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A REVIEW OF THE LITERATURE ON LEACHATES 

FROM COAL STORAGE PILES 

E. C. Davis W. J. Boegly, Jr. 

ABSTRACT 

Runoff from coal storage piles associated with coal 
conversion or combustion facilities may represent a 
potential source of environmental pollution. This report 
is an assessment of existing information on coal pile 
leachate. The assessment indicates that few detailed studies 
have been conducted to date, and these are limited and the 
results are highly variable. More detailed long-range 
studies using various types of coal are recommended. These 
studies should be carried out both in the' laboratory and in 
field-scale experiments. 

INTRODUCTION 

Disposal of coal conversion solid waste and ash may not be the 

only source of pollutants from coal conversion and comb4stion plants. 

Leachate from coal storage piles also represents a source of trace 

elements and organic compounds which environmental engineers will be 

forced to contend with in the future. 

Many utilities and smaller power plants in the United States will be 

undergoing a conversion from oil and gas to coal in the light of recommen

dations made in the National Energy Plan (U.S. Government 1977). This 

plan states that resources in pl~ntiful supply should be used more widely 

aa part of a process of moderattng ,the use of those in short supply. 

Although coal comprises 90% of U.S. total fuel reserves, the U.S. meets 

only 18% of its energy needs from coal (see Fig. 1). Seventy-five 

percent of energy needs are currently being met by oil and natural gas, 

although they account for less than 8% of U.S. reserves. This imbalance 

between reserves and consumption should be corrected by shif~ing industrial 

and utility consumption from oil and gas to coal and other abundant energy 
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Proved reserves economically recoverable with existing 
Source: Federal Energy Administration 1976. 

sources. It is this conversion from scarce gas and oil supplies to 

more abundant coal supplies which has spurred research interest in the 

environmental effects of coal storage pile leachate. 

The Oak Ridge Nation~! Laboratory, FnRRil Energy EnvironmQntal 

Project (ORNL-FEEP), has an experimental program dealing with environ

mental aspects of leachate from.stored solids on the plant site. One 

phase of the ORNL-FEEP effort if; to determine to what extent leachate 

from coal storage piles represents a potential pollution problem. 

The major purpose of this report is to review existing·information on 

leachate from coal storage piles and to make a preliminary assessment 

of the need for further research. In addition to the literature review, 

a short summary of the national energy outlook, power plant effluent 

guidelines, and present coal storage pile practices is presented to set . 
the stage for the specific review. 

Coal and the National Energy Outlook 

The nation's coal industry began in the 18th century with bituminous 

coal mined in Virginia and anthracite in Pennsylvania. Coal production 

increased steadily throughout the 19th century to meet the demand for 
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uses such as space heating, coal gas, steam generation, and coke for 

steel production. By the turn of this century, coal supplied 90% of 

the U.S. energy consumption (Federal Energy Administration 1976). 

However, during the first half of this century, coal consumption grew 

less rapidly than total energy consumption because more convenient and 

competitively priced domestic oil and natural gas became available. 

Also, new uses of oil (e.g., automobiles) expanded rapidly. By 1950, 

coal dropped to 38% of the nation's energy consumption while coal pro

ductton remained steady. 

In April 1977, President Carter introduced the Nati~nal Energy Plan 

(NEP), which may be summarized by the following five major goals: 

1. reduce U.S. dependence on oil imports and vulnerability to 

interruptions of foreign oil supply; 

2. lower the rate of growth of total U.S. energy demand and make the 

U.S. stock of capital goods more energy efficient; 

3. shift industrial and utility consumption of oil and natural gas to 

coal and other abundant resources; 

4. provide incentives for new oil and natural gas discoveries; 

5. advance the development of new energy sources for the long-term 

future. 

Under the NEP, the rate of energy demand growth is projected to 

increase at 2.6% annually between 1975 and 1985 and at 0.6% from 1985 

to 2000. Without the conservation initiatives postulated by the NEP, 

energy consumption is projected t0 j nr.rease by 3, 2% annually between 

1975 and 1985 and by 2.3% each year thereafter through 2000. Based on 

these growth rates, the NEP calls for an energy supply of 123.5 

quadrillion Btu's (quads) to meet demands in the year 2000, whereas 

without NEP, projections lead to 139.8 quads of production, a 13.2% 

increase over the NEP. 

rre NEP projections ~how thRt At ~urrent cons~mption levels, there 

are enough coal reserves to last at least 300 years, and at projected 

1985 consumption levels, there is enough to last at least 200 years 

(FEA 1976). Figure 2 and Table 1 .show the projections of how the U.S. 

will meet its growing energy demands (ERDA 1977). 
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Table 1. Projected energy supply pattern (quads) 

1985 2000 

Energy source 1975 NEP Pre-NEP NEP Pre-NEP 

Coal 15.3 28.2 23.9 44.9 38 •. 0 
Domestic oil 20.7 21.8 18.7 17.9 18.0 
Oil shale 0 0.3 1.1 2.9 3.0 
Oil imports 12.8 13.3 24.3 13.0 28.2 
Domestic gas 18.6 17.6 17.8 15.4 14.2 
Gas imports 1.0 1.8 3.0 1.1 3.4 
Nuclear 1.8 7.6 7.4 18.7 25.0 
Solar (except biomass) 0 0.2 0.1 1.8 1.4 
Geothermal 0 0.3 0.2 2.7 2.5 
Hydropower 3.0 3.1 3.1 3.6 3.6 
Biomass 0 0 0 1.5 1.5 
National total 73.2 9.4. 2 99.6 123.5 138.8 

Source: ERDA 1977. 

It is unlikely that the nuclear industry will experience its 

previous growth rate, leaving coal and various other sources to take up 

the slack. This means that coal production could increase to a projected 

value of over 1 billion tons in 1985 from the current level of approxi

mately 640 million tons (U.S. Government 1977). Coal will have to become 

the nation's chief tool for increasing energy self-reliance. Coal is 

abundant, the technology to use it is available today, and there is an 

existing production and distribution base to build on. 

