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Chemical Character of Minesoils at
one Alaskan and twelve western counterminous

United States coal-stripmines

by

R. C. Severson and L. P. Gough

INTRODUCTION

Current regulatory guidelines for rehabilitation of stvip-mined land
require assessment of the sgoil and spoil chemical quality both before and
after mining to determine 1its suitabllity for plant growth. In the past, many
methods have been used to characterize samples for the same chemical and
physical properties (Bauver and others, 1978, p. 453), 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 1little c¢onsistency in their
sample preparation or analytical methods. Studies, such as thosge by Jacober
and Sandoval (1971), Severson and others (1979), and Soltanpour and others
(1976), 1indicate that deviations 1in 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
18, therefore, generally not feasible to use much of the publigshed data on
soil or spoll chemistry for making cowmparisons between wmining districts,
between states, between mines, or even between studies conducted by different
individuals within a seingle mine, {f the objective is to make rigid
statistical assessments of variation in chemical character of soills or spoil.
The present study was undertaken in order to obtaln extractable element
composition data of topsoll and spoll material from a number of coal mine
rehabilitated areas. The mines studfecd were: Dave Johnston, Seminoe No. 2,
and Jim Bridger (Wyoming); Seneca No. 2 and Energy Fuels (Colorado); South
Beulah, Velva, and Husky (North DPakota); and Big Sky, Decker, and Absaloka,
(Montana) (fig., 1). All samples at these !l mines were collected within a
relatively short time span by one individual, they received the same
preparation, they were analyzed by one laboratory osing consigtent methods,
and they were prepared and analyzed in a randomized sequence so that any
systematic error 1in preparation and analysis would be converted to a random
error. Therefore, these data are useful for evaluating differences in the
chemical cowmposition of topsoil and spoll material between states and between
mines, and should also indicate the amount of variability to be expected when
gsmall rehabilitated areas are sampled within 2 single mine. Similar
information exists for the variability of natural soils in the notrthern Great
Plains (Severson and Tidball, 1979) and in the San Juan Basin (Severson and
Gough, 1980), for Fort Union Formation rocks in the northern Great Plains
(Fbens and McNeal, 1977; Hinkley and Ebens, 1977), and for stream sediments in
the unorthern Great Plains (McNeal, 1977). This 4information is useful for
cvaluating the background amounts of elements in these different natural
materials. In conjunction with the present study, samples of rehabilitation

plant species were also collected.
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The tesults of the biogeochemical variability between mineg, between species,
and between individuvals of the same species within a mine are still being
tabulated.

In addirvion to the wmines listed above, samples of topsoil and spoll were
collected at the San Juan Mine in New Mexico, and samples of natural soil and
spoll were collected at the Usibelli Mine in Alaska (fig. 1). FEven though
these samples were collected by the same individuzl and prepared and analyzed
by the same laboratory using the same methods as for the 11 mines listed
above, continulty between these samples and those described above is lackiag
because the samples were collected with different objectives and at diffent
seasons of the year. Therefore, comparisons between the chemistry of the soll
and spoil materials at the San Juan Mine, the Usibelli Mine, amd the 11l

western mines should be made only with these qualifications in 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, (l) the areca 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 linmiting our sampling using these criteria, we provided a basis
for wmaking comparisons between rehabilitated areas. At each mine, the
rehabilitation specialist was most cooperative in helping select a suitable
aite of about 5 - 10 ha (hectares). We found that it was pot possible to
locate rehabilitated areas meeting all of the criteria at all of the mine
sites. Most commonly, in order to meet c¢riteria (1) above, criteria (2)
and/or (3) were lacking. Therefore, criteria (1) and (3) were given priority
and criteria (2) was satisfied if at all possible. Once a site had been
selected, plants and solls wevre 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 soill particles (topsoil, spoll, 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 c¢wm was collected
within a radius of about 20 cm of the plant. At each location where topsoil

was collected, a second sample of material (called spoil material) was also
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collected. Because the "spoll” sample consisted of the material found between
20 to 30 cm directly below where the plant clump and topsolil 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 c¢cm was discarded. In
order to determine what approximate percentage of the spoll material was
greater than 2 mm in diameter, samples of about 2 to 3 kg were collected at
four sites at each mlne where gpoll 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 coneisted of only
topsoil materfal aud the spoll samples consisted of only spoil material. A
digcussion 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 gampled in the
spring of 1979 at the Usibelli Mine. Three samples each of undisturbed
mineral soil material and gpoll material were collected, but not in any
particular location with respect to the plant samples. At the undisturbed
site, mineral soll was collected from directly below a 15 to 20 cm mat of
organlc material. At the rehabilitated site, no topsoill had been applied and,

therefore, the top 15 to 20 ¢m of spoil material was collected.
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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 rehabhilitated area sampled was mined in
1968 and then, 1n 1972 it was recontoured, topsoiled, and seeded. Topsoil
consisted generally of a nomncalcareous sandy loam material that ranged in
depth from O 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 bare of topsoil
and some drainages containing 100 cm or more. The spoil material was quite
varlable in its lithologic composition between sampling sites (table 1). It
ranged from sgandstone to dark shale with some samples consisting of an
estimated 60 percent coal fragments. It also ranged from noncalcareous (most
common) to moderately calcareous. Most of the spoil fragments were less than
2.5 ¢m in dfameter and about 50 to 75 percent of the spoil material was less

than 2 mm in diameter (fig. 2).

14



(4S9w) $3213TYTTID UT ‘9235 9A33§

(Puy 1) (Yu3 §) (¢ "ou) (07 -ou)

v°se

(Al 7 4

i i !

*IUTR 7 *ON doutmes
3yl 12 peIda[[od (7ods 3o saydwes
1R0J Jo uUoIANQFIISIP IZFS 312%3ed

0

7 >
3
Q
£
- 0T I
o
m
=]
h Q
2
2
~
P
'Y
- Oy —
=l
&
L]
L’
] «
J
=
pol
— 09 ®
<
»
-~
~ =
o
n
L]
o8 @&
)
(ad

-1 oo
‘¢ 210833

(4s2w) SI9IPWIIITU uj ‘d2YS A TS

{Q2uy 1) (y2uy %) (¢ -ou) {07 “9ov)
%S TQFAt 4 A
g
=
-toz - 3
o
-
. 8
re
]
H
=
oy E
o
i
n
4 w
=3
®
w
405 &
<
&-U
. 5
©
[\
™
—08 9
=
2
-~ 007
"3UTH BOSUROl anrg
943 1B PIIDI[[OD [Fols jo sayjdmes
Inoy 3O uOIINGIAISIPp 27S 2I313x8d 7 2314

15




Seminoe No. 2 Mine

This mive 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). 1In this area, no topsoil
was applied; therefore, both the "topsoil” and spoll samples are of spoil
material, differing only in the depth from which they were collected. The
spoil material cousists of a diverse mixture of lithologles; however,
fragments of coal were very sparse ln this material (table 1). Consolidated
sandstone fragments about 10 to 15 cm in diameter were present on the surface
and throughout the mine-soll profiles. These fragments were unot included in
the samples collected for chemical analyses or for particle sf{ze analysis;
however, they are estimated to be about 5 to 10 percent of the spoil volume.
Very friable calcareous giltstone and weakly calcareous to noncalcareocus shale
was the major matrix of the samples collected. Very little erosion of
regraded spoil was observed, probably because of the mixture of lithologiles
and particle slzes present. From 30 to 50 percent of the spoill material was

less than 2 wm In diameter (fig. 3).
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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 gtockpiling of topsoll was involved
(Harley P. Meuret, oral commun., September 1978). The area was also seceded 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 c¢m in diameter, accounted for about 20 percent of the spoll material
volume. No shale material was found. From sbout 50 to 60 percent of the

spoil material was less than 2 mm in diameter (fig. 4).
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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,
regrade§, and seeded in 1975 (Roy Karo, oral commun., September 1978). No
topsoll was applied to thils area. Therefore, both “topsoil™ and spoil samples
are of spoll material differing only in the depth from which they were
collected. The area contalms 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 estimgted maximum of 25 percent of the spoil material volume.
Pleces of rock larger than 10 cm in diameter were not included in the samples
for particle size analysis. The matrix of the spoll material consists of
weakly to moderately calcareous, brown to black loam and finer textured
materials (table 1). Small fragmwents 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 ecm in diametexr) was less than 2 mm in

diameter (fig. 5).
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Energy Fuels Mine

