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Glossary and Acronyms

Abiotic: Pertaining to the absence of plant, animal, bacterial, or fungal activity or mode of living.

Acid-Forming Materials (AFMs): Rocks (enclosing strata) and processed mine wastes that
have appreciable amounts of reactive sulfides, These sulfides are mainly iron disulfides in the
form of pyrite and marcasite, and will oxidize and subsequently combine with water to produce
acidity and yield significant amounts of iron and sulfate ions.

Aerobic: A term used to describe 'organisms that only live in the presence of free oxygen. It is
also used to describe the activities of these organisms.

* Alkaline addition: The practice of adding alkaline-yielding material into a mine site where the
overburden analysis indicates that there is a net deficiency of natural alkalinity. Alkaline material
used to perform this task is commonly limestone, various lime wastes, or alkaline CCW.

Anaerobic: A term used to describe organisms that live in the absence of free oxygen Itis also
used to describe the activities of these organisms.

Anoxic: An environment (gaseous.or aqueous) with virtually no available free oxygen. Oxygen’
required for chemical reactions or for organisms is severely limited. Little or no chemical or
biological activity that requires oxygen can occur. Water with less than 0.2 mg/L dissolved
oxygen may be cons1dered anoxic.

Anoxic Limestone Drains (ALDs): Drains composed of limestone that are constructed and
covered to prevent the introduction of atmospheric oxygen to the system. Mine drainage is
diverted through these drains to increase the alkalinity and without the armoring of the limestone
by the iron in the water. The iron in the mine water must be in the ferrous state (Fe™) and the
aluminum concentration must be relatlvely low in order for these systems to work properly over
the long term.

Amomc surfactants: Any of a number of cleansing detergents that act as bacter101des thus
inhibiting the presence of iron-oxidizing bacteria.

Amsotroplc A medium that exhibits different properties (e.g., hydrauhc conduct1v1ty, porosity,
etc.) in each d1rectlon measurement

Anticline: A generally convex upward fold in sedimentary rocks where the rock in the core of
the fold is older than those on the ﬂanlrs The opposite of a syncline.
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Aquifer: A relatively permeable rock unit or stratigraphic sequence. Aquifers are saturated units
that are permeable enough to produce economic quantities of water at wells or springs. -

Aquifer tests: A variety of hydraulic tests conducted with the use of a well to determine porosity,
permeability, and other properties of the rock unit tested. These tests usually involve the addition
or removal of a measured volume of water or a solid with respect to time, while the response of
the aquifer is measured in that well and/or other nearby wells. :

Aquitard: Less permeable units in a stratigraphic sequence. These units are not impermeable,
but only permeable enough to be important on a regional ground-water system basis. Wells in
aquitards are not able to produce sufficient amounts of water for domestic or commercial use.

Auger mining: To extract coal from a highwall by drilling into the coal by the use of a horizontal
augering equipment. This is employed when removal of additional (thicker) overburden is not
economical. : :

Bactericide: Any of a number of materials that are used to kill bacteria, such as anionic
surfactants.

Baseline: Pre-mining environmental conditions, speciﬁcélly, pre-mining ﬁollutant loading in pre-
existing discharges. Baseline levels of pollutants can be used for comparison monitoring during
mining activity.

Bench: This term can be used in at least two distinct contexts in regards to mining. First it can
refer to a particular part of a coal seam split by a noncoal unit (e.g., shale, claystone), for example
a “lower bench.” A second definition can refer to a land form where a nearly flat level area is
created along a slope with steeper areas above and below.

Bentonite: An encompassing term for variety or mixture of clays (primarily montmorillonite)
that swell in water. Bentonite is used commercially used as a sealant in wells and for creating
low permeability barriers.

Best Management Practice (BMP): Relative to remining, and as used in this document, BMPs
are mining or reclamation procedures, techniques, and practices that, if properly implemented,
will (1) cause a decrease in the pollution load by reducing the discharge rate and/or the pollutant
concentration, (2) reduce erosion and sedimentation control problems, and/or (3) result in
improved reclamation and revegetation of abandoned mine Jands.

Biosolids: A general term for the residual solid fraction, primarily organic material, of processed
sewage sludge. A similar term is biosludge, which can be derived from other organic sources,

such as paper mill waste.

Biotic: Pertaining to plant, animal, bacterial, or fungal éctivity or mode of living.
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Bone coal: A relatively hard hi gh-ash coal grading toward a carbonaceous shale. A high-organic
content shale. :

- Buffer: The ability of a solution to resist chahges in pH with the addition of an acid or a base.

Calcareous shale: A shale with a significant calcium carbonate content. The calcium carbonate
content is sufficient to yield alkalinity with contact with ground water.

Carbonaceous: An orgamc—nch (carbon) rock, such as coal “bone” coal, and orgamc-nch black
shale

Cast-blasting: A method of directional overburden removal blasting.

" Check dam: An above- grade structure placed bank to bank across a channel/ditch (usually with
its central axis perpendicular to flow) for the purpose of controlling erosion. Check dams are
commonly composed of rip rap, earthen materials, or hay bales.

Chimney drain: A highly transmissive vertical drain composed of large rock fragments that will -
intersect ground water coming in from the highwall or the surface and rapidly directmg this water
through and away from the main body of the mine sp011

Claystone: A clay-rich rock exhibiting some of the induration of shales, but without the thin
layering (laminations) or fissility (splits easily into thin layers). - o '

Coal Combustion Wastes (CCW) The residual material remaining from the process of burning
coal for power generation and for other purposes. CCW includes fly ash, bottom ash, flue gas
desulfurization wastes, and other residues. CCW may also include the by-product of hmestone
used for desulfurization during the combustion process.

Coal refuse: The waste material cleaned from freshly-mined coal after it is excavated from the
pit or brought from underground. Coal refuse is commonly composed of carbonaceous shale,
claystone, bone coal, and minor to substantial amounts of “good” coal.

Confidence interval: The ran ge of values around a statistic '(e. g, the median) in which the true
population value of the statistic occurs with a given probability (often 95 percent).

Culm: Term used in the lanthracite district of Perinsylvania when referring to coal refuse.
Daylighting: Surface mining through abandoned underground mine workings by the removal of

the overlying strata to access the remaining coal. Overburden removal exposes the remaining
coal pillars. -
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Diagenesis: The chemical, physical, and biological actions (e.g., compaction, cementation,
crystallization, etc.) that alter sedlments after deposition, exclusive of metamorphism and
surficial weathering.

Dragline: A large crane-like type of earth-moving equipment that employs a heavy cable or line
to pull a excavating bucket through the material to be removed (overburden rock) thus filling it.
The bucket is then lifted, moved to away, and dumped. :

Drawdown: The measured lowering of the water level in a well (or aquifer) from the withdrawal
of water. It is reported as the difference between the initial water level and the level during or
after the withdrawal.

Diversion ditch: A ditch engineered and installed to collect surface water runoff and tfansport it
away from down gradient areas. These ditches are commonly installed to control runoff.

Evapotranspiration: The water loss from the land surface to the atmosphere caused by direct
evaporation and transpiration from plants.

Exsolve: The process by which where two materials, such as a gas and a liquid, unmix. For
example, when carbon dioxide (CO,) comes out of solution from water into the atmosphere.

Geotextiles: Any of a variety of manufactured materials (e.g., plastic sheeting) that are used to
prevent erosion or to prevent or impede the movement of ground water vertically or laterally.

Ground-water diversion well: A water well installed and designed to intercept and collect a
significant amount ground water, thus preventing the ground water from reaching an undesirable
area down gradient. '

Grout curtain: A low or nearly impermeable barrier created in strata or fill by the use of
pressure grouting via a series of injection wells. In theory, the fractures and other pore spaces are

filled with a low permeability grout thus impeding ground-water movement.

Highwall: The highest exposed vertical face of the coal and overburden of a surface mine at any
given time during mining. The final highwall is the maximum extent of surface mining.

Hummocky: Used to describe highly uneven topography, commonly composed of a series of
small irregularly-rounded hills or hummocks. .

Hydraulic conductivity: The flow rate of ground water through a permeable medium. The flow
rate is given in distance over time (velocity), such as meters per second (m/s).

Hydrologic: Pertaining to ground and/or surface water systems.
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Hydrologic unit: A term used to describe an area where infiltrating waters will drain to a point = .
or a series of related points. The area is hydrologlcally distinct and isolated from adjacent
hydrolog1c units.

Hydrolyze Chemical reactions involving water, where H* or OH ions are consumed in the
process. :

Hydrothermal: Chemical and phys1cal act1v1ty pertaining to hot: ground water associated with
underlying igneous activity. :

Induced alkaline recharge: Systems installed in surface mines to introduce recharge of alkaline
charged waters to treat or abate the production of acid mine drainage. Surface water is diverted
to where it contacts trenches or “funnels” filled or lined with alkaline rocks (e.g., limestone).
‘These trenches are closed systems that induce this water to infiltrate and recharge the spoil.

Infiltration: The downward flow of water into the land surface through the soil or lateral
ground-water flow from one area to another.

Interaction: The effect of a variable (e.g., the presence or absence of a BMP) on a variable of
interest (e.g., the change in a discharge) is significantly effected by a third variable (e.g., the
presence or absence of another BMP).

- Interfluves: Regions of higher land lying between two streams that are in the same dramage
system. :

Logistic regression model: A statistical method of evaluatmg the relat10nsh1p between one or
more variables on a vanable w1th a discrete (countable) number of outcomes.

Lowwall An exposed vertical face of the coal and overburden generally representing the lowest
cover to be encountered. Common in mines where the coal is not mined completely out to the
coal outcrop and frequently spatially opposite to the location of the hlghwall

Metamorphic: The mineralogical, chemical, and structural alteration of buried sedJments and
rock from heat and pressure.

Mine spoil: Overburden strata (rock) broken up during the course of surface mining and replaced
once the coal is removed. Particle sizes in the backfill (spoil) range from clay-size to those
exceeding very large boulders.

Odds: The probability of an eventioccu:fring divided by the probability of an event not occurring.

Odds ratio: The odds of an event occurring divided by the odds of a second event occurring,
used to compare how likely two different events are.
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Oxic: An environment (gaseous or aqueous) with readily available free oxygen. Oxygen is not
limiting for typical chemical reactions or for organisms that require it.

Oxic Limestone Drains: These are limestone drains that are partially open to the atmosphere.
These drains induce elevated CO, concentrations to build up, which in turn causes an aggressive
limestone dissolution and alkalinity production, thus preventing armoring from the iron in the

water.

Open Limestone Channels: These are limestone drains that are open to the atmosphere. Some
research has indicated that even armored with iron these drains may impart 20 percent of the
alkalinity that unarmored limestone will yield.

Outcrop: The exposure where a specific rock unit intersects the earths surface. The outcrop can
be covered with a thin layer of surficial material such as colluvium. (

Parting: A noncoal unit that commonly separates parts (benches) of a coal seam. Parting rock
commonly consists of shale, claystone, or bone coal. . Sometimes called a binder.

Passive treatment: Methods of mine drainage treatment requiring minimal maintenance after the
initial installation. Passive treatment systems include but are not limited to aerobic and anaerobic
wetlands, successive alkaline producing systems, and anoxic limestone drains.

Permeability: The ability of a rock or sediment to transmit a fluid (e.g., water). It is directly
related to interconnectedness of the void spaces and the aperture widths.

Pillar: A solid block of coal remaining after conventional underground mining (room and pillar)
mining has occurred. :

Piping: The action of substantial volumes of ground water transporting fine-grained sediments
through unconsolidated materials, such as mine spoil, leaving large conduits or voids in the
process. ‘

Pit cleanings: Noncoal material (e.g., seat rock, roof rock or parting material) separated from the |
saleable coal at the mine pit. This material commonly contains elevated sulfur values and is
usually potentially acid producing.

Pit floor drains: As the name implies, these are drains that are installed in or along the pit floor
to collect and rapidly transmit ground water through and away from the spoil. They are
commonly constructed of perforated drain pipe covered in limestone or sandstone gravel.

Pore gas: Gases located and stored in the interstitial or pore spaces in soil, spoil, or other earthen
materials above the water table. '
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Porosity: The ratio of open or void space volume compared to the total volume of rock or
sediment. Commonly given in units of percent.

Pozzolonic: A property of a material to be, to some degree, self-cementing.

Pre-existing discharge: Pollutional discharge resulting from mining activities prior to August 3,
1977 and not physically encountered during active mining operations. Under the Rahall
Amendment to the Clean Water Act, a pre-existing discharge is defined as any discharge existing
at the time of perrmt application.

Probability: On a scale of 0-100, how frequently a given event (for example, a discharge
. improving) would occur.

Pyrolusite® systems: A large open limestone bed that mine water is allowed to slowly pass
through. The system is inoculated with “specially developed bacteria” to promote the formation
pyrolusite (an manganese oxide), thus removing manganese from solution. More recent research
indicates that the minera] formed is todorokite (a hydrated manganese; calcium, magnesium
oxide) and the bacteria that aid this mineral formation most likely exist within the system
naturally without inoculation. '

Remining: Surface mining of abandoned surface and/or underground mines for which there were
no surface coal mining operations subject to the standards of the Surface Mining Control and
Reclamation Act. Remining operations implement pollution prevention techniques while
extracting coal that was previously unrecoverable.

Rill: Smajl erosional gully or charinel created by runoff.

Rip rap: Materials (rock, cobbles, boulders, straw) placed on a stream bank, d1tch or ﬁlter as
protection against erosion. _

Rivulet: A small stream or streamlet. that develops from rills, commonly located on steep slopes.

Sample median: In a set of numbers, the value where the number of results above and below the
value are equal.

Scarification: The act of making a series of shallow incisions into the pit floor; topsoil, or other
surface to loosen or break up the material to foster beneficial actions, such as exposure of

alkaline material or promote plant growth.

Seep: A low-flowing surface discharge point for ground water. A low-flow spring.
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Shoot and shove mining: A pre-SMCRA mining method that involved shooting or blasting the
overburden and pushing (shoving) it down the hillside. This type of operation was most common -
in steeply-sloped regions and resulted in abandoned highwalls, exposed pit surfaces, and
steep abandoned spoil piles below the mine. |

Shotcrete: A mixure of portland cement, water, and sand that can be pumped under pressure
applied (sprayed) via a hose. It is commonly used for sealing in underground mines and for
surface features, such as streams. Also called gunite.

Special handling: The placement of potentially acidic or alkaline material within mine spoil,
such that acidity production is minimized and/or alkalinity production is maximized. Typically
this material is placed in lifts or pods that are isolated from water (placed above the water table)
or oxygen (placed below the water table).

Spoil swell: The increase in volume exhibited by mine spoil over the original volume the
material prior to mining. Swell values can approach 25 percent in some regions.

Stemming: Inert material placed in blast holes above and between the explosive material to
confine the energy of the explosion and maximize the breaking of the rock.

Stoichiometric: Used to describe the proportions of elements that combine during, or are yielded
by, a chemical reaction.

Stress-relief fractures: Fractures in rock which form at relatively shallow depths caused by
relaxation from the removal of the overlying rock mass from erosion. The retreat of glaciers in
the northern Appalachian Plateau also may have aided the formation of these fractures. They are
most common at depths of 200 feet or less.

Subaerial: Used to describe processes or resulting conditions from exposure to the atmosphere at
or near the lands surface. )

Subexic: An environment (gaseous or aqueous) with very low concentrations of free oxygen.
The levels are not low enough to be considered anoxic, but they are suppressed to the degree that
chemical and biological activities are controlled and attenuated.

Successive Alkaline Producing System (SAPS): A series of passive treatment systems that
mine water is passed through by which alkalinity is imparted from sulfate reduction and
limestone dissolution.

Syncline: A generally concave upward fold in sedimentary rocks where the rocks in the core of
the fold are younger. The opposite of a anticline.

Tipple refuse (cleanings): The waste material left after raw coal is run through a “cleaning
plant.” It usually has an elevated sulfur content.
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Turbulent flow: Flow characterized by irregular, tortuous, and heterogeneous flow paths.
Vadose zone: Zone of aeration above the water table. Unsaturated zone.

Water year: According to the United States Geological Survey (USGS), a water year occrurs
between October 1 and September 30.. ‘

Acronyms and Abbreviations

ABA: acid-base accounting

AFM: acid-forming material

ALD: anoxic limestone drains

AMD: acid mine drainage

AML: abandoned mine land '
AMLIS: Abandoned Mine Land Inventory System
AOC: approximate original contour

ASTM: American Society for Testing and Materials
BAT: Best Available Technology Economically Achievable
BMP: Best Management Practice '
BPJ: Best Professional Judgement-

BPT: Best Practicable Control Technology

C: centigrade

CCW: coal combustion wastes

CFR: Code of Federal Regulatlons

cfs: cubic feet per second

CWA: Clean Water Act

cm: centimeter(s)

DO: dissolved oxygen

DOE: Department of Energy

ENR: Engineering News Record

EPA: Environmental Protection Agencv

EPRI: Electric Power Research Institute

FIFRA: Federal Insecticide, Fungicide and Rodent1c1de Act
fps: feet per second .

FRP: Federal Reclamation Program

gdm: grams per day per meter squared

GIS: Geographic Information System

- gpm: gallons per minute

IMCC: Interstate Mining Compact Commlsswn
L/min: liters per minute .

Ibs/day: pounds per day
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Ibs/ft3: pounds per cubic feet

mg/L: milligrams per liter

MPA: maximum potential acidity

m/s: meters per second .

mt: metric tonnes

NNP: net neutralization potential

NP: neutralization potential

NPDES: National Pollutant Discharge Elimination System
NSPS: New Source Performance Standards

OBA: overburden analysis

OLD: oxic limestone drain

OLC: open limestone channel

OSMRE: Office-of Surface Mining and Reclamation Enforcement
PA DEP: Pennsylvania Department of Environmental Protection
ppt: parts per thousand '
psi: pounds per square inch

PVC: polyvinyl chloride

RAMP: Rural Abandoned Mine Program

RUSLE: Revised Universal Soil Loss Equation

SAPS: successive alkalinity-producing systems

SLS: sodium lauryl sulfate

SMCRA: Surface Mining Control and Reclamation Act
SOAP: Small Operator Assistance Program

SOS: Standard of Success

TCLP: Toxicity Characteristic Leaching Procedure
TMAT: Total Mined Area Triangle

TSS: total suspended solids

TVA: Tennessee Valley Authority

USBM: United States Bureau of Mines

USDA: United States Department of Agriculture
USGS: United States Geological Survey

USLE: Universal Soil Loss Equation

WPA: Works Progress Administration
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Executive Summary

Purpose

This manual was created to support EPA’s Coal Remining Subcategory under regulations for the
Coal Mining industry at 40 CFR part 434. The purpose of this guidance manual is to assist
operators in the development and implementation of a best managemént practice (BMP) plan
specifically designed for a particular remining operation. This guidance manual also was
devéloped to give direction to individuals reviewing remining applications and associated BMP
plans. This document is not intended as a substitute for thoughtful and thorough"planning. and

decision making based on site-specific information and common sense.
Organization

This manual is organized to function as a user’s guide to meet remining plan requirements and to
improve abandoned mine land conditions during remining operatidns. The manual is divided

‘into the following sections:

‘Introduction - presenting state-specific abandoned mine land conditions, industry profile
iﬁfbnnation, the status of remining operations, and general information regarding
remining BMPs§ the scope of pre-Sv.irface, Mining Control and Reclamation Act .
(SMCRA) mining and associated acid mine drainage contamination; ,

Sections 1.0 through 5.0 - describing hydrologic, sediment, and geochemical confroi
BMP implementation praétices, site assessment required to determine implementation of

these practices, implementation guidelines, design considerations, and case studies;
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. Section 6.0 - detailing the efficiency of remining BMPs with regard to the water quality
of pre-existing discharges;

. Section 7.0 - providing BMP implementation unit cost information;

. Appendix A - presenting EPA Coal Remining Database and including summary data and
information from 61 state remining and abandoned mine land (AML) project data
packages; |

. Appendix B - presenting summary data from the Pennsylvania Remining Study of 112
closed remining operations affecting 248 pre-existing discharges; and

. Appendix C - presenting responses to the Interstate ‘Mining Compact Commission

(IMCC) remining solicitation sheet from 20 member states.

Details of the contents of each section are provided in the Section Outline.
Limitations

This manual provides information on many hydrologic and geochemical control BMPs which can
be used to prevent or reduce pollution loading from abandoned mine lands during remining
operationé. This manual describes the best management practices and controls, provides
guidance on how, when, and where to use them, and recommends maintenance procedures.'
However, the effectiveness of these controls lies fully in the hands of those individuals ‘
responsible for site operations. Although specific recommendations are offered in the following
chapters, careful consideration must be given to selecting the most appropriate control measures
based on site-specific features and conditions, and to properly installing the controls in a timely
manner. Finally, although this manual provides guidelines for maintenance, it is up tb the"
responsible party to make sure controls are carefully maintained or they will prove to be

ineffective.

This manual is not intended as a stand-alone document in terms of BMP plan development and

implementation. Additional information sources pertaining to remining and various aspects of
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BMPs can and should be consulted. Many of these information sources are referenced throughout
this guidance manual. This manual is intended for use by individuals with the background or
experience to adequately understand fhe technical aspects detailed herein. Individuals charged
with developing, reViewing, implementing, and enforcing reminihg BMP plans mustbe -
knowledgeable of | all aspects of remining operations (e.g., hydrology, géochémistry, mining

operations, etc.), and must be able to modify them when appropriate.
Results Summary

- Review of existing data and information that was "uéed to prepare this document indicates that
rémining operations accompanied by propér inﬁplementation of appropriate BMPs is highly
successful in reducing the pollution load of mine drainage discharges. The information also
shows that remining BMPs t@icdly are used in combination as part of an overall and site-
specific BMP plan. Critical to the effectiveness bf a BMP plan in terms of water quality and
AML, improvement is that the plan is well designed and engineefed, implemented as proposed,

and that the implementation and subsequent post-mining results are verifiable.
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Introduction

Environmental Conditions

Acid drainage from abandoned underground end surface coal mines and coal refuse piles ie the
most chronic industrial pollution problem in the Appallachian Coal Region of the Eastern United
States. It has been estimated that, as of 1998, there are currently over 1.1 mllhon acres of
abandoned coal mine lands, over 9,709 miles of streams poliuted by acid mine drainage (AMD),
18,000 miles of abandoned hlghwalls, 16,326 acres of dangerous spoil piles and embankments,
“and 874 dangerous impouﬁdments (IMCC, 1998; Lineberry and others, 1990; OSMRE, 1998).
Prior to the passage of the federal Surface Mining Control and Reclamatlon Act (SMCRA) of
1977 reclamation of mining sites was not a federal requlrement and therefore, often was not
done. However, some states did have reclamatlon'requlrements prior to 1977. Of the land
disturbed By coal mining between 1930 and 1971, roughly only 30 percent has been reclaimed
‘('Lineberry and others, 1990). Ninety percent of AMD comes from abandoned coal mines
| (mostly underground mines) where no individual or company is responsible for treating the water

(Skousen and others, 1999).

One of SMCRA s goals was to promote the reclarnat1on of mined areas left without adequate
reclamation { prior to the enactment of SMCRA and Wthh continue, in their unreclalmed
condition, to substantially degrade the quahty of the environment, prevent or damage the

beneficial use of land or water resources, or endanger the health or safety of the pubhc
Waters Impacted by Pre-SMCRA Mining
Problematic mine drainage forms when air and water come into contact with certain minerals in_

rocks associated with mining. Pyrite and other sulfide minerals in rocks associated with coal

react with oxygen and water to form acid and yield dissolved metals (such as aluminum, iron,
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and manganese). The acidity and dissolved metals then contaminate surface and ground water.
The production of acid mine drainage can occur during several phases of the mining process, and
can continue well after the mine has closed. In Great Britain, for example, Roman mine sites

dating back 2,000 years continue to generate acid mine drainage today (USGS, 1998).

Streams that are impacted by acid mine draihage characteristically have low pH levels (less than
6.0, standard units) and contain high concentrations of sulfate, acidity, dissolved iron, and other
metals. These conditions commonly will not support fish or other aquatic life. Even if the acid .
is neutralized (pH raised), the metals will precipitate and coat the stream bed, making it
unsuitable for supporting aquatic life. Additionally, the impact of mine drainage on the
waterway aesthetics results in undesirable conditioné for visitors and recreational users (EPA

Region IIT and OSM, 1997).

Acid mine drainage can result from Both surface and underground coal mining and from coal
refuse piles. In surface mining, the rock overlying the coal (overburden) is excavated, and in the
process, broken into a range of large to small rock fragments that are replaced in the pit after the
coal is removed. This exposes the acid-forming minerals in some rocks to air and water resulting
in a high probability of AMD formation, if such minerals are present in sufficient quantities. In
underground mining, large reservoirs of AMD may form in the cavern-like passagewéys below
the earth surface. These reservoirs are constantly replenished by ground-water movement |
through the mineral-bearing rocks, creating more AMD. Water from these “mine pools” seeps
throdgh hillsides or flows freely from abandoned mine entries, enters streams, and deposits
metal-rich precipitates on the substrate downstream. Coal refuse piles often contain excessive

amounts of pyritic materials, and water flowing through the piles can become highly acidic.

Mine drainage discharges can be as small as an unmeasurable flow, or they may be huge torrents
of thousands of gallons per minute. Receiving streams frequently do not contain sufficient v
alkalinity to neutralize the additional acid, thus its water quality may be adversely impacted and
the stream’s uses impaired. Even if the stream has sufficient alkalinity to improve pH,

precipitation of iron, manganese, and/or aluminum may occur.
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303(d) List

Pursuant to Seg:tion 303(d) of the Clean Water Act, States biannually submit a list of water
bodies not presently supporting designated uses to the U.S. Environmental Protection Agency
‘ (EPA). As required by 40 CFR .130, 7(b)(4), States biannually compile a 303(d) list of streams

affected by such pollution sources as acid mine drainage. Priority and non-priority stream lists

are generated on the basis of analytical and benthic investigations. Acid mine drainage impacfs
approximately 9,709 stream miles (IMCC, 1998). Table 1 contains a summary of the stream
miles affected by AMD, according to the 1998 303(d) lists for each state. ‘

Table 1: Number of Stream Miles Impacted 'by AMD

Stream Miles

State Strehm Miles Stream Miles

(Source A) (Source B) (Source C)*
Alabama ‘ 65 - 50+440 acres
Tllinois : NA B -
Indiana 0 T -
Kentucky 600 - 1414219 acres
Maryland - 430 . 152 | -
Missouri 139 ~ -
Ohio | 1,500 - 607 -
Pennsylvania ' 3,000 3,239 2,149
Tennessee ' 1,750 - 726+ 510 acres
Virginia NA 17 44
West Virginia 2,225 1,100 2,019 .

Totals >9,709 >5,115 >5,129 + 1,169 acres

* May include area of affected lakes and reservoirs
. Source A: IMCC, 1998

Source B: Faulkner & Skousen, 1998

Source C: State 303(d) lists, 1998.

NA = Not Available
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Abandoned Mine Land Program and AMLIS

Title IV of SMCRA established the Abandoned Mine Land (AML) program, which provides for
the restoration of eligible lands and waters mined and abandoned or left inadequately restored.
The AML program stipulates that a tax of $0.35 per ton of surface mined coal, $0.15 per ton for
underground mined coal, and $0.10 for lignite coal be paid into the AML fund. These funds are
deposited in an interest-bearing Ab;mdon,ed Mine Reclamation Fund which is used to pay
reclamation costs of AML projects. When Congress passed SMCRA, it realized that AML fees
would not generate enough revenue to address every eligible site, and it left the States and Indian

Tribes the choice of which projects to select for funding.

Expenditures from the AML. fund are authorized through the regular congressional budgetary and
appropriations process. SMCRA specifies that 50 percent of the reclamation fees collected in
each state be allocated to that State for use in its reclamation program. SMCRA further speciﬁes
that 50 percent of the reclamation fees collected annually with respect to Indian lands be
allocated to the Indian tribe having jurisdiction over such lands, subject to the Indian tribe having 7
eligible abandoned mine lands and an approved reclamation plan. The remaining 50 percent is
used by the Office of Surface Mining Reclamation Enforcement (OSMRE) to fund emergency
projects and high-priority projects in states and Indian tribes without approved AML programs
under the Federal Reclamation Program (FRP); to fund the Rural Abandoned Mine Program '
(RAMP); to fund the Small Operator Assistance Program (SOAP); to supblement the State-share
funding for reclamation of abandoned mine problems through State/Indian tribe reclamation

programs; and for Federal expenses to collect the AML fee and administer the AML program.

The Office of Surface Mining’s Abandoned Mine Land Inventory System (AMLIS) catalogs
AML areas by problem type and estimated reclamation cost. The most serious problems are
those posing a threat to health, safety, and général welfare of people (Priority 1 and Priority 2, or
“high priority”). These are the only problems which the law requires to be inventoried. The 17

Priority 1 and 2 types are:
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. Clogged Streams

. Dangerous Highwalls .
.« Dangerous Piles & Embankments
. Gases: Hézardous/Explosive |
. Hazardous Water B‘bdies |
. Portals

e Polluted Water: Human Consump.
. Surface Burning
. Vertical Openings

Clogged Stream Lands
Dangerous Impouhdments

Dangerous Slides

‘Hazard. Equip. & Facilities

Ind./Residential Waste .
Polluted Water: Agri. & Ind.
Subsidence -

Underground Mine Fires

AML. problems impacting only the environment are known as Priority 3 problems. While

SMCRA does not require OSMRE to inventory every unreclaimed Priority 3 problem, some

states and Indian Tribes have chosen to submit such information. There are 12 Priority 3

problem types in AMLIS and they are:
e . _Benches . |
*  Equipment/Facilities
. Highwalls
e - Mine Openings
. Pits
e Slurry

Industrial/Residential Wéste
Gob ‘
Haul Road

| Slump

Spoil Areas
Other .

Of the $3.6 billion of high priority (Priority 1 and 2) coal-related AML problems in the AML

inventory, $2.5 billion, or 69 percent, have yet to be funded and reclaimed. Priority 1 and 2

AML problems are those that pose a significant health and safety problem, and does not include

environmental problems such as AMD. Estimates as of 1998 indicate that ninety percent of the

$1).7 billion coai related environmental problems (Priority 3) in the AML inventory are not

funded and reclaimed (OSMRE, 1999). An important note is that the AMLIS Priority 3

inventory represents only a small part of the total environmental problem as states are not

- required to inventory Priority 3 problems in general. In addition, the AML inventory is more

complete for some states than for others, and the frequency of occurrence of different types of
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problems varies widely between states. Table 2 lists inventories of abandoned mine land

conditions in nine Eastern Coal Region states.

Table 2: AML Inventory Totals of 4 Major AML Problem Types in Appalachla and
the U.S., as of September, 1998 (OSMRE, 1998)

State Clogged Stream Dangerous Dangerous Piles Dangerous slides
Lands Highwalls or Embankments
(acres) (linear feet) (acres) (acres)
Alabama 0 177,945 2209 21
Indiana 0 1,650 25 0
Kentucky 7,936 - 64,718 1,137 1,519
Maryland 5 8,250 - 156 -8
Ohio 11,850 56,453 29 99
Pennsylvania 570 - L116,071 . 5,294 7
Tennessee 0 36,560 - 779 : 92
Virginia 1,717 91,389
West Virginia 164 1,358,616 ‘ -
Appalachia Total 22242 12912150 o L1
%ofUS. Total 93% esm o 5 -
U.S. Total 248 42353015 R

The cost of remediating AML problems far exceeds the amounts that may ever be collected;
hence, alternative solutions should be found to reclaim remaining AML sites. AML funds fall far
short for may states, especially for those that were extensively mined prior to SMCRA. For
example, in Virginia, an estimated $432 million in Priority 1, 2, and 3 AML liabilities remain
while annual funding in recent years has been on the order of $5 million (Zipper and Lambert,
1998). At current rates, it will take better than 80 years to reclaim Virginia’s abandoned mine

land problems.

Remining can be one of the tools used to help the AML funding shortfall. A report by Skousen
and others (1997) compared the cost of remining ten sites in Pennsylvania and West V1rg1n1a

to the costs of reclamation to AML standards. All ten rermnmg operations resulted in
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environmental benefits. In all but two cases, the coal mined and sold from the remining
- operation produced a net profit for the remining company. Remining of these ten sites saved the

AML program over $4 million (Skousen and others, 1997).

