31A 0.5 8.1 2.8 
DEFS051A 1.0 8.2 2.9 
DEFSO'IlA 1.5 8.0 3.3 
DEFS091A 1.0 7.8 2.9 



Table C. Boron, pH, and organic matter content of samples of topsoil.-continued 

SAMPLE 

DJACO 1 l A  
DJAC031A 
DJAC051A 
DJACO71A 
DJAC091A 

SEACOl lA 
SEACO 12A 
SEAC031A 
SEACO5 l A  
SEACO 7 1 A 
SEAC091A 

Dave Johnston Mine 

Seminoe No. 2 Mine 

Jim Bridger Mine 

Seneca No. 2 Mine 



Table  C. Boron, pH, and organic matter content of samples of topsoil--continued 

SAMPLE B, PPm PH 0.L , X 

Energy Fuels Mine 

ENACO 1 lA 
ENAC03 1A 
ENACO51A 
ENAC071A 
ENAC09 1A 
ENAC092A 

ENMSOl lA 
ENMS031A 
ENMS 05 1A 
ENMS071A 
ENlIS091A 
ENMSO92A 

Sari Juan Mine 

Usibelli Mine 



Table  D. Boron, pH, and organic matter content of samples of s p o i l .  

SAMPLE 

SBAIOglC 
SBMSOllC 
SBMS 03 1 C 
SBMS051C 
SBMSO71C 
SBMS091C 

B, PPm PH O.M., % 

Velva Mine 

South Beulah Mine 

Husky Mine 



Table D. Boron, pH, and organic matter conten t  of samples  of spoil.-continued 

SAMPLE B *  PPm PH O.M., % 

Big Sky Mine 

Absaloka Mine 

SCSFOl lC 
SCSF031C 
SCSF051C 
SCSF071C 
SCSF091C 

DEAEOl lC 
DEAE031C 
DEAEO51C 
DEAE071C 
DEMO9 1 C 
DEAE092C 

Decker Mine 



Table D. Boron, pH, and organic matter content of samples of spoil.-continued 

SAMPLE B, PPm PH O.M., % 

Dave Johns ton  Mine 

DJACO 11 C 1.0 5.0 4.3 
DJACO31C 1.0 4.8 1.9 
DJAC051C 1.0 6.8 2.8 
DJAC07lC 1.0 7.1 2.3 
DJACOSI C 1.0 5 . 9  1.8 

Seminoe No. 2 Mine 

Jim Bridger Mine 

Seneca No. 2 Mine 



Table D. Boron, pH, and organic matter content of samples af spoil.-continued 

,SAMPLE B, PPa PH 0 . M .  , Z 

Energy Fuels Mine 

E N M S O l l C  2.5 7.4 5.8 
ENP1SO31C 1.5 7.3 12.7 
ENMS051C 1.0 7,s 4.3 
E m s 0 7 1  C 1.5 7 . 4  10.6 
ENMS091C 1.0 8.8 10. 3 
ENMSO9ZC 1 * 5  7.7 9.2 

San Juan Mine 

U s i b e l l i  Mine 


