CHAPTER 2. HOW GEOLOGY AFFECTS MINE DRAINAGE PREDICTION

by
Keith Brady, Roger Hornberger, William Chisholm, and Gary Sames

INTRODUCTION

Acid mine drainage (AMD) isamgor problem in the northern Appdachian Basin, particularly within the
Allegheny Group dratigraphic section (Appaachian Regiond Commisson, 1969; Wetzd and Hoffman,
1989). AMD is much less sgnificant in the midwestern sates, and so this chapter and the next emphasize
the Appaachian dates. Figures 2.1 and 2.2 illudtrate the extent of contamination in the northern Appaachian
Basin, usng datafrom Wetzd and Hoffman (1983). It should be noted thet the digtribution of contaminated
mine water is not smply afunction of the amount of pyrite and limestone in the overburden. For instance,
some watersheds are much more intensely mined than other watersheds, and some watersheds on the
periphery of the basin may have little or no cod. However, some generd statements on the distribution of
water quality problems can be made. The West Branch of the Susquehanna River has the highest
percentage of streamswith pH less than 6.0 (56%). This watershed has a correspondingly high percentage
of streamswith sulfate above 75 mg/L, indicating that the proportiondly low pH is due to mining. The other
two watersheds with gregter than 35% of the streams having a pH less than 6.0 occur where mining would
have encountered the Allegheny Group. Watersheds in southern West Virginia and Kentucky that have
sulfate concentrations above 75 mg/L in gregter than 35% of the sreamsiilludrate thet high suifate does not
necessarily correspond with low pH; none of the sampled streams have a pH less than 6.0.

Although thereisagenerd rdaionship between geology and mine drainage qudity, no comprehensive study
relating geology and mine drainage qudity has been atempted for the entire Appaachian basin. An
examinaion of geologic sudies suggests some sgnificant differences in minerdogy for the southern
(Pottsville) and northern (Allegheny through Dunkard) Appalachian drata (eg., Cecil et d., 1985;
Donddson et d., 1985a). Four principa geologic processes have contributed to the variability of coa
properties and the chemistry/minerdogy of the intervening srata Two of these, paeoclimate and
pal eodepositionad environment, date back hundreds of millions of years to the Pennsylvanian Period. The
other two, surface westhering and glaciation (in the northern part of the basin), are more recent, occurring
within the past few million years.

The paleoclimatic and paleodepositiona environmentad influences on rock chemidry in the northern
Appaachians resulted in the formation of cod overburden with greatly variable sulfur content (0% to >10%
S) and cacareous minera content (0% to >90% CaCQOs). The wide variationsin rock chemistry contribute
to the wide variationsin water quality associated with cod mines.
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Figure 2.2. Percentage of Streams in the Watersheds With Median Sulfate > 75 mg/l



GEOLOGIC FACTORS
Paleoclimatic I nfluences

Various attempts have been made to reconstruct the paleoclimate of the northern and centra Appalachian
Basin during the Pennsylvanian (Cecil et d., 1985; Donddson et d., 1985a; Phillips et d., 1985; Winston
and Stanton, 1989). The modd s developed in these studies differ asto how wet or dry the upper Pottsville
was, but they agree that at the time of deposition of the Allegheny Group, the dimate was moderatdly wet,
athough drying as the deposition continued. All agree that during deposition of the Conemaugh Group, it
was dry. The base of the Monongahela was deposited in awet period, and the climate probably became
drier higher up in the section. Cecil et d. (1985) and Donadson et d. (19854) concluded that the period
during which the Dunkard was deposited was comparatively dry.

Cecil et d. (1985) suggest that climate affected the shape of the peet depodts, the chemistry of the swamp
and ultimately the chemidtry of the cods. Periodic dry conditions would alow the surface of the pest to dry,
oxidize, and degrade, thusincreasng ash content. These conditions, taken together, would result in higher
sulfur and ash in the northern Appaachian cods. Cecil et d. bdieve that this explains why the cods of the
southern Appaachian Pottsville Group are lower in sulfur (typicaly <1% sulfur) and ash (typicaly lower
than 10% ash) than the younger cods of the northern Appaachians (typicaly >1% sulfur and >10% ash)
(Figures 2.3 and 2.4).

Aswith cod qudity, Cecil e d. (1985) and Donaldson et . (1985a) concluded that overburden strata are
aso influenced by paeodimate. The drier conditions during the Upper Pennsylvanian (upper Allegheny and
younger strata) resulted in the common occurrence of freshwater limestones, calcareous cements, and
ca careous concretions in non-marine sandstones and shales.

A second category of geologic processes that influenced the chemidiry and mineradlogy of Pennsylvanian
Period cod-bearing sediments, including the distribution of cacareous and pyritic rocks, was depostiond
environment. Typicaly, within the Pennsylvanian, paeocenvironment is dassified as freshwater, brackish and
marine (Williams, 1960). These three categories ae not evenly didributed geographicdly or
dratigrgphicaly.

Paleoenvironmental | nfluences

Pd eoenvironment is an important control on the distribution of carbonates and pyrite. Marine limestones
can have dgnificant dkalinity-generating cgpability, and mines that encounter these limestones generdly
produce akdine drainage. Freshwater limestones are common in the upper Allegheny and Monongahela
Groups. Mines that encounter these limestones, likewise, routingly produce adkaline drainage. Brackish
environmentstypicaly lack cacareous minerds, with Sderite being the only carbonate present. Overburden
of marine and brackish origin often have much greater thicknesses of high sulfur strata than overburden of
freshwater origin. Brackish environments therefore cause strata to be high in sulfur and low in calcareous
minerds, which often resultsin AMD. These paeoenvironmentd influences on the distribution of carbonates
and sulfur (pyrite) will be examined in more detall below.
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Figure2.3. Stratigraphic variation of sulfur content for 34 coal beds of the central Appalachians (Cecil et a., 1985).
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Figure2.4. Stratigraphic variation of ash content for 34 coal beds of the central Appalachians (Cecil et al., 1985).
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Depositional Environmentsof Iron Sulfide Minerals

Guber (1972) found thet the highest sulfur in rocks overlying the lower Kittanning cod in north-centra

Pennsylvania was associated with sediments deposited under brackish conditions (Degens et d., 1957,

Williams and Keith, 1963). Guber concluded that a brackish environment provides optimum conditions for
pyrite formation, with sulfate derived from the brackish water and iron from the nearby terrestrial sources.

These sources, coupled with high arganic content, provide optimum conditions for pyrite formation: a
reducing environment with an ample supply of sulfur and iron.

Relationships between sulfur and depositiona environment for cod have aso been documented in Texas
and Audrdia In Texas, Eocene cods deposited in marine and brackish lagoonda environments typicaly
have the highest sulfur (S) concentrations (1.5 to 2%), while dluvid plain cods exhibit the lowest S vaues
(< 1%). Déltaic cods are intermediate in S (1 to 1.5%) (Kaiser 1974, 1978). Permian codsin Audrdia
deposited in lower delta plain facies usudly contain > 0.55% S, whereas those associated with braided
fluvid facies found further inland, usudly on dluvid plains, contain < 0.55% S. Upper ddta plain cods,
which are located between the lower ddta plain and the dluvid plains, are typicdly of intermediate sulfur
(Hunt and Hobday, 1984).