This mine 1s 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 thg spoll piles were graded and 20 to 25 c¢m 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 c¢m and
consisted of a non-calcareous, dark brown and black, clay and silty clay
material (table !). 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 siltstoue fractured easily into
plates about ! cm thick and 5 cm i{n length. The matrix of the spoil consisted
of a noncalcareous, black, silty wmaterial, probably from the physical
disintegracion of the shale and siltstone, and a small amount of coal
fragments (estimated to be less than S5 percent of the spoll volume). From
about 35 to 50 percent of the spoll material was less than 2 mm in dismeter

(fig. 6).
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Figure &, Particle slze distribution of four Figure 7. Particle size distribution of four
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South Beulah Mine

This mine is located in Oliver County, North Daskota, 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
geeded 1in 1974 and ﬂpseeded in late 1976. At the location sampled, the
topsoll ranged iun thiékness 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 1ndicating the area has also been glaclated; however the
nantle of glacial till was very thin ard almost completely removed. The spoil
material 1s 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 gamples of spoil material. From about 40 to 55 percent of the

spoil material was less than 2 mm in diamerer (fig. 7).
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Velva Mine

This mine is located in Ward County, North Dakota, at approximately lat
47° S7' N. and long 101° 00' W. The mine has been operating since 1929 under
varilous owners and therefore mining and rehabilitation records are not readily
available (Dwayne Hartwig, oral commun., September 1978). However, 1in 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 spoill does, however, contain a moderate amount of coal fragments
and a very swall amount of weakly consolidated black shale. Evidently, this
material now nearest the gurface was the last overburden to be strip mined
before the coal seam was encountered. The topsoll material, containing no
coal, ranged from 5 to 25 cm in depth. The matrix of both the topsoil and
spoll 1s a modevately 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 thils material was weakly consolidated and
less than 2.5 c¢m 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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Rusky 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, ovral commun.,
September 1978). The area is reported to have 30 cm of topsoil over 120 c¢m of
subsoil. Where we sampled, the topsoil ranged from 15 to 50 cm in thickness
and the subsoll was always greater than 70 cm (table 1). The topsoil
consisted of a noncalcareous to weakly calcareous, dark-brown, clay loam
material. The epoil material consisted of replaced subsoil rather than fresh,
fragmented, sedimentary rock. This materlal 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. Alwost all coarse fragments ino the
"spoil" material were less than 2.5 cm in diameter {fig. 9). The fraction of
the spoll material less than 2 mm In dlameter 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.
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Big Sky Mine

This mine is located in Rosebud County, Montana, at approxilmately lat 45°
49' N. and long 106° 36' W. Grading of the spoll piles, application of 60 cm
of topsoll, and seeding were done in 1974 (Reg Hoff, oral commun., September
1978). This area was also reseeded in 1975. 1In the area we sampled, topsoil
was from 10 to 30 cm deep and consisted of a moderately calcareous, yellowish-
brown, silt loam and very fine sandy loam material (table 1l). 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 spoll 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. 10); however, upon disaggregation most aggregates were reduced in size

to less than 2 mm.
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Decker Mine

This mine is located in Big Hora 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 (976. Before mining, the upper 15 em 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
commun., September 1978). Where we sampled, there was very little visgible
difference between the topsoil and subsoil. Their cumulative depth exceeded
90 ¢m. This material consisted of a yellowish-brown, calcareous, clay loam
with some lenses of fine sand iptermixed (table 1). At some sampling
locatlons, 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.
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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, topsoliled, 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). Tbe topsoil ranged in thickness fromw 25 to 40 cm. Marcasite
concretions coated with c¢arbonate (2 to 8 ¢m in diameter) were found on the
surface at infrequent intervals. Screening of bulk samples of sgpoil material
showed it to be quite variable in particle size. From about 70 to 90 percent
of the spoil mwaterial 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 &8 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 matter other than coal fragments (table

D.

San Juan Mine

This mine {8 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
1). The spoil material was a weakly to moderately calcareous, loam to clay
loam material containing small amounts of coal (table 1). 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.
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Usibelli Mine

Thig 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 regraded and seeded, bgt not topsoiled, in 1972 (C. P. Boddy, oral
commun., June 1979). The spoil material was a neutral, dark-brown, silr loam
and very fine sandy loam material (table 1) that appeared to be derived from a
mica schilst. Coarse fragments made up about 20 percent of the spoil volume.
The natural soil material sampled was €rom below a 15 to 20 cm organic mat and

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

30



LABORATORY METHODS
Sample Preparation

All 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 (!0 mesh) sieve was saved. OGreater than about 90 percent of all samples
of topsoil material passed the 2-mm sieve after disaggreating, except for
samplesg collected at the Jim Bridger Mine (about 80 percent). For spoil
material samples, the fraction passing the 2-mm sieve was quite varilable from
site to site. Figures 2 through 11 show the partlicle size distribution of the
true spoil material (sampled at sufficient depths so that no topsoll 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 sawmple of the alir-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 sgamples labelled as being of
spoll material are actually mixtures of topsoil and spoil (table 2) because of
the sawpling criteria used. These samples, therefore, have varying amounts of
material passing the 2-mm sieve after disaggregating and the amount is
somewhat greater tham the values indicated in figures 2 through 1i 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 100-mesh
sieve (less than 149 um), and the other part received no further processing.
All sawmples were processed iLn a random sequence 8o that any systematic bias

would be converted to random error.
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Chemical Analyses

The unground (less than 2 mm) material was used for all extractable
element content determinations. Organic matter content was determined on the
ground (less than 149 um) material as weight loss on ignitioo (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 was
determined on a 1:1 soil to water paste. Extractable element content was
determined on samples from the Usibelli Mine using the DTPA-NH, HCO4 extract of

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

Estimates of variance components for states, mines, samples, and analyses
were computed as shown in figure 12. These estimates are based om a four—
level, wunbalanced, nested, analysis-of-variance design. The samples of
topsoil and spoil included in this analysis represent only the 11 westexrn
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 percent) relative to the natural varfation, 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 lesg than the lower liwit of
determination for the analytical method used. Statistical tests rtequire
completely numeric data sets; therefore, these censored values were replaced
by small arbitrary valves 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 statlistical tests. Elements occurring in
trace quantities tend to exhibit positively skewed frequency distributions.
Therefore, a logarithmic transformation of the data prior to statistical
analysis 1improves the estimates of central tendency because the frequency

distribution of the log-transformed data is more nearly normal.
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Some elements were approximately wnormally distributed, however statistical
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
{n 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 wmay
be approximated by eilther a normal or log-normal distributiom). Boron and
organic matter are also log-normally distributed, and pH is best described by

a normal distribution (fig. L4).
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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. TFor
variables exhibiting significant varlation between states, a geometric mean
and deviation was computed for each state and differences 1n 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 s8tatistics
(geometric mean, geometric deviation, and observed range) for all topsoil and
all spoll 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 1in the following section 1s only
preliminary at this writing and s, therefore, subject to further

interpretation.
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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 wmetals exhibiting the
smallest amount of total variation, and therefore the smallest range 1in
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 varlability.

A  comparison of the average coucentration 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 1in topsoil, more than 40
percent of the varlation was estimated to be between States (table 2), The
nines 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 topsoll,
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 gampled in
Montana appear ta have much lower mean levels of these metals than do mines in
the other states (table S5). The average levels of Cd are highest in the
Colorado wines, and the average levels of Fe and Zn are highest in the North
Dakota mwines (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).
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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 elemeants, 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 topsoll and spoil material, and Cu in spoil material, was estimated to
be between mines. Mines located Iin Montana have the lowest mean levels of Zn
in topsoil (table 6) and two of these mines also have the lowest mean levels
in spoll 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 DTPA 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 thelr variation

between States.
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Summary statistics for elewments showing significant variation between
samples are given for topsoll in table 8 and for spoll material in table 9.
For Mn, more than 50 percent of the total variation (table 2) in topsoil, and
wore than 80 percent of the total variation in spoil (tcable 3) were estimated
to be between samples. In tables 8 and 9 summary statisticg are provided for
all topsoil or spoil gamples as a group. The between-sample-within-mine
variabllity can best be observed by examining the individual analysis values
glven in sappendix table A. Elements with small between—-gsample variability

exhibit gimilar concentration levels from sample to sample within a mine

(table 4). Elements with large between-sample variability exhibit a wilde
range 1in concentration from sample to sample within a mine (table A). For
some elements with large between-sample variability, the range 1in

concentration measured for samples from a single mine may be nearly ag 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 generallzations on average metal
levels for that mine may be fortuiltous.

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
vnits and also includes various amounts of coal, wmay explain the great
heterogeneity in our data on extractable concentrations of elements. Other
soll 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 organlc matter and metal concentration for the 110
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samples of topsoll and spoil material.