What environmental impact might large coal storage piles at 

combustion and conversion plants have? Sulfur-bearing minerals such as 

pyrite (iron sulfide), which are commonly associated with coal, will be 

exposed to air and rainfall where they can be oxidized to form sulfuric 

acid. Minute concentrations of salts of metals such as zinc, lead, 

arsenic, copper, or aluminum can be toxic to plants, fish, wildlife, and 

aquatic insects. In addition, high concentrations of minerals may render 

water bodies unsuitable as drinking water sources or recreational 

areas. Related to acid formation are deposits of iron precipitates 

often found in streams that drain sulfur-bearing coal or mineral deposits 

(Kendrick 1977.). These are but a few of the problems associated with 

acid wine drainage and with the storAee of large quantities of coal. 
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Because of the low tolerance levels in plants, animals, and man, 

the trace elements are of particular concern. Although the relative 

amounts of these elements per unit of coal is small, the total absolute 

amount of each available in a large coal storage pile could have 

important consequences in water, soil, or air quality (Wewerka et al. 

1976). 

According to the interim primary drinking water standards (U.S. 

Government 1975), the following are th~ maximum contaminant levels of 

inorganic chemicals allowed in public water supplies (see Table 2). 

Since the literature review shows that coal storage pile lea<;hate 

contains concentrations of inorganic chemicals in excess of those shown 

in Table 2, serious water quality degradation could occur if excessive 

leachate were allowed to enter streams used for public water supplies. 

Table 2. Maximum contaminant levels for inorganic chemicals 
allowed in public water supplies 

Contaminant 

Arsenic 
Bariu,rn 
Cadmium 
Chromium 
Cyanide 
Lead 
Mercury 
Nitrate (as N) 
Selen.i.um 
Silver 

Level (mg/liter) 

0.05 
1.0 
0.010 
0 .0.5 
0.2 
0.05 
0.002 

10.0 
0.01 
0.05 

--------------==~-----oo·•·••·•···•••·-••--•·-··•-••••"•••••••-•••••••••• •••--=-=--~~=-----

Source: U.S. Government 1975. 

Environmental Protection Agency Steam-Electric 
Power Plant Effluent Guidelines 

Section 301 of Public Law 92-500 required that, by July 1, 1977, 

power plant discharges meet effluent li~itations corresponding to those 

attainable by application of the "best practicable control technology 

currently available" (BPCTCA). The act additionally requires that, ·by 
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1983, the treatment or control of pollutant discharge be equivalent to 

that attainable by the "best available technology economically 

achievable" (BATEA) • 

In October 1974, the United States Environmental Protection Agency 

(EPA) issued guidelines for six wastewater sources in electrical generating 

plants. These sources include equipment cleaning effluents, bottom ash 

slurries, fly-ash slurries, cooling tower and boiler blowdown, coal pile 

and floor drain runoff, and sanitary wastes. The essential components 

in these waste streams have been found to vary from heavy metals to 

biochemical oxygen demand and suspended solids (Mace 1977). Table 3 is 

a summary of these discharge limits for steam-electric plants. It is 

important to note here that the guidelines stated in Table 3 have been 

challenged in court and remanded to EPA for further investigation. 

As far as coal pile leachate is concerned, the important part of 

Table 3 is the last line, giving .the standards for material storage 

runoff. Only two parameters have been included: total suspended solids 

and pH. In addition, only runoff flow from material-storage piles 

associated with the reference 10-year, 24-hr rainfall or greater is 

exempt from these limitations. This means that coal stored at all coal 

combustion and conversion sites must meet the limitations set by the 

EPA guidelines; that is, a TSS of less than 50 mg/liter and a pH in the 

range of 6.Q-9.0. As will be seen from investigations reported in the 

literature review, this will be impossible without some form of 

treatment. 

Under Section 307 of the Water Pollution Control Act, EPA was also 

required to publish effluent standards for toxic pollutants. The 

adequacy of the agency's compliance with this section has been challenged 

in court, and as a result, a timetable for completion of EPA studies 

and promulgation of the effluent standards for an agreed list of 

priority pollutants has been established. This set of s'tandards for 

toxic pollutants is expected to be completed by March 1979; however, 

standards for several of these primary pollutants have already been 

adopted. As soon as this additional list of toxic pollutants has been 

t!stablished and standards set, r.n;d. pile leachate may be subject to 

these additional parameters, as well as the TSS and pH limits. 
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Table 3. Discharge limits for steam-electric plants 

All streams 
pH (except once through 

cooling) 
PCBs 

Low-volume waste streams 
TSS 
Oil and grease 

Bottom-ash transport water 
'l'SS 
Oil and grease 

Fly-ash transport water 
TSS 

Oil and grease 

Metal-cleaning wastes 
TGG 
Oil and. grease 
Total Cu 
'.L'otal Fe 

Boiler blowdown 
TSS 
Oil and grease 
Total Cu 
Iot:a.l Fe 

Once-through cooling water 
Free available chlorine 

Cooling tower blowdown 
Free available chlorine 
Zn 
Cr 
p 

Material storage runoff 
TSS 
pH 

BPCTCA 
(mg/liter) 

6.0-9.0 
Nu 

Discharge 

100 
20 

100 
20 

100 

20 

lOU 
20 

1 
1 

100 
20 

1 
1 

0.5 

0.5 

30 
15 

30 
15 

30 

15 

30 
15 

1 
1 

30 
15 

1 
1 

0.2 

0.2 

50 
6.0-9.0 

Stream pollutant 

BATEA 
(mg/liter) 

Limit for 
new sources 
(mg/liter) 

6.0-9.0 
No 

Discharge 

6.0-9.0 
No 

Discharge 

100 
20 

100 
20 

100 

20 

iOO 
20 

1 
1 

100 
20 

1 
1 

0.5 

0.5 
1 

0.2 
5 

30 
15-

30 
15 

100 
20 

100 
20 

30 
- 15 

30 
15 

30 

15 

No 
Discharge 

No 
Discharge 

30 100 
15 20 

l 1 
1 1 

30 ' 100 
15 20 

1 _]. 
1 1 

0.2 0.5 

0.2 0.5 
1 

0.2 
5 

30 
15 

1 
1 

30 
15 

1 

1 

0.2 

0.2 

50 
6.0-9.0 

50 
6.0-9.0 

aMaximum for any one day. 
b 

Average of daily values for 30 consecutive days. 

Source: Mace 1977. 
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Storage of Coal 

Coal storage may be divided into two types according to purpose: 

live or active storage from which coal feeds directly to firing equipment, 

and reserve or inactive storage. Usually live storage is under cover 

and is referred to as in-plant stor~ge; reserve storage is outdoors and 

is referred to as the stockpfle. 

