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COMPTROLLER GENERAL OF TUE UNlTED STATES 
WA5HII4GTON. D.C. 2osia 

L 

The IIonorable !-lenry S. Reuss 9 Chairman 
c\ Subcomnittee on Conservation and 
/ Natural Resources /<ii/- 

Committee on Government Operations 
House 

e 
of Representatives 

Dear Mr. Chairman : 

Pursuant to your request of August 21, 1972, this is 
our report on “Federal and State Efforts to Control Nater 
Pollution Caused by Acid Drainage From Mines.” 

A limited number of copies contain color photographs 
illustrating some of the conditions described in this report. 

As your office requested, we did not obtain written agency 
comments on a draft of this report. How ever , we discussed the 
matters in the report with officials of the Environmental Pro- 
tection Agency and considered their views in finalizing the 
report o 

We do not plan to distribute this report further unless 
you agree or publicly announce its contents. 

Sincerely yours, 
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Acid drainage 

Alkaline material 

IIydrology 

Neutralization 

Refuse piles 

Sludge 

Slurry areas 

Spoil 

Glossary 

Water pollution formed by a chemical 
reaction when mining operations ex- 
pose sulfur-bearing materials to air 
and water. 

Material, such as lime or limestone, 
capable of neutralizing acids. 

The science of water--its properties, 
laws, and distribution, including 
underground sources. 

A treatment method which chemically 
counteracts the polluting effects of 
acid drainage by exposing the acid 
to an alkaline material, 

Accumulations of soil, rock, and im- 
purities ‘which remain after coal has 
been cleaned and processed. 

A residue from treatment of acid 
drainage. 

Holding areas containing waste water 
used to clean and process a mineral, 

The overburden of rock and soil which 
is removed to reach a coal seam during _ 
surface or underground mining operations. 



COMPTROLLER GENERAL'S REPORT TO TflE 
suBcommmE 0~ ~?o~~~ERvATIoN AND 
PJATURA L RESOURCES, COMMITTEE O?J 
GOVERNMENT OPERATIOKS 
HOUSE Or' REPRESENTATIVES 

DIGEST _--_-- 
. 

WHY THE REVIEW WAS MADE 

The Chairman of the Subcommittee 
requested this report because he was 
interested in programs to control I - . = _-we ."..."W3 . . .._ -s.-. 
water pollution caused-by acl d drain:- 
a~f~o=gyj-ps . -~&~~~~~~~,~~.~ -&Iz-.w.. _‘. -. _- . -. .*b.;a.- r 
~"s&.-r 5 --.-l.i_._.. _ 

Federal agencies having such programs 
include the 

!-Environmental Protection Agency 24 
(EPA), 

:-Department of the Interior, 323 

5 
--Department of Agriculture, " 
G 
-;Tennessee Valley Authority, 1' ' 

-ICorps of Engineers, and "/ / CJ> 

-Appalachian Regional Commission.i;7 

GAO visited Illinois, Kentucky, 
Maryland, Ohio, Pennsylvania, and 
West Virginia to identify their 
efforts in controlling water pollu- 
tion caused by acid drainage. 

As requested by the Chairman, GAO 
did not obtain written comments 
from EPA on this report. Howeverg 
GAO discussed matters contained in 
the report with EPA officials and 

c considered their views. 

FINDII\?GS AWD CONCLUSIONS 

Acid is formed by a chemical reac- 
tion in or around a mine when sulfur- 

FEDERAL A!jD STATE EFFORTS TO CONTROL 
WATER POLLUTION CAUSED BY 
ACID DRAINAGE FRO!1 NINES 
B-177011 

bearing minerals are exposed to air 
and water. The air and water react 
with these minerals in mined areas 
or mine refuse piles to form sul- 
furic acid and iron compounds, which 
are then transported by the flow of 
water into streams, rivers, ponds, 
and lakes. 

Federal efforts to control acid 
drainage from mines consisted 
primarily of conducting research, 
development, and demonstration 
projects to find new processes to 
control this form of water pollution. 

Research, development, and 
demonstraation projects 

During fiscal years 1967 through 
1972, 101 federally assisted projects 
totaling about $15.8 million were 
conducted. EPA funded 76 of these 
projects for which the Federal share 
was about $11.5 million. 

The Departments of Agriculture and 
the Interior, the Corps of Engineers, 
and the Appalachian Regional Commis- 
sion funded the other 25 projects 
for which the Federal share was about 
$4.3 million. 

Pennsylvania was the only State in- 
cluded in GAO's review which supported 
a research and development program 
directly related to controlling acid 
drainage. Funds for this program were 
$5.6 million, of which $3.1 million 
was provided by EPA. 

: . 
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EPA's progress to solve the acid 
drainage problem has been slow. It 
estimated that about 70 perce!~t of 
the technology had been developed to 
treat acid-polluted water adequately. 
However, development of the tech- 
nology to prevent acid from forming 
and draining into waterways ranges 
from lo-percent ,to 50-percent 
comp?ete for underground mines and 
surface sources, respectively. 

An EPA official stated that the 
necessary technology to treat and 
prevent acid drainage could be devel- 
oped and demonstrated by 1980 if its 
$123 million estimate of the funding 
necessary to complete such tech- 
nology was made available. EPA 
officials said, however, that, on the 
basis of current and anticipated 
funding levels, the technology to 
control acid drainage could not be 
developed and demonstrated before 
the early 199%. 

Funding cutbacks in the past several 
years significantly affected EPA's 
efforts to develop and demonstrate 
technology. EPA officials said that 
funds were redirected from the acid 
drainage program to other higher 
priority programs to control other 
forms of water pollution because 
more immediate results could be 
achieved. (See p. 13.) 

EPA's acid drainage program involved 
basic research, technology develop- 
ment to treat acid-polluted water 
and prevent the formation and drain- 
age of acid, and demonstrations of 
the technology developed. 

EPA's major effort was in developing 
treatment technology. As of April 
1973, it had conducted 33 projects 
totaling about $7.2 million, of 
which $3.6 million k!as from non- 
Federal sources. 

EPA's estimate that about 70 percent 
of the technology has been developed 
to adequately treat acid drainage 
from mines appears reasonable. 

Individual projects to treat acid 
drainage, if funded adequately, 
appear to be progressing so as to 
allow EPA to meet its 1978 date for 
developing required treatment tech- 
nology. (See pp. 20 to 25.) 

ImpZenlentation progrcrms 

Permit programs for active mines and 
action programs for abandoned mines 
were being used for preventing or 
controlling acid water pollution. 
The six States visited had permit 
programs which provided for control 
of water pollution from active min- 
ing operations. 

The Federal Nater Pollution Control 
Act Amendments of 1972 require all 
States to modify their water quality 
standards and permit programs as 
necessary to comply with certain 
provisions of the amendments. EPA 
is responsible for reviewing and 
approving the States' standards and 
permit, programs. Until the programs 
are approved, EPA will issue dis- 
charge permits for all water pollu- 
tion sources in each State. 

EPA and other Federal agencies - 
generally do not have the authority 
to conduct action programs to control 
acid drainage from abandoned mines. 
Under the Appalachian Regional Devel- 
opment Act of 1965, Interior is 
authorized to contribute funds to 
Appalachian States for projects to 
prevent water pollution from abandoned 
underground and surface mines. 

An official of the Appalachian Re- 
gional Commission, the aqency which 
must approve such projects, indicated 



that as of April 1973 no such proj- 
ects had beon funded and that, evctn 
if additionc:l funds wzrre avaiiable 
to the Commission, it bias doubtful 
that significant amcunis would be 
spent on acid drainage because of 
higher priority needs, such as high- 
way construction, health, education, 
and vocational training, 

Pennsylvania and Maryland had action 
programs that were funded at 
$150 million and $5 million, respec- 
tively. These programs jncluded 
identifying the sources of acid 
pollution, detern;inirq and imple- 
menting the control techniques most 
applicable in each case, and mcnitor- 
ing the results. 

The six States told GAO that the 
Federal Government should appropri- 
ate funds to support action programs 
because of the high costs. (See 
p. 15.) 

The Federal \datcr Pollution Control 
Act Amendments of :972 established, 

InterIoris ?969 dnnual i*epCrt on 
the cost to clean tip water pollution 
stated thst it mmld cost about 
$6.6 billion to reduce ;tcid tlrainzge 
frcr;l C-~Ty 95 p?rcer;t. These 
costs were based on a nation~;;izk, 
Xl-y2ar program to prevent or cm.!-oi 
pollution from active and ~l>~i;:icri*.d 
mines. 

Until significantly more Federal and 
State funds arc made available TOI 
the development of additional tech- 
noloqy and for an action prograin to 
systematically iden!-ify and control 
acid drainage from tihandcncd mines, 
only lSm.ited progress can be ;nade 
toward reducing pollution caused by 
discharges of acid into the ilation's 
streams, rivers p lakes, and ponds. 

i 



INTRODUCTION AND SCOPI, 01: Rh\:Ij:W 

The Chairman of the Subcommittee on Conservation and 
Natural Resources, House Committee on Government Operations, 
in a letter dated August 21, I.972 (see app. I), requested 
us to review the administration of Federal agency programs 
to control acid and other mine water pollution. Subsequently, 
our representatives were informed that the Chairman was particu- 
larly interested in programs to control water pollution 
caused by acid drainage from mines. 

FORMATION OF ACID DRAINAGE 

Ground or surface water draining into streams and ponds 
from mines or mining sites usually contains acid, iron, sul- 
fate, aluminum, manganese, and sediment which, in significant 
concentrations, pollute our waterways. These pollutants occur 
naturally as a result of normal hydrologic and weathering cycles, 
but mining operations increase them substantially. 

Acid causes more damage than any of the other pollutants 
originating from mines. Acid is formed by a chemical riaction 
in or around the mine when sulfur-bearing minerals are exposed 
to air and water. The air and water react with these minerals 
in mined areas or mine refuse piles to form sulfuric acid and 
iron compounds which are then transported by,the flow of water 
from mines into streams, rivers, ponds, and lakes. This 
chemical reaction often continues indefinitely after mining 
operations have stopped and, unless controlled, can be a major 
source of water pollution for years. 

Mining most types of ores causes acid drainage, but coal 
mines cause the most water pollution. In 1967 Interior re- 
ported that 97 percent of all acid pollution in streams and 
about 93 percent in ponds resulted from coal mining. 



FEDERAL. AND STATE FUNDI’GG 

During fiscal years 1967-72, the E~lvirolmental Protection 

Agency (EPA) ’ ; the Depart~zents of the Interior and Agriculture; 
the Corps of Engineers; and the Appalachian Regionril Commission 
funded 101 projects totaling about $15.8 million--$11.5 million 
funded by EPA-- relating directly to water pollution caused 
by acid drainage. 

We vis i ted II 1 inois, Kentucky, Xaryland, Ohio, Pennsyl- 
vania, and West Virginia--States with heavy mining activity-- 
to identify their efforts in controlling acid mine drainage. 
Pennsylvania has conducted a $5.5 million research and develop- 
ment program and has a $150 million action program to prevent 
and control \<ater pollution from abandoned mines. Al though 
Maryland has a similar action program with funds of about 
$5 million, it has no research and dcvclopent program. The 
other four States have no research and de\relopnlent or action 
programs. 