Industry Profile

The U.S. coal mining industry has its commercial roots back to approximately 1750 when coal
was first mined from the James River coalfield near Richmond Virginia. ‘More recently, U.S.

coal prbduc;tion set record levels in 199;7, when a record 1.09 billion short tons were mined. The
electric power industry used a record 922 million short tons (85 percent of coal mined) that year.
The three highest ranking coal producing states in 1997 were Wyoming (26 percent), West
Virginia (16 percent), and Kentucky (14 percent), which together accounted. for 56 percent .of the
‘ coal produced in the United States (DOE, 1997). | '

Estimates availa_lble as of 1997 on coal production by state in the U.S. are summarized in Table 3.
In 1996, the Energy Information Administration estimated that the.United States has enough coal -
to last 250 years (USGS, 1996). They éstimated that the demonstrated reserve base of coal in the
United States was 474 billion short tons. Although recoverability rates differ from site to site, an
- estimated 56 percent (or 265 billion tons) of the demonstrated reserve base is presently

" recoverable (DOE, 1999).’ '

‘Regulatory History

‘On October 13, 1982, EPA promulgated final effluent guidelines under the Clean Water Act to
Vlimit the discharges from the coal mining industry point source category.v The rule amended
previously promulgated effluent limitations guidelines based on “best practicable control .
technology currently available” (BPT) and “new source performance standards” (NSPS), and

established new guidelines based on “best available technology economically achievable” (BAT).
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Table 3: Coal Production by State (Short Tons) (DOE, 1997)

_State Underground Surface_ Total Mines _
Alabama 18,505,000 5,963,000 24,468,000 51
Alaska - 1,450,000 1,450,000 1
Arizona - 11,723,000 11,723,000 2
Arkansas - 18,000 18,000 3
Colorado 17,820,000 9,628,000 27,449,000 14
Ilinois 34,824,000 6,334,000 41,159,000 28
Indiana 3,530,000 31,967,000 35,497,000 39
Kansas - 360,000 360,000 3
Kentucky 96,302,000 59,551,000 155,853,000 529
Louisiana - 3,545,000 3,545,000 2
Maryland 3,301,000 859,000 4,160,000 18
Missouri - 401,000 401,000 4
Montana 8,000 40,997,000 41,005,000 8
New Mexico - 27,025,000 27,025,000 6
North Dakota - 29,580,000 29,580,000 6
Ohio 16,949,000 12,205,000 29,154,000 81
OKlahoma 212,000 1,409,000 1,621,000 11
Pennsylvania

Anthracite 419,000 4,259,000 4,678,000 131
Bituminous 54,410,000 17,110,000 71,520,000 272
Tennessee 1,396,000 1,904,000 . 3,300,000 27
Texas - 53,328,000 153,328,000 12
Utah 26,683,000 - 26,683,000 12
Virginia 26,929,000 8,907,000 35,837,000 191
Washington - 4,495,000 4,495,000 3
West Virginia 116,523,000 57,220,000 173,743,000 349
Wyoming 2,846,000 279,035,000 281,881,006 25
Appalachian Total 308,360,000 |
Interior Total 64,941,000
Western Total 47,357,000
Kast of Miss. River 373,089,000
West of Miss. 47569000
U.S. Total L657.000
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The October 1982 rule established four subcategories for promulgation of effluent limitations
based on BAT: (1) preparation plants and associated areas; (2) acid mine drainage; 3) alkaline
mine drainage; and (4) post-minin;c,y discharges. The limitations of acid mine drainage, post- -
mining discharges at underground mines, and coal preperation plants and associated areas were
based on neutralization and settling technologies. The limits for alkaline mine drainage were
based solely on settling technology. For the coal mining category, BAT and BPT effluent iimits

were identical.

- The issue of remining was raised during the comment period following the 1982 proposal of the
. final rule. Comments addressed the fact that technology-based standards would likely serve as a
deterrent to remining activities, since the operator would have to assume respeﬁsibility for
treating effluent from previous operations that already may be significantly contaminated.
‘However, the question of the appropriate effluent limitations for remining operations was not a |
subject of the proposal, and was therefore not addressed in detail in the final rule. Instead, EPA
stated that generally, effluent limitations guidelines and standards are applicable to point seufce ‘

discharges even if those discharges pre-dated the remining operation.

In 1987, the Clean Water Act (CWA) was amended to provide incentives for remining
abandoned mine lands that were mined prior to the 1977 passage of the Surface Mjning Control ..
and Reclamation Act (SMCRA). The modification of the CWA (known as the Rahall
Amendment) established that BAT efﬂuenf limitatiohs for iron, manganese, and pH are not

* required for discharge conditions existing prior to remining activities.
Remining:
Development of modern surface-mining techniques has allowed for more efficient and effective

removal of coal deposits; consequently, mining is now feasible in areas where mining was

previously uneconomical. A repoft prepared for the U.S. Department of Energy estiniates that
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460 million to 1.1 billion tons of coal could potentially be recovered from remining in mine

states (PA, WV, MD, VA, KY, TN, OH, IN, IL) (Veil, 1993). .

In 1987, Congress passed the “Rahall Amendi_nent” to the Clean Water Act. The CWA was
amended to include section 301(p) in order to provide remining incentives for permits ;:ontaining
abandoned mine lands that pre-date the passage of SMCRA in 1977. The Rahall Amendment
established that BAT effluent limits for iron; manganese, and pH (40 CFR part 434) are nbt
required for pre-existing mine drainage discharges. Instead, site-specific BAT limits determined
by Best Professional Judgement (BPJ) are applicable to these pre-existing discharges, and the
permit effluent limits for iron, manganese, and pH (or acidity) may not exceed pre-existing
“paseline” levels. The Rahall Amendment established new effluent guidelines for pre-existing
discharges for remining operations potentially freeing the operators from the requirement to treat
degraded pre-existing discharges to the stafutory BAT levels. “Remining,” as defined in the
1987 Rahall Amendment and this document, refers to a coal mining operation which begén after
the enactment of the Rahall Amendment at a siteron which coal mining was conducted before the

effective date of the Surface Mining Control and Reclamation Act of 1977.

On September 3, 1998, the Interstate Mining Compaét Commission (IMCC) distributed a
Solicitation Sheet to member states in support of continuing efforts to collect data and
information required fof proposal }>f a remining subcategory under 40 CFR 434. The solicitation
sheet was intended to gather information necessary to assess current industry remining activity

and potential. The results of the solicitation are summarized in numerous tables in this report.

IMCC member states have estimated that there are currently 150 minihg companies in ten states
actively involved in remining activities. These companies are producing at least 25.1 million
tons of coal annually; and employing approximately 3,000 people (Table 4). As of 1998, there .
were approximately 1,072 active remining permits and 638 AML projecfs, (Table 5). Of these
1,072 permits, 330 (31 percent) are Rahall-type permits where the effluent standards for pH, iron,

and manganese have been relaxed.
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Table 4: State by State Profile of Remining Operations IMCC, 1998)

Number of  Total employment Annual coal Estimated coal
mining at remining production from -reserves
companies operations remining sites (tons)
* with remining (Number of (tons) :
permits employees) '

Alabama 20 ND ~ ND : ND
Alaska 0 : 0 | 0 0
Colorado 0 0 0 ND
Tlinois | . 70 200,000 10,000,000
Indiana | | . 720,000 " NA
Kentucky C ' ND ' ND
Maryland 650,000

Missouri '

Mississippi

Montana

New Mexico

Ohio -

Pennsylvania - ' 17,530,000 100,000,000+
Tennessee - 3,000,000 50,000,000
Texas 0. Y

Utah r 0 v ND
Virginia | 3,000,000+ ND
West _ ND : ND
Wyoming - 0 ND

Totals 150 »2,940-2965  _ >25,100,000 >160,000,000
NA = Not Available; -- = No Response; ND = No Data.
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Table 5: Types of Remining Permits Issued by State (IMCC, 1998)

“Other”

State Number of Number of Non- Remining
Rahall Permits  Rahall Permits Remining Permits (% of
(a) Permits/Projects Total)
- (b)
Alabama 10 61 1 ND
Alaska 0 0 0 0
Colorado 0 0 15 0
1llinois 0 41 0 0
Indiana 0 1 1 1
Kentucky 4 N/A 1 40
Maryland 2 21 -0 30
Missouri 0 20 0 15 -
Mississippi 0 0 0 0
Montana 0 0 14 0
North Dakota 0 - - —
New Mexico 0 - - o
Ohio 3 ND - 101 60-70
Pennsylvania 300 40 3 95(c)/50(d)
Tennessee 0 350-450. 0 60
Texas 0 0 ) 0
Utah 0 0 0 0
Virginia 3 158 501 75-80
West Virginia 8 - 1 04
Wyoming - — - -
-Totals 330 692-792 638

(a) Where operators accept liability for all djséha:ges. N/A = Not Applicable

®) (e.g., AML) ' -- = No Response
(c) Anthracite ND = No Data
(d) Bituminous
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Table 6 provides information on the typé of remining being conducted at the existing remining -

operations (i.e., refuse piles, surface mine, or underground mines).

Table 6: Characteristics of Existing Remining Operations by State IMCC, 1998)
Number of coal | Number of surface Number of Number of
refuse piles mine sites underground sites | remining permits
' meeting BAT
State Active | AML | Active' | AML | Active | AML | Active | AML
Mines |Projects| Mines | Projects | Mines | Projects | Mines | Projects
‘Under Under Under Under
Permit Permit Permit ‘I Permit
Alabama 4 1 54 -- 13 -- ND 1}
| Alaska 0 0 0 ) 0 0 0 0| -
Colorado 0 4 ol 12 0 2 0 0
Illinois 40 0 1 0 0 0 0 ol
Indiana 1| 0 34| - 2 - 0 -
Kentucky 3 1 1 — 2 - 5 -
Maryland 0 17 -- 21 -- 2 --
Missouri 0 0 2 0 0 0 0 0
Mississippi 0 0 1 0 0 0 0 0
Montana 1 - 11 - 1 — 0 -
New Mexico 0 0 0 0 0 0 0 0}
Ohio 0 = 2 1 1} ol -
Pennsylvania 173 0 1.278 0 655 2 616 - 0
|Tennessee 5-10 0| 135-180 © 0§ 210-260§ 0 0 0
Texas 0| of _0© 0 0 0 0 0
Utah_ 5 0 2 0 32 N/A| 0 N/A
Virginia - 33 38 17 117 107 104 0 2
West Virginia 1 -= 7 - 1 — 9 -
Wyoming — o — - . - -~ -
Totals’ 266- 271 44 1,622- 130| 1,045- 108 632 3
| 1,667 1,095 | N

N/A = Not Applicable; - = No Response; ND = No Data.

* Introduction

13




Coal Remining BMP Guidance Manual

Best estimates of potential remining activities according to IMCC member states are provided in

Table 7.
Table 7: Potential Remining Operations by State (IMCC, 1998)
Number of Number of Number of
coal refuse piles surface mine sites underground mined sites

Alabama 1 - -
Alaska 3 5 1
Colorado ~400 ~50 ~850
Ilinois 30 10 12
Indiana 150 453 615
Kentucky ~200 400-600 800 - 1,000
Maryland 10 75 75
Missouri 0 0 0
Mississippi 0 1 0
Montana 1 11 -1
New Mexico N/A N/A N/A
Ohio (1,095 acres) (23,000 acres) 4,000
Pennsylvania 858 (158,960 acres) (31,587 acres)
Tennessee (182 acres) (46,000 acres) 800
Texas 0 0 0
Utah 5 2 32
Virginia 400-450 750 . 800
West Virginia - 3 -
Wyoming 0 0 0 |

Totals 2,058 - 2,108 and 1,760 - 1,960 and 7,986 - 8,186 and

1,277 acres 227,960 acres 31,587 acres

-- = No Response; N/A = Not Applicable
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Existing State Remining Programs

After more than ten years of success with state rernihing permit programs, abahdoned mine land
reclamation, and water qliality improvements in Pennsylvanizi and other coal mining statés, itis
time to re-evaluate the regulatory conditions that were originally developed, advance the rlprocess ‘
by offering new remining incentives, and remove disincentives embedded in the current remining
program. The goal is to develop a more efficient remining permitting process, with design-based -
permit standards, that incorporatesvcritical BMPs The permitting incentives should be integrated
with watershed-scale approaches to abandoned miné land reclamation and AMD abatement.

Risk assessment protocols should be developed to minimize liability and risk concems of mine

operators, state and federal regulatory agencies, watershed groups, and landowners.

The 1998 IMCC Solicitation indicates that 7 states have issued Rahall-type permits (Refer to
Table 5). Pennsylvania’s remining program has issued more than 300 remining permits,
accounting for 91 percent of all the Rahall pennits,(Figlire 1). The remaining states have issued

ten or less remining permits each.

Figure 1: Percentage of Total Number of Rahall Permits Issued by State

AL (3.03%)
KY (1.21%)
MD (0.61%)
OH (0.91%)

WV (2.42%)
VA (0.91%)

PA (90.91%)
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Below is a brief history of the development and requirements of each state’s remining program.

Pennsylvania

Prior to the federal law changes in 1987; the Pennsylvania (PA) legislature amended PA SMCRA
in 1984 (Senate Bill 1309) to include remining incentives. Uhder the PA law and related
regulations [25 PA Code Chapter 87, Subchapter F (bituminous coal) and Chapter 88,
Subchapter G (anthracite coal)] a baseline pollution load is establi'shed,,a pollution abatement
plan is submitted incorporating best technology, and the effluent limits for ghe pre-existing
discharges are determined by the BPJ process. From 1984 to 1988, PA Department of
Environmental Resources (PA DER), now PA Department of Environmental Protection (PA
DEP), EPA, and OSMRE, were involved in a cooperative research and development project with
the Pennsylvania State University ‘and KRE Engineers concerning elements of the BPJ process.
The project resulted in the development of the REMINE computer program énd related
publications by Smith (1988) and Pennsylvania Department Of Environmental Resources and

others (1988).

Between 1985 and June 1997, PADEP issued 260 remining permits (Table 8 and Figufe 1),
based on the following three-step process: (1) development of baseline loads; (2) submittal of a
pollution abatement plan (technologies and BMPs); and (3) development of water quaiity
limitations and standards based on BPJ. Of the 260 facilities issued‘ permits, only fhree are
required to treat pre-existing discharges on a long-term basis to achieve compliance with the
baseline pollutant levels. Treatment can also be required to treat short-term excursions from the
baseline. Only eleven permits (4.2 percent) have ever required treatment on a te‘mporary‘vor long-

term basis in Pennsylvania.

An independent evaluation of the success of the PA remining program was performed by
Hawkins (1995) of the U.S. Bureau of Mines. As of 1995, the Pennsylvania remining program
successfully permitted for reclamation approximately 4,000 acres of abandoned mine land, which

led to the production of 36 million tons of coal from acres deemed “untouchable’ under pre-
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remining regulations (Hawkins, 1995). Site-specific data and a prdject ide'scription for a key

remining site (Fisher Mining Company, Lycoming County) are found in publications by ‘

Plowman (1989) an(i Smith and Dodge (1995). The authors reported that pre-remining data from

the main discharge from the Game Land site showed a medium net acidity in excess of 100 mg/L.

. Poét—remining data showed the same discharge to be net alkaline, and the receiving stream now
supports brook trout. Another independent evaluation of water quality imprpvements and costs

lof remining in Pennsylvania and West Virginia was peﬁomed by Skousen and others (1997),
including data from tén sites, of which the largest and most significant is Solar mine near

Pittsburgh. The water quality improved at all ten sites. In all but two cases, coal mined and sold " |

produced a net proﬁt for the mining company.

Table 8: Pennsylvania Remining Permlts Which Requu-ed Treatment, June, 1997
' (IMCC, 1997) :

‘Permits Issued S 248 : 12 260
Currently Treating | 3 | 0 | 3
vForfeited due to AMD 2 . 0 _ 2
Required Treatment 11 0o | 11

Figure 2: Status of 260 Pennsylvania Remining Permits IMCC, 1997)

1% sites treating 1% forfeliura sites

98% not treating
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Pennsylvania has taken additional steps to encourage remining and reclamation of abandoned
mine lands. In 1997, SMCRA and 25 PA Code Chapter 86 were revised to authorize bonding
incentives, including reclamation bond credits and financial guarantees. A quaiified mine
operator can earn bond credits by performing voluntary reclamation of additional mine lands.
The credit is the operator’s cost to reclaim the proposed area or DEP’s cost, whichever is less.
Credits may then be applied as bond on any coal mining permit, and may be transferred and used

once after their first use.
West Virginia

West Virginia has issued eight remmmg permits with modified water quality requlrements The
basic elements of their program are similar to those in Pennsylvania in that the appllcant must
conduct water quality and quantlty monitoring to establish a baseline pollutant load and must

submit an abatement plan.

In order to receive remining approval, operators must demonstrate that their proposed abatexhent
plan represents the best available technology and that tﬁe operation will not cause additional
surface water pollution and will result in the potential for impfoved water quality. | Effluent
limits in the remining permit do not allow a discharge of pollutants in excess ofl the baseliné
pollutant load. Also, a remining water quality standard variance must be approved prior to
issuing the National Pollutant Discharge Elimi@tion System (NPDES) remining permit. If the

variance is denied, the NPDES Remining Permit will also be denied.
Maryland

Although Maryland has a relatively small coal industry, the State actively implemented the
Rahall Amendment, which allows for a modified NPDES permit for remining operations.
Maryland also implemented EPA revegetatibn standards allowing for bond release after 2 years,
and offers reduced bonding rates for an NPDES remining permit.” Currently, Maryland has
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issued two fémining permits with relaxed effluent limits. Maryland has numerous remining

operations on previously mined areas with no pre-existing discharges.
Virginia

Virginia has regulations for remining and has issued three permits with relaxed effluent limits for
femining operations. Operators must show that remining operatioﬁs have the potential to
improve water quality. To obtain a remining permit, the applicant submits baseline monitoring
data, a 1ln'odule of REMINE, and an abaternent and‘ reclamation plan. Permits are based on BPJ

" determined by the output of REMINE and must result in a reduction in pollutant loading to the

stream.
Kentucky

Kentucky has regulatidns for remining and has issued four perrnits'with relaxed effluent limits
for remining activities. The Kentucky procedure is much like that described for the other states .
above. The applicant submits baseline monitoring data, an abatement ahd reclamation plan, and
may submit a module of REMINE. Operators must show that remining operations have the
poténtia] to improve water quality. Permit limits are based on BPJ and must result in a reduction

in pollutant loading to the stream (Veil, 1993).
Tennessee
Tennessee does not administer its coal mining program. OSMRE maintains the authority to issue

coal mining pennjts. “As of 1993, about 60 percent of all coal mining permits in the state

involved remining, however, no permits were issued with relaxed effluent limits.
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Ohio

Ohio has regulations for remining and has issued three permits with relaxed effluent limits for
remining activities. Remining approvals are limited to sites with pre-existing discharges.
Operators must submit baseline monitoring data along with a pollution abatement plan and
supplemental hydrological information. Permit appfoval is contingent on the abatement plan

representing BAT and having fhe potential to i'educe the baseline pollutant load (Veil, 1993).

Alabama

Alabama has issued 10 permits with relaxed effluent limits for remining ,operations.' To qualify

for a remining permit an operator must show:

. Original mining/disturbance must have occurred pﬁor to 1977.

. Subsequent permitted/legal disturbance could not have occurred after 1977.

. Areas that have had a SMCRA permit or bonding at any time are not eligible.
. Substantive showing must be made that water quality can be 1mproved (a

pollution abatement plan must be submltted)

. Effluent limits must at least meet ambient water quality standards.

Modified requirements for pH, iron and manganese must apply the best available technology
economically achievable ona case-by-case basis, using best professional judgement, to set.

specific numerical effluent limits in each permit.

Regulatory agencies for states where remining is not.currently practiced may be inclined to start
and promote remining programs if such programs can be shown to be successful in terms of
enhanced coal recovery, reclamation of abandoned mine lands, and Ie.duction of (or no net
increase in) mine drainage. Mine operators also may be more inclined to enter into remining
projects with the knowledge that the potential of incurring liability for long-term treatment of

mine waters from prior mining activities is low.
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Introduction to Best Management Practices

Remining is the mining of abandoned surface mines, undergrbund mines, and/or coal refuse pilés
| that were mined prior to the environmental standards imposed by the Surface Mining Control and
Reclamation Act of 1977. There are four types of abandoned mine lands available for remining

- operations: (1) sites that were previously surface mined, (2) sites that were previously
underground mined, (3) sites that were previously surface mined and underground rrﬁned, and (4)
sites that had coal refuse deposited on the surface. These sites were typically left unreclaimed
and unvegetated, sometimes pose safety hazards, and aré often associated with pollutiénal
discharges or sedimentation problems. Because of associated environmental problems, these
areas cannot be re-affected or remined without the implementation of minimal best management

practices (BMPs) in an attenipt to correct past problems.

BMPs implemented during the remining and reclamation of these sites are designed to reduce, if
not completely eliminate, pre-existing enVironmental prvoblems,A particularly water pollution. The
types andscope of BMPs are tailored to specific operations based largely on pre-existing site
condifions, hydrology, and geology. BMPs are designed to function in a physical and/or

- geochemical manner to reduce the polIu‘tioﬁ loadings.

In this guidance document, BMPs have been placed into four categoriés: Hydrologic and
sediment control, geochemical, operational, and passive treatment, although there is some
question whether passive treatment is a true BMP. These categories have been designed fo;‘ ease
of discussion, and eachv BMP has been placed in.thé categdry that is most appropriaté. In several
cases, a BMP serves more than a single function. For 'example, induced alkaline i'g:charge
trenches are discussed as a geochemical BMP, but they also influence hydrology and are closely
related to some passive systems. Adding to this complexity is the fact that remining operations

‘nearly always employ multiple BMPs in an effort to abate pollution..
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Physically performing BMPs function to limit the amount of ground water that is ultimately

discharged from the mine and by reducing erbsion and subsequent off-site sedimentation by
controlling surface-water runoff. Discharge reduction is performed by limiting the amount of
ground water and surface water that laterally or vertically infiltrates into the backfill. Water is
routed away from spoil via regrading, diversion ditches, low-permeability seals and caps, and
highwall and pit floor drains. Ground water that has entered the spoil is collected and dfained
away via floor drains. Some physical BMPs are performed to reduce ground-water flow, some to
reduce erosion and sedimentation problems, and some serve both purposes. Physical BMPs are
addressed in Section 1.0 (Hydrologic and Sediment Control Best Management Practices). Below
is a list of physically performing BMPs and an indication of whether they influence ground-water
hydrology (gw), erosion and sedimentation (é&s) or both (gw, e&s). |

. Regrading of spoil (gw, e&s)

. Revegetation (gw, e&s)

. Diversion ditch installation (gw, e&s)

. Installation of low-permeability caps (gw)
. Stream sealing (gw)

. Underground mine daylighting (gw)
. Mine entry and auger hole sealing (gw)
. Highwall and pit floor drains (gw)

. Grout curtains (gw)
. Ground water diversion wells (gw)

. Advanced erosion and sedimentation controls (e&s) -

Geochemically performing BMPs function to inhibit pyrite oxidation, reduce the contact of
water with acid-producing materials, inhibit iron-oxidizing bacteria, or increase the amount of
alkalinity generated within the backfill. Pyrite oxidation is inhibited by limiting its exposure to
the atmosphere and preventing the proliferation of iron-oxidizing bacteria with bactericides.
Acidic materials are specially handled or capped to isolate them from the ground-water flow
path. Alkaline materials are irhported, redistributed, and strategically placed in the ground-water

flow path in order to increase and/or accelerate alkalinity production. Geochemical BMPs are
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discussed in Section 2.0’(G_eochemlica1 Best Management Practices). Geochemically performing
- BMPs include: o

. ~Alkaline addition

. Alkaline fedistribution

. Mining into highly-alkaline strata

. Induced alkaline recharge

. Special handling of acid-forming materials

. Special handling alkaline materials

» ' Use of bactericides -

Operationai BMPs are mining practices that can reduce the risk of pollution, erosion, and - ’

sedimentation problems. Rapfd mining and concurrent reclamation limit the exposure of acid-
forming materials to we_athering and promote rapid reclamation and revegetation that can reduce
erosion and sedimentation problems. Coal refuse reprocessing removes an acid-producing .
material. This material is burned to produce electricity, and the ash that is produced, which is
frequently alkaline, is retur‘ne.d to the site where it can neutralize acid. Operational BMPs are

discussed in Section 3.0 (Operatiohal Best Managemeﬁt Practices). They include:

. Coal refuse reprocessing _

. Rapid mining and concurrent reclamation

. Limited or no auger mining

. Off-site disposal of acid-forming coal cleanings, pit and tipﬁle refuse

The last category, passive treatment technolbgies, encompasses a variety of eﬂgineered treatment
facilities that require minimal maintena:ﬁce, once constrﬁcted and operatiohal.‘ Passive treatment
generally involves natural physical, biological, and geochemical actions and reactions. The |
systems are commonly powered by water pressure created by differences in elevation between

the mine discharge point and the treatment facilities. Passive treatments do not meet the standard
definition of BMPs in that they are typically end—éf-pipe (treatment) solutions. They are included

in this manual because they can be used as part of the overall abatement plan to reduce pollutibn
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loads discharging from remining sites. Passive treatment methods are discussed in Section 4.0

(Passive Treatment Technologies). Types of passive treatment include:

. Anoxic limestone drains

. Constructed wetlands A

. Successive alkalinity-producing systems
. Open limestone channels

. Oxic limestone drains

. Alkalinity-producing diversion wells

. Pyrolusite® systems |

Site Characteristics and BMP Selection .

Factors that influence which BMPs can be employed effectively at remining sites include
previous types of mining activities, geologic and hydrologic characteristics of the site, the quality
and quantity of pre-existing discharges, economics, and regional differences. Listed below under

these categories are examples of associated BMPs and some of their limitations.

Previous mining history

. Daylighting only occurs where previous underground mining was conducted.

. Mine sealiné is used where underground mines or auger holes are not completely
daylighted. '

. Regrading and revegetation are performed on abandoned and reclaimed surface mines.

. Coal refuse reprocessing occurs where there are abandoned coal refuse piles. |

Geologic and hydrologic characteristics .

. Alkaline addition is conducted where there is an inadequate quantity of naturally-
occurring alkaline rocks. |

. Alkaline redistribution takes place where only a portion of the site has a significant

amount of alkaline material which is then distributed more evenly across the site.
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. Alkaline material that is located stratigraphically »high above the coal may require mining
| into higher cover to access it or may require a reorientation of the pit so that the alkaline
material is encountered with every mihing cut.
. Specié.l handling of acidic material occurs where there is a significant amount, but not an
over-abundance, of this material that can be field-identified and segregated. |
. I{ighwall drains are not an‘option where no up-gfadient ﬁ_nai highwall remains.
¢ Hydrologic controls, such as floor drains or ground-water diversion wells, are not
necessary unless lateral recharge is‘present.

*  The site may be capped with a low-permeability material, if vertical recharge is predicted
to be the main source of water to the backfill and a low-permeability material is readily
available. | ‘ A ' |

«  Passive treatment may be used, if the topography to dnve the system is present and

sufficient constructlon space is available.

Pre-remining water quality and quantity |

» = Large volumes of severely degraded water may not be suitable for a passive treatment |
BMP. | | | |
. High volumes of water ﬂowmg from underground mines that will not be completely

~ daylighted may be suited to rerouting (piping) through the spoil.
. I—hghly acidic pre-remining discharges associated with pyntlc overburden may requlre

substantlal alkaline addition and/or special materials handlmg

' Econo)nics ,
Cost plays a substantial role in determination of which BMPs are employed ahd the degree to
which they are implemented. Remining si‘tes‘ are .commonly economically marginal because of
reduced coal TECOVEry rates compafed to virgin ‘sites. These sites also generally entail greater
reclamation costs due to pre-existing site conditions. Therefore, economics plays a eigniﬁcant
role in the development of a BMP piari. The BMP plan' is weighed against these costs. If the cost
of BMP implementation is prohibitive the site will not be remined. Mining only occurs on sites

where a profit can be made.

Best Management Practices 7 . - 25




Coal Remining BMP Guidance Manual

Regional Differences

There are also regional considerations that play into the decision of which BMPs to use at a

particular site. Differences in the geology, geochemistry, hydrology, and topography between

coal regions cause distinct problems requiring differing solutions. Regibnal differences include:

. Geologic conditions that effect thé type (lithology), chenﬁstry/nﬁnetalogy, and ‘the
structure (e.g., folding, faulting, and fracturing) of rocks.

. Hydrologic conditions, such as differerices in local and regional ground-water ﬂow,

systems and precipitation amounts, frequenéy, and/or duration.
. Differences in topography (such'as amount of relief and steepness of slopes).
. Differing surface and underground mining techniques, thus abandoned sites will exhibit

distinct problems regionally. .

Acid Mine Drainage |
It has been recognized for decades that acid mine drainage (AMD) is to a large extent a regibna]
problem that is most prevalent in the northern Appalachians. Upon closer examination it was :
evident that the problem was frequently associated with the Allegheny Group coals (Appalachian
Regional Commission, 1969). Figure 3 illustrates the percentage of streams within various
Appalachian watersheds that had pH less than 6.0. Figure 4 shows the percentage of streams for
these same watersheds that have sulfate greater than 75 mg/L. The cut-offs of pH 6.0 and 75
mg/L sulfate were chosen by the US Geological Survey becausé low pH and elevated sulfate can

indicate impacts from coal mine drainage.

Watersheds with 35 percent or more of streams with pH less than 6.0 occur in the nofthem
Appalachians and are associated with the outcrop areas of the Allegheny Group. Typically the

watersheds in the southern Appalachians have 10 percent or less of steams with pH less than 6.0.
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The distribution of watersheds with a high percentage of streams with greater than 75 mg/L.
sulfate does not necessarily correspond with the low pH areas. For example, one of the
watersheds in eastern Kentucky had 57 percent of streams with sulfate greater than 75 mg/L, but
no stream measured had pH less than 6.0. Other watersheds show s1milar1y high percentages of
streams with sulfate greater than 75 mg/L, but with few streams with pH less than 6.0. This type

of water is characteristic of neutralized acid mine drainage.

No full eXplanation of the water quality differences within the Appalachian Basin has been
provided to date, but there is little question that it is due to geoiogic differences. Cecil and others
(1985) examined sulfur data for coals from seuthem West Virginia to Pennsylvania. The
stratigraphically older coals, which occurin southern West Virginia, have lower sulfur than the
younger coals that occur in the nerthern Appalachians (Figure 5). Cecil and others attribute these
differences to climatic factors at the time of peat (coal) deposition that inflhenced the chemistry

of the swamp, which ultimately influenced the sulfur content of the coal.

The production of acidity from pyritic sulfur is only half the story. The other half of the story is
" the production of alkalinity from carbonate dissolution. Calcareous rocks neutralize acid and
they are the explanation for the water quality in streams that have pH greater than 6.0 and sulfate

-~ greater than 75 mg/L (i.e., neutralized mine drainage).

It is evident that in some regions AMDisa s1gn1ﬁcant problem, whrle in other areas it is rare.
This difference is an important factor in remining. Where AMD is prevalent, water quality is an
important remining issue. Where AMD is rare, water quality typically less of a concern, with the

possible exception of sedimentation problems.
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Figure 3: Percentage of Streams with pH < 6.0 for 24 Watersheds in the Appalachlan
Basin (data from Wetzel and Hoffman, 1983).
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Figure 4: Percentage of Surface Water Sample Stations with Sulfate Greater than 75
mg/L for 24 Watersheds in the Appalachian Basin (data from Wetzel and
Hoffman, 1983).
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Figure 5: Stratigraphic Varlatlon of Sulfur Content of 34 Coal Beds of the Central
Appalachians (Flgure from Cecil and others, 1985).
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Hydrology
The ground-water hydrology is similar throughout much of the Appalachian Plateau, however

there are some subtle differences between regions. Some of these differences are related to
changes in major rock types associated With the coal which in turn directly impacts the fracturing
density, interconnectedness of fractures, depth of fracturing, and aperture size of the fractures.
For example, experience has shown that in shallow cover (< 200 ft), the massive, well-cemented
sandstones commonly associated with coals of eastern Kentucky tend to exhibit much less

fracturing than is observed in the more thinly-bedded, poorly-ceménted sandstones associated
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with the Pittsburgh coal in northern West Virginia. These differences will be reflected in the
ground-water flow systems (location of ground water, amounts in storage, and ground water

movement velocity) of the respective areas.

Additionally, the ground-water systems associeted with the mid-western coals in Indiana and
Nlinois are primarily regional in nature and near surface, whereas ground—water systems in the
Appalachian Plateau are characterized by a series of limited-area perched aquifers underlam by
deeper more regional systems that discharge to the major rivers and creeks of the area (e g,

Monongahela, Kanawha, or Tug Fork rivers).