The size of the plant usually determines the type and capacity of 

in-plant and outside storage. These may vary from a small plant that 

has no storage capacity and receives its coal from a retail coal dealer 

who stores most of the plant's needs, to a utility that maintains a 

reserve stockpile in excess of 1 million tons and receives its coal by 

truck, rail, or barge. 

For large coal-fired generating plants, outside storagE! of coal 

at or near the site is necessary to assure continuous plant operation. 

Coal reserves at TVA plants are usually for a period of approximately 

90 days. These storage piles are typically 25 to 40 ft high, spread 

over an area of several acres, and require from 21,000 to 6l•,OOO ft 3 

of storage space for each MW of rated capacity (Nichols 197L•). 

Significant changes in the physical and chemical properties of coal 

occur upon exposure to air at atmospheric temperatures. As early as 

1879, Fayol (Fayol 1879) recorded the temperatures in various parts of 

a large pile of coal. Th¢ coal was piled at a temperature of 22°C, and 

after 90 days a maximum temperature of 150°C was recorded at a point 

1 ft from the ground in a portion of the pile that was 20 ft deep. In 

another test he showed that the temperature of a pile of coal that" was 

heating could be decreased by merely excluding air using a tight cover. 

Tqe oxidation of pyrite in coal is an exothermic process with heat 

being generated. By covering the coal storage pile with an airtight 

seal, Fayol was excluding the necessary oxygen and slowing down the 

oxidation process. The heat generated in large coal storage piles can 

lead to spontaneous combustion and is thus an important factor in the 

design of storage facilities. 

Ordinarily these ox:iiiRtive changes take place slowly, but 

continuously, from the moment the face of the coal bed is exposed 
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to air until the coal is finally utilized, causing a gradual decrease in 

commercial value. Tests made in various parts of the country on a West 

Virginia coal indicate losses in heating value of 1.2% the first year 

and a maximum of 2.1% in two years (National Coal Association 1972). 

Samples of the same coal stored in more moderate climates showed a loss 

in heating value of about 1.5% in five years of exposure. Similar tests 

on Pittsburgh seam coal exposed in open bins for five years showed a 

loss of less than 1.1% in heating value. Further experiments on compacted 

and sealed coal storage piles show reduced loss in heating value and, 

therefore, reduced loss in investment~ which highlight.R thP. impnrtan~e 

of compacting coal during storage. 

There is a very limited amount of information available concerning 

the actual construction of a coal stockpile; however, the following 

rules are generally followed. Plants having reserve piles larger than 

500 tons should always build a compacted coal pile. Compaction seals 

out air and minimizes spontaneous heating. It also reduces heating-value 

loss to 1% or less (National Coal Association 1972). 

When possible, piles should be laid out with consideration to 

ultimate tonnage desired. The top of the pile should be as small in 

area as possible, yet allow sufficient space to maneuver heavy equipment. 

This suggestion of a small surface area is not always followed by TVA 

and other utilities, as witnessed by their large, flat storage piles. 

Dumping coal on the pile segregates it, creates flues, and promotes 

heating and fires. The pile should be built :i.n successive layers 1 to 

2ft thick (see Fig. 3). Each layer should be thoroughly compacted by 

repeatedly running a bulldozer or weighted roller over the coal pile 

as it is being constructed. 

The pile is constructed by· sloping thP. t.npR nf Rtt~I"'I:'Ssive ..::c•al 

layers toward the sides of the pile. This prevents rain, melting snow, 

and ice from penetrating the pile. Pile sides should not be too steep; 

an angle of 30° to the horizontal is a good slope to maintain. Steep 

side slopes can cause segregation and erosion from wind and rain. 

The top of the pile is crowned slightly, or allowed to slope in one 

direction. Saucer-shaped tops create a problem of standing water, which 

wets the coal so that it tends to clog chutes and conveyors. 
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4-in. Layer Coarse 
Coal (Binder) 

Fig. 3. Cross section of a compacted coal pile. 

It is recommended that, insofar as possible, only one type of coal 

be placed in the stockpile. For large compacted reserve storage piles, 

the coal should be of varying sizes not exceeding 2 in. Size breakdown 

should. be such as to minimize the void volume in the coal as it is com

pacted. All of these techniques should be employed, where possible, to 

reduce the weathering of coal and slow down the natural oxidation 

process. 
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LITERATURE REVIEW - COAL PILE LEACHATE 

The following section of this report deals with the literature that 

has been published concerning coal storage pile leachate. The majority 

of the articles were published between 1970-1977, since it was during 

this time period that increased interest was focused on leachate from 

large coal storage piles. Related subjects, including runoff from coal 

refuse piles, and the carrier water used in coal slurry pipelines are 

also briefly discussed, however, the ma.ior emphasis is on coal storage 

piies and the quaiity of their leachate. Every attempt has been made to 

cover all information sources, however since some document titles and 

key-word descriptors do not mention coal storage, some information may 

have been overlooked. 

Current research being supported by.the Environmental Protection 

Agency concerning problems associated with coal leachate was discussed 

at the National Conference on Health, Environmental Effects, and Control 

Technology of Energy Use (EPA 1976). Two projects were outlined; however, 

results have not yet been made available for analysis. 

The first project is concerned with particulate and leachate 

transport from fine particulate coal while in storage at the Duluth

Superior port, and with the effects of these materials on aquatic biota. 

The chemistry and biology departments at the University of Wisconsin, 

Superior, and the University ef Minnesota, Duluth, are cooperating to 

characterize inorganic and organic leachates from coal and to characterize 

the biological condition of the bay. 

A second project is now under way at the Los Alamos Scientific 

Laboratory with the purpose of identifying the inorganic and organic 

constituents released during aqueous leaching of stored coals under 

conditions typically encountered in the environment. Two different coal 

samples are to be used for this study. One of these samples is a high

sulfur coal from the Illinois Basin. The second is a low-sulfur eastern 

coal from the Appalachian Province. Both are from regions of high coal 

production where more than 127 em of precipitation occurs annually. 

Work will center on the study of the unwashed coals, which represent 
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about one-half of the coals currently consumed and should produce greater 

environmental releases than washed coals. ·Results from these laboratory 

leaching studies should be published in the near future. 

