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INTRODUCTION 

Increased coal production, wider use of indiscriminate mining tech­

niques, improved cleaning methods, and greater emphasis on clean fuels is 

increasing the rate at which wastes accumulate. A vivid example of this 

trend is a 1 0-fold increase in the rate at which wastes have been produced 

since 1 940. It has been estimated that the current rate of waste production 

of 1 00 million tons per year will double by 1 980 according to a National 

Academy of Sciences study committee (1 975). Added to the present accumu­

lation, this material can no longer be merely discarded in convenient 

places. Indiscriminate disposal of coal wastes will not be accepted by 

a concerned populace. 

Over the next several years, Colorado Plateau underground coal pro­

duction is predicted to increase. Refuse resulting from preparation of 

this coal is generally deposited on the surface in unsightly disposal piles 

in canyons or lowland areas near mines. Current legal environmental dis­

posal regulations are unclear to mine operators with regard to coverage of 

these disposal piles and need to be reevaluated and revised. This study 

provides valuable information on the nature of coal refuse and disposal 

practices throughout the Colorado Plateau. From refuse samples collected 

frcrn mines in Utah and Colorado, physical and chemical analyses were per­

formed to provide information on which to formulate alternative methods for 

reclaiming refuse piles as contrasted with present regulations. 

The objectives of the present study were to test the hypothesis that 

unmodified refuse material from underground coal processing is a suitable 

medium for plant growth. In order to measure refuse material suitability 

from a physiochemical perspective, we analyzed the new refuse and old refuse 

material for (1 ) existing macronutrients, (2) salts, (3) texture, (4) acidity 



and (5) color. At each mine, topsoil which will be used in reclaiming 

the refuse piles was used as the standard for comparison. We also attempted 

to assess any potential environmental hazards associated with the refuse 

piles such as its potential for polluting ground and surfac_e waters, spon­

taneous combustion, acid seepage, etc. Finally, we conducted a general 

cost analysis for surface disposal of refuse and underground disposal and 

the advantages and disadvantages of each. 

As a result of the study, several problems were identified which, if 

solved, would increase the effectiveness of formulation and implementation 

of state regulatory programs. These problem areas were discussed with 

state regulatory agency personnel in Utah and Colorado prior to preparation 

of the final draft of this report. 

2 



METHODS 

3 

The study area included all underground mines which have coal refuse 

piles within the Colorado Plateau (Figure 1 ). The names and locations of 

more than 20 underground coal mines were obtained from the Department of 

Oil, Gas, and Mining (DOGM) in Utah and the Division of Mine Land Reclama­

tion in Colorado. However, only 1 5  mines agreed to participate in this 

study. Three allowed sampling but requested that their company names be 

withheld from any publications. The non-participating mines were found to 

be either inactive or unwilling to allow sampling on their property. 

Samples were collected from 3 representative locations at each topsoil 

and refuse pile. A.0-1 5 cm composite sample was collected at each location. 

In addition, a 1 5-30cm composite sample was collected at each location on 

old refuse piles. 

Each of the participatirtg mines were visited and the refuse areas were 

observed for size and extent of refuse and topsoil storage pil�s, drainage 

and stream patterns surrounding the pile, rill development, sluffage, slope, 

and plant invasion on the refuse pile. Reclamation engineers were questioned 

concerning expected reclamation problems such as topsoil deficiencies and 

availability of water for plant establishment. 

All topsoil and refuse samples were analyzed for pH, electrical con­

ductivity (EC), and texture. Soil and refuse from 5 selected mines \-Jere 

also analyzed for nitrate-nitrogen (�03-N), phosphorus (P04), potassium (K),

sodium (Na) , calcium (Ca) , magnesium (Mg), chlorine (Cl), sulfate (so4),

bicarbonate (HC03) ,  boron (B) , and organic matter. Only samples from 5

selected mine sites could be analyzed for all of the above chemical para­

meters because of limited funding for the analysis. 



Figure l. 

Salt I Lake City 

The study area included underground mines in the Colorado Plateau.

Each triangle represents a sampling location. 
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Topsoil and refuse analysis for K, Na, Ca, Mg, Cl, so4, HC03, total

B and total K were performed by Western Analytical Inc., a certified 

laboratory located in Salt Lake City, Utah. Exchangeable K, Na, Ca, Mg, 

Cl, so4, and HC03 were all analyzed by methods described in the Association

of Official Agricultural Chemists (1 965). Chemical analysis for B was di-

·gested by fusing sodium carbonate with sodium peroxide, and analyzed by

lCP. Nitric-perchloric acid was used to digest soils for total K which

was then determined by atomic absorption analysis.

Analysis for EC, N03-N, organic matter, texture, pH and P were per­

formed by Native Plants, Inc. Analytical Soils Laboratory. EC was deter­

mined on a 1 :1 , soil: water extract (Richards et tl•, 1 954). N03-N was

analyzed by a chematropic acid procedure (Clark and Jennings, 1 965). The 

Walkely Black method was used to determine organic matter (Allison, 

1 965) and P was determined by colorimetrically - NaHco3 extractable (Olsen

et tl,, 1 954). Acidity (pH) was analyzed using a 1 :1 ,  soil:water 

extract (Schofield and Taylor, 1 955) and measured using a Corning 1 25 pH 

meter. Particle size analysis was performed on all material passing 

through a 2 mm sieve by the hydrometer method (Day, 1 965). The 

sodium absorption ratio (SAR) was calculated from the following equation: 

SAR =

Na 

The data was summarized and a short presentation of quantitative and 

qualitative findings was prepared separately for each mine. The soil and 

refuse data were then summarized across mines by topsoil, new refuse, and 

old refuse (0-1 5 cm; 1 5-30 cm), with means and standard errors calculated. 



Paired t-tests were conducted on all soil and refuse quantitative data 

(Steel and Torrie, 1960}. Significance was determined at C£ = .05 level. 

6 

Linear regression analysis was conducted using age of the refuse as 

the dependent variable and pH as the independent variable. A second linear 

regression was conducted using pH of the refuse as the dependent variable 

and HC03 and so4 as the independent variable.

Surface refuse disposal costs and feasibility were compared with 

underground waste disposal by reviewing existing literature. Several mines 

that dispose of rock waste underground were contacted; however, this waste 

is never brought above ground. No mines within the Colorado Plateau process 

coal above ground and then dispose of the processed waste back underground; 

therefore, a literature review was used to compare underground disposal 

costs. 

Soil spreading and hauling costs were obtained from the DOGM. These 

are a median value for bond estimating costs. 
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RESULTS AND DISCUSSION 

Each mine in this study was unique as to the varied set of circum­

stances under which it operates and exists. It was therefore not surprising 

to find a high degree of variability in sample results between mines. The 

range in plant nutrient values for topsoil and refuse is given in Table 1. 

Refuse material from the mines was produced by a number of different clean­

ing or processing methods such as: baths with heavy-media solutions, froth 

flotation, water washers, jigs, cyclones or simple crushing and sieving. 

Refuse was derived from different geologic strata. The mines also varied 

in age (4 years to over 100 years old) and subsequently the amount of refuse 

on the property varied greatly. Elevation at the various sites ranged from 

1479 m to 2440 m and annual precipitation that would directly affect reclama­

tion practices ranged from 20 cm to 64 cm. Topsoil available for use in 

reclamation of the refuse piles varied from a rich mountain loam to a clayey 

material derived from Mancos shale. 

Suitability of Refuse as a Growth Medium 

Maaronutrients 

Nitrate-nitrogen content of the new refuse material was significantly 

lower than the topsoil (T = 2.76, a < . 05). The nitrate-nitrogen content of 

the old refuse material was lower than the topsoil and higher than the new 

refuse (Figure 2); although, paired t-tests showed no significant differences. 

A possible explanation for this difference is the availability of nitrate at 

differing pH's and varying aeration regimes. Nitrogen is most available at 

a pH between 6.0 and 8.0. The pH of the four mines averaged 8.48 for the 

new refuse material and 6.89 for the older refuse, thus allowing greater 

availability of nitrogen at a pH of 6.89. Higher N03 concentrations may 



Table 1 .  The range in plant nutrient values found in topsoil, new refuse, and old refuse. 
Values are also given for soils on which agricultural crops are grown. 