Topography and Geomorphology

Regional dlfferences in topography and geomorphology can 1mpact the types of BMPs employed.
For example, the topography of southern West Virginia, western Virginia, and eastern Kentucky
is generally steep with narrow V-shaped valleys and sharp-peaked hills and mouhtaihs. Figure 6
shows this type of topography in Kanawha and Ra]eigh Counties in southern West Virginia. The
topography of northern West Virginia and western Pennsylvania is not nearly as steep—sloped
with broader valleys and more flat-topped hllls and mountams Figure 7 illustrates this
topography in J efferson County in west-central Pennsylvama. These d1fferences have resulted in
distinctive mining techniques and post-mjning configurations. For example, the steep sloped
areas tended to promote contour surfece minihg (Figure 8), whereas in shallower sloped areas,

block cut or area mining was used more frequently (Figure 9).

Mining Methodology ‘ ‘

Differences in mining methods can result in greatly differing abandoned mine site conditions,
“and thus may require distinct BMP engineering plans to effect water quality improvement. For
example, the steep-sloped areas may require additional ditches, check dams

and ponds for stabilizing, while regrading and revegetating a shallower sloped area may be
adequate to stabilize erosioh. Abandoned mines in southern West Virginia, westemn Virginia,
.and eastern Kentucky frequently exhibit dowh-slope spoil disposal, open pits, and exposed

highwalls making reclamation back to the approximate original contour (AOC) irhpractical in
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most cases. Abandoned mines in horthern West Virginia and western Pennsylvania often have
some open pits and exposed highwalls, but they are commonly characterized by a series of
unreclaimed spoil piles and ridges. Returning the site to AOC is genérally more feasible on these
siices. The “shoot and shove” method of past mining on the steep slopes of the central

Appalachian Plateau has resulted in erosion and sedimentation problems.

Figure 6: Example of Steep Topography and High Relief in Southern West Virgihia
Showing Multiple Contour Strip Mines on Steep Slopes.
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Figure 7: ‘Example of Moderate Sllopés and Broader Valleys and Hilltops in West-
central Pennsylvania Showing Small Area Mines. ' :
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BMP Implementation

The best BMP plan may fail if it is not implemenfed as designed (e.g., conducted properly,
adequately, and on a timely basis) and as approved by the permitting aﬁthority. _To facilitate field
implementation, the BMP plan should be clearly thought out and designed for site-specific
conditions during the permit application process. A well-designed plan‘ can eliminéﬁe the need

| for revisions once the permit is issued and will provide guidance to ensure proper
implementation. However, a well-designed plan also provides a degree of flexibility to allow fdr

“mid-stream” changes caused by unforeseen circumstances.

An effective BMP plan hinges greatly on a detailed site assessment. Site assessment data and
information should be sufficient to identifyr which strata will require handling, potential sources
of ground water, probable reasons for existing AMD, the scope of previous mining, and other A
salient data. Site assessment will typically, at a minimum, require extensive field work and |
mapping, multiple bore holes with appropriate vertical sampling, ground-water lével
measurements, surface water flow measurements, and representative ground- and surface-water

samples.

A BMP plan should be realistic. It should be appropriate to the site, workable in the field, ,
economically feasible, and based on sound scientific pﬁncipleS. Plans should be élearly designed
with appropriate maps, cross-sections and narrative. The ultimate viability of a BMP plan
depends heavily on the individual(s) that develops the BMP plan, the one(s) that review and
approve it, those who implement it, and those who enforce it. The BMP plan should bé

verifiable and enforceable by those individuals who inspect the site. Implementation guidelines

are provided for each category of BMPs in the appropriate sections.

Efficiency _
The efficiencies of BMPs or groups of BMPs, with regard to decreasing pollution loadings, are

based on limiting one or more of the following factors:
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'« Amount of pyritic material

. Availability of oxygen to the pyritic material
. Contact of water with the pyritic material

Previous studies (Smith, 1988; Hawkins, 1995) have shown that controlling (decreasiflg) the flow
of AMD discharges exerts the largest influence on the reduction of pollution load. Flow

reduction is best accomplished by reducing surface— an‘d‘ ground;water infiltration. However,

_ prevention of édditional- acid formation by use of geochemically based BMPs can also decrease
the pollutant concentration which will likewise decrease the associated loading. BMPs can also
function by treatment (neutralization) of AMD after it has formed. This treatment can be in situ
neutralization frbm contact with additional alkaline materials or can be in fhe form of end-of—t};e- .

pipe treatment performed by passive treatment systems.

Some BMPs function in more than: one way. Underground mine sealing will not only inhibit
ground-water moveme“nt, it will also attenuate oxygen infiltration. Alkaline addition can prevent
AMD through inhibition of iron—bxidizing bacteria, and it can neutralize acidity once it has been |
produced. Surface- and ground-water controls can reduce erosion and sedimentation, while

inhibiting infiltration into the spoil.

Efficiencies of BMPs are discussed in the sections dealing with each BMP category and are
evaluated through observations and the statistical approaches described in Section 6.0

(Efficiencies of Best Management Practices).
Verification

Proper implementation of BMPs can be critical to the environmental success or failure of a
remining site. Thus, itis imperati\}e that the BMPs be implemented as planned. It is the role of
the regulatory inspection staff to verify and enforce the provisions outlined in the BMP plan of a

remining permit. In general, the inspector does not need to be present at all times to assess the
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implementation of the BMPs in this docuinent. However, some BMPs will require more det;ii]ed
and more frequent inspections than othérs.‘ It is also incumbent on the mine operator to ensure
that the BMPs are implemented as designed and to provide the proper documentation (e.g.,
material weigh slips, receipts, laboratory analyses, etc;) where necessary. Guidelines for

verification for each BMP category are provided in the appropriate section of this maﬁual.

Monitoring of the water quality and quantity is the truest measure of BMP effectiveness. If the
discharges exhibit lower pollution loadings, it is an indication that the BMPs were successful

with all other factors being equal.

Monitoring and inspection of BMPs to verify site conditions and implementation should be a

requirement of any remining operation. Verification includes:

. Direct measurement of flow and water sampling for contaminant concentrations before,
during, and after reclamation; '

. Continuation of monitoring beyond the initial water table re-establishment period (e.g., at
least two years after backfilling); |

. Evaluation of water quality and quantity data at hydrologically connected units and/or

discrete individual discharges, so trends caused by remining can be assessed; .-

. Review of hydrologic data with respect to climatic '(i.e. precipitation) conditions; |
. Assessment of deviations from the approved implementation plan.;
. Inspection of critical stages of the BMP implementation plan, such as during special .

materials handling, alkaline addition, drain installation, or mine entry sealing;

. Inspection to assure that proper maintenance is performed where required;

. Review of material wéigh slips, receipts, laboratory analysis, and other necessary |
documentation;

. Assessment of BMP stability over time; 7

. Periodic site evaluation to ensure the BMP plan is appropriate to on-site conditions. This

evaluation should include, at a minimum, assessment of water quality and quantity, site

physical and geologic conditions, and impacts of significant storm events.
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Adequate inspection and verification are necessary to ensure that BMPs are being performed as
proposed. Remining operation inspections will also provide information as to changing site

conditions (anticipated and unanticipated) as well as unexpected dévelopments.

Verification also will provide additional data for on-going assessment of the efficiency of
individual BMPs as well as BMP bombinétions. The analyses of these data will foster continuing
improvement of the BMPs which will ultimately lead to more efﬁpiént ways of decreasing

| pollution loadings.

This manual is designed to:

. Describe the BMPs that are available for remining operations;
. Deﬁne the appfopriate circumstances for the BMPs; |
. | Explain how each BMP functions to diminish the pollution load;
. Discuss how a BMP works or in conjunction with other BMPs;
. Give details of BMP construction and installation spéciﬁés, size and scope of a particular

BMP, and the required materials;

. Present actual data from remining case studies employing various BMPs;

. Discusslrelative frequency of use for each BMP;

. : Gi\}e estimates of the cost df employing each BMP; and

. Present projected efficiencies of specific BMPs based on a database of 116 completed

sites in Pennsylvania, case studies, and published research.
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Section 1.0: Hydroldgic and Sediment Control BMPs
Introduction

Contrdlling physical hydrologic aspects constitutes a substantial portion of the Best Management
Practices (BMPs) that are employed at remining sites. Reduction of the pollution load yielded
from abandoned mines by renﬁning has shown that reduction of the flow rate is the most salient
factor (Smith, 1988; Hawkins, 1994). Where site conditions permit recharge to the ground-water -
system to be controlled throﬁgh mining practices and engineering techniques, thé disch.arge flow
fate will likewise be reduced. The diminished flow rate will, in a majority of cases, cause a
quantifiable decrease in the pollution load. Although contaminant concentrations from coal
mining soufces frequently exhibit an inverse relationship to flow, pollution load reductions are
more commonly recorded, even when moderate increases to the contaminant concentration occur

- in conjunction with a discharge flow rate reduction.

BMPs that ultim'atély are responsible for reducing discharge flow rates include various means of
reducing the infiltration of precipitation and surface waters, impeding or intercepting the
movement of ground water from adjacent areas unaffected by remining actjvities, and providing
a means to collect and rapidly remove ground water (Hawkins, 1995a). There are a battery of
BMP methods that can be employéd to impede recharge fo mine spoil. These BMPs are
subdivided into‘ two main categories: the exclusion of inﬁltrating surface water and the exclusion

of 1atefally migrating ground water.
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1.1 Control of Infiltrating Surface Water

Methods that decrease surface-water infiltration include, but are not limited to, spoil regradilngr
(for elimination of closed-contour depressions and the promotion of runoff), installation of
diversion ditches, capping the spoil with a low-permeability material, surface revegetation, and”
stream sealing. Prior to rg:mining; abandoned sites commonly have unreclaimed pits and closed-
contour depressions in poorly—sortéd spoil that serve as recharge zones for significant quaﬁtities |
of infiltrating surface water. For many abandoned surface mines, the act of regrading, resoiling,
and revegetating spoil significantly reduces surface-water infiltration and increases runoff just by
the .elimjnation 6f recharge zbr_les and enhanced evapotranspifation. These three actions are the |
more cbmmonly employed BMPs during remining operations, because they are an integral part of
the rémihing and reclamation process. Additioné.l means by which sufface—Water infiltration can
 be restncted are: preventlon of surface water infiltration by the installation of diversion ditches,

stream reconstruction and sealmg, and cappmg of the backfill with an low-permeablhty material.
Theory

Initially after reclamation, diffuse recharge from the surface throﬁgh soil is genefally well below
pre-minihg levels, because of the destruction of soil structure, soil compéctiqn by nﬁning
equipment, and loW-vegetative growth, all of which tend to promote surface-water runoff rather
than infiltration (Razem 1983; Rogowski and Pionke, 1984) Wunsch and Dinger (1994) noted
that spoil within a few mches of the surface was dry dunng re-excavatlon indicating that little.
infiltration was occurring. Decreases in recharge also may be facilitated by increases in porosity
in the unsaturated zone (Razem, 1984). Flow-duration curves show that after mining receiving
streams have reduced base flows, which indicate that recharge is decreased (29 percent less than
pre-mining levels) and surface runoff is increased (W eiss and Razem, 1984). After this initial
period-, as soil structure and vegetation are re-established, diffuse recharge from the surface
begins to increase. This may coincide with observed increases in hydfaulic conductivity after 30

months. The slow fecovery of the water table during this period may be linked to decreased
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recharge shortly after reclamation and to increased effective porosity and permeability of the
spoil. Increased porosity permits more of the infiltrating water to become stored within the

aquifer.

Some of the recharge from the surface during this early period occursv'th‘rough discrete openings
or voids that are exposed at the surface (Hawkihs and Aljoe, 1991; Wunsch and Dinger; 1994).
Surface-exposed voids facilitating ground-water recharge also have been observed at a surface
mine in central Pennsylvania that has been reclaimed for over 15 years. Surface runoff flowing
across the mine surface enters the spoil through these exposed voids and flows rapidly downward
via conduits to the saturated zone. This observation iHusfrates that these exposed voids continue
to receive significant amounts of recharge long after final reclamation, re-establishment of the

soil structure, and successful revegetation.

Other researchers contend that mining may improve the ;echarge potential from undisturbed
areas (Cederstrom, 1971). Herring (1977) observed that overall recharge and surface water
runoff to reclaimed surface mines in the Ilinois Basin were greatly increased. Herring attrivbutesi.
the increased recharge to the dramatic increase in permeability of the cast overburden. Herring
also observed a four-fold increase in recharge from mining one-half of a watershed in Indiana. It
is important to note that these two studies did not address the i_rhpact of mining on the soil
horizon as discusséd by Razem (1983, 1984). Once ivnﬁltrating water hés passed through fhe soil
horizon, it appears that the recharge potential is dramatically increased. In order for suiface water
infiltration to be prevented, the water should be interceﬁted before it percolates through the soil

and enters the highly permeable spoil beneath.

Strock (1998) wrote:

The practical reality of this is that in ... humid areas where precipitation exceeds
evapotranspiration, virtually all mine sites will receive ground water recharge and generate
drainage - acidic or alkaline. That there may be no obvious springs or seeps does not imply
that there is no drainage from the site. To illustrate what 15 inches (38 cm) of infiltration per
year means in terms of the quantity of mine drainage which can be generated, each acre of
spoil surface would produce an average flow rate of 0.75 gpm (2.84 L/min). A 100-acre
surface mine, then, would yield 75 gpm (284 L/min) of ground water flow. '
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Unreclaimed abandoned spoil piles and ridges may permjt infiltration approaching 100 percent of
the precipitation faliing on the site. Some of this water will be removed as direct evaporation,
but most will recharge the spoil. ,Inﬁltrati_on rates and amounts are directly related to ground
slopes, particle sizes, sorting, lithclogy, and degree of weathering. Larger particles tend to create
larger pore spaces, thus permitting more rapid infiltration of substantial volumes of water.

Poorly sorted spoils ,likewise permit large volumes cf water to infiltrate quickly, compared to
well-sorted fine-grained spoils. Well-cemented sandstones tend to break into and remain as large
fragments, thus forming a relatively transmissive mateﬁal Conversely, many shales of the
Appalachian Plateau tend to break and weather rapidly to relatively small fragments and clays

creating a somewhat poorly transmlsswe environment (Hawklns 1998a).

Mine spoil is a poorly sorted, linconsclidated material composed of angular particles ranging
from clay—s1zed (less than 2 rmcrons) to those exceedmg very large boulders (greater than 2
meters) Because of the broad range of particle sizes and poor sorting, spoil tends to be highly
.porous and transmissive. Testing in mine spoil has recorded porosity values exceeding 15 |
percent for mine sites reclaimed for more thaIi 10 years (Hawkins, 1995a). The porosi;cy of
recently reclaimed spoil may approach a spoil swell factor of 20 to 25 percent (Cederstrom,
1971). Aquifer testing in the Appalachlan Plateau indicates that the transmissive properties of
spoil tend to be more than two orders of magnitude (100 times) greater than those of undisturbed
parent rock (Hawkins, 1995a). Some of the recharge from surface water occurs through discrete
openings or voids exposed at the surface across a backfill (Hawkins and Aljoe, 1991; Wunsch
and Dinger, 1994). Surface runoff from a precipitation event, flowing across the mine surface,
will combine in rivulets, enter the spoil through these exposed voids, and flow rapidly downward
~ via conduits to the saturated zone. The action cf this water rapidly flowing in from the surface
tends to increase the size and conductivity of theserholes through the piping of finer gi'ained
sediments.. In some instances, iﬁﬁltrating water will reappear a short distance away (e.g., 300"
feet) as a high-flowing ephemeral spring, but in most cases the:water recharges the spoil aquifer
and i$ more slowly released at perennial discharge poinfs Also aiding surface water infiltration
is the characterlstlc high porosity of mine spoil, which permits rapid acceptance and storage of

relatively large quantltles of ground water.
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Site Assessment - Backfill Testing

Spoil characteristics, such as hydraulic conductivity, porosity, aﬁd infiltration rates, are by-and-
large dependent on site-specific conditions. Even with site-specific testing, these parameters can
vary widely and are only predictable within a broad range. A wide range of hydlaulic
conductivity values (up to 3 ordefs of magnitude) can be recorded within a single mine site

(Hawkins, 1998a). Prediction of these values prior to mining is exceedingly difficult.

Hawkins (1998a) conducted aquifer tests on several mine sites across the northern Appalachian
Plateau in an attempt to predict mine spoil hydraulic properties. He found that the best
correlation occurs between the age of.the spoil and the hydraulic conductivity. The impacts of
other factors (e.g., lithology, spoil thickness, and mining types) on spoil properties appear to be

masked by a vanety of factors introduced during the operat1on

Given the broad range of mining typés, spoil lithology and age, and other factors, it is doubtful a
narrowly defined prediction model will ever be available. In addition to the aforementioned
testing problems, spoil will at times exhibit turbulent flow which does not obey Darcy’s Law, -

invalidating the aquifer testing procedures.

Materials used in sealing or grouting may require analysis to ascertain their hydraulic properties,
and thus, determine suitability of use. Field testing for compaction or density may also be

needed. This testing can be performed via a standard penetration test, using a penetrometer.
1.1.1 Implementation Guidelines

There are very few, situations where the proper implementation of the surface water infiltration
reduction BMPs discussed in this chapter will not have a positive impact toward the reduction of
pollution loads. A reduction of recharge ultimately reduces discharge rate, and djscharge and

pollution load rates commonly exhibit a strong positive correlation. Therefore, with a reduction

1-6 _ ' Hydrologic Controls




Coal Remining BMP Guidance Manual

in flow rate, pollution loads usually exhibit a reduction cominensurate with the decreased flow
(Hawkiﬁs, 1995b). Until the present, however, these BMPs have been implemented almost
entirely With the intention of aesthética]lyybleasing reclamation in mind. The prevention of
surface water inﬁltration has not been a specifically targeted concern, thus the true potential fo ‘

reduce discharge rates with these BMPs has not been determined.
Regrading Abandoned Mi'ne Spoil

A significant amount of surface-water infiltration can be reduced by regrading abandoned mine
spoil. Abandoned spoil' piles commonly exhibit poor drajnage. Closed-cdntour depressions and
poorly Qegetated surfaces facilitate the direct infiltration of precipitation and other surface
waters. Closed-contour depressions permit the impounding of surface water which in turn
promotes infiltration into the spoil. Rough, unreclahned spoil ridges and valleys with exposed
rock fragments ‘faélilitate the direct and immediate. infiltration of precipitation as it occurs.
Reinoval of closed-contour depréséions, elimination of spoil ridges and valleys, and the

resulting creation of runoff-inducing slopes greatly reduces surface-water infiltration into spoil.

Skousen and others (1997) observed an average flow rate reduction of 43 percent of a
discharge that averaged 188 gpm at a remining operation in Butler County, Pennsylvania. The
main BMP was regrading and reclamation of approximately 8.7 acres of abandoned surface
mine land. A second remining operation in Butlér County, Pennsylvania, reclaimed about 12 .
- acres of abandoned spoil as its primary BMP. Flow reduction of the diécharges ranged from
' compleic elimination of one, 70 percent reduction of two others, and 25 percent reduction of a
fouﬁh. 'While regrading and revegetation were not the exclusive BMPs employed, these flow

reductions are indicative of what can be achieved with these BMPs.

Regrading of abandoned mine spoil is one of the most ffequently employed BMPs in the
operation of remining permits. Older mining operations were not as efficient as present day
operations, and could not economically excavate as deeply as more modern equipment

allows. Regrading is an integral part of most remining permits.l In order to achieve a minimum
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reclamation standard as statutorily mandated, abandoned spoil piles are regraded to réturn the site
to the approximate original contour or to at least achieve a more natural looking post—inining
condition. In order to maximize the efficiency of this BMP, the spoil should be regraded in a
manner which promotes runoff of precipitation and other surface water. This is achieved by
creating slopes of a sufficient grade to induce runoff, but not to the degree that the runoff water

velocity causes undue erosion.

The application of topsoil or an available soil substitute to newly regraded spoil improves the
ability of spoil to impede surface-water infiltration. Several factors that directly impact c_hanges
in the infiltration rate between bare spoil and top-soiled and révegetated spoil, are lithology of the
spoil material, composition, structure, roughness, and texture of the soil, density of vegetation,
and surface slope. Soil freshly replaced on spoil exhibits an ihﬁltration rate that is considerably
less than that for unmined areas (Rogowski and Pionke, 1984; Jorgensen and Gardner, 1987). -
Therefore, it is not unexpected that the infiltration rate in resoiled spoil will be significantly
below that in unreclaimed spoil. These low infiltration rates are related to the lack of soil
structure, reduced root density, and the lack of other naturally occurring infiltration pathways that
are present in undisturbed soils. Over time, the infiltration rates of mine soils increase.
However, after four years, Jorgensen and Gardner v(1987) observed that infiltration rates for nﬁne
soil were still below those of natural soilé. Potter and others (1988) noted that significant
differences between reclaimed soil properties and those of undisturbed soils still existed 1I1 years

after reclamation.

Potter and others (1988) observed that the saturated hydraulic conductivity of reclaimed topsoil
was approximately one fourth of that measured in undisturbed topsoil. Reclaiméd subsoil |
exhibited a hydraulic conductivity about a tenth of undisturbed subsoil. Silburn énd Crow (1984)
observed that subsoils composed of shale and clay spoils are 10 and 100 times less permeable -
than from natural subsoils, respectively. Thus, runoff from reclaimed mine spoils is much . |
greater than natural soils. The reasons for these differences are attributed to decreased
percentage of large pores resulting in density increases, loss of soil structure, and reduced depths

to low permeability layers (Silburn and Crow, 1984).
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Effective regrading of abandoned and unreclaimed spoils, commonly an integrai partof /
reclamation, will reduce the amount of 'surface waterlthat will inﬁl&ate into the backfill.
However, there may be situations where site conditions indicate that re-affecti‘ng'the spoil could
caﬁse an increase in the pbllution load. These are sites where the ori ginal mining was conducted .
several decade; earlier, the spoil has been naturally revégetated, and the backfill is in a state of
geochemical equilibrium. Re-affecting the site would subaerially expose a significant portion of
the backfill matcﬂdl, allowing additional oxidation of pyritic material that was otherwise

relatively stable. Remining (in this case, regrading abandoned and unreclaimed spoil) could
reinvigorate the production of acid-mine drainage and cause more probléms than it abates. In
these situations, the anticipated amount of reduced flow would have to be weighed agaiinst the

projected increase in contaminant concentration.
_Installation of Surface Water Diversion Ditches

Diversion ditches can be constructed jn two different locations, both of which reduce surface-
water infiltration into the backfill. First, diversion ditches can be constructed above the final
highwall or open pit to prevent surface water frém adjacent unmined areas from :entering the
reclaimed site and infiltrating into the subsurface. Second, diversion ditches can be constructed
within the backfill area to promote the efficient .and‘rapid removal of direct precipitatibn prior to

infiltration into the spoil.

Diversion ditches can be installed on top of reclaimed mine spoil to control the rate énd pathway
of runoff in the preventioq of soil erosion. Diveréion ditches also can be installed as part of a
BMP plan to reduce pollution load. These ditches should be constructed to éol]ect as much
surface water as possible and to subsequently and expeditiously transport it from the site.
Properly constructed (lined and sloped) ditches installed on thé backfill will transport runoff from
the backfill to the nearest drainage way. ‘ . |

A significant potential for recharge exists at the interface of the highwall and the spoil. For years
and probably for decades after backfilling, spoil tends to settle, compact, and undergo other
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volume-reducing actions. While this settling occurs, the adjaéent unmined highwall does not
change appreciably. Because of this differential settling, it is common for linear surface gaps or
cracks to run along or near this interface (Figure 1.1.1a). These cracks create an ideal infiltration
zone for surface water. If surface water from unmined areas can be intercepted prior to flowing
across a highwall and on to the spoil, a substantial amount of infiltration can be prevented. The
installation of diversion ditches above the highwall is an effective BMP to preclude recharge to

the spoil from adjacent surface water runoff. -

Figure 1.1.1a: Diagram of the Location of Surface Cracks Between Highwall and Backfill

Linear Sarface Cracks at the Burled Highwall

Because of the transmissive characteristics of mine spoil, diversion ditches need to be lined or
sealed to preclude infiltration of the water that they are designed to collect and transport away.
Lining of these ditches can be perfdnned using a variety of natural and man-made materials; such
as existing on-site clays, bentonite, coal combustion Wastes (CCW), sheet plastic or other |

geotextiles, and cement (shotcrete). Regardless of the material used to line the ditches, it will
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need to be durable. The integrity of these ditches should be maintained for a considerable length

of time or until the mine drainage discharges no longer exceed applicable effluent standards.

By and large, there are very few situations where properly constructed diversion ditches will not
be beneficial in terms of reducing surfacé-water infiltration into the reclaimed site. Diversion
ditches constructed above the final highwall across undisturbed ground are unlikely to be
problémaﬁc in terms of leakage. The underlying subsoil and rock are less permeable than that
encountered in disturbed areas. Diversion ditches constructed across reclaimed spoil are more
prone to leak and allow substantial amounts of surface-water infiltration. The aforementioned
porous and permeable nature of spoil can ,faCilitate‘rapid infiltration of significant amounts of
water over a short linear distance or at discrete points. Measures should be taken to insure the

| integrity of these ditches. The emplacement of some type of ditch-lining material, natural or

“ manmade, is recommended. Where water velocities are sufficient to cause erosion, an erosion-

resistant material should be placed as a cover for the liner material.

Lining diversion ditches with a relatively impervious material reduées the amount of infiltration
through the bottom of the ditch, thus reducing recharge to the underlying strata. Reducing
recharge to areas adjacent to reclaimed mines can indirectly reduce the amount of recharge to the
mine spoil. When the adjacent strata receives increased recharge, some of this ground water will
flow toward and enter the spoil. Therefore, if surface-water infiltration from the diversion ditch

is impeded, recharge to adjacent spoil aquifers'may also be reduced.
Low-Permeability Caps or Seals

There have been few studies performed to determine the efficiency of sealing or capping the
surface of backfilled surface mines. The intention of sealing or capping is to preclude area-wide
surface-water infiltration by placing a low-permeability cap over the backfill matérial, before the
soil is replaced (Figure 1;1.1b). Because of the lé,rge surface area to be covered and the generally
low proﬁt margin at remining sites, the capping material should be readily available and

1nexpens1ve to make this BMP a viable optlon Capping materials generally should be composed
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of a locally available waste product, such as pozzolonic (self-cementing) coal combustion waste

or a naturally occurring clay within a short hauling distance.

Figure 1.1.1b: Schematic Diagram of a Cap Installed on a Reclaimed Surface Mine

The installation of low-permeability caps over the top of mine backfills can be an effectivé BMP
for reducing surface-water infiltration. However, installation of these caps can be an expensive
operation. Before approving the use of this BMP, the reviewer needs to ascertain whether it is

economically feasible. The reviewer also needs to determine that the capping materials are
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readily available and of sufficient quality to complete the operation.' Additionally, because mine
spoil continues to subside with time, as has been observed beyond ten years after reclamation, the

cap should be made to withstand the expected subsidence as much as possible.

In order to prevent the movement of water and atniospheﬁ'c oxygen, Broman and others (1991)
determined that capping materials need to have a hydraulic conductivity of 5 x 10 m/s or less.
Broman and others developed a mixture of 35 percent biosludge from a paper mill and 65 percent
coal fly ash. Lundgren and Lindahl (1991) specified a hydraulic conductivity of 1 x 10 m/s or -
less for a capping material for waste rock piles in-a copper-producing area of Sweden. They
successfully used a grouting cement-stabilized coal fly ash material; with a hydraulic
condﬁcti_vity approximately one order of magnitude lewer than this specified value. Hydraulic

- conductivity values ranging from 107° to 10 m/s were recorded by Gerencher and others (1991)
- for shotcrete used to cap and seal waste rock dumps in British Colhmbia. Based on these studies,
the hydraulic conducﬁvity vaiues necessary to create an effective cap are in the range of 10°to. .
101 m/s. These values are similar to values recorded for extremely impervious 1gneous rock,
such as dense unfractured basalt (Freeze and Cherry, 1979). Spoil, on the other hand, is
substantially more transmissive, exhibiting a median hydraulic conductivity of 2.8 x 10° m/s.
However, the hydraulic conductivity of spoil exhibits a very broad range, 10 to 10 m/s,
depending on the parent rock lithology and other geologic- and mining-related factors '(Hawl.(ins,l
1998a). |

| A 20 hectare mine site in Upshur Count y, West Vlrglma was covered with PVC sheeting in an
effort to reduce the pollution load. The result was a 50 to 70 percent reduction of the acidity .
load. Even though additional BMP techniques (e. g., special handling, lime and phosphate
addition) were employed at this site and may have contributed some to the ac1d load I'edllCthIl
* the bulk of the pollution load reduction appeared to be directly related to the subsequent flow
reduction (Meek, 1994). | ' ’ |

A layered-composite soil cover was used to cover waste rock piles near Newcastle, New

Brunswick, Canada, in an attempt to preclude infiltration of atmospheric oXygen’as well as water.
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The system consisted of a sand base overlain by compacted glacial till covered with sand and

gravel. The top layer of cover consisted of 10 cm of well-graded gravel to prevent erosion. This
system permitted between 1 and 2 percent of precipitation falling on the site to infiltrate into the
waste rock below the cap. The cap’s low-permeability material was glacial till with a hydraulic

conductivity of 1.0 x 10® m/s (Bell and others, 1994).

Yanful and others (1994) constructed a cover for tailings piles in Canada to prevent the
infiltration of surface water and atmospheric oxygé,n. A 60-cm compacted clay layer was placed
between two 30 cm sand layers. The clay had an initial hydraulic conductivity of 1.0 x 10'9 m/s, -
which did not change during the three—year momtormg period. A thin gravel layer was placed
over the top of the cap for protection. This cover excluded over 96 percent of the total

precipitation from infiltrating into the tailings.

These studies indicate that if a cap is placed on top of a reélaimed backfill, a significant reduction
of surface-water infiltration can be achieved. For example, if a hypothetical unreclainiled_?and
unvegetated site permits infiltration of 75 percent of the precipitation (this number is likely
higher) and continues to allow 35 percent infiltration after it is fegraded, the addition of an
effective cap should decrease the infiltration rate to between 2 and 4 percent. Let us assume that
a 100 acre site receives 40 inches of precipitation per year and all of the infiltrating water
discharges at one point. In the unreclaimed state, the average discharge rate wouid be 155 gpm.
Once regraded the discharge will yield approximately 72.3 gpm. If a cap is installed the
discharge rate should be reduced to 8.3 to 12.4 gpm. If the initial acidity concentration is‘120
mg/L, the loading rate for the unreclaimed site would be 225.4 Ibs/day.- However,v witﬁ regrading
and cap installation, even if the acidity concentratioﬁ increased by 10 percent to 132 mg/L,
acidity loading would still show an 6vera11 decrease to a range of 13.3 to 19.8 Ibs/day or 91.2 to

94.1 percent.

Revegetation
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Revegetation of mine spoil can dramatically reduce the afnount of surface water that would
otherwise “eventually make it to the underlying ground—wafer system. VegetatiVe covervalso can
decrease the amount of atmospheric oxygen that can enter the subsurface, because biological
activity in the soil, such as decay of organic mattér, can create an oxygen sink. A well-developed
soil with a dense cover of vegetatioﬁ can retain a significant amount of water. - Eventually, this
water evaporates or is transpired by the plants and does not recharge the spoil aquifer. Because
this BMP is a statutory requirement of all mining permits, it is one of the most frequently
employed. However, attempts to speciﬁcally tailor the vegetative cover to maximize

evapotranspiration are rare to nonexistent.

Evapotranspiration of surface water entering mine spoil will be cnhanced as the vegetative cover
is increased (Strock, 1998). A thick forested area will permit more than twice és mﬁch
eQapotranspiration (35 inches per year) as barren rocky ground (15 inches per year) in the same
area (Strdék, 1998). The actual water loss depends on sevéral factors including density, type of

plants, and length of the growing season.

Revegetatioﬁ of a reclaimed mine will in most cases be beneficial toward reducing surface-water
infiltration. Caution should be used fo prevent vegetative cover from pro_viding conductive
avenues for surface-water infiltration. In some cases, the root _systenis of plants will create éreas
where water can infiltrate in to the spoil. However, a lush vegetative growth may allow for
greatly increased evapotranspiration rates that can offset the increased infiltration along root

zones.
Stream Seding

The sealing of streams reconstructed across backfill areas is intended to préciude direct
infiltration into the spoil. The increased permeability and porosity of spoil by comparison to
undisturbed strata promotes streams that have been reconstructed iﬁ mine spoil to lose water to
the underlying aquifer. The water table in surface mine spoil is commonly suppressed compared

to the water table at the site prior to mining and/or in adjacent unmined areas (Hawkins, 1995a).
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A hydraulic gradient from the reconstructed stream to the s_uppresséd underlying water table is
frequently present, thus facilitating infiltration. Therefore, reconstruction of these streams should

be conducted with the assumption that they' will leak unless sealed or lined.