SIMPLE CORRELATLION COEFFICIENTS

pH log~organic matter

topsoil spoil topsoil spoil
log-Cd -.37 -.39 .68 .50
log—Co -.46 -.38 .34 .28
log—Cu -.43 -.41 .67 .36
log-Fe -.69 -.69 .39 .51
log-Mn -.28 -.07 43 .20
log-Ni -.32 —.52 .50 JAh
log-Pb -.14 .04 48 .36
log—Zn -.49 —.b4 .65 .55

With this number of samples, a c¢orrelation coefficient of about 0.3 1is
considered significant at the 0.0001 probability level. Prom the table it can
be seen that concentrations of many metalg are directly related to organic
natter content, and Inversely related to pH. Admittedly, the amount of
variation explained (rz) by the simple correlation coefficients (r) is less
than 50 percent in all cases. However, further interpretations using these
two properties, and some other ag yet undefined properties, to generate
multiple-regression equations may enhance the prediction of metal

concentrations in topsoil and spoll waterial samples from rehabilitated areas
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of coal-strip mines.

Other Variables
Boron

Creater than 60 percent of the wvariation measured f£or 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) 1s 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 gpoil (r= -.31) indicate that
pH has little value for predicting B levels in topscil, but may be important
in comnbination with other as yet undefined variables for spoil. Simple
correlations between log-B and log-organic matter in topsoil (r= .37) and in
spoil (r= .47) indicate that organic matter (possibly coal fragments) may be
more useful than pH as a component of a predlction equation, when combired

with other variables.
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pH

Variation between States, mines, and samples for both topsoll (table 2)
and spoil material (table 3) is approximately the same for each of the three
analysis of variance levelg. This indicates that similar ranges in pH were
meagured between samples representing each level and, for samples from each of
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, wean 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 the 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 1levels 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.
Significant variatlon 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 units (Dave Johnston Mine) or as little as 0.3

units (Jim Bridger Mine). Similar ranges are shown for samples of spoil
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material within a single mine (table D). In table 1, from observations on
topsoil samples from the Dave Johnston and Jim Bridgev 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 (varlability) are being made.
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Organic Matter

Significant variation in topsoll (table 2) and spoil (table 3) organic
matter comntent was estimated to occur between mines and between samples, but
not between states. Ian both topsoil and spoil, the samples with high amounts
of organic wmatter probably reflect the amount of coal intermixed with the
mineral fraction (table 1). 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--CGeneral Methods section) che
designations "topsoil” and "spoil” refer to the depth at which the samples
were taken and, in some cases, are not good degcriptors of the type of
material that was actuaslly sampled (table 1). 1In tables 6 and 7, the mines
showing the highest amounts of organic watter in both topsoil and spoil
material are from samples of true spoll material and these high values do
reflect mainly coal fragments (table l). Samples of both topsoll and spoil
which are lowest in organic matter (tables 6 and 7) are samples of natural
soll material applied to the regraded overburden as topsoll or subsoil (table
1). In the section on DTPA extractable metals, 1t was shown that siwple
correlations between organlc matter and most of these metals may be useful iIn
predicting their levels in topsoil and spoil. Even better predictions may
result if those samples contalning coal fragments, and those samples without
coal fragments, are segregated for prediction purposes because coal and soil

organic matter have differing properties.
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PRELIMINARY CONCLUSIONS

Extractable elements composition data was obtained for topsoil and spoil
samples from rehabilitated areas of the following coal-strip mines: Dave
Johngton, Seminoe No. 2, and Jim Bridger (Wyoming); Seneca No. 2 and Energy
Fuelg (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
congistantly related to States or mnines. 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 uniform in physical properties from sample site to
sample site at any single minpe; extractable metals, however, did not show
gimilar uniformity. Broad-scale regulations for “suspect” or "toxic" levels
based on a DTPA-soll 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 "sugpect" 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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Table 1, Field observations on samples of tonsci) and spoil collected

from repabilitated arees of coal strip mines

{Because of the methods used Lo collect Lhe samples, each sample mdy be 8 mixture of topsoil, subsoil. and spojl, the ratio value in
the table (in percent) indicates the smpunt of topsol) in tne sample-=ine remarmng porcion is s00¢]1 unless indicated as being
Subsoil materyal by an “S enclosed in parenthesis, &)) data include in the table are based or field observarions and thould,

therefore, be used 3s semi-quantitative estimates only;  ~--. no data availasle]

Ratio of Ampunt of Coarse Fragments
Semple type topsoil Depthn cod) \n fine earth matrix {greater thao ] cm}
and field to spoil to spofl sample (Yess than 2 mn) Fmount
number in sample (cm) (percent) Reaction Description (percent) Description
Dave Johnston Finel
Yopsoil

DJACOY 100 15 0 neutral yellowish drown, sandy 0 -

toam to 1oam

DIALO3 100 12 ] neutral brown, fine sand to 0 ---

loamy fine sand

DJRCOS 100 15 Q neutral {e\‘ouish brown, sandy 0 —--

oam

DJACO? 100 >80 0 feutral ye)lowish brown, 5andy 0 ---

loam to loam

DJACDS 100 20 0 neutral yellowish brown, sandy 0 ~—-

lodm to loam
Spoil

DUACO] 10 15 3 neutral clay loam to silty 5 very friable shale

clay loam

DJACO3 10 12 1 neutral sandy loam to Joamy < very friable shale

sand

DJACDS 10 15 3 neutral sandy loam to \oamy S very friable sphale

sand

DJACO? 160 >30 0 negtral yellowish beown, sandy 4 —

loam to loam
DJACDS 10 20 0 neytrat sandy loam to loamy 5 very friable shale
sand
Seminoa Mo. 2 Mine
Topsol)

SMACO1 ] 0 1 weak to tandy loam to Yoamy 15 consoligated sanzstont
moderately sand weak to moderataly
cdlcareous calcareous friable

shale, moderetaly
calcareous F-iadble gray
slitstone

SMACO3 0 0 1 do. do- 1% de.

SMACOS 0 0 ) do- do. 15 consd)igatez sangstone,
weak 1o moderaialy
calcareous friadle
shale, moderately
caltareous dark brown
silistone

SMACO? 0 0 1 do. do. 1% consoligated sandstont,
weak L0 maderately
calcareous friable
shale. moderately
calcareous friadbte gr2y
siltstone

SMACD9 1] 0 1 da. do. 15 do.

Spoil

SMALCO)} 0 0 1 do- do- 18 40.

SMACO3 [} 0 1 do. do. 15 dé.

SHACOS 0 0 1 do. do. 15 consolidated sandstone,
weak to moderately
calcareous friadble
shale, strongly
calcareous friable
Yight gray silustone

SHMACO9 [ 0 1 do. do. 19 conso)idated sanastone,
weak to moderately
calcareous friable
shale, moderately
calcareous friable
gray silistone

Jim Briger Mine
Topsoil

JIBFSOY 100 20 0 neutral to yellowish brown 5 very frisble siltstone
weakly silt loam
caleareous

JBFS03 90 12 0 do. do. 30 do-

JBF S05 100 25 0 do. 1ight yeNowlisr 15 do.