Parameter TOQ Soi 1 New Refuse Old Refuse Agricultural Range 

N03-N ( ppm) 1 .50 - 3.95 0.70 - 0.90 0.65 - 1 .50 2-60 ppm

p ( ppm) 0.06 - 1 .57 0.05 - 0.1 0 0.07 - 0.74 >5 ppm

K (meq/1 OOg) 0.32 - 0.88 0.09 - 0.44 0.1 3 - 0.29 > .13

EC 0.06 - 3.0 0.2 - 1. 76 0.06 - 2.86 <4

Ca (meq/1 OOg) 1 4.0 - 39.9 1 3  .o - 46.4 20.5 -1 75.0

Na (meq/1 OOg) 0.20 - 2.56 0.20 - 4.26 0.20 - 0.37 

Mg (meq/1 OOg) 1 .23 - 7. 98 o. 57 - 1. 97 0.95 - 2.30 >.41 

B (ppm) 22 - 66 1 8 - 61 26 -224 2-100

Cl (meq/1 OOg) <O. 001 - o. 601 <O. 001 - o. 31 3 o. 01 3 - 0.1 06 

SAR 0.23 - 1. 65 0.13 - 3.62 0.07 - 0.30 <1 3

pH 6.43 - 9.27 7 .1 0 - 9.92 2. 94 - 9.47 5.5-8.0 

HC03 (meq/1 OOg) 0.0033 - o. 0098 0.0072 - o. 01 40 0.0021 - 0.0100 

so4 (meq/1 OOg) 0.03 - l 5. 70 0.62 - 26.30 0.06 -1 29.80

co



Figure 2. Means and standard error of nitrate-nitrogen content. 
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also reflect a lesser degree of compaction, which wasn't quantified in 

this study. 

As expected, phosphorus content of the refuse material tended to be 

lower than levels in topsoil, although paired t-tests and ANOVA showed no 

significant differences (Figure 3). The lack of statistical significance 

was probably due to small sample size. New refuse material contained 1ess 

water so1ub1e phosphorus than the older refuse material. Again, this appears 

to be a function of pH. Phosphorus is more available at a pH between 6.50 

and 7.50. At higher pH's typical in the new refuse, phosphorus is 1ess 

available. Agricultural soils which contain less than 5 ppm soluble phos­

phorus are considered deficient and are genera11y fertilized to improve 

yields (Bingham, 1966). Both the topsoil and refuse materials of the study 

sites are below 5 ppm (X = .25 ppm) and may benefit from the addition of 

phosphorus fertilizer to aid plant growth. 

Although the nutrient requirements of native speices is not we11 docu­

mented, they are generally 1ess than that of agricu1tura1 crops and minimal 

1eve1s for agriculture may be sufficient for native species. N and P 

nutrient deficiencies have also been reported on coal spoils in the Northern 

Great Plains regions (Bauer et al., 1978). Fertilization experiments on 

spoils for revegetation have had varied results. In one experiment, fertil i­

zation was shown to increase shrub vigor ratings but overall survival of 

P fertilized and nonferti1ized shrubs was not statistically different. 

In another experiment on spoils in North Dakota, N fertilization was shown 

to increase grass and legume yields while P fertilization had no effect. 

Agriculture crops generally show a response to potassium fertilizer 

on the soils containing less than 50 ppm potassium (Ulrich and Ohki, 1966). 

Only one sample of coal refuse analyzed indicated potassium to be under 

this level and this was found in a new refuse material sample (.3 20 meq/ 



Figure 3. Means and standard error of phosphorus content. 
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100g or 34 ppm). Old refuse material contained significantly less potas­

sium than the topsoil (T = 3.37, a < .05). New refuse material also 

contained less potassium than the topsoil but more tnan the older .refuse 

material (Figure 4). Although potassium levels are less in the refuse 

materials, there still appears to be a sufficient amount to meet the 

requirements for native species. pH is not a factor in K availability 

in the range of pH's that were common to the samples. 

Salts 

Salts, as measured by EC, calcium, sodium, magnesium, boron, chlorine, 

and SAR in the refuse material, all appear to be within normal plant toler­

ance ranges. EC values fer all refuse material ranged from .06 to 3,0 

(Figure 5). From an agricultural standpoint, soil is not considered saline 

if the EC value is below 4.0. Old refuse material in the 15-30 cm depth 

ftad a significantly greater EC value than the topsoil (T = 2.20, a <  .05); 

although, values are still within normal plant tolerance range. Older re­

fuse material also had a significantly greater EC value (1 .23) than the 

new refuse (0.71) (T = 2.01, a <  .05). Higher EC values for the older 

refuse material may be due to capillary rise of salts over time. 

Sodium content of the topsoil and new refuse material showed a high 

amount of variation between the different mines (Figure 6). New refuse 

contained the greatest amount of sodium (I= l .68 meq/lOOg) and the older 

refuse material contained the least (I= .28 meq/lOOg). Plant tolerance 

for sodium is indicated by the sodium absorption ratio (SAR) values. 

Determination of sodicity in soils of refuse is arbitrarily based on SAR. 

Soils are generally considered non-sodic if SAR values are below 13. The 

SAR equation determines the ratio of sodium to calcium and magnesium. 



Figure 4. Means· and standard error of potassium content. 
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SAR values for topsoil and refuse are well within plant tolerance ranges. 

New refuse had the highest SAR's (1 . 58) and old refuse had the lowest (0. 19). 

Calcium content also showed wide sample variation from 13.0  to 175.0 

meq/lOOg (Figure 7}. The old refuse material contained the highest average 

amount of calcium. However, the average is influenced by one mine which 

contained 94.8 and 175.0 meq/lOOg of calcium. Otherwise, calcium content 

of refuse material was within general ranges found in topsoil. 

Magnesium content of the topsoil was significantly higher than the 

new refuse (T = 2.45, a <  . 05} and also higher than the old refuse (Figure 

8). Empleton (1966} indicates that soils which contain less than 50 ppm 

magnesium are probably deficient. Our values for both topsoil and refuse 

ranged from 69.3 ppm {.57 meq/lOOgl to 970 ppm (7.98 meq/lOOg} and are 

in sufficient quantities for plant growth. 

Boron toxicity is commonly associated with coarse soil texture and 

increasing pH from 7 to 9 (Peterson and Newman, 19761. Samples showed a 

wide range of variation in both topsoil and refuse content of boron (18.4 

to 224. 4 ppm). Old refuse material had a greater mean boron content than 

topsoil or new refuse. However, this was again due to one mine which had 

high boron concentration (176. 4 and 224. 4 ppm) (Figure 9}. This high 

Boron content in the old refuse from one.mine does approach toxic levels 

for some plants; however, its relative insolubility at these higher pH's 

may prevent it from 6eing absorbed at hazardous concentrations (pH values 

were 8.53 and 8.05 and texture of the refuse was a sandy loam}. Bradford 

(.1966) indicated that normal soils ranged from 2 to l 00 ppm boron. Except 

for the old refuse material from the one mine which had a nigh boron con­

tent, the refuse materials from other mines were within normal range. 



Figure 7. Means and standard error of calcium content. 
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Figure 9. Means and standard error of boron content. 
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The range in chloride content of the topsoil (0.001 to 0.01 meq/100g}, 

new refuse (.001 to .31 3  meq/lOOg), and old refuse (.001 to .120 meq/lOOg} 

shows high variability among sampling sites. A trend towards decreasing 

chloride content as a function of refuse material age appears to occur 

(Figure 10). However, small sample size and large sample variation prohibit 

any positive conclusions. 

Texture 

Sieved refuse material contained a greater percentage of sandy coarse 

fractions and less silt and clay than the adjacent topsoil. No d ifference 

in the distribution of soil particle fractions was found between new refuse 

and older refuse material. The water holding capacity of refuse material 

is low. Methods to increase this capacity need to be studied. Mixing refuse 

material with slurry on soil could possibly increase this capacity. 