Englund et d. (1986) noted that sulfur in the Pottsville Group Pocahontas No. 3 cod in southern West
Virginiaand western Virginiawas highest a the margins of the deposit (0.9%) and lowest away from the
margins (0.4%). Two studies of the Allegheny Group upper Fregport coa in southwestern Pennsylvania
show smilar trends. Skema et d. (1982) found that cod near the margins contained 4 to 5% sulfur, while
cod toward the center of the deposit had 1 to 2% S. Sholes et d. (1979) found that coa near the margins
had 5to 6% S, and 3% or lessin the center.

Some of the examples cited above show well-documented relationships between sulfur in cod and
paleodepodtiond environment. However, even where present, the reationships between sulfur and
paleodepositional environment are region-specific. For example, the freshwater cods of northern
Appdachiaare generdly higher in sulfur than the marine cods of Texas. Therefore, the use of high and low
sulfur as a predictive tool for paleodepositiona environment should be used with extreme caution.

Changesin percent sulfur have aso been observed a amore locd leve than discussed above. Studies of
the vertical digtribution of sulfur in cod have been done for coa's around the world, encompassing various
geologic periods and cod rank. Increased sulfur at the top and bottom of cod seams appearsto betypical.
This has aso been observed in cod seams of the northern Appaachian basin. Reidenour et d. (1967) found
higher sulfur at the top and (Sometimes) bottom of Clarion and lower Kittanning codsin Clearfidd County
that have roof rocks that were deposited in a brackish depositiona environment. Appalachian cods
interpreted to have been deposited in afreshwater depoditiond environment aso show high sulfur at thetop
and bottom of the seam (Cheek and Donaldson, 1969; Donadson et a., 1979; Donaldson et a., 1985b;
Hawkins, 1984).

It cannot be assumed that high sulfur in the upper portion of acod bed, or high sulfur within acod bed, are
evidence of marine influence. Paleocenvironmentd interpretations using sulfur done may not be vdid. The
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fact that high sulfur is frequently found at the top and bottom of coa seams, regardless of paeoenvironmert,
is, however, important from amining sandpoint. The top and bottom of a cod seam are the most likely to
be Ieft behind on the mine dte as pit deanings because of high sulfur or ash, or as cod that is not
recoverable in the mining process. The acid potentia from this source must be considered in any evauation
of potentid acid-materias problems.

Pyrite and Other Forms of Sulfur

Although pyrite may comprise only afew percent, or even afraction of a percent, of the overburden rock,
its importance to past-mining water qudity far outweighsits ssemingly minor presence. An overburden that
averages just afraction of apercent sufur, in the absence of neutrdizing rocks, can cregte sgnificant post-
mining water quality or revegetation problems, if not dedlt with properly.

Forms of sulfur that occur in cod overburden are sulfide, sulfate and organic. Two iron sulfide mineras
occur in the mgority of bituminous cod and overburden: pyrite and marcadte. Both have the chemica
formula FeS; and are 53.4% S, with the remainder being iron, but the two mineras have different
ayddlinity. For amplicity, wewill refer to iron sulfide mineras as pyrite. Excdllent explanaions of the series
of chemicd reactions by which AMD is produced from pyrite and other iron sulfide minerds are found in
Evangelou (1995), Kleinmann et d. (1981), Lovell (1983), Rose and Cravotta (1998), and Singer and
Stumm (1968, 1970). Data and discussion of factors related to pyrite oxidation rates are contained in
Braley (1960), Clark (1965), Cravotta (1996), Hammack and Watzlaf (1990), McKibben and Barnes
(1986), Moses et d. (1987), Moses and Herman (1991), Nicholson et d. (1988), Rimstidt and Newcomb
(1993), Rose and Cravotta (1998), and Watzlaf (1992).

Sulfate minerds are generdly secondary weethering products of pyrite oxidation. Nordstrom (1982) shows
the sequence by which these minerds can form from pyrite. Many sulfate minerds have been identified in
overburden, including those listed in Table 2.1. These mineras (with the exception of barite) are typicaly
very soluble and transent in the humid east. They form during dry periods and then are flushed into the
groundwater system during precipitation events. The phases that contain duminum or iron are essentidly
stored acidity and will produce acid when dissolved in water. Gypsum, which is not acid forming, is
relaively uncommon in Northern Appaachian Basin cod-bearing rocks, wherees other sulfate mineralssuch
as pickeringite and hd otrichite occur more commonly. Additiona information about these sulfate minerds
isfound in Cravotta (1994), Lovell (1983), and Rose and Cravotta (1998).

Organic sulfur is sulfur thet istied up in organic molecules. This sulfur can originate by two processes: it can
be associated with the origina plant materia, and it can be complexed with organic molecules during
diagenesis. Organic sulfur is not acid forming (Casagrande et ., 1989).

When overburden is andyzed, weight percent totd sulfur is generdly determined as a means of estimating
pyritic sulfur and thus the acid-producing potentid of the rock. Because of difficulties with anaytica
methods, added cost of andysis, and the fact that most sulfur in overburden rock is pyritic, typicaly only
total sulfur is determined. However, when forms of sulfur are determined, organic sulfur estimates are usualy
determined by difference (Noll et d., 1988); that is, total weight percent sulfur minus pyritic sulfur and

13



ulfate sulfur. As a result, pyritic or sulfate sulfur are sometimes underestimated during analys's, which
causes the organic sulfur fraction to be artificidly eevated and gpparently acid-forming.

Table 2.1. Secondary sulfate minerds identified in western Pennsylvania mine spoil and overburden.
(Minerds from Cravotta (1991, 1994), L. Chubb and R. Smith (PA Geologic Survey, persona
communications), and observations by the authors. Mineral chemigtries are from Roberts et . (1990).
Acid-Producing

Fickeringite: MgAI(SOy)4- 22 H,O

Haotrichite ~ Fe™Al(SO4)s 22 H,0

Alunogen: A|2(SO4)3' 17 H,0O

Copiapite: Fe”Fe*(S04)s(OH), 20 H,0

Copigpite Group: duminocopiapite with Mg?

Coquimbite: Fex(SOy4)3- 9 HO

Roemerite: Fe2+Fe23+(S0,),- 14 H20

* Jarogite: K Fes™(S0,)2(0OH)6

Non-Acid-Producing
Gypsum: Ca(SOy)- 2 H,O
Epsomite; MgSO,- 7 H,O
Baite BaSO,

“Jarositeis less soluble than the other acid-producing
ulfate mineras.