Roffman and Roffman (Roffman et al. 1975) have reported that the 

quality of surface and groundwater bodies can be dangerously degraded 

by coal pile leachate and acid mine drainage. The acidic drainage 

results when sulfuric acid forms from the oxidation of pyrite and 

marcasite coal inclusions in the presence of water, oxygen, and bacteria. 

Such waters have an acid pH and contain high concentrations of iron, 

calcium, magnesium, and sulfate ions as well as aluminum, sodium, 

manganese, and many trace elements. The mining of low-sulfur western 

coals usually does not result in acid formation because of the low 

concentrations of iron sulfide, the relatively dry climatological 

conditions, and the buffering capacity of the soil. This investigation 

also points out the importance of the layer of soil beneath a coal 

storage pile, and indicates that this natural buffering capacity must 

be taken into consideration when coal leachate samples are taken at a 

distance from the storage pile after it has had a chance to interact 

with the soil. 

In the draft environmental impact statement for the Coal Research, 

Development, and Demonstration Program, the Energy Research and 

Development Administration (ERDA) addressed the probable water quality 

problems associated with increased utilization of coal in the United 

States (ERDA 1977). They state the potential concerns as being: (1) the 

presence of potentially toxic and carcinogenic organic compounds in coal 

residues and products, and (2) the potential presence of trace metal 

pollutants in the products and by-products. They conclude by stating 

that little is known about these subjects, and consequently further 

research and development are needed. 

One of the most often quoted tables concerning the quality of coal 

pile leachate is presented in the development document for proposed 

effluent limitations guidelines and new source performance standards for 

the steam-electric power generating industry (Nichols 1974). In this 

particular dor..nment the Environmental Protection Agency evaluated the 
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coal pile leachate at several operating power plants in the United 

States. The results are summarized in Table 4. 

Table 4. EPA survey results - coal pile leachate quality 

Mean (mg/liter) Range (mg/liter) 

Parameter pH= 2.7 pH = 2.1-3.0 

Iron 19,540 0.17-93,000 
Sulfate 9~006 525-21,920 
Zinc 3.64 1.6-23 
Cgppor 2.10 l.l~-.1. 4 
Chromium 3.27 0-15.7 
TDS 16,440 720-44,050 

Source: Nichols 1974. 

This table gives a general idea of the order of magnitude of certain 

parameters, but says nothing concerning the time period over which the 

samples were taken or what type of coal was being stored at each of the 

power plants. This type of data is presented frequently. in the 

literature, but is of limited value for comparison purposes, unless it 

is accompanied by a more detailed analysis of coal type, sampling 

procedure, and previous storage periods. 

A recent coal pile leachate study has been conducted on the coal 

stockpile at Cornell University (Anderson and Youngstrom 1976). In this 

study, coal pile leachate quality. was monitored concurrently with coal 

pile leachate flow by field measurements and collection of sampl~s for 

subsequent laboratory analysis. The parameters monitored included pH, 

ferrous and total iron, acidity, total dissolved solids, copper, 

manganese, chromium, and zinc. In order to adequately characterize 

l:h~ variability of coal pile leachate quality during a rainfall, the 

following-sampling schedule was employed: (1) commencing at the beginning 

of every rainfall and continuing until 2 hr after the rainfall stopped, 

samples were collected every 1/2 hr; (2) commencing 2 hr after each 

rainfall had stopped and continuing until the flow of leachate stopped, 

samples were collected every 4 hr. This sampling schedule was used on 

t-he three rainfall events which occurred on May 4 (46 nun), May 12 (13 mm), 
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and May 15 (9.1 mm), 1975. A summary of the coal pile leachate quality 

is shown in Table 5. 

Table 5. Summary of leachate quality 

Parameter 

Acidity 
Total iron 
Ferrous iron 
Copper 
Manganese 
Chromium 
Zinc 
Total dissolved solids 

Mean value (mg/liter) 

2,562 
1,144 

490 
1.69 

17.1 
2.6 
5.9 

11,745 

Source: Anderson and Youngstrom 1976. 

Range (mg/liter) 

pH = 2.2-5.8 

375-8250 
10-5250 

139-850 
0.1-6.1 
4.5-72.0 
0.1-7.5 
2.4-26.0 

9332-14,948 

Anderson and Youngstrom conclude that during periods of no 

precipitation, retained moisture within the coal pile dissolves minerals 

that will be flushed from the pile by precipitation. If there is 

sufficient precipitation, most of the dissolved minerals are flushed 

from the pile, and following the first flush, only minor concentrations 

of minerals are carried from the pile in continuing coal pile leachate 

flows. Provided the size and configuration of the coal pile is not 

changed, the amount of contaminants which can be generated and flushed 

fr9m a coal pile is dependent upon the reaction time allowed to occur 

within the coal pile before the contaminants are flushed by precipitation. 

The time required to complete the flushing of contaminants from the coal 

pile is dependent upon the volume of water applied to the pile and the 

duration of the application. 

Before flushing was complete, it was noted that the concentration 

of contaminants was inversely proportional to the coal pile leachate 

flow; and after the flushing was complete, there was relatively little 

change in contaminant concentration with change in flow rate. 

These experiments carried out on the Cornell University campus are 

sufficient to characterize coal pile leachate during the rainfalls which 



16 

occurred during the month of May 1975. However, no attempt was made to 

characterize leachate from coal storage piles over a long period of time 

and under varying weather conditions. 

In a discussion of this paper by McFall (McFall 1977), two other 

major weaknesses were found in the article: (1) lack of snow leachate 

data, and (2) chemical analysis of the coal. McFall states that coal 

piles which have had snow resting on them will create leachate with 

different characteristics from those subjected only to rainfall. Because 

the chemical constituents of coal vary considerably, for comparison 

pur~oses it is essential to report the chemical constituents of the 

subject coal. This is something the authors did not do. 

In 197S, Metry presented information on the treatability and 

treatment of leachate and contaminated runoff waters from a coal 

transshipment facility (Metry 1975). He stated that a coal stockpile 

will produce two types of contaminated waters. First, runoff occurs, 

causing particulates to wash off the surface; second, rainwater slowly 

percolates through the stockpile, taking some chemicals into solution 

in addition to concentrating pile-bound particulates. 