The primary and probably most inexpensive method of sealing streams is with plastic sheet
lining. Shotcrete can also be used for lining limited sections of stream beds in a relatively cost-
effective manner. One of the problems associated with plastic lining is that the i)lastic sheeting

eventually breaks down chemically and ruptures or is punctured by sharp rock fragments.

Stream sealing also has been performed by excavating and emplacing a clay liner along the
stream reach (Ackman and ofhers, 1989). In this case, the stream was disrupted by subsidence
from a shallow abandoned underground mine. The effectiveness of the clay seal was less than
100 percent. The section of stream that was clay lined exhibited a 4 percent loss of ﬂow.oyer
approximately 170 feet, whereas the pre;ceding section of stream exhibited én 8 percent flow

decrease over a similar distance.

Another ﬁethod of stream sealing involveé injecting polyurethane' to grout-targeted éections of
streams. Similar grouting has been successfully conducted on losing streams situated'over the
top of abandoned underground mine workings. In these cases, the ﬁnderlying mine was relatively
shallow (25 to 50 feet) and losing stream sections were located by use of electromagnetic terrain
conductivity surveying equipment. Once located, zones of significant inﬁltration. were targeted
for grouting (Ackman and Jones, 1988). Given the length of stream that would require grouting
and the high porosity of the spoil, it is doubtful that polyurethane grouting would be

economically viable for most remining operations.

Stream sealing as a BMP is appropriate only where a section of a stream is mined through and
subsequently reconstructed. Like diversion ditches that cross a reclaimed mine, these streams
should be rebuilt in such a manner that they do not leak water into the subsurface. The stream A

bed should be underlain with a liner material to preclude surface water infiltration. Hoquér,
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erosion-resistant material should be placed over the top of the liner to prevent future liner

breaching.
Design Criteria

The design and implementation plan of BMPs intended to redﬁce the infiltration of surface water
into mine spoil and adjacent undisturbed areas depends a great deal on site conditions G.e.,
amount of precipitation, location of surface water streams or drainage areas, Qriginai contour,
indigenous vegetation, soil type, and readily available materials). Recommended design criteria
for the implementation of surface-water-inﬁl"tration control BMPs are included in the following
list. This list is by no means all-inclusi\zle. Permit writers, regulatory authorities, and designers
should consider all site conditions, With the intent of implementing the most cost-effective means

of reducing pollutant loadihg during remiriing operations.

Regrading ) , .

. Coﬁtrolled runoff of ‘precipitation and other surface waters should be promoted

*  Thesite should be returned to the approximate original contour

. Regrading should be performed along the contour to minimize erosion and instability

Diversion Ditches

L 'Runoff should be diverted away from disturbed areas

. ‘Rapid runoff from disturbed areas should be promoted ,
. Diversion ditches should be adequate to pass the peak discharge of a defined storm event

such as a 2-year, 24-hour storm (temporary ditches) or a 10-year, 24-hour storm
(permanent ditches)
. - Diversion ditch construction in landslide prone areas or where severe erosion is possible

“should be performed with extreme care, if at all

Caps or Seals o _ _ _
. Readily available materials (e.g., on-site clays or CCW) should be used
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. Material with hydraulic conductivity of 10° m/s or less should be used

. Caps or seals should be able to withstand anticipated subsidence without breaching

Revegetation

. Root systems should retain water and not provide infiltration pathways

. Local and native plant species that will thrive and create a lush cover should be seiected

Stream Sealing

. Chemically inert materials that are not prone to erosion or puncture damage should be
used -

. Readily available materials (e.g., on-site clays or CCW) should be used -

1.1.2 Verification of Success or Failure

Verification that BMPs have been properly and completely implemented during remining
operations is crucial to effective control or remediation of pollutant loading. In other words,
monitoring should ensure that the as-built product is the same as that originally proposed by the
operator and approved by the regulating authority. The impértanc‘e of field verification of all

aspects of a BMP cannot be overstated. It is the role of the mine inspector to enforce the

provisions outlined in the permit. The mine inspector does not need to be present at all times to
assess the amount of regrading for abandoned and unreclaimed spoils, the elimination of closed-
contour depressions or revegetation. The completion of these tasks should be evident from

visual inspection or if required, from a survey of the area.

The actual installation of diversion ditches or stream replacements should be self evident from a
visual inspection. However, whether the ditch or stream was properly constructed and will not
leak requires a bit more work on the part of the mine inspector or hydrologist. If a liner was

prescribed for proper stream installation, the inspector can require weigh slips or recéipts for

material brought into the site. If on-site material is to be used, a marked material stock pile can

be required. An inspector also can require notification of liner installation and completion dates.
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Failure of a ditch or a stream to hold water can be determined by conducting flow measurements.
If the flow shows a signiﬁcént decrease (e.g., outside the known error of the flow measurement
method) or disappears altogether, there is an indication that water is infiltrating and recharging
the backfilled site. ' |

Determining the imple,rrientation level of some of the BMPs discussed in this chapter after the -
fact‘is not always an easy procedure. It can be difficult to verify that a capping seal was installed
properly, without being preéent during the operation. However, if the capping mate_r:ial'_is trucked
in from an outside source, w§igl_1 slips or receipfs can be obtained to confirm the amount of
material used. If on-site material is to be used, a marked stockpile of the material can be

- required. Given the amount of work involved in spreading and compacting, it is likely a mine
inspector will visit the site at ieast once during the,capp‘ingvprocess. If there is great concern that
the cap will not be properly installed, the permit can be conditioned to require notification of the

mine inspector at predetermined salient points during the procedure.

The efficiencies of BMPQ need to be monitored in order to improve and effect future refinements
of the processes. Not only does the type of BMP need to be assessed, but the scope and degfee of
BMP implementation needs to be related to the degree of improvement (e.g., flow or pollution
load reducﬁon). The mechanism to determine the effectiveness of BMPs discussed in this
chapter is simiiar to any abatement pr'octedure research project; In the case of these surface water
control BMPs, a significant portion of the monitoring will consist of measuring the flow rates of
discharges emanating from the site. It is fully realized that the locations of discharges may, and
frequently do, move from their pre-remining locations. ‘Therefore, a hydrologic-unit approach ié
recommehded.k The mine site should be divided into hydrologic units, that is, portions of the

" mine that contribute to one or more discharges. Di‘scharge data (flow and/or lbading rate) can be

mathematically combined to permit pre- versus post-mining comparisons.

- Given the nature of mine spoil and the time that it takes for a water table to re-establish and reach
equilibxjium, post-mining monitoring may need to continue for at least threeto five years. In

‘eastern Ohio, water-table re-establishment at three reclaimed surface mines was observed to be
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nearly complete approximately 22 months after reclamation was completed (Helgeseh and

Razem, 1980). Recovery of the water tab‘le after mining may take 24 months or longér in

Pennsylvania (Hawkins, 1998b). The rate of water-table recovery is related to several factors

including precipitation, infiltration and discharge rates, porosity, topography, and geologic |

structure. Additionally, short-term changes in flow and/or contaminant concentration commonly y -
occur during the initial one to three years after backfilling because of substantial physical and |
chemical flux within the spoil aquifer. During this period, the water table is re-establishing, and

the spoil is undergoing considerable subsidence, piping, and shifting. Sulfate salts, created by

oxidation when cast overburden is exposed to the atmosphere during mining, are flushed through

the system (Hawkins, 1995b). It is important to monitor these sites beyond. the initial re-

establishment period, in order fo- accurately assess the true changes due to remining and BMP
implementation. The length of the post-mining monitoring period may vary from site to site

depending on climatic (e.g., precipitation) and hydrogeologic (spoil porosity and permeability,

topography, etc.) conditions, and should be at the discretion of the professional in charge of

project oversight.
Implementation Checklist

Monitoring and inspection of BMPs, in order to verify appropriate conditions and
implementation, should be a requirement of any remining operation. Though BMP effectiveness
is highly site-specific, it is recommended that implementation inspections of hydraulic control

BMPs include the following:

. Measurement of flow and sampling for contaminant éohéentrations (before, during, and
after mining) '
. Monitoring should continue well beyond initial water-table re-establishment period (e.g.,

about two years after backﬁlling)

. Assessment of hydrologically connected units as well as individual dischar‘ges‘
. Review or inspection of sealing-material weigh slips, receipts, or marked stockpiles
. Review of implementation initiation and completion dates
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. - Assessment of any deviation from an approved implementation plan
. Inspection of salient phases of the BMP implementation.

. Inspection of diversion ditches, caps and seals for leakage

. Inspection of vegetation for viability |

'1.1.3 Case Studies

Presented below are results from three completed remining operations for which a signiﬁcént
portion of the site had abandoned and unreclaimed spoils regraded, closed-contour depressions
eliminated, and more natural runoff-inducing slopes created. It is important to note that the full
potential of these BMPs may not have been realized because regrading was performed primarily
as part of the perfunctory reclamation process. These BMPs were not necessarily implemenfed
with the minimization of surface-water infiltration as a primary intention. Evaluation of these
sites may tend to underestimate the potential for infiltration reduction that can be achieved.
Minor implementation modiﬁcatiorisv can dramatically affect efficiency. Future efforts which
employ these BMPs to their gfeates't potential should be cloéely monitored and analyzed in an

attempt to ascertain true BMP efficacy and to develop methods for fine tuning and imprO\}ement.

There are several factors that make pre-mining versus post-mining comparison difficult. One of
the main pitfalls in comparing the discharge rates is the assumption that the pre- and post-mining
~ periods have had similar precipitation preceding the measurements. Precipitation amount,
duration, and intensity can vary widely from event to event, season to season, and year to year,
serving to complicate pre- to post—ﬁﬁning comparisons. This 1s especially true when the
sampling periods before and/or after mining are relatively short (e.g., a year or less). Another
complicating factor is that post-mining sampling often will include a period of time when the
water table is re-establishing and much of the infiltrating water is going into storage. Under ideal
' conthlons an evaluation of flow reduction from BMPs discussed in this chapter would entail
similar climatic conditions, preclude data collected during water-table re-establishment, and

include several years of pre- and post-mining monitoring. These criteria are seldom met in real-
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world situations. The location of the pre-existing discharges commonly move because of the
physical disruption of the yielding aquifer and ground-water flow paths, and the change of the
flow system from a fracture-flow dominated system to a dual-porosity system as exhibited in
mine spoil. These caveats and potentiallproblems should be considered while reviewing the case

studies below.
Case Study 1 (Appendix A, EPA Remining Database, 1999, PA(6))

This mine was located in Armstrong County, Pennsylvénia, where the remining was performed
on abandoned surface mines in the Upper Freeport and Lower Kittanning coal seams. All 24.8
acres of abandoned surface mined land within the permit boundary was reclaimed by the
operation. According fo the permit application, the total area to be affected by mining operations
was 126.5 acres. The operation also eliminated 1,700 feet out of a possible 2,600 feet of
highwall. Originally, two remining discharge points were included in the permit. Hov‘ve§ler, a
third discharge point was added later. The BMPs listed in the permit included regrading of
abandoned mine spoil (24.8 acres), underground mine daylighting (5 acres), special ‘handling of .
acid-forming materials, and revegetation. The most predominant BMP component bS' far was.the
regrading. The site was completed in August of 1996 and post-mining water quality data has

been collected since. A synopsis of the data is shown in Table 1.1.3a.

The changes in flow rates from remining of this site are somewhat inconsistent. Discharge point
MD-2 exhibits a statistically significant increase in flow, but the acidity and iron loads are not
significantly higher. This is caused by decreases in concentrations and a relatively broad range of
values, resulting in a wide 95 percent confidence interval about the median, as is commoﬁly
associated with mine drainage. Discharge points C-3A and C-17A exhibit only very minor
differences in the discharge rate after remining. The acidity concentration decreases caused the -
median acidity loads to be substantially lower, but only the decrease in the median acidity load of

C-17A is statistically significant.
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Table 1.1.3a: Synopsis of Water Quality Data at Case Study 1 Site

Discharge Points |
- MD-2 C-3A - C-17A
Paramet ér . Pre-Remining Poét-lilemining Pre-Remining | Post-Remining | Pre-Remining | Post-Remining
Sample Number (n) ) 2 24 2 6 o7
Flow (gpm) ' 24 . 27.1 14.2 16.3 125 9.1
Acidity Load (Ibs/day) 193 - 476 16.17 0.75 8.56 0.07
Iron Load (Ibs/day) 0.0016 0.0044 0.09 - 0.10 . 0.003 0.003
Sulfate Load (ibs/day) 5.57 85.78 2315 60.01 21.06 2545

All numbers are median values.

The lack of better flow reduction may predominantly be due to precipitation differences during
the two comparison periods and, to a lesser degree, to a rerouting of ground-water flow paths.
The recllanylatidn area comprised a small amount (slightly under 20 percent) of the total area to be
disturbed by remining. In addition',.the‘ post-remining period is relatively short (less than two
years) in terms of allowing complete re-establishment of the water table and post-remining v
stabilization of the entire hydrogeologic system. Additional monitoring of the site will likeiy

illustrate more cléarly the true impacts of regrading and revegetation.
Case Study 2 (Appendix A, EPA Remining Database, 1999, PA(7)) |

This mine was located in Clearfield County, Pennsylvania. Remining was perfbrmed on
abandoned surface mines in the Upper Freeport and Low¢r Kittahning coal seams. Ten acres
(32 percent) of the 30.8 acres of abahdonéd surface-mined land within the permit boundary
was reclaimed by the operation. Of the 101.1 acres of abandbned underground mines on the
Lower Freeport coal, 17.3 racresv, (17 percent) were daylighted during the remining operation.

- According to the permit application, the total area to be affected Was 139.3 acres. Two remining
discharge points were included in the permit. The BMPs listed in the permit included regrading

of abandoned mine spoil (10 acres), underground mine daylighting (17.3 acres), sealing of
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exposed mine entries, special handling of toxic mateﬁals, and revegetation. The predominant
BMP components were regrading, revegetation, and daylighting: The site was completed in May
of 1996, and was assessed using monthly water-quality data collected through August 1997. A
synopsis. of the data is shown in Table 1.1.3b. | '

Table 1.1.3b: Synopsis of Water Quality Data at Case Study 2 Site

Discharge Points

MD-12 | MD-13
Parameter Pre-Remining | Post-Remining Pre-Remining Post-Remining
Sample Number (n) 44 ‘ 16 47 ' 16
Flow (gpm) 0.55 0.40 31.6 359
Acidity Load (Ibs/day) ' 2.48 0.59 176.2 ‘ 133.7
Iron Load (1bs/day) ‘ 0.047 0.006 9.99 ‘ 6.31
Sulfate Load (Ibs/day) 2.87 2.65 - 273.79 1289.8

All numbers are median values.

Analysis of the data indicates that the flow rates of the two discharges were not significantly
changed by the remining (i'egrading and revegetation); there is no statistical difference. “The
acidity and iron concentrations at MD-12 were significantly redliced, but the lack of significant
flow changes prevented concomitant acidity and iron load reductions. Figures 1.1.3a and 1.1.3b
illustrate an example of these observations. The lack of civerlap of thé notches indicating the 95
percent confidence intervals about the medians indicate that the medians of acidity data before
and after remining operations are significantly different, with a definitive decrease in acidity

following remining site closure.
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Figure 1.1.3a: Acidity Concentration at Discharge Point MD-12 Before and After
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Some of the same caveats that apply to Case Study 1 a]sb apply to this site. vThe climatic
differences (e.g., precipitation) for the two sampling periods should be considered as partvof the
overall evaluation of flow changes due to remining. For example, the period of pre-remining
sampling (12/86 through 9/89) averaged 2.83 inches of precipitation per month, while the post-
remining period (5/96 through 8/97) averaged 3.36 inches of precipitation per month. This is an
increase of about 19 percent. The precipitation values Weré compiled from the Pittsburgh
International Airport which is approximately 90 miles southwest of the site. However, the data
can be used for the general precipitation trends during pre- and post-remining sampling periods at
this site. The increase in flow from the combined discharges (about 13 percént) is not ,
commensurate with the recorded precipitation increase. Additionally, thé post—retnining period is
relatively short (less than two years) in terms of allowing complete re-establishment of theiwater
table and post-remining stabilization of the entire hydrogeologic system. Additional monitorihg
of the site over a longer time period and with similar precipitation ar'nbunts will likely clarify the -

true impacts of regrading and revegetation.
Case Study 3 (Appendix A, EPA Remining Database, 1999, PA(10))

This site is located in Somerset County, Pennsylvania. Remining was conducted on the Lower
Bakerstown coal seam. According to the permit application, a total of 85.8 acres was to be
affected by the operation and 48.8 acres of coal removed. BMPs employed at this site included
regrading of abandoned spoils, alkaline addition, hydrologic controls, revegetation, and
scarification of the calcareous pavement (seat rock). Of the 32.2 acres of abandoned mine lands
within the permit boundafy, 15.6 acres, or 48 percent, were to be reclaimed. Approximately
1,800 feet (84 percent) of a total of 2,150 feet of abandoﬁed highwall were eliminated. The
alkaline addition rate was 3 tons per acre applied at the interface of the spoil and the topsoil.
Hydrologic controls consisted of a clay barrier placed betWeen remining operations and adjacent
unreclaimed areas. The seat rock was found to be alkaline and was scarified to increase the

surface area of the alkaline material exposed to ground water. Reclamation was completed by
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November 1995, and monitoring has continued since that time. Table 1.1.3c is a synopsis of the

flow and loading data for this site.

Table 1.1.3c: Synopsis of Flow and Pollutant Loading Data at Case Study 3 Site

Discharge Points

SP-12 -

Parameter

Pre-Remining
Pre-Remining
Post-Remining

Pre-Remining
Post-Remining

Pre-Remining
Post-Remining
Post-Remining

Pre-Remining
Post-Remining -

Sample Number (n) 8 34 34 8 34 8 35 34
Flow (gpm) 747 | 515 | 113 | 3.0 1.0 07 o8 | 120 | o 0
Acidity Load (Ibs/day) 272 | 818 | 205 | 74 { 104 J 095 | 031 | 197 | o 0
Tron Load (1bs/da§) 0.006 | 0.008 | 003 | 0.01 | 0.004 | 0.003 | 0.003 | 0.004 [ 0 0
Sulfate Load (Ibs/day) | 216 | 494 | 71.1 | 572 | 113 | 606 | 3.04 | 051 0 0

All numbers are median values.

This site exhibited a cumulative discharge median flow reduction of 10.6 gpm or slightly over 51

percent. However, only SP-11 exhibited a statistically significant flow reduction on an

" individual basis. According to the precipitation history from the Pittsburgh International Airport,

precipitation during the two sampling periods was dissimilar, with precipitation during the post-

remining period (a mean of 3.29 inches per month) being about 15 percent below the background

~ sampling period (a mean of 3.85 inches per month). Roughly 15 percent of the flow reduction

may be attributable to reduced precipitation, but the remainder appeérs to be related to regrading,

highwall elimination, and revegetation. The same caveats discussed in Cases 1 and 2, for using

precipitation data from a site somewhat removed from the actual mine sites, apply here. These

results 1llustrate that substantial ﬂow reduction (approximately 35 percent) may be realized by a

50 percent reduction in abandoned mine lands, even V_Vlrth additional mining of virgin areas (49

acres) occurring in conjunction with the operation. The post-mining monitoring period is

considerable, exceeding three years, but additional monitoring is required to determine whether
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the trends observed are genuine and can be expected to continue. Additional flow reduction may
be possible if regrading and revegetation are designed speciﬁcaily with the intent of preventing
surface-water infiltration, rather than solely with the intent of returning the site to an aesthetically
pleasing approximation of the original pre-mining contours and conditions. Specific operations to
reduce surface-water infiltration nﬁay include, but are not limited to: 1) additional compaction of
‘the spoil to reduce permeability, 2) final slopes that may differ from the ap'proximate‘ori ginal
contour but are more efficient in promoting runoff, and 3) plants that promote ruﬁoff and/or

utilize substantial amounts of the water that does manage to infiltrate into the soil horizon.

Even with the aforementioned reductions in discharge flow, two of the discharges (SP-10 and
SP-18) exhibited a statistically significant increase in median acidity and sulfate loads. This
difference is caused by substantially higher acidity and sulfate concentrations after reclamation.
Discharge points SP-11 and S‘P-172 also exhibit significantly increased concentrations of acidity,
but the reduced flows prevent the median loadings from being significantly different from the
baseline levels. This indicates that the site may be producing more acidity, but the reduced flow
moving through the site has prevented the combined discharge acid load from exceeding |
baseline. Geochemical conditions within this reclaimed operation have worsened or become
more acidic. The causes of this possible failure will be discussed in detail in the section on |

alkaline addition.

To obtain a more definitive determination of the efficiency of regrading and revegetation to
reduce discharge rates, additional studies are needed on sites where these BMPs are employed
specifically to preclude surface-water infiltration. The case sites .discussed above _utilized these
BMPs during remining operations, but they did not specifically design or impiement them to
minimize infiltration of surface water. Thorough evaluation of these studies also requires site -
specific precipitation data for background sampling as well as post-mining sampling periods. A
sufficient post-mining sampling period of at least three to five years, depending on climatic and
site-specific conditions, is required to permit‘a true assessment of BMP efficiency. With these
data, prediction of load reduction based on the amount of regrading, revegetating, and other

BMPs may be possible.
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1.1.4 Discussion

The BMPs discussed in this chapter, when properly emiployed under the right conditions, will
successfully reduce the infiltration of surface waters and should subsequently reduce the
‘discharge yield. However, these BMPs cannot be viewed as a panacea for all pre-existing
problems at a site. There are limits to what can be physically achieved and/or economically
attempted. The two lists below (Benefits and Limitations) include, but are not 1i1h1'ted to, what

can and cannot be expected of these BMPs. |
Benefits

Reduce pollution loading from abandoned mine land

Establish a hydrologic balance to site

Restore land to approximate original contour and creates an aesthetically pleasing post-

'remining configuration '
Require little additional cost to the operation because they are often already implemented

as a statutory requirement during remining operations
Limitations

Current implcmentation of hydraulic control BMPs focuses primarily on reclamation. A
complete evaluation of the effectiveness for pollution prevention, in terms of reducing the .
discharge rate, is needed. -

Careful consideration should be made to the implementation of surface-water control
BMPs in areas abandoned for long periods or with some degree of natural remediation
(e.g. stabilized spoil, natural vegetative cover).

Complete exclusion of infiltrating surface waters is not likely, therefore the dischargés‘

will not be entirely eliminated.

Hydrblogic Controls




Coal Remining BMP Guidance Manual

Efficiency

Analysis of completed remining sites in Pennsylvania (Appendix B, PA Remining Site Study)
indicated that at sites with regrading as a BMP, 46.1 percent of 154 discharges were éliminated
or were significantly improved in terms of acidity loadings. Over half the discharges (53.2
percent) were unchianged and less than one percent (0.6 percent) were significantly degraded with

respect to acidity loadings.

For iron loadings, 42.3 percent of 137 discharges were eliminated or significantly improved from
remining. Over half (52.6 percent) of the discha;ges were unchanged, while 5.1 percent showed

significant degradation for iron loadings.

The manganese loadings for 39.6 percent of the 111 dischérges were si gnificantly imprdved or
eliminated, while 52.3 percent were unchanged. The manganese loading failure rate was the
highest for the parameters analyzed, with 8.1 pércent significantly degraded. This has been a
common trend for all the BMPs. Manganese loadings exhibited the highest failure rate (9.0
percent for 155 discharges) regardless of the BMP employed.

The bulk (60.7 percent) of the aluminum loadings for 84 discharges were unchanged, while 36.9
percent of the discharges were significantly improved or eliminated. Discharges that were

significantly degraded, in regards to aluminum loadings, amounted to 2.4 percent.

1.1.5 Summary

Studies have shown that the extent of pollution reduction from remining is largely dependent on
reducing the discharge rate, which in turn is dependent on controlling the infiltration of surface
water into the backfill. The commonly observed positive correlation between flow and loading
rates illustrates the close relationship between the two. BMPs that are designéd and implemented

to prevent surface-water infiltration will be successful in reducing the pollution load.’
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The case studies above illustrate that regrading and revegetating can yield mixed results unless
differences in precipitation rates arc taken into account and the post—minihg monitoring period is

of sufficient length to accurately reflect site conditions. HoWever, it is well known that these

BMPs, when properly implemented, will reduce the contamiriant load from remining operatiohs.
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‘1.2 Control of Infiltrating Ground Water

- Methods .to control the lateral infiltration (recharge) of ground water into remining sites from
.adjacent mines and undisturbed strafa include, but are not limited to, daylighting of underground
mine workings, sealing exposed mine entries, auger holes, highwalls and pit floors, aﬁd installing
diversion drains, verticai highWall (chimney) drains, pit-floor drains, grout curtains and diversion '-
wells. Thése BMPs are designed to work in one of two ways to reduce the ultimate discharge »

flow rate: (1) to preclude or divert the lateral movement of ground water; and (2) to intercept

and collect laterally migrating ground water and channel it away from the backfilled areas. These

BMPs are effective singly or when used in conjunction with others, but are seldom used alone

during remining operations.

Currently, these BMPs are being used as a part of the general mining and reclamation processes,

but they are not being implemented with ground-water handling as the primary concern.

, Therefore, the results of the case studies (discussed below) and other remining data (Appendix B:

Pennsylvania Remining Site Study) may tend to underestimate the potential for lateral infiltration

reduction that can be achieved. Minor implementation modifications toward ground-water

handling can dramatically effect the efficiency of these BMPs with little additional time or -

expense introduced.

Theory

Ground-water modeling of reclaimed surface mines has shown that a substantial portion of

ground-water infiltration into mine spoil comes from adjacent areas. . Infiltration from adjacent

areas can originate from other surface mines as well as from unmined strata. The nature of this

lateral recharge can be continuous or episodic. Adjacent areas tend to permit lateral ground-

water movement somewhat continuously under baseflow conditions, long after the last

precipitation event. However, rapid, high-volume lateral recharge also can occur immediately
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following significant rainfall events (Hawkins and Aljoe, 1990). Fractures in the adjacent strata
can yield substantial amounts of water during or shortly after significant precipitation. The
BMPs discussed in this section need to be able to accommodate this bimodal, lateral ground-

water infiltration.

Unlike many of the BMPs implemented to prevent surface-water infiltration, most of the BMPs
for preventing lateral ground-water movement are Vimplémented on and above standard
reclamation practices. These BMPs tend to be more labor and material intensive than standard '
reclamation practices, and therefore, can be more costly.v One exceptidn is undergrouhd mine
daylighting, which is performed as a consequence of the remining process. However, the time
and effort required to'clean the waste rock from around the remaining coal pillars entails
additional cost during mining, the percentage of coal fecovery is less than that for virgin areas,
and additional acid-forming materials should be special handled. Some of the BMPs discussed
in this section are mandated by regulation, such as sealing of auger holes and exposed mine

entries.

The effectiveness of many of the ground-WQter control BMPs relies largely on the use of proper
engineering techniques. As with BMPs implemenfed for the prevention of surface-water
infiltration, there are very few situafions in which these BMPs will fail. If the ultimate discharge
flow rate is reduced througﬁ reduced lateral infiltration, there is a high probability that the
pollution load will be diminished. Figure 1.2a shows the strong correlation between flow and
pollution load commonly exhibited by mine drainage discharges. There are hydrogedlogic
conditions where some of these BMPs could exacerbate the production of acid mine drajnage
(AMD). In these cases, the BMP should be eliminated or modjﬁéd to preven’t' additional
pollution. In situations where the BMP is an integral part of the entire operation (e.g.,
daylighting), additional BMPs will need to be added or designed to compensate for possible

deleterious side effects of the others.

1-34 : Hydrologic Controls




Coal Remining BMP Guidance Manual

Figure 1.2a: Typical Correlation Between Discharge Flow and Pollutant Loading in Mine
Drainage Discharges (Appendix A, EPA Remining Database, 1999 PA(6),
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Site Assessment

Assessment of spoil charactenstlcs is site-specific for each operatlon Even with on-site testlng,
* spoil hydraulic parameters can be hlghly variable. Hawkins (19982) observed that hydrauhc
conduct1v1ty can range widely (up to 3 orders of magnitude) within a site. This makes predlctlon

of spoil characteristics prior to mining extremely difficult. However, there are some general |

conclusions that can be drawn about mine spoil.

* Hawkins (1998a) conducted aﬁuifer tests on several mine sites across the northern Appalachian

Plateau in an attempt to predict mine spoil hydraulic properties. He found that the best

correlation occurs between the hydraulic conductivity and age of the spoil. The impacts of other

factors (e.g., lithology, spoil thickness, and mining type) on spoil properties appear to be masked

by a variety of factors introduced during the operation.
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Given the broad range of mining typés, spoil lithology and age, and other factors, it is doubtful a
narrowly defined prediction model will be available. In addition to the aforementioned testing
problems, spoil will at times exhibit turbulent flow which does not conform to Darcy’s Law and

causes aquifer-testing procedures to become inapplicable. : ‘

Prior to the engineering and installation of highwall and pit floor drains, an assessment as to the
amount of ground water to be collected and piped needs to be made. This determination can be
performed by empirical testing of observed recharge while the pit is open or can be performed by -
conducting a hydrologic budget eXercise. Tﬁe hydrologic budget will require, at a minimum,
knowledge of the size of the recharge zone,'precipitation and evapotranspiréﬁon rates, storage

capacity, and aquifer characteristics.

Materials used in sealing or grouting rhay require anﬂysis to ascertain the hydraulic properties,
and thus, the suitability of use. Field testing for compaction also may be necessary. This testing

can be performed via a standard penetration test, using a penetrometer.

Assessment of ground-water diversion (interceptor) wells may require aquifer tesﬁng.
Performing a constant-discharge test while monitoring other wells will yield insight as to the

efficiency of these wells. Aquifer testing will also yield data on well and aquifer interconnection.
1.2.1 Implementation Guidelines

Daylighting of Underground Mines

Underground mining has been conducted in some areas of the United States for over 200 years.
Although limited surface mining was conducted in the early part of thé 20™ century, surface
mining did not become prominent until after the Second. World War. Surface mining into higher
cover coal (greater than 30 to 40 feet) only became commonplace in the 1960s with the
proliferation of mining equipment capable of moving large amounts of rock efficiently. Early

underground mining operations have left a considerable amount of abandoned undergroimd
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mines that are now candidates for remining. These underground mines have been producing
untreated mine drainage since abandonment and, if left unchecked, will continue to do so for
decades or even longer. Daylighting of abandoned underground mines is one of the more

frequently employed BMPs during remining operations.

Daylighting operations are often economically marginal. This is because the same volume of
overburden aésdciated with virgin coal needs to be removed, but the coal recovery.rates are
greatly'dimi'nished. A coal recovery rate of 50 percent is usually the maximum observed at .
daylighting operations, but this level is seldom achieved. Recovery rates are more commonlky in
the rangé of 20 to 35 percent, because many of the mines were retreat-mined (high coal
extraction from partially mining through pillars as the opefation withdraws from the mine) prior
to abandonment. Because of this reduced recovery, the thickness of overburden that can be |

‘removed economically is less than that for solid coal areas.

The act of daylighting is the removal of the strata above the coal (overburden), the removal of the
collapsed rock (gob) around the existing pillars, and the loading out of the coal. Once the coal is
removed, the site is reclaimed. Daylighﬁng works to reduce lateral grbﬁnd—water infiltration in
several ways. Abandoned undergfound mines are recharged, to a large degree, from fractures in
the overlying rock. The fractures are created primarily by stress relief of erosional rock mass
removal and to a lesser extent by tectonic (mountain building) activities (Wyrick and Borchers,
1981). One of thévmore prominent results of daylighting is that avenues for vertical recharge are
eliminated, and water that once recharged the underground ﬁ;ine is no longer available.
Daylighting of approxifnately one-half of a 380 acre abandoned rhine in Allegheny County,
Pennsylvania, feduced the flow by about 50 percent (Skousen and others, 1997). |

Subsidence and collapse of abandoned miné workings can create additional fracturés and

increase the size of existing fractures, also increasing their transmissive properties. Evidence of
subsidence is frequently observed at the surface as cracks, damage to surface structures (e. g,

house foundations, roads, and utilities), and sinkholes (closed-contour depression"s).
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Figure 1.2.1a is a photograph illustratihg exposed. fractures accentuated due to mine subsidence.
The degree of surface disturbance depends to a large extent on the thickness and lithology of the
overburden and the size of the mine void. Daylighting removes ithe highly tfansrnissive avenues
for ground water to enter underground mine workings. Even when the underground mine has not
been completely eliminated, daylighting can dramatically reduce this reéharge.‘ Empirical .
observations indicate that there is an exponential decrease in recharge to underground_ mines with
increasing overburden thickness. Shallow cover areas tend to yield more water to the mines than
deeper (thicker) cover areas and are more commonly eliminated through remining. In shallbw
overburden, stress-relief fractures are more _frequent and generally more transmissive than in
deeper overburden (Borchers and Wyrick, 1981; Hawkins and others, 1996). Because of more
extensive fracturing with shallow cover, the overlying rocks are more susceptible to the impacts
from mine subsidence. For example, daylighting 20 percent of a mine, which is the shallowest

cover, will likely reduce infiltration by an amount much greater than 20 percent.