Typicdly, higher sulfur values will be found in marine mudstones than in freshwater mudstones, and
carbonaceous rocks will typicaly contain more pyrite than non-carbonaceous rocks for any given
paeocenvironment. A positive linear relationship has been shown between percent organic carbon and
percent sulfur for Recent and Pleistocene marine sediments (Goldhaber and Kaplan, 1982; Raiswell and
Berner, 1986). The higher the content of organic matter, the darker the rock tends to be. If amudstoneis
known to be of marine or brackish origin and it is dark in color, thereis agood chance that it isaso high
in sulfur. Carbonaceous rocks (> 5% organic carbon) may be high in sulfur, a leest relative to other rocks,
regardless of paeoenvironment. This can be useful in heping to identify potentidly high sulfur rocksin the
fidd or in drill cuttings/cores.

Congderable effort has been expended over the yearslooking at pyrite morphology and atempting to reae
thisto acid generation. Some of the earliest work is by Caruccio (e.g. 1970); however, numerous other
individuals have aso examined this issue. Pyrite occurs in severd crystal morphologies, ranging from
micron-sze to millimeter (or larger) crystals and coatings. Pyrite genesis has been suggested as a factor
influencing pyrite reactivity. For example, sedimentary pyrite is more reactive than hydrothermd pyrite
(Borek, 1994; Hammack et d., 1988). Most pyrite associated with the northern Appaachian Basin is
sedimentary in origin.
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Morrison (1988) defined nine classes of pyrite morphology, end members being framboida and euhedral

cryda dructures. Framboida pyrite consgts of aggregates of very smdl pyrite crystds (<1 micron in Sze),

while euhedrd are generdly larger (tens to thousands of microns). Framboidal pyrite therefore has a
proportiondly larger surface area than euhedra crystds. Classification systems have aso been discussed
(eg., Aroraet d., 1978; Hawkins, 1984). Caruccio (1970) and Morrison (1988) found a relationship

between relative surface areaand acid production, with the smal particles being more reective.

Normdly, determination of total sulfur will adequately serve as a proxy for acid potentid. Thisis because
it includes the sulfur from acid-generating sulfide and sulfate minerals and typicaly the amount of organic
sulfur in overburden rock is inggnificant. In locations where gypsum and other sulfur-bearing, non-acid-
forming materids are abundant, accurate determination of sulfide sulfur should provide a better prediction
of acid potentid.

Table 2.2 isinduded in this section to provide typicd and extreme examples of acidity, dkdinity and reated
water qudity parametersin cod mine drainage and nearby well and spring samples. These water samples
were compiled from tables contained in Hornberger and Brady (1998) and Brady et d. (19989) to illudrate
mine drainage qudity variaionsin Pennsylvania Smilar variationsin mine drainage qudity exig in the other
datesin the Appdachian Basin.

In Pennsylvania cod mine drainage, some of the most extreme concentrations of acidity, iron and sulfate
have been found a the Leechburg Mine refuse site in Armstirong County, and at surface mine Sitesin
Centre, Clinton, Clarion and Fayette Counties, as shown in Table 2.2. Acidity concentrations of segps from
Lower Kittanning Cod refuse at the Leechburg site exceed 16,000 mg/L (as CaCQOs), while the sulfate
concentration of one sample exceeds 18,000 mg/L. At a surface mine on the Clarion Cod in Centre Co.,
a 35 gpm (132.5 L/min) post-mining discharge had an acidity concentration over 9,700 mg/L with aniron
concentration of amost 2,000 mg/L. A water sample from a pit in Fayette County had an acidity
concentration greater than 5,900 mg/L and an iron concentration greater than 2,000 mg/L. Schueck et d.
(1996) reported on detailed AMD abatement studies conducted at a backfilled surface mine sitein Clinton
County. A monitoring well there penetrated a pod of buried cod refuse and produced a maximum acidity
concentration of 23,900 mg/L and a mean acidity concentration of 21,315 mg/L, based on 13 samples. The
maximum concentration of iron was 5,690 mg/L. and the maximum sulfate concentration was 25,110 mg/L
in the same monitoring well. Toe of spoil seeps at the Clinton County Ste have acidity and sulfate
concentrations greater than 3,500 mg/L and 3,700 mg/L, respectively.

Carbonate Mineralsand Their Importancein Mine Drainage Quality

Carbonate minerds form under marine and freshwater environments. Marine limestones, or other cacareous
marine rocks, play asignificant rolein preventing acid drainage in the Appaachian Basin. Marine limestones
a0 sgnificantly contribute to the dkaine water of the lllinois Basin and the Western Interior Cod Province.

Marine rocks in the northern Appaachian Basin occur principdly in the lower Allegheny Group and the
Glenshaw Formretion. The rocks represent open marine to margind marine (brackish) conditions. The open
marine facies ae frequently limestone or cacareous shdes. Brackish facies often lack
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Table 2.2 Water Quality Parameters at Mine Sitesin Pennsylvania

Site Name County pH | Alkainity | Acidity Fe Mn Al SO, | Typeof Sample
mg/L mg/L mg/L mg/L mg/L mg/L
L eechburg Armstrong 24 0.0 16594.0 | >300.0 16.5 >500.0 | 11454.0 | Seep
L eechburg Armstrong 24 0.0 167180 | >300.0 19.3 >500.0 | 18328.0 | Seep
L eechburg Armstrong 31 0.0 1368.0 >300.0 13.9 82.3 1896.0 | Deep Mine Discharge
L eechburg Armstrong 20 0.0 103835 | 22000 33 N.D. 14565.2 | Diversion Ditch Discharge
TreesMills | Westmoreland | 2.5 0.0 3616.0 1904 135 73.1 1497.8 | Deep Mine Discharge
Lawrence Fayette 2.2 0.0 5938.0 2060.0 73.0 146.0 3600.0 | Pit Water
Lawrence Fayette 26 0.0 1840.0 166.0 89.0 85.0 2700.0 | Surface Mine Discharge
BlueLick Somerset 29 0.0 2594.0 > 300.0 35.7 180.0 27010 | Seep
Stott Centre 2.7 0.0 9732.0 19598 | 2053 N.D. 4698.0 | Surface Mine Discharge
Stott Centre 2.8 0.0 4520.0 4880.0 149.5 N.D. 51394 | Surface Mine Discharge
Orcutt Jefferson 32 0.0 4784.4 61184 | 5100 N.D. 7500.0 | Spoil Piezometer
Orcutt Jefferson 39 0.0 5179.6 28480 | 3490 N.D. 11120.0 | Spoil Piezometer
"Fran Clinton 22 0.0 239000 | 5690.0 79.0 22400 | 25110.0 | Monitoring Well
"Old 40 Clarion 22 0.0 100000 | 32000 | 2600 | 5500 | 14000.0 | Monitoring Well
"0ld 40 Clarion 20 00 10000.0 44,0 920 3800 | 10000.0 | Monitoring Well
""0ld 40 Clarion 24 0.0 50000 | 7000 | 900 1800 | 3300.0 | Spoil Drain
"0ld 40 Clarion 2.2 00 44000 | 12000 | 750 250.0 4000.0 | Spoil Drain
""0ld 40 Clarion 31 0.0 11000 | 2600 | 550 26.0 21000 | Seep
"0old 40 Clarion 26 0.0 12000 | 19000 | 1400 58.0 1900.0 | Seep
Zacherl Clarion 2.3 0.0 9870.0 28600 | 136.6 583.0 7600.0 | Toe-of-spoil Discharge
Waynesburg Greene 78 379.0 0.0 012 0.04 N.D. 165.0 |Deep Mine Discharge
Redstone Fayette 74 626.0 0.0 165 105 <05 1440.0 |Spring
Redstone | Westmoreland | 8.1 338.0 0.0 0.66 0.33 05 1810 |Spring
BlueLick Somerset 6.8 166.0 0.0 2.86 052 <05 2200 |PRitSump
BlueLick Somerset 79 276.0 0.0 <03 <0.05 <05 436.0 |Spring
BlueLick Somerset 7.7 1380 00 112 0.86 <05 4940 |Stream
BlueLick Somerset 6.9 226.0 0.0 0.81 0.83 <05 11020 |Stream
Vanport Lawrence 75 324.0 <2 210 0.07 N.D. 400 |wdl
Wadesville Schuylkill 6.7 414.0 0.0 361 3.37 <05 1038.0 |Deep Mine Pumped Discharc
Wadesville Schuylkill 6.9 370.0 0.0 195 342 <05 884.4 |Deep Mine Pumped Discharc
Valentine 1 Centre 75 2260 0.0 <001 | <001 | <0135 1450 |[Pit Water Ouitfall
Valentine 2 Centre 75 146.0 0.0 0.29 <001 04 1050 ([Pumped Pit Water
Vaentine3 Centre 7.6 1020 0.0 207 0.05 39 440 |Raw Pit Water
Vaentine4 Centre 80 164.0 00 0.22 <001 0.59 68.00 [Deep Mine Discharge
L edger Chester 80 284.0 0.0 004 0.01 <0135 410 |PitSump
Loyalhanna | Westmoreland | 7.7 152.0 0.0 <03 <0.05 <05 1432 |Pit Water

