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Coal and coal mine drainage 

James F. Boyer, Bituminous Coal Re 

search, Inc., Monroeville, Pa. 

Virginia E. Gleason, Bituminous Coal 

Research, Inc., Monroeville, Pa. 

For the ninth consecutive year, a bibli 

ography of abstracts of published informa 
tion on mine drainage was 

compiled.1 
Included in the 1972 supplement were 

abstracts of 53 articles written in 1972, 
40 articles written in 1971, and 11 articles 

written in the period from 1955 through 
1970. Two new biblographies on surface 

mining for coal were published. While 
both covered much of the same material 
and included sections on acid mine drain 

age, one bibliography 
2 

emphasized federal 
and state concerns and the other3 high 
lighted environmental factors. 

A series of reports has been prepared 
for the Appalachian Regional Commission 

(arc) for the development of an overall 
environmental pollution abatement plan 
for the Monongahela River Basin. Based 
on water quality data and historical records, 
a mathematical modeling technique 

4 was 

developed that could be used to rank the 
30 sub-basins in the order in which they 
contribute to the total pollution load of the 
basin. The Lost Creek and Brown's Creek 
sub-basins in Harrison County, W. Va., 

were studied 5 to evaluate applicable pollu 
tion reduction methods and provide recom 

mendations as to least cost and best overall 
solutions to mine drainage problems in the 
sub-basin. In order to provide data that 

will enable arc to estimate costs of pollu 
tion abatement in the basin, a complete 

handbook 6 on pollution control costs and 
factors affecting these costs was prepared. 

The factors studied included backfilling, 
grading, revegetation of surface mines and 
refuse banks, mine sealing, stream diver 

sion, treatment, and abatement procedures. 
Also in the Monongahela River Basin, a 

study 
7 of active deep mines was conducted 

by epa. This report provides data on 48 
active mines that were producing dis 

charges at the time of the survey. A 

geologic evaluation of the results that prob 
ably would occur because of mining of the 

Upper Freeport coal seam near Maple 
Run, Monongalia County, W. Va., was 

prepared by Overbey.8 Factors studied in 
cluded stratigraphy, overburden structure, 
and ground water and surface water hy 
drology. The Upper Freeport and 18 other 

West Virginia coals were studied by 
Renton et al.9 to determine the relative 

acid-producing potential of coal. The tech 

nique devised to determine the acid-pro 
ducing potential was described, and of 
the coals tested, the Upper Freeport, 

Pittsburgh, and Bakerstown seams were 

major acid producers, the other coals 
showed extremely low acid-prod?ction 
values. 

Eight federal reservoir projects of the 

Corps of Engineers in Kentucky and West 

Virginia were reviewed10 to determine 
the problems associated with coal mining. 

Factors evaluated included sedimentation, 
acid mine drainage, and aesthetic aspects 
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of mining. A comprehensive report11 on 

the water quality conditions of the Ken 

tucky River included available but limited 
data on mine water problems in the basin. 

Mackey12 provided a preliminary report 
on the water quality of the South Fork of 
the Little Conemaugh River. Included are 

the locations and descriptions of the major 
mine acid discharges, Lake Hope, Ohio, has 
been selected as a site for a mine drainage 
abatement demonstration project. The 

feasibility study13 described the mine 
water sources, stream quality, mine con 

ditions, and the mine sealing abatement 

procedures recommended. A survey of the 
acid drainage problem in Illinois was 

conducted by Carter et al.l? Acid mine 

drainage problems were limited to the 

Kaskasia, Big Muddy, and Saline rivers in 

southern Illinois. 

Three reports were published on the 
effects of mine drainage on stream ecosys 
tems. Butler et al.15 determined the effect 
of different levels of acid mine drainage 
on the presence or absence of 116 species 
of fish in Pennsylvania watersheds. The 

median tolerance limits to low levels of 

pH of five selected aquatic insects were 
also determined. The stream ecosystem of 
the East Fork of the Obey River, Tenn., 

was studied by Nichols and Bulow.16 The 
studies centered on water quality, micro 

invertebrates, fish, and aquatic flora. In 
an epa study by McPhilliamy and Green,17 

biological sampling was conducted up 
stream and downstream from three mine 

drainage treatment plants to determine if 
the benthos in the receiving stream were 
affected by the treated mine effluent. Ad 
verse effects were noted in each case; how 
ever, they were more noticeable below 
two of the plants where both acidity and 
iron concentrations were 

occasionally 
ex 

cessive. 

