CHAPTER 1: INTRODUCTION AND RECOMMENDATIONS

by
Robert L. P. Kleinmann, Roger Hornberger, Bruce L eavitt, and David M. Hyman

THE NATURE OF THE PROBLEM

Nationwide, over 19,300 km (12,000 miles) of rivers and streams and over 730 kn? (180,000 acres) of
lakes and reservoirs are adversdly affected by contaminated water draining from abandoned mines. The vast
mgority of this problem occursin the eastern United States, EPA Region 3 (which includes Pennsylvania,
West Virginia and Maryland) considers coa mine drainage to be its most significant non-point pollution
problem. However, despite the magnitude of the problem, the Situation is much better than it was 30 years
ago, when the number of stream miles adversdly affected was 50% worse. The improvement can be
attributed to the reclamation of many abandoned operations, and to the regulatory requirements on cod
mining operations, which now must both prevent acid mine drainage (AMD) generation and treat their
effluent water during and after mining to meat effluent limits.

The regulatory authorities and the mining industry have worked hard to improve water quaity during and
after mining. A key component of this activity is predicting the post-reclamation water quality before mining
occurs. The regulatory agencies make such predictions to aid in permitting decisons. Generaly, where
andysisindicates that poor post-reclamation water quality is anticipated, permits to mine are granted with
regtrictions (requiring the use of specia preventive practices, such as dkaine additions, to overcome
neutrdization deficiencies, or deleting acod seam or an area from the permit) or are denied dtogether. The
mining indugtry is generaly required to demondrate that no pollution will result. Despite these efforts AMD
iscommon at reclaimed surface mines, in part because the task of predicting post-mining water quality is
highly problematic. As a result, the industry spends over a million dollars a day chemicaly tregting
contaminated mine water. The industry can only afford the long-term liability of water treatment if it is
planned for; unanticipated water treatment that must continue after mining and reclamation has been
completed can bankrupt a company.

At surface cod mines where the overburden chemisry is dominated by either calcareous or highly pyritic
drata, the prediction of pogt-reclamation water quality isrelatively sraightforward. However, & sSteswhere
neither clearly predominates, predicting post-reclamation water quality can be complex. Fifteen years ago,
researchers found that at these more difficult-to-predict Stes, overburden andysis procedures generaly
used to predict post-reclamation water quality a surface cod mines were no more effective than flipping
acoin. Sincethen, agrest ded of effort has gone into improving the procedures. Pennsylvania has compiled
daidicsindicaing that overdl, its permitting decisions are now accurate 98% of thetime; that isto say, only
asmdl percentage of the mines anticipated to produce neutra or akaline water produce AMD. (It is not
possible to estimate the number of mines not permitted to open in Pennsylvania because of anticipated
AMD that, in fact, would have produced acceptable water.) Largely asaresult of ADTI, other States are
now beginning to smilarly assessther permitting practices. However, even without the gatistics from other
dates it isclear to dl of those working in the field that prediction of post-reclamation water qudity has
improved.



OUR OBJECTIVES

This report provides an overview of techniques, methods, and procedures that are being used to predict
the quality of water that will be generated after aSteis surface mined for cod, and then reclaimed. It was
prepared by a subset (Group 1) of the Acid Drainage Technology Initiative (ADTI), which inturn is a
codition of State and Federd agencies, industry, academia, and consulting firms working together to
promote communications and technology enhancement in thefield of acid drainage. Group 1 is comprised
of about 25 people, who focus on problems associated with predicting water qudity, while Group 2 focuses
on avoidance and remediation. Group 2 published a handbook in 1998 that should be considered as a
companion volume to this one.

The objectives of this report are to provide a summary of the various options available to predict post-

reclamation water quality at surface cod mines, including their relative strengths and limitations, and to
promote the integrated use of the various methods. Idedlly, this report will lead to an increased avareness
and condderation of the various options that are available, and encourage both industry and regulatory
agencies to use the most gppropriate and cost-effective means of accurately predicting post-reclamation
water quaity. Recommendations are provided at the end of severd of the chapters; these are summarized
at the end of this chapter.