akainity-generating ca careous minerds, dthough Sderite (FECOs) can be abundant. Marine rocks can dso
be an important component of cod overburden in southern Appaachian (Pottsville) rocks [Alabama -
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Horsey (1981), Pody (1987), and Demko and Gastaldo (1996); Tennessee - Dorsey and Kopp (1985);
Kentucky - Chestnut (1981); and southern West Virginia- Martino (1994, 1996)].

Freshwater cacareous rocks, including lacustrine limestones, occur in the upper portion of the Allegheny
Group and throughout the Conemaugh, Monongahela and Dunkard Groups of the northern Appaachian
Basn. The extengve laterd digtribution of some of these limestones was discussed in the Sratigrgphy section
of Brady (1998b). These limestones, and other calcareous rocks, are responsible for the dkaline nature of
many of the mining-associated discharges within these stratigraphic horizons. Freshwater calcareous rocks
aso occur in the Conemaugh Group, and are important when they occur above the upper Freeport codl.

In addition to freshwater limestones, the upper Allegheny Group frequently contains an abundance of
cacareous claystones, mudstones and sltstones. Much of this intervd is digtinctly cacareous (>10%
CaCQOs,), but only smdl portions are limestone (> 50% CaCOs). Additiond information on dratigrgphic
changesin thisinterva isincluded in Chapter 3 and in Brady et a. (1988, 1998).

The most common carbonate mineras found in coad mine overburden are listed in Table 2.3. Carbonate
minerds are often nat “pure’ end members, but form solid solution series with cation subditution, and vary
with respect to their capacity for acid neutrdization. Calcite is more soluble than dolomite dthough the
overd| dissolution isgmilar to that shown for cacite (Geidd, 1982). Bath cdcite and dolomite will neutrdize
acid, and potentidly inhibit pyrite oxidation. Siderite isless soluble than cacite and dolomite, and does not
contribute akainity.

Table 2.3. Common carbonate minerals in mine overburden, listed in descending order of their capability
to neutrdize acid.

Minera Chemigry

Cdcite CaCOg;

Dolomite CaMg(COs),
Ankerite Ca(FeMg)(COs),
MnSdeite  (Fe, Mn)COs
Siderite FeCO3

Freeze and Cherry (1979) dtate that the solubility of carbonates is dependent on the partia pressure of
carbon dioxide (pCO,), and show arange of vaues that are relevant for naturd groundwater. They show
solubility for calcitein water at 25° C, pH 7, 1 bar total pressure, and apCO, of 10 bar is 100 mg/L,
while the solubility a apCO, of 10™ bar is 500 mg/L, using data from Seidell (1958). However, these
relationships may be more complex than they initidly appear. According to Rose (personad communication,
1997), the range of bicarbonate concentrations for calcite dissolution in pure water ranges from 83 mg/L
at apCO,of 10°to 370 mg/L at apCO,of 10, using the methods (i.e. Case 4) described in Garrels and
Chrigt (1965). Additiond discusson of carbon dioxide partia pressuresis found in Hornberger and Brady
(1998).
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Since the dkalinity production process has a dramaticaly different set of contrals, the resultant maximum
akainity concentrations are typicaly one or two orders of magnitude less than the maximum acidity
concentrations found in mine environments. Examples of reatively high akainity concentration in mine
drainage, groundwater and surface water associated with surface and underground minesin Pennsylvania
bituminous and anthrecite cods are shown in Table 2-2. The highest naturd dkainity concentration found
in PA DEP mining permit file data (and reported in Table 2.2) is 626 mg/L in a spring located near the
cropline of the Redstone Cod in Fayette County. Thick sequences of carbonate Strata, including the
Redstone Limestone and the Fishpot Limestone, underlie and overlie the Redstone Codl. A curiogity is that
some of the highest dkdinity concentrations shown in Table 2.2 are accompanied by equivaent or grester
sulfate concentrations, so that bicarbonate may not be the dominant anion in some of these highly adkdine
groundwaters.

Carbonate minerds play an extremely important role in determining post-mining water chemistry. They
neutralize acidic water created by pyrite oxidation, and there is evidence that they aso inhibit pyrite
oxidation (Hornberger et d., 1981; Perry and Brady, 1995; Williams et a., 1982). Brady et a. (1994)
determined that the presence of aslittle as 1% to 3% carbonate (on a mass weighted basis) on amine ste
can determine whether that mine produces alkaine or acid water. Although pyrite is clearly necessary to
form AMD, the rdationship between the amount of pyrite present and water quality parameters (e.g.,
acidity) isonly evident where carbonates were absent.

Neutrdization potentia, ameasure primarily of the carbonate content of the overburden, relates pogtively
to the dkdinity of post-mining water. A knowledge of the distribution, amount, and type of carbonates
present on amine Steis extremdy important in predicting the potentia for post-mining problems and in
designing prevention plans.