Figure 1.2.1a: Example of Mine Subsidence and Exposed Fractures

The storage capacity of underground mines is considerable, and can approach 65 percent of the

original coal volume. However, a storage capacity of 20-40 percent is more likely. A 100-acre
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underground mine with 50 percent of the coal mined, a 5 foot‘thick coal seam, and no significant |
subsidence has a potential storage volume of over 81 million gallons. If the mine workings are |
only one-third flooded, the mine water stored exceeds 27 million gallons. Storage of vast -
amounts of mine water in underground mines allows for continuous lateralrecharge to adjacent
operations, even during dry periods. Daylighting decreases the amount of storage available for

ground water and therefore prevents lateral movement into adjacent areas.

Abandoned underground mines are commonly ideal environments for AMD formation. If acidic, ‘
metal-laden ground water is infiltrating into an adjacent surface remining operation, it can caﬁse
the formation of more- AMD than the sum of what the two mines would produce separately. For
-example, it is known that ferric iron (Fe*), a product of acid-mine drainage formation, can

- become the main oxidant of pyrite. Additional pyrite oxidation can occur even under suboxic or
anoxic conditions (Caruccio and Geidel, 1986). Therefore, AMD entering into pyritic-rich zones

in spoil can produce more pollution than the spoil would produce on its own.

. By and large, the water quality of underground miries is much poorer than that of surface mines
on the same seams (Hawkins, 1995b). AMD formation is facilitated by the configuration of an
underground mine which pei’mits ground water to preferentially encounter cofnmonly acid-
forming units (seat and roof rock and the coal). Oyer tirrie, roof falls and pillar deterioration
'continué to intr_oduce additional acid—for.-ming mateﬁala into the system. Daylighting is radically
different than the niining processes that allow the underground mine to create AMD, because the
coal mine entries are eliminated, and the gob is mixed with the remainder of the overburden.
The post-remining configuration of the daylighted sections becomes that of a feclaimed surface
mine. However, because of roof falls and pillar deterioration, there may be a higher amount of
unrecoverable coal mixed in with the spoil associated with daylighting than with remining

surface mines. After daylighting, and in the absence of selective spoil handling, ground water
flowing through the reclaimed portions will encounter acidit:, alkaline, and/or relatively i{nerrt
spoil materials at a frequency based ori the volumetric content of the spoil and on the ground-

water flow regime. With these changes to the ground-water flow and the materials contacted,
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mine water is likely to be less acidic, especially with the presence of alkaline units in the

overburden.

Daylighting of an abandoned underground mine on the Pittsburgh Coal seam in Allegheny
County, Pennsylvania resulted in turning mine discharge water from “extremely acidic” to
alkaline with low metal concentrations. The areas of the mine that were not daylighted continued

to produce acidic mine water similar to the premining water quality (Skousen and others, 1997).

Daylighting of underground mines can reduce pollution loads through the reduction of ground-
water infiltration and through changing the geochemical and physical properties of material that
the ground water contacts. Daylighting eliminates potential recharge sources by mining out
subsidence features. The original ground-water flow path is interrupted by the subsequent
installation of seals and/or drainage systems. The potential amount of mine water storage is

likewise reduced.

Before an underground mine is daylighted, the ground-Water system exhibits primarilfy open
conduit flow with water encountering seat rock, roof rock, and coal. All three of these ﬁnjts are
typically pyritic, and thus possible acid generators. Once daylighting has occurred, the lithology
and particle size of the overburden, whether alkaline, acidic, or inert, is greatly modified. This
modification of the overburden strata substantially increases the amount of freshly exposed rock
surfaces that are accessible to the ground water. Following daylighting, the grdund—-water flow
regime is a dual porosity system, in which ground water'is stored in large conduits and voids |
between spoil fragments and exhibits overall intergranular ﬂbw characteristics through the finer-
grained spoil (Hawkins, 1998a). With this change in the ground-water flow regime, the
probability of ground water encountering alkaline or acidic material is proportional to the volume
and surface area of that material in the spoil, whereas, prior to daylighting, the water almost
exclusively contacted acid-forming materials. The intérgraﬁular flow through the fine-grained
spoil exhibits the lowest transmissivity and is the controlling factor of the speed of ground-water

flow in the backfill. Therefore, contact time with rock surface areas also is altered, and geﬁerally
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lengthened by daylighting. These flow regime changes can have a significant impact on ground-

water geochemistry.

Potential problems do exist with daylighting. Overburden material can be highly acidic, and

disturbing it would allow for additional pyrite exposure and oxidation, release additional acidity,

and possibly increase the pollution load. To prevent this scenario from occim‘ing, potential acid-

produéing and alkaline-yielding zones, as well as the net acidity or alkalinity of the overburden,

should be determined prior to remining. If the overburden is acidic, the anticipated reduction in

flow that can result from daylighting may be offset by the additional acid production. In this

éase, alkalihe addition or some other ameliorating BMP would be required. In addition, coal

itself can be acidic (with total sulfur concentrations greater than 0.5 percent). The acidity

. potential of unrecoverable coal needs to be included in the acid-base accounting conducted for

the site. Additional coal mixed in with the spoil and left in the backfill can be problematic vf,or

- marginal sites.

Another potential problem associated with daylighting is that underground mine workings have

often collapsed and pillars have crushed, causing coal to spall off. Under these situations,

separating coal from the waste rock can be difficult, and some of the coal will be unrecoverable.

Industry estimates range between 5 and 20 pérCent of the coal may be left during daylighting,

Sealing and Rerouting of Mine Water Jrom Abandoned Workings

 Asan integral part of daylighting,labandoned mine entries and auger holes exposed at the final

highwall are sealed with a low-permeability material. Sealing these abandoned workings inhibits

the infiltration of atmospheric oxygen. Sealing also prevents grouqd-wdter movement into these

workings from the mine spoil and from these mine workings into the mine spoil. Figure 1.2.1b

shows exposed auger holes that require sealing. The most common method of sealing an

exposed mine entry or auger hole is by pushing, and cbmpacting as much as possible, alow-

permeability material into the abandoned workings with a bulldozer or other appropriate

equipment. Compaction of the material is difficult to achieve because the inside of the seal is
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open ended. When a material is pushed into the opening, there is nothing on the inside to push

against to aid compaction.

Figure 1.2.1b: Exposed Auger Holes

Achieving water-tight seals for auger holes and mine entries that have not been daylighted is
extremely important. If these seals leak, a fluctuating water table may be created for the
undaylighted portion of the underground mine. A fluctuating water table is possibly one of the
worst conditions in an underground mine environment. When the water table drops, pyritic
material is subaerially exposed, permitting oxidation. When the water table rises again, salts that
were created by the pyrite oxidation, are hydrolyzed and mobilized, creating additional AMD.

The importance of sealing these mine workings should not be taken for granted.

In some regions, constructed mine seals may be permitted. In Tennessee, a “brick wall” has been
approved as a means of sealing exposed undergroqnd mine entries (Appendix A, EPA Remining

Database, 1999). On a site-specific basis, other types of constructed water seals may be

approved.

1-42 ‘ - : Hydrologic Controls




Coal Remining BMP Guidance Manual

It is highly recommended, and in some states statutorily mandated, to seal mine entries and auger
holes to a depth equéling three times the widest dimension of the opening. For example, if the

auger hole is 3 feet in diameter, the depth of the seal should be at least 9 feet. Figure 1.2.1c isa
schematic illus&ation of a mine entry seal. Determining the depth of aseal is extfemely difficult,

if not impossible. Itis doubtful that a mine entry that is 10 feet wide is sealed to a depth of 30

feet.

Not all states require that these mine workings be sealed to three times the widest dimension..

Some require that the sealing material be pushed into the entry as far as p‘ossible with a bulldozer

or other piece of equipment. Figure 1.2.1d illustrates this type of seal, as approved in Virginia.

- Example of a Mine Entry Séal

Figure 1.2.1c:

Schematic Drawing of a Sealed Mine Entry
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Figure 1.2.1d: Example of a Virginia-Type Mine Entfy Seal

Nonselective Backfill
Material e

Most Impervious  Push into Entry as Far as
Material Available Possible Using a Bulldozer

There are other problems with assessing the effectiveness of these seals. Daylighting abandoned
workings often exposes numerous mine entries. Sealiﬁg of all exposed entries can require a large
amount of material and is difficult to achieve because the inside of the seal is open-ended. For
example, if daylighting exposes 20 entries with average dimensions of 10 feet wide and 5 feet
high, sealing will require over 1,100 cubic yards of material. This is a considerable amount of
material to stockpile and handle, even if it is locally available. If not locally available, the

material should be obtainable at a minimal cost.

The permeability of this material should be similar to that required for surface‘capping or stream '
lining material. The material should exhibit hydraulic conductivities of 10"°to 10° m/s or lower
to effectively inhibit ground-water movement. By comparison, coals in the northern Appalachian

Plateau may have hydraulic conductivity values ranging from 10 to 10 m/s (Miller and
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Thompson, 1974). If these mine workings are sealed properly with a low-permeability material,
ground-water movement is more likely to be through the more permeable coal than through the

entry seals.

Daylighting operations commbnly encounter mine discharge p;)ints‘ and/or water pathways during
‘mining operations.. The mine water will continue to flow through portions of the mine that have
not been daylighted. Therefore, sealing of mine entries can cause extensive flooding of the
'rerhajning mine wofkings behind the seals. Under these hydrogeologic conditions, considerable
hydrostatic head eventually will rest against these séa.ls, causing a substantial amount of mine
water to infiltrate into the backfill. This infiltration can occur even when seals are properly
installed. These flooded aréas can be dewatered by installation of a free-draining piping system
to collect and ti'ahsport the water through the entry seals and bypassing the backfill. The drain
system prevents mine water from being exposed to the spoil. Figure 1.2.1e illustrates this
potential-sealing scenz‘n'iovwith the drain system in placé. ‘Thé system should be designed to

accommodate the maximum flow anticipated.

Figure 1.2.1e: ~Example of a Mine Drain System
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Highwall Drains

There are two basic forms of highwlall drains (horizontal and vertical) that work together or
separately to collect ground water entering the spoil from the highwall. Horizontal drainé ‘can be
installed to work on a stand-alone basis. Vertiqal (chimney) drains usually are not installed as
stand alone, but are commonly tied into a horizontal drain. Highwall drain systems work to
minimize or prevent the contact between ground water and p;)tentially acid-forming spoil by
interception, collection, and transport away from the spoil. If the water quality is within
compliance standards, the water can be discharged directly. If not, it will require treatment prior

to release.

Highwall-drain systems can also function to collect surface watér prior to infiltration at the
interface between the highwall and spoil. This hoﬁzontal-pipe system is installed with a
perforated pipe running along the surface or just below the surface, parallel to the highwall. The
surface pipe is connected to a solid pipe that runs ﬁom the surface to the pit floor, where it is tied

into a horizontal highwall drain (Gardner, 1998).

Chimney drains are highly-transmissivé linear zones of rock installed vertically at the highwall.
Chimney drains collect ground water as it enters spoil ﬁom the highwall and channel it
downward toward the pit floor (Figure 1.2.1f). These drains are usualiy installed at a known
inflow point (observed during nﬁning), such asa ground-water bearing fracture or fracture zone
exposed at the final highwall. Chimney drains are usually tiéd into a horizontal drain installéd at
the base of the highwall in order to channel the water away from the bulk of the backfill. Water
captured by a chimney drain is channeled to an integral horizontal drain located at the base of the
highwall. This water is then drained laterally and is subsequently discharged away from the
spoil. In some cases, a highwall drain also be constructed of perforated pipe buried vertically at
the highwall. If a pipe drain is used, it should be surrounded by coarse rock to facilitate drainage.
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Figure 1.2.1f: Cross Section of an Example Chimney Drain

Buried Highwall

For chimney drains to wbrk effectively, they need to be substantially more transmissive than the
spoil is anticipated to be. A median hydraulic conductivityef 1.7 x 10° m/s was det.ennined
from aquifer testing of 124 wells in mine spoil from 18 mines tested in the northern Appalachian
Plateau (Hawkins, 1998a). Drains should have a hydraulic conductivity two orders of magnitude
(100 timeé) higher than this value. The need for this difference in hydraulic conductivity is based
on the rdifference in the definitions of an aquifer and an aquitard. With a hydraulic conductivity
difference of two orders of magnitude, ground water tends to move through the aquifer and not
through the adjacent aquitard. The relatively high hydraulic conductivity required for the drain |
necessitates that the material be a uniform coarse-sized durable rock. Rock size can vary, but
should be large enough to ensure long term drain integrity and preclude piping of the drain
material. Drains comprised of rock one inch or larger have been succ'essful.i Inert, well-
indurated (eemented) sandstone or a limestone is frequently employed to ensure the desired life

span.
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Horizontal drains are commonly installed at or near the base of the final hi ghwall to collect
ground water entering from undisturbed strata or adjacent unrelated surface mine areas. Ground
and surface water often infiltrate into mine spoil at the highwall. If this water is not collected by |
a chimney drain, it tends to migrate downward taking a path closé to the highwall toward the i)it
floor. Horizontal highwall drains are installed to intercept this water and remove it from the site
before the water encounters additional spoil. If present, chimney drains are tied into the

horizontal drain.

Horizontal drainé are either constructed directly on top of the pit floor or are incised a few feet |
into the seat rock. The latter appears to be a more efficient method for collecting water. Fig'ure'
1.2.1g illustrates two common types of horizontal highwall-drain construction. These drains
consist of a perforated pipe placed into a core of coarse-grained rock. Rock composition and size
should be similar to that used for cMmey drains. Pipe diameter should be large enough to easily
transmit more water than the predicted highést ﬂdw. Four or six inch diameter, flexible
perforated plastic pipes are the most common pipes used for horizontal drain construction. At

sites where extreme flows are anticipated, a larger pipe diameter may be necessary.

Figure1.2.1g: Cross Section of Horizontal Highwall Drains

Cross Sectional View of Horizontal Drains
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Drain orientation depends to some degree on the structural dip of the pit floor. Horizontal
highwall drains, as with pit floor drains (discussed in a later section), need to have sufficient .
grade to properly drain water from the spoil. Once ground water enters the drain, it should flow
rapidly through the pipe and be dischargezd away from the site. These drains are designed to |
prevent the formation of a defined ground-water table. If the drain system is ineffeétive, a water
table will form and some of the ground water will bypass the drain, continue to flow through the
spoil, ahd eventually discharge as mine drainage at some point down gradient at 6r near the toe of
the spoil. The drain outflow point 'should have an air trap installed to prevent atmospheric

oxygen from migrating back into the backfill and possibly oxidizing additional pyrite.

An impé‘rtant factor in the implementation of highwall drains is the céllection and 'transportation
offsite of as much water as possible, before it encounters the spoil. A clear understanding of the
surface water drainage system and the ground water-bearing zones or fractures is imperative. A
good idea of the origin of infiltrating water is required to design and install an efficient highwall
“drain system. However, some spoils are so highly conductive that a properly. installed drain will
collect the water shortly after it enters the spoil, regardless of inﬁltraﬁon points or zones. Care
should be taken to ensure thét the drains have sufficient grade to efficiently drain watef aWay

from the spoil and discharge it freely.
* Pit Floor Drains

Pit-floor drains are similar in construction to and perform a similar function as horizbntal
’highwall‘ drains. Depending on the dip of the pit floor, they can be tied into each other to create a
common drainage system. Pit-floor drains are designed to capture ground water that has entered
‘the backfill either through lateral dr vertical infiltration. The water is then rapidly drained from

the site without intercepting additional spoil material.

Pit floor drainage patterns should be designed so that the majority of the ground water in the
backfill is collected and the ground-water table is greatly suppressed, if not eliminated. ~

Construction of pit floor drains is similar to construction of highwall drains, but the orientation
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and layout design are substantially different. Figure 1.2.1h illustrates the cross-sectional view of
two common methods for constructing pit floor drains, and two of the more common pit floor

drainage patterns. Efficient pit floor drainage is not exclusive to these two patterﬁs. There are a
multitude of drain plan view layout designs that should work effectively to collect ground water.

The drainage pattern employed should be site-specific.

‘Figure 1.2.1h: Pit Floor Drain Patterns

Structural Dip of Strata Structural Dip of Strata

Outflow Points

Outflow Pointz xtent f’f ining

Dendritic Pattern Linear Pattern

The dendritic pattern is similar to stream d:ai'nage patterns. There is a main stem with a seriés of
tributaries that intersect it at angles less than 90 degrees. This drainage pattern contains one
common outflow. Drain tributaries need to be positioned with respect to the dip of the pit floor
to allow water to drain freely. Tributaries also need to be at an oblique angle to the dip so they
will intercept as much ground water as possible, yet still drain properly. Air traps should be
placed at the outflow point to prevent atmospheric oxygen from migrating freely back into the

spoil.

The linear pattern is composed of a series of evenly spaced parallel drains with each drainpipe

having a discrete outflow point. These drains, like those of the dendritic pattern, need to be at an
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oblique angle to the d1p, where a substantlal amount of the ground water is intercepted, while
maintaining sufficient grade to allow free drainage off of the site. Air traps should be placed at

the outflow points to prevent atmospheric oxygen migrating freely back into the spoil.

Determination of the probable transmissive properues of spoil and the appropriate spacing of
drains is cntlcal to the effectiveness of this BMP. Parallel p1t floor drains installed on a site in
Westrnoreland County, Pennsylvania, were spaced at roughly 500 to 600 foot intervals. Figure
1.2.1i shows the construction of a pit-ﬂodr drain at this site. Preliminary monitoring results |
indicated that this spacing may be too broad. Monitoring wells indicated the presence of a
defined water table in parts of the backfill, and water levels in the monitoring wells were
typicélly 3 to 5 feet above the pit floor. The drains installed were not completely suppressing the
ground-water levels but were keepmg them lower than expected for nondrained spoil. The sp01l
at this site is comprised almost entirely of shales, which caused the backfill to be less
transmissive than originally anticipated. Sandstone-rich spoils are expected to be more
transmiésive, requiring a wider drain spacing than shale-rich spoils. In this case, the drain
spacing was inadequate for the given site conditions. Future operations should be specifically

engineered to account for the expected spoil hydraulic properties.

Figure 1.2.1i: Example of a Pit Floor Drain

Hydrologic Controls




Coal Remining BMP Guidance Manual

The engineering and construction of pit-floor drains are critical to their efficient use. These
drains should be installed so they.intercept the ground water flowing acfoss the pit floor, with
sufficient grade to drain water freely. Too broad a spacing between drains with régard to the
spoil hydraulic conductivity and' expected heterogeneity will permit the formation of a water
table between the drains. Drain spacing and configuration should be based on a forecast of the
spoil hydraulic conductivity and heterogeneity based on overburden lithology, mining equipment

employed, direction of mining, and direct aquifer testing on nearby reclaimed surface mines.

There is a caveat with incising drains in to the pit floor. Excavation into a pit floor can breach
the integrity of the seat rock and facilitate infiltration of mine water into underlying aquifers.
Once ground water infiltrates into underlying units, it is less controllable and can eventually

discharge at a point far removed from the site.
Grout Curtains

Grout curtains are vertical or nearly vertical, tabular-shaped, low-permeability laye'rsl that are
emplaced to prevent or divert ground-water movement. In remining -operations, grout curtains
can be installed at and against the highwall, or they can be installed in the undisturbed strata
above the highwall. A limiting factor for the installation of grout curtains in rémining situations
is that they tend to be more expensive than some of the alternative BMPs. It is doubtful that
grout curtains will be used often as a BMP, because the profit margin is narrow in most remining

operations.

Grout curtains or barriers can be installed during reclamation by pushing aﬁd compacting a low
permeability material (grout, clay, coal combustion waste, and other mateﬁals) against the
highwall as reclamation progresses. This is conducted in lifts with éach lift tied into the previous
one. Grout curtain material is fypically either an on-site material (clay) or an inexpensive waste
material, such as coal combustion waste (CCW). Ciays commonly have hydraulic conductivities
ranging between 102 to 10® m/s (Freeze and Cherry, 1979). Yanful and others (1994) recorded

an initial hydraulic conductivity of 10 m/s for compécted clay used to cap an acid-producing
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waste rock site. The importance of compaction of the barrier material in the creation of a low-
perineability barrier should not be overlooked. A continuous barrier is needed to effectively

prevent ground-water movement. Any breach in this barrier can permit ground-water movement

from the strata into the spoil.

- The “haulback” of CCW to a'mining’operation- is often a provision of the sale of coal to electrical

generating facilities. With the addition of water, CCW is often pozzolonic (self-cementmg) The

permeability of this material, once hardened is sufficiently low to nearly preclude all ground-
water flow. The Electnc Power Research Institute (EPRI) reported a range of hydraulic
conductivities for “self-hardening ashes” of 3.2 x 10 to 1.8 x 107 m/s (EPRI, 1981). These
values were determined after a 28 day set-up period. Hellier‘(1998) reported a hydraulic

'conduct1v1ty of 10® m/s for a fluidized bed combustion ash used for a surface mine cappmg

~ project in north central Pennsylvama

At some mining locations, the installation of a grout curtain at the highwall after reclamation has

been complete&. In these cases, thé spoil directly adjacent to the highwall has to be re-excavated,
and a slurry-type grout is used to fill the trench. Though grout types can vary considerably,

grouts containing high percentages of CCWs and cement or bentonite and cement are frequent

choices. Potential problems can ﬁrise from highly permeable spoil. If the grout is watery and

flows too freely, it will enter the spoil and construction of a continuous, effective barrier is

difficult. This after-the-fact grout curtain would be expensive and probably cost-prohibitive for

remining operations.

Grout curtains also can be installed above the highwall in undisturbed strata by performing a

pressure grouting operation. A series of boreholes is drilled across the site parallel to the

highwall. These holes are often drilled in a staggeréd pattern to maximize the grouting potential |

by accessing as many natural fractures as possible (Figure 1.2.1j). Spacing of boreholes varies

depending on fracture density and transmissivity and on the propagation characteristics of the

grout. Grout holes drilled on ten foot centers have been suggested for seahng underground mines

(U.S. Env1ronmental Research Serv1ce 1998) Given the common orientation and den51ty of
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stress-relief fractures in the Appalachian Plateau, drilling grouting holes at a slight angle (up to 3
degrees) from vertical will helpr to optixhizé efficiency. A commonly used breséﬁr’e grouting
material is a commercially available polyurethane. The polyurethane is a two component |
material that is injected simultaneously in equal amounts (Ackman and others, 1989). Other

materials suitable to this type of grouting are neat cement or bentonite.

Figure 1.2.1j: Common Drilling Pattern for Pressure Grouting Wells

Plan View
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Problems with the implementation of grout curtains are often related to the continuity of the
emplaced grout. Ground water is expected to impound behind a grout curtain and evehtua]ly
flow laterally away from the spoil. If the grout curtain is not continuous, ground water eventually
will flow through a breach, following the path of least resistance; Pfessure grouting in fractured
rock aquifers is particularly problematic, because the fractures are not continuous, are not all
interconnected, and do not necessarily interact with one another. It has been observed that
individual fractures may represent discrete aquifer zones and may have distinctly different

piezometric surfaces (Booth, 1988). Rasmuson and Nerethieks (1986) estimated that only 5 to
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- 20 percent of the fracture plane transmits 90 percent df the water. A study of overburdén

" ‘material at a surface mine in Clearfield County, Pehnsylvania, illustrated that'on'ly a few discrete
fractures intercepted by a ‘borehé)ler actually contributed to the well Yield. The remainder of the
fractures éppeared to be unconnected or poorly connected to these active fractures (Hawkins and
others, 1996). Grout hole spacihg, grouting material, and g;outing pressures ﬁeed to be designed
to overcome these potential ‘fr_acture discontinuity problems. It is recommended that grouting
wells be drilled atia slight angle from true vertical to increase the likelihood of encountering

vertical or near vertical water-bearing fractures.
- Ground-Water Diversion (Interceptor) Wells

Diversion wells are installed specifically to intercept and collect ground water prior to infiltration
into the reclaimed backfill. These Wells are drilled up-gradient of the backfill area and can be
oriented vertjcally or hoﬂzontélly. Care should Be taken not to over-pump these wells, which can
cause a reversal of ground-water flow. If the water taBle is'lowered so that ground water is drawn
from the reclaimed operation, the water may require treatment prior to discharging. Diversion.

wells should pfevent water movement into the strip, not create a pump-and-treat operation.

Vertical diversion wells require Ia pumping system operated by- a consistent power éupply. In
orcier for vertical diversion} wells to'effeCtively interceptvgr‘ound water, a series of wells drilled
normal (perpendicular) to the structural dii) and up gradient are required. Spacing of these wells |
depends on sité-speciﬁc conditioné, such as fracture density, hydraulic conduétivity, and o
structure. Well depth is generally to or a short distance below the top of the seat rock. In
relatively shallow wells (less than 200 feet) of the Appalachiah Plateau, the highest well
production occurs ét the shallowesp depths (Hawkins and others, 1996). However, t‘here‘are
circumstances where substantial ground water flows in from deepef fractures. In competent
rocks in the Appalachian Plateau, the entire borehole should be left open to prevent restriction of
any ground-water inflow points. As with gfouting boreholes, these wells may be more efficient if
they are drilled at a slight angle (1 to 3 degrees) to increase ‘the' probability of intercepting vertical

fractures.
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Diversion wells should be configured so that pumping will initiate when the water reaches a pre-
defined level above the bottom of thé coal and that pumping will cease once the water is drawn
down to second pre-defined level, commonly at or near the base of the coal. Pump cycling'timés
depend on the amount of ground water present, transmissjvity of the strata, and the efficiency of
the well. Diversion wells are relatively inexpensive to drill, but can be expensive to complete
and maintain over a period of time. Therefore, they will seldom be an economically viable

option for remining.

Horizontal diversion wells, when properly installed, may be more efficient and effective than a
series of vertical wells, depending on the size of the area to be dewatered. The initial costof a
horizontal well will be dramatically more than the equi\)alent footage of vertiqal wells. However,
there are definite advantages to horizontal wells. They can be drilled to allow for free drainage.
No pumping system or power is required with a free-drainage system, and thus, very little
maintenance is required. Horizontal wells access water from a continuous horizontal line, rather
than from discrete well points, and are more likely to intersect water-bearing fractures. Because
of the high cost of outfitting and maintaining the pumping systems of vertical well sets and the
initial high cost of drilling horizontal wells, it is doubtful that diversion wells will be 'an

economically viable option at more than a few remining operations.

The installation of diversion wells encounters some of the same poor fracture interconnection
problems as are incurred during the installation of grout curtains. Because individual fractures‘
can represent discrete piezqmetric zones (Booth, 1988), diversion wells need to be dﬁlled ina
configuration and at a spacing that accesses all of the discrete ground-water flow systems. A
common occurrence in the Appalachian Plateau is for shallow water wells (less than 200 feet) a
shdrt distance apart (less than 100 feet) to show little interconnection based on an aquifer test.
Drawdown at a pumping well may exceed 100 feet, while a well 50 to 80 feet away may only
exhibit a drawdown of a fraction of an inch over the length of a pumping test lasting 2 hours or
more. It is advised to‘drill to the vertical diversion wells at a slight angle from true vertical to
increase the likelihood of encountering vertical or near vertical water-bearing fractureé. It is also

recommended to drill horizontal diversion wells at an angle to the prefcrred orientation of the
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vertical stress-relief fractures. Because vertical fractures are created by tensional forces and tend
to be oriented parallel to the strike of the adjacent valley (Borchers and Wiyrick, 1981), horizontal ‘

diversion wells should be drilled at an angle that is subparallel to the valley orientation.
Design Criteria

These BMPs should be designed and implemented to preclude the lateral infiltration of ground
water into the backfill areas of reclaimed remining operations. Some of the salient design cﬁteﬁa
for each of the BMPs discussed in this chapter are included iﬁ the list below. ', Site;spcciﬁc
conditions will ultimately dictate which BMPs should be used and the‘ scope of BMP
implementaﬁon required in order to reduce or climinate lateral ground-water inflow, discharge
rate, and pollution load. It should be noted that although grout curtains can be employed as a

BMP, they are rarely used, and the technology is unproven.

Daylighting _

. Subsidence-induced ground-water inﬁltration zones should be eiiminéted.

. Vast ground-water storage areas should be eliminated.

. - The amount of ground-water contact with acid—fofming materials should be reduced.
. The probability of ground water contact with alkaline materials should be increased.
. Special handling of acid-forming materials should be facilitated.

. The oxygen flow to the subsurface should be greatly reduced.

Sealing and Ground Water Rerouting of Mine Workings

. Atmosphenc oxygen 1nﬁltrat10n into mine workings inhibited. :
. Low permeability sealing material (e.g., equal to or less than 10 m/s) should be used.
. Seals should be installed to preclude ground-water movement into or out of the mine
workings. ' |
. Drains should be installed to control the ground-water buildup, bypass the spoil, and
| discharge off site. '
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Hichwall Drains

. Ground-water infiltration at the highwall should be intercepted and collected.

. Ground water from the spoil should be quickly drained and discharged off-site.

. Drains should be made more permeable than the surrounding spoil.

Pit Floor Drains

. Drains should be oriented and constructed to collect ground water within the backfill.

. The ground-water table within the backfill should be suppressed or eliminated.

. Drains should be oriented and constructed to quickly drain ground water from the spoil
and discharge it off site.

Grout Curtains

. Grout cuﬁajns should prevent or redirect ground water away ﬁom the backfill.

. Low-permeability grouting material (e.g., equal to or less than 10 m/s) should be used.

. Continuity should be maintained across the potential infiltration zone.

. Grout holes should be drilled at an angle of up to 3 degrees (depending on site strata) to

increase the interception of vertical fractures.

Diversion Wells

. Diversion wells should be located up-gradient of the mine to intercept ground-water flow.
. Intersection of water-bearipg fractures or zones should be a priority.

. Low or no-maintenance systems should be used, if possible. |

. Horizontal wells should be installed at an angle subparallel to valley orientation.

1.2.2 Verification of Success or Failure

The cumulative discharge rate of the post-reclamation discharges compared to pre—miriing
discharges is, as with all of the physical hydrogeologic BMPs, the truest indication of the

effectiveness of ground-water control BMPs.
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Daylighting

Verification of the amount of dayligl;lting that has occurred is relatively easy. The acreage

disturbed can be viewed during mining and after reclamation and compared to underground mine

maps. If there is uncertainty of the exact amount of daylighting that occurred, the area can be

“surveyed.

Sealing

Verification of the implementation of sealing of abandoned mine workings will require the

inspection staff to be present during different phases of the operation. Once seals are in place,

they will be covered. If there is concern that the mine workings will not be properly sealed, the

- permit may be conditioned to require notification when sealing will occur or will be completed.

The material to be employed to seal the openings may need to be stockpiled on site to confirm

the type of material and the amount to be used. The étockpile should be marked to .distinguish it

from spoil or topsoil piles. To be sure that the material has a sufficiently low permeability, the

relative hydraulic conductivity alsd may need to be certified by laboratory testing. As previously

stated, it is extremely difficult to verify the depth to which the sealis ¢mplaéed. If this parameter

is deemed important enough, boreholes can be drilled behind the seal and a borehole video

camera can be lowered to view the seal from the inside and/or to monitor the flooding of the

remaining mine voids. It is doubtful that this step will be necessary.

Drains

If drains are installed in conjunction with the seals, drain piping can be viewed as it is installed.

Drain outflow can be monitored to determine if it is yielding the anticipated volume of mine

water. That is, does the drain yield a similar volume before and after mining. A mine

consistently yielding 300 gpm prior to mining and drain installation and a median flow of 85 gpm

after reclamation would indicate that the seals and/or the drain are not functioning properly. The

existence of toe-of-spoil seeps may also indicate that the drains are working improperly.
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Pit floor drains are installed as mining progresses, and tend to be extended with each phase (cut)
of the mining operation. Pit floor drains can usually be inspected during several phases of the
operation. Effectiveness of these drains can be determined once the backfilling is complete. If
the drains are yiéldjng water and unexpected discharge points (seeps) are nonexistent, it is an
indication that the drains are effectively collecting ground water. Monitoring wells installed in
the backfill provide the best indication that the water table is being suppressed as designed. Site
monitoring should be continued for a period beyond the anticipated water table re-establishment,
and monitoring through several wet seasons is important. In the Appalachian Plateau, the -

backfill water table can require at least two years to completely re-establish.