brown silt loam
JBFSO7 100 25 0 do, do. 15 . do.
JBE509 100 25 0 do. do. 15 go.
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Toble 1. Field observations oa samples of topsotl and spor) collected
from rehabilitatec areas of coal strip mines. (Continued)
fatio of Amount of Coarse Fragments
Sample type topsoil Depth ¢o2! in Fing earth matria (qreate= tban ) cm)
ang field to spoil to spoil sample (Yess than 2 mm) Fmount
number in sample (cm) {percent) Reaction Description (percent) Descriptipn
Jim Briger Mine, (continued)
Spoil
JBFS01 20 20 5 neutral to brown 541t loam 20 consolidated fine
weakly grained sandstone,
calcareous neutrs) to weakly
¢a)careous consolid
t{1tstone
JBFS03 10 12 10 neutral gray silt loam 50 consolidated Tine
arained sandstone,
neutrsl consolidatd
siltstone
JBF 505 20 25 5 neutratl to reddish brown 25 consa) idated fine
weakly silt 10am grained sandstone,
calcareous neutrsl to wezkly
calcareous consotrd
siltstone
JBF 507 20 25 20 do. dark brown 15 do.
silt loam
JaFsas 20 25 5 neutral gray silt loam 25 consolidateZ fine
grained sacdsione,
nevtre) consolidald
silastione
Seneca No. 2 Mine?
Topsoil
SEACOL 0 0 0 weakly brown laom 15 consn)idated
calcareous sandsiong, friable
black shale
SEACO3 0 0 S moderately dark brown 15 és.
calcareous loam
SEACOS 0 0 0 do. brows Yoam 25 do.
SEACO7 0 0 s ao0. dark brown 35 dc.
loam
SEACDY 0 0 0 neutra) reddish brown 15 dz.
Yoam
Spoil
SEADL 0 ¢ 0 wepkly brown 1oam 15 do
calcareous
SEACO3 0 1} § moderately dark prown 15 do.
calcareous 10am
SEACO5 0 0 0 40. brown lo2m 25 do-
SEACOT7 4] 0 0 do. dark brown 25 an.
Yosm
SEACD9 0 0 0 neutea) reddish brown 15 an.
toam
South Beulah Mine!
Yopsoi]2
SBAIO: 100 3..- 4] moderately dark brown very 0 .-
caleareous fine sandy loam to
silt Yoam, high 1n
organi¢ matter
Spail
SBAIO0) 10 20 c nevtral dark brown 1 very friable silts
silt loam and shale
SBAI03 20 15 0 moderately gray and brown 1 do.
calcareous silt loam
SBAIOS 20 15 5 neutral reddish brown 1 do.
5311 Joam
SBA107 20 12 5 neotral dark brown to 1 do.
Black sil1t Yoam
SRAI09 10 20 5 neutra) ye)lowish brown 1 do. ‘
Siit loam
Energy Fuals Mine) .
YopsoilZ
ENACO! 100 LI 0 neutral Sdark brown to 5 very firm aggregati
black silty clay of clayey soil mate
and silty clay loam
Spoil
ENACOL 20 25 0 neutral brown and black 35 consolideted sands
sitty clay loam friable black shale
frisble gray silts
ERACO3 90 40 0 nevtral gray ${1t loam 20 do.
ENACOS 10 20 0 neutral brown silt Joam 20 do.
EMACO7 10 20 5 nevtral gray, brown, and 30 do.
black silt loam
ERACO9 10 20 5 neutra) gray silt loam 35 do.
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Table 1. Fiele observations on ssmples of topsoil 60d spoil collected
from rehabilivtated areas ¢f coal strip mines. (Continued)

Ratio of Amount of Coarse fragments
Sample type topsoil Oepth toal in Fing earth matrix {greater than 1 em)
and field to spei) to speil sample (Yess than 2 mm) mount
number i semple {em) {parcent} Reactyon Bescription {percent) Description
6 VeYva Hine
Topsoll .
VEMSD1 100 7. 0 moderately  yellowith brown 0
: calcareous clay loam glacrsl
il
Spoi)
YEAI0) 20 25 0 moderytely yellowish brown 2 very friable black
calcareovs clay loam glacial shale
il
YEAL0D 20 10 20 do. do. 2 @0
VEAIDS 20 28 20 0. do. 2 d0.
YER) 07 20 25 10 do. do. 2 do.
YERTOY 10 15 10 do. 40- 2 do.
VE®S01 10 20 10 do- do- 2 do-
YEMS03 10 5 10 do. do. 2 4o
YERSOS 10 8 0 do. go. 2 do.
YEMSo7 10 12 0 do. ye)lowish brown 2 0c-
clay loam glacia?l
till, loamy sand
Yenses
YEIS09 10 10 0 do- yellowish brown 2 dac.
clay loam glacial
i)l
6 Husky Mine
Yopsoi)
HLMS0!? 100 B._. 0 nevtral gark brown ¢lay 0 -
loam
spoil?
HUA10) {s) 40 0 neutry) brown sandy ¢lay 0 “er
loam
HUAT0J 0 S; 40 0 neutrel do. ¢ ~-s
RUAIOS . 0($ 55 0 nevtral do. 0 -
HUAYOT 0(S) 40 ) neutral do. 0 a--
RUAIGS 0(s) 30 0 nevtra) do. ¢ .-
HU¥S0) D($) 30 ] nevtral brown clay loam 0 v
KUMSDZ 0(s) 30 0 heutra) brown ¢lay Yoam, 0 onn
yellowish brown loamy
sand
HUM S0 O(S; 30 0 neutra)d do. 0 -an
HMSO7 (s 30 ¢ ngutral do. 0 -
KWM502 oSy 15 [4 weakly ye)low brown very i} ae
calcareous fine sandy 1¢am anc
£i)t Yoam
Big Sky Minel
Tapsot]
pMS0! 100 25 0 moderately yellowish brown [v .-
calcaracus silt loam
BMS03 100 15 0 do. lighty yellowish 0 v--
brown very fine
sandy )oaam
BSHS05 160 25 0 go. do. 0 .
BSMS07 100 15 0 do. do- 0 -
BS™509 100 30 0 do. do. 0 -~
Spoi)
BSMSO) 50 25 0 neutrat gray sflty clay 3 very friable gray
loam shale
BSMS03 0 15 0 neutral do. k] do.
8MS05 80 25 0 neutral do. a ae.
BSMS07 0 15 0 neutry] 60- 3 do.
BM503 90 30 0 navtral do. 3 do-
Decker Kine
Topsoit® A
DEALD) 100 390 0 moderately yellow brown loam to 0 -
calcareous clay loam with up to
30 percent of Yoamy
fine sand )enses
spo318:?
DEALDY 0(3) >80 (¢ do. do. 0 —-
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Table 1.

Field observations on semples of topsoil and spoil collected

from rehabilitated aress of cos! strip mires. {Contynued)
Ratio of Amount of Coarse Fragments
Sample type topsoil Depth coal in fine earth matrix {graater than ) cm)
and fiels to spoil to spoil samp)e {less than 2 mm) Amount
number fn sample (cm) (percent) Reaction Description (percent} Descripti
12 Absaloks Mine!
Tapsoil
SCAEO) 100 1o.__ 0 moderately brown sandy loam, 0 -
calcaregus few dark brown
silty ¢lay aggregates
Spoit
SCAL01 70 25 5 moderately dark brown to dlack 20 frisble shale andg
calcareous sandy loam high in siltstone of many
organic matter other colors, ¢linker
than ca2l
SCAEQ3 100 30 0 do. da. 0 ---
SCAEDS 100 40 0 do. do. 0 ---
SCAEQ? 100 40 0 do. do. 0 .-
SCAL08 60 25 5 do. do. 20 friable shale and
siltstone 0¥ many
celors, clinker
2 San Juan Mine
Yopsoi)
SJ01 100 20 0 aoderately yellowish brown -—- -
talcareous fine and medium
2 loamy sand
Spoil
5301 0 20 3 wedkly to Yoam to clay Yoam .- .-
moderately
calcareous
Usibel}i Mine
Natural Soilz'])
M01 100 .- --- neutral Tight brown medium v -
and coarse lpamy
sand
spot1?
o1 0 0 -— neutral dark brown sil1t loam 20 schise

and very fine sandy

Joam

1Sanp1es were collected at locations adjacent to one aaodther and therefore, the descrirtion of the topsoi) ana spcr) samales

simitar

2Hater1a1 is vniform in composition from site to site.

310pso11 ranges in depth from site to site as follows: SBAID1, 20 cm; SBAIO2, 15 em; SBAYOS, 15 cm: SBAIO?, 12 cm., S8AICE. 2(
ENACO1, 25 cm; ENACO3, 40 cm; ENACOS, 20 cm; ENACOY, 20 cm; ENACDS. ¢
51opsoi\ has characteristics of nsturel solls of 2alluvial valley floors.

‘Topsoi] ranges in deptn from site to site as follows:

SThe two plant species were sampled at separate sites, however, the soi} material is uniform in composition throughout the 3

sampled.

7Topsoi) ranges in depth from site to site as follows:
VEMSOL, 20 cm, VEMSO3, 8 cm; YEMCDS5, 8 cm; VEMSO?, 12 cm; VEMCO9, 10 cm.
3Topsoi\ ranges in depth from site to site as follows:
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VEAIDL, 25 cm;, VEAJO3, 10 cm, VEA1Q5, 25 cm; VEALD?, 25 cm, VLAIQS, .

HUAID], 40 em; HUAID3, 40 cm, RUA10S, S5cm; KUAIO7, 40 cm: HUATD?, 3
RWMSOY, 30 cm, HUMSO3, 30 cm; HUMSO5, 30 cm; BOMSO7, 30 cm; HWS09, 15 cm.
95613 materia) is replaced subsol) and aot typical spoil materia) composed of fresh, fractured, sedimentary rock.