Relative Aaidity 

Statistical tests indicated no significant difference in acidity between 

new refuse material and topsoil; however, new refuse with an average pH of 

8.65 was significantly more ba$ic than old refuse pH (X = 7 .56; T = 3 .27, 

a <  0.01). Linear regression analysis indicated a highly significant nega­

tive correlation between age of refuse material and pH (Figure 11). Only 

one refuse pile sampled had pH levels that could be considered toxic to plants. 

The pH of this 60 year old refuse pile was 2.96. However, pH exhibited 

variation even within data groups. For example, two 30 year old refuse piles 

located in the same general area had pH's of 6.24 and 8.46. This is probably 

due to the variation in geologic strata from which the coal material was 

obtained. 

The potential for acid formation results from the oxidation of pyrite 

which is often associated with coal seams. In eastern coal spoils, acid 



0 
0 

(.) 

Figure 1 0. Means and standard error of chloride content. 

. 30  

.25 -

.20 -

.15 -

. 1 0  -

.05 -

Values represent 5 samples . 

--

--

Top Soll 

--

--

--

---

New Refuse Old Refuse 
0 • 15 
cm 

--

-

Old Refuse 
15 • 30 

cm 

21 



Figure 1 1 .  Regression line showing the relationship of refuse 
pil c age and pH . 
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formation in the presence of certain types of iron bacteria and high 

precipitation often proceeds at a rapid rate. In the west, acid formation 

may take considerably longer since precipitation regimes are low. Acid 

formation is also dependent on the soils redox status. Additionally, 

high calcium carbonate or magnesium carbonates in the refuse material 

may provide enough buffering capacity to prevent acid formation. 

Bicarbonate is one of the major biproducts in the weathering of car­

bonaceous material (Caruccio, 1978). It is produced through the dissolu­

tion of calcium carbonate in the presence of carbonic acid. The·reaction 

is as follows: 

H20 + CO2 = H2co
3 

+ -
H2co

3 
+ CaC0

3 
= Ca + HC0

3 

Bicarbonate ranged from .0021 to .01 meq/lOOg for all material tested 

(Figure 12) .  Bicarbonate content of topsoil and refuse material increased 

with pH. 

Sulfate is one of the primary products from pyrite oxidation (Wewerka 

et tl-, 1976). The reaction is as follows: 

Sulfate was negatively correlated to pH and positively correlated with 

age of the refuse material (Figure 13). This again strengthens the ob­

servations that pyrite oxidation and/or some other oxidative processes 

are occurring in the refuse material which cause a lowering cf the pH. 

Color - Temperature 

Refuse material for the mines is generally a dark black to grey color 

unless salts accumulate at the surface. This dark surface creates extreme 
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Figure 12. Means and standard error of bicarbonate content. 
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surface temperatures and may be a major factor in reducing seed germination 

and plant establishment. Furthermore, the dark color persists with time ; 

thus, methods to decrease soil surface temperatures would probably have to 

be implemented for plant establishment. It was o bserved that on a couple 

of refuse piles a shallow depth of soil over the refuse reduced soil tempera­

tures and encouraged seedling development. Mulching or other amendments 

may perform similar functions. 

Environmental Analysis 

The environmental impacts upon the refuse piles and surrounding areas 

were examined. Generally , all refuse piles were constructed as to prevent 

mass movement. Drainage above the piles was diverted and sedimentation 

ponds  were constructed at the base of refuse piles to prevent sediment flow 

into streams. Even thou gh refuse piles have the potential for acid formation, 

they would pro bably contribute negligible runoff and ground water to the 

surrounding area due to the low levels of precipitation in most of the 

refuse areas. 

Perhaps the greatest impact that refuse piles have on the environment 

is from an aesthetic viewpoint. Fortunately, most of  these piles are in 

relatively remote areas. Several mines have begun covering and reclaiming 

the refuse piles which greatly reduces this impact. Many of the refuse 

piles are being shaped to the same contours as the surrounding landscape 

and may eventually merge with it after proper revegetation. The size and 

aerial extent of the exposed refuse piles from this study are as follows: 

Size of Refuse # of % of 
Pile ( l o3m 3 ) Piles Total 

1 - 10  2 1 5  
1 0  - 100 2 1 5  
1 00 - 1 000  5 38 
greater than 1000 4 3 1 



Size of refuse pi le was dependent on the cleaning process, age of the 

mine and reclamation practices . 

Several old abandoned refuse dumps were observed to be unprotected 

near streams (Figure 14); however , water samples were not collected due 

to the unusually high runoff during the sampling time . Total suspended 

solids in these areas appear to be naturally high and any additional 

sediment contri buted from these refuse piles would be expected to be 

negligible to the total amount . However , one mine did report that an 

abandoned refuse pile was causing a blackening of the water in a major 

river after rainstroms . 

Only one mine visited had a past history of spontaneous combustion 
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on their refuse pile .  This was an old refuse pile which contained greater 

than 40 percent coal . 

Natural invasion of plant materials has occurred on some of the re­

fuse piles . Russian thistle , mat saltbush, rubber rabbitbrush, and 

prostrate kochia were some of the species observed on the pile. 

Comparison of Surface vs. Underground Disposal of Refuse 

Several mines which dispose of. rock waste underground were contacted. 

In these mines , rock waste is never brought above ground but disposed of 

in mined �out cross sections . These mines are able to dispose of waste 

in this manner because: (1) they do not wash or process their coal; and 

(2) they have a thick coal seam (4.9 m). The disadvantages of this type 

of mining are : a lower BTU cbal results because no processing is done 

and 30 to 60 cm of coal is left remaining in the seam . These mines have 

ind icated that in the future they may have to dispose of material out­

side the mine because of limited space and interference with other mining 

operations . 



Figure 14. A stream is eroding the banks of this old abandoned 
refuse pile. Photo taken April 2 1,  1 982. 
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.l\nother mine invest igated the feasi b i l ity of backfi 1 1  i ng with a 

slurry composed of refuse material. The plan was a bandoned primarily 

because of the cap ital  i nvestment required to construct a crushing 

faci l ity, p ipeli ne and distri bution li nes. A cost of 2.5 mi llion dollars 

plus matchi ng federal fund i ng was the calculated price of this alternative .  

A more cost effecti ve alternative was to truck material 20 mi les to a 

di sposal si te. 

A report by the Nati onal Academy of Sciences (1 975) compares the 

costs of surface coal waste disposal and two backfilling methods of under­

ground coal waste d isposal. The conclus ion of this report was that the 

cost of underground disposal will almost always be h igher than that of 

surface d isposal. The est imated costs for surface d isposal (with reclama­

tion ) , pneumati c  backf i ll ing beh ind a long wall face , or hydraul i c  back­

fi lling were 0.304 , 1 . 1 80 ,  and l . 425 dollars per ton clean coal respect ively. 

The advantages of underground waste d isposal are : the elim inat ion 

of environmental and soc ial problems assoc iated with surface d isposal ; 

prov is ion of lateral support to p i llars ; and reduced subsidence. The 

d isadvantages of underground d isposa 1 are : increased pro bl ems associated 

wi th the health and safety of miners ; loss of potentially recoverable coal ; 

losses i n  overall product iv ity ;  unfavorable envi ronmental i mpacts asso­

ciated with the construct ion of roads and injection boreholes on the 

surface ; and groundwater contami nation from leachi ng of bac kf i lled mater ial. 

Alternati ve Methods for Reclamati on 

An econom ic evaluat ion of reclamat ion procedures should be based on 

the cost needed to achieve a certai n  standard of success. Economi cs is 

t ied directly to factors influenc ing successful reclamat ion. Factors 

influenc i ng revegetat ion i nclude: soi l  depth, so i l  mo isture, nutr ient 
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availability, insulation, temperature , and other biological considerations. 

These factors are influenced by site specific climatic conditions, soils, 

and cultural practices such  as mulching, .irrigation , fertilization, seed­

ing , and transplanting . This study indicates t hat reclamation practices 

need to be site specific. Each mine needs to assess t he reclamation alter­

native w hich is the most .efficient , given their unique situation. For 

example, although it may appear to be too expensive to use irrigation, 

rather than no irrigation in reclamation, this met hod of reclamation may 

sufficiently contribute to plant establishment and the desired success 

standard so that only half as much topsoil as originally anticipated will 

need to be placed on top of the refuse material . The resultant savings in 

soil hauling costs could more than offset the capital o utlay necessary for 

the irrigation systems. 