In Metry's investigation, the quality of leachate and contaminated 

runoff from a coal handling facility was determined by laboratory 

simulation using a western coal. Distilled water was allowed to 

percolate through a 6-ft-long, 2-in.-diam glass column filled with coal, 

and the leachate was collected and analyzed. Table 6 is an analytical 

summary of the results. 

In conclusion, Metry states that the results from laboratory 

experimentation for the tested western coal suggested that the acid

producing capacity of this coal is less than the inherent alkalinity of 

the coal under all conditions encountered in a stockpile. This balance 

between acid-producing capacity and inherent alkalinity seems to be the 

most important factor in the potential for producing acidic leachate. 

Heavy metals and other trace elements in leachate are direct functions 

of the acidity and, thus, the pyritic sulfur content in coal. Leachate 
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Table 6. Summary of leachate under wet aerobic, intermediate 
aerobic, and anaerobic conditions 

Wet aerobic Intermediate Anaerobic 
conditions conditions conditions 
(nig/liter) (mg/liter) (mg/liter) 

Parameter pH 7.4 pH 7.2 pH 8.0 

TDS 490 1720 592 
Alkalinity 54 37.5 124 
Fe 0.65 12 0.85 
v <2 <2 <2 
Ph <0.1 <0.1 <0.1 
Zn 0.15 0.2 0.23 
Cd <0.05 <0.05 <0.05 
Cr <0.05 <0.05 <0.05 
Mn <0.05 0.08 <0.05 
Sr 0.2 0.33 0. 26 
Cu 0.12 0.15 0.1 
Li <0.05 <0.05 <0.05 

Source: Me try 1975. 

from facilities handling low-sulfur western coals should contain lower 

heavy metal, and other trace element concentrations than leachate from 

facilities handling high-sulfur eastern coals. 

The difference between western and eastern coal is mainly in the 

sulfur content of each. Among United States reserves, western coals are 

generally of lower rank and sulfur content, whereas interior province 

and most Appalachian coals, which were formed under the influence of 

high sulfate ion conc~ntrations in saline waters, contain greater amounts 

of sulfur. Additional differences occur in the trace-element content as 

shown in Tables 7 and 8. 

Due to the many coal-fired power plants in the Tennessee Valley, 

the Tennessee Valley Authority (TVA) is becoming increasingly concerned 

with the quality and quantity of coal pile leachate. Cox, Chu, and 

Ruane have been conducting research concerning the quality and treatment 

of coal pile runoff at two TVA coal-fired steam plants (Cox, Chu, Ruane 

1977). In their investigation they analyzed coal pile leachate composite 

samples from storm events for pH, acidity, dissolved solids, suspended 

solids, sulfate, iront and manganese. The means and ranges of the 

project data are presented in Table 9. 
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Table 7. Trace-element content of American coals (ppm in 

Region 

Northern Western Eastern 
Element Great Plains Interior Interior 

Beryllium 1.5 1.1 2.5 
Boron 116 33 96 
Titanium 591 250 450 
Vanadium 16 18 35 
Chroml.i1m 7 1 1 20 
Cobalt 2.7 4.6 3.8 
t-linkn 1. 7;2 14 15 
·Cop pel: 15 11 11 
Zinc 59 108 44 
Gallium 5.5 2.0 4.1 
Germanium 1.6 5.9 13 
Molybdenum 1.7 3.1 4.3 
Tin 0.9 1.3 1.5 
Yttrium 13 7.4 7.7 
Lanthanum 9.5 6.5 5.1 

Source: Zubovic 1975. 

Element 

Antimony 
Arsenic 
Beryllium 
Cadmium 
Mercur:y 
Lead 
Selenium 
Zinc 

Table ~. Distribution of environmentally hazardonR 
trace elements (ppm in coal) 

Region 

Powder River Western Eastern 
Basin Interior TntP.ri,or 

0.67 3.5 1.3 
3 16 14 
0.7 2 1.8 
2.1 20 ?..3 
0.1 0.13 0.19 
7. 2 34 
0.73 5.7 2.~ 

33 250 

coal) 

Appalachian 

2.5 
25 

340 
21 
1J 

5.1 
14 
15 

7.6 
4.9 
5.8 
3.5 
0.4 

14 
9.4 

Appalachian 

Ll 
18 
2.0 
0.2 
0.16 

12 
5.1 

13 
-----------------------------~--- .. -·--···-·-

Source: Zubovic 1975. 

- " 



Table 9. Coal pile leachate data from TVA plants J and E 

Dissolved Suspended 
Acidity Sulfate solids solids Iron Manganese 

pH (mg/liter CaC03) (mg/liter) (mg/liter) (mg/liter) (mg/liter) (mg/liter) 

Plant J 

Range 2.3-341 300-7100 1800-9600 2500-16000 8.0-2300 240-1800 8.9-45 
Mean 2.79 3400 5160 7900 470 940 28.7 

Plant E 

Range 2.5-3.1 860-2100 1900-4000 2900-5000 . 38-270 280-480 2.4-10.0 ...... 
Mean 2.67 1360 2780 3600 190 380 4.13 \0 

Plant E Storm Feb. 24 2 1977 

Range 2.5-2.7 300-1400 870-5500 1200-7500 69-2500 62-380 0.88-5.4 
Mee.n 2.63 710 2300 2700 650 150 2.3 

Source: Cox, Chu, Ruane 1977. 
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Information on trace-element concentrations from the same two 

plants is presented in Table 10. 

In a summary of their work they have concluded that the drainage 

from the two plants, J and E, is a highly acidic waste stream containing 

high concentrations of a wide variety of inorganic constituents. 

Further, the acidity of this waste stream may not be governed by the total 

sulfur content of the coal, since the coal supplied to plant E was high in 

sulfur (>3%), and the coal supplied to plant J was moderate in sulfur 

content (1 to 3%), but the measured pH values were quite similar. These 

results suggest that some other tactor, in addition to total sultur 

content, is possibly responsible for c:oal pile leachate pH; however, more 

research needs to be conducted along these lines. It is more likely 

that samples were not taken over a long enough period of time to realize 

the full acid-forming potential of the high-sulfur coal. 

Earlier work at TVA has been conducted by Chu, Ruane, and Steiner, 

in which the coal pile leachate from two TVA power plants has been 

analyzed (Chu, Ruane, Steiner 1976). The results are presented in 

Table 11, which is very informative concerning the quality of the 

leachate from these two plants, but again nothing is mentioned regarding 

the type of coal stored or the conditions under which samples were taken. 