Grout Curtains

The type of grout curtain installation monitoring depends on the method used to install the grout
curtain. I the curtain is created as the site is backfilled, an inspection staff can review portions
(lifts) of the installation as it progresses. In situations where the installation of a grout or clay
curtain along a significant portion of a highwall takes a protracted period of time, and the |
inspection staff cannot be present for every stage implementation, estimates of the amount of
material required should be submitted as paft of the reclamation plan. Marked stockpiles or
weigh slips equaling the proposed volume can be used to determine if the proper amount of

material was used.

Determination of the success of grout curtains emplaced via pressure gréuting drill holes is
substantially more difficult. Grouting effectiveness can be evaluated in’direc;tly by.comparing the
estimated porosity of the strata, the total volume df the strata, and the volume of grout employed.
The ultimate effectiveness of grout curtains, regardless of how they were installed, is whether
they preclude ground-water movemeht through them. To make this determination, monitoring

wells can be installed on each side of the grout curtain.
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Diversion Wells '

There is little that can be viewed at the surface during the installation and use of diversion wells
to aécertain théir efficacy. The effectiveness of diversion wells can be estimated by‘the amounts
of water puﬁlped from them and mpnitored by the construction of monitoring wells»bvoth up and
down gradient of the pumping wells. ‘If the down—gradient wells exhibit a suppressed ground-

- water table over the é.nticipated levels, it is indicative that the diyersion wells may be functioning

properly. Ultimately, if discharge rates are reduced, the diversion wells are effective.
Implementation Checklist

Monitoring a site for anticipated changes is a critical and inherent aspect of BMP implementation
and efficiency determination. Monitoring should continue well beyond initial water table re-
establishment period (e.g., about 2 years after backfilling). The list below is a recommended

'guideline for an inspection staff to monitor and evaluate ground-water control BMPs.

. Measurement of flow and sampling for contaminant concentrations at time-consistent
intervals. '
. Assessment of hydrologically-connected units, as well as individual discharges, for

pollution load changes

. Review or mspectlon of sealmg material weigh slips, receipts, or marked stockplles.
. Review of 1mplementat10n initiation and completion dates

. Assessment of any deviation from an approved implementation plan.

. Inspection of salient phases of the BMP implementation for:

a. integrity of seals.
b. d.ram construction, location, and orientation.
c. grout curtain integrity and continuity.

d. diversion well locations and productivity (yield).
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1.2.3 Case Studies

Case Study 1 (Appendix A, EPA Remining Database, 1999 PA(3))

Remining was performed on an abandoned surface mine and abandoned underground mines in
the Pittsburgh coal seam. A total of 33.8 acres (48 percent) of the 69.6 acres of abandoned
surface mine land within the permit boundary were reclaimed by the operation. Of the 90 acres
of abandoned underground mines in the Pittsburgh coal seam, at least 49 acres (54 percent) were
daylighted during the remining opefation. ‘More than 203 acres were impacted by the remining
operation. Fourteen pre-existing mine drainage discharge points were included in the permit.
BMPs listed in the permit included regrading of abandoned mine spoil and highwa]lé,
underground mine daylighting, sealing of exposed mine entries, special handling of toxic
materials, and revegetation. The most prcaonﬁnant BMP components were
regrading/revegetation and daylighting. The site was completed in June of 1998. Ten dischafge
points were used to determine the impacts of remining. The remaiﬁing four discharges were low |

flow and discharged intermittently during pre- and post-mining periods.

Because this site has been reclaimed relatively recently and pf)st-remining data are limjted,‘ the
resulting pollution load analysis is less than ideal and subject to change. However, this site is
worth evaluation because of the large percentage of daylighting that was implemented and
because it drains to a stream that is used as a public water supply. Additionally, considerable

discharge reductions were observed prior to final backfilling for several of the monitoring points.

Two of the main discharges (MP-1 and MP-4) began to exhibit s'i gnificant flow reduction prior to
the completion of reclamation. Prior to October, 1992, MP-1 ranged in flow from 0 to 139 gpm
with a median of 18 gpm. Since October of 1992, MP-1 ceased to flow, except for one monthly
sample where the flow rate was 0.25 gpm. The flow rate of MP-4 ranged from 0 to 132 gpm
with a median of 6.9 gpm prior to April of 1994. After that time, the flow ranged from O to 18
gpm with a median of 0.1 gpm. Figures 1.2.3a and 1.2.3b illustrate the flow reduction exhibited

by these two discharges over time.
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Figure 1.2.3a: " Change in Flow Over Time (Case Study Discharge N[P-l)
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These analyses indicate that a flow reduction was observed even prior to complete backfilling
(Figure 1.2.3c). MP-1 and MP-4 are directly down-gradient from the first areas to be mined and
reclaimed, and down-gradient of limited-sized recharge areas. Therefore, it should be expected

that these points would exhibit the greatest change during remining operations.

Figure 1.2.3c: Flow Rate Reduction, Pre- and Post-Remining Periods (Case Study
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Pre- and post-remining comparisons (discharge points MP-2, MP-3, MP-5, MP-6, and MP-D)
exhibited no apparent change in flow. However, flows for MP-A and MP-B appear to have
decreased slightly, although not significantly. Although MP-C shows a slight, but significant,
increase in median flow (from 0.5 to 2.9 gpm) from befdre to after November of 1994 , the actual

change in flow is relatively low by comparison to flow rate for most of other discharges.

Analysis of the post-mining data is; at this stage, preliminary. On‘ly data for the first two months
after remining were submitted for four of the discharges (MP-4, MP-5, MP-C, and MP-D), and

these discharges have been excluded from the evaluation of pre- versus post-mining water
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quality. Fopr of the rerhaining disCharges (MP-1, 1\/[P¥6, MP-A, and MP-B) exhibited a post-
remining median significantly below the background data at a 95 percent confidence interval.

This improvement in water quality is illustrated in Figure 1.2.3d. Three of the discharges (MP-I,

MP-A, and MP-B) have been nearly or completely eliminated. The two remaining discharges

(MP-2 and MP-3) exhibited a median flow rate reduction that was not statistically significant.

Figure 1.2.3d: Flow Rate Reducltlon, Pre- and Post-Remlmng Perlods (Case Study

Discharge N[P 6)

PA(3) MP-6

The results discussed above should be tempered with the knowledge that precipitation for the 32

month baseline penod was near average (i.e., a mean of +0.05 inches per month), while the brief

post—remmmg period (6 months) was significantly below the average (i.e. a mean of -0.50 inches

per month) Post-remining monitoring should be continued until the precipitation has returned to

near average for several months (preferably 610 12 months) and the water table has been fully re-

'estabhshed Precipitation data were complled from the P1ttsburgh International Airport, -

- approximately 37 miles west of this mine site.
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Case Study 2 (Appendix A, EPA Remining Database, 1999, VA(7))

This site is located in Wise County, Virginia. The coal seams being remined are the Imboden
Marker, Lower Kelly, Upper Kelly, Kelly Rider, Lower Standiford, Upper Standiford, Taggard -
Marker, Bottom Taggart, Top Taggart, Owl, and Cedar Grove.

The permitted acreage is 1,140, with 149 acres to be regraded, 158 to be reclaimed, and a total of
498 acres to be disturbed. Daylighting will occur on previous augering of the Standiford seams.
Abandoned mine workings will be daylighted on the Upper Standiford. It is also probable the
abandoned mine workings on the Upper and Lower Kelly seams will be intersectedrand partially |

daylighted.

There are three discharge points (SB-5, SB-6, and SB-7) that were identified as pre-existing mine
discharges. Although this site was still active as of January 1999, it is worth eVa]uating because
it illustrates the type of remining occurring in Virginia and because a substantial amount of

daylighting and sealing of abandoned mines and auger holes is being performed.

Preliminary analysis of flow data yielded mixed results, but indicates an overall flow decrease. A
comparison of baseline flow rates to flow rate during mining indicates that two of the three

discharges (SB-6 an SB-7) have a reduced median flow.

The reduced flow was significant at a 95 percent conﬁdence level for SB-7. SB-5 exhibited an
insignificant increase in median flow for the same time periods. The sum of the median flows
for baseline was 97 gpm compared to a median 53.5 gpm dLiting remining, yielding a possiBle
flow reduction of 45 percent. Evaluation of these results should acknowledge that climatic (e.g.,
precipitation) conditions were not considered during the analysis. Long term post-remining
monitoring with determinations of precipitation during the same period, as well as that for the

background period, will yield a true assessment of the impact of remining on the pollution load.
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1.2.4 Discussion

The BMPs discussed in this chapter, when properly employed under the right conditions, will
successfully reduce the lateral infiltration of ground water into the backfill and should
subsequently reduce the discharge rates. However, these BMPs cannot be viewed as a panacea
for all of the pre-existing problems at alsite. There are linﬁts-to what can be physically achieved
and/or econonﬁcally attempted. The two lists below (Benefits and Limitations) include, but are

not limited to, what should and should not be expected of these BMPs.

Beneﬁts
~ e . Pollution loading from abansdoned mine land is reduced.
. ‘An alternate, improved hydrologic balance at the site is establish ed,
.. Surface subsidence features (e.g., sinkholes, disappearing streams, etc.) are eliminated.
. Highwall drains can be installed at the observed infiltration points. ’
. Control of the location of post-mining dischargé points in case treatment is required.
. Daylighting often results in liﬁle profit, however, it is implemented as }an integral part of

the mining operation.

e Special handling of ‘acid—formihg materials is performed.
. Oxygen flow to the subsurface is reduced.
Limitations
. Current implementation of these BMPs lacks comprehensive evaluation of effectivéness

for pollution prevention. _
. Previous use of some of these BMPs (pit floor and highwall drains, highwall sealing, and
diversion wells) has been limited, therefore the true extent of their effectiveness has not

been adequately determined.
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. The true effectiveness of mine seals, drains, and grout curtains installation cannot be
determined prior to reclamation and establishment of the post-mining hydrologic regime.

. Given the highly heterogeneous and anisotrophic nature of surface mine spoil, the present
state of predictability of the post-mining. ground-water flow system is limited. It is
doubtful that an extremely high degree of predictability of the efficiency of highwall and -
pit floor drains is possible. | | | |

. Complete exclusion Qf laterally-infiltrating ground waters is not likely, therefore there
needs to be a realization that the discharges will likely not be entirely eliminated.

. Diversion wells are costly and even the best planning may not provide an effective BMP
system, if the hydrologic system is poorly understood. |

. Success of daylighting can be dependent on the geochemistry of overburden material and

special handling of acid-forming materials.

VEfficiency

Analysis of completed remining sites in Pennsylvania (Section 6, BMP Efﬁcienciés) indicated
that at least 90 percent of discharges impacted by ground-water control BMPs will either exhibit
a significant improvement, no change in the pollution load, or be completely eliminated (in the

case of manganese, 89.5% of the affected discharges were improved, eliminated, or unchanged).

For a total of 164 discharges with elevated acidity levels from remining operations in the state of
Pennsylvania (Appendix B, PA Remining Site Study), slightly over 43 percent were improved or
eliminated, over 56 percent were unchanged, and less than one percent were significantly worse

from daylighting.

Of the 156 discharges with elevated iron, nearly 40 percent were improved or eliminated, about
55 percent were unchanged, and over 4 percént were significantly degraded from daylighting.
Similar results were yielded by analysis of aluminum and manganese loads. With regard to ifon, |
acidity, manganese, and aluminum, the percent of discharges that were degraded during

daylighting was never greater than 6.5.
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Analysis of the implementation of special water handling facilities, tabulated in Appendix B,

yielded similar results. However, this categery includes both surface- and ground-water handling

facilities. Fifty percent of the 22 affected dischargels eXhiBited an improvement or elimination

for acidity loading with the remainder showing no significant change. Almost 48 percent of 23 -

discharges exhibited an improvement or elimination with an additional 48 percent showing no

significant change for iron loading. Slightly over 4 percenf were sigﬁiﬁcantly degraded in

regards to iron loads. Mangariese loadings showed that 47 percent of the 20 affected discharges

were improved or eliminated, and 42 percent were unchanged. The analysfs indicated that

slightly over 10 percent of the discharges had been degraded in regards to manganese loadings.

Aluminum loads exhibited similar results with the bulk of the discharges (73 percent) being

unchanged and none showing degradation.

Overall, the analyses of acidity, iron, manganese, and aluminum loading data from these

completed remining sites indicates that between 90 and 100 percent of the discharges will show

no degradation from daylighting or special water handling. Additionally, between 27 and 50

percent of the discharges will be improved or completely eliminated. These efficiency numbers

can be improved with the specific tailoring of the BMPs to reduce or exclude lateral ground-

water movement.

1.2.5 Summary

Previous studies have shown that the extent of pollution reduction from remining is largely

dependent on reducing the discharge rate, which in turn is dependent on controlling the

infiltration of ground water into the backfill. The commonly observed positive correlation

between flow and loading rates illustrates this close relationship. BMPs designed and

implemented to prevent ground-water infiltration from adjacent areas will be successful in

reducing the pollution load and in some cases may completely eliminate the discharge.

Case Studies 1 and 2 illustrate that underground mine 'daylighﬁng, entry and highwall sealing, |

“and other ground water-controlling BMPs can yield mixed results, unless differences in
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precipitation rates are taken into account and the post-remining monitoring period is of sufficient
length to accurately reflect site conditions. However, it is well known that these BMPs, when

properly implemented, will reduce the contaminant load from remining operations.
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1.3 Sediment Control and Revegetation

Erosion and sediment deposition caused by weathering and precipitation are natural processes
that can be accelerated in disturbed watersheds. Disturbances such as surface coal mining
involve the rerhoval of vegetation, soil, and rock. Spoil or highwall surfaces create conditions
highly vulnerable to erosion and result in adverse sediment deposition that can clog streams,
increase the risk of flooding, damage irri gation systems, and destroy aquatic habitats. Sediment
déposition in downslope areas can have adverse environmental impacts on watershed soil and
vegetation. Abandoned surface mihe land, spoil refuse, and gob pilés often have eXposed
surfaces that are vulnerable to erosion or conducive to high rates of storm water runoff, resulting
in increased sedimentation pi'oblems in receiving streams. Re-exposli’ngvthese abandoned sites
during remining operations, without concern for sediment cbntrol can céuse serious solids:
loading and hydrologic 1mba1ance Successful 1mplementat10n of erosion and sediment control

BMPs are critical for ultimate landscape stability and protection of receiving streams.
Theory

The implementation of the BMPs discussed in tl.lis' section for management of surface water and
ground water at remining operations also can form the basis for sediment control. If ,
implemented properly, site hydrologic controls can serve to prevent erosion, soli'dé loading into
receiving waters, and unchecked sediment deposition. Likewise, if hydrologic controls are
implemented without consideration for potential sedimentation, 6onditions leading to discharge

of solids and sediment can 'rapidly‘increasc and result in severe environmental degradation.

Remining and reclamation of abandoned mine lands tybically require techniques that involve
regrading to approximate original contour, replacing topsoil, applying vegetation amendments,
and constructing erosion-control structures. The resulting reclamation often is aesthetically

~ pleasing, but can result in an artificial drainage system that can be problematic and accelerate
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erosion as natural drainage systems are re-established. If reclamation techniques fail to consider
natural drainage patterns and surface water flow characteristics, conditioné can become worse
than those that existed prior to implementation of these techniques. Sedimentation and erosion
problems can be alleviated by proper implementation of some or all of the BMPs discussed in

this section.

Site Assessment

Prior to implementation of BMPs to control erosion and suspended solids loading, sites should
be assessed to determine existing drainage patterns and topography, to quantify effects of storm
runoff and the yield of coarse- and fine-grained sediment, and to determine morphologic
evolution of gullies. Natural.drainage patterns can be determined using before and after maps
and profiles, aerial photography, site miniﬁg history information and water quality data.
Determinations should also consider precipitation frequency, duration, and intensity. This
infoﬁnaﬁon can be used to indicate locations where the implementation of sediment control -

BMPs will be most effective.

In addition to determining sedimentation patterns, it is imbortant to determine the quantity of
sedimentation that can be expected. An estimate of sediment erosion and deposition can be
derived over time u$ing water samples, sediment traps, or sediment accumulation markers.
Empirical equations also can be used to estimate the potential for and expected rate of erosion.

The Universal Soil Loss Equation (USLE) was developed as a meahs to predict sediment loss

from watersheds and can be used to estimate sediment yield produced by rill or sheet erosion in
field areas. A Revised Universal Soil Loss Equation (RUSLE) was developed to estimate
quantities of soil that can be lost due to erosion in larger, steeply sloped areas. Predicted soil loss ‘
is calculated using the‘following equation (OSMRE, 1998, PA DEP, 1999, Renard and others,
1997): ‘ | |
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A =RKLSCP

Cdmputed Soil Loss (Annual Soil Loss as tons/acre/year)

Climatic Erosivity or Rainfall erosion index - a measure of the erosive
force and intensity of a specific rainfall or the normal yearly rainfall for
specific climatic reglons

Soil Erodibility Factor --Ability of soils to resist erosive energy of rain.
A measure of the erosion potential for a specific soil type based on
inherent physical properties (particle size, organic matter, aggregate
stability, permeability). Soils with a K value of 0.17 or less are
considered slightly erodible, and those with a K value of 0.45 or higher -
are highly erodible. Soils in disturbed areas can be more easily eroded .
regardless of the listed K value for the soil type because the structure
has been changed

Steepness Factor - Combination factor for slope length and gradient

Cover and Manageinent Factor - Type of vegetation and cover. The
ratio of soil loss from a field with specific cropping relative to that from
the fallow condition on which the factor K is evaluated. -

Support Practice - Erosion control practice factor, the ratio of soil loss
under specified management practices.

RUSLE can be used to predict soil loss from areas that have been subjected to a fulluspectrum of

land manipulation afxd reclamation activities. RUSLE has been designed to accommodate

undisturbed soil, spoil, and soil-substitute material, percent rock cover, random surface

roughness, mulches, vegetation types, and mechanical equipment effects on soil roughness,

hillslope shape, and surface manipulation including contour "furrows, terraces, and strips of close-

growing vegetation and buffers. It is important to note that RUSLE estimates soil loss caused by

raindrop impact and overland flow in addition to rill erosion, but does not estimate gully or

stream-channel erosion.
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To establish successful vegetation, the soil loss rate should be minimized. Keéping the soil loss
rate below 15 tons/acre for the first year after reclamation should, if surface water controls are
included, allow the establishment of successful vegetation (PA DEP, 1999). For successful
establishment of vegetative cover on-abandoned mine land or redisturbed surfaces; the addition
of soil amendments (e.g., soil substitutes, biosolids, etc.) may be necessary. Following regrading,
final texture samples should be taken at a ratev appropriate for site representation and analyzed
‘for: pH, acid-base account, and fertility ratings for phosphorous, potassium, nitrogen, and
magnesium. The necessity of am@ndments such as limestone, nitrogen, available phosphorous
(P,0s), and potash (K,O) can be detcnqined from these analytical results. Additional analyses
that can be performed for further determihation of site characteristics include: percent sand, silt
and clay, textural classification, and water-holding capacity. This'informatioh can be used fo
assist in the determination of the extent of final grading, cover preparation, and soil water _

retention amendments that should be implemented or added.
1.3.1 Implementation Guidelines

The intention of BMPs for control of sedimentation is to minimize erosion caused by wind and
water. A remining sediment control plan should demonstrate that all exposed or disturbed areas
are stabilized to the greatest extent possible. Operational BMP measures that can be

implemented with this intent include:,

. Disturbing the smallest pracficable area at any one time during the remining operation,
. Implementing progfessive backfilling, grading, and prompt revegetation,

. Stabilizing all exposed surface areas,

. Stabilizing backfill material to control the rate and volume of runoff,

. Diverting runoff from undisturbed lands away from or through disturbed areas using

protected channels or pipes, and
. Using terraces, check dams, dugout ponds; straw dikes, rip rap, mulch, and other
measures to control overland flow velocity and volume, trap sediment in runoff or protect

the disturbed land surface from erosion (e.g., silt fences and vegetative sediment filters).
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Construction of tenaceé, diversion ditches, and other grading/drainage control measures can be
utilized to help prevent éroSioh and ensure sldpe stability. It is recommended that drainage
ditches, spillwéys or channels be designed to be noﬁ-erodible, to carry sustained flows, or, if
sustained flows are not expected, to be earth or grass-lined and designed to carry short-term, |
periodic flows at non-erosive velocities. Design should demonstrate that erosion will be
controlled, deepening or enlargement of stream channels will be prevented, and disturbance of

~ the hydrologic balénce will be minimal. All slopes and exposed'highwalls should be stable and
protected égainst surface erosion. Slope:s and highwall faces should be vegetated, rip rapped, or
otherwise stabilized. Hydrologic diversions and flow controls should be free of sod, large roots, -
frozen soil and acid- or toxic-forming coal processing waste, and should be compacted properly
according to app]icable regulatory standards. Additional contributions of sedimént to streamflow

and runoff outside the permit area should be prevénted to the greatest extent possible.

Certain sediment control BMPs already are an integral part of mining operafions and do not
requife additional engineering designs or construction. These BMPs are recommended for
implementation during pre-, active and post-remining activities, and often are incorporated into
remining BMP implementation plans (Appendix A, EPA Remining Database, 1999).

Recommendations for these BMPs include:

Sﬁeams, channels, checks dams, diversion ditches, and drains should be inspected
regularly and accumulated sediment removed. Channels and ditches should be seeded
and mulched immediately after completion, if completion corresponds to ‘regional

growing seasons.

Backﬁlliﬁg and regrading Shou]d be concurrent with coal removal and shoulxd follow

removal as soon as is technically feasible. Final grading should be performed during
normal seeding seasons to eliminate spoil piles and depressions at a time expeditious for -

prompt establishment of vegetation.
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Exposed and rounded surfaces should be mulched and vegetated immediately following
final grading. It is recommended that mulch be anchored in the topsoil and that

vegetation be planted immediately after topsoil grading.

Areas should be reclaimed to an appropriate grade (slopes should not ekceed the angle of
repose or the slope necessary to achieve minimum long-term stability and prevent slides)
to prevent surface-water impdundin g and promote drainage and stability. All final |
grading should be completed along the contour. Terrace-type backfilling and grading
works to prevent slides and sedimentation while promoting slope stability (this also

maximizes coal recovery and eliminates exposed highwalls and spoil piles).

Unstable abandoned spoil and highwalls should be eliminated to the greatest extent
possible. Care should be taken if the remining operation requires disturbance of ekisting
benches and highwalls that have well-established vegetation and drainage patterns. Re- -
affecting abandoned mine lands that are well-vegetated and stabilized should be avoided

to the greatest extent possible.

Overburden and topsoil stockpiles that are not being used for topsoil or the establishment
of vegetation should be located to minimize exposure and should be seeded with annual

plants when needed to prevent excessive erosion.

Topsoil material should be redistributed on graded areas in a manner which protects the
material from wind and water erosion before it is seeded and planted. Compaction of
surface topsoil materials should be such as to minimize erosion and surface water

infiltration, yet promote establishment of vegetation.

Streams and.runoff should be directed away from spoil, refuse and overburden piles,

exposed surfaces, and unstable slopes:
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Site Stabilization

Minimization of the amount of disturbance during remining operations will decrease the amount

of soil and sediment eroding from the site, and can decrease the amount of additional controls or

BMPs that will be required. Operations should only disturb portions of the site necessary for

coal recovery. Operations also can be staged to ensure that only a small portion of the site is

disturbed at any given time. If possible, portions should be remined, regraded, and seeded prior

to disturbance of the next area.

Preserving existing vegetation or revegetating disturbed soil as soon as possible after disturbance

is the most effective way to control erosion (EPA, 1992). Vegetative and other site stabiiization

practices can be either temporary or permanent. Temporary controls provide a cover for exposed

or disturbed areas for short periods of time or until permanent erosion controls are established.

- Erosion and sedimentation can be minimized by removing as little overburden or topsoil as

possible during remining operations, and by having sedimént controls in place before operations

begin. Any possible preservation of natural vegetation should be planned before site disturbance

begins. The advantages of such preservation include the capacity for natural vegetation to handle

higher quantities of surface water runoff.

Revegetation

Revegetation can be one of the most effective BMPs for achieving erosion control. By

functioning to shield surfaces from precipitation, attenuating surface water runoff velocity,

holding soil particles in place, and maintaining the soil’s cépacity to absorb water while

preventing deeper infiltration, the establishment of vegetation can stabilize disturbed areas with

respect to erosion and surface water infiltration and attenuate AMD formation. Implemeqtaﬁon

of revege_tation consists of seedbed,preparation, fei'tilizing, liming, seeding, niulching, and

maintenance.
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Biosolids are a low-cost alternative to the use of commercially available lime and fertilizéfs. The
biosolids typically used on remining sites are sewage treatment sludge. However, other biosolids
can be obtained from paper mill waste and from other industries. Biosolids are available in

various forms, but the most common is anaerobically digested materials that require an additional

lime amendment.

Abandoned mine lands frequently have large areas with little or no topsoil, devoid of organic
matter and microorganisms. Biosolids use is beneficial in terms of creating a soil substitute and
improving revegetation, but also in developing soil structure through the addition of organic
matter, which will foster a microbial community needed for the decomposition of biomass and

other biochemical activities that take place in soil.

Vegetative cover can be grass, trees, or shrubs, but grasses are the most frequently used because
they grow quickly, providing erosion protection sometimes within days. Permanent seeding and
planting are appropriate for any graded or cleared area where long;lived plant cover is desired,
and are especially effective in areas where soils may be unstable because of soil texture and

structure, a high water table, high winds, or steep slopes.

Typical implementation and maintenance of revegetation operations at 51 mining sites in
Alabama, Kentucky, Pennsylvania, Tennessee, Virginia, and West Virginia, are summarized in

Table 1.3.1a.

1-78 ‘ . ' Hydrologic Controls




Coal Remining BMP Guidance Manual

Table 1.3.1a: Revegetatlon Practices and Malntenance (Appendix A, EPA Remmmg
Database, 1999)

Revegetation Plan

- Systematic sample collection and analysis of topsoil, subsoil, and overburden materials to C
determine the type and amount of soil amendments necessary to maintain vegetative growth.

- ' Topsoil placement and seeding occur no later than the first period of favorable planting after
backfilling and grading. Disturbed areas are seeded/planted as contemporaneously as
* practicable with completion of backfilling and grading. Backfilled areas prepared for seeding’
during adverse climatic conditions are seeded with an appropriate temporary cover until -
permanent cover is established (cover of small grain, grasses, or legumes can be 1nstalled until
~ a permanent cover is established).

- Disturbed areas are seeded in such a manner as to stabilize erosion and establish a diverse,
effective and permanent vegetative cover, preferably of a native seasonal varlety or species
that supports the approved post-mining land use.

- Regraded areas are disced prior to application of fertilizer, lime and seed mixture. Fertilizer
mixture is applied as determined necessary by soil sample analyses. Treatment to neutralize
soil acidity is performed by adding agricultural grade lime at a rate determined by soil tests.
Neutralizers are applied immediately after regrading. A minimum pH of 5.5 is maintained.

- Mulch is apphed to promote germination, control erosion, increase moisture retention, insulate
against solar heat, and supply additional organic matter. Straw, hay, or wood fiber mulch are
applied at approximately 1.0 to 2.5 tons/acre. Small cereal grains have been used in lieu of
mulch (small grains absorb moisture and act as a soil stabilizer and protective cover until a
suitable growing season). '

- Conventional equipment is used: broadcast spreader, hay blower, hydroseeder, discs, cyclone
spreaders, grain drills, or hand broadcasting. Excess compaction is prevented by using only
tracked equipment. Rubber tired vehicles are kept off reconstructed seedbeds.

Maintenance

- Vegetative cover is inspected regularly. Areas are checked and maintained until permanent
cover is satisfactory. Bare spots are reseeded, and nutrients are added to improve growth and
coverage. Areas that are damaged due to abnormal weather conditions, disease, or pests are

" repaired.

- Unwanted rills and gullies are repaired with soil material. If necessary, the area is scarified
and (in severe cases) back-bladed before reseeding and mulching.

- Revegetation success is determined by systematic sampling, typically at a minimum of 1
' percent of the area. Aerial photography can be used to determine success (typically at the 1
percent level - or higher if necessary). Standard of Success (SOS) for revegetation is based on
percent of existing ground cover or achievement of vegetation adequate to control erosion.
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Maintenance (cont.)

- Periodic mowing is performed to allow grasses and legumes a greater chance of growth and
survival. Plants are not grazed or harvested until well-established.

- Previously seeded areas are reseeded as necessary, on an-annual basis until covered with an
adequate vegetal cover to prevent accelerated erosion. Areas where herbaceous cover is bare
or sparsely covered after 6-12 months are re-limed and/or re-fertilized as necessary to promote
vegetative growth, then reseeded and mulched.

The amount of runoff generated from well vegetated areas is considerably reduced and is of
better quality than from unvegetated areas. /However, it is not possible, based on data éurrently
available, to quantify the water quality benefits of the végetativc coverings as a BMP (EPA,
1996). |

Direct Revegetation

Direct revegetation is an alternative to reclamation techniqués that are designed to resculpture the
existing topography. During direct revegetation; grading is avoided to prevent exposure of
deeper, unweathered acid-forming materials and emphasis is placed on preservation of the
weathered surficial materials and the network of natural drainage. Direct revegetation is
generally low-cost, and it eliminates the acidity and potential acidity remaining in exposed
surface layers by treatment with limestone or other alkaline materials. Once the surficial acidity |
is removed, natural processes that are aided and accelerated by application of fertilizer, mulch,
and other organic amendments, can be relied upon to establish permanent vegetative cover
(Nawrot and others, 1988). Work may be required for several (typically three) successive
growing seasons, in order to ensure the cstablishment of vegetation across the entire area to be

reclaimed (Olyphant, 1995).

Direct revegetation commonly requires the addition of lime and fertilizers to mine spoil or coal
refuse piles that are devoid of vegetation. Biosolids can be easily empldyed in cases of direct
revegetation. The material can be spread by use of a hydroseeder or farm equipment. Areas

requiring direct revegetation are often poorly accessible due to steep and unstable slopes.
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Therefore, the ability to spread biosolids from a secure distance makes it ideal for direct

revegetation application. Biosolids, in many cases, form the basis of soil material or augment

what little soil exists on the site.

Biosolids were used at numerous remining sites in Pennsylvania where little soil existed prior to
- remining or where, if soil did exist, it was lost due to burial or erosion from pre-SMCRA mining.

Increases in plant growth and density can be dramatically improved using biosolids.

Channel, Ditch and Gully Stabilization

Stabilization of channels, ditches, and gullies at remining sites, whether they were constructed
for surface water and erosion control or were formed naturally and are unwanted, is imperative

for controlling sedimentation. In general, formation of unwanted gullies should be avoidéd.

These BMPs are recommended when vegetative stabilization practices are not practical and

where stream banks are subject to heavy erosion from increased flows or disturbances. If

unwanted or ‘n'aturally formed gullies are well- established, stabilization may prove more

effective than removal. Gullies that are deeper than nine inches may form in regraded areas and

should be filled, graded, and reseeded. Rills or gullies of lesser size may have a disruptive effect

on post-mining land use or may add to erosion and sedimentation and should be filled, graded,v

ahd seeded (Appendix A, EPA Rcmining Database, 1999 VA(2)).

: ‘It is recommended that permanent channels and gullies be designed and constfucted based on 100

year, 24 hour storm event. Channels and gullies can be stabilized and protected from eroding

forces by the implementation of linings and/or check dams. Linings can be constructed of grass,

rock, rip rap, or concrete. Check dams can be constructed with staked straw bales, wood, or

rock. Although channel linings and check dams can trap small amounts of sediment, their

primary purpose is to reduce the velocity of storm water flow, thus abating additional erosion.
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Channel Linings

Erosion is a serious problem associated with channels and other water control structures.

Sediment loads from eroded channels can cause numerous sediment and hydraulic problems and

decrease the effectiveness of other sediment control measures. Depending on flow velocities,

channel linings may be required to prevent channel erosion (MD DNR, 1989).

Due to the ease of construction and low cost, a vegetated channel lining is one of the most cost-
effective ways of reducing channel erosion and is frequently used on diversion ditches. A well-
established grass can protect the channel from erosive flow velociﬁes of up to 6 feet per second
(fps). Shorter meadow-type grasses with short, ﬂexible blades can withstaﬁd a maximum
permissible velocity of 5 fps. Bunch grasses or sparse cover provides only marginally better
erosion protection than a well constructed earthen channel. For prevention of erosion, the
Commonwealth of Kentucky (Kentucky, 1996) recommends that channels having a peak ‘,

discharge design velocity of less than 5 fps be lined with grass species that are effective against

erosion (e.g., Tall Fescue, Reed Canarygrass, Bermudagrass, and Kentucky Bluegrass). Channels

having discharge velocities of 5 fps or greater should be lined with rip rap or other non-erodible,
non-degradable materials unless the ditch is located in solid rock. Pennsylvania DEP (PA DEP,
1999) recommends a maximum velocity of 3 fps if only sparse cover can be established or.
maintained (because of shale, soils, or climate); a velocity of 3 to 4 fps if the ve;getation is
established by seeding (under nofmal conditions); and a velocity of 4 to 5 fps only in areas where
a dense, vigorous sod is obtained quickly or if runoff can be diverted out of lthe waterway while

vegetation is being established.