SCOPE OF REVTEN 

Pursuant to the Chairmanfs request and subsequent dis- 
cussions with his office, we (1) ascertained the magnitude 
of the Icater pollution problem caused by drainage of acidic 
water from mines, (2) determined Federal and State agent) 
efforts to control such water pollution, (3) obtained data 
on EPA’s program to develop and demonstrate acid drainage 
control technology, (4) reviewed certain aspects of EPAss 
administration of that program, and (5) inquired as to whether 
Federal agencies were coordinating their efforts. 

We also reviewed provisions in the coal purchase contracts 
of the Tennessee Valley Authority (TVA) and coal mining leases 
of the Department of the Interior to determine whether they 
contained clauses insuring the implementation of technology 
to control acid drainage from mining operations. 

We conducted our review from September 1972 through 
April 1973 at EPA’s National Environmental Research Center, 

‘See app. IV for a chronology of EPA and its predecessor agencies 
which had respozsibil.it} for administering the Federal mine 
drainage pollution control l)rogram. 
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Cincinnati, Ohio; the Federal agency and Appalachian Regional 
Commission offices in Washington, D.C.; and the agencies 
responsible for controlling acid drainage from mines in the 
six States. 

Because the research activities were technical, WC engaged 
a consultant to help us evaluate the effectiveness of certain 
aspects of EPA’s research program. 

7 



EFFORTS TO COSTROL NATEI: POLLUl’IOX CAUSED BY ---.- 

Acid drainage from mines into waterways has been called 
the colorful killer because of its bright orange hue in 
water ; its bright yellow or reddish-brown deposits along the 
beds and banks of streams, rivers, ponds, and lakes; and its 
destruction of aquatic plant and animal life. 

[Photograph not included in 
this copy of the report. ] 

(EPA Photograph) 

ACID DRA:MAGE FROM AN ABANDONED MINE 



[Photograph not included in 
this copy of the report. ] 

(EPA Photograph) 

ACID-POLLUTED STREAM FLOWING INTO A RIVER 

When present in sufficient concentrations, acid in 
water kills fish, fish food organisms, and aquatic plant 
life; lessens the waterfs recreational and aesthetic values ; 
corrodes equipment exposed to the water; and requires ex- 
pensive treatment when such water is used by municipalities 
and industries 0 

Although mining operations are conducted throughout the 
United States, approximately 75 percent of the acid drainage 
has occurred from Appalachian coal mines. In a 1969 report 
on acid drainage from these mines, the Appalachian Regional _ 
Commission stated that, of the 10,500 miles of Appalachian 
streams affected, 5,700 miles were continually polluted by 
acid drainage. Three-fourths of these stream-miles were in 
Pennsylvania, West Virginia, and Maryland. 

Acid drainage comes from both active, abandoned, or 
inactive mines. The 1969 Commission report stated that 
almost 80 percent of the acid drainage in Appalachi:i comes 
from abandoned mines e 

Interior’s 1969 annual report on the cost to clean up 
water pollution stated that it would cost about $6.6 billion 
to reduce acid drainage from mines by 95 percent. Thes c 
costs were based on a nationwide, .20-year program to clean 
up pollution from active and Libtindoncd mints. 

9 



Federal and State agencies could use a three-phased 
approach to control acid drainazc: 

--Research programs to develop the technology to solve 
the problem. 

--Demonstration programs to determine the feasibilit> 
of implementing the technology developed. 

--Implementation programs to apply the technology deter- 
mined feasible. 

Research, development, and demonstration 

EPA has conducted the major program to develop and 
demonstrate technology to control acid drainage, although 
other Federal agencies and Pennsylvania have had programs. 

Four Federal agencies and 1 Federal-State commission 
funded 101 research, development, and demonstration projects 
during fiscal years 1967 through 1972. These projects were 
carried out through contracts, grants, and in-house efforts, 

Projects Related to Prevention, Abatement, 
and Control of Acid Drainage from filines 

Fiscal Years 1967-72 

Agency 

EPA 
Department of the Interior 
Department of Agriculture 
Corps of Engineers 
Appalachian Regional 

Commission 

“See apps. II and III for a 
projects. 

Projects 
Ac- Com- Federal 
tive pleted Total funding 

24 52 76 $21,500,000 
3 8 11 960,000 
4 - 4 1,980,OOO 
2 1 3 470,000 

4 3 7 890,000 - - 

37 64 am $15,8qO,OOO 

brief description of these 



Pennsylvaliia has also conducted a $5.6 million 
technology development program, about $3.1 mi llion of xhlch 
was pro~rided by EPA. 

EPA officials told us- that nu si.nglc process or method 
had been developed which could control I+-ater pollution from 
acid drainage. They said that (1) the formati.on and charac- 
teristics of acid drainage vary, depending on such factors 
as topography, type of mine, average rainfall, amount of 
ground water, and activity at the mine and [Z) a combina- 
tion of several control techniques must often be used within 
a single mine. 

The technology being developed to control acid drainage 
falls into two major categories--treatment and prevention. 
Treatment, using either chemical or physical processes, is 
the most widely used. However p a report entitled “Legal 
Problems of Coal Ffine Reclamation,” prepared under an EPL? 
grant, states that treatment processes are inherently less 
attractive than prevention techniques since they require 
costly operation and maintenance to remain effective. 

Prevention techniques usually center on eliminating from 
mines either oxygen or water or both so that sulfur.-bearing 
minerals cannot mix to form acid. 

EPA program 

During fiscal years 1967 through 1972, EPA funded 66 
research and development projects at a cost of about $7.9 mil- 
lion and 10 related demonstration projects at a cost of about 
$3.6 million, as shown in the following chart. The 76 - 
projects are discussed in chapter 3. 
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OBLIGATED DOLLARS 
IN MILLIOMS 

DEMONSTRATION 

RESEARCH AND 
DEVELDt’htENT 

I - 1 1 

FUNDING LEVELS OF EPA PROJECTS TO CONTROL 
ACID DRAINAGE FROhi MINES 

Progress in solving the problem of acid drainage from 
mines-- especially from abandoned underground mines--has been 
slow. (See tab1.e below .) 

EPA Estimate of Acid Drainage Control Technology 
Developed and Demonstrated as of April 1973 

Percent Additional 
completed costs to complete 

(millions] 

Research and development: 

Basic research 
Treatment 
Prevention--underground mines 
Prevention--surface sources 
Prevention--new mining methods 

Demonstration 

90 $ 0.3 to $ 0.4 
70 2.0 to 3.0 
10 20.0 to 30.0 
50 4.0 to 6.0 

a10 J’6.0 to 50.0 

(LQ - 29.0 to - 40.0 

$91.3 s129_j! 

I2 



As the table indicates, EPA est imatcd that 70 percent 
of the technolog> needed to treat acid drainage has been 
dcvel aped, and that between 10 and 50 percent of the technol- 
ogy needed to prevent acid draj nagc has been dcvcl aped. 

An EPA official told us that the necessary tcchnolog) 
to treat and prevent acid drainage could be developed and 
demonstrated by 1980 if funds for the total estimated maxi- 
mum cost of $129 million were made available during the 
intervening years so that optimum funding levels of approxj- 
mately $30 million a year could be reached during 1977 and 
1978. 

EPA’s acid drainage program has, however, had funding 
cutbacks in the past several years which have adversely af- 
fected EPA’s efforts to develop and demonstrate technology. 
For example, EPA personnel responsible for the mine drainage 
program stated that promising acid drainage technology dcvcl- 
opment projects have been delayed as much as 2 years because 
of limited funding q During fiscal year 1972, EPA also re- 
duced the funds allocated to the acid drainage demonstration 
program from $2.2 million to $1.2 million. 

The funding cutbacks resulted from EPA officials’ re- 
directing funds from the acid drainage program to other pro- 
grams which they considered of higher priority. Because 
these officials considered the acid drainage problem one of 
the most technically difficult to solve, they concentrated 
on other forms of water pollution for which more immediate 
results could be achieved. 

EPA projections for fiscal year 1974 and beyond indicate 
that funding for the acid drainage program will increase at 
an annual rate of from 5 to 20 percent. On the basis of 
these projections, EPA estimated that technology cannot be 
developed and demonstrated to adequately control acid drainage 
before the early 1990s. 

EPA plans to concentrate its efforts primarily on demon- 
stration projects and to direct research and development ef- 
forts toward prevention, rather than treatment, technology. 

13 



Interior and Agriculture, the Corps of Engineers, the 
Appalachian Regional Commission, and, Pennsylvania have con- 
ducted some research, development, and demonstration projects 
related to controlling acid drainage. The Federal and Com- 
mission projects, discussed in chapter 4, were conducted as 
part of those agencies’ missions and not as part of an over- 
all coordinated effort to control acid drainage. An EPA 
official informed us that his agency was generally aware of 
the projects and that several had benefited EPA’s program. 

Pennsylvania was the only State in our review which had 
funded a technological development program directly related 
to controlling acid drainage. Although the programs of the 
Federal agencies and of Pennsylvania have contributed, EPA’s 
program is the major effort directed to developing the 
technology necessary to control water pollution caused h> 
acid drainage. Federal and State officials told us that a 
continuing Federal effort to develop and demonstrate tcchnol- 
ogy is needed. 

Impltmen tation 

Permit programs for active mines and action programs 
to control drainage from abandoned mines were being used for 
preventing or controlling acid water pollution. 

The six States in our review had permit programs. 
These programs generally regulate the quality of mine water 
drainagc-- including discharge of water from mines, erosion,- 
and disposal of waste material during active mining opera- 
tions--and require acid-producing materials to be buried and 
mine shafts and tunnels to be closed or sealed when mining 
operations are completed. If a permit holder fails to comply 
with the requirements 9 the, permit becomes the basis for 
assessment of penalties, legal action to force compliance, 
or both. We did not review the effectiveness of the State 
perrrii t programs. 

All States are required to modify their water quality f 
5 

s t.nndards and pernli. t programs to comply with the require- $ ‘i 
merits of the Federal Water Pollution Control Act Amendments 3 
of 1972 (Pub1 ic Law 92-500). EPA is responsible for review- r 
i ng and approving State standards and permit programs e : Until j $ 4 ; 
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they are approved, EPA will issue permits to dischargers of 
pollutants in each State. The States will retain the pri - 
mary responsibility for enforcing these permits; however, if 
a State fails to act within 30 days after receiving EPA’s 
notice of violation, EPA is empowered to proceed against a 
permit holder violating water quality standards. 

An EPA official informed us that the 1972 amendments 
were silent on controlling water l>ollution from abandoned 
mines c Enforcement action against owners of abandoned mines 
is complicated because (1) the owners of land having abandoned 
mines often did not own the land whelm the mines were operating 
and (2) at the time the mines were operating no requirements 
existed to control acid drainage. Federal and State officials 
told us that the control of discharges from abandoned mines 
depends on the expenditure of public money to conduct full- 
scale action programs to prevent and control acid drainage. 

Pennsylvania and blaryland are conducting such programs 
and have funding levels of $150 million and $5 million, 
respectively. These programs include identifying the sources 
of acid pollution, determining and implementing the control 
techniques ;,,ost applicable in each case, and monitoring the 
results. The six States told us that the Federal Government 
should appropriate funds to support action programs because 
of the high costs. 