The economics of mine drainage treat 
ment was discussed by Bhatt.18 All avail 
able treatment processes are described, 
sketched, or outlined, and the costs for 
each method are given. In a general article 
on the mine drainage problem, some of 
the same costs were reported by Aston.19 

An examination of the problem and the 

costs involved in abatement were also 

provided in a report20 on the economic 

impact of public policy on the Appalachian 
coal industry. Projected treatment costs 

through 1980, based on expected proven 

technology, were also given. Dreese and 

Bryant21 studied the economic implica 
tions of strip mining legislation on small 
firms. One of the costs examined was for 

water pollution control. Young et al.22 re-* 

ported on the development of a mathe 
matical model having the capability of 

simulating the water quality and eco 

nomic consequences of acid mine drainage 
abatement plants. A case study using the 

Tioga River Basin in Pennsylvania was 

included. 

Long studies of strip mine lakes have 
shown that they become less acid over 

the years. King and Simmler 23 carried out 

laboratory studies to identify the chemical 
and biological processes involved in re 

covery of acid strip mine lakes and to show 
how organic wastes accelerate recovery. 

The most difficult aspect of the mine 

drainage problem continues to be the for 
mation of acidic mine water in under 

ground mines. Robbins24 reported on a 

study to determine the gas injection rates 

needed to develop and maintain slight 
pressures within a mine over ambient 
conditions during changes in the baro 

metric pressure. The ultimate aim of the 

project was to determine the feasibility of 

blanketing an abandoned deep mine with 
an inert gas in order to prevent the forma 
tion of acid mine drainage. While pressur 
ization tests conducted at a 50-acre 

(20.25-ha) test mine site were generally 
inconclusive, the final test results obtained 
at a 15-acre (6.08-ha) mine site were en 

couraging. Laboratory testing of com 

mercially available chemical grouts was 

conducted by Chung25 to evaluate their 

potential use, in conjunction with a cheap 
filler, for remote sealing of mine voids. 
A slurry mix consisting of an acrylamide 
grout with fly ash or mine refuse as a 
filler was found to produce a strong con 
trollable gel that resisted chemical at 
tack. The estimated cost of a mine seal 

using the gel material was not considered 
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presently competitive. Foreman and Mc 
Lean 26 evaluated various mine drainage 

pollution abatement techniques completed 

during the construction phase of Moraine 
State Park, Pa. As a result of underground 

mine hydraulic sealing and grouting work, 
the discharge flow rates were reduced from 
146 to 57 gpm (from 9.2 to 3.6 1/sec) and 

the net acidity from 501 to 160 lb/day 
(227.5 to 72.6 kg/day). Prevention of sur 

face water infiltration into underground 
mines is the objective of a demonstration 

project being conducted in the Dents Run 

Watershed, W. Va. The feasibility study 
for the project was presented by Zaval 
and Robbins.27 

Coal mine refuse occasionally represents 
a source of acid drainage. Kosowski28 re 

ported that acid runoff from refuse piles 
can be controlled by covering the mineral 

wastes with soil, establishing a vegetative 
cover, and providing adequate drainage to 

minimize erosion. The average acid forma 
tion rate for the entire restored refuse pile 

was estimated at 16 lb (7.3 kg) acid as 

CaC03/day/acre, or a reduction of 91+ 

percent when compared to the original 
unrestored pile. Several different methods 
of sealing refuse piles to prevent infiltra 
tion were discussed by Scott.29 Seals tested 
included sodium silicate, sodium silicate 
sodium aluminate, carbonate bonding, sur 

face sealing with clay, and surface sealing 
with a plastic sheet. 