Vegetative linings typically begin eroding the base of channels, and once started, will continue
until an erosion resistant layer is encountered. If it becomes evident that erosion of a channel
bottom is occurring, rock or stone rip rap lining should be placed in the eroded areas. Rip rap
lining should be durable and should be free of acid-forming materials. Generally, rip rap
composed of varying sizes of stones is preferred over rip rap that is uniform, not only because it

is less expensive, but because the varying stone size promotes natural settling and grading to
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form a better seal. In addﬁion, rectangularly shaped stone is pr‘eferred for its durability. Smooth
or rounded stones should not be used (MD DNR, 1989).- A good recommendation is the use of a
well-graded mixture down to the one-inch particle size, such that 50 percent of the mixture by
weight is no larger than the median stone size. Rip rap layers should have a minimum thickness
of 1.5 times the maximum stone diameter or no less than six inches, whichever is the lesser
value. Channel bahks should be protected to a height equal to the maximum depth of flow
(Kentucky, 1996). Rip rap used in diversion ditches and pond spillways should consist of |
durable sandstone or limestone e)thib'iting a Slake-Durability Index of 85 or greater. The rip rap
should be well-graded with the maximum stone size D(100) equal to the .blanket thickness and
the median stone size DD(50) equal to one half the blanket thickness (Appendix A, EPA
Remmlng Database 1999 VA(T)).

v

Check Dams

The purpose of check dams is to reduce the velocity ef concentrated surface—w.ater flow until

diversion ditches or gullies are properly vegetated Check dams can be constructed of straw

bales, logs rocks (Figure 1.3.1a), or other readlly available materials, and should be de81gned so

~ that water crosses only through a weir or other outlet and never flows along the top or the outside
of the dam (Kentucky, 1996). The dlstance between chcck dams varies depending on the slope,

~with a closer spacmg when slopes are steeper. Materials used should be relatively impermeable

- and of appropriate size, angularity, and density. They should be contained in anchored wire mesh

or gabions, or staked to prevent'ﬂowing water from transporting them (Figure 1.3.1b).

The material used depends on the size and type of flow that is expected. Straw bale check dams

_ generally are suitable for sediment control where coneentrated flows do not develop. The
'efﬁciency of straw bale dams is limited by slope length and gradient. Straw or hay bales should
be secured with stakes. Leg check dams can be used in channels-and genefally are more effective
and stable than straw bale barriers. It is recommended that logs be four to six inches in diaxﬂeter,
driven sufficiently beneath the channel floor, and stand perpendicular to the plane of the ‘ehannel

cross section, with no space between logs (Kentucky, 1996). It also is recommended.that rip rap

Hydrologic. Controls A . : A 1-83




Coal Remining BMP Guidance Manual

or shorter, wider logs on the downstream side be installed for stability. Rock check dams and
straw bales allow water to pass through, controlling sediment movement through filtration and
flow control. The size of the stone used in a rock check dam varjes, with rock size increasing as
flow velocity and discharge volume increase. For most rock check dams, the National Crushed
Stone Association no. R-4 stohe (3 to 12 inches, 6 inch average) is a suitable stone size (PA
DEP, 1999). Filter stone applied to the upstream face of check dams can improve sediment
trapping efficiency. Regular removal of sediment that accumulates behind the check dam is -
imperative for mainten"ance of efficiency, control of surface water flow, and avoidance of

worsening conditions. Check dams also can be built in series, as necessary.

Figure 1.3.1a: Example of a Rock Check Dam (Kentiicky, 1996)

+6in.

Instream view
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Figure 1.3.1b: Example of a Gabion Check Dam (Kentucky, 1996)

Silt Fences

Silt fences are used as temporary sediment barriers and are commonly coﬁstructed of burlap or
synthetic materials stretched bétween ahd attached to supporting posts. The purpose of silt
fencing is to detain sediment-laden, overland (sheet) flow long enough to allow the larger size
'panicles‘ to settle out and to filter out silt-sized particles. Because the screen sizes of synthetié
screen fences will vary according to the mamifacturer, thesé fences usually do not have thé
stréngth to support impounded water and are limited to control of overland runoff. Common
problems associated with silt or filter fabric fences usually result from inappropriate insté]lation,
such as placement in areas of concentrated flows or steep slopes and placement down rather than
along contours. These fences work best when placed on areas with zero slope. Because this -
often is not possible, flow should be otherwise redﬁced by the downslope emplacement of hay
bales, mulching, or breaking the length of installation into separate sections that will not allow
significant flow volumes. Silt fencing is appropriate for sediment control immediately upstream
-of the point(s) of runoff discharge, before a ﬂow becomes concentrated, or below disturbed areas

where runoff may occur in the form of overland flow. -

Hydrologic Controls : 1-85




Coal Remining BMP Guidance Manual

Gradient Terraces

Gradient terraces can be used to control slope lengths, minimize sediment movement, and, on a
site-specific basis, to address particular erosion problem spots according to need. Terraces are
typically earth embankments or ridge—and—channels constructed alohg the face of a slope at
regular intervalts and at a positive grade. These BMPS often help stabilize steeply sloped areas
until vegetation can be established and reduce erosion damage by capturing surface runoff and
directing it to a stable outlet at a speed necessary to minimize erosion. Terrace locations and
spacing can be determined following general grading and location of problem areas. It is
recommended that terraces constructed on slopes not be excessive in width and have outer slopes

no greater than 50 percent.
Design Criteria

General

. Design should approximate natural drainage as closely as possible.

. Sediment-control structures should be chosen according to review of existingltopography, ,

flow direction and volume, outlet location, and feasibility of construction.

. Sediment control structures should be constructed on stable ground.
. Use of costly earth-moving equipment should be minimized.
. Weathered, vegetated, and highly established portions of landscape should be preserved

to the greatest extent possible.

Revegetation
. Volunteer, natural vegetation should be encouraged, and where possible, left undisturbed.

Channel, Ditch, and Gully Stabilization

. Liner materials should not contain acid-forming materials.
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Stabilization should be supported properly. Potential for stream bottom and sides to
erode should be considered. |
Vegetation-lined ditches should be,limit'ed to velocities of 4 to 5 fps, unless .
documentation is provided that runoff will be diverted elsewhere while vegetation is
being established.

Permanent structures should be designed to handle expected flood conditions.

Check Dams

Should be used only in small open channels which will not be overtopped by flow once
the dams are constructed. ~

Check dams should be anchored to prevent failure.

Dams should be :sized according to projected flows.

The center of the dam should be lower than the edges. ‘
'Straws bale barriers should be placed at zero percent grade, with the ends éxtended'up .t‘he
side slopes so that all runoff above the barrier is contained in the barrier.

Stones shéuld be placed by hand or using appropriate machiﬁery and should hot be

dumped in place.

Silt Fences

Support posts should be strong and durable.

Filter material should be able to retain at least 75 percent of the sediment.

Fences should bc installed in undisturbed ground, and stability should be reinforced with
rope Or rip rap. 7. | | |

Adjoining sections of filter fabric should be overlapped and folded.

Bottom edge should be tied or anchored into the ground to prevent underflow.

Maintenance should be performed as needed, and material should be replaced Whén

- bulges ,'or tears develop.
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Terraces

. Terraces, in general, should not be excessive in width or have outer slopes greater than 50
percent. ,

. Utilize diversion ditches as necessary, while a vegetative cover is being established.

. Terraces should be designéd with adequate outlets, such as a grassed waterway or

vegetated area, to direct runoff to a point not causing additional erosion.

1.3.2 Verification of Success or Failure
Implementation Checklist

Revegetation
. Vegetation should be maintained through cutting, fertilizing, and reseeding if needed.

. Vegetative success should be determined by a systgmatlc sampling and plant count, and if
necessary, aerial photography. Success should be measured on the bésis of adequate
vegetative cover which shall be defined as a vegetative cover capable of self-regeneration
and plant succession, and sufficient to control soil erosion. ' '

. Established vegetation should be inspected periodically for scouring. Scoured areas

should be reseeded immediately.

Channel. Ditch, and Gully Stablhzatlon

. Inspect regularly and after each major storm event for: sediment buildup, scouring,
blockage, and lining damage or movement.

. If excessive scouring or erosion occurs in d1tches or channels, they should be lined with

rock rip rap or netting immediately.

. Sediment build up usually occurs in areas of low-flow velocities allowing particles to
settle. Grade should be checked in these areas since low-flow velocities may mean the

channel is undersized.
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Rip rap stones that have moved should be replaced and the rip rap fortified if

undercutting has occurred.

Check Dams

Inspect check dams regularly and after significant precipitation events for damage and

-sediment accumulation.

Accumulated sediment shopld be removed from behind the dams and erosive damage
restored after each storm or when half the original dam height is reached.

The length of straw bale barriers should be inspected on a periodictbasis to look for
problem areas. Eroded areas should be regraded, accumulated sediment removed, and the
barrier repaired to maintain effectiveness. '

Stone should be replaced as necessary to maintain correct dam height.

Silt Fences .

Silt fences should be inspected daily during periods of prolonged rainfall, iminediately
after each rainfall event, and weekly during periods of no rainfall.

Required repaJrs should be made 1mmed1ately ‘

Sediment should be removed once it reaches one-thlrd to one—half the helght of the filter
fence.

Filter fences should not be removed until the upslope area has been permanently
stabilized. Sediment deposits remajning after fhe filter fence has been removed should be

graded, prepared and seeded.

Terraces

Terraces should be inspected regularly at least once a year and after inajor storms.

Proper vegetation and stabilization practices should be implemented during construction.
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1.3.3 Literature Review / Case Studies

Case Study 1 (Harper and Olyphant, 1993; Olyphant and Harper, 1995; Carlson and Olyphant,
1996)

Direct Revegetatioh
Coal refuse is often an acid-forming material containing high concentrations of pyrite (> 0.50

percent total sulfur). If present, the oxidation of pyrite causes acidification of the soil, and
acidification in turn, greatly inhibits vegetation. Substantial erosion and sedimentation occur due
to poor or complete lack of vegetation on abandoned surface mine lands and coal refuse piles.
Erosion is further accelerated by steep slopes common to some abandbned mine sites'.‘ Olyphant .
and Harper (1995) observed that direct revegetation of abandoned pyritic coal refuse piles can
successfully reduce the sediment load, as well as improve the water quality of the runoff effluent

from abandoned mine lands.

Direct revegetation was conducted on abandoned pre-SMCRA coal refuse piles located in
Sullivan County, Indiana (Harper and Olyphant, 1993; Olyphant and Harper, 1995; and Carlson
and Olyphant, 1996). Prior to revegetation, these piles were characterized by “severe and rapid
erosion” and high pyritic content (up to 4.4 percent by weight). The colluvial material “derived
from gully side slopes” built up through the winter months. This material was washed out during
the spring followed by “erosional downcutting” through the summer and fall. Yearly
backcutting of the gullies ranged from 2.5 to 4.6 centimeters with an interfluve lowering of 0.4
centimeters. The \;olume of sediment yielded by these gullies was approximately fouf fold that
of the watershed as a whole and about 10 times that of adj acent interfluve areas. Yearly

sedimentation yield was over 10 kg/m? (Olyphant and Harper, 1995).

In order to treat the acidity of the surficial refuse and allow plant growth, limestone was directly
disced into the refuse without regrading the existing surface. Fertilizer was also broadcast over
portions of the site to promote the vegetative cover. Additionally, small rip rap check dams and

water bars were installed to prevent erosion and promote infiltration of precipitation. From 1990
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to 1992, 100 to 210 tons per acre of agricultural limestone was disced to a depth of 6 inches into
the refuse. Fertilizer was applied in the spring of 1991 and 1992 at ratés of 100 lbs per acre of
Nz,v 150 1bs per acre of P,0,, and 350 1bs per acre of K,0O. The refuse was initially planted with a
rye-nu_rée crop. Additionally, a pennancnt cover of Kentucky 31 fescue, bristly locust, and black
locust .Was highly successful. Diréct vegetation of weathered, undisturbed refuse with a pH less
than 3.8 and pyrite concentrations less than 0.84 Percent resulted in successful stabilization
(Harper and Olyphant, 1993). Within 18 months, the site had a diverse dense growth of planted
and volunteer vegetation (Olyphant and Harper, 1995). '

Thé rip rap check dams were installed by “end-dumping” between 5 and 185 tons of rock directly
into the upper parts of erosion gullies. Erosion netting and water bars were also used to control
erosion on steep-slope areas, where additional time and effort is required to achieve sufficient

vegetative cover to inhibit erosion.

The remedial work (direct planting, check dams, and water bars) resulted in increased.
precipitation infiltration (decreased runoff), reduced erosion, and sedimentation, and an
improvement in the runoff-water quality. Runoff decreased by 56.7 percent, from 30 to 13
‘percent of the precipitation. The increased infiltration resulted in a higher moisture content in the
root zone, especially during dry periods. Coarse sediment yield prior to vegetation and the
implementation of sediment controls comprised more that 50 percent of the total sediment.
Afterward, coarse-grained sediments were virtually nonexistent. Fine-‘grained‘sediments
declined froin 4.5 kg/m® to 0.3 kg/m?, or 93.3 percent. The acidity of the runoff improved from
being occasionally over 700 mg/L to an average alkalinity of 75 mg/L. (Ovlyphant and Harper,
1995). However, no alkalinity was observed in the refuse pore water below a depth of 1.7 feet

(Harper and Olyphant, 1993).
7Case Study 2 - Keel Branch, VA (Zipper and others, 1992)

The study area was an abandoned surface and underground coal mining site in Dickenson

County', Virginia. The surface mining occurred between 1955 and 1958. “Shoot and shove”
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mining operations of that period produced a terrain consisting of exposed highwalls, more or less
level benches, and steep spoiled outslopes. Abandoned mine lnnd areas included approximately
170 acres and 8,000 linear feet of outslope-bench-highwall terrain. Highwalls from 50 to 100
feet high remained easily visible with evidence of some sloughing of highwall materials.
Vegetative cover of the ben‘ches varied from dense to barren. The barren areas are associated
with “burn out” from acidic coal fines.” The outslopes were the main source of major
environmental problems, with surface inclinations conlmonly exceeding 30° and extremely
sloped areas nearing 40°. Adverse environméntal impacts on watershed soil and vegetation was
verified by the deterioration of natural forest areas directly below outslopes, caused by sediment
movement from higher elevations downward toward the stream. A mining company was
interested in remining coal from abandoned deep mine pillars and solid-coal sections that had not

been surface mined, but was concerned about environméntal liabilities (Zipper and others, 1992).

The goal of the study was to identify and compare the environmental effects of four remining and
reclamation options. The objective was to estimate the reduction in soil loss and sediment yield
likely to be achieved by various remining and reclamation strategies, relative to exisﬁng
conditions using a modified Universal Soil Loss Equation model in a Geographic Information
System (GIS) environment. The study evaluated three remining options and one AML-funded
reclamation optioh and compared them to a “do-nothing” strategy. The remining options |

considered were:

Remnant Recovery: a technique frequently used to mine the remaining coal reserves from
abandoned bench-highwa]_l-outslope terrain in southwestern Virginia, eastern Kentucky and
southern West Virginia. The mine operator employs conventional second-cut remining, taking

an additional cut from the highwall to extract coal from the most profitable areés. Spoil from the
second-cut is used to reclaim the exposed highwall segment to the maximum extent technically -
practical. The reclaimed site is characterized as a steeply sloped highwall backfill, which may be |
adjacent to exposed highwalls remaining from unreclaimed pre-SMCRA operations. Existing

spoil in the outslope areas is not re-affected (Zipper and others, 1992).
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Conventional Second-Cut Contour: is also commonly used in steeply-sloped Appalach1an areas

and similar to remnant recovery, except rather than mining only the most profitable areas,

additional cuts are taken from a relatively long, continuous portion of the highwall. This method

also allows for reclamation of all exposed highwall to steeply sloped backfill contours. As with

remnant recovery, outslope spoils are avoided to the greatest extent possible (Zipper and others,

1992).

Innovative Remining: designed to maximize reclamation effectiveness as allowed by the scope

of the remaining minable coal reserves. The key to this plan is to apply virgin cuts to a coal seam

at the base of the spoil slope as well as additional cuts into the existing highwall of a higher coal

seam. In the process of reclamation, the spoil on the outslope will be eliminated. Critical to fhis

plan is that the highest portions of the upper highwall do not have to be completely reclaimed.

This is important because such reclamation can be cost prohibitive for remining operations.

Much of the tempoi‘ary sediment controls are placed down gradient in or near the headwaters of

the adjacent streams. The main benefit of this methodology is that the problems caused by the

spoil outslopes are eliminated (Zipper and others, 1992).

AML Reclamation: an option in which no additional coal is mined, the outslope area is regraded

and the spoil is replaced into the existing open pit. Complete highwall elimination is unlikely,

because the amount of spoil on the outslope is insufficient. However, the exposed strip bench is

covered. Actual AML reclamation is unlikely at the study site because is has been assigned the

lowest AML Fund pr10r1ty number (3) (leper and others, 1992).

Roughly 40 percent of the abandoned mined areas of the site (mainly the steep outslopes)

presently yield 95 percent of the sediment. Most of the study area (77 percent) has estimated soil

losses of “stable conditions,” which are 0 to 1 ton per year. Appreximately 8 percent of the AML

area has soil loss potentials of between 20 and 50 tons per year. Soil losses exceeding 50 tons

per year were determined for 2.6 percent of the AML area. Of the total soil loss, 60 percent was

redeposited on the land surface, while the remaining 40 percent caused siltation of the streams.
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Remnant recovery and conventional second-cut contour were determined to be the least efiective
reclamation techniques in terms of controlling erosion and sedimentation. Remnant recovery
showed a soil loss reduction of 8 to 23 percent depending on thevamount of vegetative cover of

60 and 95 percent respectively. Conventional second-cut contour faired slightly higher with soil
loss reductions of 19 to 39 percent. The two reclamation methods that eliminate the outslope
spoil performed the best. Innovative remining has predicted soil loss reductions ranging from 38
to 86 percent, while AML reclamation would yield soil loss reductions from 52 to 75 percent. |
Regardless of the reclamation technique analyzed the effectiveness improved with increasing

ground cover (Zipper and others, 1992).

Critical to innovative reclamation is procurement of a variance to the complete highwall
elimination requirement. With this type of reclamation, sedimentation is greatly reduced, a coal

resource is utilized, and substantial reclamation is achieved.

1.3.4 Discussion

Typical sedimentation control BMPs entail slope regrading, revegetation, sediment trapping, and
control of runoff. Successful control of erosion and sedimentation from remining opéraﬁons may
require innovative practices and controls in addition to those normally implemented. Existing
unreclaimed conditions create distinct problems, especially in terms of erosion and sedimentation
on steeply sloped spoil. Innovative techniques for rémining and reclamation can be emplbyed to

mitigate erosion and sedimentation problems.

Benefits

. Implementation can require minimal labor. Sediment control BMPs are typically low

cost and use conventional farming equipment.

. These BMPs can subsequently reduce availability or reactivity of acid-forming materials. '
. These BMPs can subsequently be implemented to control site surface-water hydrology. -
. Hydraulic and sediment control BMPs are often already permit requirements. |
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. Biosolids can provide nutrients and organic mater on sites with poor or nonexistent soils;
thus enhancing plant growth. '

. These BMPs often improve site aesthetics and can provide wildlife habitats.

Limitations

. If not designed, implemented, and maintained properly, severe and rapid erosion can

occur as natural drainage networks are re-established.

.. Steeply sloped areas may require intensive physical labor (not machine a,cceséible).
. ‘ Establishment of vegetative covering should be coordinated with climatic conditions for
proper establishment. _' '
. Biosolids application rates may be limited by metals concentrations.
‘. - BMP success is often deperiderit on climate and weather.

1.3.5 Summary

Theré are remining situations where the primary water quality concern is not necessarily the
dissolved contaminant éomponent or pH, but is instead suspended solids and the subsequent 7
deposition of sediment into receiving streams. Surface mining prior to SMCRA commonly left
unreclaimed spoil piles and open pits. Pre-SMCRA mining operations in steeply sloped areas
tended to spoil the overburden downslope of the operation. 'Abandoned spoil piles and exposed
surfaces have been weathering for decades and through natiral processes, typically have beeﬁ

- partially to completely revegetated. Whether or not these spoil piles are reaffected, considerable
erosion and sedimentation may result during remining operations. Therefore, ‘erosion and
sedimentaﬁon control BMPs frequently require additional meésures in addition to the standard

‘controls.

Slope stabilization through control of precipitation runoff is a critical component of these BMP .
- practices. If erosion can be_preventéd, sedimentation will be controlled. Runoff and associated

erosion is controlled through the integration of engineered slopes (e.g., terraces), revegetation,

Hydrologic Controls ' — : — , 1-95




Coal Remining BMP Guidance Manual

surface-water diversion through or away from spoil areas, sediment traps (e.g., silt fences, check
dams, rip rap, dugout ponds), minimizing the amount of unreclaimed land at any given time,
concurrent reclamation, and elimination of existing unstable spoil areas; Although significant
sedimentation associated with remining is somewhat regional and is more prominent in steep
slope areas, the problem is an iinportant one. The BMPs discussed in this section havé beenb

successfully applied throughout the eastern coalfields.
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Section 2.0 Geochemical Best Management Practices

Introduction

The previous section discussed how hydrologié best management practices (BMPs) can reduce
pollution load from remining sites. This section will discuss BMPs that use geochemical
approaches to reduce pollution load. Effective use of geochemical BMPs requires at least a

rudjméntary understanding of the acid-puroducing and acid-neutralizing chemical processes.

Acid mine drainage results from thé oxidation of pyrite (FeS,). The'following summary equation

shows the reactants and products: '
FeS, + 3.75 O, + 3.5 H,0O - Fe(OH),,, + 2 SO42' +4 H* (Equation 1)

Pyrite in the presence of oxygen and water.will oxidize to form "yellowboy"” [Fe(O}D3(S)], sulfate
(SO,;%) and acidity (H'). Equation 1 is a summary equation. The following reactions are
important intermediate steps: '

FeS, +3.50,+H,0 ~ Fe** +2 80> +2H* o (Equation 2);

Fe** +0250,+H* - Fe* +0.5H,0 - (Equation 3)

- A product of Equations 2 and 3 is ferric iron (Fe**). Ferric iron can oxidizc pyrite in the absence

of oxygen: = -
" FeS, + 14 Fe** + 8 H,0 -~ 15 Fe** +2 SO,> + 16 H o (Equation 4)

The oxidation of pyrite by ferric iron can become cyclical and self-feeding (Stumin and Morgan,

1996). Chemical reactions represented by Equations 1 through 4 occur "naturally,” but the rate
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of reaction can be enhanced by orders of magnitude by the catalytic inﬂuencé of bacteria,

primarily Thiobacillus ferrooxidans. The bacteria obtain energy for their metabolism from the

above reactions.

Equally important to any of the above acid-producing reactions is the ability of certain minerals

to neutralize acid. This is illustrated by the dissolution of calcite:

CaCoO, + H* -~ Ca* + HCO; (Equation 5)

CaCoO, +2H* - Ca* + CO,+ H,0 _ (Equation 6)
In Equation 5, acidity (H") is neutralized and alkalinity (HCO5) is producéd. In Equation 6
acidity is neutralized, but no alkalinity is generated. Whether Equation 5 or 6 dominates depends

on how open or closed the system is to the afmosphere (Guo and Cravotta, 1996). In a more

closed system Equation 5 will dominate. .

Two overall reactions can be written to describe pyrite oxidation (acid production) and carbonate

dissolution (acid neutralization) in a closed (Equation 7) and open (Equation 8) system:

FeS, + 4 CaCO; +3.75 O, + 3.5 H,0 ~ Fe(OH), + 2 SO +4 Ca® +4 HCO;  (Equation7) |

FeS, + 2 CaCO, + 3.75 O, + 1.5 H,0 ~ Fe(OH); + 2 SO,* + 2 Ca** + 2 CO, (Equation 8)

Chemical BMPs attempt to counter the acid-generating chemical reactions in one or more ways..

Approaches include the following:

. Preventing pyrite from being oxidized

. Keeping water away from pyrite

. Neutralization of acid by dissolution of calcareous materials
. Inhibition of the bacterial catalysis

The chemical BMPs examined in this section are alkaline addition, induced éllkaliné recharge, f

special handling of acid-forming materials, and bactericides. Alkaline addition can positively
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affect mine drainage in several ways. It can neutralize acid generated from pyrite oxidation, it
can elevate pH, which can have an inhibitory.effect on Bacteria, and it can facilitate precipitatibﬁ
of ferric iron (Fe*"), thus reducing its role in pyrite oxidation. Iﬁduced alkaline recharge is a
hybrid of geochemical and hydrologic controls. The geochemical aspect is largely neutralization |
of acid. Special handling can be used to keep water or oxygen away from pyrite. Bacteﬂgides
are used specifically for stopping the influence of bacteria on the acid mine drainage (AMD)-

generating process.
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2.1 Sampling

Introduction

Proper planning for implementation of geochemical BMPs requires an adequate uridérstanding of

overburden characterization and sampling. This discussion on sampling is primarily taken from

Tarantino and Shaffer (1998), and si.lpplcmented by data from Sames and others (in preparation).

Sames and others surveyed all Appalachian coal mining states to determine sampling protocol

and interpretativé techniques used by the various states.

The results of overburden analysés are generally used in two ways: 1) as a permitting decision-

mﬁking tool (determining whether the permit is issuable), and 2) as a management tool (using the

information to design best management practices for avoidance or remediation of pollution).

of best management practices. Representative overbufdén sampling is used to:

. Determine overall acid or a}kaline—producing potential of a proposed mine; -

. Calculate alkaline addition rates; |

. ‘ ‘Determine the distribution of pyritic zones that may require speéial handling or
avoidance; |

. Identify alkaline zones which can be incorporated into a mining plan to prevent acidic

Drainage (i.e., alkaline redistribution); and,

. Determine the economic feasibility of mining’withc-)ut unacceptable environmental

impacts.

Geochemical Controls.
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Acid-Base Accounting

Overburden analysis (OBA) refers to determination of the acidity or alkalinity producing
potential of the rocks that will be disturbed by mining. OBA methods fall into two broad
categories: static and kinetic. Static tests are “whole rock analyses” that determine the
concentration of elements or minerals. Kinetic tests are simulated weathering procedures that
attempt to reproduce weathering. In short, static tests measure what is in the rock, and kinetic
tests measure what comes out of the rock. By far the most commonly used overburdeﬁ analysis

method in the Appalachian region is static “acid-base accounting” (ABA).

Componen ts of ABA

ABA is based on the premise that the propensity for a site to producé acid mine drainage can be
predicted by quantitatively determining the totai amount of acidity and alkalinity co;ltainéd in
samples representative of site overburden. The maximum potentiai acidity (expressed as a
negative concentration 6f CaCO;) and total potential alkalinity (termed neutralization potehtial
and expressed as concentraﬁon of CaCO,) are summed. If the result is positive, the site should
produce alkaline water. If it is negative, the site should produce acidic water. The maximum
potential acidity (MPA) is étoichiometrically calculated from the percent sulfur (S) in the
overburden. Sobek and others (1978), noting that 3.125 g of CaCO, is theoretically capable of
neutralizing the acid produced from 1 g of S (in the form of FeSz); suggested that the amount of
potential acidity in 1000 tons of overburden could be calculated by multiplying the percent S
times 31.25. This factor is derived from the stoichiometric relationships in Equation 9 and

carries the assumption that the CO, exsolves as a gas.

FeS, + 2 CaCO; +3.75 O, +1.5 HyO -->Fe(OH); +2 SO,7+2 Ca** + COx(g)  (Equation 9)
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Cravotta and others, (1990) suggested that, in backfills where CO, cannot readily exsolve, the

CO, dissolves and reacts with water to form carbonic acid and that the maximum po’tential

acidity in 1000 tons of overburden should be derived by multiplying the percent S times 62.50.

In short, however, it can be said that interpretation of ABA data is far more complicated than

simply summing the MPA and neutralization potential (NP) values. In addition to the percent

* sulfur and NP determinations, two other measured parameters in an ABA overburden analysis are

paste pH and “fizz.”

Paste pH

Paste pH has its origin in soil science, where weathered material (soil) is analyzed. A portion of

prepared sample is mixed with deionized water, and then tested with a pH probe after one hour.

The paste pH test indicates the number of free hydrogen ions in the prepared sample. However,

since pyrite oxidation reactions are time dependent, the paste pH results provide little indication

of the propénsity of a sample to produce acid mine drainage. In fact, the paste pHof a

unweathered, high-sulfur sample is likely to be near that of deionized water, while a weathered

sample with relatively low percent sulfur (but which includes a small amount of residual

weathering products) may have a significantly depressed paste pH. Thus, paste pH is of limited

'use when dealing with unWeathéred rock. -

Percent Sulfur

Since acid mine drainage results from weathering of sulfide minerals, the amount of sulfurin a

sample, or in an overburden column, is obviously an important component of ABA.

Sulfur determinations for ABA are often performed for total sulfur only, however, determinations

for forms of sulfur are sometimes inciud.ed. Sulfur generally occurs in one of three forms in the

-rock strata associated with coals in Appaléchia: sulfide —sulfur, organic sulfur, and sulfate sulfur. |
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Sulfide sulfur is sulfur that reacts with oxygen and water to form acid mine drainage. The
sulfide minerals most commonly associated with coal in Appalachia are pyrite and

marcasite, both of which have the formula FeS,,.

Organic sulfur is sulfur which occurs in carbqn-based molectules in coal and other rocks
with significant carbon content. Sihce organic sulfur is tied up in compounds that are
stable under surface conditions, it is generally not considered a contributor to AMD.
Organic sulfur is only a small percentage. of total sulfur for most rock types, but can be

significant in coal.

Sulfate sulfur, in humid climates, is generally found in relatively small concentrations due
to its association with high-solubility minerals. However, when present in Appalachia,
sulfate sulfur often 6cc1irs in partially weathered samples as a reaction by-product of
sulfide-mineral oxidation. When solubilized, these by-products are the source of the
contaminants found in acid mine drainage. For that réason, when determinations for ‘
forms of sulfur are performed, sulfate sulfur should be considered in the calculation of
MPA. Alkaline earth sulfate minerals such as gypsum (CaSO,) can also contribute to the
sulfate sulfur fraction, but generally are not abundant in coal-bearing rocks in Appalachia.
Where they are present, the alkaiine ea'rth-sulfate minerals do not cbntribute to acidity and
should not be counted in the calculation of MPA (Brady and others, 1998).

A review of the methods for sulfur determinations described in Noll and others, (1988) reveals |
that the methods for total sulfur determinations have a relatirvely high degree of precision with
few notable interferences and precautions, while methods for determination of the forms of sulfur
had lesser degrees of precision and more numerous potentlal interferences. Stanton and Renton
(1981) examined the nitric acid dissolution procedure which is the cornerstone of the most
frequently used methods for determining pyritic sulfur, including American-Society for Testing
and Materials (ASTM) D2492. They fourld that the procedure frequently does not succeed in

2-8 Geochemical Controls




Coal Remining BMP Guidance Manual

digesting all the pyrite, and thus underestimates the pyritic fraction of the sulfur. Brady and
others (1990) compared total sulfur and forms of sulfur determinations performed by various

laboratories. Their findings include:

| . While the results generated by each laboratory were internally consistent in terms of thé
~ ratio of pyritic sulfur to total sulfur, there were significant differences between
laboratories in the median percent pyritic sulfur/total sulfur. Wheré the same samples
were analyzed by different laboratoriés, differences were noted in the pyritic

determinations, but total sulfur determinations were comparable.

. There was no significant difference in the percent pyritic sulfur/total sulfur between rock
types (excluding coal). This contradicts one of the primary reasons for determining forms

of sulfur: that some rock types contain significant percentages of organic sulfur.

. With one exception, all laboratories used high temperatufe combustion for determining
weight percent total sulfur. The high temperature combustion results compared well on
duplicate samples, while the pyritic results on the same samples did not.