Lithologic and Stratigraphic Factors Affecting Mine Drainage Quality

Lithology is controlled by geologic factors such as paeoclimate and paeodepositiona environment.
Sandgtones are deposited in high-energy envirorments, whereas shales and sltstone are deposited in quieter
environments.

Published studies of Allegheny Group mines with abundant sandstone overburden attest to a problem with
water quality. For example, diPretoro (1986) found that al but one mine ste within his sudy area (northern
WV) containing greater than 63% sandstone produced net acidic drainage. Sixty-seven percent of siteswith
less than 30% sandstone had net dkdinity (Figure 2-7). An examination of 41 mine Stes in western
Pennsylvania by the Department of Environmenta Protection (DEP) and the Office of Surface Mining
(OSM) dso shows rdationships between % sandstone and water qudity. They found asmilar rdaionship
between the % sandstone and acid production for the Allegheny Group. However, in contrast, the
sandstones of the Monongahdaand Dunkard Groups are typicaly calcareous (cements) and were found
to usudly produce dkdine drainage. Both studies show that when thereisalow percentage of sandstone,
the mine drainage is generdly dkdine (Figures 2.5 and 2.6). Although there are certain rules of thumb
regarding the rdationship between sandstone and mine drainage qudity, Ste-specific information is
necessary to accurately predict water quality from a particular mine site.
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Brady et d. (1988) looked at the overburden above the upper Kittanning cod in the Stony Fork watershed
in Fayette Co., PA. Mine siteswith predominantly channel sandstone overburden produced acidic drainege.
The sandstone lacked cacareous mineras or cements. Overburden in areas away from the sandstone
channels contained ca careous shaes and muddy limestone, and mining in these areas resulted in dkaine
drainage.
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Figure 2.5. Net dkdinity as a function of percent sandstone for surface mines that encountered the
Waynesburg, upper Fregport and lower Kittanning cods. Sites are in northern Preston County, WV. Most
gtes with greeter than 63% sandstone are acidic, and mogt sites with less than 20% sandstone are dkdine
(diPretoro, 1986).
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Figure 2.6. Net dkainity as afunction of % sandstone for 41 surface mines in western PA. Minesin the

Conemaugh, Monongahelaand Dunkard Groups are dl dkdine, regardiess of % sandstone. Mogt Steswith
less than 20% sandstone are dkaine.
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Sandgoneistypicaly low in sulfur, even when acid-producing. Channd sands can contain eroded materid,
including ripped up mats of peet (present day “cod spars’) and even fossilized, and often codified, logs.
Individualy these cod indlusons can be high in sulfur, but during typica overburden sampling, the inert
quartz and other mineras that compose the sandstone dilutes this high sulfur. Thus, such sandstones may
contain acid-forming materid (cod spars), and yet yiedd samples that have low overdl sulfur concentrations.
Occasiondly there are pyrite-rich sandstones. Some of these are black and high in organic carbon, while
othersarelight in color, but high in sulfur. The light- colored high-sulfur sandstones seem to occur just above
cod or organic-rich shde. Additiond discussonisfound in Williams et d. (1982) and Brady et d. (1998b).

Frequently, the highest sulfur sirata are high-ash coals and other organic-rich rocks. Typicdly, these
organic-rich rocks are immediately above, below or within acod seam (e.g., a parting) and the shde above
the cod isdso high in sulfur (Guber, 1972).

As mentioned earlier, cacareous carbonates are more important than pyrite in controlling water quality from
surface mines. The presence of only 1 to 3% carbonate minerds can influence whether acidic or dkdine
drainage is produced (Brady et d., 1994; Perry and Brady, 1995). The amount of sulfur present is not
directly related to acid production except in the absence of cacareous strata.

Carbonate minerds form under both marine and fresh water environments. Marine units contribute
ggnificantly to akaine water in the Illinois Basin and the Western Interior Cod Province, but are dso
sgnificant in the Appaachian Basgin, such as within the lower Allegheny Group. A good example of thisis
the Vanport horizon, which occurs above the Clarion Cod. In Butler County, Pennsylvania, where the
Vanport limestoneisthick and in dase proximity to the cod, mining of the Clarion cod will result in dkdine
drainage. Where the Vanport-equivaent facies are brackish shale and the shde lacks cacareous minerds,
such asin Clearfidd County, Pennsylvania, the mine water istypicaly acidic. It should aso be noted that
in addition to limestones, other marine sediments are often calcareous.

Freshwater calcareous rocks, including lacustrine limestones, are dso important. For example, the
Monongahela and Dunkard groups have numerous thick, laterdly perdagtent, lacustrine limestones.
However, in generd, freshwater limestones often contain relaively high concentrations of day and slt, and
can be thin and discontinuous.

State Practices

Alabama, lllinoisand Indianarequire drill logs with narrative descriptions for any holes drilled on the permit
property. Geologic cross sections to assess lateral continuity of the strata and a structure contour map at
the battom of the codbed are dso required usng dl the available drill hole information. Depositiond andyss
is not required but permit reviewers are aware of acid-producing units associated with the various coa
seams being mined within their Sate.

Kentucky requires only that the data presented be adequate to describe each aquifer and hydrogeologic
regime. A description of the depositiona environment is rarely required.
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Maryland and Tennessee require a geologic cross section covering the permit area and a descriptive log
of any avalable drill holes They do not use depostiond environment information during the AMD
predictive process.

Ohio requires a generd description of the geology within the proposed permit area and adjacent areas
down to and including the first stratum below the lowest cod seam to be mined or any aquifer below the
lowest cod seam that may be adversdly affected by mining. The description must incdlude informetion on the
ared and structurd geology and any other geologic parameters that may influence required reclamation. A
description on how the ared and structura geology may affect the occurrence, availability, movement,
quantity, and quality of potentidly affected surface water and ground water is dso required. Test holes
containing lithologic descriptions are required. A description of the depoditiond environment is not required,
but is accepted and reviewed if submitted.

Pennsylvania requires that dl drill hole information on a property include narrative logs, and thet they be
used to build geologic cross sections to assess laterd continuity of the sirata, and to construct structure
contour map of the bottom of the coabed. Pennsylvania does not require any depositiona anadyss by the
permit gpplicants, but does use depositiond information internally during review.

Virginia requires a geologic cross section of the permit area from core holes or measured sections of
highwalls to assess laterd continuity of the strata. Permit reviewers do not use depositiond environment
information but are aware of acid-producing units associated with the coalbeds mined within the state.

West Virginiarequires drill logs with narrative descriptions for any holes drilled and geologic cross sections
to assess laterd continuity of the strata. West Virginia does not use depositiond environment information
during the AMD predictive process.

State practices for the eva uation of Site geology and depositiona environment are outlined in Table 2.4.

Effects of Surface Weathering and Glaciation on Mine Drainage Quality

This section will deal with amuch more recent geologic process, the physica and chemica weethering of
rock, which has occurred within the past million or so years. The sgnificance of this influence on the
digtribution of carbonate and sulfide mineras (pyrite) can be as great as that which occurred in the more
distant past. Westhering results in the near-surface removad of carbonates and sulfide mineras, carbonates
by dissolution and sulfides by oxidation. This zone is usudly recognizable by the ydlow-red hues (indicative
of oxidized iron) of the rocks. Generdly, in the unglaciated portions of the Appdachian Plateau, the
intensely weathered zone extends to 15 to 60 ft (6 to 20 m) below the surface.