]070050i1 ranges in depth from site to site as follows: SCAEO1, 25 em; SCAEQ3, 30 cm; SCAEO03, 40 cm, SCAEO7, 40 cm; SCAEOS, !
SCSFO1, 30 cm; SCSFO3, 30 cm; SCSFO5, 40 cm: SCSFO7, 40 cm; SCSFOS, 25 em

llSamp\es from an area wiich has not been stripmined or reclaimed-



Table 2. Variance components for variables measured in topsoil
from eleven western coal strip mines

[¥, variance components signficant at the 0.05 probability level)

Tatal Yogq Percentage. of tota) variation between,

Variable variance States Mines Samples Analyses

Basad on DTPA extract

Cd 0.1665 *63.3 *19.8 7.8 2.1
03} 3503 *24.0 1) 111 64.9
Cu .0885 “68.4 *8.5 =18.2 4.9
Fe 1452 *40.3 *]18.8 v23.6 17.3
Mn .0204 13.3 *20.9 *53.7 12.1
Ni .0716 32.5 *32.2 6.7 28.6
Pb .0803 14.8 *14.6 16.8 53.8
In .1202 7.5 *54.3 *33.3 4.9

Based on hot water extract

B .0758 0 2.1 19.9 18.0

Measured by specific ion electrode

pH 17444 30.5 “43.6 *21.8 6.1

Based on calculated parameters

0.M.2 .0292 11.7 44.9 «27.9 15.5

Jarithmetic variance

20rganic matter
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Table 3. Variance componerts for variables measured in spoil
from eleven western coal strip mines

(=, varfance components signficant at the 0.05 probability level)

Total 1097 Percentage of total variation between;

Variable variance States Mines Samples

Analyses

Based on DTPA extract

Cd 0.1386 *52.6 *15.5 *28.1
Co 0460 *31.4 2.0 4.7
Cu .1128 11.5 *45.8 *37.7
Fe .2223 *40.3 *30.0 *27.2
Mn -0460 4.8 *12.8 *80.9
Ni .0833 *62.4 *16.8 *12.8
Pb .0552 2.0 “24.9 33.8
In .2284 32.1 *40.9 *25.6

Based on hot water extrac?

B -1336 0 <71.0 *24.4

Measured by specific jon electrode

pH 1 9078 *37.8 *22.4 “31.1

Based on calculated parameters

0.4.2 .0599 20.4 *36.4 “42.4

3.8
61.9
1.0
2.5
1.5
7.9
38.3
1.4

4.6

8.7

0.8

1Arithmetic variance

2Organic matter
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Table 4. Hultiple-mean comparison of variables measured in
topsoil that exhibit stgnificant variatfon between States

[Values for a variable preceded by the same letter superscript are not signigicantly different
from on another at the 0.05S probability level}

States
North
Variable Dakota Montana Wyoming Colorado
Based on DTPA extract
¢d 2,10 .02 b.07 b.os
Co b.2 b.2 3,3 a3
o 21.5 .4 1.} 511
Fa 437 <10 433 bz4

Table 5, Multiple-mean comparison of varfables measured in spoil
that exhibit significant variation between States

[Values for a variable preceded by the same small letter superscript are not signfficantly
different from one another at the 0.05 probability level]

States
Rorth
Variadle Dakota Moatana Yyoming Colorado
Based on DTPA extract
cq b.10 d.03 €.08 3,14
Co b3 €.2 a4 b3
Fe 2t 414 ba3 €27
Ni 3,5 d5 €.9 b1.2
Measured by specific ion electrode
P €7.1 28,1 dg.q b7.6
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Table 6.

Multiple-mean comparison of variables measured in tapsoil that
exhibit significant variation between coal strip mines

{¥alues for a variable preceded by the same small letter superscript are not significantly different from one another at the 0.85 probability Tevel]

North Dakota Mines Montana Mines Wyoming Mines Colorado Mines Rew Mexico Alaska
Sputh Dave Seminge Jig Energy Senca San
Yariables Yelva Beulah Husky Big Sky Ahsaloka Decker Johnston Number 2 Bridger Fuels Humber 2 Juan tisibelti
Based on DTPA extract
cd <.08 b 13 510 .01 € 02 €02 €,07 .08 .07 314 .04 .05 9.05
o aby.sg 1.2 .8 ey es e.5 1.2 ab.g d.8 bcy.g d.g .7 1.5
Fe €32 baq be3g ey ex| g 270 dz4 €32 d24 dz4 13 40
Mn 9.8 deg s b1 8.0 8.0 9.9 <dg, 2 @by 5.4 214 byy 8.1 29
Ni cd.g 21,6 aby 4 9.3 f.5 €7 cd,g 1.3 9.3 1.0 de,g .05 .6
Pb .6 4.3 .5 d.3 c.5 .5 .6 ab g ab g 21,0 be,y i 1.4
In 1.2 .9 1.0 de 5 e.4 .4 bi.s d.7 1.0 2.3 €.q .4 2.0
Based on hot water extract
) bey cd.g b).2 de g de g de g de g bey, 5.4 by.g .6 .6 .05
Measured by specific-ion elecirode
pnl be7, 7 bey.; 7.2 abg, o abg, g 28,1 f5.4 cdey 4 tdy.5 cdy, s dey. 3 8.0 4.9
Based on calculated parameters
0.M.2 5.0 €5.0 €5,1 €3.2 dey 5 e3.) d3.8 7.8 4.9 b6,9 3.3 3.2 2.4

4

Yarithmetic mean, all others are geometric means

20rgan1c matter
3Estimated‘by multiplying organlc carbon by 2.72
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Table 8. Average values, and observed ranges, for variables maasured in

topsotl which exhibit significant variation between samples
collected at eleven western coal strip mines

[Detection ratio, number of samplas in which the variable was detected relative to the total

number of samples analyzed}

Geometric Geometric Observed Detection

Variable mean deviation range ratio

Based on DTPA extract

Cu 0.9 1.86 2 - 2.8 {10:110
fe 23 2.28 6.7 - 190 110:110
Mn 9.8 1.38 4.0 - 27 110:110
Zn .8 2.16 2 - 95 110:110

Measured by specific ion electrode
phl 7.5 .81 4.1 - 4.5 110:110
Based on calculated parameters
0.4.2 4.4 1.46 1.6 - 19.5 110:110

larithmetic mean and deviation
2Organic matter
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Table 9. Average values, and observed ranges, for variables measured in
spoil which exhibit signfficant variation between samples
coltected at eleven western coa) strip mines

[Detection ratio, auuber of samples in which the variable was detected relative to the total
number of samples analyzed]

Geometric Geometric Observed Detection
Yariable mean deviation range ratio

fased an DYPA extract

Cd .07 2.30 01 - .22 104:110
Cy 1.4 2.11 .2 - 6.7 110:110
Fe 34 2.76 6.6 - 490 110:110
Mn 7.9 1.63 1.4 - 24 110:110
N .9 1.83 2~ 2.9 110:110
Zn 1.3 2.#1 1 - 9.0 110:110

Based on hot water extract
8 1.1 2.20 .5 - 26 110:11¢
Measured by specific ion electrode
pil 7.4 .90 3.9 - 8.9 110:110
Based on calcylated parameters

0.m.2 4.7 1.71 1.6 - 133.5 110:110

Arithmetic mean and deviation
2Organic matter
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APPENDIX TABLES

In each table, for SAMPLE, the eight character identifier, the first two
characters indicate the coal mine name, the second two characters indicate the
type of plant sampled (AC, crested wheatgrass; AE, slender wheatgrass; AI,
intermediate wheatgrass; BI, smooth brome; FS, fourwing saltbush; MS, alfalfa;
SF, sandfain) at that location, the third two characters indicate the sample
sequence, the seventh character, 1f a number 2, indicate a repeated analysis
of the preceding sample with a number 1 in the seventh position, the eighth
character indicates topsoil (A) or spoil (C), except for the San Juan and
Usibelli Mines where only mine name, sample sequence, and repeated analysis
are indicated. The letters L and G in the body of the tables indicate that
value to be less than (L) or greater than (G) the detection Tlimit of the
analytical method used. In tables A and B, the values reported for all mines
except the Usibelli mine are based on a DTPA-calcium chloride extract as
described in Severson and Crock (1980). At the Usibelli Mine, a DTPA-ammonium
bicarbonate extract was used and the relation between these two DTPA-
extraction methods for all metals in tables A and B is discussed in Severson
and others (1980).
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Table A. Varjables measured on DTPA extracts of ropsoll samples.