EPA officials stated that they did not have authority to 
financially aid the States in controlling discharges from 
abandoned mines. It7e identified only one source--Interior-- 
of Federal funds for an action program to abate acid drainage 
from abandoned mines. 

* 

Under section 205 of the Appalachian Regional Develop- 
ment Act of 1965, as amended, Interior is authorized to 
contribute funds to Appalachian States’ projects to prevent 
water pollution from abandoned underground and surface 
mines. Such projects must be approved by the Appalachian 
Regional Commission 0 A Commission official told us that, 
although the act authorized action projects, no project 
to control acid mine drainage had been funded as of April 
1973. He said that, even if additional funds were available, 
it was doubtful that the Commission would spend significant 
amounts on acid drainage control because the Appalachian 
States had higher priority needs for highway construction, 
health, education, and vocational training programs. 

. . 
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ACTU PRAINAGE CONTROL PROVISIONS -- -__ --_l___-___l_ 
IN FJiDlJR:4J, COXTJ:ACTS ANI, J,IIASJ’S 

TVA is the Nation’s larigest 
coal consumer. In 1970. TVA purchased more than 33.6 million 
tons of coal for generating power;’ approximately 53 percent 
of it c3trne from surface mines, In 1965 TVA began to require 
reclamation and conservation plans in its purchase contracts 
for strip-mined coal. Bids submitted to TVA must also in- 
clude such plans. The plans must provide that, among other 
things) the operators properly handle and segregate acid- 
forming materials within the mining pit; cover exposed areas 
of coal, the bottom of tflc pit, and all acid-forrnir!g materials 
to a depth of at least 4 feet; and control water flora from 
the mine area to minimize soil erosion, damage to other lands, 
and pollution of streams or other waters. The plans become 
part of the contracts if they meet TVA’s approval, and the 
contractors are required to perform their mining operations 
accordingly. The contracts, however, have not specifically 
provided that the best available technology be used to treat 
acid drainage. 

We did not evaluate the administration or effectiveness 
of TVIZfs reclamation and conservation requirements. FJowe ve r , 
in our August 9, 1972, report’ to Congressman Ken Hecliler on 
the adninistration of land reclamation requirements of TVA 
coal purchase contracts 9 we stated that (1) TVA did not have 
adequate procedures for conducting and reporting on inspec- 
tions of reclamation activities 9 (2) the frequency of inspec- 
tions of mini.ng sites varied significantly, and (3) the 
inspection reports did not always show whether the reclamation 
requirements were being met. 

On September 12, 1972, in response to this report, the 
Chairman of TVA stated that under TVA’s new requirements, 
‘areas and seanls known to have a high acid overburden are 
carefully evaluated and if those evaluations indicate a po- 
tential inability of the producer to properly handle such 
material, TVA’s contract with the producer may contain a 
provision prohibiting mining in such areas. 

f : 
,! 

- 

____ 

“‘Opportunities for Improvement in Reclaiming Strip-Mined 
J,antls Under Coal Purchase Contracts” (B-114850), 



The Chairman stat-ed that TVA had revised its inspection 
reporting’ requirements and that, at that time, inspectt.on 
report forms were being revised to more clearly document 
inspection findings. He stated also that the inspection 
staff had been increased to insure that critical mines would 
be inspected no less than twice a month) with many being in- 
spected weekly. 

In January 1972 Interior estimated that 41 million of 
the 825 million acres of public land and 13.5 million of the 
50 mil.lion acres of Indian land it administered had coal dc- 
posits. At that time, 1.6 million acres of the public land 
and 700,000 acres of the Indian land were subject to coal- 
prospecting permits or coal-mining leases, which are adminis- 
tered by Interior’s Bureaus of Land FInnagement and Indian 
Affairs , respectively. Interior’s Geological Survey is re- 
sponsible for providkg scientific and technical advice to 
both Bureaus. 

Permits and leases did not specificall?r provide that 
the best available technology be used to treat acid drainage. 
Interior, however, had regulations which Ilrovidcd for the 
protection of the environment during mining opt rations. The 
regulations required the Bureaus f in reviewing an application 
for a permit or a lease, to conduct a technical examination 
of the environmental effects of the proposed exploration or 
surface-mining operations. 

The regulations also required that, before an operator 
began any surface operations to explore or mine for coal on 
public or Indian land, an exploration and mining plan be 
filed by the operator and approved by the Geological Survey. - 

The Survey may require such a plan to include a descrip- 
tion of measures to be taken to prevent and control soil 
erosion 9 water pollution, and damage to fish and wildlife 
or other natural resources. A mining plan may also be re- 
quired to include (1) an estimate of pollutants expected to 
enter waters, (2) a design for impoundment, treatment, or 
control of runoff water and drainage from works, and (3) a 
statement of the proposed manner and time of reclaiming dis- 
turbed areas. 
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He did not ~V2lU~lt~ the administration or effectiveness 
of these- regrll;lti.ons ; ho!~:c~~cr, in our Aug1ls-t 10, 1972, rft- 
port' to the Cha j ~9312 , !;:lbc,o!‘irn.i~tec 011 Conserva tiort alid Xat- 

ural Resources 9 I:‘t) cc!nclu:lcd that Interior's regulations, if 
properly im~)lemcnted, sho~~ld help to protect environmental 
values. IYe rc:)ortcd that, of the 65 permits and leases re- 
viewed, 35 had not had the reciuired technical examinations. 
The report stated that as of June 30, 1972, the Rureau of 
Land ::anagenient had instructed its field offices to implement 
the regulations but that the Geological Survey an3 the Bureau 

of Indian Affairs ha3 not. Department officials stated that 
both the Geological Survey and the Bureau of Indian Affairs 
planned to issue instructions; however, as of April 1973, 
they had not done so. 

PROGRANS NEEDED TO CONTROL 

The Federal Water Pollution Control Act Amendments of 
1972 established, as a national goal, the elimination of the 
discharge of pollutants into navigable waters by 1985. The 
act state3 that national policy required a major research 
and demonstration effort to be made to develop tecllnology 
necessary to eliminate such discharges. 

An EPA official stated that such a goal was attainable 
with anticipated technology for active mining operations 
throui;h a water pollution discharge permit program and of- 
fective enforcement actions. The official stated, however, 
that achievement of this goal for abandoned mines would re- 
quire a major effort to develop additional technology an3 a 
significant Federal and State action program to implement 
it. 

Until significantly more Federal and State funds are 
made available for the development of additional technology 
and for an action program to systematically identify and 
clean up acid drainage from abandonccl mines, we believe that 
only limited progress can be made toward reducing pollution 
caused by discharges of acid into the Nation's streams, rivers, 
lakes, and pon3s. 

'"f"idIninistrntio~1 of Regulations for Surface Exploration, 
?.iining, an3 Reclamation of Public and Indian Coal Lands" 
(!blS8623). 
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,- CHAPTER 3 

RESULTS OF EPA PROJECTS 

EPA’s research program objectives for controlling or 
preventing water pollution caused by acid drainage from mines 
are to: 

--Develop technology to control and abate water pollu- 
tion caused by mine drainage. 

--Demonstrate to potential users--States and industries- - 
the feasibility and practicality of the technology de- 
veloped. 

--Support its regulatory mission by demonstrating 
acceptable techniques on which to base water discharge 
permits for active mines. 

EPA’s acid drainage research, development, and demonstra- 
tion program is the responsibility of the Office of Research 
and Development. As of April 1973 the program was adminis- 
tered by a staff of lo--3 at EPA headquarters and 7 at 2 
field locations. 

During fiscal years 1967 through 1972, EPA funded 76 
extramural acid drainage projects at a cost of about $11.5 
million. Non-Federal funds total.ed about $7.2 million. 
(See table below. ) These projects were conducted by univer- 
sities, States) or private firms under 49 grant and 27 con- 
tract agreements. During this time EPA also conducted an 
in-house research and development effort, totaling about 
$1.1 million, directed primarily toward developing acid 
drainage treatment processes. 

Area 

Research and Develonment: 
Basic research L 
Treatment 
Prevention--underground mines 
Prevention--surface sources 
Prevention--new 

Demonstration mining methods 

Total 

Extramural projects 
costs 

Federal NoneFederal - - Total - - 

9 s 
33 

588,000 
3,548,OOO 

$ 34,000 $ 
3,603,OOO 

622,000 

13 1,838,OOO 
7,151,ooo 

8 
542.000 

1,166,OOO 
2,380,000 

3 988,000 2,154,OOO 

lo 
740,ooc 280,000 3,618,OOO 1,020,000 

1,755,000 5,373,OOO 

22 $~~2-t%sLoQ $7,202.000 fl&77&0& 



As of April 1973, 52 of these projects, representing 
68 percent of the total extramural projects, had been com- 
pleted. 

EPA funded nine basic research projects at a cost of 
about $59O,OOG, ail of which were completed as of April 1973. 
These projects generally were for studies and investigations 
of the composition and causes of water pollution resulting 
from acid drainage. EPA estimated that additional costs of 
$300,000 to $400,000 would be requi.red for future basic re- 
search studies emphasizing pollution associated with mining 
for minerals other than coal. 

TREATMENT 

EPA’s most significant acid drainage research and de- 
velopment effort was directed toward developing treatment 
techniques to eliminate or reduce the effects of acid drain- 
age. EPA funded 33 extramural treatment projects at a cost 
of about $3.5 million. As of April 1973, 26 projects had 
been completed. 

The following table shows EPA’s projects for treating 
acid drainage 9 the Federal funding, and EPA’s opinion of the 
results of these projects. 

Technique - 

Lime/limes tone neu- 
tralization 

Reverse osmosis and 
neutrolosis 

Ion exchange 
Pretreatment: 

Electrochemical 
Ozone 
Carbon 

Sludge treatment 
Other : 

Biological 
Freezing process 
Foam separation 
Sulfide/sulfate 

Total 

EPA’s opinion Federal 
Projects of results funding 

7 Successful 

4 Promising 
2 Promising 

2 Promising 
2 Unsuccessful 
1 Unsuccessful 
4 Promising 

3 Unsuccessful 
1 Unsuccessful 
2 Unsuccessful 
5 __ Unsuccessful - 

-- 3.3 - 
20 

$1,464,000 - 

368,000 
159,000 

171,000 
36,000 
50,000 

219,000 

210,000 
10,000 

137,000 
724,000 

$3,545,0OQ -~ 



In addition to this extramural-effort, EPA had conducted 
in-house ,research related to treatment at a cost of about 
$1.1 million. Primary emphasis of this research was on the 
neutralization and reverse osmosis techniques. 