Chemicd wegthering of bedrock is enhanced by physicd factors such as sressrdief fracturing on hill dopes
and bedding-plane separations due to unloading. Clark and Ciolkosz (1988) have aso suggested that
periglacid conditions during the Pleistocene contributed to the shattering of near-surface rock, which
accelerates weethering by increasing surface area. All of these processes acting together increase the
permesbility of the wesathered zone. The ground water associated with the weathered zone
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Table 2.4 State Requirements for Site Geology and Depositiona Environment Informeation

description of dl test holes are required, dong with a
discussion of how the surface and ground water might
be affected.

STATE SITE GEOLOGY DEPOSITIONAL ENVIRONMENT

Drill logs with narrative descriptions required for any | Does not require any depositiond andysis by
AL, IL, | holesdrilled on the permit property. Geologic cross | gpplicants. Reviewers are familiar with the
IN sections used to assess laterd continuity of the Strata. | depositiond environment of the codfidds and

Requires structurd contour map for the bottom of the | kegp that information in mind during the

codbed ugng dl the avallable drill holeinformation. | review process.

The data must be adequate to describe each aquifer | A description of the depositiond environment
KY and hydrogeologic regime. israrely required.

Geologic cross section covering permit area and | Does not use any depositiona environment
MD descriptive log of overburden anadysis required. information during the predictive process.
OH Geologic description of the permit areaand lithologic | A description of the depositiona environment

IS not required, but is accepted and reviewed
if submitted.

PA

All drill hole information must include narrative logs
Information is used to build geologic cross sectionsto
assess laterd continuity of the strata and congtruct a
structure contour map of the bottom of the coalbed.

Does not require any depostiond andysis by
the permit gpplicants. Uses depositiona
evironment information interndly during
review, mainly as a regiond indicator of
AMD potentid.

TN

Requires a geologic cross section of the permit area
and adescriptive log of any avallable drill holes.

Does not use any depositiond environment
information during the predictive process.

VA

Requires a geologic cross section of the permit area
from core holes or measured sections of highwallsto
assess latera continuity of the Strata.

Reviewers do not formaly use depostiona
environment information, but are aware of
acid-producing units associated with the
coal beds.

Requires drill logs with narrative descriptions for any
holes drilled and geologic cross sections to assess
laterd continuity of the strata.

Does not use any depositiond environment
information during the predictive process.

is dilute, in terms of dissolved solids, because readily soluble products have been removed by chemica
wegthering (Brady, 1998Db).

Chemicd wegthering is do influenced by lithology. Coarser, more permegble lithologies may dlow
oxidation to extend to agreeter depth. Kirkadie (1991) measured the depth of the highly weethered zone.
He noted that the maximum thickness of highly weathered rock was 28.9 ft (8.8 m) in sandstone, and only
11 ft (3.3 m) in shde. His observations were based on the physica gppearances during drilling and may not
directly correlate with chemica weethering. This weathered-rock zone exists throughout the Appaachian
Pateau. In spite of this, it has been little studied. Smith and his colleagues (Grube et d., 1972; Smithet d.,
1974; and Singh et d., 1982) invedtigated the effects of weathering on the Mahoning sandstone in northern
West Virginia, and noted a“ pyrite-free weathered zone gpproximating 20 feet (6 m) of depth below the
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land surface...”. Singh et d. (1982), in addition to noting the pyrite-free zone, dso noted aloss of “dkdine
eath” dements within 20 ft (6 m). Loss of dkaine earth dements (cacium and magnesum) is best
explained by aloss of cadcareous minerds (cacite and dolomite). Brady et d. (1988; 1996) and Hawkins
et d. (1996) dl noted smilar weethering depths in Appaachian drata.

It is hard to provide rules of thumb for the depth of leaching of carbonates and oxidation of pyrite because
these mineras can only occur where they were origindly present (before weethering). If no pyrite was ever
present within a dratigrgphic horizon, its absence is not due to westhering, but to the fact that it was never
therein thefirgt place. The sameistrue for cacareous Strata. Brady et d. (1998) concluded that rarely do
NPs greater than 3% CaCO; or S greater than ~0.5% occur within 20 ft (6 m) of the surface in
Pennsylvania. A good example of this effect isthe Blue Lick cod. Where the cod is under shdlow cover,
it has less than 0.7% S; however, where the cod occurs under about 60 ft (20 m) of cover, the coa
averagesover 2% S.

Brady (1998) examined shdlow groundwater chemigry from stes in the northern and southern
Appa achians. Springs, which would represent water associated with the shallow weathered zone, had low
concentrations of ions regardless of geographic location, indicating the widespread presence of a shdlow
wegthered zone.

An accurate knowledge of the extent (depth) of the weathered zone is important from an overburden-
sampling standpoint. Overburden sampling should adequately represent the weathered zone and
unweethered bedrock. Thiswill entall drilling overburden test holes at maximum cover to be mined and at
lesser cover. Drilling only maximum cover or only lower cover overburden holes will probably not
adequately define the overburden chemistry of the entire mine.

An underganding of the effects of weethering on the digtribution of pyrite, sulfate salts, and carbonates is
important in accuratdy defining their distribution within unmined overburden, desgning a mine plan to
prevent post-mining problems, and accurately predicting post-mining water qudity. An understanding of
the weathering profile isjust as important as understanding the lateral and vertica didtribution of srata and
their pyrite and carbonate content, as shown in Figure 2.7.

As with bedrock, the weathering of tills and other glacid sediments results in a change in their effect on
water quality. At least 8 tills have been identified in Pennsylvania (White et d., 1969) and in northeastern
Ohio (White, 1982). The bedrock in the Lake Erie basin, which was the source for the glacid sediments,
conggs of alarge amount of limestone and dolomite. Therefore, the sediment contained in the glaciers was
high in carbonate minera's when it entered Pennsylvania and Ohio.

In the Illinois Basin, mog of the cod fidd is within the glaciated region and the bulk of the tills have
carbonate contents greater than 10% in the clay fraction, and up to 64% in the coarse sand fraction
(Fleeger, 1980). The presence of glacid depodgts is thus more sgnificant for the prevention of AMD in
lllinais than in Pennsylvania. Although cod and associated dratain the Illinois Basin are sometimes high in
sulfur (Maksmovic and Mowrey, 1993), acid streams (pH< 6) were only identified south of the glacid
border (Hoffman and Wetzel, 1993, 1995).
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Figure 2.7. Schematic cross-section showing relaive postions of high-sulfur strata and cal careous
drata (brick pattern). In this example, 40 ft (12 m) or more cover must be mined in order to encounter
the dkadine materid.