Currently, dthough amilarities exist, each State’ s permitting agency has its own mine drainage prediction
methodology. The amount and types of data required vary from date to date, including different
requirements for documenting pre-mining water quaity, overburden lithology and geochemica properties,
and the propased mining and reclamation plans. As aresult, the degree of successin preventing AMD on
new permits varies. Thisreport incorporates the results of an informa survey of the mine drainage prediction
processes and risk reduction techniques used by Alabama, Indiana, llinois, Kentucky, Maryland, Ohio,
Pennsylvania, Tennessee, Virginia, and West Virginia The objective of this survey was to lay the
groundwork for an extensve, long-term post-mortem regiona analysis of mine permits reative to predicted
post-mining water discharge qudity, Smilar to what Pennsylvania has accomplished. Thiswould dlow locd
and regiond variations to be factored into future recommendations. The authors hope that al of the
regulatory agency personnd reviewing this document will learn ways in which they can improve the
permitting process in their sate, in part by incorporating successful techniques being used e sewhere.

It should be noted that this report presents only the components relevant to predicting water quaity at
surface mines a which cod is being mined. Although the generd gpproach is smilar, issues and
interpretation of results can be quite different for hard rock operations and underground cod mining.
Therefore, a separate volume will soon be produced that will focus on hard rock issues. In the future, a
volume to predict the water qudity from underground minesis aso planned, once we have sufficient fied
vaidation of the technology being used.

FORMATION OF ACID MINE DRAINAGE

Acidity a cod minesis principally due to the oxidation of pyrite, FeS, which is commonly associated with
the cod and surrounding strata. Cod owes its originsto the burid of organic matter in swamps, pyrite dso

2



formsin such environments. Severd types of pyrite may be present, and the reactivity of the different forms
can be sgnificantly different due to the nature of their formation and the effect that grain Size has on surface
area.

Mining disrupts the rock strata and exposes the pyrite to air and water, alowing oxidation to take place.
Oxidation of the sulfide component of the pyrite to sulfate produces 2 moles of acidity for every mole of
pyrite. Sulfur may aso be present in the rock as sulfate minerads, such asjarosite (KFex(SO,), (OH)s), or
as organic sulfur. Some of the sulfate minerd's can dissolve and form acid solutions, but the organic sulfur
isorganicaly bound with the coa and has little or no effect on acid potential. Acidity is aso produced by
the oxidation of the iron from Fe', ferrous, to Fe'™, ferric iron, and its subsequent hydrolysis. The acid
water that results from dl of these reactions leads to the dissolution of other common contaminants, such
as auminum and manganese, and occasonally other metals such as copper, zinc, and nickd.

At the same time, the rock dtratatypicaly include components that dissolve and produce dkdinity. In cod-
bearing dtrata, dkdinity is principaly represented by CaCQO;, ether as limestone, cacareous cement or
cacite, or as CaMg(CO:z),, dolomite. FeCOs, Sderite, is also commonly present but does not contribute
dkdinity.

Although these minerds can oxidize and/or dissolve in the abosence of mining, the disruption and
displacement of the rock sratatypicaly accelerates the processes. Accurately predicting post-reclamation
water qudity involves understanding how the minera components will react in the mine environment and
how the acid-forming reactions and the acid-neutrdizing or akainity-generating reactions will balance at
agiven gte. There are many complicating variables. For example, concentrations of pyrite and carbonate
minerds vary both horizontally and verticdly, so that accurately determining the amount of each a adte can
be very difficult. The kinetics of the reactions change as the water quality changes (for example, as pyrite
oxidizes and the pH drops). Reaction rates are dso affected by such variables as climate, the activity of
iron-oxidizing bacteria, the rate of diffuson of oxygen, water infiltration rates, aimospheric chemigtry within
the mine spoail, the degree of compaction, pyrite and carbonate minerd grain sze and morphology, the
relaive locations of the pyritic and calcareous rocks, and the location of the weter table.