The cost associated with moving and spreading soil makes this t he 

single most expensive factor in rehabilitation of coal refuse piles . The 

Division of Oil , Gas and Mining in Utah bases bond costs for hauling soil 

from the stockpi1 e and spreading t he so i1 on the refuse pi les at $ . 92 

per m3 or $ . 70 per yd3. Based on this rate the cost to cover a surface 

of 500 m x 200 m refuse pile or l acre would be : 

Deeth  of Cover $/500m X 200m Deeth of Cover $/Acre 

. 1 5 (m) $ 1 3,800 .00 .5 (ft) $ 564. 77  

.30(m) 27, 600.00 1 (ft) 1 , 128 . 28 

• 61 ( m) 56,120 . 00 2 (ft) 2 ,256 . 40 

• 91 (m) 83,720.00 3 (ft) 3, 387. 99 

l . 22(rn) 112,240 . 00 4 (ft) 4 ,506. 02 



This study was not des igned to assess the amount of soil  requ ired 

to cover the refuse piles for plant growth. We feel that some cover 

is necessary . From these preliminary analyses, refuse material appears 

to be su itable for plant root growth . However, further research is 

warranted. 
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ANALYSIS OF INDIVIDUAL MINES 

Price River Coal Company 

Several coal refuse p i les occur i n  or near the area of ownership by 

the Braztah Corp. or Price River Coal Co., Carbonville, Utah. M ining 

activities in the Price R iver Canyon began in the early 1900 ' s. The mine 

is at 1 830 m (6000 ft.) elevati on and receives 25 to 30 cm (10 to 12 in. ) 
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of annual prec ip itati on. There is  apparently no water ava ilable for revege­

tati on. Topso i l  w ill be a problem because the undisturbed adjacent s ites 

have li ttle soil and are composed mainly of exposed surface bedrock. Cur­

rently, Price River Coal Co. produces 1 .5 million tons of coal annually 

and expects to produce 6. 4 million tons annually in the future. Coal i s  

separated and washed near the refuse area. 

Some revegetation efforts have been made on the ol d pre-regulation 

refuse piles, although success has been limited. Several older refuse 

piles exist near the Price River property but their ownershi p i s  question­

abl e. These abandoned p iles have great potential for environmental 

pol lution, particularly water polluti on. 

The current refuse p i l e i s  nestl ed in  School House Canyon. Runoff 

water has been diverted from the top of the canyon to another canyon. The 

refuse p ile is  currentl y 61 m (200 ft. ) high and terraces occur every 1 5 m  

( 50 ft. ).  The pi l e  appears stabl e and has a 37% slope. The l i fe of the 

refuse p i l e is three to four more years (1 986) and the growth wi l l  continue 

in  a vertical i i rection ( F i g ure 15).  

Anal y ses for several el ements and compounds were done for the current 

refu se  pi l e and al so o ne of the ol der refuse p iles (Tabl e 2). 



Figure 15. The refuse pile at Price River Coal Co. is extending 
up a canyon. Photo taken April 21 , 1982. 
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Table 2 . 

pH EC SAR 

Topsoil  8.38 0.1 4 0.47 
New refuse 
( School 
House ) 7. 89 1.76 3.62  

New refuse 9. 43 0.73 
Topsoi l  8.99 o .  1 1  
01 d refuse 
0-1 5 cm 6.70  0 .96 
1 5-30 cm 5. 77 1. 5 5  

#22 
0-1 5 cm 8.53 0. 22 0. 26 
1 5-30 cm 8. 38 0. 37 0. 22 

#23 
0-30 cm 8. 0 5  0. 40 

ppm ppm 
B %K NOrN 

Topso i l  58. 0 0.62 1. 3 5  
New refuse 
(School 
House ) 58. 4  0. 39 

New refuse 0 � 90 

Topso i l  
Old refuse 

0-1 5 cm 
1 5-30 cm 

#22 
0-1 5 cm 1 76 . 4 0. 24 1 . 0  
1 5-30 cm 224 . 4  0. 1 8 0. 7  

#23 
0-30 cm 

*expressed as meq/lOOg. 

K* Na* Ca* Mg* Cl* 

0. 53 0.52 23.0 1 .16  <.001 

0. 44 4. 26 26. 4 1.  23 o .  31 

0.25 0. 37 36. 4 2. 30 0. 03 
0. 1 9  0. 31 37. 9  2. 06 <. 001 

ppm % Organi c % % 
p Matter Sand Silt 

4. 2 3. 4 37 37 

63 1 6  

2. 0 6. 3 63 1 7  

3 5  32 

72 1 2  
70 1 2  

4. 0 6. 3 74 1 2  
4. 2 4. 5 67 1 9  

75 1 1  

S04* 

0.04 

1. 6 

1 . 3  
1 . 48 

% 
Cl at 

26 

21 

20 
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1 6  
1 8  

1 4  
1 4  

1 4  

HC03* 

0.0 09 

o .  01 4 

0. 01 0 
o .  01 2 
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Texture 

loam 

sandy 
clay loam 
sandy 
clay loam 
clay loam 

sandy loam 
sandy loam 

sandy loam 
sandy loam 

sandy loam 



35 

Values for pH, EC and SAR are within normal plant tolerance ranges. 

The diversity of refuse piles within the Price River area allows for some 

quantification of the variability of the spoil materials and influence of 

time. One sample obtained from the new refuse had a relatively high pH 

( 9.43) ;  however, another new refuse sample had a lower pH (7.89). The 

variation in pH among the older refuse piles located in different canyons 

ranged from 5.77 to 8.53. This shows the need for sampling at spot loca­

tions rather than pooling samples and may also suggest the need for 

varying reclamation treatments within the current refuse pile. 

Refuse pile #3 which is acid ( pH = 6.7 and pH = 5.8) is al so the 

oldest in this locality and may indicate a decreasing pH with age. This 

however, needs more data to document conclu'sively. 

Micronutrients appear to be within normal ranges with the exception 

of boron which is approaching toxic levels on the older refuse pile ( 176 

and 224 p��). N and P may be beneficial fertilizer additions in reclama­

tion of the refuse pile. 

Beaver Creek Coal Co. 

Beaver Creek Coal Co. washes and processes coal from three mine sites 

at C.V. Spur processing plant in Price, Utah. Annual precipitation at the 

processing site is 23 cm (9 in.) and the elevation is 1678 m ( 5500 ft. ). 

Soils in the area are derived from Mancos shale, are generally shallow, 

and have a very high salt content. Natural vegetation in the area is a 

salt desert shrub community. 

C.V. Spur processes one million tons of coal annually. The refuse 

pile is constructed in 1 .2 m ( 4  ft. ) lifts and maximum height will be 

36 m ( 100 ft. )  in 20 years. Currently, the pile is 6 m  ( 20 ft. ) high. 



No environmental impacts on the surrounding community would be expected 

to occur from the refuse . (Figure 16). 

No revegetation has begun on the refuse pile. Topsoil and subsoil 

have been stockpiled and revegetated. For reclamation, 46 cm (18 in .) 

of subsoil and 15 cm (6 in.) of topsoil will be placed over the pile. 

Some temporary irrigation may be available for establishing vegetation. 

pH, EC and texture were analyzed for Beaver Creek Coal (Table 3). 

Table 3. 

% % % 
eH EC Sand Silt Cl al Texture 

Topsoil 8.32 1 . 13 7 35 58 clay 

New refuse 8.08 0. 47 53 16 31 sandy clay loam 

01 d refuse 
0-15 cm 7.78 1. 36 47 22 30 clay loam 

15-30 cm 7. 96 0. 83 50 21 29 sandy clay loam 

pH and EC are within normal ranges ; however, a slight decline in pH 
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is noticeable in the older refuse material although it is only three years 

old. Other elements are expected to be normal and N and P probably would 

be recommended soil additives to the refuse material in revegetation. 

King Mine 

Mi�ing began at the King Mine , Hiawatha , Utah, in the late 1800 ' s. 