. Standards are available from the National Institute of .Standardsrand Technology for total
| sulfur but not for pyritic sulfur. v

. A wide range of methods for determining pyritic sulfur were in use and individual
laboratories had their own variations of the methods. 7

. According to ASTM Committee D-5 on Coal and Coke, the most commonly used method |
of pyritic sulfur determination, ASTM D2492, was developed for use on coal and is

probably not appropriate for determinations on rock overburden.
The above findings can be summarized as:

. " Total sulfur determinations are typically simple to perform, are reproducible, and can be

calibrated and verified using available standards;
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. Pyritic sulfur is determined using a variety of methods (the most common of which is
considered inappropriate for rock samples), ‘ -
. Pyritic sulfur methods produce results which are often not reproducible between

laboratories, and cannot be calibrated and verified using available standards.

Given these considerations, and that pyritic sulfur is the most abundant form in coal overburden
(but not necessarily in the coal), total sulfur determinations currently pfovide the best basis for

calculating MPA.

Fizz Rating

The fizz test is a subjective test measured visually and rated according to the amount of
effervescence when one to two drops of 25 percent HC1 is added to a small amount of finely-
ground sample (Sobek and others, 1978). Fizz ratings range from strong effervescence to none.

The fizz test serves two functions:

. As a check on the NP determination, since there shoﬁld be a qualitative correlation
between the two. Calcareous rocks with high NP should show a strong fizz, whereas
non-calcareous rocks should not; and |

. More importantly, the fizz rating determines the yolu_me and the strength of the acid that

is used to digest samples for NP determinations.

Neutralization Potential

The first step of the NP test is to conduct a qualitative fizz test on a small amount of the prepared
sample as described above. Based on the fizz test results, an appropriate volume and normality

of HCl is selected then added to 2.0 grams of prepared sample (Noll and others, 1988; Sobek and ‘ [
others, 1978). The strength of the acid is chosen to assure complete digestion of acid- |
neutralizing minerals. The neutralization potential is calculated by determining the amount of

acid that has been neutralized by the rock..
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Carbonate minerals, such as calcite and dolomite, are known to be major contributors to ground-
water alkalinity in the coal regions‘of the Appalachians. The acid-digestion step of the NP test is
suspected of dissolving various silicate minerals, which results in a NP determination that‘
everstates the amount of carbonate minerals in a sample. Lapakko (1 993) noted that since this
ciissolution will only take place at low pH values, it is unlikely to help maintain a drainage pH of

acceptable quality.

Siderite (FeCOs) is common in Appalachian coal overburdens, and has long been suspected of
iﬁterfering with the accuracy of NP determinations and of complicating the interpretation of the
data (Skbusen and others, 1997). If iron from siderite is not completely oxidized when the
titration is terminated, the calcuiated NP value will be overstated. Skotlsen and others (1997)
found that the addition of hydrogen peroxide (H,O,) following sample digestion can expedite
oxidation and precipitation of iron. Samples exposed to H,0, digestion produced results similar
to those of samples containing little pyrite or siderite. The additional H,0, dlgestlon step
provided the lowest NP values for samples with significant siderite content and the best

reproducibility between laboratories.
Net Neutralization Potential

Neutralization potential and maximum potential acidity are both expressed in units of tons
CaCO; equivalent per 1000 tons of material (e. g., parts per thousand CaCO;). Net neutrahzatlon ’

potential (NNP) is neutralization potential minus maximum potential acidity. Thus if the NNP

is positive, there is an excess of neutrahzers. If the NNP is negative, there is a deficiency of

neutralizers.

Studies comparing ABA with post-mining water quality have consistently shown that although
NP and MPA have the same units of tons CaCO, per thousand tons of material, and in theory
should be "equal,” their relative importance is not equal. It takes an excess of NP to assure that
post-mining water will be alkallne (diPretoro, 1986; Erickson and Hedin, 1988; Brady and
others, 1994 Perry, 1998). Post-mining water quality predlctlons should not be based on ABA
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alone, but should employ an array of prediction techniques. The best decisions involve

consideration of as much data as is available (Kania, 1998b).

Information Needed to Conduct an Overburden Analysis

The site-specific data needed to properly plan an overburden analysis (OBA) include:

. Mining limits: -Boundaries of the proposed area to be affected by coal reniova];
" -Proposed maximum highwall heights;
-Type of mining (e.g., contour/block cut or hill top removal); and
-Accessibility to drilling locations. ’ |
. Geologic considerafions such as coal-seam identification, depth of weathéring, and
stratigraphic variation. | |
. Information available in state mining office permit files, such as water quality data from
previous permits or applications coVering the same or adjacent areas.
. Overburden analyses from the same or adjacent areas.
. Publications of state geologic surveys the US Geologic Survey (USGS) the former US
Bureau of Mines (USBM), US Army Corps of Engineers, and miscellaneous other state
specific publications (e.g., the Pennsylvania “Operation Scarlift” reports from the late

1960s and early 1970s). These publications can include information such as:

-Coal-bed outcrop maps,
-Generalized stratigraphic sections,
-Coal seam thickness maps,

-Structure contour maps.

Old and current deep mine maps are available from the Office of Surface Mining, Appalachian
Region Coordination Center, at 3 Parkway Center, Pittsburgh, PA, 15220, and various state

agencies. These agencies have map repositories containing prints, originals, and microfilm, and
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. copies can be readily obtained. These repositories include the Works Progress Administration
(WPA) deep mine maps prepared in the 1930s, which cover an area that is 1/9 of a 15 minute
quadrangle. In addition to showing mining limits, deep mine maps frequently show structure

contours. This 'information can be very helpful in planning OBA drilling.
Other considerations in developing an OBA drilling plan include:

Exploration equipment. It is important to understand the limitations that are inherent
with différcht types of drilling equipment. These limitations can have an impact on the
ability to obtain unbiased, representative samples. The choice of exploration equipment
can influence costs. | -

The type of overburden analysis to be performed. This is important in determining how |
much sample and what size fraction is required for the specific type of testing to be
employed. ,

Time constraints. Air rotary drilling is normally faster than coring.

Economic constraints. Air rotary drilling is generally less expensive than coring.:

Preparing for Overburden Analysis Sampling

The obvious questions that need to be asked when planning an OBA drilling plan are:

How many OBA holes are needed ?
Where should the drill holes be located ?

~ Once these details have been worked out, preliminary work can start. The ﬁrsf step in the
development of an OBA proposal is to plan for the drilling. While there may appear to be
“savings associated with performing the drilling for the overburden analysis as part of the initial

exploration drilling, it is generally preferable to perform exploratory drilling throughout the‘
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entire site before OBA drilling is initiated. This preliminary drillirig enables the determination of

depth to coal and the lateral extent of strata. This information can then be used to locate

overburden holes best suited to represent the lithologic variation and degree of weathering within

the site. If research and exploration are done prior to drilling the OBA holes, it is less likely that

there will be a need to drill additional OBA holes later during the permitting process.

Areal Sampling - A Survey of State Practices

Sames and others (in preparation) surveyed Appalachian coal states to determine rules-of-thumb

for areal sample coverage. According to Sames and others (in preparation) “all the states

interviewed, except Virginia, have some minimum spatial distribution requirements for.

overburden analysis that should be supplemented upon request from the reviewing

professional(s).” Table 2.1a shows the minimum drill hole spacing requirements by state.

Table 2.1a: Minimum Overburden Analysis Drill Hole Spacing Requirements by State

(Sames and others, in preparation)

State

Minimum Requirement

Comments

AL

Two drill holes on small permit propertiés (<10 acres).
One drill hole per 160 acres, or one per property quarter
on larger permits.

KY

Eastern KY: Drill holes should be distributed on a
staggered, one-quarter mile grid pattern.-

Western KY: Drill holes should be distributed on a -
staggered, one-half mile grid pattern. -

One drill hole per site regardless of size

PA

Two drill holes per site regardless of size. Howeyver, a
rule-of-thumb of two drill holes per site plus one drill
hole per 100 acres is usually requested.

On average, most applications
contain one overburden analysis
hole for every 20 permit acres.
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State | Minimum Reguirement . Comments

TN One drill hole per 60 to 100 acres for permits to mine
coal beds considered a high risk for AMD, based on -
past experience. One sample point per one-quarter mile
in coal beds considered a low risk for AMD.

YA . , In general, accepts any
information submitted by the

- applicant, considers the quantity,
’ S -] quality, and consistency of the
-OBA for the permit area, and
decides whether a reasonable
characterization of the site is
possible based on the spatial

| distribution provided.

wv One drill hole in low cover and one in high cover. In general, accepts any

‘ Otherwise, regulatory agency geologists to utilize Best | information submitted by the

| Professional Judgement when determining the number - | applicant, considers the quantity,
of drill holes required for a permit. ' ‘quality, and consistency of the

' OBA for the permit area, and
decides whether a reasonable
characterization of the site is
possible based on the spatial
distribution provided.

Areal Sampling Experience: Pennsylvania

Pennsylvania has grappled with the issue of drill hole distribution since the advent of overburden
sampling. A rule of thumb developed in Pennsylvania in the 1980s to determine a suggested

minimum number of overburden holes was:

Number of acres to be mined + 2 = Number of
100 Acres Overburden Holes

If the first part of the equation resulted in a fraction, it was rounded to the closest whole number.
For example:

143 acres + 2 = 3 Overburden Holes
100 acres '
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49.99 acres + 2 = 2 Overburden Holes
100 acres '

179 acres + 2 = 4 Overburden Holes
100 acres

This equation assumes that, for mineé where OBA was i‘equested, at least two holes are needed
to determine whether the drilling was representative. This two-hole minimum is still in use.
More recent data shéw that the actual sampling density for acid base accounting drill holes is
greater than the “rule of thumb.” A recent survey of overburden hole coverage for 38 sités in
Pennsylvania revealed that on average, there is one OBA hole for every 15.5 acres of coal

removal (Table 2.1b).

Table 2.1b: Number of Acres per Overburden AnalysiS Hole (Brady and others, 1994)

n=38 Coal Acreage | Acres per OBA Hole |
Mean 43.5 | 155
Median 30.3 11.9
Minimum 5.0 2.3
Maximum 172.5 4.9
Std. Deviation 38.0 10.6

A similar survey of 31 Small Operator Assistance Program (SOAP) applications received in
Pennsylvania during the 1993 calendar year revealed that on average, there was one hole for each

18.8 acres of coal removai (Table 2.1c).
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Table 2.1c: .  Number of Acres per Overburden Analysis Hole Based on SOAP
Applications Received in 1993 (Tarantino and Shaffer, 1998)

n=31 Coal Acres | Acres per OBA Hole

Average , ‘ 72.6 ' ' 18.8
Median 55.0 15.7

WMmum . 6.0 o | 3.0
Maximum 2200 o 53.5

Std. Deviation | 546 | 12.3

The above tables give an idea of the range of overburden analysis sampling intensity used in

. Pennsylvhnia. The ranges in the data are due to a multitude of factors including stratigre.lp‘hic
complexity of the site, shape of the site, and avajlability of other prediction tools. Approximately
30 to 40 percent of applications in Pennsylvania do not require submittal of overburden analysis
because of the availability of equivalent prediction data. The dafa included in these tables apply

only to permit applications that included overburden analyéis data.
0peratioﬁal Considerations

The overburden analy‘sis dﬁHing program should accurately represent thé_ ov,erbufden that will be
encountered during mining operations. Therefore, the overburden holes should be located within
- the limits of the proposed mining area. Some holes should be located at mé.ximum highwall
| conditions (maximum overburden cover to be mined), and the holes should repfesent all of the
strata that will be encountered. Additional holes should be located under both low and average
cover condit,iohs to proVide_fepresentative sainpling of the overburden where stratigraphic units

may be missing or the strata may have been chemically alteréd due to surface weathering. -
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Stratigraphic Variation

It is important to provide enough drill holes to adequately represent the site, including any spatial
lithologic variation. One of the first references to the minimum overburdeﬁ hole spacing is
contained in the West Virginia Surface Mine Drainage Task Force’s “Suggested Guidelines for
Surface Mining in Potentially Acid-Producing Areas” (1978), which recommended that all
surface mining in potentially acid-producing areas be within approximately 3300 feet of a

sampled overburden analysis hole or highwall.

Donaldson and Renton (1984) and Donaldson and Eble (1991) indicated that although drill cores
spaced up to two miles apart in the Pittsburgh coal seam were adequate to reflect major thickness
and sulfur trends for the coal seam, this spacing was not adequate for mine operation design;
They felt that sampling at intervals on the order of 1200 to 1400 feet for the Pittsburgh coal and -
sampling at intervals of less than 500 feet for the Waynesburg coal would be necessary to |

determine small-scale sulfur content trends within the coal seams.

Representative Samples

Each OBA bore hole contains sample intervals representing various unit thicknesses of each
lithologic unit encountered. Vertical sample interval thicknesses are typically three feet. The
maximum thickness of each lithologic unit t6 be represented by one vertical sample interval will
be discussed under “Compositing and Laboratory Preparation.” It is also discussed on bages 29 to
30 of Part 1 “Collection and Preparation of Sample” in the “Overburden Sampling and Testing |
Manual” (Noll and others, 1988). -

Noll and others (1988) do not, however, discuss the complexity of ensuring that accurate, non-
biased, representative samples are collected. They do stress that it is critical that 100 percent of
the sample volume of each sample interval be included for compositing purposes, because of

possible geochemical variations within the 3-foot interval. The ultimate sample size used in -
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ABA is 1 gram for total percent sulfur and 2 grams for the neutralization potential (NP) test. |
Assuming no loss or contaminatioﬁ of the zone being sampled, only 1 gram to 2 grams are tested
out of a 25,550 gram sample (based upon a 4.5 inch diameter drill bit and using an average rock
density of 170 Ibs/ft®). Fortunately, sample preparation procedures have been developed to ‘7
obtain representative, small sample aliquots. These prdcedures_ are discussed below in

“Preparation of Samples.”

Extensive literature he;s been published, and é cominlete science has béen dcvelbped to integrate

‘ ':geology and statistics for spatial sampling and the determination of optimal sampling patterns for
estimatiﬁg’ the mean value of spatially distributed geologic variables. Textbooks on the subject
include Journel and Huijbregts (1981), Webster and Burgress (1984), J.C. Davis (1986) and
Koch and Link (1970). | |

The geologic systems responsible for the deposition and alteration of sediments and fheir

chemical quality do not operate in a completely random fashion at the cubic centimeter level and,
thus, do not produce overburden samples that are statistically independent. Although fhere are
exceptions, most stratigraphic systems, especially those which produce calcareous material, |
operate over large areas with some degree of order, and deposit laterally pervasive units

(Caruccio and others, 1980). Lateral continuity has also been observed in hi gh-suifur strata.
Abrupt lateral changes in stratigraphy can occur such as where channel sandstones cut out énd
replace other strata. Surface weathering also causes changes to the percent total sulfur and NP
over short distances. Therefore, it is imperative to know the areal extent of any alkaline or acidic
material, and adequate exploratory ‘drilling is essential for a representative overburden sampling

plan.
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Sample collection and handling

Sample Collection

Overburden sampling is accomplished by drilling or direct collection of the sample from an open
surface such as a highwall. Sample methods used to obtain overburden samples include air
rotary (riormal circulation), air rotary (revefse circulafion), diamond core, augering, and highwall

sampling.

Air rotary (normal circulation) - This type of drill is the method most commonly used for the
collection of overburden samples in Pennsylvania. Drilling in this n&anner uses air to blow rock
chips (cuttings) to the surface for collection. The most common disadvantage of normal
circulation air rotary drilling is that individﬁal samples of stratum can be contaminated by an
overlying sample zone as the rock chips are blown up the annular spacvevof the drill hole. Rock
chips traveling in this space can dislodge loose particles from an overlying source. Care should
be taken to stop the downward progression of the drill stem after each interval has been sampled

and allow any upper loose particles to blow out prior to continuing downward.

Contamination of the sample can also occur at the surface from the pile of ejected material that
forms near the drill hole. These piled materials, if not removed during drilling, can slough back
into the open hole and the chip stream. This can be avoided by shoveling the materials away
from the hole during the period when drilling is stopped to blow out the hole. Another option is
to add a short length of casing to the top of the hole after the upper few feet or first sample

interval has been collected.

Samples are collected by placing a shovel under the chip stream. Care should be taken to clean
the shovel of any accumulated materials from previdus usage or sampling. This is particularly
important when sampling wet test holes where the ejected materials consist primarily of mud.
Before drilling the overburden hole, the dust collector hood should be cleaned to remove any

accumulated materials that may dislodge and contaminate the samples being collected.
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Air rotary (reverse circulation) - This type of drill rig is less commonly used for the collection of
overburden samples, primarily because of availability. A reverse circulation rig uses a double-
walled dﬁll stem. Water or air is forced down fhe outer section of the drill stem and the
cuttings/chips are forced up the inner section of the drill stem. The cuttings and water or air are
brought into a separator and dropped near the rig where the samples can be collected. The

| samples »afe isolated from contact with overlying strata, offering a much cleaner and quicker
means of obtaining overburden samples, without requiring that the drilling be stopped to blow
out the hole. If water is employed in the drirllling process, the materials are also washed free of
the fine dust coating that can accumulate oﬁ the chips during diilling'_with air. This allows for

much easier rock type identification and logging.

Diamond core - Diamond core barrels can be used on both types of rotary drilling platforms.
Coring providés a continuous record of the lithology and providés mare information tt;an can be
obtained through the collection of rock chips. Cores can provide a better overall view of the
lithology by providing information necessary to judge rock color, gross mineralogy, grain
size/texture, fossil content, and relative hardness. This type of infoﬁﬂation is not always readily
available from rock chips. Although a core provides an uncontaminated and better source of
reliable lithologic data, coring is very time consuming and cos'tly,‘espe;:ially if the entire
overburden section is to be sampled. Diamond cores can be used as a secondary means of data
collection to target previously identified problem zones, or as a primary sampling tool in the coal
area (i.e., the interval 5 feet above and below the coal horizon). The entire sainple interval from
the core should be collected and processed for analysis to enéure representative Sampling, as

opposed to only collecting and analyzing a portion of the sample interval.

A problem that can occur with coring is “core 10ss.” The probléms of core loss can be reduacd
by regulating the drilling speed (i.e., rotational speed of the bit, and down pressure), diameter and
type of core bit, and amount'o.f water; by minimizing the overbearing weight in the core barrel
through emptying it pﬁor to drilling the coal; and by keeping the equipmént in good condition.
Knowing what drilling adjustments to make can prevent blocking of the core barrel.
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Successful coring is dependent primarily upon the experience of the on-site geologist, project
engineer, or driller. Factors that are important include total years of core drilling expefience;
experience with the drill being used, and previous drilling experience in the same region,
including exposure to the same rock formaﬁons and weathering characteristics. Having as much -
geologic data as possible (e.g., approximate depth to the coal, extent of weathering) prior to
drilling is also particularly useful. Itis especially useful to have air rotary pilot holes to eyaluate
the site prior to the core drilling. These pilot holes allow particularly troublesome formations to
be identified and avoided. Particularly troublesome conditions include highly fractured rocks,

joints, or intersections of joints or fractures.

Mine voids, solution cavities, unconsolidated soil and rocks, and the transition through
weathered rock into competent rock are the zones most subject to core loés. Core recovery on the
order of only 50 to 60 percent or less in these situations is not unusual. When drilling is
performed in unweathered rock, core recovery approaching 100 percent is the norm rather than

the exception.

‘When coring into the coal, it is advisable td use a core barrel long enough to core the entire
thickness of the coal. The core barrel should be no more than 20 percent full when the coal is
first encountered. Itis pfefcrablc to have a nearly empty core barrel containing 6 to 12 inches of
overburden before drilling into thé coal. The small amount of overburden aids in determining if
the entire coal section has.been sampled (i.e., knowing the starting point of the coal) and helps

protect the coal from being crushed by the “ram” when extracting the coal from the core barrel.

In addition to actual core sample loss, drilling data can be lost due to improper handling of the
cores. Data loss causes include placing cores in the core boxes in the wrong order or upside

down or damage caused to the core during handling and shipping.

Augering - Auger drilling is not recommended for geneial overburden sampling. The materials

lifted by the auger screw are in constant contact with the overlying stratum, thus providing for
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intermixing and contamination. Augering is typically used for unconsolidated or highly

weathered sections.

Highwall sampling - Direct collection of samples from an open source, such as a highwall, can
be used for overburden analysis, provided several caveats are understood. First, samples may be
weathered to such a degree that the strata to be mihed is not accurately represented. Second,
there is limited availability and accessibility of highwalls. Care should be taken to collect only
unweathered samples in close proximity to and representétive of the proposed mining. It is

" recommended fhat open source (e.g., outcrop, highwall, etc.) samples be used primarily to

supplement dri_lled overburden samples.
Sample Descriptioh (Log)

For each sample or composite of sample intervals collected, an accurate description of the gross
lithology should be determined. This lithologic description should include the rock type (e.g.,
shale, sandstone, etc.), rock color f(as determined by comparison with the Munsell Rock Color
Chart), texture/ grain size, moisture conditions, and relative degree of weathering. Where
applicable, a deséription of the gross mineralogy should be included with particular emphasis on
- the presence of any calcite (CaCO,), siderite (FeCO,), or pyrite (FeS,). In addition, fossils should
Be noted to provide insights into coal seam correlations and depositional environment '
interpretations. The Sample description should include the relative degree of ﬁizz (effervescence)
whén doused with a 10 pe‘rcerit solution of hydrochloric acid (HCI). A field ﬁzz‘ based on a scale
of " none, slight, ;hoderate, or strong" should be used. A dilute (10 i)ercent) HCI solution is
widely used by field geologists to differentiate calcium carbonate (CaCOj;) from other éarbonate
rocks. Fizz ‘determinatiohé are higﬁly sribjective and should be made by the same individual for ‘
| every sample on every hole for a paﬁi_cular site. Extreme care should be exercised to be sure thatA‘
the displaéement ofk trapped air is not mistaken for CO, evolution. It is also important to identify
whether the fizz is from the matrix or from the cementing material. It is recommended that .

logging of test holes, including sample descriptions, be performed by a qualified geologist.
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Sample Preparation and Compositing

Proper sample preparation techniques are essential for maintaining sample integrity. Preparation
is divided into steps that occur in the field and steps that occur in the léboratory. Field
preparation of samples is discussed in Tarantino aﬁd Shaffer (1998), Noll and others (1988), and
Sobek and others (1978). Procedures discussed‘in these publications include the use of proper
containers, labeling, preservation, .and field logs. Field sample preparation will not be discussed

further in this section.

Sample compositing and laboratory preparation techniques are just as important to the integrity
of a sample. The purpose of compositing overburden samples is to reduce the cost of ovérburden
analysis by minimizing the volume and numbser of samples to be tested, without sécriﬁcing the
accuracy and precision needed to predict post-mining water quality. Sobek and others (1978), in
the first generally accepted “manual” on overburden sampling, fecommend that most rock types
should not be combined into composites representing more than three feet. They suggest that
sandstone can be composited into 5-foot increments. Experience in some regions, such as
Pennsylvania, has indicated that it is often prudent to sample sandstone at the same resolution as
other rock types (Tarantino and Shaffer, 1998). As with any well-intended cost-saving procedure,

if not done properly, the real long—tefm costs might far outweigh the small cost saving.

Table 2.1d lists vertical sampling practices of Appalachian coal-producing states.
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Table 2.1d: Overburden Interval Sampling Requirements (Sames and others, in

preparation).
STATE INTERVAL SAMPLING REQUIREMENTS
AL One sample every five fect or at a significant lithologic change, whichever

comes first. Sample compositing is not allowed. Regulatory agency reserves
the right to request core drilling in permit areas where there are known acid-
formmg lithologic units.

KY . |Same treatment required for samples from eastern and western region.
‘ One sample for suspected acid-producing strata and coal seams less than one
foot thick; smaller strata and seams may be grouped with the next lower unit.
One sample within the lithologic unit for strata one to five feet thick.
Two samples for strata ranging from five to ten feet thick.
One sample every five feet for strata more than ten feet thick.

MD For rotary drill cuttings, one sample every one foot or at a significant
lithologic change; for core samples, 3-foot composite samples or at a
significant lithologic change.

PA One sample per three vertical feet or at a lithologic change plus one foot
_above and below the coal bed. Rotary drill samples should be collected in 1-
foot increments that then can be composited up to three feet. Core sample
composites also limited to 3-foot increments regardless of the unit thickness;
an equal portion of the entire core length should also be crushed and split for
| analysis. :

TN One sample every three feet or at a significant 11tholog1c change, whichever
comes first. :

VA Sobek and others (1978) protocol:
One sample every five feet for sandstone units.
One sample every three feet for other lithologies.

WV One sample every five feet or at a significant lithologic change, whichever
comes first. Sample compositing is not allowed.

Sobek and others (1978) followed as the official guide. Permit geologists also
refer to NPDES, DMR discharge data, and other historical data from adjacent
operations in the same seam.

- Some sandstones, such as portions with significant coal inclusions, may need to be sampled at a
greater resolution. Till, when from separate glaciations, should be sampled separately. The

reason for the one-foot sample intervals above and below the coal (Pennsylvania) is that these are
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frequently the highest sulfur strata present. Mixing of these strata with overlying strata can result
in dilution and a falsely low-percent sulfur, or make a thicker zone (e.g., three feet) resemble a
high sulfur zone. The coal seam 'may also require greater sample resolution than the suggested
three feet, if a portion of the coal will be left in the pit as pit cleanings or unmarketable coal. The

coal that remains behind should be sampled separately.

As can be seen from Table 2.1e, if too many 1-foot intervals are composited or too large a
vertical sampling interval is chosen, a high total sﬁlfur, potentially acid-producing zone can be
masked by dilution with adjacent low sulfur strata. The net effect is an underestimation of the
potential for a site to produce acid mine drainage. Compbsiting one foot of 2.34 percent sulfﬁr
black shale with an overiying four feet of low-sulfur sandstone results in a 0.48 percent total '
sulfur for the composited 5-foot zone. If, for example, 0.5 percent sulfqr is the “threshold” above
which a unit is considered acid producing and thus targeted for special handling. This dilution
effect would underestimate the acid-producing potential of the black shale and result in the strata

not being specially handled.

Table 2.1e: Compositing of Too Many One-foot Intervals Can Underestimate Acid
Producing Potential (Tarantino and Schafer, 1998)

Thickness Lithology Total % S Average % S of Interval
(feet)
1 sandstone ' 0.01 o -1 048
1 sandstone - 0.01 0.59
1 " .sandstone 0.01 0.79
1 sandstone 0.01 1.18
| black shale . 234
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Sobek and others (1978) suggested that for core samples, a 5-inch section of the core could be

~ extracted from the middle of a 1-foot interval to represent the entire 1-foot interval. The best

way to ensure representativeness of an interval is to sample the entire interval. In order to avoid

bias, one of the following two methods is recommended:

1)

The entire core interval whether it be a 1-, 2-, or 3-foot interval, should be entirely 7
crushed and reduced in size via a riffle or rotating sectorial splitter until a suitable amount -

of sample remains for analysis.

The entire core length should be bisected longitudinally using a core-splitter or saw. One
half of the core is retained for historical records and possible additional testing. The
entire other half of the core is crushed for the entire sampling interval. After crushing,
the sample is divided and reduced in volume via a riffle or rotating sectorial splitter.

There are three reasons for splitting and crushing samples:

1)
2)

3

To reduce the bulk (amount) of a geological sample.

To provide an unbiased, statistically representative sample of small quantity, which can
be analyzed to evaluate percent sulfur and NP for acid base accounting.

To reduce samples to a small size fraction that maximizes surface area and minimizes the
analytical time.
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2.2 Alkaline Addition

It is widely recognized that mine sites with an abundance of naturally occurring limestone or
alkaline strata produce alkaline Watef, even in the presence of high sulfur. However, many.sites
coﬁtain little or no alkaline material and, as a consequence, often produce acidic drainage even
when sulfur contents are relatively low. One approach to improving alkaline deficient sites is to

import alkaline material to amend the spoil in order to obtain alkaline drainage.

Beforé implementing an alkaline addition BMP, the following factors éhould bé considered:
How much material should be added, and how and where should it be‘applied to the backfill?
When is additional alkaline material needed? What are the prospects. of obtaining alkaline
drainage for a given dpplicatio‘n rate, and how mﬁch risk of acidic drainage is acceptable?
Ultimately, whether alkaline addition is a feasible alternative is driven by the economics of the
operation. Therefdre; itis impdrtant that an alkaline ,addjtiron project be carefully evaluated and
designed before it is implemented. This section reviews theoretical and practical aspects of
alk.aline addjtion and summarizes the current stéte-of—the-art in the use of alkaline addition to

prevent acid mine drainage.
Theory

AMD is formed when pyﬁte and other iron disulfide minerals present in coal and overburden are
exposed to oxygen and water by mining. The oxidation of pyrite releases diséolved iron,
hydrogen ions (acidity), and sulfate (Equation 1). Although this process occurs very slowly in
undisturbed natufal conditions, it can be greaﬂy accelerated by both surface and underground

mining.

Pyrite oxidation is further accelerated by the iron-oxidizing bacterium Thiobacillus ferrooxidans, '
which thrives in a low-pH environment and oxidizes ferrous iron to ferric iron (Kleinmann and

~ others, 1980). Under low pH conditions, ferric iron remains in solution and can directly oxidize
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pyrite. Thus, once AMD formation gets started, the reaction is further accelerated by bacteria

and the production of ferric iron. The result can be severe acid mine drainage.

Acidity produced by acid mine drainage can be neutralized in the presence of sufficient carbonate
minerals. This reaction is shown by Equation 6, for which it is assumed that CO, will be .
produced and will exsolve from solution. Using this equation, it takes 31.25 tons of CaCO; to
neutralize 1000 tons of material with 1 percent sulfur. This is the traditional method used for.
acid-base accounting calculations. The ﬁﬁn shortcoming of this equation is that thereisno
“alkalinity" (bicarbonate or HCO,) produced. Under normal conditions, not all CO, escapes to
the atmosphere. Some CO, dissolves in water, producing acidity. If the reaction: product is
HCO;" alkalinity (Equation 5), twice as much carbonafe will be required to neutralize the same
amount of material (Cravotta and others, 1990); Whether it is the procesé in Equation 5or
Equation 6 that is dominant depends on the extent of how open or closed the mine is to the

atmosphere.

Where neutralization occurs, the pH can remain near neutral, inhibiting bacterial catalysis of iron
oxidation and keeping ferric iron relativély insoluble. Thus, the quality of drainage produced by
a given mine is largely dependent not only on the presence or absence of pyritic sulfur, but also

on the availability of calcium carbonate or other neutralizing agents in the coal and overburden.

Brady and others (1994) and diPretoro and Rauch (1988) found a strong relationship between
the neutralization potential of surface ¢ova1 mine overburden and the alkalinity or neutrality of
post-mining drainage. Sites with more than 3 percent naturally occurring carbonates producéd
alkaline drainage. Sites with less than 1 percent carbonate generally produced acidic drainage.
Perry and Brady (1995) attribute‘ this effect not only to neutralization but also to near-neutral
conditions limiting bacterial catalysis of ferrous iron oxidation and oxidation of pyrite by ferric

iron.

NP was found to be a much better predictor of whether a mine would produce alkaline or acidic

water than was the maximum potential acidity, calculated from the overburden sulfur content,
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. thus demonstrating the importanceof carbonates on mine drainage quality (diPretoro, 1986;
Brady and Hornberger, 1990; Brady and othersf 1994; Perry and Brady 1995). For mines which
are naturélly deficient in carbonates, and therefore likely producers of acidic drainage, the
implication is obvious. If sufficient alkaline material is imported from off-site to make up the

deficiency in NP,: the site will produce alkaline rather than acidic drainage.

The solubility of calcium carbonate also plays an important role in whether a site can generate
sufficient neutralization to prevent acidic drainage. Calcite (CaCO,) solubility is dependent on
the partial pressure of CO2 (Figure 2.2a). At atmospheric condjfions, the selubility of calcite is
~limited to ai)progimately 20 mg/L. Ca (50 mg/L as CaCO; or 61 mg/L as HCO, ‘alkali.nity)
assuming a CO, content of the pore gases of only 0.03 percent. At 20 percent CO, content,
which has been measured in some backfill environments (Cra?otta and others, 1994a), calcite
solubility exceeds 200 mg/L Ca (500 mg/L as CaCO; or 610 mg/L as HCO3‘ alkalinity). Guo and
Cravotta (1996) note that CO, partial pressures vary from mine site to mine s1te depending on
rock type and backﬁll confi guration. . Shallow backﬁlls on steep slopes with blocky overburden
and thin soil cover, for example, tend to "breathe," thereby reducing CO, partial pressures (Pco,).
Deeply buried,backﬁl‘ls or sites with restricted airflow or thick soil covers would tend to have -
higher CO, levels, enhancirig caleite dissolution. At these sites, Pco, tends to increese with
depth. The Pco, has ilhplicaﬁons for t