Prediction of water qudity involves measuring the most important variables, making certain assumptions
relaive to less-important variables, extrapolating from what has been learned through experience a other
gtes, and sometimes conducting laboratory smulations to evauate kinetic agpects. Generdly, one attempts
to predict whether the Site will produce acidic or dkdine drainage, though sites that produce dkaine water
may dill require chemica trestment or specid handling, due to the level of metd contaminants present.

METHODSOF PREDICTION

Mot frequently, prediction of post-reclamation water quality at surface cod mines involves analys's of
overburden samples. These samples can be analyzed using one of severd datic tests, which involve
determining and comparing the amount of potentidly acidic and dkaine condtituentsin therock. There are
aso kinetic tests, which are principaly leaching methods in which rock samples from the proposed mine
dte are subjected to smulated westhering conditions and the leachate is analyzed in alaboratory for mine
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drainage qudlity parameters. These kinetic tests may be conducted in an gpparatus in the [aboratory or in
the field, and the test results may be evauated independently of dtatic tests or integrated with dtatic test
results on the same rock samples. Other methods of prediction include the use of geophysicd and/or
geochemica procedures.

As an dternative gpproach, the prediction of drainage quaity from the naturd background water qudity a
the gte or from the chemigtry of water & an adjacent mined Ste involves scientific inference and common
sense. If representative samples of surface and ground water are collected on or near a proposed Site, it
is reasonable to assume that they should indicate something about the geology of the Site and the qudity of
the mine drainage that will be produced after mining. For example, within areas of the Appaachian Cod
basin of the eastern United States where mgjor stratigraphic sections of carbonate rocks are present,
surface and ground water will have a rddively high concentration of akainity, particularly in the head
waters of amdl tributaries and in sorings and ground water seeps. If the springs, seeps and tributary samples
on or near a proposed mine Ste have low buffering capacity, it isless likdy that carbonate rock will be
present to produce akaine drainage or to neutrdize AMD. However, amgor problem in relying solely
upon background water qudity isthat Sgnificant sections of potentialy acidic Stratamay be present on Ste,
but not reflected in the pre-mining water quaity. This occurs because the high acidity only results after the
pyrite or other acid-producing mineras are exposed to increased oxidation and weeathering during mining.

The use of mine water qudity a nearby Stesisavery smilar, and generdly more useful, technique. Post-
mining discharges, highwall seeps, and pit waters at adjacent active, reclamed, or abandoned Sites can
provide good indications of whether future mine drainage is likely to be highly akaline, highly acidic or
somewhat neutrd, if adequate sratigraphic correlations of coa seams and overburden lithologic units can
be made. Discharges from active or abandoned underground mines are of some vaue, but not as useful as
surface mine data. Such data can be compiled from state agency permit files of active or completed Sites.
At least two magjor problems may impede the accurate prediction of proposed mine site drainage quality
from nearby stes. Oneisthat the proposed mine ste may have sgnificantly different overburden chemistry
due to facies changes, differencesin depths of weathering or other local-scale geologic variations. A second
isthat the exigting water qudity may reflect past mining and reclamation practices. For example, the exigting
reclamed Ste may have cod preparation plant refuse or large amounts of dkaine additives, such asflyash,
buried in the backfill, both of which will skew the water quality one way or the other. These potentid
interpretation problems are discussed in more detail in chapter 3.

Static and kinetic tests incorporate chemica anayses performed on rock samples from the actua mine Site,
A critica point isthat these methods are only vaid if the rock samples are truly representative of the Ste
where mining is proposed. Rock samples may be collected from exploration boreholes or other sources
(e.0. exposed highwals). Both gtatic and kinetic tests produce site-specific geochemica evauations of
potentid acidity or dkdinity, and possibly other parameters of predicted water qudity. The mgor difference
between gatic and kinetic tests is that Static tests provide measurements of the amount of selected chemica
condituents in the rock sample (eg. totd sulfur, neutrdization potentid), while kinetic tests provide
measurements of the amount of selected chemica condituents that comeout of the rock samplesin leachate
(e.g. acidity and iron concentrations) under Specified conditions. The tota amount of an eement or minera

(e.g. sulfur or pyrite) in the rock sample may not be directly proportiond to the amount of the associated
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parameter (e.g. sulfate or iron) in the smulated effluent produced in aleaching test or actud mine drainage
in the fidd. Thisis due to reaction kinetics, minera solubility controls, crystdlinity and morphology of the
minerds, and other physicd, chemica, and biological factors. However, both static and kinetic tests have
potentia value, provided that their limitations are recognized when interpreting the results.