EPA estimated that 70 percent of *the technology required 
to adequately treat acid drainage had been developed and that 
it would cost from $2 to $3 million to develop the additional 
technology required, An EPA official stated that future ef- 
forts in this area would be directed torgard further develop- 
ment of promising techniques. The official stated that EPA 
did not plan to fund additional projects to develop new 
treatment techniques unless a technique with significant po- 
tential became available. n 

Lime/Limestone neutralization 

Most acid drainage treatment plants used during active 
mining operations add lime or limestone to the drainage to 
neutralize the acidity. Neutralization can produce water 
acceptable for discharge into streams but unacceptable for 
municipal or industrial uses without further treatme:lt. The 
following photograph shows a typical lime neutralization 
plant. In this operation, lime is added to acidic water be- 
fore the water is channeled into a storage area where it is 
mixed and aerated. 

c 

[Photograph not included in this 
copy of the report. ] 

(EPA Photograph) 

LIME NEUTRALIZATION TREATMENT PLANT 
USED TO TREAT AC!D WATER 
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.EPA officials consider that their lime/limestone treat- 
ment efforts are the most successful of all treatment re- 
search and have wide applicability to the acid drainage prob- 
lem. The seven lime/limestone projects, three of which are 
completed, involved the design, construction, and operation 
of lime/limestone treatment plants; determinations of the 
best type of lime/limestone to treat various concentrations 
of mine drainage ; a process to produce potable water from 
neutralized mine drainage ; and the use of limestone barriers 
in streams. The following photograph shows a limestone bar- 
rier constructed in a stream to eliminate mine drainage pol- 
lution by neutralization. 

[Photograph not included in 
this copy of the report. J 

(EPA Photograph) 

LIMESTONE BARRIER USED TO NEUTRALIZE ACID DRAINAGE 
IN A STREAM 

EPA estimated that the lime/limestone technique removes 
95 to 99 percent of acidity and that the cost of water treated 
ranges from $0.03 to $1.20 per thousand gallons, depending on 



the acidity of the water and the size of the treatment plant. 
An EPA official estimated that an additional $300,000 would 
be required to fully develop this technique by optimizing 
the use of limr, and lirnestonc to lower the cost and redlltrc 
byproduct disposal problems. 

Reverse osmosi 5 and neutrolosis _- ___- 

In reverse osmosis, polluted water is forced ag:linst a 
membrane under high pressure causing unpolluted water to 
pass through. ‘I’his process can produce high-quality natcr 
suitable for municipali.ties and industries with little a(!di- 
tional treatmerit. Reverse osmosis was initially devclopcd 
by Interior’s Office of Sali.nc Nater as part of its program 
to produce potable water from saline water. EPA cons idc rs 
reverse osmosis promising for treating acid drainage and 
estimates that 95 to 99 percent of the acid in the water can 
be removed b>- this process. Costs range from $0.70 to 
$1. SO per t?:ou sand gallons of water treated. 

Reverse osmosis produces, as a waste product, a concen- 
trated acid (brine) which must be treated before it can be 
discharged into a stream. Ncutrolosis 9 a process being 
patented by EPA, is designed to solve this problem. By com- 
bining the favorable features of reverse osmosis and lime/ 
limestone neutralization, neutrolosis produces high-quality 
water and an easily disposed-of waste product. 

Three of the four reverse osmosis projects have been 
completed, and EPA estimates that 80 percent of the technol- 
ogy has been developed for this process. 

EPA plans to spend an additional $300,000 to further 
develop the reverse osmosis and neutrolosis processes, pri- 
marily by developing a more efficient and durable membrane. 

Ion exchange 

In ion exchange, water pollutants are removed from acid 
drainage by being exchanged with another more desirable 
mineral in a treatment bed. The pollutants are retained in 
the treatment bed until they are removed to a waste water 
impoundment area. The new mineral in the treated water is 
either removed by further processing or permitted to remain 
if its concentration does not exceed acceptable levels. 

23 

_ -  



EPA estimates that this process costs between $0. 75 and 
$2 per thousand gallons of water treated and has an effecti-ve- 
ness range of 85- to 93-percent acid removal. Both projects 
involving this process have been completed. An EPA official 
stated that development of this technique, which is approxi- 
mately 10 percent complete, has been delayed about 1 year 
because of funding constraints. EPA plans to spend an addi- 
tional $1 million to further develop this technique, emphasiz- 
ing larger scale testing to prove its validity. 

Pretreatment techniques ---- 

Pretreatment techniques prepare polluted mine water for 
lime/limes tone, reverse osmosis, or ion exchange treatment. 
EPA has funded five projects involving three pretreatment 
techniques--electrochemical, ozone, and carbon. 

EPA officials considered the electrochemical process, 
which applies an electrical charge to the polluted water, 
to be the most promising. This protreatment technique is 
estimated to cost from 2 cents to 10 cents per thousand 
gallons of water treated. One of the two electrochemical 
projects has been completed. EPA officials plan to spend 
an additional $100,000 to further develop this technio,ue to 
make it more compatible with treatment processes. They told 
us that development of this technique had been delayed by 
agency funding constraints. 

An EPA official stated the ozone and carbon techniques 
were effective as pretreatment processes but were too costly 
for widespread use. The ozone technique uses ozone gas and 
is estimated by EPA to cost from 10 cents to 80 cents per - 
thousand gallons of water treated. The carbon technique 
uses activated carbon and is estimated to cost from $62 to 
$165 per thousand gallons of water treated. Both these tech- 
niques exceed the estimated cost parameters of electrochemi- 
cal pretreatment, and we were informed that EPA did not plan 
to spend additional funds on further developing them. 

Sludge treatment techniques ---- 

Most acid drainage treatment processes produce a waste 
product called sludge whi ch causes significant handling and 
disposal problems. EPA funded four Projects for various 
methods TO handle and dispose .of sludge. These projects 
have been completed, and EPA considers their results promis- 
ing. _- 
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EPA officials estimated the cost of techniques to 
handle and dispose of sludge at $O.lfl to $2 per thousand 
gallons of water treated, depending on the technique used. 
EPA officials estimated, that an additional $250,000 was 
needed to develop sludge treatment techniques and stated 
that this research has been delayed about 1 year due to EPA 
funding constraints. EPA plans to concentrate on drying 
methods and techniques to use sludge for irrigation. 

Other treatment technioues --de- --- 

EPA considered other treatment techniques--biological, 
freezing, foam separation, and sulfide/sulfate--unsuccessflll 
because they were either technically or economically infcasi- 
ble . All project techniques had been completed as of April 
1973. EPA plans no additional work using these techniques 
unless a significant scientific breakthrough develops. 

Conclusions -- 

li’e engaged a consultant to assist us in evaluating EPA’s 
program to develop acid drainage treatment technology. On 
the basis of our review and our consultant’s evaluation, we 
believe that EPA’s treatment program has produced techniques 
which (I) have been demonstrated to be efIective in treating 
acid drainage or (2) show promise of being effective but re- 
quire additional research. EPArs estimate that about 70 per- 
cent of the technology has been developed to adequately treat 
acid drainage from mines appears reasonable. EPA’s decisions 
on the areas warranting additional research and the related 
funds required also appear reasonable. 

We believe that EPA’s April 1972 plan, which provided - 
for developing the required treatment technology by 1978, is 
reasonable on the basis of the amount of work completed, the 
present level of effort, and the projects scheduled for future 
funding. The individual treatment projects, if adequately 
funded, appear to be progressing so as to allow EPA to meet 
the 1978 date. 
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EP:2 officials state-d that the most critical need for 
technological develol-Jmeilt is for techniques or prOCeSSeS to 
prevent acid drainage from underground mines, especially 
abandoned on, L 

EPA fu1rdr.d 13 projects related to underground mining at 
a cost of at)o:jt $1.8 million. Non-Federal funding totaled 
about $500, Oi‘i~:. As of April 1973, 9 of the 13 projects were 
complete. T:li: following table shows the techniques used, 
EPA’s opinion of the results of these projects, and the Fed- 
eral funding. 

Techni quc 
Proj- EPA’s opinion Federal 

ects of results funding 

Bulkhead seals 4 Successful $ 873,000 
Inert &as 3 Promising 157,000 
Internal scaling 3 Promising 428,000 

Other: 
Latex soil sealant 1 Unsuccessful 182,000 
Underground mine 

de tecti on 1 Unsuccessful 115,000 
Underground mining 

methods 1 Unsuccessful - 83,000 

Total g $1,838,000 - 

EPA estimated that it had developed about 10 percent of 
the technology required to prevent acid drainage from under- 
ground mines and that an additional $20 to $30 million for 
research was needed to further refine promising techniques. 

Bulkhead seals 

Bulkhead seals ) constructed with concrete, limestone, 
or other material, are used to block mine entrances or inner 
tunnels of abandoned mines e These seals are designed to 
prevent oxygen from entering the mine and to retain drainage 
behind the seal. 

*- 
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An 6PA official stated that these seals had been the 
most success-CuI underground acid drainage prevention tecil- 
nique developed and that under certain conditions a mine can 
be effcctivcly sealed by this techniqvc, Sorllc types of 
bulkhead seals are being used commercially and are considered 
by EPA officials to be 75 percent to 99 percent effective in 
reducing acid pollution when properly implemented. The cost 
of these seals ranges from $1,000 to $20,000 per seal. 

EPA does not plan to further develop bulkhead seal 
techno logy 5 except for a self-sealing plug which is placed 
in the mine opening. As the acid drainage flows through, 
it is neutralized and a residue is formed which seals the 
opening. This type of plug has been successfully used in 
laboratory studies and has been tested on a limited basis 
in mines. An EPA official stated that the limestone plug, 
when developed, could be less expcnsivc than other bulkllead 
seals, EPA plans to spend an additional $200,000 on this 
technique starting in fiscal year 1973. 

Inert gas 

Another underground mining technique 9 which is being 
developed to control water pollution from abandoned mines 
and which is considered promising by EPA, is the use of inert 
gas to replace oxygen and thereby prevent the formation of 
acid. EPA indicated that laboratory studies have shown the 
feasibility of this technique e However, major problems 
still exist in preventing the escape of the gas. EPA es- 
timated that an additional $800,000 lcould be spent beginning 
in fiscal year 1975 to test this technique at an abandoned _ 
underground mine. 

Internal sealing 

EPA stated that internal sealing--the injection of a 
chemical into a mine to prevent acid formation--was another 
promising underground control technique which was not fully 
developed. One promising internal sealing method uses a 
lime/limestone mixture which is injected into a mine to seal 
small cracks where leakage is occurring. As acid flows 
through this mixture, it is treated and forms a sludge which 
seals the leak. An EPA official stated that t!lis process 
cm stop leaks in bulkhead seals. 
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Styrofoam scaling, anotlier internal sealing method, 
involves filling a sect-ion of a mine with foam which covers 
the sulfur-bearing materials and thus prevents acid forma- 
tion. 

IGo cost parameters or degrees of effectiveness were 
available for these internal sealing methods because of 
their early stages of development. EPA estimated that an 
additional $500,000 would be required to further develop 
these techniques. An EPA official told us that, because of 
agency funding constraints) further development of internal 
sealing methods was not expected until fiscal year 1980. 

Other underground mining 
techniques or s tudics 

>. 

t. 

Some of the projects for preventing acid drainage from 
underground mines were considered unsuccessful because of 
technical problems and implementation costs. These included 
various underground mine detection efforts to identify acid 
pollution sources and the use of a latex soil sealant to 
divert suriace water from underground mines. EPA plans no 
further work on theso techniques since they were not con- 
sidered successful or promising. 