Weathering produces a vertica minerdogica gradation within tills (Leighton and MacClintock, 1930,
1962). Sulfide concentrations are typicaly negligible, even in unwegthered tills, but weathering can remove
carbonate mineras that would otherwise be present in sgnificant quantities. In generd, the upper portion
of thetill haslogt sulfides and carbonates, while the lower portions retain them. Because anumber of factors
control the depth of leaching (and other weathering characterigtics), the sametill may be leached to different
depthsin different locations. Asarule of thumb, older tills are leached of carbonates to a greater depth than

younger tills

In glaciated areas of Pennsylvania, post-mining water quality is frequently good, presumably due to the
carbonate content of glacid sediments. However, not dl minesin glacid overburden have dkdine drainage.
Older tills, especidly in their outcrop area, are low in carbonate and may not provide much neutrdization.

In summary, glacid overburden can be beneficid in preventing AMD if it is cacareous. Because of the small
grain sze, unlithified nature, and the source of carbonates in glacid sediments, the NP determinations of
glacid overburden probably more accurately reflect the ability of the glacia sediments to prevent and
neutraize acidity than is sometimes the case with bedrock overburden. Site specific data are required to
determine the NP of glaciad sediments because of ther variability in texture and compodtion due to dilution
and wesathering.

CONCURRENT RECLAMATION AND SPECIAL HANDLING PRACTICES

Experience indicates that AMD production is strongly influenced by the length of time between mining and
reclamation. In theory, leaving a Site open acceerates oxidation of the pyritic minerals and subsequently
increases acid production. Concurrent reclamation and burid of acidic materid can inhibit oxidation and
ameliorate AMD formation. The importance of concurrent reclamation is generally accepted.

Specid handling of acidic spoil materiads, athough not well documented in terms of success, is often used
to prevent the formation of AMD. ABA data, either as an NP value for a unit or as the percent sulfur
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contained, is generdly used to determine the need and scope of specid materid handling to prevent or
mitigate AMD.

There are currently two commonly recognized methods of specid handling. The firgt, and most common,
isto place the acid-producing materia above the highest projected ground water table levd: the high and
dry scenario. This should reduce the formation and mobilization of acid and metals. The second isto place
acid-producing materid so that it will ways be below the water table: the dark and deep scenario. The
dark and deep method controls AMD production by preventing contact between atmospheric oxygen and
the pyritic materid. In theory, and in laboratory studies, placing the pyrite below the water table should be
superior to the high and dry placement method. However, maintaining a permanent water teble over acid-
forming materias can be difficult given the hydrologic conditions a many Appaachian surface mines.

An active surface mine in Clearfieddd County, Pennsylvania provides an example of how predicting the post-

mining water table level can be a problem. The specia handling plan at this mine placed acidic materid 10
feet aove the pit floor to keep it high and dry (Hawkins, 1996). However, less than a year after

backfilling, ground water levels were at times at least 14 feet above the pit floor, putting the acid-forming

materidsin the zone of water table fluctuation. While sudies indicate that placing acid-forming materiasin
a fluctuating ground water zone is highly undesirable, Leach and Caruccio (1991) concluded that a
reduction in acid load resulted from any time pyrite spent under water. Subagueous burid of acidic materid

was advocated by Cederstrom (1971) and is coming back into favor, due to research supported by the

Canadian MEND program and work performed by the U.S. Bureau of Mines (USBM) (Watzlaf and

Hammack, 1989; Watzlaf, 1992) and others (L each and Caruccio, 1991). A review of the many studies
on specid handling of acidic material can be found in Robins and Associates (1982).

Alkdine addition is commonly used to raise the neutrdization potentia of the mine poil to prevent or abate
the formation of AMD. Limestone and dolostone are the most frequently used materids because of their
widespread availability and rdatively low cogt (Hawkins, 1995). Other materids, such ashydrated lime and
akaline cod combugtion wastes, are dso used where they are cost effective due to thar availability. ABA
data, usudly the overdl NNP vaue, is generdly used to determine the need for dkaine addition and the
amount of adkaine materia necessary to mitigate AMD formation.

Determining the quantity and placement requirements for the dkaine materid are two difficulties associaed
with dkaline addition. The most common dkdine placement practices include liming the pit floor, blending
dkdine materids into the backfill with overburden of lower neutrdization potentia, and cgpping the backfill
with dkaline materid below the soil horizon. Brady and others (1990) conclude that dkaine addition “to
prevent AMD from surface cod mines may be effective provided that the akdine-addition rates are
aufficient (to offset negative NNP) and the overburden has rdatively low-sulfur content.” They dso
recommend incorporation of the alkaline materid concurrently with mining and backfilling, and note that
while neutral or akaine discharges may result, meta's concentrations may not be reduced.
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State Practices

Current State requirements regarding concurrent reclamation, specia handling and akaline addition are
summarized below and in Table 2.5. Given time, some of these requirements may change o if you are with
amining company, you should check to see that the tatements are il valid.

Alabama encourages concurrent reclamation, but relies on laws governing and limiting the amount of
exposad highwall, spoil, and ungraded acres. Overburden units with an NP deficiency of 5 tons CaCO; per
thousand tons of materid or grester are consdered acid-producing. Alabama s specid handling provision
dlows only for high and dry placement of acidic materid. Applicants have the option of overcoming the
acidity potentid of those units usng either dkaline addition or specid handling. With respect to dkdine
addition, Alabama generdly assumesthat akaline drainage will result from overburden with an NNP of 5
tons or greater of excess CaCO; per thousand tons of material. Overburden with an NNP below -5 tons
CaCO; per thousand tons of materid is conddered acid-forming, and the gpplicant is then required to
develop a plan to overcome the inherent acidity through any or dl of the tools available to them (specid
handling, dkaline addition, mining methods). Sites with overburden NNP values between -5 and 5 tons
CaCO; per thousand tons of materia are considered candidates for dkaline addition if the NNP can be
atered to ensure an excess of dkalinity.

[llinois requires concurrent reclamation and regulates the number of open pits, the amount of exposed spail,
and grading activities. Timely burid of high sulfur materid is viewed as very important in reducing the risk
of AMD. AMD treatment is rarely addressed in permit gpplications except for the possibility of short term
treatment of sedimentation ponds. AMD problems are rare, except in instances where approved
reclamation plans are not implemented. Secondary recovery operations (carbon recovery or remining) has
the grestest potentia for exposing large amounts of acid-generating material. The most common specid
handling methods are blending the acidic materid with avallable dkdine maerid and adequate cover. Dark
and deep is the preferred cover option. Alkaine addition is generdly limited to surface application of
graded spoil in cod refuse digposa areas and |ocations where acidic materid inadvertently ends up on the
fina graded surface and cannot be adequately covered.