In this report, we focus primarily on the gtatic test that is most commonly used to predict mine drainage
qudity in the eastern United States, namely acid-base accounting (ABA). This method involves a
comparison of the maximum potentid acidity (MPA), typicdly caculated from the totd sulfur in the sample,
to the neutraization potentia (NP). Other Static tests have been developed and employed for use in cod
mine drainage prediction, but ABA is the most routingly used method for cod mine drainage prediction. A
recent innovation, Evolved Gas Andyss (EGA), dso deserves mention as it has the potentid to fill agap
between datic and kinetic tests, Snce it is a datic test that provides some information that can be used to
factor in reaction kinetics. In addition, geochemica logging techniques adapted from the oil and gas industry
can be used to provide an ingtantaneous andyss that amulates ABA. All of these methods are discussed
in Chapter 4.

Kinetic tests are most gppropriately used when the results of gtatic tests falls between the regions defined
(by practice) asacid or dkadine. The most commonly used kinetic tests for mine drainage prediction involve
ether leaching columns or humidity cedlls. These tests have been used, evduated, and compared in many
cod mine drainage prediction udies, but arein fact only occasondly used by the mining industry and Sate
regulatory agencies in the Appaachian Cod Basin. Other kinetic test methods, such as the Soxhlet reactor,
have aso been used in prediction efforts, but even less frequently than humidity cdls and leaching columns,
Kinetic test methods are more routindly used by the metal mining industry and regulatory agencies in the
western U.S. and Canada. Barriers to their use in the eastern United States include their expense and the
time (months) needed to obtain results, as well as the fact that they have not had the widespread field
vaidation that ABA has had.

Kinetic testsincorporate dynamic dements of the physica, chemica, and biologica processesinvolved in
the weathering of mine rock, and attempt to Smulate the kinetics of the chemicd reactions that control the
production of acidic or dkaine mine drainage. Factors that may be incorporated include: size, shape and
gructure of the apparatus, volume and placement of the rock samples in the apparatus, particle size;
mineralogy; antecedent storage conditions; interleach storage conditions, rock to water ratio; leaching
solution composition; leaching interva; pore gas composition and nature of bacteria populations. If the
criticd physcd, chemicd and biologicd conditions are proportiondly representative of the naturd
environment, the water quality of the leachate may be used to predict or estimate the water qudity from the
proposed mine ste. Unfortunately, kinetic test procedures are necessarily smplifications of the natura
environment, and it is easy to be fooled by |aboratory procedures that underestimate or overestimate some
component of the red world. These issues are addressed in detail in Chapter 5. In addition, the vaidity of
kinetic tests, like static tests, depends on how well the samples represent the site. It is important to
remember that despite gpparently precise laboratory andyses, test results may not accurately predict mine
drainage qudlity.



To summarize, this report provides information on numerous methods to predict post-reclamation water
quality at surface cod mines. The various advantages, disadvantages and assumptions of the principa
methods are discussed; these must be understood by anyone selecting or interpreting the results from these
techniques. Thisarray of prediction methods is anadogous to a collection of tools in atoolbox. The choice
of which tool to useisidedly afunction of Ste-gpecific circumstances, but in the pad, the decison has often
been dictated more by familiarity with the test and the ability of practitionersto extrapolate the test results
to mine scae decisons. In the context of compliance and enforcement, when the only tool in your toolbox
isahammer, everything beginsto look like anall. 1t isthe hope of the ADTI participants thet, with sufficient
information, practitionerswill fed comfortable usng toolsthat are more gopropriate, rather than just familiar.
Regulatory agencies and the mining industry should both consder and promote the proper use of dl mine
drainage prediction tools, and to become comfortable using them in concert to optimize the odds of
accurady predicting the effects of mining agiven sitein aparticular manner.