Despite attempts to control its formation, 
some acid mine water continues to be 
formed and must be treated before dis 

charge. The only effective means of treat 
ment is lime neutralization. Case histories 

demonstrating its use and effectiveness 
were presented by Lombardei30 and 
others.17'31 A high-density sludge process, 
incorporating sludge recirculation into the 
lime treatment process, was described by 

Temmel32 and Kostenbader.33 Sodium hy 
droxide treatment was studied by Ken 

nedy34 who concluded that the process 
could be used effectively for treating 
small mine-drainage flows in remote loca 
tions. The cost for sodium hydroxide treat 

ment was considerably higher than lime 
neutralization although this might not be 

a significant consideration because of the 
locations where it would be applied. The 

presence of ferrous iron in most acid mine 
waters prevents the use of limestone as 

the neutralizing agent. Ford and Boyer35 
conducted studies with activated carbon 
as a catalyst to achieve oxidation of fer 
rous iron. Iron was removed by this process 

by adsorption as well as oxidation, but the 

process cost is prohibitively high to con 

sider its use in mine water treatment. An 

extremely thorough review of mine drain 

age treatment processes was prepared by 
O'Brien.36 In addition to neutralization 

processes, the processes discussed included 
flash distillation, ion exchange, reverse 

osmosis, freezing, foam fractionation, bac 
terial sulfur reduction, and chemical sul 

fide treatment. Akers and Moss 37 studied 
the various conditioning methods and de 

watering systems that could be applied to 

the sludges produced by lime and lime 
stone neutralization. No single dewatering 
system was found best for all acid mine 

drainage sludges. However, on the basis 
of cost, the most promising acid mine 

drainage sludge dewatering techniques 
appeared to be centrifugation, conven 

tional rotary vacuum filtration, and rotary 
precoat vacuum filtration. 

Of general interest were review articles 

by Lovell38 and Shackelford.39 A thorough 
review of the effectiveness of government 
sponsored mine drainage research was 

provided.40 It was concluded that until 

significantly more federal and state funds 
are made available for the development of 
additional technology and for an action 

program to identify systematically and 
control acid drainage from abandoned 

mines, only limited progress can be made 
toward reducing pollution caused by such 

discharges. 
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The recent literature on steel industry 
wastewater pollution abatement is largely 
concerned with recirculation of water, 
treatment of coking and blast furnace gas 

washwaters, and recovery and reuse of 

wastewater constituents. Among the lat 

ter, a large segment of the literature relates 
to the treatment and reclamation of sul 
furic and hydrochloric acid pickle liquors. 

Much of the information on pickle liquor 

treatment and reclamation is contained in 

the patent literature. 

General 

Several general papers on pollution 
abatement programs within the steel in 

dustry have been published. Stoner1 de 

scribed waste treatment facilities at a plant 
in operation for three years, which pro 
duces cold rolled and galvanized sheet 

steel. The pollution abatement program 
includes deep well disposal of waste pickle 

liquor, lagoon thickening of water, and 

wastewater treatment sludge with final dis 

posal to land, incineration of waste oil, and 

recycle of treated wastewater. 

Theegarten and von Hartman2 described 

the use of a recycle cooling water system 
in operation at a West German hot strip 

mill. Because of the high cost of raw 

water, the need to meet stringent effluent 

standards, and a high effluent discharge 

surcharge, the company elected to imple 
ment a recirculating system. Each of the 

four recirculating lines of the mill is de 

scribed, and important criteria of design 
and operation are discussed. Nauratil3 pro 
vided a similar discussion of a recirculating 
water system for a Czechoslovakian steel 

mill. Treatment of phenolic wastewaters 

to 98 percent efficiency, followed by dis 

charge to a municipal treatment facility, 
was described. 

Centi4 surveyed wastewater treatment 

techniques for steel mill wastewaters in 

cluding treatment of coking, scale and oily 
wastes, and treatment and disposal of 

pickle liquor. Two articles described steel 

industry pollution abatement programs in 

Japan. Mizuno5 stated that over 90 per 
cent of the water used in many Japanese 
steel mills is recirculating water. The high 
level of recycle was made possible by im 

proved ss removal techniques. Nagasaki6 
described a range of pollution control mea 
sures and cited working processes within 
the industry. 

Spright7 listed methods of air pollution 
control in the steel industry, characterized 
air pollutants according to process sources, 
and described those quenching and gas 

washing methods which generate waste 
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