Annual precipitation is 30 cm (12 in. } and the refuse piles are at 2196 m 

(7200 ft. } elevation. Vegetation in the refuse area is a mixed salt desert 

shrub community. The mine currently produces 900,000 tons of coal annually. 

Refuse is extensive in the area with most being deposited prior to 

the passage of mine reclamation regulations ( Figure 17). Construction of 



Figure 1 6 .  Refuse pile for Beaver Creek Coal Co. at C. V. Spur 
Processing Plant. Photo taken April 22, 1982. 
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Figure 17 � Refuse pile at the King Mine. Photo ta ken Apr i 1 22 , 1 982. 



the refuse pile began in the early 1 940 1s and has been added to inter­

mittently up to the present date. In addition, there are four slurry 

ponds with coal refuse 1 ining the perimeter of the ponds . Slurry is 

currently being sold after drying. 
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No revegetation efforts have begun and are not expected to begin for 

30 years. Material to cover the refuse site will be taken from deeper soil 

material nearby. 

Analysis for several elements and compounds was performed for the 

soil and refuse material from the mine (Table 4). 

Table 4 .  

pH EC  SAR K* Na* Ca* Mg* Cl* S04* HC03* 

Topsoil 9. 1 2  0.09 0. 1 9  0. 46 0. 25 29. 9 4 .11 0. 03 0.03 0. 01 
New refuse 7. 54 o. 71 0. 1 3  0.32 0. 20 46. 4 1 .  97 <. 001 26. 3 0. 007 
01 d refuse 
0-1 5 cm 2. 94 2. 1 0  0. 1 1  0. 23 0. 24 94. 8 1 .  23 . 026 93. 3 0. 006 
1 5-30 cm 2. 98  2. 31 0.07 0. 1 8  0. 20 1 75. 0 1 . 1 5 0.03 1 29. 8 0. 002 

Slurry 7. 8 0. 75 0. 1 7  0. 1 4  0. 21 28. 4 1 . 1 1 0. 03 0. 86 0. 006 

ppm ppm ppm % Organic % % 
%K N03-N p Matter Sand Silt Clay Texture 

Topsoi 1 22.0 0. 36 1 .50 4 . 2  1 .  6 35 28 37 clay loam 
New refuse 45. 6 0. 56 0.70 1. 2 2.7 
01 d refuse 
0-15  cm 56. 0 1 . 1 7  1 .50 1 0. 4  6. 1 60 1 3  27 sandy clay 

loam 
1 5-30 cm 56. 8 0. 97 0 . 95 1 4. 8  5. 1 65 11 24 sandy clay 

loam 
Slurry 68. 8 0. 23 0.60 1. 2 6. 1 73 11 1 6  sandy loam 

*expressed as meq/lOOg. 

The pH values of the old (approximately 40 years) refuse material 

(pH = 2. 94 and 2.98) were the most acidic sampled in this study. The high 

so4 values (93.3 and 1 29.8 meq/lOOg) may indicate the oxidation of pyritic 

material associated with the coal seam. Spoils which have oxidized to 

this extent require pH reductions before plants can become established. 
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This could be accomplished by lime additi ons or add i ng new refuse material. 

The other elements analyzed are withi n  normal ranges except possibly N 

should be added to the refuse for plant growth. 

Plateau Mine 

Plateau Mine at Wattis , Utah occurs at an elevation of 2257 m (7400 ft) 

with an annual precipitat ion of 36 cm (14 i n. ). Salt desert shrub and 

pinyon-juniper-sagebrush communities surround the refuse pile area. 

The m ine produces 1 .2  million tons · of coal annually ; capacity is two 

to four m ill ion tons. Twenty percent of the material mined is processing 

waste. The present refuse pile has a l ife of eight years. A phase 2 and 

3 refuse area has been proposed to extend west and southwest of  the current 

pile. Max imum height of the piles w ill not exceed 46 m (1 50 ft. ). The 

pile i s  currently 305 m x 1 22 m and 23 m (1 000 ft. x 400 ft. x 75 ft. ) tall. 

Side slopes on the p ile are 40% to 45% and are exposed on the north, east 

and south ( Fi gure 1 8 ). 

Revegetation act ivities will proceed as each portion of the pi l e  is 

completed. L ife of the current pile is  8 years . Russ ian thistle was ob­

served growi ng on the exposed refuse. 

The mine does not have material to cover the refuse piles to the depth 

requ ired by regulati ons. Therefore, they are current l y  fnvol ved i n  re­

search to determ ine the min imum cover necessary on the refuse for adaquate 

plant growth. 

On l y  pH, EC and texture were analyzed for i n  the topso il  and refuse 

material (Table 5). 
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Tabl e  5 • 

% % 
pH EC  . Sand Sil t  Cl ai Texture 

Topsoil 8. 46 0. 1 4  45 28 27 cl ay l oam 

New refuse 7. 56 1.  1 7  61 1 5  24 sandy cl ay l oam 

Ol d refuse 0-15 cm 7.02 2. 41 61 1 4  25 sandy cl ay 1 oam 

1 5-30 cm 6. 86 2. 22 61 13  26 sandy cl ay l oam 

pH and EC are within normal ranges. However, t he ol der refuse 

materia l s are more acidic than the younger ones. Trends from other mines 

in the area indicate that N and perhaps P shou l d be added to the refuse 

materia l as fertil i zer nutrients in recl amation. 

Mine A 

M i ne A ' s  processing p l ant, refuse pil es, and sedimentation ponds are 

l ocat�d in eastern Utah. Thi s  area receives 23 cm (9. 3  in. ) of annual 

precipitation at 1 ,678 m ( 5500 ft . )  el evat ion. Vegetation surrounding 

the refuse area is a sal t  desert shrub community dominated by mat sal t­

bush. Soil s in the area are derived from the Mancos shal e formation. 

Mine A has two refuse pil e l ocations, one for rock and one for 

coarse and fin e  refuse. The first is approximatel y 1 22 m x 61 m x 4 m 

( 400 ft. x 200 ft. x 1 2  ft. ) in height and is composed of- rock 3. 5 cm ( l ½  in) 

and greater in diameter. The second refuse pil e covers several acres and 

is 1 83 m x 61 0 m x 37 m (600 ft. x 200 ft. x 1 20 ft. ) in height and con­

tains the coarse refuse (l ess than 3.5 cm or 1½ in. ) and the dredged 

sediment. The refuse pil e is oriented in a northeast direction with 20% 

sl opes i nto the sedimentation ponds whil e the other side meets a hil l .  

The refuse p i l e  is  expanding northward. Sparce vegetat ion, such as 
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Figure 1 8 .  Mi n e  a nd refus e p i l e at  Pl atea u  Mi n e .  
Photo ta ken Apr i l  22 , 1 982 
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Pr incess plume t Stanleyia sp. ) and mat saltbush (Atr iplex sp.) was observed 

growi ng on the exposed refuse. Since m ining operat ions were in it iated 

prior to the 1 977 regulat ions, no topsoil has been stockpiled for reclama­

t ion. 

Elemental analysi s  of spo il from a nearby m ine may be expected to 

be similar to M ine A (the coal was mined from the same seam ) ;  Only pH, 

EC, and texture were anal yzed for the refuse mater ial from Mine A ( Table 6). 

Table 6. 
% % 

eH EC Sand S ilt Clat Texture 

Topsoi 1 8.32 1. 1 3  7 35 58 clay 

New refuse - rock 9.66 0 . 46 rock 

Coarse 8. 47 1. 23 59 1 3  28 sandy clay loam 

Old refuse 0- 1 5  cm 6.67 2. 20 39 23 37 clay loam 

1 5-30 cm 7.05 2. 86 42 22 36 clay loam 

Old coarse refuse 7.04 1.  98 64 1 2  24 sandy clay loam 

New slurry 8. 74 0.50 47 33 1 9 loam 

01  d slurry 8. 41 2.55 49 28 23 loam 

pH and EC are w ith in  plant tolerance levels , except for the new rock 

refuse (pH = 9.66). It would be anti cipated that the pH � ill lower w i th 

ti me as i nd i cated by the trend in the pH of the old refuse. N fertili zer 

should be added to the refuse materi al in revegetati on. 