EPA funded one project to review various methods avail- 
able to abate Icater pollution from underground mines. The 
grantee reviewoil the state of the art for underground mining. 
EPA officials told us that the grantee also was supposed to 
develop new methods for acid drainage prevention from under- 
ground mining but was unable to do so. They, stated that a 
need still exists for new and innovative technology for - 
preventing and controlling drainage from underground mines. 
The officials stated that, in fiscal year 1974, they plan 
to request proposals for the development of such technology. 

_. 
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FROMSLTIiFACE SOlJRCES 

EPA projects to prevent acid drainage from surface 
sources (mines, spoil, refuse piles, slurry areas) included 
backfilling, regrading, contouring, re+cgetating, and build- 
ing water impoundment areas. These methods, while preventing 
drainage, also helped to control other mine-related problems, 
such as erosion and siltation, and were implemented primarily 
as reclamation measures S 

EPA estimated that reclamation techniques for preventing 
aci.d drainage from surface sources are from 75 to 95 percent 
effective and cost from $300 to $3,000 an acre. These 
estimates depend on the type of surface area, slope of land, 
and proposed use of the land. 

As a part of the reclamation process, revegetation is 
used to establish a cover on surface-mined areas. E PA 
estimated that revcgetation, which costs from $70 to $700 an 
acre, is 60 to 95 percent effective in controlling acid 
drainage, The cost and effcctivencss of revegetation de- 
pends on the type and thickness of surface cover and soil 
conditions. 

EPA funded eight projects, at a cost of about $1.2 mil- 
lion, related to preventing acid drainage from surface 
sources. Non-Federal costs totaled about $1 million. Five 
of these projects had been completed as of April 1973. EPA 
considers the technology developed to date for preventing 
acid drainage from surface sources as promising. EPA of- 
ficials stated that about 50 percent of the technology re- 
quired to prevent acid formation in surface sources has been - 
developed but that EPA funding constraints have delayed the 
program and an additional $4 million to $6 million for re- 
search is still needed. 

Mine spoil 

EPA funded two mine spoil projects at a cost of about 
$256,000. The projects were di.rected toward preplanning 
mining operations to avoid acid drainage discharge into 
waterways. One of the projects, which has been completed, 
consisted of a study to analyze spoil for potential acid, 
sediment, and other pollutants. EPA considcrcd the results 
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of tKe study promising and funded a second project to include 
additional geographical areas to determine whether the meth- 
ods developed applied to other types of spoil. 

An EPA official told us that’, as a result of EPA’s work 
on spoil, three States--Ohio, Montana, and West Virginia-- 
require preplanning of surface mines and analysis of spoil 
before mine operations can be approved. EPA plans to fund 
additional mine spoil work with primary emphasis on drainage 
problems otller than acid. 

Refuse piles - 

Coal refuse piles contain sulfur-bearing materials which 
become exposed to air and water and form acid that drains 
into waterways. 

EPA funded three projects at a cost of about $559,000 
for research on the stabilization of refuse piles. Two com- 
pleted projects showed that certain chemical sealants can 
be used to prevent acid formation from refuse piles. The 
third project) which was active, used a soil cover to 
stabilize a coal refuse pile. The following photographs 
from this project show the acid-producing refuse pile before 
and after being covered by soil and seeded. An EPA official 
said acid from this pile has been reduced significantly. 

[Photograph not included in 
this copy of the report. ] 

(EPA Photograph) 

COAL REFUSE PILE BEFORE RECLAMATION 
__ 
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[Photograph not included in 
this copy of the report. ] 

{EPA Photograph) 
COAL REFUSE PILE AFTER RECLAMATION 

An EPA official stated that this project was being 
conducted primarily to determine the depth of the soil cover 
which must be placed on the refuse piles to control acid 
drainage under varying conditions. 

EPA estimated that its reclamation efforts on refuse 
piles were from 50 to 90 percent effective in controlling 
acid drainage and cost from $2,000 to $10,000 an acre. 

Slurry areas 

The potential water pollution from slurry areas can be _ 
reduced by treating with chemicals, covering with soil, rc- 
vegetating, or flooding the areas. EPA estimated that these 
methods were 25 to 95 percent effective in controlling acid 
drainage pollution and that they cost from $300 to $2,000 an 
acre, depending on the size and location of the slurry area. 
EPA funded one research project totaling about $21,000 which 
involved a study of the composition of waste water contained 
in a slurry area. 

EPA plans additional research on developing techniques 
to stabilize slurry areas by using evaporation and chemical 
methods. 
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Other surf;tce projects - 

EPA funded two other projects related to the preventi.on 
of acid drainage from surface sources. The objective of one 
of these projects was ‘to monitor ‘and evaluate the effec- 
tiveness of acid drainage prevention techniques by compiling 
data on stl!:am flow and water quality. 

_, 
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BY NETi IdINING mmoi~s - 

EPA’s research on new mini.ng methods involved 
developing alternative methods to mine both surface and 
underground coal and emphasized reducing acid drainage from 
mining operations, 

EPA funded three such projects and estimated that their 
technologies were 10 percent developed. The following table 
shows the techniques being developed and EPA’s opinion of 
their potential. 

Technique 
EPA’s opinion Federal 

Projects of results funding 

Oxygen-free mining 
Longwal.1 stripping 

2 
1 - 

Promising $652,000 
Promising 88,000 

Total 3 = $740,000 - 

An EPA official stated that EPA was unable to develop 
other new mining methods because of agency funding con- 
straints and that it needed $36 to $50 million more. 

Oxygen-free mining 

When coal is mined in an oxygen-free atmosphere using 
self-supporting life systems similar to space suits, an 
inert gas is substituted for oxygen in a sealed underground 
mine 9 thus eliminating the presence of one element necessary - 
for acid formation. The following photograph shows the type 
of life-support equipment used by a miner in an EPA devclop- 
ment project. 

The initial proj ect, which has been completed, was an 
engineering evaluation of the feasibility of using this tech- 
nique with standard mining equipment. The second project, 
which was active as of April 1973, involves testing the life- 
support equipment under actual working conditions. 

EPA and the Bureau of ;“?lines disagreed as of April 1973 
over safety features of this technique. According to EPA, 
oxygen-free minj~ng is considered feasible and promising. EPA 
informed us that this technique would not only prevent acid 

_- 
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[Photograph not included in 
this copy of the report] 

I _- 
(EPA Photograph) 

EQUIPMENT USED BY A MINER IN AN OXYGEN- 
FREE MINING ExPERiiV1ENY 

drainage but would also protect the miners from black lung 
disease. The Bureau of Mines, which funded about $15,000 
of the research on this technique, stated that it would not 
participate in future studies because this type of mining 
would place a miner in a more hostile environment; he could 
not breathe in the mine atmosphere in case of equipment 
failure. 

EPA told us that developing the oxygen-free mining tech- 
nique would require $2 million to $3 million of Federal 
funding but that, because of agency funding constraints 
within EPA, further development of this technique was not 
planned until after fiscal year 1974. 



Longwall stripping 

Longwall stripping, a mining technique being evaluated 
by EPA, is an adaptation qf longwall-mining, a proven under- 
ground mining method commercially used in several European 
countries. Longwall mining uses mining equipment to support 
the mine roof while coal is mechanically removed. After the 
coal and the equipment are removed, the roof of the mine 
collapses, preventing the exposure of sulfur-bearing material 
to oxygen and water, thus preventing acid formation. By 
applying this technique to mining situations, EPA believes 
that the environmental destruction caused by strip mining 
can be avoided and that acid formation can be prevented. 

EPA considers longwall stripping a promising and fea- 
sible mining technique applicable to almost all strip mining 
in Appalachia. EPA plans to spend from $200,000 to $300,000 
in fiscal year 1974 on this technique in cooperation with 
private industry, which will provide an additional $600,000 
to $800,000. 

DEFlONSTRATION PROGRAN ._ 
J' : L- 

The Federal Mater Pollution Control Act, as amended, 
authorizes EPA to implement a program to demonstrate compre- 
hensive approaches toward eliminating or controlling acid 
or other mine-water pollution resulting from active or 
abandoned mining operations. This program is to demonstrate 
the practicality and the engineering and economic feasibility 
of various methods for eliminating or controlling mine 
drainage pollution. The act, as amended, authorized $30 mil- 
lion to be appropriated for this program. 

* I 

EPA's efforts in this area began in 1971 and, as of 
April 1973, seven grants totaling about $3.5 million had 
been awarded to five Appalachian States to conduct demon- 
stration projects in seven small river basins. Expenditures 
for this program have not been greater because of EPA fund- 
ing constraints. 

. 2 '. 

Each grantee is to identify mine-drainage pollution 
sources in the basin area, select the equipment and method 
to be applied to each, construct a treatment plant or im- 
plement the techniques selected, and monitor the results. 
The technology to be used consists of techniques developed 

3.5 

_ . --~ ---,- - - 
- . c , _ . 



primarily through EPA research and development projects 
involving treatment of acid mine drainage and prevention of 
underground and surface drainage from mining sources. As of 
April 1973 EPA was conducting feasibility studies for some 
of the seven projects and the others tier-e in the early con- 
struction stage. 

EPA also funded three projects totaling about $130,000 
to (I) develop a manual to assist States in submitting pro- 
posals to EPA for demonstration projects, (2) perform a 
model feasibility study of a small river basin area, and (3) 
use a computer in allocating resources to reclaim a small 
basin area. As of April 1973 the first two projects had 
been completed. 

EPA estimated that an additional $29 million to $40 mil- 
lion would be needed to fund a continuing demonstration pro- 
gram related to the treatment and prevention of acid mine 
drainage. 



CHAPTER 4 

OTHER FCl>EW,LLY ASSlSTGD ACID PRAINAGE I‘ROJECTS 

During fiscal years 1967 through 1972, Interior and 
Agriculture, the Corps of Engineers, hnd the Appalachian Re- 
gional Commission funded 25 projects, totaling about $4.3 
million, related to water pollution caused pri.marily by acid 
drainage from mines. In fiscal year 1973, 13 of these proj- 
ects were active. 

Generally, the objectives of these projects were to 

--study the type and extent of water pollution caused 
by acid drainage and 

--develop and demonstrate new or improved technology 
to control pollution caused by acid drainage. 

The scope of these projects was generally limited and 
was not oriented toward an overall planned effort to solve 
and control water pollution caused by acid drainage. Most of 
the projects were funded to help solve specific localized 
water pollution problems or to protect natural resources. 
An EPA official indicated that the agency was aware of the 
majority of the acid drainage projects funded by other Fcd- 
era1 agencies ; used some of the project results as a basis 
for, or in support of, its research and development efforts ; 
and participated in some of the projects which complemented 
its research and development program. 

DEPARTMENT OF THE INTERIOR 

The Bureau of Mines conducts research on environmental 
problems associated with mineral wastes and funds projects 
concerning environmental problems of the mineral industries. 
During the past 6 fiscal years the Bureau funded three acid 
drainage projects totaling about $520,000 which had been 
completed by fiscal year 1972. The projects were directed 
toward (1) developing techniques in mine sealing and mine 
drainage control from active mines and (2) studying the 
chemistry of mine water. 