This is typical of the information that has been found concerning c:oal 

pile leachate and limits the use of this data. 

Rice and Strauss, in work aimed at water pollution control in steam 

plants, have presented information on coal pile leachate from several 

power plants (Rice and Strauss 1972). They state that the Federal Water 

Pollution Control Act Amendment of 1972 has brought about some fundamental 

changes in the manner in which power generation facilities discharge 

chemical wastes, and that coal pile runoff is another stream which needs 

to be contended with. The amount of rainfall that runs off or percolates 

through coal storage piles is a function of the area of the pile and the 

rainfall. These two factors, plus the composition of the coal, affect 

the concentrations in the pile runoff water. 

The reaction of coal· minerals with the rainwater and the oxygen 

in the air is similar to that which takes place in coal mines, causing 
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Table 10. Trace-metal data from TVA plants J and E (mg/liter) 

Parameter Plant J Plant E 

Copper · Range 0. 43-1.4 0.01-0.46 
Mean 0.86 0.23 

Zinc Range 2.3-16 1.1-3.7 
Mean 6.68 2.18 

Cadmium Range <0.001-<0.001 <0.001-0.003 
Mean <0.001 0.002 

Aluminum Range 66.0-440 22.0-60.0 
Mean 260 43.3 

Nickel Range 0.74-4.5 0.24-0.46 
Mean 2.59 0.33 

Chromium Range <0.005-0.011 <0.005-0.011 
Mean 0.007 0.007 

Mercury Range <0.0002-0.0025 0.003-0.007 
Mean 0.0004 0.004 

Arsenic Range 0.005-0.6 0.006-0.046 
Mean 0.17 0.02 

Selenium Range <0.001-0.03 <0.001-0.001 
Mean 0.006 0.001 

Beryllium Range 0.03-0.07 <0.01-0.03 
Mean 0.044 0.014 

Source: Cox, Chu, Ruane 1977. 
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Table 11 •. Characteristics of coal pile drainage (p~ 2.9) 

Parameters 

Acidity (total), as CaC03 
Ca 
COD 
Chloride 
Conrlnrt::~nr:~, ]Jmho& / gm 
TDS 
Hardness, as CaC03 
Mg 
K 
Si, dissolved 
Na 
so .. 
TSS 
Al 
As 
Ba 
Be 
Cd 
Cr 
·Cu 
Fa 
Pb 

-) Mn 

Hg 
Ni 
Se 
Ti 
Zn 
Turbidity, JTU 

Source: Chu, Ruane, Steiner 1976. 

Concentration (mg/liter) 

Plant J 

1700 
2110 

9 
0 

2400 
3200 
600 

1.2 

91 

2600 
550 
190 

o·.oi 

<":0.001 
<0.005 
0.56 

510 
<0.01 
27 
<0.0002 
1.7 
0.03 

<1 
3.7 

300 

Plant L 

270 
J50 

noo 
1500 

980 
0.023 
0.5 

4.1 

810 

0.009 
0.1 

<0.01 
0.006 

<0.005 
,0.18 

830 
0.023 

.110 
0.027 
0.32 
0.003 

1.0 
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contaminated mine drainage. Although the exact reaction processes are 

still not fully understood, the formation of acid can be illustrated by 

the following. equations: 

(1) 

( 2) 

Depending on phy~ical and chemical conditions, the reaction may then 

proceed to form ferric hydroxide or basic ferric sulfate (Braley 1951, 

Parsons 1968): 

(3) 

(4) 

Other constituents found in coal pile drainage are produced by secondary 

reactions of sulfuric acid with minerals and organic compounds present 

in the coal. Such secondary reactions are thought to be dependent upon 

type of coal and chemical conditions of the pile (Temple and.Colmer 

1951). 

The pyritic content of the coal seems particularly important in 

determining the amount of metal sulfates and sulfuric acid produced, 

since it is the reaction of the iron sulfides with oxygen that produces 

the sulfate and the acid. The latter dissolves many other complex 

sulfides and sulfosalts, releasing some or all of the following metals: 

aluminum, zinc, copper, cadmium, baryllium, ni~kel, chromium, vanadium, 

silver, and lead. Tabl.e 12 is a summary of the quality of coal pile 

runoff at selected plants reported by Rice and Strauss. 

This table is quite informative ~nd demonstrates the wide 

variability in parameters that can occur in coal pile leachate. It is, 

however, difficult to draw any firm conclusions concerning the concen

trations of various elements in coal pile runoff, because these reported 

values are only for grab samples at a particular site and represent coal 
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Table 12. Coal pile runoff analysis at selected plants (mg/liter) 

Plant Plant Plant Plant Plant Plant Plant 
A B c D E F G 

Alkalinity 6 0 14.32 36.41 
Total solids 1330 9999 6000 
TDS 720 7743 28,970 5800 
TSS 610 22 100 200 
Ammonia 0 1.77 1.35 
Nitrate 0.3 1.9 .1,8 
Phosphorus 1.2 
Turbidity 505 2. 77 6.13 
Acidity 21,700 10.25 8.84 
Total·hardness 130 1109 1851 
Sulfate 525 5231 .61:!37 19,UUU 861 
Chloride 3.6 481 
Aluminum· 1200 
Chromium 0 0.37 15.7 0.05 
Copper 1.6 1.8 
Iron 0.168 0.368 4700 1.05 0.9 0.06 
Magnesium 0 89 174 
Zinc 1.6 2.43 . 12.5 0.006 
Sodium 1260 160 
pH 2.8 3 2.7 2.1 6.6 6.6 4.4 

Source: Rice and Strauss 1972. 

that has been weathering for varying lengths of time~ In addition, no 

information has been presented about the type of coal being stored, or 

how many and under what conditions the samples were taken. No decisions 

about coal pile leachate quality should be based on Table 12. 

Ou~ing the past several years the Ontario Hydro Company has become 

increasingly concerned about the control of air and water contaminants 

from their large coal storage piles. Featherby and Dodd have been studying 

this problem (Featherby and Uodd 19 77). 