M ine B 

M ine B , s  located i n  eastern utan and has been i n  operat ion si nce 

1 889. Approx i mately one mil l ion tons of cok ing coal is m ined annuall y. 

The m ine is located at the base of the Boo k Cliffs at 2044 m (6700 ft. ) 
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elevati on and rece ives 36 to 41 cm ( 1 4 to 16  in. )  of precipitation 

annually. The vegetation type surround i ng the refuse area is representa­

tive of the salt desert shrub community w ith the dom inant species bei ng 

fourw ing saltbush. Topso il surrounding the refuse area is derived from 

decayed sandstone and Mancos shale. 

Refuse materi al has nearly filled a small dry canyon and most of 

that material has been covered. Thus, m in i mal i mpacts to the surround ing 

undisturbed communi ty would be expected from the refuse area . The active 

porti on of the refuse pile has a 37 % side slope, western aspect, and 6 m  

(20 ft. ) benches every 24  m (80 ft.). Several large slurry ponds also 

ex ist on the property . After drying, the materials from theses ponds, 

which contain 30 to 40% coal, are removed and placed in the refuse pile. 

Analyses for several elements and compounds were conducted on the so il, 

refuse, and slurry material (Table 7 ). 

Table 7 . 

pH EC SAR K* Na* Ca* Mg* Cl* SOg,* HC03* 
Topso i 1 8 .  1 8  1 . 92 1 . 6 5 0 . 32 2 . 56 39 , 9  7 . 98 0 ,60 1 5 .  7 0. 004 
New refuse 8 . 1 8  0 .  58 1 . 71  0 . 32 1 .  48 1 3 . 0 1 .  97 0. 1 1  2. 2 2  0 . 008 
Old slurry 
0- 1 5  cm 8 . 24  1 .0 1  o . 51  0 . 32 0 .68 33 . 7  1 .  40 0 . 1 4  8 . 5  0 . 006 
1 5-30 cm 8 . 1 0  1 . 1 3  1 . 1 3  0 . 32 1 .  35 26 . 9  1 .  89 o. 1 5  4 . 8  0 . 005 

ppm ppm ppm % Organic  Of. 
, 0  

Of. ,, % 
��K N03-N p Matter Sand s n t  Clay Texture 

Top soi 1 43 .6  0 . 49 1 . 80 1 .  2 0. 70 44 26 30 clay loam 
New refuse 60 . 8  0 . 49 0 . 80 1. 0 2 .  l 
Old slurry 
0- 1 5  cm 71 . 2 0 . 1 7  1 . 1 0  1 .  6 6 . 4  41 32 27 loam 
1 5- 30 cm 69 . 6  0. 1 4  0 . 85 2 . 0  6 . 8  44 31 2 5  loam 

*expressed as meq/lOOg .  

The analyses show that pH , EC, and SAR of all material tested are 

well w ith in  the normal tolerance range of native plants in  the salt desert 



shrub community. Nirtogen and phosphorus are relatively deficient and 

should be added to the refuse material for revegetation . Values for so4 
are higher than many of the other mines tested which may inidcate a 

potential for decreases in pH over time . Microelements sampled appear 

to be in sufficient quantity for plant growth . Aside from this, refuse 

material from Mine B appears to be as good a growth medium as the exist­

ing topsoil for the soil parameters tested . 

Western States Mineral 
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The J . B .  King Mine, Western States Mineral, in Emery County, stopped 

coal production in 1981 due to the poor market . The mine is situated at 

the base of small cliffs. No runoff or other environmental hazards were 

observed around the mine area . A pinyon-juniper , mixed salt desert shrub 

community surrounds the mine site.  The mine is old and has four slurry 

ponds and one refuse pile . The refuse pile has a southwest exposure with 

side slopes of 47° . The refuse pile is 183 m x 122 m and 21 m (600 ft . x 

400 ft . x 70 ft. ) high (Figure 19) . 

Natural reinvasion of rabbitbrush (Chrysothamnus) and saltbush 

(Atriplex) has occurred on several areas of the refuse pile where only 8cm 

of soil has covered the refuse. No topsoil stockpile was observed on the 

mine site . 

Values for pH , EC and texture analyses were run for the topsoil, re­

fuse and slurry material (Table 8 ) . 
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Table 8 . 

% % % 

pH EC Sand S i lt Clay Texture 

Topsoi l 8. 1 2  3. 0 1 3 25 61 clay 

1 year refuse 
0-15 cm 7. 1 0  2. 03 54 1 6  31 clay loam 

1 5- 30 cm 7. 55 1 .  90 68 9 23 sandy clay loam 

01 d refuse 
0-15 cm 5. 9 1 .  90 41 1 7  43 clay 

1 5-30 cm 5. 45 1.69 46 16 37 clay loam 

Slurry 7. 39 2.73 57 21 22 sandy clay loam 

EC and pH are w ith in  tolerance levels ; however, pH of the old mater ial 

is aga in  lower than the new refuse suggesti ng a decl ine in pH w ith age. 

The age of the old refuse mater ial in unknown. The old refuse mater ial 

may have to be treated or covered to a suffi cient depth to allow for plant 

growth and root development if  ac id ity i ncreases. Macro so il nutri ents, 

N and P should also be added to the topso il and refuse material in revege­

tati on. 

Kni ght Mine 

The Knight Mine, Coal Search Corporation east of Salina, Utah, began 

operati ons in  1977. Min i ng stopped i n  1980 and w ill resume operat ion when 

the coal market is avai lable. The m ine area recei ves 30 to 36 cm ( 1 2 to 

1 4  in. ) annual precip itat ion and is at 2379 m (7800 ft. ) elevati on. Top­

so i l  has been stockpiled and reseeded. Surround ing vegetation is a p inyon­

jun iper commun ity. The mine produced 1 50,000 tons of coal annually. Coal 

was crushed at the mi ne but no wash ing operat ion was used. Refuse is  com­

posed of approx imately one half rock and one half coal. The refuse area 

is small, 31 m x 31 m x 9 m  (100 ft. x 1 00 ft. x 30 ft. ) ( F igure 20). 



Figure 19. Mine and refuse pile of the J . B. King Mine. 
Photo taken April 23, 1982 

F igure 20 . Refuse pile of the Kn ight M ine. 
Photo t aken April 23, 1982 . 
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Table 9 . 

% % 
pH EC Sand Si lt Clay Texture 

Topsoi 1 8 . 35 0. 1 4  42 27 31 clay loam 

Refuse 0-15 cm 8 . 42 0 . 1 6  22 30 48 clay loam 

1 5-30 cm 8 . 38 0 . 16 46 20 34 clay loam 

Values for pH and EC are w i thin normal tolerance levels (Table 9) . 

Topso il  and refuse material are comparable for the elements tested . Trends 

from other mines indicate that N and P fertil i zer amendments should be 

added to refuse mater ial in  revegetation . 

Valley Camp of Utah 

Valley Camp of Utah, near Schofield, currently di sposes of coal refuse 

material (waste rock) underground . The mine produces 750,000 tons of coal 

annually and 1 .2 m illion tons i s  the projected annual output . The mine is 

located at 2745 m (9000 ft . )  and annual preci p itation is 50 cm (20 in . ) . 

The surroundi ng vegetative communi ty is composed of firs and aspen on the 

north slopes and sagebrush on the south and west exposures . 

An old refuse pile in the general area of Valley Camp f1ine was sampled . 

The pile was abandoned in the early 1 960 ' s  and the extent of the refuse 

pile was difficult to determi ne due to slumpage from cuts above the p ile 

and remai ni ng snow cover (F igure 21 ) .  However, the pile is approx imately 

1 5  m x 31 m x 7 .6 m (50 ft. x 1 00 ft . x 20 ft . ) . Ponding was noti ced on 

the pile and a perennial stream runs below the p ile .  

Refuse and topso il material have pH and EC values wi thin normal range 

(Table 1 0 ) . 
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Table 1 0 .  

% % 
pH EC Sand Silt Clat Texture 

Topso i l  8 . 73 .08 1 9 34  4 7  clay 

Old Refuse 0-1 5cm 8 . 40 . 09 34 30 37  clay loam 

1 5-30cm 8 .38 . 1 8 29 30 41 clay loam 

Western Slope Carbon Co . 