In April 1972 the Bureau di.scontinued its research and 
development efforts related to acid drainage because of in- 
creasing requirements in mine health and safety and because 
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of a shortage of funds. Ke were informed that the Bureau 
plans no future projects related to acid drainage. 

The Office of Saline It’ater conducts research on the 
economical conversion of saline water (which may consist of 
chemically charged and mineralized water) for beneficial 
uses. The Office’s primary concern ‘is to provide potable 
water to the water user, both municipal and industrial, 
rather than to eliminate water pollution. 

The Office of Saline Water funded six research and de- 
velopment projects related to acid drainage--four of which 
have been completed- -totaling about $410,000. These projects 
were directed toward developing techniques to produce potable 
water from water polluted by acid drainage. Officials of 
the Office informed us that the treatment techniques being 
developed would apply more to providing high-quality water 
to users rather than to cleaning up streams or rivers. 

The Office of Water Resources Research develops new 
technology and more efficient methods for solving water 
resource problems. The Office funded two projects related 
to acid drainage, totaling about $31,000. The one completed 
project was directed toward determining the possibility of 
treating both municipal sewage and acid drainage by combin- 
ing the two waste discharges so that the pollutants in each 
would be neutralized. The active project is directed toward 
treating acid by biological methods. 

DEPARTMENT OF AGRICULTURE 

Within Agriculture, the Agricultural Research Service, 
the Cooperative State Research Service, and the Forest Service 
were conducting four projects related to acid drainage total- _. 
ing about $1,980,000. 

Two projects were to demonstrate the potential for 
growing plants in waste material produced during mining opera- 1’ 
tions ; one project was to demonstrate ways to reduce surface- . 
mining damage to forest resources; and one project was to 
eliminate a water quality problem caused by acid drainage 
on a tract of Government-owned land. ; 



The Corps of Engineers funded three projects at a cost 
of about $470,000, one of which has been compl.eted. The 
objective of the two active -projects is to study acid drain- 
age in the Susquehanna River Basin and the effects of strip 
mining on navigable waters. The objective of the completed 
project was to study the incidence and formation of acid 
drainage pollution in Appalachia. 

APPALACHIAN REGIOh’AL COMMISSION 

The Appalachian Regional Commission, a joint Federal- 
State partnership concerned with the economic and social de- 
velopment of the 13-State Appalachian region, funded 7 proj- 
ects relating to acid drainage. As of April 1973 three of 
the projects had been completed. The objectives of the seven 
projects ranged from determining the effects of acid drainage 
and developing acid drainage treatment techniques to taking 
acid drainage source inventories and developing improved 
surface-mining techniques. The costs of the seven projects 
totaled approximately $890,000. 

The most significant project conducted by the Commission 
was its $590,000 study of acid drainage from mines in Appa- 
lachia. The project addressed the technical and environmental 
implications of the acid drainage problem and its economic 
impact on the Appalachian region. The report submitted to 
the President on June 30, 1969, contained recommendations 
for initiating a comprehensive plan to control and abate acid 
drainage in the Appalachian region, including, 

we continued reseach to develop technology to more eco- 
nomically and effectively solve the problem and 

--an action program for controlling and abating acid 
drainage as part of a’ comprehensive pollution control 
and environmental improvement program. 

. . 
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NINETY-SECOND CONGRESS . 

f@bU@ be &?$‘WWItnttbi% 
CONSERWATIOM AND NATURAL RESOURCES SUBCOMMITTEE 

OF l-w? 
COMMWEE ON GOVERNMENT OPERATIONS 

RAYBURP-! HOUSE OFFlOE S”,LD,NG. ROOM E1349-m 
WASHINGTON. O.C. 20515 

August 21, 1972 

Mr. Elmer B. Staats 
United States Comptroller General 
General Accounting Office 
Washington, D. C. 20548 

Dear Mr. Staats: 

Section 14 of the Federal Water Pollution Control Act, as amended, 
authorizes the Administrator of the Environmental Protection Agency to carry 
out a program of area acid and other mine water pollution control. We under- 
stand that EPA also co;iducts a research effort in this area under other 
provisions of that Act. 

In addition, the Interior Department, through the Bureau of Mines 
and the Office of Coal Research, has and is conducting a research and denon- 
stration propran in this area under other provisions of law. 

We are concerned whether both agencies are carrying out these dual 
programs economically and efficiently and, in particular, are taking effective 
means to avoid duplication of effort. We arc also concerned that, while these 
programs have been unden;ay at both agencies for some time, they apparently 
have not achieved results that‘could lead to an effective acid and other sine 
water control program. 

It would be most helpful to the Subcommittee if the GAO Kould 
investigate the administration of these programs, including the policies and 
procedures applied by each agency in carrying them out. Your investigation 
should also include a review of the contract and grant procedures of the 
agencies in regard to these programs and of the actual contracts and grants 
themselves, particularly those carried out by mineral industry or related 
industries. A review of past and present demonstration projects should also 
be included. 

We request that the GAO provide to us a report-of your findings and 
recommendations. During the course of your investigation and before finalizing 
your report, we would appreciate it if your staff would discuss your proposed 
findings with our Subcommittee staff. 

Sincerely, 

Subcommittee 
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APPENDIX II 

EPA ACID DRAIl‘dAGE PROJECTS--FISCAL YEARS 

1967-72 

BASIC RESEARCH: 
1. Title: A Pilot-Scale Study of Acid Nine Drain- 

age 
Award date: June 30, 1967 
Status: Completed 
Contractor: Ohio State University Research Founda- 

tion 
cost: Total, $79,301; Federal, $79,301 

2. Title: Acid Nine Drainage--An Analysis of the 
State of the Art 

Ahrard date: November 28, 1967 
Status : Completed 
Grantee: Ohio State University Research Founda- 

*tion 
cost: Total, $28,811; Federal, $28,811 

3. Title: Study of Sulfide to Sulfate Reaction 
Nechanism 

Award date: May 20, 1968 
Status: Completed 
Grantee: Ohio State University Resarch Founda- 

tion 
cost: Total, $152,763; Federal, $151,402 

4. Title: 

Award date: 
Status: 
Grantee: 
cost: 

5. Title: 

Award date: 
Status: 
Grantee: 
cost: 

Inorganic Sulfur Oxidation by Iron- 
Oxidizing Bacteria 

August 7, 1968 
Completed 
Syracuse University Research Institute 
Total, $117,575; Federal, $98,450 

Acid Mine Drainage--Pilot Plant Evalua- 
tion 

January 8, 1969 
Completed 
Carnegie-Mellon University 
Total, $63,910; Federal, $57,518 
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6. Title: 

Award date: 
Status: 
Grantee: 

cost: 

7. Title: 
Award date: 
Status: 
contractor: 

cost: 

I\Iicrobial ?lIediation in Generation of 
Acid Mines J\'astcs 

June 10, 1969 * 
Completed 
President and fellows of Harvard Col- 

lege 
Total, $27,018; Federal, $25,667 

Pyritic Systems: A Mathematical Model 
October 29, 1969 
Completed 
Ohio State University Research Founda- 

tion 
Total, $68,918; Federal, $68,918 

8. Title: Evaluation of Pyritic Oxidation by 
Nuclear Methods f-, s. ;g 

Award date: March 4, 1970 i' c.- 
Status: Completed 

;, : : 
i 

Grantee: Carnegie-Mellon University 
Cost: Total, $3?,635; Federal, $35,672 I i + 

9. Title: An Analysis of the Legal Problems in 
Reclamation of Mines in Appalachia 

Award date: 
Status 
Grantee: 
cost: 

TREATMENT: 
10. Title: 

Award date: 
Status: 
Grantee: 
Cost: 

11. Title: 

Award date: 
Status: 
Grantee: 
cost: 

_ - 
June 29, 1970 
Completed 
University of &laryland School of Law 
Total, $44,523; Federal $42,247 

Microbiological Removal of Iron from 
Mine Drainage Waters 

September 1, 1967 
Completed 
Continental Oil Company 
Total, $115,996; Federal, $75,886 

Optimization and Development of Improved 
Chemical Techniques for the Treat- 
ment of Coal Mine Drainage 

February 7, 1968 
Completed 
Commonwealth of Pennsylvania 
Total, $150,000; Federal, $105,000 

._ 

43 



12. Title: 

Award date: 
status: 
Grantee: 
cost: 

13. Title: 

Award date: 
st.atus : 
Grantee: 
cost: 

14. Title: 
Award date: 
Status: 
Grantee: 
cost: 

15. Title: 

Award date: 
Status: 
Grantee: 
cost: 

16. Title: 
Award date: 
status: 
Grantee: 
cost: 

17. Title: 

Award date: 
Status: 
Grantee: 
cost: 

Construction of F.linc Water Treatment 
Plant at f~olly~oocl, Pcnnsyl vania 

Phrcl1 28, 1968 
Active 
Common~dealth of Pennsylvania 
Total, $l,OOO,OOO; Federal, $700,000 

Application of Bacteriophages to 
Eliminate Mine Acids 

June 6, 1968 
Completed 
Commonwealth of Pennsylvania 
Total, $123,723; Federal, $86,484 

Biological Treatment of Acid Mine Water 
June 11, 1968 
Completed 
Syracuse University Research Institute 
Total, $54,341; Federal $47,238 

Feasibility of the Purification of Acid 
Mine Water by a Partial Freezing 
Process 

July 17, 1968 
Completed 
Commonwealth of Pennsylvania 
Total, $15,000; Federal, $10,500 

Sulfide Treatment of Acid Mine Drainage 
August 12, 1968 
Completed 
Bituminous Coal Research, Inc. 
Total, $77,690; Federal, $54,380 

Lime/Limestone Neutralization of Acid 
Mine Drainage 

November 6, 1968 
Active 
Peabody Coal Company 
Total, $692,000; Federal, $472,400 
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18. Ti,t le : Design for Acid Mine Drainage Treat- 
ment Plant at Norton, I?. Va. 