Due to the winter freezing of the Great Lakes, Ontario Hydro is 

forced to purchase enough coal to satisfy winter peak power demands 

during the summer months, usually·some time in April through to 

mid-December. The results of this coal transportation probl~m ar~ that: 

each plant must receive its year's supply of coal during a 30- to 36-week 

shipping season and by mid-December must have built a stockpile able to 

sustain the stations at high load for the next 16 to 18 weeks with a 

contingency cushion equivalent to 4 to 6 weeks full-load consumption in 
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case there are delays in ice breakup or other problems in the spring of 

the year. 

One of these large storage piles was the subject of a coal pile 

leachate study in 1975. From May to November, drainage water samples 

were collected and analyzed for chemical composition. The results are 

shown in Table 13. 

Featherby and Dodd noted that a marked decrease in the acidity, iron, 

and sulfate content of the leachate was observed in the samples collected 

during colder weather in October and November; however, acidic leachate 

was found even during winter whenever flow was observed. Also, it was 

observed that dissolved solids, iron, and sulfate could be correlated 

with total acidity. 

Concentrations of trace elements were also of concern, and Table 14 

shows the results of samples taken for their analysis. 

Three rainstorm events were also investigated for quantity and 

quality of leachate. It was observed that except for heavy rainfall, 

little change was noted in leachate composition. The most significant 

feature of heavy rainfall was the reduced level of contaminants during 

the latter stage of the runoff. The effluent quality generally returned 

to normal levels within 24 hr of the cessation of rainfall. 

Featherby and Dodd attempted to correlate rainfall and discharge 

volumes so that predictions of the amount of runoff could be made for 

typical meteorological conditions. It was generally true that the 

fraction of rainfall appearing as runoff increased with. the total 

volume of rainfall, and that short intense storms returned less than 

less intense storms of equivalent total volume, but a more rigorous 

statement could not be made without considerably more accumulated data. 

A problem very similar to coal pile leachate, but one which has 

received much more attention in the literature, is that of acid mine 

drainage and its effects on receiving water quality. Not only does 

the acid directly impact stream biota, corrode metal structures, and 

destroy concrete, but as a result of the low pH, .other ions such as 

heavy metals become solubilized and are carried into water courses. 

These ions are often toxic to aq~atic life and render the water unsuitable 

for domestic and industrial use. 
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Table 13. Average analysis of base flow coal pile 
drainage (mg/liter) 

Parameter Average High Low 

pH (units) 2.7 2.9 2.4 
Acidity (as CaC03) 1500 2850 300 
Dissolved solids 6500 11,600 4600 
Sulfate 4100 6900 1100 
Iron .420 1000 150 
Calcium 400 540 200 
Sodium 300 440 140• 
Magnesium 170 440 9 
Chlurid~ 160 1qo ·1·1n 

Aluminum li2 75 4}3 

Silica 22 64 12 
Manganese 7 12 3.4 
Potassium 5 10 1.6 

Source: Featherby and Dodd 1977. 

Table 14. Maximum and minimum concentrations of trace constituents 
·of coal pile drainase (mg/liter) 

Parameter Maximum 

Ni 2.8 
Cu 1.6 
Co 0.4 
Cr 0.4 
Zn 0.3 
Ph 0.2 

. AH O.l 
Se 0.02 
Sb 0.01 
Cd 0.002 
v <1 
Ho <1 
Be <1 
Phenols 0.012 
COD 161 

Source: Featherby and Dodd 1977. 

Minimum 

0.2 
<0.2 

0.0.9 . 
0.02 
0.2 

0.02 
<0.005 
<0.005 

<0.001 
37 

No. of analysis 

8 
7 

12 
6 
5 
3 
5 
5 

··5 
8. 
4 
2 
4 
5 

11 

• [i 
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It has been estimated that in excess of· 10,000 miles of streams 

have been degraded by acid mine drainage. The. amount, rate of acid 

formation, and the quality of water discharged are a function of the 

amount and type of pyrite in the overburden rock and coal, time of 

exposure, characteristics of the overburden, and amount of available 

water (Hill and Bates 1977). 

It is not the intention of this investigation to present a detailed 

literature review of the generation and treatment of acid mine drainage, 

but rather to point out the similarities between coal pile leachate and 

acid mine drainage in an attempt to further define the characteristics 

and effects of coal pile leachate on existing water quality. 

Good, Ricca, and Shumate (Good et al. 1970) define the three most 

significant sources of acid mine drainage as underground mines, strip 

mines, and refuse piles; the last normally being associated with coal 

cleaning plants. The important similarity between refuse piles and coal 

storage piles is that both represent a source of pyrite, and other sulfur 

compounds, directly exposed to both oxygen and moisture at the pile 

surface. As a result, drainage from such piles is extremely high in 

mineral acidity, sulfates, and iron, all of which have a degrading 

effect on water quality. 

The refuse pile under investigation by Good et al. was regarded as 

being reactive only at the surface exposed to the atmosphere, the zone 

of reaction extending only a few inches into the pile. This may or may 

not be true in ~he case of a coal storage pile, and would be dependent 

upon such factors as size of coal, degree of compaction, and the presence 

of surface coverings. Between rains it was found that the pyrite 

oxidation reaction proceeded at a more or less uniform rate, with the 

acid products accumulating in the outer reactive mantle. When a storm 

occurred, it was estimated that about 70% of the acid salts appear in 

~he runoff, and the remainder are carried into the interior of the pile, 

eventually reappearing as seepage around the pile perimeter. This 

flushing of the coal pile during a rainstorm was also noted by Anderson 

and Youngstrom (Anderson and Youngstrom 1976). 
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Martin has published data concerning the quality of effluents from 

coal refuse piles located in five states (Martin 1974). In order to 

compare the quality of drainage from refuse piles sampled by Martin with 

that from coal storage piles, Table 15 has been constructed. This table 

gives average values of the analysis of effluents from each of the five 

states. It is important to keep in mind that these leachate samples 

were taken from mining refuse piles and not laboratory leaching 

experiments conducted on coal samples. 

Martin concludes his discussion of coal refuse piles by stating 

that the silt, heavy metals, and acid constitute the major water 

pollution hazards. The amount of these pollutants can be related to 

the compaction of the refuse, angle of side slopes, soil cover or 

surface water control, and the basic geologic formation of the coal 

that has been mined. 