Hawks Nest Mine, Western Slope Carbon in Delta County, Co l orado, 

has been in operation since the l 930 ' s ;  current ownershi p began in 1 9 75. 

The mine produces 1 million tons of coa l annually .  Capacity for the mine 

is l . 5  million tons of coal . Old refuse piles along the North Fork of the 

Gunnison River have been reclaimed by placing 6 1  cm to 91 cm t2  to 3 ft . )  

of gravels and 30 cm (1 ft. J of topsoil over t he refuse p ile and the area 

reclaimed to pasture . Hawks Nest Mine is currently using the Delta County 

Landfull to dump their refu5e material. The pile is approx imately 531 m x 

92 m x 8 m (1700 ft . x 30u ft. x 2� ft. ) ,  and has 2:1 slopes. Slopes are 

being covered with soils as the refuse pile grows upward. The surrounding 

area is typified by badland topography and salt desert shrub vegetation 

(Figure 22) . 

The mine washes its coal by a Baum - jig washing process. Refuse 

material is referred to as gob . Hawks Nest also processes coal for Bear 

Coal Company. 

Analysis indicates that gob material is alkaline (Table 1 1 ). Unfor­

tunately, old refuse material was not accessible to evaluate if the gob 

has a trend towards lower acidity in older spoils. EC of the refuse is 

low and suitable for plant growth. Trends from other mines indicate that 

N and perhaps P should be added to the refuse material for revegetation .  



Figure 21 . An old refuse pile near Valley Camp of Utah. 
Currently, Valley Camp d isposes of rock waste 
underground . Photo taken May 6, 1 982 . 

Figure 22. Western Slope Carbon disposes of refuse at the 
Delta County Landfill. Photo taken April 29, 1 982. 
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Table 1 1 . 

% % % 
eH EC  Sand Silt Clay Texture 

Topsoil 8. 01 2.24 1 7  30 53 cl ay 

New refuse 9. 48 1 . 06 48 20 32 sandy clay loam 

New refuse 
(Bear Coa 1 ) 9. 83 0. 44 50 1 3  36 sandy clay 

1 year refuse 9. 47 0.89 69 8 22 sandy clay loam 

Mid-Continent Coal 

Mid-Continent Coal Co., in Redstone, Colorado, began mining operations 

in 1 956. The area receives 64 cm (25 in. ) of annual precipitation and 70% 

of that is received as snow. Elevation at the mine is 2440 m (8000 ft.). 

The mine produces one million tons of coal annually, and within 1 0  years 

it is expected to produce three million tons annually. Mid-Continent 

produces a high quality coking coal. The mine is surrounded by a montane 

community of firs and aspen. A creek flows at the base of the refuse area 

and has been protected from the refuse by wood berms. 

The refuse pile is 403 m x 153 m x 46 m (1300 ft. x 500 ft. x 1 50 ft.) 

and is extending upward. Old slopes on the site are at a ratio of  one 

horizontal to one vertical and the new portion is at a ratio of two hori­

zontal to one vertical. Reclamation of  the r�fuse pile is progressing up 

slope, a couple of lifts behind the dumping of new refuse. Fifteen to 30 

cm (6 to 1 2  in) of topsoil is placed over the refuse material. Although 

the site was visited when some snow was on the ground, 3reening was o b­

served on the reclaimed area. Pine trees were planted directly on the ten 

year old portion of  the exposed refuse pile. Many of these pines are 
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currently still al i ve .  Grass stubble was also observed growi ng on the 

old exposed refuse ( F igure 23 .)  

Analyses for several elements and compounds were done for M id-Conti nent ' s  

topso il and spo il  material (Table 1 2) .  

Table 1 2. 

eH EC SAR K* Na* Ca* Mg* Cl* SO�* HC03* 

Topsoi l  6. 43 0.06 0. 23 0. 88 0. 20 1 4. 0 l.64 o. 1 2  0. 04 0. 003 
New refuse 8. 59 0. 35 1. 33 0. 09 1. 52 25. 4 0 . 57 0. 24 0.62 0. 008 
Old refuse 
0-1 5 cm 8. 36 0. 27 0. 27 0. 1 3  0. 32 27. 4 1 . 1 1  0. 1 1  0.64 0.006 
1 5-30 cm 8. 47 0.65 0. 30 0. 1 3  0. 36 27. 9 1 .20 o. 1 2  0. 70 0. 009 

*expressed as meq/lOOg. 

ppm ppm ppm % Organi c % % 

%K N03-N p Matter Sand S i lt Cl a,t Texture 
Topsoi l  46. 8 0. 57 3. 95 31. 4  6 . 0  24 47 30 clay loam 
New refuse 52. 8 o. 1 9 0. 70 2. 0 
01 d refuse 

7 .. o 44 26 30 clay loam 

0-1 5  cm 62. 4 0. 29 0.65 2. 2 6. 8 62 1 7  21 sandy clay 
loam 

1 5- 30 cm 63. 2  0. 29 1. 50 1 .  4 6.6 64 1 7  19 sandy loam 

The analys is i ndi cates that pH is withi n a normal range although the refuse 

material was more alkal i ne than the topso il . EC, SAR, and the other salts 

are comparable to those found in the topso il . Macronutri ents , N and P ,  

are low in  the refuse material and would be recommended so il  addi t ives in 

reclamation . 

Snowmass Coal Co. 

Snowmass Coal Co. in  Carbondale , Colorado has been produci ng 200 ,000 

tons of coal annu�lly until recent layoffs . Capacity is 2 m ill ion tons of 

coal per year. Annual precip itat ion at the m i ne is 41 cm (16 i n . )  w ith 

75% of the precip itat ion occurring as snow. Elevation at the m ine i s  

231 8  m (7600 ft. ) .  Southfaci ng slopes around the m ine are sparsely vegetated 



with a salt desert shrub community type and scattered juniper. North­

facing slopes a re vegetated by aspen and conifers. 
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Old refuse material was d eposited along the banks of North Thompson 

Creek unitl the 1950's . Cottonwoods have established and developed suckers 

into the refuse material. The refuse pile is in a small , southfacing 

canyon and is being shaped to the same repose as the surrounding area. 

The pile is 153 m x 61 m (500 ft. x 200 ft.) and sloping to a height of 

23 m (75 ft.). Maximum height of the refuse pile will be 61 m (200 ft.). 

Refuse is deposited in 12 m (40 ft . )  lifts with 6 m (20 ft . )  benches on a 

1 :  3 slope. The lower portion of the pile has been covered with O .8 m 

(.2½ ft.) of subsoil (shale and sandstone) and 0.5 m (1½ ft . )  of topsoil. 

Revegetation of the lower slopes will begin this yea r. Some temporary 

irrigation is available for revegetation. North Thompson Creek is below 

the pile . Sedimentation traps have been constructed at the base of the 

refuse pile to protect the stream (Figure 24). 

Analysis of the topsoil and refuse material (Table 13) indicate that 

pH and EC are within normal range. The old refuse in the 15-30 cm depth 

has a higher  so4 content (9 .22 meq/lOOg) and lower pH (7.37) than the 

other refuse material depths which may indicate an oxidation reaction. 

Other nutrients are within normal ranges compared with the topsoil material. 

However, N and possibly P should be added to refuse as fertilizer amendments 

in revegeta ti on . 



Figure 23. Refuse pile at Mid-Continent Coal Co. 
Photo taken April 28, 1 982. 