SAHPLE Cd, ppm Co, ppm Cu, ppm Fe, ppm Hn, ppm Nt, ppm Pb, ppm Zn, penm
Velva Mine
VEALIOLLA 0.07 0.1 1.3 24.0 8.7 0.8 0.7 0.9
VEAIO31A 0.07 0.2 1.2 25.0 8.5 0.8 0.4 0.8
VEAIOS)A 0.07 0.2 1.4 44.0 9.2 0.9 0.5 0.9
VEALO71A 0.07 0.t 1.3 22,4 8.7 0.8 0.7 0.8
VEALO91A 0.06 0.4 1.1 23.0 9,5 1.0 0.8 0.8
VEMSO11A 0.10 0.4 1.9 42.0 10.9 1.0 1.0 1.7
VEMSO31A 0.10 0.2 2.1 41.3 1.1 0.% 0.7 2.2
VEMSOS1A 0.10 0.4 1.9 46.0 11.8 1.0 0.9 2.1
VEMSO71A 0.07 0.3 L.7 24.8 10.9 1.0 0.3 1.2
VEMS0914 0.07 0.1 1.5 40.0 8.9 0.8 0.7 1,2
South Beulah Mine
SBAIO11A 0.10 0.3 1.1 18.2 8.3 1.3 0.4 0.6
SBATO31A 0.14 0.1L 1.4 45,0 8.2 1.8 0.6 t.4
SBAIOS51A 0.10 0.2 1.0 21.9 6.6 1,4 0.4 0.6
SBAT052A 0.11 0.1 t.2 22,6 7.6 L.6 0.1L Q.7
SBALO71A 0.12 0.2 1.0 50.0 8.0 1.9 0.4 1.0
SBAY091A 0.13 0.2 1.1 26.5 13.9 1.6 0.6 1,0
SBMSOL1A 0.13 0.2 1.0 178.0 8,4 1.3 0.1L 0.5
$BMSO3LA 0.18 0.3 1.7 83,0 8.6 2.4 0.5% 2.0
SBMSOS1A 0.09 0.3 2.0 160.0 5.9 1.6 0.6 1.t
SBM5071A 0.10 0.4 1.3 38.0 12.0 2.1 0.7 1.3
SBMSO91A 0.10 0.2 0.8 21.9 9.2 1.2 0.4 0.7
Rusky Miae
HUAIOL LA 0.12 0.1 1.8 110.0 10.3 2.2 0.5 1.7
RUAIO31A 0.19 0.2 2.0 83.4 12,6 0.9 0.5 1.9
HUAIOS1A 0.10 0.3 0.9 36.0 8.0 L.0 0.1 0.7
RUALO?)A 0.10 0.3 0.8 24.0 6.9 1.0 0.1 0.6
RUAIO91A 0.10 0.2 1.7 120.0 11.2 1.8 0.8 30
HUMSOL 1A 0.10 0.4 2.7 17.3 10.1 1.4 0.5 0.6
RUMSO31A 0. 16 0.4 2.3 21,0 13.2 1.6 0.6 0.8
HUMSOS 14 0.10 0.4 2.8 26,0 13.9 1.8 0.9 1.0
HUMSO714A 0.10 0.3 1.9 22.0 11.8 1.3 0.6 0.7
RUMSO0724 0.05 0.2 1.5 22.0 10,3 1.3 0.8 0.6
HUMSO91A 0.13 0.3 2.5 29.0 15.0 2.1 0.9 1.0
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Table A. Varlables measured ou DTPA extracrs of topaoil ssmples.-~coatinued

. fe, p pm

N¥i, ppm Pb, ppm in, ppo
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Table A. Variables messured oa DTPA extracts of topsoll s3zmples.-coutinued
SAMPLE Cd, ppm Coy ppm Cu, ppam Fe, ppm Hn, ppm N, ppm Fb, ppam

Dave Johaston Hine

DJACOL1A 0.10 0.6 2.1 130.0 1402 1.0 0.8
DJACO31A 0.12 0.2 0.8 77.0 13.5 t.0 0.7
DJACOSIA 0.10 0.7 2.3 180.0 14.6 1.8 0.5
BJACO?1A 0.05 0.2 0.6 21.8 4.0 0.5 0.4
DJACOS1A 0,02 0.3 0.8 39.8 6.6 0.5 0.3
DJBIOL1A 0.07 0-2 1.3 71.0 6.1 0.7 0.7
DJBIO31A 0-08 0.4 0.7 36.9 13.5 0.6 0.4
DJBIOS1A 0.1t0 0.5 1.7 150.0 12,9 1.2 0.8
DJBID?1A 0.07 0.2 1.2 45.0 4,8 0.7 0.4
DJBLIOY9EA 0. 10 0.6 1.3 78.0 11.2 2.2 0.6
Sem{noa No. 2 Miuve
SHACO11A 0.07 0.5 1.8 120.0 11.8 i.4 1.0
SMACO314 0.08 0.4 {5 13.7 12,4 1.2 0.8
SMACOSI1A 0.09 0.3 1.4 16.8 12.9 1.3 1.1
SMACO73A 0.08 0.3 1.5 19.0 11.1 1.3 0.6
SMACO9LA 0.10 0.4 1.7 16.5 13.8 1.2 1.1
Jim Bridger Mine
JBESOL1A 0.04 0.2 0.6 11.4 7.8 0.3 0.6
JAFSO031A 0.06 0.3 1.0 2).3 8.0 0.5 1.0
JBF3051A 0.10L 0.4 0.9 11.2 4.9 0.4 1.0
JEFS0524 0. t0L 0.4 0.8 13.6 4.9 0.4 0,9
JBFSO71A 0.10L 0.4 0.6 10.6 7.8 0.4 1.0
JBFS0S%IA 0.10 0.3 1.4 9.6 5.9 0.5 1.0
Saneca No. 2 Mine
SEACOLA 0.22 0.3 1.6 13.5 13.9 0.3 0.4
SEACOLZ2A 0.16 0.2 1.8 15,7 1.3 1.2 0.9
SEACQ31A 0,11 0.3 1.5 2.6 15.9 1.0 0.8
SEACOS1A 0.10 0.5 0.8 12.0 18.1 0.9 1.2
SEACO7LA 0.30 0.5 1.9 §0.0 13.1 2.4 2.3
SEACO914A 0.10 0.3 1.2 15.9 13.1 1.0 1.0
SEMSO)1A 0.20 0.3 1.6 15.9 8.9 1.3 1.0
SEMS031A 0.30 0.6 2.0 180.0 27.0 2.0 2.0
SEMSOS51A 0.07 0.3 1.3 33.0 13.5 0.8 1.0
SEMS0G524 0.10 0.4 1.2 1.} 12.9 0.8 0.9
SEMSO071A 0.13 0.2 1.3 59.0 13.9 1.1 1.2
SEMS072a 0.12 0.2 1.} 18.2 12.3 0.9 0.9
SEMS091A 0.14 0.1 1.6 16.1 10.1 1.2 0.8
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Table A. Variables measured on DTPA extracts of topsoil samples.=-zootioued

SAH.PLIE Cd. ppm Co, ppm Cu, ppa Fe, ppm Yn, ppm Ni, ppm Pb, ppm Zn, prw

Energy Fuels Mine

ENACOL1A 0.04 0.3 1.0 26.3 13.1 0.9 0.9 0.3
ENACO31A 0.07 0.3 0.7 20.5 13,0 0.9 0.2 0.2
ENACOS1A 0.04 0.3 1.0 24,0 12.0 0.7 0.9 0.2
ENACO71A 0.05 0.3 0.8 34,6 12.8 0.9 0.7 0.5
ENACO91A 0.05 0.3 1.0 19.8 12.6 0.9 0.6 0.4
ENACO92A 0.03 0.1 0.8 1.0 8.8 0.6 0.7 0.2
ENMSOL 1A 0.02L 0.2 0.7 7.0 10-2 0.7 0.8 0.3
ENHSO3 1A 0.04 0.4 1.0 23.8 16.8 1.6 1.0 0.4
ENMSOSY A 0.03 0.2 0.8 32.0 7.8 0.5 1.0 0.3
ENMSO7{A 0.02L g.3 0.7 at.o 11.9 0.9 0.8 0.3
SHMSO91A 0. 10 0.3 1.0 15.8 10.2 0.6 0.6 0.9
ENMS092a 0,035 O0u) 1.1 17.3 8.7 0.6 0.5 0.8
San Juan Mine
53011 0.05L 0,1L 0.5 7.2 6.6 0.05L 0.2 0.4
§J012 0.05L 0.1L 0.5 7.2 8,4 0.05L 0.1 0.2
§J0o2!1 0.05L a.1L 0.5 11.6 6.8 0.05L 0. 1L 0-4
$J022 0.05L g.1L 0.6 6.8 7.2 0. 0SL 0.1L 0.4
$J031 0.05 0. 1L 0.7 16,2 5.6 0.1 0.)L 0.4
§J032 0.05L 0.1L 0.7 7.4 5.8 0.05L 0.3 0.2
53041 0.05L 0. 1L 0.5 7.4 5.8 0.1 0. 1L 0.2
§J042 0.05L 0. 1L 0.6 8.2 6.4 0.05L 0.2 0.4
$JO51 0,05 0.1 2.0 11).8 26.2 0.4 0.9 2.2
8J052 0.05 0.1 2.2 125.8 k.6 0.4 1.5 1.6
53061 0.05L ¢.1L 0.6 6.8 6.6 0.1 0.1L Q.2
§J062 0.05L 0.1L 0.6 6.4 6.6 0.05L 0.3 0.2
Usibelll MIrne
ysoly) 0.15 0.6 4.3 580.0 5.7 1.6 z.8 1.9
Uso21 0.02 0.4 0.8 270.0 1.5 0.4 0.6 2.0
Uso3l1 0.05 0.2 0.9 410.0 2.8 0.4 1.6 2.0
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Table B. Variables weasured on DTPA extracts of gpoll samples.