Table 15. Analysis of effluents from refuse piles (mg/liter) 

West 
Parameter Pennsylvania Virginia Kentucky Indiana Illinois 

pH 4.1 3.9 4.1 3.25 3.0 
Conductivity 4694 5793 2784 5116 

(lJmhos/cm) 
Total acidity 115'/ 1656 1929 6374 6723 
Alkalinity 84 135 , 195 
SOtt 8648 4260 3180 8110 2707 
Na 29.7 330 117 84 
Mg 73 271 90.4 152 
Al 285 42.9 153 91.5 
K 4.0 15,2 14.9 3.5 
Ca 112 252 137 250 
Mn 64.5 26.6 22.5 28.8 
Fe 1231 831 808 1981 
Ni 1.03 1.0 L:.U 0.17 
Cu 0.12 0.16 
Zn 1.45 0.44 2.52 4.45 
Pb 0.12 0.18 

Source: Martin 1974. 

;·. 
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In an investigation by Geidel (Geidel 1976), the shales from the 

Pocahontas basin in eastern Kentucky and West Virginia were studied to 

determine any correlation between rock type and weathering character

istics. Rather than utilizing column leaching experiments, which may 

or may not simulate actual field conditions, samples of shale were placed 

in plastic cliambers that were continuously purged with humidified air. 

This experimental design allowed the weathering of the rock samples to 

proceed under aerobic conditions. Twice a week the samples were leached 

or rinsed to remove the reaction products that had accumulated since the 

previous rinse. Records were kept of cumulative alkalinity, cumulative 

acidity, shale sulfate concentration, shale iron concentration, and 

shale calcium concentrations over a 60-day leaching period. 

Geidel found that all shale samples tested produced alkaline 

leachates. However, some shale groups demonstrated the potential to 

produce acid in the future, whereas others would sustain a greater 

potential for neutralization. 

These results are significant for the runoff from shale piles near 

strip-mine sites, but the real interest, from the point of view of a 

coal storage pile study, lies in the experimental methods. It may be 

that laboratory column leaching experiments expose the coal to an excess 

of water, which does not actually simulate what occurs in a coal storage 

pile. The volume of water in the column would decrease the amount of 

oxygen available for the oxidation of coal material. These reasons 

suggest the necessity of further investigations into the humidified air 

. method of leaching coal samples, and possible experiments designed to 

compare this method of leaching with column studies. It is obvfous that 

humidified air leaching is not what actually takes place in a large 

compacted coal storage pile, and this should be taken into consideration 

when interpreting the data from such experiments. 

A problem very similar to coal storage pile leachate, but one which 

has likewise received little attention, is the water generated from coal 

slurry pipelines. Figure 4 shows the ·existing and proposed slurry 

pipelines in the United States. 

Briefly, the idea behind coal slurry pipelines is to mix pulverized 

coal with water to form a slurry. This slurry is then pumped, at 
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legend 
--- Existing 
----------In progress 
---Planned 

Fig. 4. U.S. proposed and existing coal slurry pipelines. 
Source: Davis 1976. 

sufficient velocities to inhibit settling of the coal particles, from 

mines or coal transshipment facilities to existing power generating 

facilities. The coal is then separated from the water by gravity, 

vacuum filters, centrifuges, or a combination of the three methods, and 

the carrier water is disposed of (Cowper et al. 1972, Halloran 1976). 

The environmental impact of the pipeline itself seems minimal, 

since the lines are generally underground and equipped with safety 

drainage ponds in case of a break or leak in the system. The problem, 

however, arises when the water which has been used to transport the 

coal must be disposed of. There is no appreciable pickup of dissolved 

solids from the coal as the slurry moves through the pipeline, since. 

the coal is essentially inert (Wasp et al. 1976). The so-called acid 

problem, which results in the formation of ferrous sulfate, does not 

occur in the slurry pipeline context because of the limited availability 

of oxygen. The small amount of dissolved oxygen in the water, which 

occurs naturally when the water and slurry are mixed, quickly disappears 

because the oxygen is adsorbed on the cool surface. This process is com

pleted a few miles down the pipeline; from that point forward the 

pipeline is in essentially an anaerobic system. 

.,_ 

'\ 
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These findings directly contradict the experimental results 

published by Metry (Metry 1975), which show that, even under anaerobic 

conditions, water exposed to coal picks up significant amounts of solids 

and inorganic elements present in the leached coal. 

This potential water quality problem from coal slurry pipelines 

will become an increasing concern as additional trace element concen

trations are added to effluent permits. 
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SUMMARY 

The previous discussion of work that has been carried out on 

characterizing coal storage pile leachate shows that the results of 

experimental analysis differ considerably from one group of researchers 

to the next. Each researcher has had his own goals in mind, ranging 

from simply characterizing leachate to designing a treatment system for 

a coal transshipment facility. Data have been collected under all kinds 

of experimental conditions and on many different types of coal. 

In general, as indicated in the previous section, values obtained 

for coal pile leachate show a wide variation in chemical and solids 

concentrations. Many reasons may account for this variability, such as 

coal type, amount and frequency of rainfall, temperature, and perhaps 

coal particle size. However, a large amount of the data is from random 

sampling with fairly sketchy documentation. Very.little comparison of 

the leachate composition with the chemical composition of the original 

coal appears to have been performed. 

The literature shows that, to date, few investigators have looked 

at the environmental impact of the leachate from coal storage piles. 

Most authors present data from the analysis of grab samples taken from 

leaching experiments, or from on-site sampling during rainfall events, 

but there has been little concentrated effort to investigate the 

long-term environmental.effects of coal pile leachate with emphasis on 

changing water quality. 

I' 
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CONCLUSIONS 

1. Little information appears to be reported in the literature 

regarding runoff from coal storage piles. What research has been 

reported consists mainly of individual grab samples, not sustained or 

controlled testing, on a number of different coals of undefined 

composition. 

2. Reported data indicate that the composition of coal pile runoff 

appears to be similar to acid mine drainage from surface and deep coal 

mining operations. No data was reported on potential attenuation of 

leachate from coal storage piles by local soils. 

3. There appears to be a need for more detailed and systematic 

studies of coal pile runoff, and the associated attenuation of this 

leachate by various soil types. Runoff studies should be related to 

environmental parameters such as biological activity, temperature of 

the pile, time interval between storm events, 'depth of leaching, 

organic-inorganic sulfur content of the coal, and lime content of 

the soil. 
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