RECOMMENDATIONS

The use of ABA for accurate prediction of mine water quaity depends on obtaining representative samples
of the geologic materids that will be disturbed. Geologic variability within a Ste must be captured through
the use of a sufficient number of samples. The effect of weathering on the sampled dtrata must be
consdered; the absence of carbonate mineras or pyrite in the top 20 feet of overburden sampled islikely
not representative of the same Srata a greater depths. Studiesin Pennsylvania have shown that an absolute
minimum of three and more typically six or seven holes are needed per 100 acresin order to capture the
geologic varigbility of agte. The collective experience of the ADTI Coa sector underscores Pennsylvanid's
findings, though of course each steisdifferent and it is hard to generdize. However, Pennsylvaniahas dso
found that their sampling requirement can be entirdy waived if water qudity is good a adjacent mines that
have extracted the same cod seam. In fact, they have found that the most effective predictor of AMD
potentia has been previous mining in the same seam and generd location as the proposed operation.

If the dtrata are adequately sampled, overburden andyss, and in particular, ABA, works wdl in most
overburden. However, an overburden anayss located between andytica results clearly associated with
akdine discharges and those that are clearly associated with acidic dischargesis said to fdl within agray
zone. The uncertainty is caused by variability in rock strata and the ability to adequately represent those
gratawith alimited volume of sample materid, aswell as sources of error in the anaytica procedures.

For example, the presence of the minerd Sderite haslong been known to cause fase levels of dkdinity to
be reported in ABA reaults. In addition, the subjective fizz test has been shown to result in Sgnificant lab-to-
lab variahility in ABA test results on the same sample. Chapter 4 contains a modification of the ABA
procedure that eiminates these two sources of error. The ADTI Coal sector strongly recommends to all
operators, researches, and regulators that these ABA modifications be adopted. The authors believe that
broad application of this methodology will result in fewer mines that produce acidic discharges, and dlow
for the safe permitting of mines that would not have been permitted utilizing the old procedure.

It is ds0 necessary to define the gray zone. The ADTI cod sector recommends that strata with a
neutraization potential (NP) less than 10 tons/1000 tons or a net neutralization potential (NNP) less than
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0 tons/1000 tons be considered potentialy acid producing. Strata with an NP greater than 21 tons/1000
tons or an NNP greater than 12 tons/1000 tons can be considered dkaline. The gray zone is the defined
region between these values. These vaues are based on the ABA procedure currently used inthe U.S,, and
thelr derivation is discussed in chapter 4. Asthe ABA modifications recommended in thistext are gpplied
inthefied, it is anticipated that the accuracy of predictions should improve. These vaues should therefore
be re-assessed once the modified test procedures have been adopted. It is anticipated that the eimination
of the Sderite problem and the dimination of subjectivity in the fizz test should reduce the sze of the
undecided gray zone, and lower the bresk points for the generation of an akaine discharge.

Dynamic or kinetic testing, in which the rock samples are subjected to mild to severe weathering under
laboratory conditions, are described in detail in Chapter 5. While kinetic tests have been utilized to make
permitting decisons, the time and effort required for such testing have generdly limited their gpplicability.
In addition, the lack of standardization has aso caused problems. The Chapter 5 recommendations should
correct the latter problem; presumably, this will dlow kinetic tests to be used when clarification of the
likelihood of acid generation for sitesin the defined gray zone is necessary.

Findly, it should be emphasized tha regardiess of whether one is preparing or reviewing a permit, the
unique character and condition of each mine Ste precludes a smple cookbook gpproach. If dte
characterization is adequate, it is generdly possble to predict pos-mining water quality. This evauation
should then be factored into a consideration of whether this predicted water qudlity is likely to have
unacceptable effects on locd water qudity, and if o, whether anything can be done during mining and
reclamation to alow it to proceed without such adverse effects.
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