Figure 24. Refuse pile at SnoMTiass Coal Co. will eventually fill 
the canyon. Photo taken April 30 , 1982. 
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Table 13. 

pH EC SAR K* Na* Ca* Mg* Cl* SO!!* HC03* 

Topsoil 8. 27 0. 45 0.23 0. 52 0.33 34.9 5.76 o. 11 3. 20 0.009 

New refuse 8. 37 0.54 0. 88 0 .19 0.96 22.5 1. 40 0.03 o. 91 0.008 

Old refuse 
0-15 cm 8.06 0. 12 0.19 0. 19 0. 20 20.5 0. 95 o. 01 0. 06 0.008 

15-30  cm 7.37 1.01 0. 16 0.29 o. 19 24.5 2. 30  0. 08 9. 22 0.006 

ppm ppm ppm % Organic Cl % % ,; 

%K N03-N p Matter Sand Silt Clay Texture 

Topsoil 65.6 1.25 l . 95 l . 2 2.9 29 24 48 clay 

New refuse 18.4 0. 18 0.65 1.6 0 58 30 12 sandy loam 

01 d refuse 
0-15 cm 32 . 0  0. 23  0.65 2. 2 6. 0 70  12  18 sandy loam 

15-30  cm 26. 8 0.53  1. 10 3 . 0  6 .  l 

*expressed as meq/lOOg. 

Meeker Area Mines 

Mining began in the Meeker area in the l920 ' s. Currently, the Meeker 

Area Mines produce 700, 000 tons of steam coal per year. Their capacity is 

one million tons of coal annually. The Meeker area receives 36 cm (14 in.) 

of annual precipitation, primarily as snow, and the elevation is 1830 m 

(6 000 ft. ).  The refuse is composed of gob and fines from sedimen-

tation ponds. The refuse pile is 15 m x 23 m x 14 m (50 ft. x 75 ft. x 45 ft. ) .  

Maximum height will be 15 m (50 ft. ) as the pile spreads in an easterly 

direction. Life of the pile is expected to be approximately 10  years. Slopes 

are 4: l and have a southern exposure. Topsoil is stockpiled ( Figure 25).  
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Table 14. 

% % % 
pH EC Sand Silt Clay Texture 

Topsoil 8. 1 7  0 . 1 4  24 25 51 clay 

New refuse 9. 18 0. 20 
(silt added) 

26 28 46 clay 

New refuse 
(rock) 9. 45 0 . 41 51 19 30 sandy clay loam 

The pH of gob material is alkaline; however, this is not expected to 

be a problem as the alklinity is expected to decrease with time . Salts, 

as indicated by EC, are low (Table 14). 

Powderhorn Coal Co . 

Powderhorn Coal Co . ,  near Grand Junction, Colorado, contracts for 

800,000 tons of steam coal annually . The mine is located at 1479 m (4850 

ft . )  elevation and receives an average of 20 to 24 cm (8 to 10 in .)  of 

precipitation annually . The surrounding vegetation is of the salt desert 

shrub community type . 

The mine has two refuse piles . One pile was completed last year . 

Slopes are 2½: 1 with a north and northwest exposure . The pile is 153 m 

x 15 3 m x 21 m (500 ft . x 500 ft , x 70 ft . ) .  There is a shortage of top­

soil and other material to cover the pile . A small drainage area was 

located on the western portion of the pile and some erosion had occurred . 

However, the drainage has now been diverted to another area . 

The mine plans to start some experimental revegetation plots in 1983 

using varying amounts of topsoil to determine the minimum amount of soil 

cover needed for revegetaion . Mat saltbush was observed growing on the 

exposed refuse . 
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The currently used refuse pile is 61 0 m x 305 m x 9 m (2000 ft . x 

1 000  ft . X 30 ft . ) high with 2½ : 1 slopes . Reclamation is expected for 

1 987 ( Figure 26 ). 

Table 1 5. 
% 

pH EC Sand S i l t  Cl at Texture 

Topsoi 1 9.27 . 46 51 23 25 sandy clay loam 
New refuse 9.92 .45 58 1 7  25 sandy clay loam 
01 d refuse 
N. slope 0- 1 5  cm 8 . 60 .67 58 1 4  27 sandy clay loam 

1 5-30 cm 9. 17  . 42 54 1 7  29 sandy clay loam 
Flat 0- 1 5  cm 9. 03 .80 59 1 5  26 sandy clay loam 

1 5-30 cm 9.34 .78 64 1 3  24 sandy clay loam 
N.W. slope 

0-1 5  cm 8.78 .62 57 1 7  27 sandy clay loam 
1 5-30 cm 8 . 47 1 . 20 60 1 3  26 sandy clay loam 

Refuse and topsoil material has alkaline pH (Table 1 5). However, 

native vegetation in the area should be adapted to pH. EC is within a 

normal range . Macronutrients, N and possibly K should be added in revege­

tation to the refuse material as indicated by analysis of other mines in 

the area. 

Mine C 

Mine C produces approximately 1 .3 million tons of coal annually. 

Capacity is approximately 1 .8 million tons. Annual precipitation at the 

mine is 50.8 cm (20 in.) and elevation is 2074 m (6800 ft . } . The surround­

ing vegetative type is typical of the pinyon-juniper community. 

The current refuse pile is three years old. The refuse pile is small, 

30 m x 50  m x 8 m (.1 00  ft. x 1 64 ft. x 26 ft . )  and slopes are 2 :  l. Reclama­

tion has begun at the base of the pile and the grass appears to have good 

growth and density. 



Refuse materi a 1 or gob is composed of crushed rock and 1 a rge pieces 

of coal . No wash ing fac i l ities are present on the property. 

Table  1 6.  

% % % 

pH EC Sand S i l t  Cl al Texture 

Topsoi l  8. 26 0. 26 1 4  29 5 7  clay 

Gob 8. 23 0.57 73 1 1  16 sandy loam 

The pH and EC of the gob is comparable  to the topsoi l  (Table  16). 

Macronutr ients N and K as indicated from adjacent m ines shoul d be added 

to the refuse material as fert i l i zer amendments in revegetation. 
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Fig ure  2 5 .  Refuse pi l e  at Meeker Area M i n e .  Photo Ta ken 
April  30 , 1 982 . 

Fi gure 2 6 .  New refu se  p i l e at Powder horn Coa 1 Co . 
Photo ta ken May 6 ,  1 982 . 
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CONCLUSIONS 

Several conclusions can be drawn from these studies particularly as 

they rel ate to the sui tab ility of coal refuse material as a growth medium. 

This study provides a general investigation of refuse material as a growth 

medium, potential or current environmental impacts from refuse piles, and 

the feasibility of underground refuse disposal. Specific findings include : 

• Overall variability of sampling results was high .  Generalizations 

applicable to all sites are difficult due to the difference in site 

conditions. Recommendations and reclamation requirements must be 

site specific. 

• Each mine needs to perform a chemical analysis of their refuse piles 

to determine acid-base potential, plant macronutrients, and toxicity . 

These test results may then be useful in determining the minimum 

surface coverage required on the refuse pile. 

• Nitrogen and phosphorus (macronutrients) are low in refuse material . 

Fertilization and enhanced aeration of refuse piles appears necessary 

from preliminary macronutrient analyses for agricultural crops. 

Research is needed to determine nutrient and fertilization require­

ments for establishment and growth of native plant species . 

• Salts are apparently low on the surface 30 cm of the refuse piles. 

High salinity does not appear to be a surface problem. 

• From limited sampling, the possibility of boron toxicity appears in 

only one refuse pile . While boron toxicity need not be of primary 

concern, it should be monitored. 



• pH of the refuse material was in the alkaline range; however, in 

several piles this appears to decrease as a function of time . A 

favorable pH range exists for a period of up to 30 or 40 years . 

Aging of the refuse piles appears to be favorable for potential 

revegetation ( i . e. suitability as a media to sustain plant growth) 

because of the reduction of alkalinity . Some surface coverage of 

soil and vegetation establishment may be important to stabilize pH . 
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• Color of the refuse piles remained dark over time . Because of the 

correlation between dark color and high soil temperatures, combined 

with low soil moisture, some modification of the refuse pile surface 

appears necessary to moderate the thermal/moisture regime . 

• General availability of suitable topsoil (quality and quantity) in 

mine vicinities is limited . Further study of alternative growth 

media is needed . These studies should include various depths of 

topsoil covers, mixing of the refuse with topsoil, or other materials . 

• Vegetation is becoming established on a few of the refuse piles . 

Primary invasion of plants on refuse piles may have ecological value. 

Studies to enhance this are needed . 

1 Underground disposal of refuse is only economically feasible under 

certain geologic and mining conditions . In the future, the economics 

of mine design for underground refuse disposal could improve. 
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