SAMPLE

VEAIOIC
VEALQJIC
VEAIOSIC
VEAIO71C
VEALQS1C

VEMSOL LC
VEMS031C
VEMSO051C
VEMS071C
VEMSO091C

SBAIOLIC
SBAIO31C
SBAIOSIC
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SBAI071C

SBAI091C
SBMSO11C
SBMS031C
SBMS051C
SBMS071C
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HUMSOtIC
RUMS031C
HUMSOStEC
HUHSO0?tC
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34.7 9.6
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60.0 6.4
53.0 7.3
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South Beulah Mine

342.0 11.0
420.0 3.9
130.0 7.1
98.2 7.5
115.0 8.5
280.0 11.3
409.0 1.5
148.0 3.8
490.0 5.0
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450.0 9.2
Rusky Mine
24,0 8.7
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Table B. Variables measured on DTPA extzacts of spoil samples.~-continued

Zn, ppm

Pb, ppw

ppa

Ny,

Co, ppa Cu, ppa Fe, ppm Mo, ppm

Cd, ppm
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Table B. Variables measured oa DTPA extracta of spoil samples.-continued

SAMPLE Cd, ppn Co, ppu Cu, ppm Fe, ppuw Ho, ppm N1, ppm b, ppa in, ppm

Dave Johaston Miae

DJACOLLC 0.09 0.2 2.1 81.0 7.3 1.2 0.5 2,1
DJACO3IC 0.06 0.4 t.6 75.5 3.5 1.7 0.4 2.3
DJACO51C 0,10 0.3 0.9 24,0 6.6 1.0 0.6 0.7
DJACO71C 0.10 0.4 1.3 47.0 3.3 0.8 0.8 1.5
DJACO91C 0.17 0.3 1.6 71.0 8.0 2.1 0.7 2.2
DJBIOIIC 0.08 0.3 2.0 160.0 7.3 1.1 0.4 1.6
DJB1031C 0.06 0.5 1.8 45,9 15.7 1.3 0.2 2.5
DJBIO51C 0.11 0.6 3.7 157.0 9.4 1.8 0.3 4,2
DJBIO71C 0. 10L 0.4 0.9 12,4 .7 0.6 0.4 0.6
DJBIOJIC 0.15 0.4 1.1 21.9 8.4 2.1 0.2 1.3
Seminoe No. 2 Mipe
SMACQ11C 0.07 0.4 i.8 18.4 11.5 1.0 0.? 0.6
SMACO31C 0.09 0.4 1.5 130.0 12,2 1.4 0.8 0.5
SMACOSIC 0.03 0.2 1.2 13,4 6.5 0.8 0.4 0.2
SMAC071C 0.01 0.5 1.2 67.5 12.35 1.1 0.5 0.6
SMACDSIC 0.05 0.3 1.1 12.5 7.6 0.8 0.6 0.5
Jim Bridger Mine
JR¥S0L)C 0.10 0.4 0.9 14.8 5.6 0.5 1.1 1.6
JBFS031C 0.1§ 0.5 1.7 83.0 24.) 0.7 2.0 2.4
JBFSO51C 0.10 0.5 1.1 19.6 3.4 0.5 0.7 1.6
JRAFS052C 0.10L D.4 1.1 19.4 3.2 0.5 0.9 1.7
JBFSO0?1C 6. 07 0.3 1.0 220.0 18.0 0.5 1.2 3.4
JRFS091C 0.09 0.5 1.6 38.7 11.1 0.5 0.4 3.3
Senaca No. 2 Mine
SEACD11C 0.19 0.3 1.9 17.6 15.0 1.3 1.0 1.6
SEACO12C 0.20 0.4 1.9 15.0 15.4 1.4 1.3 4.}
SEACOJIC 0.14 0.3 2.1 28.0 8.0 1.3 0.9 4.t
SEACOS1C 0.0% 0.2 1.0 39.0 12.0 0.7 0.9 0.8
SEACO71C 0.20 0.3 1.7 37.0 11.7 1.6 1.6 5.3
SEACO94C 0.13 0.3 1.3 18.2 15.6 1.1 1.0 1.0
SEMSQL1C 0.18 0.1 1.8 36.0 10.2 1.2 1.0 2.7
SEMSO031C 0.22 0.6 0.2 126.0 1.4 t.6 1.7 0.7
SEMSQSIC 0.10 0.1 1.2 12.2 12.4 0.6 1.2 1.0
SEMS052C 0.11 0.3 1.3 13.7 13.6 it 0.8 1.2
SEMS071C 0.14 0.2 1.5 20.9 9.8 1.1 1.0 3.0
SENS072C Q.16 0.3 1.2 22.6 10.3 1.1 1.2 Al
SEMSQ91C 0.17 0.3 1.6 16.0 10.9 1.3 0.6 2.4
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Table B. Var{ables megeured om DTPA extraccs of spoil samples.~contirnued
SAMPLE Cd, ppm Co, ppa Cu, prm Fe, ppm Mn, pem Ni, ppm - Pb, ppm in, ppu

Epnergy Fuals Mine

ENACOLIC 0.07 0.3 1.3 20.6 8.9 0.9 0.8 1.9
ENACO3I1C 0.13 0.3 1.7 47,4 16.1 1.1 1.2 4.0
ENACDS51C 0.0?7 0.2 1.1 18.1 8.3 .0 0.6 2.0
ENACO71C 0.18 0.3 2.1 33.4 11.3 1.6 0.8 8.9
ENACO91C 0.16 0.2 2.0 39.0 7.4 1.5 0.7 8.1
ENALO92C 0.15 0.3 1.9 31.4 8.4 1.6 0.6 8.9
ENMSOL)C 0.10 0.4 2.0 25.0 9.6 1.1 1.1 6.5
ENMS031C 0.20 0.4 2,3 45.0 9.2 1.2 1.! 7.7
SNMS051C 0.10 0.3 1.2 16.3 9.8 0.9 0.9 2.8
ENMSO71IC 0.18 3.3 2.1 32.8 9.0 1.5 0.7 3.0
ENMS091C 0.18 0.2 1.6 44,0 9.3 1.4 0.6 6.5
E:M5092C 0.17 0.3 1.8 27.4 10.7 0.8 0.3 6.9
San Juan Mine
SJO11 0.05 0.1L 2.4 64.8 10.2 0.1 0.6 1.2
§J012 0.05 0. 1L 2.3 64.4 10,2 0.1 0.4 1.4
51021} 0.05L 1.4 2.0 206.8 54,8 0.9 1.4 5.2
83022 0.05 1.4 1.9 210, 1 54 4 0.9 1.4 5.2
5J031 0.05 0. 1L 2,3 36.6 6.8 0.2 0.6 1.2
$J032 0.05 0. 1L 2.4 3.6 7.6 0.2 a.5 1.2
5J041 0.05 0. 1L 2.1 44.2 6.2 0.2 0.1L 1.0
§J042 0.05 0.1L 1.9 30.6 5.4 0.1 0.1L 1.0
5J051 0.0S5 0. IL 1.5 87.2 19.6 0.2 1.0 k.8
53052 0.03 0.1L 1.5 85.2 19.2 0.2 0.3 1.8
$J061 0.05 0.1L 2,1 30.4 5.4 0.1 0.7 0.8
8J062 0.05 0. 1L 2,2 31.0 6.0 0.1 0.8 0.8
Usibelli Mine
uso1!l 0.21 0.3 14.0 210.0 43.0 3.6 4.7 3.3
vs021 0.10 0.2 12,0 210.0 25.0 2.4 3.3 2.7
uso3l 0.1t 0.2 11.0 190.0 246.0 2.3 3.4 2.6
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Table C. Boron, pH, and organic matter content of samples of topsoil.