Award date: November 19, 1968 
Status: Completed 
Contractor: Ruble and Maple, I'nc. 
cost: Total, $4,708; Federal, $4,708 

19. Title:' Abatement of Acid Mine Drainage Pollu- 
tion by Reverse Osmosis 

Award date: February 13, 1969 
status : Completed 
Grantee: Commonwealth of Pennsylvania 
cost: Total $39,426; Federal, $27,598 

20. Title: Treatment of Acid Nine Drainage 
Award date: February 28, 1969 
Status: Completed 
Contractor: Horizons, Inc. 
cost: Total, $49,300; Federal, $49,300 

21. Title: Treatment of Acid Mine Drainage 
Award date: April 7, 1969 
Status: Completed 
Contractor: Catalytic Construction Company 
cost: Total, $327,629; Federal, $327,629 

22. Title: Acid Mine Waste Treatment Utilizing a 
Reverse Osmosis Pilot Plant 

Award date: April 7, 1969 
status: Completed 
Contractor: Gulf General Atomic, Inc. 
cost : Total, $106,500; Federal, $106,500 - 

23. Title: Treatment of Acid Nine Drainage--Sulfur 
and Iron Recovery 

Award date: April 18, 1969 
Status: Completed 
Contractor: Black, Sivalls, 6 Bryson, Inc. 
cost: Total, $233,702; Federal, $233,702 

24. Title: Development and Optimization of the 
Limestone Treatment of Coal Mine 
Drainage 

Award date: June 25, 1969 
Status: Completed _ 
Grantee: Commonwealth of Pennsylvania 
cost: Total, $106,4-80; Federal $74,536 
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25. Title: 

Award date: 
Status: 
Grantee: 
cost: 

26. Title: 

Award date: 
Status: 
Grantee: 
cost: 

27. Title: 

Award date: 
Status: 
Grantee: 
cost: 

28. Title: 

Award date: 
Status: 
Contractor: 
cost: 

29. Title: 

Award date: 
Status: 
Contractor: 

cost: 

30. Title: 

Award date: 
Status: 
Grantee: 
cost: 

Neutralization and Prccoat Filtration 
of Concentrated Sludges from hfine 
Kater 

September 11,. 1969 
Completed 
Commonwealth of Pennsylvania 
Total, $100,770; Federal, $70,539 

Recovery of Iron in a More Dense Form 
From Coal Mine Drainage 

September 26, 1969 
Completed 
Commonwealth of Pennsylvania 
Total, $81,695; Federal, $57,186 

The Thickening and Dewatering of Prc 
cipitates from the Lime/Limestone 
Treatment of Nine Drainage 

February 5, 1970 
Completed 
West Virginia University 
Total, $99,938; Federal, $69,957 

Treatment of Acid Mine Drainage by 
Ozone Oxidation 

March 13, 1970 
Completed 
U.S. Atomic Energy Commission 
Total, $20,000; Federal, $20,000 

Electrochemical Treatment of Acid Mine 
Waters 

April 21, 1970 
Completed 
Corporate Research Division, Tyco 

Laboratories, Inc. 
Total, $81,160; Federal, $81,160 

Abatement of Acid Mine Drainage Pollu 
tion by Reverse Osmosis 

LJune 3, 1970 
Completed 
Commonwealth of Pennsylvania 
Total, $69,630; Fede-i-31, $48,741 
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31. Title: 
Ariard date: 
Status: 
Contractor: 
Cost: 

32. Title: 

Arzrard date: 
status : 
Grantee: 
Cost: 

33. Title: 

Award date: 
Status: 
Contractor: 

cost: 

34. Title: 

Award date: 
Status : 
Grantee: 
cost: 

35. Title: 

Award date: 
Status: 
Contractor: 

cost: 

36. Title: 

Award date: 
Status: 
Contractor: 
cost: 

Treatment of Acid ?.line Drainage 
June 12, 1970 
Completed 
Horizons, Inc. 
Total, $SS,OOS;* Federal, $88,008 

Evaluation of Lime-Soda Ash Treatment , 
of Neutralized Mine Drainage 

June 18, 1970 
Active 
Commonwealth of Pennsylvania 
Total, $2,598,340; Federal, $78,930 

Study of the Conversion of Pyrites by 
Oxidation in Chlorinated Solvents 

June 21, 1970 
Completed 
Cyrus Wm. Rice Division 

NUS Corporation 
Total, $73,SlO; Federal, $73,810 

Trough Creek Limestone Barrier 
Installation and Evaluation 

June 22, 1970 
Active 
Common~eal-th of Pennsylvania 
Total, $224,660; Federal, $28,160 

The Effect of Soluble Iron Upon Munici- 
pal Waste Treatment Facilities 

June 24, 1970 
Completed 
Resources Engineering Association, 

Environmental Research and Applica- 
tion, Inc. 

Total, $21,745; Federal, $21,745 

Acid Mine Drainage Treatment by Ion 
Exchange 

June 29, 1970 
Completed 
Culligan Incorporated 
Total, $88,483; Federal, $88,483 
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,. 37. Title: 

Award date : 
status: 
Contractor: 
cost : 

38. Title: 

Award date: 
status: 
Contractor: 
cost: 

39. Title: 

Award date: 
Status: 
Grantee: 
cost: 

40. Title: 

Award date: 
Status: 
Grantee: 
cost: 

41. Title: 

Award date: 
status: 
Contractor: 
cost : 

42. Title: 

Award date: 
status: 
Grantee: 
cost: 

Study of Sulfur Recovery Prom Coal 
?.line Refuse as a I'rofitabl e F~le;lil5 of 

Eliminating Acid Water Drainage fror; 
Coal Refuse Piles 

Septembcr.15, 1970 
Completed 
Black, Sivalls, Cj Bryson, Inc. 
Total, $34,000; Federal, $34,000 

Conversion of ?Iine Ijrainage to Potable 
Water by Sulfate Cycle Ion Exchange 

Februarlr 25, 1971 
Completed 
Aqua-Ion Corporation 
Total, $70,265; Federal, $70,265 

Studies on the Removal of Manganese 
from Mine Drainage 

May 7, 1971 
Active 
Wilkes College 
Total, $17,357; Federal, $16,489 

Oxidation of Ferrous Iron in Coal Nine 
Water with Activated Carbon Catalyst; 

lday 18, 1971 
Completed 
Bituminous Coal Research, Inc. 
Total, $71,140; Federal, $49,800 

Pilot Plant Purification of Acid-Mine 
Drainage by Reverse Osmosis 

June 25, 1971 
Active 
West Virginia University 
Total, $185,619; Federal, $185,619 

Electrochemical Removal of Heavy I\letals 
from Acid Mine Drainage 

June 3, 1971 
Active 
Commonwealth of Pennsylvania 
Total, $127,786; Federal, $89,457 ] 
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43. Title: Study of the Use of Inert Gas to Elimi- 
n;ltc.Acid Pollution From Abandoned 
Deep Nines 

Award date : <June 6, 1968 
Status : Active 
Grantee: Comctonweal th 0 f Pennsylvania 
COST : Tot al., $172,027; Federal, $83,784 

44. Title: The lJse of Inert Gases to Eliminate 
Pollution From Abandoned Nines 

Award date: June 17, 1968 
status : Completed 
Contractor: Cyrus Wm. Rice Pivision 

NJS Corporation 
Cost: Total, $19,689; Federal, $19,689 

45. Title: Study of the Use of Internal Freciyita- 
tion 01 Sludge Resulting From Reac- 
tion of Nine Water with Low Cost 
Additives in an Abandoned btine to 
Prevent Nine Drainage Pollution 

Award date : June 25, 1968 
status: Completed 
Grantee: Coinmunxealth of Pennsylvania 
cost: Total, $325,035; Federal, $227,524 

46. Title: Use of Latex as a Soil Sealant to Con- 
trol Acid Mine Waste Drainage 

Award date: June 26, 1968 
Status: Completed 
Grantee : Commonwealth of Pennsylvania 
cost: Total, $259,770; Federal, $181,839 

47. Title: Research, Development and Field Testing 
of Mine Water Pollution Abatement 
FfClChOdS 

Award date: July 15, 1968 
Status: Completed 
Contractor: Nalliburton Company 
cost: Total, $328,830; Federal, $328,830 



48. l'itlc: I~valuation of Pollution Abateinent Pro- 
cedurcs ir: the ?lol-zinc State Park, 

Award date: 
status : 
Grantee: 
Cost : 

Eutl el- CoLJxty, Pa. 
Ally 17, 196'8 
Coli~plctcd 
Common~;eal th 0 f Pcill~s)~lvalliiL 
Total, $21,600; Federal, $15,120 

49. Title: 

Award date: 
status : 
GraIltee: 

Cntak:isa Creek T.line Drainage PO1 
Abatement Project 

July 17, 1968 
Active 
COITlIilOIl~iE?~1ti~ of Pennsylvania 

lut 

cost: Total 5 $522,200; Federal, $365,540 

50, Title: Detection E, Location of Concealed 

Award date: 
status : 
Grantee: 
cost: 

51. Title: 

Award date: 
Status : 
Grantee: 
cost: 

ion 

Abandoned Underground Mines ?, Asso- 
ci ated Drainage by Geochcnical Tech- 
niques 

June 20, 1963 
CompZ et c-d 
Cormoni;cxZ t-h 0 f l~en~~sylvairia 
Total, $164,780; rkdcral, $115,346 

IJse of Gel Material for Scaling Deep 
Nine Openings 

Scptc?!?be1- 19, 1969 
Com~'leted 
Comnonfiealth of Iknnsylv3nia 
Total, $205,000; Fedextl, $143,500 _ 

52. Title: Mining Operations for the Reduction of 
fla~mful Drainage from Underground 
Coal blincs 

Award date: Plarch 4, 1970 
Status: Completed 
Grantee: Vest VirgiJlia Ullivcrs ity 
Cost: Total, $87,543; Federal, $83,166 
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At'PENDIX II 

Title: Continuation of the Laboratory Investi- 
gations of the Effects of Various 
Gas Atmospheres on the Oxidation of 
Coal bIine Pyrites 

Award date: June 2, 1970 ' 
Status: Completed 
Contractor: Cyrus Km. Rice Division 

NUS Corporation 
cost: Total, $53,601; Federal, $53,601 

54. Title: Acid fifine Drainage Seal Research 
Award date: June 30, 1971 
St atus : Active 
Contractor: NUS Corporation- -D'Appolonia (joint 

venture) 
cost: Total, $162,976; Federal, $162,976 

55. Title: High Expansion Foams as a Method of 
Inerting Abandoned Coal Mine Areas 

Award date : June 29, 1972 
Status: Active 
Contractor: Flint Safety Appliance Company, MSA 

Research Corporation 
cost: Total, $56,870; Federal, $56,870 

PREVENTION--SURFACE FIINES: 

56. Title: Technical Feasibility and Analysis of 
Costs and Effectiveness of Bulk 
Transport of Sewage Treatment Plant 
Sludge and Dredging Spoils 

Award date: April 10, 1968 
Status: Completed 
Contractor: Bechtel Corporation 
cost: Total $279,597; Federal, $279,597 

57. Title: Demonstration of Control of Acid Drain- 
age frpm Coal Mine Refuse Piles and 
Slurry Areas 

Award date: October 31, 1968 
Status: Active 
Grantee: Truax-Traer Coal Company 
cost : Total, $720,800; Federal, $49!,560 
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58. '1' i t I. e : Silicate Treatment of Acid Mine Wastes 
Award date : June 24, 1969 
status: Completed 
Contractor: Corporate Research Division, Tyco 

Laboratories, Inc. 
cost: Total, $55,412; Federal, $55,412 

59 l Title: 

Award date: 
status : 
Grantee: 
cost: 

60. Title: 

Award date: 
Status: 
Grantee: 
Cost : 

61. Title:' 
Award date: 
stat.us : 
Grantee: 
cost : 

62. Title: 

Award date: n'ovember 6, 1970 
Status: Active 
Grantee: Commonwealth of Pennsylvania 
cost: Total, $615,317; Federal, $49,748 

63, Title: 

Award date: 
status : 
Grantee: 
Cost: 

Mine Spoil Potentials for Water Quality i 
and Controlled Erosion 

June 30, 1969 
Completed 
West Virginia University 
Total, $224,028; Federal, $156,328 

Flocculation 6 Clarification of Mineral 
Suspensions 

March 6, 1970 
Completed 
University of Minnesota 
Total, $23,723; Federal, $20,782 