Indiana requires concurrent reclamation and regulates the number of open pits, the amount of exposed spoil,
and grading activities Timely burid of high sulfur materid is viewed as very important in reducing the risk
of AMD. AMD problems are rare, except in instances where approved reclamation plans are not
implemented, and S0 are rardy addressed in permit gpplications. Sediment control structures are Sometimes
used temporarily to meet effluent limits. To insure that water qudity problems do not occur, any overburden
unit with a calcium carbonate equivaent deficiency of 5 tons CaCOs per thousand tons of materid or
gregter or apH lessthan 4 must be addressed by specid handling. Generdly, this ranges from less than 5%
up to 30% of the overburden. Maost commonly, the specid handling method used isto blend acidic materid
with available dkaline materid, and then cover. Dark and deep is the preferred cover option. Alkaine
addition is generdly limited to surface gpplication of graded spail in cod refuse disposal areas and locations
where acidic materid inadvertently ends up on the find graded surface and cannot be adequately covered.
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In practice, Kentucky permit gpplications do not usualy propose specid measuresto treat or avoid AMD
since the gpplications dmogt adways predict no sgnificant AMD. If problems arise after mining has
commenced, treetment is proposed in revisons to the permit. In cases where a permit would otherwise be
denied, specid handling can change the determination. Typicaly, specid handling includes lime addition,
selective spoil handling, and accelerated reclamation.

In Maryland, overburden units with atotal sulfur content of 0.3% or greater are congdered potentialy acid-
producing and candidates for specid handling. High and dry is the preferred method. Materia must be
placed at least 4 ft above the coabed floor in backfill that is expected to remain dry, or 10 to 15 ft above
the floor if the backfill is expected to hold water.

Ohio requires contemporaneous reclamation, unless a variance is granted (for specia circumstances only).
Limited amounts of acid-forming and toxic-forming materids are usudly handled by dl or most of the
following practices. they must be kept away from the fina highwall, buried above the pit floor and above
the predicted reestablished water table devation (high and dry), away from naturd or reconstructed
drainage courses (to prevent exposure by erosion) and surrounded by at least four feet of non-toxic
materid. For larger amounts of toxic-forming materid, amore intense waste digposa plan (involving discreet
caculaionsfor ether neutrdization or seding) must be submitted. This usudly istriggered when cod refuse
is brought to the gte for digposdl. Alkaline addition isused in alimited number of casesif other mechanisms
for preventing AMD are not practical or are not expected to be successful. Drainage contrals, postive
drainage, and impermeable bases are required for coal stockpiles.

Pennsylvania requires concurrent reclamation and views quick burid of high sulfur meteria as very important
in reducing the risk of AMD. Overburden units with atota sulfur content of 0.5% or gregter are considered
acid-producing and candidates for specia handling if the units are laterdly consgstent and recognizable.
Miners must be able to handle them with the tools thet are avalable. Specid handing (preference for high
and dry or dark and deep was not identified) is generdly not requested for any individua rock unitsif the
overburden andyses resultsin an overal high NNP. If NNP islow, specid handling must be combined with
akaine addition.

Tennessee requires concurrent reclamation of every permit gpplicant. No threshold numbers for identifying
acid producing units were cited, but high and dry placement in compacted lifts was indicated as the
preferred specia handling method.

Virginiamodly rdies on laws limiting the amount of expased highwall to drive reclamation, but resarvesthe
right to set specific limits on the time that acidic materia can be exposed to the weather. Any overburden
unitswith greeter than a5 ton CaCOs deficiency per thousand tons of materid are required to be addressed
with specid handling. The most common specid handling method identified in Virginiawas the blending of
acidic materia with that of higher NP. High and dry handling is dso dlowed with a least 4 ft between the
acid materid and the floor and compaction of the enclosing material.

West Virginia has contemporaneous reclamation standards that must be met. Threshold standards for
identifying acid units were not cited, but specia handling provisions were acknowledged as common and
important permit requirements. Applicants must have a storage plan for any acidic
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Table 2.5. State Requirements for Concurrent Reclamation, Specid Handling and Alkdine Addition.

STATE | CONCURRENT SPECIAL HANDLING AND ALKALINE ADDITION (AA)
RECLAMATION (CR)
CR is encouraged, Specia handling provisions alow only for high and dry placement of overburden

AL limiting the amount of | with NP deficiency of at least 5 tons CaCOs; per 1000 tons of material. If NNP is
exposed highwall, <-5, overburden is considered acid-producing and a plan is required to overcome
spoil, and ungraded the inherent acidity. If the NNP value is between -5 and 5, the overburden is a
area candidate for AA.

CRisrequired. AMD is rare when approved reclamation plans are implemented. Secondary

IL recovery can cause AMD. Dark and deep placement preferred. AA applications are

limited.
CRisrequired. AMD is rare. Overburden with NP deficiency of at least 5 tons CaCO; per 1000

IN tons of material or apH of 4 requires special handling. Dark and deep placement is

preferred, along with blending of akaline and acidic material.

KY Significant AMD problems are rarely predicted before mining. For post-mining
See entry under AMD problems, permit revisions are used. For otherwise deniable permits, the
Special Handling. inclusion of specia handling provisions can change the determination. AA should

result in an overburden NNP with excess akalinity.

MD No CR standards or Overburden with total S> 0.3% considered for special handling. High and dry is
genera requirements. | preferred: at least 4 ft above the pit floor if backfill is expected to be dry, or 10-15

ft above the floor if backfill is expected to hold water. AA should result in an
overburden NNP with excess akalinity.

OH CR required unless High and dry generally required, plus must be away from watercourses and
variance is granted. surrounded by at least 4 feet of non-toxic material; more intense waste disposal plan

required for coal refuse. AA used when necessary.

PA CRisrequired. Quick | Overburden with atotal S > 0.5% considered for special handling if the units are
buria of high S laterally consistent and recognizable. If NNP is low, specia handling must be
materid is viewed as combined with AA, producing an overburden NNP with excess akalinity.
very important.

™™ CRisrequired. No threshold numbers for identifying acid producing units. High and dry placement

in compacted liftsis preferred. AA plans that will result in an overburden NNP with
excess akalinity accepted.

VA VA reserves right to Any overburden unit with greater than a 5 ton CaCO; deficiency per thousand tons
st limitson thetime | of material must be addressed with specia handling, most commonly blending of
that acidic material acidic material with that of higher NP. AA that will result in an overburden NNP
can be exposed to the | with excess alkalinity accepted. High and dry is aso allowed with at least 4 ft
weather. between the acid material and the floor, and compaction of the enclosing material.

WV CRisrequired; Specia handling provisions are common. High and dry isolation is the accepted

storage plan for any
acidic material can’t
exceed 45 days.

method. WV will assist in developing a training program to fecilitate identification
of key overburden units and proper mining techniques. AA plans should result in an
overburden NNP with excess akalinity.

materia (that may include covers or other specia conditions to reduce exposure to the weather), which
cannot exceed 45 days. High and dry isolation of acidic materid in the backfill is the accepted specid
handling method. Permit reviewers will meet with gpplicants and ingpectors to assure that specid handling
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plans are feasible and can be monitored, and will assst in developing a training program for workers to
facilitate identification of key overburden units and proper mining techniques.
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