SAMPLE B, ppm pH O.M., %

Velva Mipe

VEAIOIlA 1.0
VEAIO31A 1.0
VEAIOS51A 1.0
VEATO71A 1.0
VEAIO91A 1.0

VEMSO11A 1
VEMSO31A 1
VEMS0514A 1
VEMSO71A 1
VEMSO091A 1

South Beulah Mine

SBATIO114 1.0
SBATO031A 1.0
SBAIOS1A 1.0
SBAIO524 0.5
SBATO71A 1.0

SBAIDS1A 1.0
SBMS011A 0.5
SBMSO31A 1.0
SBMSOS51A 1.5
SBMSO71A 1.0
SBMS091A 1.0

HUATIO1 A 1.0
HUAIO31A 0.5
HUAIOS1A 1.0
HUAIO71A 1.0
HUAIO91A 1.0

HUMSOLX1A 2
HUMSO31A 2
HUMSO51A 1.
HUMSO071A i.
HUMSO72A 1
HUMSO91A 1

3



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

SAMPLE B, ppm pH 0.M., %

Big Sky Minpe

BSAEO11A 3
BSAEO31A 1.
BSAEOS1A 1.
BSAEO71A 0
BSAE091A 1

BSMSO011A 1.5
BSMSO31A 1.0
BSMSO51A 1.5
BSMSO71A 1.0
BSMSO91A 1.0

SCAEOll]A 0.5
SCAE031A 1.0
SCAE051A 1.0
SCAEO71A 1.0
SCAE091A 0.5

SCSF0Jl1la 1
SCSF031A 1
SCSF051A 1
SCSF071A 0.
SCSF091A 0

Decker Mine

DEAEO11A
DEAEO31A
DEAEQS1A
DEAEO71A
DEAEO91A
DEAE092A

o a

[

—_ oSO QOO0
L]
oOwviuwyunnu O

DEFSOIlA
DEFS0124
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DEFSO71A
DEFS091A
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Yt et Pt O )d et

*
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Table C. Borou, pR, and organic matter content of samples of topsoil.-continued

SAMPLE B, ppu pH O.M., 2
Dave Johnston Mine
DJACOL1A

1.0

DJACO31A 1.0
DJACO51A 1.0
1.0

0.5

DJACO71A
DJACO91A

NS w
.

DJBIOL1A 1.0
DJBIO314 0.5
DJBLO51A 1.0
1.0
0.5

a

a
LMW =E OO0

LI 4

DJBIO71A
DJBIOS1A

N W

Seminoe No. 2 Mine

SMACO11A 1.0
SMACO31A 1.5
SMACOS1A 1.0
SMACO71A 1.0
SMACO914 1.0

JBFSOIl1A 2
JBFSO31A 4
JBFS0514 9
JBFSO052A 9
JBFSO714A 7
JBFS0914 3

Seneca No. 2 Mine

SEACO11A 0
SEACO12A 1
SEACO31A 0.
SEACOS1A 1
SEACO071A 1
SEACOS1A )

SEMS011A
SEMSO031A
SEMSO51A
SEMS052A
SEMSO71A
SEMSQO72A
SEMSO091A

¢ o @ v o

O e e PO NS
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Table C. Boron, pH, and organic matter content of samples of topsoil.-—continued

SAMPLE B, ppm pH 0.M., %

Energy Fuels Mine

ENACO11A 0.5 7.3 3.1
ENACO31A 0.5 6.9 3.9
ENACO51A 0.5 7.4 3.3
ENACO71A 0.5 7.0 3.4
ENACO91A 0.5 7.4 3.2
ENACO092A 0.5 7.5 1.7
ENMSO11A 1.0 7.5 3.5
ENMS0314 0.5 7.1 3.6
ENMSO0514A 1.0 7.7 3.0
ENMSO71A 1.0 7.2 3.9
ENMS091A 0.5 7.0 3.8
ENMS092A 0.5 7.5 3.7
San Juan Mine
SJO11 0.1L 8.4 1.8
§JO12 0.1L 8.3 1.5
SJo21 0.1L 8.4 1.5
5J022 0.1L 8.3 1.6
SJ031 1.0 8.3 1.3
SJC32 1.0 8.4 1.4
SJ041 0.5 8.2 2.0
SJ042 0.5 8.4 1.9
SJO0S1 3.5 6.6 8.2
§J052 2.5 6.6 11.0
8J061 0.5 8.2 2.0
5J062 0.5 8.2 1.9
Usibelli Mine
Usoll 0. 1L 5.1 5.1
0S021 0.1L 5.0 1.6
UsS031 0.1L 4,7 1.7
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Table D, Borou, pH, and organic matter content of samples of spoil.

SAMPLE B, ppm pH OM., %
Velva Mine

VEAIOLIC 1.0 7.6 3.6
VEAIQ31C 1.5 7.1 6.6
VEAIOSIC 1.5 7.4 4.5
_ VEAXQ71C 1.0 7.4 3.8
VEAIQ91C 2.0 7.3 8.5
VEMSO11C 1.5 7.6 3.9
VEMSO031C 1.0 7.8 2.4
VEMSO051C 1.5 7.7 3.0
VEMSO071C 0.5 7.7 1.6
VEMS091C 2.0 7.4 5.2

South Beulah Mine

SBAIO11C 0.5
SBAIO31C 2.0
SBAIOSIC 0.5
SBAIOS52C 0.5
SBAIO71C 2.5

SBAIOSIC 1
SBMSO11C 1
SBMSO31C 1
SBMSOSIC 1
SBMSO71C 2
SBMS(091C 1

HUAIO011C 2.0
HUATIO31C 1.0
HUAIOS51C 1.5
HUAIOG71C 1.5
HUAIO91C 1.5

HUMSOL1C 1
HUMSO031C 1
HUMSO0S51C 1
HUMSQ71C 1
HUMSO72C 1
HUMSQ91C 1
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Table D. Boron, pH, and organic matter content of samples of spoil.-continued

SAMPLE B, ppm pH 0.M., %
Big Sky Mine

BSAEO]1C 3
BSAEOQ3IC 2
BSAEOS1C 1
BSAEQ71C 1
BSAEO91C 1

BSMSOL1C 3
BSMSO31C 2
BSMS051C 1
BSMS071C 0
BSMS091C 0

SCAEQ)IC 1
SCAE031C 1.
SCAE051C 1.
SCAEOQ71C 0
SCAEQ91C 0

SCSFOI1C 1.0
SCSFO31C 0.5
SCSFO051C 1.0
SCSFO71C 0.5
SCSF091C 0.5

Decker Mine

DEAEOL1C
DEAEOQ31C
DEAEQS1C
DEAEO71C
DEAEQ9IC
DEAE092C

» . 5"
v O OO W

OO =0
.

DEFSO11C
DEFS012C
DEFS031C
DEFS051C
DEFS071C
DEFS091C

OO ~O
P a & e v
wuno wnowuw

Y
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Table D. Boron, pH, and organic watter content of samples of spoil.-cortinued

SAMPLE

DJACO11C
DJACO31C
DJACOS51C
DJACO71C
DJACOSI1C

DJBIOL1C
DJBIC31C
DJBIOS1C
DJBIO71C
DJBIOYSIC

SMACO11C
SMACO31C
SMACO51C
SMACO071C
SMAC091C

JBFSO0L1C
JBFS031C
JBFSOS51C
JBFS052C
JBFS071C
JBFS091C

SEACOL1C
SEACO12C
SEACO31C
SEACO51C
SEACO71C
SEACO91C

SEMS011C
SEMS031C
SEMS051C
SEMS052¢C
SEMS071C
SEMS072C
SEMS051C

B, ppm

pH

0.M., %

Dave Johmston Mine

Seminoe No,

Seneca No.

2 Mine

2 Mine

SO btrnnn
) . o v »
QXN MOCO

.

SO B
L4 v
WO Wk &




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

SAMPLE

ENACO11C
ENACO31C
ENACOSIC
ENACO71C
ENACO91C
ENACO92C

ENMSO011C
ENMSO031C
ENMSO51C
ENMS071C
ENMS091C
ENMS092C

$J011
$JO12
§J021
53022
5J031
§J032

8J041
SJ042
S$JOS51
8J052
SJ061
SJ062

Usoll
uso21
Us031

B, ppm

PH

Ol“. » z

Energy Fuele Mine

Ugibelli Mine

7
6
6
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