Coal Refuse Binder 
March 19, 1970 
Completed 
Black, Siv::lls, 6 Bryson, Inc. 
Total, $18,894; Federal, $13,226 

Evaluation of blillcr's Run and Camp- 
bell's Run Mine Drainage Pollution 
Abatement 

Mine Spoil Potentials for Soil and 
Water Quality 

July 1, 1971 
Active 
West Virginia University 
Total, $215,878; Federal, $99,903 
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64. Title: 

Awa.rcl date: 
status : 
Grantee : 
Cost: 

65. Title: 

Award dat c : 
status : 
Grantee: 
cost: 

A Dewznstration of a New Mining Tech- 
nique to Prevent the Formation of Mine 
AC id in an Active Deep Mine 

August I, 1969 
Compl cted 
Island Creek Coal Company 
Total, $100,255; Federal, $70,178 

A Demonstration of a New Mining Tech- 
nique to I’rcvent the Formation of 1\11 
Acid in an Ac%jve Deep Mine 

June JO, 1970 
Active 
Island Creek Coal Company 
Total, $831,770; Fcclcral, $582,239 
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69. Title: 

Award da t c : 
status: . 
Grantee : 
cost: 

70, TilZlC?: 

Award date: 
status: 
Grantoc: 
cost: 

71, Tiltlo: 

72, Tit10: 

Award data : 
status : 
Grantao: 
6QSt: 

79. Titl0: 

74. TktfC2: 
Award da-to : 
status : 
SrtllltW2: 
CQSt: 

Demonstration of the Technique of Reus: 
of Treated Active Surface Nine Drain- 
age for Revegetation Augmentation 

June 16, 1971 
Active I 
Comnmnwealtl~ of Kentucky 
Total, $460,098; Federal, $332,068 

Tioga. River ?,iinc Drainage Pollution 
Abatcmnt Project 

June 17, 1971 
AC-tiVC 

ColllrllOiltJeaa. th oi- Pennsylvania 
‘Pstal, $676,500; Federal, $450,000 

. 
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A,PPEi?DIX II 

75. Title: 

Award date: 
Status: 
Contractor: 

cost: 

76. Title: 
Award date: 
Status: 
Grantee: 
cost: 

Resource Allocation to Optimize Mining 
Pollution Abatement Programs 

June 29, 1972 
Active 
Ohio State University Research Founda- 

t ion 
Total, $70,423; Federal, $70,423 

Deer Park Daylighting Project 
June 30, 1972 
Active 
State of Maryland 
Total, $858,347; Federal, $550,000 

/ - 
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APPENDIX III 

,- OTIiER FEDERALLY ASSISTED ACID DRAINAGE PROJECTS 

FISCAL YEARS 1967-72 

' DEPARTMENT OF THE INTERIOR 

Bureau of Mines: 
1.' Subject: 

Initiated: 
Status: 
Grantee: 
cost: 

2. Subject: 
Initiated: 
Status: 
Grantee: 
cost: 

3. Subject: 
Initiated: 
Status: 
Grantee: 
cost: 

Hine Sealing 
Fiscal year 1964 
Completed 
None - - in-house 
Total, $55,000 (fiscal years 1967-68); 

Federal, $55,000 

Mine Drainage Control--Active Mines 
Fiscal year 1966 
Completed 
None-- in-house 
Total, $334,000 (fiscal years 1967-72); 

Federal, $334,000 

Chemistry of Mine Waters--Neutralization 
Early 1960s. 
Completed 
None-- in-house 
Total, $132,000 (fiscal years 1967-68); 

Federal, $,132,000 

Office of Saline IVater: 
4. Subject: Preliminary Evaluation of the Electro- 

dialysis Process for Treatment of Acid 
Mine Drainage 

Initiated: June 1967 
Status: Completed 
Contractor: Ionics, Inc. 
cost: Total, $18,703; Federal, $18,703 

5. Subject: Field Testing of a Reverse Osmosis Unit 
on Acid Mine Waters 

Initiated: January 1968 
Status: Completed 
Contractor: Gulf General Atomic, Inc. 
cost: Total, $46,837; Federal, $46,837 
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6. Subject: 

Initiated: 
Status: 
Contractor: 
cost: 

7. Subject: 

Initiated: 
Status: 
Contractor: 
cost : 

8. Subject: 

Initiated: 
Status: 
Grantee: 
cost : 

9. Subject: 

Initiated: 
Status: 
Contractor: 
cost: 

Further Field Testing of a Reverse 
Osmosis Unit on Acid Nine Drainage 
i\J a t e r s 

June 1568 
Coapleted 
Gulf General Atomic, Inc. 
Total, $37,770; Federal, $37,770 

Reverse Osmosis Development for Acid 
Nine Drainage Conversion 

May 1970 
Completed 
Zurn Environmental Engineers 
Total, $8,291; Federal, $8,291 

Evaluation of Ion Exchange Process for 
Treatment of Kline Drainage Waters 

June 1971 
Active 
Commonwealth of Pennsylvania 
Total, $279,713; Federal, $150,000 

IIigh Product Recovery Reverse Osmosis 
System for Conversion of Acid Mine 
Drainage 

March 1972 
Active 
Rex Chainbelt, Inc. 
Total, $150,560; Federal, $150,560 

Office of Water Resources Research: 
10. Subject: The Biological Treatment of Coal Mine 

Drainage 
Initiated: July 1971 
Status: Active 
Grantee: Pennsylvania State University 
cost: Total, $19,404; Federal, $19,404 

11. Subject: Combinatjon of Acid Mine Drainage and 
Sewage for Mutual Beneficiation 

Initiated: July 1971 
Status: Completed (Dec. 31, 1972) 
Grantee: Pennsylvania State University 
cost: Total, $26,435; Federal, $12,041 
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Agriculture Research Service: 
12. Subject: Soil and Water klanagement System fol 

- Revegetation of Strip Mine Spoil Banks 
Initiated: Fiscal year I.969 
status : Active 
Grantee: None - - in-house 
cost: Total, $422,000 (fiscal years 1909-72) ; 

Federal, $422,000 

Cooperative State Research Service: 
13. Subject: Mine Spoil Potentials for Plant Growth 

and Water Quality 
Initiated: June 1, 1969 
Status: Active 
Grantee: West Virginia University 
cost: Total 9 $56,144 (fiscal years 1970-72) ; 

Federal, $56,144 

Forest Service : 
14. Subject: Palzo Restoration Project 

Ini tiated: Fiscal year 1971 
Status : Active 
Grantee: None- - in- house 
cost : Total, $126,500 (fiscal years 1971 and 19- 

Federal) $126,500 

15. Subject: Reduction in Surface-Mining Damages to 
Forest Resources by Improving Mining 
Procedures and Rehabilitation Measures 
--Berea, Kentucky 

Inititated: Fiscal year 1962 
Status: Active 
Grantee: None - - in-house 
cost: Total, $1,372,500 (fiscal years 1967-72); 

Federal, $1,372,500 

CORPS OF ENGINEERS 

16. Subject: Study of the Effects of Strip Mining 
Upon Navigable Waters and their 
Tributaries 

Initiated: Fiscal year 1972 
Status : Active 
Grantee: None--in-house 
cost: Tota!, $100,000; Federal, $100,000 
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17. Subject: Susquehxnna River Bns i n Mine Drainage 
Study 

Initiated: Fiscal year 1970 
status : ,Activc 
Grantee: None--in-house ' 
cost: Total, $200,000 (fiscal years 1970-72); 

Federal, $200,000 

18. Subject: Incidence and Formation of Mine Drainage 
Pollution in Appalachia 

Initiated: Fiscal year 1965 
status: Completed 
Grantee: None--in-house 
cost: Total, $172,500 (fiscal years 1967-69); 

Federal, $172,500 

19. Subject: Study of Acid Mine Drainage in Appalachia 
Initiated: Fiscal year 1968 
status: Completed 
Contractor: Various contractors 
cost: Total, $589,574; Federal, $589,574 

20. Subject: Chemical Treatment of Mine Drainage 
Initiated: 
status: 

Contractor: 

cost : 

21. Subject: 

Initiated: 
Status: 
Grantee: 

* cost: * 

Fiscal year 1968 
Completed 
Bituminous Coal Research, Inc. 

Plonroeville, Pa. 
Total, $67,000; Federal, $67,000 

* 
id Mine Aquatic Indicators--Effects of AC 

Drainage Pollution 
Fiscal year 1968 
Active 
Academy of Natural Sciences 

Philadelphia, Pa. 
Total, $27,000; Federal, $27,000 

22. Subject: Acid I\line Drainage Pilot Plant Evaluation 
Initiated: Fiscal year 1968 
Status: Completed 
Grantee: Mellon Institute, Pittsburgh, Pa. Cost: Total, $36,000; Federal, $36,000 
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23. Sllbj ccl : 

Jnitiatod: 
status : 
Grantee: 
cost : 

24. Subject: 

Initiated: 
status : 
Grantee : 
cost : 

25. Subject: 
Ini tin-tred : 
status: 

Co11 t rat t for the Res earth and Demons t i-z 

tion of Improved Surface Mining 
Techniques 

Fiscal year 1971 
Active 
state of ‘Kcntucl:y 
Total 9 %$53,800; Federal, $40,350 

Mine Drainage Source Inventory in the 
Casselman River/Cherry Creek River 
Basin of Maryland 

Fiscal year 1972 
Active 
State of blaryland 
Total, $292,230; Federal, $88,000 

Monongahela River Basin Study 
Fiscal year 1972 
Active 

Contractor: Various contractors 
cost: Total, b$38,462; Federal, $38,462 

aThe total cost of this project is estimated to be 
approximal-el> $437,500, of which $353,125 will be 
Federal cost. The total portion related to water 
quality problems is $53,800, of r{Jlich $40,350 will 
be Federal cost. 

bcontracts totaling approximately $500,000 are proposed. 
At the end of fiscal year 1972, two contracts totaling 
$156,000 had been awarded to study e,conomic problems in 
the Monongahela River Basin area and two had been awarded 
totaling $35,462 to study technical problems related to 
acid mine drainage e 



CI:ROSOJ,OGY OF EPA AND ITS FREDECESSOR AGENCIES 

WHICH JI,4D RESPONSIBILITY FOR TJjE 

FEDERAL MINE DR4INAGE POLLUTION CONTROL PROGRAM 

m 1967 The mine drainage program was established in the Federal. 
Water Pollution Control Administration, Department of 
the Interior, as the Pollution Control Analysis Branch, 
Division of Engineering Development, Office of Re- 
search and Development. 

1968 The Federal Il'ater Pollution Control Administration was 
reorganized and the Pollution Control Analysis Branch 
was placed mder the Division of Applied Science and 
Technology, Office of Research and Development. 

1970 The Federal Water Pollution Control Administration he- 
came the Federal Water Quality Administration. 
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1970 The Federal Water Quality Administration was transferred 
to EPA. The mine drainage prog~ -am was included under 
the Poflutien Control Analysis Branch, Division of 
Applied Science and TechnologyS Office of Research 
and Monitoring. 

1971 The mine drainage program was reorganized within EPA 
as the Pollution Control Analysis Section, Applied 
Science and Technology Branch, Te,chnology Division, 
Office of Research and Monitoring. 
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